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Latract from ¢ Greel, Byways,! by T R Glover

The day will yet come when the progress of research through long
ages will reveal to sight the mysteries of nature that now are concealed
A single ifetime  though 1t were wholly devcted to the study of the sky
does not suffice for the of p of such p
It must take long succossive ages to unfold sll The day will yet
come when our descendants will be amazed that we remsmed ignorant
of things that will to thera seern 20 plamn  Veniet ternpus quo postert
nostr1 tam aperta nos nescisse mirentur

Seneca Nat Quaest vm 25 2
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PRET'ACL 10 THE TLNTH LDITION

Althiough some measure of peaco will have been attained by tho
time this editlon appears {ta prepamtion was so hadowed b
war and the aftermath of war that the picturo which wo pressnt
cannot have the balanco and pempective wo ahould wik  Almost
the whole of Part T, Ihet in Normal Tife, is new, for tho energy
problem had to bo restated n virw of tho extremo vardability of
the indivadual, the minimal protein intako to bo rewiewed in tho
Yight of evidence from tho experimental uss of lsotopes, work upon
the factors influencing ealcium uptalo and tho cffect of traco
elements included and tho rection on vitamine thoroughly revied
and capecial reference mado to the * refeetion * of the B group and
the practical appheations of that hnowledge Two new brief
chapters on the procesung and hygieno of food have been incor
porated into this part

Part IT The \ature of Foods has heen further compressed and
also rearranged to givo # somewhat moro logical order of treatment
Part 111, The Principles of 1eeding in Infancy and Childhood for
which Dr C I Harris is responuible has been almost entirely
rowntten  Part IV, Dict in Treatment of Discase has been much

dified and expanded  For ple tho sections on obesity,

discares of tho hiver nickets and scurvy have beed rovised and
largely rewnitten  Tho fallacies and dangers of the Hay diot have
been fully sct out and n new section on phosphaturia included
Tho vanous solutions for intravenous focding havo boen described
inclading tho new treatment with amino-acids Tho list of
propuietary preparations of vitamins has aguin been rovised

Wo very much regret that despite compression the book runs
1o 70 cxtra pages but tho science of nutntion has grown 1s growing
and should be encournged to grow  We havo had to make a com
promiso botween s muomon) dict and a plethors Yo hopo that
our choico may commend 1tself

Achnowledgments aro due to Mr A I Bacharach, Miss M W
Grant Dr McCanco and Miss Widdowson for suggestions and help
to the Librarian and Library stalf of the Royal Society of Modicine
for their patienco :n hunting references, and to Mrs 'V H Mottram
for proof reading

VHDM
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v PREFACE TO THE NINTH EDITION

shall have done anything to contribute to the reconstruction of the
health and well bewg of this country when victory and peace are
happily attamed we shall feel abundantly rewarded

VHM
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TAB!IT OF IQUIVAIINTS

Tn n book on dieteties it b difficnlt to avold the ues of pos eral different
riandands of meamurement  Thus the Metne Syntem {s usually em
pln)vd in the screntific nnnl)m of I’oodt nnd the Impenal System in
the of f ¢ 1 in s country  whilst
cvert such rough domentie -xnndnnfn an spoons and cupt muat somo
timen bo referred to Thie followng tabln of equnyalents of the different
stan darda may therefore be found of usns

1 prammo - 154 prann

1 Lilogmmmea - 2 pounds 3} ounces
100 gromnes - 3} ounces (approx )

1 ounen - 293 gmmmm

1 pound - 4035

1 tluid ounco - Mfieo’

1 pmnt ~ 508

1 pint - 20 fluid ounces

1 tumblerful - 58

1 breakfasteupful L 8

1 teacupful - 4 {approx )

1 claret glansful - 4

1 sherry glasaful - 2

1 tablespoonful - one half fluid ounce






INTRODUCTION
THF HISTOPY OF DIETFTICS!

Dietetics i really a very young branch of science, it was not
indeed untit the mddle of the laat century that it could fairly bo
deactibed 88 o saience at all  This, it noed hardly be sald, was
inevitable, for diet could not be studied satisfactonly until orgamie
chemustry and the phymology of nutntion had made considerablo
advances  Lven down to the beginning of last century tho very
word  diet* was not always used n its modern acceptation, but
still penerally Included o id of all of what used to bo
termed the *non naturals” (mr aliment cxcrciso and rest, the
pasetons and affections of the mind, walefulness and sleep repletion
and evacuation) Thus Willich, wnting as late as the year 1800,
defined dictetics as * a systematio view of all objects relative to
health in general and to food and dnnk in particular 1t embodied
in short, everything that was known a8 to pbysical and mental
Lygieno and the promotion of individual health  This uso of the
term mu.t always be borne tn mind when studying the earher
history of the subject

It was natural of course, that some attention should have been
gwen to the feeding of the exck #0 soon as anything ke a systematic
study of diserso had begun and wo find indseations of this an the
Beriptures and, as far ss the Egyptians were concerned, i the
wntings of Herodotus, whilo Pythagoras the founder of vegetanan
»m, flounshed as long ago a3 the sixth century 3o It was with
the dawn of Greek medicine, however that the first faint begmnings
of dietetics as we now understand the term may be discerned  but
1n no sense could Greek dietetics bo desenbed as sczentific It was
not based even upon the result of observation but was distorted
by & falso pathology and by unintelligiblo and semi metaphymcal
hypotheses Wo can sec this 1f wo glance at the wntings of
Hippocrates Celsus and Galen—the threo great Masters of Ancient
Mediemne Hippocrates (460-377 B 0), n hus T'reatrse on Ancient

1An erticle first publshed by Sir Robert Hutchison i The

Prachtioner January 1934 and reproduced here by permission of the
Editor of that Journal

xvu A*



xx INTRODUCTION

fatter and scaly vareties Certamn kinds of vegetables produce
evil humours  for instance, nasturtium, mustard and garlic beget
reddish bile  Lentils, cabbage, and the meat of old goats or beeves
produce black bile Pork, lamb, purslam, and attriplex beget
phlegm  Heavy foods produce phlegm and black bile, and either
of these 15 evel’  Woe c¢an hero see the distorting influence of the
h Y doot: 1n full operat

Perhaps tho best known, howover, of medieval wntings 1s the
Regimen Samiatis, produced ab the famous school of Salerno about
the year 1100 It was a popular treatise on health in general,
wntten in rhyme ‘We may quote two verses dealing with diet 1

Doctors should thus their patients food reviso—
That 15 16t When the meal? and what 1ts si.ef
How ofien f Where? lest by some sad mistake
I sorted thungs should meet and trouble make

We hold that men on no account should vary
Their daily diet until necessary

For as Hippocrates doth truly show,

Disenses sad from all such changes flow

A stated diet as 1t 13 well known

Of physio 15 the strongest cornerstone—

By means of which 1f you can nought impart,
Relief or cure van 1s your Healing Art

The Rosa Anglica, wntten by John of Gaddesden (1280-1361)
about the year 1314 was intended for medical renders 1n the first
nstance, but was apparently largely borrowed from the Regimen
Samtatis Tt gives a good 1dea of fourteenth-century medicine but
shows hittle advance on the views of Hippocrates Here 15 a samplo
of lus dietetic teaching * Some eat moro of frut than of other
food, wheremn they do not well, for all fruits make watery useless
blood, and prone to putrefaction—— On the whole 2t 18 best to do
without frmit altogether ”

Andrew Boorde (14907-1549) wrote hus well known book, 4
Compendyous Regyment, or A Dyelary of Helth, about 15642 a
century after the close of the Dark Ages It 1s a popular work and
deals with the general management of health but has many chapters
on the different. classes of foods, and others on the diet for different
kinds of ciseases His statements about foods aro often rather
arbitrary and, of course, coloured by the prevailing humoral patho
logy of s day Here are some extracts ¢ Bread having too
much bran m 1t 18 not laudable” * Barley doth breed cold
humours ’ Butter 13 made of crayme and 15 moyste of opera

I\Warsa J J (1920) Medieral Medictne London 53
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tion” Al maner of fyrhio Is cold of nature and doth ingender
floume * * Haros flesh is dry and doth ingrnder melancholy
humore”  Peaon and beanes repletyth & man with Ventonyte
YWk s not good for them thie which have gurgulieyons in the
bely '

l{bout a century after Boordo s Dyrtary of Helth two notable
books on the mibject were published §n this country  * Aoy
or the Ihet of the Diseased, by Dr Tamen art of Northampton,
appeired 1 1637, and the other Via Jiccta ad Vitam longim by
Dr ‘Tobiax Venner (1677-1660) of Bath, wan first published in 1020
the Iaat odition appeanng 1n 1660 The latter fa perhaps tho better
known though Hart a is really the moro interesting and important,
but both writers use the word thiet to cover grarral rules of henlth
R2iveseyy 18 » handsomo folio and i1 written in a delightful etylo
recalling often that of Burtons Anatomy of Melancholy which
had appeared a deeado earlier 1t contains short deseriptions of the
foods then in uso and of their qualities, but {a largely compiled from
the wrnitings of Galen, Dioscondes, and other clasmeal authonties
This passage is charctenistio

Marjornm i4 o sweet ploasant and well.smelling herb hot and
dry 1n operation It comfarteth atl the noble parte especially
tho stomache, and may with good success bo used to further con
coction comfort the stomacke and diuscusse wind It much
comforteth the braine also and is good agnmnat nll cold cuscases of
the bramne and nenous parts

Thero aro some satinical touches as when, in speaking of potatoes
{then recently introduced into I'ngland) tho wnter says  That
outlandish root brought with us from tho West Indies called
commonly Potato, and by somo Batato is of the same nature and
property as tho Skirret root or at least goeth a hittle beyond it but
this pro-eminenco 3t hiath that it 13, according to the common
proserb  Tarro feteht and dearo bought and therefore good for
Ladiea’  Thero1s also a chapter, unique perhaps in the hiterature
of the subjcct, entitled * OF strango and uncoth faro] Diet, which

1 Mention should also bo mado of a book by Tiromas Morrer (1 1540~
1603) entitled IHealth & Improvement or Rules Compriing and dis
covering the Nature Method and Manner of Preparing all Sorts of Food
Used 1 this Nation which must have boen wntten towards the end
of the contury olthough it was not published until 1655
fifty yeoars after tho author s death A rovised odition with an Intro
duction by Dr Robert James and a biographical account of Dr Moffet
eppeared in 1746 Health s Improvement 15 much on the same lines
65 the books of Hart and Tobins Venner and contams a general class
fleation and description of foods and their propertics 08 then undorstood
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xxn INTRODUCTION

some people have n ordinarie use, as of Dogges Cats, Horses,
Mules, Asses, Rats, Locusts, Frogges, Snailes and Man flosh
The Via Recta, nerther so elaborate nor so well wntten as Kl ey,
had grester populanty The first part deals with the *Nature
and choice of Habitable places ”” and then there follows an 1nter
esting section on ‘ Bread ” in which the great brown bread con
troversy 18 already foreshadowed 1In a chapter on the “ Divers
Iinds of Drinks,” the author speaks eloguently in praise of wime

Msany and lar are the d of Wine "for 1t 18 of
1t selfe the most pleasant liquor of all other, and was made from
the begmmng to exhilarate the heart of man It 1s & great mcreaser
of the witall spirits and a wonderfull restoror of all concoction,

dustrik and 1 h the natursll
heat openeth obstructions discusseth windinesse taketh away
sadnesse and other hurts of melancholy induceth bold and
pleasant be}mvxour, sharpencth the wit abundanﬂy reviveth fecblo
spirits 1 the cold of old age and correcteth

the totrick qualities which that age 18 subject unto and to speak
all 1n a word 1t maketh a man more coragious and hvely both m
mmd and body*

He adds the comfortable advice that wine should be given  with
a liberall hand to men 1n the later part of old age—from sixty yeeres
upward’ He discusses also  whether 1t would be expedient for
health to be drunk with wie once or twice 2 month ** and concludes
not but thought 1t good for those who are ¢ weamed with great
cares and labours’ to drink sometimes ¢ until they be merry and
pleasant but not drunken * He next considers foods m detaal A
few examples will show the nature of his teaching and how full 1619
of dogmatic statements and how entiely based, like that of hs
predecessors upon the humoral doctrines

¢ Bisket bread 13 only p ble for the phl L and them
that have crude and moist stomacks and that desire to grow lean
because 1t 13 & great dmer and therefore let such as are cholerck
and melanchohck beware how they use 1t

‘Ee]s are very hurtful to those with gout dropsy or stone
ly and are hurtfull to those with

waak sinews
Mullet breedeth grosse and excrementall humors
Beanes are cold and hot in the first degree
Chestnuts are hot i the first degree and dry i the second

The chapter *“ Of the Manner and Customs of Diet contums

however, much sound general advice, e g . .

The cdiungroom must not be bloomy hot for that may
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soonn occaslon faintneas and wwouning by weakning the naturall
heat and extraeting tho fpsrite

To feed upan morm than fourn dishea even at A grmnll mealo
is sonnatiat immodet and exresane '

Three things ho thonght, were neeretary at meals, an casy mind,
thorough chewing and  not to reside in the chair of Intemper
ance "

After the ¥4 Peeta no binportant book on dictatics npprared in
this country for anather hundeed years, when Dr John Arbuthnot,
the well hnown phyveiefan of Queen Annea relgn, publuhed his
earav * Conoerning the Nature of Alimenta and the Choies of thom *
in 1732 It s & populr work, for ho remarks in his preface “1
do nat presume to instruct tho Gentlemen of my own Profesvon *
and it is wntten in the form of & number of dogmatic propoutions,
for cxample

Honey fx tha most elak Prod of tho \egrtable kind
boing & most oxquinte soap resolvent of the Dile Balumich and
Tectoral

Acnmony and tennclty nro the two qualitis 1n what wo take
inwardly most to bo avoided*

The conslituent parta of animala are (1) rarth {2) a poculinr
rpint roalogous to that of planta (3) water (4) salts (5) ol

Tho fruits of most vegotables aro noapa; all acaps (which are
& mixture of salt an] oil) aro attenuating and deobstruent rosolving
wisesd substances

Tnslater edition ho said that part of Ins treatise had been censured
as obscuro and unpractical—na well it might bo—and indeed the
whole book shiows hittlo advance upon Andrew Boorde or for the
matter of that, upon Hippoerates  The contributions of the eigh
teenth century to the science of dietetics were indeed neghigpble
notwithstanding the fact that it wasin this century that the curative
effect of frmt and green vegetables m scurvy was first clearly
recogruzed  but that camo about through the practical observations
of the great voyagers such as Captan Cook and not through the
labours of ecientists  Grateful mention must be made however
of the work of William 8tark (1740-70), who was ono of the first
expenmental cietitinng 1n this country, althongh s well meant
expeniments conducted upon himself tended probably to shorten
s hifo (ho died at the age of 20) rather than to add to knowledge

How littlo dicteties hud oven been influenced by the advenes
of chomistry especislly in France throughout the century, 1s
shown by Willich's Lectures on Diet and Regimen (1800) for he
deseribes fat as ¢ tho cellular substance of ammal jelly ! and solt
a8 ¢ an excellent solvent of fat  Nor had ho entircly shaken off
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ment as a part of curative medicine The same distmction 1s 1n
evidence 1n the Umted States for McCollum and his colleagues
call their book Z%e Newer Knouledge of Nutrition—not of Dietetics
Nutntion therefore means the study of food and dnnk in all afs
aspects, dietetics 18 coming to mean the use of this study m
curative medicmne  That 18 not the meaning the authors give to
the word 1n this book, they use 1t i the sense that Sir Robert
Hutchson gave it—thoy can hardly alter the book’s orignal title—
viz the study of food 1n 1ts relation to human need In this book
the practical aspects of nutntion will always be allowed to outweigh
the severely scientific  Thus the authors aro not so much interested
1 the chemistry and distribution of some recondite vitammn as m
the practical difference to living which that kmowledge mught
make
The applications of our Lnowledge of nutntion (are numerous
and far reaching They touch not only the care of the sck bub
the feedmg of the well They concern public health at most ponts
—o health authority should be withous its dietitian ~ Commumity
feeding whether 1n schools or factory canteens needs dietetic
superviston  Educational authorities cannot afford to be without
adwisors tramed 1 dieteties  This subject runs n closest contach
with agriculture, and therefore with polities alas It should have,
and will have i any stable future a great wfluence upon world
polities 1 In fact each year opens up new horizons 1n dietetics

But while we welcome this expansion of the influence and applica
tions of dieteties we have sundry warnings and reservations to
make, and the test of this chapter will be concerned with these
Most of us have recollections or knowledge of what happens m &
gold rush  Much the same happens in any new terntory opened
up by scence Adventurers, good, bad and mdifferent, rush 1n,
and the ore they bring back 1s often anything but aunferous
Great caution 13 adwised 1n accepting ghtter as authentic fact
Further—to change the metaphor—the subject of dietetics 1s
developmg so rapidly that change of perspectave alters the relative
s1ze and mmportance of a discovery  0ld dogmas disappear New
ones, alas, anse  In fact, to quote Stefansson, the Arctic explorer

Unless 16 be religion there 15 no field of human thought where
sentiment and prejudice take the place of sound knowledge and
logical think 80 pletely as m dietet: 2

Now dogmas have no place n science In fact the mam duty
of o scientific man 15 to do his utmost to pick holes 1 hus most

10rr (1943) Food and the People The Pilot Press London
2 STeFANSsON  (1921) The Friendly Arctie, 191
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chenadind beliofs  This §a crsentia] for tha dictitian, §f ho wishes
the study he hat taken up to becomoe a scirneo, still more an
“exnet roicnco *

In the aection on the Iistory of Dietetiea with which this book
opens, thero §s a atatement that needs somo definition and qual
Beatiom It ds  * Tho effect of this work on dictetics {the work of
Cur) von Voit and hie erhool] wan immediate and it is from this
time that it {dictetios] ean fairly claim to ba regirded ay an cxnct
scdenne Mot good work indicteticasprings from Voit for hio was
the first to apply the exact and claborate methods of physies and
chomistry to the study of nutnition but Voit himeelf would have
been the first to deny that the exactitude schich phymes ean employ
in weighing a non living substanes or chemistry in estimating the
storaie weizht of an clement ean bo achieved fn the ecience of
nutrition Why the very woight of a 2.Milogramme Belman hare
changes by several decigrammen durning the prosess of weighing
a8 ono of us raw in Voit s own laboratory  Iow much more difff
cult then mast it be to weigh o man with an aeccurney of 110
20000 Such an accuracy is, of oourse far boyond what is ever
clumed in dictclics but it must be recognized that when an
argument or theory i based on the fluctuation in weight by a few
grammes an error of 1 in 20 000 1n a 70-Lilogramme man's weight
may involve a final error of 1in 10 or oven ! §n 11

Tecause the laginan has such exapy 1 views of the capabul
of the dictitian and the exactitudo of dictetics it i3 perhaps worth
while thus early in the book to st out its himitations and the
factors which prevent ita ever becoming so oxact s scienco as
physics or chemstry

Wo aro met at tho outset with the diffienlty of definftion  Ths,
however 1s not surprising  Is it not saud that tho phymeist Tait
had somo twenty definitions of matter in his famous toxt book
of phymes and that tho best of them was * that which i3 a per
manent possibility of sensation”? Our definitions of food *
and  dictetics’ will bo almost a3 unsabsfactory  Voit in Her
mann’s Handbuch der Physiologie defines food as s ‘ palatablo
mixturo of food stuffs which 13 copablo of mamntaimng tho body
1n an equilibrium of substance or capable of bringing 1t to a destred
condition of substance  Tho reader will note tho intrusion of
the word ‘ palatable’ which introduces into the defimtion a whole
range of imponderables from the realms of psychology Is a food
Jess & food when it is not palatable * Y3 cod Liver oif not a food
beeause It was unpalatablo to most Victorians and Edwardians ?
And 191t » food only to the noo Georgians who have been brought
up to take 1t from their first month of hfe? s 1t * not s food *
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when 1t 13 concentrated, and a food when 1t forms an mgredient
of a palatable fish sauce or savoury ?

If we want dietetics to be an exact scienco 1t must dispense with
psychologieal considerations? or at least delmit their relations to
and mtrusions mto dietetics We offer the following defimition
of fpod anything which when absorbed into the body via the
alimentary tract, 13 capabls of domg one or more of threo things,
(1) furmshing the body with material from which to produce heat,
work, or other forms of energy (u) enabling 1t to grow or to reparr
1ts wear and tear and () supplymng regulators of its functions of
growth, repair, and production of energy Thus mulk 18 usually
called a food, and 18 to the dietitians the food par excellence It
can be used to supply energy 1 the form of heat and work The
combustion of the materals of 1 pint of mulk 1n the cells of the body
would yield energy equvalent to 378 kiocalorres It promotes
growth mn the body and repair Mk also contamns some thiamme,
some riboflavine some nicotrue acid or possibly nicotmamde, much
vitamn A & httle ascorbic acid and, 1n summer vitamm D Al
these substances are catalytically concerned m the production of
energy n the cell and, without them, 1t must dte On all three
counts milk 18 to be considered a food Qther foods, eg the
lemon will come mto consideration practically on the third count
only Its contribution to body bwlding 18 mfimtestmal to pro
duction of energy, neghgible only because of 1ts marked power
of supplymng vitamm C 15 1t mcluded m the category of a food

Our defimtion 13 as factory as all d of funda
mental 1deas are, but at least 1t 13 less open to eriticism than those
which have preceded 1t 2 It 1s difficult to exclude substances which
can be metabolized when mjected under the skin or mto the blood
and yet they are excluded by the above defimtion which none
the less permuts the nclusion of drugs It brings mto promin
ence, however the three main functions of food Food provides
the materals for growth and repar of the fabric of the body It
supplies matenals which can be oxidized wm the body with the

1ReNNER (1944) 1 The Origin of Food Habits Faber & Faber
London protests agemst this ¢ of psychology from distet
much as Ruskin years ago 1 d agamst its 1 from
economcs  posssbly with mmlar justification We shall deal with
this later

2 To show how difficult 1t 15 to devise an adequate defimtion leb us
take the examples of tea coffee cocos endmeat extracts In common
parlance they are foods But to the biochermst tes and coffee are
almost certamly not foods whereas cocoa certamnly 13 Meat extracts
creep 1 on the scare of their meotie acid  All come 1nto the net
of our definition
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rerult that the energy st freo by oxidation may be used in peeform
fng work and In producing lieat It also supphies the body with
subntances {catslysta, food hormones vitamins) which control,
though preaent in almost fncancetvably minuto amounta the varicus
procrases of the lody 1 oad ds responsible for th conservation of
tho material of the body, for the maintenance of ita output of energy
and for the regulation of theso functions
We noed not worry, howover nbout the Jogieal untatisfactoriness
of our defimtion of food, exerpt perhiaps when dealing with the
layman But tell me, Doctor, he #ays, “aro not turnips
rood food 1 Tiave not omons a high fond valun?* Wo cannot
anwwer his questions until wo ducover whether he means by food
what a dictitian means, whether hie s aware that food hae a three
fold function and which of the functions if any, he hay in mind
At this point it may be well to inveigh agninst tho vague terms

which have invaded popular and not so populxr dicteties  Dictetics
ean never bocome an exact seicnco while such terma as ‘food
value® “ balaneed dict ™ “ nounchment ' * malnutntion,' ete,
go undefined. If  food value' fs ured of a food to mean its
quantstative yield in body building material in energy valuo or
1n vitaming the term is a useful one, but if, as s usual, it means
‘ thix food i, or is not commonty used by peoplo* 1t Is usclesa—
indicteties  * Balanced dict ™ may have a meaning to the dietstian,
though how one ean pretend in the present stato of our knowledgo
that theroe is a night and proper equilibrium between protein fats,
carbohydrates tho six or ten essential metallic and non metalhic
elements and the mx, seven, or more vitamns and that we know
that balanco passes comprehension  Probably the term means, of
used by tho scientifio dietitian, a diot in which no pumcu]m- ono
of tho groups of sul d an the p

is 1n defect or excess  Thun af thero aro no cnrbohydrn!cs or only
& milligrammes of 1ron per day, or 300 milligrammes of caleum,
or 100 intornational umts of witamun B, (tliamine) or 20 or
20 000 1nternational umts of vitarun D wo might justifiably say
that the diet is unbalaneed  If the term ** balanced diot ' means
1o moro than a good all round diet then wo can havo hitlo quarrel
with it But it has an air of exact scienco and 1s usod by the
charlatan to deceive tho lsyman and even the eloct It 1s sigmfi
cont that a scarch for such vaguo terms, with the unfortunato
excoption of “ malnutnition’ shows that they aro not used in
modern toxt books of dieteties  They can bo utilized as a danger
signal, warning ono of charlatanry much as the spolling of protom
a3 “protord’ and tho uso of * albumined* stamps a book on
dictetics as being out of date
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A definition of dietetics 1s that 1t 1s the scienco of applymg
the hitherto discovered facts about food and 1ts use m the body
to the feeding of the individual, the family, and the nations  There
15 no finahty about dietetics, for though much has been discovered
about food, much remams to be discovered Until about 1800
all the emphasis m dietetics foll upon Calories It then shifted to
the protemns Thence to the vitamuns and the mimeral elements
To day wo say with Sherman that dietetics stands foursquare upon
Calories, proteins minerel elements, and vitamins, and 1f 1s only
with an effort that we can imagme that there may be still more
legs for dietetics to stand upon Instead of bemg a quadruped
1t may become even an octopod or a centipede Who knows?
That 1t 13 altering 1n detail 1s seen from the dethronement of spinach
as a source of calatm and iron to the body The whole of the
calom (595 milhgrammes per 100 grammes) in spmach may be
sterihzed by the oxalate present and 1t has beon shown that tomatoes
with only 3th of the iron of spmach yield more iron to the body
Peduatricians accustomed to give sieved spnach for iron to a baby
s1x months old must revise therr tratmng  And ag dietetics alters
i detail 80 may 1t alter mn gross We dare not, as diehifans,
dogmatically clum any finality m the subject One dogma after
another 1s discarded (e g the danger to hidneys of a hugh profemn
diet when the blood urea 1s within normal hamts the need for a
low Calore diet 1n fever, the value of roughage 1n all types of con
stipation} as sound and exper £ take the place
of prejudice and cnstom  We must approach the science soeptroally
and with a readiness to throw overboard our most cherished distetio
behefs Dogmatism about food 18 an excellent danger signal of
the p of 1g and charlat

Probably the feedmg of the mdividual as compared wth that
of the family and the nation claims most attention m dietetics
partly because ditetics unfortunately 1 thus country 1s used more
m treatment of 11l health than 1 preservation of health and partly
because we are all egoists and more concerned with our own bodies
than with those even of our chidren The Victorian parent
regularly sent and the rich parent frequently to day sends hs
offspring to boarding schools where the diet was and somettmes still
18such ashe would not gave to his servants  (Things in that respect,
however, are improving and even the most femous publie schools
are begmming to consult the dietitian )

In one way attention to mdividual diets 13 an advantage A
child, whatever 1ts age, should be considered as an mdindual and
not lumped n with the rest of the family The custom has grown
up m dietetic work i Great Britain of considering the family as &
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whole, in which a ehill of, sa¥ 5 yoara of ape counts as somo fraction
ofan adelt mals far all b nseds That plan abionld be abandoned
A pregmant woman §a not s non prepnant woman muluplied by
rne factor  ciete seally sho {e a different §ndividual altogrther
A clull of 5 may reed moee calewm than an adul’ and & boy of
M orrtainly dore  Con ~quently tangh the famly i the eatermg
amt i1 442 natian an i Likelr to remnin eo 8 o family considered
dictrtienlly conmsta of A number of unita cach with its ovm in
divrdual wanta sa reeanda profmne Calonies suireral elements, and
vilamine

This axain applies to the mation You have not solved tho
problem of the fording of the nation when you havo supplied let
us 217 suflicent Caloriee and prowin, though you wall have gone
8 long way in that ditection  You have not rolved it till overy
indiridusl tay bad n rufficieney of all the denderata in dict—
rroteine Calones minersl elementa and stamins—-has had in fact
en oplimum dirt fe one which pives no tmprovement in health
and gmwth when anv of 1ts cons ituents it increas~d or reduced 10
amount  How far wo are in Great Britnin—mdeed in tho world—
from that poution will br anen in the sequel though it mus® be sud
emphatieally that thero ia no reason rave gross ignorance aloth
and & touch of povrety, why wo should not, at sny rato in this
country, be properly fod. It s the function of the dictitian to
#ea that wo all are properls fod  There aro threo types of dirtitians
apart from other people enpaged in nutntional work  They
are

0} The Hospital Dictitian whoso work 18 1n the wards and
out-patient departments of hospitals adjusting the protein Calono
mneral clemonta and vitamins of a diet to the needs of patients
and drmonstrting and explaining to patients how to earry out in
tho homo tho preparation of dists mven 1n hospital

(1) Dietitian caterer whaso work conssts of large scalo catering
1 anstitutions such aa boarding schools hospitals infirmaries
school and factory eantecns  In tho past and for the most part
in tho present this work has been carried out by caterers with no
dietetio tratning

Theso two classcs of dictitians have been and will be naturally
recrwited from among nurses and graduates of colleges of domestio
gctenco  Thero 13 a great and growing demand for eaterer dictitians

(1) Public Health Dletitlans  Attached to tho Mimstnes of
Food, Health J ducation and Agriculture and to the local authonties
m Health and Education thero should e, and m a fow cases already
are dietitians trained 1n the scienco of nutrition to a rescarch
standard whoso duty should bo to adviso those Mimstries and loeal
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authorities concerning the nutntion, present and future, of the
People The Hot, Springs Conference of the Unuted Nations, 1043,
definitely recommended that all public authorities should have such
an adwviser attached and that us tramng should be mn the highest
degree scientific and of a research nature The recruits for this
type of work are those with Umiversity degrees n seience—particu
larly physiology and chemistry Durmng the war of 193945 the
Mimstries of Food and Health secured the help of several such
deetittans and doubtless 1n the future this class of dietitian will be
mcreasmgly needed and utihzed

There are two mamn reasons why dietetics as applied to the m
dividual, the family, and the nation suffers from a condition of
mexactitude  The first 18 the varying composition of food or even of
1ts mncdhvidual parts  No one piece of bread has the same analysisas
any other piece  The red mde of & strawberry has more ascorbic acid
m 1t then the white mde  The outer leaves of a cabbage have more
caleum and pro vitamin A than the insmide leaves Consequently
unless we analyse a sample of what 1s bemng eaten by the person
mvestigated we cannot be sure what he 1s actually getting Thus
the number of Calorres obtamable from a pound of white bread
varies from 1037 to over 1200 % m other words the error of
talung one figure rather than the other 1s about 15 per cent In
the daily diet of & working class man the dufference per day might
easily be 200 Calories or about 7 per cent of the day's total
Governments and food faddists have fought the dietitians for less®
Nor 191t cufferent with the protemn content of bread ~Figures from
7 to 10 per cent are given, and judging from snalyses made on
bread from London bakers this may happen m bread purchased
m the same locality ¢ As this may lead to an uncertamty con
cermng 135 grammes of protemn out of the day’s total of 80 to
100 grammes, the uncertainty 13 of the order of 13-17 per cent
Such uncertainty hardly belongs to an exact science

Nor 18 ths all  The protemn mn bread 1s estimated by estimating
the mitrogen present and multiplymg 1t by & conventional figure
—usually 625 This assumes that protems have 16 per cent
mitrogen m them This 15 untrue Some have more and some

t 103715 the figure n Punnnvmr  (1921), Analyses and Energy Values of
Foods HM Statronery Office,

21216 m Aspamams and Wiopowsow (1937) IModern Duetary
Treatment Balliére Tindall & Cox In McCANcE and WIDDOWSON
MRC Spec Report No 235 3rd ed this has been corrected to 1088

3 Rubner versus the German Government durmg the War of 1914-18
(1916 1917 1919) Archk f Physwl

4 Unpublished figures by W M Chifford
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have st The conventional figure 6 25 Is far from the trus figure
for epg Blbumin (645 or for sdmtin (518)  Thus arcording ns
the higher conventional figure or the more accurata lower figuro
han beens usad by the analyt thete will U a dilfereneo of over
10 per otnt

1n the ealeulation of Calanes conventional figurea inatead of the
secimte figures have been tied  Thus all cathohydrato is lumped
togrther an 1t 4 aprred 1o aay thiat each grameme yiclds on oxidation
in the body 4 1 kiloealones %o if a food ray n sweetment weighing
10 grammee, consis's mainly of glucos ita ertimated ealoric value
will te 10 » 41w 41 Lilocalorien wherean the actunl valuo s
10~ 395 or 37 %, i ¢ neatly 10 percent less  With the deereasn
10 the coneumption of #tarch (4 12 Lilocaloniea por grammo) which
fa taking place to-day and the increase in csne rugar consumption
139 Laloealories per gramme) thero reaulta a small over estimato
of the calorio consumption if we accept the conventional figure 4 1

The figurs for protein (1 kilocalones per gramme) and that
for fat (03) are both of them conventionnl 1§ hich eonventional
Sourcs are used must be ¢'2ed by the analyst and diifian  In tho
ealenlations made incidentally in the courso of this book Rubners
conventional higures, as given above, will bo used. Thero is no
gunrantco that the authors quoted wll have used tho samoe con
vention

If other uncertaintics aro to be enumerated we may point to tho
fact that *fat*® in & food annlyms usunlly means * petrol ether
solublo substanco* ot cven * cther solullo mubstance ' This 1s
certainly not always fat and not always metabolizable  Tho mtrogen
of foods does not always represent protemn, and tho earbohydrate
may includo (though not in moro modemn analyses) indigestible
and therefore unmetabolizablo materinl  In fact in any analyss
of food and in any estimato of tho mntake of proteins fats catbo
hydrates, Calaries, cte , by n person on o hnown dict there 13 an
unpleasantly largo margm of uncertanty, an moxactitude which
wo wish were not there  Wo cannot help it Lifo and money
aro too short to achieve accurncy in dicteties and wo must bo
content with saying that A'a diet contains the possibihty of
yelding 3000 kilocak pp tely The apy t
certainly docs not he within 100 hulocalories so that mn aceepting
3000 kilocalorics wo are assuming no more than that thoe true valuo
13 probably between 2000 and 3100 Tho estimation of a diets
values to moro than tho second mgnuficant figuro 13 absurd  Thero
is thus 1n tho analysis tables which are the bams of cur ealoulations
in dietetics anuncertamty and maceuracy which may be daunting
to the neophyte and must ba dovastating to ono ** hot for cortainty
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m this our Iife” But as long as 1t 18 recogmzed and allowance
18 made for 1t, 16 18 no bar to the usefulness of dietetics

There 13, however, a second ground for mnexactitude mn dietetics
and that 18 to be found mn the extreme dietotic vamability of the
human race We can malke average estimates, we may lay down
average *“ lawa ” for the feeding of people their basal metabolism
varies as & funotion of their surface area, the average man needs
80 many Calories per day and the average woman so many less
‘We may speak of average figures, but if we apply these figures
to the mdividual we are lost

Two good 1llustrations came to light as the 9th edition of this
book was bemng prepared, the one in an article in the Brifish
Medieal Journal * and the other i a book upon Mass observation 2
The former 1s that of a boy, son of vegetarian parents, who at
9 yoars of age weighed 4 stone 3 Ib, was 4 feet 2 inches mn height,
and was inteligent and energetic His diet included but litle
ammal proten—cheese and milk—the mtrogen output was low
{about 4} grammes per day, equivalent to 28 grammes of protesn)
and s Calorie mtake 800 daly This boy’s height was normal
for us age though he was 10 1b underweight as compared with the
Christ s Hospital figures 3 Yet ho seemed it and healthy, though
lus protem intake was not half the normal and his Calorie mntake
about one third that recommended by the Techmical Commussion
of the Health Commttee of the League of Nations

The second example was that of an all in wrestler, a champion
“ And he says that to get that feeling [1e that you want to tear
the other man mto hittle pieces] you have got to eat meat and
plenty of 1t He buys a whole jont at a time  He eats whenever
he feels hike 1t not at any fixed time  Once he tried 8 vegetanan
diet for mx months He wanted to try 1t and see if 1t waa good
for hm He found that 1t made hum feel fitter than ever before
n his Ife but, as he puts 1t, * I didn’t seem to have that little bit
of fire  So he came back to meat 1o the end’ ¢

Agan the capacity for absorbing the nutrents m food may vary
Thus McCance and Widdowson have shown that on the same diet
one person may be m pomitive calerum balance and another
negative balance and Meulengracht that the use of purgafives
may prevent the absorption of calexym One of us (G G)has s
patient whose apparent need of atamm C is three txmes the average
need Such mst could be multipl

1 LeoNarp Hor (1938) Brit Med Journ 2, 417
3 Brian by Mass observation  (1939) 127

3 Fpienp  (1935) The Schoolboy Heffer & Sons Ltd
dop cut
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With such cortradictory evidenen o0 might rearonally ank
whether there §s any eelaien to be put in quantitative remilta
There eectanh 3 §n average Coures but ey must not ba taken
ton nalle It woull e wreng to mav to either of the people
qeoted aboro that ba mint of angn tus dict to bring it nearcr the
normal aned alwo wrenz 16 rav to the averape man that he must
irntate cither vryrtar an boy or meat-ea'in” wrentler in departing
frem the peemal - Frea in earcfully ooll-e'~d data on indivudoal
mtakor in food we find extmordinary depirtures fron the mean
In the care of men the Calons figure per day vaned from about
18% to /0 ard the fgure for women from approximately 1500
90 The fymures for total jrotan smamal pro‘ein fat earbo
bydmte esleum phoop! orus and fron vansd from one flzure to
anot! r tirarly ita deutle  There was no remficwnt correlation
tetwren (abmie intake and bady weight  Nor did there geem to
be any relation between occupation and Calonies on the one hand
of be wren Calanien and the prroenta~e surplus or deficit in weight
A prreon mizht be overwright for heipht and far below the average
Calotie fntake or ba normal in weizht and vet tako G000 Calones
Sual'ar vanatione, though with not eo larze o apread wero found
for women?

All thess drpartures from tho mean or averspe figure are not
sdduced here to enst diseredit upon distetien but to check the too
¢azen student of the subjrct fram applying tho averagoe rules which
hawr lutherto been discovered in dietetica ruthlemaly to nll people
Dictctics 19 by no ticans  totaltanan ' in ita Jaws ' ~in fact
very much the reverse It luys atress or ahould lay stress upon
ndividun] requrements and personal peevhiantics” and 1diosyn
Srarics  Prthapa some day we may be ablo ta explun why n the
Tescarch quoted alose 3 one eubject o univernty teacher of 28
years, {s alightly overweight on an intake of 1772 kilocalories per

s wlile another subject an cloctrician ono yuar older, obtams
4955 klocalories per day from hus food and s not overweight
At present wo have no explanation and it 13 a disservico to tho

c1enico of dictetica ta protend that we have
{ Dictetics though fundamentally goantitativo has difficulty with

ho extremo varnbility of the individual  Nevertheless thero are
rules and quantitatise rules for tho majority, just as thero aro
laws for the behaviour of the molecules 1n & goaf wo tako them
in quantity  And just as physies discovers that Jhe behaviour ~°

'Vuppowsow  (1030) Journ Hygene 36, 26+™s hero sot
* Wiopowson and McCavcr  (1030) g+ ond Mavoxe
* Winpowsox loc et ancet 1945 2 467
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Some of us can remember acqurmg the taste To the Spaniard
the acquirement comes o early m life that olives appear to be an
obvious and natural food  Similarly tastes for food may be lost and
distaste take themr place Stefinsson has a story of a sailor who
had acqured a distaste for fat in early hfe He had stolen some
fat, was made by his mother as a pumshment to eat a large quantity
of 1t became violently 11l as a result and thereafter * could eat no
fat” Many of us can match such an observation A food may
have been the cause of or panied some shmentary upset
and after that that food tasted unpleasant 'The upset need not
be alimentary It can be emotional A child may connect some
food with discipline from parents and not be able to eat 1t for the
rest of s Iife
", Naturally these food habits are usually acquired i early hfe
What one 18 brought up to eat that ome lhes As Stefanscon
puts 1t bread seems a natural article of diet to & Western civilization
and rice something that one eats occawionally To an Eastern
civilization rice seems to be the natural * staff of lfe’ and bread
a not very mteresting adjunct The rice eating Bengall m 1944
preferred to starve to death rather than eat wheat flour In
varions books and articles Stefansson has shown this prmaiple to
be workmg gst s colleagues 1 Archic explorat the
Eskimos he met and the dogs who drew lus sleaghs Of lus
colleagues, the Umversity men were the most willing to change
their food habits To eat meat and little else for & year was an
adventure—it attached itself to a d d reflex (adventure}
and became part of 1t To those who had heen brought up on
but & few foods 1t was & hardship to hive entarely on meat They
hankered for bread and flour with disastrous results in one case
It was the same with the Eslimos They would not eat what they
were not accustomed to The males were less conservative than
the females the children were exp 1 but always checked
by the females Among the dogs 1t was the same  Dogs brought
up on fish had to be starved mto surrender before thev would eat
canbou (deer) dogs brought up on canbou had to be starved mto
surrender before they would eat game, and so on Fortunately
if the food were allowed to go putrd dogs would eat 1t whatever
1ts source  The fomales had stronger new food “remistance than
the males Among human beings and dogs 1t 15 the females who
teach food habits to the young
. 'The wonder 15 that any food habits change for there 18 a circle
{* what one cats when young that one likes and hands on to ones
}‘oﬁ'sprmg ? whach theoretically should rotate for ever  Fortunately
there are progressive and rebellious spints who break away fromt
1
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family teaditiema traved and Iring homs new hatata  And thero
are the intellectaals who will ot Lo sulsrnient ta ther tastes
None the teea {1 takra & lonp time to introdoee 6 new food It
100k At Jeart D0 yrars for the patato to prt n hold upon Furope,
and the torratn n Yunded yeamn  More reerntly the grape fruit
haa eonquered ua in 1 opland {n about Mycar and it may Lo that
the avocadn pear, the hichee the perimmon and the grenadilla
will b adde 1 1o our linta of common fooda moro rapidly still

Al his dic'clice hins to teeopnize It has to realize that thero
are Limits et upon {ta scope of action It cannot be accurstn to
mwihin defmite wide himita beeavse the componition of foods varies
within wile limita 1t cannot Iay down dietetio Iawn applicablo to
everymie becaune of the variatinn in men s noeds (7 habita) becauso
some take moro than thelr ahare (arn pleonectic) and some take
Trax than thelr share {aro melonectic) 1L dare not impose as most
food fad lists and fanaties try to impose, ita discoverion concerning
one man or group of men upon sl and sundry It must realizo
that the pmychology of the individual may ply baves with any
hin of diet based even npon wide observntion and that unfor
tunately therefaro a poor diet may suit such & person better than
& well.eoneeived dict  Although it task is to odacata the general
pubbio to the belief that a food is a food only in fts capaaity to
eupply fuel, building and regulative materals not in ats capacity
0 plearo the palate at first bite, none the less it must recognizo
that food habits are fairly unshalable and that to do any immediato
good it must work withun tho amlut of thoso food habits and pre
Judices Ono part of tho work of practical dictetics is to feed tho
ch and this ean only bo done if their likes and dislikesarorecog
nized. But another part of its wark ia to edueato tho indimdual
the family and the stato mm the best methods of feeding themselves
to advantage This will often mean the breaking down of food
prejudicea and the question is whore 1n tho vicious circlo of food
haluta to mako your attack Tho probable answers are () at the
point when the mother has hicr first baby, (15) sometime 1n adoles
ecnce when ono 18 always bungry, and (ul) when the intellect fakes
charge if it ever does, of & person s reactiona



CHAPTER II

THE FUNCTIONS OF FOOD (I) SUPPLY OF
ENERGY

Food has been defined m the first chapter as anything which,
when absorbed mnto the body through the alimentary tract, 1s
capable of one or more of three things (1) furmshing the body with
materialy from which to produre heat, work, or other forms of
energy (u) enabling 1t to grow or to repair 1ts wear and tear, and
() supplymng regulators, or the raw materials for regulators of 1its
functions of production of energy growth, and repair It will
be noticed that this defimtion 13 physiological 10 1t deals with
what the foods do 1n the body—what are their functions  Perhaps
the third function needs some explanation There are reactions
which go on 1n the body at a defimte speed n the normal person,
but 1n the abnormal person may go faster or slower  If the thyroid
gland elaborates too much thyroxmne its owner burns up fuel
materials too rapidly, if too lttle, too slowly The jodme and
the tyrosme from which the thyrod gland elaborates thyroxme
are found n food Similarly the oxidation of carbohydrates in the
cell 18 directed and regulated, among many other things, by
thiamme rboflavine and mwotinamude three vitamms preformed
wn food Without these preformed catalysts the normal processes
of the body will proceed at abnormal velocities or not at all  This
third function of food which will be dealt with in Chapters IV
and V 1s a discovery of this century It received 1ts man 1mpetus
mn the socond decade and has almost monopohzed attention
research mn dietetics to the present day

Though the outlook of the d must be physiological, this
does not mean that the outlook of the chemst can be dispensed
with On the contrary cistetics must heep m close colleboration
with the chemist without, however allowing hus concepts to domm
ate the field too much  Without the chemist and the biochenust
we could not have obtamed any 1dea of the nature and mode of
operation of the vitamins They would still be mysterious some
things the cynosure of every food faddist and quack medicme

16

[
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ani ford alvertieer The more e Lnow abaat ther chemin
Un e arcirately we ean s tham o dirtetica

O the 6ther han | dirteties fuet keeps in tanech with the caterer
Ttdsnet eninh (o khiow swhal enls tanaes ae neorceary for ardequats
nuinhan we mut knaw how ant where (o obtun them in foods
and the mimt fomvenient anl perailily the most connomical waya
of buying them  To take an exteoms example  should an Arclie
explrerhive «ffthalanl’ asbtrfanesm and thoe late (ino Watkine
&1 o shoul) he carry fid {n fta mont condenst form from tem
perato climrea

The cutlooka of the thres types of peosona intereated fn dietetics
are here arranged talmhely

The I by ncdopst The Chemunt The Caterer
Forde am uwful  Thees foxds contain - Thess rulntanom aro
for— fropectively— foun{ malnly in—

1 Tnerpy prexluction 1 Fat earboliydmton

and (though not en

1 Dnpping land suct
butter  marganne

Impartant) pro orreals, sugar dned
tring fruite  pulsw, and
things made from
theao
2 Grosthand repalr 2 Protens  mainly 2 Milk exgs  cheese

but toalonrextent  fish and meat

enlcium fron oto

3 Control regulation 3 Minoral cle 3 Dary foods eer
and dircction of  menta and ita tain spocdied fruts
proceeam in the mina and vegrtablos and
body tho fat flah

This classifieation is not perfect nor is tho alignment between
the threo columns perfect  For instance although wo in Great
Brtain obtain only sbout 10 por cent of our Calortes from proten
and a8 1t wero incidentally and by aceident in tho Arctio Circlo
Prroree and among the VMasai by cholce {1 and 39 per cent of
tho Calories respectively are denived from protemn  Whereas at
would be truo to may that in Luropo the energy value of our diet
anses largely from tho fata and earbohydrates 1t would not bo so0
among tho kslimos and tho male Masar  Agam tho muncral
clementa m our diet aro mainly used for eatalytic purposes but
(notably) calewsm and phosphorus  though essential for such
Purposca are also used in relatively enormous quantities for bulding
the skeleton wath the result that tho chuld s and tho adolescent s
noed for ealesum and phosphorus 15 greater, much greator, than
the adult's Further, it 15 truo that whereas we got our enorgy
producing foods mainly from the grocer and baker, and the body
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Torr Crobutrdretes commse a group of substances more
o, T}n‘: W then zre the fats, but none the less m
:.:m_j: Lomess m the bolidme stomes from which they are mads
—F T ST rommsis, wher are composed of the elements carbon
IF=gm, @3 oIrrm, the Istter two bemg m the proportion of
¥ I e a3 i The elementary bulding stones of the
TIEmOrTImizs Inmies o $ood are the smple sugars contammg
KX T s the herosss o monosacchandes, glucose, frue
e, 3 prlurire, an3 o these m harides all carbobydrat
Fonzs Zme D e rexolvad b d.gestion before they can be of useto
s ored O omrssachandes wted form the disacchandes,
ci.:_— Nl yxseY, malt sorar (maltose), and milk sugar (Jactose),
22 of wzk sars mrorenae m cheteties  Starch, glycogen, end
Goximos are eompneyes of many monosacchande bwlding stones
(Trose 1= erery cose) a=3 sve therefore called polysacchand:
Neo s t3am MR glaeose vndts, and i may bo es many as
DWW rnax s Lessd ©p to furm starch,? 12 or 18 to form
ghrrozen, sod to= Gxtmns have numbers approximating to that
of gfarch axd thome dovnwards to three, stable dextnn or
tnhexosan. All thess palvsacchandes which are condensation
produets of besose <.zars sre ealled hexosans and all, or many
of them mav be found in a brealdast food such as comflakes
or grape nuts. Starch gruns (particularly potato starch) have 8
substance amylopectn m them which 13 a hexosan umted Wit

phosphorie amd. It confers ther well known msoluhxhtyhﬁn
Tioastbility When

starch grams, and probably ts for their indig
uncooked Potato starch has most amylopeotn (73 per cent } and
r1ce starch least (38 per cent ), and these figures may account for
(1) the fact that uncoohed potato starch causes colio, and (u) thet
Tico 18 eaten m Asa 1n a stato less cooked than 1 usually folerated
1n this country without mshap

Of the monosaccharides glucose 13 found 1n nature in frts such
as grapes, in vegetables, and i honey, fructoso m the megonty of
fruits and 1n honey , while galactose 18 not found free 02 E“E“f»
among the disaccharides 1s found 1n the sugar cane
m other root vegetables and in most fruts  The co
“pgugar ”’ 18 practically 100 per cent came
treaclo contain 70 per cent hexose sugars  Malt
malt and malted produets and milk =

Starch 1s present mn all the cerea!
and 1n potatoes Dextrms ocour
result of subnutting starch ¢
dinstatic enzymes  Consequently

1 Ricmanpson (1041} ¢

to
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Yerita nnd breakfadt foada aord alur the erimb of tread enntan
dextainy
Gleoogrn the mly earlohninats of animal engin, §s fotind in
heer dn et el 1Y, an) € n piarh eraller extent dn all rinecles
{ reat |
In 84145 1o theas earhehiydratee whi b may be termad the
=arallable * estlvtivdrates bveaten the bady can utifizs them
8 furl theee am & namber of sulntanes osenming o fruita
end efpetstlee which dietltiars lamely and incorreetly comprisa
ander the pame  cellalose * Thes s plant oell wall products
O~n poctin whirh §» reagem illa e the Jolling  of jame i a
wied ol w§ wath a pratow palactems or methylated palacturonie
arid un the unita of ¢« roctare Ohiers have denivatives of glucow
mames or pafacton as thelr buie unite  Nefther pure ocliulose
607 theae other pubrtaners are dipwatilis, absorlable ar metaboliz
stle by the baly  Their emhy function in dirt b to hurry & meal
tlonz the alimentary tract awing (i) to theie rrechanical action (e g
T ttuce Jeatra tho stamach more rpidly than many a digestiblo
nd) anl (i) to the imitating ¢Tect of the chirmical products of
their dreompenition by bacteris fn the large intestine  Tho valoo
of ewe “ unavallable™ estbohydmtes or * roughage™ in dict
baaboen anl el fs aver rated It by assumed that somo roughage
is essenthal o diet for normal people  tmoto till for these who
Tosess s alup~ b larpeinte tine and it is porible that its absence
from s diet is ensential for thow who poesces o apastic calon
The fuel satue of the avoilable carbolydrates is asscased at
11 ea pre gramme although that of starch is nearer 4 2 whils
that of cane wuzar §s 307 and of glucone 376 41 is o *“ conven
tiomal* average figure  In most food tables under the heading
earbohvdente ” the figure for the availablo earbohydrato §s given
but in older tables often the carbohydrate of the fibre (1o eclluloso,
Protoesns o) is included and tho Calone valuo is too high
Proteins as stated above can bo and aro used by the body
for the production of encrgy  Indeed they are used entirely for that
Purpose if no carbohydrato is taken along with them at a meall
Thiats 20 beeauss in the breakdown of therr constituent ammo acids
in th biver thoy pass either through a earbohydrate (glucose) stage
o & fatty acid stage and aro oxidized a3 such A httlo more than
half of the protemn is oxidized via the glucoso path and somewhat
dess than half goes by tho fatty acid path
al o conventional figure for the fuel value of protein 1341
¢ lones per gramme  Outaide the body the fuel valuo of protein
BTt 1n oxygen s § 6 Calones ‘Tho reason for this discrepancy
! Cormuznesow and Moxmo 1030 Dochem Joun 33 128
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For this there are two reasons (1) the figure 1t gives us 1s con
venient to handle—t 18 expressed in thousands! rather than
mullions or billions, and (n) all energy 1n the body, and elsewhere
ultimately appears in the form of heat Our muscles contract and
at once produce heat The friction 1n our joints produces heat
To put our muscles into a condition where they contract agam
produces heat The stone we hurl through friction agamst the air
produces heat In its final contact with the earth its Linetic
energy 18 transformed into heat Moreover the transformation of
heat energy into mechanieal work mvolves a wastage of about
two thirds of that energy—as heat As the body must be assumed
to work i accordance with the laws (1e ““rules”) of thermo
dynamics—heat and work are mtraconvertible m defimte pro
portions, and 1t 13 1mposuble to produce a constant supply of
energy by any 1solated self acting machine—the majonty of the
energy of the body appears as heat In fact if you 1solate
the human body by placing 1t in a calorimeter (see below) all the
energy 1t puts forth must appear as heat That therefore 18 the
most converrent form 1 which to measure the output of energy
by the body and therefore—energy bemng mndestructible and
uncreatable—the energy needs of the body We measure the
output and needs of the body for energy by calornmetry

‘We have mentioned the Calore as bemng the measure we adopt
of the body s output or needs per day The Calorie 19 the amount
of heat requsite to raise the p o of one Lil of
water (2205 Ib) one degree centigrade (2° ¥Fahrenbeit)” For
those who think m pounds and degrees Fahrenheit as1s ‘natural”
m this country the Calorie 1s almost exactly four trmes the sue
of the “natural British umt, 16 the heat necessary to raise one
pound of water one degree Fahrenhers

If the body gives out heat mn the course of a day which would
rase erther 3000 Lilogrammes of water through 1° Centigrade, or
800 Lilogrammes through 10°, or 30 kilogrammes through 100°,
we say that the body has given out 3000 (kilo or great) Calones
This indicates that the food must supply 3000 (ko or great)
Calories to the body m the course of the day

1 eg 3000 Calores per day instead of 1 202 000 Kilogramme metres
9 370 000 foot pounds or 1 265 000 000 000 000 ergs

* The actual umt of heat used by the physicist 1s the small calorie
or the heat necessary to rawse the temperature of 1 gramme (not a
of water one degree centigrads—a
canso of cons:demble confusion The great Calorie or Kilocalorie
should alweys be written with a capital C to dstingwsh 1t
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Calorimetry

Direct Calorimetry  Therr ne two methods of direct ealord
metre human ealonimetry  and food ealarimetry  Humarn
calorimetry has boens rafsnd 1o 8 paint of preat sccumey  Ongin
ally the ealanmeter ¢r ton'alner was the sizo of a tiny room
® 6 » 0  Such edonmelers are still in usy and can contain
8 b, ot a table an) chalr, or a statiomany Bieyele with magnetic
teakra wpon which ' work? tmay Lo done The  room  has
eepore walls and §v enclosed within theve other shells the famost
nne a1 the outer two wool all Insalated from each other A
trnien of cdose fitding doars thirou, hi thess shells gives sccen to the
ealrimrter and there §0 a window through which food can bo
paredd 4o the mbiact o= exeteta pased ont for snalyxis

To prarire the heat producsd by the subject foed brine i ciren
' through eadistors fn the ealatsmeter  The volume of bnne
arealated during the experiment fa weighed, and this welght
sultiphied by the fise n temperature of the brine which is mewured

ey accurats elec fiea] relatanen thermometers gives a measuro
of the Calones alwarbed by the radiatars  If we add to this the heat
absorbad In waporkzing water n thoe lunps and by the skin, wo have,
subfect Lo kmall corrections the total heat produced by thoe subject
daring tho expeniment  The air in tho ealorimeter is punfied by
tacking it out wath n rotary blower It is then passed through a
container with sulphurio acid in it to remove molature then through
ono with mxla lime to extract the carbon dioxude, next through
enother contaner with sulphurio acid to trap any water from tho
roda ime, and lat back into the calonmeter Aa tho air would
bo depleted of oxygen of further oxygen were not admitted thers is
&n apparatus nttached which automatieally allows puro oxygen to
enter from a cyhinder whenever tho y withmn tho eal
falls to an appreciablo extent

The apparatus thus measures not only the heat given out during
the courso of the experiment but also the oxvgen absorbed and the
€atbon dioxido and water given out by the subject  We can from
theso data, together with tho mitrogen excreted by tho lidnoys
caleulate what matersals havo been consumed in the body of the

tubject during tho expersment

Wo can also, if the subject spends n long timo in tho calorumeter,
comparo tho heat ho gives out with tho theorctical amount he could
get from burming the food hehaseaten  Thismust be asexplamned
shove, the hieat obtained from oxidizing the food in 0X3gen minus
the heat obtainablo from oxidizing tho excreta in oxygen  When
the experiment is made as has bben done many times it 13 found
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the consumption of oxygen during that time If we make the
assumptions that the protemn consumed during that time 1s neglgible
and that the carbohydrates and fats during that time are completely
consumed to carbon dioxide and water we can estimate the heat
gven out from the oxygen absorbed and the carbon dioxide ex
haled The volume of carbon dioxide given out divided by the

Indirect Calorimetry by gaseous exchange

TasLe For CALOULATING CALORIE QUTPUT FROM OXYAEN
ABSORBED
{After Zuntz and Schumberg modified by Lusk}

[ Por cont Catores demved from
Non protern Respir Calones per
atory Quotient Litro O, Corbolyarato Far
0707 4686 00 100
071 4690 110 989
a2 4702 476 952
073 4714 840 9186
074 4727 120 880
075 4730 156 844
076 4751 192 808
071 4764 228 172
078 4776 263 737
079 4788 209 701
0380 4801 332 866
0381 4813 369 631
082 4825 403 597
083 43838 438 562
08¢ 4850 a2 528
085 4862 507 493
086 4875 541 459
087 4887 575 425
088 4899 608 302
089 4911 612 358
090 4924 675 325
091 4938 708 292
092 4948 741 259
003 4961 T4 226
094 4973 807 193
095 4985 820 160
096 4998 872 128
097 5010 904 958
098 5022 936 637
099 5035 968 318
_100 5047 1000 00
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oxvres aharthad $a ealled the reepimtary guotient and duning the
port abaarptave ftage (v 12210 honts aftee A meal} WO 62 From
the uk ab)a {pp 25) see see that svery Lites of oxygen abwnthed
theall teperaent 4625 Calanea AL A respuratory guotient of
052 Simlar fizurea from the carbon dinxide evolved can Lo
uwee]

Actually fL e wrua) Cllmeang Benedict, to ealeulate the Calanica
from the oxypen alworbad, thouzsh Poultan in this country, gave
erlenos that it {o beteet (o ealenlata §t from the earbon dioxide
evolred on the prounis that all the axvpen abworbed doca not
reappear an eatbon dioxade evolved T hoapatal praction it {e uaual
10 peoept alrorption of oxvpen as a sufficient)y accurate measurs
ef the Calanea protaliy exolved At any rate the measirement is
accirate enotgh to nid the phymcian in dingnoms of such diseasea
8t kyper and hypethyronds m, leubrmin and Addison s dusease

Similar methods of ¢ timation ean be extendnd to measunng the
brat output in vanous eccupat tting ling  scwing
dresing an undreesing (20 1o 60 per oent increase) to rowing
(10" per cent, increare)—and have been very useful in fixing
runmum rations for young reeruita in the army Dot agaln it is
100 cumbrous and expensive to be used in estimating the Calorio
values of dicta

Indirect Calorimetry by food Intake As was said above,
the averaze calorie valus of carbohydentea burnt in the body 19
asseweed 5t 41 per pramme that of fata 03 and that of proteins
41 Therefore from tho analvses of foods wo can caleulate their
Calonie value to the body  To take an cxampls

Bupposa that wo ennlyre o food and find that it consists of

Protein 60 per cent
¥at 100
Carbohydmta 200

Water and mmeral matenal to 100
Then it Calorse salue per 100 grammea would be

Proten 650x41 = 205
Fat 100x 03 = 930
Carbohydrate 200x 41 =~ 820
Total 18,5

or per oz 1005 X 28 36 = 55 44

or per b 1055 4536 = 8808

For nll practical purposes 196 per 100 grammes, 65 4 per oz or
887 per 1b aro sufficiently ncenrato values
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Nor should the results be much less reliablo 1f an educated but
untramed person conduct the observation Tlus 1s the method
used 1 this country by McCance and Widdowson m their 1nvest:
gations of mdividual mtahes, and the mstructions thoy give to
therr investigators are here appended ! 2

B

INSTRUCTIONS

1 Wegh cach kind of food separntoly just as 1t 13 served to you
If raw, say so  If you aro cating any food such as fish or chops that
contain bones or friut with shin or stones, please say whether your
weight mncluded the waste

eg Kipper weighed with bones
Orange weighed without skin

‘There 15 no need to woigh the weste but please woigh any food you
leave and deduct 1t from the food you first woighed out

2 If you weigh anything on a plate do not forge to subtract the
woight of the plate before entering the result on tho form

3 You need not bother to weigh eggs Just count them and pub
the number Sugar may bo weighed or measured m lumps or by the
tenspoonful (say whether lovel or heaped)

4 Please say whether your bread 1s white or brown

5 Do not forget to put down all sweots and chocolates under

Extras

6 Plenso say whethor your fruit was fresh stewed, or tinnod
syrup For stewed and tinned frmt weigh the fruit and jwwce to
gether

7 Do not meclude gravy m the waight of the meat moasuro tho
gravy separately m tablespoons Please say what kund of meat or
fish you eat

8 Tt 13 & good plan to weigh out for yourself at the bogmmng of tho
weok £ or 4 1b of buttor and always use from this pieco  You nced
not then weigh the butter as you eat 16 but mmply put  §Ib of butter
started’ and b of butter finished ’ when 1t 1s so  If any of the
butter weighed out to you remans at the end of tho weck say what
1t weighs

9 We are very anxious to know how much mulk you drinh per day
and how you drutk 16 so please weigh the mulk if possible or measuro
1t 1 tablespoons  Say how much mulk you drink alone and how much
you put 1 & cup of tea, cocon ete Do not forget to put down how
many lumps or teaspoonfuls of sugar you take m your drmks

* Wippowson, MoCance and WinpowsoN {1036), J Hygene

36, 200 293
H McCance, WippowsoN and VERDON ROE (1938) @ 38, 590



INDIVIDUAL DIFTARILS k)
Tise Ixntearra now 70 § »Ten Tir ReruLm A%d s nor
MPAXT YO Rr A Prax or At Iorar Dirr
A . i \\“..l had
w or
Tood ! mon Lw““
e e e = - = —
BReaRTART ¢ |
Cornflikm | o1 —
Sugar 21mel
teaspoons |
1 barded e ! - -
read (white) t oz | Toasted
Butter started ! {0z —
MilX on eomfialew and in 2 cupn of tea Goz
{no sugnr taken in tea)
Nixven s
Inuh Stew
Mutton weighed with bana 2oz | Coohed
Carrota 1§ oz .
Totatoen (borled) J}oz .
Grav 2 tablespoons N
Stewed plums weighed with stono 3oz I
BDoilad curtard {made with epg) 2oz |
]
Tras
Bread (white) 3t oz -—
Butter from § 16 — -—
Jom loz. —_
Plam cake 2oz -
2 chocolato buscuita (cignretto mze) oz —_
Milkin2cupsoft a 2 tablespoons —
Suvrren:
1 cup of cocon 3
Cocon oz —
Mk 4 toblespoons —
Sugnr 1 teaspoon —
(level)
2 plain biscwits (digrstivo) loz —
1 applo {(weighed with slun and core) 3oz Raw
Extnas
Milk at echool i pint —_
Boiled sweets loz —
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will be estumated The 1tem which will have greatest mfluence on
the total will be the meat, for the other 1tems which supply the bulk of
the Calories—bread, butter, milk, and sugar~—should have no waste

Unfortunately the edible portion 13 not wholly consumed It 1s
mevitable that some should stick to the plate and to kmves and
forks The fat of meat 15 often discarded, unpleasant looking
portions are dissected away {¢eg vems), burnt and underdone
portions put aside

This table wastage 18 an individual affarr It 19 lowest among
the poorest? and durmng times of scarcity? It depends upon
tramnng and 15 greater in one country than another Institutional
feeding apparently leads to great wastage, though trammng may
keep the table wastage as low as 1 per cent? It may mse
much higher® and mn nstitutions known to us 1t has risen over
10 per cent In estimating an mdividual 8 diet, when the food 18
weighed at table 1t 13 quite possible to allow for table wastage, but
m celoulatmg the value of the diet of a family or nstitution this
18 by no means easy There are losses due to carelessness 1 pre
parmng the food One person will pare away much more of a potato
than another  One cook will utilize much less of the fat that cooks
out of & jomnt than another Sauces, even “ pourng sauces,” will
not wholly leave the saucepan for the sauce boat or the sauce boat
for the plate Consequently we can give only an approxuimate
figure for the food consumed by & group of people—an outside
figure It 18 usually thought that the nctual amount consumed 13
as much as 10 per cent below this outside figure and that allow
ance 18 commonly made It ought, m a well regulated famly or

titution, to be derably less

Edible portion minus kitchen and table wastage we may term
*mput” 4 Ths input” food 15 never wholly digested and
absorbed by the alimentary tract There are mdigestiblo fibres
1 plant and ammal foods which are not only unabsorbable by the
almentary mucous membrane but also prevent the absorption of
otherwise absorbable products of digestion By hurrying food
along the small intestme they may impeds complete absorption
Sometimes as much as 20 per cent of a food material 1s lost to the
body owmg to meomplete absorption® Moreover the alimentary

1 Carrvarr and Morray (1931) Med Res Council Spec Rep
No 1561

*Frmewp  (1935) The Schoolboy Heffer & Sons Ltd

3 GepEanT (1817) Boston Meducal and Surgwal Journal 176, 17

4 We have borrowed thiz torm from wireless tolegraphy os o con
vement 1f ugly word

5 Seo below, p 146 under Avadability
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tract and sta secretory glands may have to pour out moro digeative
ymiees and Jubnesting matenal on pome foods than others The
net gain to the body (which alone concrma us) will be greater when
there i Iy outpouring of dipestive juices

}eumates have been mven of the fou of Calories through non
abarption of sanous fooda anl in mixed dicts The following
figures are miven

et Cont
Rien 2
Mk 44
Rrrad 5
rat 55
1otators 68
Carrota 202
(Runxrn)

For the mized dicta we ean caleulate that 4 per cent , 7 per cent ,
snd 11 prr oent,, respectively of the  input  Calories aro lost
througzh defectivo alsorption in the following dicts (1) Dict con
tanng much anunal food, (1) dict contaimng a moderate amount
of animal materia], (1) dict contalming Little amimal matenal

Input ' Calonies minus loss through defective absorption wo
may term Intale’ Calones By tho pnineiple of the conservation
ol energy intake’ Calories muat, eventually, and when the body
fa in equilbmum, equal  output’ Calores, fe the Calories na
measured by the calonmeter

We have therefore a meana of estimating roughly the Calorie
output or the Calone necds of a person or group of persons, by
collecting data of their food consumption and caleulating the
Calorie value of the foods eaten from analyms tables  Tho method
involies but n little anthmetic and intelligence and 13 far easier
than the more scientific and direct methods of estimation by
human Calonmetry or vis gas analysie  Its results howover must
not be unrerervedly accepted

We may sum up tho relations of the figurcs as given in the
analysia tables to tho actual output of encrgy by the subject of
experiment thus

As purchased (naually abbrewiated to A P)

minus wasto (bones, peel, coro, ete) = Edible Portion
Edible portion (usually abbreviated to F P )

minus tablo waste = Input
Input munus unabsorbed or eccreted
matenal = Intake

Intake must cqual Qutput when the body 15 1 equilibrium

YWarr U.S Dept of Agreculture DBull 53
o
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The relation of these values to one another 1 a vanable one  We
have scen that the relation EP to AP may be1 1 (bread, milk,
butter), or 1t may be aslow as 1 3 (nuts) We cannct give any
average figures and 1t 13 absurd to pretend to do so The tables
give the relation when wanted ' In colenlating the Calone value
of a diet we have merely to be careful to sce which set of figures
18 appropriate 1

How much 1s wasted at table 1s a vamable quantity depending
largely upon traming and the loss due to wcompleto absorption
Plus secretion of digestive Juices varies from 4 to 10 per cent or
more depending upon the nature of the diet It 13 a convention
to assume that the two together approximate to 10 per cent

If this be true, the Calorie value of the edible portion of food
mmus 10 per cent will equal the Calorie value of the mtake and
this 1 turn the output of Calores by the body Ordmanly we
do not concern ourselves so much with the output of Calories by
the body but by the more easily estimated Calome value of the
food bought We speak of the Calone value of a diet, meaning
by that the Calore value of the food eaten without malmg any
allowance for unavordable waste on plate or i the shmentary tract
This 13 m fact the Calore value of the edible portion ,

Group Dietaries Often we wish to know the average value
of the diets of a group of peaple, whether of the famly, mstitution
or a mition This presents no retl difficulty except mn mter
prefing the results '

The Housekeeping Method If the famly 13 the umt 1 the
food m the house at the begmmng of the period of mvestigation
(usually a week at least) 13 estimated and allowance 18 made for
that at the end of the pertod  All food bought during the time 13
weighed and so 18 the waste The food consumed equals that of
each dity at the b plus that bought durmg the
period mmus that at the end and munus the waste Usually m
such an mvestigation the wastage of each food (crusts of bread
etc) can be ascertammed and we can obtam a farr measure of the
Calone protemn fat carbohydrate mmeral elements and vitamn
content of the whole diet and therefore the input of the; famly

Much the same methods will be used mn an mstitution eg &
boys school The accounting department of the mstitution can
supply the data for the food entering the mshitution In a defimte
period and assuming no leahage this gives over & period such as
& month or & term the gross consumption of food  From thus must

1Qarroart and Mognay (1931) Med Res Councl Spec Rep
Sertez  (1931) No 151 and 1932 sbsd No 165
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be subtracted the wastagr which may bo stemized if thasecounting
departrent {1 efficient It may be waste bread , wasto fat (either
20ld to so1p merchants or converted on the premises into roap),
ot garbage which goes to the prgsties  If the amounts of the two
formet are known their dictary value ean be directly assensed, but
if all waste goca into the gathage an analyma of mixed samplea
ts exsential for nceurato evaluation of tho low  Usually sll the
wastage goos to the pizs and it 1s difficult to male nn allowanco
for 1t except 1n vague approximations  Where tho wasto is amall
this dots not much matter  Yor cxample farly carcful estimates
of the nature of the wasto at Chrst s Hospital 1 suggeat that 1t
accounts for on the avernge but 07 per oent of the total gross
Calotia value of the food  In o*her institutions the talle wastage
may be much grater c¢g St Pauls School Concord USA 2
where 1t was 1in the Upper School 22 per cent n the protein 23
n tho fat and 7 in tho carbohydrates In public schools in this
country the waght of the tablo wastage 1s often some 10 per cent

of the food served though 1n a vegetanan house of a school invests

gated by one of us where there was very little cooked food served

the waste was practically negligsble  (Clearly much can be dono
to cut down the wastags and eaterers should consider a high
wastago o sign of bad catering and bad tramung of the reeipients
of the food )

The net Calones after subtraction of the Calone value of the
waste dinided by tho number of people fod and the number of
dsya 1n the penod of estimation, gives the average Calone intake
per person per day

This method gives a satisfactory and understandable result if all
the people under consideration are of the same age and sez  Thus
1s rarely tho case exeept i some institutions such es the army and
some public schools where all can bo counted as adults Usually
women and children arc included  For ple 1n a prep 'y
school there may be cluldren from about 6 years of ago to 14
mads matrons and masters all fed from the same stores and
Litchen In a public school thero will almost snvarably be hitchen

staff anfirmary staff, and } keoping stafl to pl tho
Calorie 1ssue Ina d 1 school the pl 18 gtall
greater
There has been a conventional method of obviating the difficulties
tved by these pl It 13 known that on the average

& man cats more than a woman and both more than a child say
of five It 19 also known that therr Calomo output vanes in a

1Frievp  (193.) The Schoolboy Heffer & Sons Ltd
1 Geemant (1917} Boston AMedical and Surgical Journal 176 17
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smular way So dietitians i the pwst have composed scales of
values purporting to represent the Calorie needs of children at
each age and of women expressed as fractions of the need of an adult
male The needs of the adult male in sedentary occupation are
taken as umty He has & ‘man value of 100 while the adult
female 15 given another value (e g 083 or 07 according to whose
scale you adopt) which 1s her * man value ” “index ’ or ‘co
efficent  Chddren are given coefficients according to thewr age
eg at 3 years of age the coefficient given may be 0 5—the *“ man
value of this ehuld 18 half that of lus father and so on  Of such
scales there were m 1936 no less than thirty eight 1 and they have
received additions and compheations since

Such scales have been used 1 this way Suppose we wish to
assess the Calorie needs of a famly consisting of a father (say &
lawyer) s wife son of 14 daughter of 10 and two domestics,
and we adopt the Cathcart and Murray scale

Father =100
Wife =083
Son of 14 =100
Daughter of 10 = 0 80
2 mads =166
Total 529

One ‘ man = 3000 Calomes Therefore the total Calorie needs
18 529 X 3000 = 15 870 or (say) 16 000 per day

A boarding school or other mnstitution can be rechoned m the
same way

200 boys all 14 or over? =200 X 100 men = 20000
10 male teaching staff = 10 x 100 = 1000
5 female = 5 x083 = 415

5 male non teaching staff = & x 100 = B500
10 fernale = 10 x 083 = 830
Total 22745

Daily Calorie needs = 227 45 X 3000 = 682 350 or say 700 000
Calories

This method of caleulation seems to us fo have no advantage
whatever over saymng that a man s needs are 3000 per day a boy
of 14 8 3000 an adult woman s 2500 a girl of 10 8 2400 and adding
these figures But perhaps the method 1s held to be of value when
different occupations are to be taken into account

1 Wippowson (1936) Journ Hygiene 36 269

2 All later scales quite mghtly give & much higher assessment for
adolescent boys
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It i« hnown that on the arerage the needs of an agncultural
Iabourer are mors than thow of a profi evonal man  The agn
cenlturl 1abourer s ¢ man value s often taken st 13 Buppose
that among the malo non teaching staff of the school conwdered
there % n gandener  Then we should have {0 separate out thie
stafl into 4 » 100 and 1 ¥ 1410 and make therr * man valuo™
569 maead of 500 We cannot see any particular gun in this
method of computation

1In former cditions of this book we have given a few of the more
popular of the tables used and anvone intercsted in them may
find them there Ve have come to the concluunn that the index
should bo disearded beecause (1) 1t tells us nothing, new (1) 1t hardly
shortens anv caleulation () 1t applics only to Calones but thrro
is a danger that it may be apphied to first clase protein ealeium !
tron and vitamin intakes and even the cost of ivin,, It 19 8 wasto
of time and enerzy to have an index or man value for each of
tho easential pninciples of diet (1v) 1t 18 based on an assumption
or ret of assumptions which bear hittle relation to fact—of which
rco later and (v) it makes dictetics appear more * scientific
than 1t 18

Beales of Calone values bazed on man valuea  are distinetly
suspicious commoditics  This s unfortunate, for that suspicion
corrodes the value of all tho work done on group dicts from the
Great War until the publication of Sir John Orrs book Food
Health and Incoms, 1937  Wo have to take them  for what thoy
are worth ' and their worth depends upon values largely sub.
Jective It 13 regrettable that the family or group diet should bo
mvestigated via the individual diets of each member of the group
This will recesve further confirmation when we study factors of
dict other than Caloncs

Despito these considerations, at 1s essential for practical purposes
that some yardstick should be adopted A standard may be wrong
and unseientific but 1t 15 better than nono at all  All standards
1n dietetics are based to a great extent upon guess work inflaenced

¥ P 1 preditect and are thercforo open to P
But 1t must, be remembered that the guess work 13 that of intelligent
ecientific men trasned sn dieteties and therefore more hhely 1o bo
near the truth than tho guess work of the layman The guesscs
wo are choosing to hold up for inspection and use are thoso of the
National Research Council of the United States After all the
science of dietetica has flourished much longer and more fally in

1 Ono well kmown dictitian full anto the error of applymg the mdex
to caleum needs  Tho Calorie * mdex  for a child of 3 may be 05
but 1ts caleum index may be 12, and ita cost of living index 075
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given out by the body in ordinary conditions of life, and have
given more than a hint, which will be justified later that there
18 as yet no fixed quantum of heat output which we can say 19
“correct  for any mdividual We have mdicated that i the
normal person wha 18 nesther gaining weight nor losing 1t—who 1n
other words 13 mn equlibrium—the output of Calories exactly
equals the intake of potential Calories in the food assumilated
And we have given an account of means by which the output of
Calories can be measured and the putative mtake of Calores can
be measured from the mput

We naturally ask 1s there anything fixed and constant mn the
energy output of an mdividual, from which we can bmild up a
quantitative science of dietetics * Does the human bemng never
behave hihe a machme i which 8o much fuel burnt produces so
much energy * The answer 11 that Basal Metabolism provides the
ndication that 1t does

‘What happens to the body when there 1s (1) an msufficient input
and (1) no wnput at all (1e starvation) ? In both cases the body
18 forced to consume 1ts own muscles or 1ts fat and carbohydrate
depots to meet the mevitable demands for energy Whenever the
body receives less Calories than 1t gives out there 18 a loss of weight
and we utilize this fact when we are wanting to get rd of an excess
of body weight The matter will be discussed in a later chapter
under the treatment of obesity What concerns us now 1y basal
metabolism 1e the iewitable loss of heat from the hiving body
when at rest and 1ts relation to total metabolism m order to see
if we can give any theoretical figure for the output of Calories
per day

The ammel body unlike the non hiving machme needs food
for its mamtenance and reparr even when at rest The body
never 15 ab rest completely, even when m a state of extreme
quiescence The heart pumps blood agamnst pressure through
arteries and capillanes The chest muscles do mechanical work 1n
respiration  Probably even the muscle tone of the striped muscles
consumes energy which needs replacing  Energy 18 needed for the
secretion of fluds by the body eg sahiva sweat and urme, snd
also for some of the chemcal transformations which occur m the
body There is therefore a loss of energy from the body at rest
and this loss 13 expressed as a losa of heat

This mevitable production of heat when at rest 13 the base ine,
the jumping off ground of metabolism It 18 presumably its ure
ductble A whole literature has grown up round the
study of this wreducible mmmum which 1s termed  basal meta
bohsm’® For the human bemg the basal metabohsm 13 taken to




BASAL MITTABOITSM i

bo the output meanured §n Calorics of the Lody in o state of com
plete rest momeo twelvo hours after the last meal  Tho timo most
convenient for the estimation {s In the morung after the night's
dleep  Tho subject of the expeniment is placed in a Calonimeter and
his heat output measured over a penod of one to two hours
The daily basal metabolism s e1lculated from tho result obtained
Fxperiments upon animals (swine) suggest that tho body does
not reach ita basal output quito so soon as twelvo hours after the
1ast mea) but the results are sufficiently near tho basal value to bo
of great practical use  lor detmls of the methods of estimation
of the hasal metabolism, readers aro referred to the oniginal treatises
on the subject ' What wo have to conmider now is the influenco
upon baanl metabolism of such factors aa height, weight, and slan
area, of age and sex and of the endocrine organs

Influcnce of Meight, Welght and Skin Area upon Basal
Metabollsm  Arguments from first principles suggest that the
shapo and compoution of thoe body will influence its metaboliam,
and that surface is of paramount importance  The larger the sur
face of the body relative to its bulk the greater is tho amount of
heat lost by mdistion A ref to the
(fig 2) will mahoe this clear

Let us supposc that wo havo two bodies tho first being 0 feet lugh
3 fect broad and 1 foot thick and
the sccond measuring 3 feet 1n
every dimension  Both will have
a content of 27 culne fect but the
first will have a surface of 78 square
feet the second of only 54 square
feet :n other words the surface
exposed 13 almost one third greater et *
1n the ono caso than in tho other
If heat 19 lost at a rate comparable
with the area the amount of heat v
lost will also be proportionately 3 Feet
greater  Tho first of theso figures F19, 2—To Trtosrmars suz In.
would represent the condition of  Spnrace
a tall thin man, the sccond that
of a short stout man and as the former must lose about ono
third more heat than the latter, his basal metabolism wall be one
third lngher than the latters  That this 15 borne out 1n fact 1s

1
it At -4 (3

3 Feet
3Feet

1DuBos (1936) Basal Metaboliam an Health and Disease  Baillidro
Tindall & Cox  See also Apams and Povrron  (1032) Jour Phymol
77, Proc 1
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the opmion of such physiologists ns Rubner, Grabam Lusk and
Du Bois who appear to have made out an excellent case for
therr contention When wefind that if wearo careful to measure
the area of ammals so different as dogs, horses mice and men, the
output of Calories per square metre 13 approximately 1000 per day
we may be sure that we have reiched something fundamental
even if we cannot pretend that we have the whole explanation

None the less there 1s a school which still prefers to relate
the ba<al metabolism to weight mstead of aren and 1t 13 usual
to caleulate (say) the protem requirements of a diabetic 1n reference
to his weight rather than to lus area  Of course the heavier the
body—e the greater the number of cells which 1t contans—
the greater 13 the output of energy, for each cell yields 1ts quota
But this 18 true as a general statement only for the hind of cell must
also be considered  The energy outputs of a pound of bone, a pound
of fat cells and a pound of muscle cells must bevery different  Fat
and bone have a low rate of metabolism  Therr actinity and there
fore their heat output 18 small  Muscle, on the other hand 18 a very
active tissue and the same may be saxd of many of the glands  On
this argument the man with heavy bones or much adipose tissue
should hase a basal metabolism smaller per pound than the thinand
wiry mdinidual  Those who take this position must mamtamn that
1t 18 the mass of active cells m the body wiich determines the
basal metabolism

To these 1t may reasonably be answered that as we have no con
cervable way of measuring the mass of active cells in the body, the
consideration does not help us 1n any but a negative way and that
as the assumption that basal metabohsm vanes with area has a large
mass of data to back 1t 1t 13 as well to adopt that assumption
Moreover anv ordinary estimate of area of the bodv 1ncludes factors
repre enting height or weight * 3 consequently when we calculate

1 Phystcists may be tempted to explan the area effect as an illustra
tion of Newton s law of cooling 1n which the rate of loss of heat vares
directly with the area of the body and the difference between its

temperature and the temp of the That this does
not apply to man 18 clear from the fact that the basal metabolism does
not fall to zero when the of the sphere rises to or

above body temperature—mdeed 1t falls but very little being much
the same 1n Java as mn Holland
TMegn S=EK X VW? X 1s a constant == 012312
Do Bois §=W04-5 X HO7 3 x 0007184
3 See tables and curves for calculating &reas from data of height and
weight i Du Bois Studiwes wn Basal Metabolism or n M 8§ Rosz s
de of Nulnt The on p 48 gives & ready
means of estimating surface area and the value of Basal Metabolism
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basal metaboli m in relation to aren we are nt the rame time relating
it to height or wefght  Tho formulw for enlculating shin arcaa linse
been shown to have a rehatalits of about § to 10 per cent even in
extreme eixes and the Calorio value per rquare meteo baced ot tho o
formulv are fairly constant from individunl to individual and even
from race to raco and epecics to spreies

The figuro for an adult male is approximately 40 Calorics per
gquare metne per hour (0G0 per 24 houry) or taling tho area of
an average male as 175 square metres this repre ents o basal
metabolism of

40 % 175 X 21 = 1680 Calorics per day

Influence of Sex and Age upon Basal Metabolism  Asmight
be expected the hiual metabolism of the adult fumale ! as lower
viz 37 Calonies per equare metre or 1350 Calories per day for o
woman of 15 square metnes area

Onee an indinidual has reached adult age the figure remains very
nearly constant It does howeser fall gradually, till 1n old ageat
has decrensed to 00 per cent of its former value  Thus i3 true of
both women and men

On the other hand the basal metabolism of infanta, chidren and

dol showsa very diffe pictute  Itstartaat about 30and
rapidly rises tall at 6 ycars st reaches a peak of G0 Calories per square
metro—a rate 50 per cent greater than that of the adult  Thence
it falls farrly rapidly at first and then more slowly till 1t renches
theadult figuroof {0 According to Du Bois thero 19 a second peak
at or abaut the age of puberty when the Calone figure rises to 50

In general we sco that the vigorously growing tissues of the young
have o much more active metabolism than the mature tissues of an
adult even though the body 15 resting and fasting  Tlus accords
with the fact that the food requirements of the 3 oung have no direet
relation to age or to weight  That there should bo & nso 1n tho basal
metabolism tn adolescenco 1 not unexpected It 1s a peniod of
rapid growth 1n the first place and 1n tho second there 13 the stimulat
ing effect upon metabolism of endocrine organs particularly thyroid
and pitwitary  So far as experiment has gone this pubertal rice
has not been observed in ammals A nomograph for finding tho

113 there any fundamental reason why fumale protoplasm with sts
X chromosomes should have o different efficieney from that of malo
T )} with X1 t From 1
and dats of athletic prowess 1t seems that there 13 It would bo
nteresting to have calorumetnc data of androgymes of bisoxual pigs
of freemarting and 1ntersexusl burds and investigations of the oxvgen
ntake of slices of tissues under the mflucnco of aestrone and testosterone
reapectively




8 FOOD AND DIETETICS

I
v
} o
Es 2 2 4000
pac: Y
o0 : ™y 5008
=
b o
-Ew 00
- F »
cE™ E »
L3 - =300 L
§ i = =
§ 53, Ee =8 Fe T
ay b N 3 e 3 3
E oW -] S “0
% e '3 ] 3
88 w25 ESt 3 3
8 4 Fmy ol x
R SrECR 2 3 =
5 ot T = ey S
~9 2wy Ly =, S »
& = S Ewd b X S
Y [N R ] § RV -3
§a [ 3 =X 8 3
a S Fm Ew
s g3 § [y =~ § i =
8 F 2 N &
—100'%4 — ®.
3 S :E - x
= .
hE) hd = »
3
i @ .
X, -
b, I =
E 1 P
e sE -
= o . ™
Rasumrom b 3
W 3 p
X 3
iLs 23, "

By permusnion from Prie  Textbook of Medwine  (Oxford Medieal Publications)
F1a 3 ~BooTHBY AND SAVDIFORD 8 NOMOGRAPH

‘The we ghit In poun 13 ot hilogrammen inshown on Scale T Tho heleht 1n faches ud sentimetres
18 shown on Scale LI 1he surf ce area m 2qusre metres 1a shown on Scale 11 The normal
lmndlrd calories per square m tre of body surface per hour are shown on Scale IV The total

es per diem are shown on Scale V

Dum Keep thechartfat, Use s fexible ruler with n straight edoe or o strp of st papet
tmch as s posteard | (4) Locate the posit on of the we bt and height od Scales T wnd 11 re pec-
tively ~Apply the sty ght edze of o R pales ao st whese o cuta Seslg 11 ead the figura on

cale 1 will v the urface avea of the body in squase iy (B) Locate the surfaco

Erea on Beale TIT ‘and the normal standard Caloies Per Sunars Tecre per b fof the age A0 s6X
of the sublect on Scale IV Apply the stral bt ‘ags of ihe Fuler and ace where It cuts Scale ¥
Eead this figure which give: tal b sal luriu per 24 bours

hxg-— omngnyhl 3 may b be obmm fr B Ssunder Co West Washington Square
Philageiphis, US4 N Elmer 1841 Monadnock Bullimgs Chicago U.S.



DASAL MITTABOIISM 49

normal basal metabolium of a person of given aex, height weight
and ago i given in Yig 3

Other Tactors infl Ind Basal Metndoll That the
relation between area and basal metabolivm is not gmite so constant
ax has been suggested above is shown by the fact that the previous
hidtory of the person or anmal under expenment does have some
inflnence upon the basalmetabolism ' A period of under nutnition
lowers thebasal metabolum? & period of heavy excreuse raises it
A holiday in the country raied the bisal metabolism of the expen
mental animals of the Rus=cll Sage Institute thoughit soon returned
to the normal in the surroundings of New York  Doubtless this
18 true of man  Sleep of deep, results 1n a lowening of the basal
metabolism by some & or 6 per cent

The influenco of such a glahd sy the thyrod is great  Of all
the endocrine organs it is the one which has greatest nfluence on
metabolism  In eretinous and myxadematous patients this falls 10
20 and even 40 per cent below the normal and in hyperthyroidal
perzons 1t may nee to even 100 per cent above the norma! So
marked is the influence of the thyroid that the measurement of basal

boliam 1s used in ding g thyroul discase and the cffect of

treatment upon that gland  The mtmtary antenor lobe and tho
suprarenal also have great influence upon the basal metabolic rate

To sum up this section upon basal metabolism 1¢ the metabolism
of the body 1n o state of rest 12 or more hours after food intake, we
may say that—

(1) It 15 approximately constant for the ndividual

(2) It 13 constant per square metre body surface for men and
antmals

{3) The figure per square metro per hour 13 40 for the adult male
and 37 for the adult ferale

(4) The figure falls somewhat with advancing age

(5) In children it rses to 60 at the ago of six with a second peak of
50 m adolescence *

(6) Previous hustory has some influence upon it

(7) Pathologieal conditions of the body, particularly thyroud,
pitmtary suprarenal (cortex and medulla) disorders and fever
influence 1t very markedly

18co Dy Bots op ct 160

2Seo Wismant {1934) Journ Physiol 82 180

3 Nrrscnxe and ScoveipER (1032) (Zest S Kwnderheid 50 1) find an
averago deficit 1n rachitic infants of 17 » per cent  Gaving a vitamm D
concentrato raises the basal metabolism in theso infants but not in
normal infants
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F1¢ 3 —Boorury AND SaNDIFORD § NOMOGRAPE
The welght In 40 pouads or kllogrammes is shown on Seale T | The height in foches and ;_;numetm
ormal

1s shown on sartace aten In sguare metres 13 shows on Sotk
Sy calorie ‘b square metee-of e T ot sve s, o Sl 1% 1 total
calonies per diem ate shown on Scale

urections —Keep the chart fiat
such as s posteard (A} Locate the position of the weight and height on Scales I and 11
tively ~Apply the stral.hted o of the ruler and note whers 1t cuts Sealo I1L d
Scale T Wi b will g @ the surface area of the body In sqvate mettes  (B) Locato
aren on Scale LIT 404 the noroasl stAdARA Calopies Per SUATa metre ber hour o the ags sud e
of the sublect on Sealo 1Y Apply tre sral " edds of the ruitr oas aca whare ¢ eute Sealo ¥

which gives the total basal ealorles per 24 hours
e acale pomographs may be obtalned from ¥, B Saunders Co West Washington Square

thdelphu USA or from H N Elmer 1641 Monadnoek Dulldings Chicsgo UB

Usea flexible ruler with a stralght edge or a strip nrcuﬂ'plpel’
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s dartiems parctal alvae do ot mn e 1l e fact 1151 tho porry ws
Distwy ef Vo qerm e op 4 <ol ue $ 7 exprrioet Uadoew Fave oo
P rm g it elanlt talvd em b 4 qery b el utrler .00 o
v thelmead 1o alvtem?oa prsad ol ) sy erevne faavee it
b N tav e the o 11 tasend A0e bneal o tatvd g et e raetd
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1ot sl fa e g trendierr rf N o Yk Ivaltdees 1t
e rCran Slep i dep petaina bwrrez o e Fan)
goetat e by e S er € oy pent,

Te §%emne e o phd 1 ws 8o armd fa ot OF a1}
o end e me orpans §1 §r 1o tme uty 4 Fas prvaten (%000 e 0y
mAatvlun Ineerd aen anlmya v e atoss patsetattH e ' 1O
Shal e 4y prr et bedoe e ool anlin bypertlivees 1l
Jrrern L ey fise 08 1 10} feg eeet wlrre o el
ral L the i@l the 1 yarn L 1h st W ot ear e <ol Dacal
e At hien e used i duae o ng v L wase an 1 (b oMect of
Leatries] Lo 18 pand Tle § talary antenaor Jabe and the
roprase-al ale bare st 157 moe gpeny the Dana] tmctabeto pate

Toramupt trsctiriupee Lanad e abed oo fe the tretalolnm
of the br 1y in & state af seot 12 0r paoee heavs afier £ osd Intale, we
ey #av 1 st

(3) 1 aa gy pranratedy com tart e tFe s hivilusl

12) Tt §s eomatant per wpsate 0 e body v arface for mea and
anale

() The £rure pet square metre per Lour Jo 40 for the adalt male
and 37 £ the ndolt frmals

(4) The fure falls ronend 2t with advancing ape

{#) Inchil lren i rises to 69 a8 the apa 6f six with a second peak of
0 in adotesenon 1

{6} Previoun histary has sone influenee upon it

(7) Patholn,ical oon Litions of the bady, particularly thyroud,
primtary wsuprarens] (cortes anl medolla) dsonders and fever,
Infloenen Bt overy mubedly

Y Du Boiy op et 160

T8 Wamitanr  (1930) Joumn Ilyest B2, 189

3 Nrraenxe an thatseinen (193%) (Zar f hinderherl 50,1 find an
sverne defleit in rachitio infunts of 17 o pereent  Guuang n vitamin D
coneetitrato rusen the basal metabolism fn these infunta Lut not in
normal Infanta



48 FOOD AND DIETETICS

X
v
SR m
o
ofs S5 - 24
i H
sEo - g H
= -’ - — 8
5 TEw 2
z —an 3
= pe 2 E =27
- 3 2
= <E™ =20 s
(S s p T =
E P Ace P -"Q “ 2
¢ »
& SNh L TS sE., s o8 ga <
3 £ e 3 3 - X §m s
S d we B N s e o
S8 o —sbe—s-s & - N 3
6 ° I g g — S o N
=¥ skr U ey Emld b4 =
Ry wu—§F WrE T B . S Ee
©3 nu—sf—wn \‘ ; — £ 2
- E3 mig w0 P Re. ]
3% Ewo 9 Ewg by 3 S
ELEE Skl SN v B A $eiod
28 E §E" bw u 2.F 5
5 1Y Eey B -3
] TR s o
8 R et :ﬁ i) ®
n
3 » — 70 =40 =
b L. 6.
X E n
»  F *
v E
®
. -
»

© "

By permisson from Price  Textbook of Medians  (Ozford Medical Publ cotone}
F1a¢ 3 —BooTHpY AND SANDIFORD S NOMOGRAPR

Tho weight n pounds o Llogrammes fashown on Seale T e berght o inchesand contimetres
13 shown o surface rea In square metrea iy shown on Seale ILL _The normal
Shatmied calonia 7 o sqanm mastre of body surfaco pef bour are siown on Scals IV The tota
caloriea per diem are shown on Scale V/

Durections —Keep the chart flat  Use a flextble ruler with 4 straight edge or 8 btrip of stiff paper
such () Locate the position of the wel bt and bught on Scales T and 11 réspec
uvely iy e steal B e s oF 1 ien s ot o ot sealo 1L - Fend fizure on

Scate TI] wich wil give the pust oo aten of the body $n souare metzes | () s Lonta the st
Sronon S THE a0 The Bormas) standard Calor ¢ pie SaUars ractee ek hos oF 156 ke and sex
of tho ublect on Scale IV Apply the straight edy of e T o s Whers 1t cata Seate V.
b s figure which givey the total basal calories per

Large & ale womographe may be ohtained from . B Saunders Co West Washington Squars
Philadelphia USA or from H N Elmer 1641 Monaduock Dulldings Chicago US
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A maarirsnent of Ui wark dana by a bin, < #tanee evelist dunng
B hauns padaling oft an ertometer gave the ¢ walt of 3°0 000 kil
grvnme metres Wisitant  (1034) Joumn Jlynsl B2 159

1 In expenimenta upon truned eyeh ta padatling azainst known tralio
rontances in & ealoriteter Bened ot and Catheart showed that ovry
extra Calinaof work nee Il 3 3431 xtra Calap wol enenry —an efficiency
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Basar, Merarorisym AND Torar METABOLISM
That total metabolism 1e the total energy output of the day on
full diet bears some relation to basal metabolism hardly needs
stating  Total metabolism ncludes the work done in carrying one s

Cavorirs REQUIRED roR Basar Nreps or THE Bopy AxD WASTE Iv
TEE ExrrETA (AFTER Horr)

Ago peal | Yasted in ljowth Actity | Total
1 year 500 150 200 150 1000
2 years 650 160 200 150 1150
3 700 150 200 200 1250
4 750 150 200 250 1350
5 800 150 200 300 1450
6 800 150 200 400 1550
7 850 150 200 520 1720
8 920 200 200 630 1950
9 1020 200 200 680 | 2100
10 1080 200 200 740 | 2020
11 1100 250 220 880 | 2150
12 1100 300 280 1020 | 2700
13, 1180 320 280 1220¢ | 3000
14, 1300 350 400 1350 | 3400
15 1400 400 600 1400 | 3800
16 1500 380 120 1680 | 3980
17, 1550 300 250 1720 | 3820
18 1650 300 100 1630 | 3580
19 1550 300 — 1580 | 3430
20 1600 350 — 1300 3250J

body about and so varies with the weight of the body ~ Basal meta
bolism varies with the area of the body which has a mathematical
relation to the height and weight C quently total metabohsm
18 mfluenced by basal metabolism  Cleatly the physical sork
underteken 1mmensely nfluences the total metabolsm Heavy
physical work entails an output of energy which must be made good
etther by the consumption of food or of the tissues of the body
Therefore an mcrease of physical work entails an ancreased con
sumption of food

There are thus three sources of the energy output per day, viz

1 The basal metabolism

2 The energy output due to bemng up and about

3 The energy output due to mechamecal work
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the aexrnd indoor ewimeing 1sth cut down favoluntarily the
am st they walled and oould eal Leep Gar minde off fond?
Thls dora 1ot pupeest that & Calerde fntale of 2000 per day s
ftisfactony for American collepe students who to some extent
conll peulate (helr extra activities Much lesa doea it supgest
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muesrtlar work to schiedule

It s trus that the Leapne of Nations Teehnical Commisuon
anw redd the minmal Grure for male end female at 2100 Calories,
but the 1nale 8 peed was subject to varous additions to compensato

1 Quoted from Mannacx  Op e 157

¢ Mannacr  Op e 42 Bquad A e hxmoglobin level after 2 months
of tha dict Tay betwreen "0 anl #0 Sahll (81 to 035 MHaldanc)

Bquad 154 fcll In 22 days from 87 to &1 (Salil)
n*
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energy output of the basal metabolism and for 8 hours bewng © up
and about” =747 Therefore, while domng mechanical work
equmvalent to 235 Calories the body must expend

940 - 747 = 1687,

which accounts for the third item in our sum

This figure of 3000 Calories represents the theoretical daily output
of a man domg eight hours’ moderate physical work per day and
corresponds with derable meety with the average intake as dis
covered m numerous mvestigations If we add 10 per cent to
account for the loss n digestion and utilization of food, we see
that the edible portion of the food should represent approximately
3300 Calories

It 15 indeed tempting to measure the Calorie output by means
of gaseous exchange of people d m vartous avocations and
activities to add up throughout the day the Calore output during
these activities and then to state that the food requrergents for
such and such people should yield Calories to that total plus
10 per cent to allow for mevitable losses

Thus, sitting at rest has been measured to need 30 extra Calories
per hour dressing and undressing 50 Calories runmng 500
swimming 550 playing the prano 55, or i the case of playmng
Liszb s musie, 140 Dancing the polka heads the list among the
dances Sewimng and peeling potatoes demand 40, wnting 10-30
carpentry 137-176 sawimg wood 400 and coal mimng 114 to
205 according to the nature of the work ! Using such figures we
can estimate the theoretical output of anyone if wo hnow lus day s
activities and thence estimate the Calories he should take as food
And doubtless such figures would show some sort of correlation
with reality if we accept them as an aierage figure only ® Thus
we mught assess the coal mmers work as needing 3500 Calories
per day and if we were feeding all the workers n a mme all the
time we should be wise to see that the average Calorie value of the
et fod Teathed a level of 3500 4 16 per cent = 3830 Calomes
per day It would be foohsh to insist that everyone engaged 1n
mining took his 3850 Calomes that one who took less was under
eating and that one whose intake was near the 5000 level was
greedy Figures will be given later to show how absurd such an
attitude would be

1 Figures collected by J R Marrack  (1942) Food and Planning
Gollancz London 35 36
1

of such 1! aro given by MARRACE

Op cit 36 39
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Minems and 8 cir famalica (3°1) 3.
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Tt will by ohwrved that on the wha'e the resul's are faitly
uniforrms Where poverty exista {og  the Lasx  \gnculturl
Labourer 1925 or the unemployed from St Andrews 1091
there tho figures arc low and may be re andsd as fnwufficient for
besfth - Whero ther fa & freedom  perhaps hard won, to apund
freely on food tho fizures am somewhiat higher than is necesiary
Certainly whero proplo are well ta-da tho Calords valus of the diet
rises  Nono the lest the figures fn the later resea~ches aro not
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for activity, rasing 16 somewhat for hight work and for moderate
work to between 2800 and 3200 Bacharach and Drummond
suggest a margmal figure of 3000 Calories for the male and 3500
as an optiumal figure The Muustry of Food during the war of
103945 has aimed at 3600 as a gross figure

It 19 clear that there 18 no absolute agreement Nor 1s thus
astorushmg  We have not yet made up our mmds at what we
are aimng, nor do we know yet how what we may be aimng at
13 to be obtammed Do we wish merely to heep people alive, or
to obtain the mazimal physical efficiency regarding men as a
machie from a given amount of Calories or to ensure the * bucyant
health,” which seems to be the goal of American dietitians?
Should we encourage the production of the small wiry person or
the glant 18 5 ft 7 1n our goal or 6 ft ?

We are not saymng ths to decry any attempts at fixing the
Calorie figure We are sure that on the whole where people take
3000 Calories or more per day the public health 1s sounder, the
moral higher, the expectation of life longer The diet of Southern
India and Assam yields about 2000 Calomes per day, though
Northern India has a more generous diet The expectation of life
of a new born chuld i India 18 27 years while that n England 19
611 One mmportant factor m causmg that difference 13 food
Accounts from enemy oceupied Europe tell a sumilar story  France
has been obtaining only 1000 Calomes per head per day and the
health and morale were appaling 2 In Belgium 1n 1942 the basic
ration was 1230 Calories and as a consequence tuberculosxs had
mcxeased greatly  In Greece according to Cawadias 3 they ‘ceased

about tuk ] * other diseases bemng still more
rampant In Great Britamn 1t 1s notorous that health during
193945 has been better than ever bofore—despite all drawbacks
of black out ventilation, overwork and anxiety—and part of this
must be due to the fact that we kept the Calomes up above the
3000 level though perhaps the mam result 13 due to the better
d of food particularly the distribution of pulk, among
the people

Calories matter Deprivation of calories 15 starvation  With
out water the body dies after a few days Without Calories 1t
may last some 50 days or even more Under supply of Calories
proyokes a continuous hunger when the mund cannot ¢ Leep off
the subject of food® In fact 1f nstinct be a gwde in the chorco
of food 1ts clearest effect 13 m the search for Calomes Thero

10re (1943) Food and the Peopls, The Pilot Press London, 45

2 Lancet (1943) 2, 703
8 Loc ot
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for activity rasing 1t somewhat for light work and for moderate
work to between 2800 and 3200 Bacharach and Drummond
suggest o marginal figure of 3000 Calories for the male and 3500
as an optimal figure The Mimstry of Food dunng the war of
193945 has aumed at 3600 as a gross figure

It 18 clear that there 18 no absolute agreement Nor 13 this
astomshng  We have not yet made up our minds at what we
are aaming, nor do we know yet how what we may be aimng at
15 to be obtammed Do we wish merely to keep people alive, or
to obtam the maxmmal physical efficiency regarding man as a
machne from a given amount of Calories or to ensure the “ buoyant
health,” which seems to be the goal of Amencan dietitians?
Should we encourage the production of the small wiry person or
the giant, 18 5 ft 7 1 our goal or 6 ft ?

We are not saymg this to decry any attempts at fixing the
Calorie figure We are sure that on the whole where people take
3000 Calores or more per day the public health 18 sounder the
moral lugher the expectation of life longer The diet of Southern
India and Assam ywelds about 2000 Calories per day though
Northern India has a more generous diet The expectation of Lfe
of a new born child 1n India 18 27 years while that mn England 18
61! One important factor 1n causing that difference 13 food
Accounts from enemy occupied Europe tell a sumlar story  France
has been obtamnng only 1000 Calones per head per day and the
health and morale were appaling 2 In Belgium i 1942 the basic
ration was 1230 Calories and as a consequence tuberculosia had
mcreased greatly  In Greece according to Cawadias 3 they “ ceased
botherng about tuberculosis ” other diseases bemg still more
rampant JIn Great Britamn 1t 18 notorious that health dunng
1939-45 has been better than ever before—despite all drawbacks
of black out, ventilation overworh and anxiety—and part of this
must be due to the fact that we kept the Calores up above the
3000 level, though perhaps the mamn result 13 due to the better
distribution of food, particularly the distmbution of mulk, among
the people

Calories matter Deprivation of calomes 13 starvation With
out water the body dies after a few days Withont Calores 1t
may last some 50 days or even more Under supply of Calores
proyokes a continuous hunger when the mind cannot ¢ Leep off
the subject of food  In fact if mstmet be a gumde 1n the choice
of food 1ts clearest effect 13 1 the search for Calortes Thero

10rE. (1943) Food and the People, The Pilot Press London,45

2 Lancet {1943) 2, 703 -

2 Loc ot
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acems 1o bo gomo self regulating mechaniam, often, it s true,
orerlald by custom and hiabt, which pmdes us in tho n.ht choce
of the nmount necowsary  As u Bais Marrack and others havo
pointed out many peoplo remamn constant in body weiht for
penods of 20 and 10 years ns the result of thia relf regulating
mechanixm, and it fa Calome intake which largely povems body
weoight  And as this mechanism, when allowed to work unfottered
by rupply snd ability to purchaso food seems to pet s vatue nround
3000 Calomes per day ns the figure of choico wo may accopt 1t
for tho present as the demmblo though porhiaps marginal averago
figuro for the adult malo doing light work

That this figuro may bo expeeted to increase on the average
with the intenwty of 4ho phymcal work dono is obvious and thers
are many results obtained which indicato that this Is true Wo
quote figures from previous editions of thus book and later figures
collected by Marrack !

Other figures are

US Army Ration 841
Hostels for Munition Workera (1017) 3403
American profossional men 3323
Labourer 8 family, Ldinburgh 3228
German soldiers war footing 3003
Fully fed tadors I ngland 3033
Miners and therr famihies (1024} 3035
Rowntreo s Family Budgets (pro 1014) 3000
Lssx Agneultural Labourers (1025) 2872
8t Andrews Families (1031)
Professional Classes 3638
Intermedisto Classcs 3423
Bhopkecpers 3304
Blalled workers 3239
Unskilled workers 2776
Unemployed 2089
Cardiff Families (working-class) (1832) N1
Reosding Familics R (1932) 2908

It will bo observed that on tho whole the results are fauly
vwnforss  Where poverdy exssts {og the Eswox Agneultural
Labourer 1925, or tho unomployed from 8t Androws 1931),
thore the figures aro low and may be regarded as insufficient for
health  Whero there 18 a freedom perhaps hard won, to spend
frecly on food the figures are somewhat Iugher than 18 necessary
Certainly where peopls are well to do the Calorio valuo of the dict
nses  Nono the less the figures in tho later researches are not

10p et
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far from the 3000 level If we average those from the Medical
Research Council’s Special Reports from 1917 to 1932 we obtam
a figure of 3098 Figures collected by Widdowson * give an average
of 3067
Turmng to figures from people engaged 1n more strenuous liveh
hoods and avocations we may quote Lumbermen Mam 6995
Miners, Tomsk 6015, Brickmalers, New England 7551, Wrestler,
Finland 4662 Wrestler, USA 4741 Olympic athletes 4700
Some of these figures were collected by the’individual method ,
others are averages Now when the people are all of an age and
y all adult—no lications are mvolved m obtaining the
average figure Bubt mn many of those given above the sexes and
ages are mixed, so the figures are suspect because the method of
n *“ mdex * to represent the *“ man value* of women and children
has been used  In fact we hnow as yot but very Little about the
Calorie mtakes of women and children as will be shown later
Consequently the comecidence of the average of the Brtish figures
with the magical estimate of 3000 must be viewed with suspreron
‘We need to start with individual dietartes collected from men
women and children 1 circumstances m which poverty does not
lint choice of food It mught be thought that for men and women
we had such figures prior to 1935 and we certainly have had some
figures for children m New York and New England, which we
have quoted above But until the publication of figures for men?
and women 2 1n 1936, and the collection of over 1000 dietares
for chuldren still unpublished as this portion of the book was
bemg prepared we had no data for this country which probe the
correspondence of reahty with the theoretical treatment usually
gven to the subject The figures are somewhat shattermg to
theory
‘With the men though the average figure was 3067 the varations
from that mean are very wide and 1t 13 stated by the author that
¢ the adoption of 3000 Calores as the requrement of an individual
man may be most msleading
Perhaps 1t would be wisq to go more closely mto these figures
and the way m whxch they were collected We quote from the
ongmal article ° The sut of this m: gation were sixty
three healthy men of the Enghsh meddle class and all Lived at their
homes Their ages ranged from 18 to 89 years Sixty of the
subjects were 1n regular employment the rememng three had
retred The occupations which were very varied were
mainly of a moderately active kind, though about eight might be
1 WopowsoN  (1936) Journ Hygqene 36, 269
t Wiopowsox and McCance  (1936) sbid 36, 293




100D AND WORK 57

clareed a3 sedentary and threo as very active  None of the subjecta
was judged Yo eam an income which was too low to provide him
wiith the food he required, so the dictarien could be considéred to bo
freely chosen so far as money wiy concorned  They would all
probably fall into Orr s three highest incomo groups
Tach subject was provided with a spring balance weighing by
} oz up to 1 1b, n plate en which to weigh the food and a form
on which to enterresults  The subjects were interviewed personally
in almos! every case and the exact proeedure to bo adopted was
expluned to them indindoally A record wna taken of thesr hesghts
and weights
All food eaten dunng the peniod of one week was weighed
The weighings were carmed out on the edible portion of the food,
and where bones skins of friut ete, were included this was stated
#0 that allowance could be made in ealculating the results '
It will bo scen that the peaplo concerned relied on ther sppetites
and instineta to guide choico in the amount of food eaten and its
nature  There was no stinting or deprivation due to poverty no
reason to suppose that anything but inclination led them to cat
the foods they did et and in tho quantities they wanted Yet
though the mean figuro was 3067 one took actually less than the
*8wing gul London, low wage " quoted a3 an examplo of under
nounshment in carhier editions of thus book, viz 1772 winle another
tooh moro—20 per cent more—than a membor of s University
boat crew, viz. 49551 Morcover, the Inghest Calone inputs are
not necessanly those of the most strenuous workers and the
widest vanation occura among men of similar occupations  The
umversity teacher of 28 years who took 1772 Calories per day
was shightly overweight while the man ono year older an clee
tneian who achieved the record figuro of 4905, had & normal weight
for hus heyght and nge  And theso wero not freak figures The
spread of the individual figures was much that of a probabihty
curve and thoe standard deviation 714 Calories Reputations in
dietetics have been wreched for less than this
Observations which have been made on diabetic patients of all
ages taking ainsulin show that they can mamtain their weight as a
rule year an yesr out, on diets contmming ¢ 130-150 grammes,

P 70-80 g and F 100 g and yieldmg Calories
17701850 It 1s rarely that the Calonies of the diet have to be
raised above 2000 though thisis y 1n the young adol

or 1n patients with a wasting disease liko tuberculosis

Summing up the matter we may say that though the average
figure 3067 fits i very well with our theoretical calenlations nothing
else does  Although there can be Lttle doubt that on the average
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wncrease of physieal work and increased height and weight run
parallel with increase of Calorie needs, there 1s absolutely no ground
for nigorously applymng this to the mdividual  One man on moderate
work. may be consummg food appropriate to very hard work and
not be putting on weight, another on hight work may consume
food 25 per cent below the League of Nations figure and yet be
putting on weight In faet, so far as we have gone in dietetics 1t
15 dufficul when dealing with the individual male to see any rhyme
or reason 1n his Celorie mtahe There must be reasons why one
man 18 pleonectio as regards food and another meionectie, but we
do not yet know them It 13 a disservice to pretend that such
variations between mdividuals do not exist or that we can explamn
them And such considerations throw grave doubt on the useful
ness of the * coefficient or “index (see p 40)

Fact and Theory in the Calorie Input in Women We
have seen that the Calorie input 1n men when measured mdividuslly
shows an enormous variation We have been given evidence that
the  average ”’ man s mput 13 3000 Calories approximately We
have been gmiven the guess that a woman s average mput should
be on Lusks and Catheart and Murray s scales, 0 83 times that
of a male 1e 2500 per day

When the mput of Calores in women 18 estimated individually 2
1t 15 found that the spread of inputs 13 almost as great as that of
the men above quoted The lowest figure was 1463 per day, and
this wes the amount taken by a secretary leading an active lfe
with a body nearly 12 per cent above the normeal standard weight
and height Nimne out of the 63 women investigated were leadmg
active lives on mtales of less than 1700 calores per day  * Three
of these were housewives two were secretaries two were cooks,
one a dietitian, and one & student, all people with free access to
food  Of those on a high mput, 2000-3100, two were markedly
underweight for their heights, one just shghtly overweight and one,
2 cook 61 per cent overweight Agam there 13 no rhyme or
reason 1n the figures so far as can be seen

The average mput of calories was nearly 2200 Calorres per day,
go that 1f we place our credit m “ coefficients * or *indexes’ a
woman becomes 0 73 of an adult male, mstead of the 0 83 of Graham
Lusk and Catheart and Murray Tt 18 true that the ltter 2 did
find 1n five mdivadual cases they investigated, a coefficient of 0 7 for
the woman but they preferred to caleulate the family intake “ per
man  on the old conventional basms of 083 Estimates of the

1 Wmpowson and MoCance  {1936) Journ Hygene 36, 283

1 CatrOART and MORRAY (1931) Med Res Council Spec Rep
Serves; No 1651
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Caloris input by women Univerdty students fn the labortory of
ono of us give figures usually below the 2400 lovel of the Trsgun of
Nations technieal commuttee, fe an index Lelow 08 When,
howover wo noto that in Widdowson and McCanco s fizurea the
index runa from 0-48 to 103 in Individual women wo may wonder
if the indox has nny valos whatever except in the minds of those
who wish to make dictotica appear moro  scientific’ than ft e
Lach individual i a 1aw to kim or herself and so long s body-
weight and sctinity appear to bo ummpatred wo cannot say that
euch and such a diet, deviating widely from tho mean, 13 wrong
or unsuitable

In this discussion wo have been in danger of assuming that what
people do, on the aversge, in the way of diet isnght  Iftho average
male not in want, tahes 3000 Calories and tho averago femnle n
smular eircumstances takes 2200 then those figures become in some
wav night and sacrosanct  If thero 14 any truth in the idea that
our food habits are jnstinctive there might bo some reason
paying stiention to these figures  Perhaps thereas  Introspection
does seem o show that =0 long as one s healthy and leading a
healthy exstence one s appetito leads one 1o cat an amount of
food, if imple, commensurato with one’s need  On the other hand
foshion in woman in the search for a definito silhouctte & ‘refined
attitude towards food or a desro for attention on tho part of
solicaitous relatives and friends may and frequently does upsct tho
instinets  Wo have no a prion reason {or sssuming that any of
the figures obtained by obscrvation upon man or woman aro
optimal figures Vo do not know If all theso women had taken
moro food (or even, posmbly less) thoy swould not have been in
botter health  All we can eay 13 that each individual diet was
apparently  safe' and not obviously leading to trouble For the
present wo may accept the figures 3000 and 2200 as respectively
eatisfactory for the average man and woman while always admitting
that the true mput for any indindusl may range far from these
means without danger of under or overfeeding

Wo havo hero an ly which needs fic investigation
Wo havo scen that estimates of basal metabolism do show romo
umformity in that tho Calorie outpat per square metre of body
surface vanes but httle from thoe averago in different individeals
Anything 10 per cent on either sido of the average figure throws
doubt upon the health of the person with that varation Yet
when we mvestigate total moetabolism we find that each person s
o law unto limself Ho may bo 40 por cent below the norm or
60 per cent above 1t and yet appear perfectly healthy

We must assume that man as a machine for domng physieal work
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outside that for keeping the machime alive 18 & most unstandardized
plece of himery, and unpredictable till we Lnow much more
of s endocrme, nervous and—dare we breathe 1t m a work on
dictetics—emotional make up It will take much more research
upon ndividuals as individuals before we can resolve this anomaly
So far we have shut our eyes to 1t m spite of the publication by
Graham Lusk of curves representing the Calorie mtakes of three
boys of different types as m Fig 4
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Theory and Fact in the Calorie Input in Children In
view of the discussion we have had above concermng the mndex for
chldren and adolescents 1t may come as a shoch and surprise that
these mdexes sre based on little experimental work  So far as 1s
known with the exception of the figures of Holt and Fales already
quoted there have been published no consistent observations for
eny large number of mdividual chuldren

Tigures have been collected m this country of the inputs of
over 1000 muddle class chuldren of all ages up to 18 by the ind1
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vidual methad in the year immedistely preceding tho outbreak
of the war of 189915 They aro as yot unpublshed A pre
liminary account of tie findings was given by McCanco and
Widdowson at a meeting of the \utrition Hociety of Great DBntan
m the sphing of 1048 They are sufficient to show that it Is
imposuble to apply the index methoed of estimating Calonio needs
to individual cluldren At any age we may find a child taking
twice the nmonnt of Calones (and alw protein, ete) of another
chuild in that group  We give with the permission of the authors
of this unpubli hed work and with all reservations of a scientific
nitune the arcrage Calono inputa at esch age investigated mdo
by mde with thowo of Holt and Falea? tho League of Nations
Technieal Commusston and the National Research Council, US.A

v
falvydnal [TTTVST JUSLENED JUF P TNE W M e i tyty
e ! Tops | 1 Cirta,
Toye. |Gt | Boys | Guls. | amel - allowance | Toys C 1l
L G tla, Dract vity —_——
1 111531 11.2) 0,01 040 [ &40 1200
2 11400 1431{ 1133} 1110 ; 1000 1200
3 J1691) 1033} 1275 1230 | 1200 1200
4 11839} 171811330} 1300 | 1200 1600
6 1173211708 14001 1410 { 1400 2010 1600
G 11910} 198,] 1600] 1520 | 1400 2040 1600
T | 2198|193, 174 | 1660 | 1650 2250 2000
8 ]2170{ 2093} 1020 181, | 1650 2280 2000
9 (2443216, 2110] 1990 | 1020 2420 2000
10 {2401 2314552330 210, | 1020 2520 2500
11 {2,21)2202) 2,10/ 2,20 § 2160 2760 2760 2500
or moro?
12 | 26301 2370 273, 2860 | 2400 3000 3000 2,00
or more?
13 ] 27461 2.00) 3010| 3210 | 2400 3200 | 2800
14 | 306, | 2637 3400| 3300 | 2100 3200 | 2800
15 13400} 2088 3804 | 3235 | 2400 3200 | 2800
18 | 310, 2303 4090 3160 | 2400 3800 | 2400
17 | 3223} 2015 394, 3060 | 2400 3800 | 2400
18 {3427{201313730| 20.0 | 2400 3800 | 2400

1¥our and Fares (1021) Amer Journ D Child 11,1
3 Or more according to activity
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A graph plotting the VicCaner and Widdowson figurea apains® the
Amencan estimates {s also given
Iefore commenting on thew tables wo may note (1) McCance
and Widdowson a and Holt and Fales figutes are baeed on actusl
merrurements of Calone inputa in educated middle.class children,
thoe furmer are based on over a thouswnd observations, the Iatter
on but 100 (1) Holt and Fales figurea are * smoothed ” while
those of VcCanco and Widdowson are pot  (1n) Tho Lrapue of
Nations and the National Reenarch Council s fizures are estimates
only 1t gureses based upon past observations, bat stiil guesaes)
of what children should take
e seo that compared with Amencan chuldren Foghish children
do ther eating voung They outstnp Amencans by at least
200 Calones~100 Calones per day (no mean amount) at each e
up to 10 If the Fngheh figures are an accurite measurc of needs
and not doo either to greed or maternal solicitude cluldren fod
on the Irague of Natians scale up to the age of 6 would be some
what starved and on tho Amencan seale hungry up till 10 yrars
of age
It will bo noted that an Faglish gul of 10 1s already cating as
much as her mother and at 18 1s still at & hugh level— e abovo
tho League of Nations’ and the National Research Couneil s figures
On tho other hand adolescence in the boys does not eall for
such lugh figures as Holt and Fales and the National Research
Councll gupgest  Thus Faglish bovs do not reach the 4000 level
of Holt and Fales or the 3300 level of the National Research Couneal
and arc well belund the still hugher figures for Amencan boarding
school adolescents given by Gephart 1 Observations by onoe of ug
gavo tho input of 14 Fnglsh boarding achool boys ranging n ago
ofrom 14 years 4 months to 18 years 7 months average age 16 years
& months gs 3300 Calornes a close agreement with the averago
figure for tho samo nges of McCance and Widdowson  Although
wo do not admit that the practice of o section of the public albeit
an educated and well to do section 13 a guarantee of nightness—
an assumption often too Lightly mado—we consider these average
figures of McCanco and Widdowson s saner standard by which to
yudgo tho Calone mput of chuldren than any lutherto pubhshed.
Even so they must bo applied i no Procrustean way to the
wmdividual child
Stinrary  We have seen in thus long chapter that food can be
considered fram the potnt of view of ste chemical nature or of its
use 1n the body  The first 1mportant function of food 1s to supply
energy to the body which can be used either i mamtamng the

1Germart  (1917) Boston AMed Sury Joum 176, 17
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temperature of the body or conversion mto mechantcal or chemecal
(or even electrical) work Al can be measured 1 terms of heat
The chief sources of energy mn the food are the fats and carbo
hydrates, though protems can be and are utihzed 1n the same way
The energy output of the body can be measured etther by direct
calorimetry or by indirect via g i The mput can
be estimated by mvestigation of the diet and caleulation from food
analysis tables Intake equals output in experiments made to
mvestigate this  Consequently to measure approximately the out
put of a person we may meke an mventory and analysis of hus diet
and calculate his mput from food tables ~ When ths 13 done 1t 19
found that for the average man the daily figure 15 3000 Calores
for the edible portion of hus food or 2700 for mtake Consequently
we say that the average man’s Calome needs per day 18 3000

To compare families one with another a convention has been
adopted that each child and each woman has a need for Calones
which 18 some definite fraction of an adult male’s need To =
woman and to each child according to age and sex & ‘man value ”
“ coefficient,” or * index ” 13 gaiven It 13 assumed that from these
can be caleulated the Calone needs of any family When, however,
we turn to facts we find that there 13 no correspondence between
theory and fact for the individual and the “index ” belongs to
mythology Man 8 Calorie intake may vary from 1700 to 5000 per
day withont obvious cause A woman’s may vary from 1400 to
3000 (average figure 2200) agamn without obvious cause There
are figures for British chuldren mn tho course of publcation and
prelninary reports show that there 13 the same spread of the
figares The actual Calorie needs of a given family cannot be
predicted and their Calorie mput can be usefully gauged only by
direct observations on each member of that famly as an mdividual
(Seo also p 263 ef seg and 522-3 Pregnancy )




CHAPTER I

THF 1UNCTIONS O} 100D (continued) (1I) SUPPLY
01 BODY-BUILDING MATS RIAL

During childhipod the body grows, adding constantly to its sub
stance, till it kas reached adult stature  Fven then somo parts
continue growing—c g the shin hair, and mucous memlranes
of the alimentary tract  YMorcovee parts wear out and are replaced
Or they may be damaged by acaident—eo g a picee of shin torn
away—and have to be repaired  If & particulr organ be over
exercised 1t may respond by hypertrophy, fe by increase of its
substanee  In other words 1t graws

All euch growth and repur of the wear and tear of the body
need & partieular type of matenal in tho food  tho proteins
Most foods contain somo protein but for the purposes of practieal
dietetics only foods with a considerable proportion of these proteins
tn them are satisfactory for body buillding purposes

Tho reason is this  all Living things contamn proteins in thewr
living and even in their dead parts such as nals and hair ~ Proto-
plasm, the phyeical bams of lifo, has protein as 1ts main sohd con
stituent  Wo believe that Iifo a3 we know it is imposaible wathout
protein  Plants can synthesize the fundamental unite—amino-
acids—from wiich proteins are bult up, from carbon dioxide
water, and ammonia mtntes or mtrates, but ammals cannot do
this  Consequently ammals must proy upon plants or upon
ammals which have proved upon plants to obtan their proteins
A sound dictetics must always bo based upon a sound agriculture
& fact now beginning to bo dumly percenved by politicians

Proteins possess huge molecules weighing anything from 35 000
to 210000 times tho weight of en atom of hydrogen These
molecules are bwilt up from umts called amino acids which hnk
up with one enother through the amine group umting with an acd
group  Amino-acids are all of the typo

Nn,(lmcoon

b3

where R 13 some smple hinkago of carbon and by drogen with possibly
an amno group or sulphur Two amuno acids can link up as
tho equation

(11
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NH,CIHCOOH - NH,CHCOOH = NH,CHCONHCHCOOH - H,0
| | [

R, R, R, R,
The compound (a dipeptide) can hnk with another ammo acd to
form a tnpeptide, this with another and so on to make a long
cham (polypeptide), and X rays show some protems to be long
chamns of amimno aeids of which the followmng may represent a
mddle portion
—NHCHCONHCECONHCHCONHCHCO—

| | |

R, R, R, %c,

; As there are some 22 amno acds available for the bulding of
protems and there are 250 or more links in the chain of the sumpler
15 will be seen that some or all of the ammo acids must be repeated
géveral to many times in the molecule It will also be seen that
there 18 an enormously great possibiity of difference between
protems, for the ammno amds mn a protemn may differ i (1) ther
number, (n) ther nature (m) their mutual proportions m number,
and (1v) their order Each difference will entail a difference m
the protem constituted A protem with 200 hnks would be dafferent
from one with 400 knks & protemn with all the ammo acids would
duffer from one with all but one of the amwmo acids, a protemn with
much glutame acd would duffer from one with little , and & protemn
with the formula

NH,CHCONHCHCONHCH—etc
{ |

|
R, R, R,
would differ from one with
NH,CHCONHCHCONHCH—ete
1 |
R, Ry R,

It does not follow that the chamns are straight The R, R,
and R, etc, may attract each other or repel They may even
jon up with each other and so on and form girder hke structures
or frames as of a steel bulding?! Most of this 1s not 1mportant
m dietetics except perhaps as bearmg on the digestibihty of certain
protemns but what 13 of importance 1s that the nature and pro

1 Jorpaw Lro¥p and Aanes More  {1938) Chemustry of the Proteins
ond edn Churchill Asteury (1941) Chemustry and Indusiry 60
491 says that most protemns are gigantic orgamzed polypeptido
rhan systems and the chawms are m specific configurations and are
linked one to another they are polypeptide chan systems heavily

disgsed



AMDNO ACIDS 67

portion of the amino neids in protens may vary, for herein lieg
the explanation for some fond proteins being preferred to others

The formular of most of the amino acids found 1n protemn aro
here guen

Clveinn ciNIL, coon

d \laninn CH, ( INE, COOR

Lsenne CIL,OM LIS, COOHE

dThreomne  CH, CHOH CHNIE, COOH
i

d Valino '>cncumr, coonr
oy

cH,
1 Leveinn '>cu Cl1, CHN I, 0001t
cn,

c,
d Teolucine '>cn CHNT, cOON
ciy
, . Cit, COOH
)\l[‘l\lhc .Yt
CIIN L, COOH
CH,C001L
d Glutamic neid 1
CH, CITVH, COOI
cn,co0n
d Hydroxy glutamie sard |
CHOH CHNH, COOHL.
AIT
d Arguuno \n-c< !

"NH CH, €11, CH, CII\NH, COOTT
CH = (IECH, CHN\H, COOIl

I Histidino N NH
N
o
d Lymino CHN\H, CH, CH, CH, CHINH, COOH.
SCH, CHNTI, COOK
1-Cystino
SCIH, CHNH, COOH.
1 Methiomno CI1,S CH, CH, CHNI, COOH
1 Phenylalanune C i CH, CHIN, COOIL,
1 Tyrouno C,H,OH CH,CHNH,CO0H
u
/c\
HC C — C—(OH, CHNH, COOH
I Tryptophana | o

HC c CIL
NG
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CH, — CH,

I Proline C'H\ CH COOH
CHOHE—CH,

I Hydroxyprolne CH,\ CH COOH

Some of the amino acids 1n protemn are utterly mdispensable m
human diet, others can be manufactured by the body 1if the mndis
pensable ones are given We are farly sure that the following '
amino acids are indispensablo—this has been proved by expen
ments on the laboratory rat—tryptophane lysme histidine meth
1ommne ! threonme phenylalaune, and the leucines and we are
certamn about phenylalanmne or tyrosme and tryptophane
human nputntion because of the experiments which have been
made on human bemngs on the body bmlding value of gelatin?
This protemn, which 18 made by boiling tissues of ammals which
contain much connective tissue (skin, bones, and meat with much
tendmous tissue), lachs the amno acids tryptophane valme, and
1zoleucme and has very httle of tyrosmne and eystme (many workers
say none) Consequently by sself 16 13 of no use i buwlding up
human or other ammal protem  This has been abundantly proved ~
from the time of Voit onwards, and for long gelatmn though appar
ently consisting of chams of amino acids linked as they are m
protemn was denied the name of protein (It was called an albu
minoid, a substance like a protemn ct lly but not physiol lly
a protem because 1t could not sustam Lfe The term stil
lingers on though forty years out of date and either in the form
¢ albuminoid’ or as a  protemn sparer 1s a useful danger signal
to the ntelligent reader)

A mmilar substance 18 zem an alcohol soluble protem in maze
or Indian comn (zea mais) It lacks tryptophane and lysmne and
though useful m conjunction with other protems 1s useless by
1tself 34 The low biological values of gelatin and zem though of
extreme mterest to the physiologist are of no real importance 1n
dietetics

1Rosz m the US A hasshown that methonine 13 mdispensable for
msan For the work on rats see Rose  (1938) Physiol Rev 18,109

2 Ropisov {1923} Buwoch Journ 16 3 gives the biblography from
Voit 8 wvestigations up to his own work upon the subject

3 Wircock and Hoprins  (1806) Journ Physol 35 88

4 Vickery and OsBORNE (1928) Phystol Rev 8 393
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None the lean the dictitian must keep the importanco of tho
indivadual amino-acids in mind and realizo that the common plant
protemns—the cereal proteins—are relatively deficient In such
ermential amino acida an lymne, methionine and tryptophane
Indeed there aro rome who maintain that, instead of discumung
minima and optima of protelne attention should bo paid to tho
mimma and optima of each indispensablo amino-naid  This pont
of viow has boen confirmed by discovenes eoncerning the immenso
tmportanco of the amino acid methionine in the years 1042-45 for
the normal health of tho Liver and for regencmting damaged liver
and slan tiesues  When tho diet of the Iabomtory rat is deficent
in protein but in no other dietary factor a severo necrosis of the
Tiver cells occums ¥ If the diet contains very little protein io less
than 100 mg of easein per day, the condition does not oceur,
presumably because the ammal Lives on its own tissucs, breaking
up the muscle protein to obtain tho easential amino-acids  But
on o diet with between 200 and 500 mg of casein per day acute
necrous develops.  On more than 500 mg the liver 19 not affected
Tho necroms usually occurnng when 200-500 mg of casemn 18
caten, ean bo prevented by adding methionine 1 the proportion
of 8 per cent of thoe total protein of tho diet  Yeast protein, which
contains very hittlo methionine cannot prevent tho necrosis even
when 1000 mg aro given per day

Vie havo already noted that motlionine 1s an essential amino-
acid in human nutntion and it 13 notoworthy that outbreaks of
masane necrosts of the liver occur among people living on dicts
grossly deficient in proteins * Further milk has been successfully
used 1n the wars of 1014-18 and 193945 to combat tho necrosis
of tho liver due to trimtrotol {TNT)y This milk
supplied extra methiontne

Lor long 1t hus been known that severo burns induce a marked
output of mitrogen via the urine  The samo 1s truo for fractures
tissuo laceration and extensive operations Croft and Peters3
have investigated this loss of mtrogen in burnt amimals and have
shown that increased protemn m the diet mitigates this loss and
further that cxtra methionine given in the proportion of 1 per cent
of the total protein works in tho samo direction  The other amino
acids tested alamino cystewno and & muxture of synthetic ammo
acids faled to prevent tho loss of mtrogen in the unne The

! Gyoray and Goronratr (1939 1940 and 1042) J Ezp Med
70, 185 72, 1 and 75, 355 Hmswontzt and Grynw  (1945)
Proc Roy Soc Med 38 101

* Htswort and GLyny  (1915) op et

?Lancer  (1043) 1, 260
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Martin and Robson showed that 1t was not necessary to get the
body into nitrogenous equiibrium, for the biological value can
be calculated from the slope of a curve relating the imtake and
output of mitrogen of the body at stages below the pomnt when
equlibrium 18 reached

Early work by Voit and Korkunoff showed that mitrogenous
equilibrium could be reached at a lower level with potato protem
than with wheat protem, Rubner and Rose confirmed this obser
vation, Karl Thomas extended 1t to & series of food protems
ranging from those of mlk to those of cherres and spinach and
mcluding cereals meats shell fish and bony fish Though no one
accepts the actual figures he gave (100 for mulk proteins, 105 for
beef protemns 95 for fish protemns down to 33 for maize protems)
1t 13 admitted that the order in which he placed the protems was
nght ammal protemns at the head of the hst, potato and mee
protems nearly as good wheat proteins next and maze somewhat
lower on the hst

The difficulty of carrying out the estimations on man (see Martin
and Robison s account of this) has led to the use of growmng of
adult rats for this purpose  One has to admut that this introduces
a doubt 1n the way of accepting the results may not a protemn
have a biological value for the rat different from that for man?
The doubt 18 reasonable Man’s needs are bound to be different
from the rats but probably similar as regards protemns

The results of all methods have been collected by Boas
Fixsenl There 1s very close agreement between them They all
put milk and egg protemns at the head of the hst (which after all
18 not astomshing 1 view of therr finction), with meat and fish
protems as runners up Next come the cereals followed by the
pulses, with the nut protemns bringing up the rear There 18
some evidence that the cooking of protems Jowers therr biological
value

The majority of expernments have been made on the mixed
protems of a food stuff Thus the protemns used have been the
mixed protems of milk and not the mdividual protems—lactalbumn

gen and lactoglobul When experiments are made with

purified separated protemns 1t 1s almost wvartably found that the
muxed protems have a higher biologreal value than either componend
of the mixture Thus a mixture of lactalbumin and casemogen
gaves a better result than erther protemn separately The glutenn
and the ghadin of wheat have low biological values when fed separ
ately but when fed together have a much higher biological value
The reason 18 that ghadn has but Little lysme 1n 1ts molecule while

1Boas FIxseN (1935} Nut Abst and Rev 4, 447
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tho glutenin In relafively Iysinn rich  Consequently the glutenin
can eupplement the effect of ghackn  Similatly gelatine which by
{taclf has no biologieal salue ean supplement the effret of wheat
proteins beeanse ft has thrico as much lymno as plutenin

The bearing of this upon the practico of dictetica is ay follows

1 Wo deal in dintetica with mixed proteins and consequently
the biologieal value of ixolated proteins is of thearetical intereat only
Thus the low biologieal values of gelatin and zein do not much
concern us for no ono i1 gowng to feed esther an abmormal or normal
person upon either of thoso proteins alone  Nor on the other hand
need we exclude gelatin from a diet beeauso it haa a low biologieal
value As wo have seen ft actually enhances the hiologieal valuo
of wheat proteina !

2 Wo have expenimental reasons for advoeating a dictary in
which the proteins aro well mixed

3 We aro practieally forced into the poation of advecating that
there should bo some food with protemn of the highest biological
value in the dict every day  The function of this protein i3 two.
fold (a) 1t can bo used directly for body bnlding with as Lttle
expendituro and wasto of chemical energy as posuble and (8) it
enhanees the biologieal valuo of the other protemsan the diet It
is difficult to say which is tho moro important function

It is o dogma among dictitians in which wo heartily concur,
that it is of great importance to include & measured amount of
first-class protetn, e proten of high biologieal value 1n tho dict
of every man woman, and child, and moro particularly in the
diet of those who aro building body tissues or manufacturing
protemns  children, convalescents from a wasting sliness pregnant
and nursing women By proteins of hugh biologieal valuo wo mean
those of ammal onigin the protems of milk, eggs meat fish and
cheese

DarLy INTARE or PROTEIN

As dictetics s o q 1y 0 subject two at onco anse
how much should our lotal sntake of protein be per day? and how
much first-class protesn should thero bo? Wo have to admut that
though wo ean givo practical answers which are based on empiricism
wo have little incontrovertible fact We can say that for a male
adult the total intake of proten may reasonably bo taken as

1Nor it may be urged should we on theso grounds extol the

atrengthening  values of jelhies and goups for these rarely contam
more than B per cent of gelatin  In fact the phymiological mornts and
dements of gelatin have received far too much attention 1n dietetics
Ita value 1n dict 18 mawmly cubinary end sathetio
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though, as a matter of fact, a diet in which wheaten bread 1s present
m large amounts 15 a high total proten diet  Vegetaramsm, and
the emotional trends which make some people take up vegetarian
181, are on the side of a low proten diet ‘The state of war has
proved to many of us that we can subsist on a low protem diet
Before this last war a sentimental adulation of the peasant way of
Ife was fashionable, and peasant diet 13 often a low protemn diet !
Finally—and this consideration seems to us to be important—there
15 & big gap between the amount of protem necessary to replace
the loss due to wear and tear and the t which 1s ded
ebove, viz 70 grammes per day of total protem

Before discussing this serious dserepancy let us assemble a few
of the facts Lnown about the mmma claimed Nitrogenous
equilibrium has been obtained on so low an intake of potato proteins
as 25 grammes, of wheat proteins at 60, Martin and Robson pub
the figure for mulk protems at 38 and wheat protems at 69 On
long extended dietary regimes Chittenden the proneer of the low
protemn (and low Calone) diet showed that s average mtake was
only 36 though lis athletes took amounts which, as Marrack
pownts out * were not far from the League of Nations standard.
Hindhede mamtans that he and s laboratory assistant Madsen
remamed 1 nrtrogenous equiibrium on as hitle as 22 grammes
per day year m year out though s compatrot Johanne
Christiansen will not allow that his expertments are trustworthy
Rose whose work seems to be best authenticated lived for 15 years
on a diet of 38 to 40 grammes of protemn per day and at the age of
70 could walk for 16 hours a day and chmb 11 000 feet on 2 diet
contamnmg somewhere about 25-30 grammes It 1s true that he
suffered from numerous colds, but his physical capacity would
put most of us to shame

On the other hand, a collaborator Schoud of Thun Switzerland,
found that ke could not live on Rose s 29 grammes per day and
congidered that 1t was not possible for hum to memtam health on
less than 60 grammes per day Consonant with this, Susshind,

who werghed at the time of the exp t but 52 Lilog!
found that he could not hve on as little as 63 grammes The
League of N: figure 1 g per kil was nob

1This seems to be at the back of Terromes views quoted below
It may reasonably be pomted out that the non peasant agricultural
methods of Great Britain prior to 1939 produced more food—much
more food—per person employed thannany Furopean country run on
peasant cultivation As there s & world shortage of food the less
said about peasant cultivation of the soil the botter

2 Manrack Food and Planming 49
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enough for him  Corry Mann remained in health when his intako
was between 60 and 65 grammes of which nearly 42 wero anlmal
protein, but failed when ho cut down tho milk protein even though
ho replaced it by meat

What aro wo to mako of this diversity of ommion and experiment
Wo cannot throw overboard all the low figures by impugning tho
scientific methods of the observers nor need wo attributo to thosw
of tho higher figurea pay chological instability due to the monotony
of tho dieta thoy consumed It may eauly bo that cach person
has his own specific level of intake  Wo know ? that men 1n good
health and having an incomo sufficient to meet demands for food
tako from 53 grammea to 167 grammea per day  In theso estimates
thero was to bo found Littlo or no correlation between tho aizo of
the figures and tho weights, ages and activities of tho consumers
Tho protewn inputs ran raainly parallel with tho Calorie figures
o high protemn inputa nearly always accompamed a high Calonio
intake The froqueney distnbution d of total protein and
of Caloriea showed considerable likeness  All wo can say about
such figures 15 that some peoplo eat moro than others without
apparent reason and perhaps wo ma) say also of tho expeniments
on protein minima that somo people can attamn minima unattain
ablo by others At any rate at should mnako us very chary of
cutting peoplo down to the mmima of Chittenden Hindhedo or
Réswo  In fact eomo people would go so far as to eay that mn
preseribing & diet for o nation or large group of individuals you
should legslato for & maximal intaho rather than the mimmal,
lest somo should not reach a subsistenco lovel

Now 18 thero any oxplanation of tho fact that though the wear
and tear loss of proten 1n the body is at tho level of about
18-20 grammes o day most of us take 60 or 70 or oven mors
protein to roplace this amount ? Tho wear and tear loss 13 duo
partly to the growth, and subscquent loss of nails shin and hair
Tbo nkm 13 continually though usually lmpercephbly, bewng

hed off Tho al and 'y tracts
gently  Mucus produced by cach tract 15 lost to tho body
I‘urthcr such a socrotion as adronalme which must bo manu
d from tho or phenylal; of tho protein eaton

13 ondrzed and lost Somo of tho croatiuno lost in the urne
also must comeo from the breakdown of ammo acids in the body
Enzymes also aro excroted in unne and foeces  In addition 1t1s
usual to magine that tho tigsues in thewr activity wear out and let
proteins especially perhaps it out mto the lymph
and blood streum after wluch thoy are broken down imto ther

1 Wiopowson  (1836) Journ Hypene 36, 269
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component parts and excreted as carbon dioxide, une acid and ures
The wear and tear protein 15 pictured as the protem which has been
built up mnto the tissues or secretions of the body and as the result
of wear and tear has been ““ rubbed off ”’ those tissues or excreted
because no longer wanted This view of wear and tear protem
metabolism was developed by Folm and by lum dubbed ¢ Endo-
genous protemn motabolism® The metabohsm of any protem (m
the form of amno acids) which was not butlt mnto the tissues of
the body but used for combustion and the production of Calores
was termed ‘exogenous protein metabolhsm ’ ]

There 18 apparently a big gap between the figures for the necossary
mimmum ‘wear and tear protemn, 1e the endogenous protein meta
bolsm and the total protemn metabolism Most of us, though
not the Chittendens the Hindhedes and the Rosesfhive a prodigal
existence throwing most of the protemn we eat on the bonfires
of the body to produce emergy It 1s even worse than ths
Protemn has a ¢ speerfic dynamic action,” as 1t was termed by
Carl Vout, 1ts discoverer

‘When food 15 fed to the body m amounts which should theoretic-
ally cover the output of Calomes the body promptly steps up s
output to a still hgher level There 18 & “Tuxus’ consumption
on the part of the body—it apparently finds an 1ncrease of yncome
irresistible and behaves in a spendthnft manner Now protem
has an effect on expenditure of Calories far greater than that due
to fats and carbohydrates Whereas these rawe the level of
expenditure some five per cent ahove the omginal level protemn
may raise 1t by 30-37 per ecent Thus mn an expermment by Voit
often quoted an amount of protemn which on combustion by the
body theoretically should yield 100 Calories evoked an outburst
of 137 Calories, and Du Bois ? calculates that at least 80 per cent
of the available Calores of a large beefsteak breakfast eaten by
Iumse!f went in this wasteful specific dynamio action For!the
heat has to be wasted 1t cannot be used for muscular energy
It 18 true that 1t can be used to keep up the body temperature
In ammals exposed to a temperature approaching freezing pomt,
the specific dynamue of protern 1s low and only nses to its extreme
when the surrounding temperature of the am 15 tropical Bub
man everywhere contrives by clothing and housmg even'withm
the Arctic Circle, to tam a tropical or subtropical temperat
next to his'slan quently protem T has nearly 1ts
full specific dynamic action, and therefore protemn consumption

358 to be an extravag

The cause of this action though investigated for many years

1Dy Bows ({1836) Basal Metabolum sn Health and Disease
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by Graham Lusk and his pumls is till somowhat obscure  As
£ald aboso it 4 not ewident when the temperature of the air sur
rounding the body 34 Jow  Nor is it present when pro‘ein is used
in manufacturo of fresh thsne or as Folin would put it for endo-
genonsmetaboliem It appears only when protein is fed in amounts
considerably greater than thowo needed to replace * wear-and
tear* protein  In fact it 13 conceivablo that if wo took protem
in small amounts at frequent intorvala throughout the day thero
would bo no speaific dynamic nction evidenced. It 13 hnown from
tho work of Voit and Graham Tush and his pumis that 1t 13 not
tho digestion of protem which causea it.  Each individual amino
acid has its own epeaific dynamic action and the results arc additive
Tho specific dynamic nman of n pmimn is tho sum of tho actions
of each of its cont Thercfore sinco tha action
of glutamuc acid fs lces than that say of alamino the specific
dynamie action of a protein with much glutamie aeid 1n 1ts constt
tution {c g tho cereal proteins) is lees than that of a protein with
& greater proportion of the other amino acids {o g meat proteins)
The caso sgainst high protein consumption on thew grounds
appears to bo getung strong Al tho protein wo eat in excess of
that necessary to replaco wear and tear 1s apparently tossed on
to tho bonfires of tho body thero to provoke an extravagant and
uscless wasto of hoat not only by tho combustion of 1ts component
amino acids but of fat and carbohydrate as well  Wo leavo out of
ths indictment of lugh protein consumption all the eupposed and
largely imaginary evidence that a high protein diot damages tho
kidneys or produces a high blood pressuro  The Eshimo eating
fivo times tho amount of protein that tho Amencan of European
ongmneats has nogreater kidnoy or arterial blood pressuro troables
Nor has the Masat with lus diet of meat mulk and blood  Besides,
as Marrack ! very reasonably pomnts out, why should we have
specm.l sohcxtudo for tho kidnoyst Why not for tho heart and
no or for the brain and presenbo no
thmxghb'l Moreover man ancestral man in the million years
before the dawn of civilization must have hived on a diet pro
dommatingly proten and wo are hero to tell the tale
Thore 15 a caso ngzunst o high lovel oonsumptmn of pmtem u’
and

Folins P
protein be scoepted But 13 Folin 8 concoption sound t We hnvo
assumed for years that tho amino acids ansmg from the digestton
of protein were used in one of two ways (1) they are destroyed
at once 1n tho Liver, the nitrogen excreted as urea and the fatty
acid or the glucose formed from the residue used for fuel (exogenous

1Mannack. Op cst 40 ' 1
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mirogen metabohism), or (1) they are built by the bodyinto human
protem? So many molecules of alamme, of phonylalanmne, of
lysine and 50 on aro taken from the errculating blood, are placed
end to ond 1n their right order and nveted together and lo! the
miracle of human proten  When 1n the course of tume owmng
to “swear and tear,” this protem 1s no Jonger serviceable, it 1s
disintegrated into 1ts component amino acids and these n tum
are converted mnto glucose or fatty ncid and ammoma by the
Liver and the end products lost to the body as carbon dioxde
and urea  Some amino acids built up mto nucleo protem do not
reappear 1n the form i which they were used m the process of
bulding, but take a different path and appear as unc aad  This
process of the bwlding of ammno acids mto the protems of the
body’s tissues and the subsequent disintegration of therr con
structions we termed “ endogenous protemn metabolism ” This 13
the doctrine we have been wont to teach to our pupils for the last
forty jears It 13 wrong

Suspiczons of the doctrine had been aroused by the fact that
when the protemn intake by the body (human or ammal) 1s reduced
to zero the mitrogen output mn the urne does not at onco fall to
the lowest level accepted as * endogenous”, mor, agun does the
output at once mse to the exogenous’ plus * endogenous”
level when the mtale 18 rased from zero to a mormal figure
"There may be s lag of four or five days before constancy 1s reached
Tt appears as if the body were reluctant to part with some mtro
gonous materal not truly “ wear and tear ” protemn when placed
m protemn starvation and also as if, when again raised from zero
to normal intake, 1t makes a pomnt of restormg those reserves beforo
excreting the same amount of mtrogenous material as 1t 1s receiving
Of course the explanation of sheer mertia could be given of these
pl but such explanation did not wholly quieten suspicions
that the explanation lay decper The discovery of isotopes by
Aston and the subsequent 1solation 1n quantities of these 1sotopes
of elements has put a means of mnvestigation nto the hands of
experimental biclogists which has thrown much light upon what
1s happening 1n the body an the process of proten metabolism
The result 13 that whereas the terms exogenous and endogenous
metabolism are still useful terms the distinction between them,
once held to be so sharp 1s very tenuous #

Tt 13 clear that 1f you give an ammal an amuno acid say leucine,

2 Small amounts sre needed for the manufacture of enzymes and of
) such as t A 1 secretin and ms!

2 ScnoenmEDSER  (1942) The Dynamuc State of Body Constittents
Harvard Unuversity Pross
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to eat with its normal dict you eannot discover whether that
Teueino i metabolized at onco or if it is built up into the protein
molecules of the tixwues of tho body It might go via tho exogenoun
path or it might replace a leucino in sy, the serum or the heart
or even tho akin proteins No ono could tell - Dut if 1t could bo
labelled in somo way which would enablo it to be jdentified, then
wo could track it down and discover if it wero changed at once
into urea or bmlt up into tissuo protein Vo should expect that
1f it wero given in addition to a satisfactory protemn dict one that
much moro than covered the needs for replacement of wear and
tear of the proteins it would be metabolized and excreted at onco
as urea 1 it would follow tho exogenous path of protein meta
bolism, at sny rato in tho main

Schoenheimer t and his arsociates have accomplihed this label
Iing by inserting heavy nitrogen (M) into tho amino group of
amino acids and by replacing the hydrogen cither of the amino-
groups or of the earboxy hie group with heavy hydrogen (deutenium)
Teeding such amino acids to an antmal enables the observer to
discover whether they are built into the protein molecules or
metabolized at once If the latter, tho heavy mtrogen and tho
heavy hydrogen which had been inserted mnto tho amino group of
tho amino-acid would appear 1n the urca excreted  Supposing 1t
13 built into tho protemn of the tissues 1t can bo found thero or if
endogenously metabolized it could bo discovered in part in tho
allantoin excroted by the anmmal

In the first placo st was found that tho animals treat thoso labelled
ammo-acids exactly hihe tho normal amino-acids The ammal
body cannot distinguish between the two  One is as uscful as tho
other in metabohsm

Secondly when labolled amino acids aro fed to the laboratory
rat mixed with a high (16 per cent ) protemn diet tho tissues buld
mto their substance 44 por cent (Iabelled glyeino) or 66 per cont
(labelled leucino) of the labelled acids Intestines hidney and
spleen aro the most active tissues which do thus and the skin the
least Thus instead of at tho most 20 per cont of the fod amino
neids being 1l with dog rotein tabolism, at
least double and sometimes troble that amount was so concorned
TFurther 1t was found that atmno acids doubly labellod ie in theiwr
anuno groups and i theiwr carboxylic groups were not bwilt i
their entirety 1nto the protemns of the tissues—the amino groups
parted company from thew associated carboryhe groups Labelled
leucme fed to an animal might be used 1n the construction of tissue

3 Tor a condensed account of theso experiments and a full hst of
literature on this topio seo SCHOENHIIMER op ct
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protemn which on hydrolysis would yeld not only labelled lencme
but labelled glycme Those results show that the amno acids
continuously interchange mtrogen atoms Glutamio and aspartic
acids acids appearnng abundantly i cereal protems but less
abundantly in ammal protemns are the most active i this mnter
change whereas lysme which ocours to the amount of 6 6 per cent
of human muscle protemn and but 19 per cent in the gluteln of
wheat flour,! 18 & complete exception It may yield up a labelled
ammo group to another amino acid but 1t never accepts one It
13 the single mdispensable chemucal umt which has to be supplied
as such 1n the diet Y

The prcture we must bwld up of protem metabolsm 13 one m
which the amimo acids m the circulatmg blood and tissue flmds
are being contmually exchanged with those foroungipart of the
body tissue proteins, soms 1z lofe (e g lysine) and some as regards
the carbon chamn (leucme and histidine) but mot as regards the
amino groups  These, too, may be held to exchange places between
the amno acids forming part of the tissue protes and the owcu
lating emuino acids  When an amimal 1s 1n mtrogenous equilibrium
the equbibrium 1s not & static but o dynamue equilibrium  There
18 a continual mterchange between the circulating amuno acids and
those composing the protems of the tissues

In fact endogenous protem metabolism and exogenous protem
metabolism fade off the one mnto the other  All the architectural
mctures we have made m the past of ammo acids as Bausteme
(building stones) and the protems of the body as permanent
buildings ® must be abandoned unless we push the conception to
an extravaganza im which stones and bricks and chimney pots
continuously fly out of passing lorries and exchange places with
similar objects 1n the houses on the road along which the lornes
are passing

This rapid extensive and even violent interchange between
circulating ammo acids and those of the tissue protems 13 a mark
of ife and must smk to a lower level of activity if the crculating
smmo aeids are fow At what height should this mark of Ife be
set ? Clearly the interchange cannot be so rapid if the body 13
at omnumal protem mtake The dynamism of the protems of the
tissues 18 at a low ebb when the cwculating ammno acids are nob
being continuously replaced by the products of proten digestion
Consequently we have to nsk ourselves whether there 15 any evidence

1 Quoted by Marrack, Food and Planmng 45

2 See for example the picture evolved by one of us mn which different
p are pared w hedrals and slum ts V H
Morrrax  ({1938) Food and the Famly 6th ed Jas Nisbet
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that producing this low cbb of tisme metabolism is good for ono
and all A tentativo anawer i1 that while wo know that some can
carry on (¢ Row) with a low dynamie state of tissuo protoins
others seem to need a higher lovel of exchange and that as &
Robert Hutchiron quoted in carlier editions of thi book, “In
order to have enough it fs necewary to have too much * Thoe
tragedy 14 that probably two tlunds of the world have not even

enough ' Until wo have much moro convincing evidenco of the
valuo of n low protein dictary wo may reasonably ask that the
protein intake bo kept on the averago at tho lovel supgested by
the National Research Council of the US A, but that no ono
should Jook askance at wilo departure from that level—up and
down—~—realizing that the dynamie level of amino acid interchango
may bo sct at ono point in ono person and another in another
Tho lenst wo can say is that the old conceptions of endogenous *
and exogenous” protein metaboliam wlich wero the strongest
hypothetical backing for n low protein intako have been shown to
bo false  May not tho supposcd advantages of low protein intako
bo allowed to follow them into hmbo t

8o far wo have been conadenng tho total protein supposed to
bo neceasary for tho adult mals and havo accepted provisionally,
the figurc of 1 gramme per kilo of body weight, the recommendation
of the Leaguo of Nations and of tho National Rescarch Counerl
of the US A. Tins figure should bo accepted as a standard of
referenco only the evidenco for ugher or lower figures being still
of doubtful value But wo have auid notlung about the quantity
of first-class proteins, nnd the Americans omit any such con

derat This wo ble 1n tho Umted States and
Canada for on tho average peoplo 1n thoso countries insist on
mcluding 8o much milk and so many cggs 1n their diet A poor,
rather marginal dietary estimato in tho US.A ealls for 227 eggs
a year or fearly 43 per week o figuro much greater than in England
especially war timo Englind  And tho flud milkh consumption
per person 1n tho US A 15 about double that in England  Exeopt
among the poor whites of tho Southern States there 1s no need to
worry about fimst class proteins in the US.A.

1t 15 not 80 1n Groat Britamn espocially in war time  Rationed
meat milk oggs choeso and bacon at tho best produced only
76 per cent of tho low estimato for first class—1 0 ammal—protein
which has been adopted mn this country In war time all had
to mako uso of tho full allowance of dned eggs and mulk, or have
recourse to fish, game and offal (fresh or tinned) communal or
other restaurants or to tho black markoet to achieve an ammal
protein intoke as great as the Mimstry of Health recommended n
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19332 Befors the war, 1t was &ssenfial to have some sort of
standard of first class proten intake to measure the dietetio value
of the country’s diet, even 1f that standard wore based on guess
work  Now that the war 13 over 1t will be still more necessary,
if only to ensure that controls and subsidies, mtroduced to the
great benefit of the public health be not withdrawn

The figure accepted by the Mimstry of Health in 1933 wag
37 grammes of first class protem per day The ongin of ths
mystic figure 15 probably as follows Carl Vot expressed an
opimon that 35 per cent of the total protemn consumed should be
of ammal ongm This, Graham Lusk, one of s best known
pupils expressed as 5 per cent of the total Calories One of us,
under Lusk’s influence, brought this figure back to Great Brtan
and retranslated 1t into grammes & per cent of 3000 Calories
== 150 Calories  Each gramme of protemn can produce 4 1 Calones,
150 — 4 1 = 37 approximately The Mimstry of Health pamphlet
into which this was imcorporated pomnted out that the figure was
by no means extravagant and to make this pomt clear the following
table 15 given m which 18 set out the amount of a food stuff which
will give the whole of a day’s estimated needs for first class protem

A Max s DALY RATION OF ANIMAL ProTEmv
(Each portion contans 37 grammes)

Cueese Cheddar _ 4} oz
Dutch 3%
Little Wilts 44
Ecoes 56
Fisg Cod steak AP 9%,
steamed EP 5%,
Haddock smoked AP 8
steamed EP 4
Herring AP 7.
fried EP 43 ,
Plaice AP 113
fried EP 53
Soft roe fried 43,
Sole AP 10
frnied EP 5%
N Lemon AP 8
frned EP 6} »
Sprats 8
fried EP 48 ,
Mgear Bacon back AP 113,
fried 4t

1 Onitersm and Improvement of Deet (1933) HMM Stat Offico
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Dacon streaky AT 10 oz
frind 44,
Ilnof comed tinned 44
wtloln roast 11 3
ateak Jean taw 5} .
s atewed I 1 N
N galled F T 41,
Clucken Al 8} ,
N roant P 3.,
Ham smoked AT 2
Tiver, eall AT (13
fned 34,
Mutton leg AP 6] ,
boilsd F P 4
roast I'P 4]
I‘ork leg AP 4
roast 1 P 4%,
Mux, 1 quart

These figures in view of war tume s rations looh perhaps large
but compared with the middle clars diet in peace time, they aro
not #0 imposing  All dietitians agreo on the need for o pint of
milh a day for everyone and the Mimstry of Food has supplied
this for all pregnant and nurming women and all chuldren up to five
That 13 half the day 8 ration of first class protein By the time
that a muddle class person has had that plus an egg and tiwo ounces
of bacon for breakfast and say o gniled herring for Junch (at least
§ of the ration), hie has had ever one ration and the amimal protemn
at dinner 1n the evening represents a surpius It 13 not astomshing
to find that the middic clasy animal protein intako is as ligh as
565 grammes per day It was surpassed by that of the Army as
long ago aa 1937 when it was 64 per day  The taking of less than
37 18 nearly but not quite the hall mark of poverty as will be
seen on studying the figures in individunl and other diets ¥ Talang
tho individual diets of middle class males collected by Widdowson *
which wo have alrcady mentioned wo find that only one of the
63 diets investipated had less than 37 grammes per day (30) and
at tho upper end of the scalo one contumed the large amount of
121 (L d ag ked meat, this would represent
about 1} Ib steak or moro than a weeh 8 ration 1 war time 1)

1 McCance \Wippowson and VERDov Ror (1038} Journ Hymene
38, 506 Fry and Myrns  (1038) Public Health 358
* WippbowsoN  (1936) Journ Hygqiene 36, 200



86 FOOD AND DIETETICS

The average ammal protem intake reached the hgh level of
67 grammes per day

We thus see that the figure of 37 grammes 1s by no means an
unreasonably high figure to preseribe as the mimmum advisable
Nor was 1t extravagant of the British Medical Association 8 Nutr
tion commtiee to suggest that the anmmal protemn imntake of an
unemployed male should be 50 grammes Even if 1t be held that
there 15 little scientific basis for the figure 37, 1t 13 one which on
sociologieal grounds we should like to see everyone enjoying

To sum up thus section on the adult male s need for total protem
we may say that on the average 1t may be taken as 1 gramme
per lalo body weight though there 1s evidence that some people
can mamtain efficiency on less and some apparently seem to need
more The reason that most of us do not take protem equivalent
to the wear and tear protein loss 1s possibly becanse life necessitates
a continuous interchange between the amino acids of the eirculation
and those of the tissues and this dynamic level of mterchange
varies from person to person In most countries except perhaps
Canada the USA New Zealand and Australia 1t 15 neressary
to mstst that some of this protemn be first class protem 1e protem
of ammal onigin  About half the total protemn or approximately
37 grammes of animal protem per day represents a figure below
which the first class protemn should not fall

Adult Women There 1s naturally less mformation concermng
the needs of the adult female There 1s no reason to believe that
the nieeds of the adult non pregnant women are proportionally any
higher than those of the adult male In fact as her metabolic
plane seems to be lower than the male’s 1t might concetvably be
less  Nome the less the League of Nations put the figure at the same
1n proportion to the body weight as the males viz 1 gramme per
lio body weight and the National Research Council puts it
higher viz 60 grammes per 56 kilogrammes or 1 07 grammes per
Lilo When we turn to the figures collected for thns country (m
London and 1ts environs) by McCance and Widdowson * we find
that the average protemn intake has a value of 67 3 which 1s rather
more than 1 gramme per lilo body weight and that the spread
of the figures 1s great The maximum (90) 1s more than three
times as great as the mmmum (28) Furst class protem on the
average was well above the figure of 87 grammes, viz 460
Tifteen out of the 63 women took less than 37 grammey buat
apart from the one extremely low figure (9) the majonty of the
low figures were at about the 30 grammeslevel ~No one apparently
has made any suggestion concerming the mmmmal amount of first

1 McCaNCE and WipDowsox (1936) Journ Hygpene 36, 204
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elass protein neces any for women  If we pryme bee neede to bo
043 that of & male the figure would be 30 prammen approsimately
0%, then 86 grammee Only € womnen aut of the 63 fall below
the 26 lnvel and only % below the 70 grimmes Iosel  Thero §s Itle
pudance biere as (o what sither the total protemn or the first el
protein should e bt at the most only an indieation that mddle
class women in Great Bntain exeeed the standands of the Trague
of Nations and the National Research Council and the highly
hypothietical standard for first-clase protein  Leoking ot the
froqueney dingrams of protein intake by women we aco that they
unbihe those of the men do not follow the shapo of the Calorio
intahes but whether this has any sigmificance ia uncertain

Pregmant and laetating women theoretically need more total
protein and more firet class protein than the normal  McCance
Widdowron and Verdon Ron1 estimate that the total atako of
jrrotein in the later stages of pregnaney shonld bo %0 grammens per
day but in the 120 dicts they collected they found that eniv the
well to-do cliwees approrched thus figuro with 80 grammen and
the others were Iy no means ro tugh  Thew figures wero colleeted
Lefore the war of 193945 It 18 to bo expected that the activities
of the Winistry of 1 0od 1n submdizing the consumption of mutk in
pregnaney ond lactation will have improved considerably the low
mtihes found by VcCanco and lua colleagiea among the working
classes and 1t is to be hoped that this improvement will continuo
now that the war 14 over

The Leaguo of Nations put the figuro for the first three monthy
of pregnancy at the usual lesel of 1 gramme per hilo body weight
from tho fourth to the mnth month 15 13 suggerted and dunng
lactation 20 grammes  Tho National Rescarch Counerl put the
figure nt 85 grammes per day (1e 15 per hilo) for the last half
of pregnancy and at 100 (approximately 18 per lkile) during
Jactation ' Until we hnow much more of the physiology of preg
nancy and Iactation wo must bo content with theso figures which
represent guesses but perhaps reasonable guesses coneerning tho
amounts of total p 3 d 1in preg; y and lactation

The Protein Needs of Children ero again we aro 1n as
great difficulties . Living even average figures as wo were with
women There has been Little large seale work dono to discover
the actual mntako of foods by children let alono what they ought

38’ lé;GCAucr Wippowson and V rrooN RoL  {1038) Journ Hygiens
'
? Clearly no sudden jump ot tho fifth month of pregnancy nnd at

full term 13 intended but & smooth grading from tho lower figure to
the higher
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to take TUp till the present we have had to rely on data for
100 chuldren collected by Holt and Fales and pubhshed as long
ago as 1921 There 13 however a collection of individual drets
of over 1000 children, made m the years before the war, an account
of which will be passing through the press at the same time as
this edition and to which wo have already referred Chuldren
show the same spread of protem consumption as they do of Calones
At any age we may find a child talung an amount of protemn
{whether first class or no) double that taken by another cluld m the
same age group There1s in the figures no gmdance concermng the
necessary mntake of any one child at a particular age but perhaps
the average figures may be allowed toact as a standard of reforence,
i this country at any rate Thev represent what 1s done on the
average by children of educated well to do people with no reason
to stint money spent on food and so might reasonably, for the
time take the place of the scales based largely on guesswork

Of course one way to study the protetn needs of chuldren would
be to observe therr rates of growth on different amounts of protem
1n the diet Ths has been done m a small way 1n the US A and
apparently on a larger scale n the USSR ® And 1t has been
found that with children of 1P to 112 years 25 grammes of
protemn per kilo body weight allows of growth only m the warm
part of the year 35 grammes allows growth m cold weather but
not optimal growth TheR therefore suggest4 g per
Lilo body weight for chuldren from 1-3 yearsof age The estimates
by the League of Nations Commussion and the figures coming
from the USSR are placed mde by side in the following table

EstnmMates PROTEIN PER KILO BODY WEIGHT

T eague of Nations Russians
Age (grammes per kilo ) {grammes per kilo J
1 and 2 35 40
3 30 38
4 30 35
b 25 32
6 25 295
7 25 217
8-12 256 25
13 26 26
14 25 26
15 20 26
18 20 25
17 15 20
18 15 <20

1See Lerrce and DUCKWORTH (1937) Nut Abs and Reews
7, 257
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Looking at the talle we obeerse that the Pas fane have appar
enth been mom penerone exerpt beturen 8 and 12 than the
League of Nations an 1 thes have emphanzad the need for proteina
«f the adolewenta Thie s the time of mest sigomus growth and
it ie theetetically the time when the protemn intake should be
greates It fo true that the Amenicans have prt the total protein
o chlldren from 1% 1% wel) above that of the male adult and of
rltesernte stil) hugher (va7 &) anl 100 prammes per das) but
they nowhers trarh the heizht of the Pusian estimates Thia1e
trou,ht out 1n the eatenlats ma of the total protein intakes on the
Pusian fipures per pramme body weight uing Woedbury 8 and
Baltnin and Woosd a sealrs of wei hta of Ameriean boyn ' and an
e more e4n to think in terma of tota) proten than of grammes
Per Lilo bedy weight they are quotald bere mide by mide with the
Lrague of Nations weale the Amencan scale and the actual amounts
taken In Yophi b chibdeen A praph i aleo qaven (kg 7)

Tnorris INTAKES T STIMATFD ASD ACTUAT

VWAL TN Haman VRO bt SRC | Actual

A — - . _
By (hg )‘ G Wren O Liren Iy Ioys, CHs | Girls

— e P —
1 0~ o3 39 40 37 | 40 39
T q200 ) 42 I 10 49 40 | 42
3 1430 § 4290 [dE] 40 19 40 | 40
4 LRT L 4Te T 62 | 50 w0
4 1°22 0 41 2 0 ol s 40
6 ! 1o ar0 cus 23 o | w0 89
7 ! oa2es  rog a3 | ro e3 | 60 ' 60
8 249 | ras €23 | 1o € | ¢ ' 59
0 283 | “OR 08 | €0 [ co | 62
10 311 TR 378 ] 3 | "0 61
n 39 573 8" 3 -0 “2 %0 | ot
12 36 010 950 70 76 | 70 | 69
13 N 1o 1080 B 79 80 72
14 478 [110. 128 8 89 80 | 77
1, 614 {1088 1300 8, 100 | 80 | 718
18 598 | 1188 149, 100 o1 [ "5 ' 71
17 628 0t 12,6 100 03 7o ! 73
wa 972 <| 1208 100 97 | 70 | 76

!Lrrren and Ducawonrtit Op e Thero are somo shght dis
erepancies between our recaleulation of these figures and thoso given
by Leitch and Duckworth, probably duo to tho mterp of the
scales of weights
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The first thing we notice 1s that the actual intakes of boys and

grls' of the well to do classes m this country run very close to the
estimates of the National Research Council of the US A whereas
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e Rusan and Lragus of Natlons extimatee am much hiher
from the ane of 10 onnands The averare abserver cannot but
Ve fmpresses] 1y the ceunief lenne of the American eetimaten and
the artmal finkins amen Fragl b el den and it sy remove
sorie of Whe nfenenty ocmples overa ainstthe TS A from wlich
dictitlane an o cvunty guate nphtls snffer to tealize that the
Frowth of thews 10 33 chil Iren g up to the Woodhury and the
Rallwin and Wond stantand  and that theis diet is an good ax
Arrencan diettisns tmagine it should 1 In faet it might he
arpund that we ame v oaching something, fundamental here When
grommg el iren in one eonntey take the amounta of foods con
#1red fo e pece san Wy edperta on natntion an o dietetics
tomuyn pation bile the TS A there {2 a tomptation to say that
this correspan fenes indiesten an app roach to alwolute truth - But
sclentifie cantion stegm in with the comderation that at sy bo
raenl make up anl pattem of ke wlich determme the I enees
of the fo] intake of the two countnes It §s true that eacially
the United States fa no long r predominantly Angle-Saxon nor
even Anglo Celt ani their opertoin of foods 1« much wider and
Moo ntersating than that of { rat Bataun None the lers their
ractsl charcterd ties are predominantty T uropean and thewr pattern
of Ife more Iike our own than like other nations

Turnin,, to minor tiserepancres it wall e noted that the intake
by bays in (his country s alore the Amencan figures till about the
aprof 15 anl m §a the intale by mrle until the age of 9 This
%28 10 be expectad fn sitw of the figur s for Calorier  With tho
AngloRaxon diet tnore partseulardy middle class diet 1t 15 usually
found that the protemn intake runs paratlel with the Calorio mtake
The Fnghi 1 ehild dox w his eatang, « arly in Iifo and thereforo takes
prolein eafly  Whether thero s any moro in this than a reflex
of prrental solieatude. 1t 14 for future research to siow

The Calorics the s Fo lish chnldren obtained from protein show
but o negh,ible deviation from 12 per cent of tho total Calones
81l alon,, tho scale from 2 years to 16 Tlus howoser does not
indicato any mcvitable ¢ nphtness  of this proportion but 1s a
reflection of the constaney of the nature of tho food caten  Wo
can fowever, taho tho figures for tho proten taho after the
curves have been smootlicd as a landard with which to comparo
the dietary protein of cluldren n the future  If thewr intaho 13
Up to this standard then wo may nccept their diet as satisfactory
83 regards protean for tho growth of thero I nghah chuldren 19 up
to tho American standard and wo havo every reason far beheving

th from tho csteem in which dicteties 15 held and practised in
tho US A and from what wo havo seen of their manhood during
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the war of 193945 that Amenica has achieved a sound dietary
If, however a child’s intake 13 not up to this standard but thero
be no reason, such as lethargy pallor or anemia for assuming that
the chuld 15 not fit, dietary standards should be forgotten

Woe have said nothing so far about first class protewn for children
We have quoted with approval the plea for including some first
class proten m the diet of the adult How much more 15 1t
necessary for children who are continually adding protem to thewr
bodies * They are not merely replacing ¢ wear and tear ” losses
of protemn but manufacturing new human protems especrally 1
the first year of life and during adolescence Theoretically the
growmg child (ltke the convalescent from a wasting illness the
pregnant and lactating woman and the athlete m tramng} should
have a higher percentage of animal protein m his total protem
mtake than the adult who has finished growing  Even Terrome !
who has stated a case agunst the academic figure of 37 grammes
of ammal protem admits that children need more first class protein
m proportion than adults He claims with some considerable
support from experimental data that the biological value of
protems for growth differs from their value for mamtenance, and
though he pleads for a peasant diet for the adult with only a
suspieion of meat and milk to make 1t palatable he allows the
growmg child more of the first class proteins Schoenheimer s
work on labelled ammo acids pomnts out the particular case of
lysine 2 which must be presented to the body preformed If we
argue from this that that ammo acid 1s indispensable i the manu
facture of protemn we emphasize the need for animal protem mn
the young There 1s 6 6 per cent of lysme in human protem,
76 per cent m the chief proten of mulk 50 per cent m egg
protemn and only 02 and 1 9 per cent 1n the protemns of wheat
Therefore the argument suggests that to manufacture human
protemn rapidly it 15 much better to use mull and eggs than wheat
protems In this we completely concur, but the argument can be
carried too far 3

A ohld puts on 2 or 3 lilogrammes body weight por year until
he reaches puberty Let us take the higher figure About 3 of

1TerrOINE  (1936) League of Nations Quarterly Bulletin

2 The umique position of lysme among ammno acids 18 brought out
by work on its metabolsm by NEUBERGER and SANGER (1944)
Biochem Journ 38 119

3 A distinct and fi correlation
weight for height and the mput of foods contammng ammal proten
was seen 1 120 chidren belongmg to 63 familes observed by
Brocxrngron (1839} Public Health 209

bet the increase mn
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thin it water, sa the solid matenal ndded will bn 1 Lilogramme
T2t un asnzme that Whis fa all human protein, neplecting the Iaying,
down of fat anl manufartum of bane 1000 prammes per year fa
28 prmmes per dav VMakin the veny low estimate of %50 for the
hido,ieal vatue of the firet elae prrotein eaten we aco that the extrn
o1 clasy protein needed per day for growth of the child 1« on
the mmt extrasapint thearetical estimates It 50 grammes a
darv—the prtein to ba fount in leas than § of & pant of milk!

In our present » ate of fgnrines abont protem metabolism in
the voung we ha 1 better eontent onrselies with the vague statement
that eluldren néed mare first clams protemn i proportion than the
adult an 1 urpe that the efforts e £ the Mimistnes of Food Agneulture
Health and Ldueation shich have reenlted in an increased con
rurption. of nilk dunng the war be continued and further
strengthened now that peace v ddeclared It looks s though the
extry needs of ehildren for fird clisa protein for growth can easly
be rovered by the junt of mufk & day which 1n this country 19 the
roal of hetitians ¥ (Inthe US A itisn quart or about 1§ Fnglish
pinte)

Summing up the parsgriphn on the protein needs of children
¥ o that the estimates of diflerent amhonties disagree
Cunou 1y enough the Amencan fiurea except at 1 year of age
and from 4-6 arv the leamt generous  Thoe Russian figures are the
most generous from 1-8 and agan dunng adolescence  Actual
data and not mero extimates collected by Widdowson i thus
country of the diets of over 1000 clnldren give results winch on
the aversge closely approximate to the Amernican estimates  They
aro alightly above at most ages except those of adolescence It
18 eugrested that untit we hnow much more about metabolism in
the young wo accept the ko lish figures as our framo of reference
n thlu country, rather than  estimates by however competent
people

Turming to the needs for first-class protein wo seo that the
theorctical needs of chuldren for extra firat class protemn for growth
when put on a numencal basi are smaller than might bo expected
and should casly be covered by a pint of mulh per day

Sources of Proteln  Bcfore wo closo this ehapter there aro a
number of practical considerations to bo discussed m applying what
¥e know about protowns to dietetics The first 18 tho sourco of
Protemn in foods  Very fuw foods other than sugar and lard and
other fryming fats aro totally dovoid of proten  That 13 obvious

’Acumlly tho children of the middlo classca in Ingland tako on
the avernga two thirds of their protein ns first class protein and at
™oat ages fur and awnay moro than tho standard 37 grammes
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are humid Ammal protemns have a igher specific dynamrc action
than vegetable protems, moreover, most of the sources of ammal
protem have a farrly high tration of protem wh vegetable
sources have not Consequently 1t 1s easy to have a surplus of
protem at a meal when meat 1 eaten but not so easy when vege
tarian foods are used and the specfic dyname action of protem
has thus a good chance to show 1tself when ammal protemn forms
the main part of a meal The difficulty 1 hot humid climates
1s to get rid of this mevitable waste heat and so 1t mght planaibly
be argued that meat eating be cut down with advantage i such
climates but on examination this argument 18 not unassailable
The lowering of the specific dynamic action of protem mn cool
surroundings and 1its raising m warm surroundings was observed m
animals  Man by his clothing and by his housing accommodation
mamtams a troprcal climate next to his skin  Consequently the
specific dynamic action of protemn will have 1ts full effect whether
the shade temperature 1s high or low None the less 1t mght be
well m a hot hunud climate to reduce the protemn to the mmmum
necessary and to spread 1t throughout the day, and not to take
1t all at one meal If however the mghts are cool m a hot
climate the concentration of the protem into the evemng meal
would not matter 8o much for the specific dynamic action would
not be i evidence tall 3 to 6 hours later To have however a large
protemn meal at midday would mvolve an outburst of heat m the
late afternoon at a time when the thermometer 13 at 1ts lighest
In view of the fact that protemns supply but about 10-12 per cent
of the Calories of a diet 1t mght seem that the suggestions m
the last paragraph are pushing hypothess too far  Thus if all the
protewn of the day s diet were taken at 8 pm 1ts maximum specific
dynamic action (37 per cent ) would entail a surplus produetion of
152 Colories This would probably be evolved from the body
between 11 pm and 2am 1e at the rate of 50 extra Calories per
hour As the normal rate when resting will be above the bassl
metabohe rate of 70 Calories per hour and below 125 per hour
(3000 — 24) tho extra Calomes due to the speaific dynamic action
of the proten would cause wn mcrease mn the rate of evolution of
heat by 40 to 70 per cent This certamly 19 a large merease and
where there 1 difficulty 1n elmunating excess of heat 1e where
the mghts are hot and humid experience may prove that a heavy
protein meal in the evening 1s unadvisable It must be admitted
that custom m the hot bumid chimate known to one of us flouts
theory
Summary As profemns are the mamn architectural element 1n
living protoplasm and s the body cannot synthesize protemns
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from mmple inorganie subatances, protesns are ¢ ential in diet for
growth and repair of the bady  Iroteins am complex chana—
condensation producta—of sumpler orpamie compounda  amino
neids of which there are twenty or more examples in most protemns
There may be 20 molecules of amino.ncids in any proten and
therefore some of them mnst bo reprated more than once indeed
many times Proteins differ from one another according to the
number, nature proportion and srngument of their constituent
amino.acid. fome food proteins are better body bulders than
othere because the amino acida compoang them are ke those of
the human Gieues in number nature and proportion  (Arrange
ment does not matter beesuse beforo they are used by the body
they are digested to their component amino aewde ) Such proteins
aro sud to have a high ioloacal value and the proteins with
lugh biological value are thow of mulk ezis mrat fish and cheese

1t 34 thereforo conuderid wito to have some protemns of high
liological walue 1n tho diet every dav  How much 13 uncertain,
but there 18 a provisional estimate for the adult male of 37 grammes
per day  3Many did not reach this level dunng, the war 193945
How much the total protemn should bo is also uncertain Agun
provisionally 1t s fixed at 1 gramme per hile body weight  In
practico there aro large departures from tlus sugiestion without
any discase

Pregnant and nursing women need more protein than tho non
pregnant  The Leaguo of Nations estimate s to increase 1t by
one-balf 1n the later days of pregnancy and by 100 per cent duning
Jactation  Amencan cstimates are lower In practico this 13
rarely achieved

Proportionally to their weight ehildren necd more protemn than
adults and theoretically more first class protun  The estimates
given by different groups of dietitians differ marhedly from one
another tho Russian figures being greatest dunn, the first fow
years of Life and during adolescenco  Until the third decade of
this century no onc has collected data of cluldrens intakos on
any large scale and tho results prove disconcertingly vamablo
The average figures for the protein per day callected by MeCanco
and Widdowson are suggested as o scale of reference for children
1 Great Bntam



CHAPTER IV

1
THE FUNCTIONS OF FOOD (continued) (III) THE
SUPPLY OF ELEMENTS OTHER THAN CARBON,
HYDROGEN, OXYGEN AND NITROGEN

So far we have dealt mamnly with substances w food usually
studied by organic chemists—the protems fats, and carbohydrates
It 13 necessary now to turn to the supply of the elements usually
studied by morgame chemists They are often referred to as the
runeral constituents or muineral salts in the ciet This 18 wrong
Sulphur, for example enters the blood stream as part of an amimo
acid Sulphur m the form of mimeral salts 15 absorbed with
difficulty and excreted unchanged The cumbrous phrase of the
title shows what 13 meant, but for practical purposes we shall call
them muneral or ash elements

‘We can best realize their importance by reference to the amounts
of these elements which enter into the structure of the body The
calculations here given are from analyses by Sherman! The
following amounts of morgame materials are found m the body of
an adult man of 70 lilogrammes weight (== 11 stone approx)

Caleium 1050 grammes  Cobalt & trace
Phosphorus 700 ”» Silicon.

Potassium 245 Aluminum mera traces
Sulphur 175 N Arsenie

Chlormne 105 Boron

Sodwm 105 , Copper

Magnesium 35 Fluorine

Iron 28 Nickel

Mangeanese 021 Zwmo

Todine 0028

It will be seen from tlus table that at least 19 elements enter wto

the composition of the body though 1n very different amounts It

must not be thought however that the order of magmtude mdicates

erther the order of their importance or gives & complete clue to the
1R H A and Viorer Puvmsr  (1938) Food Health and Vilamns

Sthedn McCoLLun and sssociates in The Neuer Anouledge of Nutrt

tion 5th edn put the figure for caletum at 1400 to 2000 grammes

100
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amount necesaary in the daily diet  Tor example, thero is much
more potasuum in the body than sodium, yct wo need a much
greater intake of sodmm than of potassium per day  Thero 1s but
a small amount of fodine in the body, a trace of cobalt and mere
traces of copper and zne Without the fodine Life would bo impos
sible and thero is more than a hint that the “ mero traces’ of
copper and cobalt are tial in tho facturs of hemoglot
the red colouring matter of the blood, and of zine, in the
manufacture of inmlin and of carbonio anhydrase It 13 posuble
that we could dipenso with the traces of alummum, arsemc
boron, and mlicon though this is by no means proved Fluonno
in minuto amounts makes for hard cnamel in tho teeth

Tho functions of theso elements aro twofold They enter into
tho structure of the body and they aid in catalysing tho reactions
of the living body  Thus the spectacular amounts of calelum and
phosphorus given in the table go to make up tho solid structure
of tho bones and teeth which account for one fifth of the weight of
tho body Iron s an integral part of tho colour bearing nucleus
of tho hxmoglobin Phosphorus also enters into tho structure
of the nucle: of all the cells in the body and into the myehn
sheaths of tho nerves  Sulphur 18 present in practically every pro
tein and moro particularly in those of the shan  Potassium 1s
an essential part of the cellular clements of the body, eg the
red blood corpuscles though there 1t 13 probably held in solution
and the functions of the blood corpuscles depend partly on thew
ahility to Leep potassium inside them and sodium out  Magnesrum
enters into the composition of the bones and the muscles and the
other soft tissues of the body contain magnesium 1n greater pro
portion than they contsin calcum  Ammals deprived of mag
nesium suffer from Iesions of the bloodvessels and nervous system
and a shortage in the dict leads to defectivo bones and teeth

Theso elements may be used for catalytic as well as for structural
purposes  Thus traces of 1omzed caleium salis are essential for the
mamtenanco of tho activity of the skeletal cardiac and unstriped
muscles of tho body 8o essental 15 the maintenance of the correct
amount 1n the blood {about 8-10 muilligrammes per 100 ¢ ¢ ) that
a set of four glands the parathyroids have that function deputed
to them Should there not be sufficient 1n the food to Leep that
quantity normal theso glands mobilize calcium from the bones to
tide aver tho emergency, and if the deficat of calcum 1s long con
tinued o condition of tetany supervenes If the caleium in the
blood serum falls bolow 4 or 5 milligrammes per 100 cc tetany
nay develop and this 15 eg) ﬂl?hkvlyflﬁz%‘nfable calelum
18 reduced Phosn! "as fhosnlttel 2. Rotanhnanhata 1n
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bmation with th and mcot , acts as a catalyst

m carbohydrate metabolism and 13 essential m combmation with
creatine m 1mtiating muscle contraction In fact, wherever there
18 active metabolism n progress the presence of phosphorus as a
catalyst 1s suspected  As a phosphate 1t 13 utilized 1n buffering
1e modifymg the hydrogen 10n concentration of the plasma of the
blood and of the red corpuscles  Also 1t 18 utilized 1n the secretion
of an acid urine from an alhaline blood plasma  Sulphur 1 gluta
thione 15 1mportant 1n catalysing oxidation m the tissues Copper
catelyses the manufacture of hemoglobmn and possibly manganese
and cobalt aid i this or similar processes Four 1odine atoms
are present 1n thyroxine, a secretion of the thyroid gland, which
catalyses the metabolic processes of the body ~ Thus 5 mulligrammes
of thyroxine, cont g about 3 6 mill es of 1odme, myected
nto the body raise the basal motabolic rate by 40 per cent  Zn
as we have said, may be essential m formation of nsulm
nternal secretion of the pancreas which catalyses carbohydra
metabolism  Zinc also 15 a constituent of anhydrase an enzym
essential mn respiration found m the red blood corpuscles

These facts illustrate the enormous importance of obtaming
sufficiency of the various mineral elements 1n the diet Wo mu
proceed to give an account of the sources of these elements n tl
food and the amounts of each necessary mn the dady diet

The elements to be considered are the metals calc nin magnesiur
potassium sodium 1won cobalt manganese copper and zine ar
the non metals fluorme chlorme todine sulphur and phosphoru
Some are needed mn large amounts and some only m traces, When'
they get the name trace elements Among these ‘ trac
elements are cobalt, manganese copper zinc flzore and 10din
Convenience and not chemical order has dictated the precedent
of these substances i the sequel

.

Calcium

Thus element enters mto the composition of bones and testh
the phosphate and carbonate There 15 evidence that these tw
compounds are associated as they are m the muneral apatite 1
18 absorbed probably in morgame form in the small mtestio
and this absorption 1s aded by the presence of vitamun D I
the diet How the vitamun works 1s obscure It 19 known that th
hydrogen 10n con of the of the small intestin
imcreases 1n the presence of vitamm D and this has led to the sup
position that to ncrease the sadity m that organ 18 the functio!
of that vitamm Caleium salts are much more soluble m acit
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media than §n alkaline  But that cannot bo the enly oxplanation
for caletum fn the presenca of sitamin D s well absorbed oven when
the amall intestine is rendered alkaline by largo doses of alkal 1
The ealoum airculates in the blood, in the plasmn of which it ix
present to the amount of alout 10 milligrammes per 100 e ¢, and
fs presumably depouted in the bono and the oxcess excreted in
the urine  The traditional belief that excess of absorbed caleium
over tho needs of the body ia ro excreted into the colon 1s almost
certainly falso®  All calem in tho ficees ia caleum wiich has
farled to bo absorbed or has passed into the gut in the digestive
juices  Anything which hurnies tho food along tho intestino such
as purgation or the uso of largs quantities of roughage is infmieal
to the absorption of caleium  Meulengracht 3 hay deseribed o care
of serero depletion of the calcium of the bones (osteoporosis) shich
ho thought was tho result of prolonged daily purgation with
sulphates  Phytates wlich form insolublo salts with caloum
provent the sbsorption of that cloment ¢ T'xeers of phosphates
and unabsorbed fatty acids 831n ccoline diseaso chronio pancreatitia,
spruc and tho inborn error of metabolsm congemital steatorrhaa,
work 1n that woy  If calerum 1n the food 13 in the form of a phytate
{cal T inositol hexaphosphate) 1t will not bo absorbed
Calcrum oxalato (¢ g 1n spinach) 13 not absorbed ¢ While 50-100
per cent of the caleum of skim mulk, and from 80-100 per cent
of that in green leascs of the eabbago and itsalliesis absorbed only
15-20 per cent of that of spinach 19 available & ¢

To ensuro absorption the dict must contan availablo calomm
such as that in milk and cheese, and vitamn D must also bo present
A low caleium diet 15 of more uso to the body in the presence
of vitamin D than a high calerum mtake in the absenco of that
witamin

The lack of caleum 1n the dict leads to osteoporos:s of the bones
and the lack of vitamn D to nickets and to estcomalacia which
18 slmost certawnly adult rickets The power of forming new bone
1s not confined to the young According to Roholm, quoted by
Leitch ? workers who have been forced to leavo ther employment
m a eryolite factory on account of deposition of caloum around
the bone show the deposits well orgamzed as normal bono when

! Gramast and Oaxtey  (1038) Arch Dis Chdd I NS p 1
*MoCance and Winpowsow  (1939) Biockem Journ 33 523

® Lancet (1038) 2 774

4 McCance and WinpowsoN  (1042) Journ Physiol 101 304
§ Fampangs and Mrrenerr. (1938) Journ Nutrt 16 79
*hone YER and Aporent  (1938) Chin Journ Physiol 13 307
TLerrer Nut Abs and Rev (1037) 6 553
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examined post-mortem years later Meulengracht and Meyer, also
quoted by Leitch give examples of men and women verging on
old age who were able to manufacture new bone on treatment
with caleram and vitamm D They had suffered for years with
“rheumatic pamns’ wiich did not yield to treatment till osteo
malacia was diagnosed and they were treated for that complamt
It 15 possible that the fragihty of the bones of the aged and some
of their * rheumatism " are due to a prolonged defiat n the diet
of caletum ! The condition called semle or spinal osteoporosis 1
which the vertebrw contam much less calerum than usual and are
liable to undergo crush fractures, has a different pathology from
osteomalacia since there 13 no osteord matermal present? It
cannot therefore be caused by lack of vitamin D and 1ts cansation
15 still unknown though 1t seems probable that a long continued
lack of caleum, phosphorus and perhaps vitamin C may be
responsible  The final report of the League of Nations Techncal
Commission on nutrition calls att: to the disapp of
such pams in pregnant women on treatment with calcum and
vitamin D Maxwell,® late Professor of Obstetrics and Gynzzcology
1 the University of Peiping often had to perform Ceesarean section
on women with osteomalacia resulting from lack of calowum and
witammn D 1 the diet  The babies of these patrents also suffered
from feetal nickets He thought that the mtense activity of the
feetus 1n utero 1n such women was the result of a tetany due to lack
of caletam and witammn D The diet of the Chinese 1s notoriously
deficiont 1n ealeum  Though European diet 1s better supphed thero
18 evidence of a deficit  Wo have as proof the surveys by Orr ¢ and
Crawford and Broadley 8 and the fact that Stettner® finds a very
high percentage of the cldren of the hospital class with osteoporotic
bones ab all ages with a mummum at 3 years of age, and that
osteoporosts also oceurs i muddle class children  Calculations by
the students of one of us showed that mn war trme and upon war
rations 1t was possible by careful purchase of cal b

1 Lyarr, (1944) Proc Nutr Soc 1 143

2 Burrows and Gramam  (1945) Quart J Med NS 14 147

3 Maxwerl (1923) China Med Journ 37 625 (1924-5) Proc
Roy Soc Med 18,48 (1925) Journ Ost and Gynee Brit Emp
32 433 Maxwerls and Tusnsuil  (1930) Journ Path 33 327
(1935) Proc Roy Soc Med 28, 265

4Onrn  (1936) Food Health and Income Macmullan & Co

3 Crawrorp and Broaoney (1938) The Peoples Food Heme
mann -
s Srerrner  (1881) Zew f Kinderhedk 51 435 and 1932 %52 1

Quoted by Leitch
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foods and making uso of all priontics to obtun ealefum up to the
nasessed requirements except during adolescence !

Thero §s obvions reron  therefore, for eastimating the need for
caleium of people of all nges for it i clear that many people in all
parts of the World are tn danger of obtaming too httle Tho

i amount for ining balance of ealeium in the adult
has been obtamned in o mmilar way to that used for proten It
fs not sufficent to take tho lowest amount of calcium in tho food
which just balances the Joss of ealcium from the body in the excreta
for both pomtive and negative balances may occur on quite a large
or small intake  This 33 duo to mobilization from the bones by
extrs pamthvroid activity or to deposition of calerum in the bones
under the influence of vitamun D

The figuro obtained by Leitch 2 15 550 miligrammes per day
If as scems reasonable wo allow a GO per cent margin for safety
wo reach a figure of 825 millgrammes per day  There are certainly
many people who do not attmin that figure though tho average
figuro 1n tho 63 men investigated by Widdowson was 870  In the
women 1t was 630 It may be that thoe figure of 825 milligrammes
13 too high  Sherman suggests 680  But whatever the truth may
be we can be sure that our needs for caleium wall be easily covered _
1f wo increase the consumption of milk in this country to the level
the dictitian demands 1¢ at least 1 pint per day  One pint of
milk contains 650 millgrammes of caleium

Pregnancy 1nits last three months, entails an inerease in caleium
consumption on tho part of the motker  Otherwiso her bones will
be depleted to make good the needs of the fotus when its bones are
ossifymng  Maxwell gives evidence from his experience in China
that carlier pregnancies so deplete the skeleton of the pelvis that in
later pregnancies 1t 18 deformed and the infanta have to be delivered
by Crsarean-section It 13 possible that the funnel shaped pelves
seen 1 this country in multipara of the poorer classes aro due to such
Joss of calcrum

The main work on the ealcium needs of women 1n the last 23
months of pregnancy we owo to the Toverudss of Oslo They
nvestigated the calaum of women durnmng that time in a small
metermity hospital wluch preferred to have the mother 1n hos
pital throughout that period  Malung assumptions based upon

! Topbp  (1034) Journ Home Econ 26 605 quoted by McCoLrus
Ore~r hewes and Day  (1939) The Newer Knouledge of Mutrition
states that 18 m adol m the US.A

*Lrrren (1937) Nut Abs and Rev 6 533

? hanstex and Gurrory ToveErup  (1031) Acts Padiwtrica 32
Supplement II
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analyses of the bones of pr ly stall born children they could,
by analysis of the food and the calemm excretion of the mother
m the excreta discover whether thewr women were m positive or
negative caleum balance At first they could never obtam a
positive calewm balance on the diet nsually served m the hospital
They then altered the dret, mcreasmg the amounts of milk, cheese,
and green vegetables, and adding cod Liver oil 1 the winter months
and stidl could not obtamn a positive calerum balance tall they
brought pressure to bear upon the women to take the new diet
Then when the calelum mtake rose to the lngh figure of 1 6 grammes
per day they were able to establish a positive balance Such a
figure we must therefore take as a requsite for women m the last
months of pregnancy Sumlar results have been obtamned mn the
Umited States* One confirmatory prece of evidence 1s that X rays
showed the bones of the skull and the long bones of the child when
born to be better calefied when the mother had had a diet satis
factory 1n calewm than when she had not The figure of 16
grammes has been accepted by the League of Nations Technical
Commssion and by most who have mvestigated the subject ®

Of the 120 pregnant women wvestigated m this country one only
reached this optimal figure 3 She belonged to the well to do class
and owed her high caleium intale (175) grammes mamly to the
laxge quantity of milk taken (37} oz or nearly 1 quart) 17 took
over 10 gramme per day and 1n most cases this was due to a high
milk mtake In only one case did cheese partly account for the
large amount taken If the estimate we have accepted be correct
the majority of the women investigated must have heen depleting
their bones of caleum or would deplete 1t, according to the stage
of pregnancy they were m, if they continued on this régime

Lactation also 1nvolves a stramn upon the maternal organism
Assuming & secretion of 13 litres of mulls per day with a calomm
content of 0 32 gramme per litre, we get a loss per day of 480 mih
grammes of caleam  This plus the normal daily need will demand

1Eg m Coons and HuxscEer and also by Mao¥ and associntes
(1930) See J Biwl Chem 86 59, and (1931) 90, 675

1 The observations of GramaM and OAxrEy (1938) Arch I
Chiid NS I 1 1n cases of renal rickets showed that a positive calcium
balance can be obtamed with 1 gramme of calom when large doses
of vitamun D—3000 to 6000 IU wero given These expermmentd
suggest that 1t may be unnecessary to give 80 large an amount of
calowum as 16 grammes if larger amounts of vitamun D are added to

o diet
th’ McCance Wippowsox and Vzrpon Roe  (1938) Journ Hygiens

38, 596
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an fntake of at lewst 1160 milhgrammes or & quantity found in
about 1} pints of milk  Should the milh scereled contan still
greater amounts of clewm, and figures are quated by Leitch? up
to 0 72 grammes per litre, tho intake of ealoum will havo to bo atill
further tncreased A quart of milk per day would not cover such
an output

The calclum needs of infants can be caleulated from a know
fedge of the relation of weight of sheleton to the body weight and
the caleium content of tho skeleton  From the records wo have,
wo gather that a figure of 8 grammes of ealcium per kilogramme
body weight represents the caleium of the body at bith  To mam
tamn but not to increasa this proportion the retentions for tho first
mx months of lifo would be 104 218, 200, 102 176, and 135 milh
grammes per day respectively at a moderately alow rato of growth
The retentions obserred on babies of the working class quoted by
Leitch are actually below theso figures so that if the assumptions
made are correct the bones of the babies will be less osaified at
aix months than at irth  Only of tho y1elds of mother s milk are
above 175 ce per lulo body weight of the baby and the mulk
contamns over 0 3 per mille of ealaium are the retentions of caleium
Likely to be enough to cover the baby s needs

With cow s milk a sufictent retention 13 more dafficult to obtan
because though the calcium content 18 high the curd of cow s milk s
difficult to digest.  Treatment of the milk with acid or with calaium
chlorideand feeding it to the baby along with eod hiver o1l overcomes
tho difficulty of digestion and absorption Iown pediatricians?
claim by these means to have obtamned retentions m excess of thoso
necessary to mantan the sheleton as well ealmfied asit s ag birth

Simular calculations can bo made for children over tho age of
one year We give the figures obtaned as a gwde to the caleum

g of boys at duff ages  (See next page)

The figures are commled from average weights for Amencan
chuldren up to 5-6 and thenco on from figures for preparatory and
public school boys  Until the age of 10 the amounts suggested
do not reach the level given by Sherman as desrable Beyond
that age they are much 1n excess The greatest increaso 1n height
oceurs around the 16th year and if the skeleton 1s to be rensonably
ossified 1t 19 at that time that the greatest need for a good caleum
mtake occurs It will bo remembered that Friend the medical
officer of Christ 8 Hospital states in hus book 3 * that tho merdence
of brokent bones increased remarhably in the ratioming years

*Lerren  (1937) Nut Abs and Rev 6 553

YJEANs (1933 )Amer Journ D Child 44 69 quoted by Leitch

3 The Schoolboy (193.) Heffer & Sons
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mg per da; my v da:

05-1 186 0 9-10 il
1-2 702 10-11 1267
2-3 734 11-12 1375
34 737 12-13 1341
4-5 650 13-14 1494
6-6 849 14-15 1381
6-7 845 15-16 1937
7-8 890 16-17 1841
8-9 841 17-18 1231

1917-1919 and did not fall to normal tall 1923 " At that time
they were having difficulty at the school i supplymg sufficient
milk Leitch s figures have been enticized adversely as exaggera
tions of the truth, but all admt the truth of the trend of the
calculations

We have panted a sufficiently gloomy picture of the attmnment
or the lack of attainment of the needs for caleium 1n the diet among
several groups of the populace  Figures given by Orr and Crawford
and Broadley do not relieve the gloom  Only the wealthiest classes
obtain enough and estimates vary from 25 to 35 million out of the
45 mnllion for those whose diet 18 nadequate  And yet a sufficiency
18 80 easy to obtamm! We quote the cheapest conceivable diet
5 oz of cheese 21b 31 oz national wheatmeal bread, and 4 oz
cabbage This diet contams 1084 mulligrammes of calerum assum
mg that none of the calcium of the bread 13 avadable The dieb
of a vegetarian who Lept a complete record of the weight of all
Ius food during the course of a week yielded no less than 2310 mulls
grammes of calcum ! And in view of the foods which contan
plenty of caloium—relatively cheap foods~—there 1 little need that
any but the poorest strata of society should go without ther
quota, *

Distribution of Calcium in Foods Meat 1s of httle value,
the only exception bemg tripe Which has been dressed with e
(127 milligrammes per 100 grammes) Fush frequently contan
large amounts of calcium, especially those wmn ,which one can or
1s forced to eat the backbone Ak and 1ts varous products
contain large amounts Contrary to current dietetic superstition
vegetables and fruifs contan almost useless amounts Brown
bread 18 extremely poor and probably a good percentage 13 unavail

1 Wipowsox (1936) Journ Hygiene 36, 269
1 But seo note above p 105 on the difficulty of obtamng caleium

upon war rations
3 Fygures from MR O Specal Report 235  MeCance and Widdow

son
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able, white bread hina leas Lut probably st is all asailable T (The
problem of the nulling of flour will bo conwidered later)  Should
 pereon dnink ono quart of water with tho hardness of London
water (17 grains per gallon) ho would obtan 243 milligrammes
calelwm no mean amount But af tho water had been boiled
previously a8 an the malang of tes rome of the ealewm would
havo been precipitated  Vegetables boiled in hard water actually
increaso their quantity of ealaum becauso boling the water
precipitates the caleum and tho vegetables form a convenient
nucleus upon which 1t can be preeipitated  Boft water, liko that
of Tnverpool 18 useless 1in supplying calerum

The practical polities of obtmming auflicient calcium 18 easy,
it 18 to increase tho tntako of milk and cheeso  McCanco and
Widdowson in various dietary studies havo shown & close correla.
tion between total calcium and milk intakes

They further state?® that whol 1 bread so d the
calcium uptahe by tho body that wholemeal flour nhould bc fortified
with 200 milligrammes caleium to every 100 grammes flour and
85 per cent flour with 120 milligrammes  The ecating of 1 1b of
unfortified wholemcal bread needs the consumption of an extra
o pint of mulk to balance s sdverso effect on absorption of calesm
This emphasizes the need of extra mull, or cheeso in maintaming
the caleium balance espeeially when wholo cereals are eaten as
n many advanced diets  Thero 13 evidenco of decalcification
of the bones following o consumption of bread made from s four
of 93-06 per cent cxtraction in South Afries 3 and of nckets
produced by 100 per cent extraction from Eire ¢

Carcrryt CoNTENTS OF FOODY IN MILLIGRAMMES FER 100 GRAMMES
Crrears aND CEREAL PRODUCTS ¥

Bread Brown 18
National wheatmeal fortufied with calewum 57
Wholemeal 25

Flour Lnghsh 70 per cent unfortified 19
Manitoba 13

Macaron: 26

1 There 13 but little phytate 1n whito flour

# McCaxce and Wibpowsow  (1942) Journ Physiol 101 44

#Mevee QoSTUvIZEN and SHAPIRO {1042) Zancet 2 6390

¢Prnvore Reynorps and Jessor  (1043) J Med Adss Fire and
Croaspatte Corrts Privore and Jessor Itd June 67 69

¥ With tho exception of the white flours and rice theso amounts of
caleum aro probably unavaudablo
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Oatmeal 55
Rice 4
Brealfast foods 26-98
Fisa Dabs  fried 130
Haddock 114
Smelts 6861
Sprats 7071
Whtebaxt , 859
Cockles
Mussels
gg:::‘: All above 110
Scallops
Winkles

Frurr Fresh All except blackberries and black currants from 4-4

Dried Currants

Dates 68
Figs 284
Prunes 338
Raising 61
Sultanas 52
Mear Bacon raw 7-14
Beef, vanous cuts 4-10 (Silverside boiled
Ham raw 14
Lrver 89
Mutton raw 13
Porh roast leg 5
Sweetbreads 14
Tripe 127
Veal raw 8
Mg aND Minx PropucTs
Butter 15
Cheese (Cheddar type) 810
Milk, whole fresh 120
slammed  fresh 124
condensed sweetened 290
unsweetened 294
powder whole 895
skhimmed 1225
VEGETABLES
Beans runner 33 Chps
Bectroot 2 Lale
Brussels sprouts 27 Leeks
Cabbage 65 Lettuce
Carrots 48 Omons

1The backbone must be eaten to obtam this amount

23
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Totatorn 8 Turmip fd:
Radichen 44 Turmp tope bailed 29
Swodea 56 Watercreas 222

A ote —Spinach (693) and Rhubarb (103) havo been omutted from
tho above tallm beenusa it s almost ecttain that their calesum 18
rendered unavailable by the oxalaten present

Phosphorus

Weo havo seen that phosphorus appears in many parts of the body
both in its framework and structural units and as a eatalytic and o
buffering agent  Its uso in the hmcr cnpac:ty n the urmo n-mlts
in a low to tho body of apy y 1 g of us
perday  That at least must bo made up Tn fact thers js & demand
for phosphorus in foods at least as high as or higher than that for
caleum  In tho adult if phosphorua bo lacking i the diet tho
body can draw upon its apatite quarry of the bones for the lacking
clement 10 growing ammals tiis is not possiblo and a low phos
phorus intake himits growth  There is an optimal relation between
caleium and phosphorus in the diet which 13 about 1 1 or possibly
1 15 Itisknownthatinratsahighealeum low phosphorusand
alow caletum  high phosphorus ratio both hmit tho rate of growth
and 1n the absenco of vitamin D conduce to rickets  In milk tho
ratioof Co Pisas127 1 Most toxt books accept Sherman a sug
gestions for a reasonablo intako of ealeium and phosphiorus which lead
toaratioof Ca Pofl 1904 but thero1s no cvidenco of what 1s tho
optimal ratio  Let us assumo at tho present 1613 1 1 that s to
say that 1f tho adult man needs 680 milhgrammes per day the
non pregnant woman needs 476 (10 07 of tho male need) tho
pregnant woman up to 1474 at the end of pregnancy and growmng
children from 785 to 1937

Now there are parts of the world whers phosphorus 1s deficient
og South Africa, and thero 18 evidenco of phosphorus doficiency
smong farm ammals in all parts of the world DBut the human
diets investigated roach even tho high estimates of phosphorus
need by the League of Nations Technical Commission which are
lugher than thoso suggosted hore Consequently there nced be
hittle trouble concerning phosphorus intakes It 13 almost certamnly
troe that if tho calesum wn the diel 1s adequate the phosphorus wnll
be adequate foo  That 13 becanse milk cheese and the fish which
we take for therr caloium have a high phosphorus content as well

This rauses the question In what form does the body obtamn 1its
phosphorus? It s certum]y manly but not enhrely n organio
Half the phospt m nulk 181 with

the proten casemnogen “The vitelln of egg yolk also has phos
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phorus as an mtegral part of 1ts molecule Agam 1n the nucleo-
protems 1t 18 1n combmation Posmbly mm meats the creatmne
phosphate the compound of nmboflavin and phosphoric acd and
the adenyl pyrophosphate are all hydrolysed during digestion so
that the phosphates are free and uncombmed Anyhow we know
that the phosphoric acid 13 freed by digestion from the caspinogen
and vitelme where 1t 13 1n combination with the amno aeid serime
And we Lnow that & young growing ammal can obtam all the
phosphorus 1t needs from morganic phosphates  Consequently we
assume that phosphorus enters the blood stream as a phosphate

One orgame compound of phosphorus 1s found 1n cereals pulses
and nuts and to a less extent m vegetables calcium magnesium
mositol hexaphosphate There 13 evidence that this 1s of httle or
no value 1 nutrition for man possesses no ferment such as plants
and rats possess which hydrolyses the phytates This shows that
we must not accept the phosphorus contents of those foods as all
svallable nor indeed their caleitm and magnesium contents We
must subtract from the total the phytate phosphorus ! (see below)

Turming to the actual mtakes by middle class people we find that
all the men investigated obtained enough avalable phosphorus %,
so do most of the non pregnant women though there was one out
of the 63 consuming consderably less® Amongst the pregnant
women ¢ there were few up to the standard that we have set and
all those Who achieved 1t had plenty of money to spend on foods
The rest were moderately poor, or had unemployed husbands

Distribution of Phosphorus in Foods Milk and milh
products have large amounts and so have eggs Meat and fish
have moderately high amounts Cereals and pulses have loss
avalable phosphorus and fruits and vegetables mmmmal amounts
Below are given some tables mn allustration of this

AMOUNTS OF PROSPRORUS IN MILLIGRAMMES Prnt 100 ararmms Foop

Damry Foops Cheese hard ! 544
soft 481

Ml fresh wholo 94-101

skimmed 98-105

whole evaporated unsweetenod 254

1 McCance and Wippowson  (1935) Bioch Journ 29 2694

¢ \ppowsoN (1936} Journ Hygiene 36 269

3 Wppowson and McCance  (1936) sbwd 36 203

4 McCancr Wippowson and VErpow Ro  (1038) tbed 38,
596
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Darmy Toobs  Mulk whole condensed swretened 238
+  skinmed cond nand sweetened 270

Tgr per ogg 124

Meara  Deefstenk raw 276
. grilled 303

Rhidney sheep raw 254

,  fried 433

Mutton chop lean raw 100

s gnlled excluding fat 2390

Veal fillet raw 258

cutlet fried 283

Tisn Ioddock fillets raw 216
N ried 247

emoked steamed 248

Herring fillets raw 272

(fceh) fried 339

happer baked 420

Faesnt Foorrs  Apples English eating 85
Curmnts black 43
Gooscbernics nipo 19
TRaspberries 2
Strawberrios 2
Tomatoes 21

Darep Frurrs  Curronts 40
Dates 65

Figs 92

Pruncs 83
Rausins 33
Sultanaa 05

Cookep VeerTanLes  All rango from about 20-90

As wo have said sbove, compounds of phytic acid aro often
present 1n cereals and vegetablo products usually in the form of
calelum mositol hexaphosphate  Unless theso foods
contamn phytase and 1n process of coolung this phytasoe gets a
chance to work 1 (as to somo extent 1t does in bread making) most
of the phosphorus of tho phytates 13 unavaiable to the body
Thus not only 18 a deprivation n atself but in addition as wo have
said 1n the previous sechion the phytates blanket calcum from
any sourco  Consequently the p of phytate phosphorus in
a food 18 & serious consideration  Below 13 a table giving figures
for phytate and non phytate phosphorus i foods based on Mc¢Canco
and Widdowson s figures for Enghsh foods *

! McCance and Wiopowsox  (1044) Nature 153, 650
* McCance and Wiopowsox  (1942) Med Res Counc Report 235
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r op Total [ Phytate {Non phytate
mg/100g | 'mg/100g |‘mg/100g
Cerears
Bread White 70-72 per cent
extraction 73 11 62
National Wheatmeal,
85 per cent extrac
tion 142 43 99
Wholemesl 92 per
cent extraction 179 100 79
Flour White 70-72 per cent
extraction 102 31 71
National Wheatmenl 85
per cent extraction 206 113 193
‘Wholemeal 92 per cent
extraction 287 201 86
Qatmeal 380 286 114
Tapioca 30 0 30
VEGETABLES
Beans butter raw 318 267 51
haricot raw 309 225 84
Lentuls 242 123 119
Peas dried 303 242 61
sphit 268 152 116
PROFRICTARY CEREALS
All Bran 8156 820 195
Cornflakes 58 15 43
Ryvita 295 159 136
Shredded Wheat 287 230 57
Vita weat 372 220 152
Nurs
Almonds 442 362 80
Brazily 592 510 82
Chestnuts 74 I3 61
Cobnuts 229 185 44
Peanuts 365 208 167
Walnuts 510 214 296

It 15 extraordmary how litle support tho enthusists for wholo
and laxative cereals and for vegetarian substitutes for sources of
animal protemn get from these tables though they were not compiled
with any other motive than displaymng facts, concermng n,vm]nble/

calelum and phosphorous in the

diet
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Iron

That n regular absorption of iron from the food is essential fa
a phtitude, but the problem of how much pre day and in what
form is still extremely undeeided  Two important considerations
havo recently nnsettled any decimon  Tho first is that wo aro
uncertain whether tho tron in food must be in an jonzed form if
it 1a to bo absorbed  For years it has been known that the iron
of hemoglobin is il digested and {ll absorbed  Morcover, foods
which on the analyms of their ash have abundant iron do not
31cld this up to the body any better than foods which havo less
Thus spinach which has 4 millg per 100 g is no
better in the treatment of an artificslly produced anxmia than
tomatoes which have 043 milligrammes?  So that before we
dogmatize as to which food is ‘good for iron and which not
wo must learn tho actual avmilability 1 biologieal experiment

Secondly the old assumption that tron ean be excreted from the
blood into the large intestine has been sigorously questioned and
to our minds nghtly s0* Any 1ron the body abeorbs 1t retains
tenaciously It does not Iy use 1t to i hamo-
globin  In fact tho retentions may be as much as twico tho wron
already 1n tho blood stream 1n the red corpuscles and though the
hxmoglobin may increaso in amount 1t 13 not increased n pro
portion to the iron absorbed ¥ The 1ron 13 presumably stored 1n
tho reticulo-endothelium of hiver and spleen where 1t can hio perdu
until 1t 15 needed If this bo true it upsets tho arguments from
most wron balance experiments It 19 concetvable that & person
should remam n app ron equilit on a diet
practically no wron The small losses from shed epithelial cella
and 1n secretions could be mado good from the stored won To
estimate tho normal need of 1ron 1 the diet from tho results of &
number of wron balance experiments would be wrong unless wo
know that the subjects of tho experiment have no ron sccroted
about their persons

The history of our iron stores 13 probably as follows e are
born with from 266 to 937 mlligrammes of 1ron ¢ and on an average

1 'The figures here given are for Englsh vegetables from McCance
and Wippowsow  (1042) Med Res Oouncil Report mo 235 but the
experiments quoted wero by Tisparr, Draxy SUsaaerrELpT and
Jacksoy  (1937) Journ Ped 2,374 Ther vegetables were nearer
together 1n their content of won

* McCance and Wippowsox (1937) Lancet 2 680

! Wippowson and McCance  (1937) Bioeh Journ 31 2029

4 Coons quoted by McCance Winnowson and VERDON Rom
{1938) Journ Hygiene 38 696
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400 muilkigrammes  This 15 mamly present as hzmoglobm n
red blood corpuscles and there 15 excess of 1t The hemmog
lovel of new born baby & blood 15 145 per cont  (Normal 15 1
a3 100, which corresponds to 13 8 grammes hamoglobm or
milhgrammes wron per 100 cc blood) The red blood corpt
1n excess of needs at birth are promptly disrupted and the h:
globin level falls The iwon from the disrupted blood corpt
18 retaned and 1s donbtless used hittle by little to form more bt
globin as we grow For the first six months of Iife we o
very little 1ron mn our food Human milk contamns but a
amount and cow s muk less The haxmoglobin may fall fo 7(
cent 1n breast fed babies and to as low as 40 per cent 1n artsfic
fed bables! This fall may be provented in the artificially
babies by combmmng iron with the milk fed When this 1s
the morhidity rate 13 greatly lessened so the fall must be consic
pathologieal  There 15 evidence that if tho mother 15 ana
though the baby may start with o high hmmoglobin figure
stores of rron are low and the ultimate hemoglobin level 15 1
than normal From the time when the baby gets on to sohd f
g 1ron the h dobin rises and should become nor
although 1t 18 usual 1 poorer neighbourhoods to discover &
level tall the child has reached the age of 3 or 4 years The ha
globm level 13 deternnned by the amount of avalable 1ron m
food After puberty there 1s a dram upon the iron of the
m gurls at the monthly periods which may be reckoned at al
40 milhgrammes of iwon per pertod though lower figures
recorded If msufficient iron 18 taken in the food, the hz
globin level smnks As a result 1t 18 common to find figures
women at the 70-80 level and & level of 90 13 consmidered nor.
This figure can be rawsed by iron medication (100 mlligram
per day) by as much as 10 per cent 2 The usual level of 10
the male 13 ususlly not so raised but there are exceptions *
examplo, one man with the hih figure of 116 had this ratsed
10 per cent on taking 1000 milligrammes of 1ron spread over 46 &
A simlar ncrease of as much as 20 per cent oceurred m on
us (V H M) following an mtake of 65 milligrammes per day for
months  The figures for the heroglobm of American males1s ©
between 110 and 120  Theso results suggest that possibly both.!
and women do not get enough 1ron in therr diet mn this cour
The pregnant woman has a still further dramn on her 1ron,
1 MacKay GoopFrrrow and Brabrorp HiLt (1931) Med
Council Report No 157

3 Wimpowson and Mc Journ Hygqene 36 13
and Ao A Raneh Journ 31 2029
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though the amount of fron represcnting the suppressed periods ia
raved, sho hands over romo 100 milhgrammes to the factus, and
another 500 milligrammes to the placenta and may lose conmderablo
iron n addition at parturition  Pregnancy and childburth make for
ancoma, as 11 shown by investigations upon women in our pocrer
distriets  Men on a dict simlar to that which results in anzmia
n women can achicve a normal hemoglobin level unless thero bo
loss of Llood owing to hremorrhage

It all comes to this  that our eourco of jron is in food and that
tho intake ghould be adjusted eo that wo have an excess over what
B 3 to heep the hemoglobin level at its optimal figare  What
that s wedonot yct know but 1t may bo taken, in want of further
evidence 8t 100-110  As tho foods which contain iron are few and
thero 18 rarely much in them and not allis available it might bo well
to consider taking medicinal 1ron in emergencies and, at any rate
to ensure & good store of tron in pregnancy by high tron feeding

Dstimates for deswrable 1ron intahe are 16 mibgrammes total
sron (Shermany) for tho adult male and female and 20 enlligrammes
per day for tho pregnant femalo (McCanco, Widdowson and Verdon
Roc) Tho National Rescarch Council of tho USA gives the
moro modest figures of 12 and 15 milligrammes respectively
Children this Council estimates, need 6 nising to 12 with 15 to
cover tho years of adolescence Tho averago intako for 63 men
mvestigated by Widdowson and McCanco was 168 and for tho
women 1t was 11 8 miligrammes of which 10 8 and 7 9 respectively
wero ¢ avamlable  For pregnant women tho figures run from
14 8 milligrammes (103 ‘ asalable ) in the more woll to do to
86(64 availablo )in tho poorest clss  Cloarly :f tho estimates
given above are well founded thero 13 & grave defieit of intake n
the women pregnant and non pregnant

Distribution of Iron in Toods The following tablo gives the iron
11 of food 1

contentm per 100

Trurrs Fresu  Cranberries 111
Currants black 127
red 122
Loganberries 137
Raspbernica 121
Inuvits Driep Apricots 409
Currants 182
Datos 1382
Figs 417

* The figures nre mamly from McCance and Wippowson  (1942)
Med Res Council Rep No 235
2 Weighed with stones

c*
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Frourrs DpBED  Peaches 675
Prunes . 2411
Rawsms 158
Sultanas 182
Nurs?  Almonds 423
Barcelonas 297
Brazls 282
Cob 106
Coconut 208
Peanut 204
Walnuts 235
Raw VegerasiLs Endne 277
Mustard and Cress 451
Pens green 188
Radishes 188
Sprmg Omons 124
Vatercress 162
Coorep Veoerapirs Bsked Beans 205
Broceolr tops 152
Butter Beans ¥ } 167
Harcob Beans 3 250
Leeks 200
Lentals * 220
Peas dried 3 143
, green 122
,  splts 174
’ tinned 187
Salafy 123
Spring greens 133
Turnip tops 308
CrRpaLs ®  Barley 36
Bread brown 27
whte 10
Cornflour L5
Oatmenl 38
Rice brown 20
white 16
SUNDRIES  Fried mushrooms 125
clups 136
Bggs per ogy 158

U U

 Werghed with stones

3Ksernels only Probably the phylates of nuts render this ion
unavailable and won from other foods as well VvippowsoN end
McCance  (1942) Lancet 1, 588

# It 13 doubtful 1f the wan 13 available i pulses the wholo coreals
end the proprietary cereals WippowsoN and McCance (1942)

Lancet 1 588
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Sunnrirs  hidney, ox, stewed 71
' sheep, fried 79
Liver 52-60

Shell fish havo a high iron content cockles, mussels oysters and
winkles having from 15 to 26 miligrammes It i3 not known if
this fron is available

Tho iron contents of some of the proprictary cereal foods aro
here given t

100 rammee 100 gininmme
Toreo 308  Rywuta 373
Grapo “uta 564 Shredded Wheat 4-48
Jellogs All Bran 108 Vataweat 310
Post Toastirs 107

A fow figures for meat and fish aro included although much of
tho 1on may be unavulable  (Hemoglobin 13 indigestible )

‘Bacon raw 0902 Hermng fried 187
»  fned 270 hadney, fned 703
Becfstoah raw 430  Mutton rosst 438
topmde roast 888 Platce steamed 0060

Bloater fried 162 Park roast 222
Chicken roast 261 Rablnt stewoed 1900
Haddock, smoked steamad 099 Salmon stoamed 081
Ham lean boiled 261 Solo fmed 142

It 13 unfortunato that wo cannot wholly rely on theso tables as
a gmdo to obtaining the requints amount of iron It has been shawn
that the iron enters tho blood-strcam probably in the form of
ferrous salts and not i organc combination as was onco thought
Ono such orgamo combimnation is the phytate Iron phytato 1s
particularly insoluble  Consequently the phytates of whole cereals
bread and biscits made from them blanket the 1ron 1n theso coreals
and possibly also some of the iron in tho rest of tho food Only
ammals which have a phytase in their gut ean avail themselves of
the tron of tho wholo cereals nuts and pulses Now man has no
phytaso whilo the rat has Tt was thereforo unfortunate that the
rat was the animal in which the blood regenerating power of whole
cereals was demonstrated  McCance and Widdowson have shown
that in man tho use of wholemeal bread depresses the amount of sron
absorbed from the food * probably as tho result of the phytates 1t
contains  Peoplo 1n the past who sto white bread may have been
anxme but probably would have been still moro anzmie 1if they
had caten wholemeal bread

Wo aro howover farly certamn of tho value of hver, kidney,

1 ibud !
2 McCawcr end Wippowson op ol
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eggs, the greens (except spmach), dried fruts and treacle Chappell t
working with McCance and Widdowson has shown that usmg
ordmary, and not stainless steel kmves n the preparation of
vegetables and chipped lled pans with the won basis
exposed, notably increases the iron content of the cooked food
Presumably all this ron 1s avaidable  So this observation suggests
that we put a premwmum upon rusty won kmves and saucepans
m our culnary work rather than on stamless steel and alummum
modern kitchen equpment  If patients need more ron 1t 13 best
to give 1t as some on salt (e g ferrous sulphate) to restore them
rapdly to normal

Todine

This element 18 necessary but in very smallamounts Yt has been
estimated that as little as 14y (fourteen thousandths of a mulli
gramme) per day 1s sufficient , other estimates are 45y for an adult
and 150y for a child and one by Eggenberger of the Canton of
Appenzell i Switzerland, where the relation of 1odine to goitre
has been intensively studied 1-2y per kilogramme hody weight ,
10 70 to 140y for the average man and 56-112y for the average
woman

Though such small amounts are necessary there are many partsof
the world where too httle 13 obtained  These regions are m England
the Pennines, particularly m North Derbyshire, the Cotswolds the
Mendips, 1 Europe the Pyrenees the Alps 1n Asia the Caucasus,
the Mimalayas and the central Aman plateau, m America the
Roclues and around the Great Lakes Deficiency results m an
overgrowth of the thyroid gland called ‘goitre — Derbyshure
nech 1 England This gortre can usually be releved by giving
salts of 1odine or food contamning 1odme  Around the Great Lakes
1 North America 33 per cent of the school children once had
enlarged thyroids This number has now heen reduced to 1 per
cent by the addition of potassium rodide 1m small amounts to thewr
ntake The same 13 true of Switzerland where the maxdence of
smple goitre has been enormously reduced (1t was endemic) by tho
use of odized salt In the Vorarlberg Tyrol province i Austria
59 per cent of the boys and 63 per cent of the gurls had thyrord
trouble This has been reduced to ons tenth and much of the
reduction 18 put to the credit of 10dized salt ! The reason given
for the occurrence of goitre 13 absence of 1odine from the drinhing
water and from the soil, though there 1s some evidence that presence
of lune m the drnking water antagomzes the effect of tho todwo
In Now Zealand there 1s a distinet parallelism between the

1 Lancet (1939) 1, 1061

m 1t
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Ineideneo of goitro nnd the deficiency of fodine in the rod, but in
tlus country the parallclism is not complete

Bo that asit may it is certain that the giving of fodine either as
foods contaumng 1ochne or a8 jocdized ealt (1 part of jodino in 200 000
sodium chloride) will prevent tho occurrence of sumplo goitre

The foods which contain lodine nre the sea fish and the ediblo
scaweeds  As tho thyroid 19 moroe nctive at puberty, during preg
naney and the menopause these arc times when especial attention
should be given to the provision of fish in the diet  The content
of fish 18 s follows

¥ per 100 ¥ per 100
Frammes grammes
Cod 120 Oysters 120
Hernng 200 Salimon 140
Musecls 190
W alo fur ts and so docs the onion if

grown on soils with a reasonable amount of jodine, but the amounts
compared with that of sca fish and ediblo seaweeds aro very
emall—n the remon of a few 4 only per 100 grammes The
immumty of the Japanese to goitro 13 thought to be duo to their

ption of edible d  There 1s no danger of obtamnng
an excess of 1odine as the result of cating 1odme nich foods but
thero 13 of courso & danger that too much iodino may be tahen
m the form of 1wdized chocolates cte, and 1t may causo toxio
changes to occur in patients with long standing adenomatous
gotres  Bo far no 11l cffects have been noticed n Swatzerland
{rom tho addition of 5 milligrammes of 10dine to 1 kilogrammo of
salt (or 1 1n 200 000) as a resnlt of many years expenence  Marne
13 of opinton that the addition of 10 milligrammes of 10dine to
1 Lilogramme of salt (I 1n 100000) 1s the concentration to be
preferred because 1t takes care  of a wider rango of i0dine
defi with no apy bly greater nsk Manno has seen
twelvo patients who developed toxic changes after using 10dized
salt but was able to show that other preparations of 10dine had
been given at the same time ?

Todune plays a part in two other diseases of the thyrod In
myxedema where the thyroid 1s atrophied the 10dme content of
the blood 13 very low while i toxic goitre 1t 1s considerably rased
Tho latter condition 18 greatly benefited by the giving of 10dine
but 10dized salt does not contain sufficient and 1t 1s necessary to
give 3 to 4} grams of 1odine a day for 10-14 days before operation

10nn  (1931) Med Res Council Rep No 154

*Marrve D (1930)  Glandular Physiology and Therapy J
Amer Med Assoc 350
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Sedium

The study of sodium 1n the diet has in recent fimes become
important, as the result partly of the effects of the loss of sodum
from the body m mtense perspiration and partly of the discovery
that the cortex of the suprarenal body governs the excretion of
sodum salts by the ludney Some of the symptoms of Addison’s
disease are almost certanly due to the direct loss of sodtum and
chlorme from the blood * (The apparent increase 1n potassium 13
due to the decrease of the volume of the blood in this disease)
As much as 28 per cent of the sodmm and 33 per cent of the
chlorne may be lost from the blood i Addson's disease It
almost certamn that the loss of the sodwm 1s the operative factor,
for other sodium salts can take the place of sodwm chlonde 1n
alleviating the symptoms

Loss of sodmum as the result of mtense sweating, may produce
symptors very sumlar to those seen m Addwon’s disease Wiz
muscular weakness, dyspncea after slight exercise languor, mental
confusion drowsiness Stokers and mmers cramp 1s now recog
mzed as bemng due to a loss of sodum from the body which 1s not
replaced unless salted water 1s tahen imstead of water or sumilar
b g Sweating 1 hot chmates may give nse to unrecogmzed
11l health, and this may be serious and even fatal A man may
lose 30004000 milligrammes of sodium 1n & day by sweatmg, as
was shown 1n & series of experiments by McCance and hus colleagues
with resulting symptoms closely parallehng those of Addsson’
disease 2 Three hours exercise 1n the sun may result m a loss ¢
sodwm chloride 1 the perspiration equal to & whole days sal
ration * The symptoms of Addison s disease may be aggravate:
by cutting down the sodium intake and increasmg the pofassuc
mtake by an exclusively vegetarian diet  Heat Exhaustion,
Type I, with 1ts main symptoms vomiting and eramp, ag the result
of exposure to desert climate 1s due to a loss of sodwm and cat
be obwiated or cured by increased salt consumption In extreme
cases Imtravenous imjection of normal phystological salme 1
adwisable ¢

In normal dieteties there 13 never any hhelihood of a depletion
of sodium, for most of us take more than enough m food But

1Loeb quoted by Gramam (1937) Postgrad Med Journ 88 Soe
also Hivpos HowerL (1934), Lancet 1, 1116

2 Lancet (1936) 1 823

3 Dyur, Hart and EDWARDS  (1038) Amer Journ Physol, 123

412
4 Laprrr, WareRroo and Favrznen Hupson (1044) Lancet 2,

491 527
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if work or exercise §s undertaken in hot surroundings thero is a
dangee of such o depletion  Somo persons loso sodium in thesr
perspiration much more reatily than others and theae af they sunder
take arduous work or exerciso in hot weather or hot surroundings
should make up their defiait by drnking slightly salted water A
lTevel icn.wpoonful of common lt ton pint of water, which 14 nppmxi
mately * normal saline,’ formaa nt drnk for repl 2
tho body a storo of sodium in these conditions

In medicine when thero is a depletion of tho stores of sodium
by excessive vomiting or diarthara or of courso in Addson 8 discage,
salino should bo given tnstead of water for the samo reaon In
all cases when a salt-poor’ or “ salt.frec  dict 18 indicated the
effects of depletion of the sodium in the extracellular flurds of the
body must bo borne 1n mind  Anchovies bacon cawviare, cheese
haddock {smoked), ham Jappers green olives salt fish and ealt
pork and sausages are acceptable as a means of supplying sodium
in sodium depletion if saline 18 dishiked

Potassium

Whereas sodinm is tho clement found in the greater amount in
the extraccllular ﬂmds ol’ the body potassium 1s found n the cclls

For ple 320 of are found mn 100
grammes of musn!o, whereas tbo plumn of blood thero are only
20 mull C quently in the building of tissues potas

sium 13 needed 1n the diet In the course of tho day as much as
3 grammes may bo lost 1n tho urmo and this must be replerushed *
There 13, however, no evidenco that anyono suffers & defiart of
potassium 1n the diet, for so many foods aro relatively nich in that
element  All plant foods even white bread contamn much potas-
sium  all ammal tissues are ikewise good sources and the only
foods with really small amounts are butter cornflour marganne
suet tapioca and (surpnsingly) tripe

It 1s therefore difficult to avord obtaiming enough potassium and
still more difficult to devise s dict low 1n potassium as 1s adwisablo
1n Addison s disease  Such a diet has to be based on white bread
butter tice, and vegetables cut in pieces and boided m a hrgo
volume of water but with care a palatsblo dict can be prepared

1Best and Tavror (1937) le Phymological Bams of Medical
Practice  Bailiére Tindall & Cox

*sbud  This figuro naturally falls during a fast but even on the 31st
day of 5 fast the amount excreted 13 608 milligrammes which proves
that potassium enters into the metabolic proceases of the body and that
the excreted potessium in an erdinary diet 19 ot meroly  exogenous

? Asramays and Wpowson (1937) Afodern Dietary Treatment
Badlidre Tindall & Cox




124 FOOD AND DIETETICS

Porasston CoNTENTS oF Foons
Millgrammes
per 100 grammes
Frsa Cod steamed 360

Haddock steamed 323
Plaice steamed 278
Turbot steamed 255
FISH SMOEED AND PRESERVED Bloaters 448
Kippers baked 520
Sardmes 433
Mear FresH  Beefsteak gnilled 368
Mutton chops grilled 266
Pork roast 308
Rabbit stewed 210
Mrear TRESERVED Bacon fried 517
Ham boiled 451
Beof salt 288
Pourrry Duck roast 319
Chicken roast 381
Oyrar  Liver calf fried 407
Kidney sheep fried 304
Tripe stewed 9
Fagas 134
Frorr Apples 116-23
Bananas 348
Grapes 250
Grape frut 234
Orange Jwce 179
Pears 129
Plums 188
Strawherries 161
Tomatoes 288
Faulr Driep  Currants 708
Figs 1015
Prunes 864
Nors  Almonds 856
Brazls 760
Walnuts 687
VEGETABLES BOILED Cabbage 144
Carrots 87
Peas 293
Parsmps 293
Potatoes 325
Sulphur

Sulphur 1s the one element apart from carbon_hydrogen nitrogen,
and oxygen which 18 absorbed mto the body almost entirely 1 the
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form of nn organic compound It is present in most proteins as
tho amino-neids methionine or eystine or both and §s absorbed into
thesystem in that form  Poanbly small amounts of sulphates in
solution are absorbed in tho foods eaten, but therr importance in
dict {s mumma! The amino actds mentioned oo important not
only in the construction of human proteins but also of glutathione,
a ccll catalyst Turther the sulphur from them must bo used in
the synthesis of vitamin B, Thero is sulphur in insukn and in
taurocholie acid oncofthe acidsin buls salta which play animportant
part i the digestion of fats

Most of the sulphur in tho food when metabolized is converted
into o sulphate and excreted 1n tho unne as such though some
13 detached as cystene, or converted into glutathiono thiocyanates
cte which perform essentinl functions in the body  Somoe sulphur
contaning amino-acids in the form of protein are essential in the
diet and 1t 19 probable that methionine is tho mainone  Ina mixed
diet thero 1s Dittle hhehhood of a deficiency, for egg albumin
Iactalbumin myosin ovowitelin and ghadin proteins from egg
milk, meat and cercals all contain over 1 per eent of sulphur
It 3 suggestive that egg alk and 1 pre
eminently connected with growth contain the hrgext armounts of
sulphur, 3¢ 162 and 173 per cent respectively

Magnesium

That magnesium is essential to tho body 13 obvious from work
on ammals such as rats and dogs Deficrent magnestum m tho
diet leads to marked vaso-dilatation, nervous 1mf.nbi]xt), con

vulsions and death (McCollum and 1 Human defi
13 unlikely becanso  magnesiom 18 wndc!) distnbuted 1 all foods
n emall but tho whole cereals

nuts and pulses whero tho magnesium 18 present as phytates and
therefore not available, wo find double figures in mlligrammes of
magnestum per 100 grammes 1n many foods About 200 mulli
grammes are excreted per day and it 1s unlikely that there will
ever be a defictency 1n tho human diet  Any excess of this metal
in the form of salts m the dict 18 absorbed with great difficulty,
and excess 1n the blood 13 excreted rapidly 1n the urine

1 OsnorNe  quoted by Smervan  (1937) Chemustry of Food and
Nutrion  Macmullan Co

2McCorruyr Orext Kemes and Day  (1039) The Newer Know
ledge of Nutrition 161 |
3 McCance and WIDDowsoN (1939), um‘m Joutn. 53 <f
N4 \"\\

hy :
N MZD.‘. Aty N
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! t Chlorine

, " Chlorme 1 an element which 15 faken into the body almos
’entzrely as a goluble chloride and mamly as the chlorids of sodium
or common salt The majority of people add salt to their food
o condiment 1n amounts which altogether outweigh that naturalls
m the food That this 15 2 mabter of taste and not necessity x
shéwn by the fact that the Eskimo does not do so, and 1t 15 even
possible that'the herbivora, about whose desue for  salt lichs* s
much play has been made, take it for the same reason  That salt
15 more essential m hot chmates than cold has already been men
tioned, but 1t must be reahzed that this 19 more for the sodmm
that 1t contams than for the chlorine

The body 15 tenacious of its chlorides and i chlorde starvation
1t reduces the excretion from the igh level of 7 or 8 grammes per
day to aslow 2502 In pneumoma the excretion of chlorides may
be suppressed till the crisis 15 past

Chloride mtake 15 essential for the production of the hydrochlorie
acid an the gastric jwce, for mamntenance of osmotic pressure
the tissue flmds and 1n enablmg the blood to carry carbon dioxide
If 1t were not for the chloride shuft from plasma to red blood
corpuscle as the blood becomes venons the blood could not carry
1ts load of carbon dioxade from the active tissues to the lungs The
presence of normal amounts of chlorde 1n the plasma of the blood
18 thought to be necessary in heeping the calcmum of the plasma
1omzed, thus preventng tetany

,Chlorides (estimated as chlorme) m foods vary from the trace
found m apricots, cherries, plums, and sumlar frmb to such a high
percentage as 4 5 1n fried hacon, most of which 15 added m pichling
‘As the majonity of people add salt to mearly every cooked and
uncocked food with the exception of frmt (though Americans are
known to take salt with fresh cantaloupe melon) thers 15 no likell
hood of any defieit 1 the diet  There are occastons however m
dhetetros when a salt poor or a salt free dieb 19 mdicated 1 which
such foods as bacon, baked beans corned beef, salt beef bloater,
salt butter and margarme smoked haddock kipper meat extmcts;
olives, tmned salmon, sardmes, sausage and shellfish are forbidder

Trace Elements
In the table given on p 100 some elements are stated as beng
present 1n the body as traces and others as mere traces Taking
them in alphabetical order alumimum arsemuc, boron cobalt,
1 Appamans and Wiopowson (1937) Modern Dietary Treaiment
Bailere Tmdall & Cox
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Nickel and Silicon Theso are invanably present in human
tisvues but thero §a no evidence that they are essential

Zinc  As already mentibned this clement s cssential In the
production of insulin and of carbome anhydrase,! but zinc in
small rmounta 13 o widely distnibuted 1n food matenials that 1t
13 doubtful 2f the human race ever goes short of 1t .

Acld-Base Equilibrium

When the metallic elements present in food are ondized in the
body they give r1so to bases and when the sulphur and phosphorus
of the foods are oxidized they give riso to fixed acids viz sulphunc
and phosphonic acids  Both the bases and the acids are exereted
i tho urine and the of tho urinc depends on the pre
dominance of ono or the other

In fasting tho body 1s consuming its fats and protemns Tho
mam aad end product of fat metabolism (carbon dioxide) 1s ehimin
ated wia the Jungs and so docs not affect the reaction of the unne
Tho fixed end products of protein metabolism aro acid
quently tho unne secreted dunag the night or dunng o fast 15 acid
because protein s being metabolized then  Sumilarly the unne 1s
acrd when a lugh protein diet 1s eaten for 1ta effect outweighs the
alkali producing effect of fruits and vegetables ? The urme will
bo alhalino on a diot contaimng much fruit and vegetables

Given tho analyms of a food 1ts influenco on the urine can be
with few exceptions calculated and the followng table has been
constructed on those lines3

(asm from 100 gm 18 equvalent to c.c tenth normal alkal or acid.)

Bacon average raw 75acid  Peanuts 118acd
ot back, fried 129 Peas fresh boded 1
TBread white 15 Peas tinned 29
wholemeal 59 Pork leg ronst 286
Yeese  Cheddar 54 Rice 76
39 Sirlon beef roast lean 235
162 Steak siulown, raw 185
white 14 Steak fried 173
fresh steamed 177 stowed 289
132 Walnuts 54

Wee (1940) Bioch Journ 34 1162 It 13 found also 1
Navipsoy  (1942) Bioch Journ 36 252
and Dg Bois  (1930) Journ Biwl Chem 87 651
of the urine duning the meat ciet was increased to
of the scidity on mixed diets
Wmpowson  (1940) Afed Res Councd Report
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hzemoglobin though 1t 18 not mcluded m the hamoglobm molecule
Copper deficiency m the soil interferes with blossoming and settmg
seed m plants It 1s associated with disease of cattle 1n Schlesmg
Holstein, the © falling disease’ of West Austraba with * piglet
anemia” throughout the world and with the “sway back *
disease of lambs 1n limestone (and chalk ?) districts of this country
From this evidence we should expect copper to be essential m
human diet, and 1t has been guessed that we need 2 mihgrammes
per day? Excess of copper 13 poisonous but thete 1s a big gap
between the amount which will stave off trouble m animals and
the toxic dosoe No evidence hay been presented that human
bengs suffer from a defiert of copper but trouble may be expected
1 those parts of the world where farm animals show s defieit

Fluorine, once considered dispensable, has sprung mto promn
ence because of it mnfluence on the teeth? For example, the
excellent teeth of the inhabitants of Tristan da Cunha which have
been held m the past to support most systems of diwetary, are
now clmmed to be due to the small but defimte, amount of
fiuonides 1n the drinking water of that 1sland  When present m
more than 1 part per milhon 1 the dnnking water, fluorine leads
to mottling of the enamel of the teeth (6g m Maldon Essex,
where there are 5 pmm 1n the well water) Excess of fluorme
mterferes with bone metabolism m cattle, producing exostoses on
long bones and mandibles a condition seen m those fed for example,
on herbage to leeward of the prevailing wind near a group of
brick factories

Tt 18 now guessed that the optimal concentration m drnking
water 18 between 03 and 05 parts per million and experiments
on & large scale are being made 1n the Umted States on the wnfluence
of fluorne on cames of the teeth It 13 hoped by controlled
addition of fluorme to the drmbing water of a town to stop that
particular trouble of civihization

Manganese This metal occurs m the body mn more than
traces It 19 essential m the nutntion of buds, but 13 of Jess
importance with ls  The few millig thought to be
important 1 human nutrition are provided by the otherwiso
adequate diet Manganese 1 relative large amounts 1s toxic

Molybdenum causes disease m farm ammals mn parts of central
Somerset and elsowhere which can be prevented by ingestion 05
copper  There 18 as yet no evidence of an effect on human bemngs

1 LaveRTON and Bivkrzy  (1044) Journ of Nutr 27, 43
2 Seo Lancet (1941) 1 23 3756 701 and (1944) 2, 510
3 FeraussoN  (1944) Proc Soc Nutr 1, 215
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Nckel and Silicon  Iheso aro fnvanably present in human
tissues Lut thero §s no evidence that they are ewscntial

Zine  As already mentibned this element is cssential in the
production of in<ulin and of catbonfo anhydrase ! but zine in
small amounta is so widely distnbuted in food matermals that 1t
is doubtful 1f tho human race over goes short of it

Acld-Base Cquilibrium

When tho metallio clements present in food are oxidized 1n tho
body they guo riso to bases and when tho sulphur and phosphorus
of the foods aro oxidized they give riso to fixed acids, viz sulphuno
and phosphonie acids  Both tho bases and the acids aro excreted
i the urine, and the reaction of tho urine depends on tho pre
dominance of ono or the other

In fasting tho body is consuming its fata and proteins Tho
mam acid end product of fat metabolism (carbon dioxide) 18 climin
ated vaa tho lungs and so does not affect the reaction of tho unne
Tho fixed end products of proten metabolism aro aerd  Conso
quently the urino secreted duning the mght or duning a fast 19 acid
because protein 13 being metabolized then  Similarly the unno 1s
acid when a high protein diet 19 eaten for 1ts effect outweighs the
alkali producing effect of fruits and vegotables 3 Tho unine will
bo alkalino on a diot containing much frmt and vegetables

Given the analyss of a food its influenco on the urine ean be,
with few exceptions caleulated and the following table has been
constructed on those hines 3

{asm from 100 gm 19 cquivalent to c¢ tenth normal alhah or acid )

Bacon average row 75acid  Peanuts 118aad
back fried 129 Peas fresh boiled 14
Bread whito 156 Peos tinned 20 ,
» wholemoal &9 Pork log ronst 286
Cheeso Cheddar 11 Rico 76
Cobnuta 30 Birloin beef roast loan 235
Eggs 162 Stoak srlon raw 185
Flour white 74 Bteak, fried 173 ,
Haddoclk fresh stoamed 177 ,  stowed 289 ,
Oatmeal 132 Walnuts 54

1Kemy  (1040) Biock Journ 34 1163 It 1s found also in
uricaso  DavipsoN  (1942) Biock Jourmn 36, 252

? McCrerraw and Do Bois  (3930) Journ Biol Chem 87, 651

The total acidity of the urme during the meat diet was mcreased to
2 to 3 times that of tho acidity on mixed diets

* McCance end Winpowsox (1040) Afed Res Cotncil Report
235 HMSO
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Almonds i 183 alkaly Currants black 88 alkal
Apples 28 Lemon juice 38,
Bananas 9, , Lettuce 38
Brazil nuts 45 Whole milk 27
Brussels sprouts 8 Shammed mill 23
Buttep beans dned 356 Omwons raw ]
Cabbage spring boled 14 , Oranges 61,
Carrots raw 90 Potatoes raw 103
Cauliflower, boiled o boiled 53,
Colery raw 8t Prunes dmed 203
Chocolate plam 7, Rhubarb 130 ,
Cocoa 7, Tomatoes 56
Turmaps raw 65

Unfortunately the foods wlich have a preponderance of basie
tons 1 their ash have been called basic foods and those which have
acid 10ns, acid foods and this has given an opportunity to various
food eranks to evolve ngemously wrong headed systems of diet
The table shows how musleading this 13 Lemon juice orange
juice and tomatoes are called basic despite thewr acd taste,
whereas meat and bread which are almost neutral to litmus are
‘ acid” foods Taste and reaction to Litmus are not a safe gude

In the case of such a substance as lemon juice this needs a little
explanation Tt tastes acid because of the presence of an acid salt
possibly dihydrogen potassium citrate The cirate part of the
molecule and the hydrogen are oxidized mn the body to carbon
dioxide and water The carbon dioxide 13 eliminated from the body
v1a the lungs leaving the potassium oxide, a highly basie substance
to be ehmimated via the hidneys and to mcrease the alkalimity of
the urme

The question has srisen whether the basic * and the *acd
foods should not be balanced m the diet so that the kidneys should
not be given the trouble of secreting an acd unme It 1s often
assumed with but the smallest excuse that the secretion of an acid
urmne 1s immucal to the kadney It can be said that in the normal
person 1t does not matter one whit whether there 15 a balanco
btween the two sorts of food or nob  According to Sherman, one
of the foremost explorcrs of this region of dietetics the question
must be regarded as still an open one m healthy persons
pathological conditions the balance 1s often of mportance* If tho
Indney has dufficulty in secreting sufficient acid to heep the alkals
reserve withm the normal Lmit of 55 to 70 volumes of CO:
(25-31 5 mille molecules) per 100 volumes of blood the amountvof

1 Gramay G and Oaxizy, W G (1938) Arch Dis Chid, NS
11
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Hate foods in the diet should oither be incroased or somo alkaline
ralt, op rodinm bicarbonate, should Lo given as a medicmo
Qimilarly, if the kidney §a unable to keep the athali reserro down
to the normal mita, the ncid foods should bo increased or acd
ralts gven by tho mouth  In both cases tho alkali reservo must
bo estunated ot intervale to mal o certain that an adequato doso
of alhali or acud s been prien

Tt is aleo clumed that eystine stonts 1n tho pelvia of the Judney
can bo drasolved by giving foods with an alkaline ash,! but phos
phatic stones cannot be dissolsed by the uso of foods with an acid

ash

While on tlis subjeet of the acidity of foods it would bo well to
asl whether any of the acids which occar in frmia and vegetables
appear unoxihized in the urme  The answer 1s comphicated by the
fact that two of them oxahe and citne acids are almost certamly
formed in intermed T of bol, Thero is a
normal excrction of 200~1200 milligrammes per day of citnie aerd
100-1500 of hippunc acid and 10-50 of oxalic acid* The acds
of frits arc malic (apples plums quinces tomatoes cte} atrie
(ertrous fraits pincapple tomato and most summer fruits)  benzoie
(cranberry and bilberry), tartatio (grape) oxalio {strawbernes
unripo tomatoes rhubarb, spinach and sorrel) Tho body scems
to oxadize malic and citnio acid nearly completely , tartarioas hardly
ahsorbed at oll  oxalic may be absorbed and oxidized or excreted
m the urnine  benzoio acid is excreted as luppuric aerd  Conse
quently the foods which concern us as regards acid base equilibrium
aro tho foods which contan oxalic and benzoio acids

It 13 often alleged that when rhubarb and epinach are eaten
oxslates aro excreted i the unne (oxaluria) It 1s oven further
stated that eating thoe leaves of rhubarb as “greons  dunng the
first World War caused fatal cases of poisoning  Thero 1s certainly
oxalic acid in tho leaves® (030-1 11 per cent) and in tho stalk
from 0 44 to 0 09 and 1t 1s possible that if the oxalic acid 13 present
as calewsm oxalate boiling with soda to preserve the eolour might
transform somo of the insolublo and safe ovalato into sodmm
oxalate which 13 poisonous Leafy vegetables from tho spmach
family (paly ganacen) contamn oxalic eerd marmnly as caletum oxalate
The figures for spmach vary from 0293 to 093¢ beet leaves

1Hcrvs  (1940) quoted in Lancet 1, 82
&’cinmux (1937} Chemmstry of Food and Nutrtion Macmllan

3 Most of the figures quoted are from Winrox (1035) Structurs
and Composition of Foods vol 2 John Wiley & Sons
¢ Yen end Aporent  (1938) Chin Journ Physol 13 209
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062075, and sorrel, which belongs to the related buckwheat
family 027 per cent  Other figures ! are cabbage, 0 005-0 009,
leeks, 0017, lettuce, 0 002, rutabaga, 0014, strawbermies and
tomato, 0026 per cent 2

The amounts of benzoic acid, both free and comhmed as a
glucoside, 1 the cranberry and presumably m the whortleberry
vary from 0021 to 0061 per cent This will be excreted as
hippuric acid m the urme and may outwergh the alkalmty of the
ash of those frmts

SuMMARIZING this chapter we may say

1 The mneral elements which concern us most are calcrum,
10dme, ron, and phosphorus

2 'There 18 evidenco of widespread lack of the three first in the
diet of Great Britam 1f the usual estimates of the daily needs are
sccepted Elsewhere, eg in Indw and Cluna, the lack s still
greater

3 There 13 no reason, even n cases of poverty, why these needs
should not be met

4 A balance of acid producng and alkah producng foods 13
essential only when the kudney has dificulty i secreting aaid or
alkall -

1 Yem and Aporer  (1938) Chin Journ Physwol 13, 209

2To prevent the oxalums caused by eatmg spmach and rhubarb
g1l that 13 necessary 15 o tahe some mulk or cheese at the same meal
BartrLETr (1944) Lancet, 2, 574



CHAPTIR V
THI' 1UNCTIONS 01 100D (continued)
(IV) THF SUPPTY O VITAMINS

In 1912 a revolution 1n our ideas concermng the indispensablo
proxsmal constituents of 8 dict occurred ! Up tll then 1t had been
arsumed that f tho dict wero adequato as regards Calones protein
(with fats and carbohydeates) and mineral elements it would
suffico for optimal nutrition  Sinco then we havo added ono by
one indirpensablo organic eatalyets which must bo taken in tho
food erther preformed or 1n a form which can readily bo transformed
into tho speaific catalyst Theso catalysts wo call tho ritamins
Intenso rescarch upen this subject has mven us in the last threo
decades very clear hnowledge concerming tho chemical naturs of
theso catalysta and to some extent of tho way 1n which they worh.
Althongh finslhity has not been reached wo nono the less feel that
1t 1s improbable that any eimilar new surprise will be sprung upon
us and that tho main lines have been shetched out so that it
remams to fill in the detmls only At any rate looking on the
matter from the point of view of practieal dictetics wo have such
& body of knowledgo that wo can immensely 1mprove the feeding
of the indimidual and the nation by the supply of foods containng
the known vitamins

We have spoken of a revolution i our ideas in that sundry
organte catalysts 1n addition to the normal gross substances—
protems fats carbohydrates and muneral clements—aro indis
pensable  All revolutions havo their seeds in the past and although
1t was not until 1012 that this particular revolution shook the
theory of dietetics to 1ta found: tho first wero by
then 300 years old long before the dawn of organic and orgamio

1 For much of the discussion wo are mndebted to Dr Lrstie W
{1938) Tutamins and Vilamun Deficrencies 1 Churchill
Research Council 8 Special Roport  (1932) Fut
Present hnouledge McColrum ORiENT hrines
The Newer hnowledge of Nutrition Bth edn
Chemustry and Physiology of the Vuamins 7T
{1842) The Vitamins wn Medicine
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chenustry  The revolution was the result of the convergence of
three lines of research

1 Empincal observations that a food,e g the lemon, 158 specific
agamst a particular disease

2 The discovery that amimals can suffer from such diseases and
the foods which are speaific 1n ouring them m man are specific for
those ammals !

3 Expenimental results of feeding antmals wath lughly purified
food stuffs

Lmpirical Observations —Scurvy 1s a disease which has been
Imown from the time of the Dark Ages It appeared during various
sieges mn Iistory from that of Acre to that of Kut el Amara 1n
1917 Tt accompanied the sailor on hus long voyages before the
steam era It dogged the footsteps of the Arctic and Antarctic
explorers and may even now be seen sporadically i poor people
usually bachelors or spinsters, or 1 aged people whose diet 13 at
fault: As long ago as 1601 the East India Company discovered
that the disease could be kept at bay or cured by the jmice of lemons
and oranges Ths fact was rediscovered by John Woodall in 1639
by Kramer m 1739, and by Lind m 17563 Dunng the potato
famme 1845-7 scurvy broke out m Ireland, and m post vitamm
days the same has been observed Stefansson cured colloagues
sich with seurvy by giving them a diet of (mamly) raw meat

In all this there 15 more than & lhint that scurvy s due to &
“ deficiency * 1 the diet and that freshness of the food 18 1n some
way or another a specfic

Bers bers 18 a disease of the East which was known m Chuna in
2600 o Tahaks, m 1882, decreased the high imcidence of ber
ber1 m the Japanese navy to vamshing pomt by altering the diet
He added fish meat, vegetables batley and condensed milk to
o diet consisting predommantly of rice and the disease disappeared
Eykmann, 1890 and 1897, discovered that the disease oceurred
when the diet was mamly composed of pohshed rice and could be
cured by feeding the rice polishmgs Here agam was a disease
caused by a food d y Takakiy d that the d
was protem, though Eykmann s much later observations did nob
support that mterpretation

Pellagra 15 & cisease of maxze eatmg countries eg Spamn Italy,
Rumanie, Egypt and the Southern States of the TUmted States
Although & commussion appomted 1 the Uited States came to
the al that defect; was the cause of pollegra,
one ber of that cc Goldb was convinced that
1t was dietetic In o pellagrmous ares those who ate moro
meat, eggs, or milk escaped while those living on a poorer diet
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wero attached  Agmn n deficieney of tho dhet was inculpated,
though Goldberger thought for many years that tho causo was n
defieiency of first-claes protein rather than of a speaifio catalyst or
vitamin

Ruekety  Tor n hundred years or moro the connection of richets

with o faulty dict was suspected and o i d iver oll—
known Schuette wntmg in 1821, said umt *“ ita potency may bo
duo to an i nt of which

marked ehsmgvs in the body, bLut cannot be determmed by the
chemist  Cheadlo 1n 1899 wroto that  Richets 19 produced as
certamly by o rachitic dict as scurvy by a scorbutic diet ™, and
Hophins in 1006 adumbrating the discovery of the witamins
*In dwsersea euch as rickets and particalarly in scurvy wo have
had for Jong years knowledgo of a dietetio factor Thoy [the
errors 1n dict] are, hosover, certamly of the hind which comprises
these mimmal qualitative factors that I am consdering ’

Thus there aro<e an 1dea that some diseases are connected with
» deficiency of apeaific factors, not protens fats carbohydrates,
or orgame clements, but accessory thereto  What the functions
of these accessory factors wero was not by any means clear  Did
they counteract tho cffeets of a constituent of tho dict present in
excess or were they important beeauso of some positive and not
pegative contribution which they had to make 7 At first Enhmann
considered that the factor in nico polishings had the function of
combating tho effects of an exeess of earbohydrate i1n tho diet but
Iater developmenta in hus own and other rescarchers worh pomted
conclusively to the view that theso accessory factors wero needed
mn diet not for any neutralization of the effects of the mam con
stituents but because they catalysed some of the normal functions
of the body

Lvidence from Diseases in Animals Perhaps the most
veluable discovery in dicteties 15 that ammals may suffer from
discases which aro analogous with those of the human bemg
Eykmann 1n 1890 showed that chichens saffered from a diseaso
which boro & closo resemblanco to human ber: berr and that st
could bo produced 1n them as1n man by a dict consisting of polished
nico and cured 1n thers by rico bran and (in later worl) by watery
and aleoholic extracts of rico bran  Holst and Frolick in Norway
trying to extend Eykmann s work to guines pigs discovered that
the unbalanced diets they gave resulted in & diseaso that closely
resembled human seurvy  In post- vitamun  days these observa
tions have been extended to other ammals and 1t has been found
that the rat can suffer from ber: bers or rather a paralysis which
closely imitates the paralyses seen 1 human ber: bers from an eye
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disease? the later stages of which are xerophthalmia and herato
- malacia, and from richets, the dog from a disease—canine hystena
—which 18 ted with def y of the subst: that cures
or prevents ber: bert, from black tongue or the Stuttgart disease—
which has something i common with pellagre and from rickets,
the pig from pellagra, and the domestic fow! from richets as well as
ben1 ben
It 13 mot too much to say that the discovery that ammals suffer
from the same deficiency diseases as man made the astounding
rate of advance of our kmowledge concermng the vitamns possible
‘Without them we should still be debating the cause of the eo called
deficiency diseases
Evidence from the Feeding of Synthetic Diets Although
the screntific and experimental foundation of the doctrne that
there are such factors mn diet present 1n munute amounts and
essential to Life, must always be assoctated with the name of Hopkins
whose work on the subject was begun m 1906 and published m
1912, there had been indications of the possibility of these factors
m the work of Lumm, 1888, Socm, 1891, Pekelharmng 1905,
and Stepp 1909 1911, end 1913  All of these postulated something
m natural food other than the known principal mgredients—pro
temns fats carbohydrates and mineral elements—essential to Lfe
The work of the three earher investigators was overlooked either
because the physiological world was not yet sensitive to the impht
cations of the work or because 1t was asin the case of Pekelharmng
published 1n the Dutch language Stepps work on the lpouds
came at a tume when other workers were preparng the way and
only helped to confirm the views so admurably stated and so well
based on sound experimental work 1 the classical paper of Hopkins
n 1912 He has well been proclaimed *Der gewstige Vater der
Vitaminlehre
Hopkns fed young growing rats on a diet of highly purified protem
(casemnogen) lard, starch, cane sugar, and wmorgsnio salts They
failed to grow after & few days and then dechned m weight till 8
the 18th or 20th day they weighed no more than at first If to
the rats on this diet there were given at a different time of day
3 cc of fresh milk or small amounts of an extract from mangolds
or of protem free and sal free extracts of milk solids or of yeasts,
the anmals grew at & rate comparable with the normal growt
on a mixed diet  Moreover the animals looked fit and were active
whereas those on the purified diet did not ‘
Many possible objections to the vahdity of the conclusions o
to one of us (V. H M) Hophuns
by green food well before 1912

1A g to a
was aware of this and of the cure
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Lunin wero ruled out by Hophins work Mo ahowed that the
lack of growth was not duo to tho monotany of the diet or to its
Inch of palatability or fiavour Nor waa 3t duo to lack of con
sumption or failure in absorption  The ammals which showed the
dechino in weight and health wero consuming more than a sufficient
quantity of food to maintain health  In fact they often consumed
moro of the baseal dictary than the animals which wcro growmng
natisfactonily on the basal diet plus the additions mentioned above

The additions did not aupply much energy  I'ven with milk
tho addition was only 4 per cent of the total energy of the diet
eaten, whereas with the cxtracts of milh or yeast the addition to
tho cnergy valuo of the diet must have been exceedingly small
for they worked in ‘* astonishingly small amounts

This work of Hoplins clinched the case for the *acecssory
factors’ as ho termed them  theso are substances—not proteins,
fats carbohydrates or mineral elements—essentinl to lifoe Funk
chnistened theso sccessory factors * tilamines  He put forward the
theory that scurvy, ben beri pellagra and possibly nickets aro
caused by the absence from the diet of * special substances which
aro of the naturo of orgamc bases which wo will eall tho
witamunes  Tho name caught the popular imagination and though
it has been shornof 1tsa e beeause 1t wrongly suggests that all
the nitamines are amines 1t still holds the field ‘e do not pro-
pose to give any account of tho floods of rescarch in all countrics
on vitammns but to yump to modern times and explain the stato
of affairs to dey

Thero are at lcast six important witamins intimately concerned
with human nutrition and there may be many more  Each asats
chermstry 18 made clear has been or will be miven a name which
will 1t 1s hoped tako the place of the provisional letters assigned
to them while thoy were observable only through their actiity
and not 1n the solated form By to day wo hnow tho chemusiry
of most of them and can synthesmze them The facts thus
discovered mako us wish that the name vitamin had not been
mvented ( Accessory factors would have been much better )
Chemtcally spealung 1t 13 wrong because some of them contain
no mtrogen  And practically 1t 13 unfortunate becauso the lay
public and others assume that because they have the samo
name they all behave aliho og that thoy aro all heat Iabile
or that they all occur 1n the same food ! Nothing 19 further from

1For example  You can kil them vitamuns if you only boils em
long enough Wholemeal bread only 18 used for the vitamns

We give plenty of fruut and vegetables for the vitamins  for which
see any popular articlo on diet and many school prospectuses
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the truth  One food may be excellent for ono vitamm
be totally devord of another  One vitamin may bs unstable
whereas another 1s so resistant that 1t may be distilled at
temperature It will tale many years to eradicate from th
of the public the false :deas sown by the use of the term v

Provisionally as ther effects were discovered the vitam:
fabelled A, B G, etc, after the letters of the alphabet *
proved to be not a simple snbstance but a mixture of sub:
and 80 we have been saddled with B; and B, B, alsoisact
but as B; and B,, not to mention B, and B, had alread
allocated there would have been trouble had not the chem
the component parts become clear As 1t 13 names for v,
are 1n a transitional state  The old alphabetical nomenclat
not vanshed nor 18 the new completed

Another difficulty must be stated The action of what w
to think of as one chemical substance may be performed 1
or more substances having sumlar chemical structures or
configurations m gpace  Keys to pick a lock need not be 1de
but they must have some general likeness Similarly tw
stances which may cure rickets, though they may not haved
structure will have closely appromimating structure The
lummating examples are the varous substances produc
ultra violet light on the sterols Ono will cure rckets 1
but not in chicken another 1n chicken but not mn rats w
both are curative m man

Tinelly there are subotances like choline unsaturated fatty
and amino acids, which enter mto the structurs of the tissu
none the less have activities like the vitamms Thess subs
Ragenberg prefers to call vitagens to distingmsh them fro
vitamms which he defines as  orgamic compounds whi
requured for the normal growth and maintenance of life of an
meluding man who as s rule are unable to synthesize
compounds by anabohe processes that are mdependent of en
ment other than air, and which compounds are effcctive m
smounts do not furmsh energy and are mot utilized as bu
umyts for the st e of the ory but are tial fo
transformation of energy and for the regulation of the metal
of structural umts

Vitamun A and the Active Carotentoids
Vitamin A 19 & colourless alcohol which 13 taken either 1
food as such (e g 1 hiver or liver oils) or as a precursor the
known orange coloured terpeno carotene (o g 1n palm ol o
or green vegetables) The carotene or alled substances su
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ervptoxantlun (from capo gooscbernies, yellow imnizo, paprika,
ote} cchinone (from sen urching, tired a3 n food nround the
Meditersancan nro transformed into vitanun A in the hiver  Other
yellow pugments such na lutein (or xanthophyll, the yellow colouring
matter of egps) and zeaxanthine {ono of the pigments of maizo)
cannot be so converted All tho carotenoids aro not equally
valuable  Thue f carotenc 18 the most nctive, having apparently
half tho activity of preformed vitamin A whilo « and y caroteno
have less

We mught expect g to prod two molecules of
vitamin A It 19 ay 1 and it bly could ho spht
mto two cqual halves and tho adjacent ends oxidized to an
alcoholie group, thus

Che or
u,t./\u:ncu €3¢ €I CILCH C3eCHl CHTH C1-CXe O € CIE Cle CH N '/\m.
nd & MG Cl,

cit o

pcarotene

e, 1 uid
n (/\:ucu ¢TI CHCH CXe CE €T OK (l( }n.
n e HOVCH CH C)Me CICH CU-CMe CI-CH—C Jﬂ

¢ e,

2 molecules vitamin A
But feeding experiments seem to show that moleeulo for molecule
caroteno has only half the effoct of preformed vitarmn A This
discussion 3s not 5o acadenmo 83 1t may scem  because m the tables
of witamun values the figures aro sometimes based on feeding
expenimenta (biological assay) and sometimes on chomucal estimates
of tho carotene content In uung these tables if only carotene
estimations aro avalable tho figure given should bo halved Wo
Judge foods by thewr vitamun Aeffect not by thewr content of carotene
and wo comparo them with each other through the mternational
standard which, however 13 a nghly punified sample of § carotene

06 1of this dard 1s the Inf I Unit When
100 grammes of & given food 15 equivalent n 1ts vitamn A activity
to say 6 mmcr of tho mternational standard we say that

100 grammes of this food act s 1f 1t contams 6 — 0 6 = 10 Inter
national Units of vitarmn A

Vitamin A 19 soluble 1n fats and fat solvents (whence its old name
Tat-goluble A) and therofore in medicinal paraffin It gives an

11 microgramme or 1 y = 1 thousandth of o mulligramme 10
1 millionth of & grammo
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wntense blue colour m combmation with antimony trichloride and
also has a characteristic ultra violet spectrum Both vitamm A
and carotene are msoluble 1n water and are therefore not washed
out of food stuffs by bouing or steaming Though both are
susceptible to oxidation at room temperatures there 1 httle
enidence that vitamm A 1s destroyed by cookmng ! even by such
drastic processes as shallow frymg, roashing, or pastry malung,
where the medmm 1n which the vitamun 15 carried comes mto
contact with very hot air  Canning does not destroy 1t, nor does
1t disappear from the milk m a mik pnddmg Kon states that
there 13 no loss when milk 1s dried 2

The body has some difficulty 1 absorbing carotene, though not so
much with itamin A Thus 18 especially marked when fat absorp-
t1on 1n the small tine 13 deficient a8 mn jaundice cceliac disease
and steatorrhma Medicinal paraffin o1l cuts down the absorption
of carotene and to a less extent of vitamun A Consequently 15 18
best to take that medicament the last thing at mght, as long as s
possible after the meals confammmg vitammn A or 1ts precursor

The subtlest test for deficiency of vitamn A or 1ts precursor 18
a measure of ability to see m hght of low luminosity  In the retmas,
or rather just behund 1t, 18 a layer of cells which manufacture 2
pigment rhodopsm which sensitizes the rods of the retma  The
rods are used for vision m dim Iight The pigment 1s bleached 1
bright hght and has to be regenerated when the eye 15 adapted to
the darh  As this pigment 1s & compound of vitamin A and protetn
the power to adapt to darkness 1e the power to regenerate this
pigment, must depend on the presence of vitamn A mn the blood
Consequently & measure of our power to see m the darh (which
fortunately can be obtammed with some approach to accuracy)® 18 &
measure of our saturation with wtamn 4 Many workers m the
Umited States Scotland England and Belgrum are satisfied with the
accuracy and constancy of this test, though others prefer scepticism

At o greater stage of defi y mght bhnd or plet
1nability to see i the dark occurs This trouble was desenibed 1n
Ebers Papyrus (1500 B0} and m Jeremuah xiv v 5 64and s
stall present with us and not only m Newfoundland Labrador
China Brazil, and the Dutch East Indes, but in England # Later
follows the appearance of Bitot s spots, then xerophthalma and

1Bosas Frxsexn  (1938-9) Nut Abs and Rer 8 281

2 Kon (1941) Nature

3 MarTra and Hamris  (1937) Lancet 2, 1009  See also HarRIS
and Anpasy (1939) Lancet 2, 1299 1355

& their eyes did fail because there was no grass

5SpeNcE  (1931) Arch D Ohld 6, 19
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Leratomalacin  Tho two last are due to microbic invamon of tho
conjunctiva of the eyo and tho cornea  If the keratomnlacia is
not arrested by n ratisfactory dict the cornea perforates and total
blindnessensucs  In India to-day itas the chief causo of preventable
Bhundness 1n children  As many as & per eent of the children in
Ceylon are blind as tho result of obtaimng too httlo vitammn A
That microbes can effcct a lodg in tho eye is duo posmbly
to two things, () a loss of the lysozymo a substance tn thoe tears
which digests microbes and () deg of the epithehum
covenng the eyo

Structures of epithelial nature all over tho body degencrate as
the result of deprivation of the body of mitamuin A Thus the hmings
of the respiratory tract and the urogenital teacta  herstuuzo  and
aro moro susceptiblo to bacterial invasion  The akun atsclf alters
its naturo  Babics are moro likely to suffer from mild slun erup
tions (Helen Mackny) In Ceylon? and hashmur® an nflamed
and coarsened condition of tho shin (toad shin phrynoderma) 1s
accounted for by a deficiency of vitamin A in the diet

Finally, thero is incoordination of the growth of tho bones of
the shnll and tho spinal column, so that they encroach on the
nervous system and damago tho sensory tracts  Vitamm A by
regulating the actinities of bono cells coordinates the adjustment
of bono and nervous system growth 3

As a result of this degeneration in epithelial structures and 1o
afferent neurones it 13 not astomshing that this vitamin was at one
time termed tho ant: infective vitamun  Afferent nerves have n
trophic effect on tho epthel D pithelia can bo attacked
by mucrobes Discasea of the opithcha and glands—abscesses
broncho-pneumonta, stone m the hidney and bladder puerperal

YTEXIn——4T6 MOre commen 1n animals and human beings when
tho diet 15 deficient 1n vitamun A But although this vitamin, by
preserving tho epithelis proteets from discase onee the disense
has got a hold exhibition of the vitamm does not necessarily
shorten the attack It will certawnly clear up & xerophthalmea, but
1t has no effect on a widespread infection

Like all the other vitamimns, itamin A and 1ts provitammn, are
rather erratically distributed among food stuffs  The chuef sources
are fish Liver ous, mammalan liver fats fish body ous dawry foods

1Nrcmorrs Quoted by Hanris  (1034) Fstamine OUP

*Wrsox (1939) Lancet 1, 1019

*Merrasny E  (1944) Proc Roy Soc B 132 28 WaRkONY
NEISoN and ScimarrewnERGER (1043) Am Journ Dis Child 65
882 quoted in Lancet (1044) 1, 316 suggest that haro lip and cleft
palate may be duo to vitamin A deficiency
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and green and yellow vegetables As figures are now avadable
for the vitamm A, or provitamn A content of foods 1t 15 reasonable
to let the figures speak. for themselves with one proviso  that they
be taken more as *‘illustrations than arguments” Foods vary so
much from time to time and place fo place and from mvestigator
to investigator that we cannot take the tabulated resuits in more
than an impressiomistic way Most of the figures will be taken
from Roscoe and Fixsen,* but other estimates are included

VrrasmN A conTENTS oF Foops, I U PER 100 erasmeEs (or about 3% oz )

CereaLs  Yellow maize 300-900)Carotene
‘Whole wheat 100—460}eshmahons
Wheat germ 650 (biological assay)
Darry Propucrs
Butter 1130-3590 Biological assay
Cheese 11004000 Amencan figures
Cheddar from winter milh 650 Enghsh
, Summer, 1440 s
Eggs  Yolk 8000 or 1200 per egg
‘Whole egg 700 Spectrophotometrio
assay 350
B , 1000 2 ? , 500
Mk Jersey, winter 30 Brological assay 170 per pinb
summer 690 3910
Mixed pasteurized
wmnter 60 340
surmmer 540 3060
Fisn anp Fige Liver Omns
Herring fresh 141 Mean of several methods 40 per oz
canned 28 8 8
Cod Iiver o1 10 000-400 000  Biological assay ~ 3500~14 000
per teaspoonfil
Halibut hiver o1l 3 000 000-36 000 000 » 1200-~14 000
per drop
Frurrs Aprnicots fresh 1800-2300 Carotene estimations
dried 5000-5500
Nectarmes 720
Orange juico 300400
Peach (yellow) 760
Tangerme orange 690
Livers Cows Winter  5300-45 000 Summer 3600--30 000
Heifer 1900-12 000 7500-37,500
Ox 600-11 000 1700-25 000
Sheep 30 000-60 000 19 000-82 500

3 Roscor and Fissen  (1037-8) Nut Abs and Bev 7, 823 and
(1939—40) 9 795

* Nutrtue Values of Wartime Foods 1845

3 BACHARACK et alus  (1942) Brit Med J, 36, 34
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\ EGrTANLES

Borans, green tinned and steadnsd — 0,0 Biologrenf assay
Cabbago - 000 .
Carrot £000-13 200 Carotene catimatsons 1000- ’
600
Creen pean
tinned 139 2000 00
Smnach
fresh 263048 000 13 000
tinned and stramed 12 230 .
Sprouta 210640 -
‘Tomatocs 14 000-30 000 3000
tinned and
strned — 4300

In theso tables only outstanding figures among the various types
of foods are given It will bo scen at o glance that the cereals are
neghgible sources, only jellow maizo being of much value! Tt
14 interesting to noto that white maize with no caroteno 13 preforred
to yellow in mahing the homny porndgo ( gnts 10 the Southern
States) and among poultrymen in this country another illus.
tration of tho passion for wliteness 1n foods as sgainst colour

Fruits again, are of hittlo valuo only yellow fruits having useful
amounts

Tho outstanding sources of vitamn A are the dary foods
mammalian lisers and fish liver oils vegetables having with tho
excoption of carrots spinich and t only useful

Tho carrot sinco 1t very derabl ts of
carotene  was perhaps too well advertised by the Mmstry of
Tood m tho second year of the second World War  But despite
tho fact that tho body has difficulty in absorbing the caroteno
from tho carrot especially when caten raw 1t will always be a
useful gource of vitamun A activity Tomatoes, which we have
placed among tho vegetables following normal usage though they
are fruits aro moro valuablo for witamn A activity than for
witamin € This activity 13 due not to the carotenoid pigment
Iycopone but to § carotene the colour of which 1s mashed by the
intenso red of the lycopene Attention 1s called to the large
amounts m spinach among tho green vegetables

A note 13 essential on tho dary products Theso show extra
ordinary vartabilty depending on tho timo of tho year This s
duo to tho fodder of the ammals Tho figure 15 usually at its
lowest ebb 1n February and March and nses to its maximum 1n

1Tt 18 probablo that the vitarmn A content of whole Wheat has been

ovorestimated sce tho M R C War Memorandum 14 Nutrtie Values
of Wartime Foods 1045
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May and June when the flush of new grass increases the carotens
mtahe  There 13 a bigger seasonal variation of the caroteno m the
milk than 1n vitamm A1 Stall fed cows are bound to give a mill,
with & lower vitammn A activity than ones fed on green grass though
if dried grass replaces hay feeding 1n the wnter 1t may result n
winter milks having a igher figure than hutherto  Naturally this
fluctuation 1 the vitammn activity of milks 18 reflected m the
butter and cheese made from them Winter butters have much
less activity than those of early summer Butters from Australia
and New Zealand have a igher average than those from England
and Scotland for green fodder 1s available for much longer periods

Cheese being usually made from surplus summer milk has a good
vitamun A actimity Most of the figures quoted by Fixsen and
Roscoe are of American ongmn and run from 1100-4000 per
100 grammes (310-1130 per ounce) according to the make, Camem
bert, Damsh Blue and Rocquefort bemg the highest Figures
from the National Institute for Dary R h, still unpublished
but which we have hind permussion to quote, are as follows
Cheeses made from sunfmer milk give figures of 1440, 1410 and
1850 per 100 grammes for Cheddar, Cheshire and Stilton respec
tively For smmlar cheeses made from winter mull the figures
are 550, 530 and 620 These work out at 418 I U per ounce for
summer Cheddar and at 1661 U perounce for winter milk Cheddar

As the transformation from carotene to vitamin A almost cer
tamnly takes place in the liver 1n mammals we should expect
hiver to contain large amounts and to show the same fluctuation
with the seasons This 18 so  The figures quoted imn the tables
are those of livers from the Cambridge Co operative Society ?
These figures, which are by no means so spectacular as those
quoted from American sources, do, however, show the great value
of Iiver 1n supplying vitamm A m the diet An ounce ’of ivor
may easily supply 1000 IU and maybe 10000 Sheep’s Lver,
even mn the winter can supply 10000 to 20 000 IU per ounce
Since vitamun A can be stored, a helping of liver might supply &
whole week s ration of vitamm A

Fish body oils are sometimes clammed to have large amounts
but the work of Bacharach¢ and colloagues has shown that for
the English herring this 1s not true In caso of need, fish Lver
oils are the standby for vitamm A therapy and wll always remain
the chief source of concentrated supply

1 Hpmeron and Giiiax (1937} Nature 139, 657
2 Moore (1930) Biochem J, 24, 692

3 Moore and Payne (1942) Brochem J 36, 34
$Brit Med J (1942) 2, 691
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Amount of Vitamin A Required Though thero fa general
agreement about the avernge amount of vitamin A needed per day it
must be recognized that individual needs may show the widest vana
tione  The Americans put the figure at 5000 I U for the ndult man
or woman, 6000 for the pregnant woman and tho adolescent boy,
8000 for the nurmng mother 5000 for all girls over 13 years of age
and for boyn from 13-16  Children under 1 they estimate need
1500 I U and the figure rises by steps to 4500 for those between
10 and 12 These figures of the Mational Rescarch Council appear
tgh DBooher in the Umted States puts the figure at 3000 for
tho adult  Stickling at 4000, the League of N\ations recommends
5000 for the pregnant and nursing woman This diversity of
figures suggests that wo do not know the best figure nor do wo
Lnow how people vary w thew requrementa It does not follow
that what 14 enough for ono person is enough for another For
example not all peoplo aro alike in the ease with which they can
be made mght-blind by deprivation of sitamin A They may
vary in their powers of remanufactuning visual purple, or, what
18 much moro common they may vary in their powers of absorbing
fats and therefore presumably vitamun A and carotene from the
small intestine

Ths problem of svailability appears in tho discussion of every
“nutnent " the body tahes Are all the Calories from this or
that food available I We know that thoy are not If the food
19 indigestible o considerablo fraction goes unabsorbed (o g hugh
melting pont fats), 1if there bo much roughage present a smaller
percentage of the food 1s absorbed than when thero s hitle or
nono if purgatives are taken more calongenous matenal 1s
unabsorbed, 1f thero be diartheea or dysentery the samo 1s truo
Proteins a3 they occur inthe foodseaten have different availabilities

ding to therr d ity and to the sccompaniment with
other substances notablyroughage Weo havo seen in the discussion
on muneral clements that thoy too have different avmilabihitres
according to the form in which they aro presented the presenco
of phytates and oxalates the motihity of the gut and, probably,
the eecretory netinty of the stomach (A hypochlorhydna will
probably make the caleium and iron less available ) So too when
wo turn to the vitamins we shall find the same considerntions
applicable  Somo alimentary tracts will be ablo to extract more
of the vitamins from the food witlun them than others To take
an extreme example  =ome of the symptoms of sprue and the other
dysenteries which beset the prioners in Italian and Japaneso
prisoners of war camps may have been more due to vitamn
deficiencies (particularly of the B complex) the result of defective
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absorption, than to the disease stself! And 1t may easly be the
case that absorption of vitamm A or 1ts precursors may he upset
by excessive mobility of the gut, by the use of purgatives and
especially by the use of medicmal paraffin o1l 2 Consequently no
hard and fast rale can be lad down concerning the vitammn A
needs of any mdividual Prisoners eatg the some prison diet
m Ceylon reacted to 1t differently Some showed no signs of
dietary deficiency others showed avitammosms A (phrymoderma
65 por cent mght blindness 30 per cent and 17 per cent kerato
malacia) and still others showed avitammos:s B (neuritis, stomatitiy
and scrotal dermatitis)® Clearly no man’s need is exactly the
same as anothers Consequently, though we may accept the
figures of 3000 to 5000 IU umts a day as being a satisfactory
mtake of vitamn A, we must expect excoptions

What classes of people attain this level 2 According to Crawford
and Broadley ¢ none, even 1n the AA class achieve the National
Research Councils level, the AA and the’ A class only—well ~
to do people—achieve 4000 IU per day In 1938 probably all
classes with an estimated weekly mncome per head of 43 shllings
attamed 3000 ITU per day Investigations by the pupis of one
of us (V. H M) imnto the dietaries of various schools of & chantable
nature sometimes showed a marked defieit of vitarmn A compared
with even the low standard of 3000 IU per day Agamst the
American figure the deficit was always much greater being 30 to
50 per cent below At one well fed school, the quota of itamm A
was attamed only because the children had eod liver oil each day,
otherwise there would have been a serious deficit

And yet even tho American estimated need 1s not too duffieult
of achievement In summer 1t 18 easy—a diet contamng milh,
butter cheese and green vegetables makest certamn  In February,
March and April perhaps 1t 18 not 5o easy, and recourse should be
had to remforeing fish sauces with cod Irver orl whereitis undetected
or to liver liver ptes or liver sausage Probably 1t 18 wiser 1
winter to keep to the standardized margarines rathor than butter
which by the nature of its raw materal cannot be, or has not
been up to the present standardized

Vitamin B,
After mtensive work i Dutch Brtsh Japanese, and American
laboratories, a crystallne substance was obtamed from rice bran
or yeast m quantities which could be submutted to chemical analysis

1RBroom (1944) Lancet 2, 558 630 2 Fancet (1044) 2, 381
3 Nicports (1944) whd 1, 630 & The People s Food 157
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The reeult of the analysis pointed to tho following structure, which
wna confirmed by mynthesis t

N—C\H, 11C1 cH,
‘¢ Ci1,CH,0H
(31 70] cn \(2 ]
l"  and | 1—8
N—LH a

This sulstanco conusts of & pynimidine ning (I ft) whick 1s of frequent
occurrence in substances interesting n biochemustry (e g nucleins
unie ead, eaffune) and (night) a thioazole ning which is unique in
biochenmstry though not in commercial chemistry  As this vitamm
contams sulphur Wallams suggests the namo thinmin for st Wo
thould probably prefer to write 1t ‘thiamine  Donath had
suggested ‘ancurin  in tho days beforo 1ts structuro was hnown

Vitamin B, 1s very soluble in water, nnd consequently somo 50
per cent gocs into tho surrounding fluid when fruits and vegetables
aro baled However, potatocs boiled in thewr shins loso enly
10 per cent of their vitamun B, whereas peeled and boiled they
lose 25 per cent

This vitamin 18 b tivo to hugh temp , though
at tho temperature of botling water the loss by decomposition 13
neghgmble At lugher temperatures, howover, tho Joss 15 much
greater, consequently foods moro particularly meats and fish, which
have been canned and * y d atahight: ture may havo
suffered very derable loss  Yor pl S[nruyt and Donath
found that puffed rice which 13 exposed to 15 s
at150 t0160° C,1sdevord of itamm B, 3 Losses up toSOpcrccnb
have boen reported when meat 1s canned  Consequently, although
wo need not taho into account tho loss caused by the ordinary
processes of coohing we should not rely upon canned foods for our
vitamin B, Condensed mulk, however, 1s freo from thus stricturs
Thero 13 no Joss of B, during the baking of bread mado with yeast,
but baking powder apparently destroys the B, in the flour and
soda destroys 1t m soda cabes and scones  Tho vitamin 18 stable 1n
tho presence of acid but not in that of alksh

Vitamin B, 13 however scnsiive to sulplute even when the
medium 15 acid, and destruction 18 qmite rapid at py G 6, the acdity

1Wririams and Sries  (1938) ¥tamin B, and 1ts use wn Medicine
Tho Macrullan Co  Wrnwaans  (1936) Journ Amer Chem Soc 58,
1063  Wrirsams and Crawe  (1936) wxd 58 1504

2 Bagvn and Weicwr (1935) Biochem Journ 29, 1802

? Quoted by Boas Fixsen  (1038-0) Nut Abs and Rev, 8 281



148 FOOD AND DIETETICS
of milk  Sulpt 18 ted i this country to

p T m
preserve them, though the fact must be declared Pork contams
& comparatively large amount of vitamin B,, but as sulphitmg
results i appreciable loss of the vitamin we must not count on
pork sausages as an important source of that vitammn

When vitamin B, 13 markedly deficient 1 the diet, ber ben
oceurs  This disease 18 of three types, (1) “ Dry,” when the mamn
symptoms are neuritis and paralysts, (1) ““ Wet,” when they are
mamly serous effusions and cedems, and (m) “ Fulminatmg or
* acute *” with sudden onset of eardiovasculer symptoms  Tnfentile
ber: ber1 18 nearly always of the last type

As a diet even 1n the Orient, 1s never totally deficient 1n vitammn
B,, the onset of the disease 19 msidious It starts with fatigue,
sensations of heaviness and stiffness of the legs, and mabihity to
walk long distances Then come headache loss of appetite
dyspepsia, dizzaness, and slow heartbeat And last sensory and
motor paralyses {starting first it the lower extremities} and thence
progressing up the body The early symptoms are sometimes seen
m this country mn people on a diet for peptic ulcer nd mmdeed
progression to later stages

In a study of symptoms seen m a group of volunteers at the
Mayo clmc! when they were restricted to a diet confaming
0 4-0 45 milligramme thramine (133 to 150 IU ) per day cardiac
symptoms were a promunent feature Pulse rate wag slow when
resting abnormally fast on exertion Cardiac sounds were famt
and there was marked sinus arrhythma Anemia, hyperchromic
and macrocytic mn type was present The basal metabolic rate
was lowered 10 to 35 per cent  Intolerance to cold was observed
The subjects became depressed irntable, guarrelsome and fearful;
mefficient 1n work and unable to trate They pl
of soreness of muscles fatigue poor appetite msomma headache,
backache gastric distress, parmsthesia, and ntolerance to noise
and pan  These symptoms disappeared when, unknown to the
subjects the mntake of vitamun B, was icreased

In Is there 1s a widespread destruction of sensory and motor
nerves but this must be a termmnal phenomenon Paralyses u}
ammals respond so rapidly to a dose of vitamm B, that repair ©
nerves would be 1mpossible n the time What 18 wrong m the
earlier stages of ber1 ber1 1s an upset of carbohydrate metabolsm
m the central nervous aystem' Once the central mervous system
18 thrown out of gear 1t seems probable that all the other symptoms
of avitammosis B; occur as the result of 1ts mcapacity

It has always been suspected that carbohydrate metabolism 18

1 Wirtiams and MasoN  (1941) Proc Mayo Clhinw 16, 433




VITAMIN B, 151

prolatality of vanatality  DPereons en cxactly the aame
~1in the pame crcummatances may need different amounts
At~-ption in diffrrent persone may be different  (3) There
= tubted relatian between Calstie output and the need for
1B, and the amount needad may vary move with the amount
A s oltamed from eartohydrste than from the rest of the
* Irrreare of Calonien in the foord or of poisonous substances
1 concomitant fncrrase of vitarmin B, muy preapitate an
L of neuntic  (Alent olic neurstis and posubly the neuntis of
—i-evare connected with thie) (1) Fat and more particularly
fiiv acds with 6 8 or 10 carbon atome reduce the need for
« 13 By—another testimony to the value of milk and butterin the
{5) The microlne flor of the gut and the thiamino they hand
7t their host may vary from time to time and prron to pereon
I*o beat thing we can do at the present time 13 to give estimates
11mous prople and Ievve tho matter with the wamings (1) that
fizures ate provisional guesscs and (n) thatif tho reader fecls ho
taking mdes  he should beware of prejudice

f
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Tuta Units
Crrear, ProDUCTS B per gramme perlo
Breap  National Wheatmeal 85 per
cent extraction 06-07 272-317
‘Plun  Scottish whito 024 109
75 per
cent extraction 024 109
» 70 per cent extrac
tion 025 113
, 60 per cent extrac
tion “016 3
White 012030 54-136
White with malt 027 and 035 123-159
Germ of wheat 080-170 364-772
National Flour 08~085 364-387
Qatmeal (breakfast) 14 635
Rye bread {rye } wiute flour ¢} 045 220
Wholemeal 0175-130 341-590

Fisn These have from 0 3 to 0 6 per gramme (the last figurs
bemng for herring roe) or 139 to 377 por Ib

Frorrs  Fresh 03-05 136-227
Dried 075-10 341454
Nuts 09 -20 408-907

Mears  These all contamn about 05 per gramme or 227 umts
per Ib with the excoption of those from the pig which
have much higher amounts eg

Bacon fried 28-48

Ham boiled 22 1021

Kidney pg raw 34 1568

Pork roast lean 32 1466

per pint

Mk Raw and pasteurized 023 130
Sweetened Condensed 0406

PROPRICTORY ARTICLES per Ib

Bemat Wheatgerm 150 6820

Marmte 30 13 610

These also contam from 03 to 0 6 per gramme With
the exception of the pulses {12-21) even canned
peas having 1 2 per gramme or 556 per Ib

VEGETABLES

The amount needed per day 15 a matter of some discussion,
and there 18 an unacknowledged tendency among those who believe
m the virtues of roughage and of wholemeal bread to raise the
estimate and among those who depreciate these virtues to Leep 1t
low Much foo much emotion has crept into a discussion which

should be coldly scientific
A hard and fast estimate cannot be given because (1) There
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is the probalality of vanability Demons on exactly the rame
diet anl in the same circumatances may need different amounts
(2) Absorption in different persons may be duffcrent  (3) There
11 an undoubted relition between Calorie output and the need for
vitamin B, and the amount needed may vary more with the amount
of calorien obtained from carbohyrlrate than from the rest of the
food Inerrare of Calories in the food or of posonous substances
without concomitant increase of vitamn B, may preapitato an
atlack of ncuntis  (Aleokhiolic neunatis and powwbly the neurnitis of
pregnancy are conneeted with this)  (§) Iat and moro particularly
the fatty acds with 6 8 or 10 carbon atoms reduce tho need for
vitamin By—another testimony to the value of milk and butter in the
dict  {5) The microhic flora of the gut and the thiamine they hand
over to ther host may vary from time to timo and person to person

Tho best thing we ean do at the present timo 1s to give cstimates
by vanous peopls and leave the matter with the warmings (1) that
tho figures are provisional guesses and (1) that1f tho reader feels ho
18 ' taking mdes  ho should beware of prejudice

Cowgill 101U per 100 Calones §¢ 3001 U for a 3000 Calorio
[ R
Yan Veen 1601 U thoe minuna! proteetive dose for Onentals
201U safo 1
Drummond et
alu 200-500 1U the munmmal safo doss for Luropeans®
Wilhams and
Spucs 333-667 TU . , ., 0
Harra 300-600 YU ' . .
Plmmer end
Phmmer 440-750 1U ' 4
Digwood 300 1U , '
Williams and
Mason 166-333 IU per 1000 Calorics of the dict 1

1Quoted by Catrow (1938} Food and Health OUP
* Quoted by Wnusaxs and Sries  (1038) Yatamin B; TheMacrmllan
Prusniowp DBaxen Wnionr MARRIAN and SINGER  (1038)

Journ Hygiene 38 366

*Vsamin B, (1938) The Macmllan Co

¢ Yetlamina and Viamin Deficiencies  (1038) Vol ¥+ CUP

"Pinnier and Prootrr  (1038) Food Health and Vitamne
Longmans Groen & Co  8th edn

* Brawoop  (1939) Guding Princrples for Studies on the Nutrition
of Populanons Leaguo of Nations Health Orgamzation Geneva
Published 1 Great Britam by Allen & Unwin.

? Wiiiaus and Mason  (1941) Proc Maye Clhime 16, 433
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All these figures are given by people who have been 1n close touch
with work on vitammn B, or have actually been Tesponsible for
research work on 1t The National Research Counell of the US &
has gone into greater detail and estimate as follows

10

Man, 70 kg sedentary 500
moderately active 600

very active 767

Woman 56 kg sedentary 400
moderately active 500

very active 600

pregnant, 600

nursimg 767

Child  Under 1 year 133
1-3 jears 200

4-6 267

7-9 333

10-12 400

Girls  13-15 467
16-20 400

Boys 13-15 533
16-20 667

‘We are aware that there 13 a big margin between the amount
which will prevent ber: bert and the amount which 1s optimal
This margm exists because we have no accurate way yet of gauging
the optimal figure Are the lack of appetite, lassitude dyspepsia,
constipation and the many other symptoms of the patent medicne

an

adver d that we are not obtammng sufficient
vitammn B; 2 Who can tell ? It may be so  On the other h?l:d
d e

the app pp of these symp on
mtake of vitamin B, may have the same origin as the disappearance
of symptoms after taking a patent medicie

It will be shown later that a diet which 1s planned on the usual
British convention and at the same time 13 satisfactory as regards
calcrum, 1ron and phosphorus, and vitamms A C, and D will contain
abont 600 T vitamn B, and 13 therefore presumably safe For
the rest we should advise mcreasmg the mtake 1n pregnancy and
lactation by the use of marmte Bemax and other By preparatmni
(see pp 696-7) and, after ivestigating the diet, trymng the effect of
similar additions 1n any neuritis  or even in the vague malases
fatigues and dyspepsias whuch are so common  The dxsa.ppearanﬁ:e
of symptoms after taking vitamun B, must however, bo cntxc? ly
and scientifically examined  Investigations by pupils of one of us

1TEropaty (1936) Lancet 1, 834 Yupxmw  (1938) Lancet
2, 1347 Pricz (1938) Lancet 1, 831
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NV H M) of the diet of schoolx of the public axsdstanen ty po show
(hat the probable intako was in oWl cancn well abovo the Amencan
Agure—ie lughly matixfactory  Thix is & tnbute to national
wheatmeal bread of 85 per cont extraction It fa indred very
difficult in this country to go without the quota of thiamine when
eating national wheatmeal bread  Ono of the problems of the
future is to get vitamin B, into the loaf and yet preeeno that

whitenera* which {s the denre of the millers bakers and populace

‘Vitamina of the B, complex

Undoubtedly the sitamin effect first studicd as the result of
Fykmann and Grijns work was that of thiimme and it was
astumed that there wan one mmngle vitamun  water soluble B in
the bran yeast hiver and other foods insestigated for this action
But as work progrecsed 1t bacame clear that thero was not ono
witamin onlv  but many  Wath the progress of rerearch the
vitamine 1n these foord stuffs have extended their rankas bho the
oysters in n famous poemn  Often tho clues to their existence wero
given by microbiology Y easts were stimulated to grow by such
and such an extract but not by others  Microbes such as lacto
bacillus cases, aro very exacting and specific in their domands for
vitamins  Somo ean synthemzo ono and not others And by
collating this work with experiments on vertebrates a long hst of
vitamins exsential for vertcbrates has been established  They are
usually spolen of as the B, complex—an indifferent term  How
farthey all aro smportant 1n human dietetiea as opposed to dictotics
for microbes 13 at present uncertan for, though perhaps essential
for human motabolism they may bo of little importance in dietetics.
because (1) they are go widespread among foods and so httle 19
needed per dny that no ono should over lack them from tho dict
and (1) tho microbes of tho alimentary tract synthesizo tho wanted
factors and hand them over to their host Tlus may at times
happen even with thiamune ! They may have importanco
medieino as apart from becauso sulph des given by
mouth check the actinity of the microbes mnhabiting the gut and
may perhaps induce vitamin deficioncios

Of tho different moreties of the * vitamm B, complex wo name
rlboﬂavmc, nicotimie acid (or mcotinamude) pymdoxine biotin
P t aed pi } acid 1nositol and folie acd
Thero aro others  We are cortain that riboflavine and micotime
acid (or mcotinamide) among these are important in human
dietelica  Wo know now that biotin 18 essential for human
metabolism but unless hugo amounts of raw eggs are eaten 1t 18

1 Quoted by RonvsoN (1944) Chem and Ind 386
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cannot be the case for teetotallers suffer no more than beer drikers N
and 1t cannot be due to tea drinking because the 2 oz ration of tea
per week can by no means cover the supposed needs of the body !

Recommendations by the National Research Council of the
USA are that adult males should have 22 to 3 3 mulligrammes
per day according to activity, women 1810 27, and 25 and 30
m pregnancy and lactation respectively , girls 20 around puberty
and thence on 18, boys 24 at puberty and 30 from 16-20,
and children nising m equally graded steps from 06 to 18 mih
grammes These amounts are almost certamnly m excess of what
people actually obtain m Great Britam, and there 13 evidence that
less will prevent the appearance of symptoms ‘Thus when the
diet 1 a camp m North Africa contamed on the average 16 mulli
gramue of riboflavine per day no stomatitis was seen whereas when
the riboflavine content of that diet sank to about 10 milhgramme
3t appeared 1n 16 per cent of the subjects The stomatitis could
be cured by riboflavine but not by micotimic acid 2 Macrse and
others ® have shown that when the average mtake mn the RAF
messes 13 1 9 nulligramme no signs of a flavinoss occur  Conse
quently we may assume that the mimmal dosage 18 between 10
and 16 milligramme per day and 1n view of the immunty of the
Brtish Isles to aflavinosis pay httle attention to the mboflavine
content of our diet If the diet 15 sound as regards vitamuns A
and By, 1t 18 probably sound as regards nboflavine ¢

In the subjomned table a few estimates of the niboflavine contents
of foods are given to two mgmficant figures Later work may
alter these figures as the methods of estimation mnprove They
are tuken from many sources but the majonty are from Fixsen
and Roscoe &

It 18 unfortunate, perbaps, that this table lends atself to propa
ganda for proprietary arficles which the firms concerned will not
farl toexplois  Within a short time of the publication of the relevant
figures attention was called to the riboflavine content of a pint of
beer 1n the House of Commons but no one thought to mention the
all round values of cheese and muilk as compared with beer

1 Two ounces of tea would yield 73 microgrammes per day !

2 JoNFs CRERN ARMsTBONG and CHADwIck (1844) Zancet 1,
720

3 MacraE Bamrton Warowt and Corprve  (1944) Buochem Joum

38 132 "
4 Browoop  (1939) League of Nations Health Organization Publica

tion 88 No basio diet can be made up whick 13 dovoid of lacto

flavin
5 Boas Frssry and Roscoz  (1037-8) Nut Abs ond Rer 7 823
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Turorravtr CawrrsT or 1oonn 1% onnen or Maacarrune

" opriMe e prritnp
33 Marmats 020 IHam
?w38  Dakeraveat 620 Mutton ehop
*3 Tigalner (A L] Hraket of beef
1930 Brewer pveadt 017 Cherar wholo milk
14 Ox lnrer 014 Tutbot
1623 Matestmet 013 1ackind beef
1a Mrat fwee eon 010 042 Hernng
eentmtad 010 00 Nuts
13 Simmetm ik pow e 010 Honey
100 Temax 007 032 Matton
063 Tra 067010 Comnad beef
(8] Heming roe aaft o Epinach
G4g Lran beef 00, 011 (o
041-06% Rantine 00,017 Brer Engluh war
030041 Chawe pimmed mulk timn
035.0 40 Whols gtk powider 003 007 Dread
030 Rapper 002720 1 Milk

Meotinte Actd

Quite the mont starthing advance in our understanding of tho
working of the vitamin B complex is the discovery of the importance
of meotinle acid or nicotinamide in diet  As already stated Funk
21012 put forward the jdea that pellages was duo to the absence of
& sitamin from the dirt  This disease I charactenzed in its carlier
azes by an inflammation and pizmentation of the fkin on fore
bead cheels hands and feet and in it later stages by diarthara
and dementta Tt §y particularly prevalent wherever marze 13
staple food and apparently people on the vergo of tho diseaso may

pushed over the edgo by infoction with parasnites or a lack of
ron ! Such parautic infiction 19 common among the fellalun 1n
Egypt who suffer from pellagra though 1t 1s not the exciting cause
suffer from a disease  blachtongue,” which for long has
been conmdered to be tho same diseaso and pigs on a diet consist-
10g fargely of maize become very ill with pigmentation of skin and
weakne s of legs
Now the heat stablo constituent of yenst which was ongmnally
”I‘lcd B,, eurea pellagra and Llacktongue while mibofl does
3" ereforo 1t was suggested that a moiety of By which cures
ermatitis in ratg B, might bo cssential for man and would cure

:i €78 This 19 not true  The truth was discovered 1n an odd
Y

Funk in his search for ¢ witamino 1n rico bran 1solated meotinte
* B1aaax and Gmarsovneur (1033) Lancet 2, 1198
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Nicormvio Acro CoNTENT oF FOODS, MILLIGRAMMES PER 100 GRAMMES

CEREALS AND CEREAL PrODUCTS Mg <01-05
Bread, white 05 dried 25
. ‘Wholemeal 12 N skimmed 43-150
Maize 09-16 () PROPRIETARY ARTICLES
Oats, medium 10-11 Beer 70
Rice mlled 16-24 Bemax 60
»  parboiled and Marmite 655
mlled 38 Meat extroct 375-1025
‘Wheat whole 47-53 Juce 345-615
, germ 27-91 VEGETABLES AND NoUTY
» bran 50 Cabbage 03
White flour 09-11 Carrot <05
FisgE Herrmg 2940 Peanub 130
White EP 17-84 Potato 10-20
Frurrs Apples <05 Soya bean 485
Tomatoes <05 Spnach 17
Mears Offal Heart 12-80 Y EasT (baker g most) 74-120
Kidney 38-194 {brewer 8 ) 91-102
Lwver 93-460 Extract 477497
Tongue 128
Muscle 3-18

m view of the fact that so much skimmed mlk bas been wasted
1 Great Britamn 1 the past

Tt 15 clear from this table that no one m peaco time need go
wathout their ration of mcotimc acid and that even when soverely
rationed 1t 15 possible to attamn 1t The fact that so fow cases
have been reported during the war of 193945 this country
confirms this

The general impression obtamned from considering all the three
mozeties of the vitammn B complex 1s there 19 little reason to suspect
a deficiency of any one of them n the diet n Great Britain cer
tamly so long as National wheatmeal bread 18 tho bread eaten

Other Moieties of the B complex

‘We have mentioned brotin mositol pyndoxine parammobenzm;
acid, pantothemc acad and folic acd among the vitamms whicl
Tor mcrobes chicken,

may be essential to man  They are essential
mice and rats and therefore probably for man

Biotin has been shown to be essential to man by & somewhat
drastic exp t Four vol s were given sufficent raw
egg white to supply 30 per cent of the Calories of therr dret Thxi_
represented the whites of 80 eggs per day Smce the nvxdu;, lO
raw egg White combines with biotmn and renders 1t unavailable
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18 widely dispersed in food, liver and kidney being the best sources
the rest of the offals coming next and finally meat Green plants
manufacture 1t and store 1t 1n their seed coats Black treacle 1
& good source

Folic Acid, wluch 1s found i leaves, hiver kidney and yeast
has become very important cl lly It1sa condensation product
of a pteridime molecule with par benzoie and glut, acds
It cures the anemia of permicious anmmia and other hzmolytio
hyperchromic anemias Although so potent in this 1t does not
prevent the neurological complications which may occur com
cidently with or independently of, the hmmolytic anemia It
also cures tropical sprue and some Linds of non troprcal sprus
but not 1t 1s saxd coeliac disease m children 1 ¢

Of the remamnmg portions of the B complex 7 1t may sufely be
said that our needs for them will be covered by a diet satufactory
for the mam mmeral elements and vitamins

Summarnzing the chemistry of vitamun B 1s mamly that of yeast
bran germ Iiver and leaves and the ferments and coferments of
the cell in carbohydrate metabohsm Three of these vitamins
thiamine, nboflavine and mcotmio acid, are notoriously deficient 1
the diet of the poor m Asta while nicotime acid 13 deficient 1
the diet of Mediterranean countries and the Southern States of
the USA Riboflavine defictency 1s known mn the USA bnbus
rare m Great Britamn Though the appropriste vitamin may
produce spectacular cures of the d y disease presenting ibsell
1n the Iong run 1t 1s useless unless the all round putrition s 1mproved

Vitamin C or Ascorbic Acid

The history of the prevention and cure of scurvy presents many
examples of the waywardness of human thought and action It
was known as early as 1601 that oranges and lemons kept scurvy
at bay, but this was a secret and maintamed so 1n the interests of
commerce ® It was rediscovered by Lind m 1753 Tt was also

2 Lorez Sries Toca (1946) Journ Amer Med Assoc 132, 906

2Moons Breasavs Werox  and Waiaer  (1946) Jour Lab 4
Clin Med 30 10 1056

3Darpy Jones end Jomnson  (1946) Journ dmer AMed Assoc
130, 780

4 HarrisoN and WHTE  (1946) Lancet 2, 787

5 MansoN Bamr and Crarge (1946} Lancet 2, 903

¢ Leading Article Lancet (1947) 1, 182
1RonmsoN (1044) Chem and Ind 370 386 (1947) Food

Manufacture 22 71
s Nixon (1938) Proc Roy Soc Med 71,193 See also BoURNE

(1944) +bd 37, 512
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known In the eighteenth century that sprouted sceds and gran
were a preventive and curo (Bachstrom, 1734), and Captain Cook
shownd that liming on the fresh frnts of tho lands ko visited reduced
the cases of fatal scurey among his saulors to zero  But all this
wna forgotten in the nineteenth century despite the fact that the
navy had abolished scurvy by introducing lemon juice into tho
dict  Ita occurrenco was duo it was said, o an altered scid baso
cqulbnum of the body cr, later, to the presence of mucrobes
It was not till Holst discovered that gumnea pigs put on a dict of
oats and autoclaved milk, suffered from o mmular diseaso that an
opportumity was grven to find out what foods could prevent er
cuto scurvy Vo now know that alono of tho anumals, man, the
pnmates and tho gunea pig can sufler from scurvy while the
birds cat, dog rabbit and rat donot  To-day wo are certain that
all or nearly all of tho symptoms of scurvy aro duo to tho lach of
a vitamin which reccived the provisional name of vitamun € and
na“vi has been ealled by the first person o solato 1t ascorbio
aci

The first symptoms of onset of the diseaso, spart from the gloom,

bility, fatigue gd on ding wpnight after having
stooped, and d 'y and lled for arg iveness
desernibed by Stefd ‘hich indeed aro

of most diseases—aro soreness of the gums and pain m the Jonts

Later the guma sre swollen and pawnful the teeth become Joose in
their socketa the pans 1n the jomts on movement become unbear
able and the skin shows multiplo petechie or brwse ke patches
Posuibly the growing pamns  of the Victorian public schoolboy
were o gign of incipient scurvy, possibly too the bouts of nose-
bleeding t

To-day the disease 1s rarely seen except on Arctic and Antarctio
exploration {(and now should never bo seen agnm) durmng smieges
(of which that at hut el Amars 1917 was the last) and 1n ralway
and other engineenng construction camps  Sporadic cases appear
among 1nd bachelors and sp living by lves and
domg their own housework and catermg and 1t has been seen i
young men iving at home having s midday meal i & city restaurant
and returmng 10 the eveming to the  warmed up” remams of a
meal their parents had 1n the middle of tho day  Elderly people too
who on aceount of false teeth and flatul end other al Y
troubles have given up frit and vegetables may develop sore

patches in therr mouths and purpura which are readuly cured by
a daily dose of orange-juice

1Ferenp  (1936) The Schoolboy
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Practically all cases of gastric and duodensal uleer 1 commng 1nto
hospital are woefully deficient 1 vitamin C, for 1t 15 farrly easy to
detect a deficit (see later) This defieit is probably the result of
omitting acid frts, salads, and vegetables from the diet on account
of dyspepsia, though we cannot entirely rule out the possbihity
that ulcers may result from a defiert of vitamin C 1n the det
There 18 & suspicious peak of mcidence of peptic uloers n late winter
and early spring, and gmnea pigs on a prescorbutic diet frequently
have them (20-30 per cent) No wound heals well if an ammal
and probably a human bemg 1s kept on a diet with but small
amounts of the vitamin 1 1t

The elucid of the ck try of vitamm C 13 interesting 1
view of the mternational collaboration mnvolved Holst and
Froheh Norwegians, started exp tal work on ammals  Zilvs

at the Lister Institute noted that fresh lemon juice reduced a blue
dye called indophenol blue  Tillmans and Harsch m Germany used
thus fact to discover the age of lemonade * made from fresh lemon’
Szent Gyorgy: a H d tallne reducing
substance 1 various plants and one or more animal tassnes (notably
the cortex of the suprarensl) The dye reducmg power of fruts
or vegetables seemed to go parallel with therr vitammn C activity
King m America obtamed crystalline vitamm C from lemons and
showed 1t to ble Szent Gyorgy's reducing sub

Gyorgy1 and Svirbely in Hungary tested the reducing substance
on scorbutic gumnea pigs and cured them Then Szent Gyorgy
discovered a good source of 1t 1n paprka and sent a large samnplt
to Haworth at the Bummgham Unmversity orgame chemistry
laboratory, where 1ts structural formula was worked out and the

compound synthesized It 18

3
ed & cry

Szent

o

RS

H
CH,OH—-C—C‘——C]__——:G\——C———-O
'})H H HO OH
In other words 1t has the sheleton of & hexose suga
* unsaturated It can take up oxygen and also be re oy
Szent Gyorgyr christened 1t ascorbie acd In small doses,
30 mulligramimes a day 1t prevents most of the symptoms of ;lcur:z;
But according to Szent Gyorgy: the capillary fragility which g2

1Harns ABpasy Roy and Mammack  (1935) Lancet 328, lg’;”
Arcurr and GRAEAM  (1936) tbid 2, 364 Boomwe (19 )

Med Journ 1, 560
2 Sprere and McConkey (1933) Arch of Int Med 51, 413

r but 1t 18
duced



b,

VITAMIN © 167

though if the greens aro kept hot after they are cooked
mto destruction
12 hot of wegotablea after thoy aro cooked is very
the pacorbio aexd  Olliver 2 rockons tho loss to be
after 16 minutos and 75 por cont aftor 00 minutos
illy important whero coohed vegetables aro sent out
1 dopot to canteens  Pupils of ono of us (V X 3)
smplo, that wheroas tho vogotables as sorved st &
1cd 7 2 miligrammes perhelping thoy wonld bave pro-
nesasmuchifthey had been sorved as scon ss cooked
s fruits from which thoy aro mado contain vitamin C
derablo amount  Thus blackeurrant jam (30 per cent
1 may havo as much as 50 milligrammes ascorbio acid
wmes 80 that a holping may give 5 miligrammes—s
it
and Bottling  Owing to the prolonged high tempera
canning and botthng of fruts and vegetables 1t might
hat thero would bo masaive destruction of vitamin C
over far from tho truth As nono but the best of
getables fresh from market gardens can be unsed for
the produce 18 *“ blanched *—t o treated with boiling
short time before canming  as tho head room of aiwr
is reduced to & mimimum the amount of vitamin € 1n
is often but very httle less than that of the same
ueo cooked m the normal way* Thero 13 somo loss
but 1t 13 80 small that the vitamin C of canned fruits
Jles even after prolonged storage may be more than
s and vegotables bought on the open market and then

tion  Vegotables and fruits have long beon dned as
»f presereing thom  Each war revives tho scheme for
stables for feeding soldie tho field But the use of

vegetables hgs in ¢ —notortously in the Caivil
6 USA—been ~ . Durmg the war
v paying due orbic acrd oxidase and
ng air from the posut’ 5 produce
getablo having the ~ ascorbig
on cooked wuch ~~ por cent
w valuo of <8 very

with thoee in
rutrogen retain
& (1943)
tR o (1036) ibed

Baxxer and 53
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dehydroascorbic neid by the mitnte m saliva It will probably bs
reduced agam to ascorbie acid 1n the reducing surroundings of the
stomach and mtestme Peeling and keeping potatoes overmght,
contrary to widespread belief and stat by auth does
not deplete the vitamun Q1

Cooking 1t has been long known that ascorbic acid 1s labile
to heat, wherefore 1t has been loossly and inaccurately stated that
all coolung destroys the witamin C value of cooked frmts and
vegetables This 18 far from the truth  There 1s a loss i cooking
but this 18 partly due (1) to the action of the plant’s oxdases, and
(1) to leachng of the vitamn mto the cooking flmd  The oxidase
works most rapidly between the temperature of 65° and 85°C
Above 85° C 1t 15 destroyed  The problem then 15 to ensure that
the vegetable 13 cooked m water which never falls below a tempers
ture of 85°C  Obviously 1f 3t 13 put 1nto cold water and brough
to the boil, however quickly, the oxidase will bring about th
maximum destruction  Even if 1t 18 plunged mto bolng wate
m sufficient, amounts to lower the temperature of that water belov
85°C destruction of the ascorbic acid will take place In th
R AF the vegetables are added in three or four portions oml
after the other, so that the temperature never falls far below
boiling pomnt 3 Even o, 1f the proportion of water to vegetabl:
18 lugh, sscorbic acd 15 lost through solution . the water  Th
can be obviated by boling the vegetables m relays, usig the
water from one lot to boil the second and so on & method used 1t
preserving the ascorbio acxd in dehydrated vegetables 3 '111;
Minstry of Food r ds the fotlowing t to avor y
losses of ascorbic acid i domestic cooking A small amount of
water 15 placed 1n the saucepan and brought to the boil  The
vegetables, shredded with & sharp kmife are dropped in, the sa‘:l”
pan hid put tightly i postion and the vegetables cooked pawg
1m the water and partly m the steam above Coolung 13 comple "
1, ahout ten C t 15 needed to preven

em from sticking to the pan and burming
th.l\nsl a result of eftlv workpon the mfluence of alkeh on asco’b;
ac1d 1t has been too readily assumed that the addition of blcarbonﬁo
of soda to the water m which greens are boiled—a me;‘hn:e Lt
ypreserving the green colour—will destroy the vitamin C Ob ute
has shown that the addition of 2-4 grammes of sodium carbott
or bicarbonate to the gallon of water does not destroy witami

1 Marrack ¢ al  (1944) Lancet 2,15639

2 1944) Proc Nut Soc, I,

sm:: 51944; d, 1, 101 Treomean (1048) sbid 1,103

4 Or1zver  (1943) Chem and Ind 62, 146
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reciably though If the groens are hept hot aftor thoy aro cooked
nay accelerate destruction

ho keoping hot of vegetables aRter they are coched is very
tructive of tho ascorbic nerd  Olliver 3 reckona tho loss to bo
per cent after 16 minutes and 75 por cont aftor 00 minutes
5 13 especlally important whero cooked vegetables aro sent out
m a contral depot to canteens  Pupils of one of us (V H M)
nd for plo, that wh tho vogotables as served at &
toen provided 7 2 milligrammes perholping thoy would have pro-
od threo times as muchifthoy had been sarved aa soon aa cooked
Jams, if tho fruits from which thoy aro mado contamn vitamin O
ain a considerablo amount  Thus blackeurrant jam (30 percent
it content) may have as much as 50 mulligrammes ascorbia acd
r 100 grommes 8o that a helping may give 5 miligrammes—n
ful amount
Canning ond Dottling Owng to tho prolonged hugh tompoera
res used 1n canmng and botthing of frnts and vegetables it might
thought that thero would bo massive destruction of vitamun C
ns 18 howsver far from the truth As none but the best of
ut and vegoetables fresh from market gardons can bo used for
nning  as the produco 18 * blanched ' —i e treated with boding
iter for a short time before canning  as the head room of awr
the cans 19 reduced to & mummum the amount of vitamuin Cin
o pach’ is often but very httlo less than that of the samo
irden produce cooked in the normal way* There 13 somo losy
1 storage  but 1t 13 80 amall that tho vitammn C of canned frmts
1d vegetables even after prolonged storage may be more than
at of frata and vegetables bought on the open markoet and then
oked

Dehydration  Vegetablea and fruits have long been dried aa
method of preserving them  Each war revives the scheme for
rying vogetables for feeding soldiers on the field But the use of
ich dned vegetables has in the past—notonously m the Civil
Var 1 the U8 A —been followed by scurvy Dunng the war
03945 by paying due attention to the ascorhic acid oxidese and
y excluding air from the * pack® 1t has been possible to produce
- dried vegetable having 60-80 per cent of the onginal ascorbio
e1d  When cooked such vegetables should retain 25-35 per cent
£ their raw value of ascorbio acid a figuro which compares very
avourably with those in home cooking? TDehydrated vegetables
tored 1n mtrogen rotsin thewr qualities for nt least a year

1 Onuver (1943) Chem and Ind 62, 146

2 Quuver  (1938) #d 55, 163

? Auex Barker and MarsoN  (1044) Proc Nut Soe 1, 153
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statement of fact Nor should we accept m Great Brutam figures
for food commodities obtamed and analysed outside these 1alands
Tomatoes grown under the weather conditions prevailing in Great
Brtamn are different as sources of ascorbic acid from those grown
mthe USA A banana when submutted to analys:s here 1s a very
dafferent fruit from one analysed 1n the States though both may
have come from the same place 1 the Carbees, and stmlarly with
& green pepper analysed here, or i Hungary or mn Lowuana
Each country must prepare 1ts own vitamun tables and give the
range of values B

In the following table the amounts are given m mulligrammes
ascorbie acid for 100 grammes which as pomted out earlier 18 an
average allowance of fruits and vegetables Heavy type mdicates
useful sources

Frurrs
Apple Blenhemm Orange 3 Lemon 14-66
Bramley Seedlng 16 Lumno 32-58
Coxs Orange Loganberry 20-48
Pippin 2 Melon Cantaloupe 15-53
Banana 1-15 Orange 16-99
Cherry 3-17 Juice 28-8%
Currant (blach) 136-353 Pear 1-10
s dred} 50 Pmeapple 10-63
Gooseberry 28-47  Plum 05-5
Grape 14 Raspberry 30 7
Grape frut 26-65 Strawberry 46- §
Greengage 057 Tangerine 10-3
How 49-500  Tomato 13-39
Hp 10-1870 1

Hips and haws have been mcluded because schoolboys ere apt to
eat them and the USSR employ them i the manufacture o
antiscorbutic for winter use m the Arctic Circlo  Moreover durig
the war of 1939-45 the Muustry of Food has put rose hip 1uxc<:) 0’;
the market as a source of vitamun C for nfants and children b 26
medum mized orange wetghs about 170 grammes and yrelds al Zld
70 ¢ ¢ juice and therefore from 11 to 62 milligrammes ascorbl: :lm
aecording to origm  South African oranges have the !ughest e
of the oranges sold m Great Britan  We call attention I0 s
enormons amount 1n black currants and pomb out the value

Jups  Seottish and northord

s from a Turkestan specics
nd MELVALLE

1 The figures given are for British rosHe

wn hips have the highest value 1p:

ggwn at Kew reached a record figure of 4800 PYKE &
{1942) Buochem Journ 36, 336
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theso oven when eanned, in supplying vitamin € at & time or placo
where 1t is difficult to obtainst  Duning tho war tho standandization
of tho purées of black eurrants used for infants and patients with
gastric disorders has been an tho handa of Olliver, of Cluvers & Sons,
who first put the purée on tho marhet

Vrorraniry (RAWw) USED AS SALADS

Carrot 4 Onlon spring 14
Celery 1-6 Peppers 12-330
Cucumber 1-18 Radish 12-.20
Endno 19 Tomato 13-39
Lettuco 05-22 \iatercress 24-76
Nasturtium {0 Tropacolum
majus Jearcs 200-465

Ve point out how disappointing carrot, celery and lettuce are,
and tho possibility of using peppers which aro sometimes sold 1
our big stores 1n autumn as o sourco of vitamin C  If people would
learn to use raw cabbage and raw brussels sprouts and turnips
as salad tho salad sources of vitamin C could be oxtended and
cheapened eg

Cabbago 20-124  Sprouts 72-146
Cauliflower 19-101 Swedo 20-47
Green sprouting broccoht 111-1412 Turnup 17-43
Kohl raby 50

Cookrp I'ruits

Currant (black) 90

Currant (red) 23} 83 normally consumed ?

Gooseberry 20

Grapefruit-juico 34-50 (canned)

Hip 210 (cooked 12 mmns sieved sugar
added coohed another 4 mnutes)

Loganberry 20 ns normally consumed *

Orange-juice 29-50 {canned)

Btrawberry sohd 10-55, hqud 10-20

* Enghish mean figuro given as 16 by Orriver  (1043) Chem and
Ind 63 146

* Amenican figures WrEELER TrEsster and Kivg (1939) Food
Research 4 593

* Figures from OtLaiver  Op eit
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statement of fact  Nor should we accept m Great Britan figures
for food commodities obtaned and analysed outside these 1slands
Tomatoes grown under the weather conditions prevaihng 1n Great
Britam are differont as sources of ascorbic acid frory those grown
mthe USA A banana when submitted to analvais here1s o very
dufferent frurt from one analysed m the States though both may
have come from the same place m the Caribees, and simlarly with
& green pepper analysed here or i Hungary or i Lowmsana
Each country must prepare its own vitamun tables and give the
range of values -

In the following table the amounts are given m milligrammes
ascorbie acd for 100 grammes which s pomted out earher 18 an
average allowance of fruits and vegetables Heavy type mdicates
useful sources

Fryrzs
Apple, Blenheim Orange 3 Lemon 14-66
Bramley Seedhng 16 Lame 32-58
» Coxs Orange Laganberry 2048
Pippm 2 Melon Cantaloupe 15-53
Banans 1-15 Orange 16-99
Cherry 3-17 Juuce 28-89
Currant (black) 136-353 Pear 116
, (red) 50 Pineapple 10-63
Gooseherry 28-47 Plum G5-§
Grape 14 Raspberry 30
Grape frat 26-65 Strawberrv 46-767
Greengage 057 Tangerine 10-31
Haw 49-500  Tomato 13-39
Hp 10-1870 1

Hips and haws have been mncluded because schoolboys are apt fx;
eat them, and the USSR employ them in the manufacture o
antiscorbutic for winter n<e m the Arctic Cirgle Moreover durng
the war of 1930-45 the Muustry of Food has put rase hip Juce o:
the market as a source of vitamin C for nfants and children bO:t
medmm sized orange weighs abont 170 grammes and peldg al Zxd
70 o ¢ juico and therefora from 11 to 62 milligrammeés asc0r ;ctitxe
sccording to ongin  South African oringes have the h.(ghese e
of the oranges sold in Great Brtamn We call attention s
enormous amount m black currants and pomt out the vaine

1 figures given o for British ro o hups  Scottish and norther
growl;lh e}u;im }m‘g; the hughest value Taps from & T\nk?t;;;:‘?g;’
grown at Kew reached a record figure of 4800 PYKE an
(1942) Biochem Journ 36, 336
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{u) the relation of calewum and phosphorua to cach other
the dict
{m) tho relation of caleum and phosphorus to cach other in
tho blood serum and particularly tho state of fomzation
of theso elements
(1v) tho nfluence of tho parathyroids in mantaining the con
stancy of calcium 1n tho blood
{+) tho effect of ultra violet light whother artificial or sn sun
light
{v1) thugmﬂucncc of protein and fat i tho food
(¥n) the influenco of the alkal reserve of tho body
(vun) tho effect of excreiso

This long hst has not oxhausted the possibilitics

Now richets may occur at all ages  Though onco strenuously
dented, 1t 1s undoubted that feetal nichets oceurs, even in Europe
though first descnbed in China ! Rickets usually occurs between
the ages of 4 months and 18 months and spontancous cure 13
frequent  But nickets may be delayed nll the third and fourth
year of ife  Renal rickets which was once demed inclusion under
the term nchets though the bone picture 1a 1dentical has now been
shown to be truo nchets induced by disease of tho Judney  Graham
and Oakloy * cured the renal nckets in a boy of sixteen by treat
ment with alkali to increase the alkah reserve and with doses of
3000 to 6000 IU of mitamun D with exhibition of caleium lactate
to mncreaso the caleium mntake Iinally the diseaso osteomalacia
18 really adult nickets

Ost \ an

porosis must be d hed  Osteo
malacia 13 & softemng of the bones dus to lach of vitamin D among
other factors such as starvation and lack of mmeral elements in
the diet and 1ts charactenstic 1s the presence of osteord matenal
tho orgame part of bone without tho inorganic ' Osteoporosts
consists essentially of a dimnution of caleium phosphate and
carbonate 1n tho trabeculw of the bones  Post-mortem no osteord
matenal 13 found 2

Rickets 15 usually a discase of slum hfe and poverty, but not
necessanly so It appears much more frequently mn bottle fed
babres than in breast fed though 1t 15 not absent m the latter
This 18 80 1n spite of the fact that human milk contamns much less
calelum and phosphorus than cows milk A diet overloaded with
Gs;lhxwzm {1930) Lancet 1, 454 and Proc Roy Soc Med 33

* Gramaw and OARLEY  (1938) Arch Die Ohtdh NS 1,1

* Burnows and Gramaw (1945) Quart J AMed 38 147
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amounts It was called calaferol and was thought to be * the™
vitamm D1 TIts formula 1s almost certamly

CH, CH,
CH—CH=CH--CH—CH
CH, |
cH, VCH\ CH, OCH,
n,C T CH,
HC | HC CH~——(',H,

!
N

8,
and 1t 13 400,000 times as active m curing richets as cod hiver ol
But 1t 15 by no means the only substance produced from sterol
which cures rickets and 1t 19 probablv not the substance u
cod hiver o1l which cures nickets ‘Thus 1t cures the ncke
that occurs in rats but not the mckets from which chickens
suffer which, however 15 eamly cured by cod hver ol There
may be six or eight forms of witamn D, some natural some
artifical  The artificral vitamm  calerferol 1 often called Dy snd
the witammn of cod liver ol Dy
In ditetics 16 does not matter much what the actual formul®
of the varous substances are what we are concerned with 18
what they do in the body, how much of them and how ong we
should take them and 1n what foods we can find them
The problem of rickets was by no means solved by the discovery
that the caleification of bones and teeth 1s controlled by witamin D
Because of the numbers of factors mvolved 1n oswification this 12
not astorsh If mathemat cannot solve the problem of
the gramtational effects of three bodies one on another 1t 18 nob
difficult to see that the much more comphcated interrelation of
the factors cond to rickets d ds time patience and much
experiment to unravel The varables are mamfold
(1) the vitamin D 1n the dict including the form 1 which 1t 18
presented whether as D, D, and ‘possibly 1n other forms

1 Asgew BoumbrroN Bruce Jenxms and WessTER (1930)
Proc Roy Soc B 107, 78
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Frxperimental results upon nrumals agreo with chinfeal observa
tiona a8 regards corcals cod hiver o1l sunbight, ultea wiolet light,
acidity of tho gut high ealeum low phosphorus in the serum
phosphatase of the scrum and tho officacy of vitamin D Tt hay
added that witamin D, (ealaiforol) whife useful for man and rat
ix usoless for chicken ! that metals such as berylium * which
form soluble phosphates produce rickets  the relation of ealcium
to phosphorus in the dict is important for both high ealeium low
phosphorus and low calelum hugh phosphorus dicts conduce to
nickets in tho rat and when that ratio 134 1 or 1 4 tho animal
needs mereased doses of vitamin D to ward off rickets ? Iinally
oxpenmental work on puppics has oxplained the cercal effect on
nchets ¢ As will beindieated in tho section on the milling of cereals
(pp 308-17) tho phytates render somo of tho calaium of tho diet
msolublo and so produce a low availablo calcium high phosphato
chyme

Tho causa causans of richots 15 o lowered intake of vitamin D
or a lowered manufacture of that vitamin by tho action of sunlight
or rather by tho ultra violet light tho sunlight contains How 1t
brings about the action 1s still 2 moot pont

Hero wo mect a discropancy botween tho views of chimeians and
the exp lista  Tho climelan becauso of the fact that the
calciam of the blood may be normal in rickets whilo 1t 1s the phos.
phorus which 13 lowered look upon human nichets as high caleium
low phosphorus nckots The expenmentalists particularly those
worlang upon puppies look upon richots as due to a low caleium
lugh phosphorus diet 1n the absence of suffisent witarmin D or
ultrz-violet ight  Nutritional surveys support thus viow, for while
poverty restricts the calejum intake 1t rarely reduces the phosphorus
intake to a dangerous level ¥ All agreo that lack of vitammn D—or
of sunlight or ultra violet light—is the all important factor m

g tho di bed calerum or phosphorus metabolsm  How

does 1t act ?
First of all 1ts offect 18 catalytic  When as Little as 0 025y can
showitseffect i a rat weighing 400 000 000 times as much 1tseffect

2 MtsserLand ACKrRsoN  (1930) Quoted by MeCortvas OreNt
Kemes and Day, op cit 340

2Jones (1938) Am J Phymol 124, 230

® McCortum Opent hemes and Day  (1939) The Newer Know
ledge of Nutrition 173 et seg

¢ HanrrisoN and MeLianey (1939) Diochem Journ 33, 1660
Bruce and Cavrow (1034} Biockem Journ 28 &17

* McCavce and Wippowsow (1938) Journ FHygiene 38 596
Wmmpowsow  (1946) personal communication
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cereals conduces to richets 2 Cod hiver o1l has been known to be
a speeific for nearly a century 2 Sunlight prevents or cures nckets
and ths 13 due to its ultra violet hight 3 Rickets 18 a “ chsease of
darkness "' whether the darkness be due to Purdah as m Indsa,
to smoky cities, or to northerly chmates  (In Glasgow smoke and
deficient ultrs violet light 1n the northerly sunshme are combined )
Artificral ultra violet light 18 efficacious 1n curing rickets 4 Rapid
rate of growth produces worse rickets than slow® Fats are useful
and not only because of their content of vitamm D, though a diet
very rich i fat may induce rickets 8 Ceelisc disease, becauss of
the patient’s difficulty m absorbing fats and their contawned
vitamin D, 18 almost nvanably accompanied by rickets Chuldren
with rickets often show an acidosis 7 Acidity of the small intestine
antagonizes rickets Vitamin D prevents or cures michets D,
bemng more useful than D,;® One large dose, say 100,000 1T

given parentally, 15 as valuable as small daily doses by mouth?
Idiopathic tetany i children 18 always accompamed by nchets,
though rickets 13 by no means always accompamed by tetany ¥
The serum of mokety children may have a normal calem valuo
(8-10 mulligramme per 100 ¢ ¢ ) whereas the phosphorus 13 always
below the normal ™' There 1s often parathyroid hypertrophy m

rickets,1? and generally spesking the parathyraids are enlarged

10 northerly chmes  The blood phosphatase 1s mcreased m nchets *

While vitammn D cures rckets parathormone makes 1t worse %

1 TrousseAy  (1865), Chmgue Medical del Hbtel Dieu de Pans
Second edition Quoted by Broxwmin and Prescorr (104Z) The
Vutawans i Medicine 452

2 TrRoOUSSEAU Op vt

3 Howrry (1889) and Parar (1890) quoted by Howrawp (1923)
Mediine 2, 349 Cuick et al  (1923) Studies of Rackets sn Viennd,
(1919-1922) Med Res Counc Rep ;7 ok 45, 712

¢ HyroscHmsky  (1919) Deut m o s

8 BicrweLn and Prescorr  (1942) op ait  See also Mzmﬂmg
(1921) Ezpervmental Fckets AMed Res Counc Spec Rep 63,3

¢ Boorm Hexny and how (1042) Biochem Journ 36, 445

T HopgsoN (1921) Lancet 2, 945

8 Ma¥, WYaaNT ef al (1939)' Arch Pad, 56, 476 Quoted by
Brornern and PRESCOTT, op cif

* Knesty (1945) Brat Med Journ 1, 78

19 Howrzanp  (1923), Medicine 2, 349

1 Howrann  (1923) op o

12 par. (1937) Ind Med Gaz quoted by BIORNELL and PRESCOTT
op cit

J;’Moxmxs (1037) Zancet 1, 87

14 Brexneit and PRESCOTT op ctf
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off into osteomalacia which is really adult nchets At the least—
for osteomalacin 13 more {requent with women—extra vitamin D
should be tahen by women ns long as child bearing continues

Caleium deposita ean bo organized up to old agoe and presumably
1n their organtzation vitamn D is necded, and moreover vitamin
D! axds tn averting eanes and thero 18 no age st which cancs does
not attack the tecth Conscquently thers 18 every rcason for
wcluding vitsmin D 1n the dict at any age, and for want of a better
figars wo may take the 500 1U necessary for chuldren s the dose
for an adult Doubtless it will take ycars for the shortage of
vitammn D to which every adult in Great Bntawn has been sub
jected dunng the War to show its effects  But thero 13 no reason
for saying that the adult nceds none  We have the expenenco of
Vienna after the first World War when osteomalacia was of common
occurrence 08 & warmng sgainst complacency of that kind

It bas long been hnown that the shin condition lupus vulgans
can bo greatly mmproved by means of the Finsen lamp This
produces ultra violet rays and will therefore aid i the formation
of calerferol an the shin It has now been shown that largo doses
of caleiferol by mouth causes after an imtial deternioration great
1mprovement and healing of the shin lesions  Tho doses given are
150000 IU daily which with care do not eause any 1ll effects

There are extraordinarily few foods which are sources of vitamun D
apart from fish liver oils  There are the fat fish and the body oila
of the eel herring and sardine have 4700 10000 and 8000 I U per
100 7 cly,and g the o1l as about 10 per cent
of the flesh we get 470 1000 and 800 I U per serving of these fish
Fresh herrings caught off the shores of Great Britamn in 194142
contaed from $4-479 ITU per oz in the flesh or approximately
300-1170 IU per 100 grammes Canncd hernngs have about
1 of thus smount 3 Canned salmon contains from 200 to 500 T U
per 100 grammes (about 3} 0z)  the red salmon having the nghest
value

MilL has from 0 to 10 umts per 100 cc of vitamin D or 0 to
57 umts per pmt 4 (The lugher figure 1s for summer mlk )}  Winter
butter has approximately none while the summer figure may be
es much as 113 per oz The average figure 1s 34 per oz Now
Zealand butter may have nearly 90 per oz Eggs may yield 22-75

1May MeLtanny (1944) Brie Med Journ 1 837

2Frxsen and Roscor  (1937-8) Nut Abs and Rev 7, 823

¥ Bacrapacr Crurcksmank Hevry how Lovery Moome and
Mortox  (1942) Brit Med Journ 2, 691

4 Cows fed on cacao shells secrete o milk with a higher vitammn I
content huwarr and Cowarp  (1935) Biockem Journ 29, 2728

n*
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must be eatalytic  But where does1t act ? In controlling the up
take of phosphorus from the gub, 1 nfluencing the alkal reserve ,
m retention of phosphorus in the bedy, i heeping the 1omzable
caleum of the blood constant via the parathyroid m holding the
phosphorus i the blood and tissue fimds 1n & particular form
Leeping the caleium phosphate calcium carbonate complex m the
blood 1n a supersaturated state  or directly, m governing the depos:
t10n of caleum phosphate m the osteoid tissue 7 'We do not know as
yot It will need much further research to elueidate the problem
All this may appear academue to the dietitian It 1s faurly clear
that a low caloium intake compared with the phosphorus mntake
plus a low vitarmn D mtake conduce to rickets and the problem
18 to merease both  Milk, cheese and fish are indicated as increasing
the caloium intake without at the same time overincreasing the
phosphorus intake, and the vitamm D by increasing the 1ntake of
the few foods which contamn vitamin D or by use of fish hiver otls
as a prophylactic How much vitamm D 1s essential for the
normal child and adult 13 still uncertam
As regards the cure of or protection from rickets, 1t 13 fauly
certain that 500 IU per day form a satisfactory dose  (The umb
18 the vitammn D activity of 1 milligramme of the standard soluton
of rradiated ergosterol and equals the activity 0 025y of erystallized
calerferol ) This 13 the doso for a culd  How much 15 essential
for an adult 15 not kmown A problem still unsolved 15 why g0
many children show no obvious mgns of richets though their daily
mtake of vitamm D must be well below the level of 500 1T Mild
rickets occurs in many babies, but we should expect 1t to be much
more obvious 1f this figure 1s near the mmmum Idiosyneractes
of absorption of calerum, phosphorus and vitamin D and utilization
of these essential factors may be the explanation or varying ctpcs!;l'ﬂ
to sunhight Diarrheea and dosage with hquid parafiin may impedo
abzorption
An§ther problem 13 how long this mtake of witamm D shouig
continue  Almost certamly 1t should start before birth ’Iﬁle’rees
evidence from China, from America, and Seandmavia that the onm
of the new born are better caleified 1f the mother has had a,deq‘tmn
doses of caleium and vitamm D during pregnancy The furm: I‘Zh
of bones and teeth starts before burth and contimues till the last tee
91 It is true that the
are erupted, which may be not till 18 to o
usual age for rickets 1s 6 months to 18 menths but 1t will x; mckets
bered from the above that there are such diseases as renal n}mdes
foetal rickets t and delayed rickets and that delayed richets & iy
\Maxweus 1030 Lancet 1 454 and (1930) Proc Roy Soe M
23 639



VITAMIN I’ 185

a suflicieney  But of hus pawers of absarption of fat aro Jowered
or Ius intestinal flora depressed by a long course of sulphonamidos
ho may suffer from a defint  Babies when born have a stenle
gut and 1t takes two or threo days to establish therein a good
bactenal flora  If then tho mother's diot has been deficient in
K, or her alsorption of K, from her colon been poor, the baby
18 born with a lowered prothrombin titro of its blood  Hemorrhagie
diseaso of the newborn is often attrbuted to lack of witamin K
and the Scandinavian school of obstetrictans and pedintrictans
uso vitamm K as s prophylactic! Amencan data are not so
encouraging

In dictetics vitamin k is not important becauso o diet satisfactory
for tho carlier discovered vitamins particularly A and C will most
probably eontan K

Yitamin P

In the scction on vitamin C above, ascorbic acid and that mitamin
have been equated  If howover witamin O 1s defined as that
witamin which wards off all tho symptoms of scurvy then vitamin C
activity mncludes moro than the activaty of ascorbic aexd  One of
tho symptoms of scurvy 13 the formation of petechie small
extravasations of blood under the shin  Theso can bo produced
artificially by suction over a smsll area of shin and the negative
pressure under which petechim appear measured In scurvy 1t
tahes a much smaller tension (or negative pressure) to produce
petechin—1¢ tho resistance of the walls of cupillaries to tension
from without and presumably pressure from within, 13 lowered.
Now according to the majonty of workers who have investigated
1t tins lowered capillary resistance 13 not duo to lack of ascorbio
acid m the diet but of another vitarmn* Szent Gyorgy:, who
first called attention to this considered that it was the capillary
permeability which had been altered not 1its fragility and so called
the vitamin vitammn P Ho first related this vitamm activity to
hesperidin a flavone occurning 1n orange peel and pulp but later
he considered that the active substance was eriodietiol which 1s
not easily ser d from tho hespenid Later worhers have
Pprepared 2 water soluble substance which has 100 times the actinity
of recrystallized hespencin and 1s active at the microgramme level
rather than the milligramme 3

Vitamuin P oceurs alongside of ascorbic acid in many frnts and

1Leamany  (1944) Lancet 1 493 506 and 2 737

* Rats can suffer from the absenco of this vitammn but can manu
facture ascorbic acid

3 Bacnaracnt and Coatns (1942) Analyst 67 313
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Other Vitamins

As research contmues, 16 15 highly probable that more vitamms
will be discovered and that later thess will be shown to be 1mportant
for man  Many have been discovered or postulated for this or that
smmal and 1t may be that one or another will prove to be indis
pensable i human nutrition One such vitammn—Vitamun K—
known to be important 1 the feeding of chicks, sprang mnto a
posttion of more than theoretical importance late 1n 19391 Tt was
shown by Dam that a number of infants with a syndrome of
aympt luding jaund hzmorrhage and dropsy, bad a
reduced clotting power of the blood In chicks suffenng from a
lack of this vitamun the resulting dimimished power of coagulation of
the blood 13 due to a lack of prothrombin and feedmng them with vita
min K restores to the ammals their power of making prothrombin

Further, four adults were shown by Dam to be deficient i
prothrombim as the result of » lack of this vitawan  Three had
sourvy and one pellagra, therefore therr diet was hughly deficent
1n ascorbio and micotmie acds Al had a Jow prothrombm level
which became normal 24 hours after treatment with vitamm K
Low prothrombm levels have been observed m patients suffermg
from obstructive jaundice sprue, biliary fistula and ulcerative
colitis—duseases 1n which there 15 exther a lach of bile salts in the
alimentary tract or poor absorption

There are two naturally ocenrrmg substances which restore to
the blood 1ts lost power of clotting (1) vitamm K; or 2 methyl 3
phytyl 1 4 naphthoquinone and (u) vitamin K, or 2 methyl
3 difarnesyl 1 "4 napbthogqmnone The first 13 found 1w green
vegetables, e g cabbage spinach, green peas alfalfa or lucerne
but 1ot i frusts or cereals the second 1s manufactured by bactena
ineludmg those iving 1 the gut

Both fhese ns.phthgnqumones are soluble 1n fat and fat solvents
but are 1nsoluble m water Consequently the body has dsfficulty
1n absorbmg them when there are no bile salts n the gub or ‘t“
other cases (eg sprue) when the absorption of fat 18 deficient
Modicmnal paraffin ol 1mpedes the absorption of vitamm K

Commercial 2 mothyl 1 4 naphthogumone 18 even moro acti®
than the natural vitaramns and though muldly boxic 1s replacng
them i thera;

It will be (,15:3;' from the above that the normal person eatl‘x:fzf 8
mixed diet mcluding green vegetables 15 never likely to & 1"
from & lack of vitamun K Even 1n the shsence of these vegetables
he can rely on the microbes m hus large mntestine to manufacture

tpax  (1939) Lancet 2 1167 and 1182




VITAMIN T 186

a sufficieney  But if lus powers of absorption of fat are lowered
or Ins tntestinal florn depressed by a long course of sulphonamides
ho mny suffer from o defiat  Babies when born have & stenlo
gut and 1t takes two or threo days to estabhish theremn a good
bactenal flora  If then tho mothers dict has been deficient in
X, or her absorption of K, from her colon been poor, the baby
13 born with a lowered prothrombin titro of its blood  Hmmorrhage
diseaso of the newborn is often attributed to lack of vitamin K,
ond the Scandinavian rchool of obstotrictans and pmdiatricians
uso vitamm K a3 a prophylactic? Amencan data are not so
encouraging

In dictetics vitamun K 18 not unportant hecause o diet satisfactory
for tho carlier discovered vatamins, particularly A and C will most
probably contun K

Yitamin P

In the section on vitamin € above ascorbic acid and that mitamin
havo been equated If however, vitamin C 19 defined as that
vitamin which wards off all the symptoms of scurvy then vitamin C
activity includes more than the activity of ascorbic acid  One of
the symptoms of scurvy 1s the formation of petechiw, small
extravasations of blood under tho shin  These can bo produced
artificially by suction over o small area of shin and the negative
pressure under which petechin appear measured In scurvy 1t
takes & much smaller tension (or negativo pressure) to produce
potechim—i e tho resistanco of the walls of capillaries to tension
from without and presumably pressure from withun, 13 lowered.
Now aceording to tho majonty of workers who have mvestigated
1t ths lowered capillary resistance 1s not duo to lack of ascorbie
acid 1 the diet but of another vitamin? Szent Gyorgyr who
first called attention to thus conemdered that it was the capillary
permeability which had been altered not 1ts fragihity,, and so called
tho vitamun witamin P He first related tlis vitamun activity to
hespenidin o flavone occurring 1n orange peel and pulp but later
he considered that the active substance was eriodietiol which 1s
not easity sep d from the hespend Later workers have
prepared o water soluble substance which has 100 times the actimity
of recrystalhized hespernidin and 1s active at the microgramme level
rather than the milligramme 3

Vitamun P occurs alongside of ascorbic acid in many fruits and

1 LENMANN  (1944) Lancet 1, 493 506 and 2 737
*Rats can suffer from tho absence of this vitamin but can manu
facture ascorbic acid

 Bacranach snd Coarrs (1942} Analyst 67, 313
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vegetables, but they are not present to the same extent! It x
true that the water soluble extract having the greatest amoun
comes from black currants which have large amounts of ascorbuc
acid but plama and prunes which have practically no ascorbi
acid are rich sources of P * Generally spealing, vitamm P 13
much more widely distributed than ascorbio said bt the range
of values 1s not 80 great  Even driod peas have some  Moreover
frmits, roote and salad plants, apt to be neglected because of therr
low content of ascorbic acid, have reasonable asmounts of vitamn P
For example we montion blackberries, cherries grapes, plums and
prunes, also carrots and lettuce So that in practical detetics
1t comes to this a diet contamung a fawr amount of fruts snd
vegetables will contain a satisfactory amount of vitamm P Rich
sources of vitamm P mclude apples, blackberries, blackourrants,
cherries grapes, lemons, oranges, plums and pranes among frwts
and cabbage, caulfiower, Jettuce, parsmp and spmach among
vegetables Tomatoes, too, are satisfactory® As far as figures
are avatable 1t 13 seen that if ascorbic acid 19 provided by means
of natural foods vitamin P will also have been provided

Meanwhile vitamm P concentrates have proved useful mn freating
purpura and various hemorrhagie conditions of stomach, ludney
and lungs

However important 1n science and medicme the vitamms dis
covered 1 the future may prove to be it 15 unbikely that such
discovery will make much difference to the prinaiples and practice
of dietetics The more recently discovered vitamms were dis
covered only because the earlier vitamuns had been ssolated and
purified  and of course generally speaking, the moro wtdﬂg
distributed and easly 1solated vitamins were the first to be 1solate
and synthesized If the phvsian 13 treating deficiency diseases
with vitamms he should use & blunderbus proparation of all the
known vitamns for deficiencies are rarsly single but multiple
Now a mixed dietary contmming dairy foods frmst and v'egetabh;:z
fish and wholo cereals 15 a blunderbus diet It contuns sll tue
known witamuns and probably all the unknown vitaraus as W:xll'
whereas & blunderbus vitamm concentrate may, apd probably wil
exclude the undiscovered ones

1 Bacmaracx and Coatss  (1943) Journ Soc Chem Ind 62,85

2 SoARBOROUGH (1941) Proc Bioch Soc July 18 n

$ These statementa are based upon work by SeARBOROUGH on b':n
and on prelimmnary reports by Geoffrey Bourne which we have .
privileged 0 sen  See also BacHaRacoH and CosTes upo;'x gu;!;eﬂ P&
op c# and Scarporovar (1941) Chem and Ind, 60, &



CHAPTER VI

TRACTICAL ASPECTS OF KNOWLEDGE OF
CALORIES PROTES, MINERAL ELEMENTS
AND VITAMINS

It 1s time to sum up the facts and evidence put forth in Chapters
II to V and to show as bnefly as possible how an optimal diet
mmay bo obtained To quote Sherman  sound diet stands four
squaro upon Cslones mneral ** ol ts and
Each group 13 1mpcrtunt and each member of each group 1
important and in 1ta absence the body sooner or Iater dies
Perhaps the importance of water should be emphaszod as well
The body a3 has been said abovo lasts some 4 fo 5 days only
without water some 50-70 days without Calones and protemn
and much longer without most of the mmeral elements and the
vitaming

The average man and mndeed the average dictitian, eannot carry
around 1n the memory the mass of facts which have been adduced
about the Calorio value the percentage composition the mineral
element and the mitamun values of the multitudinous foods which
appear oven 1n a modest diet Mor 1s 1t at all necessary that
such data shonld be memorized That way a sort of madness
lies and an overweighting of some food or type of food dear to
the heart of the particular dietitian  (Years ago Langdon Brown
sard that the lkes and dislikes of a physlcum could be gauged
by what he allowed forbade—h p patients to
eat) Interest in this or that witamm or mmem& clement often
Indes an intercst mn this or that food AIl that 13 necessary
18 to group the foods in the sumple plan already laid out on

17

It will be seen from the four preceding chapters that foods
which are most important for Calories come matnly from the
grocer and baker those for protemn come from the daryman the
butcher and the fishmonger  while those which supply the mimera}
elements and the vitamins come from the dawryman the green
grocer and the fishmonger Sundry foods recur again and agamn
on the lists

187
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Far example mulk appears as a source of first class protem, of
caleum and phosphorus of vitamins A and to a smaller extent
of the vitamins nboflavine micotmamde, ascorbic seid and
summer, D Tt 18 moderately useful 1n supplying Calories—as good
as potatoes  Cheese and other mlk products also are valuable i
sumilar ways—cheese and butter yield many Calones too Eggs
add on to the good qualities of milk but are a desr source of
Calories  Herrings and the fat fish generally are usefal for protem,
calerum, phosphorus, 10dine, vitamins A and D mboflavine and
micotinic acid  Nor are they to be despised as sources of Calories
In fact the enquning mind 18 driven to assume as fact the great
mmportance of the dairy foods and fat fish in the diet Nor 1s he
allowed to forget the market garden produce—~the vegetables for
vitapuns A and C and for iron and possibly calorum, the summer
frmt for vitamin C, most frutts for vitamin P and the amported
citrus frmts also for vitamm C

Perhaps the matter may be displayed 1n tabular form

1 Foods for Calories Drippmg fryng fats suet bubter mar
gerine bacon cheese flour bread

cakes biscuits sugar dried frmgs
jam golden syrup treaclo pofatoes

2 Foods for Protem Mk eggs meat fish cheese
Calerum Cheese fat fish mull eggs
3 fﬁnog:a{ T | fron Eggs green vegetables liver and cooked
meat
Elements odine Fish from the sea seawseds
Vitamm A The dairy foods green and yellow vege
tables Iiver and tomatoes
Thiamne Yeast wheatgerm hver 11idneys pork
bacon and ham whole cereals whole
meal and wheatmeal bread —
Raboflavine Yeas wheatgerm luer slammed mi
4 Foods for powder cheese fish and milh

Vitamuns Nicotimie perd  Yeast fish meat offal wheatgerm meat

Ascorbic aexd  Summer frnts eitrus frutts green vege

tables Dver a few roots of the
cabbage and tomato tribes

The fat fish end summer milk and

Vitarmn D
butter

Now leaving on one side for the moment Calories and protein and
turning to the mineral elements and the vitamns we cw group

them roughly as follows .
(1) Dary foods 1e milk butter cream cheese and eggs (an

* war tume’ margarine)
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(1) Greenproceries 10 greens,” carrota, awede, tumnp, radish
tomatoes summer frmt citrus fruits

() Sea produce, 1¢ fish particularly the fat fish, shell fish
and scawoeds

(v) Wholo cereals (but with theee much daury food and greens
must bo taken to outweigh the deletenous effect of the
coreal phytates on tho intako of caletum and fron)

In Great Btain the diet on the wholo has boen satisfactory in tho
past as regards Calores  Only the **submerged tenth —far too
large & proportion—have not had enough Calories (In India,
however 30 per cent fail to attain even sufficient Calortes )  Onthe
whole too the dict has been satisfactory as regands protein though
perhaps not for first class proten It 13 in tho darry foods the
greengrocenes the sea produce and possibly 1 tho whole cereals
that the duct has been defictent  Tho reason 13 partly cost partly
defective transport partly lack of education and partly poverty
Poverty does not directly explain the refusal to eat whole cereals
and nico except that poverty provents people from buymng milk
and vegetables which aro essentinl if whole cereals are taben to
any largo cxtent *

Theso foods which we have listed (1) to (iv) above have re-
cewved the name  protrefive foods  The term ongnated with
McCollum who first applied 1t to nulk and green leaves which
protect rats from the deletenous effect of an exclusively cercal
diet Then in time 1t was extended to all foods which contain
the necessary mineral elements and vitammns in an) consider-
able amount and the term has received the blessing of most
dictitians

It 1s easy to crticize 1t It 15 unscientific and untrue Al
food protects you aganst hunger and death 1n 50 days Water
protects you agunst death in four days You ean carry on for
months without a reasonable supply of caslewm iron 10dine
witamins A C and D mn your dret as Marrack points out  Moreover
the term has given mse to tho expression protected food
meanng & food which has not had its vitemuns destroyed by
processing or cooking Wholemeal 13 sometimes described as a

protected food  This 13 as reasonable as calling an army with
machine guns and no heavy artillery tanksorairforce protected
Probably the best usage of the term  protective foods 1s 1 the
sense of the foods which protect the Iayman from making a dietetic
fool of humself The term 15 a useful one though unscienttfic and

1 8ir Cdward Mellanby has mantatned thas it was a wise nstinct
which kept the poor off wholemeal bread
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1t has a great value for propaganda purposes It 1s because the
diet of Great Britamn, and indeed most other countries, needs
wmprovement by the addition of just those foods that the term
“ protective foods’ 1s retamed It should encourage politiians
and agmeulturists and the city folk to the spending of thought
tume, energy and money on the correct feeding of the nation The
supplies of dawy foods, market~garden foods and fish should be
at least doubled, and with the chmate, soil and position of the
British Isles that should easly be possible It 1s a policy which
would mshe for the health of the townsman and the economo
health of the nation The market 1 here at the door and the
problem of getting the goods fresh to the table 1s one of co operation,
transport, refrigeration on the way and i the home—probloms by
no means msoluble

Given a supply of fresh “ protective’ foods, of grocenes, bread,
confectionery, and meat, how should an optmal diet be con
structed ? There are two ways We can atart nght from the
beginnung, makmg away with all the schedules of menus we have
had 1n the past, or we can take those schedules and by cniticrung
them 1n the hight of knowledge of the ** protective ” foods amend
und bring them up to modern diwctary standards Probably the
latter will be the more popular and certanly more Brtish way of
solmng the problem Either plan followed wisely will produce
much the same result One produces a safe diet, the other makes
the diet safe

The radical plan, 1e gowg to the root of things and alterng
thence wpwards consists m (1) getting first of all o sufficiency of
the protective ” foods or, if you prefer 1t, the foods rich 1n mneral
elements and vitamuns (u) second 1n supplymg foods with first
class protem 1n them and (m) making up Celore needs from the
foods which are mawnly used to supply Calories

Let us take an example, zt the moment of wnting impossibla of
fulfilment ¥ of post war dut but easily possible with
& planned agrcultural and food pohey mn the near future

Protective foods Darry foods Mk, 1 pnt Cheese, 1 oz

Butter, 1} oz Egg 1 per day
G ,.tu 40z t and 3} o7

greecr'x vegetables or carrots per day
Tish 1 1b of herrngs per wesh
‘Wheatmeal breasd 8 oz per day
These work out as follows taking aversge figures from the
tables
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Nico }Ascor.
5 1 | e B e
mg yorsg rorug | 'y’ I'mg
Milk: 1 pmt 680 } 00 | 400 | 260 [ 965 ( 06 [ 28
Cheesot 1 0z 230 | 02 | 300 0| 47 — 0| —
Butter 1} oz 2] 00 1704 0 2| - ] 41
30 (185|600 75)200 —~ 0 22
Tomatoca 4 oz 12|04 |004| 58] 57,06 | 24 | —
Greens 4 oz 46107 (210 60! 46[ 03| 15 | —
Hernngs 24 oz 41107 64 41 05119 0 9!
Bread 8 oz 128 | 40 of421]| 0820 0| —
Total 1170 [ 75 (4211 | 878 (1419 | 54 | 45 | 283

And, 1n addition to the nbove, the diot 8o far as prosenbed has
nearly 60 grammes protein of which 3813 enimal protoin 77 grammes
fat and 147 grammes carbohydrate and yields over 1500 Calones
ie on the score of protean and Calories 1t 18 sufficient for some
women? It 18 already safe as rogards calcium witemn A and
ascorbic acid but 18 still s bit doubtful n 1ron thiamine, nbo
flavine and micotimio acid and possibly 1n wmitamn D

Very few people would be satisfied with the amumal protein of
such a diot and would want to add say 2 oz bacon ond at least
2 oz meat a day If theso are added tho diet has 73 6 grammes

proten 1854 Calores and 10 il ron, tho tk has
reached 1 2 mihgramme, the nboflavine 1 8 xm\hgramme and the
acid 13 null So that by pow although the

figures for the 1ron and vitamins havo not reached the lovels recom
mended by the National Research Council of the US A the diet 1a
deficient practically only in Calonies  Thero 13 a leeway of 1200 to
make up if we are aiming at 3000 and ths can be done n any way
which 18 agreeable or e p
more fats would be used In war time more brcn,d or flour
Potatocs up to 8 oz & day might bo eaten Jams golden syrup
honey and trescle might be used as spreads or in eakes and puddings
Sugar too would add to the Calories though to nothing else The
smddle classes would certainly take more meat and sdd frmts and
salads There should be no difficulty 1n malung the diet com
pletely satisfactory by a wise choice among the foods chosen to
make up the deficit 1n Calories

The other Line of approach to the salution of obtaiming n satis

1 Wionowson and McCancr  (1936) Journ Hygiene 36, 204
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factory diet 1s to take the normal diet to which the person to be
fed 18 accustomed and to amend 1t by meluding tho foods given
above under the heading of protective foods

For example, the following 1s & day’s menus from a boarding
school

Breakfast, Porridge bacon half a fried tomato bread and
butter marmalade Tea
Mid mornimng snack 4 pt milk

Dinner Cold roast beef mashed potatoes pickles rice
pudding bread

Tes, Brown and white bread and butter small cake
or scone Tea

Supper Bread and butter baled beans on toast, and

a biscmt  Water

‘We can be fairly certam that this diet will be adequate as regards
Calories and first class protem especially if as1s fortunately common
1 peace time in boarding schools second helpmgs of meat are
allowed and bread butter and jam are ad b But when we
serutinize the diet for the protective foods we begin to wonder 1f
1t 18 adequate

The dairy foods are represented by milk and butter only The
boys may be getting one pint of milk a day but 1t 13 doubtful It
would be much sounder to supply mulk to drink at breakfast and
supper or if the pupils think milk to be babyish mulk with a
“dash of coffee > Cheeso 15 completely neglected on this day,
and as a matter of fact, was neglected on nearly every other day
of the week

The merket-garden foods and apecial fruits are also absent except
for the half of a fried tomato To amend this diet 16 would be
well to replace the pichles of dumner with o salad of tomatoes water
cress or mustard and cress, or if by earrots—whick go qute well
with cold ronst beef—then Iater 1n the day an orange or lemonade
1nade with fresh lemons shoold be given or some fresh or camned
summer fruits

The remaming meals are practically devord of protective foods
except that some brown bread 1s provided  but there is no adequate
source of vitamm D anywhere in this day’s menu  Nor did much
appear anywhere else 1n the week under consideration Instead

Tt 13 amazing how 1nfrequently fruit appears m the diet of peoplo
m this country Of course fruit 13 dear and scarce But 1618 cotn
cervable that school gardens at any rate could grow bush 1‘nu:!i
The dietitian of an mstitution should have the chief say 1 what shoul

be produced mn the garden
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of tho baked Leans hernngs, hippers bloaters or soft roca on
toast might well appear, or a whito fish dish with a sauco fortified
with witamin D in cod liver ofl (sco p 182)

Most mddle class dicts which are adequato as regards Calones
and first claas proteins can camly bo made satisfactory in all dirco
tions by the replacement of somo of tho foods scrved by those
tho four classes of protective foods histed above  All elasses must
be well ropresented  This method of obtaiming a entisfactory diot
molves but tho mmplest hnowledge of dietetics and moreover
avoids tho ono suled fanatieism which tnwsts on, say potatoces
boiled an their ekans, tho uso of the water vegetables aro boiled 1n,
or tho cxelustvo uso of unmilled cereals, whuch, though they may
solve tho problem of sound foeding in ono direction, completely
omit to solvo 1t in others



CHAPTER VII
THE PROCESSING AND STORAGE OF FOODS

One of man s greatest difficulties m preserving humself slive on
thus planet has been the alternation of glut and famine due n early
hustory to the flux of the seasons and the uncertamnty of the weather,
and now due 1n addition, to the economic and political systems
under which he subsists Man 4 endeavour has been to use the
surplus of the glut to provide food 1n fime of famine  The storags
of food 15 the beginmng of capifalism, and the first large scale
storage of food recorded in Egypt under the foresight of Joseph,
a Jew the begmning of state capitalism Man wants to make
food Leep

Now there are some foods which, with a little care, can be made
to keep for years These are the cereals, and 1t 13 not astomshing
that crvilization has grown up round the centres of ceresl pro
duction for this and for other reasons to be developed later 1 this
book Cereals stored m the dry and protected from the mroads
of mnsects and rodents will heep almost mdefinitely The plant
has used *dehydration to preserve 1ts means of propagation from
one season to the next Probably therefore, cereals were the
first things to be stored from one year to the next Other seeds,
such as the pulses, also can be kept almost indefinitely

Protemn contaming foods especially the prized meat, poultry and
fish will not keep They form an excellent nutrient medm for
the growth of microbes manly the putrefying cmes A dead
anumal soon Tots and develops unpleasant odours and unless one
13 brought up to eat decomposed meat game eggs and fish, 16
becomes  unfit for ption **  Such d position 15 sxded
by the blow fly the maggots of which render meat protein soluble
Putrefaction depends upon the presence of digestible protemn and
mowsture  If the ture content 18 reduced derably these
protem foods can be kept against a ramny day Meat and fish

1VWe eat game and cheese m s atate of putrefaction  the Eshtmos
eat decomposed meat the Chinese eat pidang—i e duch s egg? which
have developed the odour of decay No harm results
14
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have been dnied n the past by native races and aro still being dried
to mako them heep  Pemmican of the Red Indians and Charquo
of South Amenca and the dned fish of the Eskimo of the Mackenzio
River delta nro oxamples  And to day this process of dehydration
(really, of courso drymng) is being used on o largo seale to feed
British and American armiesoverseas  Thoe one naturally occurring
high protem food (pulc) heeps very well becauso of its low content
of water

The mosture of frmts and vegotables allows moulds to ruin
their palatability For many years this has been obwiated by
dryng the frmt and there 18 an extensive trade n dned grapes
(muscatels rasins sultanas and currants) dried spples and pears
dned figs dned apncots and peaches and plums both i war timo
and in peace Somo of theso owe therr keeping qualitics in part
to their high content of sugar Dried vegetables have been used
in every war within tho last 100 years but withll results beeause
of the destruction of the vitamin C 1 the methods of drying used
In the war of 163945 the difficultics of drying vogetablea have been
overcomo their ascorbic acid valuo has been preserved and they
can bo reduced 1n weight to ono twenticth or less and be trans
ported to the desert or the Aretic Circle, and when rehydrated and
cooked aro as good as or possibly better than vegetables from the
home market After the war 1t 13 likely that the trade 1n dried
vegotables will oxpand They offer too many sdvantages to the
restauratenr to be neglected

Dehydration of fish and meat has made such stndes that 1t 18
likely that much of the fish cakes and mmce we eat in restanrants
mn the futuro will be made from dehydrated foods The problem
of dehydrating jomnts and large preces of meat has not been solved
if 1t ever will be so that no one need suspect, as yet that a chop
or a steak, or o cut from the joint has come from a dehydrated
source

Most of us have become familiar with dried mulk and dried
eggs during the war 193945, but dned milk 1s said to have been
made by the Tartars in the thirteenth century,! and 1t has been
used 1m nfant feeding smco 19006 Drmed eggs though datimng
from the first World War, have become a standby in the war of
1939-45 and though therr tasto and flavour are not equal to that
of “shell” eggs they are an exceedingly welcome addition to the
war time They rep an saving m
carnage

If and when China becomes & settled and peaceful and ndus

1 AvrreToN  (1942) Proc Nut Soc 1, 114
*Courrs (1918) Loc Gov Board Rep 116, 1
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trialized country 1t will be a chuef source of dried eggs  During the
second World War the eggs weore produced and dried in Canada and
the United States  Before thus war large quantities of eggs, shelled
and frozen, were 1mported from Chint into this country for use
1 the confectionery and margarme trades There was considerable
outery from the poultry industry but 1t seemed hardly justifiable

Drymng then 15 & means of maling foods keep though not
mdefinitely  The housewife uses the fat when she turns the
cold roast jomnt over on its dish every twenty four hours If lef
most side down the putrefactive microbes can soon render the
mosture (e gravy) putnd and foul smeling But of the most
side m contact with the dish 18 turned uppermost 1t dries and
the microbes cannot thrive

One typs of drying 1s to produce such a concentration of sugar
1m the food to be preserved that microbes cannot grow In jam
making the final sugar content 1s raised to over 60 per cent., m
which strength of solution microbes will not grow  The honey bee
uses & similar technique, though 1t 15 said also to add a little forme
acid as o preservative In the mahing of glace and crystallized
fruit the cell yuices are replaced by stronger and stronger solutions
of sugar until a strength 1s reached 1 which no microbe can grow
Sweetened condensed mll owes 1ts keeping power partly to the
condensation, partly to the concentration of sugar and partly to
the bacteriological cleanlmess used in 1ts preparation

The salting and smoking of meat, particularly pork, has beer
practised for more than 500 years The meat keeps because the
outside layers have such a high concentration of salt that mnvasion
from outside 13 impossible The microbes cannot live 1 the
strength of salt solution found 1n the outer layers of the meat
The 1nside of the meat starts sterle, 18 protected 1n the early stages
of pichling by 1ts acidity and 1n the later stages by the salt 12 the
outer layers Potassmm mitrate—saltpetre—also used m cum(lig
bagon and ham—is an antiseptic  Further, smohing when luset
partly owes its effect to antiseptics m the smoke and part] g o
the effect of still further drymng the meat (The salt will have
extracted some water already) It should be realized that th:
side of a ham can easmly undergo putrefactive changes ¥ lcu-
and exposed to the arr There 18 not enough salt there to E Slt’!
molyse microbes It normally remains sound becatise protecte ay
Iayers of concentrated salt on the outside though infection n:h);
travel along the bone or along the big blood vessels npear
bo;[?cro-orgamsms are the main though not the only, cnuszb:sf
spoiling of foods but some strains of the acid producing xocT
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can bo used to preservo food or at least to atavo off putrefaction
By sounag mik particularly 1f alcohol is formed at tho samo
time the mulk can bo mado to last longer than normal  Sauer
kraut is cabbage preserved by means of acid producing bactena
and 13 popular as an ediblo both 1n Germany and i tho German
scttled parts of tho United States  Silago 19 cattlo fodder treated
m & mmilar way Green Indian com stalks and other fodder
plants can bo preserved throughout the winter as fodder for
cattle and retsm much moro of tho nutntive valuo than if first
dried

Another way of maling food heep 18 to fractionate 1t
1¢ heep one fraction and throw away the rest  Butter 1s the fat
of milk but the eascinogen and the lactose of the milh from which
tho butter orrginated must either bo used at once or dned It
was, unti) recently thrown away or at the best ased as pig food
Tho Houschold milh  of tho war of 193945 18 tho slimmed
mill ansing from the manufacture of butter on the North Amencan
contnent  Choeso 13 really fractionsted milk. The fat and the
cascinogen plus the caleium of the mulk are preserved and tho
lactoso and lactalbumin largely wasted  (Dned whey, the residue
of the milk after the casein has been produced 1s a valuable food )
Fractionating cereals also improves their keeping qualities but for
a different reason  The o1l of the cereal germ readily goes rancid
n arr and the muxed proteins of wholemeal support msect hfe
better than those of white flour White flour does not readily
develop an  off flavonr whereas wholemeal does  Whole wheat
Leeps better than wholemeal and white flour pearly as well as
whole wheat This fact probably explamns the determined oppost
tion of the mulling and baking mndustry to the production of war
time flour and bread

Antiseptics 1e sobstances immeal to microbic Life havo been
in the past and are still bemng used to preserve food Hops are
added to the wort 1n beer making becanse they contawn an ant:
septic  The beer keeps better The commonest artificial ant
septics are benzoic acid and benzoates borie acid and sulphites
Benzote aeid 18 used 1n the frmt juice industry borie acid 1n cream
and sulphite mn sausages and fresh fruit  In this country 1t 1s no
longer legal to uso benzoates and boric amid but sulphites are
permitied in sausages  Before the war of 193945 the jam makers
of this country imported much frmt especially black currants
from the Contwment preserved with sulplute and the Camden
solution used 1 botthng frmt 1s 8 source of sulphur dioxade  The
funetion of the antiseptic 1s to poison life and there 1s always the
possibility that it may upset human life, so the tendency 1s to move
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away from antisepsis towards asepeis in the food industry as
surgery

I wo can put up a food 1n a cont free from
microbes 3t will remam unchanged almost indefimtely  This 19 tho
prineiple behind the canning and botthing indusiry which has
grown to such an immense size during this century On the
cominerersl secale 1b 18 quite 1mpossible to prevent some microbes
(bacterta or fungr) from commg mto contact with the meat, fish,
frub or vegetables to be preserved before they go mto the con
tamer—mn fact this would be possible for meat, only 1 the most
up to date operating theatre—but those which obtain entrance ate
Iniled by beiling or heating under pressure, and the vessel saaled
before any more live microbes can make their entrance With
frmts and vegetables 1t 13 not necessary to raise the temperature
much ahove the botling point of water but with fish and meat the
temperature surronnding the contaner has to be rased to 125°C
partly to allow the heat to pemetrate to the centre and partly
becanse the hydrogen 1on concentration of meat and processed
fish 15 favourable to the growth of putrofactive microbes whie
that of fruuts and vegetables 13 not More care to destray all
rmerobes 18 necessary with meat than with fruit and vegetables

Tt should be mentioned that the greatest care has to be taken
of fruit, vegetables, meat and fish before they are canned  Nothing
but the best and clesnest are good enough, and the time ‘batween
harvesting or slaughter and inel 1 2 cont has to bo the
shortest possible  Fruits and vegetahles are canned within 24 houré
of meking or pulling and often preserve more of thelr vitamn
than similar goods sold ¢ fresh * on the open market Cleunhne:;
18 at & premium 1n & cannery for the fewer microbes which get
the cans before sterilhzing the better That thoy do get in 8t tnne;l.
18 shown by the ‘blown ” cans, and the oceasional occuﬂ'ﬁncecfz4
food poisoning due to canhed goods  In spite of these occum;ca
which aro rare, the practice of canmmng foods has come to tm);
Tt 15 very valuable 1n taking advantage of a glut m em“?’;g 7
foods from one part of the world where thoy are cheaply Zi“ ]‘z i
produced to another where they are produced with dt IC“ ¥
at all and m ncreasmg the range of food stuffs availlable bt

There 15 still g strong prejudice agamst canned goods tbauﬁom
has but little bams an dietotics  There 1s Little 1f any dam;g;: o
to the mnutntive values of the protemn, fat and carbo! ’Ioss o?
vitapun B, 1t 1s true, 18 probably destroyed and there 13 o bles
witamin €~ None the less, 1t18 true that canned fruits and vt’-get s
often contamn more vitamm C than similar frmts and w}%eecuoﬂ-!
bought in the open marhet and cooked 1n the homo The ob}

111
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to canning are mamly wsthetic and moral  Often canning changes
the favour of goods for the worse though thers aro peoplo who
prefer canned pincapples and grapefruit to fresh, and some,
canned ox tongue to fresh and connossseurs maintamn that the
Jonger sardines remain an thesr cans the better  Generally speaking
tho flavour of canned goods does not approach that of fresh foods
Morcaver, there s the indictment on moral grounds The use of
canned goods 1s held to bo Iazy and jecrs arc mado about tho
mountains of empty cana to bo found near the back doors of the
working classes  Asa matter of fact the big hotols are tho greatest
users of canned goods—they aro so and dardized
in appearance It 1s much casier to warm and open a can of
meely graded and dyed green peas than to shell and cook the
product of a ity market  Meanwhile 1t must bo admitted that 1t s
dietetically adrantageous to be able 1n winter to open cans of black
currants loganberres spinach and new potators in this country,
or mn tho northern parta of tho Umted States or Canada where
the enow 13 on the ground for § months of the year and to have
summer fruits and vegetables avalable in winter and early
spring

Frut juices and for that matter meat juices can bo rendered
sterilo by filtration through Chamberland filters, 10 glazed
porous pottery filters with holes so minute that they hold back
the microbes  This method 1s used on an incrensing scale an tho
United States but 1t 23 not sustable for all fruit jutces for 1t holds
up at tho same time somo of tho flavour

Partial heat lization or pi 1 , 18 used with milk
and fruit juices  Pasteunzation consista in rasng the temperature
of the flud to be pasteunzed to a height varymng for each food and
keeping 1t there for a defimte time  The length of timo vanes with
the temperature  ‘Thus mulk has to be held at 145° F no less than
30 minutes—the =o called holder process——whereas if 1t 1 raized
to 162°F the time necessary falls to ns ittle as 15 seconds  When
the time 18 s0 brief the process 1s termed flash pasteurzation
Until the war of 193045 the holder process was tho ono favoured
m this conntry but flash pasteunzation despite its difficulty
control has been permutted since 1941

The function of pasteunzation 1s (1) to kill pathogemc gorms
such as those of tubcreulosis undulant fover typhod etc und
(1) to destroy most of the lactic acid producing microbes Ths
enables the milk to keep much longer—properly pasteurzed mulk
made under laboratory conditions will keep a month and com
mercially pasteunized mulk as put up by a well known dairy m Dorset
will Jast five or six days 1n summer before gomng sour  Such mulh
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13 1ot sterihized—there may be heat resisting spores 1n 1, which will
later germinate and nvanably a few lactic aeid produrcers escape
destruction  Pasteunzation kills the more abundant and non
spore formmng microbes and so delays sourmg

Cold delays microbic activity mmlh which would keep two or
three days m cold weather will last hardly a day in warm, frozen
meat will heop indefimitely There are stortes of hunters 1 the
Arctic Circle coming across frozen mammoths which must have
gone 1nto cold storage ®ons ago, the meat of which, when thawed
out, was perfectly edible Low temperature does not destroy
microbes, 1t merely puts them in a state of suspended ammation,
and 1n the household refrigerator they continue to live but reproduce
themselves much more slowly For example, as quoted m the
Farmers® Bulletin No 1705 of the US Department of Agriculture
(1933), a lugh quality raw milk which started with 31,000 microbes
per cubio centimetre had mereased these by four times only after
24 hours m a cool chamber at 50° F', whereas the same mulk left
for 1} hours at 75° F before 1ts 24 hours 1n the cooler had 10} tumes
as many microbes If the refngerator had been workwng at 32°F
the merease would have been much less—probably the numbers
would not have doubled m 24 hours 2

Cold storage then has been used 1n ever ncreasing degree n the
last 50 years One of the difficulties encountered 1n prepaneg 13:
feeding the people of Great Bntam during the German arr rat
was that the cold storage plants were naturally enough m our
dock areas and so exposed to attack Beef 18 imported from the
Argentine chilled 1e mnot actually frozen, whereas mutton can
be 1mported from New Zealand to this country frozen Froz;n
mutton when thawed retains 1ts structure practically unchangeu
but beef 1f frozen, loses a large amount of ‘drp,”1e muscle ceh
flwds or meat juice when thawed The length of time thlc“
chilling delays putrefactive decomposttion by microbes mn beef
not much more than that tahen between the Argentune and 1:“;
western ports and that sets a hmit to the distance from wh
beef was 1mported till gas storage was discovered o with

Fish can be frozen at much lower tomperatures than mea! .
advantage and after the war of 1939-45 1t 15 probable that factory
and the consumer
anized ervilzation
calth, for

1 The advantage to the producer the distributor
of the delaying of the souring of xlk 1n a highly urb .
13 obvious 'Ths leaves out of account 1ts advantage to
which gee under mulk

2Davis  (1944) Food Manufacture 19, 423 stotes that ,,"‘",;’;;i":{
pasteurized milk will keep 32 days at 45°F and up to 63
34°F
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Mups  supplied with machinery for rapid and low fomperaturo
freczing will accompany the fishing flocts  Such frozen flah if lator
stored at 10 degroes below freczing may remain good and untainted
for cight months and ncceptablo ™ after four years!

The troublo haa always been in the fish supply n this country,
that much of tho fish when landed was  off,” and when transported
inland was by no means fresh  Refrigeration both on fishing flects
and on tho railways could render the supply of frosh fish in the
romotest parts of Great Brtain—no part 19 moro than 70 milea
from tho sca—an casy matter Tho advantage of such s supply
13 obvious from tho soctions above on protein and mcotime acid

Gas Storage Many foods og fruits and vegotables are

hiving entities and carry on o slow metabolism dunng storage
Others havo substances in & state of ecompheated equibbrium
which 1s dynamic and not static  That Is tho equilibrium slowly
moves, sometimes towards improvement of flavour {wines and
cheeses pro examples) and sometimes in tho oppoute diroction
(e g meat) Somectimes the foods contan oxidizablo substances
usually fats and fatty scids and the onidation of these producos
‘off* flavours It has been discovered that carbon dioxide in
varying percentages will slow still further motabolism 1o frmts,
1e will inhubit npening processes, will check tho dovelopment of
unpleasant flavours and stop oxidation Nitrogen could be used
for tho Iatter purpose but because carbon dioxide ean be supplied
m solrd form cheaply 1t 13 tho moro converuent *gas’ in which
to store food  Gas storago 1s stdll in ats 1nfancy but it has already
solved the problem of carrying meat, particularly beef from the
Antipodes to Europe

Eggs havo presented peculiar probloms mn cold storage The
egg within 1its shell 13 by no means complotely storle and the
washung of eggs scems to remove somo barrier agsmnst invasion
by mucrobes from outside  Eggs an cold storage dovelop a storage
flavour and serve a3 s med for *musty odour”
producing xmerobes  This rumns them as food  Moreover, the firm
white of tho egg becomes runny and so enables 1t to be distinguished
from a new laid egg A fried cold storage egg looks nowhere near
as appetising as a fried new laid egg  Many of these troubles
have been obviated by gas storage :h combination with cold
storage Tho gas 18 usually carbon dioxide though 1t may be
nitrogen  Percentages ranging from 5 to 100 can be used according
to the food to be prescrved Higher concentrations are best for
oggs but lower percentages are used with meat and frwt (soe below)

Gas storage has aided 1n the prescrvation in transport of foreign
frmits to this country  Quite & low percentage of carbon dioxide
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13 all that 1s necessary  The frwit 1s prcked unripe and ripens
onits yourney to this country and mn storage  The rate of ripening
has to be modified according to the distance to be travelled and
the time when the frwit 15 put upon the market Cold delays
npemng  But the fruit 13 a hving breathing organism and some
of the products of metabolism 1f not removed, speed the ripening
Carbon dioxide delays 1t S0 1 adeal conditions there should be
& arrculation of air around the frutt and 1ts carbon dioxide content
18 bost kept at & per cent Gas storage of apples has proved of
great value and 1t may 1n future be possible to pick bananas much
more nearly ripe and so preserve some of the qualities of o banans
picked ripe from the tree

Gas storage, too has solved the problem of preventmg the
development of “off flavours in dehydrated foods particularsly
those which have to pass through, or be stored in fropical climates
Oniginally with dried milk commg from New Zealand a vacuum
was used to prevent the development of ‘off” flavours which
probably are due to the fats becommng ranctd  Dehydrated meat,
fish and eggs retain thewr qualifies for much Jonger if put up m
metal contamers filled with nitrogen or carbon diomde  Probably
the same method could be used to prevent oxidation of the essenttal
ouls of roast coffee beans tea snd cocos nibs

Adv and Disadv ges of Food Pr ing Apa
from the apathy usual in the publc about anything that matter
there are two attitudes of mnd adopted towards modern foc
manufacture out and out condemnation and out and out approva
The mstinet of one brought up in the country on home falled an
cured bacon on home grown vegetables and fruit, on mulk bu;tg
cheese eggs and poultry from the home farm, and meat klle ot
the village butcher 13 to raise hs hands m horror at mo ;
methods of food production transport and processng It llnlistl
be confessed that in the past-—and indeed the present—the so‘;_u‘m
cation of some food eg the tmtmg of canned peas Wlﬁl(; o
dyes the bleaching of flour by oxides of nitrogen, chlorme d:o: oy
and siumilar reagents, the fakmg of wines and beers and ]&:;S:am
use of synthetic flavourings (e g benzaldehyde for almone th
the dyemg of kippers leaves a nasty flavour . the moran'
metaphoncally and actuelly Nor ean the cymical or 15w e
attitnde of commercial firms mn the past, and even dmgeb
war of 193045 be defended Malt 18 expenstve plucose n\;‘ “Z
the action of sulphuric acid on potato starch 1s cheap soned
therefore used 1n the wort from which beer was made, and pol ears
beer addicts within a large radius from the brewery thlrtzrs);mc
or 80 ago because acid was contamunated with

‘¢
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Public analysts dunng the second World War have been kept
jusy snalymng catchpenny cgg, milh, lemon and other frut

eubstitutes,  guarantecd to contan all tho food valaes” of
ho foods for which they were supposed to be substitutes, showmg
heir claims to bo unfounded and reporting them to the Health
Authoritics

Tho other attitude 18 to welcome the change beeauso of the
much greater vaniety of foods which can bo supplied to our highly
urbsmized eivilization But the modern methods of processing
foods demand scientific control—chermeal biochermical and bac
tenological control—at all stages Until recently tho scientist
has been but grudgingly admitted into industry and then more
often 83 a subordinate than as a director  In tho food industry
tho need for comp brol as well aa ct [ER!
to be rocogmzed The Food Group of tho Society of Chemical
Industry has dono and 13 doing much to demonstrate the need for
biologieal control 1 food manufacture and a journal of the
namo Food Manufacture which reached 1ts msjority mn 1946 1s
& welcome evidence of the advance that control 1s making ! There

are progressive firms in which the bioch holds a d 10
position

It mast bo gmized that the p g of food 13 menitable
m an urb d aw I{ the standard of bving 13 to be

rawsed tho country must bo industrislized and industmalization
{though 1t may not be 80 n the distant future) entails urbanization
The town folh must bo catered for with food preserved i some
degree or other  Consequently it 1s our task to see that 1t 13 con
ducted as well a3 may be, and we have to admut if wo look at the
matter 1mpartially that 1t has given great advantages For
example with mulk 1t has not only rased the heeping quality but
1t basrawsed the standard of milk production  The milk distnbutors
are as much in favour of clean milk a3 the most fanatical medical
officer of health The samo 13 true of tho canming of meat frmt
and vegetables The best only are good enough  And the tume
will come when manufacturers will cease to put up a concoctron
of sugar citric or tarfanic aeid & coal tar dye and synthetin
flavouring and call 1t a frmit Juico

The endeavour to produce a really white flour s0 decned by
food reformers has not been without its benefits Apart from the
odd coms trouser buttons and nuts from the combine harvester
which have to be removed from the gram before 1t goes through
the rollers i the flour mill there 1s & not wconsiderable quantity

1 None the less Sugar sn the Air anovel by & C Large 1 not &
wild exaggeration
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of other seeds some of them even powsonous which have to be
removed, and are removed by it himery  Pre Iy
our Norman ancestors ate them m their bread, even 1n their white
bread Processing on the whole, makes for cleanlmess—even
bactenological cleanhness—and quality

What are the drawbachs of processing ¥ There can be hitle or
none 1n the protems, fats and carbohydrates of the foods It s
dufficult to beheve that the mmeral elements are n any way lost 2
It 15 only imn the realm of the witamns that damage occurs
Generally spealing there 1s Little loss of vitamms A and D
processmg though 1t has been reported that canned herrings have
less of both than the fresh product  Vitamin C certamly 1s decreased
m the canning of frmt and vegetables, though as said above, there
15 often more vitannn C 1n these than in the same food bought on
the open market and cooked at home Probahly micotiue acid
and mboflavine withstand processtng but vitamm B, thiamine
disappears erther by leaching out, destruction by sulphute or by
lugh temperature 1n processes such as dehydration and cannmng
As, however goods 50 canned or dehydrated rarely contan much
vitamin B, this loss 1s not serious More serious 13 1t with the
cereals Normally the production of a white flour from wheat
reduces the B, from about 1 IT per gramme to } though 1t
should be possible m future by ncluding the scutellum with the
endosperms or by breeding special wheats to raise that smount
Tt 15 saxd that some of the processes of producing breahfast cereals
destroy the vitamm By—e g the puffing of wheatand rico—and
1t 15 difficult to see how some breakfast cereals can retam any of
that vitamun though so far as we know actual biological expert
ments are laching  Processmg then, 1s mevitable 1t has its
advantages and disadvantages the former have raised the standard
of food here and elsewhere the latter can with ordmary mtellgence
be obwiated

1 But see the section on cereals for the welcome loss of munersl

elements
2100 grammes puffed shredded and flalhed wheat have & 67 and

131U witamm B,



CHAPTER VIIL
THE COOKING OF FOODS?

Aany foods in their natural stato aro quite unfit for humzm
consumption og cereals pulses, cassava nnd have to be ‘pro-
cessed® beforo eating A homo  process’ 1a that of cooking
and 1t has been practised from time tmmemorial It 15 posmiblo
that coolung was first applied to cereals though thero 1s plenty
of evidenco that prelistoric man had learnt the valuo of coolung
ts principlo food viz meat

The object of cooking food 13 twofold (1) Esthetic—to 1mprove
1ts appearance and to develop 1 1t new flavonrs  Even ammals
prefer their food cooked (u) Hygrense—to stenlize 1t to render
3t more digestible and to evoko dunng 1ts consumption, greater
flow of gastne ymce

Coolung meat, fish and mik foods with a conuiderablo amount
of protemn or fermentable carbohydrate puts off the period when
they will “go bad by destroying the microbes which normally
bring that about (A wise cook brings tho contents of her stock
pot to the boil onco every twenty four hours) Further cooking
dest many & which may lurk mn 2l mspected
meat ? It also destroys the towuns manufactured by bacllus
botulinus but not unfortunately those made by the salmonella
group of microbes

* Seo on this subject B Lowze Ezpersmental Cookery (London Chap
man & Hall 1032) McCawcs and Smrer  The Chermstry of Flesh
Foods and their Losses on Cooking  Afed Res Council Rep No 187
1933  and McCance Wippowson and Smackieron Afed Res
Council Rep No 213 1936

* Ammal parasites found 1n meat aro not eapable of withstanding
a temperature of 70 C (158 F) All ordinary forms of coohmg will
therefore render meat free from this source of mfection  An outbreak
of trichups1s 1 the Bumungham area of this country in 1941 was
due (1) to mnsuffictent inspection of the porh used and (u) to the habit
of the people 1n this part of the world to eating some of the sausage
meat raw
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Cooking certamnly increases the digestibility of vegetable foods
and 18 smd to improve that of meat, possibly by destroyimg
the antiferments in 1t and by looseming the fibres Even though
the coagulation of the protemns of meat may render them less
digestiblo 1n tifro the increased attractiveness of well cooked food
may render 1t indirectly more capable of digestion by calling forth
a more profuse flow of psychical gastric juce

The application of heat 1n some form or another being the essential
part of all ordinary processes of cooking, 1t 1 important to have
clear 1deas as to the effect of heat upon the difierent chemscal
constituents of food

The effoct of heat on the proteins of the food 18 to coagulate
them It would be a complete mistake however, to suppose that
a boiling temperature 1s essentral for bringing about this change for
coagulable protemns, both smmal and vegetable, begin to coagulate
if their temperature 1s rawed to 60°C (140°F) Above that the
protemn contracts or shrinks 1n most animal foods though eggs and
fish roes are exceptions This shrinkago 15 accompamed by &
small decrease mn digestibihity

Of the carbohydrates of the food starch 13 the most affected by
heat Dry heat converts starch mnto a soluble form, apd wih
mately mto dextrn  This change ocours to & lumted extent m the
crust of bread and also in the making of toast and hiscmts Moist
heat vauses the starch grans to swell, and ultimately to rupture
their envelopes, and the starch 13 then said to be gelatimzed  That
$his change also takes place considerably below the botlng pomt
of water 1s known to the laundress or the cook If boiling water
bo poured on to cold blended’ flour, starch or coreal, 1t gelutunze;;
although the temperature of the mixture cannot ever be a8 h:%
as 100°C (212°F) Oat starch 1s said to gelatmwze ab 85‘70
(185°F ), and potato starch at so low a temperature as 65
(149°F)

Here agam one sees that in the case of sol
change which 1t 1s the object of cooluing to e
about ab a paratively low temperat

The effects of heat upu-; cane sugar 1 aoid solumlaln, asin ;ﬂf‘“’:‘:
frwrts and jams 1s hydrolysis The cane sugar 1s * mverte ol
glucose and fructose  The partial conversion of sugar wto c”kmf'
15 one of the means by which flavour 13 developed m food by coo m:s

The fats of food are not so much affected by hent as the P’; o
end carbohydrates At high temperatures however, a8 “’:“i’f tho
of the dry methods of cooking 1s employed somie ab Ie:; Dbers
fat may perbaps undergo & parhial d posit; thhh o s
tion of free fatty acid and acrolemm  The latter irritates the m

me sterchy foods the
fect can be brought
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membrane  Fat which haa been heated and allowed to cool agamn
is often found to have Lecome more granular than it was bofure
This chango 1s probably due to the drving off of water, and it
tends to render tho fat moro bnttle and consequently moro
digestible  Tho change 18 well oxhubited in tho e1ne of dripping
and alwo tn fried bacon

ith theso prelminary conmderations wo may proceed to the
atudy of the effects of cooking upon animal and vegotablo foods
reapectively

Cookrva o Mear

Tho 1deal to be aimed at 1n cooking meat 1s to decomposo ita red
colouring matter (heemoglobin) 0 as to removo 1ts raw appearance,
and to do this without overcoagulating the proteins of the meat
or removing from 1t its flavouning ingredicnta {extractives)

Wo may glance very bricfly at the means by which this 1deal 18
to bo attained in tho ordinary methods of cooking

Boiling Tt is unfortunate that the term  boiling  shonld be
applied at all to any method of cooking meat, for 1t implies that the
subjection of the meat to the temperature of bosing water (212°F )
13 an essential of the process But this for the reasons indicated
above 13 & mutake The red colouring matter of the meat 15
docomposed and rendered brown at a temperature considerably
below that of boiling water, and by raming things to the boiling
pomt one runs the risk of hardeming the meat by overcoagulation
of its protemns

That the boing pownt is not 1 for the compl gul
of the protemns can be most eamily proved n the case of an egg  If
two eggs are taken and one kept in water at a temperature of 80° C
(176°F) for ten or fifteen mmntes and the other for an equal
length of time 1n boiling water 1t will be found at tho end of the
experiment that the contents of both are solid throughout but that
1 the caso of the former they consst of a tender jelly whereas
1 the boiled egg thoy are donse and almost leathery Several
8o called egg boilers 1ndeed have been mtroduced which work
upon the principle of cooking the egg at a tomperature considerably
below the botling pomnt of water

Now what 15 true of an egg holds good also for meat and accord
ingly the first principle to be observed m the ‘bothng® of meat
13 to see that the temperature of the water does not mse much
above that which 1s required for the coagulation of proteins It
15 only by giving heed to this that one can achieve the first result

desired—the abolition of the raw colour of the meat with avodance
of overhardening
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Lhe second object to be aimed at, that of retaining all the flavour
g constituents of the meat, also demands some care  The flavour
of meat 13 due to 1ts extractives and salts, and hoth of these are
readdy dissolved by water If the water mn which the meat hes
been cooked 13 to be consumed in the form of soup, the partul
removal of some of these flavouring ingredients 15 not of much
mmportance , but if the meat alone 18 to be eaten precautions must
be taken to prevent thew bewng dissolved out

One way of domg this 19 to use as small a quantty of water a3
possible, for the larger the proportion of water to meat the greater
will be the amount of soluble substances removed The quentity
of water, therefore, should bo just suffment to cover the meat, and
no more

A behef popular in cookery books 1s that the exposure of meat
for a few mnutes to the temperature of bolmng water creates a
pellicle of cosgulated protem on the outside impermeable to the
soluble constituents within  Such a procedure with a later
lowenng of the temperature, has been advocated 1n order {1} to
conserve these t (u) to the coagulation of the
protemns  An investigation of the premises of ths theory shows
them to have no foundation m fact

A summary of the effects of cooking meat m water, taken from
McCance and Shipp 8 work, 1s here given

When fully cooked beef 13 found to lose the same amount of
weight, water and salts, whether cooking 1s begun m hot or cold
water
The appheation of heat over 60° C (140° F') to flesh foods causes
a shrinkage of their proteins and the expression of juice When
“ the meat 15 heated m water there 1s 1n addition a munor loss of
salts due to duffusion mnto the surrounding water

The rate of shrimkage 15 accelerated by ramsung the temperatire,
but the final result 18 but hittle dafferent whether cooking 13 brought
about by long exposure to a lower temperature or short exposite
to a higher temperature though it 13 shghtly inereased 1f the higher
temperature 1s used b

Shrinkage 1s less rapid and less i amount i absolutely fres
Ialled than mn  conditioned ’ meat This 13 probably not due to
the formation of lactie acid 1n rgor mortis

The more rapdly the shrinkage occurs the Jess mportant becomes
1933 Med Res Council Report No 181

work has gven, h;':

ded b 101
o artxzes upos

1 McCancE snd SHIPP
These authors pomt out that earler research
support. to the pellicle theory since it was proj
None the less 1t has flourshed even m  scientific

cookery
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tho loss duo to diffusion into tho surrounding water  The smaller
tho pieces cooked the greater i tho loss due to diffusion With
amall portions of meat tho salt Jowses arc greater when tho meat is
hotled than when steamed, but with Inrger portions it makes littlo
difference whether they aro cooked in water or in steam
In general if boiling is uted to cook meat it makes Lttle diferenco
to the final losses whether tho meat is boiled quickly slowly or if
the temperature 13 Jowered soon after the beginning of cooling so
long as the meat 13 cooled to the same deqree  Coohing at a higher
temperaturo achieves the result aimed at moro quickly but 1t s
casmer to over shoot the mark at high tempetatures than at lower
but adequato temperatures
Roasting  Inthe process of roasting the heat 1a conveyed to the
meat by direct radiation, instead of through the medium of water
The effect of roasting upon meat 18 similac to that of boling  ghrink
ngo occurs, causing an expression of the jmees of the meat  These,
however aro evaporated to dryness on the surface of tho jont and
are therefore not lost as they aro in boilling so that roasting,
baking and gnlling aro conservative methods of cooking The
greater heat at the surfaco of tho joint brings about a change mn the
protemn expressed and coagulated thereon with the production of
moro samd substances and it is to these and tho greater concentra
tion of the salts that tho outamde cuts owe thewr charactenstic flavour
The loss of wesght 1n roasting 13 nearly all duo to evaporation but
a loss of salts can be d by red p as, for
mstance by basting
The puffineas of & well cooked chop or steak by grill 18 to ba
explamned by the greater shrinkage of the outside and more  over-
done’ layers as compared with those mside
Baking acts 1n preciscly the eame way as roasting the heat in
that case bemg applied all round the meat at once instead of only
to one mide at & tune  Connowsseurs prefer roast meat to baked
meats
Stewing 1s 1n many respects the 1deal method of cooking meat
If properly performed st dates without overhardeming the
protewns while owmg to the fact that the juice 13 eaten along with
the meat, none of the favouring igredients 1s Jost At the same
time, the prolonged action of heat and moisture converts most of
the connective tiseue wmnto gelatin so that the fibres readdy fall
apart and the meat becomes very tender Here again the secret
of success conssts 1 ding too hgh bs It 38 not
sufficient to place the pan near the edge of the hotplate and allow
it to ‘emmer 1nstead of bol The use of o thermometer
will show that the temperature of mmmering and * bohing*
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water 13 really the same 1e 212°F, the only difference bemng that
1n the former case the heat 18 reachuing the water more rapidly and
more of 1 15 wasted In proper stewing the tomperatmre should
not be allowed to t1se above 82°C (180° F)

Cooxrxg or Fisa

The flavourmg mgredients of fish are even more easily dussclved
out by water than those of meat, and as fish has less favour to
start with, any loss 18 the more carefully to be avoided For this
reason boiling, unless very carefully performed on the hines above
1a1d down 1s not a smtable method of coolang fish  The expen
ments of McCance and Shipp show that bouling may result in a loss
of 40 per cent of the salts It mght bo expected that cooking bv
steam would be preferable, and this 13 certamly true of small preces
of fish

Frying 1s o method of cooking specially applicable to some forms
of fish, and demands a special word of description especially as the
process 13 5o often misunderstood

The essence of frying consists in the sudden exposurs of the object
to be cooked to a very ugh temperature This leads to such rapid
evaporation from the surface that the 10ss of salts and nitrogenous
matter 15 reduced to & mmimum  Such method of cooking natur
ally adds considerably to the fut content of the final product For
example, steamed whiting hag 09 per cent of fat, whiting with
batter and crumbs has 10 3 (MeCance and Shipp}

In order to attamn this very high temperature some form of fat
must be used 28 & medim  Olive o1l or good cottonseed ol are
best The o1l should be heated 1n & deep pan almost to its boxlomﬂ
pomnt (the actual temperature 1s about 180° to 200"0——35?) f:
392°F), and when this temperature has been reached the objec
to be fried should be lowered gently wnto the pan, and left for twe
or three mmutes The bubblmg which ensues 1s due to the co2
version of the moisture on the surface of the object mto B’m‘““e
When this has ceased the coolung will be complete and the olg'ec
should be lifted out and the sxcess of oil allowed to dran o oo

Tt wil be observed that this process daffers entirely ﬁoﬂ; e
so called “frymg’ usually practised n this country, 1n ‘whie! bt
fat employed 13 regarded merely as a means of preventm‘gv
object from adhering to the surface of the shallow pan, m
a sort of roasting 1s really accomplished

Cooxinag oF Vearrastt Foobs

In the cooking of vegetable foods the objects to be ac!h;xe:je
dufferent from those which one sechs to sccomplsh 1o the

are
of
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ammal foods Cult wall substances and raw etarch are almost
incapable of digestion by man and heneo the softening and rupture
of tho eclluloss frameworh of  vegetablo food and tho gelatimzation
of 1ta starch grang nro the chief ends which 1t is the purposs of
cookang to bning about

Cull wall substances can bosoftened and, indeed, partly converted
into sugar, by tho action of acids, nided by heat  Naturo uscs
ferments  In sts unnpe 8tato a pear or other frnt 14 bard and

woody * from tho presenco of & cell wall fmmeworh  Tn proce ¢
of tipemung tho aeids in the frust, aided by tho heat of the sun
and forments, offcet o sofiemng of this framework with partial
or complete solutton of tho ccllulose fibrea the product being
the sweet and soft npoe fruit

This method 13 sometimes unconsciously imitated by man  The
process of prepanng ensifage §s an exsmple of 1t Here under
the influence of fermentative Lactena acids are produced 1n grass
which by the md of moisture and heat, act upon thoe ecllulose and
effect o partial conversion of it mto sugar  In Germany a very
mmilar process 13 employed in the conversion of cablages into
Sauerkraut

The preparation hnown a8 sowans 18 an examplo of the operation
of a sunilar agency on the cellulose of oatmeal  Ocdinary porndee
also when allowed to stand for some time, becomes a sod for the
growth of acid forming bactena and the products of the growth of
these bring about some degreo of softening of the celluloso 1n the
particles of oatmeal  For thu reason porridge 13 often found to bo
more digestible when stalo than when perfectly fresh

Another way of overcoming the cellulose obstacl, which may 1n
a sense be regarded as a process of coolhing, 13 by milling or grind-
ing  This breaks up the ccllulose framework and allows the
digestive juices to penetrate into the nutmtive ingredients which
1t encloses

More commonly however enoe finds the same object accomplished
by the combined action of heat and mowsture  When exposed to
most heat starch graws as wo have seen swell up their envelopes
rupture and they run together to form & paste or starch jelly  As
ooty 3y wxpnds W presses wpon und diumatély ruptures the Irame
watk. of cellulose fn which the grains are enclosed and m thus way
the two chief objects aimed at are aclieved The degreo to which
this oceurs 13 very well shown in the accompamng diigrams
(Iigs 8 9 and 10) which illustrato the action of mowsture and
heat upon the structuro of & peco of potato

It will be evident from these considerations

hat cooking 13 of
immense importance in faciitat ble foods

g the d of
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¥16 8 —CrrLs or A Raw POTATO rrst UNRUPTURED STAROI GRAINS AND
CELLULOSE FRAMEWORK

RAINS
Fig 9,~Crris or A Panriasty Cooxep Poraro rus STARCH a
D



10SSIS IN COORING 211
and the larger the propartion of ecllulose present the more eonrntinl
docs thorough cooking become

Heat has fn effect o; the proteins of vegrtables precisely similar
to that which it exerts on the same constituenta of pramal food, that

Fi0 10 —Crres o7 & TroRovanty Borwep Poraro ; Crrrvrosz Fraurwonx
BROKEN DOWN

15 to say they become coagulated Now, tho coagulation of pro
teins 1s secormpamed by shninkage rather than by swelling and for
this reason 1f the cellulose framework encloses protein only 1t does
not become ruptured, snd one can therefore readily understand
that 1if a vegetable food contamed protcn alone its digestibility
would bo affected by tooking 1n & procisely similar way to that of
animal food 1n other words 1t might be rendered less rather than
more digestible by tho process The explanation of this apparent
paradox 15 that vegetable foods contarng much protemn also
contam much starch (eg tho pulses} and that tho starch in
gelatimzing ruptures tho cell membranes Green and root vege
tables contam but very littlo protein

Losses v Coorva

No matter how carefully cooking 13 performed, o certain amount
of loss of the soluble constituents of tho food during the process 1s
mhentable In the case of meat 1t has been found by Johnston
that—
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digestion, while the dilution of the vegetable foods after cooking
makes less demand on the digrative juices  This, too is ono reason
why meat which has been cooked moro than onceo §a rather difficult
of digestion  Not only are ita piroteins apt to bo over congulated,
but the relative proportion of fat iy increased at tho same time,
and both of thess facta militate agatnet rapid and easy digestion

On the other hand, the increaso of bulk which vegetablo foods
undergo as the consequenco of taking up water in tho courso of
ocooking is apt to throw a atrain on the mechamscal 83 opposed to
the purely chemueal functions of the digestiveorgans  The beanings
of this fact upon the practice of vegetananim will bo duscussed
a later chapter

Srow Coorrvo

Bineo food 11 bad conductor, heat only penetrates into 1t very
slowly  Wolffhtigel and Hippe,! for instanco found that tho
temperaturo of the Intertor of a pleco of meat weighing 9 1b after
4 hours baling was only 88° G or 12 below the bothng pant of
water  The interlor temperature of a rosst varied from 70 to
9°C according to mzo  Similar observations have been made by
Sur Henry Thompson® He found that tho temperature closo to
the bone of & leg of mutton which had been boiled or roasted for
some hours was never above 85°C (186 F)

Henco it is that, if heat Is apphed to o picce of meat too rapidly
one umply wastes fucl and runa the sk of overcooking tho outer
lagers It is far botter to allow o moderate amount of heat to st
on the meat for soveral hours and the longer the time allowed,
the lower will bo the temperaturo roquired always assuming that
1 m}(cpt abovo the coagulation pomt of protemns 10 above 70°C
(133°F)  Tiua 1s the practice in high class restaurants  Various
special forms of apparatus have been nvented with the view of
economuzing fuel, and allowing of the prolonged action of & moderate
degreo of heat, somo of which aro certamnly not as well known as
thoy deserve to b

The sumplest of theso aro constructed on the pranciple of an
ordinary water bath and consist of & double pan the outer being
filled wth wager which 15 kept at or near to the bodimng pomt whde
the article to bo cooked 13 placed 1n the ner vessel The heat
only penetrates slowly to the Iatter and never reaches the boiling
pount while any risk of burning 1s also prevented The Irench

bun mane 13 eonstructed on this plan

’,%“vas Dopt of Agriculturo Bull 21
0 and Feeding p 07 s results have been confirmed by
others (se0 B Lowx op &)
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andiwoanthraotestoree the Agn and the Lase, ave now constructed
on this plan but the usal Foghsh mngo remains much as it woa
when this book waa fimst wntten

It is interesting to note that the advantages of slow cooking aro
well known to some ravage tribes, and in this respect the civilized
cook has momething to learn from them  Thus is the method of
cooking practisad by the hanakas of the Friendly Ialands as
desenbed by the Iate T T Bullen !

A holo is scooped in tho earth in which a firo is made (of wood)
and hept burning until a fair sized heap of glowing charcoal remains
Pebbles aro then thrown in until the charcoal i covered  Whatever
is to bo cooked is envelaped in Jeaves placed upon the pebbles, and
moro Jeaves heaped npon §t  Tho earth is then thrown back into
the eanity and well stamped down A long timo 15 of course,
needed for the v1ands to get cooked through  but so subtlo 1a the
modo that overdoing anything is almost an imposuibility A couple
of days may pass from the timo of putting down the jomnt yet
when it s dug up it will be smolung hot retamning all its juices
tender a9 jelly, but withal as full of flavour as it 13 possible for
cooked meat to be  No matter how large the Jomnt 1s or how
tough the meat this gentle suasion will render it succulent and
"”:hyl- and no form of eivilized cookery can 1n tho least compare
with it

No better ustration of tho sdvantages of slow coolung could
well bo found

.,7; The Cruee of the Cachalot  (1808) Smuth Elder & Co London



CHAPTER IX
HYGIENE OF FOOD

This subject demands a whole book to 1tself and & slight eketch
only can beattemptedhere  We think that even such a sketch should
be valuable to the domestic science students who use this book

The subject has a two fold aspect national and personsl or
domestic The country as a whole and the local authonties are
responsible for much of the hygiene of food production, for its
final preparation the home the imstitution, the canteens and the
restaurants are concerned There 18 the provision of a safe water
supply still extremely incomplete 1n country districts and of satis
factory sewage disposal, often primitive in many quarters  Theros
the collection and treatment of h hold waste and the regulation
of dumps These all affect food hygiene  Further, the authontes
have the task of inspecting abatt food fact dairies, bakeries
and so on which directly concern food ~Naturally such an nfimate
thing as food 13 mfluenced by every activity of man

As 5o much of our food 15 prepared for us before 1t reaches tho
home and as this centralization 13 ancreasing and will continuo £0
merease, the natonal control of food hygiene becomes ever mo o
and more important It 1s or should be the Government's business
directly, or indurectly through the local authorities to deal with
the water supply with mlk and dairy products, with meab, poultry
and eggs  In swar tune a Mmstry of Food 1s essential, and 1t 33
no less essential m times of peace

National Control of Food Hyglene It 1s a fact 1 food
hygiene that plam dirt does not matter half so much as conzumm.;-
tion with pathogemie microbes One of the most dangerous 0¥
breaks of tvphord fever i this country omgimated from a day
farm near Bournemouth productng high grade mulk Ccntamghﬂ

tion of ritk wath cow dung unpleasant as the fact may be 1810W l::
near 5o dangerous as contammation of that mulk by typhmd mwrotha
from the hands of a farm worker or by tubercle bacilt from
udder of the cow "

There 18 no doubt that the Croydon water supply was singularly

218




IMGIINT O 300D 219

free from what peoplo call “ dirt ' but a chanco contamination by &
trphaid earrier produced o deadly epidemic Nons the less the
presumption ls that cleanlinms of water supplins dairies bakeries
abattoirs, marketa and a0 on will make for bactcriological eleanliness
of the food produced thero as well though Stenhouso Williama n
his work on elean milk production showed that first grade mlk
could be produced in s cowshed which would unhemtatingly bo
condemned toalay

In water supph, Great Britain has led tho world, but nono the
Jors the two aerious outbreaks of typhoid during the decades 1020-30
and 193040, thoss of Malton and Croydon have been duo to
contammation of tho water supply  In the examplo of Croydon
13 aaid above, it was by means of a earrler  Thero are people who
bating recovered from typhoid to all chinical observation never
thelens carry typhold microbes around in ther large intestines
posubly for the rest of ther liven  They vold these every day and
tarclessness In personal hypene reulta in the dispersal of theso
microbes into food Tho elassical examplo of o typhoid earrier
was  trphoid Marv® of the United States but thero have been
lumerous examples in this country, whero typhoid 13 nono the
less o very raro dueaso  Tho caso of tho Wrexham pork pies
tirea 1910 presents an interesting phenomenon  Thero was a typical
carrier 10 the employ of the cookshop Tho microbes from hus
largo intestino fnfected tho gelatine eolution used for pounng into
the potk pres befors baking but beenuso the pies were then cooked,
the microbes wern kulled and thero was no outbreak of typhod
Nono the less therc was a savero epidemio of food poisoning traceable
ta the park pics, bocause tho typhod bacilh had produced toxins
n the gelatine

Typhoid carriers must nover bo allowed to handlo food and that
weany that they must not work in abattows bakeries, dames

henes market gardens watorcress beds and tho ke It 13 one
of tho duties of the medieal authorities worhing swith agricultural
and Homo Offien authorities, to sco that typhowd carriers are not
eglployed m the food indusinies or around water supplies Nor
thould they work 1n towns and aties  As theso people have to
¥ork on 45 fand 8o ns not to be a danger to society, 1t 13 dificuit
P 8¢ what, spart from afforestation, corn and stock rasing they
!;ldo Doubtless carriers of other discases exist for example
tlmr’(? fever nnd these dwseases msy bo transmitted by food In
trans m:ed States tho thoory is held that nfantile * paralyss 1s

lm’:’ ted by fxces as 1n infoctive hepatitis
tab, 20d cream may be wfected with the orgamsms of bovine

erculosis undulant fover scarlet fover and typhoid and so
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carry it to human beings  There are still a conaderablo number of
deaths from bovine tuberculosis m this country (say 2000 per year)
and widespread tuberculons of glands and jomts 1 the young due
to the same disease  These could be obviated 1f Government had
the courage to make the past tion of mill compulsory The
other dawry foods, butter and cheese, do not appest to transmt
diseases much though cheese i the Umited States has sometimes
been shown to be the cause of an outbreak of food posomng  The
duch egg may transmut an enteribis if not properly cooked and it
might be worth the whils of the relevant authonties to mspect
duck farms for such disease t

Meat can transmib diseases m two ways (1) 1t mav hecome
wficted with mmerobes of the salmonella group  This once thought
to happen 1 the abattoms through cavelessness 13 now considered
to occur in the butcher’s shop or home and 1s due to transmssion
by rats and muce It has been thought that these mcrobes produce
toxng indestructible by the heat of cooking and 1t 13 hnown that
they can grow 1 the human shimentarv tract and produce yomting
and diartheen, often of & dangerous nature But 2s there s x0
direct evidence for these heat stable toxms mspection of meat 1
the abattors will only reduce the nsk of food posonmg via meat
but 1t connot prevent 1t because the chuef source of mfection 1310
he butcher s shop and the home ? (2) t may be mfected with
parasites, which if the meat 13 not * properly cooked’ ¢ e
transmitted to man Proper inspection of the carcasses of meat
1n the abattorrs can elmmate this trouble, so can cookmng It will
be remembered that an outbresk of trick 1 the neighb
hood of Birmmgham n 1941 was due to sausage made from pork
1nadequately mspected and eaten ewher raw or hghtly cooked

Shellfish and watercress beds have been known to spread typhond
Oyster and mussel beds form in the estuaries of our nvers and :;
8 careless civilization wastes 1ts sewage by the converent meth
of runming 1t 1nto the nvers 1t 13 not astonshing that m the P”;
typhord has been trapsmitted va the ovster and mussel S‘;‘
shellfish beds need the most careful inspection Watercress has
to day an undeserved reputation for spreadmg typhord Wbene\t';’;
an umportant person gils typhod (e g the late Arnold Benne! !
1t 15 rumoured that he got 1t by eating watercress We are 10
aware of any cases n this country within the Jast twenty years
bewng attributable to watercress from commereial watercress -

A reform long overdue m this country »s the screenung of abatto
meat and fish mmarkets bakemes and food msnufactortes &

1 Lancet (19456) 1, 314
2 Porsonal communtcation by Dr ¢ F Dubed
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lavatorics from fis  The hotas fly hns been Inenminated in the
United Statea for the spread of typhold, and is strongly suspected
in this country of divccminating summer diarrhees  In tho States
it §s considered as a posuible vector of poliomyehtis and in North
Afnes (F1 Alamen) of infective hepatitis and breillary dysentery
On any account knowing tho haunts of flies it is timo that they
should g0 Refuse dumps should not be telerated
Finallv the food manufactorics whero such edibles as brawn, pork
pies potted meat eausages cte,are made need close 1nspection
Yood waste in such places encournges cockrosches, crickets, mice
ond rats—all potential vectors of direase  For reasons given above
a Lnown typhoid carricr should bo not permitted to work in such
places and for reasons which will be obvious there should be
dequate lavatory ac dation with washhand basins and an
sbundance of hand towels Operatives should be encouraged to
washafter attending to bodily needs  Thosamo applies to canteens
and restaurants  People with soro hands faces and throats should
not be allowed to prepare food A recent examplo 13 of & woman
cutting sandwiches when in the early stagoe of scarlet fever Somo
of the eaters of theso sandwiches had a subsequent gastro enteritis
from the toxins produced by the scarlet-fever microbes some later
developed searlet fever
Of course 1t 15 not only the trades and the health authonties who
nred edueating 1t is the pubhic also  Ono of us (V H M) has scen
8 etnng bag of shellfish out of ther shells Iying on the flthy
platform of o London Statton and whilo this cdition was under
Tewsion a wholesaler, under the noses of the two authors, dumped
8 Joad of eabbages destined for & loeal greengrocer in the gutter in
front of the shop Typhoid and paratyphod are spread by carcless
Bess 1n personal hy giene
Food Hygiene in the Home By the timo food reaches the
ome 1t may or may not have piched up pathogenic orgamsms or
developed toxins It mght be thought that there 13 Lttle that
can bo dono 1n the way of food hygene That 18 not true  Thero
13 always avoidablo wastago duo to moulds putrefaction of meat
Eoups and fish and the depredations of cockroaches mice and
rats In fact thero 1s often & vicious circle st up The falure to
b3 crusts of bread or to clear out the crumbs from bread bins
leads to mouldimess of the whole loaves and so on 1n geometrcal
Progression  The same 13 true of ammal Life encouraged 1n kutchens
by thelazy scattering of food The more food scattered the more 1s
unwanted anumal hfo encouraged and the more food wasted becauso
of its bemng fouled by such ammals One of us (V H M) has
snffered from o serions by crickets d by the
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every microbe Tt 15 perhaps best to rmse plates, dishes, ete, m
hot water after they have been washed with s0ap and water and
leave them to dry spontaneously, rather than to dry them with a
cloth The “tea cloths* can easily pass on mulk sourmg and
other microbes to the contamers It 1s a good practice m hot
weather to steam out any muk can used for unpasteurized mlk
Tu the experence of one of us (V H M ) this enabled milk to remam
sweet which otherwise went sour m less than 12 hours

Funally, 1t 13 unwise to adopt an Antipodean plan of letting the
household dogs lick the kitchen china clean  This has often resulted
m the transmussion of a parasite that produces a serious disease
of the iver  And 1t must not be forgotten that mn countries such a8
China, where human ¢xcreta are used as manure there 13 the pos
sibility of infection with ascans a round worm mhabiting the gut
of raw salad vegetables are eaten Investigation among Oriental
students m Amertcan umuversities showed that one third of them
were so wnfected If the composting of garden refuse with human
excreta becomes at all widespread mn this country, 1t 13 possible
that the same trouble will beset us here  Very careful washing of
the salads will be essential

In the above, the possility of the transmission of disease by food
has been emphasized—some may say too much emphasized 11:1;;
certamly true that the emphasizing of the ditiness of mnch i
sold m the past has prejudiced people—medical officers of he;l -
among them—agamnst milk as a food The campugn for ceaf
ymik has worhed m the direction of decreasing the consumption of
mik There 1s deaidedly a danger m giving the public & fear u;’d
mucrobes, but 1t has to be faced It 1 good that the pubhe Sh%e .
understand the ubiquuty, the services and the disservaces of mxcn}m
and how to take advantage of the one and obviate the other 2 e
of the control of the disservices 1s m the hands of publis suthor lIn
and this control needs backing by an educated public opiton o
the home the cnutrol of them. 18 valuable mamly m proventing tho
swaste of food & crime at most tumes, but particularly E; ll: oo
present and mear future It may reasonably be sud how twr’
that the wonder 1s how lttle disease 1s traceable to contnnz!ilﬂt v
of food with parasites or microbes but 1t has to be udmltﬂ oy
when such enemies get under our guard the result's {mtness e
Croydon typhod eprd: and the ““ “ of txx

2%
o tlv d

ham area) are 4




CHAPIIR \

THE DIGESTION ABSORPTION AND METABOLISM
OF 100DS IN HEALTH

Very few constituents of very few foods aro in a fit chemical stato
for uso by the body Tho simple hexose sugars tho mnorganio
salte and the vitamins, possibly alo tho fats, may pass straight into
the blood or lymph stream unchanged and without il effect
Protemns, the disacchandes dextnns starch cannot so pass  Moro
over as they occur in foods they aro often  tied up  1n celluloso
{or rather plant cell wall) envelopes and theso envelopes havo to
be cocked and macerated and tnturated to allow the escapo of the
contents  Complex ct 1 sut ke p tarches and
dextrins hve to bo hydrolysed to mmplo soluble diffusiblo erystal
lod compounds and these, 1f uscless as such to the body (og
tho disacchanides) have stif) further to bo hydrolysed To carry
out thess triturations, macerations and hydrolyses the body has
B tenies of organs and glands secrcting & vanety of ferments
theso processes of tnituration, maceration and hydrolyss are
termed digestion

DiorsTioN

In the Mouth

The mouth stago of digestion 18 mainly & mechameal ono and 1its
object lurgely protective  The food 1s ground by the teeth to small
Particles and at tho same time thoroughly mixed with saliva
hard substances are broken up softened, neutralized diluted and
covered with g wrapping of mucus so that on their passage through
the shmentary tract they may easily bo digested without undue

culty and without abrading or othermise damagmng the soft

walls of that tract Thorough chowing of food 15 1mportant
Without 1t food may damage the aslimentary tract and cannot
bo ”de‘luntely digested To bolt food 1n the manner m which one
Posts letters interferes gravely with proper disintegration of 1t
;nd many cases of dyspepsia are kept up 1f not actually produced,

Y ymperfections of the teeth or dentures

22,



226 FOOD AND DIETETICS

In addition to the neutralimng, mostenmg, and Jubricating
effect of saliva there 1s o chemical influence as well  Cooked starch,
of whatever origin, 13 digested by the ptyalin of the sahva via
dextrins to maltose  Some starches—e g those of rice and maizs
~are more readilv acted upon by the saliva than others such as
potato starch Raw starch 18 hardly affected at all

As most amimals have ptyaln mn their saliva and a3 man pre
sumably passed through the stage when he did not Live on cooked
plant foods, this ptyalin must be loohed upon as a fortunata aceident
for hum, or perhaps as “intelligent anticipation ”  But smes 1t 19
there, one had best make the best use of ste power of digestmg
cooked starches

Porous foods such ay rusks, mto which the salive can easly
penetrate, ate more eamly attacked than dense and compact masses,
such as new bread Mowst substances, too, offer less resstance
than those which are dry In fact the amount of salva secreted
varies among other things with the dryness of the food Dned
powdered meat, Paviov showed, when given to a dog evokes »
thin watery and abundant salva but when given i its ongmsl
form only a scanty but highly mucous secretion  Doubtless some
thing similar happens m man

The amount of saliva varies too naturally and markedly, with
the tastmess of the food and with appetste If a percon has &
strong conditioned reflex for food even 1f that food be distasteful
to the majority of peoplo—~e g caviare to the general and durians
to the occdental—that food will evoke a great flow of saliva
Dehydration of the body shows its first effect i decreased salivation
A person who 1s thirsty cannot produce saliva, & thng wort?;g
membering when feeding a dehydrated person Acdity of fo >
certamly, and a mid astringency, seemngly increase mhf'a:iwes
but ntense astringency such as that of an nnripe persummon 3‘0
the mouth up ' Vinegar malt hiquors, wines and tea mflllblﬁmM
digestion of cooked starch by saliva sn viiro but 1t 18 possbl eb o
because these substances provoke a salivation :n 120 therr iphibitmg
effect 13 overcome

Another important use of saliva which must not be forgog:;“
18 that of washing the mouth clean from food pamclesdw .
would otherwise remain between the teeth and nndefg"ab eLZon
posttion (Witness the foul condition of the mouth Whe?t; :guth
18 suppressed 1 fover ) So important 13 thrs hygiene o‘ A :d -
that many denta} surgeons advise thab a mea} shon. des v
yaw erisp frwt, which stimulates o flow of saliva beau et -

10 1tse}f cleansing properties m wiew of its detergent et
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In the Stomach
Obecevations of the resulta of complete removal of the stomach
fn man have shown that ita co operation cannot bo reparded as
e«sentia] to the complete digestion and absorption of an ordinary
mixed diet provided the latter is precented to tho intestine in &
suitablo mechamenl form  Nono tho less it has eeveral functions
to perform
To sct as n peservoir
To bring tho swallowed food to a eem: fAwd form
To atenhizo the food--at least in part
To regulato its temperature
To effect & amall degree of digestion of proteins
To produce (a) an  Intrinsic  factor which reacting with
an  extnauc  factor of the food manufactures a
hormone for matunng the red cells of the bone marrow
and (b) the neurotsopio hormone, swhich normally makes
for tho well being of tho spinal cord.
Wo shall briefly consmider each of theso functions sepsrately
1 By acting as a resersoir tho stomach enables us to tako
ur food in connidernble quantitics at o time i e 1t renders meals
owible  The practical convemience of this needs no demonstra-
ion, but some pointa connected with tho question of meals may
gam bo rmsed
First 1t may be asked At suhat intersals should meals be
gken? Is it better to take several small meals or to consume
ne's dmly gupply of food at one or two sittings ' The problem
nll be discussed agawn later from the pomnt of view of physiological
fGicieney bu hero we may treat it from the point of view of physieal
apacity  The one-meal a day man 132t a twofold disadvantage
1) Bo 15 apt to overburden the mechanical powers of lus stomach
)y the mero wesght of food introduced into it at one time  (2) some
i the food so0 introduced may be wasted owing to tho digestive
tbsorptive and assimilativo powers of the almentary tract and
sody tissnes being unable to kecp paco with the flood of matenal
which reaches them all at onco
(1) The capacity of the human stomsch s very sansblo both
B different sndividusls and 1 the same mdividual st different
peniods of Life  On the averago 1t may be estimated as from 2 to
£ pimts and 1n the case of solida at about 21b  If 1t be remembered
hat the total amount of solid food required daily 19 about 3 1b
13 evident, that 1f the wholo of this were eaten at one meal the
itomach would be overtasked and a dilatation of that organ 1n
If the stomach 13 unbealthy 1t will be unable to tolerate

O e e 0313
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response a5 Hawh and Rehfuss have shown m work upon Amencan
medical students

Hence the dietitian emphasizes the mportance, espectally when
feeding the sick, of agreeable surronndings, of clean napery and
damnty chna, and of good coolung n promotmg good digestion,
and will make & pomt of consulting the likes and dishhey of ‘patients
Henve too the prevalence of the habit of the glass of sherry before
dumer, or the cocktall, and the savoury stems usually classed on
the menu as hors d muvres

The second factor d m producng gastric tion 18
a chemical one Pavlov was the first to discover that mest snd
watery extracts of mea$ produce a secretion of gastric juice even
when the *appetite” jumce 15 obviated by feeding the ammsl
through & fistula when 3t 15 asleep He also showed that partilly
digested foods have the same effect Later research has ghown
that some part or other of these foods acting on the mucous mem
brane of the pyloric end of the stomach releases mto the blood
stream a hormone, which travelling round the cireulatory system
comes back to the mucous membrane of the stomach and stuaulates
the glands to gecretion It 18 claimed that glucose, alchol, lactie
acid, sodsums bicarbonate, saliva, or meat will hiberate this hormone
Stall more potent than meat are extract of meat, albumoses and
peptones  The hormone may be histamine

The normal course of seeretion 1s {1) that there 1s sn appehile

ymcee secreted os the result of a gustatory conditioned reflex ’ﬂu;
juice 15 constant mn cormy contanmg hydrochloric atd ax
of the glends

pepsm (1) There 18 a second prolonged secretion i
contmumng long after the reflex flow 13 over as the result of ¢ .
setting free from the pyloric mucous membrane of some bormaih
mto the blood stream ~ Thus second  flow wall therefore vary Vr}‘h

the nature and state of digestion of the food 1n the stomach y 9
combmed resnlts of all these factors will doubtless account ":
Pavlov's observation that each food calls forth a response £pec

to that food

There are alsa, in 1 to the iliovzn‘g
gastrio Juice ckb 1dep Fat 15 & not examip ebm
was first discovered to be so by Pavlov  Later cane sugar b}?h!us&
added to the list by the work mentioned above of Hawk Re .
and coll This not altogeth pected result dfgé':d

3 B

perhaps the disadvantage of sweet things before & meal

* According to Tvy there 1s a still further ;hex;;ﬂ influencs arsBE
from the products of digestion i the small i ] ool

*Eg Flj'mt at breakfast Fruchteuppe &3 o Germony and ¥

melon m this country i bot weather

dditton to eh
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water and strong alcoholio drinks aro also depreasants  Sodium
icarbonato given beforo a meal stops tho ecerction of gastrie juico,
but given with or after a mea) increases it The bearing of theso
facts on tho cictctio troatment of hyper and hypo acidity and of
peptic uleers is obvious

Acldity of the Gastric Contents The total amount of
hydrochlonio acid present in tho st 'h depends upon the quant
of gastrie juice scercted, which may bo as much as 700 ce after
a largo meal.  Of tho total amount of acid sccroted after a meal
only o small part remains 1n the freo form, the larger part isn a
stato of combination with protein  The first part of tho hydro
chlorie acid secreted is nentralized by tho bases present m the
food (eg carbonates) and after theso have been neutralized the
rest 18 freo to umto with tho proteins  Thero 13 always some freo
hydrochlone aeid over and above that which combmes with the
bases and proten of the food Tho average figure for freo hydro
chlorie acid 1n pure gastric Juico13 0-4 to 0 5 per cent  Pure jmeo1s
duifficult to obtain and 1t 15 ususl to use tho figure obtamed after a
fractional test meal or after giving histamine or alcohol

Bennett and Ryle examined tho gastric yuice of 100 healthy
students at Guy 8 Hospital using tho gruel test meal and found that
84 per cent of the curves for acidity fell between what are called
the normal hmits of 0040 to 0 180 grammes of hydrochloric 2cid
(11 to 50 c¢ of N/10 Hydrochlorio actd) with a mean of 0118
(32 cc) at the end of 1} hours after the meal, 7 per cent rose &
little above 0 180 (50 ¢ ¢ ) at that time but began to decrease later
ke the 84 per cent which were within normal hmits & per cent
exceeded 0 180 grammes at the end of 1 hour and continued to
chmb (the *“ climbing curves’) and 4 per cent of the cases showed
completo achlorhydna ! The causes of these mdividual differences
are not clear and none of the students complamed of gastno

symptoms

The amount of acxd begins to decrease after 1} or 14 hours and
this decrease 13 believed by Bolton to be due to the regurgitation
of alkalme flud from the duodenum as the proportion of total
ehlonde to free hydrochloro acid mcreases about this time except
i those patients who have a * cimbng curve

The gastrie juice then 18 markedly acid (py =16 to 18) and
we have to consider the relations of this acidity to (1) the dugestion
of starch 1n the stomach, (2) morbid gastric sensations

Digestion of Starch in the Stomach Thero 1s no doubt
that ptyalin 18 rapudly destroyed by free acid and that its action

1 Guy s Hosprtal Reports (1921) 71 286
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on starch ceases at about py =4  The rate of dagestion of starch
by ptyalin depends on the concentration of hydrogen 1ons i the
medium It 15 at st maximum at pg = 69 or just on the aad
wde of neutrahty So soon as the combmation of protemn with
acid 1 the stomach fails to keep the hydrogen on concentration
ab or beyond this figure the ptyalin digestion of starch falls off
When starchy foods undergoing salivary digestion are thoroughly
mized with gastmo juice that digestion ceases

It follows then that starchy foods will not go on digestumg for
long in the stomach, at any rate if they are mixed with the earher
portions of the meal  wi the later portions of the meaf carbohydrate
digestion can continue much longer Observations with X rays
have shown that the food last swallowed 1s recerved into tho centro
of the mass already present m the stomach, and does not for some
time come mto contact with the gastric yuee  The central portions
therefore can retamn an allahne to mldly scid reaction for & con
aiderable period durmg which ptyalin can go on digestmg the
cooked starch This justifies the conventtonal srrangement of &
dinner 1 which the starchy course (pudding) comes after the
protemn course (meat)

Relation of the Acidity of the Stomach Contents to Morbid
Gastric Sensations In health, digestion proceeds gmte uncen
scrously and without the produchion of any sensation at sl In
morbid conditions of the stomach, however digestion may be
accompamed by sensations of pam and these seem to arise I ab
least two ways (1) from disorder of the motor functions of fhie
stomach  (2) from abnormal conditions of the mucous membrane

The former of these we shall consider Jater  The Iatter scem to
be of two sorts (a) where the mucous membrane 13 unhealtby snd
1 unduly sensitive to the fofal acidity of the contents, (B) where
free amid alone produces pain T he former of these condstions seems
to be present where actual Jesions of the mucous membrane eﬂ;”
—og m acute and chrome gastrtis ulcer, and m caronoms, the
latter, if 1t ever occurs 13 apparently more often of the naturo
of & neurous—sa hyperesthesia of the perves of the mucous mem
brane though 15 18 possible that in extreme degrees of such hy&;‘;;
«esthesia pain may be produced ven by combmed acid Where b
total acidity causes pamn the condition 1s Iikely to be agg‘““‘“'ed !’i
foods rich 1 protem such as meat for these &3 we have eeeD ;‘r
forth an abundance of juice and therelore of acid If ontheot ;
band free acidity alone excites the sensation auch foods are leeﬁ Y
to be beneficial for they delay the per1od at which free suid appes .
and also Jewsen ats amount  In aceordance with this e‘Pl“}Bt::
1 will usually bo found that patients who are suffering from ulee!
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tion of tho stomach complain of pain after meat, but can digest
milk with comfort, for milk not only neutralizes much acid by
meoans of its protemns, but in itself calls out the sceretion of a weak
and ncanty gn.strie Juico On tho other hand, ono usually finds that
P dyep and hyp 1 of the
suffer less from meat than tmm foods which, bcmg poor 1n proteins,
allow of tho early of b ydrochlone aad
Theso considerations aro of amportance in helpmng one to select a
suitable dietary for dyspeptica

Ono other funetion of the hydrochlorie acid 18 to render somo
metallic radicles of salts more avalable Thus caleium phosphate
may become calerum chlonde and pasaing down into the duodenum
may bo absorbed as such Hypochlorhydna may account for a
difficulty somo people show i absorbing sufficient calomm and
ron from normal diet

Movements of the Sfomach  In studying tho movements of
the stomach one must distinguish quite sharply between the cardiac
and the pyloric end of the organ  The two ends are distinet, both
anatomically and functionally The ecardinc end secretes both
pepsin and hydrochloric acd the pylone end pepsin and the
hzmatopoetic substance  The former has but feeble motor power
the movements of the latter are more powerful

Possibly as the result of Cannons masterly work on gastrio
peristalais in the cat, the amount of movement in the stomach of
man has been exaggerated Radiograms purporting to be normal
have mndicated an amount of movement that we now know to be
abnormal. Barclay t shows a picture of a normal stomach empty
g its contents into the duodenal cap in which there 13 hittle or no
peristalsis and another whero the penstaltic waves ars of the mildest,
and contrasta these with one where there 13 excessive perstalais
The latter more closely rescmbles the normal appesrance 1n the cat
‘Thus both active and quiet perstalsis may oceur 1n health and we
do not know yet what determines the one or the other

The stomach 13 a U shaped canity with one hmb (the pyloric)
shorter than the other The cardiac end remains quiescent but
towards the pyloric end pemtaltw Waves mMay mux the food up
but this mixture 18 not an t though 3t 13 b it
mnto action if the food any large t d lumps
The maw propeling force must be the mtragastric pressure due
to the tonus of the muscular walls of the stomach From time to
tume the pylorus opens and allows food to enter the duodenum
and according to Barclay this opening 1s probably controlled by a

I Amer Journ Roenigenology (1938) 40 330
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reflex mechansm sctuated from the regon of the ileo czeal sphincter
and 13 nof due to penstalms of the stomach or to change i the
aadity of the gastric contents

The length of time which elapses between the swallowmg of food
and the first openung of the pylorus 1s vanable, depending chiefly
upon the consmstence of the food and the temperature of the stomash
contents  Fluds, unless they contam much sohd matter m suspen
ston, begin to escape almost ymmediately-—swater, mdeed, whist it
18 stall bemng swallowed

Any excess of flud taken with s solid meal 13 probably also passed
on almost at once, and so cannot serrously dilute the gastrie ymce
Sold food can only escape after 1t has been brought to a flmd or
sem1 flmd consistency, and this must obviously depend to a large
extent upon 1ts physical characters and denaity

An opaque meal of pornidge and bismuth oxymtrate can be seen
escaping from the stomach within ten munutes of beng eaten, snd
estunation of the blood sugar shows that 1t has rsen ten mmutes
after glucose has been taken by mouth and twenty munutes after
& porridge meal

The larger part of & meal, however, probably does not pass oub
of the stomach til most of 1t has been completely digested, and
half an hour after that has taken place the stomach mav be regarded
as empty

Rate of Digestion of Different Foods The response of th
normsl human stomach o various foods wes first investigated bg
Beaumont m lus classieal expermments on Alexis St Marhn §d
Penzoldt mads careful observations xn 1893 From 1012 onw
tll the subject s death from cancer of the stuma‘ch (iaﬂsoﬁ ;:ro;
duced a ber of m #
stomach of Vigek, a Czech, with s surgically made gastne fist L
The eethod of removing small amounts of food at frequent mcem:: .
after a meal hy means of the Rehfuss tube has also Zlven;“b
wformation There were among the students mvestagads ,{
Hawlk, Relfusa and others two types of stomachs—the slozni
the quick  The slow did not complete 1ts emptymng gnder 3 Tha‘
whereas the quicher type of stomach was empty 1n 23 lmursc nd
time which the slow and gk acting stomachs take to emp 3

ble on p 247
the highest total acidity observed are shown 1n the ta! ¢
The re%!ults destroy some populor behiefs  Thus 100 gr&n;!g?“‘g !:d

and lamb were both digested m about the same hime,
95 mimutes for the slow, and 2 hours and 35 ounutes fi:!::ltz :0":
quickly emptymng stomachs whereas chacken and ham o
twenty munutes Jonger Furtber roast beef wos dy ot edium,
same tume whether 1t was underdone (American “xare ),
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Fvacvatiow Trte axp Hiamesr ToTAL Actorry ron VAntous
AntioLes or Dirt 1
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Fracustion Tims
(Hours sad Miavies) | Tlighett
Artideeof Digt  [Nomber)  Type of Stomach | Aty | Gracemes
{100-grarme portions | 00 (s N/10| Iydro-
unlees othorwies atated) tons Alkat{to | chlons
A P ooy | Aver | Neotral | “Aed.
tog’ | ing | °&° "",m,‘; ©
Boel and beef pro
ducts 25 | 235|325 [ 300 1200 | 040
Lamb and lamb pro
ducts 14 [ 230 | 820|300 | 1350 | 0492
Veal
{a) Market 7| — | — [ 260 1400 | 051
(¢} * Bob 7 320 | 1100 | 040
Pork and pork pro
ducts 31| 245 | 340 | 3156 | 1200 | 044
Chucken 20 {245 | 345 {315 | 1250 | 0455
Turkey 21300345 330| 1400 | 061
Gumnea Hen 21 — 1400400 1100 | 040
Faush ) — | ~ | 250 | 1300 | 0475
Milk
Cows T50¢ S| — | — |116) 450 | 0l6¢
400 oo 60| — | — | 230 1000 | 0365
Mothers 150 o o 6| — ) — 1140 600 | 0210
225 co 2{ — | — [225| 900 | 0328
Gelatin 6| — | — |200{ 700 | O255
Egg and egg com
binntions 80 | 2156 ) 816 | 240 | 80D | 0240
Vegotables prepared
m dufferent
ways 12¢ { 200 | 230 250 | 750 | 0275
Fruts 68 i 135)220|200) 900 | 0328
Bread and cereals | 78 | — | — 1240] 800 | 024
Cakes 29 — | — j300( 900 | 0328
Pios 290 | — | — [230| 900 | 0328
Puddings 220 — | — 129 goo | o328
Bugarsandcandies | 28 | — | — | 205 700 | 0255
Ico-cream 71 — | — [315]| 1050 | 038¢
Tces 4] — | — |23 650 | 0238
Nuts
(a} 25 grammes | 18 | — | — | 300 | 1000 | 0365
(5) 500 grammes 4] — | — {400

! Hawr, Remyuss end BEnomem

171, 359

{1828) Am J Med Science
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or well done  Bacon tock nearly one hour longer to digest that
beef T'wo eggs, cooked 1n various ways, were digested ten mnutes
quicker than 100 grammes of beef Raw eggs Jeft the stomach ¢
Litle quicker but 1f they were boed hard an extra ten mumutes
was taken  Vegetables as a whole left the stomach 1n two hours
but cabbage and asparagus were got 11d of m one and a half hours
Ras lettuce took only one hour but the addition of sugar, vinegar,
and ol, delayed the emptymg a Lttle

The observations on the digestion of mull are most wmteresting
and were carried out on one man who had the power of regurgitatng
small samples of milk st regular mtervals The curds from raw
whole milk were ke rubber and as big as & man's thumb, hut those
obtamed when the milk had been boiled for five mmutes were soft
and no bigger than a pea The curds obtained from pastenrized
wuk were mtermediate m size between those of the raw and botled
ik  Those obtamed from shimmed milk were much larger and
very hard The character of the curd was directly affected by the
fat content and the addition of extra cream made the curds con
siderably smaller, though the stomach took longer to empty

The addition of 2} grammes of sodmm hcarbonate to 500 ¢©
of raw whole milk caused the formation of smaller soft curds thovgh
the change was not so marked as that produced by boting i

The observations on pies ! showed that the pie crust wasevscua
m 2 hours 52 mmnutes, while the fruib portion was got nd of
26 minutes less time The addition of 100 grammes of S“Sae‘
delayed evacuation but small amounts {10 grammes) had no eﬂ;le:s t
The fignres for the secretion of acid are also surprsing Thbgfg "
figure of 140 c¢ 13 given by veal and turkey, whereas bi bri A
pork with 120 ¢ ¢ are below both chicken and fish  Eggssnd o
produce relatively Iittle, only 80 ¢ ¢ The figures for mlk aro Z—mk
dufficult to evaluate, as 400 ¢ ¢, which 18 & Jarge smount eb; 5 ec,
cansed an acidity of 100 cc while 75 ¢ ¢ (23 o0z ) produc o
of aad It seems probable that some of the old observah‘:;‘l!mm
correct 16 that mashed potatoes are more rapidiy ted than
boiled potatoes, and that old potatoes are better tnlewbe ore
new potatoes Furm bread and bisowis are found to % et
digestible than new bread but thers 13 little d:ﬁ'erenge o)
crust, crumb and toast and between z]l)ew anéi sm}?ﬂt:e:oiget been

well chewed These observations .

a].lra.r:a 3“3;2: the mtroduction of the fractional method of tes'2§
the stomach o

3 Antiseptic Action of the Gastric Juice Another {X:C;‘o
which the stomach serves 1s that of partislly sterlizing

1 The American pie 15 what wo should term & turno% or
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by tho antiseptio netion of tho hydrochlonoe acid of the gastne jues
This action howover, is not a powerful one, and somo organisms
such asthoso which form scids, scem to escapo it altogether, and
thero 1s renson to beliovo that the samo is true of some ot least, of
the pathogemc or notably the tuberele bacillus
The sterihzing power of tho stomach must vary greatly according
to tho period of digestion and the naturo of tho food 1t probably
reaches 1ts maximum towards the later periods of digestion, when
hydrochlone acid is present in the frec state, whalst it 13 much less
or even absent altogether in tho carlier stages, when all the hydro
chloric acid 18 1n & combined form  Food nich 1n protews by fixing
the hydrochlonc acid, must greatly lessen the germicidal power of
the gastnie Juico  Tho stomach has httle control over the growth
of orgamusms 1n tho intestme  The small intestino remains free from
putrefactivo orgamsms even if thero is achlorhydria 1n the stomach
or indeed when tho stomach has been completely removed
4 The Temperature of Foodsand Drinks  One of the minor
funct of the h 13 that of regul the T of
the food It stands 1n thuis matter as a protector of the intestine
which appears to be more mnjuriously affected by extremes of
p o than the h 1tsell
The 1deal temperature for food 15 probably that of the body 1tself
Cold food 18 difficult to digest for 1t does not excite the stomach
sufficiently mnor does 3t possess the stumulating properties of a hot
meal Tt bas been said that there 1s & special craving for aleoholie
stunulants on the part of those who are unable to get hot meals,
but this 19 not borne out by observation on Arctic explorers
Extremes of temperature 1 foods should be avoided as tending
to produce local injury to the stomach from 45° to 130°F arte
probably the Lumts of safety Many people however are able to
take 1ces and 1ced dnnks with ympumty for many years
Drinks at & temperature of 50 C (122° F ) make one feel warmer
and at & temperature of 7 C (45 F) cooler Wunderlich found
that hot punch at 122 F rawsed the temperature of the body by
03° to 01°C for s period of thirty to sxty munutes while half a
bitre of water at the same degree of heat caused an acceleration of
the pulse nearly 20 beats per minute very shortly after 1t had
been swallowed
On the other hand three tumblerfuls of water at a temperature of
45°F produced a lowenng of the axillary temperature from 98 4° F
t0 877 F while the pulse rate fell from 70 to 61 per minute !

3 Most of the effects detailed must be due to reflex vasodilatation
or of the gkin blood 1
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D1gESTION IN THE SMALL INTESTINE

When the partially digested food leaves the stomach it enters
the first part of the duodenum as a mass where 1t may remam for

Farotid gland
Flyahn
Houth

e Y
Sublingual gland \‘ ‘Y’;‘;Zj’;" :’:ﬁ g ‘;,’;"l
Mucin and ptyakn g
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Gall bfadder

Stomach
Pepsin and kydrochloric
acid at cardiac end

Fyloric en;{ of.
stomacs )
Uncreas
Haematoposstn ] Trypsn(ogen) steapsin
amylpsin
Small Sobhum bicarbonatt
mtestine $
Enterokimnase g
Lrepsin &
Sucrase ¥
Haltase &
Lactose b
Mactn <
Caecum
Vermiform Rectum
appendix

Anus p—
Frg 1! —Discray or THE ALIMENTARY CANAL WIFl THE GLAND!
SECRETE INTO IT
newly smved
ed on by ly s of

time  Ultimately either by being push
;ooti from the stomach or by contraction of the mcf“c!;r :;;:ienum
the duodenum, 1t 18 passed nto the second portion of the
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and 1s thero very rapudly * fragmented * 2 Or tho fragmentation
may bo delayed till the food has reached the jejunum  Tlus frag
mentation, due neither to the segmentation nor to the ponstalas
secn 8o well 1n ammals is probably brought about by tho museu
lans mucos ond 13 obviously of great importance By its means
the food is brought intimately into contact with the digestivo
Juices poured into tho small intestine by the pancreas, by the
crypts of Licberhithn and the liver

Tho pancreas 18 partly under tho control of tho vagus which
according to J Mellanby causcs it to secreto firments 3 and partly
under the influence of the hormone sccretin 3 which dissolved by the
bilo salts in the bile and absorbed 1nto the blood-stream, causes tho
panereas to secrete an alhaline yuico low in ferments  The erypta of
Licberkithn also scem to be controlled partly by nerves and partly
by humoral influences and the same claim 1s made concermng the
contraction of the gall bladder which empties the bile mto the
ntestine

Tho p tic juico one 1 1 ferment, and two
ferments steapsin and amylopsin The proferment trypsmogen
has to meet the ferment enterohinase of the intestinal yuice before
1t 13 turned into the very activo ferment trypsmn  The intestnal
Juice contams 1 addition to the enterolunase erepsin nucleases
lactase maltase and nvertase while the hile contams bile salt

Trypsin digests erther undigested or semidigested protein, break
mg nto the peptide linkages freemg a good deal of ammo acids
but not however digesting every peptide lnkage In order
to bring all proteins to ammo acids erepsin 13 needed to follow up
the action of trypsin It 18 the function of these two ferments to
complete the digestion of protem whether or not 1t has been imtiated
by pepsm

Fat 1n the buman small mtestine 1s probably hydrolysed by the
steapun of pancreatic yuce to glycerol and fatty scid and the latter
n the presence of sny allah wall become a soap But there 15
evidence that fat can be absorbed as such in a lnghly emulsified form

Starch, d and glycogen are hydrolysed by the amylopsin
of the pancreatic Juice to maltose
Nucleases attack the nucletc acid of the nucleoprotems and

‘ them mto phospt acid purme bases carbohydrate
and pyrimidine nucleosides  lactase attacks the lactose of milk and
hydrolyses 1t to glucose and galactose maltase hydrolyses maltose
toglucose and mvertase hydrolyses sucrose to glucose and fructose

!Bancrav  (1936) The Digestie Tract 2nd edn 162 OUP

?Mertansy J  (1926) Journ Phymol 61 122 419 489
* Merzawey I (1025) Journ Physiol 60, 85
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L'.['hnm mn th_‘e smau‘ mtestine all the foods which need digesting are
ghly dig mto subst which are crystalloidal (and
therefore diffumble), and acceptable to the cells of the body which
they are intended to nounsh Nothing short of this 18 of any use
and 1f protems or polypeptides or disaccharide sugars get mto the
blood stream they either cause disturbance or are excreted unused
n the urine
Absorption in the Small Intestine Practically the wholo
of the absorption of food stuffs takes place 1n the small intestine
As stated above a small amount of sugar may be absorbed m the
t h, but the b 18 almost neghgible  All the protem as
amno acids all the earbohydrate as hexose sugars and all the fab,
probably i man as fatty acids and glycerol, wihich are absarbed,
are absorbed 1 the small intestine S0 0o are the morgame salts
and the itamms ! Also at least four fifths of the water drunk
18 absorbed by the valli of the small mtestine In fact that organ
18 remarkably efficient 1n the completeness and the rapidity with
which 1t works
As we have seen at least 95 per cent of digestible protems, 97
per cent of fats and 97 per cent of digestible carbohydrates are
absorbed The figure may actually be lugher because m making
tius estimate 1t 19 assumed that the proten fat, and carbohydrate
in the fieces are derived from the food This assumptionis probably
untrue  The nitrogenous material of the freces may well be derive
from secretion of digestave yuices and not from the protem of the food
and 1t 18 not 1mpossible that the fat and carbohydrate of the fimces
come from the same source The “ fat’ resembles the blood Lipoids
No physico ch 1 explanat; ts for the power of the
intestinal mucous membrane to absorb materials from 1ts Jumen
Tt absorbs what 1t wants or what the body wants, despito 0smolic,
filtrative and duffusion gradients wihich may be working il the
wrong direction  But this 18 not to say that these gradientd do
not affect absorption Magnesium sulphate exerts & back osmotlg
pressure because it 1s not absorbed and thwarts—hence 188 apenens
t the attempts of the mtestine to absorb water and subsﬁdm:o
dissolved n water Meulengracht 2 has even related 8 fm}mebe
absorb caleinm from the diet, with a resulting spinal canes, f;’e s
use of purgatives Further anything which hurres the con o
of the small mtestime on their way to the colon, eg 2 consumg ;ho
of large amounts of roughage, may prevent the absorption O'Ilus
normal percentage of the various copstituents of the diet lt
largely accounts for the lowered percentages absorbed from 8 mta p
vegetarian diet Any régime which utilzes large amout
1 But see below p 246 * Lancet 1038 2, T8

n
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roughago or purgatives will ental (1) loss of nutrient material to
tho body, (u) the passago of unabsorbed proteins, fats and ?ax;bo-

hydrates into tho largo f with q n
Iater paragraphs

Becauso the t of tho f and 1nt ] glands are
allaline it 18 often d that the ts of the small i

are alhaline or at any rato neutral This 13 probably not the
casc Samples of human duodenal contents show an acid react
(pg between 6 and7)  Also obscrvations of patients with intestinal
fistule suggest thot scidity 1s usual throughout the small intestine !
Quae of the functions ascnibed to vitamin D 15 that 1t enables the
amall intestine to remamn aad throughout its length and thus
facthtates the absorption of calcium ealta? Acidity of the amall
mtestine also increases the absorption of wron  This actdity 1s due
not go much to the failure of the glandular excretions to neutralizo
the acid of the gastne juice as to the growth of aaid producing bacilli
Through their action upon carbohydrate, acetic butyric, and lactic
acids are produced. In tinal disorders 1n which there 13 an
extension of the putrefactive alkal: producing bactena of the large
mtestine there 1s & case to bo mado out for mncreasng the carbo-
hydrate in the diet, or better still adding lactose which is not easily
digested and absorbed and therefore passed further down the
1ntestine unabsorbed than the other sugars Recourse too may be
had to enltures of Bacillus acsdophslus, one of the normal inhabitants
of the wtestne It may be well also to remind the reader agan
of the value of milk as an intestinal antseptic

The contents of the small intestine reman fluid thronghout its
length water and substances 1n solution being absorbed at the
same or approximately the same rate At the lower end of the
eum the amount of eold matter 18 only & to 10 per cent The
advantage of a flud diet 1n I ul can therefore only
be due to the absence from 1t of things such as roughage which
would cause mechameal imtation of the walls of the intestine

Judgmg from the rate of passage of a meal opaque to X rays
the 1lec czmcal sphincter 15 reached 2 to 3 hours afier » meal and
the cecum begmns to fill at the 4th hour (Le at the time of the next
meal) At the 6th hour the last of the meal 13 m the leum Con
sequently the major portion of the digestion of & meal and the

1This 1 T,
which the Hay chet 13 based

* By this we do not mean that ealeium cannot be absorbed from an
slhaline small mtestme A positive calcium balance was observed by
one of us (G G ) 1n & case of renal nckets when the patient was given
heavy doses of alkalis and a large dose of vitamm D

the theory upon
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absorption of the whols of 1t 13 accomphshed 1n the 3 to 4 hours
the meal 18 1n the small ntestme

DIGESTION IN THE LARGE INTESTINE

The contents of the Iower end of the fleum pass on mnto the colon
at times related to the taking of the next meal Thero1s s growing
behef that the different parts of the almentary tract are nervously
mtegrated Thus the ileo colie sphuneter 13 thought to open when
& new mstalment of food passes into the stomach at a meal, and
there 13 some evidence that the pylorc sphincter 1s also mntegrated
with the ileo colic Bo that as 1t may, the cmcum begns to Sl
4 hours after a meal ab the 6th hour the head of the meal 1s at
the hepatic Bexure but 1ts tail 18 1n the leum At the I0th hour
2l has passed the ileo colic sphincter and may be m the sigmoid
colon ready to be evacuated, or the residue of the meal may accumu
late m the transverse and descending colon and only reach the
sigmord colon imn the 20th-24th hour These are of course average
figures only—there are great individual vanations particularly in
the rate of passage through the large mtestime Often the mndi
gestible debris of the evenmng meal (eg tomato shins) may be
vorded the next mormng 16 12 hours later, and the sigmoid colon
reached decdedly earher

Tt will be noticed that there 13 a considerable slowing up of the
rate of passage of the meal in the large intestine Whereas the
first two thirds of the ahmentary tract may be traversed m ¢-6
hours the remamnmg third may take 18-24 hours Indeed 1t does
by no means follow that all the debrs of a meal will be voided
etther 24 hours 48 hours or 72 hours afterwards

The rate of passage through the large mtestme is normally
mereased by vegetable foods exther by the mechameal stimulus due
to thexr coarse mdsgestible fibres or by chemical breakdown products
of vegetable cell walls and this has led to the ermnem,lls behef that
constipation can be nvarably relieved by “ roughage ”  There are
colons along which the passage of food debns eto, 13 slow because
they are atome (the lazy colons) and colons which allow but slow
passage because therr circular musecles enter mto & spasm (the spastic
colons) Roughage still further delays the passage of fieces along
spastic colons X ray exammations—which according to Barclay
are the only certam means of judging (@) whether constipation
exists and (b) i3 nab hether atome or spastic—show that tm
from 30-50 per cent of cases examned the constipation 13 due to
spastiity  Hurst states that the spastic colon 18 five times &3
frequent 1n females as in males temal

Antipenstaltic movements m the ascending colon forcing ma
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back into the cxcum, so commonly scen in animals, aro absent in
tho normal human being  Tho only movements acen are (i) & very
alow, small, toand fro movement within each haustral segment, and
() sudden ‘mass movements, o8 first deseribed by Hurst and
by Holzknecht  These Iatter are important  They occur perhaps
three or four timea n day immediately after a meal. As a pre-
limanary the b of the colon disappear and tho colon walls
aro rclaxed  Then tho circular muscles (presumably) contract,
beginmng proximally and sweep the column of intestinal contents
1n front onwards it may be, for & couplo of fect or more  Tho
movement dies out, and tho haustrations reappear Tho ‘ mnss
movement may carry the colonie contents down into the sigmoid
colon and on into tho rectum, thus sounding the * eall to stool *
It 15 probable that theso mass movements aro related to the taking
of a meal and account for the * call to stool  which so frequently
i3 felt soon after breakfast or, failing breakfnst, one of the other
large meals in the day

As said above the contents of tho ileum are fluid-~they contamn
somo 00 per cent water  Much of this water 18 abstracted as these
contents pass into and down the colon and the fices when formed
and voided contan about 50 per cent If the passage has been
quick along tho colon the freces will be more fluid and 1if slow more
solid  So long as the diet has been digestiblo the composition of
the faxces 1s remathably constant, though the diet may be very
vaned as regards content  This points to the fieces bemng derived
rather from sceretions of the alimentary tract than from unabsorbed

food

But 1f the dict has been mndigestible has been taken m excessivo
amount or swallowed too rapidly for thorough chewing o i the
food has been hurried along the alimentary tract by drugs umta.
bility of the gut roughage or food p g und d and un
absorbed products of digestion will pass mto the colon  Hero they
form a fino pabulum for the bactenal flora of the Inrge gut  Pro
tems and emino acids may be broken down and deammnated or
decarboxylated to phepols indol, histamine, tyramine, ete  Carbo
hydrates may be converted to marsh gas, hydrogen, butyric and
lactic acids and fats to fatty scids and glycerol The products of
protemn decomposition aro poisonous if (1) they get into the blood
stream and (u) they escape the detoxicating nfluence of the hiver
Thero 18 little evidenco that they ever do but upon the imagiary
evidence that they do were based the mutilating operations on the
large gut duning the opening years of thiy century and all the food
and medical fads whach are centred on the view that the large
intestine 1s & porsonous cess pool  The undoubted secondary symp

Et
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toms of constipation—raised blood pressure headache nervousness,
ev1l taste in the mouth and foul breath—are due to distension of
the colon and not to toxmmia

If there aro formed elements i the fieces, apart from the large
numbers of dead microbes 1t 18 & sign of unsatisfactory digestion
Muscle fibres of the meat eaten should not be present If they are,
food has been bolted or eaten 1n too large amounts, or peptic and
pancreatio digestion 1s poor  If starch grans are found it means
either that the starchy foods were not properly cooked or that they
were hurried along the gut by roughage and purgatives or were
enclosed m vegetable cell walls

In any case mncomplste digestron and absorption of foods in the
small intestie makes for offensive flid stools and intestinal disten
sion  The bearing of this upon dietetic habits, cooking, and dietetio
hygene 1s farrly clear

Until 1940 research had shown that the large intestine absorbed
nothing but water and glucose from 1ts lumen and the possession
of such an organ has been somewhat of a puzzle to biologists  The
bird has practically none the carmvores a short one and the
herbivores one much longer Man 1s m an mtermediate position
His ntestmne 1s sterile at birth but within a very few hours 1t 19
mvaded by microbes If these are dangerous as Metchmboff and
others have thought, why has such an organ been retamned ?  Others
have maintamed that the mucrobie flora of the large intestine
serve a useful purpase, though it way shown by Nuttall early 1n
this century that gumea pigs con be reared under conditions mn
which therr large mtestines remain sterdle Smce 1940 evidence
has been accumulatmg that the flora of the large mtestine manu
facture vitamms of the B complex that these pass into the fluds
m which the microbes are being eultured and are absorbed into the
blood stream  Thus man can absorb at times sufficient thiamme,
nboflavine meotie acid and probably the other moeties of the
B complex from the wcubator formed by lus large intestine At
any rate these morettes from the large intestine are a very useful
supplement of those taken m the food Confirmatory of these
observations are the fact that thtamine, riboflavine and micotuue
aaid can be rapidly absorbed from enematal Mcrobes of the
large tine can also facture vitammn K m adequate amounnts
for absorption

quently we may der this production and absorption

of vitamuns an important function of the large mntestine acting as an
ineubator for commensal microbes, and we can also seo o danger

1Nassanetal (1943 and 1944) J Amer Med Ass, 123, 683 and
126, 357 cited Lancet (1944) 2, 854
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in removing It surgieally, using bacteriostatic chemieals whirk will
depress the actinity of theso microbes or adopting & frek diet
which may alter the maturo of the intestinal flora

Until recently it was believed that the large intestino a5 an ex
erctory organ for excess of cilaum  phosphorus and aron in the
blood but to day this view is diseredited sa tho result of o long
tenics of experiments by MeCanco and Widdowron ! Any of theso
clements found 1n tho frees aro there beeauso either they have
not been sbworhed from the almentary tract or have formed o
normal part of the succus cntericus

A summary of the digestion of n mixed meal may servo
to gather up a number of the scattered facta which have been
mentioned 1n the preceding paragraphs

The complex sensation called * hunger  impels ono to seck food

The eight and smellof the food awnkenstherensation of  appetite,’
and with 1t there begins a flow of digestivo juices most marhed m
tho caso of the stomach  Ths aoup which usually forms tho first
course, by virtue of ita warmth and of tho extractives which 1t

1 and tho of tho gastric jutco

Tho solid part of tha food 18 chewed to & pulp in the mouth and
unless nerd substances are mixed with at, part of 1ta starch 18 changed
wnto maltose  Arnved in the stomach 1t encounters the * psychie
Jusce already seercted, the acid of which combines with the protemns
of the food In this way the acidity of tho stomach contents 1s
kept down and the action of the saliva upon the starch 1s allowed
to continue As tho solids becomo digested by the psychic *
Juce thewr chemical constituenta aro set free and themselves begin
to excito s sceretion fitted for their own digestion

Meanwhile the acidity of tho contents goes on mereasing and
brngs to an end sny further action of the saliva upon starch,
1t llls or paralyses many of the orgamsms swallowed with the
food while at the Bame time tho perstaltic movements of the
stomach begin  Upder tho influence of theso the gestric jurce and
the food are mixed, and the temp of the mass adjusted to
that of the body  As digestion proveeds the sem flnd part of the
contents along with any excess of fluid which has been swallowed,
finds1ts way 1nto the pyloric end of the stomach, and by the systolio
contractions of the latter 18 propelled into the duodenum This
process confiues for about 4 or 5 hours by the end of wluch time
the stomach 13 agam empty Dunng all this time the absorption
of alcohol and mmute quantities of peptone sugar and salts has
been taking place

“ZSsa for example McCance and Wippowsow  (1937) Lancet 2,
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Arnved 1 the duodenum, the food encounters the secretion o
the pancress already called out by psychical wnfluences via the
vagus, and now increased by the action of the hormone secretin
Here digestion 18 completed, and as the food 18 carmed along the
small intestine 1ts constituents are rapidly absorbed mto the blood
or chyle During this time certamn bacteria, which have eseapec
the action of the gustric Juce, are busy breakmg up any carbo
hydrates which may be present, producing from them organo acids,
which restram the putrefaction of the protemn constituents of the
food that would otherwise be apt to occur  The flud poured out by
the glands of the small ntestine m the attempt to neutrahze these
acids partly makes up for the absorption of water and causes the
contents of the leum to remam flmd unfil the large mtestine 15
reached The absorption of the digestion products of protein, fat,
carbohydrate together with water, inorgame salts, and witammns
takes place mn the small intestine Beyond this pont the produc
tion of acids ceases, and the rapid absorption of water canses the
contents to assume a solid form, while putrefactive bacteria ere
able to grow unchecked save by the products of their own actinity
Vitammns of the B complex are made by microbes 1n the large
mtestine, pass out mto the gubstrate and are absorbed Finslly
the residue 18 expelled 1 the form of fieces usually from 8 to 24
hours or more after the food was swallowed

The respective nfluence of exercise and rest on the processes
of d 15 disputed B t, from his observations on
St Martin came to the conclusion that gentle exercise mided diges
tion and Hellebrandt and Miles, a hundred years later ! agree,
finding that moderate exercises before a meal mcreases the acdity
of gastric Juice, moderate exercise after a meal decreases 1t, and
exhausting exercise before a meel serwously decreases 1t The
whole question 1s probably one of blood supply ~Gentlo exercise,
by increasing the rapidity of the ewrculation, may aid the s‘ecretu:ln
of digestive jmces and Jate the m ts of the

Severe exercise on the other hand, by diverting much blood and
nervous energy to the muscles may be expected to have an adverso
effect

On the whole anoe caa agree with Xing Chambers that the best
employment after a heavy meal1s  frivolous conversation ” which
keeps the heart active without maling great demands upen the
bramn Rabelms Chaucer, and even Solomon may be mnterpreted

1n the same durection

T dmer Journ Physol (1932) 102, 258
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Metabolism of the Products of Digestion of Food

Yor a thorough d ling of tho p ples of dicteties na
apphed in treatment o few paragraphs upon tho metabolism of
proteins fats and carbohydrates aro casential I or ressons which
later will become obvious we will start with the Carbokydrates

Theso enter thie bloodstream from the Jumen of tho small intestine
in the form of tho hexoso sugars glucose fructose, and galactose
If lactoso gets Into tho general ewrculation as the result of the
actimity of the mammary gland dunng lactation, it 18 excreted
by the ladneys

These sugars reach tho bloodstream via tho portal ven and it
used to be stated that in health they were all absorbed by the hiver
and that the sugar in the systemic blood was not increased after
a carbobydrato meal  This hypothesis was disproved as soon as
1t was possible to estimato the sugar in small amounts of blood,
0lcc tolcc snstead of 10 to 20 e c and therefore to collect tho
blood at frequent intervals after the meal. Wo now know that
tho fasting valuo of the blood eugar varies from 0-08 to 012 per
cent and 13 the same 1n the artenial capillary, and venous blood
The sugar begins to nercase n the blood within 10 minutes after
& doso of glucoso and a httle later after & carbohydrate meal, and
usually reaches o maximum after 30 minutes Tlus 3 about 0 18
per cent 1n the capillary blood, say of tho finger and about 0 15
per cent 1n the venous blood of the arm vemn  The blood sugar
either returns to the fasting value wathin 1 hour or at the most
2 hours and the amount in the capillary and venous bloods are
once moro 1dentical The difference between the espillary and
venons blood after & doso of sugar suggests that the sugar 18 bemng
stored 1n the muscles of the imb  Tlus is confirmed by the exper1
ments of Burn and Dale T and Best Hoet and Marks,? on a decap
tated dog which had been completely eviscerated except for the
Lver They found that when insubin and sugar were added to the
defibrinated blood the sugar disappeared from the blood and was
Iaid down 1n the muscles as glycogen

The mechamsm by winch tho sugar 1s laid down as glycogen n
the liver 13 not yet clear Goldblatt showed that when sugar and
msulin were given to young rabbits the glycogen was deposited
m the liver but showed that this only occurred n very young
rabbite  If however adrenahn was given to older rabbits eymul

taneously with the sugar and msubm glycogen was then lad down
1n the Liver

1Burv J H andDatr H H (1924-25) Journ Physiol 59 164

#Best C H Hoer J P andMarnks H P (1026) Proc Roy
So» London Semes B 99 32
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The path of fructose must be different from that of glucoss,
for the mse m blood sugar after 50 grammes 18 not o great as
after 50 grammes of glucose If the blood sugar rises more than
25 mlbgrammes 1t 13 beleved that the lLiver 18 damaged Ths
suggests that the fructoss 18 taken up by the liver o 1t passes
through the portal vemns m the liver and that only the excess
appears 1 the peripheral errculation Similarly galactose 18 rapdly
converted mto glycogen in the liver, but there 1s some ewidence
that the glycogen made from galactose contamns 18 glacose umts
23 agamnst the 12 umt glycogen made from glucose

The belief that glacose, fructose, and galactose play different
parts m the body 1s supported by the observation that the hypo
Blyczmia produced by imsuhn cannot be releved by fructoso or
galactose, though glucose at once causes the disappearance of the
symptoms

The carbohydrate eaten and absorbed 1s partly used for supplying
the energy of the muscular contraction and any excess 19 1 some
way fi d mto fat, pr bly 1n the Liver, and then lad
down 1n the fat depots, ete

This does not concern us here any more save to say that in the
transformation, a good deal of carbon dioxide 15 ehmmated and
excreted by the lungs thus rasing the respiratory quotient That
used for the production of energy 13 transferred to the tissue whick
needs 16 by the bloodstream and there 1t 15 oxdized to carbon
dioxide and water, step by step by a senes of enzymes and co
enzymes, involving vitamin B, and possibly riboflavine and mco
tiie acd

In the absence of mnsulm, the mternal secretion of the pancreas,
the sugar cannot be lad down 1 the muscles as glycogen and 1n
some way not understood, the oxidation of the sugar 18 unable
to proceed

In the absence of vitwmun By, the oxidation 18 only able to proceed
a3 far as the stage of pyruvic acid snd then ceases

The end products of normal carbohydrate metabolism are carbon
dioxide and water and these can be very easly elmmated from the
body Sometimes 1t 13 true that an mtermediate product escapes
1nto the blood and 1s 1n part secreted by the lodney  For example,
1m violent muscular exertion some of the lactio aad, which 1s an
intermediate product of carbohydrate metaboliem, gets from the
muscles into the blood and though 1t should be taken up by the
hver and transformed 1nto glycogen agamn some of 1t 15 excroted
by the kidney and so wasted  Also the lodney 18 involved 1 the

1Bgrr  (1935) Buockem Journ 29, 2031  (1036) 30, 2144
Soo nlso STEWART and THOMPSON  (1041) Biochem Journ 35, 246
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exerction of pyruvic ackd in ben ben In dinbetes tho ladney ia
favolred in a twofold way st it must removo tho exceas above
the threahold of glucose in tho Lloodstream and secondly it removes
the acctono bodies which aro due to an arrested metaboliem of fat,
beeauso metabohzallo carbohydrate 18 needed for the completo
oxidation of fat and in diabetes tho carbohydrate 18 not completely
metabohizable

Fat Metabolism

Fat 18 needed for two purposes (1) as fuel (u) beeauso 3t pro
vides the necessary fatty acids for the manufacture of the hpines,
o g leaithin, which forms 8o indispenaablo a part of nervous tissues,
blood cells and other cells

Sixty per cent of the fat absorbed from tho amall intestine passcs
by way of the lymph channcls (lacteoles lacteals, and thoracie
duct) into the venous blood 1n the left subclavian ven It thus
avoids the liver on 1ts first circwt of the wrculatory system and
may in part be lawl down 1n the fat depots for Iater use  When
pork fat 18 esten pig fat 1s Ind dowm in the fat depots  when
mutton fat 18 eaten fat characteristic of tho sheep 18 Ind down 1n
thoso depots ! Tat manufactured from carbohydrate has mors of
the naturo of the fat that charactenzes tho ammal cating the
carbohydrate What happens to tho remammng 40 per cent 1s
not accurately known It may also go wis the lymph, or it may
go direct to tho iver  The most modern view 1s that the hydrolysed
part of tho fat travels via tho portal vemn whereas tho unhydrolysed
fat reaches the blood stream via tho thoracic duct  Anyhow, after
& meal contammng large amounta of fat, the general bloodstream
becomes mulky and the liver contains an excess of fat visible under
the microscope and estimable by chemical analyms

Almost certainly the hipines are manufactured 1n the liver and
almost certamly fatty acids undergo many of tho steps mn therr
oxidation mn the hver Probably the fatty acids are broken down
by two carbon atoms at & timo to form acctic acid and the next
but one lower homologues Thus 1t 18 presumed that stearie aeid
18 oidized via aceto palmitio acid to acetio nerd and palmitic acid

Cnﬂ.:‘i?ggﬁ Oy c,.H_,écocawpm{mH + H,0
CyH,,COCH,CO0H + H,0 —> CyH,,COOH - CH,COOH
‘palmitio acld

acotis acl

1 This 18 not ahsolutely true 8 {1942), The Dynamic
State of Body Constituents has shown that oven m the fat depots,
those epparently sccluded parts of the circulation an ntorchange
continually takes place between circulating fats and depot fats and
within the depots marked changes occur
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This contmues until butyne serd CH,CH,CH,COOH 15 reached
which 18 oxidized to aceto acetic acid as m the parallel case of
stearic acid but then the mechamsm breaks down 1if there be no
carbohydrate 1n the Liver or 1f there 1s no msuln present to enable
the carbohydrate to burn the aceto acetic acid The latter either
passes as such mnto the bloodstream or 19 reduced by the hver
to f hydroxybutyric acid  These are excreted 1n the urine and mn
the urmne the aceto acetic acid passes spontaneously to acetone
This spontaneous change also occurs 1n the blood

The three substances § hydroxybutyrie acid, aceto acetic acd
and acetone are called the acetone bodies  The acetone 1s excreted
by the lungs and 1s noticeable m the breath as a smell of sweet
apples  In mild cases of ketosis the name given to tho state when
acetone bodies are bemg excreted, more aceto acetic acid than
B hydroxybutyric acid 13 present in the unne but in the more
severo stages the f hydroxybutyrie mcreases and forms about
70 per cent of the tofal acetone bodies n the urmel Very
small amounts of acetone are present in freshly passed urmne,
but they rapidly increase when the urine stands in & warm
place owmng to the spontanecus breakdown of the aceto acetio
acd ?
In any state when a large amount of fat 1s bemng metabolized
without sufficient carbohydrate to take care of 16’ a Letoms
results Such states are

(1) When the amount of carbohydrate n the diet 15 very small,
or when the amount of fat 1n the diet 18 very large and only moderate
amounts of carbohydrate are eaten

(2) When the patient 13 vormting a great deal o g m (a) cycheal
vomiting of children, (b) toxio vomiting of pregnancy, (c) post
anesthetic vomitmg and (4) vormbing 1n the course of zymotie
diseases 1 children

(3) In severs diabetes when the blood contams an excess
of sugar which cannot be used for the burming of the fatty
acids
Whenever, then we want to check. a ketosis we either give largo
amounts of cane sugar fructose, or glucose by mouth or wo meke
the blood sugar more avaiable by givng wmsuln  If necessary
glucose may be imjected mtravenously In the case of diabetes
mellitus we give o suffictent amount of msuln to ensure that the
sugar 1s used

If we wish to provoke a Letosis as mn epilepsy and cystitis wo
greatly increase the fat 1 the diet and decreaso tho carbohydrate

1 KenwAwAY (1014) Brochem Journ 8 355
2 Forry (1907) Journ Bwl Chem 3 177
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For tlus purpose dicts with as hittlo as 10 grammes of carbohy drato
per day have been devied  beo p 667

Proteln Metabolism

The proteins aro absorbed as ammo acids and pass to tho liver
If carbohydrate has not been taken at the same meal theso amino
petds are used as fuel (exogenous protein metabohsm) * iftheyaro

accompanied by carbohydrate they pass to the tissues other than
the liver and are transformed 1nto tissue protem or into nucleo
protemn or into substances such as ereatino and edenylic acid used
in musclo metabolism (endogenous protein metabolism)

In exogenous nitrogen metabolism the ammo acds aro
deaminated m the hver and transformed either into glucose or mto
fatty naid  An amuno seid such as alamno will bo transformed
mto glucose by a scrics of steps sumply (probably much too mmply)
indicated thus

2CH,CHNH,CO0H + 2H,0 —»
aidhine
2CH ,CHOHCOOIL + 2NH, —» C,H,,0, + 2NH,
lactic actd tlucose

More than half the mtrogen of the protein of exogenous mitrogen
metabolism passes by this path Tho remawnder passes by the
fatty acid path to butyne aexd  thence to aceto acetic acid and
if there be carbohydrate available to carbon dioxide and water
The ammoma formed by each desmunation 19 transformed 1 the
hiver to urea which passing into tho bloodstream 1s exereted by
the ludney mn the unne Thus one mamn product of exogenous
protesn melaboliem s urea  Tho ludney also plays a rflo for if
healthy 1t 13 capablo of either making ammonta or taking 1t up
from the blood in order to neutralize the auds which have to be
excrcted by the lidney When the ludneys are damaged by &
chromc interstitial condmon 1t Joses this power and the patient
may develop anaad: ? T'wo pathol of
protein metabolism are glucose n.nd scetone bodies, a8 i severe
diabetes

We have considered 1n a previous chapter in the section on acid
‘base cthbnum two other end ptoducts of exogenous protein
metahal phosp and sulp ack

11t will be bered that the d botween end,
and exogenous protemn metabolism 19 not.quite so clear as it once
was  None the less the older and aunpler accounc of protem meta
‘bolism 18 y for the

$Lwvoer G € (1920-27) Quart Joum Med, 20 283
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as wo know it, is unthinkable  Dat it has wiever been show,
an increased supply of phosphorus in the food is specially favou
to mental effort, nor, indeed, has that bheen proved for any o
food It requires, of courss, no pecial demonstration that
i1l nourished brain is not ono from which good work can be expectes
for tho brain, lke every other organ, demands for fta work an
abundant supply of healthy blood, and thero fs, perhaps, no part
of the body which 14 more sensitive to any impovenshment of that
floid  On the other hand, nny over supply of food must bo equally
unfavourablo to mental worh A large amount of food imples a
large amount of worl. on tho part of the digestive organs, and that,
1 ita turg, implies o large diverson of blood to the almentary
tract But if moro blood 1s required in the abdomen thero must
bo less left for the brawn and the activity of tho Iatter declines,
as is evidenced by the feching of lethargy which 1s famibar to
everyone after & large meal It comes then to this that the
hgestibility of a food s of far grealer concern to a brawn worker than
v chemical composthon BSmall and rather frequent meals of
1ly-digested food 18 the ideal to aim at The necessity for
us is the more apparent when ono remembers that brain work
1s usually olso sedentary work Compared with tho dict of
muscular labour, thercfore tho diet for mental work should be
small The reduction should probably affect carbohydrates and
fats more than protein for 1t 13 the two former, &3 wo havo seen,
which tend to bo specially made use of as cnergy foods Tho
protetn consumed should be denved to a large extent from amma)l
foods for theso aro its most compact and digestiblo source  Hence
st 15 that 1t 13 far casier for & man who is performing bodily labour
to be 2 vegetaran than for one who 13 engaged 1n mental work
Whether an abundant supply of protem has per s, an actually
stimulating influenco on the brain must be left undecided though
such & view 13 not without its supporters
Rest, 23 15 tmplicit i the paragraphs upon basal metabolism and
1ts relation to total metabolism reqtures much less food than work
As we have seen the basal metabolism of an avernge man 15 1680
Calories per day  This could probably be covered by an wntake of
food yelding 1800 Calones or 5% the most 2000 This 18 a fact of
great value1n medicine  We can cut down the work not only of the
alimentary tract, but also of heart Lidneys and lungs by 33 per cent
simply by putting the person tobed It explans too why 1t 1s that
1t 15 80 much more easy to fatten a pitient when at rest 1n bed than
when up and about  for 1n the former condition the demand both
for heat and energy 1s grestly lessened and any surplus of supply
can be diverted to laying down of fat or producing growth It
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18 notonious that a time mn bed induces growth mn cluldren The
food given during a rest i bed should be of the same nature as
that adopted for mental work smple, digestible and given
frequently 1n small amounts

The dietetic requirements of old age are just the reverse of those
of childhood  The assimilative power of the cells 1s on the wane and
the bodily activities are restricted hence less food 15 required  The
danger of overfeeding the old 1s almost as great as that of under
feeding the young , an excess of nourishment chokes mstead of feed
ing the flickermg flame of ife  Leanness and longevity go together,
and & man will only roll all the faster down the hull of life f hus figure
be rotund  “ Discerne, says Bacon “ of the coming on of yeares,
and think not to doe the same thinga still, for Age will not be defied
and one cannot with impumty contmnue to * doe the same things * m
matters of diet any more than in anything else

The problem 15 to know how much to take and when old age may
be congidered to start The basal metabohsm of & number of men
of an average age of 80 was only 10 per cent below the normal?
Thus figure gives us but httle gmdance to the total metabolism of
old men b of the 1 d lar activities of the aged
‘Figures quoted m earlier editions showed 2149 as the Calone mntake,
or about 0 7 of the average man And this figure 13 being adopted
m recent work concerning the Calorie mtake of British formiles and
may well form the tentative basis of any future work

As regards when old age begs 1t 18 difficult to say Judgng
from the failure of eyesight and the onset of the menopause old age
begmns about 45 Tissue metabolism 15 &t 1ts highest point mn very
early hfe, so perhaps we may date senescence from 18 months!|
The curve of basal metabolism falls slowly from 1ts figure of 40
Calones per square metre at 21 years to 35 or 37 at 70 years In
other words, the transition from the metabolism of youth to that
of old age 1s & gradual and msmdious process and our food ntake
should, 1deally m 1ts transition be as gradual —Otherwise obeaity
18 apt to descend upon us 88 We g1ve up our excrcise and resign our
bodies to the arm chair and the motor car  The fact 18 that if wo
are temperate and never continue eating when hunger 13 satisfied
we shall msensibly adjust our intake to the needs of the body

Luiga Cornaro 13 one of the most eloquent advocates of te‘mper
ance 1n old age Tt cannot be urged too often,’ he writes,? that
when the Natural Heat begins to decay ’tis necessary for the pre
servation of health to abate the quantity of what one eats and drinks

1Du Bos op ot p 162 -
1 Sure and Certawn Methods of Attawing a Long and Healthful Infe

translated from the 4th edition London, 1727 01
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every Day, Nature requiring but very hittle for the Support of the
Lifo of Man, cepecially that of an Old Man " He tells us that ho ato
only 12 oz of solid food dalily, conssting chilefly of Lread, wine,
broths and cggs, veal mutton, partridges chickena and pigeons,
and somo hinds of fich, such ns pike for nllof thesonhments’ he
ndds “ aro proper forold men *  His syatem was certainly justified
by ita results for he Is said tohinve lived to bea hundred years old

Woman requires ess food than man  Her maximal rate of out
put of energy is smaller than man’s Her basal metabolism 1s
lower Vo should thereforo expect her total metabolism to bo
smaller and obecrvation confirms this expectation  Whereas Lusk
allows 2500 and the Technical Commission of the League of Nations
allows 2100 Calones per day, tho averago figuro for Englsh
women i8 as wo have stated sbove 2100 Calories

e have no particular dations to mako g the
dict of women save that there 19 no need to depart from the general
prnciple of making suro of the protectivo foods Woman probably
needs 28 much of theso as man  Sho nceds rather moro tron
contaimng foods than man and generally speaking her food should
be more digestible

Pregnancy and Lactation Probably moro data on the neces
sary diet for these two states has been nequired in the last decado
than on any other dictetic subject This 13 very desirablo i view
of maternal mortality which almost certainly might be con
eiderably reduced, and the infantile mortalhty which though much
Tower than 1n the years beforo the war of 1914-18 has by no means
reached the irreducible mummum  Some rather crude experiments
1n feeding expectant women carried out 1n tho depressed areas of
Wales by the Birthday Trust ? showed a maternal mortahty among
the better fed women only one third that of the controls and an
wfant mortality, including stillbirths of only one-half

Thero 13 evidence that the diet of pregnant women should be quan
titatively and qualitatively dufferent from that of the non pregunant
woman  Quantitatively the dict 1s altered by a small but undoubt

1Lapy (Ruvs) Wirtiass (1038) Lancet 1 204 This work hasbeen

ded and b d of the xcault of the earhier cruder
expertments (Baryour (1944) ILancet 1, 208) Moreover the
expenience of the war years 183945 has gone to show fairly eonclusively
that better feeding of pregnant women reduces both matemal and
infant mortality The classes among which the maternal mortality
was hoghest have beon much better fod than previously having been
granted cheap milk and prionties with othor foods No country which
values the coming generation can afford to drop such preforential
treatment




264 FOOD AND DIETETICS

edly sigmificant increase mn the imtake of all foods! Thus n Great
Bntamn where the mcome, less rent per head per week 1s over 16s
the Calone mtake 13 on the average about 2500 Calories per day
28 agunst the 2100 for non pregnant women There 13 an merease
m first class protew, caloium, won, and presumably the vitamms
as the social scale 1s ded Inno case however,dothe average
mtakes of the calcium, phosphorus and ron reach the levels which
experiment suggests are essential MeCance and lus colleagues
estimate that the daily mntakes should probably be of the following
order Calories 2500, protem 90 grammes, calelum 15 grammes,
phosphorus 2 grammes, won 20 milligrammes In the well to do
classes they found that the actual intakes were Calones 2500,
protem 80 caleum O 94, phosphorus 145 grammes total wron
14 4 milhgrammes (mmorgame iron 10 8 milligrammes}

Perhaps the best way of indicating the quahtative differences
which should be aimed at 13 to give the recommendations of the
Institute of Gynacological Research (Umversity of Pennsylvama) 2

Nox PREGNANT WOMEN PrEGNANT WoOMEN

1 pmt of milk per day 2 pmts of milk

1-2 servings of lenfy vegetables  2-3 servings of leafy vegetables

2-3 other ) 2-3 other

1-2 frwt 34 (1 or 2 of extrus frints)

3 slices bread 3 slices or more (whole gram pre
ferred)

1 serving meat or fish Meat or fish as ordered by phy
10180

1 egg 1 egg

1-2 oz bufter 1-2 oz butter

Vitemun concentrates as ordered Cod Liver oil or vitarun A B, and

by physician D as ordered by physician

The comparson 1n proximal prmciples or nutnent * elements *
works ont somewhat as follows
Calories 20002600 2000-2600 for first three months
2400-3000 , second , B
Decroase to 2000 or 2200 durng
the last three months 1f the
gown 1 weight 18 abnormsl

Protemn 1 gramme per kilo 1 gramme for the first threemonths
body weight then rising to 1 § gramme
Calelum 0 55-0 68 gramme 1 0-2 0 grammes

1 McCance \Winpowson and VERDoN Roe (1938) Journ Hygiene,

38
2 Munpxy and Bowrs (1039) Amer Journ of Obst and Gynat

37, 460
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Now rarevaxr Woury Pazavanr Wosry
Phosphorus  106-1232 15-20 grammes
Iron 16 mull 18-20 milli
Vitamin A 6000 More
n, 300
, € 300 (1 600)
D 400 N

Theso recommendations are by no means impossiblo of achievement
Several of the women investigated by McCanco, Widdowson and
Verdon Roo cither achioved them or came near to them  Sigmifi
cantly enough nearly overyone who did this belonged to the class
with over 40s per week per head after malung deduction for the
rent—io belonged to tho wealthy or intellectual classes  Buch o
dict §s not cheap Because of the largo amounts of vegetables
consumed 1t takes time 1n preparation  Ono criticram we make of
the diet is that cheess 13 unrepresented It might well replaco
some of the milk, meat or fish  Another 18 that tho protein 1s too

ddenly i 1 I of all foods should bo gradual

Duet for lactation ehould follow tho lines of diet in pregnancy,
but the csleum should be increased

The estimates of the National Research Council of the US.A
sro as follows

Pregnancy (dumng tho Iatter half) Calormes 2500, protemns
85 grammes caletum 15 grammes  fron 16 mulligrammes,
vitamm A 6000 IT  thinmine 600 ITU , nboflavine 25 mll
g fo acid 18 mull bio aad 100
milligrammes  vitamun D 400-800 I U

Lactation Tho Calones are raised to 3000 the protemn to
100 caleum to 2 grammes  witamin Ato 8000 I U thiamuno to
%67 10U bofl to 30 mull » aad to 23
mulligrammes  ascorbic acid to 1560 miligrammes wiulo the iron
and vitamun D are left at the pregnancy value
Diet for Different Climates and Seasons

The influence of chmate and especially of a warm chimate on
the amount of food required 1s commonly exaggerated It seems
natural to suppose that if the surrounding temperature 1s high,
the amount of heat required to be produced in the body will be
less  Dut this 1a to lose sight of the fact that the temperature of
the body 1s chuefly regulated by physical, and not by chemical
means  To put it more plainly wo adjust the temperature of our
bodies not s0 much by means of increasing or dummshing the
amount of heat we produce as by the simple expedient of regulating

the amount of heat lost 1e by nltenng the amount of clothing and
the ventilation of rooms
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Heat and lfe, as has been already ponted out, are nseparable
‘Whenever work 15 done, as when the heart beats, not all the energy
obtamed by oxidizing carbohydrate 1s utilzed m domng that work
Some—and 1t 15 an amount equal to two or three times that of the
worh done—has to be wasted Now thanks to the fact that we
wear clothes our bodies Live 1n an atmosphere of about 90° ¥ —
that 18 to say, m what 18 practically a tropteal chmate At this
temperatire the amount of heat produced m the body 1s 1 excess
of that necessary to Leep the body temperature at 37° G (roughly
98 6°F), even when that production s as emall as 15 compatible
with the full actinity of our cells Thiy means that, even mn a
temperature of 90°, we must constantly waste heat  Suppose now,
that one goes nto the tropicalregions  As the external temperature
nises the heat lost by the body because 1t 1s at a higher temperature
than its surroundings becomes Jess and Jess  Consequently there 13
stall greater excess of heat to be got md of One can adjust the
balance either by eating less food, or by mereasing the loss by wear
mg thinner clothes and mcreasing ventilation It 1s fauly clear
that, supposing one’s dietary 1s an average diet, 1t 1s a sounder policy
to mcrease the loss of heat rather than to decrease 1ts productson by
eating too hittle food In harmony with this one finds as a matter
of fact, that the consumptionof food by the inhabitants of the tropics
18 not notably less than that of those who live in the temperate zone
We find too, that basal metabolism 1s but hittle altered mn tropical
countries For instance, Ejkmann found that the basal metabol
1sm of Europeans Iiving m Batavia was 40 Calories per square
metre per hour1 Others bave reported a slight fall after some
months residence As the basal metabolism falls but slightly if at
all, a Iife mvolving rouch muscular effort 1n the tropics must entail
the same wmtake of food as m temperate regions

This 18 not to say the mtake of the same food as there are good
reasons for a deliberate change of dietary régume to smb tropieal
conditions  That people crave for dufferent food or less food i hob
weather or 1n the tropics 1s notorious  Appetite fails and 13 stimu
lated by to wiolent d ts and alcohol And 1t 18
here that considerations of physiology and dietetics may help 1n

suggesting a diet for the tropics
Fust of all we hnow that in hot weather the bloodvessels of

the sk are dilated to allow of greater loss of beat and therefore
bramn snd almentary tract are depnived of thew normal supply
Second there 1s & fall of artenial blood pressure of some 10 mm Hg
possibly as the result of this vasodiatation in tho slun  Third
if the temperature of the atmosphere nises to blood heat all the

1 Fomsany  (1921) Jour d Physwol et d Path Gen, 19, 33
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Jous of heat must be duo to ovaporation of perspiration  Fourth,
protein foods and notoriously nnimal protein fooda prosoke a pro
duction of heat of no avail for muscular energy  This heat has
to bo lost In surroundimgs hotter than the body and therefore by
evaporation of perspimtion  Lifth the cooling power of the air
depends on ita pereentage maturation swith water vapour and its
velocity o that §f tho air fs near its maturation point and still it
is very difficult to loso heat from the body

Putting all theso {acta together, wo reach the conclusion that in
hot climates the dict should bo modified by greatly increamng tho
flnd mtako to allow of profure perspiration 1 by cutting down the
intaho of ammal proteins which havo a high speaific dynamic action
and replacing them by vegetall which have a lower, by
preading the over tho duffe meals of tho day to deereaso
the specific dynamic action and by using camly digested foods and
avoiding those of high satiety value? To transfer the dictary
hatita of temperate regions to the tropics 13 to court disaster
Much could be done by regulating the temperature of dwellings by
refrigeration ventiation and air conditioning to render conditions
of lifo more physiological  What ia true of tho tropics i true also,
but 1n a less degroeo, of summer conditions 1n a tomperato chimate

Bupposo on the other hand, that one moves from a temperate to
a colder latitude  The body will now requre more heat to keep its
temperature up to the normal level and this 1a achieved by dimuin
1shing the heat lost, manly by an increaso of clothmg If the
external temperature falls stll farther, however tius method by
itself becomes inadequate and steps must be taken to increase heat
production 1t 13 only then that 1t becomes advisable to consume
more food

* During the whole of our march says Sir John Franklm in
describing s journoymgs 1n the Arctio regions  we experienced
that no quantity of clothing could keep us warm while wo fasted,
but on those occasions on which we were enabled to go to bed
with full stomachs we passed the mght 1n a warm and comfortable
menner  Translated 1nto pl 1 1 language this means that
thedemand for heat 1n the body was 8o great that it could no longer be
met by dumnishing loss but that the deficit had to be mede up by
an 1ncrease of heat preduction—ie by a greater consumption of

1 Bocause of the loss of sodum chloride 1n the perspiration 1t 18
advisablo that shightly salted water be drunk mstead of plain water
Deprivation of sodium ehlorido 19 known to lead to cramp of the museles
Seo also MorroN (1932) Proc Roy Soc Med 25, 1261

# Inquiry of dietary habits among the well to do i India shows that
these suggestions aro by no means edopted
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food The blood supply to the slun 18 cut off to conserve body
heat when there 1s too lLttle food and s man feels cold Extra
food enables the sk to have blood and the man feels warm !

‘What form the increased consumption of food takes 13, com
paratively speabing of little moment  All that 19 really necessary
13 that the number of Calories which the det 15 capable of yielding
should be considerably rased As a matter of converence how
ever, and 1n order to avoid overfilling the stomach, 1t 1s best to have
recourse to fat as the principal source of the extra heat requured,
for fat 15 the compactest form of fuel we possess 2 Carbohydrates
would serve the purpose equally well so far as the cells of the body
are concerned, but one would require to consume more than twice
&g much of them as of fat m order to obtain the same amount of
heat Besides, 1n very cold latitudes carbohydrates are not so
easily obtamed as fat

The influence of season on the amount and quality of food re
quired 15 sumlar mn kind to the influence of climate though less
m degres In summer, clothing should be dimuushed rather than
food, 1n winter, warmer clothing should be worn

In hot weather the inclination 1s to eat less food and of this
stimet 15 followed there will probably be a loss of weight If
the normal winter diet be taken in disregard of the destre for food
the body-weight 19 mawntained, but health 1s apt to suffer The
probability 13 that while the amount of food taken should yield
approxmately the same number of Calories, the nature of the food
may as well be altered in the direction the appetite suggests  Thus,
hot beef-fat 1s repulsive 1n hot weather especially with the usual
accompaniments to roast beef baked potatoes, snd Yorkshure
pudding , but cold beef with 1ts fat mtact served with & palad and
a Fronch salad dressing yrelding Just as many Calories, 1s appetizing
Amounts of fat which would appear 1mpossible to consume a3 hot
mutton fat are quite palatable and digestible in the form of butter,

cream, or 1ce cream .
Probably too there should be less anunal and more vegetable

1t 15 questionable if Scotts rations on his last expedition were

uate
ad’ez‘m interesting observation made by Stefansson 1s that each timo
on hus return from the Arctic he was subject to digestive upset
¢ When you have been for months on & dret of meat you nlmos]:
always feel undor the weather for two or three weeks after commgbbuc
to & muved diet 1 1magino the reason to be that meat 19 such a ulky
food that the h gets d to large q Then when
you eat the ncher civilized food and fill the stomach as much as "y;su
used to with meat you overload 1t ~The Friendly Arctie

Macrllan & Co
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protein consumed and the protein not concentrated into one meal
2 {8 too aften the custom  The apecific dvnamic action of protein
should be avolded nnd the animal protein taken at A timo when
that action causes least trouble

A heavy meat meal at noon will bo showing its apecific dynamic
action in the afternoon at about 3- pm —ie the time when the
day is apt to be most oppressive  Unless the nights aro hot, meat
at the evening mealis not amiss  On tho whole the general rule is
that animal foodashould be more sparingly consumed in summer, and
the proportion of vegetable matter in the diet relatively increased
The demand for hot foods and drinks in eold weather and cold foods
and 1ced drnks in hot weather has more psychological than physio
logical or instinctive basis A Litro (1] pints) of iced water wall
subtract but 37 Calonies from the body and an cqual quantity of
a hot dnnk, swallowed at 45°C, will add but 8 Calones Buch
amounts are & bagatello

Influence of Personal Pecullarity There fs o widespread
impression that somo peoplo can ¢ get on’ with Jess food than
others oven though they are Living under 1dentical external conds
tions  Thero are those of whom 1t is said that their food does
them no good  while there aro others who without eating much
put on weight  There 13 amplo evidenco of this from work already
quoted  that on the intakes of 63 men and 63 women !  And thero
will bo still more evidence when Miss Widdowson s observations on
the food intakes of over 1000 children aro published At any age
thero aro children taking twice as much or more of some proximal
prneiplo of diet than others at that age  Nor will the high or low
takes appear to bo related to stature weight or health This
observation has troubled the dictitian and 13 still troubling hum

‘That there 18 » norm for weight corresponding to height and age
15 clear from the data of insurance compames and a marked departure
from the norm (say over 10 per cent } 13 viewed with suspicion by
thewr medical officers There 13 evid, from tatist
that 1t 1s better to be overweight than underweight 1n the twenties
and underweight than overweight m the forties and later

The majonity of people who do not have to trouble about their
figure have an astomshing power of regulating therr body weight
Tor example as Du Bows has pomted cut » man st 40 years of
age may weigh exactly to within & pound or two what he weighed
at 207 The balance of mntake and output has been adjusted 1n

1 Wmbpowsow {1936} Journ Hygiene 36, 260 Wippowsow and
McCancr sbrd 36, 294

* Mannack  (1942) Food and Planning reports the same of lumself
and one of us (V. H M) can confirm the statement for his own body
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his case over the twenty years to an error of less than 0 05 per cent
Supposing that he were to lay down and not combust over that
period 8 9 grammes of fat per day (the equivalent of s small pat of
butter) he would double hus weight in twenty years Some method
of regulation of body-weight must prevent suchan appalling catas
trophe and the wonder s that so few people are obese

The mode of control 1s still obscure Yt 15 possible that body
weight 1s regulated by appetite A well fed person 13 more energetio
than one underfed and possibly consumes the extra food he has
taken 1 the output of extra energy Moreover, the speaific dy
namue action of food rises if there 13 a surplus and the excess of
combustible material 13 got 11d of 1 this way  On the other hand
an underfed person restricts his activities and so adjusts his output
to s mtake If this underfeeding continues the food which 1
taken particularly the protem 1s utiized in the renovatmng of
depleted tissues without evolung any loss due to specific dynamio
action  In the normal person there would be an mncreased appetite
which, when sufficient food became available, would repair the losses
due to previous under nutrition

We have to remember, too that there 1s an interplay of the
endocrine glands  Excess of thyroid activity leads to a lowering of
the body-weight, defect of activity to an icrease Defect of
pituitary activity unbalanced by an increase of thyroid activaty may
lead to & gross deposition of fat Islets of Langerhans i the
pancreas ! and the cortex and medulla of the suprarenal also control
metabohsm, and the internal secretions of the gonads apparently
influence 1t as well Some 1if not all, of these endocrine fissues aro
under the control of the central nervous system

As o working hypothesis we may nssume that the regulation of
mtake and body weight 1 carried out by means of & complex
meck 1n which app specific dynamic action of food, the
endocrime organs and the nervous system are all mvolved N

If we nccept bodily activity as an mndex of the wntability of the
nervous system we can see Why 1t 1s that some people necd o greater
mtake of food than others In a serios of observations reproduced
1m the Food (War) Commuttee s report the Calorio intahes of three
boys one very active one active and one very quiet are showln5
A reference to Fig 12 will show that the very active boy st ;
years of age 15 taking double the amount which the very ‘l“'cl

1The elderly dbetic 18 frbquently overwoight at the begmnmgb;)
the diseaso and the young diabet:c on insubn usually takes considersbly
Jess than 2500 Calores per day and yet mamisins hus weght
for about forty years while the other (G G) cats conmderably less
m order to aved gaw of weight ¢
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boy takes and ono and n half times that taken by the active boy
‘The influence of tho nervous mnke up of the boys conmdered Is
obvious

Pavloy considers from his study of conditioned refloxes in dogs
that wo can find tho Hippocratic  tempernments * reflected 1n lus
ammals and that in the large central group of well balanced
tempernmenta thero are to bo soen tho  phlegmatic  and the

sanguine’ ! The one is quict, #elf contamcd and scdate, the
other lively and active  If wo translato theso observations on dogs
to man we can seo how the ively * sangmine  temperaments will
need moro food to mawtain body weight than tho quet * phleg,
matic tempernments  Infact the explanation of the obscryvation
of the apening paragraph of thus section lies probably in tempera
ment or inhented constitution of the nersous system, coupled
with the posuibility that the differences 10 intake and output are due
to differences of weight huild shape of body and occupation  The
declimng activity of body when middle age 13 reaclied probably
accounts for tho increase in weight commonly observed at that
time The body has become nccustomed to o large intake to sup
port the demands of youth and 1s loath to give up its food habita
although activity no longer demands such an intake  Du Boiws
calenlates that a decrease i activity comparable to wallung 13
miles per day might result 1n the deposition of nearly § oz of fat
per day or 717 1b 1n a year

Wo may take 1t that indinidual mako-up (nervous and endocrine)
does explain idiosyncrasies of food intake This warns us of the
dangers of dogmatism in matters of diet We can snd may
Iay down rules a8 to the kind and amount of food required 1n
different aarcumstances for the average person but we are treading
on dangerous ground when we come to apply theso rules to individual
cases In tho matter of diet overy man must, 1n the last resort,
bo & law unto humself but he should draw up his dietetic codo
mtelligently and apply it honestly, giving duo heed to tho warmngs
which Nature 19 sure to address to hum should he at any timo
transgress

Psychology and Diet In the last paragraph o statement has
been made which might open the way to every food fad from the
days of Geness to the present day It comes perilously near the
motto of Theleme in Rabelais  ‘ Fay co que vouldras ” or ¢ Do
what thou wilt  Although the subject has been Lghtly dealt
with 1n tho opeming chapter 1t must be discussed agamn  The
problem 13 how far 18 dietetics a rational subject and how far the

1Paviov  (1928) Lectures on Condironed Reflexes 376 Martin
Lawrence
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private psychologes of mdividual people can n,
pset, do upset and
should be allowed to upset 1ts prmeiples  That the onguf of fzﬁd
Iﬁa.blts 13 l&;gellsy lilsychologlcul hes been pleaded at Jength by
enner—and also that 1t 13 nghtlyso ! It
P A ghtly 18 this view which must
There are two defimtely opposed schools of thought on th sub
Ject The one maintamns that mstmet 13 a gwde 2 towards the
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food needed 'The other school, on the contrary, beleves that &
mans chowce of food 18 not governed by mstinet but by tus up
bringing  For convenience we may call the two schools the Lloyd
and the Pavley schools after thewr chuef exponents The Lloyd
school says that food which you hike 15 beneficial to you ~ Expanding
the ambut of this thesis, 1t holds that choice of food 13 governed by
nstinet, and as mstinet 18 fundamental, that such a choice 13 natural

IRenwER  (1944) The Orygin of Food Habis Faber & Fabor,

London
1 Though surely not an infallible gmde !
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Tho Pavlov school Inuets that food habits are tho result of con
ditioned reflexes  That is wo are born only with ono food reflex
fe of sucking mik and that all tho other food refloxes aro acquired
and built upon this ono mmple 1nnato reflex  Consequently food
habits aro the result of upbringing the adult who hikes and eats all
foods being well educated and the ono with wiolent likes and dislikes
bemng bLadly educated Turther corollanics nro that such likes
and duslihes are a bar to sound prineiples of dictetics and that the
only conditionad reflexes n person should have townrds food 13
those of eating it,! mastieating st ealivating on 1t swallowing it
and digesting it The Lloyd school encourages food hkes and dis
Lkes the Pavlov school frowns on them

Now everyono would prefer the Lloydian school to be correct It
gupports one & natural (or unnatural) weakness for this, that and the
other food or dnnk It mahes ono feel a fine fellow in inssting,
say on pepper from a pepper mill rather than a caster or on &
dry wine with the fish and meat courses and a sweot wino with the
dessert or on the order of the courses of the modern international
dinner * Ono feels that one is following the dictates of mstinet
and that one 13 mn harmony with tho great purposes of Nature

In favour of tho Lloydian school there are sundry vaguo beliefa
which rarely bear investigation plus it must be admtted, some
sound observational worh  We are told that dogs eat grass to make
them.elves vomit when the ahimentary tract )3 disturbed that
deer and cattle walk miles to a salt lick and that ponies i the
salt munes of Cheshiro Lick through the walls of therr stables that
anmals deprived of adequate phosphorus n South Africa gnaw the
bones of their dead comrades {and dio of a form of botuhsmt) Al
these are observations on arumals and have little to do with the caso
for :n man with the dawn of reason 1t1scontended that instinctual
gudance dechned and though ammals may bo guided by mnstinet
1 tho choice of food (but seo below) man 13 not necessarily so
guided Besides the salt lick story and its supposed foundation on
the need for sodwm 1n cattle on a dict too rich in potassium, has
been very shrewdly and justifiably criticized by Stefansson® The
Lamsickte of South African stockrasers can bo expluned by a
euphona produced by eating bones and the fact that horses and
sheep 1n those parts of South Africa do not gnaw bones though lack
1ng phosph hardlysupp the 1 gud, f the cattle

2 Perhaps the person who mamntams that all food 19 gaod but that
gome 18 better than another would be tolerated by the rationalist school
of dietitians

2 Beo Food and the Famuly Chapter 9 by one of us (V H M) *

3 Srerinssow  Adrentures n Diet
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 Turning to human beings, 1t 13 suid that the piea, 1@ desire,

sudden and mexpheable, for unusual foods shown by pregnant and
lactating women, that the passion for sugar evinced by chuldren,
that the loathing for tinned foods on the sides of Everest, aro an
evidence that mstinet 15 taking a hand and gwding the human race
to the nght choice of food 1, The characteristic of pica m human
bengs 1s 1ts utter wrationahty The passion for sugar 1n children
18 & passion for strong and lasting pleasant sensation and 18 by
no means mvanable and depends largelv on upbringing  Chuldren
who have not suffered under o Puritanical régime are not particularly
Leen on sugar—at least that 1s the fact with the chuldren of one
of us (V. H M) The observation on mountain cimbers are not
germane Modern distetics no longer frowns uport tined goods
Tinned foods are not * bad for you, * and avordance of, or hatred
for, tinned foods at lugh altitudes 1s not, therefore, an instinet
towards dietetic samty  Besides, one result of low bloodsugar and
want of oxygen at lugh altitudes 1s an wrrationality and fickleness of
desite  Funally 1t 15 customary to quote that astomshing Amencan
experiment on allowing babies from 6 months onwards to 18 months
to choose what they would to eat as evidenco that what babies
fancied did them good It did But the babies were allowed to
choose only from protective foods Their chowces followed no
pattern nor order nor was there any imvanable sequence followed,
upon which could be based a scheme of dietetics for the toddler,
let alone for older children and adults A baby might one day
choose to eat four or five eggs only for its evening meal,, at another
time the choice mght be hiver followed by & pint of orange juce
We sumply do not know what their chotces would have been if cresm
buns cakes, 1ce cream, fried fish and prelles had been on the menu
The experzment merely tolls us that if one s fancy roams smong tho
protective foods one comes to no harm but, rather to good

The only sound expeniments concermmng men it support of the
Lloydian hypothesis we have come across are those by Carlson on
Vicek the Bok laboratory tant, who had a surgically
made gastric fistula m consoquence of & boyhood s m:st?ka n
drinlung caustic soda with a result: ) of the cesop
Vieeh had & great Iiang for sweets desserts and so on with &
dishke of acxd or bitter foods In tho course of experiments upon
hus gastrie juice 1t would be found that when he had had & swe;t
course at the college cafétersa which ho paricularly Iihed, the

1 As an euido 15 1t not fair to say that n view of xerophthalmi
ber1 ben pellagra scurvy mickets osteomalacia chlorosis and osted
poroms nstnct has made & bad ruiss 1 guding human beings
target of sound diet ?

to tho
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digestive capacity of tho juico aecreted was high  If lua lunch
bored him it was low Similar obecrvations were made by the
Pennsylvania School of Medicine on medieal il If tho
food were plensant to cat served daintity and in pleasant surround
ings 50 per cont of the studenta recreted more and stronger gastrie
juico than when food was indifferently couked rerved on chupped
china, on & newspaper for tablecloth 1n a dismally lighted cellar ]
(Curiously enough the other G0 per cent wero not affected by
surroundings )

Now clearly, unless a man is a hyperchlorhydno already, what ho
fancies is gomng to bo digested better than what ho does not faney
The evidence eo far cxtends only to gnstrio seerction but 1t s
probnbly true of pancreatie, biliary and intestinal secretion and
therefore of total digestion and abeorption Frverybody must
admut that foods which one fancies eall out moreand better digrstive
juices than things which ono dishkes  Tho moral however is not
that one should eat only what ono likes, but should lihe what one

eats

Richter in is Harvey lectures pubhished in 1943 sums up a scries
of experiments mainly upon rats which seem to show that thoy
bave an Instinctive choiee of the food which would benefit them
Animals with a diet Jow in phosphorus make for one with a lugh
content when given the choico * A whole series of experiments with
defimtely deficient diets were given and 1n overy caxe the ammals
scemed to hnow when given the choico which food would be good
forthem In no case, however, except perhaps one to be mentioned
Iater does Richter give an example which can bo unhesitatingly
accepted and cannot be oxplamned on tho grounds of & euphona
caused by eating the mght tlung We have mentioned, en
passant * & series of ilummating experiments on tho choice of
foods by the laboratory rat  If you runlimout of B, and then
give him a choice of foods with and without B, he will choose the
food contamung B, But if you flavour the B, contamnng food
with cocos and later transfer the cocoa to tho food without B,
he 13 fool enough to transfer us affections also He now eats &
food which could do him no good  Instinct has not told hum where
the B; hes Ho fancies the food which contaws no B,

Between foods which contamn or do not contan vitamin A he
hows no inerrancy of choice The explanation the experimenters

1 This has not been the expenence of other workors  Seo McCoLrua
?(;m hemes and Day  (1939) The Newer Anowledge of Nutrstion
“’32(;1111115, Cray Hargrravesand Warp  (1933) Proc Roy Soc B

+
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give 1s as follows When an ammal 13 “ run out ” of B, a chanco
chorce of a food contarung B, allows of recovery from symptoms
within a few hours  The ammal feels better asa consequence of
eating B, food He has a euphoria just as a man has after talang &
glass of beer or a dose of morphia  But the effects of vitamm A
cannot be percetved so suddenly, consequently an ammal cannot
relate canse and effect and will eat food without vitamm A m 1t
readily enough though hus body 1s deficient m A Now 3t 15 quite
hikely that Richter s experiments can all be explamed on the hnes of
producing a euphoria a well being of the ammal which he associates
with & particular food

There 1s one pt: Exp ts with child
on giving them a chance of taking cod hiver o1l showed (unexpectedly,
surely) that they availed themselves of the chorce, but that later 1n
the year they dropped taking 1t The assumption by Richter 1s that
they needed vitamms A and D chose the food which contained those
vitamins and then when their stores were adequate dropped 1t
agam  Much more mnformation 13 needed about the methods of
carrymg out this experiment the previous histories of the subjects
and the psychological surroundings of the exp t, beforo 1t
can be accepted as proving that anstinet, or need, 1s & gude, 2n
aceurate guide, to what foods should be taken

Now the case for food habits bemng conditioned reflexes 1s based
partly on Pavlovs observations on the slmentary conditioned
reflexes of dogs and on observations of anthropologists such as
Stefansson and Margaret Mead on the habits of races with whom
they have come mto contact Pavlov and s collesgues have
shown that the mere lapse of time may act as a conditionung stunulus
Ammals accustomed to be fed every half hour salvate every balf
hour even if the food 13 withheld at that time The human bemg
behaves m the same way, eg o patient treated for gastrie uleer
by feeding every half hour with minced raw meat soon develops
hunger contractions at half hourly periods People can tram the
large ntestme to produce rush perstalses and a deficating reflex
at almost any chosen time 1 the day, so there 13 nothing sacrosanch
about meal times

Puppies brought up by hand on mulk have to be taught to obtzt(!il
a condatipned reflex for meat eating  This strange observation b
been made by one of us (V H M) before comng across Pavlovs
work n observed P parallels with this 10 b
sleigh dogs 1n the Arctic Circle independently of Pavioy Dogs,

uld be
brought up on fish refused canbou or wild goose meat but co
tmm%d to eat them by methods sumilar to Pavlov s mode of buﬂdix;z):
conditioned reflex upon conditioned reflex  One of us (VH

1n Balt
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trained children to eat new foods by exactly similar means  Funally,
Pavlos showed that even the vomiting reflex in a dog could bo
evohed by such a stimulus as prepanng the shan for the subeutancous
injection of morplune or apomorphine  In man wo sco an exactly
mumilar reflex  Who having been mick after eating a certain food
has not been nauacated by that food for a ecason after tho incident,
even for the rest of a hfetimo ?

Seattered up and down in Stefinssons writings are examploe
after examplo of the Pavlovan conditioned reflexes in man and dogs
although he could not have known of this wotk at tho time  We
quote the following from Stefinsson s ¥ nendly Arctic (1012)

A rulo with no more exceptions than onlinary rules s that peoplo
Like the sort of food to which they are accustomed  An Amernican will
tell you that he can cat white bread every day but that ho gota tired
of nieo 1f ho cata 3t moro than onco or twico 6 month while a Chunaman
tmay think that rice 18 an execllent {ood for every day but that wheat
bread soon palls  An Inghshman will tell you that becf 13 tho best
meat i the world while in Ieeland or in Tibet y on will learn that beef
13 all nght now and then but mutton 14 the only meat of which you
never tire  If & man s brought up on tho west coast of Norway or on
Princo Edward Island ho thinks that horrings and potatoes mako
the best of all staplo diets whilo an Jown farmer Lkes potatoes well
enough but would balk at tho herning

Margaret Mead in The Ameman Clmmcler (1044 Penguin Books)
mahes o sumilar t about Hung
the Unuted States  And we add to t}us tho fact mentioned before
that Bengalese used to rico, will starve to death during a nico fanune
mthcr ‘thnn eat the \vhcnb mmported by a paternal Government *

ples of the cond g of children to food refloxes will also
boe found in Renner s book ulrcady quoted
The apparent exccptions to the g that 1t 13 ed

and not mstinct which determines food habits aro that appetite
secms to be some sort of a gmde to calone need and as already
mentioned 1n the first chapter that the Aliluyu women eat more
of the caleium contaming foods than the men

Tt 18 difficult to admit that mstmet plays much, if any part m
determunmg the food habits of man and if this be 80 the need for
early training to take a mixed diet with & large number of foods

P dn that diet b P t  To day every country

 As this book was gomg to press a most mmportant publieation
of the views expressed above

MRO Special Rz;m't Sertes 254
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because of thewr vitamm C, they must be considered mamly ¢
the cost of that ‘nutrient * The cheapest way of obtainng th
witamn 19 from raw cabbage salad, which, however, 1s not popul
1n this country  For general purposes tomatoes, lemons and orang
are the cheapest ways of buying vitammn C, and the sooner we cz
regan the level of importation of citrus frutts of 1938-9 the bett
for the nation  As the cost of vitamm C vanes with the season
the conscientious caterer must calculate from the tables and cost
of foods the cost of a ration (30 mulligrammes) of ascorbie acx

When strawberries are a shilling a pound 1t may be more ec
nomical to buy witarmn C as that frmt rather than as tomatoes ¢
oranges  The trouble 1s that few people are satisfied with the ounc
or g0 of strawbernies which give the day’s ration !

The fat fish with the exception of salmon and sardines are amon
the cheapest foods we have for protective purposes (calemum
phosphorus  1odine, vitamms A and D), and for body buldin,
material For Calories they are medwum i price but cheape
considerably than meat At the controlled price of 74 per Ib
herrings are & cheap food which no one except the rich ean afford t
omit from s food purchases

Speaking generally 1t 18 fair to say that the protective foods ar
not the dearest foods which we buy and the explanation usually
given of therr very general defiet m the diet of Great Brtamn—
their costhness—is unfounded The real reason 1s habit tradition,
and lack of an appreciation of dietetics

Second Economy n first class protem 18 best obtamed by the
use of cheddar style cheese herrmgs and herring roes At the
respective prices of 1s 1d, 7d and ls per Ib these foods supply
a day s ration of first class protem at 44 34, and 3d respectively
Mlk supplies 1t at 94, the meats at prices ranging from 64 to 1¢
and the white fish at a price of from 8§d (cod at 9d perlb}tols [i%4
(Dover Sole at 15 10d per Ib)

Third Economy m Calores 1s the eastest thing of all to practise
for two reasons (1) the protective foods and protein foods combunt
do not often account for more than 30 per cent of the Calores of
the diet (n) the range of cost i Calories 18 enormous Fig
hundredfold whereas the range of cost for first class protem rations
15 only from 3}d to ls 6d or fivefold "

There 15 Lttle point 1n our setting forth the cost per thousan
Calones of all the numerous foods that we eat because prices vary
from time to tume and place to place This does not mean that
1t 13 1mpossible 1 any one town at any one time to give an exact
estimate of these costs or of the cost of & reasonsble diet ’.‘[1719
report of the British Medical Association of 1033 upset that 1dea
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for all time  Dut a 2ct of caleulations bared on either the Weat
Ind stores prices In London or tho cheap strect markets prices
would be uscleas for people living elsewhere, particularly those in
tho country Anyone interested in eaterning ctonomically and
dietetieally must collect prices and ealculate tho cont per th i
Calories from them and from the various Iood Tables in existence
A general statement which will be true for all parts of the country
is tho following An cconomiceal dietary must bo based upon
cereals and cereal products, the pulses, dned fruit potatoes, butter
marganne and suct milk fat fish, eg hernngy aprats and
macherel cheess and bacon  Moderato ecconomy only can be
fonnd in the meata while lean fish and cpea aro costly and to be
constdered luxunea  Green vegetables and fruits from tho Calone
point of wiew are also expenmive, but as they supply some of the
witamins and the neceesary salta they aro cssential, and emall
quantities despite their Calorie cost, must be included in the
dict 1 For a fuller discussion of economy in dict tho reader 1
referred to the Look quoted or to Sound Catering for Hard Times ®

1 Emended from Morrrax  (1938) Food and the Famidy  6th Edn
Nisbet & Co

tMorrmax v If and Mormmay I’ C  (1032) Nisbet & Co






PART TWO
THF NATURE OF FOODS
CHAPIFR \II
FOODS TAKEN MAINLY TOR ENLRGY PURPOSLS

In this rection of the book an attempt 1s mado to givo s survey
of the foods eaten by people of Furopean ongin their charactenstics
and their veluo in diet  As might bo expected the first difficulty
is clasufication  Shall the foods be classified according to thewr
chemical nature their biological ongin or their function in dieteties 1
Tho problem has given many an organizer of confercnces on food
s headache For example if wo follow chemical principles wo
ecpatate the potato and the tursp both vegetables, if brologeal
7 ples then bers and arc frmts and
thubarb 1s n “vegetable' Naturally tho predilection of the
authors is for a functional clasmfication which agan scparates
the potato from the turnp and leaves meat extracts in something
like nomansland It fs this functional classification which 1s
sdopted taking the clasmification ? of the special joint commuttee
of tho combined food board of the Uruted Nations and shghtly

rearranging some of 1ts ftems and expanding it somewhat It 13
as follows

Group I Ous and fats luding butter end sugars
ond syrups  cereals potatoes pulses and nuts

Group IX  Dfilk and mulk prod luding butter, meat mncluding
cured and canned meat and meat extracts jellies eto
pouliry fish eggs

Group IIT  Frint and fruit products  vegetables leafy

tables including many wvegetable® fruits
Group IV Beverages

Group V  Condiments

other vege

It will bo seen that the first group conmsts of foods mawmly taken
for the production of Calones though butter, cereals and potatoes

1 Food Qonsumption Letels (1944) HM Stationery Office
283
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do supply vitamuns as well, and the pulses and nuts supply protem
The second group of foods 13 taken mamly for body buldi,
purposes though again all supply vitamuns and the milk diviser

1 el m addit Group Three supplies mamly
witamins and norgame elements—ther energy producing anc
body bulding powers bemng almost neghgible

FOODS TAKEN MAINLY FOR THE PRODUCTION
OF ENERGY

1 Oils and Fats, including Butter, Margarine and
Cooking Oils

Before the war of 193945 1t would have been natural to start
this section with the cereals and starch and sugar contamng
foods, but 1t has been brought home to us how much wo depend
on the tropies and polar regions for our supphes of ol ard
Probably no depnivation during the war was felt so much as that
of fat At a pinch we can grow half our cereals and sugar in Great
Britam and ncrease our potato crop by 50 per cent , but wo
cannot produce fat at the same tume This comes from tropical
or subtropreal regions—from palm frmt, palm kernel oif cotton
seed oil and peanuts—or from whale o1l mawmnly from the Antarctic
The direction 1 which the dietary of even the poor and unemployed
has moved in this country mn the last 100 years 1s m the direction
of obtammng more and more fat Once 1t was thought that
50 grammes of fat was sufficient per day for the poor Evenm
the 1931 slump the iployed were 4 per
day! Nor 15 this astomshing when 1t 1z reahzed that margarme
at 64 Ib produces more Calores per 14 than sny other food
Fat per gramme gives two and a half tumes as many Calortes as &
starchy or sugary food

Pnd}; of place among the fat foods 1s taken by butter This 13
more because of the esteem m which 1t 13 held by people than
bécause of its mtrmsic food valuo though 1t must be adoutted
that at 1 7d per Ib 1t 13 not o dear food It costs ab that P":”
53d per 1000 Calories, and at the prics to which 1t sosred m tho
war of 1914-18 1n Great Britamn 1t cost but 83d per 1000 Cnlon;ss
Butter mohing 15 however not an economuc proposttion m ¢
country and we shall probably contmue ta 1mport butter from
New Zealand and Australia and sell 1t bere at & price which causes

hment and mdignation in the Antipodes

1 QaTmoART and Munray  (1032) Med Res Councl Spee Rep
165
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Burren

Thutter is produced feom cream by churning  This caunes all the
fat globulesin thocream toruntogether inton solid mass, whilo the
find part, contaimng almost all the suparand most of the easclnogen,
cemainvin the form of butter milk  The flavour and aroma of butter
aro due to the growtls of orgamsma in the cream during npening
The supetior flavour of Devon hiro and Cornish butter fs dus to
the strmns of lactic aaid producing microbes found in the soured
eream veed in making butter  Theso microbes when fsolated in
pure culturs can boe used to control the flavour of butter produced
clsewhero or even to transfer theeo flavours to marpanine  Acetyl
methylearbinol and dsieetyl aro two of tho substances manu
factured by tho microbes, for they aro found in butter and have
an odour remniscent of butter, but by themeelves aro not entirely
satisfactory in producing a butter flavour

The traco of cascinogen which remains in tho butter is of import-
ance forthe d position which it undergoes on keeping ia apt to
maho tho butter turn rancid  Tho presenco of water in the butter
facilitates this change Butter will Leep indefinitely if it is
dehydrated  This method is largely used in Indm for tho preser
vation of butter (ghee} and also on the Continent Commercial

have been worhed out in New Zealand for dehydrating
butter for shipment to the forees 1n W orld War 11, and will probably
provido a convement ¢ spread  in tropieal regions after the war
Canada and other countnes already put up canned butter for stup
ment abroad

The exact amount of fat in butter vanes within lumts
but averages about 82 per cent, or twico as much as the amount
mn cream  An ounco of butter therefore may bo rockoned as
the equivalent of § 0z of pure fat In addition butter contans
12 to I6 per cont of water and about 2 per cent of non fatty
organic matter chiefly cascinogen and mulk sugar It is rich 1n
vitamun A 1 but poor 1n itamin D

The most stnking chemical charactenstio of butter fat 1s jta rich-
ness 1o those fatty scids (butyne, caproic, capryhe, and caprio)
Which aroe soluble i water  Of theso 1t contains about 7 per cent
Butyne acid deed may be said to be tho hall mark of butter,
from which 1t derives 1ts name 'The capryho and capric acids
apparently lower the need for vitamin B,

Of the insoluble fatty
acids present oleic 13 the most ebundant Butter fat contams

40 per cent ofolein  This results in 5 low melting pomt (31-34° C)

3 The figure gmven m The Nutmtie ¥ alue of Wartime Foods qv
13 1136 TU por oz but seo nbove p 142
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In old fashioned nursenes chuldren were allowed to have butter
or jam with ther bread and never the two together To-day
apparently most children get what they ke  There was never sny
real reason for the old rule except that of mortifying the flesh, for
butter 18 an mexpensive source, of energy

At the same time, 1t must be admitted that one pays for the
pleasant flavour of butter As far as energy value 1s concerned, a
pound of drippmg 13 more than the equal of & pound of butter,
and costs only half as much

‘We have here another example of the fact so often pomted out,
that 1 buymg foods we pay usually for the hkngs of the palate
rather than for the needs of the body For those who can afford
1t, that may be quite justifiable, but for the poor the advantages
of margarme and dripping as cheap sources of fat cannot be too
strongly msisted upon The dnppmg has, however, only smsll
traces of vitamins A and D and on that account should not be
allowed to replace butter and vitammized margarnes m the diet
of children

In addition to butter and margarine there are fats used 1n cooking
or other preparation of food for the table which have been des
perately mussed duning the war of 193945 These are lard and
bacon fal, suet, dripping frying fats and ol Lard 1s used m
pastry makmg and 1n shallow frymg, suet m the makmg of suet
puddings and mmee meat, ohve oil for deep fat frywng and 12
salad dressngs They all contamn, with the exception of suet,
nearly 100 per cent fat Thus the analyses are df‘xppmg
990 per cent fat, lard, 99 0 per cent , and olive and edible
o,” 999 per cent  The conventional values of these would be
approximately 4220 Calortes per Ib or 266 per oz Tho fSigura for
suet as given by McCance and Widdowson 1s also 99 G per cent
fat, but ths must have been for kidney suet with a very low
percentage of connective tissue~—t had but 09 per cent of protem
and only a trace of water Older figures by Amencan authorities
range from as low as 71 per cent fab up to 94 It depends on
the amount of connective tissuo and the source of the suet, sub
cutaneous mesentenc or from asround the kidneys *

In modern days 1 has become more and more the custom to
buy suet already prepared  Doubtless this will be 5o after the war
for fewer people will have tume to chop suet 1n the maling ‘;
puddings and mincemeat  These sucts contam up to 16 per cen’

& t ,
1The Atwater and Bryant fgures run from 707943 per cen
beef suet accordimg to tht’mer has 93 3 per cent fat mutton suef; 98‘60
The Rowett figure 18 933  Chatfield and Adams for kudney suc ng;ae
88 0 per cent for a thin carcase, 93 0 for s medium and 94 0 for
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of nice starch 1o prevent the flahes of suet from running together
sgdn  This of couree, alters the Calonia valuo markedly  Ono
Ib of 100 per eent fat should vield approximately 1220 Calories
(260 per o7y ™ per cont fnt yirlde 4180 Calones (260 per 0z}
while & suet of 10 prr oont e starch 63 per cent fat and 1 per
cent water would 33eld approximately 3500 Calones (237 per o0z )
In view of the small amounta of suct fn n helping of suct pudding
or in a minee tant this may acem a small point but it {5 & pomnt
worth making

Thero are 100, commercial frying fata and oils on the market
Thess are handened or aemi hardensd vegetablo and animal ouls—
quite uswlyl commodities and having the same Calone value aa
olive ol Doultlers they will increaso in consumption en account
of their cheapneas when compared with olive o1, but tho con
06 sseur will alwava Jook askance at them becaneo of their chemical
Liboratory odour It 4 safd however, that amchis oil (peanut
ofl) makes a ratisfactory, substitute for olivo ol 1n salad dressings
The proportion of the Calories obtainable from o ealad depends
almost entirely on the amount of the ol in tho dressing even when
potatoes are an ingredient

Womust not overlook the important contribution which fat meats
and cheeses make to the Calono intakes of people although ment
2nd cheeso aro mare reisonably considered among the foods which
&ro taken for their proten content  Fat bacon may have mip to
7 per cent fat with a Calono valuo per 1b of approximately
3100 Calorses per 1 (103 per 0z)  Streaby bacon has 45 per cent
fat wth n Calorie valuo of 2120 (150 per 0z) A mutton chop
ha348 per cent fat and Calorio valuo of 2140 {133 per 0z)  Cheeso,
such as Cheddar, contains 345 per cent of fat and has a Calone
valuo per I of 1860 (116 per 0z)  If nuts formed any largo part
of the dict they too would Lo important as sources of Calories
according 1o thewr percentago content of fat

The amount of fat in food Iargely determunes the amount of the
Bense of satusfaction wo feel at the end of & meal and also of the

: Ing effects’ of that meal Ono reason 1s that fats aro so
:aeﬂl:genum and that is why in 8 great war most of vs hunger for

‘
2 Sugars and Syrups

The inportanc of sugar as b modern food commodity cannot

becz:l"'emphusxzed Onginally & ighly priced condiment 1t has

rot © %1th the discovery of cheap ways of production and manu

. 'IT6 80 important s sourco of Calories that dietitians are begin

Mg 10 sk vhether there be not groat danger n eating sugar m
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the quantities we do The average consgmption m the Tnte
Kingdom mn the years 1935-39 was about 95 b per person pe
year ! or 417 oz per day yielding 467 Calorics—t e about 15 pe
cent of the dmly Calorie needs Consumption mn the Uute
States wag still lagher and reached a peak of 112 b per person pe
yearm 1941  Other countries may tako much less the Russians, fo
example, taking less than a quarter of what we take in Great Brtam

The reasons for the disfavour m which sugar is held are (1) A
usually taken, 1t 13 a source of Calories only, and therefors if th
appetite be sated on1t foods containing protems, mineral elements
and vitamms are crowded out of the diet (1) It 13 held by Amencar
dentusts to sccount for carres of the teeth—an old story neithe
proved nor disproved as yet  (m) It may concervably lead to the
development of diabetes This also has been neither proved nor
disproved, but 1t 13 possible that the sudden flooding of the blood
with glucose throws a stram upon the msnlm producing cells of
the 1slet tissue of the pancreas Diabetes has increased m the
United States hat as the ption of sugar has mereased
but this 13 no proof that the two are causslly connected For the
present 1t 1s absurd to mberdict sugar consumption, but 1t 15 wise
to be on the watch for possible dangers The * food reformers’
fancy that 1t 13 an “ unnatural * food to be avorded unless eaten
1 & raw and unrefined atate, we may dismuss this as ilogieal
unscientific and absurd

‘Weo have spoken as 1f “sugar,” 10 sucrose or saccharose, the
disaccharide ocewrring mm the sugar-cane and the sugar beet, were
the only sugar in question in the diet  So for practical purposed
1t 15, but different varmeties of sugar enter mnto the composition of
artrcles of diet, and they may be divided into two groups (I) the
disaccharides (Cy4H,,0;,), the chief examples of which are cane,
beet, or maple sugar (sucrose or saccharose), malt sugar (maltoso)
and mulk sugar (lnctose),? (2) the monosacchamdes (CeHaaQ)
exemplified by grape sugar (glucose or dextrose) fruit-sugar (fruc
tose or lwvulose), and invert sugar, which 13 & muxture of these
two ond 13 best known in the form of honey

We may now consider each of these variettes 1 gomo detatl

1 Disaccharides Cane sugar orsucrose isthomost [umﬂm;
of all kinds of sugar It 13 commonly denived from cortaim epccx::1
grasses such as the sugar cane or sorghum, but occurs also

1 Food Consumption Levels (1944) HM Stationery Office "

3 There are ather sugars occurrng mn foods (og trehalose a
gacchariden ediblefung: raffinose a tnsacchande from beet molnssc:;
and pentose & five-corbon sugar 1 many nipe frts) but theso ar
no dietetio importance
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naller amount in o great many plants and frults When
erived from other sources than tho sugar cane specal names,
uch 8 bect rugar or maple sugar aro usually given to it but it
wst bo distinetly understood that theso ero chemieally indis
inguishablo from tho form of sugar denived from tho sugar cano

Cane sugar has been in use in the world as a food for many ages,
ut 1t is only within comparatively recent times that it has been
nanufactured cheaply enough 1o take an important place in ordinary
Lita Tho following briet history of its introduction into Luropo
3 taken from n pamphlet on Sugar as Food, issued by tho United
States Department of Agniculture 1

* Bugar from tho sugar cano was probably known in China 2000
rears befors 1t was used in Europo When merchanta began to
rado in the Indics 1t was brought westwand with spices and per
fumes and other rare and costly merchandise and 1t was used for
s Jong time exclusively in the preparation of medicines  An old
saying to express the loss of something very essential was, Like an
apothecary without sugar® Greek physicians several centurics
before the Chnistian era speak of sugar under the name of ‘Indian
salt It was called honey made from reeds, and saxd to be like
gum white and bnttle  But not until the Middle Ages did Euro
peans have any clear idea of its ongin It was confounded with
manna or was thought to exude from the stem of a plant, where
1t dried into a hind of gum  When 1n the fourteenth or fifteenth
century the sugar cane from India was cultivated in Northern Afnca
the use of sugar greatly ncreased and as its culture was extended
to the newly discovered Canary Islands and later to the West Indies
and Brazil 1t beeame a common articlo of food among the well to do
In 1598 Hentzer a German traveller aseribed Queen Elzabeth s
blackness of teeth to her great use of sugar By many the new
food was still regarded with suspicion It was sad to bo very
heating, to bo bad for tho lungs and even to camso apoplexy
Honey was thought to be more wholesome because more natural
than the * products of forced invention ’

One of the earhest records of the use of sugar 1n this country * is to
bo found 1n the accounts of the Chamberlain of Scotland in the year
1319 Its prico at that time was 1s 93d per pound = £2 11s 6d
st the value of money m 1939

The composition of the sugar cane and 1ts juice 13 about as
follows 2

! Farmers Bull (1913) No 535

:See Bamvisrzr 8 Cantor Lectures 1800
. 1\;Vnrron and WivroN  (1939) Siructure and Composuiion of Foods
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Composrrion or Suear Canm axp Juice

Btalks 3
Water 7195 8;‘%
Protenn 058 010
Fat and wax 038 oy
Sugars 1340 1370
Cellulose
Lagmn 1004 065
Pentosans
Ash 064 045

Ta order to separate the sugar, the canes are crushed, and th
Juwce expressed by means of heavy rollers This juce 1s the
clanfied by the addition of ime and heatmg to 94°C Othe
clarifiers are basic alumimium carbonate, siicie acid with calerum
siheate and sodwm alummate The clear flud 1s readily separated
from scum and mud and 13 then concentrated by boiling 1 vacuo
to & water content of 45 per cent The crystals which form are
centrifuged from the mother hquor This crude sugar 19 known
a8 muscavado and 18 shupped fo the refinemes It contams from
94 to 98 per cent of sucrase At the refinerses 1t 15 stull further
clarified and finally decolorized by filtration through bome char
coal The final product of erystallization 18 white and 13 99 80 per
cent pure sucrose Xf loaf sugar 18 wanted 1t 1s run nto moulds
Moulded cube sugar 1s made 1n the form of sticks, and afterwards
cut mto cubes by machmery Grauulated sugars are made 1 the
centnifuge  Other vareties depend on the mode of crystallzation
and grinding

Beet-sugar Fully two thirds of the cane ’sugar commonl);
used 13 really derived from the sugar beet  The follomng sccoun
of the growth of the industry is from the pamphlet already men

tioned 1!

‘ Marggraf, a chemst of Berhn, first discovered m 17:7 :!;::
beets with other fleshy roots, contained erystalhizablo sugar lAeg )rd
with that of the sugar cane In 1796 Marggrafs pupd, Acha e
erected the first manufactory for beet sugar and 1 1799 heel();ﬂtl,le};e "
the subject before the French Academy e munufuctg}red ol
sugar on hus farm 1 Silesia and presented Joaves of re! 1}11 s
sugar to Frederick William IIT of Prussia m 1797 but t! e; !:en i
per cent of sugar that could be extracted by the methods e
use was too small for commercial success A new augx]‘;d A
given by the sugar bounttes of Napoleonin 1806, and me! b vere
rapidly improved especially 1n France Two great dm;cu s
stall to be met  the percentage of sugar present 1n the

1UE Dept of Age (1913) Farmers Bull No 8§35
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emall (6 per cent ) and it way reparated with great difficulty from
the many non sugar constitucnts, somo of them acnd and of very
unpleasant taste  Scienco now eame to the rescue, and o beet was
gradunlly developed having a larger percentage of sugar and a
#maller percentage of the undesirablo impunties  Basber says that
in 1536 18 tons of beetroot were neeessary to produce 1 ton of sugar,
1n 1800 this quantits was reduced to 13 8 §n 1860 to 127 tons  and
1n 1889 to 025 tons  Irom O per cent of sugar as found by
Marggraf tho sugar beet of good quality now containa 15 per cent
and more 12 per cent being considered necessary for profitable
manufacture '

Tho sugar is extracted from the beets by msping them to a pulp,
extracting and evaporating 1n racuo with subsequent decoloration
by means of animal charcoal

Toe the ordinary consumer beet sugar i not distinguishablo
from that denved from the sugar cane and it has already been
stated that to the chemst the two are really identical There 18
no evidenco for the statement sometimes made, that beet sugar 18
more injurious to health than genuwne cane sugar

Maple sugar 15 denived from the sugar maplo of North
Americs by tappmng the bark in early spring and allowing the
sap to escapo as 1t flows upward The sap 1s evaporated and
the sugar allowed to crystallize out while the residue 1s used as
maple-syrup  One maple tree yiclds about 4 1b of sugar in a
season

There 15 no chemical differenco between the sucrose of maple sugar
snd that denived from the eans or beet butitismixed mith ethereal
substances and orgamic aeids which give it a peculiar flavour It
18 probably on the presence of theso that the shghtly laxative
qualities of maplo sugar depend  As a commercial source of sugar
the maple cannot compare with either the cane or the beet and
maplo sugar 13 now chiefly used as a luxury and for the sake of ita
agreeable taste

The average composition of these sugars 1n their raw state 1s as
follows

CoxrosrT1oN or SucArs

Invert
Bource Water  Cane sugar  Sugars Ash
Sugar-cane 091 96 68 101 059
Sugar beot, 242 89 60 547 —
Maple 310 8648 876 108

After being subjected to the process of refining sugar 1s practically

a pure chemical substance  There 1s some demand for the cruder

Barbados sugar both for confectionery and for the food faddist
¥
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Some types (eg ‘pleces ) have a pleasant flavour, but ferment
easily and sometimes mclude hvestock Raw sugar contamns
appreciable amounts (0 159 per cent ) of cane fibre, durt, scalo and
lime salts1

The study of lactose and maltose are best postponed tdl we deal
with milk and malt

Certamn substances derived from cane sugar deserve brief men
tion  When strongly heated sugar melts mto a yellowish hqud
and undergoes some physical alteration, so that on coolng 1t does
not crystallize, but forms a fransparent, brittle mass fambar to
everyone as barley sugar  If heated to a still higher temperature
1ts colour darkens, and 1t acquires a bitter taste, the product beng
caramel which 13 so largely used m cooking operations

Treacle, molasses and golden syrup are produced s by
products 1n the manufacture of erystalized sugar Thewr syrupy
consistence 13 1n part due to the fact that the other substances
which they contam prevent the cane sugar from crystalhzing and
partly also to thewr bemng farrly rich i frut sugar  The followng
represents their composition

1 Golden

1‘;‘[‘:‘1‘::3 Treasle ¥ Byrup

Cane sugar 47 88 3256 33 0.
Glucose and fructose 2308 372 474
Extractive and colouring matter ~ — 35 12
Inorganie substances 7 58 34 13
Water 18 20 234 164

One pound of Lyles Golden Syrup yrelds 1508 Calories (94 p:r
oz ) and contaws 13 oz of mixed sugars equivalent on dzgestlfon o
more than 13 oz of glucose Treacle 13 an excellent sourco o ron
and calelum 1 the diet

2 Monesaccharides The other great group of sugars lshih;
monosacchardes The best example of these 18 glucose wdu;o
ocours so abundantly 1 the grape When grapes are dmed .
form raismms the glucose separates out and may be recogni .
the rawsms m the form of little yellowish white granular x(z;:sﬂf} A
Commercial glucose 1s nsually got by boiling starch with n(cix b ol
occurs 1n a syrupy form  When heated 1t turns brown an i1 e
n cookery as  sugar colouring ' Mixed with egg ul‘bum ;ams
largely emplojed 1 the preparation of leng and * fon
1n confe -y and n the fe of

1 Wovron and Wivrow op o
* From earher editton
3 Glucose 24 4 and fructoso 23 0 per cent
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Frutt-sugar or fructow is found, na ita name imphes, in most
fruta It {a with difficulty crystallzablo and is hardly ever met
with in an 130lated form in dietetics

Insert sugar 1s o mixture of glucoso and fructose It can bo
prepared from cane sugar by the action of ferments or by sumple
boiling but more readily by boiing with aeids  Thus *“inversion
of eanc sugar a9 it 1s called goes on rapudly when cane sugar 18
boiled with frmt juice tho active agent being the acid of the fruit
Thus a considerable proportion of the cane sugar usod 1n maling
jam 13 converted mnto invert gugar in the process It Is important
to remember that invert sugar docs not readily erystallze

Honey 18 tho most famihar form of invert sugar It contains
abont equal parts of glucose and fructose 1its flavour being duo
to the presenco of small amounts of volatilo substances derved
from the flowers Tho mean composuition of pure honey was found
by Browne! to bo as follows

Coxrostriow or Howey

Moisturo 1770 per cent
Invert suger 7408
Sucrose 190
Dextrin 151
Ash 018

MecCance and Widdowson give the composition of Lnglish honey
88 Protein 04 per cent  fat, a trace  available carbohydrate
764 no starch or dextn snd producing 288 Calories per
100 grammes or approximately 1320 Calories per 1b (82 per oz }
Honey 1n tho comb has 4 § per cent of wax and 1ts Calorie value
13 281 Calories per 100 grammes

The comb conssts of waxy subst: which are probabl,
mncapable of digestion

The basis of sueetmeats 1s either cane sugar or glucose  Sugar
candy 13 one of the purest It consists of cane sugar which has
been allowed to crystallize round threads and consists of almost pure
sucrose

Toffee consists of melted sugar and butter in various proportions

The home made toffee of McCance and Widdowson contans
1oz butter to 8 oz sugar and 6 oz golden syrup  Its composition
18 02 per cent protem 62 fat 908 avatlable carbohydrate and
yrelds practically 400 Calores per 100 grammes or 1820 Calores
per 1b (113 per oz)

Chocolate contamns about 45 per cent of eane sugar but no

* Quoted by Wivron snd WiNrtoN op cu
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glucose or fructose The rest of 1t 15 composed of cocoa powder
(For analyses sce pp 479, 480 and 483)

4 mixture of glucose or mvert sugar and cane sugar 1s used n
the preparation of umerystallized sweets such as the creamy
matter 1 the imnterior of chocolates

The colouring of sweets 13 derived ether from burnt sugar or
from one of the amhne dyes most commonly eosn  Cochineal 13
also a favounte colourer It 18 interesting to note that amline dyes
may be excreted in the urne almost unchanged and cases are on
record where patients have been supposed to be passing blood,
when they bad merely been sucking red sweets Thero 13 no
reason to supp however, that such subst are 1o any way
harmful

Jamns consist essentially of frub preserved 1 a strong solation
of sugar ' We have already seen that the acids of the frmt arded
by the gh temperature employed in the conrse of preparation
bring about the conversion of a considerabls proportion of the cane
sugar into the mvert form Home made Jam 13 usually bodled for
& longer time than the commercial article, and consequently con
tamns more mnvert and less cane sugar than the latter Autchison
Robertson ? gave the proportion of cane sugar 1n most home made
jams as 20 per cent, wiile commercial jams bave anything from
10 to 50 per cent In some home made jams which he exammed
the proportion of cane sugar which had been inverted wos 83

follows

Proportion of Cans sugar
P averted

Strawber two ffths
Raspberxr;y three fifths
Blackberry four fifths
Marmalade five-mxths
Plum six sevenths

ke
£ theso figures 1 derved from the fact that t
The importance of these figur rived from tho it bed. the

larger the proportion of cane sugar wl
Kessg tkely ﬂ tll,w Jam to nterfere with digestion (sco p_230) ol
Commercial glucase does not crystallze and so 13 oftex: “zhe
to make jam from mferior fruit or from the remams of i;ul ’lbcs
juice of which has been used to make frmt syrups ani ,c{mxt
Such jam may have a good appearance but 13 deficient 1n
flavour It1s however qute wholesomo and nutritious tho
The “setting of Jelhes 13 due to the presenco of pectin mlost
fruit (p 21) If botled too long tho power of gelatizing 13
I The Value of Sacchanne Foods ss Articles of Dot (1898)
Scottsah Medscal and Surgieal Journal 3 30
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and » syrup results mstead of & elly  In commerenl jams and
jellies pectin 15 rometimes added to prevent this  There 15 &
preparation on the marhet of pectin which is used i making home
made jams set

Vore than half the weight of anv given quantity of jam 13 mado
up of sugar in some form or another  The nutntive value of jam
reaides almost entirely 1n 1ts sugar content 1ts Calorie valuo being
1160 per Ib (72 per oz}
Digestion of Sugar

The first factor which determines the digestibility of a sugar 1s
1ts chemical form  No matter 1n what form sugar 18 consumed in
the food 1t can only be lated ns a hande (gl
fructose or galactosc) Hence wo find that provision 13 mado mn
the alimentary canal for the conversion by means of switable fer
ments, of all forms of diacchandes into gluco ¢ fructose and
galactose 1¢ they are bydrolysed It s evident, then, that from
& dietetic pomnt of view wo may epeak of the & acchandes as un

d and the handes es predigested sugars It now bo

comes clear why sweet fruits are such important dictetic sources
of sugar It 1s beeause they contaln the latter 1n & form in which
1t 18 fit for direct absorption into the blood  For the same reason
honey must be regarded as a very casly digested saccharine sub
stance and the inportance of the iy ersion which cane sugar under
goes in tho manufacture of jams also becomes mamfest The
superionity of home made over commercial jams 1s nlso set in &
clearer light by ref to theso derations

The second factor which mfluences the digestibility of a sugar 1s
the degree of concentration of its solution  In strong solution sugar
13 an 1rnitant to the tissues  In contact with the skin 1t 1s apt
to set up superficial inflammation  This 19 familiar in the form of
the eczema which is apt to appear i disbetics from the contact of
the sugar contammng urine with the shin and from the sumilar con
dition occurnng on the arms of grocers and other persons who have
frequently to handle sugar and 1t 13 on account of its 1ntating
properties that sugar cannot be used as & subcutaneous aliment,
though otherwise well adapted to fulfil that function ~ All atterpts
to use 1t in that fashion have been frustrated by the pam
which 1t sets up The same 19 true of the stomach Brandl
experimenting on dogs found that a § 7 per cent solution of sugar
produced reddening of the mucous membrane if the concentration
was increased to 10 per cent the mucous membrane became dark
red while a 20 per cent solution produced pain and great distress
This intating effect on the mucous membrane 13 accompamed by
the production of much mucus and the pouring out of & highly
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acid gastric juice  Lnemate must not contam more than 4 to §
per cent of glucose  These umitating effects sesm to be much more
pronounced in the case of cane sugar than 1 that of the hexoses

As used 1 ordinary duet cane sugar depresses the acidity of the
gastric juice and delays evacuation of the stomach? A hyper
chlorhydrie person can take sweets between meals with 1mpumty
bat & hypochlothydne cannot It would be interesting to discover
whether the sugar added to the fruit or the cereal course at break
Tast delays evacuation of the stomach or not  When sucrose enters
the dwodenum 1t 15 so repidly inverted and absorbed that for
admunistration by mouth for therapeutic purposes glucose has fow
advantages over ordinary cane sugar?

Butalld harides must he digested to hanides befors
they can be of use to the bodv Lactose and cane sugar if they
get mto the bloodstream are excrcted quantitatively by the kudneys
unchanged Nor can the body deal with pentoses if they enter the
systern  They too are excreted unchanged and a pentosuma results
from the frec consumption of frmts

The last point connected with the mnfluence of sugar on thedigestive
organs is its supposed tryurtous effects on the teeth Them
pression that sugar eating 15 bad for the teeth 13 so widespread that
one can hardly suppase 15 to be devoid of all real bass It mustbe
admitted however, that the supposition 1s not supported bv any very
conelusive observations  If sugar does destroy the teeth, 1t probably
does so mdectly by Imgermng in the crevices of the mouth, an
leading to the production of acids which eat awav the ename:
though as far a8 we know 1o one has yet proved that B acidophilu
can produce a sufficiently hugh hy drogen 101 concentration to attacl
the enamel 3
Assimifation of Sugars

The fate of sugar after entering the blood 18 to be converted mic
glycogen and stored by the Liver and muscles as glycogen Now
1t has been found by the physwologreal experiment of injection mk
the bloodstream that not all sugars are capable of being drrectly

mverted to glycogen
con 18 cons1der§dyth§t fructose 1s durectly converted mn the hiver
but that glacoss passes to the muscles first end 18 converted there
As the kidney threshold value 1s lower for fructose than glucﬁt‘*’z
the sugar tolerance for fructose 18 less than that of glucose Mos

I Mmger Beroery Remruss and Hawg  (1020) Amer Jourt

Physmol 53 65
S Lancet {1935) 1 444
2 SeemW I;t 8 Varrace The Place of Sugar 1n the Natwasl

st (1835) Public Health Dec 84-9




DIGESTION OI' SUGAR 200

peoplo sccrete fructoso in the unne if they take mors than 50
grammes on an empty stomach  Tho toleranes for glucodo s much
Iugher, and 100 or, 1n exceptiona! eircumstances 200 grammes eatt
bo taken on an empty stomach without causing gly cosurta

It must further be borno inmind that the assumilation bimit {s not
thosame for all individuals  Somo people are better ablo to convert
sugar into glycogen or havo a higher threshold than others, and
most peoplo can tako 50-100 or 200 grammes of glucose without
passing sugar in tho unine  If gls cosura occurs 1t 18 either due to
the blood sugnr being rased above tho normal limits (1¢ the
patient has diabotes melhitus which may bo mild or sovere) or the
threshold of tho kidney 13 Jowered and glycosuna occurs although
the blood sugr 13 within normal ity

Notwithstanding all this it must bo noted that if sugar s taken
along with other food and distnbuted uniformly over the day, vory
largo quantities can bo consumed without the danger of exceoding
the asmmilation it Vaughan Harloy was able to take o pound
of cano sugar dailg—mwith injurious results as regards his digestion
1t 18 true but without producing glycosuna As a general rule
ono may assume that 4 oz can bo taken dally without any bad
results but the exact smount must of necessity depend to a largo
extent on tho muscular activity of the subject
Nutritise Value and Lconomy of Sugar

Wo havo seen that refined sugar 13 to bo regarded a9 o practically
pure carbohydrato  That being so 1ts food value must be hugh, for
every gramme of 1t will yreld 3 95 Calories of energy ' An ordinary
lump of loaf sugar weighs sbout & grammes and yields thereforo
nearly 20 Calories  Five such lumps contun as much carbohydrate
0s a § oz potato It 13 evident from these considerations that
even the amount of sugar ordinanly added to a cup of tea may
contribute m no small degree to the supply of energy required by
the body daly A pound of butter will yield about twice as much
energy as a similar wetght of sugar but at neatly four times the
cost for sugar 13 one of the cheapest fuel foods Lven at 43d per
1b 1t produces Calories at 2}d per 1000 or about the same cost as
bread

It1s as @ muscle food however that sugar s of special import
ance  We have already learnt that the carbohydrates are probably
the cluef source of muscular energy, and the sugars on account of

11t has been coleulated that m single caramel or & pennyworth
of ecandy yields suffictent Calories to provide the extra energy
required 1n wallking s mile (see C G and F G Bewmpter  The Energy

Content of Extra Foods (1910) Boston Med and Surg Journ,
October 2 415)
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the ease and rapdity of thew absorphion are better ealeulated
to fulfil this function than any other member of the earboby
drate group For mention of its use 1n tramung see p 259 and
for early evidence of 1ts value previous editions of this work It
1s extremely useful also m rapidly rmsing the level of “ sugar
1 the blood when for any reason, eg fasting severe fatigue or an
overdose of msulm, 1t has fallen to o low pount

3 Cereals

Man, like every other antmsl, has always had to © hve off the
land 7" using the term in Stefansson s sense to mclude water and
air  [hat s, he has to convert therr produets to tus own purpose:
m providing food In this he has gone through three stages

First he has hunted and lived on the products of his bow, spear
and fishing Iine—a most precarious way of living, still practised
by races 1n & land where settled agneulture 15 ampossble It
produces a diet consmsting maimnly of protem and fat with very hitle
carhohydrate [he Eskimos are perhaps the best example to day
of such early methods of ‘ Living off the land’ No Jand 20
exploited can sustam a dense population The method 15 un
economical and unplanned

The second stage 13 the nomadic, m which man his domestroated
some ammals and looked to an ordered control of thew fertiity
for a supply of meat and milk  This method obtamed i early
biblical $imes and to day the Maga1 are a good esamplo of survival
of this mode of living off the land It too produced a diet
conmisting mawmnly of protem and fat but with rather more carbo
hvdrate

The third stge 1s a stable agriculture, based upon the cultivationt
of cereals, wind pollinated grasses maunly, which grow m closo
association ons with another and can be easdy brought under
control Thus type of agneuliure produces a diet which 13 manly
carhohydrate with much Jess fat and proten It tms:L ) too, thg
agneulturist to the sol  Nomadse Lfe | p Suel
agriculture  beginming 1 the 2lluvial soil along the rver va\l;ys
of Blesopotamma and Fgypt many thoussnds of years ago :‘
now spread to every tropical subtropical and temperato Tane
and cereals can now sotually be rased withn the Arctic Cucle
The type of cereal 13 naturally not everywhere the same tw
wheat m the drier subtropical and temperato Jands of Ewrope
North America the Argentine Austrabia and Indw In more
humd and hotter parts of the world 1t 18 nce and where as 0
northern Germany, northern Russia and Seandinavia wheat X;Iogs
not ripen well rye tales e place  The same 13 truo of Scotlan
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but there oita taho the placo of rye, though at ono time rye wos
very commonly grown in Great Brtain A new cereal, maize,
smaded the Oid World from tho New, and has thoroughly estab
Tished stself round the Mediterranean in Roumania and Fgypt and
in South Africa  Barley is o crop which ean be grown on poor
soils and 83 1% nipens early, 1t once was o steple cereal in human
diet 1 tho northern parts of I ngland It 18 to day used more for
fodder and tho manufacture of malt illet and buckwheat
though not strctly cereals have a similar mode of cultivation
and millet forms the staple dict m parts of Africa and China

The success of cereal agniculture 13 duo to tho fact that land can
produce about five times as much  food  as when given over to
dairy produce More bulh of food 13 avalablo and s greater
density of population assured  Moreover the population though
dense 18 tied to the soil  Civilization as we understand it depends
upon density of population and tradition  Without ceresls density
of population 1s impossible  The handing down of tradition 13
easier 1n o statie population than in o nomadic  Thero can bo
no real avilization apart from cereal agneulture 2

Now cereals by themselves are poor foods especially for human
bemngs with ahmentary tracts which cannot cope with bran and
with phytates Thewr protemns are not so valuable in human
nutrition as thoso of milk eggs cheese fish and meat  They have
less lymne methionme and tryptophane in their constitution and
much more glutamic acid  morcover often the percentage of
proten 18 low n cereals especially when cooked as cooked they
must be  Therr content of ealeium 13 low their ratio of caleum to
phosphorus very low what ealetum there 18 13 unavailable their
ron though high 1s also unavailable to man It 1s true that thewr
content of vitamin B; thiamme s high and they have moderate
quantities of micotimue acid and nboflavine but with the exception
of vitamin E they have but neghgiblo quantities of the other
vitamins

They are therefore poor foods and wherever thoy form a gh
percentage of the diet—3ay over 60 per cent —the growth of theiwr
caters 13 stunted and the physiquo poor They make for faulty
bones and teeth for anemia and avitaminoses A Cand D This
fact cannot be over emphasized the value of cereals 1n diet 1s
th?t they are o cheap source of Calortes Tt 13 almost therr only
value

Wheat 13 the anstocrat among the cereals both for dietetic and
technical reasons and where ofher cereals form the staple food of

 The ancient civilization of Peru seems to have been based on the
potato
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the duet 1t would be well to displace them by wheat  On the other
hand the reduction of the ption of wheat i this country
by about 13 per cent 1n the years 1900_to 1939 and its replacement
by foods such as milk, cheese and so forth 1s to be welcomed by
the dietihan  Naturally, during the war of 193945 there hs
been p great increase i Grest Brtans consumption of wheat
and other cereal products—about 20 per cent at the maximum—
and 1t 15 to be hoped that in the years to come ths will be
dimimshed

WapsT

If a gram of wheat 1s cut mnto thin sections and examned under
a microscope 1t will be found to consist of the following parts
{Fig 13}

1 The germ, or embryo This 1s sunply the young plant It
represents sbout 11 per cent of the whole gram

2 The hernel, or endosperm s consists of two large masses
of nutritive matersal for the use of the embryo It makes up 85 per
cent of the gram "

3 The bran—an outer envelope mainly composed of * ccllulose
impregnated with mineral matter and designed as a protective
covering to the gram of which 1t makes up about 13} per cent

4 ‘The scutellum—a membranous fissue between the germ and
the endosperm 1nteresting 1n that 1t contams a largo amount of
vitamin B, (thramne)

The chemical composition of the whole gramn and of its thre
companents 15 shown m the table on page 303 constructed from?;)‘
Nutritne Values of War time Foods 1t will be noticed that fi
germ 15 characterized by 1ts nichness mn protein and fat the endc
sperm by an abundance of starch and the bran by & preponderane
of mineral elements and celluloso It should be added that the Qe:"
15 further pecubar m that both s protem and 1iis carbohydtfelz
are chiefly present 1n & soluble form and 1t has a igh amoun

tamin B, (thiammne
wa the selct(xon of wl)les,t, 13 more hughly magmfied, the 5“’“"3‘;
of 1ts various components can be made oub 1n greater dcimlli Lt
can then see (Tug 14) that the endosperm conasts of u{ emd
honeycomb of cellulose the cavities of which are fall or 8 ol
gramns  the interstices bemg filled up by smaller particles g
msting of & protem or mixture of protemns called 8‘““’“0{ the
gluten granules are most abundant 1 the outer zones

osperm
m’(li'h?relatlve proportions of starch and gluten dffer 10 d:ﬂ':ll‘“oﬁ
lands of wheat Generally speaking, 1t may be aatd thal
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Fio 13 —Duarax or LovwarruptvaL SecTiow ¥mroton A GnrAw or
WrEar

‘brasny en tloj
F Earenchymatons eells of the endos]
G Feabryo'or gum.
o

A Alenrona layer of cells formiog outermont fager of the endaperm.
L forming the pe
perm.

P

Fio 14 —Crosd s£cTION THROUGR THE BRANYY ENVELOPE AND THE
Ovrer PORTION 0 THE ENDOSPERM
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ComrosITIoN OF TRE DIFFI RENT Panty OF 4 WaEAT GrADV
(100 grammes contan)

Whole Gram
Brun | Bndo | gomm
English | Manitoba
Water {(g) 8 13 8 13 13
Protem (g ) 109 131 320 91 139
Fat (g) 42 12 77 2 26
Carbohydrate (g} | 545 | 716 | 378 | 681 643
Calonum (mg ) 98 13 58 36 28
Iron (mg) 129 18 97 31 39
Vitamm A (ITU) 0 0 — 0 0
Byiug) | — 89 2100 204 363
Cimg) 0 0 0 0 [
The figures forcellulose talen from anenrher edition of thas book sre
180 } 07 } 18 ’ 87 } 17

grams which look hard, translucent, and horny on section are nich
m glaten and poor m starch , while for the gramns which are soft,
opaque and floury on section the reverse holds good

The bran (pericarp) 1s found to consist of wo distmet layers

1 An outer layer conmsting entirely of fibres of cellulose 1mpreg
nated with mineral matter This 15 the Jayer which 29 removed i
the decortication of wheat

2 An mner layer conssting cluefly of small cells full of pigment
which give to the bran its brown colour ~ This layer 13 much poorer
1 cellulose than the first

The outermost layer (the Aleurone Layer) of the endosperm con

sists of a single row of largo cells containing a fine netwark of pra‘e
lobul t cont Jeast cellulose of all

matter encl small gl
and 13 removed with the bran This layer has always ntngued

dietitians and clayms are made for 1ts importance because 1t con
tams proteins of high hologieal value usually lost with the bran‘.
The scutellum had been overlooked unti 1944 when Huton
showed that 1t contamned on the average 59 per cent of the total
thiamine of the whole wheat

The germ consists of a mass of small cells rich 1n protein and fat,
but its more minute structure does not concern us

The wheat gram may be used as & food in 1ta entirety Soabed
Varp (1043

1Yr~ron  (1944) Biochem Journ 38, 214
Chem and Industry 62, 11
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§n water tl 1t swelled up and burat and then Loiled 1n milk with
the addition of sugar and other ingredients 1t formed the old and
very nounshing dish ealled frumenty which is now however, but
scldom scen on the table and 1 very difficult to masticate
Far moro commonly 1t 15 retuced before eating to a state of meal
or flour by the process of grinding or milling  Now it is an
exceedingly difficult matter, owing to its touglness, to reduce the
bran of wheat to a powder by gnnding It can be done but the
trouble and expense entaided are great  Graham ! bread 15 made
from whole wheat flour 1n which the bran has been finely trturated
As the bran in normal whole wheat 15 coarse unpleasant to eat
and nmitating to many alimentary tracts attempts have been mado
from earliest times to separate the bran from the rest of the flour
From Norman times unttl the forties of last century the usual
mode of gnnding corn was between mill stones made from mull
stone gnt  The lower horizontal stone was stationary the upper
revolved The cleancd wheat was fed through the axle of the
upper stone and passed between the two stones out towards the
arcumference being eracked broken and ground to powder 1n
the process This eracking, breaking and grinding was facilitated
by grooves cut 1n the stones and this grooving had to be renewed
frequently The dust thus worn off the stones mingled with the
flour The resulting flour was 100 per cent whole meal and
13 stall the aim of those who mamtamn that man should eat whole
food s presented to hum by Nature It contamns coarse bran,
finer bran endosperm stone dust and germ mixed together
Such wholemeal flour preduces & bread which 13 unpalatable to
many and upsetting to many almentary tracts Irom Norman
times 1t has been the custom to sieve off the bran by means of
bolting cloth ongmally made from wool or Inen but to day made
from stk By consent flour from which the coarsest bran particles
are removed consisting of about 92 per cent of the onginal wheat
13 called  wholemeal though of course 3t 13 nothing of the sort
Further bolting removes the finer bran and in the end a flour
bly white 13 ob about 75-80 per cent
of the grain  YWhat 15 removed 1s the fine and coarse bran what
remams 13 the endosperm and some if not all of the germ  Such
a flour 15 known as standard stoneground flour and was until the
X‘“ of 193945 obtamable by those who preferred that sort of
our
The Norman baron and his wife preferred white flour and
18ylvester Groham was an American vegetanan Floruit 1840
His neme 13 still h d m G D ~p and WL
BRATAM  (1939) The Englishman s Food
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the bread made from 1t, to the coarser bread made exther from
unbolted flour or the mixture of rye and wheaten flour which was
the lot of the serfs The city merchants naturally imitated the
anstocracy to the intense mdignation of the latter and preferred
white bread to ‘black or brown  As naturally, to eat white
bread became the mark of aristocracy and platocracy, and brown
bread the badge of poverty Some remnant of this survives to
this day At any rate whiteness of flour became desirable and
mulhng evolved 1n the direction of producing a whiter and whiter
flour -
In the eighteen forties a new method of milling was begun—
erushing between rollers rather than between stones This was
named the roller process It won 1ts way first 1n Austnia Hungary
milbng the hard Hunganan wheat and it gave Vienna its well
known supremacy m bread and pastry makmg It did not make
18 way mnto Great Butam tal about 1880 for there was difficulty
with the rollers and with the type of wheat  Roller milling succeeds
best with the hard wheat such as we now obtamn from Mamtobs
and not with the soft Englsh wheats Roller milling has now
practzeally replaced stone grmding and for reasons that appear
by no means scientific has received the execration of most
dietatians

The Roller Process The wheat after having been separated
from ‘foreign bodies’ such as nals nuts com wire Ppaper,
shrivelled gram mewe oats corn cockle seed and other seeds 1
washed dried and sucked to the top of the mill Thence 1t 13 fed
by gravity between parallel horzontal hard steel rollers al(;oltﬁ
6 ft Jong The dustance aparb of these rollers can be adjuste :
one thousandth of an mch Both rollers have spiral grooves ('ll:
m them but the pitch of the upper spiral differs from that of the
lower The grain passes between the rollers and m dom’%‘h;.:;:
canght by the spiral grooves and crached or broken e
called the first break ” Some bran 13 cracked awny fﬂ;’m i
endosperm and germ some of the endosperm 18 cracked and f‘; 1
as well The resulting mixture then passes betireen two P’“’lm 3
smooth rollers which contmnues the process some flour—io ggll)own
endosperm—Dbeing produced at this stage The bran l{Sb en
off the flour meved off and the remamder consisting o! rThe
gramn semolna and germ passes to the top of the mull ngnmmmmg
flour produced at this first brea}( 18 a d:xrlusl:v }llllzz:r—m

1t has no colour for colour means

pa;};:c:ngmund part of the muxture 19 ready for th"n“““i 'i;z:;
It passes between grooved rollers agan but the ;10 e”“:B ot 80
together, the grooves shallower and the mich of the sp
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great  Again the grain 18 further eracked bran sheared off and
flour produced for after the break the resultant muxture passes
between smooth rollers sct closer together than the first pair The
flour eteved off at tius stage—eecond break flour—is with the thid
break flour the whitest there is

1t 3¢ wsual 1n the best mills 1n Great Brntan ta have foue breaks
only but Amenean and Canadian muls have pushed the breaks
still further to get off tho last remnant of endosperm from the
bran

The germ stichs 10 the third pair of smooth rollers and being
scraped off them 1 collected a9 a separato fraction  In fact
roller mitling is an claborate serm automatic cheap and gfficient
way of fractionating wheat mnto 1ts constituent parts and represents
sn advance on the cumbrous method of stone grinding If an
attach 13 to be made 1t 18 not on the process atself but on the
use the millers and public have made of the process I we want
the germ for making germ bread or Bemax we have it If we
want pastry whites then wo take the second and third break flour
representing about 40 per cent of the wheat seed If  straight
run  flour we add the four breaks together So called whole
meal can be eyntheazed by adding to straight run flour the
fine bran and the germ  The roller process has given us much
more control over what we get from wheat and what we malke
from it—we have to sce that we makse the right things !

There are further practieal advantages in this  fractionation
The white flour keeps better than the stoneground white flour
Bome of the germ posubly and the oil and diastatic ferments of
the germ are present in the stoneground flour The od oxidizes
and goes ranaid and the flavour of the flour depreciates The
germ produced by the roller mulls ean have its ferments destroyed
by cooking with superheated steam and then be ground to a fine
meal for the manufacture of germ breads (Smuths patent)

Hovis  flour consisted tull the war of 193945 of onc part wheat
germ meal to threo parts of ordinary flour It therefore contamned
more protein more fat more vitamms of the B complex than
ordmary or even than wholemeal flour and produces a bread more
flavoursome than white without many of the disadvantages of
bread made from wholemeal flour

Then too the bran separated from the flour forms food for
domestic anumals which possess alimentary tracts competent to
deal with 1t eg the horse cow pig and hen and 15 15 a debatable

4 Any chemust would prefer straight phenol and the rest to crude

ter and e technician octane petrol mediomnsl paraffin lubneating ol
and paraffin wax to crude oil
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(and debated)* problem whether it pays us better to feed the
offals to the cow and the hen and get a return n first-class protem
or to eat the bran ourselves at first hand  In fime of war 1t has
always appeared reasonable to mcrease the amount of bran in the
flour for making pastry and bread If we ourselves eat & greater
percentage of the wheat kernel we do not need to transport so
much wheat In the Napoleome wars 1t was so and m the wo
World Wars Some countries—FEire and South Africa—went as
far o 100 per cent extraction We compromised at 85 per cent
extraction with & small ddution with home grown barley meal
oatmeal and rye at the ttme of greatest urgency But as soon as
possible we got rd of the additions and in 1944 began to reducs
the percentage extraction towards the 72 per cent level agam
By 1945 1t reached the 80 per cent level and the Mumster of Food
proclaimed 16 as  nutritions’ as the 85 per cent extraction flour ?
while many people interested in nutrition consider this a grave
error of judgment

This 13 clearly the place to attempt an objecttve account of the
hundred year old controversy of white versus wholemeal with the
warning that so many factors of prejudice are mvolved—con
servatism gastronomy, bowel consciousness vested nterests and
politics—that scientific principles even among the scientists them
selves disappear mto a fog of unproved assertions

The mamn uses of four are m the production of bread pastry
and other confectionery and bisemts  For the last Englsh wheat
flour 12 preferred with 1ts low protemn content while for bread and
confectionery & flour with more rismg power 15 deswed The
protems of wheat ghadin and glutehn when mixed with water,
form an elastic paste which can be stretched considerably without
brealing  Flour contammg much gluten can be blown up nto &
sponge by forming carbon dioxide withun 1t This can be brought
about either by the use of yeast by baking powder or by actusl

aeration with carbon dioxide under pressure A sponge £
blown up on bakmng ¢ sets’ 1e the gluten 1s coagulated and the
form of the blown out sponge retamed The bread cake or pastry
so made 13 light mn comparson with sumlar products mado
from the other cereal flours  Rice flour and aatmeal will not mﬂk;
bread Rye flour by itself makes a badly rsen soggy bread an
15 usually mixed with wheaten flour 1 making the bread eaten

18e0 Wriear (1941) Chem and Ind 60 623 DBACHARACE

1941) Chem and Ind 60, 791

! ‘Izl the sense in which (‘ilehlmus use the word nutntious ths ;
not true for 1f we wish to retan the maximal amount of the nutnen
§5 per cent extraction should be mantaned
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on the content of Furope and by immigrants from mud Europe
into this country and doubtlcws into the United States Barley
meal also has to bo mixed with wheat flour to produce & bread
or pastry  Wheats differ from ono another in ther capacity to
formn a sponge  The  soft  wheats of Great Brstan havoe a lower
gluten content than the hard Hungaman or tho Mamtoba
wheats  The bresd made from them docs not nso as well as that
from the harder wheats and Vienna owes 1ts pre erinence in con
foctionery tothem  Thoname Vienna® has passed into currency
for the Iightest bread made mn tiis country though it 15 not made
wath Hunganan wheat flour Bat 1t 1s not only the smount of
gluten which determines the power to form a good  sponge
Other factors such as the presenco of other protens than ghadmn
and glateln, of bran and of different amounts of mineral elements
also affect that power

There 13 everywhere a d: dard of
manufactured food products The purchaser prefers a bread a
beer or a butter which always looks the same tastes the same and
has the same texture Conscquently millers and bakers prefer a
white flour, not only because 1t has better keeping quahties under
prevailing conditions  but because 1t bakes bread and other com
modities of & more standardized quality The public nghtly or
wrongly likes white bread because of 1ts whiteness which they
confuse with punty becauso of 1ts texture in cating and possibly
becanse of a treditional belief that to eat brown bread 13 a mark
of soaal infenonty  As Renner pounts out, the gastronome dislikes
the vanation 1 texture produced by bran in the bread and by the
crust so that he removes the crust from toast and sandwiches !
The millers and bakers aro out to give the public what it wants
without consideration of dietetis values and so take the utmost
trouble to standardize the flours they produce They dislike
English wheat flour with 1ts low rising power its high water content
and 1ta vanability and before the second World War resented the
compulsion to use 20 per cent of home grown wheat They
preferred  Canad! Ary and Australian wheat because
they could blend them to prodnce a standardized flour which
gave (1) more loaves to the sack and (u) more standardized bread
ete Flours with germ proteins 1n them varymg quantities of
mueral elements diastatic ferments and s0 on need varymg amounts

1ReNNER  (1944) The Origin of Food Habis 41 ‘The odd thung
13 that toast crusts by themselves are a pleasant form of food but
attached to the toast they are an offence a thing which any gastro
nome may prove for huimself An anomaly is that he likes 1ce-croam
made with brown bread erumbs as an ngredient
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(and debated)? problem whether 1t pays us better to feed the
offals to the cow and the hen and get a return m first class protem
or to eat the bran ourselves at first hand  In time of war 1t has
always appeared reasonable to merease the amount of bran m the
flour for malung pastry and bread If we ourselves eat o greater
percentage of the wheat hernel we do not need to transport so
much wheat In the Napoleome wars 1t was so and m the two
World Wars  Some countries—Ewe and South Africa—vwent a3
far a9 100 per cent extraction We compromised at 85 per cent
extraction with a small dilution with home grown barley meal
oatmeal and rye at the time of greatest urgency But as soon as
possible we got rid of the additions and i 1944 began to reduco
the percentage extraction towards the 72 per cent level agam
By 1945 1t reached the 80 per cent level and the Miuster of Food
proclaimed 1t a5 nutnitious  as the 85 per cent extraction flour,*
while many people mterested m nutnbion copsidgr this a grave
error of Judgment

This 18 clearly the place to attempt an objective account of the
hundred year old controversy of white versus wholemeal with the
warnmg that so many factors of preyudice are mvolved—eon
servatism gastronomy bowel cc vested ts and
politics-—that scientific prineiples even among the scientists them
selves disappear mto a fog of unproved assertions

The mam uses of flour are 1n the productron of bread pastry
and other confectionery and bisemts  For the last Enghsh wheat
flour 18 preferred with 1ts low protemn content while for bread and
confectionery a flour with more nsing power 15 desired The
protems of wheat ghadin and gluteln when muxed with Wﬂteft
form an elastic paste which can be stretched considerably withou
Flour contammg much gluten can be blown up mto ‘:
sponge by forming carbon dioxide withu 1t This can be brougﬁl
about erther by the use of yeast by balung powder or by actw
¢ aeration with carbon dioxide under pressure A SPUHL"’t;“
blown up on baking “sets * 1e the gluten 1s coagulated and : °
form of the blown out sponge retamned  The bread caho or paf:]d f.’o’
so made 13 hght 1 comparson with sumilar products m L
from the other cereal flours  Rice flour and oatmeal will not mand
bread Rye flour by stself makes a badly risen soggy b;f;da':c "
15 usually nuxed with wheaten flour 1 maling the bread €

1See Wricer {1941) Chem and Ind 60, 623 Bacraracl

1941) Chem and Ind 60 791

¢ 2 Ixi the gense 1 whuch dietitians use the word nutrntnoxwuzﬁles!n:*
not true for if wo wish to retam the maximal amount of the o

85 per cent extraction should bo mamtamned

breaking
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02 por cent in whito flour and ns high as 26 in 100 per cont
wholo meal !

But oxccpt for vitamins of the B clasy tho caso is by no means
0 completo as the abovoe figurcd scem to show  Pereentago com
position by no means apells avaability  Becanso wholomeal con
talns moro protewn, moro calerum and more tron it does not follow
that tho body absorbs moro of them In fact, from tho early
work to the present day expeniments comparing tho absorbability
of the constituents of foods with much roughago with that of foods
with Littlo, havo shown that though the rough foods may have moro
of the proximal nutrient materials, tho effoct of tho-peratalas the
roughago produces 1n the human gut is that the body often picks up
Jesa 'This has boen investigated for bread for ryo bread and for yico
among other foods, and tho results ali pont 1n the samd direction

For example Macrao ! and colleagues investigatod tho enorgy,
protemn and fibro  digestibility ** of white bread from 73 per cent
oxtraction flour, and of wholemeal bread from 100 per cent
extraction flour of two degrees of finencss of milling  They found
that 06 1 per cent of the cnergy value 91 per cent of the mitro
genous substances and 65 8 per cont of tho fibro of whito bread
wero wholly absorbable whereas the figures for fina wholemeal
‘bread were 86 9, 85 3 and 14 per cent and of the coarser wholemeal
bread 871, 857 and 0 7 per cent respectively  As rogards energy
valuo—~and we conmder that tho chlef reason for eating cereal
products 13 thewr encrgy valuo—tho lower extraction flour wins
Talkang the energy valucs of white and wholemea! bread as approx
mately equal the body obtams & per cent moro Calortes from
& pound of white bread than from a pound of wholemeal Of
course this means but 50 Calories all told which is 1t is true, very
Little to boast about, and it may be purchased at too great a cost
Tarning to the protem ntake by the mouth we find that though
the whol 1 bread furrushes 291 of ntrogen sa;
18 grammes of protein per 100 grammes the white bread furnishes
but 27 (say 16 7 protemn) This, however 13 offset by the larger
amount of nitrogen lost in the fmecs when on wholemeal bread
The net absorption 18 almost the same w1z 148 and 152 the
difference bewng of the same order as the error of the experiment 2

1 Macrae Bacow Hurommsox and MoDovearn. (1941) Chem
and Ind 60, 723

3Tt must be admutted that the analyses of bread vary within some
what wide ranges If we applied Macrasa results to bread showing
the anslyses given by BeCance and Widdowson we ehould find the

n favour of whol 1 (02 per cent ) Such an
application would however not ba reasonable
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‘of yeast 1 the making of bread and bakmng powder
the manufacture of confectionery &r and eggm
i The change over from the stoneground flours mamly of Englsh
ongm to roller ground flours mamly of foreign omgmn has been an
mevitablo process Nor was that change over i the nature of the
flour quite so rapid as has been clamed by the opponents of the
Toller process Great Brtam did not suddenly change to &
“ devitalized ” flour with the introduction of the roller process
Thus m 1786-01, Wyatt of the Albon Mul, claums that the 55 per
cent extraction flour was used in the white bread m genersl con
sumption m London® The degringolade from high extraction to
low extraction flour was well under way » hundred years before
the mtroduction of the roller process mto Great Bntan

But though the change over was almost mevitable 1t does not
follow that dietetically 15 was sound s The arguments for and
against the use of wiite flour are set out below, but the reader must
bear m mind—a thing too readily forgotten—that both white
flour and whol 1 flour by ¢k lves, or made mto bread are
bad foods

‘Wholemeal, whether 100 per cent or the usual 92 per cenb
extraction contains more protem and protem of a higher biologiea
value, more B, (thamme), mboflavme mecotimc acd calaum
phosphorus sron and ronghage than white flour Therefore s8)
the upholders of wholemeal flour, 1t 13 better for us Al the
statements m the first sentence of this paragraph are true and Jf
appears at first sight that the case agamst white flour 13 complete

The figures given by the Medical Research Council 1 are 8¢

follows

Proten  Caleum Iron  Vitamm By
<4

4
100 per cent extraction English
36 31 204

flour Enelish
70 per cent extraction Enghs!

ﬂg\u 81 19 14 &7 perIOOH
100 per cent extraction dam gramm!

toba flour 139 28 39 363
70 per cemt extraction Mant

toba flour 131 13 18 89

For mboflavine and micotime acnd the differences though grest

be as Jow 83

are not so pronounced but the fibre (roughage) may
o also states that he

hem and Ind 60, 611
o by : he 75 per cent extrootion

belef that much of the germ passes into t!
flour produced by stone gninding 1s untrue
’sztuu Values ¢f War Trms Foods {1845)
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02 per cent in white flour and as high as 2 0 in 100 per cont
wholo meal

But except for vitamins of tho B clasy the caso is by no means
80 completo as tho above figurces seem to ahow I’crccntngu com
position by no means spells lability
tains moro protewn, moro calewum and moro iron it does not follow
that tho body absorbs moro of them In fact from tho early
worlk to tho present day, expenments companng tho absorbability
of tho constituenta of foods with much roughago with that of foods
with hittlo, have shown that though tho rough foods may have more
of the proximal nutrient materials, tho offect of tho-penstalus the
roughagoe produces in tho human gut is that the body often picks up
less  Thishasboen investigated for bread forryo bread and for rice
among other foods, and tho rosults all pownt m the samo direction.

For oxample Macran ! and colleagues investigated tho cnergy,
protemn and fibre  digestibility * of white bread from 73 per cent
extraction flour, and of wholemeal bresd from 100 per cent
extraction flour of two degrecs of fineness of milling  They found
that 96 1 per cent of tho energy valuo 91 per cent of the nitro
genous substances and 65 8 per cent of the fibro of white bread
wero wholly absorbable whereas the figures for fino wholemeal
bread were 86 9 85 3 and 14 per cent and of the coarser wholomeal
bread 871, 857 snd 9 7 per cent respectively  As regards enorgy
valuo—~and wo consmder that tho chief reason for eating cereal
products 13 thewr energy valuo—the lower extraction flour wing
Taking the energy values of white and wholemea! bread as approxi
mately equsl the body obtamns 6 per cent more Calores from
& pound of white bread than from & pound of wholemeal Of
course this means but 50 Calores all told which §s 1t is true very
Little to boast about, end it may bo purchased at too great a cost
Tuarning to the protemn wmtake by the mouth we ﬁnd that though
the whol 1 bread fi hes 291 say
18 grammes of protein per 100 grammes tho whxte bread furmshes
but 27 (say 167 proten) This however 13 offset by the larger
amount of nitrogen lost 1 the fmces when on wholemeal bread
The net absorption 13 almost the same wiz 148 and 162 the
difference boing of the samo order as the error of the experiment 2

1Macoae Bacow HouremmwsoN and MoDovoatt. (1041) Ohem
and Ind 60, 723

2 It must be admutted that the snalyses of hread vary within some
what wide ranges If we applied Macrae s resulta to bread showing
the anslyses given by BeCanco and Widdowson we should find the

m favour of whol 1 (92 per cent Such an
apphieation would, howsver not be reasonable
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8o far the results lead us to prefer nerther white nor wholemesl
flour to the other, but there 1s the question of the brological value
of the protems Unfortunately this has never to our knowledgs
been measured for man but only for the laboratory rat Chrck
and Work® showed that though the avalability to the rat of
75 per cent extraction flour, national wheatmeal flour and whole-
meal flour was 89, 86 and 84 per cent respectively, the young rat
grew faster by some 30 per cent on the wholemeal than on the
white flour when 1t formed the only source of protem m thew
diet, national wheatmeal mving an mtermediate value Such
observations have great value But 1t may be pomted out that
to apply rat feeding experiments durectly to man 13 not wise
Even m the lowest stratum of human society m this country man
does not Live on bread slone Indeed the governmental policy
durmg the sscond World War has been to supply the rapdly
growmng young with & cheapened source of protem of high brological
value m milk, the effects of which swamp the small beneficisl
effects of the higher biologieal value of wholemeal It 18 wiser to
continue our efforts to supply everybody with sufficient mulk than
to msist on a greater degres of extraction of wheat TUntil wo
have experiments on young growing children comparable to thoso
on the laboratory rat the experiments quoted must remam as 8
posstble pomnter only The rapidly growing rat mght well shotv
the effect of the higher biological value of wholemeal Jess amtbigy
ously than the culd  The rat certamly has the power of extractin
other things from cereals which the human being does not possest

See below

¢ Then com)es the problem of the mineral elements of coreals Th
important ones are phosphorus, calelum and won of which whole
meal certainly possesses more than 72 per cent extraction flour "

Phosphortss White flour has 102 milhgrammes per 1 )
grammes national wheatmeal 206 and wholemeal (92 per cwm
extraction) 287 Tl appears to bo at first sght all 1n futvol ;
of high extraction  But 13 phosphorus m these amounts essen! l:
Throughout their extensive investigations into diets 1n this ooﬂuth-
McCance and Widdowson have never met diets deficient 1 pw‘?‘;
phorus  Whatever else may be laching—caleum 1ron Pmbos
and vitamns—phosphorus 1s always thero Moreover ‘hohpzher
phorus m cereals antagomzes the absorption of calcium Wi ;ode
1t be there as phytates or as phosphates 3 Free phosphates

1 d Worx. (1941) Chem and Ind 60,

* Ai’?ccfxx m‘:Yi Wmugwsoir (1942) The Chemsca

oods
F’ McCanoe and Wionowsox  (1042) Journ Physil 101, 44 304

723
1 Compostion of
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the abeorption of caleium whereas the phytates in 92 per cent
wholemeal, not only prevent the body from obtaming the ealeum
in wholemeal, but actually prevent the body from obtaming some
of tho calemm from other rources such as rlh cheese and fish
It has been caleulated by McCance and Widdowson that 1 1b of
wholemeal bread would blanket the caleram 1n 5 of & pint of milk
In the Jong run with tho consumption of milk n this country o
Tow as 1t 1¢ 1t would be wrong to insist on higher extraction of
wheat untid the prod and p of mulk 13 d
by at least 50 per cent  This will tako many years

On the ecorc, then of phosphorus content, whol 1 13 o
dangerous I

Caltium In ecaloum content wholemeal flour beats wiuto
flour The figures given by McCanco and Widdowson?! are
348 mill and 18 4 mll respectively  Assumung
tho caloum to be equally avmlable from cach—whsch wo have
seen they are not-—wholemeal provides double the amount of
ealerum that white flour yields Put in that way, as it often 1s
by thoso who believe 1n wholemea! 1t sounds convineing  But
put 1 the common sense way of saying how much wholemeal
flour ono would have to eat per day to obtain 680 milligrommes
the argument becomes ludicrous  To obtain all the caletum needed
100 x 680 o

318
approximately 1950 grammes (te over 4} 1b) This es bread
would bo some 6} 1b—an mmposeible amount To eat 1 1b per
day 13 an achievement except when taling strenuous cxercuse
Besides which—to continue flogging a dead horse—the calejum of
wholemeal 13 unavatlable Al cereals are poor sources of calcium
and what they havo 1s often unavailablo and almost certamly
unavailable 1n whole cereals and whole cereal products

Iron Agam we find that wholemeal (02 per cent extraction)
has more won than white flour Figures from McCance and
Widdowsons tables are 355 mull per 100
wholemeal, 236 milligrammes for National wheatmeal and only
092 for 70-72 per cent extraction flour Moreover, 1t has been
shown that the laboratory ret made anmmic by a diet of white
bread and mulk can be restored to a normal state of the bleod
by whole ccreals The rat obtams msufficient wron from white
flour but can gawm sufficient from whole cereals Consequently
the assumption was made that the anema so often found in the
poorer classes of this and other countries devoted to highly milled
cereals 13 due to the deficiency of those ceresls i iron And

lop et

by an average man per day, ho would have to eat
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here, among others, wo must pullory ourselves, for m the Otk
Edition of this book we recommended wholemeal broad for s
pleasant flavour and 1ts won! Thus ilustrates the rashness of
applymg facts discovered m the rat directly to human dieteties
without enitiesm It had been known that of the metallic phytates,
iron phytate 15 particularly lut Consequently 1t might have
been guessed that the phytates of whole cercals would mmpede
wron absorption from the human gut This 13 true  In prolonged
experiments by McCance and Widd thep tage absorpt
of the 1ron present 1n the diets of four men and four women sank
measurably when the white bread in ther diets was replaced by
wholemeal bread of 92 per cent extraction? Thongh there was
50 per cent moro wron 1 the wholemeal bread diet, they absorbed
less of 15 Two of the women actually went into negative balance
on the wholemea! bread diet The authors of this work cauttously
suggest 1 thewr summary of the expenments that “n spite of the
large amounts of won 1 whole wheat, bread made from 1t may
not be as good & source of won as 1s generally supposed ”

Why then do rats recover from a nutritional anwemia produced
by white bread ond mulk when gven whole wheat? Sunply
because they possess a phytase mn ther almentary tract which
splits the mositol hexaphosphates mto mositol and phosphates
So little a difference does 1t take to render experiments on raté
nugatory when appled to human bemgs !

It 13 true that cereals do contamn phytases, but 1 the case of
wheat not enough to spht the whole of the phytates m bresd
makmg® In rye bread baked sccordmg to German technique,
45 per cent of the phytates were destroyed by the active phytase
of rye but much less disappears m wheaten bread

So on the score of iron, as well as of calaum a 70 per cent
extraction flour 13 more beneficial than a long extraction Geeﬁfﬂnf
speaking, the high muneral element content of whol ﬂ°l‘:'
fives 1t no advantago in diet over white flour but rather tho

nfte
oplgfamim Both white flour and wholemeal flour aro dEﬂm;;
m vitamms A, C and D Tt was once thought that swholem
contammed some vitammi A but to day this opuuon has bee;
relmqushed The Medical Research Councils tables ¢ put

1 Food and the Principles of Dietetica (1940} 133
2 pcCancr and Wippowson  (1942) Lancet 1, 588
2 McCavcr and WipbowsoN  (1944) Nature 153, 650 s
4 The Nutrtwe Values of War Time Food (1945} Some wor)
claum that what thero 18 13 equally distributed between ont
and the rest of the wheat berry
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content of A as zoro 8o thero is nothing to chooso between the
two flours when considening vitamins A, Cand D They havo nono
Wholemeal flour will havo vitamin I' which is of problomatic valuo
in human nutntion DBut as wo have said, the B witamuns are
much better ropresented in wholemeal flour than in wiute  Both tho
germ and tho bran contain moro thismino nboflavine and nicotinic
acd than tho endosperm  OF tho total thiammo in wheat, tho
germ bas 15-20 per cent , tho bran 60 per cent  and the endosperm
only 25 per cont? This estl has to bo modified hat,
for it has been found that the scutellum contamns 59 per cent of
tho total thiamino of the wheat *  This probably i ordmary milling
is mcluded with tho gorm, but if it could bo rotamed by “dry
milling  in the endosperm, much higher smounts of thiamno
would be present in white flour, enough to lay the bogy of
avitaminosis B, which 80 termifies tho B enthusiasts It would be
possible to obtain & 70 per cent extraction flour with no germ
or bran 1 1t yet having tho tk content of 1 wh 1
flour ¥ It must bo mentioned that all wheats have not tho same
thiammeo value It is usually assumed that there valuo 13 about
I6IU pergramme¢ It may be bugher Figures have been given
as high 88 §

With meotinic acid tho story is much the samo 1t 15 to be
found concentrated i the bran the coarsest bran having most
Thus whereas English wheat may have48 microgrammes per gramme
and Mamtoba 55-66, commereial germ has 55-77 and tho bran
207-325 A 45 per cent extraction white flour from English
wheat has only 50 & 70 per cent 75 an 85 per cent 105 and
100 per cent 48 Simlar but rather hagher figures are given for
Mantoba wheat the 1943 wheats having o particularly high titre §
National Wheatmeal flour 85 per cent extraction gave figures
ranging from 12-18 7 microgrammes per gramme  One pound of
nationsl wheatmeal flour would give sbout 5} mulligrammes of
nicotime acid & very considerable amount whereas a 70 per cent
extraction white flour wounld give but 34-33 mulligrammes The
change to 85 per cent extractron flour has caused the disappearance

1Ricm  (1941) Okem and Ind 60, 611

*HNTON  (1044) Diockem Journ 38, 214 Wamp (1943)
Chem and Ind 62, 11

PWanp  (1943) op ost

4Ricr  (1941) Chem and Ind 61, 611 Coremve (1945) 1
& conference of the Nutntion Bociety Feb 24th, gave figures
28-86 pg/g = 028085 mg/100 g =093 IV to 283 IV per
grammse or 93-283 I'U per 100 grammes

S Bartonw Waronr (1044) Biochem Journ 38 314
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of pellagra among the mental patrents i an 1nstitution to which
ono of us (G G ) has access Previously, 4 or 5 patients who were
* difficult  over therr food had muld pellagra each year
‘With riboflavine the distribution between bran, germ and endo
sperm 13 more even than with B, and mcotmuc acxd but still the
endosperm has least 1 Therefore as regards the B complex of
vitamins nutrition experts must favour high extraction, though 1
must not be forgotten that the microbes of the large testns
contribute to the body sigmificant amounts of these vitamins and
1t 15 possible that cereal residues-give a less satisfactory pabulum
for these microbes than say, mulk resdues Maize contams about
the same amount of micotmme acid as milk, yet mulk can cure or
provent the pellagra ansing from eating maize |
There remains only roughage to consider If, or its decom
position products m the large intestine stumulate that organ to
perstalss It 15 generally asserbed that some roughage 1 of
agmistance to the regular emptyng of the large mntestine Thers
18 no doubt that whole cereals provoke m the majority of people
a much more frequent evacuation up to thrice a day, of the Jarge
mtestme Some alimentary tracts are much more imitable than
others Many cannot tolerate a 100 per cent extraction matensl
Indeed there have been frequent grumbles at 85 per cent extraction
National Wheatmeal bread on that account though only the fine
bran 13 meluded 12 National Wheatmeal flour It 13 impossiblo to
say how much this fear of the large mtestine, mculcated 1n peop'®
by nurses relatives and the patent food and medieme advertise
ments, renders them bowel conscious” and so queers ther
capacity for sound observation It has been smd that 16 13 Eom[fe
what hard on those who have no trouble With their colons to
condemned to frequent and bulky stools 1o order that the con
stipated should have regular motions *
'li‘o sum up the wholegulproblem as 1b stands at the present day
(1) There 18 no adventage n higher extraction flours a3 regord?
rotemn absorption
(m) Th};re may beq:xhght lz]xdvuntatge in them as regards the
brological value of their protemn
(uz) High egractwn flours are much worse than low extmc:lon
flours where calalum and 1ron absorptions are concer 5
and this 19 mamly due to thewr high content of organy
and morgame phosphorus compounds

1 Cereals m whatever form are a poor soumo“uf nboflavine
2 Ropertson {1943) Chem and Ind 62, 222
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{1v) Both ugh extraction and low extraction flours aro valucless
ns sources of utvmins A Cand

(v} Igh extraction flour 1s much botter than low extraction
flours for tho B complex of witamins

(v1) High extraction flour sometimes provohes frequent and
hullx) ovacuations of tho largo intestine which may or
ma3y not be advantageous

Tt 18 clear that somo compromso between lugh and low extraction
13 advisable, and we think that the introduction of National Wheat-
meal four of 85 per cent extraction! containing the fine bran,
the alenrono layer, tho scutcllum and as much of the germ as
posaible and haming a thiamino content of nearly 1 1T per
gramme, was a wise move from a wholly dietetic standpomt and
that the fortsification of this flour with calecium to offset the phytate
cffect was an admurable step Further, we consder that this
standard should be mamtained untal the agnculture of this country
has been so reformed that thero 13 plenty of milh cheese eggs
frmat  vegetables and bacon for everyone and the economic con
ditions so changed that everyone can purchase them  As regards
wheat the tash of the growers 13 to produce wheat with gher
amounts of the B complex of vitamins and the tash of the millers
15 to sco that theso vitamms find their way mnto tho lower extraction
flours demanded by publc taste

11t 13 anteresting to noto that the amounta of the useful nutrients
1 wheat flours—particularly vitamin B,—show a sudden drop if the
extraction be below 8. per cent  Even 82} per cent oxtraction flour
ehows a marked decrcase  Tho change to 80 per cent extraction we
fecl to bo a mustake  We append an analysis by McCancr: and others
{1945) Bioch Journal 3v 213 gv

Coxrosrrio¥ or Maxtroes AxD Exalism Frouvms
B prlg

Prote Carbo.

Extroction. T Fet bydrate Fibre. Celonee Vitgpun

Mamtobs 80percent 132 14 688 013 96 6o IU per
85 138 672 033 91 92 100

17
g
Englsh, 80 82 13 1435 013 96 0
85 86 13 720 042 93 84
mg per 100 g
Total  Phytate
Extraction. Rbo  Nicotms Cal Iron. Ph
fianne  Aed.  cium. phores  phorss
Manitcba 80 percent 008 1 154 —_ 139 634
8, 010 13 18§ — 188 961
Englsh 80 003 09 215 165 18 578
85 012 11 245 222 153 728
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CooxEry oF Frovn—Breap

In order to make flour available as food, 1t must be cooked ;n
some way or another The sumplest method 13 to mux the fonr
with water and bake 1t It 18 1n this way that ship's biscult s
manufactured  The product, however, 15 of an almost fhnty hard
ness, and not easy of mastication  Hence the problem early arose
how to cook the flour 1 such a way that 1t would be hght and easy
of digestion It was solved by causing gag to develop m the
mixture of flour and water, so converting the latter mto a kind
of sponge, which was subsequently baked, and mnte whih the
digestive juices can easly penetrate In other words, man learnt
to make bread Now, the making of bread from flour 19 only pos
sible because the latter contamns gluten Gluten 15 & mixture of
protemns which has the peculiar property of becommg viseid when
mixed with water If the viserd mass 13 then blown up with gas,
1t has sufficient cohesion to remam n the form of a sponge o
honeycomb nstead of collapsing agam, as 1t otherwise would do,
and allowing the gas o escape  As wo have saxd above, most other
cereals, such as barley, rice, and ostmeal do not contamn gluter,
but other forms of protem, which do mot become wiscid when
tened and 1y out of these bread cannot bo mede

The next question m: How 15 the gas, which 15 to be used :«}:01310:;

up the dough, produced * The reply 15 that the earhest me %
producing the gas and that which 1s still by far the mosf’wld ly
used, was by fermentation There are m the aw * wild ymf;
which falling on a wet dough produce from the sugar m the doug
aloohol and carbon dioxide? This must have been the method by
which the Egyptians and the Jews * leavened ” their bread 503;19
dough reserved from the last balung was added to a fresh doug Y
the yeast 1t contained grew with great rapidity through this doug!
#1ll all was Jegvened and filled with bubbles of gas eed
In more modern times strains of yeasts haye been produt
lly and standardized and these aro what are used %
day for the manufacture of bread
ng

X Amos (1042), Chem and Ind 61, 117, has given conviac
ewdg:w tha{ the zlou: 1teolf contains & yesst which must be m:POﬂ-’ll’l’
for the gasfieation of the barm mn the Scotush mothod o m&'wr ng
bread and posmbly in the leaven of Biblical times This Pn‘fdones
the relevant chaptors of Modern Cereal Chemsiry by henfor o
should be consulted by anyono mterested m the anm palid
different flavours and textures of bread 1 varous parts of

.
m'ﬁ’rrhxs method was still actually 1 uso i remote farmhousos w th
early childhood of the authors
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It is not the object of ths book to deal with proceases of cooking
except 1 so far as they bear upon dictetics, 8o no elab 4
of tho baking of bread is given here  That is left to tmdo journals
and coohery books but wo cannot reframn from saying that the
latter make the process of breadmaking termmfyingly elaborato,
shereas 1t is 60 casy that almost anyono can make n success of 1t

In umng yeost to make bread, the first thung tho baker has to do
is to got lua yeast to increase and multiply  This bas two advan
tages 1t enables an onginally small quantity of yeast to suffico for
a whole sack of flour and it produces a more active yeast for the
soung cells are moro encrgetic than those which aro older Thus
stage of bread making 18 called the preparation of the ferment
The yeast 13 muxed with sugar and warm water and put m & warm
place till at froths up  This takes but a short time  The invertaso
of tho yeast splits the cano sugar to glucoso and fructose and the
zymase within the yeast cells begins the fermentation of the glucose
to carbon dioxide and slcohol  Thero are other sand more elaborate
ways of produaing & ferment eg by tho use of potato gruel
flour and yeast but tho object is to obtan an actively growing
yoast

Thus ferment is then muxed with warmed flour and warm water
and the whole lmeaded mto a dough The yeast continues s
production of carbon dioxide within the dough, partly at the
expenso of the sugar added and partly by working on the maltose
produced by tho disstatic ferments of the flour acting on its starch
The dough 1s thus blown up into o sponge like texture It rises
How long 1t 3 left 40 nse vanes greatly and depends largely on
the amount of ferment used and tho temperature of the eur
roundings It can be as httlo as 20 minutes  In the usual house
hold practice 1t 18 an hour In commercal bakenes 1t is about
4 hours but 1t may be 1 more economieal parts of these 1slands
much longer still  Thus hes eome beaning on the destruction of
the phytates present The longer the dough 1s proved” the
more work the phytases of the flour can accomplish with advantage
1 reducing the rachitie effect of cereals

When the dough bas nisen to about 1§ tumes 115 origmal volume

1t 15 usual to knead st thoroughly again leave 1t agar to nse m o
warm place and when 1t has sufficiently risen to weigh out portions
and bake 1t at a temperature of 400°~450° F  This second hneading
mvarably carried out in commercal practice and m domestic
seience colleges can be omstted both with wholemeal bread ® and
with white bread 1n the household *

2 8e0 AMos o0p cit TGRaNT (1944] ¥our Daily Bread
* Personal from two h
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The baking causes the gas m the dough to expand and blow th
latter up so that 1t becomes full of hitlo cavities The heat alsc
bardens and coagulates the protemns in the flour Soms of the
starch on the outside 13 converted to soluble starch and dextrn
and forms the crust It 1s to the dextrm that the crusb owes its
glazed uppearance Altogether about 8 per cent ! of the starch
m the loaf 15 thus converted Some caramel also 1s formed, and
helps to give the crust its flavour and dark colour When these
changes have taken place the dough has passed mnto the form of
bread '

Changes nvolved 1n Baking Tt will be obvious that any pro
cess of malung bread by fermentation necessarily imphes an amount
of waste The amumno mtrogen of the flour forms a pabulum for
the yeast 2 Other organisms break down some of the protem to
ammo nitrogen  The sugar of the flour 15 utilized by the yeast
and starch split into sugar This produces, as smd above alcohol
and carbon dioxide The gas diffuses out of the bread and the
alcohol 13 mostly driven off by the heat of the oven It was
calculated that as long ago as 1879 300,000 gallons of alcobol
were annually lost m this way wm the ovens of London alone It
does not pay to recover this alcohol Totallng these losses 1t has
been calculated that as much 2s 7 per cent of the total sold
wgredients of the dough are lost

The consideration of this inevitable waste led to attempts to
convert dough mto a porous form by other methods than that of
fermentation  One of these was the method of Dauglhsh  In ths
process carbon dioxide was prepared m the usual chermcal Wy,
water was saturated with 1t at 7 to 10 atmospheres and the dough
was mixed with this 1 an amr tight chamber' Then the pressur
was lowered and the dough allowed to expand was cut into Ioav‘c’s
and baked at once ‘The product was known as aerated bréa
The process has, however, fallen ﬂl:to desnetude The bread 80

duced had a raw and msipd flavour
Pn{{esults sumlar to the abovge are also obtamed by the use of
baking powders These conust of mixtures of vmoustChe?‘:he
substances which have this in that when be
wngredients of the powder act upon one another carbonic aad 1,“,’5
given off If therefore the powder has been thoroughly !;1 o
with the flour, and water 13 added, the gas will be libera o
throngh the resulting dough and the latter will be thoroug| un’;
aerated 'These powders consist of exther tartaric acid or POtwl!bﬂ
hydrogen tartrate with bicarbonate of soda Some vsed mmta
USA have alum 1n them A means of introducing caleium

it
1U.8 Dept of Agriculture Bull 67 2 Amos op ¥
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bread would Lo to make preeipitated chalk the baua of & baking
powder  Tho tartaric acid powders are tho most efficient, for they
guvo off twenty five times their volume of gas  the cream of tartar
powders yield only thirteen volumes, and alum powders not moro
than seven to eleven  In all of theso powders tho soda s slightly
tnexcess 80 that the end reaction of the chemical process is alkaline
There {1 thus no possibality of their rendening the bread sour  ** Belf’
ramng  flour is flour with which baking powder has alrcady been
ruxed Although the use of baking powders obviates the protemn
and carbohydrate Joss from the dough thero is conuiderablo des
truction of vitamun B, which docs not occur when 3east 1s used
In yeast mado bread tho loss 13 about 10 per cent In baking
powder made bread the Joss may be as much as 100 per cent
depending upon the final P reached Henco baking powders
should not bo used if there 13 any fear of lack of vitammn B,

No matter by what process o loaf is made, 1t possesses when
fimshed certain characters by which bakers judgo of ita quality
It should bo well nsen’ and possessed of a thin flinty crust which
18 nesther very Light nor very dark in colour and cracks on breaking
The crumb should be clastic i conmstence of umform texture
without largo holes and of a smooth and silky pie It should
have a sweet nutty flavour and odour and in colour should be of
a cresmy whiteness  Curiously enough when bakers speak of a loaf
having nocolour’ they meanthat 1tis rather darh whercaa high
colour sigufies with them great w} It must be admitted
howerer that theabove ch 8 | ¥ t sesth 11
are not of much valuo from & nutritive pomnt of view  Especially 1s
this so in regard to colour A very white loaf means a loaf i which
starch 13 at & maxumum and protemn at & mmmum and that 13
theoretically not desirable  For setting up a false standard of white
ness the baker 13 not to blame It 13 the ignorance. of the public
which mustrusts a dsrk loaf

The Chemical Composition of Bread Two-thirds of the
volume of a good loaf 13 made up of gas (Fig 15) and of the
solid part about 40 to 50 per cent by weight consists of water so
that bread 15 ono of tho least watery of vegetable foods, and 1s
relatively much less so than raw meat? The composition of the

1The great vanability mn the amount of water met with in bread
renders 1t le that some dard of should be fixed the
exceeding of which should be regarded as an adulteration In other
words when a consumer pays for a given weight of bread he has a nght
to expect that hus purchase shall contain a defimite amount of nutrument
The figure given for the water in Nattonal Wheatmeal bread m The
Nutrisie Values of War tume Foods 13 37 per cent
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CourosrTioN or WHOLEMEAL AND SVmire Dreap coxranzp

]
P"’“‘“{"“-gh‘}"ﬁf« ey [ Tron [Calones
] |
mg | mg
Wlte breod (70-72 por | ! 1
cent. extroction) | 70 }07I 637

231 t100] 1093
NMational  Wheatmeal | i !
bread (83 per cent } | ‘
223t | 2321 1021

extraction) 100 [16] 453
Whalemeal bread (02 i
22) 440 | 233 !2501 1041

per cent extraction) ' 108
i |

There are also vanous patent and fancy breads in the market
Of the former the different vancties of Vienna bread are a good
example Theso are made from very fine flour ( ‘ patents ) fer
mented with compressod yeast milk bemng often added to the
dough. Thoe crust 1s glazed by being subjected to the action of
superheated steam before leaving the oven  Of the patent breads
the majonity are of the brown vanety They aro made from
flours prepared by vanous patent processes Some of them are
wholemeal breads, 1n which the bran has been redneod to varymg
degrees of fineness  others contain the germ 1n various proportions
of which Hovis 1s the best known oxample Others again are
malted The malting of bread consista 1n adding to 1t mslt
extract obtamned by evaporating an infusion of malted barley to
& syTupy at a low temp The solid part of the
malt-extract 80 prepared conssts mamly of malt-sugar and dex
tnns  But it also contamns the ferment dmstase which 1s able to
convert starch into soluble substances (maltose and dextrin)  When,
therefore rmalt-extract 18 mixed with the dough part of the starch
1n the latter 1s ultimately converted 1nto malt sugarand dextrin  In
other words part of the starch 13 digested Thus has the effect as
slready pomnted out of making the bread keep longer moist  Now,
3t 18 mportant to remember that this ferment diastase 19 readily
destroyed 1f exposed to a lgh temperature Hence 1ts activity
nevitably ceases soon after the bread enters the oven If then,
any considerable part of the starch of the dough 1s to be converted
the malt extract must be added very early in the process As an
alternativo to that 3t may be added to a scparate part of the flour
and the latter mixed with water and kept 8t & moderate tempera
ture tdl most of sts starch has been changed and this mixture

157 when fortified, according to The Nutrstire ¥alues of War time
Foods (1945)
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added to the dough just before balung  This 1s the peculanty o
Montgomene’s process, by which * Bermalne " bread 1s mad:
But even 1 these favourable conditions not much more then 1
per cent of the carbohydrates of the loaf are m a soluble form
while 1 ordinary bread ahout 4 per cent areso changed Seeing
also, that the diastase 1s destroyed by the act of bahing 1t 15 obvion:
that malted bread cannot truly be said to aid the digestion of othe:
starchy foods  Detailed analyses of patent breads made by Hutcht
son will be found 1n an earher edifion of this book Any adventage
these breads, with the exception of the germ breads have over
normal bread Lies more i their palatability and flavour than m thex
nutntive value

Changes which Bread undergoes on Keeping When bresd
13 kept 1ts crust loses its gloss and elasticity and becomes soft
leathery and dull At the same time the crumb becomes ‘ dry’
and hard The crust takes up water from the air and from the
crumb  The change m the crumb 13 not only, ns maght have been
guessed, due to loss of water but due to & change m the aggregation
of the moleculesof starch  Starch,according to Kratz whoesamned
its X ray spectrograph has three forms A, that of unchenged
wheaten starch, B that of “ native” starch and C, that of fresh
baked erumb of bread On staling the starch of type C reverts to
that of type B This change 15 reversible and depends on tempers
ture and humidity A stale loaf may be ‘rejuvenated ’ soverst
times by o short time m a sharp oven Type B starch 1s againt
changed to type C .,

The cooking of bread 1s practically confined to the app
of dry heat This has the effect of dnving off water and of rup
turing some of the starch grams and converting them partly mto
soluble starch and dextn A Lttle caramel also 1s produced
The result 1s toast Toasted bread has the compostton PION(;;
94 Fat 08 Carbohydrate 638 and Calorte value per Ib 13 ’
(per oz 81) Pulled bread ’ 18 made by pulling out the mnterto
of & new Joaf and thoronghly baking 1t The same changes 005'::
1n it as m toast only to a greater degree  ‘ Fury toast of foas
Melba 1s made from new bread cut thin and baked m 2 slow o\';:
tall 1t 18 & delicate golden brown, or from thick toast which 18 5p
down the middle and the fresh side toasted

Biscuits are made from fine flour either slono or with the
addition of sugar butter mulk, flavounng agents, efc vaff
powder 15 sometimes added to make them riso 3 little b u{
contamn very httlo water (about 5 per cent) and 3 Ib ofb o
may bo taken as equal in nounshment to 4 or G Ib of bre
according to tho make of biscub
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Analysis of s number of biscuits made by Fnglsh firms aro given
below, attention §s ealled to the high percentage of fat in many
hinds, particularly tho cream cracker

Coatrourrion or Drscurrs

" Proteia. l ot } by | Guertes
|

Army (round) taar | a2 Loase 106
{squnro) no | o3 4763 | 103
Busc-o Ryo | 190 | 110 7600 | 105
Breakfast 1040 | 02 | 7486 | 123
Chocolate 460 , 615 | 7020 | 103
Cormush Wafer 725 | 2028 | 6887 | 16t
Cracknol 158 | 838 | 7301 | 121
Croam Cracker 808 1843 70 62 140
Dinner Roll 1040 | 63¢ | 7430 | 115
Fanoy Lunch 986 717 | 7888 122
1meo | 863 | 7270 | 12

Fino Water 195 | 733 | 7503 | 120
Fruit Wafer 540 | 1064 | 7218 | 119
Ginger Nut 610 | 8650 | 7080 | 119
Horlick s Malted Milk Rusks | 030 | 430 | 8000 { 115
Mano 743 | 1080 | 71947 | 129
Milk 023 | 1072 | 7685 | 125
Nursery 933 | 387 | 7880 | n2
Osborne 740 | 1110 | 7959 | 130
Oval Thin Captan 925 | 638 | 7048 | 120
Oval Water 086 683 | 7800 120
PF Shorteake 802 | 2640 | 6240 | 151
Princess 820 | 2500 | €310 | 147
Thin Captain 1m2s | 168 | 8031 [ 120
Rywita T4 21 | s6s | 106
Water 873 | 407 | 8175 | 118

Rusks may be regarded as a kind of toast

They are made 1
much the same way as bread, but sometimes with the addition of
‘butter sugar and milk and are twice passed through the oven,
after which they are thoroughly dmed

The Digestibility of Bread The term digestibihty in dietetics
18 & loosely used term to denote o number of properties To the
physiologist 1t means ease and rapidity of @gestion and absorption
mto the blood stream  to the physictan 1t moans these plus lack of
discomfort i the process  If the eating of a food 13 followed earlier
or later by pamn or dwscomfort that food 1s apt to be labelled
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“*indigestible Tt may produce flatalance n the stomach or bowel,
1 may evoke & large flow of gastric juice and promote excesure
penstalas of stomach or mtestme  the penstalsis of the stomach
and small mtestine may hurry the food 1n a sem digested stato
mto the colon and microbes there may produce flatus offensive or
otherwise, the perstalsis may he so great as to cause diarrhees
Any food which does any of these things 15 “ indigestrble* At ons
time great attention was paid to the length of time food remaied
m the stomach but this, we consider, 19 rio sound measure of its
digestibility

Vort, 1n hislectures, used to protest agamst the idea that awareness
of the worlungs of the ahmentary tract indicated that the food
eaten was md ble He d that all 1t showed was that
the alimentary tract was at work This we hold to be unfounded
for we consider that digestion 1¢ best when effortless and unconscions
Bread 18 digestible and absorbable The digestion starts m the
mouth by the converston of its cooked starch and 1ts dextrms mto
dextrins and maltose under the mfluence of the diastatic ferment of
the sahva known as ptyahn The more theroughly the bread 13
chewed and ground mnto small particles, the more complete will the
transformation be It 1s on account of the greater ease with which
they can be pulverized by the teeth that toast and biscmts are
more easily digested than ordinary bread, and stale bread than s
newly baked loaf The dryness of toast and biscwts too, enables
them to become easily saturated with the saliva, and that also
greatly facilitates digestion  Further 1t must be remembered that
a considerable proportion of the starch m bisemts and toast has been
already converted into soluble forms mn the course of thewr prepara
tion, so that the labours of the digestive juices in therr case r;\‘;
consderably lightened  For these reasons also the crust of b <
13 more digestible than the crumb, for it 15 dmer and conhllt!lﬂon
lugher proportion of dextrins owing to the more iatenso sc
u 1t of the heat of the oven

p’.ll?‘ll:e notorious indigestibility of new bread on the other hand, l:
due to its moistness which makes 1t chfficult to chew and &z
the same time prevents 1t from sosking up the saliva AIVI::::e
reports that new bread can pass the whole of the small m:x\i .
without becoming digested (Observations upon & patrent W
ileal fistula

As regurd)s the duration of its stay in the stomach bﬁ
leaves the stomach with good speed Hawh and Bergheun cr’; -
that 100 grammes of bread (3} oz ) leave the stomach comp:! n{)no
2} hours This perod cannot really be regarded as long whe: b
bears 1 mund the comparatively large amount of sold matter W.
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bread contains  White broad is disposed of by tho stomach rather
more quickly than black (eg rya), but thero is no upprcchblo
dufferenco in this respect L of whol 1 bread
and that made from fino llcur Bncmts must bo regarded as
oconsiderably more digestible than ordinary bread 1n view of the
large amount of solid nutriment which thoy contain

In the intestine tho digeation of the starch and protein of bread 15
completed and absorption takes place On tho wholo white
bread 14 very thoroughly absorbed Even when largo quantities
aro consumed, the Joss of nutntive constituents 13 only about as
follows 1

Porcentage
Unabsorbed
Total sohds 4}
Protemn 203
Inorganio elements 25
Carbohydrates 3

It will bo noted that o great share of losa falls to the protemns
This contrasts very strikingly with the caso of meat 1n which tho
protemn 18 absorbed almost m 1its entirety

The carbohydrate of bread corresponds to the protemn of meat
1 betng almost completely absorbed mnto the blood  On the other
hand, 1t 18 rather surprising to find that of the comparatively small
amount of fnorganic elements met with 1n bread, one fourth 13
excreted unabsorbed

Wo have already (pp 308-17) discussed the still hotly debated
question of the relative nutntional values of white and wholemeal
bread  For tho middle classes i peace time this seems asimportant
a3 the question as to which end you should open an egg The
future seems to o with o fortafied bread

Ontheevidence then bread unlessit be new,1s a mghly digestible
and absorbablo food It 18 unlikely to provoke any of the symptoms
which will cause 1t to be labelled indigestible  Even the eating of
hot newly baked bread, 8o usual for breakfast i the Umted States,
does not secem to be followed by the symptoms which would be
expected 1n this country Four years’ residence m North America
by one of us did not reveal more mndigestion in that part of the

* From the average of & le number of exp by
Rubner Atwater Zuntz and Mugnusl.evy Goodfellow a.nd others
The d were very to from

600 to 1000 grammes per day

2 The latest figures quoted above p 311 give the loss of proteinas
much lower viz 9 per cent for white bread and 15 per cent for 100
per cent extraction wholemeal bread
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world than i Great Bntam It was common once fo speak
shghtingly of the American stomach, but perhaps that term of abuse
may be allowed to pass mto desuetude

The Economic Value of Bread Breadis among the cheapest
of foods That 15 why 1t forms 5o large a proportion of the diet of
the poorer pawd classes A labourer, domng heavy manual work,
can easily consume 1 Ib of bread per day He needs cheap and
easly availablo energy and that 1s supphed by bread With so
much more of our manual work bemng done by machmnery and
‘with an absolute rise m wages of the working classes wo may expect
the consumption of bread and other cereal products to decrease
This tendency was obvious 1 this country between the operng
years of the century and the outbreak of war m 1939 As war
cireumstances caused a fall m the fat ration, the other mam source
of Calories the consumption of bread rose agamn and 1 diefs
vestigated by McCance sand Widdowson before and after the
commencement of the war the Calories obtamed for earbohydrate
almost exactly equalled those lost m fat Bread, then has its
prime mmportance m supplymg Calories

1t 15 difficult 1n & tune of Auctuatmg prices to give figures which
will be accurate for more than a year or so  But 1t 13 easy to worh
out, the cost per thousand Calortes given tables and current prices
At the time of writing margarme at the controlled price of &4 per lg
gves 1000 Calones at approimately 13d , of 94 perlb, at 21%
Bread at 34 per Ib gives 1000 Calories at 3¢ , Cheeso at 12 lb’
at 63d, milk at 94 per quart, at 1s 0 jam at ls 04 per Ib,
at 103d and potatoes at 14 perIb at 2}d Theso prices aro con
trolled and some of the foods are at an artificial price due to Govern
ment subsidies but even in times of peace bread and mnrgamtlg
helped down with a little jam are the cheapest foods and eu—‘;leSt of
prepare  In other countries other cereals may take tho }I,’Mefor
wheat products but the reason 1s the same cereals aro | eaphu
Calomes  That 1s why the Government in the two World Wm‘se T
refused to ration bread, and m the sccond World War kop

mice artifically low
r Bread, too ;Z by no means s neglyzible source of protﬁlmhﬂtl:g:
of second quality In fact a high bread dict entails 8 fgmcm
protemn diet 1 1b of bread contains over 38 grammes of Pml o
no mean proportion of the 70-80 grammes held to bo esiclnwhcaﬁ
the daily diet of an adult  In this no other cereal can chqlz Tther
And the cost of wheat protemn 1s low compared with ¢l Zl l?rcwd s
foods Beans at 64 per Ib are the only food which nv: o
s source of protem 1 price Both give 1 b fotznbosg B rens
Cheese gives, at 18 1d per 1b, the same smount at 3¢ 54,
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with milk tho prico s 0 114d whenmilk is bought at 0d per quart
Tho eerious defects of bread aro jta low caleim content and 1ts
total lack of vitamins A, C and D only 1n tho vitamuns of the
B complex 13 bread of uee wholemeal being better than white bread
Thero is no escapo from the fact that brerd must continuoe to bo the
largest singlo clement of diet mainly beeause of its cheapnessasa
source of ene

Of tho patent and fancy breads as a whole it may be said that they
aro somewhat dearer than white or wholemeal breads  Ono pays
for flavour and the patent nghts  Even ordinary wholemeal bread
has ceased to bo cheaper than whito bread and eannot be recom
mended on that ground. Hero aro somo analyses of different
breads from cCanco and Widdowson s tables 2

Trotein | Fat ,hyd'}::, ol 1 1ron | Colonen
Ter 100 grammes.
mg | m
Broad « € g € g 2

Currang 70 |34 ) 458 |376(235 66

Hovis 114 |37 408 |275(295 €8

Malt ¢1 | 33| 404 (53032 2
National Wheatmeal

85 per cent 100 [ 16| 453 (223(232| 65
National! Wheatmeal

fortified with Calesurn! 85 | 12| 514 [670/18 4

The most important prepamtxons of wheat flour especially 1
Ttaly are e 1 and the Italian pastes
These are mado from flours nch 1n gluten derived from a different
species of wheat (rificum durum whereas ordinary wheat flour
anses from produced by il ds of years of selection
and d Hed breou and sel of strams of
Iriticum vulgare Trureum durum 13 a hard yellow flinty wheat
having 2 high protemn and sugar content 2 It needs a hot chmate
and 13 resistant to drought ‘The flour from the endosperm of the
wheat 13 made into & paste with water and the wiserdity of the
gluten then allows 1t to be moulded 1n vanous ways

1McCance and WiopOwsON  (1942) Chemiwcal Composmtion of
Foods Med Res Council Special Report 235

2 KentJones  (1939) Modern Cereal Chemstry Thrrd Edition
46-8
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The composition of products made from fritscum durum flour ate
given below

Carbo | Cal Vitazun | Calory
Proten | Fat hydrate | cmm | Iron ‘B. p"c":s

mg | mg e

Macarom (raw)l | 107 | 20 | 693 26 14 ki 1532
w 20 117 |20 770 26 143 ~— 1615
Vermucell:,, S| 125 [ 08| 755 | — [ — (— 1674

The preparations when boiled take up a large amount of water
Analyses by McCance and Widdowson ¢ give  Protem, 36, Fat,
06, Carbohydrate, 237, OCalaium, 81, Iron 045 Calores
per Ib, 504 so that approximately cooked products have threo
times as much water ag the raw  They are very well digested and
absorbed accordmng to Rubner

There are very many other preparations of wheat on the market,
whether from whole wheat, wheat with some of the bran removed or
from the endosperm  One of the commonest 1s Semoling, prepared
from the endosperm of hard wheats ¥t 1s used in making puddings
porridge and for the thickening of soups It contams about I
per cent of protem Below are given the composition of ths

and other preparations of wheat . , .

Vitarun | Calorea
Protem | Fat B0 per

Carb Cal
o, [m, {rm

]

L1
Processed Bran®{ 109 | 42| 546 | 98 129 — 1355
Germ?® 320 | 77] 378 | 88 | 07| 2100 | 1881

Flaked Wheat 5 | 139 | 23] 660 [ 34 | 49| 40 | 1542
Puffed s| 137 | 23] 681 | 3¢ ] 47 15 | 154
Semolna & 107 | 18} 698 [ 18 | 10] 90 | 1538
Vita weat & 94 [203Y 681 | 4¢ | 34| -~ | 1768

1 Nutntie Values of War time Foods (1045) Medical Rescarch
Council

1 Chemcal Gomposition of Foods  (1842) McCance snd Wopow
soN  Med Res Council Spec Report 235

3 Quoted from the Analyst (18988) 178

4 3{cCance and WiDDowsoN  (1942) op e

5 Nutritwe Values of War time Foods (1945) Modical Research

Couneil
¢ Evidently fat 18 added 10 the manufacture
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Shredded s heat is a preparation of wholo wheat in tho form
of shreds or flakes which have been cooked to the conmstenco of &
biscmt, and represents the whole grain in 8 very digestible form

Force consuta of melted wholo wheat in the form of flakes,
cooked mith steam It 18 eamly digested, but not really of higher
nutntive value than fine wheaten biscruts (sco p  325)

Grape-Nuts 1s another malted preparation of the entire wheat
berry which requires no cooking It contams e high proportion
of solublo carbohydrates as well as a consderablo amount of
protein

Beudes theso thero are many other patent preparations too
numerous to mention. It is not unfair to say that these patent
foods aro & means of selling cheap wheat products at an enhanced
prico to tho public who pay willingly for conventence palatibility
and posaibly imaginary medical values, what they would not pay
for the straightforward virtues of the normal product

Avarysest

Cal Calories

Carbo-
Proten. | Fat. [youes | o, | Tron. | ST

mg mg

Forco 102 |19} 758 663 | 398 | 1565
Grape nuta 128 [ 30 710 | 478 | 564 | 1567
Shredded wheat 106 )28 700 | 348 | 448 | 1660

Oars
Qats at first sight appear to be the most nutntious of all cereals

They are rich 1n mtrogenous matter and morgame substances and
are peculiarly rich i fat the only other cereal which can at all
compare with them in that respect being maze  Carbohydrates are
present to the extent of about 73 per cent  Further, of the total
nitrogenous matter 94 per cent 1 m the form of protems two

avenahn and ghadin being soluble and avenn, msoluble m water or
dilate alechol  The distrt of the ds 1n the bined
protens shows them to be complete protemns and therefore available
for tissue building Unfortunately, the husk of oats 1 closely
edherent and cannot be entirely separated from the kernel so that
by the ordinary methods of grinding a good deal of cellulose 1s left
mn the meal m the form of small sharp particles These act as

1 McCance and Wiopowsow  (1942) op o
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.
timul to the intest: and make oatmeal a valuable food
where the mtestinal movements are Sluggish but, on the other hand,
are apt to prove rather imtatimg to some persons

Oatmeal disagrees with some mdividuals, and dermatits may
develop Horses liberally supplied with oats become excitsble
They contamn calerum mositol hexaphosphate, theracht
geme material of cereals in great amount Oatmeal 13 one of the
few vegetable foods which contam some urc acid formers (purine
bodies)

There are vartous ways of preparing oats for human food They
may be sunply cleaned and ground, the result bemg oatmeal of
various degrees of fineness or the branny particles may be separ
ated, and the “oat flour * alone used Groats consist of oats
from which the husk has been entirely removed, when crushed,
Embden groats result

Rolling 18 now often employed as s method of prepanug
oats 1nstead of grmding The great pressure to which the grams
are subjected between the rollers ruptures the cell walls breabs
down the cellulose, and flattens the grains out so that they are more
easily softened by cooling By the apphcation of heat durng
the roling process, the gramns are at the same tmme partrally
cooked This not only has the advantage of rendering subsequent
preparation for the table consderably less laborous but also
alters the fat, which 13 so abundantly present m cats m such &
way that 1t 13 less hable to become rancid so preserving the
natural flavour of the gran

Qualer Oats ” 15 one of the best known of these preparationd
* Waverley Oatsa’ and *Provost Oats” are Scottish examples
The composition of some special preparations of oats 18 ghown 12

the followmg table

PrePARATIONS OF OArs

Scotts | Robun
b ke
Sogtush | Jrh | Sher | s | ems
meal mesl
N
Water 50 50 78 &8 ;f:
Proten 146 | 134 17 | 100 13
Fat 101 88 62 50
Carbohydrates | 651 | es4 } o8 | 7179 | 704
Cellulose 31 17 '3
Inorganic matter 21 20 15
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More modern analysis of ordinary oatmeal give the following
figures
TraereTtaar Corrosrriox ar Oats

[ Catbo | Cal ( Fhot ) itemin| Calories
Trolein ‘ Yat \Ilplmlc eum | l phora [ v | peror
e
[ l mg e
lg 1 8‘1 a5 119 41 4.;0 1101
133 i 87 28 ‘ 5 41 380' - 1100
i
Oa{meal largo (308 mg) mag

neswum (113 mg ) and sulphur (IG.: mg) per 100 grammes
Thoe compasition of some oatmeals when prepared ready for
cating 13 a3 follows

Coxrosrrio¥ or RoLLep OArs wnEeN Cooxep ¢

Weter | Protein | Fat | Btarch [Celtutoss Yineral
Quaker Oata 9248 | 105 | 032 | 624 | 009 i 024
Provost Oats 8844 [ 200 | 036 | 900 [ 016 ! 024
Mothers Oats | 8072 | 182 | 045 | 870 ! 015 | 018

Outmenll’orndgu’, 891 | 15 {09 | 82 | —! —

Tho enormous amount of water porridge contains will be observed
A 7 oz serving of porndge will contamn but § oz of oatmeal and
supply but 00 Calonies The value of porndge at breakfast hies
the additions of cream or milk to 1t not in 1ts mntrinsic properties
In fact because of the difficulty in cooking oatmea! and 1ts low
Calorte value for ita bulk pornidge 12 not to be recommended to
the working classes

Pl 4] ! made from pl: and oatmeal ongnally
contaned 20 per cent protemn and 8 per cent fat Duning the
war of 193945 the amount of plasmon added was reduced on
account of the d m d It 13 pre
caoked and of very lugh nutrtie value

Owing to the absence of gluten, oatmeal 13 unfitted for bread

* The Nutritwe Values of War time Foods  (1945) Med Res Counail

270 porcent 10 266 mull 13 phytate phospt McCanes
and WinpowsoN (1942) Chemical C'ompn.nhtm of Foods Med Res
Council Special Rep 235

* McCanvce and WipDowsoN op eif

A Woraams (1907} J Amer Chem Soc 29
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meking and 19 usually mmply mized with water and made mto
cakes By mixng fine oatmenl with an equal quantity of wheat
flour, however = faurly good loaf can be obtaned A given weight
of oatcale (made Without butter) contains rather more than twice
s much bwlding material as an equal quantity of bread and hss
almost twice as great a fuel value

Oatmeal requires to be very thoroughly boiled 1 order to soften
the cellulose which 1t contans  ** Brose, * which 1s made by merely
sturing oatmeal into boling water, 13 not & food for deheate
stomachs As regards the absorbabslity of oats, expeniments
show ! that pormdge made from rolled oats, even if taken 1n con
siderable quantities, 19 very well absorbed Roughly spealang
95 per cent of 1ts protemn 93 per cent of 1ts fat and 96 per cent
of 1ts carbohydrates enter the blood, whilst 92 per cent of the
energy which 1t yields 1s ‘ available ’in the body This compares
very favourably with the results yielded by bread On purely
chemical grounds, oats compare to advantage with wheat as &
source of nutmiment

Mawze (Inpan Comx) 2

Maaze 18 not g0 largely used as human food mn Great Brtam asit
mught be but throughout America 1t forms a staple article ofl d:eg
while 1n Mexico and South Afriea maize 18 Lterslly the °sta
of fe’ Tt was méroduced mto Ireland at the time of the potato
famine 1n 1848 and has mince established & place for itself mn the
dietary of the people 1n that country 3

Chgmca\ a.nall;'mf shows that maze 18 quite 28 nutntons 83 W:\;‘:
1 all except 1ts worgame ingrechents It 18 richer 1 fat bt
any cereal except oats, contaming twice as much of this 1mpol
constituent as wheat or barley, and three times as much Mmlsm
In mtrogenous matter 1t 13 slightly inferior to most other c@ e
but fully 87 per cent of this s in s protem form  As mgx:fd:nar
digestible carbohydrates 1t 13 equal to wheat, but somev;:; et
to barley or rye The average composition of maize procuc

1US Dept of Agmoulture Bull 101 1901, p 47 {OF of Expen

ment Stations)
2 For much practical information on the use of matze 83

US Dept of Agncultures Farmers Bulls

and 1914 9
S For detals of the mulling of mmze seo EEvr-JOVES (1939}

Modern Cereal Chermstry  Third Edition 463
. Tx’::msox (1917) Report to Food (War) Committeo of the Roya!

Society

a food 828
Nos 559 and 665 1913
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&
Frotais| ¥t | Bogar | Fibre. | Aunt | Water | OV
e e

Whole malremeal un

bolted 87 | 47 711 |22 13 |120 {1600
Whole malzemeal

bolted 89 |40 |720 |12 10 12 1785
Maizemesl, granulated

{semolina) o2 |10 (744 |10 10 125 [1770
Marzo flour 71|18 (775 |09 0¢ (128 | 1630
Comnflour (com atarch) § — | — [900 | — | — | ~ | 1875
Flaked maize 03 | 348 {7243 177 | 118 |118% 1603

Biologically the mixed proteins of maize stand high in the lst
of values, though zem, one of them, 1a deficient n tryptophane
Iysino and cystine Mawze contans much caleum magnesium
moaitol bexaphosphate

The discase pellagra has been in the past associated with the
consumption of maize though 1t may oceur when no maizo is taken
i the diet  The dermatitis of pellagra 18 explained as due to an
absence of meotinuo acid from the dict and the nervous symptoms
aa the result of materials 1n the germ which antagomze the normal
action of vitammn A Thero 13 no reason to bolieve that the con
sumption of maizo inducos pellagra so long as the diet 18 satis
factory as regards its vitamn content

Manze 13 prepared for food in many different ways In Ireland
1t 13 msdo 1nto & sort of porndge called stirabout, or, 1n the more
expressive phraseology of Amenica mush  In Northern Italy and
the Sonth Tyrol 1t 13 prepared 1n & sumlar way but with the add;
tion of cheeso and other wgredients Maizemeal 15 prepared by
grinding after removal of tho germ and husk A yellow and »
white meal are thus prepared but there 13 no differenco between
them as far as nutntive value 18 concerned except that there
18 8 precursor of vitamun A present i the yellow meal? Fine
meizemesl 18 more grtty than wheat flour but when mixed with
the latter 1ts presence can hardly be detected 'The comparative
cheapness of mawze flour 15 an indi to nullers to adul
wheat flounr with 1t, and this haa been done to some extent 1n
Amenca  Flour so adulterated yields fower loaves than an equal
quantity of pure wheat flour and the bread produced 1s moister

1363 wg per 100 grammes are phosphorus of which 58 per cent
15 phytate phosphorus !

* Srezypoox BouTwerr and KENT  (1919) Jowrn Biol Chem
41, xu-xm
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than wheaten bread, and has a tendency to besodden  An additron
of 10 per cent of maze flour 13 calculated to mean & reduction of
five Joaves on theaack  Owing to the absence of gluten mauemenl
cannot be used to make ordinary bread, but 1t 19 often baked 1o
cahes of various sorts The johnmy (corruption of *journey’)
cokes of North Amenca are unleavened, and are made of a rather
coarse mazemeal  Similar cakes constitute the tortilla of South
America  The following 15 the composition of johnny cakes !

Water 38 0 per cent
Protemn 85,
Fat 27
Carhohydrates 473

Mumeral matter 35

On comparing this with the analysis of good whute bread, given
on p 322,1t will be seen that the companson s all 1n favour of
malze

Somet the 1131 d with vesst and subseguently
baked 1n wron vessels In this form 1t 18 known as pone, while m
Ireland baking powder 18 used, or the mazemeal 15 mixed with
flour and then converted mnto loaves One third of 1ts weight of
good flour 1s suffictent to enable fino maizemeal to form good loaves
The colour of the bread 1g always rather dark, however, even if the
proportion of wheat flour used 1s increased to one/half

Varous specal preparations of maize desérve menhoﬁ\t
Homuny cerealine and samp aro preparations of broken or sﬁl; s
maize of various degrees of finepess The composttion of 1be
two 1s as follows

Cerealino *

Homuny *
Water 1o per’cent 108 per cent
Protemn 82 94
Fay 06, 10
Carbohydrates 789 ’ 788
Mineral matter 04 ) 04 "

Both preparations are of high putnitive value and admrably adapted
for making puddings ete

Cornﬂou? 18 prepared from maizo by washing away tl;e 5:01;::
and fat by means of dilute alkaline solutions, so that ht " o
starch 15 left Modern analysis shows but 08 per cent P

McCance and Widdowson)
(BThese preparations must therefore be regarded smply 88 l:f:’n
able forms of starch well adapted for food provided they are

t Analymis by Atwater and Wood. 2 Analyms by Hutchisoo.
3 Analysis by Atwater and Wood
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along with somo protein and fnt cnmvr, such B3 cggs o milk but
by no means to bo

A specinl small variety of maizo is cA]ch in America pop corn
When roasted It swells up and ultimately bursts  In this format is
known as popped pop-corn, and is the basis of various sweeta

Coxrosrr1oy or Por-corx

Raw Topped
Water 108 per cont 4 3 per cont
Trotein ne 107 N
Fat 52 Lo .
Carbohy dratea n4 87 »
Mineral matter 14 13 .

It is thus n valuablo food

Corn Flakes 3 consat of cooked maizo which has been treated
with malt-honey, dned, rolled and baked It 13 a nutntious and
digestible breakfast food

Corn on the Cob 13 a speaal vanety of maize, contaiung much
sugar  Itis cooked whilostill green, and forms a sweet and succulent
¢ vegetablo ’ much estecmed in Ameriea It 13 making its way
mto Great Britan

Maize 1s not only a highly nutntive cereal from the chemists
pomnt of view, but has the further advantago of bemg very well
utilized n the human body Experiments show that its carbo
hydrates are almost completely absorbed whilst the proteins are
only slightly less thoroughly utihized than those of wheat 3

Nutritive Value of Maize Maze must undoubtedly be re~
garded as o food of great nutyitive value  * With a diet of Indian
corn bread and porh says an American wrnter ¢ “the workmen
of this country are capable of enduring the greatest fatigue and
performing the greatest amount of physical labour

Economic Value of Maize It has been calculated 5 that
when maize and wheat are both eelling at the same price per bushel
one gets the same amount of digestible matter for a given sum
in both In wheat however, one gets 21 Ib more protein, and 1n
maize 2} 1b more carbohydrate ‘The fuel value 1n each case 18
almost precisely the same

1 Analyms by Atwater and Wood

2 Battle Creek Samtarum Company Ltd

*RusNer  (1879) Zew f Biolog 15,115 Also ses US Dept of
Agniculture Farmers Bull {1907) 298

£USB Dept of Agniculture Division of Chemustry Bull 50 11
Bitd 14
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Barrry

Barloy 15 & graun grown more for the manufacturo of malt and for
amumal fodder than for direct human nutrition  The whols gram
when ground constitutes barleymeal Scoteh barley 13 the gram
stripped of 1ts husk and roughly ground It 1s chuefly used as human
food, however, 1n the form of either * pearl ” or ““ patent * barley
The former consists of the whole gram polshed after removal of
the huslk, the latter 13 smply pearl batley ground mnto flour The
following 13 an analyss of pear! barley by AMcCance and Widdowson

Moisture 106 per cent
Protemn 84 X

Fat 17 Y
Carbohydrates 813 )
Calcium 97 mg percent
Jron ! , 061, ,
Phosphorus %060 |, ,

'

It has 120 mucrogrammes vitaqun B, (= approx 40 IT) per
100 grammes

Barley contams but lttle gluten mx consequence of which ita
doughistoo ¢ heavy tomakegood bread When muxed with balf
1ts weight of good wheat flour, however, barleymeal can be converted
mto good enough loaves .

‘Writing on the nutritive value of barley mn 1872, Letheby sard
“ Barloymeal 13 the chuef food of a large number of people 1 the
North of Europe and i the South of England, where the labourer
18 partly paid his wages 1n meal or gramn It 13 also nsed 10 Wales
and Scotland, especially m winter ttme when wheaten bread 1s dear,
and to some extent m Ireland It 15 employed by about 90 per
cent of the out door labouring population of England At the tume
of Charles I (1626) according to M Culloch, 1t was the usnoal foo'il
of the ordinary sort of people and as late as the middle of the h:!
century hardly any wheat was used w the Northern cauntmﬂu
England In Cumberland the principal families used only & sfu:he
quantity of wheaten bread about Christmas time  The crust ! ;
everlasting goose pie, which adorned th:a] table of every county
family was invariably made of barleym

Sm{a this was wrxt{en barley has been practically dusplsced }l,)li
wheat as an ordmary article of diet and no doubt with considers!

nutnitive advantage
As an article of diet 1 the mck room, barley finds 1ts chief 1%

as the man ingredient of barley uater s preparation whch con
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tains however but very hitle nutnment, aa the following analysis
by Wynter Blyth shows !

Conrosrriod o Danury Waten

Vater 99 27 per cont

Feat 002

Protein 003 '

Btarch 039 v
Bugnar 00.

Inorganie substances 0-03

Tt s chiefly of vnluo on account of its demuleent properties and
makes a pleasant drink with orango or Iemon juico

Rye

Next to wheat ryo i the great bread making gran of the world
It contains no glutchn which will form gluten with the ghadin and
as a result of this the bread denived from ryo s morst and dense  An
extremo examplo 18 tho black bread of North Germany

The compoaition of the different flours derived from rye varies
very considerably with tho fineness of milhng  but fine ryo flour 1s
much poorer in protein than flour of a sumilar grade produced from
wheat *

Fine ryo bread 15 therefore inferior as bmlding I to wi
bread, but 1t is somewhat superior 1 this respect to bread made
from mauze

The digestibility of fino rye bread 1s about equal to that of good
wheaten bread  but the coarser vareties, especially black bread,
are very wosteful foods 32 per cent of thoe protein even in moder
ately fine rye bread being lost as compared with 20 per cenf in
white bread  En the case of black bread the loss rises to 42 per cent,

Swedish bread (Ryvita) 1s prepared from crushed whole rye
An analysss of 1t by McCanco and Widdowson gave the followmg
composition

Water 59 per cent
Protemn. 74

Fat 21
Casbohydrates 868

Calcium. 405 mg per cent
Iron 373

Phosphorus 2050

It has o Calorie value of 1696 per b or 106 per oz

1 A senes of analyses by CORLETTE {Australasian Med Ga.ette 1905
24 1) of barley water prepared from two heaped teaspoonfuls of pear]
barloy to a pt of water showed that the average amount of starch n
the product was 2 03 per cent

# Kenr-JoNes  (1939) Modern Cercal Chemastry Third Edition
84 and 85
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Rice
Rice 18 tho poorest of all cereals protemn fat and mmeral matter
On the other hand 1t has fully 76 per cent of starch  The starch
has the further advantage of bemng present i amall and easily
digested gramns  When boded, rice swells up and absorbs a Iarge
amount of water, while somo of 1ts morgano constituents are lost
by solution It 15 preferable, therefore, to cook 1t by steaming

Conrosrrion oF Bortep Rrop 1

Water 699 per cent
Protem 23

Fat 03 B
Carbohvdrates 206 ,
Caleium 13 mg per cent
Iron 016
Phosphorus 340

Rice leaves the stomach somewhat slowly 2} oz cooked by bol
ing (1o sbout two thirds of a full soup plate) requinng 33 hours
for 1ts disposal

On the other hand, rice 13 absorbed with very great completeness
1n the mtestine , mdeed, 1ts salid constituents entor the blood almost
as completely as those of meat This 1s to be attrbuted to the

P ve absence of cellul Practically none of the starch 1
lost, but the waste of protemn amounts to 19 per cent * 1t follows
from ths that rice 15 one of the foods which leave the smallest
residue in the mtestme and this gives 1t & consderable valuo
some cases of disease

Extensive investigations imto the use of rice of different degrees of
mylling have shown that the digestibility and utilization of xit
are always better when the grades of pobshing are rased F::
example, 97 per cent of the energy theoretically avatlable W
utthzed when the rice was fully polished, when unpobshed only
90 percent 2 Rice contains about as much phytates as wheat

The nutritive salue of rice 1s much 1mpaired by its poverg;“
protemn and fat  Hence 1t 15 not adapted to be an exclutive teo
but should be caten along with other substances nich in these V:e
elements, such as eggs, cheese or milk It 13 interesting 1o ?:od
that m some countnes 1 which rice 18 largely used as a datly o
ths 18 actually done as in the Italian Risollo the Tur)us?;l’d’r o
and the Spatusk  Pollo con iz Even as regards carbohy g
1t would require sbout 11b 3 oz of nee to furmsh the darly nee

bd MeCaNcr and Wippowson  (1042) op o

2 m‘ix (1889) Virchows Archw 116, 370 "

3 Tapasu Satkr  (1026) Progress of the Science of Nu;‘nlawnzs
Japan  Publications of tho Leaguo of Nations T Health 3,
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an activo man  This would entail the consumption of about & 1b
of cooked rice daily Tt s worth observing, too that in Eastern
sountrics in which rico tahes the placo of bread 1t is caten in a
much drier, and thereforo moro concentrated form than it 19 in
Furope and with the addition of various sauces and condimenta
to give 1t flavour and promoto its digestion

The associition of dieeaso with the consumption of large amounts
of & tughly milled cereal has sta elassical allustration in highly mulled
rice Where polished rice (e rice with tho bran, the embryo and
the milvershin removed)is the staple food there bern bem appears
In the very poorest cliwes in the Lar Fast who cannot afford the
highly nulled rice ber: beri s rare  whilo bera ber ean bo prevented
or cured by cxtracts of rice bran  There 1 an intermediate method
of processing nice tn which 1t 13 first parboled and then the bran
removed In this process somo of the antineuntic princrples
probably in the man vitamin B migrates into tho endosperm—
ruflicient to prevent the appearance of bers bert when this product
15 tho mam food eaten

In tho poorly nourished parts of the world where neo 13 the
staple food this 13 of immenso importance and as an interim measuro
the re of the P ples i the rico eater should
if possible be made compulsory  Thoe long term policy however,
ghould be to promote a ligher standard of Living In countries
where rice foring but o small part of the diet as1t does i temperato
chimates the amount of milling appears to be of little importance

MmLer ANXD BUCKWHEAT

These cereals? aro not used as human food 1n this country,
although they aro by no means of low nutntive value but stand
midway 1n that respect between wheat on the one hand and rice
on the other  Millet 13 freely consumed in Africa being the staple
diet of the negrocs of the Upper Nile, and 1n some Southern Turo
pean countries whilein Chinaitisused to make bread The dhoora
{sorgho grass) or Indian millet 1s of very similar composition
The following 13 an analysis of 1t given by Church

Courosrrioy or MmrLer

Wator 122 per cent
Protemn 8 ,
Tat 42
Carbohydrates 708

Cellulose 31
Inorgame substances 17

* Buckwheat 15 not strictly a ceresl but belongs to the Polygonaces
It 13 considered here for convenience
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{Buckwheatns about equsl m nutntive value to millet, bub con
tamns much more cellulose (10 per cent ) It 1s usually eatenn the
form of & porndge or fritters  In this country, though pleasant, 1t
18 hardly ever used as human food, but 1t 1s freely consumed in
Bnttany and Holland and n some parts of the Umted States

The publshed analyses of buckwheat are somewhat discordant
Four are here given "
CodPOSITION OF BUCKWHEAT

Atwater and
Church? Loyden * Bryant® Phiromer ¢

(gramn husked) {flour) (Hour) {gram)

Water 134 142 136 126
Protemn 152 922 64 121
Fat 34 18 12 18
Carbohy drate 636 733 776, 623
TFibre 21 08 04 89
12 09 22

Inorgamc substences 2 3
‘The Pulses

In this group are wmeluded peas, beans and lentils and their
alhes The edible parts of these resemble the gramn of cereals
that they are to be regarded as storchouses of food materals for
the young plant Though regarded as vegetables’ 10 thangs
1o serve with the jomt they are really more valuable as sources of
(1) energy and (u) protem so that phy sologically’ they belong to
$his and the next section of thisbook ~ They do also supply vitamins
of the B complex 1ron and some calelum and phosphorus Thewr

defects are (1) that they contain no fat (with the exception of the
p so much water that

soya bean) and (u) on coolung they take u oro
thev are a bulky food The protems in the pulses vary 1 naty
slightly according to their onigm  They are mamly globulins bt‘“‘g
msoluble 1 water, but water soluble albumins are present i
globulins of pulses are distingmished by having moro glutamic act e
thewr molecules than ammal globulms but distmnetly Jess than o
main protews of the cereals  Thewr content of the sulphur contd! "
ing ammo acids.18 low, while argumne 18 often ngh 1. nmou?thmm
protemns of the pulses are very satasfactory sources of phenyls "
argne  Iustidme, and lysine moderate as regards 035‘]““’“]“"
tyrosme while trytophane 18 present 8 Thetr bialogica ans .
which 13 mereased by cooking ranks below that of the cerc

1 Food (1898) Chapman and Hall London o} "
% Loyden s Handbuch der Ernahrungs Therapie (1803} 2ndodn ‘1] ‘s
(1906) US Dept of Agnculture Bul

s ATwaTER and Boyant o
¢« promren  (1921) Analyses and Energy values of F o ek Co
5 OsporNE  (1924) The ¥ egetable Proteins Longmans Grod!

¢ Boss Frxsex  (1033-5) Nutr Absir £, 447
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The pul s are well supplied with carbohydrates but beeause of
their lack of fat go well with fatty foods {eg bacon and beans
porh. and pease pudding), and are improved by being served with
xances contaning butter or coohed with o1l I'hiey aleo powsess a
Intter prineipla which renders them unpalatable to many persons
Dried peas and beana require prolonged soaking in order to soften
thar slins  Fyen haricots n which the shin 1s comparatively
thin require about eight hours to soften The water 1n winch
they are soaked should contamn a amall amount of soda but not so
much as to destrov ther witamin By A neglgible amount of
protem and sugar is lost by thia sonking which howoser has the
advantago of removing most of the bitter prineiple mn the seeds
Tho amount of water taken up s very great  The proportion of
water 1n dned harcot beans for example nises as the result of
soaking and boiling from 14 per cent up to 73 per cent, and 1n
tho caso of peas the inerease 13 from 9 7 up to 86 9 per cent ! This
mereaso 1n water entals a corresponding increase n the weight
and bulk of the food and must always be taken into account when
comparning tho relative nutntive values of the pulses and meat

The pulses aro not readily digested by the stomach  As Galen
said They are harder to digest than other foods and give bad
dreams’ This 13 no doubt partly owing to their bulkiness when
cooked Thus after 65} oz (150 grammes) of lentils in the form
of a mash or about a soup plateful had been eaten the stomach
was not completely empty in 4 hours and after 200 grammes of
peas i & simuar form mn 4} hours An equal weight of French
beans (haricots verts) rematned rather longer even than that

If properly prepared tho pulses aro absorbed 1n the mtestine
very thoroughly ~ Thus the proten of pea or lentil flour 1s all taken
up except about 8 or 9 per cent * when 200 grammes (7 oz ) are
gwen dally Even when the amount given was as much as 600
grammes (21} oz ) the loss was only as follows 3

Dry substance 91 per cent
Protemn 178
Carbohydrate 38
Inorgamic matenal 325

This shows that the protem of the pulses, if given 1n a state of
fino division, 1s capable of very good absorption On the other

1 Annlyses by Witzzams (1892) Journ of Chem Soc 61 226
1 oz of peas take up approximately 2 oz of water McCance and
Wibvowson  (1942) Med Res Councsl Report No 235

2 STROMPELL  (1878) Deut Archn f Khn Med 17 108

3RusNEn (1880) Zew f Buwlog 16 119
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hand, the loss 18 very much greater if the food 13 not giFen m »
state of fine division It was found, for example that if the lentils
were simply boiled soft and taken along with broth, the loss of
prote;n rose to 40 per cent It will be noted that there was s
small loss of carbohydrate even on pea flour The amoant of it
however, 15 Jess than from potatoes or carrots but more than that
from white bread
Extensive investigations on the absorption of different forms of
legumes have been made m America! They showed an average
absorption of 80 per cent of the proten and 97 per cent of the
carbohydrates Thuse results are very favoursble when 1t 18 re
bered that the I tituted the magor part of the diet
m the subjects studied
The nutritne value of the pulses 15 undoubtedly high
They yreld about 1500 Calortes per Ib (94 per oz ) and they hsve
considerable value as sources of protemn although the comparative
deficiency of the protewn 1n sulphur contaning smmo acids probably
lessens 1ts value a3 & sourco of building material It would require
about 400 grammes (14 oz ) of pea flour to supply the amount of
protemn required daily for an active man  Suppose this wero to
gven m the form of pea soup A good thick soup would contar
16 ¢ level tablespoonful—nt each plate The proter
value of this would be equal to less than an ounce of meat  Twenty
five platefuls of such a soup then would require to be taken in thj
day By making the soup with mulk instead of water—an exceller
plan—the amount of proten m 1t would be trebled and eight
platefuls would suffice
The 400 grammes of pea flour would hardly, however, contain 83
much carbohydrate as 1s required, and would be very deficent 1
fot  These deficieneics would have to be made good by the miilt
tion of some other articles to the diet, or by increasing the amo ¢
of pea flour cousumed As a matter of fact, 1t has been mnne’
that when the quantity of peas eaten amounts to 960 gmmm‘d!
(34} oz } i the 24 hours all the demands of nutrition as "g?ber
Calories and protewn are sytisfied , ? but 1t 18 very doubtful Wh: me
anyone could go on consuming this quantity for any length DfI Xble
I comes then to this, that, while the pulses are most v& uem
sources of Calones and protun they aro not sdapted to bo T
exclusive diet of health  As a cheap and eflicient method of B\!ggw
menting the defielency of mitrogen 1n a purely vegetable diet that
ever their use 1 strongly to be recommended, and 1t 13 & piy .
3 Studies on the Digestsbility and Duirstise Volue of Legumes (190 )
US Dept of Agriculture Bull 187
2 Rusner loc cuf
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they are not more largely taken advantage of by those to whom
economy 1s of importance for unquestionably the pulses are amongst
the cheapest foods, and a given sum will yeld more protemn i
invested in them, than m any other way It remamns to add a few
words about the mdividual’ members of the pulse gronp Ther
chemical composition 13 shown n the table on page 345
The garden pea (Pisum sativum) 13 eaten exther fresh (grecn
geas) ordried  Green peas cooked m the usual way contamn about
per cent of carbohydrate, of which a consderable proportion
15 sugar Of beans there are several edible vareties Tis
French or hidney bean {Phaseolns vulgans) 1 eaten exther i the
young state along with the pod (haricots verts) or the seeds ste
consumed alone ether fresh or after drymg (haricots blancs) The
amount of cellulose 1n the pod causes 1t to be digested and absorbed
with difficulfy, and on thet account 1t 1s a wasteful form of food
Alhed to the French bean 19 the scarlet runner {Phaseolus multi
florus) the dried seed of which when stewed constitutes Turhush
beans The broad or Windsor bean (Faba vulgans) 1s eaten
erther 1 the fresh or dry state It 13 a frequent cause of allergy
when eaten 1 large amounts 1 A coarser vartety of the samo plant
18 the horse or field bean It 1s not usually consumed as human f
The Len#il (Lens esculenta) 1s even richer m protemn than either
the pea or the bean and as a rule the smaller vameties of 1t sre
richer in that constituent than the larger Egyptian Jentils are
amongst the best Lentils contan Lttle sulphur and are more
digestible and less apt to cause flatulence than erther peas or beans
The ash of the Egyptian lental 13 particularly rich m wron b
The Soya Bean (Glyane hispida) 18 one of the pulses thhhe’::
sprung wto remarkable prommence i this country and elsew .
during the second World War, though 1t has been used for mi 3"
centuries—as early as 3000 B c—n Chma Its present vog;lﬁm
due partly to the belef that 1t formed the basis of the wron mfut)he
of Hitler s Blitzkrieg soldiers and partly to the achmities 0]-I o
Ford automobile company According to Sir John Russ'-‘mm
Rothamstead 1t cannot be satisfactorly grown n the unce s
chmate of Great Bmtamn even if the rapidly npenmng "mhot
developed for cultivation m Manttoba be utlized It needs “naw
Its ongmal sonrce 13 Manchuna buf it 13 od

summer
;iur{cessfully grown m central Europe tho USA and Canada
m the Dutch East Indies 4 of protesn

Tt 1s remarhable antong the pulses 1n its high conten
(29 to 50 per cent ) ats fat {13 5 to 24 per cent ) and the rcpalnﬁc;_ e
of starch by dextrins {4 65 to 8 97 per cent ) and by sugars
1 Lancet  (1941) 2, 164

ment



THI PULSLS 347

per cent)  On account of the abeence of starch it has been
mistahenly ured as o subetitute for bread in dinbetes

In Cluna and Japan st s extensively caten in the form of roya
cheese and as vanous maunces and pastes all of which are neh 1n
protein and therefore fitted to supplement the deficiencies of rice
It has also been ueed for eentunes by mullions of people in the
Far Laxt in plaoe of cow s milk and st can an part replice milk an
dict of mfanta?! Agkroyd * in exprriments on the growth of
musion school children in India has found that soya bean 13 dis
appointing  Addition of it to the standard diet ciused no mncrease
of gronth rate whereas shimmed milk powders produced a marked
mprovement  Con equently the clums made for the nutmtional
advantages of & eoya bean dict must bo discounted

There 18 a preparatton of sova bean on the market from wiich
theunples.ant beany flavour s beenremoved  Thisis Soyolh 3
It 13 mtended for mixture with ordmary flour 1n the mahing of
econes buns pastry and bread, for which purposo it 18 excellent
guang o brovm glazed appearance which 1s much prized It has
44 per cent of protemn 206 per cent of fat and 25 per cent of
carbohydrates Its percentage of caloum (03) 13 more than
double that of milk

Soya bean has for long been used as a filing for sausages pre
emunently so in this country durng the later years of the second
World War Dried soya bean mulh forms the baus of a food
beverage called Vitone

The Peanut (Arachis hypogea) although botanically one of the
pulses really resembles more closely the true nuts  Like these 1t
18 rich 1 protemns and fat containing, sbout 25 per cent protein
and 48 to 54 per cent fat  Its carbohydrates are only 11 per cent
From the distributsion of the amno acids m the two maw protemns
arachin and conarachun they should have a good biological value &
The fat expressed from the nut 1s used in the manufacturo of
margarine

Peanuts are not an tmportant 1tem of det in this country though
they are eaten largely m the United States and Canada either
roasted or m the form of peanut butter a comestible which has
made its way Into Great Britain duning recent years  Agriculturally
the pea nut crop 13 becoming one of the most important crops of
the world

*Rrrrvaer  (1935) Joumn of Ped 6 517  Mackavy  (1940)
Arch Dz Childh 15
2 Avrroyp and KmisaNAN  {1937) Ind J med Res 24 1093
* The Soya Flour Co Ltd Ruck
¢ Tearey, (1945) Chem and Ind 58
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they are not more largely taken advantage of by
economy 18 of importance, for unquestlonuhly the pt
the cheapest foods, and a given sum Wil yeld
mvested in them than m any other way  1¢ rem
words about the individual members of the p
chemieal composition 18 shown 1n the taple ¢

The garden pea (Pisum sativum) 18 eaten
geus) ordned Green peas cooked 1n the ysa

per cont of carbohydrate, of wiich a co
18 sugar Of beans there are several ,
French or kudney bean (Phaseolus vulgar:
young state along with the ped (haricots
consumed alone either fresh or after dryu’
smount of cellulose 1n the pod causes 1t to
with difficulty, and on that account 1t 2
Aliied to the French bean 1s the scariet
florus), the dried seed of which when ate
beans” The brosd or Windsor beon
either in the fresh or dry state It 1sa
when eaten m large amounts * A coarse:
18 the horse or field bean  It1s not usually

The Lenti! (Lens esculenta) 1s even ric
the pea or the bean and, as a rule, the
nicher 1n that constituent than the larg
amongst the best Lentils contain httl
digestible and less apt to cause flatulence
The ash of the Egyptian lentd 13 partic

The Soya Bean {Glycine hispda) 1s on
sprung mnto remarkable promnence in th
durmg the second World War though 1t
centurtes—as early as 3000 » ¢c—n Chin
due partly to the belef that 1t formed the
of Hitler s Blitzkrieg soldiers and partly
Ford bl ¢ A ding 1
Rothamstead 1t cannot be satisfactorify
chmate of Great Britam, even if the
developed for cultavabion m Mamtoba be
dry summer Its orngmal source 13
successfully grown 1n central Europe #
in the Dutch East Indies

It 39 remarhable among the pulses 1r
(29 to 50 per cent ) 1ts fat (13 5 to 24 pe
of starch by dextrins (4 65 to 8 97 per cc

1 Lancet (1941} 2
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Duts

From their analyscs given on p 3181t appears that nuts arc
valuable form of dict  With the exception of the chestnut they
have a igh Calorie value approaching or exceeding that of cheese
and bicon  a hith proten value with the exeeption of chestnut
cob nuts and coco nuts  the ealetum salues of almonds bareelonas
and branls are hizh but partly off«et by their phytate photphorus
and they unexpectedls posscas sitamin C though this may have
been over-estimated

Butin dictetien at any rte in the Btish Jalcz their contribution
to the diet 13 almost neglible  This may be due to Inck of fashion
demand exeept among vegetarnns to the large amount of waste
as purchased {except an the chestout} and to their reputed an
digestibility

This indigestibility 33 due 1n part to their richness i fat and to
their compact framework of cellulose By thorough mastication
this difficulte ean be overcome to some extent but is still more
efficiently dralt with by artifical gninding and coolung  Vanous
preparations are on the marhet and e1n be found m shops which
supply vegetanans  The fibrous naturo of nuts irnitates the pharynx
a:d consumptives and others with respuratory diseases should avord
them

A few expenments have been made on the absorbability of
nuts  In one which was carnied out :n America ! and an which the
subject of experiment lived golely on o diet of frutt and nuts 1t was
found that 82 5 per cent of the protein * 869 per cent of the fat
and 96 per cent of the non nitrogenous matters were absorbed
This result compares favourably with the absorption of an ordinary
muxed diet cxcept that 1t revealsa rather greater wasto of protem
and shows that 1t is quite possible for long periods even to.supply
the requisite protein and energy from a diet made up of selected
fruits and nuts  Fine diviston greatly aids their digestibihty

Of all the members of this class of foods the chestnut is probably
of the greatest general value as an article of diet It 13 peculiar
amongst nuts i contamng a high proportion of earbohydrates
slong with a far amount of protemn and fat as 1s shown on

1 Nutrition Investigations among Fruvarans and Chinese US Dept
of Agniculture  (1901) Bull No 107 For later experiments which
however yielded substantially the ssme results see Auls and their
Uses as Foods  (1908) Farmers Bull No 332 also Casorr (1918)
Journ Home Econ 10 304

2 8o far as 1t has been mvestigated the iclogical value of nut pro

teins 1s low even below that of legumes Boas Frxsex  (1934-5)
Nut Abs 4 447
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caltivated mainly as a cunosity, in Furope near Seville in 1572
It introduction into Fn,.land in 1586 ia attnbuted to Sir Walter
Raleigh 3 To-drs scientific agneulturista have returned to Peru
to obtun matenal for breeding experiments and so evolve potatoes
resistant to disease and frost  Although introduced o long ago 1t
took two centunies for ata use to become at nll common  Ireland
wasthe country nherest first hecame popular and such an excluure
bold had it in the dirtary of the Insh that potato disewse rampant
tn the years 1845 to 1847 caused famino in that country and lod to
the repeal of the Corn Laws in Great Bntan

I & raw potato be cut across with n sharp hnife three distinct
Iavers can eanlv bo made out (Fig 16) These are (1) the thin
outer skun  (2) A broader Javer inside the shan ealled the  fibro.
vascular laver ™ It contains a small amount of pgment and
tumns preen when exposed to the bght  This was suppo ed on
inadequate evidence to make the potato porsonous  (3) Tho fle<h
of the potato which makes up tho rest of its bulk  On more
carcful 1nspection this 18 scen to be divided into a central core and
on outer zono which surrounds 1t

Theso dufferent layers form the following proportions of the whole
potato

1 Outer rnd = 2} per cent
2 Fibro vascular layer = 8}
3 Flesk = 80

The importance of recogmizing them 1s due to the fact that they
differ somewhat in chemical composition 28 13 shown In the fol
lowing table *

Courosrriox or a Porato
R

As Carbo
WWater Proten ‘Total Fat hydrate Ash
OQuter nnd §01 025 043 08 1468 18
Fibro vascularlayer 632 024 036 0@ 133 11
Flosh 811 018 032 01 160 08
Whole potato 813 019 032 01 157 09

The fibro vascular layer 19 scen to be ncher m iorgamc
matter and proten than the flesh and in peeling 1t off with the
rnd we lose these ingredients

It the flesh of the potato 13 squeezed 1t ean be separated 1nto &
solid part and & jmce The former consista manly of starck 1t
bas only 15 per cent of the nitrogenous matter The juice consists
of water holding 1 solution mtrogenous matter and salts It con

*Livnt  (1939) Nature 143 12 In a reviow of Salaman s work.
*Beo US Dept of Agnculture {1897) Bull 43
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p 348  Roasted chestnuts have 40 percent water Thoso cooked
by ll)oxhpg have 72 per cent ,

An economic pomnt in favour of chestnuts also ts the fact thata
given area of ground produces perhaps the maximum amount of
human food when planted with chestnut trees

The great value of the chestnut has been fully recogmzed by the
poorer peasantry of Central France During the autumn and winter
they often make two meals a day from 1t alone  The nuts are pre
pared by removing the outaide shell, blanching and then steaming,
salt and milk are added when they are eaten  Sometimes they are
ground after blanching, and the meal made mnto flat cakes

The almond 1s another very valuable form of nut bemg specially
noteworthy for the large amount of mitrogenous matter which it
contams It has the further advantage of bemng compact and
portable  *No man ” 1t has been smd * need starve on a journey
who can fill lus waistcoat pocket with almends ’

From the graphic representation of a typical nut, the welnut,
and from the tables 1t will be observed that fatty matter pre
dominates very largely i the composition of nuts with the exception
of the chestnut No other vegetable substance 13 50 rich 1 fats
Advantage has been taken of this to prepare from nuts vatious fatty
preparations which are used as cheap and efficient substitutes Jor
ordinary butter in the lutchen  Advertisements of these
found m the vegetaran magezines
There 1s every reason to blieve
that these are equal i fuel valoo t0
ordinary butter whilst they 8o de-
cidedly more economical The fat
of the tocomut s used m the
manufacture of margarno

‘The Potato
Next to maze the potato 18 the
1ost valuable food contrbuted by
the wostern hemusphere to tho ou
World In fact to Europe 16 1 the
most wmportant contribution made
nnd the varieties cvo]rcd from the
mal source arc legion
Fio lﬁ—cix’oo;s;gnmou or A ;:i 10 19 the :‘\Zo]le‘u ;’x :‘: mﬁﬁi
0 pian
:”'“:"m"mgﬂ;“l‘g'u”‘: ::Z’x:softzh(:nx:tonmenlz for uso of th
young plant
The potato ongmated probably 1n Peru or

@ Bkin
Onter zons

Boluvia and was st
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ean bo largels obriated by borling an their jackets doca not matter
There is a lows of one quarter to one thind of vitanun C on boiling *
and of one quarter of the vitamin B, * Howover, 4} to 6} oz of
boiled new potatoea pive 30 milligrammes of ascorbic acid—a day s
ration—eo that the loss 18 not vary anportant  Boiled old potatoes
3kl 03 1U of vitanun B, per gramme  Moro would bo con
scrved wero they boiled in their jackets

Mention of vitamin C recalls the fact that shortage of potatoes
duc to discase or other enuscs ta followed invanably by outbreaks
of scurvy, s that it 14 probablo that the potato 1s tho main source
of vitamin C in the British it As the majonty of potatocs
contan anything from 10 to 53 nullgrammes of vitamin C per
100 grammes (3] 0z ) and the average person consumes up to 8 oz
per day 1t wall be seen that cven with the Joss that occurs on boiling
a large quantity of vitamin C will bo taken cvery day  From
March onwards the old potato contams only 7 mibgrammes per
100 grammes 3 Steaming, Leeping them warm for a long time
rehieating them cooking them i a haybox re  fireless cooker’
result 1n much greater destruction 8o that no one lving much
m hotels or publie institutions or feeding 1n restaurants should
trust the cooked potato as an adequate source of vitamn C

The composition of fried and roast potatoes 1s a3 follows ¢

Gm pering mg per 100 g
Anld
e Fat | Mo | x| K. | ca Mg |Fo |Ou| P |
hydrate
mg
Frisd 33 0 373 117 (1020 | 138 | 433 | 135 [ 027 | T 1400
Roast 28 10 273 88 7450101 |2 0| 090 | 0.0 | B30 |J030

The digestibility of potatoes in the mouth and stomach depends
Im’Bely on the form in which they are eaten  Thoy are less digest
1blo when enten as lumps than 1o a purée  and  mesly potatoes
are more digestible than waxy or mew potatoes

0 medium sized potatoes (weighing together 53 oz ) when
borled and entenin the usual way reman for about 2 to 2§ hoursn
the stomach—that 1s a shorter timo than a sumilar weight of bread

*OLuver  (1936) Chem and Ind 55 1531

*Baxen and Whiorr (1035) Biochem Journ 29 1802

* The Nutritue ¥alues of War fime Foods (1940 )

¢ McCavor end Wippowson (1942) Med Res Councd Rep
No 235
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tams fully 85 per cent of the total amount of mtrogenous matter
present 1n the potato

It must be clearly realized that by no means all of this mtro
genous matfer 13 present in the form of protewn Of the total
amount of nitrogen m & potato only 37 to 64 per eent 15 contamed
m protems the remander beng sumple nitrogenous bodies such as
asparagine glutamne arginme and choline ! The failure to recogmize
thas fact has led people to assume that the whole of the nitrogen of
the potato represents protein, and to overrate the value of potatoes
a3 tizsue bullding food

The richness of the potato in starch s its most strking chem
cal characteristic and causes 1t to be one of the chief commercial
sources of that substance Dextrin and ¢ British arrowroot ” and
many other thungs are prepared from it The starch gram of the
potato 15 of specially largs size, but unless cooked 1t 13 not easily
digested and absorbed by the body and 1t causes much flatulence®
Owing to their readiness to undergo fermentation potatoes should
be avoided 1 conditions such as dilatation of the stomach

The most important morganie imngredients of potatoes are potas
siim salts and potatoes are one of the chief sources from which
wo obtamn our supply of these salts  Part of the potassium s unted
with citric acd  Potatoes, like all tubers, may have their eom
position modified by the mode in which they are cooked "

Plam boiking removes some mtrogenous and morgame mntenas
but leaves the starch practically unaltered as the following figure

show 3 -

Gms pet 100 grammes.
100 grammes Mg pes 100 gn

c|? |0

protetn | 20 | we | X | oo Jag [ B

hydrate
Potatoes old raw 21 08 |65 )68 77| oD |ONiRLME
old peeled and 53] s 1150 o |oas |00 07

bolled 30 miny 14 197 34
1
As we eat potatoes manly for therr carbobydrate and not ’fcl:;;ih
nitrogen potassium and chlorides the loss n these matenals,
(1042) Biochem Journ 36, 605

1 NeuBereEr and SancER (et 0 Dept o Aveslture

2 LanaworTay and MERRILL

Bull 1213
s McCaxcs end Wiopowson (1042} Med J2es Councsl Rep

No 235



ARROWROOT SAGO, AND TAPIOCA 355

of the tuber ia {nulin mamly, and as such indigestible  Fven
assuming that half the carbohydmto is syvaflable the artichoko
contana but 32 per cent ngainat the potato s 20 per cent Ono
pound of boiled artichiohea y1ld §6 Calories to the body whereas
potatocs yicld at least 360 The suggedion of replicng, potatoes
by artichokes is dictetionlly ludicrous  Bewdes that they aro
intensely dishhed 0 the kitchen and on the table It must bo
again emphiasized that despite their other valunble charactenstics,
potatoes are taken mamnly for thew Calones and andeed aro often
assocaated with the ccreals as the man sources of Calories

Allied to the potato, though not much eaten m this country,
are tho sweet potato end the ysm

The St cet Potato (Ipomeea batatas)is cultivated in hot countries,
and 1s largely caten 1 the United States It uscd to be eaten 1n
England before the present potato was introduced, and 1t 18 to 1t
that Ghakespearo refers when ho makes Falstaff say, ¢ Let tho sky
rain p "I 1) t thoy of vitamin A

Tho Yam s tho tuber of a tropical plant  Dioscorea, and 1 muck
larger than the potato but resembles 1t 1n taste

The composition of the sweet potato and yam 15 g3 follows

Protein TFat Carbol ydrato Ash
Sweet Potato 1¢ 05 225 07
Yam 22 o8 153 15

They aro fully equal to the ordinary potato in nutntive value

ARROWROOT 8a00 AND Taroca
Theso substances which consist of hitle more than starch and
dextrins and are used 1n this country only as a basis for puddings
etc must ho considered under the heading of foods tahen for
Calories because 1n somo parts of the world they bulk largely in the
diet and are used where we should uso cercals
Modern snalyses give the following corpositions

W

Carbo
hydrate

Cal

Thos Calories] ¥itamung
sum Iron

phorus {peroz [A B €

mg mg ™8
Arrowroot 04 (01(906 |70 |205] 27 97 o
Bago 03 102940 | 98 (118 29 101 o
Tapioca 04 {01} 950 [ B2 032 30 | 102 0

Tt will be seen from this table that these foods are almost useless
except for Calories Of these they give as much as cereals and
indeed are usually closmfied with the cereals though thus 19 wnwse

3Le GRos CLank  (1943) Dscovery July
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In the mtestine potatoes are, on the whole, very well absorbed
This 13 owng to the fact that they contain much starch and bitle
cellulose  Even when the quantity d dail t
33 Ib 92} per cent of the starch and 70 per cent of the total
mtrogen enters the blood

Potatoes are, however, by no means swited to constitute the sole
or even the staple, diet of man They are much too bulky, and
contan too little protein n proportion to thewr starch  As a matter
of fact, however, Rubner has found that 6} 1b of potatoes are
enough to furmsh 3003 Calories of energy and to prevent any loss
of bodily proten  This1s probably to be explamed by the relatively
enormous quantity of carbohvdrates (1¢ protem sparers) which
such a et 1 Hindhede ob 1 even better results, and
18 & strong advocate of the potato as an efficient and economical
source even of protemn *

Even granting that 6 1b of potatoes per day 1s sufficient to
supply fully all the necds of the body, 1t must be evident that this
quantaty 18 stiil unduly bulky, weighing as 1t does about twico as
much as an ordinary mixed diet The resnlt of sts continued use
would be an undue burdening of the stomach and bowels cul
munating m dilatation, if not disease, of these organs The so called
“ potato belly * of the Irish peasant 13 an example of auchj& ;esﬂlﬁ

As regards value potatoes must be reg 8s 8
cheap but by no means the cheapest kind of food Thus, when
potatoes are selimg at 1d and bread st 14d per 1b the (orme;_
are two or three times dearer than the Istter From the pount of
view of nat 1 y, b are undoubtedly &

nd f Iand
cheap food Thus, Boussingault found that a given prece 0

produces Wheat Ryeo Pons Potatoes
Protein 510 440 560 950
Starch 1590 11968 780 ﬂﬂig
Ash 90 62 60 32

Whenever there 15 an emergency need for more home ‘gx:‘;
Calones as thero has been n this country during the sccond e
War correspondents write to The Tunes urgng the pre evgl“bu
of the Jerusalem artichoke overthopotato pomting oub (h ﬂu e
tuber produces weight for weight more return per acro tb: a0
potato  This 1s true  But when nvestigated dictetreally ¢ " fuct
Tor the artichoke breals down The carbohydrato atorsgo Pr
ug constituents of

1There 15 sowe evidence that the merogena“m“&utbo”c

potatdes are nearly twico as valuable for the repatr of

bread
2(1026) The Practitioner, 116 249
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of the tuber ia inulin mainly, and as guch indiestible Fyen
s uming that haif the earbohwidrate fa svaflable the artichoho
contans but 32 per cent agunst the potatos 20 per cent  One
pound of boilad artichokca vacld 86 Caloties to the body whereas
potatocr yicld ot feast 360 The suggestion of riplacing potatoes
by artichokrs v dictetically ludicrous  Beudes that they are
intensely disihedd an the kitchen and on the table It must bo
agan emphanzed that despite ther other valuable chamcteristics
potatoes are taken maunly for their Calones and indeed aro often
associated with the coreals as tho main sources of Calories ®

Allied to tho potato, though not much eaten in this country,
are the sweet potato and the yam

The Sweet Potato (Ipomaea batatas)is cultivated in hot countnes
and 1s largely eaten in the Umted States It used to be caten
England before the present potato was itroduced and 1t 18 to it
that Shakespearo refers when he makes Falstaffeny  Let the sky
minp [ A (3 {1 the p of vitamin A

Tho Tam 1s the tuber of o tropieal plant Dioscores, and 19 much
larger than the potato but resembles 1t i taste

The composition of the sweet potato and yam 13 as follows

I rotein Fat Carbohydrate Ash
Sweet Potato 16 05 225 07
Yam 22 05 163 15

They aro fully equal to tho ordinary potato n nutnitive value

Arrownoor Ssco anp Tarioca
Theso substances which consist of hittle more than starch and
dextrins and are yeed 1n this country only as & basis for puddings
ete must be consdered under the heading of foods taken for
Calories beeause 1n some parts of the world they bulk largely 1n the
diet and are used whero wo should uso cercals
Modern analyges give the following compositions

Phos [Calones | Vitaming

Fot fygdrate | crura { 1700 |phorus [peroz {4 B C

mg
01|96 |70;195] 27 97
02) 040 | 08118 27 | 101
01| 9,0 | 82 {032 30 | 102

coco

It will be seen from thus table that these foods are almost useless
except for Calories  Of theso they give as much as cereals and
indeed are usually classified with the cereals though this s unwise

1Lz Gros CLark (1043) Discovery July
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It 15 not to be expected that nations who live largely on any one
of these foods could attam the physique of those Living on rtes o
other cereals

Arrowroot 13 obtaned from the rhizome of & West Tndian plant
{Maranta arunditacea) The roots are mashed up mxed with
water, and the starch allowed to settle YWhen dried 1t constriutes
ordinary arrowroot The superionty of Bermuda arrowroot to
the other varieties 13 due to greater care 1 manufacture The
starch, having been washed away from the mashed roots sud
stramed through mushn 18 allowed to settle, and 13 subsoquently
dnied 1 flat copper pans covered with gauze When dry, 1t 18
packed by means of German siver shovels into new barrels hned
with paper stuch w with arrowroot paste All these precattions
are necessary to prevent the arrowroot from becoming contam
mated as 1t 15 so apt to be, by foresgn flayours For a sumlsr
reason 1t 13 exported on deck under covers lest 1t may be affected
by effluvia from the cargo m the hold

Arrowroot contamns 11 per cent of water and 90 per cent of
starch dextrms and sugar estimated as glucose along with only
about 04 per cent of protewn and 0 7 per cent of ash

The digestsbility of arroswroot and 1ts allies in the stomach 13
probably high and therr absorption 1n the intestne 18 exceedmgly
complete This gmves them a special value in the treatment of
diarrheea

Sago 18 derived from the pith of the sago palm  The trecs a1
felled, spht, and the starch washed out It 15 then dried and con'
verted nto pearl sago by granulating  One tree should yreld abﬁ‘;
500 pounds of sage  Commercial sago contams 94 per cent of starc

Tapioca 1s derrved from the roots of South American casswﬂlﬂ.
plants belonging to the Spurge order (Euphorbiaces) Curiousiy
enough, one of these—the bitter cassava {(Manhot utx.hssmm);
contamns a milky jmes muixed with the starch m which thﬂjd‘
a good deal of that dangerous poison hydrocyame (prussw)a«;ioo "
Tn preparing tapioea the Juice 13 washed away from the grat Jon
and the starch allowed to settle It 33 then collected and dr:mﬂ "
hot metal plates The process of drying has the effect of rup ium;
most of the starch grains  Tapioea as found the marhet coc: po
ahout 11 per cent of water and 85 5 per cent of carbohydra s
has a fuel value of 1578 Calories per pound Pure stur{c}f é‘:""m”
only 2 per cent of water and a potnd of 1t furmshes ls-ob b
so that weght for weght pure starch mves considerably
Calories than tapioca

1 This gmves an amusing count
should eat the foods nature supp!

er to food cranks who say that we
lies us 1 thew natural condition:
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Tapiocs remamna fonger than might bo expected 1n the stomach
Torty grammies of it in the form of a thiek grucl (about a soup
plateful) had not entirely Ieft the stomach until after tho Iapso of
two hours and forty minutes (Penzoldt)  There 19 reason to believo
that 1t 15 absorbed very completely in tho intestine

An regards the nufrith e salue of all theso preparations, it must
bo remembered that they aro mmply agreeablo forms of starch , 1n
other words, they conmst almost entirely of carbohydrate and
should thereforo not bo eaten alone, but along with substances rich
in protemn, fat and vitamins  F ggs and mulk aro typical examples of
such substances, and accordingly one finds that peoplo have mado
puddings of arrowroot, sago, or tapioca along with milk and eggs
before anything was known of tho chemical constituents of the diet
Taproca pudding has something hko the following composition *

Water 717 per cent
Protein 32

Fat 38
Carbohydrates 214

Caloum ons

Iron 00008

1 hosphorus 0000

and has a fuel value of about 128 Calones per serving (3} oz} It
must bo regarded as o highly nutritious food

A cupful of s ater-arrowroot contaimns only about 2 grammes of
starch It would furmsh to the body about 9 Culories of fuel value
whilo even an invalid requires abous 2000 Calories daly

When one ders the 1y of these diff preparations
one may say that sngo and tapioca are worth the price paid for
them while tho better qualities of arrowroot certanly are not
Starch at 4}d o pound 1s really rather dearer than tapioca at 3id
or sago at 3d even although 1t contains 10 per cent more nutrn
ment  Apartaltogether from that also one cannot eat pure starch,
whereas the same chemucal substance 1n tho form of tapioca or sago
13 quite sgreeable On tho other hand Bermuda arrowroot at
7s 34 the pound 1s o purely luxury article The cheaper kinds
2t 0}d are quite as nutntious, and there can be no physiological
objection o the substitution for a genmmne article of the so called
Farina oc English arrowroot prepared from the starch of maize
or potatoes at 3}d per b Even although 1t requires moro of
theso to make o jelly than of the genume arrowroot yet this differ
ence 13 far more than made up for by the difference 1 price

?McOance and Wiopowson (1042) Afed Res Counc Spec
Rep 235 The protem fat and colewm aro added by the milk
a




CHAPTER XII

FOODS TAKEN CHIEFLY FOR PROTEIN

As hes already been said diettinns are accustomed to dinde
protems wto two classes  The first class are those whose distribu
tion of aramo acds 1s silar to that m human protemns, wiile the
second class are those which are deficient m such amimno acids a9
lyswe, methionme phenylalamne and tryptophane! The two
classes approximately comncrde with ammal and vegetable protems
though gelatin 13 an exception among ammal protews and potato
and rice protemns are exceptions among vegetable protems So
that to the dietitian cheese eggs fish mest and milk are the fooc
of greatest value m body building whereas cereal and pulse protey
are of secondary value for that purpose  Moreover the concentrt
tion of protems 1s high m foods of anumal origu, with the exceptio
of milk, runnmg from 10 to 35 per cent of the raw food wheres
cereal and pulse proteins are usually under 10 per cont 1f wo tahe th
values of cooked foods  Cookng concentrates the protemns m suime
foods but decroases concentration in vegetable foods Consequently
ammel foods are & concentrated source of body butlding material
whereas vegetable foods have their second rate protemns considerably
diluted with water, atarch, cellulose etc  We have already duseussed
the protems of cereals and plses 1 the section devoted to foods
taken mam)y for energy purposes, and it 13 now necessary to discuss
the values of the ammal foods

Pre erunent among foods contaming protems of igh bmlogz:l
'value—* first class protemns '—are eggs mulk and milk produd l
and these will bo discussed first  All estunates of thewr bm’og’for
value put egg and milk protems high # They were deVe"’P;dtM

body hulding purpo.es for mammal and burds and thoug o)
biological value of their protems may be best for cows (for cxampm
and ducks and hens, they also have a very igh value for hum

bemngs
1 For the o of meth 1 Tec angmal protesn?
see PrrEns  (1946) Lancet 1, 266
* Bois Frxsex  (1035) Nut Abst and Rev 4, 417
358
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Eaas

An egg 13 an undeveloped chich  This may sound a truism, but
it 15 tho key to the nght understanding of the value of egga as food
For if the chich 1s developed from tho egg without tho aid of any
externnl ageney savo heat and correct gascous environment as to
compoution and pressure it follows that tho egg must contan
within itsel{ all the bulding material necessary for the making of
the chick, along with such a supply of nutnment as the latter
requires until it 13 ready to bo hatched  hangsloy’s companson of
them with treasure houscs i3 not inapt though unhumorous—
and unbiologieal *

In chemieal language, they must contam much protem snd m
orgame matter (cspecially ealeum, phosphorus and iron} for theso
aro the only matenials out of which  bleod and bone  can bo built
They are hkely also to contam fat for that 1s the most com
pact form m which nutnment for the young cluck can bo stored
And as s matter of fact, 1t 18 practically of these constituents that
an ¢gg consists  Carbobydrate 2 1t need not contarn, for the chef
use of carbohydrate 13, a3 we have scen, to scrvo as & source of
muscular energy andin the narrow confines of an eggshell muscular
movement 13 restncted

Passing on to detais 1t may be said that a hen s egg of average
szo weighs about 50 grammes (nearly 2 oz ) the weight bemg
distributed as follows

Shell 12 per cent or 6 grammes
White 58 » 2! ’
Yolk 30 15 v

The shell conmsts almost entirely of carbonate of lme  As the
process of hatching goes on 1t loses Bome 9 per cent of its weight
by sbsorption and one might think that 1t was used as & storehouse
of hme which 13 drawn upon for the formation of the bones
Modern research bears out this assumption

The proten of white of egg 15 called  egg albumun’® ¥ 1s
an error however to regard it as a single substance It consists

1 Treasure houses wheremn lie
Locked by angels' alchemy
Mik end har and blood and bone

2Thero 15 & small amount of fres carbohydrate matertal in eggy
vanously estimated at 40 to 230 mulligrammes per egg (NEEDHAM
(1931} Chemical Embryology 282) Tn addition there1s glucosamine
;vbwh ields glucosa on ysis 1novalb: and d (sbed,
77}
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of & mixture of different protewns, some of which are of 4
compound nature, and contamn a carbohydrate grounp 1n ther
molecnle 1 The white contamns 04 to 5 mull ribofl
per 100 grammes and also avidin a substance which renders biotm
o member of the B complex of vitamns unavailable

The yolk 1s the chief storchouse of nutriment for the young chick
and consequently has a very different composition from the white
It contains much less water and meore sohd matters, amongst the
latter bemg a large proportion of fat The general composition of
the white and yolk 13 contrasted 1n the following table {homg)®

and graphically 1ll d 1 the ying diag (Figs
17 and 18)
Courosrrron or Eqg
Other Nan
Water Protein Fat mtrogenous _Mimeral
- Mattor  Elemeots
White 857 126 025 — 059
Yolk 509 182 31175 013 109

One can see at a glance that the yolk of the egg 18 relatively ite
most nourishing part The complexity of the composition of
the yolk 15 shown by the followmng detaled analyss of its con

stituents ¢
ComposrrioN o Yorx or Eag

Water 47 to 54 per cent
Protemns 5 , 178

Fat 21 , 33 »
Mmeral element 05 20
Extractives 01, 21 ,

The protems of the yolk are vitelhn and hvetw, of which Iﬂw
former 13 a true phosphoprotem and the latter & pseudoglobulm

2 There are apparently four different protemns in egg‘w)uto;;;‘;
burnmn 1 and d  'The
up the greater part of the white
proteins and are only present m s
(1898) Journ Physiol 23,163 Farmers Bull, No 12!
of Agnculture
Seep 160

3 For further analyses which however do not differ eszcnlb'gl
from the above see LEnpmy  (1901) Therap Monatshefte 15, g
Prpoumn (1921) loc cw  Neepmaxr 1931 McCance
Winpowsox (1940) give rather lower figures .

‘Compdad(fmm figures gven by NErpmax (1031) Chemsett
Embryology 1, 2834

Ovomucmn ead ovomucord &m gr’l.}:;
1l amounts Seo Ercm
en g US Dept
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Vitellin contalns some 1 3 per cent of phosphorus and has relatively
high proportions of the important amino acids, eystito tryptophane
and tyrosme  fact of somo importanco in embryonte—and other—
nutrition  Livetin contains but Littlo phosphorus  Tho proportions
of vitellm to Inctin are about 36 to 1

The *fat  1n tho table is really  ethereal oxtract * and consmsts
of truo fats plus hpines Tho fats are, of course, compounds of
fatty acrd and glycerme and tho fatty acids of egg fat aro palmitie,
stearic olelo and possibly Linoleto—the oleioand the other two bemng

Shell
Carbomate
of Lime(6Grms)
Fia 17 —Pencevracs Comrost It 18 —Acruan COMPOSITION
TION OF THE WRITE AND YOLK OF AN AVERAOELGa WEIOHING
or ax Dog 60 GrAMMES

m the proportion of 2 1 1 The Lpuies are marmly represented
by lecithin but thero are other members of the group present
such as hephslin and sph eln  Theso subst: are of

5
interest 10 nutrition becauss they too contan phosphoric 2cid, and
can be used as & source of phosphorus for the bones of the develop
g chick The relation of true fats to the remainder of thefat-
like materals 18 about 25 to I

Asmuchas 200 mgm  of cholesterol mainly as free cholesterol are
to be found 1n each egg yolk which probably acts as & carrer of
vitamin D
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All these unusual substances were for a long time belioved
to be mn chemical combumation with the protemn, but more
recently the general opmmon 1s that the combmnatiwon 13 enly
phvsieal

As regards the morgame constituents, potassium, caleum and
won,* 1n addition to the phosphorus, are found m consderabls
amounts m the yolk According to McCance and Widdowson
100 grammes of white and yolk have the followng amounts 1
muilligrammes of the “ymneral elements’

Whute R Yolk.
Caleium 52 1815
Chlorie 1700 1420
Copper 003 (1]
Iron 01 613
Magnesium 107 149
Phosphorus 330 14950
Potassiom 1480 1230
Sodm 1920 500
Sulphur 2830 1650
food, for 1t coptans

‘We have, then, i the yolk of egg a remarkable :
& protem with & large amount of phosphorus and of high bologica
value, highly emulsified fats, which owing to their emulsification :{0
very digestsble leeithin and 1ts sllies also Inghly phospho;z ]
and very notable proportions of calcium andiron  The phosp‘br:l;
1 needed by the young chuck partly to form booes and partly i
form nucleoprote the cal and the phospt are esseg‘:)\d.
for hone formation, the won ? for the heemoglobim of the bl o
The fats contam witammn A (88 IU per gramme yolb) and BB
sterols vitamn D (up to 5 IU per gramme yolk} V)tammﬂpc;
(11U per gramme) and nboflavive (05 to 08 milligramme
100 gramme) are also present i the egg yolk ot of

Consequently the great richness of the yolk mn all (or;n K
the matenals needed by the young growing ammal ma s;o o
peculiarly valusble food for nfants, especially those W
suffering from richets

Eggsgcontnm almost no free punne or purine yielding ;“b“;‘::'
and may therefore form part of the purine froo ciot which 1s
times recommended 1 gout

3

tSocmx  (1891) Zet f Physolog Chem , 15, 9 -
2 The non(xs present not as formerly suppesed m Ofg‘ﬂ-mp o ;:;’ e,
tiop but as annorganic compoend, R Anu (1830} ;’vggﬁ

107, 205 ‘Taowesexr (1934) PBrochem Journ 28,
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Tho composition of the whole cgg may bo summed up as
follows 1

Shell 11 2 per cent
Water 6,5 ’
Nitrogenous matter 131
Fatty matters 03
Muneral elements 09
Thero 18 no dsffe bet eggs with dark

shells and eggs with wlu!.o ahclls and no justification for the
popular behiel that the former are “ ncher’ than the latter?

The composition of tho edible part (white and yolk togother)
may bo compared suith that of meat thus *

Moderately

¥er Lean Meat
Water 37 730
Protein pE ] 210
Fat 1038 65
Mimeral elements 10 10
Calorio valuo 1680 1370

It 13 seen at a glance that eggs contain almost the same total of
nutritive matter as mest but are relatively nicher 1n fat and poorer
m protein

Eggs are thua admirably adapted chemically to supp
food rioh 1n earbohydrate modemtely rich in protemn but pocr m
fat  Such & food 13 found 1 rice and many ceresls, and the addition
of eggs to these 1n the form of puddings makes a complete food

Composition of other Eggs The composition of & goose s or
duck s egg 13 very sumilar to that of the hen but of course they
are larger An average duch & egg weighs sbout 2} 0z, a goose s
egg from 5% to 6} oz

Eggs when kept gradually lose water by evaporation and become
hghter A fresh egg should sk at once 1n a 10 per cent salt
solution (about 2 oz to a pmt) but the longer it has been Lept

1

of A Food Materials  Bull Ne 28
U8 Dept of Agnculturo {revised edition) The percentage of ahell 22
somewhat lower than that given on p 359 McCaNcE and Smree
{loc &1t} found thst the whole egg {excluding shell) conbmined 12 6
per cent protemn and 79 per cent fat

*Se0 C F Lancworroy (1801) Eggs and their Uses as Food U S
Dept of Agnculture Farmers Bull No 128

P ATWATER  op it (average of eixty moalyses)
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Tue Comrosrriox or Egas!

Refuse | Water {Proten | Fat | Mmeral
[Per Cont [Per Coat [Per Cont [Por Con [Eleraente
n
-

Duck
Whole egg as purchased| 137 | 608 | 121 | 125 08
‘Whole egg edible portion] 705 133 [ 145 10
‘White —_ B70 ni 003 | o8,
Yolk —_— 458 168 [ 362 12

Gunea fow]
Whole egg as purchased| 168 | 605 | 119 | 89 | o8
‘Wholeegg edible portion| -— 728 135 | 120 09

White — 866 | 116 603 | 08

Yolk -—_ 497 167 | 318 12

Hen
‘Whole egg as purchased| 112 665 119 93 09
Wholeegg edible portion| ~— 787 | 1834 | 106 10
White —-— 862 12 02 06

Yolk 495 167 | 833 11
Plover
Whole egg 8s purchased] 96 673 97 | 106 09
Wholeegg edible portion| -— 744 | 107 {117 10
Turkey
138 638 122 97 08

‘Whole egg 85 purchased,
Whole egg edible portion|
White

Yol

737 134 | 112 09
867 1ns 003 08
483 174 ( 329 2

(R

the nearer the surface 1t will float  There 15 no reason to suppose
that preserved eggs are m any way less nutntious than fresh

When an egg becomes rotfen alkalne sulphides are produced,
apparently from the wiite, and these give to a rotten egg its very
disagreeable smell  If an egg 13 boiled for a long time the same
effect 1s produced n a munor degree, and 1t 18 well known that
en egg 8o treated 13 apt to have a slight odour?

1US§ Dept of Agniculture Farmers’ Bull No 234  Other analyses

quoted by Nempmast (1931) Chemical Embryolegy 1, 240-1, aro
tantially the same

sursTba:greeyn colour of the surface of the yolk of & hard boiled egg s
due to the sulphide set free from the white combinng with the iron
of the yolh This may be provented by boling the egg no more than
enough to set 1t and then rapidly cooling 1t 1n cold water TINELER
ond Soar (1020) Biochem Journ 14, 114
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‘The digestibility of eggis in tho stomach depends largely upon
the form in which they aro taken Somo experiments made on o
healthy man throw light on this subject ' Two eggs wero given,
cooked in diflferent ways, and portions of tho stomach contents
wero withdrawn at intersals the time bemny noted at which any
portion of egg ceased to bo recovered  Tho results wero as follows

2 egga hightly boiled have left the stomach in l} hours
raw havo left the stomach in
poached + 6 geammes of butter hiavo Jeft tho stomach in 2} ,
hard botled havo loft tho stomach in
&y an omelette have left tho stomach in 3 '

Tho figures speak for thomsclves Eggs cooked 1n almost any
way aro digestible  Raw cggs, despite their reputation, may prove
to bo indigestible  Investigations in Mendel s laboratory suggest
that they are by no means aa useful 1n nutrition as Lightly boiled

cggs  Lhur pyidin renders the Iiotin of the dict unaxmlable
Tho duff in digeatibility b hard- and soft-botled eggs

depends to some eant also, on tho degreo to which the former aro
subdinided  If finely choppod up, they could probably be disposed
of as easmly as the soft-boied eggs *

As would bo expected, raw yolk remains considerably longer 1n
the stomach than raw white It 1s noteworthy that all egg dishes
eall forth a much smaller secretion of hydrochlonc acid than meat
and fish ?

It must also bo pointed out that {diosyncrasy plays a large
part m the digestion of eggs Some persons aro unable to
swallow even o small particle of egg without becommng violently
1l, the symptoms rangmng from elight urticars to vomiting syn-
cope and coma

The absorption of eggs in the mntostine scems to be very com
plete It has been found that even when 21 hard boled eggs
aro taken daly they are absorbed as completely as meat only
& per cent of the dried substance bemng lost 3

1 Pexzorpr (1893} Deut Arch f Khn Med 51 535 Seo slso
Hawx Rearuss et aln  (1919) Amer Journ Physmol 49, 254

* Hawx ond ReEnyuss (1026) found that hard bailed egg remams mn
the stomach only ten munutes longer than soft-boled  Amer Journ
AMed 8cy 171, 359

P RonNEn  (1879) Zeu f Buwlogie 15, 115 For an account of
later experiments which however yielded results slmost identical
with Rubners see Farmers Bull No 128 17 US Dept of
gfnu:lture oand Avrmecnr and SmtoN (1998) Deut Med TWoch

s 2300
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Eggs, therefore, leave a very small remdue 1n the ntestine This,
coupled with the fact that they contamn 8o much ealom may
perhaps explam their constipating effect on some persons

Nutritive Value of Eggs  Chemical considerations have shown
us that the nutritive value of eggs 15 due almost entirely to protemn
andfat One egg contans enough of these to yiold 70 to 90 Calories
Half a tumblerful of good milk or 1} oz of fat meat would yield
about as much

Roughly speaking, 15 to 20 eggs may be taken as the nutrifive
equivalent of 2 1b of medwm fat meat

Their low carbohydrate content prevents eggs from being m any
sense & complete food, and 1t would take 12-15 of them a day to
supply even the amount of mtrogen required by a heslthy man
They cannot be regarded as a cheap source of protemn though
the convement form o whick their nutntive constituents are pre
sented and the readiness with which they lend themselves to the
art of the cook, must always render them a most useful form of food
In addition to these considerations the pecular chemcal compost
ti1on of the yolk causes that part of the egg to be a valuable source
of caleium, 1won and phosphorus, as well &s vatamins A, B,, nbo-
flavine and D of which advantage may well be taken in the dietetic
trentment of disease more especislly n early Lfe They lack
vitamn €

Duck Eggs A word of warning 18 necessary about duch eggs
As long ago as 1926 the Mmustry of Health drew attention to the
possibility that undercooked duch eggs could cause gastro enteritis
The ducks often are carriers of bact aetrycle pass them on to the eggs
and if the latter are mmperfectly cooked, spread ‘ food powsonmng
Hens and turkeys suffer from microbes of the salmonella type but
s0 far these birds eggs have not been icrimmated as o source of
food powsomng German law compels duck eggs to be wdelibly
stamped as such and advise that they should be boled for exght
mnutes

Dried Eggs The war of 1939-45 mtroduced us to a new
product—spray-dried eggs  In the first World War, Cook s Farm
Eggs guned some pr and d to be factured
during the uneasy peace Thewr composition was

Protem 43 19 per cent
Fat 4192
Non mtrogenous matter 150
Ash 316
Mosture 1024

1 Lancet, (1045) 1, 314
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The apray process of drying milk was applied to wholo exgs and
a very valunble commodity revulted  In fact it * saved tho situa-
tion * for the cook during the war yeara  Thospraying resultamn a
very fino powder which easly  reconstitutes’ with water  Somo
changs in the physieal naturo of the proteins results for dred eggs
aro not #0 nscful as shell epgs in coho making  More balung powder
pecma 0 bo neceasary It s clmed  however, that reconstituted
dried eggs beaten at a temperaturo of 100°F to 125°F can bo
nsed as a basas for spongo cahes and are as useful for that parpose
as shell cggs  Cane sugar added to the egg beforo drying prevents
tho denaturation of tho proteins and gves a better beat  Other
sugars havo an oppoate effect 1 Thero ean bo littlo doubt of their
nutntive valae Tho analyms given by tho Medical Rescarch
Council ia

Proten 458 g Fat 420 g Carbohydrate 32 g Calerum
210 mg Iron Mlmg Vitamin A 3000 IU B, 1400 IT
C,0 D 2401U per 100 gmmmes Calone salue 591 (163 per oz)

Tt 15 unfortunato that there are many eo called  substitutes ’
for eggs on tho markets  Biologieally and dictetically there can be
no eubstituto for tho egg Among theso substitutes aro sold tho
custard powders

CoxrostTIoN oF CUSTARD POWDERS

. 1 . Bor Yeat
ke farfoiaie o | 2
powder | powder | powder W,g r | powder

Starch 8626 | 8445| 5103 | 2638 5232

Protain 059 058 601 206 800
Soluble colounng matter 088 090 —_ _— -
Baking soda - —_ 1533 50701 2211
Tartane acid b _ 1369 | 1033 | 1137
Phosphatea — — 024 _ —
Carbonates of caleum
and magnesnun _ — 2170 — —
Chlondes and sulphatea — —_ — —_ —
Water 1183 1369| 110 263 820
Mineral clements 045 038 — —_ -
100 00 | 100 00 | 100 00 | 100 0C | 100 00

2 HawTHORNE and GROVER (1044} Chem and Ind 422
2 Bird 8 custard powder has added vitamins A and D
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Eggs, therefore, leave & very small residue 1n the intestine  This,
oupled with the fact that they contan so much calewm may
>erhaps explan their constipating effect on some persons

Nutritive Value of Eggs  Chemical conmderations have shown
is that the nutntive value of eggs 1s due almost enturely to protemn
ndfat  One egg contams enough of these to yreld 70 to 90 Calories
Jalf & tumblerful of good milk or 1} oz of fat meat wouild yield
Jbout as much

Roughly speakang, 15 to 20 eggs may be taken as the nutritive
quvalent of 2 1b of medum fat meat

Ther Jow carbohydrate content prevents eggs from being 1n any
ense 8 complete food, and 1t would take 12-15 of them a day to
upply even the amount of mirogen required by a healthy man
lhey cannot be regarded as a cheap source of protem though
he conventent form m which thewr nuiritive constituents are pre
ented and the readiness with which they lend themselves to the
it of the cook must always render them a most useful form of food
n addition to these conmderations the peculiar chemical compost
10n of the yolk causes that part of the egg to be a valuable source
f caleium, 1ron, and phosphorus as well as vitamins A, By, ribo-
lavine and D of which advantage may well be taken in the dietetic
reatment of dwease, more especially m early hfe They lack
ntamm C

Duck Eggs A word of warmng 18 necessary about duck eggs
\s long ago as 1926 the Muustry of Health drew attention to the
yossibility that undercooked duck eggs counld cause gastro enteritis
Fhe duchs often are carriers of bact aetrycke, pass them on to the eggs
nd 1if the latter are imperfectly cooked spread food posoning *
Tens and turkeys suffer from mcrobes of the salmonella type, but
o far these birds eggs have not been mcriminated as a source of
ood powsonmg German law compels duck eggs to be ndelibly
tamped as such and advise that they should be boiled for eight
ninutes 1

Dried Eggs 'The war of 193945 mntroduced us to a new
sroduct—spray-dried eggs  In the first World War, Cook s Farm
Sggs gomed some pr and d to be factured
juring the uneasy peace Theiwr composition was
43 19 per cent

Protemn

Fat 4192
Non mtrogenous matter 150
Ash 316
Mousture 1024

T Lancet (1945) 1, 314
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T00DS TAKRLN CHIEFLY I'OR PROTLIN (cont)
Mg

There 13 probably only ono subject upon which all dretitians
agree, viz the valuo of milh—gunemlly speabing cow s milk—m
human nutntion Mk 13 » food dcveloped m nature for the
feeding of the immature mammal The only doubts which can
anse about its use by man are (1) 13 it wise to divert the food 1n
tended for the young of other mammals to man and (u) should
adults take a food intended for the immature? The answer to
these two questions from the dawn of lstory to the modern
experimental era 13 undoubtedly  yes

In the present chapter cow 8 milk alone will bo dealt with  We
shall reserve tall later the study of human nulk and the milk of some
other ammals

Chemical Composition  As regards its chemreal composition,
milk oceupies an almost umque position among anunal foods for
it matself rep 1ves of all three nutritive constituents
protems carbohydrates, and fat  The avocado pear nuis and the
5038 bean are practically the only other foods which have signuficant
amounts of all three nutrients to judge from McCance and Widdow
son sanalyses Tho Medical Rescarch Council meludes the shell fish

The proteins of mill constitute about 3 to 3} per cent of 1ts total
weight 1 The principal protemn 13 the substance called casernogen 3
which 15 not very soluble 1n puro water but 1s Lept 1n solution 1n
milk by the vanous inorgamoc salts present The solution 18 not
clear but opalescent It 18 least soluble at & py 4 6

The other main protemn of milk 18 an albummn (lactalbumin) which
19 present 1 very much smaller quantity than caseinogen making
up only about one fifth of the totzl protemn of cow’s mdk
human mulk 1t 13 relatizely much more abundant The biologcal

value of the m otems 13 the high e of

1 Average of ell data in Davies (1939) The Chemustry of Anlk
Chapman & Hall are protem 342 fat 367 lactose 478 muneral
elements 073

* Casem 1m A and C J!

369

44
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The majority of them consist chiefly of starch, to which a yellow
colour 18 mparted by mixture with some vegetable dye—eg
turmeric

It 1s obvious that they have nothing in common with eggs except
a yellow colour and that thewr nutritive value can be 1n no way
equal to that of a genume custard They are extremely popular
mn all parts of the country served with stewed frnts, with frusb
pies and with suet puddings but are useful in dietetics only as a
vehicle for mlk



CHAPTER AIV
100DS TAKI N CHIELTLY 10R PROTEIN (cont)
M

There 1s probably only ono subject upon which all dictitians
agree, viz the valuo of milh—generally speahing cow s milh—in
human nutntion Mk 13 & food developed m nature for the
feeding of tho immaturo mammal The only doubts which can
arse about its uso by man are (1) 13 1t wiso to divert the food 1n
tended for the young of other mammals to man and (n) should
adulis tako a food intended for tho immature? Tho answer to
these two questions, from the dawn of hwstory te the modern
experimental era 13 undoubtedly  yes

In the present chapter cow s milk alone will be dealt with  Wo
shall reservo till later the study of human mulk and the milk of some
other ammals

Chemical Composition  As regards 1ts chemreal composition,
mulk occupies an almost unique position among anmmal foods for
1t mtself rep g of all three nutritive constituents
proteins carbohydrates, and fat  The avocado pesr nuts and the
soyn bean are practically the only other foods which have sigmficant
amounnts of all three nutrents to judge from McCance and Widdow
son sanalyses ‘Tho Medieal Research Council includes the shell fish

The proteins of milk constitute about 3 to 3% per cent of 1ts total
weight 1 The pel protein 13 the subst. called g
which 13 not very soluble 1n pure water but 13 kept 1n solution 1n
milk by the various inorganic salts present The solution 15 not
clear but opalescent It 1s least soluble at a pp 4 6

The other mamn protemn of milk 18 an albummn (lectalbumin) which
19 present m very much smaller quantity than casemogen making
up only about one fifth of the total protein of cows milk In
human milk 1t 19 relatitely much more abundant The biologieal
value of the mixed proteins 1s the highest hnown aad bécause of

1 Average of all data in Davies (1939) The Chemustry of Anlk

Chapman & Hall are protem 342 fat 367 lactose 478, mumeral
elements 073

1 Casen’ m A and C I
389

34



370 FOOD AND DIETETICS

therr large content of methionine are particularly useful for tissue
building and regeneration 1

The carbohydrate constituent of milk 13 mall sugar, or lactose,
whuch 18 present to the extent of from 4 to 5 per cent It duffers
very much from cane sugar and tn nothing more than in its com
parative freedom from sweetness In asubstance which serves as
a food rather than as s condiment, this property 15 a valuable one
‘Were 1t not so, milk would pall upon the taste much more readily
than 1t does Another peculiamty of lactose 18 that 1t 13 hardly
capable of bemg fermented by ycasts As a consequence, 1t 13
better borne than other kinds of BUBAT 10 €850 of advanced dilata
tion of the st h d b, tat, On the other
hand 1t 18 readily converted 1nto lactic acid by the lactic acd
bacteria, & process which occurs in the souring of milk, and some
times also 1n the intestine

The fat of milk stands mt dint: t bet the
protein and sugar 1 cow 8 milk, constxtutmg about 3} to 4 per cent
of the total weight In the lmlk of other mammals the relative
proportions vary remarkably, so that generalizations are 1mpossible
as the following table will show 2

CoMposITION OF THE Mrrks oF Vantous Masnrars ?

Protemn
—_— Muneral
Casemnogon  Lactalbumun Fat  Lactose elements

Ass 07 18 16 60 05
Buffalo 58 03 76 41 09
Cat 31 60 33 49 0¢
Cow 30 05 37 49 07
Dog 61 51 26 31 017
Dchmdnn aculeata 84 29 198 28 -—

—t—
Tlephant 31 196 88 06
Dwe 50 16 69 49 09
Goat 32 11 48 44 08
Human 10 13 38 62 03
Llams 30 09 a2 58 08
Mare 12 01 12 57 03

——t——
Porpoise 12 485 13 06
Remndeer 838 151 170% 282  ~—
Bheep 523 145 863 428 0907
Bow 33 15 70 31 11
‘Whalo — _— 437 — —

————
1 Oruswonti and GLyNy (1048} Proc Roy Sec 3fed 38 101,
Crorr and Perers  (1946) Lancet 1, 200
* Seo also Davizs (1939} op et 7
3 Figurcs mamly from Davies  (1939) op o



COMPOSITION OF MILK n

Fat cxists in muk in the form of an emulsion of extraordinary
perfection  Tho averago diameter of & globule of milk fat 13 about
23 to 40y, though thero may be somo with a dismeter greater
than 12 It will bo ovident that fat so finely divided as this must
bo particularly casy of digestion

When mulk is allowed to stand, the fat globules run together,
and float to the surface as cream  If thus is removed, skim milk
faleft  but when so prepared it still contains some 0 5 per cent of
fat perhaps as much as 1 per cent  If tho cream 1s removed by
means of o centnfugal separator, ita abstraction is much moro

pleto  for scf d slk usually contains Jess than § per cont
of fat  Milk so prepared should be descnibed g separated milk

Someo fuller chemical details about milk fat have already been
given under butter (p 285)

 Mineral Fl aro farly abundant i milk forming
about 07 per cent  Soeing that mlk 13 the eole food of young
amumals, one 13 not surprised to learn that its different muneral
1ngredients are present 1n the same proportions as in the body of the
particular animal which the milk 15 designed to feed ! Now the
chief tissues which a young ammal has to build up are muscle and
bone For the former potassum phosphate and for tho latter
caletum phosphate aro required and milk contams an abundance of
both of theso substances To the rule that the mineral ingredients
of milk correspond proportionately to thoso m the body of a young
enumal thero 13 one apparent exeeption  Iron 19 an essential element
1n the body and especially in the blood  but 1ron 18 very seantily
represented inmulk 3 Five pints of nulk would be required to supply

the amount of 1ron necessary for o full grown man overy day  To
the young ammal this scaraity of iron n milk 1s 2 matter of little
moment It enters tho world with a full supply of won already
stored 1n 1ts body which 1t has obtamned from the blood of its
mother  Artificially fed babres require extra won for cow s milk
has less jron than human milk ® In the adult on the other hand
the lack of sron entails o deficioncy m the supply required to keep
the blood 1o proper condition and for this reason persons who are
kept for a long time on a purely nulk diet may become anemic
There remains one other substance which for the sake of con
venience may be considered under the mineral mgredients of mulh
citric acld It 18 rather astomshing to find this subst pLEHIN

! Man 18 an exception i

* Rersand CHAXMARIIAN  (1032) Journ Bl Chem 98, 237 give
the percentage of tron in cow 8 milk when milked into glass contamers
a3 0 00014-0 00018 and when into normal containers as 0 00028

*Mackay H Afed Res Councl Spec Rep No 157. 1 .71,
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therr large content of methionine are particularly useful for tissue
building and regeneration

The carbohydrate constituent of milk 13 malk sugar, or laclose,
whch 13 present to the extent of from 4 to & per cent It differs
very much from cane sugar, and 1n nothing more than 1n 1ts com
parative freedom from sweetness In a substance, which serves as
o food rather than as a condiment this property 1s a valuable one
Were 1t not 8o, mlh would pall upon the taste much more readily
than 1t does Another pecuharity of lactose 18 that 1t 1s hardly
capable of beng fermented by yeasts As a consequence, 1t 13
better borne than other Linds of sugar 1 cases of advanced dilata
tion of tho stomach accompanied by fermentation On the other
hand, 1t 18 readily converted mto lachic acid by the lactio acid
bacteria, a process which occurs in the souring of milk, and some
times also 1 the mtestine

The fat of mlk stands 1t diate 1n t bet the
protemn and sugar mn cow’s mlk constituting about 33 to 4 per cent
of the total weight In the muik of other mammals the relative
proportions vary remarkably so that generalizations are impossible
as the following table will show 2

CoMPOSITION OF THE MILks oF VARIOUs Manngars 3

Proten
Minersl
Cosowogen  Lactalbumun  Fat  Lactoso elements
Ass 07 16 16 60 05
Buffalo 58 03 75 41 09
Cat 31 60 33 49 06
Cow 30 05 37 49 07
Dog 61 51 96 31 07
Tchmdna aculeata 84 20 196 28 —_
——t—
Clephant 31 198 88 00
Ewo 50 15 69 49 09
Goat 32 11 48 44 08
Human 10 13 38 62 03
Llams 30 09 32 50 08
Maro 12 01 12 57 03
e

Porpoise 1z 485 13 06
Remdeer 838 151 170 282  —
Sheep 523 145 863 428 097
Bow 33 15 70 31 11
‘Whale -— — 437 —_ —

1 Hmsworrx and GLyax  (1945) Proc Roy Soc Med 38, 101
Crorr and PeTras  (1045) Lancet 1, 200

2 Seo also DaviEs  (1939) op at 7

* Figures mawnly from Davies  (1039) op o
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Tat cxints in milk in the form of an emulxion of extraordinary
perfection  The averago diameter of a plobule of milk fat {s about
23 to 40y, though thero may be somo with n dismeter greater
than 12 It will be evident that fat so fincly divsded as this must
o particularly cany of digestion

When milk is allowed to stand, tho fat globules run together,
and float to the surfaco a8 cream  If thus is removed, shim milk
faleft, but when ro prepared it still containg somo 0 5 per cent of
fat perhiaps as much as L per cent I the ercam 1 removed by
moana of n mnlnfugn] ecparator, its abstraction is much moro

pl d mill usually ina [ess than § per cent
of fat Mxlk 20 prcmml rhould bo desenbed as separated milk

Somio fuller chemmeal details about milk fat have alrcady been
given under butter (p 28%)

“ Minecral Flermonts® aro farly abundant fn mulk forming
about 0-7 per cent  Seclng that mik 13 the solo food of young
smmal+ one is not surprised to learn that sts diferent mineral
ingredients aro present in tho same proportions as in the body of the
particolar animal which the milk 13 designed to feed* Now, the
chief tissues which & young animal has to buld up are musclo and
bono I-‘or tho former potassium phosphate and for tho latter
calelum phosphato aro required and mulk contamns an abundance of
both of these substances  To tho rule that the mineral ingredients
of milk correspond proportionately to those in the body of a young
ammal there 13 one apparent exception  Iron 19 an essential element
1n the body and especially in tho blood  but iron 13 very scantily
representedinmilk 2 Tive pints of milk would be requered to supply
tho amount of 1ron neeessary for a full grown man every day  To
tho joung ammal this searcity of tron in milk fs & matter of little
moment It enters tho world wath o full supply of iron already
stored 1n its body which 1t has obtaned from the blood of its
mother  Artificully fed babies requiro extra won for cow s itk
has less iron than human milk * In the ndult on the other hand
tho lack of 1ron entails a deficiency 1 the supply required to keep
tho blood 1n proper conditton and for this reason persons who are
kopt for a Jong timo on & purely milk diet may become anemic

cro remains one other substance which for the sake of con
vemenco may bo considered under the mineral mgredients of milk
citric acid It 13 rather hing to find this sul m mlk
! Man is an oxception

* Re1sand CHARMARIIAN  (1832) Journ Diol Chem 98, 237, give
the percentage of 1ron 1n cow 8 milk when milked mto glass contamerr
a3 000014-0 00018 and when into normal contamers as 0 00028

$Mackay H AMed Res Council Spec Rep No 157, { , _)
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therr large content of methiomne are particularly useful for tissue
building and regeneration !

The carbohydrate constituent of milk 1s mlk sugar, or lactose,
which 13 present to the extent of from 4 to & per cent It differs
very much from cane sugar, and 1n nothing more than 1n its com
parative freedom from sweetness In a substance, which serves as
a food rather than as a condiment thus property 18 a valuable one
Were 1t not go, milk would pall upon the taste much more readily
than 1t does  Another peculanity of lactose 1s that 1t 18 hardly
capable of bemng fermented by yeasts As a consequence, 1t 18
better borne than other kinds of sugar 1n cases of advanced dilata
tion of the st 1 panied by fe tation On the other
hand 1t 1s readily converted mto lactic acid by the lactie aad
bactera a process which oceurs m the souring of mulk, and some
times also m the mtestine

The fat of milk stands ntermediate mn amount between the
protewn and sugar i cow s mulk, constituting about 3} to 4 per cent
of the total weight In the milh of other mammals the relative
proportions vary remarkably, so that generalizations are mmposstble
ag the followmng table will show %

CoarrosITION OF THEE MILgs or VAmious Masmars

Proteu
Mineral
Cosainogen  Linetalbummn. Tat Lactoss  clementa
Ass 07 16 16 60 05
Buffalo 58 03 75 41 09
Cat 31 60 33 49 00
Cow 30 05 37 49 07
Dog 61 51 96 31 07
Lchmdns aculeata 84 29 196 28 —
————
Elephant 31 196 88 086
Ewo 50 15 69 49 09
Goat 32 11 48 44 08
Human 10 13 38 62 03
Liama 30 09 32 56 08
Moro 12 01 12 57 03
———
Porpoise 12 485 13 08
Remdeer 838 151 1708 282 —
Sheep 523 145 863 428 097
Bow 33 15 70 31 11
Whale — — 437 — —

1 Hryswortrt and GLyny  (1945) Proc Roy Soc Med 38, 101
Croyr and Perems  (1045) Lancet 1, 200

% Seo also Davies (1039) op et 7

3 Figures mawmly from Davies (1039) op et
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To some extent thess vanations in ition are tdabile
depending as they do on the breed and ago of cow from which
the milk {s obtalned on the wny in which the cows are fed, and
on the period which haa clapsed sinee ealving

In tho mixed mill obtained from o large number of cows theso
vanations must to a considernble extent necutralize ono another
Hence it is that the total milk from one dalry sarics leas 1n composi
tion than that from any ono cow in it snd tho populsr projudice
in favour of feading ah infant on ailk  from ono cow  thus rests
on n falso bias  The  solids not fat * aro closely grouped round
an averago of 8 74 but even so they may vary from 6 21 to 10-24
per cent  The fat of the milk of a Friesian herd may bo 3 55 per
cent and from a Guernsey 610 per cent

What position should Lo expected ! On this powt, un
fortunately, somo difference of optnion exusts  Analyms haa clearly
shown that an averago samplo of good mulk contains about 3 8 per
cent of fat  Thero is no legal definition of milk, but 1t is assumed
in 1Ins country, that if mik has Jess than 3 per cent fat, and 8 5 per
cent * total eolids not fat,’ it is adulterated A quality standard
Lased on total solids and on the number of microbes per millilitre
is advocated by Davis ! of tho National Institute for Research in
Dairying  which certainly would be better than the present
haphazard scheme

Yrom what has been said of the chemical compomtion of milk,
it might ly be ded as o flud form of food and indeed
it is often ono 0( the chief clements Tn & 86 calleT™ fluid® duet
Strictly speaking, howover, milk 13 not o fluid food Iti1s only a
flurd outside tho body 8o soon as mulk enters tho stomach it
undergoes a change by which it very quichly becomes sohd It 13
then smd to bo coagulated or clotted Tlus coagulation 13 due
to a change brought about in the caseinogen by the ferment called

renmn®  The exact naturo of the change which the caseinogen
undergoes 18 still obacure, but 1t secms to be split up by the renmin
into two proteins, casein and whey albumose  The unon of casein
and calcium producea the clot 2

The coagulation of milk 1s what occurs m the malung of junket

1Davis  (1041) Food Manufacture 19 423

* English physiologists as stated abovo apply the name * easein
ogen  to the chiof protein of milk and restrict the term * casemn
to casemmogen which has been alwred by ccngulahon ‘This nomen
clature has tho ad of he  duffe between
the products of curdling and clotting above descnbod Adopting 1t
ono would say that when mulk 1s curdled casemogon 13 thrown down
in o flocculent form when mulk clote the caseinogen 18 converted

a*
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about 13-0 23 per cent 1s present and 1t has been
* a good cow yields as much eitric acad 1n the day as
contamed m two or three lemons?
m mulk, eitme acd 18 chuefly combined with caleium and
The sohd particles sometimes met with 1 autoclaved
consist chiefly of 1t
addition, milk 1s & good source of vitamin A and riboflavine
pmt of milk may yield from 776 to 15620 IU of vitarun A *
“numn B, 15 present to about 23 I U per 100¢ ¢, though American
»g are lower , riboflavine to 0 2 milligrammes and nicotime acd
to 0057 milhigrammes * The other members of the B complex are
present  Vitamin Cis at about the low lovel of 2 milhgrammes per
100 cc  Figures for vitamin D are 7 to 10 I U for Englsh mulk
between November and March nsmg to 55 I U 1n Julv and possibly
higher m August ¢
Last, but not least, amongst the constituents of milk 1 water
It forms by far the largest proportion of the mlk (87 to 88 per
cent ), and holds the other ingredients mn suspension or solution
The hydrogen ion concentration of fresh cows nulk 13 Py 65
One may now sum up what has been stated about the chemical
composttion of milk 1 the followtng table

Courosrmon or Cow s Mnx

Water 87 to 88 per cent | Fat 3} to 4} per cent
Protemn 3 2 I Mmneral
Sugar 4 5 elements & 07

The aversgo figures of thousands of analyses are  Water 871
total sohds 12 69 caseinogen 2 86 albumin plus globulin (coagulablo
proteins) 056 fat 367 lactose 4 78, munersl clements 073 per
cent
These figures merely represent the average composition of o
sample of good mulk They are not to be understood to apply
to every specumen of mmlk encountered for mulk vanes greatly m
composition

2 Henwger (1888) Munch Med ock 35,328

3 The MeDICAL RESEARCE CoUNCIL figures aro about half theso and
figures from & private commumcation by Cowanp and Bruce nearly
doublo

2 Much lugher figures aro quoted as the result of biologieal as.ay8
Tt must not be forgotten that milk may promoto the growth of nicotinie
acid producing ymcrobes n the large ntestine

$hov (1943) J Dowy Res 13, 210

* Calewm forms 0120 per cent  potassum 0160 per cent {on
unexpeetedly lugh figure) and phosphorus 0 005 per cent
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To somo oxtent these variationa in compountion are unavoidable,
depending as they do on tho breod and ago of cow from which
tho milk s obtained on the way in which the cows aro fed, and
on tho penod which has elapsed since calving

In the mixed milk obtained from a large number of cows theso
vanations must to a considerable extent neutralize ono another
Hence it is that the total milk from one dairy varies less in compost
tion than that from any ono cow in it and tho popular prejudico
in favour of foeding af infant on milk  from ono cow’ thus rests
on a falio bass  Tho solids not fat  aro closcly grouped round
an average of 874, but even ro they may vary from 6 21 to 10-24
per cent  Tho fat of the milk of o Fricman herd may bo 3 55 per
cent and from a Guernsey 510 per cent

What composition should bo cxpected 7 On this pomnt, un
fortunately, somo diffcrenco of opuon exists  Analysis has clearly
shown that an averngo samplo of good milk contains about 3 8 per
cent of fat  There is no legal defimtion of milk but 1t 18 assumed
1n this country that if mulk has less than 3 per cent fat and 8 5 per
cent  total sohds not fat 1t is adul d A quality
Lased on total solids and on tho number of microbes per mullihtro
18 advocated by Davis ? of the National Institute for Research mn
Darying, which certanly would bo better than tho present
haphazard scheme

From what hn.s bccn said of the chemical compoaition of mulk,
1t mght Iy bo ded s o flud form of food, and indeed
1t 13 often ono of the chief clements in & 5o callal™ ﬂ\ud diet
Strictly speaking however mulk is not a flud food It s only a
flurd outside the body 8o soon as mik enters tho stomach 1t
undergoes a change by which 1t very quichly becomes solid It 1s
then said to be coagulated or clotted This coagulation 13 due
to o chango brought about in tho casemnogen by the ferment called

renmn’  The exact naturo of the change which the caseinogen
undergoes 19 st1ll obscure but 1t seems to be split up by tho renmn
nto two proteins casewn and whey albumose  The umon of casein
and ealetum produces the clot *

The coagulation of milk 13 what occurs n the making of junket

31 Davis  (1944) Food Manufacture 19 423

¥ Enghsh physiologists as stated above apply tho name casom-
ogen  to the chief protein of mulk and restnct the term  easein
to euscmcgen whxch has been ulmrod by ocosgulation This nomen
clature has the g the diff, ‘between
the products of curdlng nnd clomng above descnibed  Adopting 1t
one would say that when milk 13 curdled casomogen 1s thrown down
m a flooculent form when mulk clots the casemogen i3 convorted

a*
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2 that process, rennet (an extract of the houng of the fourth or
ue stomach of the calf or lamb) 15 added to the milk rassed fo
ody temperature, which 1s then set aside in a warm place untd
sassohd At first the milk forms a jelly, but by and by the curd
brinks and a yellowssh flud 13 squeezed out of 1t, which 15 the
whey * The rennet which 1s used m this operation 1s denved
rom the hinmg membrane of the stomach of the calf, but exactly the
ame ferment 13 present m the human stomach, and 1t 15 mportant
o remember that all raw milk 13 converted n the stomach mto
unket very shortly after 1t has been swallowed We shall returnin
freater detail to this subject when we come to the digestion of

At present 1t may be ponted out that the curd of milk consists
nmariy of the calcium casemate  In process of setting, however,
’he casom entangles the fat of the mull 1n 1ts meshes, so that curd
sonssts of the casemn along with the fat

It wsually also contamns some of the sugar of the mulk, for the
whey 18 never entirely squeezed out

The « curdling’ of milk must be dustinguished clearly from
the process of  clotting ” just described When mulk * curdles’
its caseinogen 18 smmply thrown down in the form of a precipitate
without undergoing further chango When milk “clats’ the
casemogen undergoes partial digestion and one of the digestion
products umtes with calerum to form a clot

Curdling 1s due to the production of lactic acid 1 the millkk which
turns the outof 1ts par hip with calejum salts end the
casemnogen, bemg mn 1self not soluble falls down as a flocculent
precipitate when the Py of the fluid reaches the 1soelectrio point

The production of the lactic acid 1s due to & spltting up of mulks
gugar by the agency of the lactio acid bactenna  The truo lactic
acid bactera change 90-98 per cont of the mlk’s Inctose to Jactio
acid, and there 1s also a production of sucaime, acetic, and propionic
acids and of carbon dioxide  Colform orgamsms also menufacture

Jactie acd among o wider range of products
ition of Milk When

Effects of Heating upon the Comp
tough shm ” forms on the top
The

milk 15 warmed 1n an open pan a
This shn 1s due to a Ramsden pt an
Iactalbumun nre concentrated ot tho air hqud interfaco and
nto casen Americans and others call tho chief proten of milk

casen  and the solid result of renmin action  paracasein

Invrstigation suggests that the ealeium 15 10 close relation with the
casemogen m milk formung ealewm easeinogenato Curdling with
acid removes the calcwum and forms acid casemogen The clot of
milk 15 caleium cagems ©
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frreversibly precipitated  Fat and deposits of trical phosphat,
are also entangled in the skin

If the shin s removed another strafplitway appeare and by
continuing the procees the milk undoubtedly loses rome of jta
nutntive valne  The loss is never great howeser for 100 cc of
milk if boiled for a quarter of an hour lose at most only 0273
geamme of protein  After prolonged boiling, and to a less degreo
after pasteurization the soluble ealcium of the milk is somewhat
diminished and to this extent tho nutntive valoo of the milh may
bo alightly impaired ¢

Other changes obacreed in milk beated for a Jong timo aro that
it becomes of o somewhat brownish colour, and nltered taste  Tho
change in colour seems to bo due in part to o caramelization of the
sugar in tho mulk but in part alwo to more obacuro alterations®
The change in tasto eeta in quite suddenly when a temperature
of 70°C is reached It can bo obviated to o largo extent by
allowing the milk to stand for some time, after being boiled and
then stralning it

‘The caseinogen also seems to undergo somo alteration on boiling,
for boiled milk coagulates moro slowly than raw milk. To thia
pont wo shall return later

That milk fs & valuablo food, if not the most valuable food, is
agreed by all dictitians, and national governmenta havo aceepted
the verdicts of scientists  Colossal efforts have been made by them
to mereaso the production and ption of milk By subsidizing
milk by decrcasing its prico to pregnant and nursing mothers to
infants under five and to school chuldren the consumption of hqud
mulk in this country has been increased during the jears of the
second World War by 25 per eent * 1e from 767 million gallons
per year to 1048 million gallons  Much of this has been however
diverted from manufacture, eo that tho total increased production
13 much Iess spectacul Tho d T must be
contued and further developed if Great Bntam 13 to reach tho
am of dietitians vz 1 pint per head per day, or 2 05¢ milion
gallons per year

That milk arnves in the towns of this country 1n a satisfactory
state can hardly bo clsimed by even the most fanatical upholder of
the consumption of raw milk  Bilk as drawn from a healthy and
perfectly clean cow 13 a practically sterile flmd  Such sdeal condt
tions however, are dufficult, and almost impossible to attamn at present

1H D Macee and Dovgras Harvey Studios of the Effect of
Hent on Milk  (1026) Biochem Journ 20, 873

$Waianr (1924) Brochem Journ 18, 245

3 Food Manufacture (1945) 20, 78
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and the production and I of milk presents us with a
dilemma  either we must nmst that all milk gold should be
absolutely clean milk or 1t must be treated before consumptron to
make 16 safe

‘The sources of danger are (1) disease m the cow, and (u) contamina
tion with pathogenic mcrobes 1n the course of production transit
to the central depots and delivery to the customer The cow may
be suffermg from tuberculosis or from undulant fever * and pass
the microbes causmg theso diseases mnto the mulh secreted The
milker may be o carmer of dipthena dysentery, paratyphord,
scarlet fever or typhoid germs and so mfect the milk The
contamners—buckets, churns, etc, may be washed with water
infected by pathogeme germs or such germs may be transmited
by flies Then there 13 the danger of contammation by dust  The
germs of undulant fever may live for many months 1n dung and 1t
18 unfortunately the fact that much of our mulk 15 contammated
with dung  The bulkig of milk at distributing centres, or earlier
hands on the milk mfection of one farm to the whole of the milk
bulked, e g mn Bournemouth mn 1936 a turnover of 1600 gallons
of milk per day, collected from 37 supplers was contaminated
by one supply of 15~20 gallons per day infected at the farm
There were 718 cases of typhoid with 51 deaths 2 Unfortunately
there 13 evidence of tra of the & d
m plenty Transmission of dipthema by the wife of a farmer
when stramng the muk was demonstrated i 1943 ¢ Even milk
from tuberculin tested herds 1s at fimes contammated with
bovine tuberculosis ¢ Pressin’ dises for closing the mouths of
mulk bottles have been held responsible for paratyphod and typhad
m America ®  An outbreak of typhoid it Melbourne was traced to
the milk of one farm, where there was a typhaid carrzer and with
the removal of that carrier the outbreak died out ® Five per cent
of all mik samples m this country bactertologrcally tested, contan
tubercle bactli? The deaths from bovine tuberculosts, almosb
certamly transmutted by mk, are estrmated ab 2000 per year m
this country® Such & death rate indicates great suffoning 1
intestines jomts and glands among chldren who survive  Theso
are but a small sample cnlled mamnly from one medical journal

1 Wmsow  (1944) Proc Nut Soc 2, 158

s Evock. (1943) This Milk Business 75-17 285

s Gorore end MAapDocK (1843} Lancet I, 2

¢ SornERLAND  (1943) Lonce? 1 316 s Lancet (1943) 1, 087
¢ Merrrees  (1043) Lancet 1, 803 T Lancet (1945) 1, 187
+ Ganrop  (1043) Lancet 1, 276 Wmsow (1044) Proc Nuf

Soc. 2, 168




PASTLURIZATION O MILK w7

dunng «lx montha It s no wonder that tho many medical men
Took upon milk na a highly dangerous food
There fs 8 great distinction between safe milk—which wo eannot
afford to wnit for—and clean milk which wo may hope to get m
time ' The question {3 how are wo to make milk safe until wo
can be rurcof clean miht The answer fa emphatieally pasteuri.stion
This pnawer will bo hotly contested, but frankly wo cannot under
stand the caso npainat ft Pasteurzzation consists in ralsing the
temperature of the mik to n definite degree and maintalmng it at
that temperature till the pathogenie microbes are destroyed and
then at oneo cooling it and delivenng 1t into sterilized contaners
The length of time tho milk is exposed to tho raised temperaturo
depends on that temperature At 185° T tho ttme is 30 minutes
{the holder process) but at a higher temperature, the time necessary
for the destruction of pathogeme microbea is much shorter At
162°T it may be as low as 16 to 16 rcconds  (Hizgh temperature
short time process ot the flash procesa) Both methods aro in ueo
1n tius country and tho Umted Statce  The holder process 1s being
superecded by tho flash process which 15 now permussive in this
country  Both methods need technical skill in tho operator and this
1 particularly true of tho flash process and owing to shortago of
skilled labour dunng the war of 103945, eome milh has been
imperfectly pasteunzed * Tt should not bo 1mpossible howerver, to
make the apparatus fool proof
The advantago of pasteurizing mulk Lics not only 1n the destruction
of pathogenic microbes  Tho keeping quality 18 much enhanced
If ordinary milk 14 pasteunized 1n the Inboratory by the holder
process and held at 34°F 1t wall heep without sigmficant chango
for one month * It 13 safo to say that no milk could be used 1n our
great aities without pasteurization so that the position of affairs
13 this o Jargo majonty of the nation would have to do without
tlus ndmirable food if & ban wero placed upon pasteunization
Fhere 13 no evidenco that pastcunization appreciably alters the
food value of milk  Laboratory experiments have shown that the
only nutnitive losses suffered by the known constituents of milk
are 8 destruction of some 20 per cent of vitamin C and of about
10 per cent of witamin B, * No one advocates mill as a source of
these vitamins, for 1ts contribution i a ymxed diet under the best
conditions 18 small  There 13 no lo 3 of vitamin A nboflavine or
vitamun D I xpeniments on ealves by the Hannah Rescarch
1Moventerr  (1043) op et
? SuruerLaxp  (1043) Lancet 1, 316
3 Martice  (1044) Proc Nut Soc 2, 141
4 Kox (1944) Proc Nut Soc 2 153
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Institute leave no doubt of its value aga food  The growth re
of these calves was ag great as—actually shghtly greater t
the growth of the controls on the mlk from the same sourc

3¢ zed, and wh none of those on pasteurized
contracted tuberculoss, seversl of those on raw milk did
difference bebween the two milks as regards nutritrve vak
be shown on calves 1t 18 unhlely that there 13 any differen
human beings  For experiments on the value of pastenrized
n the feedmg of children, see p 886

For ordinary purposes there 1s little doubt that sunply b
the milk for o few minutes 13 the simplest and most satisfa
method of ridding the milk of pathogemo mcrobes  If carre
1 & double saucepan, very littlo change 1n taste of the milk re
egpecially i 1t 13 rapidly cooled after removal from the fire
subsequently strawed as already deserthed

There 13 every reason to advocate the babitual apphcation o
or other of these methods to milk before 1t 15 consumed as
and ons looks forward to the day when the drinking of raw milk w
considered as barbarous a custom as the eating of raw meat
present

Preservation of Milk The commonest methods of pres
mg milk are by evaporation or desccation

Evaporated mulk (usually spoken of m this country as
sweetened copdensed mlk) 13 made on & large scals m Ame
By evaporation wn vacuo the water coptent of the milk 1s redy
by 60 to 65 per cent  the fat 1s homogemzed to break up theglob
and the product 1s finally sterilized Such & mulk 13 germ freo
the evaporation being conducted 1n the absencoe of oxygen 11
1 no appreaable Joss of vitamins A and D, but there 15 a lo:
50 per cent of the vitamn B,, 10 per cent of nboflavine and
per cent of vitaxmn Ct

By tho method of desiceation, mlk 15 passed n o thin fa
between two heated rollers, or sprayed mio a current of hot |
1 such a way that most of the water 11 immediately evaporated ¢
& fine powder results which contans all the ongmal solids of {
1)k in 5 perfectly soluble form There sre now many Dbrands
dried mulk on the marhet, of which tho table on the opposite pt
may be regarded as gvig the spprommate composition

The nutritive value of dned milk 18 fully equal to that
ardinary milk and 1t may be regarded as pri actically sterile and
13 more digestible

1Xov (1044) Proc Nut Sec 2, 140
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Courosrtiox or Dnren M

Whale fkimmo!
Mowmture 40 per oent 5-0 per eent
I rotemna 2,6 3.8 ’
Fat 2067 . 07 ’
Milk eugnr 336 “o
Caleinm s, , 1225 ,
Tron 0s 1.0 mg per 100 gms
Vitamm A 1070 3 1U
Vatamun B, 100 330 '
‘itamin © L] ] [

Diopstimiurmy oy Muxg

It might be supposed that milk beng a flmd would only
remain o short tune in the stomach, and rapdly pass on mto the
fntestine e havo zcen however that milk is only a flud out
aido the body

Clotting of MilL In the Stomach  Whenit enters the stomach
it sets into o sohd clot, owing to the action upon 1t of renmn
Now, the gastrio juico is an acid fluid and it is at first aight sur
priang that curdling does not take placo rather than clotting
That this does not happen 1s no doubt to bo sttnbuted to tho
fact that tho protemd of the milk unite with tho seid first sccreted
by the stomach and give the renmin time to nct bofore the mxturs
has attained an acid reaction

Whether this s tho correct explanation or not thero can be no
doubt of the fact that shortly after milk has been swallowed it is
converted nto s solid maas

TWhat the use of rennim is in the stomach is very difficult to sce
Certainly clotting 19 not & necessary preliminary to the digestion of
milk, for the latter process can be carmed on artificially outside the
body to 1ts most advanced stages with the milk remamng flnd
all the timo There is also ample provision for tho digestion of
milk in the intestine and if it 18 so prepared that clotting 1n the
stomach cannot take placo ifs ultimate digestion 13 in no way
interfered with nor is it found that patients from whom the
stomach has been entirely removed for discase have any diffienlty
in digesting milk  Rennn, in fact, would almost appesr to bo a
superfluous ingrediont 1n the gastric juice, and its presence thers
is rendered ell the more wexplicable by the fact that 1t occurs also
in such mtuations as the guzzards of fowls, where milk 13 never
found at all

After the clot of casemn has formed in the stomach 1t shrinks into
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s tough and leathery mass, whieh offers grent remstance to the
digestive efforts of the organ  Were the milk merely curdled the
case would be qute different for the particles of precipitated
caseinogen are dusolved with comparative esse  This 1s one of
the reasons why butter milk and koumiss are often found to be
more ‘digestible  than ordmary milk

The mvestigations of VAN Styxe and Hart have thrown a light
on the digestion of casem  Calewtm casemate, swhich 13 the clot
formed by rennm, forms a flocculent curd, which 1 not digested
by pepsin unless acid 1s present but passes almost strught into the
wtestine  This happens m young infants whose stomachs secreto
Iittle or no hydrochloric sid  If acid 18 present, casem 13 set freo
and forms & much densor clot, and 15 digested by pepsin  If hydro
chlorie acid 18 10 excess casewn hydrochlordo 18 formed, which sots
mto a still tougher curd and takes still longer to digest

If, then we wish to hghten the labours of the stomach in the
digestion of milk we must endesvour so to arrange matters that
the milk shall not form a tough and dense clot after 1t hes been
swallowed

Now, the denuity of the clot which milk forms m the stomach
depends, on the one hand, upon the amount of casemnogen and
calerum salts which 1t contains and on the other hand upon the
degree of amdity of the gastric ymce The richer i caseinogen
and soluble salts of caleinm the mulk 1s, and the more acid the
gastrie juice, the tougher 13 the clot On the other hand by
reducing the proportion of these different factors the clotting of
the mlk can either be prevented altogether or made to take
place m such & way that the clot 15 not of great toughuess and
density

Qbviously mere difution of the mulk wwitft swater Jessens tha pro

rtion of hme saltsand an 1ts digestimlit
Ditution with lime-water 13 probably not more efficactous than
dilution with ordinary water ! unless 1t be 1n virtue of its elight
alkahmby It hos been found however, that tho additson of even
large quantities of such an alkah as bicarbonate of soda to milk
does not prevent clotting i the stomach

Barley-water 18 sometimes recommendud 88 & diduent instead of
ordinary water Whilsh 1t has no greater power of proventing
dJotting than ordinary water, 1t scems to some extent, by its collosdal
properties, to prevent the clot from shnnhung into & tough mass
This 1s dve to starch which 1t contains

Obscrvations on Milk Congulation
fed and Surg Journ 145 13)

1%0 F W Warre  (1001)
and Digestion * {Abstract 1w Boston 3
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Yinght § showod that the coagulation of milk tan be provented
by the addition of one fifticth of ita volume of n 25 per cent
solution of atrate of sods which acts by converting somo of the
solublo imo malts into insoluble ecalcium ecitrato  Such citrated
milk is employed with suceess in the feeding of infants The
prosence of the atrate can hardly bo detected by the palate, and
milk contains such a largo excens of calcram salts that tho romoval
of part of them fa no disadvantago

Acration of the milk (such as can bo effected by tho use of the

Sparkleta® process) is another important means of combating
denuty of clotting  Milk #0 prepared clots rapidly but the clot
fs very fnable It is the combination of seration and dilution that
renders  muk and-soda  so much more digestiblo than plamn mulk

The presence of much acid as has been mentioned favours the
retraction of the clot into 8 leathery form  Now, tho degreo of
acidity of the gastric juico vanes in different individuals withun
faur)y wide limits and that may explain why some peoplo find mik
ro much moro easy to digest than others  For this rcason, too
muk may sometimes disagreo in thoso casea of dyspepsia which are
caused by over acidity of tho gastno juico

Another method of preventing the formation of a denso clot is by
mizing the milk with somo substance which will get an between the
particles of casein as it were and keep them apart, so that they
do not run into & sobd tough mass but form a more or less spongy
clot  Mucilaginous fluids, such as barley water, act, as we have
soont 1n this fashion Thickening the milk with a httle cornflour
or gruel acts sumilarly, so does mixturo with other foods Mk fs
thus moro easdy digested if eaten along with some solid food—e g
a hiscuit—than when drunk strmght off by atself
«Boiled mill 13 found to olot more slowly both sn titro and
tito and to give a less denso clot than raw mulk 2

Tho exact time that milk remains in the stomach under
ordinary haa been @ d by causing a healthy
man to dnnk a defimite quantity of milk and then washmng out
tho stomach at short intervals or by taking advantage of people
who can regurgitate at will

In aseries of experiments on the gastric response to foods Rehfuss

Hawk and therr colleagues ? made the following observations on
such & man

?  On the Possible Ad of Ei Decal d Mulk in the
Feoding of Infants and Invalids Lancet (1893) 2 194 Gonce and
Tesererow  {1030) Amer Journ Dis Okld 39 265

2 BrENNEMANN  (1913) Journ Amer Med Assoc 1 55

3 Amer Journ Phymol (1018) 48 411
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8 tough and leathery mass, which offers great resistance to the
digestive efforts of the organ  Were the mulk merely curdled, the
case would be qute cifferent, for the particles of precipitated
casemogen are dissolved with comparative ease This 13 one of
the rensons why butter mik and Loumiss are often found to be
more  digestible’ than ordinary milk
The mvestigations of VAN SLyRE and Hart have thrown a light
on the digestion of casem Calemm casemate which 15 the elot
formed by rennin, forms a flocculent curd, which 13 not drgested
by popsin unless acid 1s present, but passes almost straight it the
untestne  This happens 1 young mnfants, whose stomachs secrete
little or no hydrochlonic acxd  If aexd 13 present cosen 1s set freo
and forms a much denser clot and 15 digested by pepsin  If hydro
chloric acid 18 1n excess casein hydrochloride 13 formed which sets
mto a still tougher curd and takes still longer to digest
If, then we wish to lighten the labours of the stomach m the
digestion of milk we must endeavour so to arrange matters that
the mulk shall not form & tough and dense clot after 1t has been
swallowed
Now, the densitv of the clot which mull. forms in the stomach
depends on the one hand upon the amount of casemogen and
caletum 8alts which 1t contamns and on the other hand upon the
degree of acidity of the gastric juice The nicher wn casemogen
and soluble salts of calom the mulk 13 and the more acid the
gastrio Juice, the tougher 13 the clot  On the other hand by
reducing tho proportion of these different factors the clotting of
the mlk can either be provented altogether or made ta take
place 1n such o way that the clot 13 not of great toughuess and
density
Obviously mere difution of the rmik with water lessens the pro
rtion of ime salts and casernogen, and willinereaseats digestibility
Dilution with lime-water 13 probubly not more efficacious than
dilution with ordmary water ! unless 1t bo 1 virtue of its shght
alkalmty It hea been found however, that the addition of even
larpe quantities of such an alkal as brcarbonate of soda to mulk
does not prevent clottimg 1n the stomach
Barley-s ater 15 sometimes recommended as a diluent wstead of
ordinary water Whilst 1t has no greater power of preventlog
clotting than ordinary water 1t seems to some extent by ts colloidal
properties to prevent the clot from shrinling mto a tough mass
This 33 due to starch which 1t contamns

1Sce F W Wmre (1901) Observations on Milk Ccng\datlxgil

and Digestion  (Abstract m Boston AMed and Surg Journ 145,



ABSORTTION OF MILK 333

cacapo digestion even §f it bo ro prepared that it does not remain in
tho stomach but rapidly puscs through into the Intestine
Tho question next ariser Ia tho digrsted milk completely ab
sarbed or docs ft Jeavo behind any considerablo amount of wasto
remdue ! Thia question may be approschied by Investigating the
degree to which tho different constituents of milk are absorbed
when fsolated nnd given slone  Proceeding in this way it has
been found that the casein of milk ix tho best absorbed of protens
1t is abeorbed as well as or even rather better than, the protein
Yc:{ meat whilst the fat of milk enters the blood quite as readily ns
§ the fat of bee!  And one may noto in pasung tho interesting fact
that the fat of acrated milk §s absorbed rather better than that of
milk which has not bern so trested  Wo aro not awnre of any
experimenta in which nulk sugae was given by itself, but it is usual
to assume that it is completely absorbod
Considering theso facts, ono would naturally expect to find that
when milk was miven a3 & wholo 1t would bo well ahsorbed  If
the different componenta of it aro so completely received into the
blood surely the wholo of them given together will enter the blood
with equal easo and completencas t But yet it is not so  Milk
when giren by tself a3 the exclunre diet of an adult 13 not very
well absorbed—worse tndeed than any other ammal food Even
under favourablo conditions only about 00 per cent of tho encrgy
theorctically obtainablo from mulk is so obtained  Tho rest 1s lost
as anabsorbod waste Thus, if 2 Ltres of milk aro taken daly
the loss of dry substance amounts to 57 to 78 per cent On 3
Ltres tho waste rises to 10 2 to 11 16 per cent (Rubner) Prausmitz
found & loss of 0 per cent when 3 litres were consumed dailly
One grammo of dried muk ought to yield 5733 Calories Owing
to defectivo absorption, it only yields in the body 5067 Calones
The loss affects the proteins and fat about equally and 1n a notable
degree tho inorganio constituents and carbohydrates as well
These results apply only to the case of adults and when mulk 13
the sole food When tho milk forms part of a mixed diet 1t 18
much better absorbed Thus in an average of ten experiments
gven by Wait in which milk was the exclusive food only 921
per cent of tho proten and 803 per cent of the carbohydrate
were digested  but 1n five experiments 1n which the diet consisted
of bread and milk the proportion digested rose to 971 per cent
of the protein and 98 7 per cent of the carbohydrates Tho large
amount of water which milk contains seems to interfere with absorp
tion when 1t forms the sole diet 1

1 Nutrition Investigations at the Uniwersuy of Tennessee U8 Dept
of Agnculture Bull No 53 p 43
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(1) Mille (500 ¢ ¢ ) drunk ramdly, leaves the stomach rapdly and
produces smoller curds than milk drunl slowly or sipped Sipping
produces largs tough curds which remam a long tume in the stomach

(2) Row muilk produces rubber Like curd mmil, boided & mnutes,
smaller and more digestible curds which leave the stomach earher

(3) Skimmed mlL produces tough, hard curds, full mulk softer
curds and cream very soft curds ‘The last, however, leave the
stomach but slowly

(4) The addition of bicarbonate of soda produces smaller curds,
not 8o small as those of boled milk, which stayed longer m the
stomach than those from untreated milk

lﬁi) Pasteurized milk 15 intermediate between raw and boded
m
(6) There 18 no observable difference between warm and cold
mulls as regards the size of curds formed and the rate of passage
through the stomach

Qno or two other pomts bearng on the digestibility of milk still
remain to be mentioned  They specially affect its use mn diseases
of the stomach

In the first place, 1t must be pomted out that, thanks to its pro~
temn phosphates and aitrates muk can act as o powerfal buffering
agent* In some d of the st h, such as uleeration, m
whach 1t 18 desirable to buffer the acidity of the gastmo juce, thi
property of milk makes 1t a valuablo articlo of diet It has also
been pomted out by Paviov that, in proportion to the umount of
mtrogen 1t , i q for 1ts digy a weaker gostrio
juice than any other food Hence, the secretory work required of
the stomach for 1ts digestion 15 small; and this 18 another pomt m
its favour 1x many d d dit of the st h  The fat
which milk conteins also exerts a restraimng nfluence on the amount
of gastrie Juico sceroted  Lastly, mlk, Like soup, ond a few other
articles of diet, seems to produce a secrotion of gastrio juice mnde
pendently of reflex nervous mfluences It 1s thereforo as euro to
o digested 1f poured nta the stomach through a tubo asif 36 had

been gwallowed i the ordmary way This 18 by no means truo of
most foods

ABgonrrioN or Mk

ch the mulk reaches the intestine, whoro
loted by the p: tic Juco  This Juico
on mik—more so than tho gastrio juice
hero 1s no need to fear that mdk will

1 gulnh
P

Leaving tho stoma
ity dig 18 p
acts very powerfully
By reason of this provision ¢

1Ten cc of cows mulk can
aed

lize 4 o ¢ of d
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sound foods A perfect food must supply fimst class protein, lughly
asafmilable fata and catbohytdrates all the ‘mineral’ elements in
their nght proportions, and all the vitamina Al this it should do
at & moderate cost and in reasonable bulk

ik supplics first class proteins and the minimal day's ration
§s found in 1 quart—not an unreasonablo quantity and costing 0d
Fren at this high prico per quart milk compares very favourably
with meat

Its fate aro hughly asumilable and decreaso tho need for vitamin
B, Its cabohydrate while
not very asumilable fa nono
tho leas very useful in meta-
bolem

Mlk contains excellent
supphies of caltum and phos
phorus but is deficient iniron
Of the wvitaminas it powscases
A nboflavine and vitamin kan
conmderable amount it is not
devord of B, though its con
tent of C and D aro not worth
constdenng! No other food
than eggs can bo smd to be so
valuable as mlk

As pole food mulk 13 too
bully contains too hitlo 1ron
and 13 not completcly asstml-
able

Fia 10 —Acroarn Cogmsmuv f' A
Woe conclude, then that milk TuxsLERYUL OF OmbrMary Mk
18 ot & perfect food, but 1t is Axp sum Tenozyraos or Loss

FROM NON ADNSORFTION

admurably fitted to supplement

o deficiencies of other articles of diet It 13 one of the cheaper
/:lolurces of ammal protein  Ninepenny worth of wholo milk yields
as much protein as tenpenny worth of beefsteak But milk has
the advantage over beof of contamning a considerable amount of
carbohydrato 1n addition to its protem and fat and a quart of
good mulk 13 equal 1n Calorie valuo to a pound of lean beef steak
Skim mulk 18 an even better source from which to supplement any
lack of protemn m the diet for 1t supplies that constituent m a
cheaper form than any other ammal food except salt fish Its

1 The cholestorol content of cow's milk—10 to 17 mlhgrammes per
100 0 ¢ —gives 1t 1ts power on d which may be
as much as 67 IU per pint BIcEXELL and Prescorr  (1942) The
Vataming sn Medicsne 463
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1613 an interesting and remarkable fact that mulk 1s much better
absotbed by young children than by grown up persons* Thus,
even up to the age of 12 the oss of mirogen, when mulk 13 given
alone,150nfy 4 4 per cent  as compared with more than 11 per cent
mn the adult 2 In the case of babies ebsorption 18 even more com
plete the difference being to a Jarge extent due to o more perfect
absorption of the morgamc constituents, the reason for which 1s the
greater demand for calomm salts m the infant  This reacts favour
ably on the absorption of the fat of the milk, for unabsorbed eafernm
salts sre apt to form msoluble soaps with the fat, and so hmdett
1ts absorpthon

The cemparatwe absorption of boiled and unbotled m:lkz,
has been the subject of & good deal of experimental mvestigation
Taling the whole of the evidence the conclusion seems to be
yustafied, that yust as boling does not appreciably dummsh the
dgestibility of muk 1n the stomach, 5o 1t does not to anv ymportant
extent wmterfere with 1ts absorption i the intestme One need
have no fear, therefore, that the great advantages of botng are
purchased at the cost of any noteworthy dunmution of digestabiity
or absorption

Two other pamts relating to the behaviour of milk i the ntestne
ecall for mention  The first 15 that mulk seems to be absorbed wmith
Yees expenditure of energy-—that 1s to say, with less wear and tesr
upon the part of the mtestine than any other food (Paviov) Ths
no doubt explains in part the grent value of milh diet 1 many
intestinal diseases

The other pownt 13 that mik seems to exercise a restraiping

upon putrefactive p 1 the The oxplana
tion of ths, whether 1t 13 to be attnibuted to the casewn or to the
influence of acids produced from the mulk sugar, 13 stiil disputed,
but of the fact there appears to be no doubt

Nurrrrrve VaLus oF MR
It 18 frequently smd that mlk 18 o perfect food Now, this 18
an exaggeration  There 1s no such thing except theoretrcally 23
s perfect food But muk does come very high on the list of all

1 Spo Runnes and Hevpen  (1898) Zext § Biologe 36,1, Urr;an-
saxy {quoted by Marcuse) (1898) Pfligers Archw 64 223
Caxmsee. (1880) Zewt f Brolopte 16, 493

s Dpavswirz  (188%) Zew f Buolopte 35 533 “

# Expecunents on young rats (Journ Hygene 1900 9, 233) show:
o dimwution 1n the nutative value of mlk when baoiled, or oven when

evaporated end dried
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far morv hirh spinted and irrepressible, being often in troublo on
that account

* }urthermore, duning the winter of 10234 thero was complete
absence of illneas among the boys with the milk ration, nlthough
in other houses the sickness rato had been somewhat higher
than usual owing Lo naso reg y catarth (infl ) and to o
himited outbreal of measles and searlatina

Confirmatory observations mads on groups of school cluldren in
Scotland ! showed that an addition of § to 1 pint of mulk to the
daily dict causedd 8 rato of growth and weight 20 per cent higher
than that of children who thid not recciveo extrn milk or who were
given ita Calone equivalent in the form of biscuits  Separated mlk
{machino skimmed) was found to bo quite as effective as whole
milk which confirms tho lugh opmion of ita value already expressed

Milk as an orticle of dict In disease occumes a umquo
poution  Nosingle food it may safily bo sad is of so much value
Tho drawbacks to its exclunivo use in health, which wo pointed out
above, are now of no account or are oven converted into advantages
Tho uar of milk in the cietary of duffc il will bo dered
in detail in o subsequent chapter, but somo of 1ta general properties
may bo mentioned here

Bewng s flud, 1t {9 canly swallowed This {s a great gan to
oxhausted patients  For the eamo reason the quantity given can
be mmply regulated and measured  Its fluid form also enables 1t
to be used 1n place of other boverages and a glass of milk with each
meal 1s one of the simplest p ptions for the amount
of food a patient 1s taking It 13 often recommended to peoplo
who require to bo fattened

The amount of water 1t contains makes milk a means of quench
ing thirst ns well as of supplying food It 13 thereforo grateful to
foverish patients

Its bulk is no serious drawback 1n most illnesses A patient at
rest and warm 1n bed requires much less food than an active man
and may even gawn weight on 3 or 4 pmts of milk per day although
more than twico that quantity may bo requinte when up and about
In additien to this concentrated foods are not so well borne
severo diseaso and o moderate degree of didution 13 an advantage
Ml calls for less secrotory effort and 18 moro casily absorbed than
any other food and this marks milk aa & food of specal value 1
gastro mtestinal disorders To these advantages are added the
focts that milk contains none of the “stimulating  substances
found in meat and no purme bodies From the carliest times

10rr (1028) Bre¢ AMed Journ 1,140 (1929) +td 1, 161
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great vaJue m the distary of persons to whom economy 1s of
importance cannot be overestimated It 15 1 carbohydrate that
mlk 1§ specially deficsent  Hence 1t should be used chiefly in con
Junction with other foods rich 1 that ngredient Such a food 1
bread  Bread and mulk sufficient to give 1000 Calorses costs approx
wately one eighth of what a lunch to supply the same would cost
at a cheap restaurant
The elaims of shim milk to be regarded as a valuable source of
food are fully justified, and should be carefully considered by
all who are responsible for drawmng up an smple and econorcal
dietary for large numbers of persons—auch, for example as the
1nmates of public mstitutions During the year 1943 the students
of one of us (V. H M) discovered that rarely did the canteens and
they nvestigated make full use of the *household
mulk ’ which was available, or indeed of dried eggs thus neglecting
an admurable source of first class protem and ealcium
Unfortunately, the prevailing tendency 15 to regard mulk as a
beverage rather than as a food This 18 a great mstake, i proof
of which we cannot do better than quote Dr Corry Mann's classieal
work on  Diets for Boys durmng the School Age 1  This was an
experiment, lasting in all three years, on the wiluence on growth
height and weight of a carefully selected and scientifically controlled
group of Enghsh bovs between theages of 7 and 11 vears, of the
addition each day to their diet, of one pmt of pasteurized and
homogemzed mullk A group of 41 boys mn tho first 12 months
gamed an average of 6 98 1b per boy end grew an average of 2 0310
1n contrast with the control figures of 385 Ib and 184 m respec
tively This mereased rate of growth was no *flash m the pan
but was maintaned oven mto the third year of the expenment
No other food added m control expenments produced anythung like
50 great an inerease, though 1t may be noted that the addition of
New Zealand butter was distinctly advantageous
Apart from the marked gam m weght and height thero was &
general improvement in their phvaical condition—a loss of tendency
to clulblams to roughness of skin, and to Jordoss  * After exghteen
months® the report states, “a casual wsitor entering the dinmng
hall, whero the boys of nmstecn houses sit af table, wonld never
fa1l to recognize the table of that house which waas alone recetving
the extra ration of milk the boys of that house being obviously
more fit than those of any other houso In addition they became

1 Corny MANN  (1026) Afed Res Counctl Report No 105 Cnawey
(1923) Asmer Journ Di Chid 26, 337 Mogaax HazreLp and
Tawwer  (1928) sad 32, 837 McCorrux Ortewr Kenzs snd
Day  (1939) The Newer hnouledge of Nutrition Fifth Edition
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than any other form of food and has been recommended in delinum
tremens " 3

Casrre PrrrimaTions

In practical dictetics, the want of n tastelear compact, caslly
digested anid moderately ehieap preparation of pure protein is often
felt  Carcinogenis admimbly adapied to meet theso requirements
and haa now been reparated from milk and introduced as a dictetic
preparation on {ta own account The preparations known as
Phamaon  Casumen, cte , are examples of caseinogen prepaced in
varions wayn Theyv contain about 80 per cent of protein

In theso forma cascinogen i digested with caso and absorbed
slmost in its entirety and s capable if necessary, of replicing all
other forms of protein in the diet  Added to this caseinogen
presenta some apecinl adivantagea not possewaed by other vanctics
of protein.  Tor ono thing it is readily eapablo of  fixing  acids,
and so neutralizing them  Tho power of caseinogen in thisrespect
is threo times greater thon that of an cqual weight of beef  This
property gives it special advantages in those cases of dyspepsia in
which too much acid is being poured fnto the stomach

Cascinogen is a phosphop N all the essential amino
acids though its content of eystine and methionmne 15 low, 13 casily
digested and absorbed It forms no clot in the stomach Its
mamn defect is that 1t contains but Lttle calawum though much
phosphorous for 1t 19 usually prepared by acid precipitation and
not by renmn

Tho nutritive valuo of these preparations of eascinogen 1s un
doubtedly very hugh, for thoy contan fully 80 per cent of puro
protein  An invahd docs not require more than 80 grammes of
protems daily and thia quantity wonld be covered by 100 grammes
{3} oz) of Plasmon or Casumen That an amount almost equal
to this can bo admimstered daily for prolonged pemods has been
fully proved by chinical expenment

It is as & means of enriching the diot in protein rather than as
sources of energy, that these preparations are specially valuable
Roughly speaking one may say that one part of them 1s equal as
a source of protein to four parts of meat Their tastelessness and
eolubility enable them to be added to other foods, such as soups
mulk puddings cocos and jellies rasing greatly their nutntive value

and without the patients beng aware that any such addition
has been made  In many cases of illness and especially, perhaps
i fovers they merease very dersbly our dietetio r

1 Food and ths Principles of Dietetica  Eaghth Edition
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Butter mulk 13 very easily digested owing to the absence of fat
?nd to the fact that ts casewn 13 present m o finely flocculent
orm

Its nutnitive value 1s considerable, an ordinary glassful yielding
about as many Calories ag 2 oz of bread Tt s asa cheap sourco
of protein, however, that butter mlk 13 chiefly deserving of notice
In respect of thus constituent, 1t 18 not one whit inferior to ordumary
mulk, and yet butter milk 1s usually thrown aut to the pigs  Thers
can be no question that there 1 here a great waste of & very vale
able food  When used w large quantities, butter milk has duuretio
properties which may be & shght dwadvantage in health, but
would rather enhance 1ts value than otherwise m many cases of
disease

Sourep Mnxs Keewmm, Kovuss, mro
The preparation of these mulks 13 dealt with elsewhere and
a moro detaded account will be found m an carler edibon
Apperently little mterest has been taken in these commodities for
years m the analytical worll We append analvses as quoted 13
earhier editions and in Schall

Pro Lo Bnera] | Lactio
tom | T8 | tose {Aleohol Aad

Koumss (Rubner) 22 | 21 | 16 | 17 09 09

Kephur (Rubner) 31 20 18 21 08 08

Batter mmlk (Rubner) 38 12 33 il (X3 03

Yoghurt (Schall) 33 | 28 | 31 ml not 08
given

These substances aro reputed to be more digestible than the respec
five mulks from which they amse The casemogen 15 1n a fine
floceulent form The carbon dioxide m the fermented drnks
{Koumss snd Kephur) 18 supposed to break up the curd i the
stomach The alcohol 18 not enough $o cause more than a mild
Tulanty, with no subsequent headnche  And the taste 13 plessant
to those with a conditioned reflex for st

There can he no harm in takmng 1t and though we kuow of no
recent instance n which 1ts use has proved of advantago 1t has been
recommended &s of value n s}l conditions of impared nutntios,
n continued fevers and in conval It may also be used
1n chromie catarrh of the stomach or bowels, i cases of bcp:ltm
currhoss, and 1n renal discase It 1s often better borne in vomiting
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than nny olhcr form of foo! and has been recommended In delinum
tremens **

Casr PrrranaTioNs

In practical dietetics the want of a tasteless, compact, casily
digested and moderately cheap preparation of puro protein is often
felt  Cascinogen is admirably adapted to meet theso requirements
and has now boen separated from milk and introduced as a dictetic
preparstion on its own account  The preparations hnown as
lsmon Carumen ete  aro examples of ciscinogen prepared 1n
various ways They contain about 80 per cent of proten

In thewo forms cascinogen i digested with enso and absorbed
almost in its entirety, and is capable if necessary, of replacing all
other forms of protein in tho dict  Added to this easenogen
presents some special adsantages not possessed by other varmeties
of protein,  T'or ono thing it is readily capablo of fixing’ acids,
and so neutrahzing them  Tho power of caseinogen in thisrespect
is three times greater than that of an equal weight of beef  This
property gives it special advantages in thoso cases of dyapepsia in
which too much ncxd is being poured into the stomach

C: isap ) tewn t all the essential amino
acids though its content of cystine and methionine 13 low 13 casily
digested and absorbed It forms no clot n the stomach Its
main defect 33 that st contams but httle caloum though much
phosphorous for it 12 ususlly prepared by acid precipitation and
not by rennin

Tho nutritive value of these preparations of casemogen 18 un
doubtedly very high, for they contan fully 80 per cent of puro
protetn  An invalid does not require moro than 80 grammes of
protemn daily, and this quantity would bo covered by 100 grammes
(3% oz) of Plasmon or Casumen That an umount almost equal
to this can be d daily for prol d periods has been
fully proved by clinical experiment

It is as o means of enriching the dict in protem, mther thun o,s
sources of encrgy, that theso prep are sp 2!
Roughly speaking one may suy that ono part of them 13 equul as
8 sourco of protein to four parts of meat Therr tastelessness and
solubility enable them to be added to other foods, such as soups
mulk puddings, cocos snd jellies rasing greatly their nutnitive value,
and without the patients bemg awere that any such addition
has been made  In many cases of illness and especially perhaps,

in fevers, they increnss very considerably our dietetic resources

* Food and the Principles of Duetetice Eighth Ldition
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and have taken an mmportant place m treatment They are supenor
to meat preparations as condensed forms of protemn

There are various preparat of 2! bmed with
glycerophosphate of sodmm on the marhet (Sanatogen, Kemposan,
Nervogen) In virtus of therr casmogen these have the same
nutnitive value as the other preparations consdered above 'The
organie phosphorns 1n them appears to be fully sssimilated It
may be doubted however, that they have a “specific tonio effect
on the nervous system

CHEESE

Of cheese there 19 an mfinste variety  They have this i commen
they contamn the casein, some or all of the fat the vitamin A, the
calorum and phosphorus and some of the vitamms B, and nbo
flavine of the milk from which they are made The majonty are
made from cows mik, but some ars from goats’ and owes mlk
Cheess 18 & mode of preserving much of the food value of nulk 1 &
condensed form for long after the milk from which they are made
would be unfit for consumption For example, Cheshire cheeso 13
at 1ts best about a year after 1t 13 nfade Because of the strong
flavours developed mn cheeses under the influenco of bactersa and
moulds cheese 13 often regarded mare as & condiment than as s
staple food, but this 1s to be deprecated Cheeso 13 one of the
most valuable foods there 1s and 1s a most convement way of spread
g the excess of milk m early summer 1 a concentrated form over
the whole year

It 15 prepared mamly m two ways Mik, with or without
pasteurtzation, 13 directly treated with rennet to produce a clot,
or the mith may first be soured by means of a starter after pastouriza
tion and then clotted wath rennet  The first way produces a sweet
curd and the second anacid curd  Cheesesfrom an acid curd have
much better keepng qualiies Stilton 13 an exemple of sweob
curd cheese and Cheddar and Roquefort of amd curd cheeses

Instead of usag a starter, tho mlk may be allowed spontaneously
to sour or anids added to bring down the casemogen  In all cases
the casem clot or casenogen ourd entangles the fat The nulk
may be enriched by the addition of cresm (Stilton) or 1t may first
be shimmed 1 which case the fat content of the cheeses will bo
low and the protemn percentage ereased (Dutch and Germsn
cheeses) So even at tho first stage of cheeso making mdividoal
vanations of the fimshed product aromnstituted  Wherp startersaro
used 1t 13 umportant to control the nature of the bacters they

+ ally strep Iactis or cremoris--for they are
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ruseeplible to fnvamon by bacterlophage, which alowa tho production
of acxl and this effecta a lo « of keeping quality and flavour
Afer the elot ban fully formed it is cut with special knives  This
hiberates the whey from the curd, and tho mass may be both stirred
and warmed, allownd to ecttlo and the whey run off  Tho curd is
eventually ground in a mill malted and put into moulds The
remainder of tho whey may boe squeczed out under pressure  Thus
produceratand cheerr o g Cacrphilly Chnddar Cheslure Glouccster,
I'wrmesan Dut where the whey drains out under tho natural weight
of tho curd, n soft chersa rerults e g Camembert Gorgonzola and
Stilton. The soft checees do not heep well and aro intended for
early conrumption the hard cheeses aro at their best in the coure
of 8 year Tho eoft cheeses nro of an open texturo and moulds
from the air mako their way into the interior (Stilton, Blue Vinny,
Rocquefort and Gorgonzala) This is often sided even with
Stilton by prickang the cheese eg Roquefort  The amount of
salt the tumo at which it {s added and the date of priching also
determino the mte snd mode of ripx ning and the differences between
Roquefort and Damsh Bluo on tho ono hand and Stilton and
Gorgonzola on the other  I'rom tho lactic scld present in tho curds
end from the fat, volatilo fatty acids aro formed (acctic propronie,
butyno and eaproic), and also fromtho fat higher non volatilo fatty
acds  These help to dctmmno tho flavour Sharpness 138 due
to acetic and proy to butynio and valernie
compounds nnd pungeney to caproie caprylic and capno bodies
Morcover thero isdegradation of the protein, with ammoma produc
tion which adds to the flavour of tho cheese  In view of the varied
nature of the processes by which cheeeo 13 made and the complexity
of the biologieal and chemical reactions within the cheese as 1t
Tipens, wo can understand the reason why there is such an mfinite
vanety of cheeacs and why even cheeses of one type vary ee much
ono from another This has been particularly noticeable 1n war
timo cheeso’ which has often been imnefficiently made and roshed
on to the market before 1t had achieved a venerable ripeness @
‘The valuo of cheeso m nutntion 13 Judged by its content of protem,
fat, calelum, phosphorus and vitamm A The following analyses
are taken from McCance and Widdowson *

* For the technology bacteriology and flavour of checses a number
of papers given to the Tood Group of tha Society of Chemucal Industry
should boconsulted hay (1941) Chem and Ind 60,411 Hiscox.
(1941) stad , 60, 563 Meanwrrn (1043) shid 62,73 Yyavcoop
(1843} sbd” 62, b9

* Chemcal Composttion of Foods (1042) Med Res Council Special
Report No 235 Third Edition
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Carbo Cat Phe
bydrate | omm | Irom phog‘; (;:io::s

Protein | Fag

my
Cheddar 249 (345! trace 815 (;nl?'l
Crearmn (home
made) 32 {860 206/014

Dutch 168

Gorgonzola 311

Grayére 368 (334
Packet ’ 301

P armesan 344

5t Ivel 3685

Stalton 251

The vitamin A potency of cheese ” (1e Cheddar type) 1s given
by the Medical Research Couneil 28 1300 LU per 100 grammes, the
vitamun B, as 30 microgrammes (or 10 I U ), and nboflavine as 500
mcrogrammes  These are average figures and vary wath the source
of the milk and the tume of the yoar Kay ! comparing Cheshire
cheese made from winter muk with that from sumwmer milk, showed
that the former gave only about 700 I U vitamm A nctimaty per 100
grammes while the summer mulk cheese yielded approximately
1500 I1U  The relatively lugh amounts of mboflavine which he
found 1n winter and summer milk cheeses (280 mucrogrammes and
350 mucrograrames respectively) must be due to a combmation of
protemn with the riboflavine The low figures for caloum and
phosphorus 1 Stilton cheeso 15 dus to the removal of those sub
stances by the lactio aexd of the whey which 1s allowed fo bathe
the curd for a long time A large proportion of the caleum and
phosphorus of Stilton migrates to the crust, 13 deposited thero, and
when the cheese 1s eaten 1s thrown away with the erust

Digestibility  The mfiltration of cheeso with fat must always
render 1t an articlo of diet not easily dealt with by the stomach, for
the fat forms a waterproof coatng, which provents the access of
the digestive jmces to the casem

The larger the lumps of cheese which reach the stomach, the
slower will this access be Hence the importance of reducing the
cheese to a state of fine divizion beforo 1t 1s swallowed  This may
be done by careful chewing  Now, 1t 13 more casy to pulvenze &
hard morsel than o soft ono, for the latter always tends to elude the
teeth  For thus reason, a plece of hard dry cheese 18 more caaly

1354y (3041) Chem and Ind 60, 411
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digeated than a soft and molst picer A better plin howeser s
1o reak up the chevas before §t fs eaten This may be dono by
ting and eo suceesaful §a this that it can be given in this form
to infante of mine montha of agel
A porable reason for it repnted indizestilality 18 that at jq taken
at the end of a mcal nnd its atrong odour flavours any subse-
quent cructations  Any other highly flavoured food would do the
Mmme
It is only in the atomach that the difficulty of digesting cheeso
occura, once in the intestine it §4 absorbed very thoroughly over
90 prr cont of the protein being retalned in the body, and nearly
0 per cent of tho energy it containa being  avmilable” 3
Nutrithe Value  Of the high nutntive valuo of checss thero
can be no doubt It fs just what would be expected when one
remembers that & pound of sy Cheddar cheeso representa the
total ciscin and vitamin A most of the fat and caleum and a
quarter of the riboflavine in n gallon of il or 2 0z cheese results
from 1 punt of smilk
The average amount of molsturo which cheeso contains is 33 per
cent  the remainder being mads up of protein and fat in varying
but on the whole fairly cqual proportions Tho amount of water
in moderately Jean beef is about 73 per cent  tho remawnder baing
alzo made up of protewn and fat, the former usually predommating
Beef then contains less than half as much nutriment as the
ramo weight of cheese It has been ealeulated that o cheese of
20 1b contauns as much nutriment as o sheep s carcaso of 60 1b
Noreover cheese1salmost the best source of calesum and phosphorus
A vegetarian who took all his ammal protein as milk and cheeso
had the largo amount of 2 grammes of calelum per day in his
diet #
An appeal to tho standard of the Calorie gmives the samo verdict
A pound of cheese yields nearly 2000 Calories of energy which s
more than three times the amount yielded by a pound of moderately
lean beef Turthermore a pound of cheese can bo obtamed at
about one quarter of tho cost of 3 1b of beef whichisits nutntive
equivalent and therefore 1t 13 at onco evident that cheess 13 a
eubstitute for meat which should bo of the greatest value in poor
households
But f cheese 13 thus to become & cheap substituto for meat 1t 19
of the greatest importance what variety of cheese 18 bought Forit
18 true of cheese 1n an even greater degree than of most other foods
that 1 buymng 1t we pay for flavour not for food value 1In the
1US Dopt of Agnoulture Farmers Bull. No 487
* Wipnowsow  (1930) Journ Hygene 36, 269



398 FOOD AND DIETFTICS

9th edition this powt was driven home by the calenlation of the
cost per umtb of nutriment obteined from different cheeses, but as
many of those listed will not be procurable for many years t’o come,
1t would be useless to quote or attempt to recaleulate them now
It must suffico that m 1939 the cost ranged from la 4id, for
*“ American’ Cheddar to 45 2d for St Ivel This hugh price for
flavour and convenience 18 partrcularly marled mn the cheeso
labelled “ packet * cheese 1 the table given above Theso cheeses
are usually manufactured from matured cheeses of the Cheddar
type which have been milled, melted and mixed with milk and the
whole pasteurzed They have an wdiidual fizvour, constant
texture and remarkable keeping quahty

Finally, the biological value of the protem m cheese 1s lugh, though
not a8 high as that of the mixed protems of milk Henry and
Kon1 obtamed by the method of Mitchell o biological value of
15 6 for the protems of Cheddar cheese nnd demonstrated a marhed
suppl tary rel hip bet them and those of white bread
But to show that supplementary action they must be taken together
—as mdeed s the usual custom —and not separated by 24 hours
Moreover the protems of cheese contain valuable amounts of the
mportant amine acid, methiomne

Cheese then, 13 a foad the consumption of which 13 to be en
couraged, not as a condiment or savoury at the end of a meal, but
asa piecede resestance  Ibas portable, compact and hughly nutnitions
4 oz choeso, 8 oz of National Wheatmeal bread and 2 oz watercress
form an almost nutntionally complete meal Only witamuin D 19
mussing though ts precursor, cholesterol 18 present and 1t yelds
1000 Calories  During the war of 1939-45 the agricultural labourer
has been allowed & ration twice or more as large as the normal
mdividual—a welcome recogmtion by the Minstry of Food of 1ts
value 1 diet Oddly enough taste vartes markedly wn different
parts of the country and mn different strata of society The Welsh
mmer for example, readdy consumes cheese but tho Durham
yuner will not tonch 1t Fhere 1s room for propaganda in favour of

cheese

Tism?
Chemical Composition —Protemn and fat are the chef nutntive
constituents found 1 fish  According to the relative proportions

{1042) Chem and Ind 61, 97
section the wrters have dertved much help frot
ns  Arwarzn W O (1891) The Ohemeal
ues of Food Fisher and Agqushe Verte

1 Henny end XKov
2 In prepanng thus
the following publicatiol
Gomposition and Nutrilsve Vali
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of thes Inzredicata present fish may bo conveniently dinided into
two groupe of “fat* and ‘lean®

The fat firh have consd lernble amounta of fat in their flesh, pay
from 10 pee cent upwarde  They aro bloaters el herning ksppers
ealmon, rardines sprata and whitebait  Thoe lean fish havo almost
nezlimible amounta of fat sax about 1 per cont or under  They aro
cod, flounder, haddock, Tohn Dory, lemon sole ling megnm,
monkfish plaee pollack, rithe eole, stockfish turbot and witch
It 3 true that thero are pome with intermedinte amounts such s
bass, bream bnll, catfiah, gurnet hake, halibut, mackeeel mullet,
pollan, sturgeon and trout but the amount of fat 13 rarcly as high
as that of lean mext

Analvees of some of tho commoner varieties aro hero given

Corroqrrios or Irat (Raw)  (Phmmer)

[Trtin Fan Calon | el
Cod 140 01 17 [
14 8% 151 | 50 [
Haddock 120 ' 02 1 14 0
Hernng 16 | 88 , 40 0
Macker! 1o | 62 20 | 0
Plaico Kk o7 F 11 1 o
Salmon 17 125 | S0 ' 0
Smelt v 113 | 16 17 0
Bolo 130 13 19 0
Turbot 88 13 12 l 0
Wisting, 1ns3 01 2 | 0

TWhen steamed or boiled thero is a considerablo concontration of
nutnent matenal for the protein shrinks in volume and squeezed out
water  Thas 13 evadent from tho following tablo based on McCanco
and Shipp ! though the figures are not quite comparable bemg
obtaned by different methods and from materials from a different
part of Great Brtan

lop ot

brates Washungton (abstract from Report of US Commussioner of
Fish and Tishories 1888) Lawowortny C F  (1898) Fush as Food
US Dept of Agnioulture Formers Bull 85 McCanoe R A and
Bmer H L (1933) The Chemstry of Flesh Foods and theiwr loases on
Cooksng Med Res Council Specral Reports No 187 McCaNCE and
‘Wmpnowson  (1942) The Chemscal Gomposttion of Foods Med Res
COouncll Special Reperts No 23. 3rd edn,
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Ansrysrs or Fresa oF Coogep Fist

R | o | S frem i et
Cod steamed 180| 0%) o© ﬁgﬁ x(’)155 ;nfﬁ 23
Eel stewed 110{181) 0 (41712 137} ¢o
Haddock, steamed {226 08] 0 646 [ 0T | 234 | 28
Halibuy 227] 40} 0 13006} 255 | 37
Herrmg baked 1691129 0 Jb582316) 326 | 54
Place steamed 181} 19) O [377 )06 2468 | 26
Satmon  ,, 191(130( 0 (28908 302 &
Sole N 1761 13| 0 [130 )07} 20 | 24
Turbot 207 16| © 136} 05| 188 | 28
Wiiting 1991 09| 0 J420) 10 180 ) 26

To these msy be added some analyses of preserved fish

PRESERVID FISH AS 1URCHASED

! g per 100 g mg per 100 g
— T (2

proten | Fat | S2k0 | €O | 1ion

Bloater ( 126 [ 106 [ 84 14
Cod hard dmed 273 10 0 43 16
Haddock smohed j 99 03 o LY 06
Kipper | 114 | 160 [ 72 12
PRESERVED FISH AS SERVED
Calones
3‘:: Fat b‘;“aﬁ‘ie cg?x}a Tron p‘ﬁﬂi’.?s per oz

Bloater grilled 226|174 0 [1230 | 22
Cod dred sosked

24hoursand boiled] 320§ 09 © 224 (18
‘Haddoch, smoked

steamed 223 f 0n 0 675 (10
Kapper 232i114) 0 648 | 14
Salmon tinned 197] 60| © 66413

2ag] O [4090 | 43

Sardinies 204




TISH in

“The painta in the campantion of fish deserving of comment are
thesa

1 There fa a Jarpe amount of wae's in the form of bones akin,
ete  As sald the waste may bo as much as 70 per cont
while even in fish an served at tablo f2 may bo 35 per cent
This increasen §ta cont dn transport when compared with
raeat

Fih espacially the leancr varieties havo a high water con
tent—con aderably moro than lean meat

3 Fik contains more gelatin than meat and ths {s largely lost

when fish in boiled—a reason why this method of coohing
{1 by no means advantagoons

4 Tih i poor in extractines and Iacks flavour compared with

meat and ro & fi b diet {1 apt to provo monotonous

5 The Calone value of fish fs low except in the fat fish

G Fah i a pood source of protein though not so good as meat or

cheeae

7 With the exception of rolo and of thoso fish in which it 13

impoasible not to eat romo of tho bones (Lloaters herring
Xippers gardines sprats and whitebut) fish is a poor source
of calclum though an excellent source of phosphorus

8 Ther content of purine bodies run as high as or higher than

thoso of meat

(]

In epito of theso drawbacks when compared with meat, 1t forms a
very valuable addition to our diet and it 1s absurd that with the
methods of refrigeration at our disposal and tho excellent fishing
grounds near tho coasts of the Bmtish Jsles such a sourco of
good protemn should bo so difficult to obtain 1n most inland parts
of this country  Morcover fish is ono of the best sources known of
meotmie acad and tho fat fish are & good source of vitamins A and D
Hernings and herning rocaare the cheapest source of ammal protem
and 1t should bo tho task of dietitians to stimulate a demand for
fish and of enterprising firms to put fish on tho market in a fresh
condition  Fortunately the conditions for preserving the good
qualities of fish have been worked out at the Torrey Research
Association  Fish after six days storage in an ordunary ship are
stale and after twelve days when stored 1n 1ce  If fish are frozen
mcedbnine at — 4°F and kept at that temperature they are still
good after six months White fish frozen at — 22°F whilestll 1n
rigor mortis aro more satisfactory at the end of eight months than
most of the fish now sold on the open market Herrmgs can be
brought to freezing plants on shore whilo still fresh, can be stored
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there many months and then fappered or packed, obvating the
difficulty of g}uts Fmally, fish can be dehydrated and, %\’hen
packed m s filled with mtrogen, remain good for a year
The presentation of satisfactory fish and fish products to the
public 18 & question of orgamzation and capital *

Digestibility of Fish The white or lean fish are reputed to
be digestible, wherens the fat fish are not  There 18 no doubt that
they are easy to chew, have but very short bundles of muscle fibres
and when cooked fall eamily to pieces They are consequently used
m the diet of the very young the very old  the dyspeptic, and th
convalescent

None the Jess experiment 13 not 5o very much 1n favour of then
extreme digestibiity Hawk, Rehfuss and Bergeim i 75 observer
tions on the normal human stomach find that while fish evoke a
shightly greater flow of acid they leave the stomach but shightly
faster than beef and beef products 2 For the present we must rely
more on chimeal observation than upon scientific experiment It 15
strongly m favour of the digestibility of the white fish  Cod secrns
to be an exception, having a coarse fibre, and 1ts comparative
mdigestitnhity, as found by Chittenden and Cummms 1s by no
means 1 contradiction with actual expenience (Pavy) The slow
solution of salt fish 18 fully explamned by the hardemng of the
fibres which salfing produces

The absorption of fresh and smoked fish in the intestine
takes place qute as well as that of meat about 85 per cent of the
total sohds, 97 per cent of the proten and 90 per cent of the
fat entering the blood (Langworthy) Salted and dred fish aro
not guite so well absorbed 3

Nutritive Value of Fish  The value of fish as a source of energy
depends entirely on the amount of fat which 1t contamns  The fat
fish such as salmon are fully equal to moderately fat meat in this
respect swhile the lean fish, owing both to the absence of fat and the
presence of more water, are of considerably lower nutntivo value
It may bo reckoned that 2 1h of cod or other white fish are only
equal 1 nutritive valuo to 1 1b of lean beef

Fish can howover, be mado to take up a considerable amount of
fat 1n the process of cooking and so havo 1ts nutritive valuo greatly
mnereased  'This 18 shown 1n tho followng table

1 8eo The Problem of Supply of Sea Frsh 1n an Industrials.ed Country
{1944) Food Manufacture 1v, 347 nd SuEwax (1045) Chem and

Ind 98
2 Amer Journ Aed Sar (19I0) 171, 350
3 Srowrzorr (1810) Zew f Phymk und dwt Therape 15,
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Avrnier Courorttiow or 1 otpir Fortiowa or 156 andontrd Waren
Lient (1) Srranern snd (2) 1 airn 1 Batren and Breancninims
{(McCawer ann bairr)

Catbo  Calona Value

Wates 1rten Fat tylrate per Ounce
) Fteamal "% 2% 13y 00 320
") Innt a1s 123 1o 64 (8]

Ax o sonree of bail ling materdal fiah {1 romewhat anferior to lean
meat owing to the enaller amount of proten which it contains
Thisstatement spplica more strorgly to lean £ b than to tho fatter
vanchies  Owing to thix emaller proportion of protein and in part
alwr in all probalalits to ita lewer richine=s In extrictives fish scems
1o be n lem e'imulating food than mest  For the same reasons
whito fish may mometimes bo used with advantagoe mstead of meat
by sedentary persons and in hot weather

Two special qualitics sre erroncomsly attnbuted to a fish dict by
popular fancy  We rrfer to the beliefs (1) that fish is epecnlly
valuable aa a  brin food  (2) that it posse«ses aphrodinac
quiliticn  Tho fals bases for thess beliefs aro dealt with in
eather editions of tlus work

Economic Value of Fish Tho market prica of fish 19 ne
fndicatson of trun cconomic value  Although such fishes as haddock
and solo are of practically the same nutntine value yet the prico
of the latter may bo threo times that of tho former  On tho other
band 1t by no means follows that nono of the dearer varieties of
ish is worth thoe money  Salmon, for example jields threo times
s many Caloncs naan cqual weight of cod, and thus a pound of the
former at 35 64 may not really bo any dearer than a pound of cod
at ls 24 The amount of wasto 1n fish 1s also of great importanco
from the cconomio pount of view  Wo havo scen that the medible
parts of fish as purchased may amount 1n somo cases to as much
2870 per cent of the whole and sllowance must bo mado for this
in caleulating the real cost 1 or this reason 1t may bo worth whilo
to pay o rather high prico for canned fish for in the.o preparations
almost the wholo of tho matenal paid for 13 1 an edible form
It 13 & matter for oxact calculation

Asa gencral rule it may be said that tho cheaper vanetics of the
{at fishes offer most nutriment for any givensum  Salted white fish
Probably rank noxt to these An average herring contains about

15 grammes of ediblo proten (3 oz ) and from & to 10 grammes of
fat and 1t has becn remarked that the despised bloater  offers tho
largest amount of nutriment for & grvensum of any anumal food 2

1 This 19 not quite true  Yresh hernng and herring roes run & nech
and neek raco with Australien and Now Zealand cheeso an peace time
for chieap ammal proten
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and three salt herrings contatn as much ammal protein

enter the daiy dietery of an ordinary working mm? e need

. The justice of these remarks 13 borne out by the following caleuls
1008

Coxeararive Costs or PROTmmN Anp ENERGY AS FURNISHED BY
DrrrereNT Kinps of Fism

Cost per ration of  Cost per 1000
Coat per 1b?  Frat vlasa Protewn 1 Calomen *
d

8 d e d s

Cod (scetion) 10 0 6] 3 73
Haddock (fresh) 010 6 61 37
Haole 1 4 011 & 6}
Hahbut 1 6 011 6 &
Herrings 0 6 0 3} o 0}
Macherel ¢ 7 0 9o} 13
Salmon 3 0 18 39

N {Newfoundland} 1 § o1 21
Soles 2 g 143 7 2
Turbot 2 4 26 10 8

The relative cheapness of cod haddock and herrings for protem
and of herrings for Calories will be mamfest, otherwiso fish are
moderate to expensive for protein and extravagant for Calosies

Of the “offal” of fish, the ovary or roe? 1s alone commonly
eaten The roe of the sturgeon, when hghly salted, constitutes
caviare, the best forms of which come from Astrachan Good
caviare should be of a grevish colour—not black—and one should
be able to make ont the separate eggs mn 1t quite eamly It 1s
pached 1n vessels made of lune wood as 1t 13 very apt to take up
foreign flavours and of these hme wood 13 destitute The com
posttion of ceviare 13 a8 follaws (Langworthy)

Water 381 per cent

Protemn 301

Other non mtrogenous mattors 76

Tat 197

Mineral elements 48 ’
1530 Calones

Tuel value per Ib

The protewns contain a good dea} of nuclen the mgmficance of
which as an articlo of diep has already been mentioned (p 204

1Theso sre 1939 prices at a high class store  The figurce will have
to bo recaleulated 5o scon as prices settled to a new Jovol after tho war
1t 15 unlthely however that the relative positions will chango greatly
though the actual figures undoubtedly will

3Calculsted on Plimmer 8 Analysos

3 Usually called tho  hard roo
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Three ounees of raw saltad eaviam aro dizeated in the stomach
in about ten houm

The miltd {4 the organ in mals Gxh correaponding to the roe
and resemblen the latter very elowly in componition and nutntive
wvilue  Phmmer o Gzurea for the herning soft roo are  Proten 26 0
per eent, Tat 16 \Minernl clementa 30 Calones per 0z 400
McCanen snd Waldowpon s figurea for frimd roes aro Protein 23 4
Yal 158 Caphobvilrate 49 Calaum 157 milhzrammes Iron 15
Phoephore 015 milli=rammes Calones per o7 74 (The roes wero
mlled in flotr before frang ) The milt however is much nicher
In punne (Punne \ dn bermng malt is 0458 per cont)?

The lobster ermb anl other crustaceans, the molluses such as
the ovter and musse] an 1 the turtls and frog amongst reptiles and
smplibiane may conveniontly bo convidered at this point

The Iobster and crab both conust of two distinct parts  the
fiesh which fa contammed in the clawa and tail  and the body
which is mainly made up of hver The general compostion of
thess parta iy thas contrasted by Payen

Prrersranr Couroutiov or 1onyrrn AND Cran

Fleah Body
Water 760 8431
Protein 1917 1214
Tay 117 114

Courostriow or Trvvro Lonsren (Langworthy)

Veater 17 8 per cent
Protan 181
Fat 11
Carbolyy dratea 06
Minerni etements 24

Tho compoaition of the eral and the prawn 19 practically tho same

The flesh of thoe Jobster and crab is rather indigestible mamly
on account of tho density and conrsencss of tho fibres and the thick
ness of their walls  The uso of vinegar helps to soften the fibres
Lesides neutralizing ammomacal salts which are apt to be present

‘The body of theso anumals is also prone to disagree not only from
the fat whieh tho liver contamns but also because a number of
unfortunate peoplo aro  sensitivo  to therr protens and develop
allergic discases after cating them

 Usually called the * soft roo
# Cod s roo punno Nitrogen 1s 0130 per cent
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Three ounces of potted lobster reqmre aby
t
for digestion 1 the stomach e out o sad a halthows
The oyster 15 the most typeal and
popular of the molluscs
Chemucally 1t contams withm itself representatives of all three
nutnitive constituents of the food

Averagr COMPOSITION OF OYSTERY (McCance and Widdowson)

Nitrogenous substances 10 2 per cent
Fat

09
Carbohydrates Trace
Caleium 0186
Tron 0006 ,

Glycogen 18 the form 1 which earbohydrate 1s present m oysters
It 13 contamed i theliver Inaddition oystersare rich m vitammns
and 1 mineral constituents, wmeluding 10dine won and copper

The oyster 1 rightly regarded as an easily digested food—at least,
if taken raw  Three medum sized oysters are entrely disposed of
by the stomach 1n 1§ hours  Cooking renders them tongh and less
easily digested

The nutritive value of oysters1snot lugh A dozen Ostend oysters
contain ahout 5 grammes of digestible proten and 1} grammes of fat
It would take fourteen of them to contan a3 much nounshment as
one egg and 223 to equal & pound of beef (Stutzer) It is therefore
not surpnsing to hear of enormous quantities of oysters bewng
occasionally consumed at a sitting  They are an extravagant form
of food for a day 8 ration of first class protem on Plunmer s analyses
costs no less than £1 25 44 when oysters are 3s 64 a dozen

The belief that oysters may be the means of conveying the n
fection of typhoid fever 1s not unwarranted, for if oysters are grown
1n estuaries they easily enough become infected with typhoid germs
derived from sewage, and 1t has been found by artifictal moculation
that typhoid bacillt thus mtroduced are capable of surviving mn the
body of the oyster for several daya? The nsk, howover, can bo
avorded by keeping the oysters shive for  day or two n salt water
which 18 frequently changed This washea them out and destroys
the bacillh Coolung effects the same object with greater certamty,
but at the cost of dummshed digestibiity  Modern English oyster
beds are very carefully mspected and hept free from contamnation

17, Biver and M V Strumza  (1033) Parss Med  July Ist 28
1 ding to McCanee and

The won 13 8 per coent

Wippowsox op &
2 Henpsan and Bovee ZLancashirs Sea Fisherses  Memow Is

¢ Oystors and Disense’
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The conpoation of mux ols clams  penwinkles, scallops, and
other mollsos {0 ¥ery mimstar ta that of the oyster and, hke the
Iatter, thev cannot be repanded as foods of important nutntive
valse thoszh they do contain very mzmificant amounts of ealeium
enlirm  They rrely eruse dipestive disturbanee but unfortunately
rame prople are sequtive to one or other of the<o alicll fish  They
may develop urticards or they sufler from vomiting and diartheea
Thesa Ixtter symptoms are sometimes very sovero and may causo
death T4 s poxalis that they are due to decompoution taking
phaee aaa result of storage

The green turtle ja almost tha only roptile tsed for food 1n this
country and that chirfly in the form of soup It i called green
beeauseits  fat "' hasn greenish colour, which sccording to Sir Hans

Fre.h Fih P 2355 Ja sl

Melluses 34 §5bir
Crustaceans 209 /é’m g

Turtle &

Terrapn 174 4 .77;
FrogsLegs 57 VIK Z o}p/

Waste IR Water[T) ProtenlZd FatC Ash]

Fio, 20.—Coxranative Coxrosrmon or Fisn 4xp THEM ALtms

Bloane imparta a yellow tint to tho sweat of thoso who partake
largely of it In prepating the soup, the dorsal and ventral shields
aro removed, sealded to remove tho scales and then boiled till the
bones scparate  Tho Liquor forms tho stock The softer parts of
the shield aro then cut into oblong pieces which constitute the
eo-called lumps of green fat '~-really & species of cartilage
Sundned turtlo forms a soup of equal nutntive value, and at a
contiderably lower cost winlo the basa of moch turtlo 13 the
gelatinous substance mn tho scalp of tho calf From & strictly
nutntive pownt of view, turtle soup is certainly not worth a tenth
of the prico paid for 3t

Frogs’ legs aro but rarely scen in this country though common
articles of diet on the Confinent and in the United States They
are denved from the Jargo cdible frog (Rana esculenta) and though
Wiﬂy digested and of a dehcato flavour are not of high nutritive
valuo

The average ck 1 of the duff groups of foods
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studied 1 thus section 18 represented Fig 20, which also gives
some 1des of their relative nutnitive values It 13 constructed from
the snalyses published by Langworthy

Mear

Most of what we call ment 18 musclo—the museles of the anmal
Inlled which enabled 1t to * move and have its bemng’ Even trpo
1s mamly muscle, and 50 13 the edible portion of heart, though bram,
Lver and hidneys, of course, arenot  This 1sno ground for beliening
that meat 18 especially good for the manufacture of human muscle
though there may be something 1n this lne of argument The
distribution and relatave amounts of ammno acids mn its protens are
very like those of human muscle

Physical Structure  We may look firat at the physical struc
ture or architecture of meat (Figs 21 and 22) If one examines &
pece of boiled meat, 1t will be found that 1t can easily be torn into a
numwber of long stringy fibres  On mitcroscopic exatmnation these
are found to be made up i their turn of bundles of mucroscopie
tubes, known to the histologist as muscle fibres The bundles of
fibres vary in length mn different Amnds of meat Sometimes they
are short, as 1 the breast of & chichen, at other times they are
much longer, as m the leg of & erab, and the shorter they are the
more tender and easily digested the meat 15 Meat should be cut
or carved at right angles to the long axis of the fibres It 1s then
more easily chewed, and the contents of the tubes being exposed,
the favour 13 ncreased, while the action of the digestive juices 18
facilitated

The walls of the tubes conust of a protem substance (elastin)
while the connective tissue which holds together the fibres 18 chiefly
composed of o material called ¢ collagen, which yields gelatin on
botlmg  The older an ammal 1 and the more work its muscles
have had to perform the denser 1s the connective tissue and the
thicker the walls of the tubes 'The latter fact was Jong ago powmted
out by Dr Katchmer m b Cool s Oracle * That excreise pro-
duces strength snd firmness of fibre, he says 13~ excellently
well exemphfied m the woodcoch and partndge The former
files most the latter walks the wing of the woodeoch 13 n!way?
very tough of the partridge very tender henco the old doggere
distich
If the Partndge had bus the Yoodcoel s thigh
Hed bo the best bird that e cr doth fly”

the connectzve tissue between the fibres 13 a vanablo

m]fvl:::if ;:xltm Sometimes 1t 13 almost entirely absent—e g 11 most

-
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forme of pame amed in the breast of the chicken, at other timea the
amount of {at s plaord fx quito alundant  This fs tho case in pork
10 highly fattened beef or mutten and in swimming binds such as
the duck an 1 goome, which require a large storo of fat both to ighten
the body and as a source of heat A large amount of fat tends to
timinsh the dizeatibality of meat apparently by forming a sort of
waterproof emating around the fibres and hindening their solution
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Fia 21 —Loxarreomnas Becriox or A Prnvany Muscrr Boxpre
& Connectlvetiwne  muscle fibres ¢ fat cells,

by the gastrio juice and 1t is notorious that porh duck and gooso
are rather indigestiblo forms of flesh
o s of the mi pic tubes or muscle fibres
conmst of water holding in solution protemns salts, and the sub
tances known ns “extractives  the wholo constituting muscle
juice  The younger tho ammal the more water does 1ita flesh
contamn, and the lower §s its nutntive value This may bo the
explanation of the German saying  Calf meat 13 half meat
Tho chief proteins which the Juice contamns are myosmn myogen,
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detect, as 1t were an echo of the aroma of the heather or pme
woods amongst which these birds live

The chemical composition of meat vartes considerably depend
ng as 1t does on the particular *cut’ examned, on the breed of
the ammal, and on the degree o which 1t has been fattened It
must be noted also, that by no means the whole of ordimary
butcher’s meat consists of edible matter, & large part beng made
up of bone, gristle, tendon, and other medible portions  In an
average piece of meat these waste matters may be reckoned at
17 per cent of the whole,! and the proportions of the consti
fuents 1n the lean edible part are about as follows

Wator 75  per cent
Intra-cellular protemn 161

Extrs, cellular (collagen ofc } 24

Fat 430, ’
Mineral elements o7,
Extractiyes 08 , s

Other analyses represent the proportions of the chemucal sub
stances present thus

100 Parts or Lean Brey wiTHoUT Visisie FaT (Bisowory anp Vorr)
To 90

Water
Protem (intra-cellular) 18 36
Gelatin (extra~cellular) 164
Fat g0
Mmneral elements 130
Extractives 100
The effects of fattening aro shown m the following table, m
which the p of lean, and very fat beef 19
stated 1n round numbers
Nitrogenous Sneral
Water matter ! Fat clements
Lean 685 21 15 1
Medium 73 208 55 1
Very fat 53 17 29 1

The chief points to note 1 this table are (1) Theo largo amount
of watcr which meat contans  About three quarters of 1és total
3 The Nutmiwe Values of Wartune Foods Medicsl Research

Council (1945) ot .
3 BaTE SyuTH 2) op cu
3 Nitrogenous matter 18 the figure obtamed by multiplying :bo
amount of mtrogen 1n 100 parts by 625 10 1013 assumed that 1t 29
all proten  In reahty ouly 85 per cent of tho total mitrogon snsed
from protem and the remawming 15 per eent comes from extnu:!:;\l(':
The factor for convertng extractive mtrogen to extractives 13 3 18
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otiht i made up of water or stated otherwise, 1 1b of meat
containe § I water and | I of nutriment It hiaa been already
pointed ont that the fleah of voung ankmale is relatisely nchest
in water  (2) The rehation between water and fat Tho moro
there i of the Iatter present the Iesa thero a of the former  in
other words when fat f1 deposited in a muscle it replices water, and
not protein and o the gain in nutnitive value f4 an absolute ono
and {s not attained at the expenss of a loss of nitrogenous con
stiluents  The above analyres refer especially to bee!  the com

Beef (le. | 765 V2o 50
?1u2ton fleca) 75 V080745743
Llutton (retlumfez) €52 ViHs/] 135
Muattonfeeryfz ) 45 R 432 g
Veas 7! V70 0§
Lomb (mediun (e ) £39 Vs ] 165 i
Pork (metinfe ) 609 V374 262
FPork {vergfet] 44 4 Y777 455 H
Bacon 223 VAL 652 s
Hare 74 V725,377 )
Rabbut [fat) 668 % z:’{/ A 97 Y
Venison 757 19777494
Fowl 700 v/ zfs/ 31
Wild Duck 708 V227743 k
Goo £ 380 1775374 455 I
Prgeon 751 V7220 Aé{g
[ #vater [ protem  [__JFar Zé’:ﬂ‘;"tﬁ_

F1a 23 —CoxrosmmioN or sowe COMMONER VANETIES 0F MEAT AND Gaxz

position of the other commoner sorts of meat and some vancties
of gamo may be graphically represented as in Fig 23

1t must be clearly realized that these results are merely approxi
mate and may vary considerably in different cases Thus n
very young calves the amount of water in the flesh may be 80 mn-
stead of only 71 per cent  The relative proportions of gelatin and
other protein also fluctuato considerably  The flesh of young anumals
has more gelatin 1n proportion to protein than that of older ammals
hence the value of veal in making soups Red and white meats
differ but little m their content of extractives mncluding purines

1 McCance and Smrer  (1933)  The Chemstry of Flesh Foods

and ther losses oh Cookang  Med Res Council Special Report Sertes
No 187
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conflict of views m feeding patients Such 1dosyncrasies should b
respected when feeding the sich

The Relative Dlge§tibihty of the different Linds of Meat
Few exact data are available with regard to this  Thero1s a general
Impression that mutton 18 more eayily digested than beef, whict
some have attributed to the finer fibres and looser connective tissue
of the former Veal 13 believed to be somewhat difficalt of diges
tion, though this 13 demed on the Contient of Europe The
dufficulty of digesting veal 1s somewhat surprising for the conneotive
tissue, though abundant, 13 very easily changed nto gelatn It 1s
believed by some that the esplanation 1s to be found m the easo
with which the fibres of vesl elude the teeth on mastication the
rather msipid taste of veal may also be & contributive cause for
such foods do not tend to excite & free flow of gastrio yuce  Pork
too 13 accounted mdigestible though the rate of passage of pork
from the stomach does not bear out that suggestion! On the other
hand bacon can often be eaten with impunity by persons to whom
pork 13 mtolerable If we accept the rate of passage of foods
through the st hasa of their d bility we find that
lamb among the meats 1 a little more digestible than beef, and that
pork 18 less digestible than beef Pork chops fried ham and bacon
remaimn still longer in the stomach The secretion of acid by the
stomach 1s inversely proportional to the time of passage of the food
through the stomach—at any rate with meats1

‘The breast of chicken and game 1s smongst the most digestible
forms of meat, but the leg muscles are often very tough Very
fat poultry, o g duck and goose should be avoided by the dyspeptic,
as the fat of such birds renders the flesh indigestible

‘The absorption of meat 13 igh Tt has been shown that only
about 5 per cent of the orgapic matter 1n meat fails to enter the
blood and that as the result of this meat 13 a food which leaves
a very small residue m the infestine  Thia givesat o speaal value
1n gome cases of mtestinal disease

NorrITIVE VALUE aND EconoMY oF Msar
rnepal nutritive constituent of meat 1s protein and 1t 19
aa::h:ogpn:?and eaaly digested source of this that meat 1s cluefly
of valus Meat protesn 18 charactenzed by the rapdity with
which 1t can bo digested and absorbed 1nto the body , its absorption
coefficzent 13 remarkably hugh , and st has a high biologieal valuo
It 19 moreover, 8 * quch fuel * with o high speeific dynamuo

1 Hawx Remruss and Berornr (1926) Amer Journ AMed Set
171, 359
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acion  This mives it an advantage in cold weather, but becauso of
thess * heating® qualitics {24 uso should bo restricted in summer
It has been held that meat proteins {or powuibly the extractives
of meat) produce a stimulating effect on the cells and on the body
generally, and the feeling of well being which follows & meat meal
basteen put down to this eause  Meat fsalso supposed to arouss
ammal parion and to cxcite aavages not accustomed to it toa
nervoun condition amounting almost to intoxication
All this must surely bo exaggerated, for it is not borne out by
olwervations on the dict of native races  Whereas thoe Masai ! may
be warlihe on thelr diot consdsting mainly of milk, meat and blood
the Laimoa onadist of meat fith game and egge aro one of the
moat peaceful of peoples and from all accounts not Libidinous
Meat s one of the few articles of dict on which Iifo can bo sup-
portad alone for an almost indefinite ime even by inbabitants of
temperate climates It s stated that Stefdnsson the Arctic ex
plorer during one of his expeditions lived solely on meat for nino
months and that duning that time horeached his maximum weight
was in excellent health and never suffered {rom constipation ?
Theas observations have been followed up by 8 seniea of Inboratory
expenmenta in tho Russell Sago Institute upon Stefdnsson and one
of huis asustants in Arctic exploration Both lived on a diet of
animat protein mainly meat for a year and there was nothing to
differentiate them duning that year esther from other normal people
or from their state before and after the expeniment except a mild
ket 3 which } , W3 panied by none of the usual
subjective symptoms  Thero was much less flatuleneo as judged
by \ ray photographs than when on a mixed diet and the stools
wero not offennive
A meat diet entails an extremely high intake of protein lessof fat
and still less of carbohydrate  Stefdnsson found, both in his Arctic
voyages and in his expenimental period of meat diet that fat was
essential and lean meat alone not tolerated
Thero 18 evidence that most of the ills attnbuted to a high meat
diet—nephntis high blood pressure deposition of urates m the
joints lowered alkali reserve increased putrefaction in the colon
and constipation—arc non existent Man has survived posubly
a million years of such diet Morcover there are to day hardy
races both i polar and equatorial regions whoso diet 15 mamly
meat There 3 no evidenco that the Eskumos suffer more from
nephntis hyperpieais and arthntis than Europeans or Amencans
2{1031) Med Res Council Special Report No 155

*Crarevce Lz (1928) Journ Amer AMed Assoc 88 25
® McCrerran and Du Bois  (1930) Journ Biwl Chem 87, 651




418 FOOD AND DIETETICS

g-ol;tlr;t:l thall;nﬂ;e Masz:;x * suffer from arthritis, but o medieal officer
e robz{l?l Private communication gaveibas his opmion that
P ly gonococcal 1n origin and not dietetic  We concluds

that these supposed illy are bstantial bogeys

None the less, meat ns & sole-sonrce of food 1s impossiblo manly on
account of 1t cost  Besides, 1t would take anythmg from 3 to 51b
of meat daily to supply the requsito number of Calories, and mest,
as a food, 18 rather bulky

The relative nutnitive value of dufferent sorts of mest depends
chiefly on the amount of fat they contain  Fat, as we have seen,
replaces part of the water, and not the protemn of the Jeaner meats,
and thus the fabt meats are better sources of fuel than the latter,
while not inferior to them m building material Keans employ
ment of different meats according to the part he had to play that
mght—pork for tyrants beef for murderers and mutton for lovers
—has, a3 yet, no strietly scientific backing

The Economic Aspect of Meat as a Food  ¥rom an economte
powt of view meot is a denr food Ths holds good whether
one regards meat merely as o yielder of energy or as a source of
buldmg materal

The costl of 1t h , can be
eelecting the cheaper “ cuts,’ which are equal in nutntive value
to the dearer Linds, though infermor in tenderness and flavour
The guestion of waste from bone ete must also be considered
Thus, 1 the case of mutton and pork, the leg contamns relatively
less bone than the shoulder, and in beef there 13 a much larger
proportion of bone 1n the shin than 1o the round and of these the
lenst bony parts wll be the most economical from a nutntive
pomnt of view Much, too can be done to dimimsh the cost by
the use of the cheap chilled meats which are now imported
These are equal 1o nutntive value to fresh meat, and are only
shightly feror to the latter mn keeping qualties They are not
much drer than ordmary meats, as 1s often stated, for chemical
annly s shows that the proportion of water 13 only 10 per ceat less
than that of fresh meat, while thew digestibihity 13 precusely the
pame From an economie pomt of view, also 1t must bo regretted
that there exwsts o prejudice against the uss of korse flesh 23 5
substitute for ordmary meat It 13 well favoured—indeed, 8
Chateaubriand steak 18 said by cannatsscurs o be best when mado of
horseflesh—and any tougl can be overcome by sustablo cooking

Tt should be remembered that all small smimals such os rabbits
are necessanly expensive forms of meat both on sccount of ther
actire metabolism, which implies that the greater part of the food

10nruand Grxs  (1931) Med Res Councsl Special Report  No 155

derably d hed b




OFFAL 410

they eat {elont in the form of hieat, and also boenusa of tho relatively
Jarge balk of their viccern 1t Ia thercfore impossible to hope that
thev can over bo a cheap form of animal food for tho poorer classen

Offal  Thers teman to be dealt with parts of animale other
than the fleeh which are sometimes uned a8 foord and wlich aro
wsunlly clarwd together under the un<avoury titls of off il Theao
compnris such articlen as the kidneys liver awretbroade blood
heart Junzr and other internal orpans and topether they male
up about one thind of the total weight of tho enrcaws  Tho impor
tance of aame of thew in diel cannot be overrated

The general compontion of thess articles is shown in the follomng
tables

Trrcrytaar Covrosrrion or Orrar (raw)

{ w Nitro. ¥ Catto )uTnl
ST e TN bydmtes O,
Blood 808 | 181 , 02 | — | 08,
Bran 506 88 | 03 - 4 11
Heort {ox) 626 160 204 ' — 10
(sheep) 65 , 170 | 12 — ' o9
hidney (ox) 767 ’ 160 l 48 ' 04 ' 12
{sheep) 87 | 1es | 32 4 — tois
Luver (ox) 712 | 207, 45 | 15 | 16
(sheep) 612 | 231 i 90 | 50 | 17
Lung {ox} 787 | 161 | 32 | — | 1o
(shoep) 9 | 202 | 28 | — | 12
Sweetbreads , 700 | 168 | 121 —_ 16
Tonguo (ox) fresh (638 | 171 {181 | — 4 10
smohodandsalted 357 | 243 | 316 | — I 85
t‘& | e l 164 | 85 l — | o5
CoxroSITION OF OrrAL (COOKED) (ArTER MCUANCE AND Swrrr)
Protetn| Fat |, Sk | Calctom | 1ron e | Saiortes
Draln calf bodod 120 | 58| o | 160 | To| 55 | =
Heart sheep roast 250 1147 [] 95 81} 389 (1]
hudnoy ox stewed 257 58 ° 208 71} 392 43
Liver calf fred after
rolling 1n flour 200 (145 24 88 1217 576 74
Bweetbread  sheep
stowed 227} 01) — | 143 | 18] 596 | &1
Tongue sheop frosh
stewed 180 j240 —_— 1nm
Tnpe dreesed stowed | 180 | 30 — 1270 i‘é :gg g;

1N X 825
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It will be observed that, from the chemical pownt of view, they
are substances of considerable nutritive value, and as their price
18 also for the most part low, as compared with that of ordinary
meat, they must be regarded as important sources of protem m
the diet  Moreover, they have remarkable properfies in supplymng
protective factors m the diet, such as vitamuns, 1ron, ete  Liver
has massive quantities of vitamin A and the B complex and avalable
won , the rest are very useful for vitamm B,

The hver and kidneys resemble one another 1n being compact
solid organs, containng but hitle tive tissue  This physical
property renders them somewhat difficult of digestion, unless they
have erther been mnced before cooking (as the hiver 1s, for mstance,
mn making & haggs or a faggot), or are rather carefully chewed
Chemcally, both conswt chiefly of protem along with & small
amotnt of fat The protems which they contan are different
from those of ordinary meat for examplo, thers 13 much nueleo
protein, which yields nuclein on digestion Now, nuclemn 13 an
important source of urie acid and for that reason gouty persons
are recommended to avoid the dietetic use of the articles under
consideration

The heart resembles ordimary meat very closely as far as chemeal
composition 18 concerned but ciffers from 1t an bemng of a denser
structure and therefore less digestible  For healthy persons, how
ever, 1t 19 an excellent and economical food, and might with advan
tage be made larger use of than 1t 18 at present

Tt seems natural to suppose that blood must be a very valuable
food  The blood 1s the hfe’ and 3t would seem as if blood must
represent 1n itself the essence of strength and energy  But 1613 not
so  and the misconception proceeds from a neglect of the fact that
blood 15 mot an steelf the food of the tissues, butis merely the vebicls
by mesus of which nounshment 13 carned from the 1ntestiwes to the
places where 1t 15 wanted 1 the body ~ One might ns well expect 8
spoon to be of nutritive value because 3t conveys food from the plate
to the month Two French expenimenters, Payen and Magendie
found that blood when admimustered to dogs, even mn the Iibersl
mensure of 2 1b daily, did not suffice to mantam tho Lfe of tbe
amumals for more than a month This 18 due m part to tho fact
that blood 1s & dilute flmud for, of every 100 parts of 1t, from 78te
82 consist of water  Blood 1n fact, from & chemical pomt of view
1s not so much thicker than water after all In tho solids thero ¢
plenty of protemn, but the other nutritive constituents of food:
fat and carbohydrates—aro only represented n quito sma:l] x:mmmh
In addition to this, the red col matter (b i whacl
makes up tho larger part of the protem s o substance which 1s very
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far from being completely almorbed  There nre, thus no chemical
cots lerations which ean outweigh the natural repugnanco which
most personta el 10 the eating of blood  and thongh it may be
tsed without barm if also without much benefit, in the form of
Black prddings and mchlike thers s no reason to advoeate ita
hatutual convumption much lean fta employment in the feeding
of the mck  and this is true also of the uew of blood a4 & source
of jron
‘The {ungs, from the fact that the air which they eontain ennbles
them to float in water, arc popularly spoken of as the  hghta ™
They are sometimen eaten, but eannot bo regarded as a really good
form of food Their chemical position furnishes the reason
The lungs contain large amounta of elastio matenal which though
protein m nature, i1 only imperfectly capable of digestion
Under the term su ectbread butchers includo ot feast two distinet
organs  The throat sweetbread * is known to anatomists as the
thymus gland  tho  stomach sweetbread ' as the panereas  The
thvmus of the calf is tho ono most frequently met with m tho
market  Both glands aro cellular organs held together by a loose
and deliesto connective tissue  From tho nature of the latter they
aro casily digested in tho et h and rank gst the most
digestible of animal foods 0 oz of sweetbread being completely
disposed of by o healthy stomach 1 2} hours while a simular
waight of beefsteak demands at Jeast 4} hours for its complete
digeation ! Theso organs contain such nucleo proten and for
that reason, as haa already been pointed out in the easo of the
hiver and ludney sweetbreads may prove harmful m some casea
of gout
Tripe 13 the name apphed to the stomach and intestines of the
ox after being cleaned and boled It containa a large amount of
connectivo tissue readily changed into gelatin on botlng and
8o rendering tho fibrea casily digested It contans fat i small
amount but not diffused through the muscular part Its rate of
passago through the stomach 1s slower than that of beef 2 but 1n the
mtestne 1t has been found to bo as completely absorbed® Un
fortunately the absence of extractives causes tripo to be rather
deficrent 1 flavour but otherwise 1t must be regarded as a valuable
and easly digested food
The brain of ammals 13 only occasionally eaten ns food Bramn
consists largely of a fatty materal t holl 1 and
lecithin the Iatter being ely rich 1n phosphorus  In the
3 PenzoLnT (1893) Deut Archw J Ehn Med 51, 536
2HAWE ef alu  (1919) Amer Journ Physiol 49, 174
3 Soroaxw  (1896) Arch f Hypene 27, 176
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stomach owing to its soft conmstency, brun 13 more rapidly digested
than any other ammalfood but, unfortunately, 1618 vers mmperfectly
absorbed, 43 per cent of 1t renppeaning m the fxces (vide wnfra) Tn
epite, therefore, of its easy digestion 1t cannot be regarded a3 s
valuable food for invalids, nor 13 3t 1 any sense speciallv apt to
“make brains * * Some fancy,’ says an ancient writer,? *that
Rabbits’ Bramns weaken the Memory, because this ammal cannot
for a woment after retun mn mnd the Fouls 1ad for her and that
she had just ped, but this comect bewng grounded upon
a weak Foundation, I shall not stop here and go about to
confute 1t * The 1dea that bramn can 1n any way contribute to the
noursshment of bramn 1s grounded on sn equally *wesh founda
tion *

The comparative absorption of some of the articles of which we
have been spesking, as found by exp t, 13 given below

Vot * states that

100 parts of dry Liver yiwold & parts of dry fmces
.

" mg , 8 s ’
’ thvmus 1 N
’ bram , 43 N N

Eaul Bergeat ® found the loss of mtrogen m the dog to be

In meat 21 per cent
In thymus 32

In hver 83

In lung 42

In bran 139 »

Potted Meats  Tho gverage composition of some potted meats
is represented by the followmg table (from Kdmig)

Nitro | Nireo Mmeral

ot Eslt

Water g::?:: Eﬁ::ct TFat m:' :u
022

Fore gras 4604 | 1459 ) 267 | 3359 311
Potted bect 3281 | 1317 ] 336 ) 4e63 ) 203 ’-,,
ham 2057 | 1688 — 5088 [ 678 572
tongue | 3552 | 1846 | 048 | 3285 [ 671 59

Theso Fubstances require no special description

1LrueRy (1745} 2 Zet f Buologie (1889) 25, 232
34ted (1888), 24, 120
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Sausages aro preparations of vory uncertaln composition  Tthas
been romarked of them with somo truth that they are hiko Iife, for
you never know what §a in them till you hnve been through them
Bausages which are sald to bo caten cold have been cooked  thoso
which aro meant to be cooked ara macdo of uncooked meat to which
bread geasorung and herby havo been added  Tho following
snnlyses by Allen? represent tho composition of some typical
kinds

CoxtroarTion or Sausaazs

Mineral
Vanety Water | Fat, [Protein OTM® gearch, " ele-

mentg

e e e T e it

German 4064 {1787{1638 113 15600, 447
Mutton 5,68(3051| 180311 300 2540
Polany 4057]3266{1726) 0,4 | 230 280
Pork !n 99 |2104[1223 | 0067 | 105 352
Cambnidge | 51542972 045 072 | 220 347

McCance and Widdowson * give tho followng figures for pork
sausages

Protein. Pat  Carbohydmte Aineral Matter Lnergy valuo per oz,
88 288 98 22 98

Of war tuno sausages tho less sard the better, but the Medieal
Rescarch Council gives the following composition

Pro Carbo | Cal
l ten | Fat }nydme crum
mg 11U

‘mg
Sausages beof 115|130 | 130 ) 30 20 50 61
pork 106|180 130 30 10 57 73

Vitﬁm(n Caloring

Iron Dot on

Analyses of other more r dite sausages and of tinned meats for
Army use are given by Atwater and Brysnt ? and by Phmmer ¢
respectively

I Commereial Organe Analyss Sccond Edition 4, 280

* McCance and WinnowsoN  (1942) The Chemical Composition of
Foods HM Stationery Office

* Atwarzn and Beyanr  (1906) Chemical Compomtion of American
Food Matersals U8 Dept of Agnculture Washington

¢Punoer R H A (1921) Analyses and Energy Value of Foods
HM Stationery Office
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As gources of proten and of Calories, they are certan]
economeal than ordinary meat and thex;-y cnrbohydra{enzzxﬁ:;:
must be taken 1nto account when feeding a diabetic They contan
more vitamun B, than would bt expected from tho fact that sulphur
dioxade 13 used to preserve them

The use of bones as food will be dealt with later

Preserved Meat  As was suid earlier i this book, one of the
problems presented to man by Nature 13 to make food Leep from e
time of glut to & time of scareity The industrialization of large
numbers of the human race has mads that problem still more urgent,
and methods have been sought to preserve food produced m plenty
m agneultural arcas till 1t reaches man 1 the town Particularly
19 thiy true of meat, which very rapidly becomes unfit for consump
tion when exposed to bacterial and other mfection Consequently
many different methods have been evolved for making meat keep
Of these the mportant are salting or pichling with or without
smokmg, cannmg drymg and dehydration

Prckling  Thus has been practised for many hundreds of years
and 15 apphed cheefly to products of the pig  Tho flesh and blood
of ammals 13 practically sterle and a shilled butcher can eviscerato
an ammal without the flesh ¥ g cont ted  The sources

of infection are the kmfe with which the pig 13 stuck, and with the
ox thende Consequently the Lnife must be stertlo and the shin
or hude cleansed before slaughter or sterihzed (as m the casoof the
pig) after lalling  The muscle itself has such o hydrogen ton
concentration (Py = 6 5) that putrefying organisms cannot grow
So 1f the exterior can be salted to prevent growth of bacteria, the
whole czn remamn sterile for long penods of time

Salt mixed with potassium or sodum mitnte 18 rubbed into the
exterior surfaces of the Jonted caresse, and penotrating to somo
dustancerenders the cutaide surfaces meapable of supporting bactenal
Lfe though moulds do with careless storage, manage to grow
In commerce the salt mixture m solution 18 often pumped into
the deeper strata  The mitrate, being reduced to mtnto fixes the
colour of the hemoglobin by converting the hemoglobin to nitroso
hamoglobin  After pickling the mdes are wiped with sterde
cloths, and then baled and slupped mmmcdiately Homeo curing
proceeds by salting the jomts—~ham, gammon and sides—wathout

pumpng the pickling muxture into the deeper parts
Subsequent smoking stll further nhibits mvason by mucrobes

and the development of rancidity  Packled and smoked bacon and

ham will heep under ordmary houschold conditions for at Jeast 8

ear
4 Apart from economio considerations~for the pig 13 tho best
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comerter of agricultural products nto first clasa protemn and fat
apart from the mileh cow—there are dictetic reasons for encouraging
the bacon fnductry  Ham and bneon are moro digestible than park,
nnd retain, in their cured condition most of the vitamin By which
§9 tho hallmark of the flesh of the piz  Whereas ordunary meat
contains only romo 50 I U of B, per 100 grammes pork and cured
porh may contain four to aix times aa much

Salting is apphied to coarrer Jomnta of beef {brsket and sdversido)
but rather to render them moro appetizing than to preservo them
The attempta ta cure mutton by ealting and smoking practised
the carly days of the war of 1039-15, proved a fallure

Analyzes of bacon and ham aro hero given !

|
Protetn' Tet.

} Ihoa | Calories

| ey «4 t tron | ohorus,, pecor.
- - RO R S
— - ! ,
| t —[ mg ‘ mg L
Bacon  mw  Danbh ' i
Wiltsture juor3T4 0 135 13|12 1S
Bacon raw Foglal | t | | |
Waltaharo j1261 493 ] 0 135 09 94} 14
Dacon back fned | 2061634 0 115' 28 | 229 | 109
streaky 260l 460 0 | 623 32 4 238 | Lo
Ham raw 1501430 o !isalia {304 | 140
boiled (lean and i | woar | 1on | 18
fat) | 1o3 { 396 0 ‘1.1 25 192 | 123
'

|

Canning 13 o method of preserving meats from decomposition
which has reached enormous dimensions 1n this century  Not only
docs 1t mako meat availablo long after the anmmals were slaughtered
(up to 100 yearst) but 1t enables armies polar expeditions and
construction camps of all sorta to bo fed with meat protemn and fats
far from & baso of supply of frosh meat and preserves foodstuffs
used 1n the manufacturo of meat extracts which would othermise
be wasted (Corned beef )  Thero 13 a prejudico against canned meats
duo to conservotism and gostronomy and there have been m the
past dents of food p t. blo to careless
but with advance of techmquo “these havo been hrgely obviated
There aro to day more cases of food posoning from  fresh meat
than from canned meat It should be emphasized that the canners
have discovered by experience that none but the best quality meat

canned under d of great cleanl have Jong Dfe
or marhetable qualties Processmg consists 1n submitting meat
enclosed 1 tinned and lag to o o of

P

1McCavcr and WipbowsoN (1042} op et
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o
thrg io:}:g enough for the heat to penctrate thoronghly to the
o 0t 1he contamer and stertlizo any adventitions mcrobie Ife

ough such sterilization destroys the small amounts of vitamn B,
and C contamed mn the meat, the protems and fats are but lttle
affected except that they ave coohed  Canned meats are then agood
and convement source of protemn and energy as the analyses show

) Protetn | Tat ];;g_‘;?;{ dc‘f;‘
{ :

Comed beof| 223 150‘ o |18

250 (1601 ¢ | 100

pork] 200 |230] 0 | 100
Luncheon

moat 159 jmof o | —
Pork saus

agemeat! 9D 1430/ 10 —_—

Tongue 190 [200] o | 100

Drymng bas been used from time 1mmemorial by North and South
Amencan Fudians for preserving meat (pemmiean snd charque)
but 1t to day finds littlo use except in polar expeditions  If all the
water 13 removed from lean beef the composition of the product
would be about as follows

Protewn 868 per cent
Fxtractives T8
Munoral elements 54

Beef powders made from dned meat form the baas of the dict of
polar explorers  Its value 13 enhanced by the addition of 40 to 50
per cent of fat~—the amount varying with tho mclnations of the
head of the party—and when mixed with boiling water 1t forms the

Hoosh * farthar to readers of the accounts of exploration  Buik
for bulk dried powdered beef mixed with fat 13 about the most
concentrated food hnown

Dehydration  Dunng the war of 193945 considerable advance
has been made m the drying of west which has becn previously
partly cooked and mnced The meat with the cookmy Iiquors
Qstrbuted over 1t 15 dred exther at 60°C i mr or at 70°-80°C
under shight vacuum  The flavour and nutntive value so far as
protein and fat are concerned are fully proserved and the lows of
vitamm B, 13 comparable with that of normel home cooked meat
‘Ment so dried when packed m airtight contamners with thoarr replaced

1 )fcCarvcr and Wipbowsoy (1042} op af
3 Mediea! Rescarch Couneil [1945)
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by an inert gas ean bo expeeted to keep in good condition for years
This method was used during the war to save transport but what
its commerenl future will bo in years to como is somewhat
speculative

Soups, Beef extracts Beef Julces and Beef ter  In previous
editions of this book conuderable space was devoted to theso sub
stanees but 1t ha been con idered unneesssaty to repeat what has
been gaidinthopast  There s but Littlo to bo added to the summary
gen ta the Oth Ldition

1 The extenctives of meat are ineapable cither of building up
t{ sucs or of suppiving the body with energy and are thereforo not
fooda

2 They do not act as cardise stimulants

3 Thoy may poesibly help to remove fatigue esther by acting on
the nervous system or on tho muscles directly  but this action cannot
yet bo rogarded as proved

4 On tho other hand there is no doubt that thoy powerfully aid
digestion by calling out a flow of gastric juice whist thew pleasant
flavour enibles them to rouse tho appetite  Thoy are therclore
useful additions to other foods cspecially where tho appetito and
digestion are fecble and may also be taken with advantage at the
beginning of a meal as in tho form of soups

5 If tahen in largo amount they exaite darrthea

6 Ordmary beef extracts (og Liebigs) possess no properties
other than those of the extractives of meat  The amount of protein
which they contain fs neghgible

7 Preparations such as Bovnland Oxo to which meat powder has
been added may theoretically be regarded as foods but contain far
too little protein to admut of therr ever bemng able to contribute
appreaiably to nuintion

8 Beef juices duffer from beef-extracts in contaming the protemns
of meatin ncoagulabloform None of them however can be taken
1n sufficiently largo quantity to supply much protein to the body

9 Natural (home made) raw beef juico contains sbout 5 per cent
of coagulable protein which 1s 83 much as many of the patent
preparations whilst 1ts comparstive poverty in extractives and
salts enables 1t to be consumed m farrly large amounnts It 1s slso
very much cheaper than the patent preparations

10 Ordinary beef tea even when carefully prepared does not
contamn more than 2 per cent of nutntive matters It may ad
appetite and digestion but 18 of very hittle valuo as a food Its

' ‘113?1: Syrrn Smare and CRUICESHANE  (1944) Proc Nut Soc
B
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nutnitive qualities, howover, can be enhanced by adding ta it the
finely powdered fibre of the meat (“whole beeften’) 1t 1s
doubtful of the salts of beef tea aro of any real use

We add that the defence of the use of soups must be along the
Iines that they are a pleasant opening to a large meal, especially
m cold weather, they are gastric secretogogues, they may contan
the *“ extrmae factor * for hematopoiesis, and form & good vehuclo
for vegetables, mik and cheese Whatever growth promotung
factor beef tea contans 13 due to golatn (qv) The hold which
these preparations have on the public 13 due to » cleverly conducted
and mtensive advertismg campaign

Awarvsrs or Sovps!

Phoa

Catbo
phoras

Proteln | Fat {0500 | Calctum | Tron

Calorlea
peror

Bone and vegetable
broth home made 37 {46 11 169 (628; 09| 18

Ditto commercial 44 | — | 03 | 102 {028 70| —
Hospital soups (menn
of samples) 20 {13 43 | 338 {130] 400 ) 10

Composrrion or THick Soves (Kowig)

Nitro- rag | Calorles

gomeus | pat Sabe- | celtutose I olueral porgaid
Pea soup 338 | 003 660 | 070 113 15
Potata 137 {1531 487 ( 026 | 089 11

CoprposrrioN o EXTRACTS OF MEaT 2
Albumoses No: Creatme [ y0
Meat

Fibon | pomiones | 00 | " | ottimo |sloments
No 1 13 05 02 traco 85 2lo
No 2 18 1o 03 81 236
No 38 d o7 traco 47 200
No 4 Gy ' 40 30 7
No 5 | 63 04 05 55 203
No 6 60 224 | (X1 61 18 E
No 7 BG 133 04 100 53 285
Nos |06 | 175 87 f 70 11 | 159

1%McCarce and WIDDOWSON  0p cu
2Cox (1936) Chem and Ind 55, 69
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Sinco a level deaspoon holds about 3 5 ¢ ¢ it can be scen how Littls
nutrmment is obtained in o cup of ment extract mado as tho manu
facturers direct
Cowmrostriax or Comurrciat Brrr Jumces

Non “en
Coapul Mo congul 41 mitr e

Troten Protein Mat r|nlu 1xtractives I ler’r‘\:nu Aleol ol
A o 1 o12 — 1r1e 1084 —
Hi .28 1017 - 16, 88% —_
c an 929 - 810 1420 _
VRV
D 83 —_ 0.8 751 -
1 112, 425 - — 11356
1 3334 875 1348 1327 —_
c 210 — (34 oo —
H 4 40-737 88 o8 0 5. 12¢ —

As meat 13 8 good sourco of nicotinic acid and a moderato sourco
of nboflas inc 1t is to be expected that meat extracts should contan
great amounts of theso vitamins  This 1s so  Dleat extracts per
100 grammes contan 37 & to 102 5 milligrammea of nicotinto aexd
and 234 milligrammes nboflavine ' Doubtless they will bo well
advertised on that score

Extracts prepared from yeast havo for many yests been used
as substitutes for ordinary meat extracts and aro largely used for
flavounng the canned stows put up by the canmng firms A good
example of these 19 tho preparation known as Marmite *

Coxtrosrriow or AlaRsare

Water 26 84 per cent
Nitrogenous oxtractives 34 07
Peptides and amino acids 10 50
Mineral mattor 26 95
Buch p ble beef ts 80 closely in thewr gcnerul

characters that they aro used to dilute gonume meat extracts 3 The
chef chemreal difference between beef extract and an extract of
yeast appears to consist m the p of creatine and t
m the former, and therr absence in the latter yeast extract also
contains relatively more of the base ademne ¢  Whether these shght
1 Boora and Banron Waiecer (1844) Lancet 565
* Analysis supplied by the makers
* For the method of distingmshing yoast extract from genune meat

extract see papers by A Seart (1903) Pharmaceutical Journal 4th
senies 17 516 704

¢ Gastgee  (1908) Brit Med Journ, 2, 449
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produce 1t McCance, Sheldon and Widdowson ! make & powt
of the worthlessness of bone and vegetable broth for the purpose
for which the bones are mcluded 1 e to supply ealewum for growing
children  Whereas commereial broth supphes 10 mulhgrammes cal
cium per 100 grammes and lahoratory made broth 16 9 milligrammes
cow 8 milk supphes 119 and its protein 13 mamly gelatin agamst
the first class protem of cow’s milk

Gelatin 18 a cheap addition to poor diets n so far as 1t can b
obtawed from mauy materials which would otherwise bo wasted,
and ordinary jelhes can only be regarded as dear foods, for sy
two shillings spent on the ¢ calf s foot jelly ** of the shops yields at
most 470 Calores and no first elass bwlding materal at all

1 McCanceE SHELDON and WippowsoN  (1934) Arch Dis Cheldh,
9, 251



CHAITI B \V

100DS TAKEN 10R MINERAL ELEMENTS AND
I0R VITAMINS A AND C

Tn tins chapter 1§ 18 proposed to deal with frust and fruit products,
leafy and other vegetables and fruits used as vegetables  With the
usunl carclessness of popular dietetics the custom 19 to lump frts
and vegetables together a3 the main eourco of ‘munerals and
vitaruns It is necessary thus carly to protest agamnst tlus and
say that caletum and phosphorus aro far better obtamned from
cheese fish and nulk than from fruits and vegetables, wron from
eggs and biver while butter, eggs fat fish hiver and milk contamn
much vitamin A and hiver and nuts are valuable for vitamin C
Yo have already called attention to these pownts and noted that
potstoes, dealt with under energy foods are stil unfortunately
the mam source of vitamm C in the British diet for so many
peoplo refuse to eat cabbage The contnbution of vitamms of
tho B class which fruit and vegetables make to tho diet 13 dus-
tinetly emall  As they make but lttle addition to our sources of
energy and protein! but aro often extraordmnanly useful for
vitamins A and C thoy are grouped together i this chapter  Fruite
often are but by no means always a good source of vitammn ¢ and
yellow fruits of vatamin A a8 well  green leafy vegetables produce
vitamuns A and C ond yellow vegetables vitamm A The green
vegetables with tho exception of the spinach famly, have a useful
amount of wron and some of the cabbage famuly make a small con
tribution to our mntake of calelum

1The protems of leafy vegetables are first class protems but there
18 g0 little obtamnable from a consumablo amount Methods of eon
centration of this protem are still m their infancy and may be neglected
Braoe Drawscomee and McGowax (1045) Chem and Ind 117
Lvaa and Wrrier (1944) Biochem Journ 38 408 have found
methiomne tyrosne and tryptophane well represented m grasy and
lucerne proteins

433
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urine sthalwe 1 Ay the frust ripens, theso vegetable acids dimmsh
and 1t 13 to this fact, coupled with an inerease 1n the amount, of
sugar present and a decrease or msolubilization of tanme acd
that the sweetness of ripe as compared with unrpe frmt 13 due

Fresh fruts, with the exception of grapes plums and some apples,
are also amportant veleles of the antt scorbutic vitamn (See
Pp 172 and 173)

The odour and flavour of fruts are due to the presence of very
small quantities of ethereal bodies which sometimes elude chemical
nvestigation In many cases, however, we have been abls to
obtain {from coal tar, too, of all sources) artificial products which
have to the uneritical palate the same flavour as mony fruits ~ These
products, alag, form the basis of the different frust favourmgs and
essences sold m the shops Although of no nutritive value the
flavouring substances contained 1n fruits ate by no means to be
despised a8 stimulants to the appetite and sids to digestion

Cooking renders most fruits more digestible by softering ther
cellulose, and 1t also, as we have seen, converts the gums mto 5
gelatinous form  But these changes are nob brought about withount
2 good deal of loss  The loss affects all the ingredients of the frui
The following instances show figures for the carhohydrates ?

Apples raw 117 per cent | Peaches raw 9 & per cent
onceboled 73 , once boiled 18
» twice 61 Poars enceboled 66
Pears raw 101 . twice 89 N

Where as 13 usually the case the fruit 1s cooked by stewng
and the ymce eaten along with 1t this effect of cookung 13 of no
moment

The digestibslsty of frust mn the stomach and ntestine 15 depend
ent largely on the nature of the frut and its degreo of ripeness
Five and a third ounces of raw npe apple (one lasgo or two smsll
apples) require about 3 hours and 10 minutes to pass thraugh the

stomach On the other band 1if the frmit 13 unnipo and tho
t of cellul dipestion may bo much

quently greater, dig
more prolonged  The excess of acids present 1n upripe frut ?ausc-;
1 to be wmtating to the and a & ¢ r o

diarrhea and colic  If however the celluloso and aoids are con
tamed mn more moderate quantity, as m zpe frmt, tho gentle
stimulation which they exert on the imtestinel wall may bo very
103
1 Brarmerwick end Lova  (1032) Journ Biol Chem 53,
2 llzrom analyses by Rrsva  (1898) Zew [ Diat und Phynsk Therap,
1, 69
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useful  Hence 1t 1s that stewed frwt 13 5o service
to the diet for the atomo colon ceable an addtior
There have been few experiments made to test the degree to
which fruib 13 absorbed by the human ntestine, but ony mav
expect that ot lesst 05 per cont of the avalable carbohydrate, if
niot more, will be absorbed, and that 15 practically all that matters
From a putntive pomt of view fruits may be artifically divided
into the two groups of flavour-frusts and jood rusts In the
first group are included all frmts which contam less than 20 per
cent of solid matenal , i the second, all fruts or frut preparations
which have more than 20 per cent
The only clamn of the members of the first group to be regarded
as foods 13 that thev contain a small amount of sugar m & plessant
but rather bulky form and some of them contam vitamun ¢ and
most contamn vitamm P A rough generalization 1s that eitrus and
summer fruts only, with the exception of chernes are mgmficant
sources of vitamin C, whereas the autumn frmts, though often
almost devord of vitamin C are useful for vitammn P They are
chiefly eaten for the salke of their agreeable flavour Therr richness
m water makes them more d to the req ts of the
mhabitants of warm countries than for use m northerly latitudes
and 1t 15 found 1f they are freely represented m the diet lesy water
need be consumed
Grapes stand intermediate between the two groups for thewr
Juice contains an amount of sugar which varies from 10 per cent
1m the poorer up to 30 per cent 1n the richer vaneties In the s0
called grape-cure from 1 to 8 Ib of grapes ore token daly m
diided quantities and between meals If the rest of tho diet 15
sufficient the patient may gam weight on this regimen while the
grape yuce, owing manly to the orgimie aads which 1t contamns,
acts as & mld laxative and diuretic and at the same tume dummshes
shightly the amdity of the urine Grapes contawn practically no
witamms 5o far as 18 known
There are many unfermented grape juces preserved by pasteur
jzation on the market They contan about 25 per cent of grape
sugor, and are & useful food beverage, especially m fevers To
day n this country therolsan orango cure,’ which eonsists of
combimng rest or graduated exercise, fasting from all foods except
orange jmce with some psychotherapeutio treatment  Some of
the successes claimed for this treatment wo suspect, are due to

malang good a deficiency of vitamn €
5 on the other hand are by no means to bo

The food fruits,
despsed a5 & source of calones  OF thus group tho banana 13 8
good example It 1s the frwt of o tropical plant (muss saprentum)
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which for some reason or other haa forgotten to mako sreds but
continues 1o make the pulp in which they should bo embedded
Bananas aro largely grown for export to this country in tho West
Indics the mainland of Central Amenica, the Canary Islands and
the Cameroons 13 5oz
Al banana weighs on the averago grammes or N
and lll‘;g;ulp 00 gmmgmc-s or 3} oz The relstion of the cdible
pottion to the frmt as purchased is 625 per cent  Small fruita
may weigh as Littlo na 2 oz their pulp not much over 10z and
the pereentage of ediblo matenial 1a
B85 per cont  Tho muzo depends
on the position the frutt holds in
tho bunch and on tho time st
which it is cut Fruit on the
Amencan market, beeause of its
proxumity to tho West Indies is
cut later than the fruit destned
for tho English marhet It has
thereforo time to grow larger
As wll bo scen from the tables,
the chief valuo of this frut
dictetics 13 1ta high content of
carbohydrate and ita considerable
amount of vitamin ¢ Figures for
the vitamin C of bananas as sold
i England are as high as 18
milligrammes ascorbic aad {300
LU) per 100 grammes® Thewr
contents of vitamn B, (14 to 30
1U), and of witamin A (260-310
I1U)aronot neghimble Weight for
weight the banana gives at least as many calories 28 potatoes but
whereaa the carbohydrate of potato 1s starch that of the fully ripe
banana 18 sucrose and invert sugars When tho banana 1s green
ita carbohydrates are manly starch and if eaten green 1t should
bo cooked As the frmit npens the starch 1s converted to sucrose
fructose and glucose and when fully ripe, 1e when the yellow
elan 18 covered with brown flechs there 1s almost no starch present
This 18 the d 1 which the eats the banana
Apart from 1ts convenience and cheapness which makes 1t the
fruit of choics for the packet lunch, the meal at mid morning break
1 CrarrrELL 8 figures ave 11 5-110 1940 (Journ Hygiene 40 699)

L J Haermis s for npe Jamaica bananas 119-152 and OLzrvers,
6-8 (private communications)

Fio 26 —PrrcrNTAGE CoMrost
TION OF A DaNAKA,
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pienie, ete, the banana has achisved a considerable 2
pedintries and medica] dietetics Enterpnung A:g;f&: m;nlg
Canadian pediatricsans give o ag the finst solid food 8 baby
gets and as early 28 3 months British pediatricians give 1t at
6 months The babes take readilv to st and thrive on 1t It 1s
used 1n the Unsted States to help o chuld put on wesght  In this
country, m Germany and the United States and Canads, the banans
13 used with success m feedmg babues suffering from diarrheea and
caehae disease 2 It must be very ripe when used for this purpose
Durmng the war of 193945 the Mimistry of Food allowed the 1m
gortation of amounts of dried bananas to be used in treating mfants
with diarrheea Tt 18 also an excellent food m the chet for sprue
and for a spastic colon m the adnly

The unnpe banana 19 dried and used to produce banana mea!
or flour A sample of such a flour had the following composition

CorrarisoN or Bavawa axp Wazar Frovm

Banana Flour ‘Wheat Flour
Marsturs 13 0 per cent 13 8 per cent
Protem 40 s 79 "
Fat 05 ’ 14 ’
Carbohydrates 800 ” 64
Mineral olementy 25 ) 05 ,

We huve placed alongside1t the compomtion of a good wheat flour
compored with which the banana meal 13 rich an carbohiydrates and
mmerol elements but poor in protesn I rico had been used for
comporuson, banana meal would bo about equal to 1t

An advantage of the banana 1s the cheapness with which it ean
bo produced A given area devoted to ity cultivation will yield &
Targer food return thon if planted with potatoes Tho bread frmst
the sugar cane and the chestnut are said, howover, to exceed the
banana m thar yeld per acre

Dried Frurts Surpassig even the bunana in nutntive vatoo
aro the dried fruits, e g tha currant date, fig ram and sultana
Tho date 1 as much a staple article of diet to the Arab 6s rico 11 to
the Hindu but the carbobydrate of the date 1 almost solely sugar
whereas that of mico 15 starch  Dred frints havo recewved much
advertisement in the Unuted States for therr confent of ron though
the tables hardly bear this out, but we call attention {o the large
smounts of calerum and sron m dned Sgz Dned frnts unlko
fresh fmuts have & high Calorie valup ranging from BO per ounco
(dned apricoats) to 63 (dates) Advantago of thus 15 taken by achool
caterers rock chimbers and ‘hikers' They must not be rehed

L Pansons (1032 Am J D Chiid 43 1263
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100 grammes contaln
Food Vi Calories
Carbo- tamin
Frotein et Cb | CoL I Tron , s, | T
£ g g mg mg v
Brusselssprouts | 44 | 0 | 40 | 57 | 12| 400] 1g0 | 7
Cobbogo 1510 (50 65[10] 00| 0| 5
Caubflower 24 | 0 | 30 331 09 o i 4
Kalo 39 | 0 45200 |25 4000f 130 | 7
Turnip tops 25 [ o | 35 | ro8) i3 03 10000) 100 | 5
‘Watercress 29 1] [1Xi] 222 16| 5000 80 3

Olliver 2 considers that 100 grammes cooked cabbage contamn bub
16 nalbgrammes vitamin O whereas when raw, the figure was 70
Sprouts show a decrease from 100 mlhgrammes (raw) to 30 mil
grammes cooked, and these are probably optimal figures

The Spinach Formly These (summerspmach winterspmach
seakale beet) are hike the cabbage tribe 1 bemng sources of vatamuns A
and C, but are probably useless for calcium and 1ron beeause of the
oXxalates they contamn  Agam there 13 Joss of mitanmn O on coolung
(65 mulhgrammes falls to 25 per 100 grammes), but probably none
of vitammn A precursors  As with the cabbages their Cafonie value
18 neghgible (4 per oz)

Leg Green Vegetabl These are broad French and
runner boans and gresn peas Sometimes these are eaten pods
and all (French and runner beans, sugar peas and young broad
beans) and sometimes the seeds are shelled and ecaten alone (flage
olets, peas)  Not only are such vegetables quite useful for vitamns
A nand C, but they afford more protem when eaten shelled than
ordinary green vegetables The following analyses 1lustrate these

points
100 grammes contaln
Food
Protein| Fat pCube | Col ’ Iron
] |

2 £ € mt wg

Beans Broad 72 X4 95 30 |11
French 11 o 26 33 |07

Runner 11 |Trace| 28 33 107

Peas green 58 o 05 HARE T

1 Caubflower boiled (McCaxce and Wibpowsev op et}
s OrLiver  (1943) Chem and Ind 62, 148
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Leafy Salad ¥ egetables Fndive and lettuco ato uaeful practic-
ally only for vitamin A, they contain disappointing amounta of
vitanun C though judging by American figures thero are varicties
of lettuce with high vitamin C values

100 grammes contaln
Calories
Fond Fltanda o
Carbo- | Cal Vitamin Pe€ Ot
Mdu‘ LU ‘a'nu‘ dam, | Iron oAn Ve
= =}
Inlivs 18 0 ! 00 | 44 |28 | - 20 2
Lettuee 11 o ! 16| 26 [o7 | 4000 1567 3
i

Celery chifcory and dandelion, though green leafy vegetables, are
eaten blanched They sro probably uscless for vitamin A, and
thoe witamin C of celery is low (5 mll per 100
and their valuo i mamnly gastronomie

Asparagus and Globe Artichokes These luxury articles aro
not of much importanco in dietetics cxccpt that aaparagus contamns
much vitammn C 60 mill 100 {cooked 30
millgrammes) They both aro vehxcles for melted butter

100 gremmes contaln
Yoo Catorles
Yltamin per ox
Potein| Fat (% O | dron | Ama (Vg T
1y
Artichokes ¥ 2 [ L4 mg wg
(Jerusalem) | 10 |Traco| 32 | 30 | 04 1 |5
Asporagus 20| o | 24| 28 loo| 70 | 60| &
Beotroot 18| o |81 3z }oo 10 | 70
coohed | 18 | o {99 | 30 07| o | {5 | 13s
Carrots 07 o 49 48 (08 | 10to 10 6
20 000
Leeks 25 | o |30 | 5t (13| 700 | 20 | 4
Omions 09 | o |47 | 3 |03 o 10| 6
sprng | 09 | o | 77 [135 |62 70 | 20 | 8
Paranips 17| o 102 | 65 |06{ 200 | 10 [ o
Radishes 100 0 |25 ¢4 |19] o] 3 | 2
Salafy (botled) | 19 |Traco| 28 [ 60 |123) 1 | 1 | &
Swodo 07 | 0 | 241 40 [o08| o | 20 | 4
Turmp 06| o | 18| 85 lo3| o 16| 2

1 Other values aro 16 (OLLIVER op cut ) and 1-17 {Citavpert. op ouf )
2 Difference due to sampling
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Zannbar, Madagascar India and the West Indies In cloves there
18 1o less than 6 per cent fixed oil and 19 per cent volatile ofl and
the chief ingredient of the latter 13 eugenol (cp Allspics or prmento)
wiich 15 the mam flavouring sgent
Girger1s the rhuzome of areed Iike plant, needing morsture and
tropical chimate, grown m Indis, Siam and China and also m Fast
Aftica and Jammien  In Chia the green rhizoms 1 preserved 1n
syrup or candied and exported to all parts of the world It 1w also
dned, bleached and exported as root gimger It contams about
4 per cent fized ol and 2 per cent volatilo off The fixed ofls
contam pungent prineiples mawmly zingerone, to wluch ginger owes
1ts sharp taste  The volatile oils to which gmnger owes its fragrance
are mamly terpenes
Mustard 1s & flour made from the seeds of black mustard (brassies
nigra) mixed with that from white mustard (brassies albe) 0On
moistening, the black mustard flour contributes volatde mustard
ofl and the white an excess of a ferment, myrosm which sets freo
allyl 1sothiogyanate from the volatle ol to which the burnmng
sensation produced by mustard 35 due The substance upon
which the ferment acts 13 potassum myronste a gluconde
which also oceurs i horso radish roots and w turmpe Xt has
a bitter taste but no decded odour until bydrolysed by the

ferment
ng from 15 to 25 per cent of fixed oft 05t0
2 Lﬁ‘;“;:i ﬁstl;:;?: toﬂxll, 35 to 45 per cent of nitrogenous matter,
1 é’to 49 per cent of carbobydrate and collnjose and 4 to 6 per
i mmerfﬂ:}f:;;;tsof the small penr ke frmt of Myrstics
e the Fast Indics (Penang, Sngapore otc) but 1t 1
bt fml:d n the West Indies It hos about 25 per cent of
also mﬂhm& 25105 per cent of volatilo auls  Theso latter contam
ﬁx;g] ;dts;;encs (pineno and camphene) and aro the main odorous
m
substances of a woody vuno growmg wiid on who
Peppet Ztﬂ:: Il:fdrz It 15 also {ulhvuted n Java, Sumatrs
Malabat mmes and the West Indies Tho chief centro of export
the Puulpp Black pepper 18 tho berry picked before npening and

15 Penan ho frust picked ripe
sun or over fires  Whito pepper 1s the frutt p;

driod 16 tht"x‘hn outer coat has been rubbed off Black pepper 13
from $sn white and whereas white 18 the more popular
morf - 5 the pepper of chotco 1n North Amenes  The
te Y 3 black pepper freshly ground to commercual
o a o & pungency to an alkalod piperine
oh wh first tasteless Only on resction
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with collold substances on tho tongue or clsawhere does it dovelop
ita charactenstic pungeacy

Saffron is the dned stigma of a crocus (crocus sativus) from tho
Middlo Last  Aanrpiceor a colouning matter it is hitlo used in ths
country except fn Cornwall It probably owes what flavour it has
to a terpens and a tertary alcobol

Salt and sugar havo already been considered in other places
Both aro very important condiments in common use 1n fact the
most important condimenta It is almoat sccidental that they havo
important functions in metabolsm  The condrment valuo of sugar
is demonatrated by the way in which diabetics as well a3 the
general populace durng tho war of 1939-45 have recourso to
saccharin (benzoie sulphamide) and dulein (para-cthoxyphenylurea)
These aro non metabolizablo substances very much sweeter than
sugar

Vinegar is or shonld bo tho result of tho oxidizing action of &
group of microbes——Acetobacteracets A Pasteunanum A Awlunga
num and others —on wino or maltiquor  On tho Continent wines
aro ueed for the manufacturo of vinegar but 1n this country malt
liquor is usually the source Sometimes the vinegar 13 distalled
and tho distillato contamns acctic acid mawmly along with traces of
aleohols and caters  This vinegar 19 practically colourless

The substanco which gives vinegar sts “bite’ 13 acetic aad
whilo 1t 13 tho substances present mn the alecholic iquor which give
1t 1its aroma

In addition to theso ¢ natural vinegars thero aro on the marhet
¢ artificial  and smnt  vinegars The former 13 made by
diluting acetic acd obtained from the destructive distidlation of
wood or otherwiso and adding colonring matter to match the colour
of brewed vmegar Spint vinegar ? 13 mado from cane molasses
which 15 diluted and fermented  Tho resulting aleohol 18 distilled
off, mixed with ordwary vinegar and water and & bactenal
nutriment and passed to ' Heren dary fe
tion takes placo and as the flud comes from the acetifiers 1t contamns
as much as 12 to 13 per cent of acetio actd It 13 sold under the
name of spint vinegar  As 1t contams more than twice as much
acetic acd as vinegar it 13 more pungent and pleasing to the
debauched palate

Vinegar 18 & condunent much used by urban populaces It 13
said to soften the fibres of hard meat and salads but 1t can have
Little use mn diet other than stimulating appetite  In small amounts

‘GALLOWAY eand Buneess (1041) Applied Mycology and Bac
terolo

‘Am:lyst (1938) 63, 410
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and the nature of the diet If external temperature 1s hugh or
exercise 18 greab, much more water 13 excreted vig the shin and
the lungs and if the water drunk 1s not ncreased, erther the volume
excreted m the urine will be decreased or the tissues dehydrated,
or both  The xmportance of mereasmng find intake mn such crream
stances 18 obvious and fortunately 1t 15 usually automatically regu
lated by thirst  The loss 1n the feces depends on the nature of the
diet  If vegetanan, much more 18 Jost by that path than if the
diet 18 predomunantly ammal m orgin
Dehydration of the body oceurs if not encugh water 1s drunk, if
there 1s perswtent vonutmg or diarrhees or if there 1s a foss of
electrolytes from the body as n vomitng due to pylono stenoss
(loss of chlondes) or a3 ;m Addison s disease (loss of sodium 1018}
The offects of dehydration are as follows (1) thurst (u) loss of
weight, (i) disturbance of the acid base eqmbbrium, (1v) rise m
the non protem rutrogen of the blood, {v) wrnkhng of the shn,
recession of the eveball, ete, and (v1) mse of temperature
On the other hand excess of water 17 the fissues will produce a
fall of temperature, vomting, convulsions, coma, and death  This
state of water mtoxcation 15 rarely hkely to be seen 10 man except
possibly 1n the treatment of diabetes imsipidus with pitmtrn when
water consumption has not been decreased It can easly be pro
duced m ammals by giving water by intubation and imnterfarng
with kidney excretion by mjectmg pituitrin
The above facts have been cited to show that, while there 13 &
distinet danger 1 drinking too httle water thers 1s little or none
1 drinking much ' We have stated above that the mmmum daly
ntake with a normal det, temperaturs surroundings and a seden
tary emstence 18 1000 cc or 1 pmts  Bluch more can be taken
withous the shightest danger  So exact 18 the regulatory mechamsm
of the body that two or three Litres of water, taken on an empty
stomach will be excreted by the kadneys i the course of the nest
two or three honrs withont tho concentration of the blood bemg
siguficant]ly altered  Tho kidneys in such a case exerste practically
distilled water
Such water must pass from tho bloodstream mto the tusues ¢
o stored thero full excretion takes place It 18 mtercsting to note
that, avcording to Adolph, water taken on an empty stomach and
passing 28 3b does to the tissnes pravokes s diresis of greater
volume than the flud drunk  This may explan the obeervation,
made by poople talung strenuous exerase, that dnnhung water o2
an empty stomach leads to shil greater thirst  Water taken with
» meal 18 by no means rapudly cxereted & fact which should bo
utiized by cychsts, hikers, and enuretis Dimretio dnnks suck
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an tea, coffce aleoho}, and to a lent extent coco, may also incrense
thirst instead of srsunging it, i taken on an empty stomach
We may sum up the practical results of the above considerations
na follows
1) Tho minimum intake of water ahould bo about 13 punts
per day
{i1) This can bo greatly exoceded with advantage in evoking
{nterchanga brtween inteacellalae and extencellular flurd
without danger etther to tho normal person or tho sick
{1u) Water taken on an empty stomach may oven increaso
thirst
(iv} I xoept when taken in these circumatances water i3 natur
ally tho best thimt quencher, but 1f the stomach is empty
milk ia certanly better
As wo havo ind d earher, pration in hot sur
roundingy or as the nusult of exereise rnn) depleto the body of
sodium and in such cases the flmd taken to roplaco the water lost
ehould contan ealt
Infl of Water on DI ! Tho first point which 1t 18
¥ to h in this is that sater Is not
abmrbcd by the mucous membrane of the stomach This s
certanly a surprising fact, but it has been incontestably established
both by physiologieal experiment and by observations on patienta
saffering from obstruction at tho outlet of the stomach
When water enters the stomach, it begins to flow out mnto the
intestino almost 8t once  Roughly speaking one may nssume that
& pint of water will have entirely passed from the stomach in the
space of about throo quarters of an hour‘ 'l'he preciso rate of
leaving b , 13 very ly 4 b ]
Hot water escapes from thu utomuch much more rapidly tbnn cold.?
Tho heat P ily the of the st h walls
and at the samo time secms to cause the pylorus to open 80 favour
ing the escapo of tho contents The stimulating effecta which hot
water oxerts on gastrio penstalsia render 1t a powerful aid to sluggmsh
digestion, while the unlocking of the pylorus winch 1t brings
about 18 probably the expl of the almost 1nst, relief
whuch 1t affords 1 many cases of stomach pam
The fact tlmt water 18 exclusively absorbed 1n the intestine has
on the t of patients suffering from
ilated stomach In the extreme form of that disense when the
stomach contents are quite unable to escape through the pylorus,
1Monrrz  (1804) Munch Med Wochensch 41, 818
4; Bomtue  (1895) Zew f Kin AMed 28 461 (1896) +bd 29,
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the entrance of w‘?cer mto the blood 12 arrested, and the patient
15 the victim of & * tissue thirst,” to which much of the emacation
and discomfort from which he suffers must be attrbuted Not
only 18 this so  The defimency 1n the supply of water to the blood
may go 80 far that the proper excretion of waste products 15 wter
fered with, and toxic symptoms, such 83 coms, or convulsions, may
then supervene In such cases there 18 an unperious hecessity for
getting water mto the blood per rectum or mtravenously

The rapudity with which water passes through the stomach causes
1t to be a very dangerous vehicle of mfection, for the hydrochlons
aaid of the gastnc yuice has 1o time to act upon any germs which
it may contamn For this reason contammated water 18 & more
obnoxious carner of disease than mpure milk

It 18 commonly saud that the free consumption of water ab meals
18 apt to delay digestion by dinting the gastric jmee  Thus state
ment 18 not well grounded Water 13 ifself a shght, though un
unportant, exatant of gastric secretion, and experiment has shown t
that even i quantities of § htre (about & pint) 1t does not an any
way affect the rapidity of digestion Even 1 litre produces only
shght slowing, while 1t requires quantities of 13 hitres {sbont 3 pints)
to produce any marked effect

On the other hand, 1t must be remembered that water may
actually hasten the digestion of some foods by softeming them and
favourmg their reduction to & state of pulp while hot water 13, 85
we have seen a powerful stumulant of the stomach movements

Whle foods may readdy enter the blood when taken without
water mone the less drinlang at meals facilitates the process of
sbsorption  (Adolph )

Influence of Water on Metabolism The influence of water
on the chemical processes of the hody would seem to be very shght
1t was formerly beheved that an increased consumption of wate
was accompaned by an mcreased waste of the mtrogenous tissues
This 13 now regarded as an error Anv ncrensed excretion of
ntrogen which o free consumption of water entwls 13 ascrbed,
ot to an increased breaking down of the body substance, bub to
5 washing out of the tissues and the elunination of waste matters
Ioitering 1 them? Ths elnnative function of water 13 one of
the first importance It indicates the necessity for a freo supply
of that flnd 1 such diseases as gout, dinbetes and fevers, and 3
cases m which the excretory power of the kidney has deteriorated

1 Muszn Beromenr Remross and Haws,  (1920) Amer Journ of

Phymot 52, 28
Y Sen Noosasny  (1899) Archw f Hypene 36, 348 Drnomems
end Hawg  (1031) Physiologieal Chemustry 601
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Vatdetles of Water A good deinking water ahould have httlo
or no colonr, no odour, a pleasant, fresh taste, and should contaln
only & moderate amount of solil matter 8} grains per gallon beng
A good aversge A tumblerful of ondinary Jondon water contains
only about one grain of rolide A wholeromo water should contain
very little organic matter and that should he of vegetablo ongin
and if it has anvthing hiko a 1arge proportion of chlorides it should
bo viewnd with euspicion

The amount of caleium salts which drinking water contains isa
matter of some importance and the relative ments of hard and
soft water for dnnking purposcs hiave been mueh discussed It hias
boen maintainad on the ono hand that hard waters are apt to bo
productive, in those who halntually consume them of such discases
23 goitre and stone while on tho other hand 1t has been anid that
soft waters may favour the development of rickets It must be
admitted that neither of the<w contentions is very well founded
but it may bo granted that it is well that the water one drinhs
should not contain more than 17 grains of calcium salts in every
gallon, and that the sulphate of calcium is moro Lkely to bo harm-
ful than the carbonate for in somo susceptible persons ita presence
may excito dyspepsia and disrrhera 2

The fear that the uso of soft water may lead to the development
of nicheta is quite groundless When one remembers that even a
hard water only contains about 0 002 grammes of caleium 1n every
100 ce and that an infant requircs about 0 32 grammes datly 1t
will be evident that, as o sourco of ealerum for the bones water may
be practically disregarded  On the other hand there 15 no doubt
that soft waters aro more liablo to become contaminated with lead
than those which aro ncher in limo salts and 1n that respect at least
soft water may bo a source of danger to health

MNpraL YWATERS

From time immemorial the sight of water gushing from the rock
has app d lous and 2 and should the water be
hot as at Bath impregnated with carbon dioxide as at Matloch or
have a strong odour or taste as at Bath and Tunbridge Wells
medicmnal powers are attnbuted to them At one time and another
1t has been and possibly agam will be fashionable to * drink the
waters at various ¢ spas, up and down tho country There was

3 This 18 confs d by the exp of threo bers of the famuly
of one of us (V X MM ) Lkving during the war of 1939-45 m a part of
Lewcestershire whero the content of calcjum sulphate in the water 13
the Iighest we have met

* The Roman name for Bath was Aqu=z Sohs
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ones one in Bermondsey London, 8 B , and at Sadlers Wells, W Q1
For those who could not go to * drmk the waters * they ha.’ve been
bottled and distributed through Evrope, and thus has grown up
& considerable trade in * mmeral waters” To day, thougk we
may discount thewr health giving powers, they are a useful mild
:zhmulamc to the flow of gastnie jusce or may be used o neutralize
‘aerdity,” or as a substitute for local drinking water which
may be under susp or unph to drink b too highly
chlormated

Natoral Mineral Waters How far the majonty of the
muneral waters Lsted in previous editions of this book wil be
obtamable in the years after the war of 193945 13 unknown as yet
fThe lists given there are hero repeated m modified condensed
orm

NATURAL MINERAL WATERS

Adoms A mildly alkaline water 23 sodm
bicarbonate per htre soft well aerated from BpIINgs m ihe

Belgian Ardennes

Appolinans  An alkalne hughly aerated and ehghtly chlonnated
water sodium chlorido and earbonates of sodmm
caleum and magnesium. from & spring 1n the valley of the Ahr
{Rhonish Prussia)

Arkms A muldly alkaline Swiss natural sparkling water contamng
Iicarbonate of magnesun

Contrexéwille A shghtly gaseous water contamung 2 3 grammes of
earthy carbonatey per litro

Johanms A muldly alkalne well aerated water contauung sodmm
chloride and carbonates of caloum and sodwm from the
Johanns springs at Zollhaus Nassan

Perrier A muldly alkalme woll aerated natural water contanng
biearbonate of soda mamly from Les Bowllens Vergéze i

France

Ramldss A muldly alkalino serated water contaming no salewm
or won from s sprmg 1 Sweden,

Rosbach A mildly alkalne well aorated water contauung biear
bonates of ealotum and sodwm and a small smount of sodium
chloride from s spning near Homburg

St Galmer A water contmmng 2 8 grammes sohds per litre mawly
earthy brearbonates

Boltzer A water contamng 3 8 grammes solids per hitre wcluding
© 94 prammes sodium chlonde and 1 3 grammes of carbonates

from Nieder Selters wx Nassat o .
Smaro A natural sparkl wator, o
Vieebaden, Naossau

ealoium and sodium from ¥
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Viehy A water of high alkalimty wath 8 gmmmes solid matter
per ltre {ncluding 6 pammrs of sodium biearbonate

The aad neutralining power of ons Litrs of five of thess waters ex
proesed a1 docinormal sodium hydrozido in as follows  Apollinais,
30672 ce, Johannin 1272 co, Perner, 600 oc  Rostach,
1172¢cc, Vichy, 858 cc

The dietetie ndvantages of the uss of natural mineral waters may
bo presumed to bo as follows  They havo a plowsant sharp tasto
due to tho carbon dioxide with which thoy aro impregnated and
thero Is evidenco that that gas stimulates an early and abundant
fow of gastrio juice * It also is said to stimulate g—utric movcmcnt
while the bubbling of the gus through tho st
facithtates their dintegration,

Thoslight alkalinity of somo of them renders them useful additions
1o tho moro naid wines and also in cases of hyperchlorhydia

On tho other hand when tho stomach is dilated, when theroa a
tendencey to flatulenco or when tho heart is functionung abnormally
they should be avoided

‘Unfortunately it cannot alwaya bo claimed for tho mmoral waters
that they aro always stenlo, though their makers are extremely
careful in prepanng them treating tho bottles mnto which they are
put with greater antiseptic caro than 13 necessary, say for beer
Generally speaking recogmized brands may bo trusted to contan
no pathogenio organisms

Artificlal Mineral Waters Tho mothod of impregnating

ry water with carbon-dioxide was discovered by Priestley
in the latter half of tho eighteenth century Mineral waters can
be made by charging water with tho gas which to day 13 an article
of commerco either hqmd or solid under high pressure  Ordinary
bottles of nerated water contan 3 or 4 volumes of gas to one of
water , ayphons contain moro  When the pressure 12 released the
carbon dioxide comes out of solution but not all at once In doing
20 1t withdraws heat from the water, so that aerated waters are
always cooler to the tongue than ordinary water kept under the
same conditions
The varseties of artificial aerated waters which call for mention
are as follows

1 Ordinary Water impregnated with Carbonic Acid Gas
Tho bost makers obtain the water from springs or artesian wells
80 that 1t 13 of great punty Ordinary water so mmprognated 13

1Pexzorpr (1902) Deut Arch f Bhn Med 73, 200
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often',; bub erzoneously, deserbed as “soda water ” As soda 1
sometimes entirely absent, 1t 13 better
* carbonated water ' 7 o doscrbo i eumply o0

2 Aerated Distilled Water In this case the water 1s distilled
prior to being charged with gas It 1s therefore entirely free from
mineral matter and from all mpuntes Examples of such water
are sold under the names of ‘ Purals,” Salutans, ! and ** Globen
ars’

3 Water to which Vastous Chemical Salts have been added,
°g

Soda water, contaming 3 to § grams of sodm bicarbonate o
the bottle

Medn(;:mn] soda water contamng 16 grams of sodium bicarbonate

itto

Potash water, contaming 16 grams of potassiam bicarbonsto
ditto

Megnesia water contammg 12 gramns of mognesium carbonsto
ditto

Catrara water contawung b grawms of ealeium carbonate ditte

Lathis water contmmmng 3to 5 grams of hthwum carbonate

ditto

4 Imftations of Various Natural Mineral Waters Ono of
the best examples of these 13 scltzer water which 13 intended to be
& substitute for the natural water obtamed from the Selters sprng
Tts ingredients are common salt sodwm bicarbonate, magnesiunt
carbonate, and hydrochlorie acid By the Interaction of these
constituents an aerated water 13 produced which *gives & good
amitation of the pecuhar mellowness of genmne seltzer’ An
analysss of Schweppes seltzer shows 1t to contamn 24 grams of
morgame galts per ampenal pmt or 12 grams per Dottle A
tumblerful (5 oz ) has an acid neutrshzing power equal to that of
25 cc of decmormal soda or 100 per litre

The question of natural rersus ortificial mnesal waters most
be decided entirely 1n favour of the former For ono thing the

natural waters do hot contain any excess of ges and a larger pro
present 1n a combined form than

portion of what they do contamn 13

18 the case with the artificial waters Henco therr gas is given off
wore slowly and they remamn longer brisk and are less apt to Tead
to sudden d of the t  The follawing experiment

bears this out !
* Analytieal Reports (1891) Loncet
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Natural Aruficiay

Water Yeater
Gas erolied 4%0¢c¢c 760 ¢ o } Bottlo opencd and exposnd
Gas remmaining 10100 ¢ “2lece for half an hour
Total HMee NR3ce
mremrin rrem—

There is alro reason to believe that the effects of the ealts in
natural mineral waters aro such as cannot bo obtmined from any
artificnl imitation of them  /waardemal or attnibutes important
phymological actions to the rmdioictive clements and theso aro
ramctimes found in the patural waters

Soft Drinks  Theroe is o lane and popular group of beverages
which includes lemonade ginger beer of hoc grnus omne  Mostly
they conmst of water sweetened with cane sugar rendered tart by
the addition of an actd flasoured 1n any way desired and finally
charged wmith carbon diaxide  Thoy are somotimes synthotic but
tho trend in tho best firms 13 to uso flavourings oxtracted from root
ginger and fresh fruits and a proportion of fruit Juico in speafio
frwit dnnks  We give a recipo for making tho basis of ono of the
moro anstocratie of theso drinks

Grvorn aLr

Byrup (10 Ib sugne to 100 oz of water) 1 gallon
Compound tincturo of gingor (or tincturo of
capsicum 1 oz ) t o2
Citnia or tartanic acid 4 0z
Colouring } oz

1 to 1} oz of this mixture aro added to o bottlo which s then filled
with water and acrated

Genuine fermented ginger boer ( stone ginger ) 13 & very different
product A wort mado from water sugar brused ginger tartanc
acid and oul of lemon 19 fermented by ycast as in the case of beor
Tt often contains 2 per cent of aleohol and sometimes more

Most of these drinks synthetic or otherwise sro probably harm
less except to the palate The same observations as made above
concerning mineral waters apply to them when treating dyspepsia
and heart troubles  Moreover 1t must not be forgotten that they
contain about 30 grammes sugar to the bottle and this must be
taken mnto reckomng with diabsties

Fruit Juices In the Umited States the production of fresh
frust jutces has tisen to enormous dimensions within the past decade
The juices are expressed from the frmts by special machmery
adapted to each frmt clanfied or not accordmg to whether the
flavour 1s carried mamly m the pulp particles bottled and pas
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tennzed This preserves the frut Alavour and a large
of the vitamin G m the origmal frumt, and, of courﬁe, }t)]:(;p:urg:r
These Juices are extremely pleasant to drih and have great value
m the sich room  On the commermal sde fhey are of valus m
mahing use of gluts of fruit and preserving the value of the frut
tll another tune  American soldiers in this country durmg the war
of 193345 bave much mussed the soft drinks and frut yuces of the
own country

A small begmning has been made 1n thus comntry 1n the supply of
apple juice and blackeurrant syrup though the price of the apple
Juice 35 30 per cent hagher than that of the same quantity of bottled
ader  From the dietitian & pownt of view this 15 unfortunate The
Medical Research Council’s analysos of these fruat products 1s hero

given

100 grammes contala
- - ~  Caforien
Carbo- | Cal prot.
Protetn t Fat. fpogrete { clom, | 08 \'ltzmhiévncmun
2 £ g "y mg
Blackrurrant syrup] 0 0 {460 20 | 20} — | 55 52
Orange yuice (] 0 {508 — | — _— 180 | 57
Rose hip syrup 06 | 0 [ 86500) — § ~ [ — [150] &8

1t will be seen from these figures that frast jmces are quite useful
for Calories and excellent for vitarmn C Apple Juice will, of courss,
have much less vitamun € and 1ts mamn use 13 that of giving pleasure,
along with & small amount of Calories though clamms bave been
made that 1t 15 useful 1n treating mtractablo diarrhoes  Tis sugar
content (expressed ss mvert sugar) 18 8 5 per cent and 1its acrdiy
(expressed as malic acid) 13 05 per cent 1

Tea, Coffee and Cocoa In four widely separated parts of
the world man has discovered plants whose lsaves or seeds o»
extraction with water, yield stimulating drinks contamng drugs of
the methyl purme group These drinkg are tas, coffee, cocon and
maté  Fxcept for the last mentioned, theso dnnks have attamned
a world wde populanty \

Tea?

credible mention of tea was made 1

1sto The earbest
il wn A p 780, both of

AD 330 and the first haudbook on the subject

1 Prvate commumeation from Miss Ollivor
2 The standsnd work on tea 13 All about Tea by W H. Ukers The

Tea and Coffeo Trads Joumnal (1935)
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courss in Chinese  Tea was {ntroduced into 1 urope by the Dutch
Fast India Company in the year 1010 An [ta prico was at first ten
guinean a pound, it can bo readily fmagined that it grow but slowly
fn populanty, and oven in 1660 wo find Pepya writing in his Diary

1 rent for o cup of teo, n China drink, of which I had never drank
before "

Up to the year 1502 nearly all our tea waa obtained Irom China,
the importa from that country reaching their maximum in 1879
Since that timo tho consumption of China teas haa rapidly declined,
their plaoe bewng taken by Indian tea and, since 1850 by teas grown
in Ceylon

Mode of Manufacture Tho tea plant grows wild in Assam
and attains a height of thirty feet, but it has been cultivated for
centunes in Cluna  The cultivated plant waa called TAea ainensie
by Linnacus, who afterwards altered its name te camcllia
Modern botanists however, refer to both the wild and the culti
vated plant as Thea sinensis and tho camellia as Thea Japomica

Tho plant flushes or sends out young shoots throughout the
year in South India Ceylon, Java and Sumatra but in North
India, China, Japan and Formosa tho *flushes occur roughly
from spring to autumn only A tropical climate 19 not cssential
for tho cultivation of the tea plant?

Tho young shoot has two small leaves at 1ta tip which contan
Jeast fibre and most juice and thereforo produce the finest sort of
tea, but coarser pluckings 1ncluding threo or oven four leaves aro
not raro (seo Fig 27) Tho terms Flowery Orange Pckoe Orange
Pekoe and Pekoo now rofer to the various grades of siftings  [lowery
Orango Pckoe has many tips 1n evidence, the next finest 1s Orange
Pckoo and after that Pokoo The terms Pekos Souchong and
Souchong aro used for teas contamnng coarser leaves

Tho treatment of tho leaves after they are prcked vanes according
as black or green tea 1s to be produced

Tor the production of black tea the leaves are ¢ withered then
rolled till they become soft and ‘‘mashy, (the object of this bemg
to break up the fibre and cells of the leaf, and liberate the jurces and
enzymes) and then allowed to ferment  During the process of fer
mentation, some of the tannin mn the leaves appears to be oxidized
and converted wmto red brown, snd msoluble quinones 2 while sn

essential oul seems to be produced and a slight btt, developed
After fermentation 18 complete the leaves aro  fired 1n a drymg
machine

1Danret Harr,  Our Davly Bread

2 These substances are usually termed tanmn but unlike the tannm
of oak etc they will not tan leather
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For the production of green fea, the fresh leaves are withered
m hot pans at & temperature of 160° F (Chinese method) or
steamed (Japanese method) This destrovs the oxadizing enzymes
Then they are rolled to break them up and hberate ther uices,
then fired ” Qolong teas are partially withered at ordinary tem
peratures before the enzymes are destroyed by heat

It will be observed that the chef difference between black and
green tea 1s that the former 15 fermented, while the latter 13 not,
and one of the mam results of firmentation seems to be to oxidize
some of the tanmn, 5o that as we shall shortly see an infuson
of green tea contains more tanmn than an mfusion of black

New shoot 1 axil
of ofd legf

Fra 27

We bave scen that the guality of teas vanes with tho age of f{m
leaf irom which they are prepared the younger leaves yrelding t
finest tea  Apart from this cause of variation teas show marke
differences according to the country and district in which they &

roduced
P Chinese teas have the most delicate flavour of any, but :I
rother lacking m ¢ body ”  they are also devord of any marke
astringency, 1e they have less tanmn

Indgxan 3:'em, and especially those produced in Assam khnv:hi;
greatest degree of © body * and astnngency Thus ms ;s thes
powerful tens, suted rather for blendmg with mulder varetics

for dnnking alone
m-(.‘c_;lan iva: bave plenty of body, and s nich and peculst
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flavour, but have not so much strenpth or pungeney ns the Indian
xanetiea  The Lest plackings am male in Icbruary, March,
Augmt and September
Acconling to the dietnet in which they aro produced, Chincse
black teas may b divided into
1 Monings, from North China with n amall and dehieate leaf and
a peculiar malty flavour  They are ealled in the tradoe Black feaf
congou
2 halows from Routh China tho so-called red leal teas
becaure the original tewn grown fn this ditrict had o reddish
leaf  Thesr are the Red leaf congous of commerro
1 Oolongzs from Iormony and China are semi fcrmented teas,
pungent and shizhtly Wtter yackling & palo infunon and chefly
ured for purposes of blending
4 Scented Orange Pehoc and sornted Caper come from the Canton
district  They aro reented by adding winte jasmine gardenia, and
magnolia flowers after tho I1st finng and are allowed to stay in
contact with these flowers for 21 hours  They yicld a pale strong
infunion with an aromatic flavour for which reason they are used
to gmvo bouquet to blends  Caper is an unfermented tea, highly
fired and standing intermediate between tho black and green
varnictics
Of Indian black teas thoso from tho Darjecling district arc best
being less rough and astringent than thoso from Assam and well
adapted for dnnling alone Tho best pluchings are made 1
June and October It should bo remembered that most black teas
in the market aro really blends of Indinn Ceylon and China 1n
different proportions
Most green teas como from North China and Japan the latter
yickling tho best  Very Lttlo is produced 1n India
Other countries producing teas aro Indo China Burma Siam
Java Sumatra and henya Thoe USSR are dovelopng the
cultzvation of ten 1n the Caucasus
In judging a tea professional tea tasters are gmded by the
nature of the Liquor and the characters of the infused leaves or
out turn
The infusion should bo of a reddish golden colour pungent
mhﬂ:.;our but not too bitter or astringent and not thin’ or
I3
The nfused leaves should be of a bright coppery tmt and evenly
extracted so that somo do not look darker than others  they should
be uniform 1 size and after five minutes 1nfusion should not be
completely unrolled There should not be too much stalk mixed
with the leaves
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Chemical Composition of
teas are given by Ukers !
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Tea The following analvses c

Cosrosrrion or Tma

Water El:;r—-cagto
Caffeme 25-50
Nitrogen 475~ 65
Soluble matter 380 -450
Tannn 70-140
60—~ 515

Mineral eloments

Of these wgredients the most mimportant are the alkalod caffeine
and fannm  for these, along with a small propottion of volatde
oil (§ per cent ) are the imgredients to which the chief effects of
tea on the body are due Ihe importance of the cafferme and
tannin 18 40 great that 1t may be well to bring forward some moders
estimations of these ingredients in different teas which were made

by Hosa 2

AMOUNT 0F TANNIN AND CAPFPINE IN Tga {per cent )

Dried Leal Qreen Tea Black Tes

Crude Protem 3733 3743 38 00
Fibro 10 44 1008 1007
Mineral matter 497 492 493
Caffeme 330 320 330
Tanmn 1291 10 64 489
Hot water extract 5097 5374 4723
Ether extract 649 562 582
597 599 622

Total Nitrogen

Indian and Ceylon teas are richer in all the chief ingredients
(caffemne tanmn and volatde od) than China teas  Green tes 15
richer 1n tannin than black but the amount of caffene i the two
15 almost the eame A high grade tea contains both more tanmn
and more caffeme than a low grade tea

The composstion of the wifusion 1s of much greater practies!
monortance than that of the leaves from which 1t 13 made

Xf ten 18 mfused for five minutes in the nsusl way, about 25 per
cent of the wesght of the leaf gaes into solution  In makung a large
teacupful of tea (about 1650 ¢ ¢, or § pmt), § grammes (about § 02 )
of dried leaf are usually employed and a cupful of such tea containz
1 solution about 1 gramme of solid matter Tho bulk of this 15

P Urens op e 1, 51
1 Quoted by UKers op ¢
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made up of putnmy matlere extiaetines cte, Lut tho moat im
portant ingredients are the caffane and tannm

Of thesn twn fngrelientn the eaine comes out much more
readily than the tannm and the reanlt of thia §s that second cups
maule from a further exteaction of the leaves asis the usual practice,
contafn much lesa of the stimulint and more of the astringent
than the fird cup A illustration af thia {Cecen in the com

parisan of the effect of § minutes infumon compared with ono hour s
boiling

8 mine, 1bours

Infusion ol g
Tannin 73 124
Calfeinn 36 48
Rolublle extract 232 4135

The practieal inferenee 18 that if we wish to avoud having much
tanmn i tea and yet a high proportion of eaffune we should
infusce 1t but for 6 or 6 minutes and then pour off tho infusion into
ubcnothcr teapot If less tanmn 13 desired 3 munutes infusion 13

tter

Hutehicon made a number of experiments with the view of deter
mining the amount of caffeine and tannie acid present in an ordinary
teacupful of tea infused n the usual way The results aro con
tamed 1n tho following tables

Carrrove 1y Tras?

Cafteine in
‘Tea Grammos
per 150 o 0
Ceylon Pikoo 00787 equals 12! grans
Fino Darjeeling 007.1 115
Common Congou 00745 114
Moyune Gunpowder (green) 00046 099
Imperial Gunpowder 0 0590 090
Household blend 0 0580 089
Young Hyson 00547 084
Fine Moning 00510 078
Fine Assam 00475 073

1 Exght grammes of dry leaf wers infused with 300 o ¢ boiling water
for five mmnutes The caffemo was estimated by Allens method

and the tannm estimated by Procter s modification of Lowenthal s
process
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TAxwIN v Teas
s o
AMoyune Gunpowde: 15°ov ° :«)of i
T 2 21 *
Young Hyson 0 2:2 equ:uls ; ;g N
Impenal Gunpowder 0227 349 ’
Qrdinary back blend 0173 266
Fune Darjeehng 0168 258
Good blach blend 0168 258
Ceylon Pekoo 0142 218
Lapsang Bouchong 0087 133
Fue As.am 0080 123
Fmne Monmng G058 ”» a89

Asarule one may say that a teacupful of tea of ordmary strengt
wfused for five miutes contans about 1 gram of caffemne, an
from one and a half to three times 43 much tannin

It mav be well to give some practical rules for the prope
method of making tea based on the facts as to 1ts chennstry whicl
we have just been considenng  This 13 all the more important a
1t 13 comparatively rare to get & really good cup of tea n spite o
the populanty of the beverage It must be admitted too, thal
the fault Les oftener with the method of wmfusion than with the
quality of the original leaf employed

And first the tea should really be sifuused 1e bohmg water
should be poured on the leaves and allowed to stand thus for five
minutes Tho character of the water 15 of the first importance
The Chinese rule 13 “ Take the water from a runmng stream , that
from hull springs 18 best nver water 13 the next and well water
13 the worst * The expenence of one of us 13 that 1n this country
ran water 23 the worst soft moorlapd water the next worst and
water of the bardness of London water the best for tea malung
though tea dealers do not necessarily sgree The water shonld
have just come to the bol ¢ The fire must be hrely and clear,
but the water must not be bouled too hastily At first 1t begns to
sparkle ihe crabs eyes then somewhat like fishes’ eyes, and Tastly
1t bous up Iike pearls 1nnumerable springing and waving about’
18 the quaint advice of the Chuese

The quantity of leaf mfused demands some attention The
domestie Tule of o teaspoonful for each person and one for the
pot’ 18 an uncertam one, for the weight of o spoonful of tea 29 2
very vanable gnantity depending on the sizo of the leaves and the
tightness with which they aro rolled

Tea tasters use the wWeight of a new sxpenco (43} groms of
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29 grammes) to 3} 07 of water and this, which is & somewhat
smallet froportion of tea than that given by the domeatic rule
$1edla n more eatinfaetory thouph weaker infurion It must bo
remembered however that the populat tarte s for a strong bever
ape wath a pod deal of  baody B

The use of 8 cony  dunng infusion does no harm  but
as snan s the proce s o completed the hquor should be poured
off into another hot teapot, which may then bo hept covered it
deslred

The ad hition of milk or ceam though an outrage in the cyes of
connojaseurs s to be conmended on bygienic grounds for tho
protein of the milk combunin, with the tagmin forms an insoluble
compound

All rocond birewn should be avoided for a single infuson is
sufficlent to remoro from the feaves all the useful constituents of
the beverage

Correr

Coffes was Introduced into this country in the jear 1652, by a
certain Mr Daniel Ldwands a retired Smymns merchant, who set
up his Greel servant in o coffee house the first of its lind in
London in §t Michacls Alley Cornhull? As o beverage it has
mever sttainod tho populanty with us that 1t has won on the
Continent  This may be expluned partly perhaps by the fact
that we do not know how to mako coffec but mainly by 1ts greater
cxpense when compared with its principal mval tea

Coffeq is derived from tho Coffzen arabiea, onigmally produced
23 tho name implies 1n Arabia but now cultivated 1n many tropical
countries The plant produces threo harvests annually the fruit
resembling o cherry 1n which the coffeo bean  corresponds to the
stone The bean consists of two halves placed faco to face and
enclosed an o husk  The pulp s softened by fermentation and
removed and the beans still enclosed in their husk are dried in the
arr  The husk 1 separated by rolling and the beans are then
separated from the dehicate parchment like shin which covers them,
and assorted accordmng to size

! For the economucal preparation of good tea the thorough crushing
of the leaf 13 of great 50 that 1ts ingred may readily be
extractad The powdered tea of Japan 13 1deal 10 this respect and m
this country tea tabloids  are deserving of a word of prase for the
same roason

* Accordng to Uxrrs (1035) Al About Coffee The Tea and Coffee
Trade Journal Co Oxford anticipated London by two years
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Varieties of bean are found on the marhet, the chief being as
follows

1 Mocha The genune beans of this are derived from Arabia,
the best from the Bem Mottar country The beans are small, hard
round, and wuregufar 1n form and size olve green to pale yellow
m colour  The roast 1 peor and wrregular  In the cup Mocha has
a heavy boay and smooth and delietous flavour  (Ukers )

2 Mpysore A general name for Indian beans The bean 13
small to large blue green mn colour It yrelds a strong flavour and
deep colour

3 Kenyo Beans small and roundish with blunt ends and of &
greenish colour  The hquor 1 mud,” with full body sad of &
flavour between that of Mysore and Costa Rira

4 Costa Rica A blue greemsh berry yielding a fine, muld
flavoured hguor uth m body

5 Javs A very fine coffee with blue to pale yellow beans,
yielding a smooth light coloured hqwd

6 Sumatra The finest coffee the world produces Large
umform green beans Smooth heavy body almost syrupy

7 Brazl 60 to 70 per cent of the world s coffces come from
Brazil, and 45 to 50 per cent from the Sao Paulo distret  Swmall
bean resembling Mocha Smooth awd and pungent mn the cup

In order to prepare the beverage the berries must first be roasted
The composition of raw and roasted coffee 13 contrasted by
Tnggs, quoted by Ukers

CourosrIoN oF Correr

BMocma,

Green Roasted
Caffemne 13 128
Water extract 3127 30 44
Fat and ol 1404 418
Protein 858 a67
Crude Fibre 2246 1541
Mineral elements 420 443
Mossture 500 338

The chief physical change which results from roasting 1s that the
bernea are Tendered brittle and can now be ground  Chemrslly,
ono finds that they lose considerable weight the loss consisting in
nearly equal parts of mowsture and orgamic matter T)x:y lost
orgamc matter ineludes som$ of the caffene * If the coffeors ‘over
roasted,” the loss of caffeins may be considerably greater

1 15 not mouch affected according to BEnGIS and ANDPRSOV
(mﬂlef:\im nlhol Chem 108, 139 (quoted by Uhcrs} The Polenske
and Reichert-Morssl figures nse
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The atomatic sub tanes which give ta atitaction to coffes are
many, prol sty mainh heteroes che mereaptane
Compaosition of the Infusfon  Trom 2410 35 per eent of the
eoffer usd in makin, the fnfs in pore fnto solution  This per
centage of soludility da alveat the xame as that of tea but sveing
that a much hrper quantits of eoffee {2 taken than of tea tho
amonunt of soli $a per cup fs con § Jerably higher in the former than
in the Iatter beverape 17 2 or are used to mako a pint ! A tea-
cupful of the beverage will contaén in solution about 4 2 grammes
of solils of mhich 08% o mineral matter Thia is supposing tho
cofee to be filtered  As ondinaddly drunk some suspended matter
must also be included
An analvis miade by Hutchison of coffee of the abovo atrength
showed the prosence of 15 graine of eaffiine per teacupful and 3 24
graine of tannin®  Acconding to this remult a cup of black coffee
contain very much the samo amount of eafleine and tannic acid
23 an equal quantity of tea A breakfast cupful of café au lalt
is corposed of about 1 part of black coffes to 3 of milh and will not
therefore contain more of the alkaloid than a teacupful of tea
Freneh coffee demands a epecial word of mention It usually
contains more or loss chicory and sometimes aleo somo burnt sugar
Chicory is the root of the wild endive kiln-dnied and broken into
fragmenta  The process of drying converts ats sugar of which 1t
may have 10 to 18 per cont into caramel  There 13 no reason to
believe that clucory 13 in sny way injurions to health but its cheap
nessas o great temptation to uso it 29 an adulterant, a process which
has done much to ducourngo the consumption of coffeo i this
country As a rule French coffec contsins about one third of its
weight of chicory but sometimes tho proportion may be as high
a8 80 per et or even moro
The secret of having good coflce 1s to make it strong and to make
1t hot  VWe mostly fail in this country by not using enough  One
ounco to the pimnt 13 tho smallest proportion which will give a good
vesult It 14 important that the coffco should bo freshly roasted
or 1f bought roasted 1t should bo bought :n emall vacuum sealed
tins  If the beans are roasted and ground at home they should
Yo of ono a1ze or they will be unequally fired  Blending or mixing
should be dono aftcr roasting  Its fragrance 1s quickly dissipated
on keeping  Carc nlso must be taken that the gnnder 13 quite
clean for if any stale coffee 13 left an 1t the whole may be sparll  The
best way of makng coffco 15 to extract the freshly rosst and ground
1 One ounce of coffee to the pint 13 usually however regarded as
enough to make & satisfactory beverage
* Reckoned as gallo tanmin
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I}’arieﬂes of bean are found on the markef, tho chief being a8
nlows

1 Mocha The genune heans of this are denved from Arabua,
16 best from the Bent Magtar country The beans are small, hard,
wmnd, and arregular m form and size, olive green to pale yellow
.colour  The roast 13 poor and wregular  In the cup Mocha has
heavy body and smooth and deberous Bavour  (Ukers )

2 Mysore A geners] name for Indian beans The bean 1
oall to large, blue green m colour It yields a strong flavour and
ep colour

3 Kenyas Beans small and roundish with blunt ends, and of 8
eemush colour  The hiquor 18 * mid,” with full body, and of &
wour between that of Mysore and Costa Rica

4 Costa Rica A blue greemsh berry yielding a fine, mild

woured hiquor, rich n body

§ Java A very fine coffee, with blue to pale yellow beans

elding a smooth light coloured higuid

6 Sumatra The finest coffee the world produces Largo
aform green beans Smooth heavy body almest syrupy

7 Brazml 60 to 70 per cent of the world s coffees come from
azil and 45 to 50 per cent from the Sao Paulo distnict  Small
an bling Mocha S h sed, and p t m the cup

In order to prepare the beverage the berries must first bo roasted
io composition of raw and roasted coffee is contrasted by
1zgs, quoted by Ukers

Cosrosrrron 0F COrreR

Mocrra
Green Roasted
Caffeme 13 128
Water extract 3127 3044
Fat and ol 1404 1418
Protemn 858 967
Crude Fibre 2246 1641
Mineral eloments 420 443
Mosture 906 336
The chief phymeal chango which sesults from roasting 1s that tho
7108 are rendered bnttle and can now bo ground Chemeally,
s finds that they lose considerable weight the loss con;);tm]g o:l:
e o

iwly equal parts of mowsture and organic matter
ame matter mcludes some of the eafferne ¢ Ifthocoffeoss  over
sted,” the loss of caffeine may be considerably greater

evars and ANprrsoY

B
The fat 13 not much affected according to ooyt Fojonske

34) Journ Dol Chem 105 139 (quoted by
| Reichert~Meissl figures nise
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coffee overmught with cold water, stramn 1t and rapdl

extract to a temperature 2t which 1t 13 worth dnﬁkuﬁ;bnlggdfﬁ:
an infusion alters the flavour The usual way 18 to pour bmlmé
water over the freshly ground coffee The water should be Just
bolling, and infusion may be carried out exther 1o a ug or 1 a
porcelain percolator  or breakfast coffes a mixture of coffees—
e g half and half Mocha and Plantation—may be used, and the add
1100 of & hitle ground chicory s likbed by some but for black coffen
the latter should always be omitted Threo parts of milk to one
of coffee 15 about the proper proportion for café au lait

Cocoa

Cocoa was first brought to Europe from Mexico by the Spaniards
eatly o the sxteenth century * It was hnown as® cacao, butthe
name got changed with the lapse of time  Although mntroduced
considerably earlier than either tea or coffee 18 1 only of late vears
that 1t has attained any wide populanty, and that chiefly through
the energy and enterpmse of some of 1t3 manufacturers

The cocoa plant 15 the * Theobroma cacao, * the frst of which
resembles o vegetable marrow or cucumber Embedded 1 the
pulp of the fruit are many seeds each about the size of & hareot
bean and 1t 18 from these that cocoa 1s prepared The seeds are
separated from the pulp, and placed 1 heaps for several days to
ferment or sweat *? [hus causes sny adherent pulp to become
loose, and at the same time modsfies the bitterness of tho sceds and
produces n them n dark colour They are then roasted which
renders them bnittle and Joosens the husk, so that the tiwo halves
of the seed come out sep ly on p 1m o machine as cocod

nbs
The mbs aro exther sold ns such or are ground between hot

rollers which, by melting the fat that they contan, reduces them
to o fimd condition  Much of the fat 19 removed by pressure, and
the remander of the cocos 19 then run mtomoulds from which 1828
removed as slabs  For conversion into  soluble cocoa ” or *cocsd
essenco  the glabs are ground to an impalpable powder

Various names are appled to different proparations of cocod
The method of preparing soluble cocos has Just been desenbed,
but 1t should be noted that the term 15 really a musnomer, forr

1 For a hustory of Cocon sce The Food of the Gods by Brsndon Head

{George Routledge and Sons Ltd )
11§ s 15 done 1n tropieal sunlight tho yeasts which causo ﬁlm
formentation beeoms endowed with vitamun D which may ultumately

appear . tho cocos
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rtnctly speaking th ere da no such thing as a nalnble form of cacos
All that the terrs imphes f1 that the powder dsso finely divided that
it eanly remalng in n state of suspension when mixed with water
In order to a1l the surpenuon, various methods of treating tho
cocor are mometimer adopted  The addition of alkali such as
soditm eubonate {s a favounte device capeennlly with Dutch
mannficturers It mda suspension by sapomfyng and emulafs ing
the 18, and at the rame tume softens the filro of the cocor so that
it ean form a rort of pulp with water It alvo has the effect of
deepening the coloir of the beverage and so of making 1t look
stronger  The fren ad ition of alkal is objectad to by somo aa
bemng injunoua to health bt 1 as very doubtful if that can be
faurly alleged agunst it Theee are aleo methods of increasng the
eolubility of cocor by the aid of heat and to these no objection
ean be

The term homeropathic cocoa was onginally applied to mixtures
of cocor with starch

Malted cocoaisn combination of pure cocoa with extract of malt

Chemical Composition of Cocoa *  The general composition of
the cocoa bean is shown in the followmng table

Cosroarrioy or Cocos

Analysia of Analysis of
Raw Triniing Bhells! Fresh

it ¥ Cacos brans

Per Cent Ler Cnt.
Water 523 78
Tat 50 44 4090
Starch 420 24
Albuminous matter solublo 63 }10 0

1nsaluble 63
Astringent prineiple 671 0z
Gum 217 24
Cellulose 640 108
Alkalord 081 33
Cocoa red 220

‘Undetermined 580 53
Mineral clementa 276 40

The chief ingrecient 13 fat of which the cocoa bean eontains about
half ats wesght  In the commereial powder, however thero 1s only
abont 30 per cent present the der having been d by

ressure

Cocon. contains & considerable proportion of mitrogen but 1t must

3 Bee also ALren s Commercial Organie Analysis 3, Part 2
3 Inland R L 'y :
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be carefully noted that not all this represents protemn  Part also
18 contaned 1 thechromme

The chtef alkaloid found in cocon1s theobromine *  Theobromine
18 known chemically as dinethyl xanthine, ard 1t 15 closely related
to caffews, which 19 trimethyl xanthine  Cocoa. contains from 1 to
2 or more per cent of it, or about as much as there 1s of caffemo
m coffee

Cocon contains also some tanmn, though probably not of exactly
the same form as that found 1 coffec and tea It seems to bo
combined with a mgment to which the name of cocon red 18 given,
but the exact rel: hip of the two subst: has nob been fully

determined
Starch 1s present to the extent of 8 per cont (Winton, Silvcrman,

and Bailey) 2

The proportion of muneral elements 1s high amounting 1 raw
cocon to from 2} to 3} per cent Copper and manganeso aro
preseut and wron 24 to 3§ milligrammes per 100 grammes  Alfter
the fat has been partly removed, the proportion of ash nses to 4
or 5 per cent  or, 1f alkah has been artificially added, 1 may
amount to 8 per cent The ash 13 strongly alkalme, and s the
artificial preparations consists chuefly of potash and phosphene acid

Chocolate consists of ground cocoa mibs to which coeoa butter
18 added together with cane sugar and vamlla flavouring o
wferjor varieties are made from unfermented beans, and therforo
have & Iitter tasts Good chocolate should melt easdy n the
mouth, and should not sweat out any sugsr 1n the form of » bleom
The tasto also should be free from any roughness or astringenty
The white part of chocolate creams consists of a mixture of eane
sugar and glucose

The table on tho opposite page shows some anafyses of cocoss

drinking and eatmg chocolate

Uses or Tea, CoFree AND Coooa

Tea contains caffemne (1,3,7,trimethy] xanthine) and theophylline
(1 3 dimethy] xanthme) ? coffco, caffeme  and cocon, theobromine

1 Annlyses 1n 1935 from tho laborataries of Fry & Sons show the
presenco of caffetno _— s
Teans Cocos  Chovolats  Chooolats .
Theobromme 104 {0 82-~1 32) 15 g;& gé: per cen
04 {014-073 08 .
o ! ) (1038) The Structure @

* tod by WmvTow and WintOw
e ofy Foods Cl & Pall Ltd 4,121
hyloxyxanth

e
3 Also hylune aad
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(3,7,dumethyl xanthme) Of these much the most active and
wpportant 15 caffeme

Caffene 15 & stimulant which affects the nervons systeme and the
kidneys  In the nervous system it influences the higher * psychic ”
centres more than the medullary centres and these more than the
spmal cord Pavlov states that 1t 1g mpossible to wmhibit con
ditioned refiexes when the ammalis under the nflucnce of caffems,
and the alkaloid has therefore an effect on the cortex of the bramn
It undoubtedly “ clears the mind,” abohshes a sense of fatigue and
often mduces sleeplessness  Tea and coffee certamnly are great aids
to mental work, and the former, as do Qumesy remarhed, will always
bo the beverage of the mtellectusl For panegyrics on tea and
coffes and legends concerning the discovery of theso plants the
reader 1s referred to earher editions of this book and to the books
by Ukers

Respuatory and eardise centres aro also shimulated by cafferne
and there 18 a direct effect on the coronary arteries, which aro
dilated The basal metabohsm of a group of coffee drmbhers was
found to be 6 per cent lhigher than that of a control group of
abstamers from coffee * It 1s also smd to rawse the blood sugar
level As a result of the quickemng of respuration, the alveolar
carhon dioxide 18 lowered Apart from its action n mmproving
the crculation of blood 1t eanses diuresis by cirect action on the
Lidney It decreases the reaction tume and the latent period of
reflexes and stimulates the capacity for muscular work 2 1t 13 nob
cnmulative nor habit forming and 1t has no after effects  The other
purme dervatives have rather less effect than caffewno, but tho
action 29 mmilar

Clearly these allelods are extremely useful and thewr effects
account for the very extended use of tho beversges contunng
them by people m all ages and countries On the other hand

their pharmacological properties are too muld senously to mterest
logists and cl to day for much moro potent drugs

phar
have been discovered 3
Tho common practice mn this country among tho well to do 13

to take tes at afterncon tea only, and coffco ot brenkfast after
lunch and after cinner Nearly everyono lower in tho social scalo
takes tes at breakfast and m the sfternoon and possibly beforo
breakfast at mdmormng after the midday meal with the evenng
meal and perhaps just beforo bed In Canads and probably 1
other Domunions, it 18 drunk with each of the threo meals

1 Hacxerr (1931) Journ Home Econ 13, 769

2 Rivens and Wensen. {1907) Journ Phynol 36, 33

$The late A J Crarg Pmate commumeation
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Theee {4 & streng medical prefudion apainst taking tea with any
mreat men) In Great Retan sond the Iehief §x entertained that the
tannindn e ten  tany  the protein of the meat and malea it In
digestitla  But o o} jection (1 paleed 1o the tanning of the protein
of i} anl e~ez at Leeskfast which must be almodd as rerious
nor to the eTecta of tapmn fn eoffee of wine  Atfempts bave been
mads 1o jurtify chjectione to the taking of {#1 and coffeo at meals
by expeniments sn ntro and an oo

Thus 11 tatro the presence of tea inhibita the digestion of boiled
ttarch to maltoss In the ptyaln of the aaliva  This inhibition
scems 1o be due to the 1annin, for it fs Jors with a good China tea
than with an Indian tea with §ta higher conent of tanmin and the
effect diappears entirely #f milk be added  which combines with
the tanmn and puta it out of action  When the tannin® ja 1n
comlmation with the eaffene and not frce it s sald o exert lesa
effect in precipitating and rendering proten insoluble

In riro it has been cliimed by a sucormsion of workers that tea
and coffee delsy peptie digeation although Maller and his collengues 2
found that theemptying of the atomach is not appreciably delayed
by 1 Litre of tea or coffee, and that a delay apparently caused by
an cqual quantity of cocon is due to tho sugar normally taken
with ft

As regards the practical nferences to bo drawn from theso and
fimslar expenments it may be said that in bealth the disturbance
of digestion by theso infused boverages is negligible  Only when
the digestion da enfeebled or when tho patient 13 senaitive to tea
or coflco 15 ecaution necessary It 19 usual to restrict tho consump
tion of tea and coffeo 1n gastntis gastric and duodenal uleer It
may bo wiso to forlnd coffee entirely and recommend that weak
China tes freshly infused and poured off tho leaves, bo taken at
the end of the menl an 1ts placo not moro than twico o day  These
beverages should not bo taken on an empty stomach

When wo turn to the question to what extent these beverages
¢an be indulged 1n without 1njury to health, we find 1t very dufficult
to give a defimto reply  Tho part played by personal pecubariiy
and habit 1n tho matter ia very great It has been pomnted out, for

example that the usua! reault of drinking tea and coffee 13 to produce

wakefulness but yet thero are persons who find thoir use 1n the

evenung conducive to slcep Some people, again, ean drnk tea

quite freely but are made il by coffco or tice tersd  Facts like

theso must be recogmized although one 15 unable to explan them,
* Hyst tea contans all ita tanmmn a3 caffemo tannate according to

enalyses by the Royal Institute of Public Health and Hygens
*MmeEr ef alis (1920) Amer Journ Physmol 52, 28
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Alcohol, unlike any other flmd or food, 15 ve:

5 y 1y rapidly absorbed
through the walls of the stomach, and while thero 1510 evadence that
1t carries with 1t the products of d 1t can carry sub
kike chloral and strychmne more rapudly mto the blood stream

MrraporsM AND Arcomorn

That aleohol can act as & food 13 undoubted, but 1t sots as &
Calorie food only Tt cannob take the place of protemns, norgame
elements, or vitamuns  In the form mn which 1t 13 usually taken,
beer, wines, or spiits, it contams little or no vitamuns though
there 13 evidence that vitamm B, m small amounts 18 found 1
some beers (3 umts per 100 cc)? There 13 so hitle protective
effect in aleoholic beverages that they induce neuntis by decressing
the take of foods contamng vitamm B,

Consequently, the consumption of alcoholic beverages can be
defended only on the grounds that alcohol can be burnt by the
tissues of the body wath the production of Calories It 1s completely
absorbed, partly in the stomach but mainly m the small ntestine,
snd 16 15 absorbed more rapidly than slmost any other food It
reaches its maximum concentration 1 the blood m from % to
2 hours* The concentration tn the blood depends upon the eon
centration m the flud drunk

The rapidity wath which 1t enters the bloodstream 1s greatly
decreased by talung 1t wath food, especially with foods eontanng fat

One fifticth to one tenth of the alechol drunk may be excreted
n the breath and in the urine  The remainder 18 metabolized, 18
burnt to carbon dioxide and water The rate of combustion 15
somewhat slow, bewg about 7 oo of abselute aleohol per hour,
36 the amount found 1n 100 c¢ of o mild claret  But 1t can be
used to supply energy and to “spare ’ protetn just as carbohydrate
can “spare’ protein As 1b enters the blood so rapdiy aud as it
needs no preparation for b 16 can bly bo used
when 1t 19 y to gve a person, who has
store of carbohydrates rapidly avaidablo fuel

n £
oxhausted us
material
PHARMACOLOGY OF ALCOROL
Alcohol 18 usually roferred to as a stimulant  Ths 18 & Wit
nomer Throughout the body, particularly in the nervous s;,'stcllﬂr
1t scts as o depressant It produces its cuphona by blunting 8¢
enticism It weahens self-control, dulls senso perception AW

1 Boas Frxsev ond Roscos  {1037) Nut Abs and Bev 7 823

Ribofiavine and nicotinio acid are found 1 beers "
1E Merravsy (1018) AMed Res Comm Bpee Rep No 3
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Impairs the accurey of skilled movements  ** Under tho influenco
of aleohol accumcy avoidanco of accident tactful handling of
colleagues and subonlinates olmersance of disciphine, punctuahty,
reticence in matters of confidence aro all jeopardized ‘T e
is, in Mict, 8 nircotie

Thero s littlo or no satiafactory evidenco that it has any effect
on the respirtory system of pructical value  In small doses it
does not alter the rato of beat of tho isolated heart and in large
doses it deereases that rate  Its influenco on the actual Llood
pressure §s small Tt doca, however, diato tho superficial blood
vessels and so may as a sccondary effect increaso tho pulso rate

When aleohol appears to promoto recovery from fainting it 18
probably becauso atrong spint has been given, resulting in a painful
stimulus to the mucous membrane Pamnful stimul wherever
applicd—e g smelling salts to the nasal mucous membrane—have
s similar Leneficial effect

Whenever alcobol has an spparently rustorative effect m discase,
thus 18 duo to locahzed stimulation or o generalized narcotie and
scdative action  To day thero are other more powerful and
valuable drugs i tho pharmacopxa

As is well known its effect in app Iy raising tho temperat
18 1llusory It eertanly makes s person feel warner, but that 1s
because of tho dilatation of the blood vessels of the slun  Tho
feclng of added warmth 1s deceptive  What 13 really happening
15 that the alcohol increases tho loss of keat from the body  People
frozen to death havo often met that fato through having been
drunk when tho cold overtook them

Avrconor. 1y DreTrrics

Thero 13 littlo then to be said mn favour of aleohol and alcoholie
drinks either from the dictetio or medical standpoint Medieal
opmton 18 reflected 1n tho very marked decrease 1 the use of
aleoholic drmnks 1n hospital practice as 13 reported elsowhere i
this book (pp 582-4) Diotetics rarely pays them much attention
The utmost that can be sa1d for thom 1s that {1) they have acquired
the value of a social gesturo of hospitality, (2) they aro pleasant
drinks to those accustomed to thom, and (3) they promote a pleasant
euphonia, which however 18 not without its dangers to peoplo
with an  escapist ! tendency * According to McDougell aleohol
enables the wtrovert to become extravert * People who are used

} Aleokol  ats Action on the Human Organtem 3rd edn  (1038) 45

# The death rate from nleoholism 19 only one sighth of what 1t was
1n 1901 and from cirrhosis of the liver only one fifth  bud

*MeDovaart  (1041) An Ouiline of Abnormal Psychology 4th edn
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to alcohol may often be allowed 1t in their diot when they are
special diets, becanse they are miserable without 1t and the ms
praduces a more deleterious effect than the alcohol

At cOHOLIC BEVERAGES

Before proceeding to the study of the aleoholic beverages 1n det
it may be well to describe the different ways in which the amou
of aleobol which they contan may be stated This 13 ofl ¢
more important as an inaccnrate use of terms may lead to sor
confusion

In this country the standard employed 18 ususlly what 13 knov
a8 proof spirst and an aleoholio hquor 1s saxd to be so much abor
or 8o much under “ proof’ Proof spmt 18 a mixture of aleoh
and water, which contains 49 28 per cent of the former by weigt
{1e 100 g 3 4928 aleohol) ! and 57 10 px
cent by volume (te 100 cc contans 5710 co aleohol) Th
name proof spuit owes 1ts ongn to the practice 1 vogue durn
Iast century, of testing the strength of samples of alcohol by pounn)
them on to gunpowder and applymng a hght If tho samplo con
taaned much water the alcohol burned away, and the water madi
the pawder so damp that 1t cid not igmte  bub if the sputb went
strong enough the powder took fire A sample which just suc
ceeded m 1gntting the powder was called proof spuert * (Perhin 22d
Kippmg) Spirits are described as beng over proof when they
are stronger than proof spnt and under proof when they are
weaker Thus 20 over proof means that 100 volutnes of the spit
contan as much aleohol as 120 of proof spint, and 20 under proof
means that 100 volumes only contain as much aleohol as 80 of
proof spint

Instead of using proof spmit as the standard 1t 18 moro conven
1ent to speak of the smount of nlcohol as being so much per cenf
The percentage mav further be stated erther :n weight or 1n volume
Five per cent of alcohol by weight means, sinctly speaking, tha?
100 grammes of the hquid m question contain 5 grammes of aleoho!
but more usually the expression 15 used for weight 1 volume—
1e & grammes of aleohol m 100 c¢  Five por cent by volum®
mesns 5 c¢ 10 every hundred, and 18 equivalent to about 4 pes
cent by weight? The aversge percentage of aleohol by volume
for

1100 grammes of proof spit has a volumo of sbout 110 oo,
shrnkage oocurs when water and alcohol are muxed
Yg¢ aloohol :n 10D vols ¥ 08 = grammes 1n 100 vols
Grammes alcchol 10 100 vols X 125==rcc m 100 vols
1n 1 Ltre X 7== grmuns per gallon (6 bottlesk

> .



8PIRITS 459

in somo of the commoner alcoholio beverages I roughly as
follows 1

Srmirs
Gsn, Whuky DBrandy Rum 25 under proof 43
s, 3
VWives:
Port 2
Bherry 20
Madeirn 2
Burgundy 14
Champagno 10
Claret 10
Hock 10
Y erroouth 14-20
Empiro wines 15-22
Dntish wines 16
Ctozr (Bottlo) 43
Bren (Laglsh)
Ale 31-00%
Stout 30-53
Porter 40

In Franco and most other countries the amount of aleohol in
wines is estimated by volume and 13 expressed in * degrees *  Thus
a wino of 10 degreea strength contamns & tenth of ita volume of
alcohol

Spirits Bpints aro obtained by tho fermentation of vanous
ssccharine substances, the aleohol and other volatile bodies produced
being separated by distillation It 1s ths fact of their being the
products of dustillation which gives to spinits therr ugh alcoholie
strength and distingushes them from all other alcohol containng
‘boverages  Almost any substance capable oi‘ yleldmg a icrmentablo
sugar may form the bass of fc the
most commonly used 1a this country are malted and unmalted
barluy, maizo, riee sugar and molasses In some parts of Europe
and especially n Rusas potato starch 1s largely employed for the
purpose  All of these substances yield alcohol on fermentation but
in addition various by prod make thewr during the
process and 1t 13 to the presence of these that the characteristio
flavour of the different spinits 13 due

Thus the by products of the fermentation of malted barley give
1130 to the flavour of whisky those of molasses to the flavour of rum,

*Quoted from Alcohol wa Action on the Human Orgamsm
(1038) HMSO,

4 Less in war time
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end those of the grape to that of brandy By means of patent
stills the by products can be almost entirely separated from the
alcohol with whuch they are mixed, and the result 1s an almost pure
form of spuit, the ongm of which can scarcely be told, for which
reason 3t 18 called silent spirst By suttable Havouring the clever
gg:kufacturer can make this the bass of almost any spituons
Among the by products of fermentation thers are usually found
swall smounts of aloohols of a kigher moloculsr werght than ethyl
alcohol  These are 1soamyl, § smy] propyl and 1sobuty] aleohols
among others and to a mixture of these the term fusel ot/ 1s often
apphed  This fusel o1l 18 the result of the actton of the yeast upon
the ammo acids of the substrate upon which it works If there 13
much 1soleucine 1n the substances formented {as, for example m
i used 1n the prod of rum) ¢ amy! alcohol will bs
found in the spint produced, 1f more leucine than 1soleucine, &3 12
a mash of corn and potato, then 1s0amyl aleohol will predomimate
in the fusel ol formed when that mash 15 fermented? We ehall
see unmediately that fusel orl and the other by products met with
an spints have effects on the body 1 health and disease only second
to that of the ethyl alcohol itself
Whisky bas been defined as ‘a spirit made from malt or malt
snd gram, and dwstlled i pot stdls’ 2
It 15 unportent to dmtingush clearly between gonumne * malb
whisky,’ which 13 maden pot stills ' and ‘ grain whisky,” whick
18 prepared 1n  patent stlls  The bulk of ordinary whisky as
1t reaches the consumer 1s probably a blend of theso two gram
whisky usually predommatin
(u,;KyMalt W)"lt'x:ky 18 preparged from malted barley which s first
carefully dried  In many Bighland distilleres peat 13 used as the
fuel for dryng, and some of the charactenstie flavour of such whisky
18 beheved to be derived from the peat smake  After bemng dried
the malt 18 made mto a mash, and here, Just a8 we shall sce 15 true
of beer the nature of the water used scems to have some mﬁueno:
on the character of the final product, soft water giwang tho bes
result ‘The mash 15 then fermented much 53 1n the making of beer
only the process 13 allowed to go on longer When fcrmeutah&ﬂ
18 complete, the fermented mash or “ wash 19 dustalled 1n tho O "
fashioned pot stall  Thisys the form of still which 13 by far £bodm0:[
commonly used mn Scotch and Irsh distdleries It 15 made
leoholic Fermentation 176 ef seq
: %‘.ﬁg’yﬂ(&:ﬁ;‘oa on Whisky and Other Potablo Spints whl:l;
réported 1n 1909 however concluded that the term  whisky ™
fegtumately be applied to the product of & potent still also
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copper, and the volatile producta are condensed in & smpls * worm,”
no attempt being mado to scparate tho spint from thoe by products
Tho atill is heated over an open flame  This is a point of somo
importance for it causea somo of tho sugary substances m tho
wash 10 become alightly charred and thero is produced in this way,
amongst other things the substance furfural, the presence of which
ix onoof the chief dutinguishing charactenstics of pot.atill whisky
The first product of tho dutillationia ealled lowirmes  Thesoaro
redistilied and yicld (1)* foro shots ** (2)  clenn spint " or whisky,
(3) feinta , tho residao in tho atill bemng the  spent lees ™
Tho fore shota and feinta both contain much of the by products
of fer and aro redutilled  the distillate bemng sdded to
tho clesn spirit, or whisky
It must bo noted that fusol o1l is not obtained sopamtely by this
method of dlstillation and the product conmsts of aleohol plus some
of the by products of fermentation  Tho whisky thus produced has
an alcobolio strength of from 13 degroes to 50 degrees over proof
but before bonding 1t is usually diluted 1n Scotland to 11 degrees
and in Ircland to 25 degroes over proof
Tho by products—chiefly aldehydes—which 1t contains give 1t,
whon young & raw, harsh disagroenblo taste but after keeping
for somoe jenrs in wood it mellows greatly, and the harsher the
tasto when young the moro full flavoured tho whisky when matured
What tho exact naturo of the changes 18 by which the improve
ment which whisky undergoes in wood 13 brought about we do not
yet fully know This we do know, howover, that the peroentage
of aleohol diminushes, 6 to 8 per cent of proof spint bemng lost
by five years storage On the other hand the fasel oil does nof
dergod 1 spito of frequent st ts to the contrary
Irish pot-stall whisky differs from Beoteh 1n being propared usually
from a mixture of maltod barley with unmalted graw (barley or
maizo) and the malt 13 not dried over peat  Otherwrse the manu
facture of the two 13 very similar
(6) Grain Whisky Tha s the form of whisky most commonly
distrlled 1n England It 18 made from a muxture of gramns (barley,
rye and maizo} with just a sufficiency of malt to convert their
starch into sugar  More 1ap than this dist: s
18 tho fact that 1t 18 distilled by steam and 1 a patent (Coffoy’s)
still in such & way that the by products of fermentation (fusel oal,
etc) are to 4 large extent separated from tho ethyl alechol The
result 28 that the raw product has much less flavour than young
noalt whisky and 13 soonter resdy to go mto consumption When
run off the still 1t 19 almost colourless and hag an alcoholio strength
of B0 degrees over proof but 13 usually diluted to 11 to 12 degrees
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over proof before b g It acq a yellowsh colour from
being stored mn old sherry easka

As regards the mam differences between the two vaneties of
whisky, 1t should be stated—

1 That patent still whisky contamns much less of the by products
of fermentation (mnclnding fusel oil) than pot stll whisky, and 13
therefore much purer

2 That as a consequence of tins patent still whisky does not
inprove nearly so much on keepmg ns the other vamety

It follows from this that a young patent stil whisky 15 much
better to druk then young malt whishy but that the Iatter, when
fully matured, hes a faller and pleasanter flavour than the former
It 19 absurd to object to gram whisky on the ground that it contais
more fusel ool than malt whisky for just the reverse 1s the truth
After removal from bond whisky 13 diluted—or * broken down
as 1t 18 termed 1 the trade—by the addition of water The legal
Tt of dilution 15 35 degrees under proof {about 37 per cent alcohol
by volume), and most whisky 13 sold at a strength of about 30
under proof In other words we shall not go far wrong if we
regard & glass of whishy as g hung bet: 8
and a holf of a glass of absolute aleohol  Thus 15 not true of war
time whisky for the statutory dilution was d

As already mentioned, most commereial whiskies are blends, and
not the product of one distillery  Grmin whishy 13 often used as the
basis of the blend, & certam proportion of malt whisky bewng added
to give flavour Even when the blend contans as much uA”OO p;‘r
cent of gramn whisky 1t is often sold as * genmmne malt” The
publie taste now 1s certamly 1n favour of a mld flavoured whisky,
henco the large use of gram spint 1n blends g

Potheen 1s the product of illiett stalls and, bemng usually ma ;
from mol: has the ch of rum rather than those o
truec wiisky

Brandy If whisky 1s regarded as dustdled beer, brandy moy

chent of as distilled wine

be’l‘m best brandy was engmally produced 1n ono of tho richest
wine districts of T'rance (Département de la Charento of Cog;lzg
district)  Tho quahty varies with the character of the gmp&;] -
best grapes yielding the variety known as Tine or Grande C ,:m
pagne This 18 the only genwume hgueur brandy The vnrtle "
known as Petite Champagne and Premuére Bows rank next (; o
1f sold pure these constitute ;)lkin E}ognn.c but“:s Iarge amoun

sed for blending wit erior variel
th;lx?ul;o:d yerraix or mfcn bottles of wine should yeld u;m 1:0::"9
of brandy  When first distilled the spint s dovord of colou
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of & ficry chameter  When hept In cask it takes up colour from
the wood and gradually becomes mellower  Improvement goes on
for a long time, so that the older tho brandy the better  After
twenty or forty years it containg a considerable proportion of volatile
caters and oldchydes to which it owes its aroma and flavour
1 rench brandies have o 002 per cent of a clear vellow o1l with &
powerful odour of cognac It is & natural ingredient and absent
from all other types of brandies !

While the above is the origin of genune brands, it must be
sdmitted that very httle of the brandy sold i1 thus country 19 so
denved  Tho greater part of §t is really concocted in tho Cognac
distnct and elsewhere from  mlent spint  coloured with burnt
sugnr and favoured with censnthine or vorious essences  Such a
product 18 entirely different from genwno brandy for 1t contains
but hittle of thoso volatile esters denived from wine which are so
conspicuoua n genuine Cognae and to which tb owes most of ats
attraction

The production of genuine brandy by tho distillation of Spamsh
wines1s now camed on at Jerez and elsowh It 13 also oxy
by Algiers Austraha, Egypt and Greece, and some  British
Brandy is manufactured in this country from grain spint, mixed
with argol, Irench plums and French wine vinegar, tho mixture
bemng subsequently redistiied

In the United States brandy may be mado from chernes, apples
pears, and peaches as well as from grapes

Rum Rum 13 usually prod ’by the dustalk of f ted

b 1 1n tho | of raw sugar, the best
vanetics, howover, aro obtamned by direct fermentation of the juce
of the sugar cane Peapples and guavas are sometimes added
to the fermented mash to improve tho flavour of the distilied spint
This spinit by p of fe tat which 1mpart to
rum 1ts charactenstic flavour  Tho chicf of theso s ethyl butyrate
and a considerable proportion of the rum sold m this country 1s
made from silent spint flavoured with that substance

Rum owes 1ta dark colour to burnt sugar When Lept for some
time 3t improves greatly in flavour by the development of esters in
which it 13 pecubarly mch It usually goes into consumption at

about the same alcoholic atrength as whisky, or perhaps a httle
stronger

Gin (also knownas Geuev&-—lmm gentdvre a Jumper—Schiedam
and Hollands) 13 ob d by f ting & mash of rye and malt,

YVaraxn (1939) Ind Lng Chem 31 339

and Journ Inst
Brew 45, i

266 quoted in The Analyst 64 (1939)
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and distilling and redistiling the product  Juruper berries and &

hittle salt and sometimes also con;nder, cardamoms and angehes
root are added m the final distillation, and the product 1s run off
into underground cisterns hined with white tiles, where the spitt
can be kept without colourng Some 1s matured m old sherry
cashs and becomes as & result straw coloured

The chief seat of the facture of g g 18 at Sct
m Holland Much so called gin, however 13 fabricated elsewhere
out of silent spirit flavoured with salt juniper berries, and turpentine

Gin 15 allowed to bo sold with as low a proportion of aleshol 23
35 under proaf (37 per cent aleohol by volume), but 15 usually
mmported at 14 to 15 under proof Sweetened and diluted gin 1
sold under the name of O/d Tom

3

‘Whlst varying somewhat m alcoholic strength all the spints we
have been dering agree 1n g very httle solid matter—
less, indeed than 1 per cent gmn bemng the poorest 1n this respect
They have also a very low degree of acidity rum standing highest
then brandy, with 1 gram per ounce while whisky and gin have
only about 0 2 gram per ounce They are all practically free from
sugar
The following table taken from the Report of tho Zaencet
Speaal Analytical Commission on Brandy represents the com
parative composition of the different spints 1n & convenent form

]
) ITypics!

Grain | Beet [Jammca! Scotch | gin, tar
Constituents Spnt | Smnt | Rum rwhuky Brandy

weight m grammes | 932 §0[ 012 90, 619 2
Alcohol por Ihtre by
volume m cc
Equal to proof epmit per
cent
Extract per hitrs N
Acidity (caleulated as
acetio acid)

g i l 0{430 20{401 60’42050

856 00] 942 00| 695 00} 512 00} 475 00‘ 485 00)

5
107 55| 165 09] 121 79| 8977 8326 849
Na 636 110 osel 670

| e

240 48012240 360 1520 3750

’ 610,

Aldehydes (as eothylo .

n;deyhydﬂ)( 115 1092 1541 1435 472 b

Furfural i | N | 2os 194 o013 O ‘
t 1

M::‘t:’ll) 1= esters (no 184 6200161 20240 4 w,’ 2 ES‘
xpressed a8 cthyl

Es::?n::e) e 3 59 30800 38720 880 8335

1
Higher alcohols 250 605 625512276 1324 6835



LIQUFURS AND BITTFRS 405

Lrquruni avn Brrrens

This group of liquom may bo regarded a3 consisting emsentially
of spint sweetened wath eane augar and flavoured with aromatic or
other heeba or casences Tt haa been swell sald that they aro chiefly
the prodduct of the alchemiast and tho monastery  The proportion
of nlcobol in them i« high varying from 33 to 60 per cent or moro
by volume The proportion of the other ingredients is shown n
tho followsng analyses of some of the most prominent members of
the group, taken from Kbnig

PrrervTace or Courosrtiox or Liqueuny

Aleohol !
I IWartous'
Cane Muneral
ny |Fxteact] exteao
BY i [ e [ ater
Abainthe 68031 ~— 018) —~ 632 —
Angosturs 4970 - 685 4161 169 (0088
Aniselte 4200 307 1348234441 038 |0068

Benedictino 5200 385 (3600 (32587 343 |0406
Chartreuso 4318 — (361134371176 —

Crimo do Menthe 4800 365 {2828(2763) 065 |0043
Curagon 5500 | 425 |2860[2850| 010 | 0040
Kiimmol 3300 248 (32023118 084 [0058

The following 13 & brief description of the origin and constituents
of somo of the better known bqueurs and hitters

Absinthe  Madoe by macerating Alpine plants of the wormwood
species with the root of amso and sweet flag and marjoram leaves
in 40 per cent spint A glassful (30 ¢ ¢ ) contamns the follawing
amounts of absolute aleohol

Ordinary ebsintho 143 00
Dem fine 150
TFine 204
Busse 242

The toxic subatance 18 thujone a ketone 1someric with citral
Cumgoa Made 1n Amsterdam from the rind of bitter oranges
grown 1n the wland of Curagoa
Kirsch  Made from morelio chorres in the Black Forest and
contaming & small amount of hydrocyamo acid
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Noyau  Made from the stones of cherres, contaimng o1l of bitter
almonds and therefore poisonous

Maraschino  Mado by fermenting a small sour cherry (maracca)
grown 1n Ifaly and Dalmatia  Both the cherres and the stones
are crushed and 10 per cent of honey sdded, and the whols
fermented  The spmt 15 diluted, and kept for some months to
mature

Kftmmel Consists of brandy flavoured with cummn and carra
Wway seeds '

Chartreuse  Onginally made at the chief Carthusman monas
tery nenr Grenoble mn France, and 2lso at Florence It contans
o large proportion of sugar, the flavour being derived from various

ois contmned m hea hyssop, nutmeg, pepp and other
herbs

Benedictine 13 s very sumlar product, made at Fecamp m
Normandy

Angostura 15 now chefly made 1n Trnmdad but formerly ab
Angostura, the chuef flavouring ingredient being the bark of that
name, though other species are also added

Ratafia1s a name now apphed m France to various hqueurs made
from spint sugar, and aromatic herbs It derved its name {rom
the fact that 1t used to be drunk at the ratification of compacts and
bargains

Tn practrcal dieteties the importance of hiqueurs 1s small  Diabe
tics must take to account thewr content of sugar Ther use
after a meal may be defended on the grounds of thew carminativo

. effect

In stud the general action of spirsts on the body onemust
dutmgu\sfncirefuﬁy between the action of the alcohol atself and

| that of the by products of fermentation which occur alang with “{
Tt would be o great mustake to regard spints as simply mixtures !
aleohal and water 1 nearly equal proportion e

Spintuous hiquors are too highly aleohohe for ordwmary dw’!\w
use unless taken in preat moderation and freely dufuted o
or threo glasses of whishy or brandy contamn s much l‘alcoe Y
as most people can sifely consume 10 one day If this ml;tﬂv
observed howeser and the spint frecly dilnted they may do

hysical harm
P ‘%thya a matured spiit has less deleterious effects tlum(? crude
onesstill unknown It wassupposed once ta bo dug to the fusc”w
ail, the mixture of propyl amyl butyl and 1wobutyl alcohoxh (“;ho
spist  They, however though rmuch more toxio than ethy ni, lc the
are not present 1n sufficient amounts to take eflect Posubly
deleterons substance 1s furfuraldehyde or pyndine
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Mavr Ligtonrs

This group includea beer or ale and porter or atout  Thero fs
rome confusion in tho ure of these names, and thoy have not quite
tho samo meanng in all parts of the country  In aomo places the
term  alo " isapphed to the brown beverages while tho black drinka
arc spohen of sa *leers * 12 Is better to regard the terms ¢ ale’
and  beer * ns synonymons as they wero in Anglo Saxon days
and to apply them to the paler hquors and to apeak of the blacker
drinks as  stouts or porters ' With the intmdncuon of hops into
English brewing the term * beer’ began to mean * hopped malt
liquor

ql!ccr may be defined as tho product of tho fermentation of malt
and hops Vo shall sco Jater that much of tho * beer ' in common
uso has not, amclly speahing, quite this ongin

1 b

Malt 13 ol 3 temung barley and allowing it to ger
minato first sn heaps and later aprcud out evenly on a floor of cernent
or tilea at a mod and regular temy During germun

ation smporiant changes tako placo  the ferment diastaso appears
in tho gram and acts upon somo of the starch, converting 1t mnto
dextrin and malt sugar while part of tho proteins by the action
of another ferment, 18 also converted into soluble forms The
* green malt €0 produced s next dried, and upon the exact tem
perature at which ths 1s carried out, tho character of the beer largoly
depends for the lower (within hmts) the temperature employed,
the moro powerful 1s the action of the ferments contained 1n the
gramn and tho larger the amount of soluble substances produced
Low-dned malts produce pale beer  those dried at s higher tem
peraturo yield a darker product

When drying 18 complete, the malt 13 ground and made 1nto a
mash with water The soft water of Dublin in part accounts for
the famme of Dublin stout but the watcr of Burton upan Trent,
which contamns much ealcrum sulph 13
clearly one of the main causea of the prc ommence of the pale
strong and export ales of that town In some breweries the water
18 artificially made up to the standard of that locality

After mashing the wort 1s stramed off from tho malt and borled
for an hour or two with hops  Boiling stops any further action of
the diastase and extracts from the hops therr soluble ingredients
Chief amongst these are hard and soft resins tanmn and essential
oils  The resns are antiseptio and are necessary mn beer for prevent
g the growth of vamous moulds wild yeasts and other muero
orgamsms  The resmns and tannin give hops & hitter flavour The
antieptic properties of the resins are due to two acids, humulon
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Coxrposrrion or Marr Liquors (vEr Povr)

Avatadle]
Alcohot { Protetn | Fat | Caf o s
hyd;& clum | on phorus Cauorfes.

ce g
Palealo draught! 337 { 17 |Trace 1§[9 l?ili ()mgB J20 | 310

Paloale bottled | 345 | 11 158 78 )030) 99| a
08
Midate draught| 251 [ 28 174 66 {02 83 | 252
Mld ale bottled| 268 | 17 207 71 ]045] 101 ) 273
Sirong ale 4501 28 274 95 1056 160 | 4°8
Stout BT 22 230 53 |078] 130 | 282
Beers during war time were distinctly more dilute *
Mud 173{ 12 0 97 57 1068) — | 16
Bitter 244 12 [ 97 | 57 1058} — | 216
Stouts 2321 28 0 197 29 |0B8) — 1} 286
Strong ales 329 28 0 | 197 29 jos8] — | 3%

to this fact 1 the House of Commons? Doubtless the brewmg
mndustry will focus attention on 1t 1 the future While the ribo
flavine content 13 comparable with that of milk the mcotime acd
content 1s much greater Even war time beers gave figures rannmng
from 78 to 17 0 mcrogrammes per gramme or about 4 42 0 H€5
mulligrammes per pmt Pre war beers contamed more Thus
Worthington Strong Ale brewed 1798, contamed 936 Anglo
Bavarian Beer, brewed 1872, 5 84 Reid s Stout, brewed 1890 98,
and Combes Export Brown Stout brewed 1800 8 68 miligrammes
per pint It 1s mteresting to note that ‘Chancelior * alo brewed
for All Souls College Oxford, 1938 possessed 259 muhgrammes
per pmnt, 1e more than o day s ration .

Acriox anp Uses oy Marr Liquons

Action on Digestion  Malt Liguors have but littlo retarding 1n
fluence on salivary digestion and what action they do pos.css ¥
entirely due to therr aadity  Stout 1s twice a8 aaid s beer, and
hence has a greater retarding action on the digestion of stareh by
the saliva® Sound beer imdeed in some experiments,t seemed
actually to ncreaso rather than restramn the action of ptyalun i
tuiro, but sour beer has a decidedly retarding effect®  On the other
band mn the hving body the Intterness of beer may brng about 8

1 The Nuinitite § alues of War tume T'oods  (1045) Medieal TReacarch
Couneil

* Lancet {1914) 2 226 2 Crurrrevpey and Mpvorn

o Arremso~ RORERTSON  (1898), Journ Anat and Phyno! 32 615

$ Rasrrrs  Digestion and Diet p 119
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more profute flow of kaliva and so end by improving rather than
impunng rabinary digestion
In tho stomach beer docanot remaln, §f tdken alone, any longer
than water, for 200 ¢ ¢ aro found to hase completely left it in about
one and a half hours If taken with other food, it delays the
chemieal processes of digestion moro than tho mere amount of
aleohol which it contains will explain  Some! have blamed the
oxtract  for this, others the malta 2 but the action is, in any
case not an impertant one for even half & Litre of beer (about &
pint}, when taken with a mixed mesl was found to produco but
very bittle delay in the stomach 3 It s probablo indecd, that a
tumblerful of good brisk beer may actually aid digestion by
ereasing appetito and calling out & more abundant seeretion of
gustrie Juice and more active movements of the stomach  Both
stout and beer aro frequently preseribed as soporifics
Influence as Foods Sinco malt hquors contain digestiblo
carbohydrates they must be rated as foods A pint of good ale
contuns as much carbohydrate as 1} 0z of bread 1t will bo seen
from the tables that a pint of even war timo beer will give 165
Calories or sbout one twentscth of the total energy required per
day
A glasa of milk 3ields about 184 Calonies a sumilar glass of good
bottled beer about 168 It docs not follow from this however, that
beer 12 almost a3 good & source of energy as milk for, as we have
seen aleohol 13 to be regarded as a food of only hmited value  Stdl
Jess 19 1t a8 good a food for it lacks any first class protein and 19
defiient m caleium gron and phosphorus and m most of the
witarmns  What energy 1t provides 19 purchased at more than tiwice
tho cost of that from mulk  Vwhatever may bo the grounds for
advoeating the consumption of beer they can hardly bo sad to be
dictetic or economie
Malt bquors muat bo strictly forbidden in many forms of disease
‘The combined effects of their alechol and carbobydrates render them
spectally prono to produce obesity and they havo been regarded
as frequent predisposers to gout In all cases of inflammation of
the mucous membrano of the genito urmnary tract also thoy seem
for some reason, to have & peculiarly bad effect and the recurrence
of o gleet for mstanco can often be traced to their use When
taken by duabetses constderation must be given to the carbohydrate
content Thus a pint of pre war beer contained 16 to 20 grammes
casbohydrate and was equivalent to 1 or 1} oz of bread War
! SmaaNowsky (1886) Arch f Hygiene 4,1
2 Buenven  (1881) Deut Archw f Khn Med 29 537
2 Boomven, op o
1%
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beer contains much less cayhobvdrate and o Pt 15 equyvalent to
about £ oz of bread  Sumlar 3 apply 1n the treat

of obesity

WiNEs
Wine has heen defined 4 a beverage produced from tho juice of
the grape by fermentation and some may prefer to add the saving
dlause  or with such additions as are believed to waprove its keeping
qualities *  From tame immemorial wine has been extolled by poets,
-eathetes gastronomes and others, and 1t has acquired & mythology,
not altogether dead an these more materahistic days The term has
_been extended to fermentation products of more humble friuts of
the carth thon grapes eg apples, pears, covwshp and dandelion
blossoms and even the maligned parsp The charattersstics of
all these beverages are a beautaful colour, clanty, high concentration
of aleohol when compared with beer, and a pleasant, though acquired
toste
Xt must be confessed however, that the favounte drinks of the
northern peoples of Europe are the fiery dstillates from fermented
gram products and the much Jess potent ales and beers Wima s
termediate between spinits and beer mn the amount of aloohol 1t
contamns  Wine 15 the normal aleoholic beverage of the countries
where viticulture 38 possible, but m Grest Brtam the drnng
of wine 13 restricted to the upper classes with the exception, perhaps,
of port whuch 15, or used to be, taken medicmnally by the worhing
classes often under the impression that 1t 18 non alecoholic  Wimne
achioves o succes d estime m. this country and 18 not the drb of
tho generality  The attitude of the richer (lasses may bo gavged
by the mmportation of Algerian wine to be sold at the prieo of
8s Gd & bottle after the Germans wero cleared out of North Aftica
The dietittan would have preforred, if 1t had been possible, the
importation of olive ail
Tswice withn this century the wine producmg eountries of. Luropey
with the exception of Span and Portugal, have been raveged by
war and 1t may be doubted whether i this generation tho wio
trado can fully recover m Franco, the valloys of the Mosello and
Rhne, Sicly Italy and Greoce
We propose to cut down the space devoted 1n previous editions
to wine and restrict ourselves to o general statement of the sourced,
methods of production and anslyses of wino 1o
The quahty of wino depends very much upon the vanety of ¢ u
grape the sol upon which 1t 18 grown the modo m which xqb_b n
cnltivated, and the chmatic conditions of particular years hod
Juico 13 obtamned by crushing the grapes, treading bang the met
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often emplayed In order to avold aqueczing the stalls and stones
too much and ro extracting undesirablo ingredients such as tannin
The chief chemical constituents of the juice aro sugar nitro
genous maticrs, tannm and acids such ns acetic lactic malie and
tartanie acids  Tho augar is a mixture of grape sugar, or glucose
and fruit-sugar or fructose in the proportion of about threo pasts
of the former to ono of tho latter
The relative amount of nitrogenous matter and sugar in the juico
has much influenco on the character of the wino produced The
yeazt lives upon the nitrogenous matter and sphits up the sugar,
with the {ormation of alcohol and ather products  If thero is but
Iittle sugar and much nitrogenous matter presont tho yeast can
go on growng untid all tho sugar 13 aplit up  The wimne will then
bo *dry and of an acid taste  Such a wine Is hock. If on the
other hand, the sugar is out of all proportion to the mitrogenous
substances In the juice s Limit Is set to tho growth of the yeast
and somo engar swill bo left in the wino, which will then taste sweet
Shounld howerver, tho sugar and nitrogenous matter bo present 1n
more equal amount the wino wall retain somo of both, and though
not aweet will not have a dutinetly acid flavour either, and will
be of full body®' It must bo remembered morcover that no
matter how much nutrogenous sabstance and sugar tho juice may
contamn tho production of aleohol cannot go on indefimiely
for the fated aleohol ul 1y ends by paralysing tho
yeast This takes place when the proportion of aleohol in the
fermenting iquid has reached about 16 per cent by volume  Hence
it is that a ¢ natural ' wine can never contain more alcohol than
this indeed theroisrarely somuch sugar present i the ymeess to
allow of 1ta contarng so much  If a wine contamns more than 16
per cent of aleohol by volume wo may be sure that spint has
been added to 1t artificially , that is toeay, it has beon “ fortified
Bherry and port as sold 1n this country are always fortified
wanes, claret and hook, on the other hand are ‘natural wines
The colour of red wines 15 due to a pigment contawed m the
skins of the grapes which 13 tarned red by the acids of the juice
As the skins gre left n the vat 1n making such wines the alcohol
which 13 prod: lves out this g it and so the
wne ncquu-es itared or purple tint  Tho colour of tho white or brown
wines {3 mainly due to the oxidation of tanme acxd 1n the cash
The yeast which adheres to the skin of the grape and which 13

ble for the fe of wine 18 duffe from the yeast
which produces the fennentutxon of malt hquors or spmts Further
we now know that the ch of d wines

are due in some measure at least to the fact that they are produced



504 FOOD AND DIETETICS

by dafferent species of yeasts  Thus, the yeast concerned 1n pro
duemg hock 13 different from that which produces claret, and by
growing a hock yeast on a claret © must * 5 wine 1a made which 14
as 1t were o cross between claret and hook and has some of the
distinctive characters of both  The rancio flavour of sherry which
18 charactenistic of 16 1s due to the development of acetaldehyde
and derwvatives of acetaldehvde bv the aerobic film producug
yeasts used in the manufacture of sherry

The exact details of the process of fermenting grape Juice, n order
to produce wine from 1t vary conuderably in different countries and
localities, and little would be gawmed by attempting to describe them
fully Asa rule, the first fermentation lasts for from two to e
weehs depending largely upon temperature and the wine s left
upon the lees till the spring when 1t 1s sipboned off for storage
Prior to bemng placed 1n the cask, 1t 13 ¢ racked by the addition
of 1sglass or white of egg much as beer 13 by “ fiungs, * in order
to remove mtrogenous matters (whieh prevent the wine from Leep
g} and suspended 1mpurnities When clear, 1t 13 agam * racked
off from the depostt and stored m casks mn the celler

In the cask many very wnportant changes take place to the
oceurrence of Which the ultunate character of the wine 18 largely
due  For one thing, the alcobolic strength of the wine rses  Thi3
1 due to the fact that the water of the wmne seaks mto the wood
raare than the aleohol does and 1s lost by evaporation, so that the
wine becomes more concentrated  As the water so lost 1s repluced
by the addition of more wine the increase in the proportion of
aleohol 18 rendered all the grester In the cask, too, a partial
oxidation of the tanme acid takes place This causes tho white
wines to become darker fn colour, but has just the reverse offeet
upon the red wines, for the oxidized tanmmn umtes with, and
carries down, some of thewr pygment e

The small quantity of yeast which always finds its way 1nto
cask produces a slow secondary fermentation of th "
often lasts for years As a result of this, some of the wmmnﬂl::
sugar 18 converted 1nto aleohol, and m this way also the nlc{’b; o
strength of the wine 13 mnerensed  As the proportion of alcol
nses some of the mgredients of tho wine such as tunmn,w
tartrate of potash become less soluble, and fall down 1a tho dlo;ﬁ
of a deposit During tlus time alsa some of the aleohol 13 oxX! o
mto acetic sed and the formation of esters takes place bout
maximum guantity of these, however, 13 usually reached mf & 'c"m
five years for the presence of water prevents the formation of esi
continung till il available ncids are used up e

After bateliag the formation of esters stll goes on, poss!

o wine, which
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with the md of micro-organisms Lut tho aleoholio strength of the
wine does not ancrease It is quite a mustake to suppose that wino
which han been hept long in bottle is necessanly stronger than o
younger wine  Tho reverse is the truth, for the alcohol scems
actually to duminish after the wino has been bottled somoyears It
{s aleo an error to supposo that wine gocaon improving indefinstely
Liko all other organic things 1t 13 Liable to deeay by the slow pro
cessos of oxudation and few wines really smprove sfter thirty years
many indeed such as clarets ars at their best longbefore this, and
1t 14 only o few of the stronger wines, such as sherry and maderrs,
which will stand heeping for fifty, or possibly even & hundred years

Constituents of Wine  The following 1 n st of the prineipal
coustituents found i grape quico or  must’ and in the wine
produced from it

Musr  cosTans g cONTAMNS

Water Water
Glucoen Glucose
Fructoso}w to 30 per cent Fructoso

Mablio and tartanc acids
Nitrogeoous substances

Aleohols {mamly ethyl aleochol
but sncluding small amounts of

Extractives and essentinl oty

Inorgame matenial

Tanmuns colouring matters and
fatty substances from the ekins

propy} buty! amjy! and other
higher alcohols) & to 22 per
ecnt

Acids (mawnly tartaric but alo

and Lernels mneluding formie  acetic  pro
ponte Jactic butyne malte,and
sueciue) 03 to 0 8 por cent

Esters of the foregoing alcohols
and neids

Aldehydes such oz acetaldehyde
and furfuraldehyde

Glyeerol

Nitrogenous substances

‘Extractrves and essential oils

Inorgamic msatersls 015 to 06
per cend

Tannns and colourng matter
It will be realzed from this what a very complex flud wine 1s
It would serve no good purpose however to give an analysis of

wimes m detal for, after all the mformation which chemustry

can gve us about wines 18 of lumited value It can tell us 1b1s

true something about those mgredients which bave most mnfluence

upon health, but 1t cannot tell much about those volatile com

pounds to whch the most highly prized qualities of wine such

as flavour and bouquet are due and for which ono chiefly pays
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It will be evident from thus that sugar can hardly ever bo present
m wne to a suffictent extent to be of mfluence a3 a food Evena
sweet wine with 4 per cent of sugar will contain only about an
ounce 1n & bottle or pretty much the same quantity os a bottle
of ordinary lemonade ~ As Anstie pomts out 1t1s hardly possible to
take 1n more than } to } oz of sugar duly i the form of wine
without at the same time consuming so much aleohol as would
produce intoxication

Esters These are produced by the interaction of the aleohols
and acids contaued m the wmme  They nre very numerous as regards
variety, as can readily be imagmed when 1t 13 pointed out that a
wine contarung five different kunds of aleshol and five acids may
contan twenty five esters 'Ther actusl amount, however, 18
always very small The highest proportion Dupré found was m
& fifty year old madeira and even then there was only 1 part of
ester m every 300 of wme

The esters of wine may be divided 1nto two classes (I} volatile,
(2)fixed The former are produced by volatile acads such asacetic,
the latter by the fixed acids, such as tartarie  The volatde esters
predominate mn natural wines, while most fortsfied wines contain the
fixed esters in greater abundance To this rule, however, sherry
and madeira seem to be exceptions, for they ave often rich 1n the
volatile class

Acetic ester 18 usually the most abundant volatile ester met with
i wine, but old wines may contan traces of propyl, buty), amyl,
caproyl and caprylyl acetic esters as well

The esters—and especially the volatile ones—are of wmportance
as impartug to wine much of 1ts © bouquet,’ and a rough eshmato
of their richness in any particular wine can be mado by noting the
distance at which the bouquet can be smelt

Extractiyes usually make up the bulk of the solid matter all
wines, except such as are rich 1 sugar They conslst’ chiefly 0!_
pectins and gums  They contribute to the tasto and ‘body o
the wine

Glycerol 1s produced along with alcobol m the process of lere
mentation and 1s always present :n wine and i suffictent smoun
to affect the taste It 13 usually sard that it amounts to on®
fourteenth of the volume of the alcohol but that s not qﬂl‘:
accurate for different yeasts scem to produce it in varying umound
0 that no defimte ratio between glycerine and aleohol can bo In
down kins

Tannin The tanmn m wino 13 derived cluefly from tho 8
and stalhs of the grapes used and 13 thereforo abundant 1n
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winea  Its nature §s specifie to wine and tho tannin is referred to
an cenotannin to distinguish it from the tanning of tea and of oak
bark cte  Tannin in wino decreases by oxdation on keeping and
the more mature the wine tho leas tannin it contains and the less its
astringeney A glhas of clarct has about tho symo amount of
tannin as thero is in a cup of tea

Iron and other Inorganic Substances  As wine has a reputa
tion for blood manufieturo it is perhaps reasonablo to call attention
1o 1ts content of iron and copper  There may bo as much iron as
25 milligmmmens per 100 cc in both musts and wines and tho
normal figure for copper 1 from 025 to 2 milligrammes per Litre
Some musta have as much as 23 milligrammes per litre but they
are from grapes which have been sprayed with copper sulphate
When washed these grapes give a must with from 0-8 to 1 8 mills
gramme copper per litre

Varleties of Wine Ferhaps the most important division of
wines is into (1) natural and (2) fortsficd  The natural uines, as
already expluned aro thowo in which fermentation has been allowed
to go to its fuIJ lumb—t}mt is to say, until tho process 13 arrested

1y wither by exh of all the sugar and mtrogenous

matter i the grape Juice or until sufficient alcohol has been produced
to prevent tho further growth of tho yeast  The latter consumma
ti0n 15 reached when the fermenting juico contamns 16 per cent of
abeolute aleohol by volume Fortified wines, on the other hand
are those m which the process of fermentation has been artifieally
arrested by the addition of alecohol? either as  slent epat
brandy or some other ated form T being
thus errested before all the sugar has been broken up such wines
aro apt to be sweet and are of course, of comparatively high
aleohohe strength

Natural wines on the contrary, are usually poor both n alcohol
and sugar The mturnl wines Also contasmng ag they do a httle
acetic aeid produced b, are rich m volatile
esters even 1n their youtb while the fortified wines though they
may ultimately contain much ester, only arnive at such nchness i
therr old age and the fixed esters, except in the ease of sherry and
madeirs  preponderate over the volatile

The principal natural wines are claret burgundy ¢ white wines
(¢ g Graves) and hock and the Hunganan Italian Australian and
South African wines ‘The chief members of the fortified group
are port sherry, madewrs and marsala Greek wines are also
usually fortified

*In the case of some fortified wines however eg sherry the
alcohol 18 added after fermentation 13 complete
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Claret (probably derived from “ claret,” & thin “ van ordiname* }1
1 produced mn the district of Medae, the seaport of which 1s Bordeaux
It 13 & pure natural wine contanmg 8 to 13 per cént of aleohol by
volume, very hitlo sugar (about £ per cent ), and & moderate amount
of ncids, acetic acid bemng slways present It contains also a hugh
proportion of volatile esters The best growths, or “ crus,” ate
Chatean Margaux, Lafitte, and Latour

Haut Brion 13 & red wine produced 1m the neighbouring district
of the Gironde, and resembles a burgundy rather than a médoe
Sauternes are white wines made 1 the same district, and usually
contain & good deal of sugar, from the grapes bemng allowed to hang
for a long time on the vines before they ave picked The famous
Chiteau Yquem 18 the finest of all the white wines 80 produced

Burgundy resembles claret, but 13 richer m extractive matter,
end has therefore more *body”™ It 1s also of higher aleohol
strength and contams more nataral glycercl and less tanmn than
any other fine red wine It 1 produced mn the distmet of that
name, the best part bemg that which stretches between Dyon and
Chalon Beaujolars and Micon, though not really produced 1o
Burgundy, sre usually classed with those wines Ordmary bur
gundy 18 made from black grapes, but Chabls 13 a white burgundy
produced from white grapes grown in the same district

Hochs derive thew name from Hochhenn on the right bank of
the Mamme With the ption of that produced ab A
hausen Yhey areall palewmes They have about the same alecholic
strength as claret and coutain hardly any sugar, for which reason
they are apt to seem rather acid Therw seidiby however, 18 not
much higher than that of claret, and they contam almost no aeetic
acid  They have the advantage of possessing a fine bouquet and
extraordinery keeping gqualities

ConeosrrioN o Izartay Wines

Eg

Capn | Fal Chiant: | Barolo | yon
eroo | Claants

(White) {(Whtte) | (Red) | (Red) [ ¥

Alecoholby weipht| 1162 | €63 | 036 | 18831 10 08
hy\olume 1437 | 1073 | 1161 | 1343 § 1240 11 81

t 9| 04t
Tartano acd 052 066 060 | 048 07
Acetio 031 o1z} o18{ o025} 026 029
076 011 017 018 367

Sugar

1 Everywhere exocpt 1n Lngland claret 18 known &s Bordeaux wia®
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Italian wines both white and red all belong to the “ natural
clars  Annrule they are of low aleohiolic atrength, but rather more
acid and astringent thon o bght Bordeaux wine Thelr acidity
is rather hich  The analvaes ! given repricent the composition
of some of the varieties more commonly sold fn this country

Australien wincs are full bodiad natural wines contalning rather
more alechol than most clarets  They are chemically pure, and
Inrecent years have improved very much in the finer characteristica
of good wine, as the result of greater earo §n the cultivation of the

grape
The term sherry is applied to alt the whito winen of Spain being
derived from tho town of Jerez which may bo regarded as tho
capital of tho sherry producing distriet  As drunk in this country
they are all fortified wines ocontaining from 16 to 22 per cent of
alcohol by volume A natural ¥ sherry is quito a poratblo product
but s never imported into this conntey on account of its being
deficient in * keeping  qualitics  Shernesaroalsoall  plastered
wines  that §s to say calelum sulphate {a sprinkled on the grapes
after they aro first trodden, in the proportion usually of 23 1b to
every lon
The practice of plastering is ono of great antiquity and was
mentioned long ago by Plhoy It was first adopted no doubt
)| nnd the advantag, oflt aro still far from being fully

d 2 gh all oxy d sherry growers aro of opinion
thab without 1ts aid the productmn of a wine having tho speaal
108 of shetry 18 ble It may be that it acts as

a preservative sgamnst the * vxsccqity fungus’ which 18 so much
commoner 1 Southern than Northcm ‘wines (Tbud;chum)

The chief chemical effect of 13 to d pose the b1
tartrato of potash jin the * must * with the production of mnsoluble
ealerum tartrato, potassium sulphate, and tartatic acd accdrding
to the following equation

2KHCH,0, -} CaS0, = K,80, + CaCH,0, + H,C,HO,
The phosphates are also thrown down !

As the tartrate of calerum falls out 1t clarifies the wme carrying
down with 1t nitrogenous matters end suspended impunties The
tartanc acid produced renders the wine redder, and increases 1ts free
aadity, eo facilitating the production of esters later on

There 13 introduced into the wine as the result of plastermng
03 gramme of calowm sulphate per hire and 12 grammes of
potassium pulphate much of if, probably n the acid form The
potassium sulphate may cause sherry to be shightly laxative to

1 Lancet (1899), 1, 241 !
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some persons f freely drunk, and renders 1t also somewhst hitter,
but 16 cannot be said to have any other bad effects It has been
said that 1t may be productive of currhosis,! but of this there 15 1o
sufficrent evidence and, mdeed the emplayésin the Spamsh hodegas
are stated fo drnk as much as 10} pmts of Light sherry damiy,
without suffermg from any mjurious effects

The amount of sugar 1n sherry vares from practically pi mn the
driest sorts up to 4 per cent m a very rasiny wine  The sudity ts
lower than that of the natural wines slready considered

Sherry develops in 1ts old age s very large proportion of volatile
esters-—more probably, than anv other alcobolic hquor, except 8
genumne cognac

Broadly spealang, there are two classes of sherrics

1 “Fmno, a lght, pale delicate wine of A dlado? or
Manzamila ¥ type

2 ¢ Qloroso,” a sweeter, full bodied brown wine Intermediate
betweon these 13 the class known as ¢ Palo Cortado ’

The following 18 an analyss of examples of these ¢

|

COMPOSTITON OF SHERRY

i

oG <Ay
Sohds 220 545 287
Sugar 0216 103 065
Potassium bitartrate 008 028 013
Tartarie acid 434 Q62 041
Acetio 012 o20 010
Ash 085 G 86 070
Potassium sulphate 052 076 065
Aleohol by weight 1482 18 85 1567

. s volume 1825 23 10 1828

Total estors 006 021 0076

Pure sherry may be regarded as a genwne grape product for the
substances added to 3t 1 manufacture are also derived from grapes
Thus * grape hiquor* 13 used for sweetenng and the same, slightly
caramehized, for colouning  The spint added i fortification 13 also
obtained by distilling fermented grape jmco Sherry has the Mi’
vantage over most wines that 1t can be drunk all through & mes!
and algo that it does not detenorate after decanting

1 Sep Jater under curhosis

2 Amontillado = A ln Mantilla (8 town near Cordovaj

3 From Manzanils o town near Jerez from

A Zancet {18908) 2, 1135 (Report of Comumission on Sherry lro
which many of tho atatements tn the above paragraphs are taken}
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Port is the wine produced in tho district of the Upper Douro, and
tahes fts nsme from the town of Oporto  Thoe wholo of the wino
that reaches this country is fortified, containing from 16 to 22 per
cent of aloohol by volume  Ono of the chief pocubantics of port
is tho Jarge amonnt of  extract ' it contains which gives it a full
body Ita ncidity is not great Jeas indeed, than that of hock but
it contans relatively moro acetic than tartarie acid, for tho Iatter
1 insoluble in the Jarge amount of aleoho! which port holds It
possesecs 0 good deal of tanmin the atalks not being removed
before fe jon but this diminishes with age though when
young it is very rough and astringent It is swoeter than sherry
contuning from 2 to & per cent of sugar for it is fortified before
fermentation is complete not after it, as aherry 13 Old port con
tains a large proportion of esters but, unhke sherry contawns moro
fixed estera than volatile VW hen mellowed 1t has an excellent flavour
and bouquet, and retains only & moderato amount of frmtiness

Madelra fs denived from thoe island of that name For a long
timo tho ravages of the phylloxern stopped the production of the
wine, but the industry has begun to rovive  Tho wine resembles
sherry in its general charactensties and in the high propertion of
volatile esters which 1t contains It s a fortified wine contaming
from 10 to 22 per cent of aleoho! by volume

Marsala is a Sicilian wino also resembling sherry, but sweeter and
containing 5 much lower proportion of volatile esters It 13 only
slightly acid

Greeh wines may bo cither natural or fortified, but usually con-
tain only 10 to 16 per cent of alcohol by volume They are nchin
volatile acids and are pecultar slso, in containing some aldehyde
They are often plastered  Thewr chief defects are due to imperfec
tions 1 the methods of manufacture

Champagne 19 the wine produced 1n the Champagne distnict of
Trance the best vanetica beng obtawned from the prefectures of
Rhbeims and Epernay It 1s produced curously enough chefly
from black grapes These are squeezed 1n & very powerful press
and tho first pressings used to produce the finest wines The

character of the vintago i different years has also a very marked
effect on the quality The expressed juice or ‘must 1sallowed to
stand for 12 hours 1n order to let all suspended matters fall out
and 13 then drawn off into casks to undergo the first fermentation
At this stage the dufferent growths or crus are blended to form
the special cuvées the finest of which are only produced from
the best grapes The young wine 1s then bottled and left for two
years to undergo the dary f The a
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w the *“fimshed ” product  There 1s hitle to be sad 1 their
favour

Cider and Perry, derived from the apple and pear respectively,
may be convenently considered here for they are really to be
regarded as wines, oider indeed, when first made 1n England m
the thirteenth century, was always called *wine

The finest English cider 18 made m Devon, Hereford, Norfolk
and Somerset The mid season frmt, which ripens . Octaber, 19
best for the purpose It 1s gathered and allowed to raellow under
cover for & fortmght and 13 then ground to a pulp the hemels
being sometimes left ont  The pulp s left an vats for 30 hours, and
18 then pressed, snd 100 gallons of the hiquor run into & clean vat
and left for some days till 1t clears It 15 then racked clarfied
with charcoal and stramed through bags and the clear, bnght
igwd ran into 100 gallon casks and bunged down  Perry 1s made
1 & very stmlar way If a ‘sparkling” beverage 1s desired fer
mentation 18 allowed to go on m bottle  The composition of these
beverages seems to vary within rather wide mits  They are only
nildly alechoke, having 8 to 8 per cent by volume, or much the
same proportion 83 beer The amount of sugar vanes greatly In
& dry aider 1t may be 1 or 1 5 per cent or less but in a sweet eder
16 may rise to 6 per cent or more  They are moderately and (01
to 0 6 per cent ) the chuef acid present bemg malo, lactio 15 also
present but, unless soplusticated cider contas no tartasme acd
The more acid varicties (0 6 per cent ) will have an acidity equal to
that of about 1 43 grammes of tartaric acid per tumblerful

A sample of gentine Devonshire home made exder which Hutelt
son d had the foll posit:

Alcohol (by weight) 48 per oent
Solds 15 B
Total acidity 086

Volstile acidity o088
The following anslyses are by Chap !
Totsl Aleoho}  Calorra Yalus
Bohds (by Weight) e Pint
Bottled eider 512 392 27
Praught cider 431 320 228
X7 d hing
The ‘colic once d with eider king, now & t
stago of production in

of the past was due to storage at an early
leaden roceptacles The colie was o lead colic not o cider

t Journ Inst Brew

colie

°

(1932) Tobruary 38 2
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Medi J wines aro compounds the basis of which {1 port or
sherry, to which has been added extract of beef, extract of malt
peptone, peptin, coca feaves coeaine cinchons, iron, or somo other
dictetic or medicinal substance A beel and malt wino ' may
usually bo regarded as contaiming about 1§ 07 of extract of meat
and 2oz of malt extract ina pint of detannated  port or sherry *
Tor the medicinal wines thero ia no defimte formula Of tho

coca ™ wines some aro mado from coca leaves others from Lquid
extract of coca, and some from hydrochlorato of cocaine

Tho following talle * showa the proportions of the cluef ingre
dicnts prosent in some of theso wines, the compoution of the
onhiniry atandan! wines being given for comparicon

o })\?“\P ki { Ture Al-cbol
Aloohol by | Buas: 7 Waght | Fure Aol
Wiee Notame” | Wi A r by mnm-«%:::g‘ ina \\' ins
— e - - - _‘.W - =
PorCont | DorGent | PorCent pEEe
rachma
Clarct o 025 — l 13
Hock 10 Traco - 1}
Champagne (dry) 10to 15 [Traco to 2 —_ f 1jto 2
Sherry (dry) 18 02 i
. (brown) 23 10} — | 3ta3}
Port 2 2te 6 —_ 33
Wincarms 108 182 12 3
Glendenmung 4 208 106 04 33
Bivo 192 115 34 !

Buch wines are of doubtful value It 1s better for an mvald to
get beef or malt extract separately and take along with them if
need be & definite quantity of sound wine of known antecedents

Medicated wines should i any case only be taken under medieal
supervision

Apéritifs are wines g somo bitter . d d
to promote appetito and aro speaially popularin France The basis
of them 15 erther a red wine, as in Dubonnet Byrrh and Rosa or
& white wine as 1n French and Italian Vermouth and Cinzano  The
bitter constituent m Vermouth 13 dertved partly from wormwood,

1 The q y of bowllon dbya 1 1 of such & wine
varies from about 4 tablespoou(uls to 1} teaspoonfuls {1909) Bri¢ Med
Journ 1, 795

*abud
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As was said shbove, the smount of tapmin m red wines rarely
exceeds that tn an equal amount of & well made cup of tea, 50 that
we cannot 1magme that 1t 15 exther very deletertous to the normal
person, useful to the diarrheers, or harmful to the constipated
Incidentally we may call attention to the tabu against takmg tea
along with meat and the absence of tabu agamnst the combmation
of red wine and meat Lay duetetics 13 full of such mconsistences

Alcohol  We have already duscussed the pharmacologieal effects
of alcohol, pointed out that 1t 19 a dep t and not a 1
and that there has been a very marked decrease of the use of aleohelio
drinks as med; 1 hospital pract; Its value, if used at all,
18 as o sedative The effect of any wine i this direction must
depend upon its content of aleohol and as the *natural ” wines
have only half the alcohol present in fortafied wines they presumably
are less sedative

But wines cannot be regarded as mere muxtures of aleohol and
water 1n different proportions  For one thimg dilution 18 of nport
ance The more dilute the alcohol 1s, the more slowly 1t 1s absorbed
and the less chance of an active amount reaching the central nervous
system at one moment Moreover there 18 a possihility that the
esters present 1 wmnes influence s pharmacological action  There
18 & belief widely held that the reason why old wines and old spirits
for that matter, are less harmful than younger and more fiery
liguors 13 becanse they contain more of the volatile and fixed esters
The whole subject 13 obscure and made further obscure by prejudica
on the part both of the supporters of and the dotractors of the
consumption of alcohol

We thmnk that the followmng may sum up moderate opion on
the use of wime n health

bo defended on the

1 It 18 doubtful if the takung of wine cant 4l
grounds that 1t makes for health  On the other hzmd‘f.zxe}-u 18 littlo
evidence that a moderate p of wme 18 to
health

2 If wimnes are taken the light red and white patural wines ar

the wines for daily use by healthy adults

3 Halfa bottlo)a day of a natural wine for the sedentary anda
bottle & day for tho wigorous and actively employed adult are
reasonable allowances

4 These shonld be taken at snd not apart from meal times

6 Fortified wines are best hept for special occasions

& Thero 13 hitle evidence that wines are useful m diseaso
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PRINCIPLLS OI IIIDING IN INTANCY AND
CHII DHOOD

Qrsrrat ORSFRAATIONS

Human young take an unconecionably long timo to leamn to cat
without tho help and superviaon of thewr elders  Compared with
#a), a calf or a lamb & baby seems incompetent in learning to feed
Iumeelf and he takes manv more months than other ammals beforo
ho can be Jeft to tus own devices i selecting his food  The fact
is that a baby with tus potentially large and complicated brawn
has to bo born 1n a relatively ammaturo state n order to get born
at all  Ho has in 7 to bo p Iy whilo his
nervous system 18 reaching the degreo of matunty normal to most
other mammals at birth  After that ho has to be led to tako &
share 1n adult food by slow stages These two pertods together
occupy tho first threo years of his fe  Thereafter for a further
decade or more ho 18 still dependent on others to provide and to
prepare his food Ths last phase does not concern us here for
with certain modifications of quantity to allow for growth mn
addition to mantenance the diet of thoe older chuld does not duffer
from that of the grown msn or woman

Though tho time over which the special problems of infant
nutnition apply lasts for a9 long as three years tho principles
mvolved are few and sumple Unfortunately they tend to get
overlaid by masses of detal Somo examples are necessary but
1t 18 our purposo here to outlne prmciples, minute mstructions of
tho changes 1n feeding to bo made month by month must be sought
elsenhere if indeed 1t 13 felt that they cannot be filled 1 by the
applcation of common sense to a few general rules

Infant feeding may be considered to fall into four stages though
the ficst cannot clam strictly to come withm this title

I Duning intra uterine Lfe
II Suckling (from 0-9 months)
III Weanmg (from 7-12 months) -~
IV Transition to adult food (from 1-3 years)
521
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During Intra-uterine Lafe

Dret durmg pregnancy has alrendy been dwscussed (seo pages
2683 ef seq) Lattle need be added to what has already been sad
despite the fact that we are now considering the nutntion of the
foetus rather than that of the mother Thew two mterosts are
complementary If the feetus does not find what he requires for
Ius own growth available from hus mother's food, he 13 uncommonly
well adapted to abstract 1t from her fissues When, for mstance
& pregnant woman’s diet does not contam sufficient caloum and
phasphiorus to form the bones of her unborn baby, theso elcments
are taken from the mother s own skeleton to her detrment  Other
substances whether sunple, such asiron or complex such as protemn
and fab, are smmlarly filched from the mother s storoy if her food
does not supply the necessary surplos for her parauitic offspring
To preserve herself from these depredations the pregnant womsn
must imerease her intake of fat, protem carbohydrate and mineral
elements 1 the way which has alreadv been set out  Recent work
m Canada T bas emphasized and lent precision to this pot In
these observations supplements were made to the diets of some of
the poorer women 1 Toronto during tho later months of thex
bt The der were observed as controls The
additional food consisted of one and a half pnts of yulk an egg
an ounce of cheeso an orange and some tmned tomatoes daiy,
together with 2 000 umts of vitamn D and some wheat germ ol
There was & mgmficant difference i the health of thoss who recerved
the extra food They were delivered of their babies with less nsh
and they suffered fewer puerperal complications Moreover, they
produced healthier babies Tt seems therefore that the footus =8
not a completel ful 1 te Withn hts he 13 nourshed
at the expense of Ins mother but if she can eat and absord tho
food needed by both the resulting baby 15 better than otherwise
would have been the case  Cleatly, too, the fatus cannot tako
from the mother substances which she does not possess An
anwre woman 18 unlikely to provde her baby with an adequato
storo of won with which to start fe A healthy woman often
cannot, without special food provide cnough for twins Tdt‘ﬂoli
and other blood forming elements e g ascorbic ard must bo readily
available  Simlarly, tho baby will be born without his pmpl:‘f
store of fat solublo vitanns if these hove not been plentiful m the

1 Scorr W A Tispau, F F Mowz W_and
nm.f m;? J(mI;Ie) Canad Aed Ass Journ 46, 1 Furs ﬁo"j)
Browy G Tupaty, F F, Movie W snd Betg, M (1942

Canad Med Ass Journ 46 8
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mothers dirt  Tlus applies specially to the Jast fow seeks of tho
preguaney durdng tho time in which the footus is Jaying down
o fairly conuderahle atoro of fat under his ekin It scems probablo
that ho combines his rescrves of fat with his reaerves of vitamine A
and D A premature baby, lacking Ins subcutancous fat at birth
is Liable to nickets at & mueh ecarlier ago than a full term infant
The evidence that vitamin A is atored during the same period 18
not ro complete  Thero s no doubt, bowever of the disadvantages
to tho baly such as defective teeth, swhich ariso when the mother s
food haa licked ndequate quantities of vitamin A and D during
her pregnaney  Other nco natal defecta ean no doubt bo traced to
shortages in tho maternal diet A depnieation of vitamin h 18
held by some to bo responable for hemorrhagic disease in the newly
born andlarge quantitics of this vitamin aro thereforo given to tho
mother duning tho last few days beforo her delivery  While thero
is no doubt that s defiesency of prothrombin can on occasion bo
found in tho newly born it is by no means certain that this explams
all the cazes of neo natal hemorrhagic disease A moro satisfactory
method of avoiding prothrombin shortage 13 to ensure o balanced
diet for the mother throughout pregnancy and go avord the necessity
of gving largo doses of vitamin K at 1ts end  In general 1t may
be said that diet must be planned to eupply both the mothera
own needs and the rather special req s of her prospective
baby

Suckling

In sn 1deal world tho advico to be given about food dunng Iac
tation would be ecssentially the samo as that for pregnancy
Unfortunately not all suckhings aro nursed at tho breast and the
subject becomes more complex  Not only 191t necessary to consider
the food to be eaten and avorded by the nursing mother but the
nounshment sho gives tho baby has also to be analysed i order that
3t may bo mmtated mn the too frequent cases mt which breast feedmng
13 not practised

Thero are then, to be considercd here three matters

(A) The diet of the pursing mother

(B) The composttion of human muilk

{C) Substitutes for human milk

Diet of the Nursing Mother If the diet 13 not sufficient to
nourish both a woman and her breast fed baby the latter gets
sll that 13 available at the expense of the mother It was observed
1 the siege of Paris ! and the observation has been repeated too

11870
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often sumce, that women are able o contmue nursing although
almost starved to death Not that this 1 & state of affairs to be
tolerated even from the pont of view of the baby Ebbs? has
shown clearly how much more likely are women, whose diet 1
adequate to carry through breast feedmg than those whose food
18 msufficent His observations twere made under condions
smalar to those quoted on page 522 but on this oceasion they were
applied to the pertod after the chuldren were born  The additional
food was given to the supplemented group durmg the first six weeks
only of the mfant’s Iife  Fven so the difference m the rate of
breast feeding between the two groups at the end of six months
was striking, 24 per cent of the women on the poor diet were
nursing therr babies agamst the 39 per cent of the women on the
ippl d diet The diserepancy was greater still the longer
the extra food was gmiven the figures at six weehs bemng  poor diet
65 per cent  supplemented diet 86 per cent At six months of age,
the babies m the supplemented group were healthier and somewhat
heavier than those m the poor diet group
It should m theory, be possble to be more precise about the
additional needs of a lactating woman than 1s the case with the
diet duming pregnaney The actual amount of mulk secreted by
her can be measured s composition 13 known and mn consequence
the sum of the daily output as Calomes fal, protemn, etc, can bo
worked out  There 1s not 1n fact any great advantage to be gamed
by a precise mathematical approach The nursing mother can
utihze a wide range of foodstuffs for the secretion of mulk carbo
hydrates can be used to buld up fats m the mulk, and the car
bohydrates m the milk have 1n any case, to be specially elaborated
A woman 18 much more Iikely to breast feed her baby successfully
1f she 13 enyoying and digesting food she likes than if she s made to
adhere mgidly to some hypothetically correct regimen .
An mcreased fimd mntake 1§ one of the :m:?g] motbe:o; :::;9;
s Tt stands fo reason that if she 13 b
e et of Ik o day she will need to donk that much

up to two pmnts of mi
more fld  If she does not do so, she may use some of the water

tipated
1]; creted by her intestmes and becoms consiip!
throvghs tho 4 i contents or she may lower

through the decreased bull of the
her oﬁtput of millh Tither result 1s unfortunate for i the ﬁm}:
caso she will resort to purgatives which Ihewise may dsmams
mlk output

Much Ef the additional flmd mtake may be taken m the l(';?r:r;
of water Some however, should be m the form of milk an

(1912) Arch Dy Child 17,

212

1Epps J H and bewy H
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fruit julece  Cow s milk supplies organto ingredients which need
hittle reconstitution to ho reeccreted as hum:m milk and §t i3 an
excellent souros of the ealaum, mag y um,
ote, which havo smulatly to bo found To \vlnt hmita tho milk
may bo disguised a3 ter or coffee or tho water disguied as beer
will bo the subject of a Iater paragraph  Jwice from oranges
prapefmit or tomatoes will augment her intaho of salts and will
rupply a lnrge part of her requirements of vitamin €

After water pethaps tho miost urgent addition to the diet 13
first elans protein  Tho daily output of protein in tho milk reaches
a maxnimum of over 20 grammes or just under an ounce Tho
exten intake to promde this must bo greater in quantity as there
is somo wastago in the process of reconstituting thoe protemn to the
forms in which it appeart jn human mulk  Cow s mulk can supply
somo of the surplus and the rest should be provided by additional
epgs meat or fish  If checso 13 acceptable and readily digested,
it can tako tho placo of tho extra meat or fish and so give some
vancty

No spocial steps are needed to add earboliy drato or fat as long
88 the numng mother can satisfy her hungor with bread and
potatoes  Tho extra ik and tho normal amount of butter i
her food wall supply much of the milh fat and the rest can ho
eclaborated by her own tissucs from carbohydrato

The basic additions to tho average adeqnato dict to bo made
each day duning tho pertod of lactation may therefore bo summarized
as follows

Ono pint of water

Ono punt of cows milk

Fivo ounces of frmnt juice

Threo ounces of meat or poultry or fish or two and a quarter
ounces of cheese

One egg

Whule 1t 1 night to allow a Iictating woman to select her diet
for herself so long as tho foregoing additions are incorporated
care must be taken to ensure that her witamm intake 13 adequate
It has been shown ? that an msufficient amount of vitammn D m
the mother's diet even n a sunny climate may result i the develop
ment of nckets 1 her breast fed baby  What 13 true of one fat
soluble vitarnmn can certainly be applied to another The vitamin
content of foods tends to vary with many factors When as 1s

37;Sumr I A and Fiexrr M M (193,) drch Dis Olaldh 10,
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here the case, 1t 18 desirable to make sure of & more than normal
mtake of vitamins A and D, 1 15 wiser not to rely on foods as a
source but to mve the vitamins as a supplement In whatever
form they are mven, vitamms A-and D should exceed each day
4,000 IT and 1200 TU respectively  The posttion in regard to
water soluble vitamuns 15 not so clear 3LlL 13 a poor soures of
ascorbio acid 1 any cose and 1t 13 wiser to give the supplement
dircetly to the baby, rather than to hope that a lugh muternal
mtake will ensure a sufficient amount 1 the milk. The mother
should be having 50 milligrammes ascorbie acid & day on ber own
account  If the baby 18 given Tus ascorbio acid direct there 19 no
need materially to wereaso this amount  Information about the
other vitamins mn relation to breast milk 13 mawmnly of & negative
hind  The infunts of women who have a normal balanced dist, are
not known to be short of the vitamin B complex while they ate
at the breast, and 1t 18 to be d that no additional p
need be taken m this respect  Conversely & woman who 1s herself
suffering from defictency of this or other water soluble vitammns 1s
unlikely to pass on in her milk a proper amount to ber bhaby

The mclusion or exclusion of sleohol in the diet of a nursing
mother has from timo to time been the subject of hot debate 0%;“
supported by a vanety of not verv relevant arguments 0
fact 13 that aleohol does not help lactation any more then mmodemt
tion 1t hinders 1t Baumm and Iilner,! as long ago as the lnsf
cenfury showed that the daily addition of two or three Pm':o‘:i
lager beer to an ordmary diet had no effect on the compost [x}ro
of the milk, and other observers have shown that as muﬁ?} as five
glasses of port or champagne are mmilarly devord of 1 “:xﬁent
Physiologically, nleohol may bo regarded as the nutritive i:qux o
of a certan amount of fat, and as fat n tho diet th "
favourable 1nfl on the tion of the mik so, cﬁcﬂ
aleohol The common preseription of stout for nursing g:d e
18 thus devoid of saientafic justification for the nutnch\ve ;ne A
of stout are 1ts alcohol anﬁ 1ts ;i:;trmslm and both o

e the quality of the m
uuézliht:o‘::g ‘!):md th:a1 bad iﬂects on the child “‘vhlcl‘:rl;nvol}we;
attnbuted to the taking of alcohol by the mother, g
by the milk bemng
magwnary, the fear that alcohol wﬂbeexcr;:tedm {t v tho extent
groundless, unless, m(Teed, tlrx\o mother 1:?!; lx-;": ok o the abov:
d o

:ipk:uments fmled to show the presence of anv alcohol in 1t

all
41
£ (1894) Sammi Rhn Vortrage (Gymdk} NF 105,
* Jingemann guoted by Cautloy
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Aleoholie liquore then, cannot ditectly afloct tho quality of tho
milk  If, however, a littlo bitter beer or a glias of wino at meals
ncreasca tho mother s appetito and her power of digesting ordinary
foox, then euch an addition to her diet will improve her own
nutrition and with it tho amount of her milk

It has been found ! on the other hand, that when coffee is takon
by & nursing woman nearly 1 percent of tho cafleine in the boverago
s oxcreted in the milk and presumably tho samo would bo true of
ten  Whether this can havo any injurious effect on tho infant may,
however be doubted. Bemdes caffeino, other substances taken by
tho mother may bo cxcreted in her milk, not always without harm
to the baby This applies particularly to drugs, with which wo
aro not concerned lLiero, though it may bo noted in pnssing that
many purgative miztures contain matenals which later give the
baby diarrhara, Thero are also foodstuffs, such as stewed fresh
plums rhubarb, and boled new potatoes which tend to havo tho
pamo cffect on somo but not all babies Such articles of diet
need not bo avoided by a nursing mother unless 1t is apparent
thAtl fn the caso of her own baby thoy give riso to undesirablo
results

‘The Composition of Human Milk

A normal, healthy woman provides her baby with milk of the
quality and in the quantity ho nceds for tho first soven to nine
montha of s lfe Upon thxs nssumptlon aro based all the

which andicato tho phy of a baby
dunng this penod  If for any reason 18 unpossxblo for the baby
to be nursed at tho breast his best chance of survival depends on
Ins bewng given food which xmitates as nearly as possible both m
amount and kand that with which he would otherwiso have been
provided To thus end it i3 necessary to measure the amount of
milk taken by bealthy babics and to study the composition of the
milk  The following paragraphs aro concerned with these matters
but first & word of warning 13 desirable Thero are very great
vanations m individual cases Tho figures given aro averages
No two babies of the same weight take exactly the same amount of
breast mulk 1 & given period nor does one baby take identical
amounts from day to day There 13 also & wide range m the com
position of human milk some of the fsctors concerned n 1ts
vanability will be referred to later No amount of averaging will
mske the quantities set out precisely right for any partreular baby
and for the same reason there 13 no purpose 1n worrying about the

*E Bouny end R Wommnz Arch f Gynak  (1028), 134, 201
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last deczmal places m analyses of human mulk Much of the work
hes been repeated in recent years, bub unless the newer studies
reveal mgmficant differences i the average results, the figures of
earber authorities are yust ns serviceable and they are m consequence
quoted here

Amount of Milk required by the Infant dally One can
arrive only mdirectly at the amount of breast milk which & child
should get at each meal and 1n the course of the day Arguments
from the size of the stomach in wfancy are not of much value for
mdividual vamations 1 the size of the stomach are very wide
and 1ts sizo after death 18 no certain criterton of 1ts capacity during
Lfe Nor 13 the amount of milk 1 the breast 4 certam guide, for
the child need not exhaust the breast at each meal A method
which has been widely adopted 1s that of carefully werghmg the
chuld before and after each feed If carmed out on a sufficiently
large number of mfants, this method affords a farrly trustworthy
basis from which to arnve at the average quantities requured st
each age and 1t 15 by such a method that the table on the opposite
page bas been constructed

The table mcludes two sets of observations which were made
some time ago and a third series of observations on the eatly
neo natal period by Mackay ! which 13 more recent This 15 of

m that 1t d & very close y to the earher

figures put forward by Camerer Mackay m her paper gives her
findings as Calories taken each day but supphes the factor for coxn}l
verting these figures mto ounces and cubrc centimetres 1 whic
form, for sunplieity, they appear w the table She also starts her
rechonmg from midmght of the day of the infant s birth—tbat 1s
to say, fram an average age of twelve hours  In eonsequenco her
totals must be placed half way between the correspond:vng figures
for the early days of ltfo put forward by Camerer ~With tgﬁo
adjustments the two sets of observations mado at somo consl tch'
able mterval apart are very consistent and tend to confirm tho

Lier workers
rebabihity of the other figures of these earher ok o amount

Two deductions can be made from this tablo e
of inid taken by a healthy infantincreases proportionately ‘mht. lo g
weight during the early months of hus Wfe The average w‘tl':g o
2 'baby at birth {and for the first week) 13about 71b _ this f ou‘ .
at the age of four months and trebled at & year Mo ta c; L hoes
Toft to lus own devices, between 2 and 2% oz of breast milk for e“m
pound of body weight at the age of & weck, and o similar ?ln:‘:ongo
per pound body weight when he weighs twico as much at th

1Mackay H M M (I1841) Arch Dis Ohilih 16, 168
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Author
Camerer Mackay { Yeer
Tennt - - e
Quantity in *4 hours.
e oz € oz

Dy It 7 a7

g:‘l' 5 70

“h 313 | 105

oy 374 | 131

ol 418 | 146

i N oy
Weel  Mid 2nd Ty TE]

2nd ——I"559 | 1486

3d 560 | 211

4th €33 | 233

oth 687 | 2456

6th

7th 804 | 287

sth 801 | 287

oth 816 | 291

10th

11th

12th 828 | 206

13th 852 | 301

14th

15th

16th 893 | 919

17th ooz | 322

18th

18th

20th 547 | 338

21t 056 | a4l

22nd 302

23rd

24th | 980 | 350 |

529



530 FOOD AND DIETETICS

of four months Thereafter as his gam m weight slows down,
hus rate of ncreased consumption decreases par passu  If the
flud requirements of a baby m the early mouths of Life have to be
caloulated, 1t 15 wiso to take the upper lmit of normality snd
give lum, daily, 2} oz for each pound of body weight  Secondly,
the observations set out in the table mdicate the Calore require
ments of a healthy baby Breast tulk has a somewhat vanable
food valuo with a mean of about 19 Calones to the ounce For
sphaby 1 rechorng both human and cow's milk are commonly
computed to be rather nicher than this ab 20 Calones to the ounce
Using the simphified factor 1 wil be seen that the healthy mnfant
takes between 40 and 50 Calories for each pound of body weight
daily during these early months ~ When hus food has to be prepared
artificially 1t 13 wiser to accept the higher figure and to offer lum
50 Calories 2 pound & day during the first four months of rapd
growth the reguirements then dumimsh to 45 and then 40 Calores
duning the Iatter part of the suckling period !

Obviously these data must not be applied too ngudly to any
given cld for healthy infants of a fow weeks may take as much
milk as foebler ones whose age 13 counted by months On tho
other hand wasted infants tend to have a higher rate of metabolsm
than normal babies of the same age, they are asit were extrava
gant machmes and so may require relatively more food per unit of
body weight than the normal Hence the tule of feeding an under
weight mfant accordmng to the expected wesght for its age rather
than according to 1ts actusl weight Pritchard has also pomted
out that the amount of food requued by an infent 13 greatly
mfluenced by such stimuh to metabolism as exposure to air and
hight
Analysis of human milk shows that 1t contains water proteim,
 small amount of non protemn mtrogenous substances, fat, carbo
hydrate and a vanety of mieral elements which are in part linhe
with the organic constituents and 1n part i solution  The amount
of each of these sub present m diffe ples of breast
milk vares within rather wade hts  Some of the factors con
tributing to this vanation will be mentionoed later Tt 13 mpossible
therefore to give a table of constituents which will be true of every
sample of human mulk  The average figures themselves subdrerded
for the different stages of Iactation, et out by Holt Courtensy and
Fales 1 provide a3 good an account of the composition of haman
milk as any others They are as follows

1¥orr L, E Courtevay A M and Farcs H L (1015) Am
Journ Dhs Chald 10 220
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Covrrrrvryma or Hoaan Mux
{from Ilolt Courtrnny and Fales)

1 ]
i { SMineral
M Fat Cartwohydmt,
J foreine ' PorGent | lerdents” | Biemente

Colostrum Coee, bosss bog 03077
Trnnsitional Cotus 0o43r | 7w 02407
Aaturo | 118 | 32 750 02002
Late |1, 3l ‘ 147 01078

|

It has been suggested that the figures for earbohydrate in this
tablo are higher than are commonly found in this country and,
for companson another seties grven by Davies 13 added

Coxarrrursts or Homaw Mnx (from W L Davics)

M aersl
Prot I'at Catbohydrate
PorOmt. | TerGemt | lertCemt | Lloments
hanly 214 370 LR 031
Mature 20t 374 637 _
Tato 130 330 680 02

Tho sumlanty in these two sets of observations s much more
strilung than ther divergonoe and the two together can reasonably
bo taken as representative of the present state of knowledgo in this
matter

The p ins which I them from 1 to 2 per
cent of human mulk are lactalbumin casemogen and lact globuln
The last 13 present i very small amounts except at the very onset
of Jactation. It hes the samoe qualties as the globulin present in
the blood serum and represents such o small fraction of the protem
in true milk, asopposed to colostrum, that 1t can be dismissed from
further consideration here

A Inowledge of tho relative quantities of the other two proteins
lzctalbumin and easeinogen 1s of some mmportance especially when
1t becomes necessary to adapt cows mlk for the use of young
babies In human mlk the lactalbumun accounts for about two
thirds of the protemn present as the following table shows

1Davies W L (1939) The Chemsatry of Aulk 2nd edn  London
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DISTRIBUTION OF LACTALBUMIN AND CASPINOGEN o Homaxy Mux

Total P,
Soue T | e | cuson
Holt, Courtenay and Fales 115 072 043
> » 107 075 032
Phmmer and Lowndes 100 068 0 3:’/

The ratio of lactalbummn to casemogen of approximately 2 1 seems
well established and must bo regarded as representing the requure
ments of young babies despite the fact that some analy ses of human
milk report quantitics much nearer equality

So much for the distribution of protens i breast milk In

ddu; ttention should be directed towards the amuno atds
from which these protens are bullt up  Such knowledge 18 requured
for two reasons First, the amino acds found to be present ato
prema facee those essential for & baby’s proper growth No pro
longed period of feeding with & substitute for human milk can be
expected to be snccessful unless the baby 13 given dunng that
tune the ammo acds to which hus protein metabohsm s adapted
This powt has fo be borne 1m muind especially when considering
some of the products put on the market for the consumption of
aiing mfants  Secondly there 15 mcreasing evidence that certan
amino acids are essential for the protection of tissues as well a¢
for thewr growth  The work on methionne 3 as an agent in rammz
mg lhiver damage fustrates this pomt (p 69) A table of the
prineipal amino acds m human milk compared with those n cow 8
ik will be found on page 645 Tt shows that on this particulsr
score eow s mik 13 a reasonable substitute The two columns
together provide s yardstich agamst which other reputed nfant
foods can bo measured

There are other substances i woman s milk besides the proteint

which contamn mitrogen This non protemn fraction of the mtrogen
18 large and represents between a fifth and & quartcr of the totn}
mitrogen present in the milk (24 5 per cent Phmmer and Lowndes

15-20 per cent Raetschel8)  For the most part bowever 16 docs

1Horr L E Courrrnay A, and Fares H L loc of
21ProneEr R H A ond Lowspes J  (1037) Deockem Journ

31, 1761 .
»Hmsworse B P oand Grysa L E  (1934) J Chn Inved
5, 133

"Pu:mmn R H A ond Lowwpes J loc et

S Reerscmzz, H (1000) Jakeb P Ronderh 64, 125
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not contribute to tho nutntivo valuo of the milk  Tho bulk of the
non protein nitrogen i present a8 ures Somo about one tenth
part according to Courtenay and Brown ! appears as free amino
acids  Whatever their mgnificance theso substances contamng
tho non protemn fraction of the nitrogen play no great part in tho
nourishment of the baby, nor {1 1t neccssary to take them into
account when o substitute for breast mulk hns to bo found

The fat in breast mlk fs suspended i o fino emulaton Tt differs
but httle cither in quantity or quality from that found 1n cows
milk It accounts for almost half tho food valuo of tho milk and
1n the various analveecs of milk shows amaller varmtions than most
of the other constituenta  The mulk in tho earhier stages of lactation
s ’lightly necher in fat than that which comes later  Even when
the baby §s growing most rapidly n tho first two months of his
hifc the proportion of fat in breast mik does not often exceed 4 per
cent , a figure which falls Iater to just under 3} per cent when the
rate of grawth declines  Theso figures are important and indicate
an upper himit of fat requrements  If this 13 excceded diarrhaea
and vomiting are likely to follow On tho other hand a baby
cannot thnve if his food contains matenally less fat over a long
period

Theo full needs of the body for heat will fall upon the combustion
of fat and carbohydrato and as fat 1s & more compact fuel than
carbohydrate and the eapacity of the alimentary tract of the young
is small 1t 13 to bo expected that the percentage of Calories to
Lo obtamed from tho fat will bo Iugh  Morcover, the intensity
of metabohsm i1n young growing tissue 1s somo 23-50 per cent
greater than that of adult tssue  This excess production of heat
must como from the combustion of fat and carbohydrate In

dd. to the body temy fat 13 used during
the period of rapid growth actually as a tissue producer The
infant Inys down fat and substances denved from fat m 1ts fat
dopots 1n tho marrow of its bones and in 1ts nervous tissues
Lastly, fat 18 an essential vehiele of itamm A which ensures the
health of epithelal tissues and nerves and of vitamin D, which
prevents rickets

Carbohydrate 15 present in breast milk as lactose  In addition
there 18 a varable munute amount of dextross The quantity of
carbohydrate 65-75 per cent 13 igh compared with the mulkc
of many other mammals The discordance of the analysms ns
recorded 1n this country and m North America has already been

1CovntENaAY A M aond BrowN A (1030) Arch Dis Ohsldh
6

»
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teferred to on p 631 As further evidence of the duserepaney
Myers* found an average of 60 per cent sugar m the milk of
86 women on this mde of the Atlantic while Dems and Talbot ?
record 71 per cent as the mean lactoso content mn 60 samples on
the other The difference 15 not important It seems reasonable
to assume that British babies will do well with muk contatrung
G per cent of carbohydrate, but that this amount can safely be
ereased 10 7 per eent Beyond this there 13 danger On the
whole carbohvdrates are the ngredient of the diet which 18 least
likely to be Tepresented m too small amount On the contrary
there 13 o much greater danger of supplying them 1 excess or of
maling them a substitute for fat  An mfant who 18 the vichm
of such an error may be plump enough but his muscles are flabby,
sts skan palo and sts bones often mckety It 19 the false appearance
of good nutrition which such infants often possess that 1s apt to
decerve the ummtisted and such children have been hnown to
recewve prizes at baby shows It must be remembered too that
carbokydrates especially when given m excess end m unsmtablo
forms are prane to undergo f tation m the stomach and
mtestme of the infant, whereby acids and flatulence are produced
causing griping and diarrheea

The {norganic sngredients of breast mulk sre as important as
any of the others During the early months of Life the skeleton is
growmg at a rate never approached at onv later timo, large
guantities of calomm and phosphorus are required for tius alone
In addition muscles blood and nervous tisue to mention only 4
few, need salts as well as organto matter for thew proper growth
Human milk provides these elements for o baby n the proportions
in which they are nceded just s cow s milh does for o calf or mare s
milk for o fos] The mneral requirements are peculiar to each
Xind depending on the rato of growth and other factors Cont
sequently 1t 18 mmportant to know what 1s naturally mppbcd}fﬂu‘;
baby s0 that the same proportions may be mtated as nar }:’['h ;
possible when an artificitl substitate has to be provided Y
total amount of mimerals and mincrsl ealts a9 represented by tho

mineral elements  of breast milk falls between 0 2and 0 § grammo

¢
per cent  Iustrations of typical findings appear u tho follonng
table

1Myens B (1027) Brit J ORild Du 24, 240
3Deas W and Tatmor F B (1019) Am J Die Ould

18, 83
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Mivrnat Covrrsr or Homaw Mitx

Minersl Flementa
Foura [ frogu
—— -

Heubner ! 020
Camerer and S0ldoer® | 027
Holt et al* 031
LTI 024
. ozl
020
Daviea 031
020

Holt Courtenay and I'ales further demonstrato the proportions of
esletum  magnesfum  cte, which go to make up thu morgame
residuce

Distripurtoy or FrryrsTs 1v Asx or HOMAN Mg
(grommes per 100 gm )

tago of Ah | 000 | g0 { PO, [ DaO | KO a
Lectation. | % ¢ *

Colostrum 283 | 0-0440(0-0101 [0 0410| 0-04563 | 0-0938 0 0568
Tronmtional | 4 37 [ 00100 0-0057 | 0-0§04 | 0-0255 0-0708 | 6 0588
Maturo 326 |0-0458|0-0074{0-0345 | 0 0132[ 0 0609 | 0-0358
Late 316 |00390!0-0070| 00304 0 0195 0-0575 | 0 057,

This table mives a clear indication of tho amounts of calcium
phosphorus potassium and so forth normally afforded to o baby
1n the first few months of his Iifo  There 15 more to 1t however,
than the bare figures suggest Theso elements must be offered 1n a
form in which they aro avalable for use One of the obvious
ments of breast mulk 1s that 1n this they are provided i the night
quantities and in a readily assumlable form  \When human milk
13 not given to a young infant 1t 13 better to sacrifice an imutation
of the precise quantities than to give the right amounts 1n a form
n which they are useless  Fortunately the milk of other mammals,

('Heonner  (1899) Zet f Dt « Physik Therapic 3, 1
© Caserer and SOLDNER  (1896) Zewt f Buwlog 33, 535
“Hour E CoumteEnaY A M, and Fates H L op et
“Divies W L op ou
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although 1t may contam these norgame matters mn vastly different
Pproportions, does provide them b a form 1n which they are of use

No wdication bas been given m the foregoing table of the won
content of human milk This 13 small 1n any case, about 0006
gramme per cent It may bo noted that even mn this low concentra
t1om 1t 13 about three times as much as 1s found 1n cow s milk  Thy
deficiency can be a fertile source of trowble for those babies who
are not fed at the breast

The 1mportance of water to the infant will be evident when ono
recollects that more than three fourths of the wholo body consmsts
of 1t, and that 1t constitutes aboat four fifths of mlk which 19 the
natural diet of infancy  Water has also Jocal nses m the stomach
and bowels, promoting as 3t does the processes of absorption and
secretion  One 18 too apt to forget that an mfant may suffer from
thirst as well a8 from hunger, and that water will allay the former
better than milk The effect of a drink of cold water 1s certanly
always worth trywg if a child 18 suffenng from evident but unex
plamned discomfort

Variations 1n the quantity and quahty of the mik given by
different women are conmderable as mdeed are they i the milk
of the same woman at different times The figures which have
been quoted hero are the mean result of many observations and they
do not give any 1dea of the range of findings from which they aro
derived It would not be misleading to suggest that this range 13
50 per cent each way on the average recorded On the wholo 1b
15 ot & serious matter that an average figure 13 preforred to & range
of figures The most important pomt that mught bo made by
quoting & wider geries of observations would be th‘u ndapmb;l:iy
of & baby to dufe q of the of s fe A
On the other hand mean figures give & much clearer mdieation of
what must be arnved at when substitutes for human mulk hav?
to be found and for the most part they have been made uso o
he;\?any factors share m producing the vanstions and brief mcnt;g:
must be made of some The table on p 529 demunsbmtcs i
ncrease m quantity of the mulk and the tables on pp 531 an o
the decrease mn its quality with the age of tho baby  The incre "
1n the quantity corresponds roughly with the Paby s ulmrﬁll}wwe
weight  As bo gets & greater bulk of flud, the food valuo ﬂ?ectcd
mullk stself per cc slowly decreases The dimmution li ecarb0~
for the most part by 5 decrease in the fat content, ‘;B e
bydrate and the protem are also mvolved though to a muc

de;

gCroelzstmm (table, p 531) 15 the flud which 29 secreted by tho
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brewta before they start to elaborate truo mille It Is produced
for only a very short period from about tho sccond to tho fourth
dav after the birth of the child and its importance in tho present
context s therefore not great  Tho compowtion of colostrum, ns
will havn been olmerved in tho table differs materially from that of
milk It contains much lews fat but moro protein and maro
inorpanic matter  The protein {s different in quality from that of
milk for it conxists of a higher propertion of globulin Some
authonties attnbute conmderablo importance to the high globulin
friction of colostrum believing that it conveys from tho mother
to the baly in the erhiest dayn of his lifo bodies which give him
immunity to certain infections In humans tlus function of
colostrum {4 not so great as it is in tho caso of mammals with a
different tvpo of placentation whese young acquire hitlo immumty
1 ulero For the precent purposes the short penod of secretion of
colotrum may be regarded as o preparatory phase both for the
Laby and for tho mother It is an important stage in itself but
relitively plays s very small part in the baby s nutntion

Apart from colostnum the changes in muh wath tho progress of
lactation present a pattemn such as ono would expect When the
baby 13 emall ho recerves bttle milk of o high food valuo  as ho
grows he gets more milk whose glonly d h

Tho influence of dict on tho compostion of mlk has already been
discussed (p 623 ¢t 2eg)  Little need bo added hero to the carher
conclusion that while women will continuo to lactato oven when
starving they can produco milk of the eptimum quality only so
long ns they sre properly fed  Conversely tho effect or rather the
elmost complete absenco of effect on the milk of over feeding was
demonstrated by Baum and Illner ! towards the end of the last
century  They found a small increaso in the fat content when the
dict was varied but taken in great abundance and s sumilar change
with & high protein diet Otherwiso their experiments which
ncluded starchy salty and very fld diets produced no observable
chango in tho milk  This 1s not to say that a lactating woman can
over eat with mmpunity It merely means that she would upset
her digestion without 1n any way enrichung her milk

Sceing that the composmtion of tho milk 1s so litle affected by
dict one should not jump to the conclusion that if an wnfant 18
suffering from dyspepsia there 13 gome error mn the mother s food
?thcr causes must be sought and one will almost nvarably be

ound

Frequency of suchhing has some mnfluence on the composition of

m’sBAlm R and IrzNer  (1894) Samml EKbhn Vortrage NF
y 41
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the milk  The act of snclkling serves as a atimulns to the breast,
and if repeated at too short tervals the richness of the mulk i
mereased  Hence 1f a child 18 erying from mdigestion an attempt
to quieten lum by frequent giving hum the breast leads in the end to
the production of a less digestible milk and so to an aggravation of
the trouble

Varistions dependent on individual differences 1n the mother
or her chid are of comparstively ttle importance It has been
found that the mulk of any given woman will show greater vanations
from day to day than the milk of different women on any one day
Weak women, also seem to furmish es good & muk as thase who
are robust and strong, and the mik of women who have borne
many children 18 but little poorer than that of those who are nursing
therr first infant Age also, has Iittle infinenco for the milk of
women approachung the climactenc has not been found mfenor
to that of mothers hardly out of thewr teens  Iliness, menstruation,
pregnancy fever and even severe emotional disturbance are also
almost entirely devend of any appreciable effect on the compoution
of the milk The most stnlang fact about the composition of the
mlk, mdeed, 1s 1ts mdependence of outude mfiuences

Phy tcal Requirs ts in the Dist of Infancy

Enough has now been said to allow us to draw some conclustons
about the phymolomenl requirements of a young baby These
deductions re sided by the fact that the absorption of the con
stituents of human mulk 1n the mtestine of mnfants seems to bo very
complete  Protemn 213 sard to be absorbed to the extent of 99 per
cent fat to 97 per cent and the morgame materals to 00 por cont
while the sugar enters the blood m its entiety Consequently
one may safely assume that very nearly all the breast miik taken 18
regured and the whole of 1ts constituents take part m tho baby's
metabolism

A healthy mfant spends most of 1ts tume 1n slecping and growing
Its lar efforts are confined to a httle sucking, more or lest
crying and some Licking  From this wo might argue that the diet
of an infant should contam relstively more of the tissue bulders
{protems and minersl matters) and relatively less of the cnerg)’!
producers (fats and carbohydrates) than 1s found 1n the food !;x
the adult In pomtof fact nature supplies i milk a food of win:I
this 13 by no means true  If wo tako the percontage of tlm;;ﬂb"
Calones provided by proteins as compared with thoss pmndI ):'
fat and carbohydrate together wo find that the fgures aro almos

1 Averesan  (1881) Dewt 4rchw f Rin Med, 28, 437
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identieally the respective pereentages provided by investigations
into tLe diet of familics n Creat Batam ¥ Cassinogen and lactal
bumin suppls about 10 per cont of the total Calories in human
ik an) in thedleuol St Andrews Carcif and Reading proten
rupplies 110 10 1 and 10 & reapretively  Therois naturally asclose
an agreement in the sume of the fat + carbohydrate figures  Whero
the figures are not in sgreement i1 in tho percentages of Calories
provided by fat and earbohydrato separately  In mik the figures
are  fat 475 per cent  earbohvdrate 42 1 per cent  In adult (or
mather familv) diets St Andrews {at,35 fpercent carbohydrate
536 per cent  Cardiff fat 332 per cent, carbohydrato 66 7 per
» Reading fat 32 1 per cent and carbohydeato 574 per cent
In other words the proportion of protemn in the infant diet is
about the kamo as that in the adult dict whereas tho {at supplies
an even larger percentage of the Calones than it docs in the
adult
But we have t0 remember that all the proten in the infants
dict is first.clasy protein—protewn of high biological valuo—whereas
only n third to a half of tho protein in the adult diet 15 such  Thus
is of fund. 1 importance in tho fecding of infants
and children, espeenlly in artificial feeding It does not matter
therefore if tho percentage of protein 1s comparatively low so long
a8 it s proten of high biologeal value  kurther the protemn s
mainly used in the construction of new tissues and thercfore will
not give riso to thet production of heat which we have learned to
call the specific dynamuo action of protein Ve thus sce that the
initia! deduction 19 by no means so contrary to fact as 1t scems
The infant does actually get moro first class protein 1n proportion
than the adult and needs heat producing fooda to the same propor
tion as tho adult becauso its metabolism is much more ntense and
the protemn 1t lays down as tissue has no specific dynamuc action
Tho constrtuents of the food of suckhings and adults can be
compared mn snother way If wo choose speaific examples say a
four months old baby and a ten stone man domng phymeal work
wo get & set of figures such a3 thoso set out m the followng table
The baby s weight at four months bewng 14 b or just a tenth that
of the man smplhfies the companson  While the constitution of
the man & diet has been selected in an arbitrary way 1t1s a probable
averago sample and serves well enough  The figures for the baby
are denived from the tables set out earlier in the chapter
It will bo seen that the baby gets nearly twice as much food for
esch pound of body weight as the adult The surplus 18 denved
18t Andrews CaTmoART and MURRAY (1931) Med Res Council
Report Wo 151 Cardiff and Readng  (1932) sbd No 166
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COMPARISON OF THE
OF AN ADULTS AND A Svcrruve s Foop

Grammes daily

Peor Pound
Total Body Weght
10 8t 14 1h 10 st 1416
Adult | Beby | Adult | Bsby
Protemn 80 | 1035 | 057 | o074
Fat 116 | 293¢ | 079 | 210
Carbohydrate 480 48 50 32 418
Calones 3102 | 550 1 226 | 393

largely from fat, and to v much less extent equally from protem
and carbobydrate The difference 1s even greater than the figures
make 1t appear for the babv abserbs a lugher proportion of his food
than the adult furthermore, the protems of hus mulk are of a greater
bologieal value than those m a mixed diet



CHAPTI R \IX

THI PRINCIPIES OI TLIDING IN INTANCY AND
CHILDHOOD (continucd)

Sunstirerrs rop Hosan Mk

In the last chapter wo learnt that tho physiologieal peculianties
of infancy demand that tho dict dunng that period of fe should
bo relatively nch m ﬁnt-cb& protein and mineral matter, nnd
espeeially so in fat A of tho chemiceal
of human mulk showed how well adaptedt is to meet theso domands,
while » computation of the amount of 1t which infants consume at
different ages enabled ua to form some 1dea of the quantity of each
nuintive ingredient actually required at each period of infancy
Turther insestigation taught us that human malk 1s casily disposed
of by the infanta stomach, 13 absorbed very completely in tho
intestine s o flmd of high nutntive value and thereforo emuently
adapted for the requircments of the child

Theao resulta of seientific investigation have long been antiaipated
by experienco and both umte to emphasizo the inestumable value
to the nfant during the first runo months at least of its Lfe of a
dictary of human milk Unfortunately, however the mother 18
often unablo or unwilling to suckle her infant and one has to find
somo substitute for the natural supply A wet nurse 13 of course
from the infante pont of view the best alternative but one
need hardly say that this mode of feeding 13 open to considerable
practical disadvantages The uso of preserved human milh 1s
sumilarly attended with difficulties TWhen any surplus supply 13
available breast mulk can be kopt for many months etther by o
process of rep d pasf followed by refr or by
freezing 3t speedily on cnrbon dioxido enow and storing 1t at a
temperature below its freezing point  But the amounts availableare
meagro and the process so spectalized that such preserved human
milk can be used only in the direst emergencies It cannot be
looked upon as & practicable alternative means of mfant nutrition
The milk of other ammals must therefore be considered The
following table exhibits the approximate compostion of the mlk

641
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of some of the d t 1 d
comp with that of
human milh
CoxrosrTioN or TR Mk or DiFreRest Annrars!
Protemn Fat Lactose ! Ash ]
Huoman 13 ~218!330-376| 680-620 020031
Cow 340 378 475 07
Goat 367422 433757 | 381-496 084
Mare 184-205] 114-117 | 577-689 | 0 30-036
Ass 185-204 | 137-150{ 609-6 19 049

It will be observed that none of these 1s 1dentical with human
muk
This 15 not surprismg for the compomtion of a milk, especally as
regards 1ts protemns snd mmeral constituents, seerms to dopend upon
the rate of growth of the ammal for which 1t 15 mtended The
faster & young ammal grows the richer 1s the mother s mlk in these
two mgredients This fact 13 bronght out very stnkingly m the

following table

100 Parts Milk contan
Tims by
wmxcah Vi?lﬁ“ finoral Phosphone
15 Dol b

‘ Protern f Mioral [Calomm.! oy
Human 180 days 10 02 0032 0047
Horse 60 20 04 0124 0181
Ox 47 35 07 0160 | 0187
Qoat 15 43 08 0210 | 0322
Pig 18 59 —_ — ~—
Sheep 10 , 65 09 o272 | 0412
Cat 9% 4 70 10 —_ -
Dog 8 73 13 G 453 0493
Rabbit 7 104 24 0891 0998

From time immemonal manland has tried diverse expernments
1n the uss of milk of other ammals as food for ther own young
If report be true Romuluy and Remus wers by no means alons
smong the ancients 1n enching the dngs of most unhhely fostclf
mothers To this day the mill of mares, asses and ewes 13 & stap:o
part of the food of many races of manknd, and 13 thereforo tho
1Davics  (1939) The Chemustry of AMfitk Chapran & Hall

2 Heonwen  (1808) Zeit f Duit und Phynk Themapse 3,1
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firet resort for thelr Young ae a substitute for breast milk  In £hia
country, however, cow a mulk and, to a much amaller extent, gont 8
milk are normally the only ponsible alternatives to a baby s propoer
food  Goat e milk has the samo dicadvantages as cow s milk only
mare ro adnco it {4 morn concentrated than cow s milk and lacks
the ment of being overvwhero avalable  If for any reason it 1s
dostrable to uea gont s milk mther than cow s milk as n substituto
for breast foeding the sams rulea for modifieation apply except that
the dilution must be greater In proportion to its higher protein,
fat and mneral content  The reat of this chapter 1s devoted to
tho adaptation of cows milk to the uso of tho very young baby

The fact that this occupies o number of pagos should not bo regarded
o an indication that cow a milk can over adequately take the place
of human myik Thero are occasions when 1ts uso ¢ tnovitable

Death or insamty of the mother are among the fow compelling
reazons for tho ceasation of broast feeding  No claim 1s made that
any alternativo is so good that fts uso 1s warranted as o matter of
perzonal conventence

Cuesicar Dirrerences BETwERY Huaax anp Cow s Mok

(a) Quantitative Differences Taking the averago resulta of a
great number of observations on the general chemical composition
of tho two muks one may compare them thus

uman Milk Cow s Milk
Water 87 to 88 per cent 87 to 88 per cent
Protein 1 2 a 4
Fat 3 4 3 41
Sugar ] 7 4 8
Mineral salts o1 02 07
Reaction Alkaline Acd

One sees that whilo the total amount of solids in the two kinds of
mlle 13 about the same yet the relative proportions of the different
constituents 1n the two cascs are very different Cow s mulk 15 the
nicher 1n protein mineral matter and (to o less degreo) m fat
human milk excels 18 sugar  The supenionty of cow & milk 1n the
budding materials 18 no doubt due to the more rapd rate of growth
of the calf than of the infant but the excess of carbohydrate 1n
human milk 1s rather surprising when one compares the relative
muscular actinities of tho calf and the baby It 18 dufficult to
explam this difference save on the grounds of the comparatively
greater need of the nfant for galactose m bwlding up the central
nervous systom

The proportion of lecithin 1s also relatively much greater i homan
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than 1 cow s milk there bewg 3 05 parts of lecithin to every 100
parts of protem in the former, and only 1 40 to 100 of protem mn the
latter This 13 probably to be attributed to the relativelv greater
weight of the bram in the chufd than i the calf!

(6) Qualitative Differences  On more closely examimng cow s
milk, one finds that the differences m lund between its principal
wgredients and those of human muk sre even greater than the
differences 1 the relative amounts Sugar, deed 15 the only
ingredient which 15 1dentical m kind an the two milks, the mitro
genous matters, the fat and the muneral salts must be compared
separately 1m each

Nitrogenous Matters We have alreadv seen (p 630) that
human mill mecludes a considerable proportion of non protem
mtrogen Cow's milk contans considerably less of these

The protewns of milk are of three hinds, casemogen albumm and
globulin  The quantity of globuln 1n the mature mulk both of
women snd cows 18 so small that 1t may be neglected The propor
tions of casemogen and lactalbumn differ with the samples of nutk
selected bub 1t 13 constantly found that cow’s milk contans relatively
much more coselnogen and human milk more albumin  Davies *
gives average figures of 27 per cent casemogen and 05 per cont
albumn m cow s milk, that 13 to say, rather more than five tunes
a8 much cosemn as albumm In humen milk (p 632) we have
seen that there 13 nearly twice as much lactalbumin os casemogen
{072 to 043 gramme) To put the matter another way, ona may
say that the casenogen content of cow’s mulk 18 exght times a3
great and the lactalbumn content only two thuds as grest as
that found in breast mlk It 1s believed that the food valuo of
casemogen as & protem 15 Jess than that of lactalbumn  If this s
true, then cow s xmlk cannot be considered to have an advantage
over breast mulk strictly m proportion to its higher protein contclnl
The dilfercrice betweon the two 1n respect of the biological va ;110
of their protemns 13 however, msigmficant m companson to ¢ :
disadvantages presented by the physical properties of cw;cn:n@;
10 excess a3 a baby’s food Casemogen bebaves an o way enturey
dufferent, from lactalbumn in the mfant & stomach  In tho prescnct;
of the gastric secretions the protemns of cow's milk 1'01'“1t & m';m
tougher clot then those of human milk Some part of hf}m b
wasted because the clot 13 never brohen up completely snd p

1 Der Lowthingehalt dor Milch und seine Abhingghet
vcn?e";?z:x?m Hll)mguvncht dgs Sauglngs (1900} Zewt [ P aolog
Chemte 30, 405

3Davrs W L op et
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of the protein s exereted unabrorbed in the stools  In addition
the tough clot may, by mechanical kmtation, give riso to most
undesimble digeetive disturhanees

Other properties of the protens of the two miks are beginning
to arsume increrung mignificance namely the relative proportions
of tho anuno acids from which they are built up  Referenco has
already been mads (pp 69 and 70) to mothionine asa hiver protecting
rubstance  Other amino aads have also been suggested cther
88 remechies for diorders or as ewsentials in certain minimum
quantities for proper growth and development Knowledgo in
thoo matters is not yet completo It is desirnblo, novertheless to
have in mind the relativo proportions of tho amino acids in cow 8
milk and human milk  The figurea given by Phmmer and Lowndes !
on this subject are ret out in tho following table

Axtrno actp CovrrsT or Mk (grammes per 100 ml)
{Phmmer and Lowndes)

Cow & Milk Tluman M1k

Caseino | Lactal Castuno Lactal

tumin | Total

Total

LRIt A 5] 068 100
Arginmo 0085 | 0028 | 0113 { 0012 | 0034 | 0046
Huiatidino 0038 0-013 { 0051 | 0005 00! | 0018
Lynmo 0140 | 0044 0184 | 0017 | 0045 | 0062
Tryptephane | 0-031 0013 | 0044 | 0003 0017 | 0020
Tyrosine 0132 0026 { 0158 | 0017 0030 | 0047
Cyatino 0008 | 0024 | 0032 | 0002 | 0030 | 0032

Methionino 0060 | 0016 | 0082 | 0000 | 0000 | OOI8

Thero are surprismg variations not only in tho total amounts of
the amino acids m the two mulks but also in the proportions found
n the two cascinogens and lactalbumins Al the ammno acids
are represented 1o both mulks end they are without exception
present mn greater quantitios in cow s mull  In fact, f mlk were
diluted with an equal quantity of water, they would still all be
present 1n the resulting muxture in larger amounts than m un
diluted breast mulk save for cystme alono It does appear there
fore that there 1s a very wide margm of safety n the use of cow s
milk ovenif diluted s a source of supply of all the essential amino

1 R H A ond Lowspms J  (1937) Biochem Journ,
31 1757
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aads  Any harm to very young babies 15 to bo oxpected from therr
abundance mn cow s nulk rather than they deficiency

Fat The fat of human milk contans more oleic acid and
hag consequently a lower melting pomt and 13 more casily digested
than tho fat m cows milk  This greater digostibihity of the fat of
human mulk 13 mereased by the fact that it 13 present m & much
finer state of dinimon than the fat droplets m cow's milk Tn
practice these differences are not material

The tnorganic materials m the two forms of mitk also show
important differences Not only are calerum and phosphorus both
present in much smaller emount m human milk, but there are
mportant differences 1n the form m which the phosphorus oceurs
mn the two eases! In its high proportion of organte phosphorus
human mull recalls the chemical peculiantics of plant embryos or
the yolk of egg  Consuidering the great umportance of phosphorus
1n the nutrition of the infant and the fact that organic combin
ations of 1t may be more easily assimilated than its morgamo salts
one must admt that the differences between human and cows
nulk just pomted out are not to be Lghtly disregarded

There 13 moreover, more on 1t human milk than mn cow’s milh
even 1f the latter does take up some iron from the containers mte
which 1t 13 rmlked  The lowest figure for wron m human mlk 15
lugher than the highest in cow’s milk

In the Iight of these facts, regarding the profound qualitat:
dffe } 1 position between human and cows
milk, one must conclude that it 13 impossible so to modify the
latter that 1t shall be identical with the former In other words
s truly humanized ” cow’s milh 13 o chemcal 1mpossibity

CoMPARATIVE DiarstiBLrry oF Cow’s anp Homan Mmk
Tt 1s a familiar fact that most young mfants have much greater
difficalty 1n digesting cow’s muk than that of their own mother
Part of the difficulty arses from the difference 1n the quahty of
the mulks which has been referred to  Indeed 1t may be considered
that the milk of one kind of mammal can never bo wholly smtable
for the young of another kind Yot & muor part of the troublo
13 of n physical nature 1n that cow 8 mulk forms a much donser clot
m the stomach than human mik .
The grater density of tho clot 13 due—(1) to the ubsolutc‘i
larger proportion of casemogen 1n cow 8 milk and probably slso
4 78] find that the

! Chemn 6
1 Hess and Heraan, (1025) J Biol Ol e otal

phosphatida content of cow 8 milk 18 twvice that of human a;
phosphorus four times as great
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thoso chomleal differcnees between cow’s and human casoinogen
already mentioned , (2) to the smaller proportion of fat and soluble
alburun relative to the which ct t cow 8 milk
—the soluble albumin and fat of human milk ecom to act mecham
cally in producing a looss clot, (3) to the fact that cows mulk
contains moro caleium and acid than human mulk, and the density
of tho clot dopends very much on tho proportions of these two
constituents

Lor all theso reasons cow's milk tends to form a dense, retracted
clot 1n tho stomach whilo the clot of human milk 1s loose, frable,
and casly broken up

In the intestino there 13 much less duff in behaviour b
tho two muilhs  The stools of infants fed on cow s mutk are richer
in muneral matters than thoso of breast fed chuldren, but then,
cow & mulk is nicher in mincrals than human A higher proportion
of tho fat of cow a milk also escapes digestion than 15 tho caso
with human milk, and probably also a somowhat greater proportion
of protemn, certanly the fieces of bottlo fed babics contamn more
mtrogen than thoso of infants reared at the breast

Inraxr Feeome wrto Cow s Mk

Tt will be agreed that af a substitute for human mull has to be
provided for a young baby, cows xmlk or & food denved from
cows mik is tho tive In the

preceding section the differences between human and cow s millc
have been considered  Any modification made to the latter to
render 1t switablo for babies must bo made with these differences
mind

Before discussing the means of adapting cow s mulk 1t1s necessary
to Bet down certain general rules that must be fulfilled whatover
form of substitute feeding 18 adopted

1 The food must be of suffictent calorsc vralue Dunng the first
four months of Lfe a baby needs about 50 calories for cach pound
of body weight a day  From five to nine months its requirements
aro less and after tho age of nine months these fall below 40 calorles
a pound body weight a day It 1a necessary, therefore to hnow
the caloric value of whatever 18 given Each ounce of cow s mulk
gives 20 Calories and an ounce of sugar 116 calories  From theso
figures the food value of most modifications of cow s milk can be
worked out though when tho dried milks are used 1t 18 simpler to
escertein their calorie value from the manufacturers This shonld
be stated on the labels on the tins

2 Along with 1ts food a baby must be given enough flud
Observation of breast fed babiesshows that thoy take about 23 oz
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of fluud for each pound of body werght 1n the
should be aimed at when the; a.mg“ nmﬁcmll?x’ t?egd this figure

3 The quantity given at each feed must bo such that 16 will satisfy
the infant without over filling s stomach It 1s possible to arrive
at the quantity of the mdividual feeds by divading the baby's total
requrements for the day by the number of feeds to be mven  The
table on p 529 gives an mdication of the daily quantities required
at different ages or they can be calculated on the bass set out
the last paragraph If the baby 13 fed three hourly, for the first
three months of lus lfe which 15 deswrable thongh not always
practicable, the total divided by six wall give the bulk of the mdivi
dual feed In the case of weakly mfants 1t may be advisable to
gve seven three hourly feeds, decreasing the amount of each
‘When feeding 13 at four hourly wmtervals, as should be the caso
after the third month the day’s total dimided by five gives tho
amount of a single feed

The prmnciples contamned wn these first three rules arc of gencral
application, but they must not be followed too slavishly The
real test of whether a baby is getting enough 15 its satisfactory
growth and the absence of indigestion  Providing all 15 well with
the infant, slight departures from its theoretical Calome require
ments can be safely neglected Whatever latitude 13 allowablo
these matters, one thing must not be mterfered with, namely ¢.
regulanty and punctualty of the feeding timo  Whether thre
hourly mtervals are chosen at say 60am, 90, 12noon 30 px
60and 100 pm or four hourly st 60am 100,20 pm,60ar
100 pm, the baby must be fed at 1dentically tho same time eac
day Upon this depends to a great extent huis chanco of good dige
tion snd the success of any form of feeding selected

4 The method of Jeeding adopted must be economically possibl
Thoso methods which require elaborate apparatus, such as sten
1zers and refrigerators, costly proprietary mgredients or great tin
m preparation have no place except 1n the homes of the wealthy

§ The food offered must be digestible 'The differences botwee
cow s mik and human muk already ted must be C

In modifymg cows milk the factors to be considered aro th
phystcal properties of 1ts protem, the relatively greater amount o
protem the relatively smaller amount of sugar and tho relativel;
greater amount of mmeral matter in that order of 1mportance
The greatest drawback of cows milk as & food for young babie:
15 the way its casemnogen behaves during the course of digestion
Not only 12 there & Jarge amount of it, but i the baby’s stomact
1t tends to set nto a firm indigestible clot  In theory 3t should
be possible to read)ust the total and relative amounts of casctnogen
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and lactalbumin  Proctically, however, it is too tedious to do this
as an overyday measure  Conscquently 1t is usual to attack the
physical propertica of the protens rather than therr proportions so
that thoy form o finer clot in tho stomach  According to the way
tn wlich this 15 carried out, other additions may havo to be made
to the milk 1n order to maintamn tho Caloric value

Metons ar Moptevnna Cows Mok

(1) Heat If milk 13 boded for five munutes, tho casemogen
undergoes a chango which makes 1t moro easily digestible  Some of
the protein 13 lost 1n tho * shun* which forms and tho total proten
content 15 thereby elightly dimimished  Similar changes can be
brought about by heating the milk for o longer penod at a lower
temperature  In Budins method of infant feeding the milk 1s
heated for forty minutes at 212°T  Thoe advantages of treating
milk by heat aro its stmplicity, tho unaltered food valuo (any loss
of protemn 18 counteracted by a loss of water) and the fact that
tho milk 1s rendered stenle  Tho disadvantages are tho change in
flavour, tho destruction of tho antiscorbutic vitamn, and the failuro
to raiso tho sugar content or diminish the amount of mineral matter
This method can bo used successfully for feeding many healthy
babies providing card 18 taken to replace the vitamins by other
means ¢g ormnge juico and cod hiver o1l Tor weakly infants 1t
{8 not the method of choico

(2) Dilution Tho object hero is to reduce the casemogen and
mmeral matters 1 cow 8 mulk, to leave the proportion of fat much
08 3t was, and at the same time to increase the amount of sugar
Takang the average composition of cow s mik and human mlk,
and adding one part of water to one part of cow s milk we get the
following comparative results

Cow s Milk and
Water equal
Humaa Milk,  Cow s Milk, parts
Protemn 16 35 175
Fat 35 40 20
Bugar 65 45 225
Mineral matter 02 67 035

This makes the proportion of protemn about nght but leaves the
sugar too low If now ono adds to every 4 oz of the mixture one
medium sized teaspoonful of milk or cane sugar pressed flat and
one teaspoonful of 40 per cent cream, these defects are rectified

and, except for an excess of the
will have app ly the same prop of each dient as
human mik
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‘The proportions of mulk, water sugar, and fat can be altered to
suib babies at different ages and in varying states of health  Such
vanations on the theme of dilution provide the basms of the so
called “formula feeding **  Some dairies are prepared to carry out
the dilution and reconstruction according to preseription and to
deliver the milk ready modified A sumlar modification carmed
out commercially 1s the “k d mll, By diluting the milk
with an equal gnantity of water and subjecting 15 to the achion of
a centrifuge, 14 13 divided mto two equal parts, one of which contans
practically all the fat of the origmal mik but only half the other
mgredients The deficiency of sugar 1s remedied by the subse
quent add of that cc t 1n the y propottion
The proportton of protem m such & milk will tend to be too
low, and the norgamie substences still too high but otherwise
the composition will correspond protty closely to that of human
milk

Tt1s clear thatall themethods of dilution have one defect , although
they bring down the total amount of protemn to the level at which
1515 1n buman milk, they do not mfluence 1n any way the relative
proportions of the two kinds of protein—casemogen and lactalbumm
For this reason the resulting muxtures must remain more difficult
of digestion and less usefn] . metabohsm than human milk  Varous
methods of getting over this difficulty have been proposed by usiog
whey as a diluent but all such methods are rather bl

(3) Acidyfying  The physical properties of the protewmn can be
modified 1 some respects by making the milk acid although the
changes brought about are not exactly the same as those produced
by heat, pep ord b The prot m cow’s milk
act when m contact with the gastric yuice as if they wero an alhaly,
immobikzing some or all of the hydrochlone acid i the juice
The purpose of adding acid before hand 1s to exhaust this buffer
g acton of the protemns Incidentally the swe of the clot
formed can be regulated by the manner in which the acid 1s added
to the mlk and there are also some more remote cffects from tho
acid milk on the type of bactena mhabiting the wmtestme  Of tho
many possible methods of acidifying milk, two are 1 common uso
Tn one o measured quantity of mulk sourmg bacteria 1s added to
tho k. which 13 kept at blood heat 1n a smtable apparatus (thermos
flask or cubator) for twelve hours before use A small quantity
of ths soured mulk may be used for starting the process 1n the next
lot, though 1t 15 well not to carry this process through more thau
five generations before starting with a new supply of aadifying

bacteria (sco p 663)
The second, and perbaps sunpler, method 1s the direct addition
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of acsd to tho milk  To cach pint of boiled milk, which has beon
allowed to cool to blood beat (084°T'), from 40 to 60 drops of
40 per cont lactio ncid aro added drop by drop with constant
stumng  Inthis way o very finely dinided clot {s formed n the milk
which1s not rendered unplatablo  Caro must bo taken not to heat
the milk abovo 40°C (104° F ) after tho acid 1s added, otherwiso
a denso curd will form  When milh treated 1n this way encounters
tho neid gastre juico the caseinogen already clotted, cannot form
1n the stomach the massivo curds produced by fresh cow's milk

(4) Citrating The digestibility of tho casemrogen can be in
creased by tho addition of citrato of soda in tho proportion of
1 gram to every ounce of cow 8 milk  This 1s reputed to act, by
precipitating tho oxcess of caleum salts and so cauamg the
easeinogen to sct mto o less dense curd 1n tho stomach

In tho caso of very young or weakly infants, 1t may be necessary
to diluto the milk more freely than in the proportion given above
In such & case a mixture of equal parts of milk water, and Lime-.
water 13 to be rocommended cream and sugar belng added in
proportionately larger quantity

(6) Peptonizing Tt is behoved by some authorities that one

of tho essential & bet the of human mlk
and that of the milk of the cow 15 that tho former 19 really a stage
nearer the d d cond {te peptono) than the latter, and

that the greater digestibibty of human caseinogen 1s duo to that
fact Whether this be so or not, thero can boe no doubt that even
the partial peptomzation of cow s milk renders 16 much more easy
of dig Of complete pep thero 18 no need to speak
here It 13 of the greatest utility as a temporary expedient
somo cases of discase or 1n feoble and exhausted babies but 18 not
really required for healthy imnfants  Sooner or later the stomach
must bo educated to deal with puro cow’s mulk and the sooner
the education 1s bogun the better  Partial peptonization however
may often be had recourso to with advantage as the first stage
1n this process of education 1 the case of infants whose stomachs
have a greater difficulty than usual in dealing with cow s caseinogen
It can bo convenently carried out by means of Fairchuld s Pepto
gente Milk powder (p 687) Each measure of the powder con
tans the ferment required to digest a certain quantity of milk
along with some bicarbonato of soda which renders the milk slightly
alkaline and enough mulk sugar to raise that mgredient to the
proportion found 1n mother s milk

By following the directions supplied with the powder the process
of digestion 15 only carried 80 far as partully to change the casemn
ogen of tho milk sufficient to prevent 1ts clotting, but not enough
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to absolve the stomach from all further Jabour Thus, digestion 13
rendered easy without the stomach’s being demoralized  Clutten
den ! apalysed the resulting mixture, and compared 1t with human
milk as follows

Human ik Peptogeets Sl gt

Bpecifie gravity 1032 1032
Water 867 860
Protein 20 209

Fat 41 438
Sugar 69 726
Mueral matter 02 026

Total solids 132 139
Reaction Alkkaline Allslne

It will bo observed that the two fluds are almost identical 1n
composition Milk prepared by this method does not clob with
rennet, even in the p of o derabl t of acsd

{6) Cond, d Mik Condensed milk 15 sunply cow'’s mik
from which & large proportion of the water has been removed hy
evaporation under reduced pressure and with the ard of a greater
or lesser degree of heat 'The mlk 13 reduced to about one third
of its ongmal volume Sometimes whole mulk 18 used for con
densing At others, milk from which some of the eream has been
removed 13 treated yn this way, with or wmithont tho addition of
sugar There are, therefore, the three foll g groups

(@) Unsweetened and condensed whols mlk
{5) Sweotened and condensed wholo nulk
(¢) Sweetened and condensed staum mulk

(a) Of the unswectened condensed wholo milks often called

evaporated mylk, the following aro examples 2

Total Bolida Protern Fat Bk sugar
Tdeal 380 83 124 100
First §wiss 367 07 106 2z
Vilung 342 80 100 133
Hollandua 430 13 98 185
Libby s Evaporated
lh{k re 310 100 04 n7

1(1898) New York Medical Journal 54, 71
’D‘Iasb o)f the anslyses of condensed mulks i this chapter aro taken froxan
Peapsamy and Moo s Analysu of Food and Drugs Tart 1 pp €9-7
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Carnation mll is an unsweetened ovaporated mulk i which
60 per cont of tho water has been removed It 13 homogenuzed to
break up the fat globules so as to make them resemblo 1n sizo those
of buman mulh and 13 finally sterihzed

It 1 part of such & milk is diluted with 2 parts of water, tho
resulting flnd corresponds moro or less closely to o good sample
of puro cows milk

(4) Tho sweetened condensed wholo milks contawr, 6s a ruls,
rather moro added eanc sugar than thero are solids 1n the mulk
Tho following 13 tho composition of some of the best brands, they

aro ged, agawmn, ding to thetr nich 1 fat
Totsl Bolids  Protein Fat Mik-sugar Cano-sugar
Nestlé 772 27 137 150 372
Rose 760 83 124 176 361
Mikmard 763 o7 no 1460 a7
Tull Weight 765 123 10 135 372
Anglo-Swiza 744 88 108 180 371

Thero aro many other brands an tho market besides these, but
nono of them 1s superior to the abovo

Now, although the members of this gronp contain as much fat as
the unsweetened condensed milks yet so much sugar has been
added that if they are mixed with only as much water as has been
removed mm condensation, the resulting fluid would be so sweet that
ono could hardly drnk 1t Hence s degreo of dilution 1s recom-
mended on tho tins of theso brands which renders 1t imposaible for
the resulting flud to be at all ke cow s mitk m 1ts proportion of
protemn and fat

(c} Of the condensed scparated {or skum) milks thero are an
1mmense number in the shops  They resemblo 1 composition the
second group just described, except 1n that they contam almost no
fat (always less than 2 per cent )  When diluted 1n the proportions
recommended for mnfants the resulting flmd 1s very poor in protein
and almost freo from fat, and 13 therefore enfirely unswted for @
baby's noursshment

It should bo noted that the composition of all forms of con
densed milk vares derably owing to d 1n rich
of the onginal milk and to variations 1n the degree of condensa
tion and i the amount of sugar which has been added This 15
borne out by the following table from a Report by Dr Coutts
to the Local Government Board! which 1s based upon a large
number of analyses taken from various sources

1 An Inquary as to Condensed Milks unth Special Reference (o their Use
as Infants Foods, 1011
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VAriaTIoNs IN CHEMICAL COMPOSTIION oF CERTAIN CrAsSsES OF

Covpunsep Murx
Full Cream
Mactune,
slummed
Gweotened | Ungweetened | SWeotened

Lowest‘ﬂxghm Lowest | Hughest | Lowest | Highest

'}Ii"o:al sohdspercent | 681 | 836 | 202 | 380 | 560 | 701
‘af

’ 80| 137 82 ) 119 0l 65
Protem 73} 114 80} 100 76) 123
Mmneral elements 16 34 16 25 16 29
Lactose N6 176 } 111 160 ) 160} 170

Cane suger 361 | 446 | Na | Na | 304/ 528

DigesTeary oF CoNDENSED Mk

There 13 no doubt that condensed xuilk 13 more easly digested
than fresh cow’s mulk When diluted m such proporiion &s to
restore them to the condition of ordmary cow’s mulk, the condensed
mulks either do not clot with rennet at all, or the resulting curd 13
much looser than 1n the case of pure cow s mik 3 The presence of
acid does not affect the result The explanation of these facts
probably 1s that the dergoes some ch 1 chango
1 the process of candensation which renders 1t mcapable of forming
a dense olot Certainly this greater digestthility is ons powmt n
favour of condensed mulk, and justifies 15 occasional use for infents
who aro entirely unable to digest ordwary cow s milk, oven when
specully modified 2

NUTBITIVE VALUE oF CovpEnsrp Mok

The chuef defect of condensed rm1fks from o nutnitive pomt of viow

15 that they aro apt to contam too little fat The unswectened
rulls are alone satisfactory 1n this respect The slam mulls aro
bsolutely to be cond d on that t, and oven the sweetened
wholo mulke though they contamn all the fat of the omgmal mik
yet requure sa great a degreo of dilution, owing to the amount of
sugat which thoy contamn, that the product 13 notably defient 3

1 The expeniments wero performod with the First Swiss brand and

with Nestlés
* The great degree of dilution 1 which condensod milk 18 usually

given no doubt also expluns 1n part the ease with whick babics digest 1t
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‘ The following table shows tho chatacter of the hquid—it
nnot be ealled milk—that 12 produced by following out tho
ections on the labels of hlf a dozen of tho best brands of
vectened) wholeercam milh ** (Pearman and Moor)

Dilution Dilutlon i
Breetoned Fecommen | Fatin such |rerommmendod | Fat in such
Wholo Mitk. |far Houshold | ~ Product for Infants Product
Purposcs. Use {
T
\ 1t03 2 6 per cent 1teb 18 per cent
3 s e, 114 o7,
o] 1 & 18 1 14 |08
D 1 6 |14, 1,15 {07,
r 1 5 (21, 1, 14 |08
F 1 5 17 1 14 { 07 N
a 1 & 17 ' 1, M 1 07
Human milk - - — l 35

There can bo no doubt that an immense amount of harm 13 done
to infants by the indiscnmmnate use of such milks  Babues fed on
them may look fat enough, but they are pale and flabby, and often
suffer from nickets, for fatness produced by abundsnco of sugar 1
the milk 19, 85 has been already pomted out, by no meats a sure
ndication of health, and the pictures of such fat but flabby infants
80 {reely spread abroad by the makers of condensed milks are very
deceptive

pru sweetened condensed mulk 13 used at all 1t should only be
for a short period (not beyond the first three or four months)
and the defictency of fat should be mado good by the addition
to the dict of cream or cod liver oil  Babies of delicate digestion
often do well for & time on Nestlé s mill 1n tho proportion of two
teaspoonfuls to mix tablespoonfuls of water Such a muxture con
tawms 113 per cent of protemn 128 per cent of fat, and €72 per
eent of sagar and by the addition of ono teaspoonful of centrifugal
cream to each feed the fat 19 brought up to 3 per cent  The casemn
ogen 1n this mixture being very dilate, 1s easily digested, and the
relative excesa of sugar does no harm if such » method of feeding
is not contiued beyond the fourth month

The only lund of condensed milk which can be unreservedly
recommended however 1s that mads from whole cow s mull, with
out the addition of sugar If 1 part of such o preparation 18
diluted with 2 parts of water, the product may be regarded as
1dentical mith good cow s milk and will therefore requre further
dilution sweeteung and addition of cream Just as fresh mylk does
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(p 549) Used mn this way condensed milk 13 convement
cases 1n which fresh milk 1s for any reason unobtamable or for
temporary use in the case of ifants who aro unable to diest
the latter =

The question whether condensed milks are to be regarded as
sterile or not 18 one of some importance Delépine found that
the degreo of heat to which they aro subjected during condensation
1s not necessarily sufficient to Lill all disenso germs?  On the other
hand, Derning and Davis * conclude that evaporated milk may Lo
regarded es for all practical purposes sterile

Some forms of condensed mulk such as the whole eream evapor
ated mulk are particularly adapted for wradiation by ultra violet
light When this 1s done, as m the case of Carnation brand milk,
the witamin D content 13 enhanced to such a degreo that not only
18 rickets prevented, but 1t may actually be cured If the con
densed milk has not been wrradiated, a daily ration of cod hiver o1l
1s necessary  With any form of milk so treated, additional vitamin €
m the form of orange, tomato, black currant, roso hip or swedo
jmee must be given As a source of calerum and phosphorus
condensed milk 1s quite satisfactory

(7) Dried Mk 'The water in mlk can be removed and the
sohd pard left as a powder This occupres about an eighth of the
space of the original fld, so that 1f one part of the powder 1 added
to eight of water, the milk 15 reformed with the fat, protemn, and
carbohydrates m therr omgmal proportions In the courso of
drying espeaally of this be done by the roller process, the physical
properties of the protemns are changed, when the reconstituted
milk enters the stomach the curd formed 19 moro finely divided
and more digestible than that of fresh cow s milk  This constitutes
the chief clamm of dried milk as a substituto feeding for young
babies In addition, 1t 13 freo from dangorous orgamsms easily
handled and contams all the vitamms of frosh milk except the
vitammn ¢ Many manufacturers add vitamms to thoe mulk powder,
50 that 1n use 1t has actunlly a higher proportion of accessory
food substances than fresh unheated cow's mlk

The vaneties of dned milk have become rather confusing for
beside the powder from whole cow’s milk and milk from which
half or all the fat has been removed, there are availablo the dried
form of many modifications of cow s milk Theso modified dned

18eo Report to the Local Government Board upon the Effects of
Certasn Condensing and Drynng Processes used sn the Preservation of
Milk upon sts Bactersal Contents by Dr 8 Delépino (Food Reports
No 21y 1014

2(1931) Archwes of Pedatrics 48, 42
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nulks have & vast rango of compositions They may bo grouped
very roughly as follows

(a) With added sugar, with or without the rcmoval of somo
of tho fat

{4} Wath tho proportions of the protens altered moro or less
to rescmblo thoso of human milk

(c) With tho total protemn erther increased or decreased above
that normally present in cow s milk

(d) With the addition of acid, with or without the removal
of somo of the fat

(e) With tho addition of substances such as 1ron, to combine
feeding with therapy

(/) With tho addition of moro complicated carbohydrates than
sugar

The graduation from thesimpler to tho more complex milk powders
could bo continued into another group of dried foods  Tho latter
for the most part consista of sugars dextrins and moro or less
modified starches which 1n uso havo to bo added to cow s milk

They includo, also foods derived from dried vegetables This group
is of moro scrvice at the time of weaning than as a substitute for
humsn milk 1n early infancy  In the next Chapter representativo
examples of the simpler, as well as tho more complex foods are
sct out In choosing s dried muill for a young baby 1t 13 well to
avord those which contain unmodified starch for up to the age of
pix months a baby has little power to break down starch to sugar

In general 1t 13 perhaps best to choose a sumple dried milk and to
add to 1t such extm sugar 83 may be thoughb necessary Many
of the milk p added such as 1ron,
almost ceaso to ba foods and become food and medicine , their use
needs medical supervision

From what has been set ont above 1t 13 clear that there aro
scvernl ways of promiding a substitute for buman milk  From the
fact that thero are so many one may safely conclude that no one
of them 18 1deal They should bo used only under the pressure
of The home of the baby and the amount of
time and money that can be spent i prepanng s food will play
» part in deading the most swiable form to use 1 each nstance
The substitute for human milk may be expected to give hum a
reagonable chanco of survival but 1t must be remombered that 1t
remaimns at best & poor second to lus natural food  For a baby less
than sever months old human milk must be the only desirable
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food Quite apart from its quality as the one really digestible
food 1t has other advantages Among these may be mentioned
1ts cheapness, accessibihty and steritity No other food can be
found which can be *“Lept on tap” so near the baby and which
needs so httle preparation to ensure 1ts freedom from infection



CHAPTER XX

THE PRINCIPLLS OF FEEDING IN INFANCY AND
CHILDHQOD (continued) PROPRIETARY FOODS FOR
INTANTS FECDING OF OLDLR CHILDREN

Thero ars many proprictary foods for infanta available on the
market* Tho list which follows 13 not exhaustive, 1t may serve
to illustrate the vanety which exmsts in thewr composition The
values given in the tablo refer to tho proportions of water, protein
fat and imorgame substances 1n the dry powder beforo 1t hag been
prepared for nse  They aroe tho figures supplied by the manafac
turers  Care 18 taken that a product does not depart sigmificantly
in its analyms from tho figures supplied From time to time,
however duffc d decido delik ly to alter the com-
position of o food It 18 adwisable, therofore to enquire beforo a
food 1s chosen whether any such modification has recently taken
place Tho composition of the food should be clearly stated on
the label

The foods fall into {wo main groups the first those which are to
be made up with water beforo use, and the second those intended
to bo added to milk  Generally speaking the former are muxed
‘with water in the proportion of one part of food powder to eight
of water This does not always apply, and the directions of the

fact should be Ited about the q y of water to
be used The object aimed at with many of the modified dried
mulks 13 to provide when they are made up a flmd whose com
position closely resembles that of human milk  Clearly therefore
the proper dilution with water 13 as important as the preparation
of the powder

* When this edition was rovised (1945) many of these products wero
not readly available owing to the exigoncies of war They have
nevertheless been mcluded for they or their suecessors will again
becoms of In the hule many firms have

pooled their dmed mllk es National dried milk  The composition
of this latter whether full cream half eream or slummed (household)
corresponds very closcly with that of sumlar atatus among the pro
prietory kinds

869
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Fourth Mes! 5 pm
Same as first

Fufth Meal 9 to 10 pm
Warm mlk

During tius perod the use of a botile should be gradually discon
tnued and the ¢hild fed with a spoon or acoustomed to dnnk out
of & feeding cup' or ordinary cup

The amount of milk taken 1n the course of the day should not exceed
2pmts I the child 12 thirsty, ho may be given & Little water botweon
megls

From about the eighth month onwards somethmg to chow should
be given occasionally such as o rusk or crust, or & pieco of sponge
cake or stale bread and butter

Two teaspoonfuls of orange juice may bo given daily and 1n the
winter months some fish hiver ol

I Dimr sroym 12 7o 18 MorTns

First Meal 730 am
A hbreakfast cupful of milk thichened with groats fine ontmeal
wholo-wheat flour or homuny
Bread or rushs and milk as a chonge  bread fried 1n bacon fat
Second Meal sbout 11 am
A cupful of warm mulh

Therd Meal 1 to 130 pm
Sieved potato and vegetables with gravy snd scraped meat of
pounded fish 83 a change the yolk of a hightly boiled egg
Some mulky rice or bread pudding with the addition of somo of
tho pulp of a ronsted applo or the pulp of stowed pruncs
Fourth Meal 6 pm
Mk and bread and butter and plamn eahe
Fofth Meal 9 pml
Warm nulle
1The saoner this Jate drnk can bo omitted the better It delays
o 1

tho f of urmne Ita placo must bo
taken by bigger dnnks of milk earlier 1 the day
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I Diry ynoxt 18 Mowrus 70 3 Yrima
Firet Meal 8 aum.

Pormndge and mlk followed by the yolk of & lightly boled egg
of broad dipped in bacon fat  Stalo bresd cnisp tonst or &
rush.

Mk to dnnd,

Second Meal 1230 to ! pm

A Iittlo pounded or minced chicken or underdono meat or fish
with green vegetablo and mashed potato

Milk pudding and atowed fruit

Water to dnnk.

Third Meal 430 pam

Broad-and butter  spongo or other plamn cako occasionally
ke,

Fourth Meal 630 pm
VWarm mlk or mulk soup

A lttle fresh fruit should be given daly and eomo fish hiver ol
m the wuter



CHAPTER AXI
THE PRINCIPLES OF FEEDING IN DISEASE

In this and the succeeding chapter wo shall consider the use of
food as & therapeutic agent i the treatment of the meh  In dealing
with this part of the subjeot, 1t will be well to confine our attention
a3 far as possible to the d of T les, and to avoid those
detailed imstructzons for tho dietetic management of particular cases
which find thetr appropriate place 1n text books of therapeutics If
the general principles mvolved are once fairly grasped, the know
ledge we have already acquired as to the composition and uses of
different foods should be sufficient to gude us in drawing up
& dietary suited to any ordinary case of illness Nor can ons
deal m such & book as this with the methods of prepatng food
for the sich, or mvald cookery, no matter how important some
acquaintance with that art must always be to tho practical
physicran

In deciding upon the dietetic management of any caso of diseaso
1b1s1mportant to bearn mind what s often forgotten, that a patient
15 not & mere bundlo of separate organs, but an organic whole and
that the diet must often be directed to the needs of the man rather
than to those of lus malady The evil results of a forgetfulness of
this fact are often seen A patsent’s general nutrition may becomo
seriously mmpaired, for mstance, through well mtentioned offorts to
Iighten the labours of his stomach Thus 1t has only just beent
realized that many of the diets used 1n tho treatment of gasiric
disorders aro either wholly deficient or contamn & mimmum of
ascorbic acid  Patients who have had theso dicts for some time
aro m the subscurvy state ag shown by the amount of ascorbio
acid thoy assimilate before the excess 1s excreted 1n the unne {scop
164) The important factor of 1diosyncrasy must also be borno 1
mund, and full recogmtion made of the fact that different ndaysduals
react cufferently to the same diet just as they do to the samo drugs
Nor must 1t be supposed os the laity are apparcntly tempted 0
do, that diet 13 & umiversal panacea which ean bo counted upon
to provent or to curo all diseases On tho contrary, it has liko
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other remedial agents, only a limited place in therapeuties, and
the few diseases which specially lend themselves to diotetio treat-
ment may bo divided into tho following groups (1) Tovers, (2)
dlsorders of metabolism, o g dinbetes, obesity, gout, (3) affections
of tho stomach and bowels, (§) disorders of tho clreulation and
blood, (5) direascs of tho organs of excrotion

Dut bofore ono passes to the separato consideration of theso
groups, it is advisablo to paint out a fow practical rules which
should alwaya bo present 1n ono s mind in drawing up any schemo
of dict for a patient They nro theso

1 A speeial plan of diet must bo drawn up and tho foods which
aro forlndden must bo specified  In a few cascs, only tho Iatter
need bo mentioned

Tho next two rules aro corollaries to tho first

2 Before recommending anv food 1t 15 well to ascertam whether
tho patient Iikes it, and how it agrees with him

3 A food should not bo forbidden unless there 13 a good reason
for so downg

4 Unless thero is somo atrong contea indication attention should
always bo paid to the wishes and taates of the patient  This rule

was first formulated by Hif in tho aph * Such food

848 19 most grateful, though not 8o wholcsomc, is w bo preferred to
that which is better but di ful* , and 8;
tts value when ho wroto  ** Moro importanco 13 o bo attached to
the deatres and feclings of the patient, provided they are not exces
8Ivo or dang , than to doubtful and fall rules of medical
art

5 If food disagrees it should be deleted from tho dietary and
later on given in small amonnts If this 15 well tolerated the
quantity taken can be increased

6 Changes of dict should if possible be made gradually

7 A diet should never be presenbed for o patient without having
first ascertamned what his habita are as regards work and exerciso

These rules requiro no comment

1 Principles of Diet in Fever

Thero aro few dep of practical med 1 which opiion
a5 und a greater rovol than n the question of fever
diet t Hlppocmtes fed Ius fover cases mmply upon wme and
ptisan’ or thin barley gruel and this lowering plan first practised
for centuriea on the sole weight of his authonity, was afterwards

1 For o full account of tho hustory of the subject sco I Urreraawy,
(1877) Die Diat wn den Acut fisherhaften Krankheien
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endorsed by the erroneous pathological doctrine first promulgated
by Broussais, that fevers proceeded from srritation of the mfestmal
mucens membrane and therefore demanded a starvation diet Ty
contemporary, Brown though perhaps not much nearer the truth
m his pathology, was better advised 1 kus practics when he taught
that fevers were “ asth ”d , and required to be treated by

the muiddle of the mnetesnth

a
liberal feeding It was not unt:d shout
century, however, that Graves, duscarding alf pathologiesl doctrines,
and guded sumply by the results of observation, camo to the
conclusion that the popular starvation method was wrong, and
mtroduced the modern practice, ever snce adopted, of “ feeding
fevers

The prevailing system a4 the present time may be farrly deseribed
a8 that of feeding a fever patient up to the imits of hus digestive
capacity with fimd or semn flwd food, except, perhaps, in the case of
some abd ) dat; The tion agamnst siarvation diets,
m the apuuon of some physicians has gone too far, whilo others aro
of the apimon that even now msufficrent amounts of food aro given

Any lingering doubts a3 to the wisdom of the feeding plan tond
to be dispelled by the results of researches which have shown
(1) that the fres adminiatration of food does not, as waa formerdy
supposed, tend to raise the temperature of feverish patwnts, and
(2} that the food 18 not merely poured into a digestive apparatus
unsble 4o deal with it, for the absorption of Light articles of dict,
at any rate, goes on as perfectly m the febnle as in the non febrile
B

It has been shown that a preat increase of metaboltsm occurs
during fover and Coleman and Du Bois ? found mn cages of typhoid
fover that the basal heat formation rises and falls 1n s curve roughly
parellel wath the temperature and at the height of the fover 19 40~
50 per cont above the normal

It 13 important to conmder how the calone requrerents aro
supphed If & healthy patient 1s starved the fat and protein of
the body supply the bulk of the Calories which aro produced Thus
Benedict * estimated the metsbolism of & starving bealthy man,
and the average figaro for the soven days showed that 1600 Calories
were used por day and these were supplied by 139 8 grammes of fat,
69 5 grammes of protemn and only 23 8 grammes of carbohydrate
The cluef loss of weight 1s duo to tho consumption of fat though the
weskness of the les attracts especial tion to tho destrue
tion of proten  In tho seven days of tho fast 48§ 5 grammes of

1 andDyBows I F  (1018), Arch Int 3ed 15 887

'(élctxx gmmmw Lusz {1928} Smenc(e of Mutntion Fourth edstion,

03
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protemn nero used which must have como from tho muscles, ths
figuro multiplied by 48 gives the weight of flesh lost, fe 233
lalogrammes e2 512 1 The loss of musclo s well shown by
F von Mullers experiment  Ho gavo o patient o dict of 1000
Calories contaiming 61 8 grammes proten (820 grm  mitrogen)
Tho patient lost on balanco §04 grammes of mtrogen 1 8 days
and ths is equivalent to a loss of 610 grammes of protemn or 2 59
kilogrammes of flesh (57 Ib)

Mrranousyt or S5.A B purtva A Srvew pay Fasr

(after Benedict)
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The work of Shaffer and Coleman,? and Coleman and Du Bois *
on the metabolism of typhoid fover has shown that the averago
metabolism of a paticnt with typhoid fever 13 40 Calones per
klogramme or 2400 for & man of 65 kilogrammes (10 stone 31b )
They found that the basal metabol might bo & d by
40-50 per eent when the temperaturo was 104° F (8 per cent for
each degreo Iahrenheit) A healthy man was easily hept on a
mtrogenous equilibrium on this number of Calories but the typhoid
patient required 62-80 Calories per kilogramme (3600-5000) Itas
dufficult to understand what happens to this great oxcess of Calortes
Coleman and Du Bois showed that the protem, fat and carbo
hydrate were perfectly digested and absorbed and that some fat
might be deposited m tho tissues nlthough protein loss was con
tinued They also found that tho speerfic dynamuc action of
protein was much reduced or even absent  The great disturbance
1n metabolism 15 believed to bo due to the action of toxmn and not

18mavyer P A and Coreatay W (1000) Arch Int Aed 4,538
# Corryan W andDuBows E F (1015) Arch Int Med 15,887
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of puddings made with rieo or semohna, mashed
and oatmea), or the proprietary foods ilke Bengle’xg?::e Is‘:r:ign'?[‘:g;'
;Etm fat :hould be given 1n the form of cream 300-400 c o of
per cent cream  The feeds should be
and four hourly by mght bo gven two hourly by day
‘When this hugh Calorie diet 1s used s careful watch must be kept
on the stoola for signs of undigested materal and if thess appear
the amount of food should be reduced, and 1n some cases very
considerably  We have taken typhoud fever as our type, but the
same principles apply to other fovers and the convalescencs from
these would be much shorter 1f more food were given A patient
with influenza often has little appetite and does not want to eat
mest or fish, but eggs can bo added to milk and 200-400 grammes
of gugar can be added to lemon or orange drinks, and thus rase
the calonic value conmiderably Even in a short fever at loast
2000 Calores should be given 1f possible and iz o long one this
should be increased to over 3000 Fish and meat should bo given
238 soon as the patient’s appetite returns but in rheumatic fover
meat and meat extracts should not be given
The use of alcohol 1n fevers 13 an important matter which ealls
for some speaal d Hippocrat: gmzed the valuo of
wine mn fever and mmnce hs time 1t has been pretty generally
employed  Stokes of Dublin laid down certan mperative indica-
tions for 1ts use, and his colleague Graves devoted one of his clinical
Iectures to & consideration of the place which 1t should tale in the
general treatment of fever The advantages of alcchol, however,
were wmsisted upon more etrongly by Todd,! about the middle of
the nmeteenth century than by any precedng Inghsh author
By the end of the mneteenth century the admmstration of brandy
had become a routine treatment and 1, 2 or 3 0z were given overy
four hours to most of tho ill patients and even to young children
Smes then opimions about the use of aleohol 1n diseaso have altered
considerably
Alcohol was atrongly ded for the following
(1) Failing circulation as extubited (1) in & p ly rapid
pulse (120 or more) or 1f 1t be weak uregular, unequal or dicrotie
{u) by & famt or maudible first sound of the heart 2
Tt 19 dufficult to understand how alcohol can be of much valus
m any of theso conditions Higmns showed that aleohol causes
a shght quichening of the pulso rate and that this may last for
thirty minutes This quichening suggested that the myocardim
was defimtely stimulated by the alcohol and Dixon working on the
1 Olinveal Lectures on Certasn Acute Discases London 1860 Tago438
2Sroxes  (1839) Dublin Med Journ (lat serics) 15, 1

14
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frolated rablnt heart observed o slight stimulant action  This is
demed by other workers and would in any easo bo of little value
Tho blood preasuro does not nito after alechol Leeauso it has no
direet stumnlant action on the vaso motor centre, but af tho amount
taken is ruflicient to cause exaitement the blood pressure may nso
Alcohol produces a change in the distnbution of the blood mnco
tho skin becomes red and flushed  This increr.od blood supply
to tho skin would cause a greater pulsation in the radial artery,
and would muggest that alcoho!l was o cardine stimulant

These conuderations suggest that no rehance should be pliced
on aleohol for the treatment of eardise affections

{2} Nervous exhausti os fested by eleepl low
delinum, and tremors  Alcohol has a depressing effect on the
higher centresof the brain  The depreasion which results therefrom
1soften of valuen aidingsleep as tho patient becomes more tolerant
of his troubles  If the patient 1sunaccustomed toaleoho! orloz
of whisky may be sufficient to cnsure eleep but 1f he habitually
takes 4-8 oz at bed time smaller amounts will bo valueless A
low delirum and tremors swould probably be made worse by aleohol

(3) Failure of digestive power as indicated by inability to take
food and dinrthera  Aleohol is often taken by patients wha suffer
from indigestion as they aro thereby cnabled to eat their meals
better This is a bad practico as the patient 18 thereby induced
to eat food which hns stomach eannot tolerate and 1s better wmithout
Further, alcohol by itaclf tends to cause o gastnitis and so mtensifics
tho damage already done to tho stomach It has no effect m
checking diartheea

(4) Ihgh temperature espeenlly if persistent Alcohol 13 of
eomo valuo in Jowening the temperature as it dilates the peripheral
vessels and therefore causes an mcreased Joss of heat It 13 now
recogmzed that tho fever is often benefictal to tho patient and
(unless tho patient 13 1n danger of developing & hyperpyrexa, 10
o temperature nsing rapdly to 108°) aleohol should not be used
for thia pi 30

(6) A bad genersl condition—e g 1n fecble exhausted clderly,
or aleohol bjects  Alcohol 13 freq gven under these
conditions and may mnduco the patient to take food which he
wonld not otherwise do It should not bo pressed on patients if
thoy dishike 1t as 1ts real value 1s very small It s often necessary
to give 1t to patients who feel miserable or who cannot sleep without
any alcohol but 1t should only be given in small amounts Jf o
patient cannot eat his meals without alcohol 1t 1s probable that
somo definite lesion of tho stomach 13 present and the patient
ehould be cxamuned from this pont of view
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(6) As a food Alcoho! has a high Caloric valne as 1 gramme
yields 7 Calortes It 18, however, burnt very slowly m the body,
anly 10 cc (8 grammes) of absolute aleohal can bo omdied an
hour end these yield 56 Calories This amount 18 given by § oz
of brandy, 45 per cent , or 1} oz of whisky (post war) 20-25 per
cent  The maximum amount of brandy which could be oxidized
1 twenty four hoursis thus 16 oz (whisky 32 oz ) and would contan
192 grammes of absolute alechol This smount of aleoho! would
yield 1344 Calores A patient, who was unaccustomed to alcohol,
would be made very drunk although s seasoned topor mught bo
unaffected It 1s probable that } oz of brandy overy four hours
by day and once 1n the mght (1 o 5 doses) 18 as much as most pationts
can stand, though double or treble the dose used to be given  Thus
would give 36 grammes 1 the day and 252 Calories  This number
of Calories 1s supplied by 61 grammes of sugar and 1s better toler
ated by all patients unless they habitually take large amounts of
alechol It must be remembered that all tho alcohol 1s not burat,
for some of 1t 18 excreted 10 the urine and 1s thus lost

The Kind of Alcohol Some authorities have laxd great stress
on the types of alcohol used They behieve that a preperstion
nich 1 volatile esters like genmme cognac 13 much better than
ordimnary brandy or whilky, but there 15 no pharmacological evadence
that thisisthecase A good dry champ bas been ded
mn the treatment of vomuting and was formerly much used

The views about alechol are those which wo have formed from
the consideration of tho physiological ovidenco and of the medzcal
experience of one of us, but we thought 1t desurable to consider the
current practice as shown by the amount of wines and spinits
ordered 1n erght different hospitals

Cost oF Arcomor covsvuen Ar Nmve Hosrrrirs

1018 | 1923 | 1928 | 1033 | 1938
£ £ £ £

£ Beds! 1903 | 1008
mompitat | N3 S5 10| 'E

670 | 717 | 659 | 323 | 482 | 644 [ 281 | vz} 20
300 y7| 42| 81 86| I82[116( 65
673 | 171 | 48| 28112172180 82
640 | 368 | 133 | 238 276 | 308 } 174 | 123
849 | 545 208 | 143 [ 381 { 510 f 398 | [68
476 |246! 70| 70 801 164 140|205
438 —_f e~ =] -

601 | o4 o7f 88( 205 522
642 | ~ | — | 130 | 201 | 252 | 272 | 310

)
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Tho table shows tho cost of the wines and spirits at nino hosptals
in London and big towns, and i tho actuat cost in tho years 1003,
100%, ete  Tho number of beds shown {s the figure for 1038, and
in many cascs {s greater than ft was in 1003, and in ono caso (H)
fa nearly double, owing to tho presenco of many patients with
cancer  The prico of aleohol was much greater in tho years imme
ditcly after tho 19141918 war than jt was beforo then

Tho results are intcresting and show that in six out of eight
hospitals tho is derably smaller than 1t was i
1003, Lut that tho decreaso is very unoven  Thus in ono big
hospital tho cost in 1003 waa £717, tho Inggeat figuro of the series
and is now only £20, wlilo in a small hospital tho cost was £77
and has only decreased to £51, in another ig hospital 1t has
decrensed from £515 to £125  In two hospitals howover, tho
opposito has taken place and the eost 1n ono caso has nsen from
£224 to £332, but it must bo pointed out that tho number of beds
has nearly doubled and now includes many patients dying of cancer
Tho figures for tho other hospital aro most remarkablo as they
have nsen from £136 in 1913 (Bgures for 1903 aro not available) to
£3741n 1038 or nearly fourteen times as much as that of hospital A
which haa about tho same number of beds

On tho whole, the figures for the hospitals aro in agreement with
tho views wo have sct out

Tho figures for the dufferent kinds of aleohol used mn hospital A
in 1903 and tho succeeding years aro shown on page 584, together
with that used 1n | 1933 n four other hosputals, and reflect the

p m the d

Tho figures vary in o surpnsmg way Brandy 13 most used iz
all five, but apart from tlus thero 19 no common factor and the
figures must be allowed to speak for themselves

‘Tho figures for beer and stout are not included in the table on

tho opy pago  The T of theso 13 still considerablo,
for at 5t Dartholomew s Hospital tho cost 13 about £60 a year
Thoy are chiefly presenbed for elderly paticnts (usually after
surgical operation) who either cannot eleop at night or are miserable
without their beer Many of theso patients are accustomed to
drink a good deal of beer

2 Disorders of Metabolism
Toe DiETrrio TREATMENT oF DIaETES MELLITUS
Tho chango which has taken place 1n the dietotio troatment of
dinbetes mellitus sinco this book was fiest published 10 1000 18 very
remarhable At that timoe the patients wero given a diet con
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taning 100-150 grammes of protein, 200 grammes or moro of fat
and very Litlo carbohiydrate  Tho protein of tho dict waa high
beeauso of the different so called diabetie foods which wero eaten
The best of theso contained no earbohydrato at all though in many
of them the carbohydrato waa littlo reduced  Tho former wero
unpalatable wherena the Iatter wero less so, in proportion as they
contaned more earbohydrate

If an abrupt chango was made from an ordinary diet to a very
sinict ono tho glycoruna duappeared in the mild cases, whereas
coma might rapidly supervene in the severo ones  Such tragedies
led to a change in treatment and the carbohydrats was gradually
reduced from 100 grammes to 20 grammes In tho muld casea
tho thirst and glycosuna disappeared and the patienta health
improved. But af o patient had a severo diabetes tho amount of
acctono bodies gradually i i and ded 50
grammes in the day, while the glyeosuria did not disappear  Van
Noorden introdueed an imy d t. for tlus type of caso
This conmsted of 8 diet of eggs vegetables, and butter which was
eaten for two days followed by ona of 150 grammes of well coohed
oatmeal and 200 grammes of butter for another two days, and
then by tho cgg and vegetable dict for another two days  This
régimo was unpleasant, but always caused a great decreaso n the
acetono bodies and glycosuna, but ss soon na the omgmnal high
protein and fat dict with hittlo earbohydrate was gaven tho condition
rapidly deteriorated.

Guelpa introduced the fasting treatment which he combmed with
salino purgatives  This . t caused the dusapy of the
glycosunia but it returned as soon ns tho ongmal diet was given

F M Allen s striking contnibution was tho gradual inerease 1n
tho diet after a fast of sufficsent duration to get 11d of the glycosuna
Tho fast might only bo of two or threo days duration but might
last ten days or longer in sovere cases before the glycosuna dis
appeared When this occurred the protem and fat of the diet
were gradually increased but the carbohydrato was Lept at 20-30
grammes 1n the day  If tho glycosura returned a further fast was
7 bed until 1t disappeared This treat was & great
edvance on the old treatment and patients often ccased to pass
sugar although the carbohydrate mn tho diet was raised to 50
grammes or more In the severo cases the diet would consist of
C 2040 grammes, P 100 grammes, and F 125-200 grammes
calone value 1700-2400 The condition tended to relapse and the
patients with the severo diseaso gradually lost weight strength
and energy though this was partly due to the ropetition of the
fast necessitated by the return of glycosura  Thus state of under
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nutntion although of great immediate benefit to the patient eansed
great privations  Some workers thought that the effect of the
under nutntion was worse than the disease and 1n 1922 had already
abandoned the fasting treatment for a so called mantenancs diot
which contamed C 40-50 grammes, P 70-80 grammes P 125
150 grammes, calomes 1600-1900 Tho mtroduction of insubn
by Bantmg and Best m 1922 cansed such = grest umprovement 1
the general health of patients that at first hittle change m the
composition of the diet occurred  This was partly due to the lugh
cost of wsulin, 255 per 100 umts compared with the present price
of 1g 64 per 100 umts
In 1926 Sansum and others * reported the case of a man who said
that he must have more carbohydrate in hus diet  They found that
the patient was much better in health when given moro carbohydrate
and meore mnsulin, and that the amount of nsulin regmred was
much less than anticipated  Since that time the amount of catbo
hydrate has been steadily increased and now vanes from 150 to
250 or even 350 grammes, co medentally the amount of fat has
been decreased from 250 to 100 or even fo 50 grammes when the
diet contamns 350 grammes of carbohvdrate The amount of
protemn has remamed unchanged at 70 to 100 grammes
The problem of treating a patient with diabetes 1s still not an
easy one as patients of all ages develop the diseaso and have very
dufferent dietetio requrements  Few doubt that the general health
of all patients 18 benefited by the giving of msuln and a well
balanced diet, but many older patients refuse to have 1t If they
are fat, diet alone may be tried with advantage, but if they are
thin insnhn should always bo recommended It 13 thereforo noces
sary to consider other forms of treatment
The Under-nutrition Diet  This consusts of giving & diet of
very ittle food value, 10 tea, coffce with a Littlo mulk, gravy soup,
lemonade, and plenty of water The fast used to be mamtamned
until the glycosura disappeared but nowadays 13 usually brohen
after one or two days irrespettivo of whether tho glycosuna has
gonoornot Thediet used to bo mereased graduslly so that 10days
might elapse before 1t contamed 100 grammes of carbohydrate
Nowadavs & diet contanmng this amount 1s often piven at once
The diet 1s nsually chosen m an arhitrary manner, bub 1t can
bo calenlated 1n the followmng manner and 13 then called a marn
tenance diot o8 1t 15 sufficient for the basal needs of tho body
Theo figures for tho basal needs of young children and adolesoenta
aro given 1n a table (p 50) Thoso for adults aro obtamned from
1gavsty W D DBrammawics, W R, Bownry, R (10°0)
Amer J Aed Assoc 86, 178
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the Boothby snd Sandiford ,p 48 An 4
result enn bo obtainad by mnlhpl)mw the patient s wm"m by
113 'Thus an adult who wrighs 1321b will reqniro 132 > 113 =
1491 Calories, and thisis dmdml betwten the protein carbohydrate,
and fat in tho following way

Tho amount of proten s first settled
An adult requiros nbout 0 & grammew ol’pmtompcr 11b of body weight

Achildofl2 10 gramumnes 1, .
we s 0 » 1 ogrammes , 1b N
“wo o 2 »  20grammes ilb

An adul weigluing 132 1b should bo given 65 grammes of proten
and this figuro multiphied by 4 I (the calonio value of protein) gives
270-6 Calones and leaves 1221 for the carbohydrate and fat The
smount of carbolhiydrate shiould not bo less than 100 grammes
This figure multiplied by 11 =410 Calories 1221 munus 410
feaves 811 Calories for the fat  This figuro divided by 93, the
calono valuo of fat gives 67 2 grammes for tho fat of the dict
The dict is then presenbed s earbohydrate 100 grammes proten
66 grammes fat 87 grammes Calonies 1497 Thus dict 15 dinded
into four meals of approximately the following amounts  break
fast lunch, and dimner C 30 grammes, P 21 grammes } 27
grammes Cal 460, tea, C 10 grammes, P 3 grommes F G
grammes Cal 109

A samplo dxct (p 583) shows ono way m which a diet contmnming

00 o , 48 & of protemn and §3 grammes
of fat C:dona 1093 can bo ormngr:d The smounts of protetn
and fat aro rather Iess than in the Lasal dict and so continue the
process of und wn  The of carbohvdrato taken
at coch meal should bo hept as constant s possible though tho
zmount of protein and fat need not be so accurate  Tho diet should
bo varied as much as possiblo and the food tables (pp 593-5) wiuch
are very simple makeat easy to do thus  Tho diet contams twenty
G-gramme portions of carbohydrato and about seven 7 grammes
protein—5 grammes fat portions with the addition of half an ounco
of butter and theso canbo varied at wall  Ifit 13 destred to mcrenso
thus diet to that nocessary for the basal needs of the patient weighing
132 1b threo 7 grammo protein—& grammo fat portions wath the
addition of two thirds of an ounce of butter,10 21 grammes protein
and 35 grammes fat should bo added to the diet

When » patient with o muld diabetes 13 piven such o dict the
glycosuna may disappear and if so the amount of the carbohydrate
shonld be nereased by 10 grammes every threo or four days until a
diet of I30 or 150 grammes 1s reached, provided that the umme
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passed after the evening meal 18 sugar freo  Tho amount of protewn
and fat may also be i Adet g 150 of
carbohydrate, 73 4 grammes protein and 97 4 gmmmcs fat Calories
1814, 18 sct out on p 590

Dxampre 1*
DIET FOR AN ADULT—
c P F Cal C P F Cal
Breakfast
loz bread ortosst |150 24 03 70
2 Ggm portions of
frmtorf oz jam [100 — — 41
20 24 03111
Midday Meal
Gravy Soup Neghgible food value
2 oz meat or 2 oz
white fish and 4 oz
butter — 140 140 188
6oz green vegetables [Negligble food value
3 o7 cheese — 67 82105
Two 5gm portions
of frmt 100 — — 41
1 oz bread 150 24 03 70250 231 225 404
Tea
1 oz bread 150 24 03 70
150 24 03 0
Dinner
Gravy soup Neghgible food value

2 oz mest or 2 0z
whte fish and § 0z

butter — 140 140 188
2 oz potatoes 100 — —
6oz green vegetables Neghgnblo food vulue
10z bread 150 24 70

Ono 5 gm portion of a

50 — — 2
frost 300 164 143320
50 37 35 €8

3} oz mulk i the day —_— = - - 195 120

4oz buttermtheday | —~ — —~ =
Totals 1000 480 5341093

1R d, with the f of tho Publish from An Indez

of Treatment
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If, however the glycoauria reippears after & fow days with a
et of 100 grammea carbohvdrate, tho amount of cirbohydmta
should not b redueced below 100 grammes as this amount reems
1o ho necesaary for the correct metaboliam of the fat , 1f 80 grammes
only are taken ketono bodies umally appear in the unine  Ihe
effcet of another faat day can bo tred but the patient should bo
advised 10 tart fnsubin nnd have a good dict contarming 130-150
or more grammex of carbahydrate

Many clderly patients with small appetites do not want to eat
moro than 130 grammes but tho middle aged usually prefer 150-170
gramme, wlile the younger people ahionld have over 200 grammes
and somo tako 00 grammes or over  Tho amount of fat given
under thess conditions vanes according to tho views of different
workera  Bomo give 160 grammes or more, whereas most restnet
tho fat to 100 grammes or a0 and a fow insist that 1f tho carbo
hydrato is raised to over 200 grammes that the fat should be reduced
and behievo that it should bo as Jow as 60 geammes  Thero aro
advantages and disadvantages of this diet  tho amount of carbo
hydrate is go great that a dific of 20 or 30 g 13 neghgbl
and it is unnceessary to weigh the earbohydrato foods acenrately,
but the amount of fat 19 20 amnll that many peoplo feel the depriva
tion either of fatty foods liko bacon, which thoy like, or if they eat
bacen they miss the butter

At present it is not possible to eay which 13 the best diet, but we
would put the outade Jumta as follows C 150 grammes P 70~
100 grammes I 100 grammes, Calories 1810-1930, and C
250-350 grammes , P 70-100 grammes , I' 50 grammes  Calones
1745-2265

Dicta for cluldren and adolescents are s hittle moro difficult to
arrango as they require more food than adults to enablo them to
grow and develop properly  Tho number of Calortes required by
chuldren is shown on p 50 and the amount of protemn on p 687,
and these figures aro of uso m arranging tho diets It 1s snggested
that those over the ago of 12 should bo given about 60 per cont of
tho calonc allowance for full actiities The imtial diet should
contain 150 grammes of carbohydrato and tho full diet for an adult,
Exomplo 2 can boused  When the patients begin to take exerciso
the carbohydrate must bo mcrensed and tho protemn raised to 1
grammo per 1b of body weight Chldren ahout 12 can also bo
started on tho samo dict and tho diot mcreased later but the final
requirements should be about 66 per cent of the full values

Children of about 6 weighing 3 stone need 1550 Calories for
thesr full activity and 1% s suggested that the wutinl diet should
contamn 70 per cent of this amount 10 1080 Calories  Tho diet




Exayrre 2

HIoM OARBOEYDRATE Drer—
—

1oz bread

Tea
§ oz bread

Evening meal

Gravy soup

2 oz meat {or 2 oz
white fishand } oz
butter)

3 oz potatoes

60z greenvegetables

1 oz bread

% oz cheess

Two & gm portionsof
fruit or § oz cheeso
biscmit

llpm
} oz buowit
3} oz milk

In the wholo day
3} oz muilk
1 oz butter

WwBe 24 03 70

Neghgible food valuo

140 140 lBB
160 =
Negligible food valuo
150 24 03 70
67 82103

106 16 48

c P F c ? F
Breakfast
1egg — 84 57 g0
Yoz bacon — 51 150 160
loz breadortoast (150 24 03 70
Two 5gm portions
of frmt say 4 oz
apples 100 — — 4
$ oz ordinary jam or
marmalade 0wz — — 4
lam 350 139 210 382
% oz bisowmt =~ = = —1100 16 02 48
Mndday meal
Gravy soup Negligible food valuo
3 oz meat (or 3 oz
salmon) — 210 210 282
3 oz potatoes 150 — — 61
6 oz groon vegetables | Negligible food valuo
Two b gm portions of
froit 40z orango (100 — — 4%

400 234 213 454

100 16 02 48

400 247 227 472

100 45 35 92
60 37 35 08
— -~ 250 240

| =
1500 734 974181ﬂ




MAINTENANCE DIET 891

is determined in tho following way Tho protein should be 68
grammen allowing 15 grammes per Ib of body weight Tho
carbohydrito should bo at least 100 grammes  Theso two account
for 089 Calories leaving 1085 — 6389 = 396 Calorics for tho fat
Thisnumber divided by 0 3 tho ealotio value of fat, gives 43 grammes
for tho fat ration  This dict i then proscribed as € 100, I 63,
F 43 Cal 1085 Tho example below shows ono way in which
approximately this amount of food ean bo divided to mako &
palatablo diet  The amount of fat s shghtly higher than in tho
ealeulation  If it is desired to give tho exact amount of fat somo
of the wholo milk must be exchanged for slummed milk

LExaarte 3
Drex yon Coro or Srx—

Dreakfost 3 !
3} oz. milk , 50 371 35 o8
Tegg — 64 87 80
1 oz, broad | 160 24 03 70
Tsro 6 gm portions
of frust ltoo — — a1
3000 125 95 259
Ferst Drinke ¢
3} oz mille 60 387 35 68
AMid-day Meal
20z meat — 140 140 187
2 oz potatoos 100 — — 41
€ oz green vego
tables Negligiblo food valuo
$ 0z nee 100 ~ — 41
3} oz milk 60 37 35 08
10z bread 150 24 03 70
400 201 178 407
Tea
3 0z white fish — 210 — 88
1 oz bread 150 24 03 70
3} oz milk 50 37 35 68
200 271 38 224
8econd Drink
3} oz mille 50 37 35 68
3 oz butter 1n the
day — — 90 s8¢

Totals 1000 671 471 1110
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A chuld of 2 years weighing 26 Ib requires 1150 Calores for his
full activities and 1t 15 suggested that he should have 75 per cent
of this amount, 16 860 Calores Tho amount of carbohydrato
1s settled arbitrarily ot 80 grammes which provides 328 Calories
The amount of protem required 1s also settled arbitranly at 50
grammes, 2 grammes per b of body weight This provides 205
Calories and loaves 860 — 533 = 327 for tho fat This figure
divided by the Caloric value of fat 93 gives 35 grammes for the
fat ration  The diet 1s then prescribed as C 80, P 50, F 35 Tho
example given below shows one way m which approximately
this amount of food can be arranged

Exayrre 4
Drrr ror Comp or Two—

[o} r I ca c 1 T Cal

Breahfast
6 oz mullke 85 63 60 116
1 oz bread 150 24 03 70
1egg — 64 57 80
235 151 120 208
Furst Drink |
6 oz milh , 85 63 60 16
Mud day Meal
1 oz meat . — 70 70 9
1 oz potatoes 50 — — 20
3 oz green vege
tables Negligible food value
£ oz rico 100 — — 4;
50 37 356 O
3 oz milk 200 107 105 222
Tea
6 0oz mulk 85 63 60 IIO
1oz fish — 060 0—3 ;“.g
50 24
Yoz bresd 1 235 147 63 21
Second Drink s
6 0z mill. | 85 63 60 1

} Totals 810 631 408 931

ng ones should bo allowed to choose
d fat they want and tho deso of
ds, otherwiso they will pro

Paticnts and especially you
which amount of carbobydrate an
1nsulin adjusted to meet theso deman
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bably take tha food they want after leasing hospital and thus upset
the balanco of the food and inwulin

The proof of a pudding is in the cating and if the patient is not
having enough food lis will either reman underweight or lose
welght 10 thas is tho case (ha amount of the earbohydrato should
bo increased and sufficient fnsulin given to control the glycosuria

Food Tables  Dict formulvo appear formidable to anyone who
is not nccustomed to think about the constituents of the diect, but
tho food tables which aro now in use mako it very casy to chooso
n dict of approximately the nght amount  Thedifferent nrticles of
food whicharo in use aro included in the following talles !

Canromynnats 00NTAINTG Foons

Tive grammes earbohydrato aro contained :n the und, d
weights of the edible parta of the varous foods any ono item,
therefore may be substituted for any other without nsk of scrious
error  Tho vegetables aro cooked unleas otherwise stated  Each
portion provides about 20 Calories

Tho carbohydrate food tables Table I, show the amount of food
which contains 6 grammes carbohydrate and aro arranged 1n four
classes  (a) Tho vegetables aro divided into two groups Group X
includes those which contain eo httle carbohydrato that they need
no* be weighed or taken into consideration  Group II includes
thoso which contain cnough carbohydrato to makoe it necessary to
weigh the articlo of food  (8) Tho fruits aro arranged 1n ono table
Most of them contain little earbohydrate and two 5 portions
make an averago helping  (¢) Tho nuts  (d) The starchy foods
These aro rich 1n carbohydrato and should bo carcfully weighed.

TasLe I~CARBonyDRATE
The following articles of food contan approximately & grammes of
ok and may bo tutod for cach other without eausing

Y
scnous error

Group I —Theso vegotables contan 86 littlo carbohydrate that they
need not be woeighod

oz ox
Asparagus 16 | Mustard and Cress 20

Brussels sprouta 10 | Onions 6

Cabbago 18 | Radishea 61
Cauliflower 15 | Rhubarb 18

Celery (raw) 314 | Bea kale 29

Cucumber (raw) 91 | Spwnach 13

Trench beans 16 | Turmps 7

Lettuce {raw) 91 | Watercross (raw) 25

Marrow 13

1 The food values aro calculated from the tables given in the Medical
Resenrch Councila Food Tables
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How to Use the Food Tables Intelligent patients soon Jearn
to arrange a diet and vary 1t 5o that 1t 19 not monotonous  If the
patient finds difficulty 1 downg so, the diet can be ordered us so
many carbohydrate and protemn fat rations  Thus a det of 100
grammes carbohydrate, 66 grammes protein, and 84 grammes fat,
can be ordered as twenty 5 gramme carbohydrate (Table 1) and
nme protem fat rations (Table II) The nine protemn fat rations
contamn 45 grammes fat and the g 39 are supphed
by 13 oz butter The three principal meals of the day should be
about equal and contamn 6 carbohydrate rations and 3 protem fat
rations leaving 2 carbohydrate rations for tea If the carbo
hydrate ration 18 dby 30 g two § g rations
are added to the threo principal meals If the protemn fat ration
13 msufficient 1t 18 better to add one protemn fat ration, 1e
7 gr;unmes proten and 5 grammes fat, to the xudday and evening
meals

One of the remarkable pomnts 1 view of what 13 smd on page
62 about the standard caloric value of 3000 for & man 15 the
smallness of the calorie value recommended 1n all these diots The
wodern dibetic patient 15 well regams the weight which he
lost and mantamns 1t In some cascs the patient actually gamns
too much weight and 1t 1s necessary to reduce tho diet once moro
Chidren, morcover also grow and develop properly on dicts con
tainng less than 2000 calories and 1t was remarkablo that most
of them did so on the old diets contamung 60 grammes of carbo
hydrate 1n use befors 1930 though some of them have not grown
much The girls usually pass through puberty sll right though
some who have had s high carbohydrate diet for years fail to do
50, whereas others did 80 on the low carbohydrate ones

In o fow cases 1t 15 necessary to mncrease both the protemn and tho
fat to over 100 grammes before the patient gams weight, though
1t 18 rare that more than 2400 calories are needs

The Arrangement of the Diet with and without Insulin
If no insulin 19 given & diet contang 100 grammes carbohy drate
should be divided between four meals 1 equal amounts, thus
Breakfast 25 grammes Lunch 25 grammes, Tea 25 grammes, and
Dunner 25 grammes

If one dfsr: of 1nsulin 1s given 1n the morning the preporhog
shonld be Breakfast 35 g Lunch 30 g Tea 15
grammes Dmnner 20 grammes

en half an hour beforo breahfast and
Tho nsuln 1 vonally e The balanco of o diet of 150

half an hour before the evening meal
grammes of carbohy drate should bo Breakfpst 45 grammes, Lusx

45 grammes, Tea 16 grammes, and Dunner 45 grammes
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1f & dict of 200 or 240 grammes of carbohy dratola given, the samo
balance between the meals should bo maintained

If patients are linblo to have an overdose, before Iunch and before
mudnight * buffer ** meals Alionld bo given—thue with o 160 grammeo
carbohvdrto diet  Breakfast 40 gmmmes, Buffer * 10 grammes
Tunch 40 prammes Tea 15 grammen, Dinner 35 grammes  Buffer
10gmmmes, or withndict of 210 grammen earbohydrate Breakfast
50 grammes, * Buffer 156 grammes Tunch 65 grammes, Tea 156
grammes Ihnner 60 grammes * Dufler ” 16 grammes

ith the Slou acting Insulins  Tho nction of thesos alow
00 that the evrbohydrate eaten early in the day must be reduced
and that eaten later in the day increased  If two doses of pro
tamino insulin (Delry) are used the dict should bo arranged as
follown

Cog Breakfnat 30 Lunch 45 grammes Tea 30
grammes Dinner 43 grammes

C 200 grammes  Dreakfnst 40 grammes Lunch 63 grammes Tea 40
grommes Dinner 05 grammes

If cach doro of protamine insulin (Delay) 19 mixed with solublo
insulin tho dict should be arranged as follows

C 150 kfast 20 ‘Buffer 10 grammes
Lunch 30 grammes Tea 30 grammes, Dinner 40
grammes  Duffer' 10 grammes

C 200 Breal 45 Buffer" 10 grammes
Lunch 45 grammes Tea 40 grammes Dinner 50
grammes  Buffer 10 grammes

If one doso of protamine or globin zine insulm 13 given which
have a slower action than protamine tho earbohydrato in the eatlier
part of the day must bo stidl moro reduced and . buffer  added
before Lreal fast thus

C 160 grammos  \With msuln 10 grammes  Brealfast 25 grammoes
Lunch 25 grammes Tea 30 grammes Dinner 60
grammes  Buffer 10 grammes

C 200 grammes  With msulin 15 grammes  Breakfast 35 grammes
Lunch 33 grammes Ten 40 grammes Dinner 60
grammes  DBuffer 15 grammes

If & mixture of soluble and protamune zme 1usulin 13 given 1
one dose tho breakfast must bo mncreased
O 180 grammos  With nsulmn 10 B 30
Buffer 10 grammes Lunch 30 grommes Tea

30 grammos Dinner 80 grammes Buffer 10
grammes
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¢ 200 grammes  With msulim 15 DBreakfost 45
¢ Buffer 10 grammes, Lunch 45 grammes Tea
30 Dinner 45 ¢ Buffr 10
grammes

It must be remembered that patients vary very much m their
reaction to msuln and the balance of the diets suggested should
be changed according to curcumstances

The dose of wsuln may be small, & to 10 umts given once or
twico a day, but may be large, 50, 100 200 umts and it 18 rare for
a patient to requre more than this nmount each day In cmer
gencies much farger doses may be necessary m order to savo Lfo
eg 500-1000 umts or more

So-called Diabetic Foods Before the discovery of msulm,
these foods, espscially bread and biscwits, were of someo value to
the disbetic  Some which contained hittle or no carbobydrate were
of espeeial value, but unfortunately wero often unpalatable Others
which stall da derable of starch together wmith
an mcreased quantity of protemn and fat were less unpalatable, but
often caused the glycosuna to persist Fortunatelv, with the dus
covery of wnsulm, and the mtroduction of the Ingh carbohydrato
diet they are no longer nsed for the patients who aro talang msthn
Unfortunately many olderly patients dislike the thought of a duly
injection and prefer to eat an uppalatablo diet Tho so ealled
disbetrio breads and bisemits are of value until tho patients suffer
50 much from thewr 1l health that they are persuaded to start
1sulin and to eat palatable foods onco more Tho following 15 &
Iist of some of the foods on the market ;n 1939 2

Breap
Btarch FProten Fat
per cent per cent por cont
Callard s~ .

Seven types varywog from 0476 336-782 0-121
Cheltime—

Five types, varying from 2806-350 208-303 20-28
Energen 45 36 87
Houdobort—

8ix types ‘arymg from 0 8-62 94 100-77 2 063-683
Procea 37 20 56
Profarnt 176 300 trnce

Brscorrs
Alsoy Q17 328 304
c ot 21 572 118-56

Sixteen typos varying from 0-287
1 Bomo of theso products may bo unobtanable
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Bircurms—eontinued

ﬁun}-‘ I‘Meln‘ FPat .
cend T cen er cent
Chieltine— " r i

Ten types varying from 20-522 25-52 05-208
Heudebert 6204 10 09 683
Huntley & Palmer {Akoll) 1rnco 618 325
TProfann—

Two typos 308400 tr-240

Caxrs

Callard s—

Bix types varying from 0-30 145-207 11-33
Heudabett—

{Chooolate Botons and Cro

quettes) 1003 — 3128
kLoun

Allen & Hanbury s 10 820 10
Callar] s—

Nino types varying from 0-35 0-17 03-702
Cheltino—

Eix typos vonying from 15-58 28-026 15-138
Heudebert 2816 5003 245
Profann nil 034 ol

Tho reader should consult 1
(1) Josuw F P (1010) The Treatment of Diabetes
(2) Lawnevee R D (1044) The Diabetie Lafe
(3) Apramaxs M ond Wiopowsox E M (1037} Modern
Dictary Treatment
{4) Gramax G (1910}, Indexof Treatment Hutcluson & Hilton



CHAPTER XXIT

THE PRINCIPLES OF FEEDING IN DISEASE
(continued)

TeE DrerETIc TREATMENT OF ODESITY

The occurrence of obesity 1s an indication of a disproportion
between the intake of potential energy 1n the form of food and the
output of actual energy 1n the form of work  Sometines tho fault
Les 1 an unduly large meoms, somettmes 1 too small an expends
ture, not unfrequently both factors co operato

The popular behef that an individual 1s fat because he 1s & large
eater may or may not be true  Some patients are fat because they
eat Jarge amounts of food and take httle exercise, others, although
they eat ordinary amounts and take moderate exercise , and others
agam although they eat very hittle food and take much exercise Tho
common factor producing obesity 18 the eating of more food than
tho patient needs To use more smentific language the calono

q of patients vary ly The youth of 18 who
15 doing mlitary tramng needs 4200 Calortes The man of 21
domg simlar work needs 3600 The same man doing sedentary
work neceds 2500-3000 Calories, while 1f he 15 1n bed only 2000
Calories  In the last three instances the basal metabolism 18 sup
posed to be tho ssme but the normal lumts of vanation in the
basal metabolic rate are from — 10 per cent to -+ 10 per cent
Thus & man whose basal metabolic rate 15 - 10 would need 2200
while 1n bed, while if the basal metabolic rate was — I0 he would
need only 1800 Calomes If the basal metabolic rate were — 40
per cent , a8 18 the case i myxceedema only 1340 Calories would be
required, while 1f the basal metabolic rate were -+ 40 per cent
28 18 often tho caso n toxic goitre 2666 ealorics would bo necessary

to mamntain weight These mstances show that tho needs of the
body vary widely and explain the great majonty of cases of obesity
Some, however, arenot readily explamned  Thus Rubner * compared

1Rupves. (1902) Beurage zur Emnahrung sm hnabenalter Berln
600
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the metaboliam of & fat boy aged 10 and weiphing 41 kilogrammes
with that of his thin birother, who swan n year older and only weighed
26 logrmmen  The f1t boy took 134 more Calones but asho was
20 g the Calones per rquare tnetro of bady surface wero approx
mately equal, wlale the Calonies per lilogramme wero about 8 less
for the fat hoy than the thin one  This expeniment showa that
the big framo requires moro food than tho small ono onee the
condition is established

Treatment of Obesity  The best-known system is that des
enbed by William Banting in 1863  (tho verh  to bant  has now
passed nto the 1 nglish langunge)  He snffered from an extremo
degree of obemty, #0 great he tells us, a4 to render him unallo to
tie lus ahoe stnngs, and to compel him to go downstairs backwards
e was 62 1 overweight at the age of 66 and lost 52 of theso in
tho next vear The diet consisted of

Beraxrasr
4 10 5 oz. of Leef, mutton lidneys broiled fish bacon or any
cold meat exoept pork  a largo cup of plain tea, and a hitlo
biscwit or 1 oz. of toast
Dreven,
5 {0 6 oz. of nny lean meat or fish any vegetablo oxeept potatocs
1 oz, of dry toast somo fruit out of a pudding any hind of
poultry or game and 2 to 3 glasses of good claret sherry or
madeirn
Tra
2 {0 3 oz. of fruit a rusk or two and a cup of plan tea
OTPER
3 to 4 oz. of moat or fish ae at dinner and a glass or two of claret

For n * night-cap * ho was allowed a tumbler of * grog ** without
1gar, or a glass or two of clarct or sherry

On this regimen Banting lost 35 1b of weight in thirty eight
‘ceks, which is not surprising, considening that his diet atherto
ad conmsted of bread and milk for breakfast, or a cup of tea with
lenty of sugar snd mik snd buttered tonst, meat beer, much
read (of which he was always very fond), and pastry, for dunner,
+tea of the same compomition as breakfast and a fruit tart or bread
nd milk for supper He found sugar the most fattening of all
oods, 6 oz of 1t in & weck cansing s weight to rise 11Ib  and
o calls milk sugar, beer and butter human beans” because
hey have the same effect; 1n the human subject that beans have in

1 Banting, Wrniast A letter on corpulenco sddressed to tho
’ublic  London 1863



602 FOOD AND DIETETICS

the case of the horse, and he regards these articles as  the most
msdious enemy an elderly man with a tendency to corpulency can
possess, though emwently friendly to youth ” ~ He adds *T can
conscientiously assert that I never hived so well as under the now
plan of dietary

The appronmate value of thiy diet excluding the aleohol 1s carbo-
hydrate 80 grammes, protemn 84~105 grammes and fat §0-100
grammes, Calories 1480-1850 The calone valus of this diet 13
considerably less than that required by a healthy man lying in bed,
1e 2000, and Banting was up and about , the carbohydrato portion
18 very small, tho fat ration somewhat reduced whils tho protem
at 84-105 grammes 1s less than that which Voit allowed for the
Bavarian peasant, 120 grammes, but 13 more than the average
wmdividual eats Most patients lose weight on this and smilar
diets but many complam of feelng himp and tired, and abandon
all dieting as bemg too unpl t  These complamts were dilficult
to understand until the introduction of insulin by Frederich Bantmg
and Charles Best in 1921  We now know that theso symptoms aro
due to hypoglyeemia and are a sign that the diet 1 deficeent 1n
carbohydrate for & patient who produces a normal amount of
msuln  Experience shows that the amount of carbohydrato
necessary to prevent the fechng of hunger and impness 14 100 grammes
or more and vares between 125 and 150 grammes w mdividual
cases This amount of carbohydrate thus supplies from 410 to
615 Calories

The value of protem and fat for tho/body 1s very different
The obese patient alrendy has large storps of fat deposited m his
body and the object of treatment 1s o make lum uso theso and so

freo lus organs and depots  The auéiunt of fat 1n the diet should

therefors be as small as 19 compatgle with the pleasures of tho
table Xt 18 possiblo to reduce the Amount of fat to 50 grammes
without causing much deprivation{ but oven this amount yields
465 Calories  IF the patient 15 obdso nnd much overweight the fat
can bo reduced to 28 or 16 granfmes, but theso diets aro definitely
unpalatable and must be speaally prepared  The patient who
really wants to loso weight can lesrn to adapt lumself to theso
restrictions  Protein 13 essential for tho ropaar of the body but 1t fa
unnecessary to givo the large amounts of 80 to 105 grammes
recommended by Banting Chittenden found that be and lus
laboratory workers and active student intamed mtrog

equilibrium on 36 grammes of proten_but many warhers prefer to
gve more protemn and so mnke uso of tho specific dynamie nction

of the protewn
The cll)ncf dufficolty 1n causing a patient to Ioso weight 13 to decxdo
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Low much to teduee the calono value of tho diet 1t 49 supgested
that a dirt containing eatboliyairate 130 grammes protein 520
grammen, fat 51 0 prammes Calories 1205, s a suitablo ono for the

Dirr 1
T
Yot brotetn | Fat, | Catorier
|

Brraxrasr
1 Fexp - (] 70 02
2 oz. Bread 30 48 o6 140
Two S-grmme portions of T ruit

sy 4 oz Apple 10 — —_ 41
{ oz. Jam or Manmalade 10 -_ _— 41

Miopay Meat.
2 oz, Lean Meat —_ 140 1000 150
3 6z, Polators 15 —_ — 61
Green Vegetables to tasto Negligiblo
1 0z Bread 15 24 03 70

Tea.
1 oz Bread 15 24 03 70
Lettueo and modium -#ized Tomato

of desired Negligible

EveExNg Meat,
3 oz steamed whito Fish _ 150 — 68
3 oz. Potatoces 15 _ —-— 61
Two 5-grammo portions of Frust,

eay 4 oz Orango 10 — —_ 41
8 oz Mik in tho day 10 72 88 152
1 oz. Butter in tho day —_ —_ 240 220
600 TU of wita D should

bo sm.: e d';’;," SOUE 130 | s2e | s10 | 1208
This diet twent, [ bohyd portions and

] g 'y
seven 7 grammo protein—b6 grammeo fat portions with the addition
of § oz of butter The dlet should bo varied with tho ard of the
Food Tables The egg may bo omitted from thoe brealfast meal and
the equivalent amount of protemn and fat taken at thoe mudday or
evening me

imtial treatment It gives & fair vanoty and can bo taken by an
intelligent patient who has some of lus meals away from home

Diet I provides plenty of green vegetables, either cooked or
raw, and frut and would contan an adeq amount of the
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Der IT

—

Carb
! hydm% o ‘ Protein

Fat

BREAEFAST

Tea with Lemon

1} oz Bread

Two & gramme portions of Frui,
say 4 oz Orange

Mip yonwmvo
a de or M

Medium sized Tomato and Lettucs

Bran Bisemts

Two B-gramme portions of Frutt
say 4 oz Apple

MippAy Meav,

3 oz Meat (lean)

Green Vegetables

Three 5-gramme portions of Frut
say 3} oz Grapelnnt and 2 oz
Prunes for 3 oz Tmned Pears
Peaches or Aprcots)

Food valueless Jelly

Tea
Tea with Lemon
1 oz Bread
Medum sized Tomato and Lettuce

Svrrer

3 oz steamed white fish

2 oz potatocs

Green vegetables to taste

Four §-gramme portioas of Frutk
say 8 oz Orango

Bran Buiscmits

} oz Butter 1 tho day

960 1T of vitamm D should be
given each day

225| 36 | 04
100} — —_
Neglagible

100 —_ —_
210 | 150
Neglligible

150 — —_
150 24 03
Negligible

— 15 —
100 -— —
— Negligiblo
200 — -
-— — 60
1025 | 420 217

Thas diet contams twenty and o half 5-gramme carbohydrate portions
and five 7 gramme protein—5 gramme fat portions The dict thould
be vaned with the aid of the Food Talles pp 503-6
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Drer I
h%‘:g. Trotein | ¥at |Calories
Baragrasr
Tea with Lomon —-— - -— -
1 oz, Broad 150 24 03 70
oz Jam &0 -_— _ 20
AMippax Mrat.,
3 oz Mont (lean) —_— 150 226
or
4 oz. Wiuto Fish —_ 1
Green Vegetables —_ — —_
Two 5 grammo portions of Fruit
83y 4 oz Applo or 4 oz, Pear 100 —_ — 41
Food valucloss Jelly - - -
Tea
Tea with Lemon —_ —_ —_ -
§ oz Duewt 100 10 o2 40
Lettuco — -_ — p—
Strren,
10 grammo Cocon 64 11 o7 39
1 Egy —_- 68 | 70 02
§ 0oz Bread 100 16 o2 40
8 —_ — — —_
‘Three § grammo portions of I'ruit
#ay 6 oz Grapefrut 150 —_ - 61
Bran Discuita — —_ —_ -
T4 345 | 234 601
or or or
335 84 502

Butter nil

1000 IU of vitamm D should be given cach day

This diet contams thirteen § grammo carbohydrato portions and
gwves sbout four to five 7 gramme protemn—5 gramme fat portions

be estimated at monthly intervals to make certan that 1t 18 not
raised abovo 4 10 per cent  The indiserimunate adminstration of
thyroid extract in doses of 2-5 grans for Iong pertods may cause

of hyp or

of glycosunu

the onset
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The use of other substances which rmse the basal motabolsm
has been suggested Dimtrophenol has this property but 1¢ apt
to produce toxic symptoms  Dodds and Pope * found that dumtro
o cresol was more potent and less toxio than duntropheno!  Dodds
and Robertson ? found that a basal metabolie rate of ++ B0 per
cent could be mawtamwed with a doso of 0 5-1 milligramme per
halogramme {0 26-0 5 miligramme per 1b) of body weight, Lub
toxic symploms were produced with bigger doses Sinco then
fatahties have occurred with tho smaller doses and 1t8 use 15 not
recommended

Of the different sorts of beverages 1 common nse, water and
the saline muneral and table waters may bo regarded as harmless,
but the sweetened effervescing waters such as lemonade, ginger
beer, ginger alo and tontc water shonld be avorded unless the sugar
content of the beverage 13 ascertamed and this amount deducted
from the food allowed Tea and coffes may be freely permutted if
taken with Iittle mulk and no sugar  Cocon 1s often fortudden, but
the amount of nutrment which an ordnary cupful of 3t contains 18
50 small as to be hardly apprecisble  In many people also 1t has
the advantage of lessening the appetite for solid food

Alcoholic beverages should be avoded as far as poswible, for
aleohol 1s o durect spaver of fat  If & small allowanco 13 indieated
because the patient 1s unhappy without alcohol, & dry natural wino
should be selected, or its alcoholie equivalent of well 2 spreit
freely diluted with water All strong and sweet wines Lquetrs
and malt hguors should be interdicted

Farrevmvo Dizr

In the provious section we have dealt with the dictetic methods
of reducing fat We have now to conmder the means ab our
chsposal for mncreasing it

Generally speaking, any excess of food which 1s supplied to the
body beyond the amount required to meet the ctrrent outgoings c:
energy 1 the form of heat and work will bo stored upn tho form o
fat  One does 1t 19 true meet with cases in which, owing probnm‘{
to some faslure of assimulativo power, 1t 18 found to bo very zhﬁic;:
to achieve the laying on of fat, oven although & considerablo surplus
of food 18 supplied, but ns o Tule one may sav that i order to fuﬂclll
the body ono has mercly to msure the supply of an excess o
food
Tt will bo obvious that one amportant means of bringing dbout such
1 L Q,and Fore W J (1933} Lancet 2, 352
Do & ¢ ‘md Topznzson 3 D (1933) ancet 2, 113%

11907
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nsurplus of fncomo over expenditure s to diminish the outgoings
of energy from the body  Tor this reason, rest, moro or less
complete jsalwaya an impartant aid for patienta whom it is wished
to fatten

Tho dict should contadn an increared amount of proten, catbo
hvdrate and fat but reepeet must bo paid to tho lihes and dishkes
of the patient, alnce it bs u clea to order extrn meat, ete, which
the patient refuses to eat

Lat ftself is the hest of all fattening foods as Bubner has shown
that in the formation of new fat 100 parts of fat aro equal to
218 parts of carbohydrato or 313 parts of protem

It can be given in the form of cream which is eamly added to
various articles of dict without causing any distaste on the part
of the patient  Butter may bo more difficult as tho patient may
dilthogreasy coolung  The fat onmeat is very useful for many but
unfortunately the thin peopleofien disihot  The fish which contain
fat like salmon, hernng should be taken in placo of whto fish

Carbohydrates aro very useful as extra amounts can so casily
be added to the diet It 13 more useful than fat aa a sparer of
protein as it will establish & pomtive mirogen equilibrum moro
quiekly thnn fat does  Protemn is not such a good fattemng agent
a8 tho other two but it 13 very useful in bringing & patient into
mtrogenous cqulibnum provided an adequato calorio valuo 13
maintained with the aid of carbohydrate and fat It will only be
1aid down as muscle when the muscles aro either exercised or have
wasted 1n the courso of an acuto discaso  Otherwiso the ammo
acid groups will bo split off and exereted as urea and tho carbo
hydrato fraction will bo used to lay down fat

A fattening dict is wanted in three chief sets of conditions (1) In
convalescenco from acate illness  (2) in wasting discases, such as
tuberculosis, (3) in some nervous disord of which h
may be regarded as tho type

In consalescence If the high calono diet used m tho treatment
of patients with typhoid fover has been used (pp 578-9) the loss of
proten and fat should be yery small  Tho great demands for food
due to tho fever persist for threo or moro days after the temperature
13 normal and after this the diet can bo gradually reduced from the
5 or 4000 Calories to 2500 or 3000 This can be dono by omtting
the extra cream and sugar which was given and adding fish and
meat ete

If the old fashioned low calone diet has been used a considerable
loss of body proteins and fat will have occurred  The Caloric valus
should be mncreased by the addition of cream and sugar, and the
patent foods like Ovaltino, Benger's Food, Farex and Horhek s
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Malted Milk are all of use Fish and eggs aro added to the det
and when the patients appetite returns, chichen and meat aro
appreciated  Jelhes, though of little food value, are agrecablo to
the convalescent and with custard and Lght milk puddmgs are well
bked Light and moderate exerciso will greatly axd the gm
weight as the patient s muscles will gradually recover ther sizo
and become firm instead of flabby

In wasting disease the addition of extra mill, cream, and
sugar are of great value,and the principles of the diet used for
typhod fever form the basis of the treatment

In the treatment of tuberculosis there have been various
fashions At one time 1t was the custom to givo plenty of fat
1n the form of butter, bacon, porl, salad oil, and cream  Patients
a8 a rule dishked this fatty diet Later came the belief! thata
high protem diet mereased the rchness and bactencidal power of
the blood, stimulated leucocytosis, and replaced the waste of the
muscular tissues, and diets containng 150 grammes of protein were
therefore prescribed The evidence 1n support of this hypothess
13 stall lacking  The modern view 2 15 that the dietetics of tuber
culosis demands no more than a full well balanced imtako The
current custom 1s to gve diets which are igh m calons value
3000 to 4000 as for treatment of typhoid fever If tho patient 13
very 1ll a flmd diet should be given 'The protem 15 usually made
up to about 100~120 grammes with milk eggs, meat, or fish The
carbohydrate should be about 400 grammes and the fat about
200 grammes Ths diet gives a Calone value of about 4000 I
& high fever 1s present thoCalorio value should be inercased if possible
23 the basal metabohsm will be rased 7-8 per cent for each degreo
rso of temperature Fahrenhewt (seo p 570) If tho patient 1
Josing weight the Calorie value should be mcreased by adding to
the carbohydrato or fat m the diet If ho gams weight rapidly
and 13 above the normat weight, the amount of carbohydrato and
fat should be reduced

The diet should contamn plenty of vitamun D, and ths can bo
supplied by the giving of fish and fish o1, but {613 veually adwvisable
to give extra vitamuns A and D 1n & concentrated form, at lewst
18,000 IU of A and 2400 XU of D should be given

TREATMENT OF NEURASTHENIA

Tho work of Willlams Mason and Wilder (sco p 148), suzgests
that symptoms very liho thoso of neurasthema can bo produced by

1 BorpowErs Goopnopy and Ciaryavw  (1002) D Med Journ

449
ARerrs  (1944) Zaned, 2, 599
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diety which contain very Litlo thiamine (vitamin 13;)  This may
Do important in the treatment of this condition  An enquiry
should bo mado Into the dirtetio habita of the patlents

Since vitamin B, is widely distnibuted among tho foods, 1t may
bo found that the total intake of food is small and thoe dict restricted
to a few nrtlcles of food which contain little vitamin B, Tho
whito bread sold beforo tho war 103945 contawed very Littlo B,
(012-0301 U per grammo) but tho B5 per cent and 82} per cent
National bread contained conuderably moro (121U per gramme)
and 1t 13 claimed that the 60 per cent extracted flour contans a
taflo moro—126 IU per grammo (357 IU per ounce) ! This
type of bread or tho wholemeal which contains about aa much
07%51t0131U per gramme, should bo caten  Tho vanous meats
contan 05 per gramme eo that 1 oz contans 14 IU but pig's
meat contains conuderably more 62 or more IU per ounce  Milk
:ontalm 130 IV per puint  Thus a dict containung tho following
0ods

v
8 oz, Bread 80 per cont extraction = 285

10 oz Milk L]
6 oz. Meat - 84
8 oz Totatoes - 170
8 oz. Vegetabloa - 170

kki3

gives 774 1T or 254 milhgrammes and should bo adequate to
prevent any symptoms of neurasthema

If, however the patient will not take sufficient foods of this typo
or if tho symptoms of neurasthena exist in spite of a diet which
contams an adequate amount of vitamin B, extra amounts should
be given ather m the form of Marnute, 30 I'U per 1 gramme or
Bemax 151U per 1 gramme or ono of the proprietary preparations
(p 690) should bo gnen ather by mouth or by subentancous
njection  Walliams and Mason ended their experiments with diets
contaming 130-160 IU (04045 mulligrammes thiamine) by
gving 1 milhgraame subentaneously followed by 3 mlhigrammesa
day for a week and then 7 & milligrammes for an unstated period
Theo curative dose of a vitamin may be about 10 tumes tho protective
dose and 3000 I'U or 10 miligrammes should be given for about
three weeks to patients with neurastherna  Thas should be sufficient
if w lack of vitamm B, s responsible for tho condition

A method of treating neurasthenic patients called the Weir

1MonaN and Drumstonp  (1945) Lancet 1, 698
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Mtchell Treatment or Rest Cure was once much used It con
sisted of giving a very high Calonc diet, and the detals will be
found 1n the 8th Editzon {p 541) It s now no longer used

AxorExa NERVOSA

In this condition the patient must be given & good muxed diet
confaurung an abundance of all the vitamins  The physician must
gam the confidence of the patient and induce her to eat m spite of
lach of appetitt, nausea and abdomunal discomfort A careful
watch must be kept on the patient smce she may vomt the food
and conceal 1t by vartous subterfuges

The work by Wilhams Mason and Wilder on the cffect of extremo
deprivation of vitamin B, showed that m the late stages of tho
experiment & syndrome hke anorexa nervosa developed This
work suggests that big doses of vitamin B, should be given over and
above that i the diet  The dose should be greater than that given
to patients with neurasthema,1e 5400 I U & day—I8 miligrammes
o day Ths dose should be given until the patient has recovered
In additton full doses of the other vitamins should be given

say, 100 milligrammes of ascorbic acid daily for four wechs
sy, vitamm A - 30000 IU a day,

say, vitaumn D 5000 IU s day,
say micotinamde 300 miligrammes o day,
say, Tiboflavine 10 milligrammes a day

These atounts are necossary to mahe up for the Iack of theso vanous
vatamins in the diet for many weeks or months  Tho ordwmary food
cannot supply theso amounts and the vamous commereial pro

parations {p 696) should be used

Tne Diererics oF Gour

The exact cause of gout 18 atill doubtful, but 16 1s cerfamly 11
timately assoctated with the metabolism and exerction of une
amd  The unc acd which 18 exereted mn the urine 1s denved from
two sources (1) Endogenous, which 1 (a) denved from tho breah
down of nuclemns of cells, and (b) synthesized from the amino acids
ansing from digestion  (2) Exogenous from the purines of the
foodstuffs .

The smount of urie aexd excreted 1 the nrine can be considerably
dimunshed by & healthy adult if a diet 15 taken which contains 10
purines, but it can never bo elimpated on account of the cndo
genous ane acd, which vanes between 0 5 and 0 7 grammo per day
The amount excreted by gouty patients vares greatly according
to tho stato of health  During an acuto attack a great deal may 1
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exereted for a fow days 07 to 1 gramme but then the amount
becomes normal (05 to 07 gramime) for a long or short period
The excretion however gradually decreases and may sk to a
very small amount (0 10 to 0 20 gramme) just before an attack is
due  to bo agnin followed by a copious excretion immediately after
the oneet of the actito attack and after repeated attacks the usual
output mav be very small, 0 20 grammo or leas It is unknown
whether the small cxerction 1 dito to the combination of tho unie
aad with some other sul which isexereted by thokidney with
difficulty, or to a direct farlure of the hidney to excrete unc aad

If extra nucleo protemns in the form of pancreas and thymus aro
given to & gouty patient between attacks thoe une acid exeretion
is nesther #o prompt nor #o complete 88 in healthy persons and
in some cases 18 followed by an actual decreaso in the excretion
Theso facts explain the rotionale of tho low purne diet  The
practico varies from tho strict Haiy diet 1n which no purine-
contaiming foods aro eaten and no beverages hko tea coffee, or
cocoa because of their content of methy] purines are drunk—to a
moderte diet in which only the foods wwith a high purine content
aro

Tre Ponrve: CoNTENT or Vartors Foops

Purlne Nitrogen Punine Nitrogen
Qrammes per 100 Grammes per 100
grammea (3} 0z) grammes (3} 0z.)
Herning Roo (soft) 0484 Trout 0092
Sweetbreads 0420 Whiting 0090
Watebast 0335 Veal 0039
Sprata (smoked) 2,0 Mutton {leg roast) 0077
Sardmes 0234 Salmon 0078
Heart 0174 Haddock 0072
Hegnng 0172 Chicken 0072
Musscls 0154 Pollack 0071
Laver 0143 Bacon 0069
Kidney 0137 Pork 0066
Bloater 0133 Ham 00064
Cod s Roo 0130 Cod 0062
Goose 0100 Crab 0061
Vemnson 0097 Beef (mirloin roast) 0060
Thessant 0095
{Less than 0 06 gramme of purme mtrogen per 100 grammes)
Beans Green leaf Vogetables
Beef (corned) Nuta
rains Peas
Bread Root Vegetables
Eggs Tripe
Flour and other cerenls
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Foods Free from Purnes

Butter Jam

Cheese Marmalade

Cream Mik (fresh or tmned)

Frmts Sugar

Honey Vegetablo Soups
Beverages Rich i Pupines

Cocoa Meat oxtracts

Coffea Meat soups

Chocolate Tea

Tea coffee cocon and chocolate are usually allowed in moderation
but the meat extracts and meat soups are forbwdden

‘There are two foods soft herring roe and sweetbreads twhich con-
tam over 400 gramme of purme nitrogen per 100 grammes of ediblo
matenal, and three whitebait &prats and sardmes, which contamn
over 0 234 gramme per cent , eight foods contain over 0 100 grarome
per cent and seventeen between 0 094 and 0 059 gramme per cent
The difference between these foods s often shght and partly explamn
the conflioting views on diet  Thus whiting and veal contain 0 090
and 0 089 respectively  Should these be barred while bacon, pork,
and cod contamng only 0 069 and 0 063 aro allowed ¢ Or should
all foods which contain mere than 0 069 gramme be forbidden ¢

The decision 18 a difficult one, and 1t scems better to lay down
some postulates—(1) In the acute attach only foods are allowed
which are free from purines (2) 1n convalescence from an acute
attack, or if the patient 1s habla to frequent attachs foods are
allowed which are either freo from purino or contsin less than
0 07 gramme per 100 grammes, (3) in the long mtervals between
attacks foods which contain less than 0 I gramme per 100 grammes
are allowed These restrictions do not entail any real hardsip
(4) In patients who have had only one attack foods contamng as
much as 0150 grammo per cent may perhaps bo allowed It
must be bered that 30 g (1 oz ) of sardine or 50
grammes (1 oz ) of Lidney contan 70 milhgrammes, or the samo
smount as 100 grammes (3} oz) of pork or cod and could bo
exchanged for one another without causing any harm but the
30 grammes of sardine should not of course bo taken a3 a savoury
after the full ration of meat has been eaten  Meat extracts and
gravy soups are better avoided altogether as they always contamn
a good deal of purmmes  Vegetable soups are allowed

The cooking of theso foods 13 also much disputed Some recom
mend that the food should be plamly cooked and that all hughly
seasoncd dushes and rich sources should be barred  These nstrue
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tions aro difficult to justify on phyaiological grounds unless the
scnsoning 18 done with foods which contamn much purines, eg
shnmp sauce  Theso rules are prolybly a relio of tho times before
the unportanco of punnes was recognized  Similarly the recom
mendation that sugar nnd swect tlungs should be taken apanngly
is probalily due to tho presenco of gly cosnria in aome gouty patients
It scems unnecessary to forlud all gouty patients to eat sugar
beeause a fow have diabetes mellitus

Beverages Tea coffee and cocoa all contain methylpunines
but there is hiftle evidence that these increaso the output of uno
acid m health  Halg thought that they should be forbidden but
nowadays they are usually alloned 1n moderation  Aleohol per se
is not believed to have any effict 1n causing gout and 1t 15 certam
{hat gout 1s very uncommon among whishy dnnkers  On the
other hand it is common among those races which dnnk malt
hiquors like beer and stout and these should be absolutely forbidden
Waines present a more difficult problem  Red wines lihe port and
claret and burgundy have been responaiblo for eausing attacks in
eome patients while a white wino from a neighbouring vineyard
may be drunh with impunsty  Champagnoe 13 also regarded as a
precipitating eause of gout oven though other white wimnes and
cider arc safe  Some patients aro said to bo able to take red wines
in safety but to suffer from gout after drinking white wines  These
observations suggest that 1t 13 not the alcohol of the wine but some
substance 1n the red or wlite wine to which the patient 1s allergio
and 13 responstble for the tendeney to gout  The great majonty
of patients scem to bo able to take wlite wine and ader without
rsh and 1t 13 on these grounds that the following table has been
sonstructed but 1t must be recojnized that red wines may not
1arm some patients wlile tho wlite ones may be deleterious

Drinks to be Avouded
Red Wines Champagne
All Malt Liquors like Beer and Stout
Drinks Allowed
White Wines, except Champsgne
Cuder Spirita ;. moderation

ROEumaTOID ARTHRITIS ARTHRITIS OSTLO ARTIIRITIS AND
T'rorosrTIs
A raw vegetable and frmt diet has been used for the treatment
of muscular rheumatism osteo arthntis and rheumatie arthritis 1

1Hare D C and Wrnuans M B (1938) Lancet 1, 20 Hare
D C (1938) Proc Roy Soc Med 30,1
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The 1mmed:ate results are said to be good mn a hgh proportion of
cases but no improvement occurred in two old cases of theumatod
arthnitis  The diet was

Drer I
(Dauly Rations A raw diet contiued for two weehs only)
oz
Vegetables 14 Salads Tomatoes Roots
Frut  Citrus 8 Orange Lemon Grapefriut
Apple 6
Dried 4 Apncot Prune Rawsins, ote
Nuts 2  Brazl Cashew Hazel ot
Oats crushed 3 Served after soalang uncooked
Sugar 1 One lump [od
Salad a1l 2  Or Hemz Mayonnaise mixed with
Cream, 20 per cent 3
Ml 12
Balt None
Fluds unrestncted Tea Water ete
Food Values (approx)
Carbohydrate 145 grammes
Proten 35 grammes
Fat 143 grammes

Average Calorc valuo about 2000

Samrrz Mevv DeEr I
BREAEFAST
Applo porndge 10—
Grated Apple
Soaked raw QOatmen!
Greted Nuts
Cream
Fresh Qrange
Tea with mull and cream
MID MORNING
Tomato purée with lemon
INNER
Sa:)[:):d Dish 1e Lettuce Cabbage Tomato Roots etc Salad dressing

with ol
Mixed Frut Salad and cream

TeA
Dned Fruits
Nuts
Tea with milk and cream
Sorrer
Fruwt Porndge (Prune Apricot Apple}
Salad Dish with dressing
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Bromnxe
Lemon and Orango juico with hot water

Dier H
{A modificd dict given for periods of several weeks)
Aficr two woeks on the Raw Diet I tho following additions were mado

Cooked Foods  Vegelable soup
[

1
Meat 20z
Bacon 2oz
Dread 2 oz.
Uncooked Foods Butter 1oz
Cheeso 1oz
Mk 8 oz (total mulk = 20 oz}

Balt as present 1n the food but no added salt
01! and cream wero reduced a3 necossary

Food 1alues {approx)
Carl

bohydrato 140 grammes
Protein 66 grammes
Fat 142 grammes

Averago Calonc valuo about 2200

The preparation and serving of the diets must receive close
attention The green vegetables and roots are fincly shredded
through a special mineing maciine  pulped applo 13 prepared mn
the same way and mixed with a httle lemon jurce to prevent dis
coloration  Dried fruits such as apricots, prunes and rasins are
sosked 1n water and then pulped or served whole raw oatmeal too
18 soahed beforo scrving  Nuts are taken whole or finely ground
sprinkled over the frmt A good varety of salads and fruits
should be obtamed and the food damntily served This attention
to detail 13 mentioned because 1t 18 an essential to success, other
wise the food looks and tastes unappetizing and even the willing
patient cannot eat 1t

Tho benefits observed in these discases may be associated with
erther the Jugh mntake of witamnn C a8 the patients wero all in the
sub scurvy stato beforo the treatment was started, or with the low
chlonide content of the dict

FiprostTis
Dietetic treatment 13 of no value
Graver

This 18 the name given to tho deposition 1n the unne of urates
and unic acid These substances are very msoluble i an acid
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intestines has taken place ascorbic acid 300 milbgrammes threo
times & day should be given by mouth for two or four days
(1800-3600 mulhgr ), and ¢k fter a muntenance dose of
25 mlhgrammes a day

The diet of patients, with exther a wound or fracturo or who are
about to undergo operations should always be enquired 1nto and
unless 1t 18 certain that the diet was adequate full doses of nscorbie
aad should be given  For of for some reason, the diet has been
very frealush neither the wound nor bone will heal quickly, while
abdominal wounds exther of the stomach or skin may burst open

DieTETIC TREATMENT OF INFANTILE SCURYY

The treatment of infantilo scurvy 1s purely dietetie  Fresh milk
contans so httle vitamun C that 1t does not mahe any real differenco
swhether the milk has been pasteurized, as 1t should be, or given as
a dried powder Under present conditions extra vatamun C shonld
always bo given  Scurvy 18 eastly prevented by giving the juces
of frnts which contain plenty of vitamm C, e g * freshly " squeezed
ywce of oranges, lemons, grapefrwits swedes, or tomatoes aro all
very valugble but if the fresh juice has been standing moro than
half an hour 1t will have deterorated considerably Fruit juice
from a tin loses about half its vitamun C content i the process of
preparation  See Food Tables, pp 1724

The ‘wartime products of rose hip syrup or blackeurrant
jwice and purée are very useful but the vitamin C content should
be stated on the label At least 25 mulligrammes ascorbic scd
should be given each day  In an emergency 100 mulligrammes of
ascorbic acid should be given for two or threo days

TREATMEST OF RICKETS AND DISEASES DUE TO LACK OF VITAMIN D

Rickets 15 due to several factors

(1) The amount of vitamin D 1n the ordinary food 13 small
Milk 1 the summer contributes 57 1 U per pint and butter 131U
per 1 ounce bub tho milh from the stall fed cow in the winter
contamns very Little af any  The 3olk of an egg tn tho summer m1y
give 75 TU but 22 IU only m the winter These amounts seem
very small and help to explam why the diseaso 1s commoner i wunter

than summer

(2) Vitammn D
of the shin not onl
sun 13 obscured by clouds (sky shinc)
some of the northern cities provents this
responsible for the prevalence of richets in those ety

13 believed to be made as tho result of exposuroe
Iy to sunhight but also to andirect Light when the
The smohy atmosphere of
effect and 1s probably
es  The
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vitamin D is protnbly made from tho terols of the milk and other
foode

{3) A sufficiencs of phosphorus and caleium must be supplied m
the dict, and this will alwavs be the c1so 1f the babies arc given
rufficient mulk and later on cheese and an egpe

{4} }xcess of cereal miy be vesponaible and should be avorded
The use of patent foods contaning much starch should be forbidden
as they in some wav upect the balance of the diet  Some cercals
Iike oatmenl are more harmful than others as they contain excesy
of phyvtic acid which combines with the caleium and eo prevents
its absorption  Sinee the foods taken by babies and young children
contamn so Nttle vitamin D and smince thev do not have the
opportumty to make much vitamun D in the skin when they are
brought up in large towns it 13 necessary to give them extra supplies
of the vitamn by mouth  This 13 admimustered 1n the form of hiver
otls which contain an adequate amount of vitumuin b The vitamun
content of the o1l should be clearly stated on the label  The Bntish
Pharmacopaa states that 1 drachm of o1l thould contam at least
300 IU of itamin D and 2000 JU of A  Cod Liver oil ueed to
have a verv unplearant taste and unless a child was given 1t early
he would often refuse to tahe it later on and few adults will face 1t
even now that it 1s relatively tasteless  The best oils which are
made from the Liver which has been processed before decomposition
of the Liver has started do not have an unpleasant taste The
svnthetic product caleiferol should be used if the patient duslihes
the oil but the cost 1s about ten times as great It ean be given as
8 tablet or dissolved 1n arachis ofl as a quid or 1n a gelatine capsule

Vitamin A 13 often added to ats preparations {sce p 701) Six
drops of a good preparation usually contain 6000 IU of A and
1200IU of D

1t 18 belioved that the maintenance dose of vitarmn D for a child
of two should be at Jeast 300—400 I U and that the curative dose
15 1000-2000 umts! Tt may be much more in refractory cases

In Older Children and Adults Rickets may develop mn young
children after the ago of two years af they suffer from caehie disease
The paticnts pass a great deal of fat in the stool (steatorrhees)
Older patients also develop & stmular disease diopathic steatorrhees
and show changes in the bones mmilar to osteomalacia 2 The
condition 1s treated by ord a duet the
amount of fat and giving vitamin D 1n the form of caleferol  For

' 1Jeaxs P C nnd Steary G (1938) Journ Amer Med Assoc
11, 703

IPevverr T I Hoviee D Vaveman J  (1932) Quart J
Med 1, (25) 603
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intestines has taken placo ascorbic acid 300 mulligrammes three
tmes o day should be given by mouth for two or four days
(1800-3600 muilligrammes), and thereafter » mamtenanco dose of
25 milhgrammes & day

The diet of patients with esther a wound or fracture or who ar
about to undergo operations, should always bo enquired into and
unless 1t 13 certain that the diet was adequate full doses of ascorbio
acad should be given  For if, for some reason the duet has been
very freakish neither the wound nor bone will heal quickly, whilo
abdominal wounds etther of the stomach or shin may burst open

DieTETIC TREATMENT 6F INFANTILE SCURVY

The treatment of mfantile seurvy 1s purely dietetic  Fresh milk,
contans so little vitamin C that 1t does nob make any real differenco
whether the mulk has been pasteurized, as 1t should be, or given as
a dried powder Under present conditions extra vitammn C should
always be given Seurvy 1s easily prevented by giving the juices
of frmts which contain plenty of vaitammn ¢ eg ‘freshly squeezed
Jwice of oranges, lemons grapefruits, swedes, or tomatoes aro all
very valuable but if the fresh jmce has been standng more than
half an hour 1t will have deteriorated considerably Fruwt juico
from a tin loses about half 1ts vitamin C content 1n the process of
preparation  See Food Tables, pp 1724

The ¢ war time ’* products of rose up syrup or blachcurrant
juice and purée are very useful but the vitamun C content should
be stated on the label At Jeast 25 mullgrammes ascorbuo acd
should be given each day  In an emergency 100 milligrammes of
ascorhe acid should be given for two or threo days

TREATMENT OF RICKETS AND DISEASES DUE TO LACK OF VIraym D

Rickets 13 due to several factors

(1) The amount of vitarmn D 1n the ordinary food 12 small
Milk 1n the summer contributes 57 1T per pmt and butter 11317
per 1 ounce but the milk from the stall fed cow n the wimnter
contans very hitle if any  The yolk of an egg in the summer may
give 751U but 22 IU enly 1n the winter  Theso amounts seem
very small and help to explain why the diseaso 13 commoner in winter

summer

thl(‘;) Vitamin D 1s beleved to be made as the result of cxposu‘l"o
of the shin not only to sunlght but also to indurect light when ¢ i_
sun 13 obscured by clouds (sky shinc) The smoky utmusplwmbf
some of the northern cities prevents this effect and 13 probnﬂ{
responaiblo for tho prevalence of rickets 1 those etics 2
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vitanun D is probably made from the sterols of the milk and other
foorla

3) A ruflicieney of phoaphorus and ealeium must bo supplied in
the dict, and this will alnays Do the caso if the babies aro given
sufficient milk and later on cheese and an epg

() ¥ xcees of cerval may be responablo and should be avoided
The uee of patent foods contaming much starch should be forbidden
a8 they in somo way upset the balanco of the dict  Bome cereals
Iihe oatmeal are more harmfu! than others as they contamn excess
of phytie acid which combines with the calesum and so prevents
its abeorption  Since the foods taken by babies and young children
contain ro httle vitamun D and sinco they do not have the
opportumity to make much vitamin D in the skin when they aro
brought up in largo towns, it 18 necessary to givo them extra supples
of the vitamun by mouth  This 13 admimistered 1n the form of liver
otls wlich contun an adequato amount of vitamin D The vitammn
content of the oul should be clearly stated on the Jabel  Tho British
Pharmacopea states that 1 drachm of o1l should contain at least
300 IT'U of vitammn D and 2000 1U of A Cod liver o1l used to
hase a very unpleasant tasto and unless o child was guen 1t carly
he would often refuse to tako 1t later on and few adults wlf faco 1t
oven now that 1t 13 relatisely tasteless  The best oils which are
mado from the Iiver which has been | d before d 3¢
of the Iiver has started do not have an unpleasant taste The
synthetic product caleiferol should bo used if the patient dishkes
tho ol but tho cost 13 about ten tunes aa great It can be given as
a tablet or dissolved 1n arachis orl as a liquid or 1n a gelatine capsule

Vitami A 13 often added to 1ts preparations (see p 701)  Six
drops of a goed preparation usually contamn 6000 IU of A and
1200 1U of D

1t is behieved that the mamtenance dose of vitamun D for a child
of two should be at least 300400 I'U and that the curative doso
13 1000-2000 unita T Tt may be much moro m refractory cases

In Older Children and Adults Rickets may develop n young
children after tho ago of two years if thoy suffer from cachae disease
The patients pass a great deal of fat i the stool (stentorsheca)
Older patients also develop a similar disease 1diopathuc steatorrheea
and show changes m the bones mmular to ostcomalacia * The
condition 19 treated by ord a dict cont; the
amount of fat and giving vitamn D 1 the form of caleferol  For

1JeEans P C, and Steary G (1938) Journ Amer Med 4ssoc
111 703

2Beswerr T 1 Huxter D Vaveman J  (1932) Quart J
Med 1, (25) 003
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wtestines has taken place ascorbic acid, 300 milligrammes three
tunes a day, should be given by mouth for two or four days
(1800-3600 milligrammes), and thercafter a mamntenance do-e of
25 milhgrammes a day

The diet of patients, with esther a wound or fracturs or who are
about to undergo operations, should always be enquired into and
unless 1t 13 certain that the diet was adequate full doses of ascorbuo
aaid should be given  For if for some reason the dieb has boen
very frealish neither the wound nor bone will heal quickly, while
abdominal wounds erther of the stomach or sk may burst open

Drererto TREATMENT OF INLANTILE SCURVY

The treatment of wnfantile scurvy 1s purely dietetie  Fresh milk
contams so ittlo vitamun C that 1t does not make any real dufference
whether the milk has been pasteurized, as 1t should be, or given as
a dried powder Under present conditions extra vatamin C should
nlways be given  Scurvy 1s easily prevented by giving the juices
of frutts which contain plenty of itamin @, e g * freshly ” squeczed
yuee of oranges, lemons, grapefrmits swedes or tomatoes aro all
very valuable but if the fresh juice has been standing more than
half an hour it will have deteriorated considerably Frwmb juice
from n tin loses about half its vitammn C content 1n the process of
preparation  See Food Tables, pp 1724

The twartme products of rose hup syrup or blackeurrant
yuice and purée are very useful but the vitamm C content should
bo stated on the label At least 25 mulligrammes ascorbic ascid
should be given each dav  In an emergency 100 nulligrommes of
ascorbic acrd should be given for two or three days

TREATMENT OF RICKETS AND DISEASES DUE TO LACR OF VITaMiy D

Rickets 1s due to several factors
{1) The amount of witamm D 1 the ordinary food 19 small
Milk 1 the summer contributes 57 IU per pmt and butter 11310
per 1 ounce but the milk from tho stall fed cow in the winter
contans very Little if any  The yolk of an egg in the summer may
give 75 TU but 221U only in the winter  Theso amounts seem
very small and help to explamn why the dusease 13 commoner 1t winter
than summer
{2) Vitamin D 13 believed to be mado as tho result of expom’:o
of the shin not: only to sunlight but also to ndireet hight when the
sun 13 obscured by clouds (sky shine) The smoky atmosphere ;)f
gome of the northern cities prevents this effect and 13 prolmby
blo for tho prevalence of nchets n those eties Tho
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vitarmn D is probably made from the sterols of the nulk and other
fooda
(3) A sufficzency of phosphorus and calcium must be supplied in
the dict, and this will alwavs bo the easo if tho babies aro given
sufficient milk and later on cheeso and an egg
(4} ¥ xcess of ecreal may bo responable and should be axorded
The use of pitent foods contaning much starch should be forbidden
as they in somo wany upect tho balinee of the dict  Some cereals
hike oatmeal are moro harmful than others as they contan excess
of phvtie acid which combines with the caleum and so prevents
1ts absorption  Sinco tho foods taken by babies and young children
contamn xo httlo vitamin D and since they do not bave the
opportumity to mahe much vitammn D m the shin when they aro
brought up in large towns it 13 nece=sary to gave them extra supplica
of the vitamun by mouth  This 13 adnunstered 1n the form of liver
oils which contun an adequate amount of vitamin D The vitamin
content of tho o1l should be clearly stated on the label  Tho British
Pharmacopaa states that 1 drachm of o1l should contain at least
300 1U of vitamun D and 2000 IU of A Cod lver ol used to
have a very unpleasant taste and unless a child was given it early
he would often refu o to take it Jater on and few adults will face 1t
even now that 1t 1s relatinely tasteless  The best oils which are
raade from the liver which has been processed before decomposition
of tho Liver has started do not have an unpleasant taste The
synthetic product caleiferol should bo used if the patient dishhes
the oil but tho cost 1s about ten times as great It can be given as
o tablet or dissolsed 11 arachis o1l as 2 iquid or 1n 2 gelatine capsule
Vatamin A 13 often added to its preparations (sce p 701) Six
drops of a good preparation usually contain G000 IU of A and
1200 IU of D
It 18 beheved that the maintenance dose of vitamm D for a child
of two should bo at least 300400 1 U and that the curative dose
13 1000-2000 units? It may bo much moro 1n refractory cases
In Older Children and Adults Rickets may develop 1n young
“hildren after the age of two years if they suffer from cachac discase
ke patrents prss a great deal of fat i the stool (steatorrhoea)
Nder patients also develop & similar disease 1diopathic steatorrheea
nd show changes s the bones similar to osteomalacia? The
ondition 13 treated by ordenng a dict contaning the mmmum
mount of fat and giving vitamuin D 1n the form of calaiferol  For

lllJzANs P C, and Steanny G (1938) Journ Amer Med Assoc
s 703

2Bevverr T I Huxger D Vavenman J (1932) Quart J
Jled 1, (25) 603



620 FOOD AND DIETETICS

mntestines has tahen place ascorbic acid, 300 mlligrammes three
times o day should be given by mouth for two or four days
(1800-3600 mulligrammes) and thereafter o masmtenanco dose of
25 milligrammes a day

The diet of patients with either a wound or fracture or who are
about to undergo operations, should always be enquired mto and
unless 1t 13 certain that the diet was adequate full doses of ascorbio
acid should be given For if, for some reason, the diet has bren
very freakish nesther the wound nor bone will heal quickly, while
abdominal wounds either of the stomach or skin may burst open

Drereric TPEATMENT oF INFANTILE SCURVY

The treatment of mfantile scurvy 15 purely dietetic  Fresh milk
contains so ittle itarmn C that 1t does not make any real dufferenco
whether the mik has been pasteurized as 1t should be, or given as
a dned powder  Under present conditions extra vitamun C should
always be given  Scurvy 15 easily prevented by giving the juces
of fruits which contamn plenty of vitamun C, e g “ freshly ' squeezed
Juice of oranges, lemons, grapefruits swedes, or tomatoes aro all
very valuable but 1f the fresh juice has been standing moro then
half an hour 1t will have deteriorated considerably Frmt juce
from & twm loses about half its vitamun C content 1 the process of
preparation  See Food Tables pp 1724

The ¢ war time’ products of rose lup syrup or blachcurrant
1wice and purée are very useful, but the vitamin C content should
bo stated on the label At least 25 mulligrammes ascorbic acd
should be gaven cach day  In an emergency 100 milligrommes of
ascorhe acid should be given for two or three days

TREATMENT OF RICKETS AND DISEASES DUE 70 LACK OF Viraymy D

Richets 13 due to seversl factors

(1) The amount of witamn D n the ordmary food 13 small
Milk 1n the summer contributes 57 LU per punt and butter 11310
per 1 ounce but the mik from tho stall fed cow 1n the winter
contans very hittle, i any  The yolk of an egg in the summer may
grve 75 TU but 22 IU only i the winter  Theso amounts scem
very small and help to explain why the disease 13 commoner in winter
than summer

(2) Vitamun D 1s believed to bo raado as the result of exposu;ﬁ
of the shn not, only to sunbight but also to indircet hight shen 1! \;
sun 13 obscured by clouds (sky stune) The smoky ntmosphotcb;)
some of the northern aities prevents this effect and is pmhr'tn iy
responaible for the prevalence of richets n thoe oies he
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vitamn D is prohnbly mado from the terols of the nulk and other
foodr

(3) A sufficieney of phosphorns and caleism must bo supplied 1n
the dict, and this will alwavs bo the caso if tho habiea are given
suflicient milk and later on cheeso and an egg

(4) 1 xecea of cereal may be responablo and should be avoided
The u«c of patent foods contarming much etarch should be forbidden
a8 they in some way upset tho balance of the diet  Some cercaly
Iike oatmenl are more harmful than others as they contain excess
of phytic acid which combines with the calesnm and so prevents
its absorption  Since the foods taken by babies and young children
contain ro little vitamin D and minco they do not bave the
opportumity to make much witamin D n the skin when they aro
brought up in large towne it is necessary to grvo them extra supples
of the sitamin by mouth  This is admmstered an tho form of liver
ouls which contain an adequate amount of vitamin D The vitamin
content of the oil should be clearly stated on the Jabel  Tho Bntish
Pharmacoporn states that 1 drachm of o1l should contain at least
300 IU of sitamin D and 2000 IU of A Cod Liver oil used to
have a very unpleasant taste and unless a chuld was given 1t carly
he would often refuse to take it Iater on and few adults will face 2t
even now that 1t 1s relatively tasteless The best ods which are
made from the liver which has been § 1 before di 1on

of the hiver has started do not have an unpleasant taste The
synthetic product ealeferol should bo used if the patient dishhes
the a1l but the cost 13 about ten tumes as great It ean bo given as
a tablet or dissolved 1n araclus oil as a liquid or 1n a gelatine capsule

Vitamin A 15 often sdded to sts preparations (sce p 701}  Six
drops of a good preparation usually contatn 6000 IU of A and
1200 IU of D

It 18 belioved that the maintenanco doso of vitamin D for & chuld
of two should be at least 300400 I'U and that the curative dose
19 1000-2000 units* Tt moay be much more 1n refractory cases

In Older Chuldren and Adults Richets may develop n young
children after the age of two years if they suffer from ceelac disease
The patients prss & preat deal of fot n the wooh (stentorrheesy
Older patients also develop & sumilar discase 1diopathic steatorrhoen
and show changes i the bones smular to osteomalacia @ The
condition 13 treated by orderng & dict contammng the mummum
amount of fat and giving vitarmn D 1n the form of caleiferol  For
u’lJB_ler;E P C, and StrEary, G (1938) Journ Amer Med Assoc

’
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mtestines has taken place ascorbic acd 300 milhgrammes threo
times o day should be mven by mouth for two or four days
(1800-3600 milligrammes), and thereafter o maintenance dose of
25 mlligrammes a day

The diet of patients, with either a wound or fracture or who are
about to undergo operations should always be enquired into and
unless 1t 13 certain that the diet was adequate full doses of ascorbio
acid should be given For if for some reason the diet has been
very freakish neither the wound nor bone will heal quickly whilo
abdominal wounds erther of the stomach or skin may burst open.

Drereric TREATMENT OF INFANTILE SCURVY

The treatment of mfantile scurvy 1s purely dietetze  Fresh milk
contams so httle vitammn C that 1t does not maho any real duffirenco
whether the mulk has been pasteurized, as 1t should be, or given a3
a dried powder  Under present conditions extra vitamimn C should
always be given Scurvy 1s easily prevented by giving the juices
of frmts which contain plenty of itammn G, eg  freshly * squeezed
yuice of oranges, lemons, grapefrmts swedes, or tomatoes, are all
very valuable but if the fresh jmce has been standng more than
half an hour 1t will have deteriorated considerably Fruit juice
from s tin loses about half 1ts vitamin C content 1n the process of
preparation  See Food Tables, pp 1724

The “ wartime’ produets of rose up syrup or blacheurrant
juice and purée are very useful but the vitamm C content should
be stated on the label At least 25 mulligrammes ascorbic acid
should be given each day In an emergency 100 milligrammes of
ascorbic acid should be given for two or threo days

TREATMENT 0F RICKETS AND DISEASES DUE TO LACK OF Vrrayiy D

Rickets 13 due to several factors

(1) The amount of vitamun D 1 the ordmary food 1s small
ML 1n the summer contnibutes 57 IU per pmt and butter II3TU
per 1 ounce bup the milk from thoe stall fed cow 1 the winter
contamns very Little :f any  The yolk of an egg n the summer may
give 75 TU but 22 1U only n the winter  Theso amounts scem
very small and help to explain why tho disease 18 commoner in winter
than summer

(2) Vitamun D 13 believed to be made as tho result of cxposu}:v
of the skin not only to sunbight but also to indrect hght when t t;‘
sun 1s obscured by clouds (shy shine) Tho smoky atmosphere r
some of tho northern cities prevents this cffect and 13 probably
responstble for the prevalence of mchets an those cities The
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witann D is probahly mado from tho aterols of the nulk and other
voda

(1) A sufliciency of phosphiorus and caleism must be supplied in
the dict and this wili always bo the case iof the babies aro given
suficient milk and later on cheeso and an efg

(4) F xee=s of cercal may bo responaiblo and should be avoided
The use of patent foods contamning much starch should be forbidden
08 they m eomo way upsct the balance of the diet  Some cercals
liko oatmeal are more harmful than others as they contan excess
of phyvtie actd which combines with the caleum and so prevents
1ta absorption  Since tho foods taken by babies and young ehldren
contun ro little sitamun D and mnce they do not have the
opportumty to make much titamin D an tho skin when they aro
brought up in largo towns it is necessary to give them extra supphes
of the vitamin by mouth  This 1s admimstered in the form of Iner
oils wlich contain an adequate amount of vitamun D The vitamuin
content of the oil should be clearly stated on the label  The British
Pharmacopaa states that 1 drachm of ol shiould contain at least
300 TU of vitamin D and 2000 1U of A Cod liver ol used to
have a very unpleasant tasto and unless o cluld was given 1t carly
he would often refuse to take st Inter on and few adults will face st
even now that it 1s relatiely tasteless  The best oils which aro
mndo from the liver which has been processed before decomposition
of tho liner has started do not have an unpleasant taste The
synthetic product caleferol should bo used if the patient dislikes
the ol but thoe cost 13 about ten times as great It can be given as
o tablet or dissolved 1n arachus oil as a hquid or 10 a gelatine capsulo

Vitamin A 15 often ndded to its preparations (sco p 701)  Sic
drops of a good preparation usually contain 6000 IU of A and
1200 IU of D

Tt 13 believed that the maintenance dose of vitamm D for a child
of two should bo at least 300-400 I U and that tho curative doso
13 1000-2000 umts? It may be much moro 1n refractory cases

In Older Chuldren and Adults Rickets may develop 1n young
eluldren after the ago of two years if thoy suffer from coeline disense
The patients pass o great deal of fat m the stool (steatorrheea)
Older patients also develop & smilar disease, idiopathuc steatorrhoea
and show changes in the bones smular to ostcomalacia * The
condtion 13 treated by ord o diet the
amount of fat and piving vitamm D in the form of calaferol  For

“‘lJzum P C and Steany G (1938) Journ Amer AMed Assoc
» 703

*Bexverr T I Huwten D, Vavomaw J  (1932) Quart J
Med 1, (25) 603




620 FOOD AND DIETLTICS

intestines has taken place ascorbic acd, 300 milligrammes threo
times a day, should be given by mouth for two or four days
(1800-3600 milhgrammes), and thereaftor o mamtenance dose of
25 milhgrammes a day

The diet of patients, with either & wound or fracturs or who ate
about to undergo operations should always be enquired nto and
unless 1t 13 certain that the diet was adequate full doses of ascorbio
acid should be given For »f for some reason the diet has been
very freakish neither the wound nor bone will heal quickly, whio
abdommal wounds erther of the stomach or slin may burst open

DreTeric TREATMENT OF INFANTILE SCURVY

The treatment of infantile scurvy 1s purely dietetic  Fresh milk
contamns so httle vitarmn C that 1t does not make any real difference
whether the milk has been pasteunzed, as it should be, or given as
a dried powder  Under present conditions extra vitamn C should
always be given  Scurvy 1s easily prevented by giving the juices
of frmata which contam plenty of vitammm C ¢ g * freshly * squeezed
Juee of oranges, lemons, grapefruts swedes, or tomatoes are all
very valuable but if the fresh jmce has been standng more than
half an hour 1t will have deteriorated considerably Fruit juce
from o tin loses about half 1ts vitammn C content 1 the process of
preparation  See Food Tables, pp 172-4

The ‘wartime products of rose hup syrup or blacheurrant
yumece and purée are very uscful, but the vitammn C content should
be stated on the label At least 25 nulligrammes ascorbio sod
should be given each day  In an emergency 100 miligrammes of
ascorbie acid should be given for two or threo days

TREATMENT OF RICKETS AND DISBASES DUE TO LACK OF VITANIN D
Rickets 18 due to several factors
(1) The amount of vitammn D in the ordinary food 13 small
Milk 1n the summer contributes 57 1T per pmnt and butter 113 TV
yer 1 ounce hut the mulk from the stall fed cow 1 the winter
contams very hitle f any  Tho 3olk of an egg in the summer may
give 75 TU but 22 I'U only 1n the winter  Theso amounts 5eem
very smoll and help to explom why the diseaso 1s commoner n winter
than summer
9) Vitamm D 19 believed to bo made ns tho result of exposuro
of the skin not only to sunlight but also to indirect fight when the
sun 13 obscured by clouds (sky shine) Tho smoky atmosphero of
some of the northern cities provents thus effect and 1 probably
responublo for the prevalence of nchets n those cities  The
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vitnmm D 1a probably made from tho sterols of the milk and other
L]

{3) A suffictency of phosphorus and caleitm must be supplied in
the diet, and this will alwave bo the easo af the habies aro given
suflicient milk and later on cheese and an egg

(4) 1 xeess of cereal may bo responsible and should be avorded
The use of patent foods contaming much starch should be forbidden
as they in eomo way upeet tho balance of the dict  Somo cereals
Iiko oatmeal are more harmful than others as they contain excess
of phvtic acid which combines with the caleium and so prevents
g absorption  Sincoe the foods taken by babies and joung children
contain ro little witamun D and mince they do not have the
opportumty to mahe much vitamun D an the skin when they arc
brought up in largo towns, it is necessary to grvo them extra supphes
of the vitamin by mouth  This 15 admimstered in the form of hiver
ouls which contam an adequate amount of vitanun D The vitamun
content of the oil should be clearls stated on the label  The British
Pharmacopera states that 1 drachm of oil should contamn at least
300 1U of vitamin D and 2000 IU of A  Cod liver ol used to
have a very unpleisant taste and unless a child was given 1t early
he would often refuse to take it later on and few adults will face st
even now that 1t 18 relatively tasteless  The best oils which aro
made from the Iiver which has been p 1 before d
of the hyer has started do not have an unpleasant taste The
synthetic product caletferol should be used of the patient dislikes
tho o1l but the cost 13 about ten times as great It can be given as
& tablet or dissolved 1n araclus ofl as a hquid or 1n a gelatine capsule

Vitanun A 13 often added to 1ts preparations (sce p 701)  Six
drops of & good preparation usually contun 6000 1U of A and
12001U of D

1t 18 behieved that the maintenance doso of vitamun D for & child
of two should be at least 300-400 I U and that the curative dose
18 1000-2000 umts* It may be much moro in refractory cases

In Older Children and Adults Rickets may develop 1n young
chuldren after the ago of two years if they suffer from ceeliae disease

patients piss o great deidl of fut m the stool (steatorrhwa
Older patints also develop & smilar discaso 1diopathic steatorrheea
and show changes in tho bones simular to osteomalacia * The
condition 13 treated by ordering a dict contamng the mumum
amount of fat and mving vitamm D 1n the form of caleferol  For

“‘lJzAxs P C and Steary G (1938) Journ Amer Afed Assoc
703
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a chld 5000-10 000 U should be gven dail
xequire 10 600-20 000 11U § ¥, bt an odult may

Ruckets also develops i chuldren of 4 to 12 or older who have s
chrome hidney disease of moderate severty  Vitarmw D 13 not of
any value unless pufficent alhalt 18 given by mouth to bring the
alkali reserve wathin the hmits of normal When ths 13 done,
vitamun D 1 dose of 10 00020 000 umits cures the nchets !

Hunger osteomalacta may occur mn adults or older children as a
result of long continued undernutntion with a great deficiency of
vitammin 1D in the diet  Puerperal osteomalaciz oceurs under sumilar
conditions when the woman 1s pregnant  Both these diseases aro
readily cured when the deficiencies 1n protein fat and calores aro
remedied and vitamm D 1n doses of 10 000-30,000 T U adminstered
daily  This treatment relieves the symptoms and heals the bones
very quichly

Serle osteoporosis with fracture of the lumbar or lower thoracio
vertebre but without any of the symptoms of osteomalacia 15 &
different disease of unhnown causation A diet nich n calewm
and phosphorus should be given and 1 addition calerum in tho form
of caloum phosphate 3 grammes a day and 6 grammes of sodum
phosphate m the form of a powder  This will provide 1 gramme of
caloium and 0 6 gramme of phosphorns  Vitamin D 5000-10 000
IU may be given at the same time to aid the absorption of tho
caleium and phosphorus from the gut but the condition does not
respond quickly like osteomalacia but mmproves very slonly

It has been suggested that delay i the kealing of fracturcs may
be due to lack of vitamn D This 13 probably tho caso if the
patient has taken o deficient diet for some tume

Very largo doses 750000 IV were grven by Tumulty and
Howard ¢ for 10-17 days mn two patients respeetisely 1 the hopes
of healing fractures more quickly  The patients developed nauses
vomiting and shght albuminuriy with the presence of a few Ted
cells and casts  The serum calcium rose to 165 and 18 milligrammes
per 100 ce  Theso unfavourable symptoms passed off quickly
when the adnumstration stopped but the boues did not heal any
quicker than ususl  Small doses of 2000-5000 TU wiil md the
absorption of calewum and phosphorus from the gut and cannot

do any harm

ARLEY  (1938) Arch Dis Child 1,1
G e O it (1945) Quart J Mel

1Byriows H J and Gramam G
by
b e (1041) J Amer Med Aas 184

12gsov C FVRC
"}mxvm'r A V and Howaro J F  (1042) J Amer Med

Ass 119, 233
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3 Dict in Disorders of the Stomach
Grarrat CoNSIDPRATIONS !

Becing that the easentisl rdle of tho stomach {3 a mechanical rather
than a truly digestive one the physical form of the food must always
be of moro importance fn dyspepsia than ats chemical composition
In proo!f of thie ona finds that ro long as thoe stomach 13 ablo to pass
the food on intothe intestine absorption and nutntion go on without
impairment, even although the digestive juices of the stomach itsclf
are no langer present  Lho first rulo to bo observed thercfore
drawing up a dietary for disorders of the stomach 1a to sco that the
food is presented in such a form that the etomach has but httle
difficulty in driving 1t on into the dusdenum  In practice this means
that the fond must bo m a fine stato of division, and should bo
carelully ehewed

The question of bulk must also bo considered  Tho larger the
masr of the food the greater is the musenlar Iabour tmposed on the
stomach It 1s probably on this account that anmal foods sre ssn
class lees troublosomo to most dyspeptics than vegetablo products
For tho same reason the meals in dyspepsa should be of small size
but taken at rather short intersals

Asregards the behaviour of the dyspeptio stomach to the different
chemical ingredienta of the food, great individual differences exsst
and 1n no class of caso 18 1t more important to study the question
of idiosynerasy  Ina majonity of instances however, one finds that
fat 15 more apt to givo offence than any other constituent This 13
particularly true of cooled fat, possibly beeause mn process of cook
ing fatty ncids acrolein and other umitating substances aro apt
to bu hbcrated  On the other hand butter and bacon fat which
have a low mclting pomnt can usually bo managed with but Lttle
difficulty

Wemay now pass to tho moro detailed consideration of the dictetio
treatment surtablo 1n different forms of gastrie disorder, leaving tho
discussion of soro further genernl prineiples until wo como to speak
of ¢ functional dysper In handhng the subject 1t Wil be wel
to take up firat thoso diseases of the h which aro )y d
by definite organic chango and afterwards to conuider the so called

functional ~ disorders sn ono group Such an arrangement 13
edmittedly unscientific but 1t has the advantage of practical con

venence and our knowledge does not at present admit of any more
eatisfactory system of classification
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Gastrio Uroer

The principle 1s generally accepted n cases of gastric ulcer that
the work of the stomach should be as Light as possible and that the
food should not wntate the mucous membrane The 1dea’of rest
was carried so far at one time that no food was given by mouth
and varions types of nut or water g salt and
sugar wero given per rectum It 18 now recognized that nutrient
enemata are of very hitle value (p 687) and they should not be
used  Rectal salines are of great valuc when the patient has lost
much flmd either by vomting, severe heemorrhago or whenover
the patient 1s unable for some reason to take a suffictent amount
of flmd by mouth (p 685) Under these conditions a 5 per cent
solution of glucose mn tap water 1 normal salme, or } Ringers
Solution 19 of great value, and 3000 e ¢ may be given n the day
of flnd 13 not given by any other route (for intravenous amino acids,
seo p 688)

Lenhartz* m 1906 introduced the practice of fecding patients
by mouth, starting with very small amounts of an egg and mlh
mxture and gradually mncreasmg 1t daily  The gwding principles
of the diet were (1) to axd the healing of the ulcer by giving as much
nourishing food as possible (2) to fix the acid of the gastric ymeo
by ensuring that the food contawns a large proportion of protein,
and 8o prevent 1ts interfering with healing (8) to ighten the work
of the stomach as much as possible by the use of small feeds It
1s often found that patients may vomut after a 6 or Soz feed,
but will not do so after 2 oz fceds given at one or two-hourly
mtervals The details of the modified cict m use at St Bartholo-
mew s Hospital are as on page 625-6 Somo physicians starb at
Diet 1 and merease the diet each dwy , but most of them start
at Diet 4 6, or 8, according to the seventy of the symptoms, and
merease every one or two days If a patient has o roturn o
pamn while taking Diet 7 he 15 given Diet 6 or 5 for soveral days
YWhen all symptoms have disappeared Diot 7 1s agam tried and
1f no evil symptoms occur the diet 13 mncreased cvery ono tm{l,
or threo days 'The patient should bo hept on Dict 12 until al
the symptoms have subsided the stools do not contain any bhxx:
by chemical tests tho X ray after o banum meal 13 normal and
an ulcer cannot be scen with the gastroscope

Suggested Detals for Diet 9
All hquid feeds should be 5 oz (} pintor small breakfast-cupful}

1 Lewvmantz (1007} Med Rlin LancpoN Browy {1908) Clin

Journ 33, 109
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Onn teaspoonful of susar ahiould bo addnd to enchi feed  Tako notlung
exoept the foods and amounts guven below

7 am Boled fresh milk and water (cqual parts) or dned milk
watered down to half tho strength given on tho packet
1 Rusk or ercam erncker
0 am 1 I'gg beaten up in milk
11 am Doiled freah mulk and water (equnl parta) or dned rlk
llengera Fool or alternatives watered down to half
atrength
1 Rusk or cream cracker
1 pm Boalad or stecamn~d whito fish 2 oz (3 lovel tablespoonfuls)
White rauco or milk to momten if desired No szalt
seasoning or parsley
Dlancmange custard or funket 20z (2lovel tablespoonfuls)
3 pm Dol fresh mulk and water (equal parts) or dred milk
Horlick s Malted Milk or alternatives watered down to
hall strength
1 Rusk or cream cracker
5pm 1 Tgg beaten up in mulk
1 Ruk or cream cracher
7pm  Doled fresh milk and water (equal parts) or dried milk
Owaltine Dournwvita or alternatines watered down to half
strength
Blancmange or custard or junket 2 oz
9 pm 1 Fgg beaten up in milk
11 pm  Doled fresh milk and water {cqual parts) or dned milk
watered down to half strength

Dunng the sught when awake, tako 6 oz boiled fresh multk and water
(equal parta) or dried mulk watered down to half strength

Water up to 5 0z may bo taken between any two feeds and tho
flunm of ono orango well strained onco 1n the day f allowed by the

octor

Any fruit juico Jtko lemon gmpe frut tomato blackcurrant and
ros0 lup eyrup can be taken to vary tho taste of tho food

Suggested Details for Dict 14

All hquid feods should bo 6 oz (} pint or a small breakfast cupful)
Ono teaspoonful of sugar should bo addod to cach foed  Take nothing
except the foods and amounta given below

7 am. Doled fresh mlk and wator {equal parts) or dred mulk
watered down to half the strength given on the packet
2 Buttered rusks or cream crachers
Oam 1 Igg beaten up 1 milk
2 Buttered ruska or cream crachers
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‘Whale mulk (fresh or dried) oz
Patent barley or stramed por

ndge Portion! Portion| Portion
2 1 Egg beaten up mmll. oz 5 5 &
Buttered rushs or cream
erackers — 1 9
2 Whole mulk (fresh or dried) oz & 5 5
Marmute to taste
Barloy sugar 1 1 1
Thin crustless white bread and
butter ghees | — 1 2
4 Stramned orange or tomato
Joice oz 1 1 1
Vegotable purée (see List) Portion] Portion Portion
Pudding (see hst) N
Cream oz 1 1 1
Boiled or steamed fish -— — {Portion
5 1 E¢g beaten upinmulk oz 5 5 5
Barley sugar oz 1 1 1
Buttered rushs or cream
crackers —_ 1 2
6 YWhole rmulh {fresh or dned) oz b b
Frait puréo (see haty Portion{ Fortion! Portion
Pudding (see lat)
Cream - 1 1
Thin crustless white bread und
butter slices | -~ 1 2
7 1 Egg beaten up mmill. oz 5 5 5
Black treacle or barloy sugar
oz 1 1 1
Buttered rushs or cream
crackers -~ i 2
8 Whole nuth {fresh or dnied) oz 5 & &
Fruip purde (sce hst) Portion) Portion; Portion
Pudding (see Iist) } 7 v
Feeds at|1! Whols mulk (fresh or dried)
Night oz g g g

(when |2 1Eggbeatenupinmlk oz

awako)
Betweon Slmmcd orange- or tomato
Feeds oz 1 1 1

W ntcr up to 5oz when deured
Approximste caloris valuo 545 | 3118 | 3624
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of milk and crcam  Custands eream soups segetablo purées, and
other eoft palatable foods may bo substituted now and then for the
milkand-croam foedings  Jellics and marmalades may bo gradually
added af demired  Tho patient should bo weighed  If desired a suffi
cient quantity of food may bo given to eause o gain of 2 or 31b each
week

At tho end of threo wreka of tho treatment threo small meals
nono of which excords 10 to 16 oz in total bulk aro substituted for
threo of the feeds the remmnder of which aro continucd aa beforv
Thess meals ore mado up of vegetable purdes potatoes and cooked
fruits  Bacon and meat broths aro added

‘Upon resuming normal ectivity or work tho patient continues
tho samo management Mo eats tho threo small moals at home or
wherever it may bo conmvement  Milk and cream mixed equal parts
is taken with hum to lus placo of busmess A thermoa bottlo 13 a
desirablo container  Irom thus supply a flat flask may bo filled and
carned in the pocket

Mculengracht ! has found that patients with hematemesis havo
a lower mortality sf they aro given a farr amount of food very soon
after the humatemesis Witta * who modified this dict to meet
Fnglish tastes, has aleo had good results  (See p 628)

Dict T does not differ maternlly in composition from tho 8th Len
hartz Diet but ita calonie value 13 much gher owing to whole
milk being given nstead of milk dilnted with water, and to the
additton of cxtra sugar and cream The vitamm C content is
ebightly higher owing to the uso of the purées of vegetables and
frit anstead of only orange jmee  Tho Calorie value of Diet 3,
36214 Calories reems higher than 1sneccssary for patients downg an
averago amount of work though 1t may be indicated of the patient
has Jost & great deal of weight or has returned to hard work

These diets dffer from the early stages of tho Lenhartz Diet in
that they contain in addition to the greater Calorc value much more
flud, shich 38 of uso when tho patients have had & hzxmatemesis
Tho water can bo added to tho Lenhartz Diet 1n tho form of quarter
strength normal salino and adequate amounts should be given

Both tho Lenhartz and Sippy Diets mn their onginal form con
tamed very Littlo ascorbic acid as all vegetables were omitted and
the juiee of oranges and lemons was forbidden because they have
an aed tasto® 1t has been found (Harms and Ray ¢ Archer and

1MruieNeracer  (1034) Acta Med Secand 59 374
*Wrrrs L J  (1037) Brst Med Journ 1 847
* Meul ht 8 Dict contains 30-50 of ascorbio acid

‘HMarris I, T Ray 8 N and Warp A (1033) 27 2011
Harms L J Anpasy M A, YupEmwy K and Keory 8 (1036)
Lancet 1, 1488

L
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Graham ! Portnoy and Wilkinson 2 eto ), that patients fed on these
diets are 1 tho sub scurvy state and the degres of defictency 13
especially great-when patients have suffered from a hmmatemes:s
Most patients have had symptoms of dyspepsia some fime beforo
they seeh medical aud, and 1t may be assumed that they have
omitted from thewr diet the common sources of ascorbio aerd It
was recommended (Archer and Graham) that 1000 mulligrammes
of ascorbie acad should be given each day for three days to all
patients with symptoms of gastne uleer, and for four days of a
hematemesis has occurred Thereafter a mamtenance dose of
25-60 mulligrammes should be given daily erther 1 the form of
orange or lemon juce, blackeurrant purée or syrup or hip and haw
syrup or as pure ascorbie aad

The after treatment 13 very important 1f the uleer 13 to heal
soundly  Aleohol should not be allowed as 1t 1s lisble to cause or
keop up a gastntis The use of foods highly seasoned with
mustard pepper, spices, and condiments of all Linds should be
forbidden for the same reason Tea and coffee should either be
forb:dden or only allowed if well diuted with waterormulh  Cane
sugar should not be given because 1t causes a large seeretion of
mucus glucose and lactose are sad to do less barm

The smoking of all hinds of tobaceo should be forbidden The
evil effect of tobacco 13 probably due to the micotme and its
decomposition products e g pyndine, bemg dissolved i the saliva
and so swallowed The taste of the saliva of a heavy amoker can
be best appreciated by a non smokerf when worhingmn a laboratory,
he uses the distiled water wash bottle of the smoker Many
patients find great difficulty in gining up emoking

JeyoNan Feepna

If the uleer 15 very large or heals very slowly resort may be had
to jejunal feedmg  This 13 sa1d to be better than duodenal feeding
as the meal sometimes regurgitates from the duodenum mto the
stomach and detads of jejunal feeding alone are gven

A soft phable Einhorn’s tubo 13 passed mto the stomach and
after tho tip has passed tho pylorus it 1s pushed onwards unti] the
tip 1 321 to 35 from tho lips  The imtial feeds should consist
of I raw egg beaten up 150 c ¢ (5 oz } milh and 15 grammes oz}
lactoss This is straned through several layers of gauze warmed

1 Arcmer ¥ [ ond Gramax G (1036) Lancet 2, 304
2 ponrvor B, and Wisinsonw J F  (1038) Bt Med Journ

1, 553
'sBockvs (1024) J.AM.A 82, 351
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to n temperature of 100} , placed in n recrlver 4 in above the
upper surface of tho nbdomen  The mzo of each feed is inereased
by 10ce (§ o7 ) eachday until 210-210 ¢ ¢ aro admunistered  The
tubo is left in position and washed through sfter each feed with
normal malino and air  Fxtea flnd i given on the second day 1n
the form of 350 e ¢ of onc third normal malmo twico a day and the
volame {s increased up to 760 cc bd 100 milligrammes ascorbie
acid should be given daily

An slkaline powder conmsting of magnesium oxido gr 3 bismuth
eubmteato gr 16, water to 1 oz is gven by mouth between feeds
and a double doe at night ko as to cneure that tho stomach mucosa
is alwava alkaline

The tube is removed nfter two weeka and a modified Bippy
dirt is mven for the next two weeks

Moprriep Sirry Dixr
8 oz Mill,
1 kgg
with 8 oz malted milk
4-~7th day 3 or Cooked ocreal for threo feeds
Bscuita and butter
8-15thday 8am 2 Soft boued egm
Toast and butter
Cooked cereal
1 glass milh
10am ¥gg and mlk
Biseust and butter
Dinner  Fish or swoctbread
Purde of vegrtables
Mashed potatoca
‘Tapioea pudding
4pm  Malted milk.
Bupper  Clear soup
Poached egg
Chicken or lamb chop
Puréo and mashed potatocs
Bread and butter
Cocoa and mlk
Opm Fgg and mlk
60 milligrammes ascorbis acid should be given dady
A jejunostomy 13 sometunes performed if patients with severe
gastne dueases suffer from lable ting alkaloms and
enal failare which cannot be controlled by intravenous therapy
The patients must bo fed by this routo for some weehs The mn
dwelling catheter must be size 17 or greater
Scott and Ivy have been ablo to Leep dogs alive and well with
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the following mixture which Colp and Druickerman?! havo ueed
with success on men

Four hours after tho Jojunostomy 60 ¢ ¢ of warm normal s1lme
are given overy 2 hours  After 12 hours 60 ¢ ¢ (2 oz ) of tho Scott
Ivy pabulum 13 given every 2 hours alternately with 60 o (2 0z)
saline  Tho quantity of the feed 13 gradually mcreased to 120 ¢ o
{4 oz)

If the ulcer does not heal after n good trial has been given to
these various measures a parhal gastrectomy should bo considered

Scott Tvy Pabulum  Sugar 160 grammes water 3000 ce  Add
peptone 100 grammes and wait till 1t dissolves Heat to 60°C
for a fow minutes and add 1t to 300 grammes of wheat flour making
a paste at first and then dilutmg 1t with all the peptone and sugar
Then add 2000 ¢ ¢ mulk mixed with 1000 c¢ cream 20 por cent
and bring to a boil quickly, stirring vigorously but do not allow to
boil  Mammtamn just below the boiling pownt until it thichens to
the conswstency of a thick cream soup Cool and placo in a
refmaerator where 1t will keep for 4-5 days

100 ce contams Protemn 35
Carbohydrate 815 = 85 calorios
Fat 3

4
Add 10 c¢ omulsified bilo

Vitammns  Vitamm A 3000 IU
D 600 IU
(as Radiostoleum) 3 drops or Adoxolin
Vitamun B, 1000 IU 3 mg
Riboflaxne 1 mg
Nicotmanude 50 mg
Vitamun C 10 mg

Drers v CONVALESCENCE FROM ACUTE DYSPEPSIA

The series of Diets Nos 1 2 and 3 1 uso at St Bartholomew s
Hospital aro uscful for convalescence, and if a patient can taho
Diet 3 without any symptoms he may then begm to return to an
unrestricted diet He should understand that as soon as any
symptoms return he should uso tho convalescent Dict 1, and if
the symptoms continue should use & lower stago of dict, say tho
6th or 8th Lenhartz Diet or Meulengracht Ist diet

Drer I Eight feeds should be taken during the day the ﬁx;;:
on waking, mlk and biscuts should bo taken during the mgh

1Corr R and DrurckEmuax, L J (1043) Ann of Surgery

87
"Z'Scﬂo-rr M G andIvy A C (1931} Ann of Surgery 93 1107
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whenever the patient wakes  The four main meals which are given
Telow should bo equal in mze  Tho small feeds given between
meals at two hourly intervals  Theso belween feeds should consist
of § pint of warm boled milk, flavoured if desred wath cocon,
Bournvita  Ovaltine, Marmute, Hothck’s Bengers, or the Iike
Cream crackers, rurksa, or other plain biscuits, not wholemeal If
the Leverage and biscuits cannot bo obtamned one or other will
suffice, and should ncither be obtanable & picce of plain or milk
chocolate may bLe caten alowly

Water (not iced) up to § pint may bo taken between feeds, and
a small amount with meals

The well atraned juice of an orange must be taken twico daily,
preferably betwoeen feeds  Preeh strained tomato juiee may bosub-
stituted oceasionally or a gl of tuned tomato juice or black
currant juice or purce or lup and haw syrup  In eases where fruit
Jutces ave not tolerated ono or two tablets of ascorbie actd (25-50
milligrammes) m1y be substituted

Food should bo coohed with a hitle salt but no other condi-
ments

Dier II I desired tho number of feeds may bo reduced to
seven, and tho interval between them increased to two and a half
hours Tho main meals ehould bo somewhat bigger than the
between feeds

Dier IIT Tlus 18 an easmly digested normal dict swtable for
constant use by patients who have suffered from gastric or duo-
denal uleer or other continued gastrio disturbance  Tho nterval
Letween meals may bo increased to three or four hours, and
the numbcr reduced to four or five The man meals should be
of normal medium eize If tho patient ought to gam weight
three or four “ between feeds should bo given They should
nlsolbc gwen if any discomfort 13 folt in the interval between
meals

Dier T Apartrp ror AcutoruyDpriA  No between feeds
should bo taken  Only small amounts of fld should bo taken
with meals, tho rest bong drunk between them  Each meal should
bo begun with o mild appetizer such as tomato orange or grape
fruit Juice or a small teacupful of Marmite Tho latter should be
taken daily as o boverage or sandwich spread

Dier 1
Breaxrast
Ono egg lightly boiled or poached
Whito bread stalo and crustless cut thmnly or crisp tosst (not hot)
with butter
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Honey golden syrup apple, black currant, or bramblo jell
sl R X ' ramble jellios, or stramed
Weal tea or cocoa with plenty of mulk Sugar if deswred

DmNnErR

Fresh white fish boiled or steamed or stewod sweetbreads bramns or
tripe

Plam white sauce 1f desired

Aashed old potatoes or crustless stalo whito bread cut thmly or plam
biscuits

Milk pudding custard junket, blancmange jelly, or plain steamed
cahe-muxture pudding

TEA
White bread or toast and butter as nt breakfast
Honey etc as at breakfast, or Marmite
Plan sponge or Madeira cake or biscmts

SvpPER O LUNew
One or two eggs bghtly boiled or poached or fresh cream or mulk cheeso
Cream crachers rusks or other plamn biscuits
‘Warm boiled mulk, if desired flavoured with cocoa Bournvita Ovaltine,
Bengers Horlhcks or the like
Pudding as at dinner, 1f desired
Interval between meals and feeds two hours

Not allowed
Beer stout whisky and other alcoholic drinke and muneral waters

(except soda water)

Brown bread new white bread rolls buns porndge and digestive,
wholemeal ginger coco-nut, Vitaweat or Ryvita biscuits

Coffoo

Fish with fine bones such as hernings or salt fish and salmon

Fried foods of all kinds

Fruit stewed tmned or raw (except stramned orange juico)

Jam peel of marmalade currants and other dried frmt nuts seeds,

Meat bacon ham sausages chuchen and rabbit

Pickles and nich sauces wvinegar, condiments added salt or othor
seasomng

Soups meat extracts and Marmte

Suet puddings and pastry
Vegetables and salads of all kmds and parsley 1n sauco

Smokung

BREARYAST
The same as 1 Diet T
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Dreeen,

An Dict T with tha following additional alternatives

Bailad or roaat ehicken or puminen fowl (no skin or gristle) or stewed
rabint

Flower of equliflawer mmved carrota spinach peas or tomatons

Baked or stowed apple (na slan or core) sirynd stewod pruncs apricots
praches or pears froah or tinned or meved raw bananas

Tea.
The samo na Diet T

Scrren on Ivwen
Tho sama ax Diet 1
Intersal brtween meals and foorl , two to two and a half hours

ot allowed

Berr stout whuky and other aleoholic dnnks and mneral waters
{exoept poda water)

Brown bread new wlite bread rolls buns porndge and digestive
wholemeal ginger coco-nut Vataweat or Rywita buscuts

Coffeo

Fish with fino bones such ns hernngs or salt fish and salmon

Ened fooda of all kinds

Frust {exoept thosn ginen above)

Jam peel of marmalade curmnts and other dned frint nuts and
sords.

Meats such 6a bacon, beef ham sausages brawn

Pickles nch sauces vinegar end condiments except salt in small
quantsties

Boups meat extracts and Marmite

Suet puddings and pastry

Vegetahles (oxcept thoss given abov o) new potatoes, parsiey snd salads

Bmolkang

Drer I

BreAxrasr
Az Dicts I and 11 with tho following additional alternatives
Finely ground brown bread
Fresh white fish steamed or gnilled, or o sccond egg
The egps may be scramblod.

Duxzn,
As Dict IT with the following additional alternatives
Tender lamb or mutton veal Lver tongue or ham
Grapes soft mpo plums pears and peaches gvording shin pips and

stningy portions
Boiled old potatoos
Vegetablos and frmt 1n Dot TT neod not be sioved.
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TrA
As Diets I and 1T with the foll a4, 1 nlt
Finely ground brown bread °
Plum or apricot jam

Surrer or LuNcr
As Diets T and IT with the following additional alternatyy es
Steamed or gnlled fresh whito fish chicken efc as at dmner
Vegetables and frmt as at dinner
Interval between meals and feeds threo to four houra

Not allowed

Beer stout whisky and other aleoholie drinhs and rmmneral waters
(except soda water)

Coffeo

Fried foods

Frust skins seeds and hard fruits such as raw apple pmeapple ete
dried fruts and nuts

Kippers bloaters and salmon

Meats such as beef and the tough parts of all other meats

Meat soups, meat extracts and Marmite

Piclles rich sauces vinegar and condiments except salt n moderato
amounts

Suet puddings and pastry

Vegetables such as cabbage and orons also the stalks slans pips and
hard fibrous parts of other vegetables

Acure AND CHnoNio GASTRITIS

The disease may start with vormting and this may be so severe
that even 1 oz feeds of milk are rejected  In this case flurd should
be given per rectum either as a 5 or 6 per cent solution of glicose
m tap water or } or + normal physiological salne or Rmngeré
Solution 600 c ¢ (1 pint) may be given 4 bourly or 1 the form of
a continuous drip 3000 cc o day (5 pints) When the gastnibis
18 severe 1t may be accompanted by an acuto enteritis, which renders
the giving of fluid per rectum mmpossible  In theso cases the flud
should bo given mtravenously or intramuseularly either as a con
tinuous drip of 5 per cent glucose 1n } or § normal saline or Ringer
Solution or 600 ¢ ¢ may be given three to four funcs a day (p 687)
When the acute condition etther improves suffictently for tho patient
to be fed by mouth or 15 not severo enough to cuse vomiting tho
early stages of the Lenhartz or Sippy dicts should bo used It 10
usually posaible to merease the diets much more quickly than 1f an
uleer 13 present

Tn the treatment of chrome gastritis the condition wall usually
improve quichly with the full dict allowed by Lenhartz and Sippy
or Menlengracht but 1t may bo necessary to order & diet hiho the
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6th or Mh Lanhartz it When the symptoms disappear tho dict
ean a<a nule be anereased more quickly than in the treatment of
gastnie uleer

Avcontorac Gastrrris
1t §s exsentinl that all aleohol shoukl be given up even 1f tho
mitient says that alcobol is tho only thing which ennbles him to
cat nmeal  If vomiting is » prominent feature the patient should
be in bed and small divided meals should be given, s1y Lenhartz
Dict 8or 10 Tho dirt ean be increased fairly quickly as scon as
the all effecta of the aleohol have passed nwny

Draratiox or i Srosacn
Complete Pyloric Obstruction When tho dingnosis has
been made flud should not be given by mouth as it cannot pass
the pylorus At least 3000 e of flurd should be given erther per
rectum or intravenously or intramuscularly or by sternal puncture
{p 6%9) It is ccentinl to givo Iargo amounts of ascorbic acid as
Pavno t showed that in 12 out of 51 cases pentomitis was a scrious
plication after any of on tho stomach and that the
wounds showed no mgn of healing  Archer and Graham # suggested
that thus was duo to a lack of ascorbic acxd  They recommended
that at least 3000 milhigrammes should be given beforo any operation
The patients are usually in the sub scurvy stato and st 1s impor
tant to mive at least 3000 milligrammes of ascorbic amd  If the
p3Jorie obstruction i3 sy ore 1t 13 necessary to give st intramuscularly
If large doses of ascorbic acid are given intravenously somo will
bo excreted 1n the unno and suggest that tho patient was not 1n
the sub scurvy state  Ono of us (G G ) has found that 300 mulli
grammes can boe given intravenously twice a day without causing
much loss of ascorbic acid n tho unne  If this amount 1s given
for five days the nsh of the wounds failing to heal 1s very amall
but 1t 13 ndvisable to give a dmly dose of 1000 milligrammes of
ascorbic acid for the first threo days after the operation
Partlal Obstruction It 1s often uncertain whether the dila
tation of the stomach is due to an organie obstruction or to an
atony of the walls of the stomach  The food should consist of mulk
€gg and milk or mulk and cream or other substances which will
pass through tho pylorus eamly  About 200 grammes of glucose
should bo added to the feeds during the day  Two or three ounces
of the mixture should bo given every one or two hours dunng the

1Pavne R T (1836) St Darts Hosp Reports 69, 191
*Avcier I E and Gramam G (1936) Lancet 11, 364
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The principles to be observed m preseribing rules of diet m each
of these forms may now be brefly discussed

1 Defective Secretson  Theremay bono symptoms of dyspepsis
m patients with hypochlorhydna or complete achlorhydnt and of
so dietetic regulations are not required Some of theso patients
have pam and discomfort immeduately after tho meal 1s taken and
examunation of the gastric contents and with X rays show that the
stomach empties very quickly  The foods should either be pounded,
munced or sieved, 50 as to ensure the food being finely divided when
1t reaches the mtestines TYn muld cases thorough mastication of
the meat, etc majy suffice Tho rapid passage of the food may
be reduced or prevented by gmving fatty foods with the menls, or
an ol Like ohve or almond after the meal has started

Dmrecrions ror DIET IN ACHLORHYDRIA

1 The diet should contamn the usual amount of eggs mulh cheese
fish and meat  (The latter two may have to bo pounded or
minced )

2 Salt, pepper mustard meat extract, marmite gravies meab
soup spices pickles condiments are gllowed wn normal
amounts

3 Bread potatoes are allowed

4 Orange or lemon juice 4 oz or other fresh fimt should bo
taken once or twice o day  If theso disagree 25 mulligrammes
of ascorbic acid should be given cach day

5 Flwd should not bo taken at meals though one glass of wine
red or white 1s allowed

6 Hydrochloric acid muims 15 may bo taken mn 3 oz of water
with the meals

7 Sufficient flmd should be tahen erther half an hour before meals
or two hours after meals to rehovo tlurst or any discomfort
from lack of flud At least two to threo pints of fluid should
be taken daly

2 Excessive Secretion  Much discussion has taken placo as to
whether the diet n cases of hypersecretton should bo mamly
smmal or vegetable mn constitution 2 On tho one hand, there 1 n:;
doubt that an smmal diet *“ fixes * the excess of hydrochlonic acs
most efficiently whilst on the other therc 1s abundant evidenco
to show that 1n the long run a mawmly vegetablo diet leads to 8
per t d tion of acid fc t An anymal diet 15 there
;cm the best pallative, Whilst a vegetablo diet 13 moro strictly

1 Mogrrert. RosErts  {1931) Quart Journ M;d 2}, 1‘33
* See Scmross (1907) Vegetabilisch or
Hypeen.;cndxmc (Areh f Verdouungs hranih 13, 233)

b
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curatine in cffcct  In the expenence of Hutchison o predomin
atmgly anima} dwt gave the best resulty wlilst other means may
be relied upan for actunlly Jeswering accretion (og the free uso of
fata, admimistmation of alkalies ote)

On the otlier hand, it is reasonable to exclude all direct stimulants
of seeretion Under this heading como such substancea as common
ralt, extnctives of meat, the vanous condiments, and alcoholio
bever,

There §s both expenmental and chinfeal evidenco?® to show that
fata havo a restruiming influence on gastno secretion

The evidenco ? rupgests that tho unsaturated oils like inseed and
cod liver o1l aro the most cffective  Theso aro unpleasant to taho
and olive or almond o] which are less effective are used Tho
oil produces the reatest offcet when it has entered the duodenum
before the meal as taken  Tho usual doso 14 ono ounce

Foods rich in carbohydrates on tho other hand, must bo eaten
eparingly, aa freo acid appears in the stomach very early after thewr
uze and the conversion of their starch by the anliva fs fnterfered
with  For this reason the addition of malt to fannaceous foods 13
often of great servico in cases of hyperaardity It stands to reason
that where ncidity  of the stomach 1s proved all sour articles
thould bo bamshed from the diet  Vinegar and somo wines arc
examples in pomnt

The application of the abosve principles may bo expressed 1n the
following rules

Drerions vonr Dirt r¢ JIYTERCILORUYDRIA

1 Tho diet should conmst mmnly of animal constituents (eggs
mulk cheese fish and meat)
Green ond oot vegetables may bo eaten in moderation unless
flatulenco occurs
3 balt pepper mustard ment extracts gravies meat soups pices
pickles and . should bo alt: her avoided
4 Bread and potatoes should bo taken very spanngly but bacon
and butter may bo caten frecly
Bupar and all swect or sour things should not be caten
Orange- or lemon Juice 4 oz or other fresh frnt should be taken
onco or twice o day  If these disagree 25 mulligrammes of
ascorbic acid should bo given each day
7 Alooliolic boverages should bo avoided The best dnnlk at
meals {s an alkaline water such ns Apolinars or Perrier
Ono ounce of ohve or almond ol should bo taken 10 munutes
boforo meals

[t

X

* MonneLL Roperrs  (1031) Quart Journ Med 133
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Gravy or white sauce (not contamng parsley or an:

ﬁ:“l’i;hed old p (No other S table are a{'l:‘:};;!')\ézetﬂbles)
ilk pudding custard bl Junket plam joll;
cake muxture pudding (oo frmt, jam ot ) P 1ellyy or steamed

Chocolate may be eaten after meals, or used as flavourmng
TEea

Ten wath milk and sugar to taste

White bread and butter

Honey, golden syrup black treacle jelly, cream cheeso or Marmite

Sponge or plan madeira cale (no frut peel seeds or nuts) or plun
biscwits (not digestive wholemeal coco-nut Vitawoeat or Ryvita)
Surrer

Ten, coffee or cocoa made with milk or any other form of milk food
Sugar to taste

Whte bread or plamm biscmts and buiter

Fggs white fish smoked haddock soft chocse or pudding

Mashed old boiled potatoes and sieved vegetablos
Beprnie

Cocoas mulk or any other form of mill food Sugar to taste

Plam biseuits if desired

‘Whell stromed and sweetened orange, lemon or grapefruit juice should
be taken two or three times a day

Tho foods may be arranged according to teste

Meals should never be eaten 1n a hurry and at Jeast ten minutes rest
should be taken after finishing them
Foods not alloued

Al foods winch leave a residuc after digestion Theso includo

Biscuits such as digestive wholemeal! coco nut macaroons Vataweat
and Ryvita

Brown bread wholemeal end other varnoties

Fish with small bones {eels hernings lappers bloaters and sardines)

Fried foods

Fruits stewed tinned or raw except stramned orange lemon or grapo
frmt juice

Jams peel marmalade and dred frnts such as currants sultanss
cherries etc

Meat excopt rabbit chicken swoetbreads brams tripe (no omwon} or
munced tender lamb

Nuts

Porndge Shredded Wheat and 2ll wholemesl coreals

Salads and parsley
Vegetables (unless well sioved) evcept mashed old potatoes

1f the diarrheea 18 associated with achy lia tho dict sutable for this
conditton should bo uced {p 640) If the stools are actd 1 reaction
the amount of starch 1 the diet should boe reduced to a mummum,,
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when the diarthea hias ceased the carhohs deato should be eautiously
fnereased 1 the stoola are alkaline fn reaction the smell 11 often
very offonave  Meat ehonld bo withheld but milk cheese and
carbohydrates are uunally well tolerated  \hen the dinrtheea
ccases fi hoand meat should be ndded pradunlly  If the stools aro
very pale the condition fa probably die to cxeess of fat steatorrhara
This occurs in ealine disaee and chronfe pancreatitis  (For
trestment of spris s p 647 ) Tho fat shonld be rediced to n very
rall amount  Fre<h shimmed milk should I obtuned from a
dury {permis son from the Wilk Marketing Board a3 be necesaan )
orone of the dned skimmed milk products should boueed  Thomulh
may bo thickened with comflour ete  and flavoured with coffce
or tea  Gravy soups or meat extracta arc useful together with
starchy foods  Iruit freah or cooked 13 usually well tolerated
but it {s wsunlly necensary to strain st White fish wiuch contains
practically no fat, and lean meat may be added Iater on  If the
patient has either ehac dieasn or chronic pancreatitis ho must
Leep to this diet for a Jong time and as it ts deficient in vitamins

0000-15000 T U of A and 1800-3000 1 U of Dshould be given each
day to ensure the proper absorption of caleum  Extra vitamm B
ehould be piven kn the form of yrast or some concentrated prepara

tion (pp 696-0) Thess patients rometimes suffer from a macrocytio
anemia nnd either an cxtret of hiver or hogs stomach should
be mven by mouth or & potent hiser extract injected intramuscularly

When the patient improves oxtra fat may bo added cautionsly

It 15 advisabls to estimato the total fat lost in the stool over &
penod of three daya sa a8 to bo certain that too much fat 1s not
gven  If more than 20 grammes of fat aro lost 1n the day the
fat 1ntako should bo reduced

Low rar Drer
Breaxrast
Ten or coffie with skammed milk fresh condunsed o dried and sugar
M deared
Pormidgn Shrodded Wheat or other breakfast coreal with slummod milk
and gupar
Bread and jam, marmalado honey golden syrup or black treacle
Smoked haddock or white fish 1f desired
Mip Morving
Tea or coffeo with skammed muillk and sugar 1f desired or well sweetened
lemonado
Plan water Luscmts (not petit bourro eto)
Dovven
Baled or steamnd whito fish or amol o haddoc] with sl immed milk
or tomato sauco
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Rebbt or tnpe stewed in skuramed milk stowed Lver botlod or steam
chicken, or very lean ment

Potatoes boiled mashed with slarumed mylk of bahed m therr jacket

Green or other boded vegetables

Slammed mlk pudding or blancmange or custard powder custard ma
;v;;};;l;mmed mulk or boled mee and jam, or Jolly, or summ

Fresh or stowed frwmt

Tea

Tea with slimmed mill. and sugar if desired

Bread and jom marmalade golden syrup honey or blael treasle ¢
sandwiches made with tomato mashed banana Marmte or mes
extract mstead of butter '

Buns or plan water biscuits if desired

Suprer

As dmner or as ten

Meat extract Marmute fat free meat or chichen broth with ries o
tepioca  or Bournvits or Ovaltine made with slummed milk may b
taken 1f deswred

Bevrmve

Bournvita or Ovalting mads with skimmed mulkk or well sweotoned
lemonade

Water biscruts or bread and jam

Boiled sweets may bo talen after meals

Glucose may by added to drnks and stewed frmbto mereaso the Calone
value of tho diet or when a gan m weight 13 advisablo

Not allov.ed
Baked potatoes Yorhshiro pudding and all foods baked i fat
Butter margarmme dripping suet lard ercam oil mayonnaise and all
dishes contawung these
Cheese
Chocolate and ¢ocoa 1n all forms
Duck goose
Egps {oxcopt egg white 1n the form of & menngue filled with jam)}
Fat fish such as salmon herrings bloaters Lippers sardines oto
Fat meat porh ham bacon sausages brawn
Friod foods of all kunds mcleding potato chups fried omions frtters
Nuts and all swerts and bisewits contarng these
Pies end pastry cabes caho muxture puddings ico cream N
Shortbread petit beurre and other biscwits contamung fat  {Page %)
Suot puddings dumphngs and erust
Toffee caramels and marzipan
Whole mulkk fresh condensed, or steriizod
Tho dictetic treatment of mucous colis 1s difficult  The effect
of a Jow residue dict, p 643 may bo tried or that of the fugh redue

diet used 1n the treatment of constipation
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Tux Trrarrss or Sraun

This diseasn of the fnteetinal tract 10 chametenzad by the failure
to abuar the fat of the diet although it has been properly digested
The stools thetefore aro very bulky pale and frothy  They do
not appear to contain lnle mzimenta or salts but these are actually
fresent in normal amounts but the colour of tho stool 19 pale
bocauss of the abun Janee of fat On general principles 8 Jow fat
dint 1 indicated and the following high protein low fat diets have
been ammanged by N H Fairdey ®

Hient rrorre Dirr 1
{Calons vnlue 1000)

Carbohydmte =3 prummes Proteln "2 grammms Eat 4o grammes

Sam Undendonn beef 30z juico of half an orange and glucose
2 dmechnu  nekr  or.

12 am. Soup 4oz 4 hiver extract (equisalent to § Ib)  underdone
bref 3 02, ruwks § oz jweo of hall an orange and
plucose 1 dmchm.

6 pam. Tho samn an at 12 am

Hien rrorert Dizr 2
(Calomn salue 1750)
Carbohydrate 123 § grammes Trotein 128 grammes Fat 77 grammes
8 am  Underdone beef oz, tudka 2oz  calues foot Jelly 20z
juleo of an oranpe end glucose 2 drachms
am. Foup 4 oz. 4 licr extract {equnnalent to § Ib)  underdone
bLoef 5 0z, rusks 1oz, jJuco of an orange andglucose
2 drachms
™. Tea 10 oz.; milk 2 oz
.., The same as at 12 a m., with calves foot Jelly 2 oz

12

ir
ip
Hion rrotrre Drer 3
{Calono value 2317)
C”hhrdmtc 185 grammes Protem 164 5 grammes Fat 97 grammes
Tea 10 0z milk 2 oz
8 a-m. Underdone beef 80z ; rusks 1joz  calves footjelly 20z
juieo of an orange and glucoso 2 drachms
10am | baked applo custard 1 oz
12am Soup oz 4 liver extract (cquivalent to § Ib) derd:
boef 6oz , calues foot jelly 20z rushs 13 ez juce
of an orange and glucose 2 drachms
4pm. Tea 100z, milk,20z bakodapple 10z custard 1oz
7Pm  The samo us at 12 am

'P Mawsow Bamn. (1939) The Dysentersc Disorders 389
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Hian PROTELN Drer 4
{Calorie value 2782)
Carbohydrate 223 5 grammes Protein 179 5 grammes, ¥at 116 gremmos
6am Tes 100z mill 2oz
8 am Underdone beef 7 oz  rushs 14 oz calves foot jelly
Zoz  jweco of an orange and gluco.e, 2 drachms
10am One baled apple  custard 2 oz
12 noon Soup 5oz + hver extract (equvalent to}lb) derd
beef, 70z calves foot jolly 2 0z , yushs 3oz Juieo of
an orange and glucose 2 drachms
4pm Tea 100z milk 20z 1 baked apple custard, 3 oz
7pm Thoszme asat 12 am but only 13 oz of rusks allowed

Hrox rroTEIN DiEr §
{(Calorie value 3557}
Carbohydrate 378 Protein 199 g Fabt 123

6am Tea, 100z milk 2oz , glucoso 2drachmy rusks 1} oz
butter I drachm ono scraped ripo apple or ono fullv rpo
Canary banana (yellow ends)

8 am Underdono beef, 7oz rushs 3oz  calves foot jelly, 2 02
jurce of an orange, and glucoso } oz honey, 2 drachms
butter 1 drachm

10 am 1 baked apple custard 3 oz

12 am Soup 6oz -+ ler extract (equuvalent to § 1b ) derd
beof 7oz cnles foot jolly 2oz rusks 13 oz jue
of an orange and glucose } oz

4pm Tea 100z mulk 20z , glucose 2 drachms rusks 3oz
baked applo 10z custard 3oz (egg boiled or poached
sometimes substituted), honoy 2 drachms

7 pm The samo as at 12 am

A lugh protem mulk 18 used 1n this driet which has the followu:g
composition  Srnorac  Mowsture 0% fat 106% proten 310%
lactoso 46 09, runeral matter 7 4%,

Laver Sour —Threo quarters of a pound of fresh hver i taken
finely munced and immersed 10 a quart of water to which, when ‘boiling
& smoll amount of tapiaea of sago and some popper and salt should be
added  After simmening for two hours tho flurd 19 straned off &
allowed to cosl 'Tho tasto 18 much mmproved by adding stock made
from beef or chichen bones

If I er 13 dishihed or unobtamnable full doses of Liver extracts should

ngeeted into the muscles
bﬂ’ﬂ\gcfonguo which 15 denuded of ats papille and 13 very sore s b::t
treated with mbofl 5-10 mull tds untif the papllo
recover Nicotnamude 100-200 sulligraramces t da should be gwen
at the same tume and e acid 100 pul o day
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Dlets for Acute Sprue  Annther treitment conusts in giving
a dirt which consista chicfly of milk, and also gives good results

irr t laner Wrrx
(Total Calarda value about 1000 Calorira)

‘Three panta (€0 o7 } of cow & milk or Benger s foxd in G-0z freds at
two hour intervale g toast;  pulind bread IMeud bert  rusks
of dizestive bLiecuita with a sempa of butter

Dirr 2 breosp Wrrer
(Total Calonn value about 1999 Calonir)

Tiren anta (€0 02.) of cowa milk or Dengers food as in No 1,
ks toat  gagn G ozg liver roup 12 oz i two {reds of 6 oz
ench  Onebigh tly Imiled o= weak tea or pprus tea (1o ten infused
with milk) § o,

Tire 3 Tamp Wrex oNwanns

{Total Calorie salue about 3900 Calones)

DBrealfast Torndee or gruel 1 g toaxt and weak tea

Il am 10 or. mik bprulac or Bengera food

Lunel Liser soup 12 0z.  munocd chicien 6 oz spinach (or
cwlflower) 3 0z mpo {or semolnn) 6 oz baked
applo or mashed banana 6 oz.

Tea Toast ten madearn enke rpongo eako  digestise
biscuita (MoVatin & Price) 3 oz

Dinner  Brun or swoetbread 4 0z calos foot lly 3oz arrow
root sage or tapioen 8 oz

Manson Bahr has found that thus departuro from the ngid milk
dietary which was formerly ndvoeated is of very distinet advantago
to the patient, espectally from tho psychological pomt of view
Asarule patients who are treated in such a liberal fashion do not
manifest thoso figns of unrcasonableness and mental imitation so
typieal of sprue patients whoso diet was entirely restricted to mlk

Dict No 1 14 adyusted to & Jow Calonio value and while the
patient ja talung 1t, he must bo hept 1 bed and carefully nursed
DitNo 213 0fn higher Calorie value  the patient may be allowed
b up in bed and lenvo tho room for o bath  During the thurd
and convalescent diet he may be allowed up 1n the afternoon

1t Lias been the custom to augment Diet No 2 by giving raw or
underdono meat up to 8 oz a day, 1 addition to the liver soup
For this purposo the raw meat 18 passed through a fine mincer
and npread very finely Detween two thin slices of bread  Diet

© 313 matituted from tho thied weeh onwards and 13 adapted to
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the special needs of each particular patient » 1t 13 usually found
necessary to persist with this dietary until the stools have become
normal in size and of averago conststency and colour

One would have expected that the results would bo better 1f
shm mill. with 1ts low fat content were used mstead of ordinary
mulk, as the bulk of the stools would decrease at once

It has been shown that folic acid (pago 162) 10 mg twice daly
by mouth will cure the macrocytic anmia of sprue and will also
cure the mtestmal condition so that the stools becomo normal mn
fat content and consistency  Some hinds of non tropreal sprue are
also cured but apparently the condition i children hnown as coeliac
disease 1s not improved though the anema 1s cured 33

Fresh frutt Iike strawberries, bael frutt and papaya had & great
reputation for the treatment of sprue  These Like many fruts, are
useful but probably owe their value to thewr witanun C content
and perhaps other vitamms

Constipation may be troublesome when the acute stage 1s over
and boded onions spinach, vegetable marrow, and especially canl
flower stalks are of great value

DIET 1¥ CONSTIPATION

Constipation ¢ 1 usually due to one of three maimn causes, two
of which may be helped by diet  The first, 1s dyschezia or failuro
of the defaecatory reflex due to careless hahits, etc, in the past
Diet 13 of little avail mn this state  The body must be re educated
to perform the reflex

The second cause 15 spasticity of the colon, usually more
marked m the ascending colon than the transverse or descending
colon, though spasticity may extend to them as well A large

(1946) Journ Amer Med Assoc 132, 508

1Lorez Srres Tooa
(1946) Journ Lab &

2 Moore Brzrpavat  WELCH and Wriemr

Clin Med 30, 1056
sDappy-Jonrs and JomnsoN (1946) Journ Amer Med Assoc

13D 780

4 Read ted 1n this and much advertised complatat
are ndvised to read Alvarezs Nervous Indigestion Barclays The
Almentary Tract and Hurst 6 articlomn the Encyclopaedia of Medione
s 582 TI'rom the Lancet 1039 1 597 wo cull tho followmng on the
centenary of the publication of Bir Henry Holland a Medtcal Notes and
Reflections Tt1s certam  wrote that physician to tho Royal Family

that tho natural constitution of different persons 1s very vernous 68
s well as the constitution of the samoe porson at different
periods of ife The eases are common of individuals 1n perfect health
who have action of the bowels only esery second or third day * Alvarez
18 saying the same to-day {op eat)

to this pont
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pereentagn of the c1ant of chronfe constipation are due to this
cause the estimates by Amenean phymiciana mnging, necording to
Cowgall from 20 to 60 per oent  Alvarez, at one ime was inchined
to put it stil higher  In this condition of the gut tho circular
muscles are firmly contracted and they reduco the colon 16 a hard
tobber ke tube easly folt through the aldominal well, along
which matenal ix slow in pasuap

A angthing irritating to the put in the way of coarse fibres of
vegetables bran nnd seeds of fruit such s tomnatoes and figs
increase ita epasticsty such foods nro contrandicated and a low-
resdue diet should e gien  Attempts to rchieve this typo of
conatipation by recourso to tharo 1y led roughagy
result 1 pain in the nght lower quadmnt of the abdomen as the
consequence of distension of the eremm and appendicitis may bo
guspected

The only thifficulty to be met in a low remdue diet 13 the supply
of iitamin € Thin ahould be regularly given sn tho form of well
#truned omnge-, lemon |, grapefrnt. blackeurrant and rose lap juices
or tomato jmee The fools to avoid aro brown or wholemeal
bread dizestivo nnd coco nut biscmits or macaroons dried fruits
wholemeal flour, frusta with edible aps and shins such as gooso
bemies currants figs ele groen vegetables coarse voot vegetables,
jams with pips and sluns nuts oatmeal peas and beans shredded
wheat salad vegetables Tho foods to tahe aro plan biscuits
wlute bread, butter, plun cahe with no frut cheese cream, eggs
steamed white fish golden syrup or black treacle honey jelly, yuices
of grapefrust lemon orange, or tomato meat, milh in moderation,
rushs fairy toast, or pulled bread and sugar

The third causo 18 Jack of tone in the muscles of tho large
intestine, the exact opposite of tho stato of spasticity described
sbove It ia posmiblo that this ty po of constipation 1s due to over
sctinity of the sympathctio system—sco the cfiict of cutting the
sympathetic nerves to tho largo intestmeo 1n Hirschsprung s disease,
which 18 an exaggerated form of atonta of the colon—and that the
pastic colon 18 duo to over nctivity of tho parnsympathetic nerves

Dictetic treatment of afonic constipation 13 along the lmes of
grving foods which Icave a largo amount of resduo in tho mtestine

Generally speaking all foods rich 1n cellulose belong to this class
€8 oatmeal green vegetables, wholemenl bread and some fruts
All of these should thereforo find o place 1n the dict  Water also
acts 1 o Jargo measuro mechanically by increasing the fludity of
the 1ntestinal sceretion, but i part also 1ts action may be reflex
T6 18 best given cold the first thing n the morming  In districts
n which the water contamns much calcium o puro artificial aerated
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water may be taken instead (e g Salutans) Fats and oils, too,
act as mechanical lubricants, and sufferers from constrpation should
partake of all of them freely, especally if the motions are small
and dry Honey, treacle, and marmalade havo also a shghtly
aperient action

It 1s probable, mndeed, that vegetable foods owe therr laxative
Properties 1n part to the fact that they are apt to undergo fermen
tation m the imnteste, with the production of lactac and butyne
acds, hydrogen, methane, carbon dioxide and hydrogen sulphide
Theso subst: 1 lly and h lly stimulate the
muscles of the gut to actimty !

Beverages like beer, stout, and ctder often have a laxative action,
though they may cause colic 1n some patients Red wines are

thought to be but the t which ensues may
be due to the small amount of flmd which the wine drinker takes
1 the day

Tt was thought at one time that milk and eggs wero a cause of
constipation It 1s difficult to be certamn on this pomnt as larger
amounts of these foods areusually gtven when the patient 18 strictly
confined to bed, which of itself often causes constipation It 18
probable that some patients are affected exther by milk or eggs,
but the majonty are unaffected Tea and coffee are sard to causo

trpation in some pat

The amount of flud taken in the day should be at least 3 pints

These principles are expressed in the following rules for patients

DirrcrioNs ¥or Drer 1N CHroxto ATONIO CONSTIPATION
1 The following foods should be partaken of freely
Porndge made from med oatmeal hol 1 bread
gingerbrend and  ginger snsps’  green vegotables,
frusts {fresh or stewed—especally stewed prunes or figs
and boked apples) marmalade honey and treacle
Fats—o g bacon fat butter salad ail
2 A glass of cold water should be taken on rusng and a few
French plums may be eaten beforo gomg to bed
3 A lage should bo p bod &s 1t Inereascs the
. bulk of tho stools Agar agar 1s suitable and the usual doso
presenbed 13 one teaspoonful onco or twico 6 day Psylum
seeds are also used but they are not recommended as they

may cause umtstion 3

e

(1028) Med Res Council Specral

1 Lawnencz and McCance

Report Series No 135
e’pﬂwm (1938) Lneyclopedia of Medicine 3, 882
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Dospases or mir Inrn

Tho new hypatheas for the cauation of errrhoss of the liver has
been di cusend on pp 69 70 and at present holds the field  The
most important step in treatment s to persuade the patient to
refrun from taking slcohol and thia in severe casea 1y best done
inaepecial home  The dict should contain an adequate amount of
protemn 70 100 graminca a day and should contain at Ieast 1 pint of
mill—better 2 puntaea day and at lent 2 o7 of cheese This
will ensure that plenty of methionine 14 abeorbed and so belp to
reduce the fatty infiltmtion of the liver  The fat in the dict 10 the
form of butter and cream ehould be reduced to a mimmun and the
fat of meat and £1¢ fish should bo avorded It was eustomary to
restrict the spioes and condimenta  This was probabls duc to the
occurreneo of eirthosts of the Wver in Indin whero lughly spieed
foods are caten by prople who do not takt nleoho!  In tho light of
the new work on choline and methiomno this limtation seems
unneceasars  Viethioning may be of salue ain the treatment but
its use has not boen reported yet

At tho outset the dict ean be armanged as for the treatment of
B g1 tritas but eges are hest avorded beean e of the hugh cholesterol
content if the patient has obstructive jaundice  The amount of
carbohy drate shiould not be too high sav 250 grammes, but can be
increased Inter on Tho dict should then consut of

80-100 grnmmes of protein 320 or 400 Calories
50— 80 grammes of fat 4,0 or 720
2.0 gmmmes of carbohydrate 1000 1000

17950 2120

The protemn and cirbohydrate content can be mncrewsed when the
appetite returng

Jaundico may bo duo to many causes but the gencral prineiples
of dict aro—so far as 13 known—the same The fat of the diet
ehould bo as emall as possible for two reasons Tustly becauso
i tle bile 13 not entenng the duodenum the fat will bo poorly
bsorbed mn the absenco of the bilo salts which lower the surface
tension of tho intestinal contents and so aid the fat globules to pass
through the epithchum  Tho stools aro apt to be very offensivo of
much fat 13 present 1n tho large mtestine owing to bactersal decom
position  Secondly 1t 13 1mportant for the health of the Iiver that
the fatty content should be as low as possible  Tho type of low f1t
Ingh carbohydrate high protein diet Which 13 recommended for tho
treatment of cirrhous of the lwer 13 smtable The cholesterol
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should be small 1n amount sf the Jaundice 18 obstructive sinee 1t 1e
excreted mn the bio In the treatment of nfectivo hepatites 1t 1
customary to wmnject in addition 6-10 umts of protamme zine msulm
once a day, partly to ensure that tho high carbohydrate dict does
not causo any hyperglycemia and partly to ensure that the Liver
contamns sufficient glycogen The proteins which have o lugh
content of methionmne—milk and cheese—should be taken as woll
as lean meat, but egps and fat fish should be avoided

‘WiLsox, Porzoor and Harris,! and Higains, O Briex, PETERS,
StEwaRT and Wrrts ~ have tried to shorten the course of the
diseaso—~mfective hepatitis—by giving methionme & grammes a
day by mouth, but tho courso of the discase was quite unaffected

The & grammes of methiomno was dissolved 1n a solation of
14 ¢c of concentrated hydrochloric acid and 142 ¢ ¢ of water An
ounce of the solution contammng 1 gramme was given five times a
day Higgms et al 1945

Beattie 2 on tho other hand, worl mg with pationts who had de
veloped nfective hepatitis during treatment with arsapk
thought that he could reduco the time the patient spent in hospital
by 37 per cent by giving a very ngh protemn diot—150 grammes a
day He also gave methiomno miravenously and obtamned good
results provided the total protemn of the dict was high

There are but fow mdications to be met 1n the dietotic treatment
of cases of gall-stones Scemng that the taking of food mto the
stomach stimulates the expulsion of bile, 1t will be well to sco that
the meals are rather frequent—at least five bemng tahen 1n the
course of the day The t of cholesterol ingested should
be reduced as much as posuble by omitting eggs, brams sweet-
breads lLiver ladneys peas, and beans sinco these foods contain
more cholesterol than others It 15 behoved that tis procedure
reduces the Labihity to the formation of gall stones, but of cours«‘!
1t cannot affect stones which have alrendy formed Most elintea
obscrvers are agreed that the drinking of largo quantities of water
18 ndwisable even although there 18 no actual experimental evidenco
to show that the Awmdity of the bie 1s ncreased tbereb):’

In cases of * billousness’ or ** chill on the liver —nlcon
dition which 13 perhaps due to a functional disorder of the xvc:.
the diet should be reduced to gravy soups meat extracts, (iry I:OM +
or bisemts Tlis diet should be mamtamned for at Jeast 24 b;)ulr:
or until the condition has umproved The dict may t]lh;enimm"d
creased by the additron of frut juice or coohed frmb mi x :ahould
fish leanmeat potatocs cheeso If this s well borno tho, 1: "

5 d Journ 1, 309 tind 1,
; gg:&;’”’(l;‘f;—“) Royal College of Surgecons Serentific Report
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be inerrased Lut tha fat content should bo hept low and alf alcohiol
forbidden for at loast threo dave

4 Dlrorders of the Circulation

The stamach ix only repatated from the heart by the dinphragm
and any distenmion of the stomach will tend to embarrass the heart’s
action  If the Tatter §s impained it §v very important to prevent
the distension of the atomach with wnd, and the diet which 13
euitable for a flatulent dvspepaa should bo ued (p 642)

When o sovere degree of candiae dropay 19 prosent o dry dict s
ususlly advined  The harell Diet, fimt introduced mn 1865 con
eisted an ta onzinal form of 200 cc (7 oz ) of shimmed milk
given four times & day  The amount of flutd 18 very small and
mort patients are unable to tolerate it for more than a day or two
If Powever, the amount of fluld is incrersed to 1000 ce (35 0z)
the treatment ia behieved to bo of value It 1s better to give the
dnnls ¢ more frequent intervals and smix feeds of 150 cc (5 0z)
should be given dunng the day and ono dunng the mght At
least two feeds should consist of oringe or lemon juice to which
15 grammes of sugar is added and tho ather five of milk to which
15 grammes of Ictose his been added It 13 smportant to flavour
the milk with coffec, cocos Ovaltine or Bengers Food ete 8o
&8 to prevent the patient tinng of the milk  Such & diet would
contam approximately 170 grammes carbohydrate 26 grammes
protem, and 25 grammes {1t caloriea 085 As soon as the patient
is better bLiscuits toast cereals cggs should be added to the diet
Excess of salt shonld be avoided but a ealt-freo dict should not bo
@ven

Tho value of ascorbic acid has been stressed by W Lvans? He
compared the action of 75 or 16 milligrammes of sscorbic acid
with theot honde digitabs and memsalyl on
eight patients with eanbiae failure associated either with normal
thythm or with sunicular fibnllation The ascorbio acid mereased
the unnary output in every case and wns sometimes more efficient
and at other times loss po than the other remedies  Unfortunately
the excretion of nscorbie ncid was not estimated 1n these cases
and 1t i3 smpossible to s1y whether the patients wero in the sub
Bcurvy state or not  The experience of ono of us (G G ) suggests
that the ascorbic acid wall only be of benefit whero the previous
dict has Incked vitamin © It fs therefore 1mportant to make
certamn that a good diet has been taken and if this is not the case

extea ascorbio acid should bo given

1Evaxs W (1038) Zancet 1, 306
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A semn starvation diet has been ded 1n tho treat
of engina of effort, coronary thrombosis, and of hypertensne
heart disease This treatment lowers the basal metabolic rato
and so reduces the demands of the coronary crculation If the
Patient 13 overneight 1t 1s very important to make hum lose weight
as this by siself will reduce the work of the heart on exertion  The
diets suggested for weight reduction (p 603) should be used Tho
overwerght patient will not lose protem and therefore muscle m
the process  If the patient 1s already underweight 1t seems unw o
to reduce the caloric value as the patient will probably have to use
hus own muscles for energy purposes and so wetken them

The dietetic treatment of anettrism must bo mentioned 1n order
to condemn 1t In the past rehance was placed on Tuffnells
treatment The flmd intake was reduced to 10 oz and only dry
articles of food were allowed

5 Anmmia

In the treatment; of mld chronie secondary anmmia the amount
of rron 1n the diet should be imncreased Foods nich in the metal
{pp 117-19) should be partaken of freely

A great advance m the treatment of permeious anzma has been
made by the work of Minot and Murphy,? Castle and many others
It was found that the disapp d when patients wero fed
on hver Half a pound was eaten each day exther fried or stewed,
or raw, suspended m soup and other meat extracts After the
blood had become normal 5 oz was sufficent to mamntan health

Most pattents soon got very tired of eating this amount of liver
every day and often abandoned tho diet Further research has
resulted 1n the preparation of extracts of hog s stomach and liver
which can be taken by mouth Theso are Jess effectivo zhm;l t‘ho
concentrated hiver extracts which are injected mtr 3
These are now so potent that a monthly mjection will mamtam 8

al blood picture
DOEE rest of i!fe diet 1 permicions anwmia sbould consist of sturcli‘y
foods with plenty of meat, vegetables and frut  Fats should be

low
ke%mmctz:d It hias been shown that thus fraction of the B complet
(page 162) when given by mouth, 10 mg twice daly, will c::m
the ancma of permaons anemia and other hmolytio anemy
1637) Heart Diseases 561 59D 364 327

2Mmor G R :fndsl\}vnmy W P (1820) Journ Amer 1:17:;1
Assoc 87,470 Casrr W B (1029) Amer Journ M(i)&;rcy v
748 Cit Vavaman J (1031) The Anamias Oxford M

38pes and Stoxe  (1947) Lancet 1, 174
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RESPIRATOI'Y AND RENATL DISEASES [

0 Resplratory Discates

Pacumonia The dirt in pneumonta should proceed on the
rame pnnciplea e in any other acute feser  but as the discaso
1 waally one of short duration anid as the digestivo functions are
st o bo conddderably Impaired particular care eliould bo taken
not {0 overload the stomach  From 2 to 3 punts of milk, plan
diluted, or citrated, with half a pint of broth should be sufficient 1n
the 21 hours  Weak tea mav bo nllowed and plenty of water or
barley water  The use of alcohol 1y unnrceesaty unless the patient
Las halutually taken n great deal and 18 miserable without st

Bronchitls  In scute bronchitie a dict of hot slops  (hot
mlk, broths, grucls, tes elc) is best as it tends to promoto
ecerclion from the tubes  In chronic bronchitis the diet should
be much on the Lines of that in cases of cardiao diseaso (p 655),
butinill nounshed patienta pleaty of digestible fats should bo given

Pulmonary Tuberculosls The dict in this condition should
follow the principles applicable in all cases of tuberculosia (p 610),
but may requiro modifieation in accordanco with the digestivo
eapaaaty of the individual patient

Asthma  In some cases the asthma attack 13 directly related
to rome articlo of food wiich the patient has eaten, e g an egg or
wheat proteins  Every effort should be made by careful enquiry
and by the use of shin tests to discover whether this 13 the case
If 8o tho noxious food should either be forlidden entirely or an
attempt should be made to desenaitize the patient by means of
subcutancous injections of an aleoholic extract of the food

a
b

7 Renal Discases

In the dictetic treatment of nephritis thero are two general
prnciples which should be observed (1) to avord the investion of
any artielo of food whose breakdown products may irmtate the
Yadney, (2) to ighten the work of the kidney by reducing the
smount of urea, une acid creatiune, and salt which has to be
excreted

Amongst the subst leulated to smtate the kidney 1n the
process of their excretion aro Buch articles as spices mustard
Tepper curry ginger radishes and perhaps asparag Alcohol
especunlly n concentrated forms 13 also strongly contra mdicated
23 rome of 31t 18 always excreted in the urine, and of non aleoholic
beverages ginger ale should be avoided owng to the fact that 1t
contains either pinger or capsicum or both

The vanous types of nephntis demand very different dietetic
treatment
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. (a) Acute diffus nephntis associated nith hematung
1ttle or no ced but with retent of urea in the bl
oad
Formerly this type of disease was treated with milk and some
physicians gave therr patients 3 pints of mill m the day for Ion
periods  Ths diet contans C 80 P 60 F 60 Cals 1156, sodxuu&;
chlorde 0 72 grammes (11 1 grawms)  The amount of mérogen which
has to be excreted i the urme on this digt 13 8 4 grammosa(n].lamg
1 gramme for excretion 1n tho stools), provided that the patient 13
mn mirogenous equbbrium  But as the total Calorie valuo of the
duet 13 only 1156 (or about 844 less than the 2000 Calories which are
assumed to he necessary for a patient Iying in bed) tho patients
will not be 1 mtrogenous equitbium ~ Such a patient will uso
up body proteins and will excrete more than 8 4 grammes of nitrosen
a day These conuderations show that a diet of milk by atself 13
not a satisfactory one
Recently the use of orange and lemion juice with the addrtion
of sugar has been recommended as putting the least possiblo stran
on the kudney
Thus diet 13 very palatable when patients are unwell and 1s of
especial value if they suffer from nauses or vomuting  Under theso
conditions 2 to 3 oz should be given every hour Tho Cilore
value of ths diet 1f 270 grammes of glucoso are given, 1s only
1600 and as the diet does not contamn any protemn the patient
will not be 1 mtrogenous equiibrium, and will have to break up
valuable body protemns A boy of 12 with acute nephritis whoso
blood urea was within normal hmts, lost 66 6 grammes of mtrogen
n the urme 1n the course of 12 days dady (an excretion of &5
g of gen or 118 of urea (Fig 28) If tho
1 gramme which was posmibly lost i the stools each day 13 neglocted
the total loss of protewn 1n the 12 days was 316 8 grammes, and the
total loss of flesh (66 6 grammes mtrogen X 30) 1998 grammes or
neatly 41b  In the next 7 days he was given 36 grammes of protein
and 200 grammes of sugar and 50 grammes of fat total Calories
1486 He excreted shghtly more mtrogen in the urine 6 81 mstead
of 551 grammes and the average daily Joss of mitrogen was 041
grammes ( ting the possible Joss of 1 g of mt m
tho stools the total mitrogen lost 1 12 days was 4 92 09
When an additional 100 grammes of carbohydrate, Calories 1896
was given the average daly oxeretion of mitrogen n tho wrune wad
5 67 grammes and a positive balanco of 0 63 grammo was nttmn«’l
(neglectang the possible loss of 1 grammo of mtrogen 1 the stools}
This experiment showed that & diet conssting of orango jmco and
1 Figuros of a cass of acute nephntis treated by ono of us (G @)

unpubhshed
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sugar caused a Joss of valuablo protein while a dict contammng 36
grammes of protein with adequate amounta of fat and earbohydrates
prererved the body protein and increared the recretion of nitrogen
by the hidney from 55 t0 5 87 prammes only  a neghgiblo amount
which could certamly have been prevented by giing another
25 grammes of glucose or 100 Calonies  If the hidnoys aro ineapable
of domng their work, as ahown by an inereass in the Llood urea, 1t 13
clearly of tmportance to heep the protun of the dict ns small as
possible  Clittenden ? enjoyed excellent health and was hept m
nitrogcnous equibrium for nino months on 36 640 grammes of
protemn Thes diet neceasitated the exeretion of from 166 ta 54
grammdy allowing for the duly excretion of 1 grammo of nitrogen
in the stools
Theo considerations show that it is deuirablo in eases of acuto
nephritis in which retention of urea oceurs to redues the proten
to 3640 grammes  When the blood urea 1s very high the total
protein of the diet may be reduced to 25 or 30 grammes for a short
while  When such a small amount of protein 1s being eaten nearly
all of 1t should conmist of first class protans and the ealoric value
of the dict muat bo higher than the 2000 Calories which 18 suitable
for a patient Iymg in bed 83y 2000-3000  If the caloric value 13
not adequate the paticnts will not bo 1n mitrogenous equilibrium
and will havo to break up their body proteins  If this occurs the
geteral nutntion of the body sill suffer and the hidney condition
willdetenorate  When n very Jow protein diet 18 given 16 1s essential
to estimato tho total amount of nitrogen excreted 1n the urne in
the 21 hours for two to threo davs to make certain that tho calorie
valuo of the dict 18 adequato to sparoe the body proteins  Alvng?
beheves that patients do better with a higher proten mtake,
although the blood urea 1s too lugh  He thought this was caused
by an improvement i the general nutrition of the patient It
may bo duo to the fact that 1t 18 much easter to keep o patient
nitrogenous cquiibrium with protein mtake of 50 G0 grammes
than with only 30 grammes sinco tho caloric intake need not bo
80 high
Tho kund of protemn wwhich should bo given hos been much dis
puted  The mll proteins were regarded as of especial value and
10 other lund of protein wes allowed  Later 1t was realized that
«g¢ albumin was as freo from objeetion as milk and later still also
that fish proteins were not injurious and comparatively recently
that meat protemns could bo mven without causing any harm to

1Cit Grauast Lusx  (1919) Science of Nutration 337
AWING A.B (1034) Medeal Climes of N Amersca 17 1195



PRIV 300 K4 $350] 3 0] WIB0NTU OYL  "TWRAIE PR POO[q TITVINOI SUHM OGL "popad gy 3noysnonyy SIAN [WRI0T RIS Tew ¥I0 DOOLq oQL

ELLINNAAN RTINSV

HIA §ET GOV A0g ¥ X6 SAOIEJ AVA §] GTUNY, ONJUAQ NTVOUIIN VIO £O LOLINQ HII SNOUS 8¢ oy
,

shog
mﬁ»ﬁn«,NNEQMMNQNNQNMN»NHNNN\NQNm\m\b\w\m.\V\QNNkEhwn.mm.vnN\
[ _mwhvn\.uu_ T T ..m_.v»\pu.__ __.___.___.m&.vn\de
777
b5 4 :Mm 72 655 oy’
500z 2 it 2 bz z
uabosgu mwa o 85@%& ¢
= 5t oyoju] vabosyu Epg S
»9 »»\E_M. Bop wiagous ¥ M
s73up 45 &
T\ 7 Fo N Tsss Ypn,
67, 5
- - ~J bipg L 3

umoys st ayoqur uabosg ayy

=== == ==umoys sFOp 7i 943 J0f ndino 36vsarD
247 Yist .\E\umm,mu >S=E\m s1 grdgna Fyop ays

o aR

660



RINAL DISTASES 661

the patient Al the four kinds of proteins mentioned are digested
in the kame was (sce p 211) and aro broken down by the pepan
and trvpan to the atage of polyje ptules and then alsorbed into
the bloodsteeam in the form of amino aerds  They aro then either
(1) deaminmzed and the nitrogen s converted 1nto urea in tho liver
or into ammon:a by the kidney and a0 excreted into the urnine
while the earbobydrate moiety Is utilized for energy purposes or
(2} usad for building up or repar of tho body protems such as the
albumin, globulin and fibrinogen of the blood  But fish besides
jrotems also containg purine bodies and meat contains the extrac
tives creatinine and creatin as well as the punines  Thus the eating
of fi h and meat increases the intake and therefore the ontput by
the hidney of unic ncrd and creatinine They should therefore bo
averded when the blood urea is raised above the normal 40 mlls
grammes per 100 ¢ ¢, but if it §s normal fish and meat proteins are
not contra indieated

Theso conuderations suggest that the diet should be arranged
83 followa

(1) At tho onset of the discase and cspeaially of the patient 13
very all with nau ea and vomting the diet should consist of
orange-jmice and water and at least 250 grammes of glucose
8omo Joas of valuabile muscle protein 13 incvitable st this stage

(2) As soon as the patient has lost the nausea a Jow proten dict
contaiming 36-10 grammes should bo gisen together with a high
carbohydrate dict sufficient to prevent the breakdown of body
proteins  Tho protein should be in the form of milk eggs bread
niee ete  The fat should be 50 grammes or less

(3) If and when the blood uren 18 normal the total proten of
tho dict may bo increased to 50-G0 grammes (an excretion n
the urine of §-95 grammes mtrogen) and fish and meat may
be added to the diet if the patient demires them and the carbo
hydrate and fat mercased 80 as to keep the patient in mitrogenous
equilibrium

(%) The treatment of chronic diffuse nephritis which is
associated with much ccdema and little or no hematuria

In this condition the blood ures 1s usually normal but large
amounts of protein 10~15-30 grammes may bo lost each day  the
total blood proteins aro reduced from 7 to 4 5 grammes or less
owing to the loss of albumin and to n lesser extent of globulin
The osmotic pressure of the albumin s high and when the amount
of albumin 18 less thon 2 grammes cedems appears A cardmal
point of treatment 18 therefore the raising of tho amount of albumin
in the blood ahove the entical Jovel The best way of doing this
wonld bo to atop tho loss of albummn by the kidneys but apart
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from keeping the patient warm 1n bed and protected from chill 1o
remedies are avauable Since the albumm of the blood must bo
bult up from the ammo acids derived from the foods the amount
of protem 1n the diet 13 important The amount Jost eteh day
may be a3 ngh as 15-30 grammes and 1f the mntake were only 36
grammes the destruction of the body protems would bo considerable
It 13 essential to increase the proten intake but 1t 15 difficult to say
how much should be given

Epstem ! recommended that a high protemn diet should be given,
of the following composition—protein 120-140 grammes, carbo
hydrate 150-300 grammes fat 20-40 grammes, Caloric value 1293~
2176 Alving ? thought that patients did better with a diet con
sisting of 90-125 grammes of protemn, and & Calorie value of at
least 2500  The physiological emdence suggests that tho bodv must
be 1n mitrogenous equilibrium if now albumm 13 to be made If
this 13 the cagse the large t of amin ds crrculating in the
blood should aid in the formation of new albunun  If the con
centration of the albumin mcreases 1n the blood 1t will drain flmd
from the tissues mto the blood and so disperse the ccdemna A mgh
protem diet also aids 1n the excretion of water since urea 1s & good
dwretic, and the additional urea derived from tho protem, 1s of
value in this respect McLean ded that 30 g of
urea should be given by mouth for this purpose It seems a pity
not to give the extra protein which will supply the urea for diuretio
purposes and at the same time provide the amino acids which may
be used for the formation of albumm

It must bo remembered that a high protem diet should nover bo
given 1f the blood urea 1s over 40 milligrammes per 100 ¢c and
that 1t should be estimated at wechly mtervals whenever such
diet 13 given A hrdnoy which 19 capable of oxcreting 8 grammes
of mtrogen a day may fail badly 1f 1t 13 required to excrete 16 to
20 grammes If the blood urea begms to rise the proten intake
should be reduced at once and tho blood urea cstimated more
frequently

A salt poor diet 13 often of valuo when cdema 1s present, for the
salt may be retamed and with 1t an sotome equivalent of water,
which will ncrease the cedemn® When this diet (detals on
pp 676-8) 13 given the plasma chiorides should be estimated 8%
ntorvals and if the figuro falls bolow 370 milligrammes per 100cc,
the itahe of sodium chlorido should bonereased It 1sunnecessary

L ErsrEry  (1017) Amer Journ 3Med Scv Journ Amer Med

Assoc 1917
s Arving A B (1038) Medical Chimes of N Amersea 17, 1193

2 Arvive A 8§ tbd
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toratriet tha fntake of watee providsd a salt pone dict §s presenix d
for water 1y fteelf o poadily exented  An intako of at Ieast
2000 e ¢ (3 pinta R 07 ) ahould I allowed asan intako of 1000 c e
(1 pnt 8 oz) makes Iife unpleaant for the patient

Chronle Renal Discse  (Chrome Interatitinl Nephritis)
This condhtion s often avociated with (1) a rueed blood pressure
and (2) a rused Blood unca 1t iy doubitful whether the height of
the blood preesure ean be influenced by any srticlo of food  Tho
custom of sjxnding one day each week in bed and abstaning from
meat or roup on that day probably owes its benefiend cffiets to
tho rest and not to the avedance of meat and its extractives
Aleohol should I fortudden when the blood pressure {s ugh  If
the patient is overwoight he should submit to the dictetic regimo
rutable for obese patients (p 603) 11 the blood urea 1s rused o
low protan dirt of huah eatone value should be given sufficient to
Letp the body e mitrou nous equiliimum

The condition ts usually nswented with an sademia and the
alkali rescrvo may e considerably less than the normal values of
55 to 50 volumes (23-35 milh-quivalents) of carbon dioxide for
00 cc blood It may Lo awociated with an alkalemia if much
vomuin, has occurred  with the result that the alkah reserve
may be 8§0-90 vols (16-10 mull-equivalents) per 100 cc blood
If the alkah reserve 15 only shightly lowered =y to 50 vols 1t may
be rived to within normal bimits by as oiding the acid forming foods
Like meat and cating, thoso forming alhalies Like vegetables (p 129)
If this 13 unsuccessful and 1f the alhalt reservo 13 less than 60 volumes
of earbon dioxido per 100¢ ¢ blood (20 milli-cquivalents) a defintte
doso of alkah say 2-6 grammes (30-00 grs ) of sodium bicarbonate
must bo taken two or threo times a day  the alhali reservo must
be estimated at intervals to make certain that the correct dose of
alkalt 1s gven  If the alkah reservo 13 shghtly too high say 75
vols (337 milh: cquivalents) per 100 cc more actd and less alhal
forming foods should bo esten  If this fails or if tho alkah reserve
18 over 75 vols (33 7 milliequivalents) per 100 c¢  seid sodium
phosphate 1-3 grammes (1645 grawns) should be given by mouth

The plasma chloride varies between the noratal imits of 580620
milligrammes {96-106 mili equivalents) per 100 c o and 1n eases of
renal failure 1t often varies inversely with the alkali reserve
When tho latter 13 hugh the plasma chlorido 13 low and cannot be
rased by increasing the salt intoke of tho diet  This 15 the exper:
enccofoncofus (G G)  Anintrasenous injection of 1000-2000 ¢ ¢
of normal physiological saline or Ringers solution contammng
9-18 grammes of sodium chlonde will raise the plasma chlorides
and depress the alkali reserve temp ly further must
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Durr ror Acure NevoriTis

bg?i:‘l:ga Protem | Fat [ Calones
1st Feed
4 oz Mik 50O 36 44 76
1oz Bread (Butter from ration) | 150 24 03 70
Ind Feed
4 oz Orange juice 1001 — _ 41
1 o> Sugar 284 — — us
3rd Feed
4 oz Milk 50 36 44 76
1oz Bread (Butter fromration} | 150 24 03 70
4 oz Jam 100 _— — 41
4th Feed
4 oz Qrange yuce 100 ~— - 41
1 oz bugar 284 — -_— 116
5th Feed
< oz Mk 60 38 44 76
1 Egg — 68 70 92
1oz Bread {Butter from ration) 150 24 03 70
6th Feed
4 oz Orange Juice 100 -~ _ 41
1 oz Bugar 284 — —_ 116
Tth Feed
4 oz Milk 50 36 41 16
10z Bread (Butter from ration} | 150 24 o3 0
1 oz Jam 160 —_ — 2
8th Feed
4 oz Orange juico 100 — — 41
1 oz Sugar 284 — —_ 18
Dyrine THE Nioyt
1st Feed
4 oz Mik 50 36 44 78
1 oz Bread (Butter fromration) | 150 24 03 70
2nd Feed
4 oz Orange juico 100 ~— —_ 41
4 oz Bugar 182 ~ - ﬁs
Butter ration for the day = 1 oz —_ -— 240 220

129281 368 j B8 ) 1871

T N hohvdrat
Ths dict ly sty b8 ear
ortions and five 7 gmz;uno protein—5 grammo fat portions with the
eddition of 1 oz of butter (Seo  ood Tables* pp 593-5)
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:,,c,“‘,',’:"\, 1l"nitm Fot | Catones
[ —_—

Rreaxrarr ! !
{or. Dy Oatmelatporndee 1 103 19 11 60
4 or. Mil for tes and porn ipw 50 36 44 7
2 oz. Bread 300 48 (23] o
1 ox. Jam or Marmalade l 200 - —_ l 82
Two & gramms portions of Frust |

say 4 oz Applo 100 - —_ 41

Mmday Meat., ‘
2 oz. Chucken — 9 22 &3
{4 oz, Potatoes 200 — —_ 82
Green Vegetablos Negligible
Two 8 gramme portiens of Frunt ! !

eay 4 oz. Orangn 0o —_ —_ 41
2 oz. Bread 300 48 o6 140

Tea
2 oz. Rrrad 300 8 08 140
1 oz. Jam 200, — ' — 82
1 oz. Plan Cake 150 18 68 130
2 oz. Milk 25, 18 22 38

Freeva Mear
1 oz. Whte Fish o 522 — 33
4 oz Potatoos 200 - - 82
2 oz Dread | 3001 48 ' 08} 140
2 oz. Milk 'oeslo1s 22 a8
Two 8 gramme portions of Fruit | !

£ay 2 oz. Banana 1001 — | — 41
2} oz Butter in thoe day ~ ; — 18 0 495
1} oz Sugar in thoe dny 420 - - 174

e —
3079 | 431 153 297

This diet contains approxumately mxty two 6 gramme carbohydrate
portiont and seven 7 gramme protemn—S-gramme fat portrons with
the equivalent of 2} oz of butter The diet contams littls first-clasa
Proten but it can be inereased without addmg to the total protemn
if the chicken or fish 13 mereased and potatoes and fruib substituted
for gome of the bread which contains a good deal of vegetable proten
Thus 1f the amount of bread 1n the above diet 13 reduced from 8 oz
to 4 oz the protein 13 reduced from 19 2 to 9 6 grammes which would
allow another 2 oz of clucken The reduction in the carbohydrate
mntake of 60 grammes 35 made up by giving snother 6 oz of potatoes
ot 2 oz dry rice as a pudding and six 5§ gramme portions of fruit say
the juico of 3 oranges (See pp 593-5)
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be gaided by the results of blood analyss Tho amount of flud
given to these patients should be considerably increased abovo
the usual wmount of two pmts a day A careful watch must
be kept for cedema of the back and legs The kidney 1s often
only able to secrete a urme of low specific gravity and tho more
flnd 1t has to secrete the greater the chance that 1t will be able
to excrete the urea and other substances which tend to be retamned
The daily mtake should be increased to three or four pints mn the
day Ths extra flud will not bo retuned n the circulating
blood but will be rymdly excreted in the unno so long as the
myocardum 1s healthy * If the latter begins to fail as shown
by the appearance of wdema of the legs the cardac condition
should be treated with the appropriate measures and the flud
mtake should not be reduced except as & last resort, as 1t 13 very
important to mamtam the action of the kidneys

The use of aleohol 13 contra mdicated m all types of nephmtis

If a high protemn diet 1s required for the treatment of nephrosis
the protem ration should be mncreased to 85 or 110 grammes and
the fat to 94 or 114 grammes (twelve or stxtcen protein fat portions)
(see  Food Tables pp 593-5) and the carbohydrate shonld be
creased by 50 grammes {ten & gramme portions) so as to mun
tamn the patient i mtrogenous equilibrium

8 Diseases of the Nervous System

Dietetic means are of comparatively httle value in the treatment
of nervous diseases In most cases the food must be adapted to
the condition of the patient s other organs

Epilepsy This condition has in the past been treated witl
various dietetic restrictions such as abstinence from meat, purines,
and alcohol  the substitution of sodium bromde for sodium chlondt;
was also advocated Experience has shown that none of these
régimes has any real effcct but that a hetogeme diet i which the
carbohydrate ration 1s very small in amount and the fat ration
very large 15 of more value 2 The cxact modo of action of the dict
m producing this result 1s obscure, some wnters atteibuto the
henefit to an anmsthetic nction of the hetone bodies others to an
effect of the diet 1n dimmshing fimd retention in the tissues ?
McQuarrie ¢ found that the patients with no defimte lesions and

1 Pprstiey § G (1931) Journ Physol 55 305

s Perenvan  (1924) Amer Journ Dis Children 27,28
Ji Amer Med Assoc 88, 1868

o;"l:’llonunrrYA {1927} Amer 'Joum Dis Children 33, 218

¢ McQuanmr I (1033) wd 29, 208

(1027)
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C Mapnt 30 O a3t [Cillagnls ) # Aule ¢
ELITTIYC S A -
Fex b Yex 2 oz Tomato
{ oz Butter 207 Baron 2oz Dlnenn 1 oz Bacon

}or Butter 110z Butter | ] oz Dutter

= 1 or Daon
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those treated before the onset of severe attacks did the best Thus
out of 160 cases treated for several years 36 per cent  were appar
ently cured 20 per cent amproved and 43 per cent not benefited

The patient 1s Lkept 1n bed for o week and given only water,
gravy soup, bran biseuits, and a ttle orange juice The fast 18
broken with a diet which 15 calculated 1n the following way The
calorie requirements of a child at rest should be worked out with
the use of the nomograph (p 48) or from Holt's table (p 50)
The carbohydrate should not be moro than 10-13 grammes  The
protemn 15 arbitranly fixed at 1 gramme per kilogramme as the diet
will not be of long duration and the remamnder of the calomes aro
made up with fat  The diets on p 667 are smtable

The diet 18 given until the fits cease m favourable cases, 1t 18
1mportant to continue the diet for another threo months when all
bemng well the amount of carbohydrate can bo cautiously inereased
and the fat gradually decreased

Wken the diet 18 used i the treatment of urinary
1t should be ealculated mn the same way For the treatment of an
adult o diet contamnng 10-13 grammes of carbohydrate, 50-60
grammes of protemn and 250 grammes of fat should be arranged
The active prmciple 1n this case 1s the excretion of f oxybutyrio
acid (Fuller)! This hills the bactersa moro effectively when the
pH of the urme 18 52 or more It 13 usually necessary to give
ammomum chloride 1 gramme (gr 15) 1 o cachet three or four
tmes a day i order to make the unne sufficiently acid  The
treatment 18 often ful but may fail because the amount of
B oxybutyric acid formed 1s insufficient  This 13 often due to the
patient breahmng the diet and eatng carbohydrate

The diet 18 nowadays Lttle used as 1t has been replaced by the
admuustration of (1} mandelic acid which Rosenheim 2 showed
Killed the bacteria as well or better than # oxybutyric acid when tho
PH of the urine was 52 and (2) by the sulphonanudo group of
drugs, which havo the additional advantage that they worh best
1n alkaline urme

Certamn neurological conditions which may ather bo a severo
neuritis or a sub acuto combmed degeneration of the cord may
occur when the patient has a permcious anzmii or & hrxmolytic
anmmn though 1t may occur in patients who aro not anzmic
The condition 1s greatly improved by mntramuscular mjectrons of
a potent liver extract Fohe acid ono of the fractions of tho
vitarmn B complex (page 162) wiich cures the anxmia, has no

1Fgzzrr A T and Coreproox I (1033) Lancet 2, 735
3 Rosewmeny, M L. (1935) bud, 1, 1032
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effect on the neurologieal conditions which may develop while the
folie act{ fs being given?

Ghorea 1s n compheation of Rhcumatic Teover which usually
oceurs an cluldren  Speeial carc must Le taken in feeding cluldren
when the movenients aro very violent A flnd diet of this type
used for the treatment of an acute fever should bo given though the
calonc salur need not bie ro high mnce the temperature is usually
normal

In the trestment of headachies—espeenally of the penodic
nugrinous or bihous vandty~dict is somectimes of great help
Dunng the attack the patients usually eat and dnnk very little
and should Le allowed to hase anvthung they may faney Tho
evidence that migmine 14 cauend by certain foods is not convinemg,
s the offcnding food is very difficult to determino erther by the
history or shin tests  If amv food 15 known to be followed by
headache 1t shiould not Le caten

Vanous tvpes of dict are sometimes useful  a strict punine freo
diet (p 614) with the nvoidance of the methyl purines in tea coffee
& considerable reduction in the amount of meat caten  a strict
vegetanian diet  the avoidance of all  faney  diets A full
calonic diet should be given between the attachs so as to ensure
good health

9 Discases of the Skin

There are four ways in which dict may conceivably mfluence the
ekin ? (1) By affecting general nutntion  (2) reflexly from the
ahmentary canal , (3) by giving nse to the absorption into the blood
of irntating or decomposition products or by producing allergy
(:) l;y the ehmination through the skin of certan constituents of
the

It must bo admitted howover that when we come to use dietetic
methods in tho actual t of wo find our
selves greatly hampered both by our of the precise part
Played by dict 1n any given case and by the always unknown factor
of personal idiosynerasy  So much 1a this the case that 1t may be
eafd without fear of contradiction that therc aro but few diseases of
the sln 1n which treatment by dict 1s of much value and that the
potentialities of this line of attack are much less promising than
patients generally beliove

In the great majonty of cases of skin disease therefore either
no spocial rules of diot are required, or they must be drawn up
with reference to the patient s general condition without regard to

! 8rirs and Srone  (1047) Lancct 1 174
* Warter Ssarnt (1808) Brit Journ of Dermat 7 328
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tho state of thoslan  There are a few entancous disenses, however,
1 which diet may be of some direct help and these may be briefly
considered

Urticaria  This 13 tho clearest mstance of a shin discaso bemg
affected by diet The urticarial wheal develops some hours after
eatung cither & common article of food Lke shellfish, fish eggs
pork or bacon mulk, cheese, pickles strawberries and other frnts,
or to some uncommon food to which the patient 1s sensitive  Some
times 1t only develops when the foed 1s not quite fresh The
treatment consists in avording the spocial article of food This 18
easy if the food 13 an uncommon one, but diffienlt to achiove m the
s of a common article ihe an 6gg  In the latter case anattempt
should be made to desensitize the patient by subcutaneous injecttons
of an aleoholie precipitate of the offending substance

Lczema Some cases are caused, or mado worso, by somo
articles of food lihe rhubarb, tomatoes sour fruits, pungent articles
hke ginger over ripe checse, and Ingh game Children may bo
sensitive to milk or eggs Alcohol usually aggravates the con
dition erther because of the mmpunties which give the flavour to
the wine or spint, or by dilating tho skin capillaties In some
cases & strict milk diet may be helpful 1f 1t 1s Lnown that the patient
18 not sensitive to 1t The diet should always be plain and simple
o thet any injurious article of food can be eauly detocted A
low-salt diet does not appear to bo of any value If a patient 18
fond of nch food snd 13 inclined to be stout, a general reduction
of food and drink 13 often beneficial

Acne Vulgaris and Seborrhca These conditions are
apparently made worse by excess of carbohydrato food and espect
ally of chocolates It has been found that tho constiuent in
chocolate which aggravates tho acno 13 cocoa butter

Lupus sulgaris  This condition has been treated with Finsen
Dight for many years and 1t has long been thought that tho :mprove
ment whick occurs 15 due to tho calesfersl which 13 formed by the
nltra violet rays in skan  Treatment with big doses, 15000010
of calaferol by moutk, will often cure the condition

th
In psorasis vanous * ? of diet iy meet wr
succesl; Bulkley ? A bsoluto veget ’ fgrbxddmg
the worst eruptions disappear
even milk and eggs, and says he has scen the 1! et

under such a plan, whilst per contra the qmie opposite

meat and hot water only,? or an exclusively mlk dict, hos proved

1.7 Amer Med Assoc (1908) Fob 22
3 P‘Z«l;r’:zs (1874) Lancet 1,722  and Marcory Morrts  (1900)

Practitioner 76, 575
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suecessful fn the hands of others  In tho majonty of cases diet
haa probably hitle or no influcnce

In rosacca the dict should be arranged to meet any form of
dvepep 1n which may be present (pp 623 ef er7) but aleohol
tea coffee spicen and anything wiich causes flushing of tho faco
must be nmdly excluded

In pruritus cepectally of tho nnus or vulva all lughly scasoned
salted, or preacrved foods shoulid be avouded hesides aleohol and
coffec  Should diabetes bo present the dictetie ndieations nre,
of course the rame as for that diceaso (pp 5633 ef ong)

In concluding this aection ono eannot do better than quote the
wiso wonds of an eminent dermatologist 1 After all, 1t 19 1n com
parntively fow casca of shin discaro that the diet is really of any
particular importanco Put not your futh in printed dictanies
or indecd in any general § 1} Abovoall ber that tho
patient has larger and better opportunitics of observation than the
doctor, and, if he fs a person of ordinary intelligence and self-control,
he should bo trusted Tho doctor who attempts to dictate a3 an
oracle in the matter of diet is like Lord Foppington s bootmaker
who inmisted that he Lnew better than his client whether or not the
shoe pinched

1 Marcowst Morns op e 76 584



CHAPTER XXIII
SOME DIETETIC “CURES” AND “SYSTEMS

In the earher part of tug book reference has been made
80 ealled mulk, whey houmuss, grape and orange ‘ cures” I
present chapter we propose to deal briefly with some of the
elaborate ¢ systems ’ of diet which are sometimes useful i
treatment of disense  That such systems are occosionally of ¢
therapeutic value no one can deny, but they must be used
creetly, bearing m mind the dangers and fallacies anherent ¢
attempts to treat disease on a “ system * regardless of the pecu
ities of the individual case, and remembering that no such sy
can over be o panacen, but 13 at best of restricted, and often
of temporary value The rechless and unenitical advocacy of
faddist can only serve to bring such systems into disrepute

VEGETARIAN AND LaCTO VEGETARIAN DIET

In a previous chapter (pp 447-50) the question of vegetartar
was discussed 1n detasil and the conclusion arnved at that it is
& form of diet which 13 4o be unreservedly commended for heal
persons None the less, as a mode of treatment in certam e
of disease, such a regimen 15 deserving of the careful connderatior
the medical profession, and all the moro that hitherto st has b
mamly exploited by the large body of “amateur’ practition

There are certan well recognized peculianties and properties
5 non flesh diet whach Justify the oxpectation that 3t will prove
use 1n some morhid states  In the first place, euch a diet 1s compa
tively free from the purine bodies, the share of which 1n the prodi
tion of gout has already been discussed {pp 612-13), besides e
taming almost always lss total protein than a ruxed diet  Int
second place, a diet from which flesh 1 excluded and w Iuch contal
2 large proportion of milk, tends greatly to restran the process
putrefaction m the mtestine  Now thero 13 some reason to belie
that certawm obscure conditions of general all health may be produc
and mamntained by the absorption of such putrefactive produc!
In the third place, sueh a diet 13 pcculmr]y rich 1nanorganic mnlt‘cn
if mill,, oggs, and cheese are included and although the part playe

£72
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by theae in metabolism §a at present but ill understood, there is
yet reanon to believe that by altenng the * balanco of the salts
in the body, nutntion may sometimes be anfluenced for good Tt
also reduces tho intahe of aaid forming substances and tends to
ralse the alkali reserve  In tho st place, a dict which is of mainly
vegetahle compantion leaves a large residue in the bowel and
mav counternet a tendenes to constipation of the atonie tvpe
with all ita attendant evils  morcover it nereased tho intake of
sitamin C

Much eareful ohacrvntion and ehinieal experiment will certainly be
required beforo we aro able clearly to discern exactly 1n what cases
n dict of thia sort is ikely to bo of benefit, but meantimo the follow
ing hst of diseases in which thero is at Ieast presumptivo evidence
that & veg or lacto vegetarian regt ises & beneficial
influence may be tentatively put forward !

(1) Corpulence comp d by atonie

(2) Certain cases of aleoholism

(3) Bome forms of functional dyspepsia and ! aff
of nervous ongin

{4} Idiopathic neuralgias and those having a gouty bams

(5) Meadaches and other disorders dependent on atonie con
stipation in neurastheme, hysterical and epileptio patients

(6) Many cases of nervons insomnia

It is almost always wiso to make the change from an ordinary
diet gradually and 1n many cascs it 18 madvisable to continue the
vegetarian plan for longer than six weehs at a timo unless tho
psticnt has been greatly benefited

n mddle Life

Frorr AND Raw VeoETABLE CURES

Wo have referred elsowhero (p 43S) to tho so-called *Grapo
Cure, but from time to timo dicts have been mntroduced mto which
raw frmt and vegetables enter largely if not exclusively Lahmann
advocated such a dict many yearsago and 1t has been ro introduced
in Germany * Its chicf feature 1s the large use of fresh frmt and
raw vegetables with Iittle meat and no common salt the place of
which 15 taken by a vegetable salt Fresh milk, eggs and whole

18ce L hurrven (1002) Berliner Ak Jan  Arnu  (1902)
Die ¥egetartsche Duat (Lowpng  Georg Thieme) 130

'E MoLier  (1930) Med Alink No 6 Seo also Von Noomprn
{1928)  Uber Obstkuren und Gber Rohkost Therap d Gegenw 69
289 1t 13 sometimes colled tho Sauerbruch Hermannsdorfer Gerson
Duet after 1ta chief ndvocates ot present (sco CHALMERS WATSON
(1030) The Med Press Scptember 10 207)
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meal bread are allowed 1n moderation Lakmann also ad
use of vegetable fats m cooking o adnsed the

Such a diet 13 of course, of low protemn and calorie value and
from the character of its mieral constituents 18 ¢ alhalizing Tt
19toa large extent also ¢ saltfree’ (sce p 675), and has o laxative
tendency

These diets may be expected to be of use i obeaity and atome
constipation and to have some duretic action and may be advised
1n the same discases and disorders as a vegetarian or Iacto vegetarian
regimen .

A diet consisting of the juice of exght to twelve oranges 15 some
times recommended  This contams 40-60 grammes of sugar and an
excess of vitamn C, but no protem

Tre Hay Dier

In this system 1t 18 recommended that protem and carbohydrate
should not be eaten at the same meal It 1s claimed that an almost
unbelievable gamn 1n health results from this procedure The diet
has also been used as a cure for obesity It has already been pounted
out (p 95) that when protem 15 eaten without any carbohydrate,
the amuno acids are broken down immediately so that tho carbo
hydrate fraction of the amino acid can be used for energy purposes
The NH, group 1s converted into urea and excreted 1n tho urmo
Thus none of the amumo acids are avadable for conversion into
protemn for use mn the body The same observation has now been
made with the intravenous mjections of protein digests for patients
who cannot take any food by mouth (p 688) It was found neces
sary to give glucose at the same time m order to provent the excretion
of the whole of the mtrogen mto the urme within a short time
In the light of this experimental evidence the prinesple of eating ail
the ammal protew at one meal without any carbohydrate foods
would mean that all tho ammo acids denved from the first class
protem would be lost and that tho amno acds denved from the
second class protemns present 1 wheat ete, would have to bo used
for building up mto the body protems Thus the experimenters
would be much worse off than the vegetarians who do at least uso
the first class protem present in mulk, cheese and cggs  For these
rensons we do not propase te give any details of the dicts used 23 w0
unhesitatingly conader that thev are dangerous

ExcLusveE ProteiN DIET

That man can Lve on & predomunatingly protemn diet 135 un
doubtedly true Tho Eskimos havo used tius diot for ages and
)
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Btefanseon ¥ in his Arctic expeditions showed that 1t was possible
to hive on animal and fish foods alons  Ho fult well and waa able
to undergo great hardships  Tho amount of fat esten with the
protein 11 conaderable

Ho and Anderson Lived on this diet for & year in the United States
and under close supenvision n the Dellesue Hospital for threo
monthe and were passed fit in cvery respect

Such a diet was prictised years ago under the namo of the Salis-
bury cure and great elums were made for it g that it cured
or alleviated chrome articular gout some shin discases such as
psoriass and certain mtractable forms of dyspepaia especially when
assocaated with atonie dilatation of the stomach  The system has
fallen anto desuctude and 13 omitted 1 this book  The detals
of the treatment will bo found in carbier editions

ZoMOTHERATY

By the term * zomotherapy (Zopo meat juice) 18 meant
treatment by raw meat or rw meat juice  This was used in tho
trestment of patients swath anxmia neurasthenin debility con
valescence and latent incipient or active tuberculosis  Thero 13
no evidence that raw tneat juice aids these conditions and 1ts use
18 fraught with some nish since the eggs of parasites may bo ngested
Details of the diet will be found 1n the 7th edition

Low-Satr Drrr

The average amount of common salt 1n an ordmary diet s about
10 grammes per day and although it 13 impossible even were 1t
destrable to construct a genuinely  salt freo  diet yet by a juds
cious eelection of fooda 1t 13 easy to reduce the daily intake to about
2 grammes  Such a hmitation of salt 13 of use 1n the treatment of
dropsy particularly the dropsy of chronic parenchymatous nephnitis
It was shown by Widal—to whom much of the credit of mtroducing
the salt-free diet 19 due—that o chromcally inflamed kidney 1s

pablo of 4 salt frecly It 15 now known that
the sodium 13 excreted with difficulty while the chlorme ron 1s
readily excreted with potassum (Blum) The salt 1s therefors
retamned m the body and 1n order that the normal composition of
tho body flutds may be maintamed water 1s kept back also with the
result that dropsy scts in When the amount of galt in the food 18
reduced the percentage of 1t 1n the blood gradually falls the salt
which has been stored up in the dropaieal effusion 1s drawn upon to

18terinsson V. (1030) Adventures sn Dt
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meal bread are allowed 1n moderation Lahmann also adwsed th
use of vegetable fats 1 coohing

Such a diet 13, of course, of low protein and calorie value anc
from the character of 1ts mineral constituents 1g ¢ allalizing * ¥
1stoalarge cxtent also  salt freo * (sco p G675) and has a laxativ
tendency

These diets may be expected to be of use n obesity and atonu
constipation and fo have some diuretic action, and may bo advisec
1n the same diseascs and disorders as a vegotarian or lacto vegetanar

regiumen '
A diot consisting of the juice of eight to twelve oranges 18 5omo
fimes ¢ ded  I'his contams 40-60 grammes of sugar and an

excess of vitammn G, but no protemn

Trr Hay Dior

In this system 1t 13 recommended that protemn and earbohy drate
should not be eaten at the same meal It 1s clatmed that an almost
unbelievable gam mn health results from this procedure Tho duet
has also been used as a cure for obesity It has already been pownted
out (p 95) that when protem 13 eaten without any carbohydrate
the ammno acids are brohen down immediately so that tho cirbo
hydrate fraction of the amino acid can be uscd for energy purposes
The NH, group 1s converted into nrea and exereted in tho urme
Thus none of the ammo acids are avallablo for converston nto
protemn for use in the bodv  The same observation has now been
made with the mtravenous mjections of protein digests for patients
who cannot take any food by mouth (p 688) It was found neces
sary to give glucose at the same time i order to provent the excretion
of the whole of the wutrogen mto the unne witlun a short timo
In the light of this experimental evidence the prinaiplo of eating sll
the anmmal protem at ono meal without any carbohydrato foods
would mean that all tho ammno acids derrved from the first class
protemn would be lost and that the amimo aads derived from the
second clnss protens present i wheat ete , would have to bo used
for bulding up nto the body protens Thus tho experimenters
would be much worse off than the vegetarans who do at least use
tho first class protemn pre<ent in miik cheese and eggs  For these
reasons we do not propose to give any details of the dicts uoed B3 we
unhesitatingly consider that they are dangerous

Fxcrustve Protery Dy
t 13 un
That man can lve on a predommatingly protemn die
doubtedly true Tho Eskimos have used this diet for sges and

S
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Drer I
(Less strict, contaming about 05 gramme sodium chloride)
BREARFAST
Grapefrmit with sugar
Low salt bread
Low salt butter
Boiled egg
Jam or marmalade
Tea or coffee with cow s mulk and sugar 8s desred
Luncr
Beef stewed without sslt  Curry powder may be added 1f desired
Potatoes and boiled nce
Vegetables boiled without added salt or soda
Baked apple
Cream 1f desired
Tea
Low salt bread
Low salt butter
Jam marmalade honey, tomato or mustard and cress
Shortbread
Tea with cows mulk and sugar as degired
Doyner
Cold boied chucken or steamed fish
Green salad or celery, radishes or tomato with pepper
Low salt bread
Low salt butter
Tea coffee or cocoa with cow s mlk and sugar as desired

The salt contents of some common srticles of food are—

mg per my per
oF oz
Hem 595 | Lentils 10
Bacon 314 | Flour 8
Cheese 260 | Nuts 1-8
Bread (baker ) 146 | Greens 2
Fresh butter 53 ) Rico 2
Sea fish 34-64 | Potatoes 1
Egg 47 | Frut 1
Meat, 20 | Freshwater fish Low
Milk 12 | Peas Trace
Qatmeal 10
Toe Porassrvy roor Drer
The preparation of a potent extract from the cortex of tho adrensl

ed 1n the treatment of patients with Addison 8
ed our knowledge of this diseasc It is
cortex controls the sodium of the body

gland which 18 now us
disease has greatly increas
now known that the adrenal
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and that in Addison a diseaso tho blood sodium fs lower than the
normal of 325 to 350 mulligrammes per 100 ¢ ¢ whalo tho potassium
fn the blood is increased abovo the normal of 18 miligrammes per
1000 ¢ becauso the blood volume is conccmm!cd ! Turther work
has shown that there 14 a direct ant m the |
and sodium of the blood * Thus in a cvo of Addisona diseaso an
inerease 1n the potassium mtake from 1 to 4 grammes lowered the
blood sodm from 325 to 310 milligrammes per 100 cc 1n five
days and increased tho output of sodium tn the urme from 220
to 440 mullg a day

Theso obscrvationa grested that o diet little potas
unm might be of value 1n the treatment of Addison s disease It
has been found that with this dict the expensivo cortieal extract
necessary for health can bo either greatly reduced in amount or
given up nltogether  Unfortunately the dict 1s apt to be un
attractive and laching in vanety The tables prepared by Miss
M. Abrahams late Dictitian at &t Bartholomew s Hospital and
her colleagues aro very useful in arranging a diet and should ensblo
patients to get the vanety which they need In a recent caso
(under tho caro of G G ) the blood potassium decreased from 24

to 18 mull when 10 of sodium chlonde was
given, kept at 18 mllhgrnmmcs with the use or salt and 10 ec
of cortical extract and d d from 18 fis to 135

‘mlligrammes when a diot contaimng 1 5 grammes only of potassium
was given although no cortical extract was given

The potassium poor high sedium diets must bo used with caution
when desoxycorticosterone ono of tho active principles extracted
from the adrenal cortex 1s used either by njection or by implanta
tion of a pellet  The general condition usually mproves greatly
the blood chemt. try becomes normal but some cedema of the legs
may develop and the blood pressure may mse In some of these
cases death may occur very suddenly at the very moment that the
prognosis seems especially good It 1s belioved that the low
potassium 1n the blood plays some part and 1t scems wiser not
to prescnbe a low potasstum diet when desoxycorticosterone s
being given but to restrict 1ts use to the muld cases which do not
need any mjections of cortical extracts 3 ¢

tLoen R F (1032) Science 76 420

*Wmoer R M Swerr, A M Kemer E J Ryvearsoy E H
Apaxa M and hewxvat B € (1938) Proc Mayo Clinse 11 273

3 Kumasan D Raosw C Femeeser J W Arcary D W
and Loes R F (1839) Science 90 496

¢Tooze T B Power M H and hercer E J  (1940) Proc
Mayo Clhinic 3685
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TEE POTASSIUM POOR DIET CONTAINING 1 50 araxmers oF Porassipa

BREARFAST Pzr":‘"mmi‘“
2 oz white bread { 0 13‘ )
1 egg 007
13 oz raw apple or other frmt amount i hst (or contamning

005 gramme K) 005
2 oz milk 1o tea or coffee 010

DwNeR
8 oz roast beef mutton pork steamed or fried cod or steamed

plaice or six times any other meat or fish i the lst 030
2oz corrots or marrow or other vegotables amount in list {or

contamung 0 05 gramme K) 005
25 oz potatoes cut very small and cooked 1n eight times thewr

volume of water 010
6 oz stewed apples or § oz stewed pears or other fruit, twice

t 1 list {or 010 ) 010

4 oz cheddar cheeso and § oz sweet or water biscuit or § oz
cereal and 1 oz cream as pudding (cerea! cooked in water mith

sugar and cream added before serving) 005
TEA
2 oz white bread 00
1} oz jam or 1 oz lettuce or } oz tomatoes 005
2 oz mulk in tea - ol0
SurPER
1} oz whte bread or § oz biscmts not digestive 001
1} oz salmon or haddock or chicken or 3 oz stewed beef or
boiled mutton or three times meat or fish mn lst 015
2 oz orange or other frmt twice emount in hst {or contaming
0 10 gramme K) 010
2} oz butter all day o061
160

Sugar or glucose butter suet and salt may be taken os desired
Ordinary gravy and the water from cooked frub or vegetablea must

not be used
Special gravy may be made with cornflour and watet, coloured with

brownung and salted
PoORTIONS 0F CARDOHYDRATE FOODS CONTAINING 50 MILLIGRAMMES OF

Porasston

(&) Vegetables Cooked an the usual woy
o, or
Asparagus boiled 2 Brussels sprouts 1
Bngad beans boled 3 | Cobbago boiled ll
Beans French or runner 1} | Carrots boded ;

Boetroot boiled } | Caulflower boiled
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{A) 1 egetables

081

Cooked 1n the usual way——continued

ox o1
Celery  bailed 1} Deas dned bailed
Celery raw i Dotatoes old bailed
Cucumber raw 1} lotatoce now bailed
Lecks borled } TRadushes
Lentils raw weight } Spmach cooked without water
Lettueo { Sprnng greens boiled
Marrow 2 Swedes boiled
Onjons  boild 2} Tomatocs
Onions spnng raw 1 | Turmps 1
Parsnips boiled 1 Watercress raw i
Peas fresh boiled 1
Vegetables  Cut very fincly and cooked wn exght times ther volume of water
ox o
Asparagus 2 & Pareny I
Cabbago 1§ « Peas fresh or tinned 1
Carrots 2} | Potatoes 1
Cauliflower 1} Btring beans I
Onions 2} | Turmpa 2
{B) Fruzs
ox ox
Apricota dned stowed Lemon juice 11
Apricots taw fresh Melon cantaloupe or yellow 3
Apples raw cating 1]  Orango or orange juico
Bananas Peach frosh raw
Blackberries stewed 1 Peach dned stewed
Blackeurrants stowed Pears raw eating I
Cherries mw Pears stewed 2
Cherrics stewed 1} | Pmeapple raw
Currants dred i Plums raw dessert orstowed 1
Damsons raw | Prunes
Damsons stowed 1 | Rawsmns dnied
Green figs 1 ' Raspbernes raw
Qooscberries ripo raw 1 Raspbernes stewed 1
Gooseberries unnpe stewed 13 Red currants raw or stewed
Grapea | Rhubarb stewed
Grapefruit ! Strawbernes raw 1
Greongages row | Sultanas dned 1
Greengages stewed 1 ]Tomntoes Taw 3
(0} Nuts
oz oz
Almonds ‘ Cobnuts
Barcelonaa Destceated coco-nut
Brazils Peanuts
Chestnuts Walnuts

The ehove fruits are weighed with their stones if they are usually

served with them
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THE POTASSIUM POOR DIET CONTAINING 1 50 GRAMMES OF Porassint

BREAEFAST Potasatum
2 oz white bread Y
1 egg 007
13 oz raw apple or other frut amount i hist (or containg

005 gramme k) 005
2 oz mulk i tea or coffee 010

Divner
3 oz roast beef mutton, pork steamed or fried cod or steamed

plaice or six tumes any other meat or fish 1o the lst 030
2oz carrots ormarrow or other vegetables amount in list {or

contaiung 005 gramme X) 005
25 oz potatoes cut very small and cooked n eight times their

volume of water 010
6 oz stewed apples or 5 oz stewed pears or other frmt twice

t 1 list (or 010 L) 010

4 oz cheddar cheeso and § oz sweet or water biscwt or § oz
ceroaland 1 oz cream as pudding (coreal cooked m water with

sugar and cream added before serving) 005
Tes
2 oz white bread 010
1} oz jam or 1 oz lettuce or § oz tomatoes 005
2 oz mulk n tea - 010
SUuPPER
14 oz white bread or § oz bisemts not digestive 007

1} oz salmon or haddock or chicken or 3 oz stewed boef or

borled mutton or three times meat or fish 1n list 015

2 oz orange or other frmt twice amount in hst (or contamng
010 gramme K) o010
2} oz butter all day 001
150

Sugar or glucose butter suet and salt may bo taken as destrod
Ordimary gravy and the water from cooked frut or vegetablea must

not be used
Special gravy may bo made with cornflour and water, colourcd with

brownung and salted

Porrions o CARDONYDRATE FOODS CONTAINING §0 MILLIGRAMMES OF

Porassivm
(4) Vegetables Qooked sn the usual way
ox, o
Asparagus  boiled 2 | Brussols sprouta Fd
Broad beans boded 2 | Cabbage boiled :}
Beans French or runner 13 { Carrots boiled ;
Boetroot boiled } | Coubfiower boiled



THE
{A) 1 egetables

Celery, boled
Celery raw
Cucumber, raw
Leckn bailed
Lentile mw weight
Lettuco

Marrow

Onions  boiled
Onions spring mw
Parsnips boiled
Peas fresh boilod

Vegetables  Cut very finedy and coohd tn erght times their volume of water

Asparogus
Cabbago
Carrots
Caulilower
Onions

Apncots dned stowed
Apricots raw fresh
Apples raw eating
Dannnas

Blackberriea atewed
Blackcurrants stewed
Cherrics raw

Chernes  stewed

Currants driod

Damsons raw

Damsons stewed

Green figs

Gooscherries ripe raw
Gooseberrica unnipe stewed
Grapes
Grapefruit
Greengagos
Greengages

raw
stewed

Almonds
Barcolonas
Branls
Chestnuts

POTASSIUM POOR DIFT

Cooked sn the wusual way—eontinue !

o1 |

1}  DPean drind boilod

} ' Potatow old boilsd

11 | Potators now, boilnd

t  Radishies

1 Spinach cooked without water
1 Spnng greens boded

2 | Swedes boled
2} Tomators
l Turmipa

! i u(crcm raw

2, ‘Pnnmpa

1} | Poas freeh or tinned
2} ! Potatocs

13! Btring beans

2} | Tumips
(B} Frus

or

Lemon juce

Melon cantaloupe or yellow
1 Orange or orange juico
Peach fresh raw

1} Peach dnied stowed
Pears raw eating

Pears stewed

1} | Pumeapple raw

Plums raw dessort or stewed
Prunes

Rawsms dned

Raspbernies raw
Raspborries stewed

1}  Red currants raw or atewed
Rhubarb stewed
Strawberries raw

| Sultanas dned

1 | Tomatoes raw

(C) Nuts

ot

Cobnuts
Desiceated coco-nub
Peanuts
‘Walnuts

091

1
i

RRmssR

T~

1

The ebove fruits are weighed with their stones f they are usually

served with them
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(D) Starchy Foods

Biscuits sweet or water T} Flour ‘I“}
Biscuts digestnne 3 i Oatmeal or Quaker Oats raw
Biscwits cream erackers 1} weight

Bread brown 3 | Rice raw weight 3
Bread white 1 | Rusks ]
Cornflour 2% | Tapioca 10

{E) Sugar Rick Foods

oz oz

Chocolate, plam or milk } | Honey 3
Cocoa 1| Tam 1
Golden Syrup § | Marmalado 4
PorTIONS OF PROTEIN AND FAT CONTAINING §0 MILLIGRAMIMES OF
Porasston
oz o%
Bacon raw weight 3 } Lobster boiled 3
Beef corned 1} | Mill. fresh whole 1
Beef roast or salt boiled 4 [ Millc evaporated sweetened
Beef, stewed 1 or unsweetened E
Butter 12 | Mk skimmed sweetened
Cheese cream 4 condensed i
Cheeso cheddar 1} | Mutton boed i
Cheese soft 2 | Mutton roast ]
Chicken bolled or roast 4 | Mutton nech stowed 1
Cod steamed or fried 4 | Place steamed ]
Crab boiled 3 | Pork roast or salt boiled 3}
Cream 50 per cent 11 | Rabbit 3
. Egg (ona contains about 70 Sulmcn fresh steamed or tinned  §
3 of P tmned 4
. Haddock fresh or dnud Sole steamed H
' steamed } | Sweotbreads 31
\‘ Hake 1 | Tripe stewed 16
Ham lean boied 1} | Veal roast $
~Kidney stewed ox i

~ |Foons conramvive NEGLIGINLE AMOUNTS OF OR NO POTASSIDM
Sugsr glucose lactose
Butter guet
? ‘ Tapioes
Tripo
Sour Mmx TREATMEST
Curdled mulh has long entered 1nto tbu diet of many cox}ntncs
m the Near East (eg R ‘, : A_tbo C and
owing to the vivacious advocacy of M 1t had an

]
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vogue n this country in tho early years of thia century  Soured
mull. therapy is atill practised and hes some sdvantages in treat
ment of dyspepsia

The theory of its uso is that the milk sounng bacilh antagomzo
tho growth of the putrefactive baalli and so, if established in the
Iargo intestine prevent the production of lustamine tyramine, indol,
ond phenol in that part of tho body  Metchnihoff assumed without
sufficient evidenco that tho products of putrefaction shortened life 1

Tho * fermentation  of milks 3 1n their country of ongin 19 used
to preservo the mulk, and to maho a pleasant and *stimulating *
comestible  Yeastaand Jactic acid baailli are used for this purpose
Of the baailli the atrains utihized aro tho Baesllus bulgaricus (Metch
nihofl} which occurs naturally 1n the cow, the Bacillus acidophilus
found 1n man and the Bacllus bifidus found in the alimentary
tract of theinfant  Tho differences are very slight but the Bacillus
bulgaricus 13 moro resistant and more active  Cultures of lactio-
acid produeing microbes (isually cocer) are utilized in the souring
of milk for the production of marganno

The ntention of tho uso of soured milk 1n medicine 13 (1) to
chango the flora of the largo intestine and (2) to produco an easly
digested nulh. Of the two reasons the Iatter 1s the more important
for the curds are smaller and softer than those normally produced
1 digestion of wholo mulk It 13 not possible to change the flora
of the intestino merely by feeding cultures by the mouth but
excess of lactoso 1n the dict will encourage the growth of lactic
acad producing mucrobes in the large intestine even i the absence
of soured mulk or artificial cultures taken wia tho mouth

Commercial preparations of the lactic acid bacilh are put up
m tho form of tablcts and ampoules Both contamn neghgible
quantities of hving bacilli 3f taken by the mouth but can bo used
as starters 1n bwlding up o culture

‘The Preparation of Acidophilus Milk (1) From whole
milk  Boil the milk and cool 1t to about 42°C Inoculato the
milk with 1 tablet of a good commereial culture and keep 1t exther
1n a thermostat at 42°C or in a thermos flask at this temperature
for about 24 hours BSubeulture 1t daily by adding two to threo
tablespoonfuls to freshly boled mmlh when its temperature has
fallen to about 24°C 1t takes about a weck before a sufficiently
good culturo 13 obtained and tho milk curdles m about 12 hours
The curdled mulk can either be eaten at once or placed mn &
refnigerator until 1t 18 wanted

1 Mercmnizoyr  (1007) The Frolongation of Iafe 16

t For the account of these products the authors are indebted to
Dr Cuthbert Dukes
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(n) From unsueetened condensed mill, Pour the mulh mnto
o scalded pan  Wash out the tin with an equal quantity of boiling
water and add 1t to the condensed milk  Allow 1t to cool as above
and add the commercal culture

Commercial Preparations of Soured Milk Kéfir  An
effervescent soured milk prepared in 1ts country of ongin from cow s
goat’s orsheepsmilh  Kéfir grams”areused Theso are masses
of yeasts, moulds, and Iactic acrd producing bacillh  These are
moculated wto the milk, which 15 kept i large leather bottles
which are kept warm and shaken pertodically This soured muk
contains 1 per cent lactic acid and 2 per cent aleohol

It 1s prepared 1n this country by adding Kéfir grams (obtamnable
from the Lister Institute) and commercial strams of lactic acid
organisms to pasteurized milk Lept at room tcmperature for 12
hours The resulting flnd 18 stramned and fermented for 24 hours
at 12-16°C The higher the temperature the more aleohol and
the lower the more lactic acid 1s formed

Kourmss 18 fermented mares mlk

Yoghourt The countries of ongmn aro the Balkan States It
13 made from cow s or sheep 8 milk, boiled to hnlf 1ts volume, cooled
and moculated with some of the previous preparation as a starter
It consists of a semisolid ereamy substance contammng 2-3 per
cent lactic neid and bacilli of the Bulgaricus stramn plus strepto
cocct  There 18 no aleohol 1n this preparation

Sundry dairy firms will carry out the production of Kéfir and
Yoghourt 1 this country

The value of soured mulk as o therapeutic agent 1s
doubtful, but 1t has been recommended m cases of chronie all health
without obyious cause 1n neurasthenia and intestinal affections—
eg coltis fermentative diarrheea, constipation—besides gout
arterio sclerosts and some shin diseases  As regards many of theso
affections 1t may be pomted out that there 1s hittle or no proof
that they are really the result of imtestinal putrfaction, and any
tmprovement which soured milk may produce in them 18 probably
to be aseribed to the fact that 1t provides an casily digested form
of food and so0 1mproves the patient s nutrstion  In cases of hyper

chlorhydna and chrome gastntis soured milk 18 contra mdicated

hat




CHAPTER AXIV

ARTIFICIAT FFLCDING
AND ARTIFICIAL AND PREDIGLSTED FOODS

In this chapter we shall conader tho methods of admimstermng
food otherwiso than by the mouth and descnbe somo patent and
artificial foods not yet dealt with

Artificial Feeding
Rrorat, FEEDING AND NUTRIENT ESEMATA

Rectal feeding has constituted a therapeutie resource over since
medieal science existed * but 1t 13 only within recent t:mea that the
walue of this method of administening nounshment has been sub
jected to careful scientific scrutiny

Water 13 readily absorbed n the form of tap water It 13 best
given by a continuous rectal dnp at the rate of 125 cc¢ per hour
and 3000 ¢¢ can bo given wn the 24 hours if nothing 1s taken by
mouth  Normal physiological salne or Ringers solution aro not
well tolerated as the salt imtates the mucous membrane so that
thay soon ceaso to bo absorbed  Ta any casef 3000 ¢ ¢ wero given
1 tho day 1t would entail the ging of 27 grammes of sodium
chloride which would bo too much for the kudney to excrete If
one fifth normal physiological solutions are used they are much
better retamed and the total salt admimstered 1 3000 cco 18 54
grammes which tho kidney should bo able to excrete eauly One
third normal physiological soluttons are also used and 3000 co
would mean the excretion of 9 grammes of sodium chlonde

Carbohydrates  Glucose 1s the only sugar which can be absorbed
{from tho large intestine  If used in & hugh concentration 1t rrritates
the mucous mombrane and 19 rejected after & while Mutch and
Ryffel 2 found that a 6 per cent solution was well tolerated and

1 For a sketch of the lustory of the subject see the valuable mono
graph by A P Gros Trauement de certawnes Maladiea de I Estomao
par la Cure de Repos absolu etc Pams 1898

*Murcr N and Ryrrer J H  (1913) Brit Med Journ 1,111

885
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thus can be given exther m tap water or one-fifth normal physiological
saline a9 & rectal dnip at the maximum rate of 125 ¢ ¢ per hour, or
3000 ce per 24 hours ¥f nothing else 1s taken by mouth or mtra
venously In thrs way 180 grammes of glucose can be admimstered
and supply 738 Calomes

Whle the evidence 18 1n favour of the sbsorption of glucose alons
of the sugars from the solutions given per rectum (Tallerman)
1t 15 ot clear whether the sugar 15 absorbed from the large intestine
or whether 1t must pass into the small intestine before absorption
cen take place Davidson and Garry? have shown that prac
tically no absorption of glucose or of any mono sacchande takes
place from the large intestme and czcum of tho rat  When, how
ever sugar was injected mnto the small mtestine of the rat under
the same conditions of anmsthema, etc, & large proportion of the
sugar was absorbed

Protesns  The absorptive power of the large intestine for protemns
has been investigated many times and 1t was thought by carher
worlers that substances ke peptone, eggs with salt, raw beef juice
were well absorbed, but later observations tend to throw much
doubt upoen the trustworthiness of the earher experiments upon the
absorption of protemns from nutrient enemata Rendle Short and
Bywaters for mstance, who remvestigated the whole subject, came
to these conclusions

1 The older observations on the absorption of foodstufls from
rectal enemats, based on the snalyss of rectsl * wash outs’ are
unrehiable

2 The daily output of mitregen in the unne of patients given
nutnent enemata of milk or eggs peptomzed for twenty or thirty
minutes demonstrates that almost no mtrogenous matter 18 absorbed

3 Modern physiological opuuon holds that protemns aro absorbed
principally 23 smmo acids  The failure of the rectum to absorb
ordinary nutrient enemata 18 largely duo to the fact that peptones
aro given instead of amino acids

4 Chemically prepared tmmo-acids, or milh pancreatized for
24 hours 5o that ammo acids are separated, allows of & much better
absorption of mtrogenous foodstuffs from the rectum as demon
strated 1n five cases by the high mtrogen output mn the unnc

5 The low output of ammoms mtrogen shows that this high
output was not due to the absorption of putrefactive bodies The
rectal washings were not offensive

1 Taprrnyaw  (1020) Quart Journ Med 13, 356

1Daviosow § N and Gamsy, R G (1939} Joumn Phynol.
96, 172
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A practienl disadvantago of the old nutrient enemata was the
amount of putrefaction which occurred m the bowel and the most
offenstve smell which was noticed when the bowels wero opened
Theso observations which have been fully confirmed are so stnhing
that nutnent cnemata contaiming protemn which has not been well
digested with pancreatio Juice tn onder to hiberate the ammo acids
should not be used and all details of such nutrient encmata are
omtted in this soction

Perrovzen Mox Lyeya
Boil 1} puts of milk in flash cool to 37° C
Add  } o2 of an sctive pancreatic preparation
1} oz of glucose
Keep at 37 C for 24 hours
Guo 6-7 oz every four hours
A dnmily rectal washout should be given

The value of this nutrient enema 13 very doubtful and other
methods of feeding are much better

Fats  These have been given as a suspension but there 1s ittle
evidence that they are absorbed and they should not be given

Nutrient suppositories cannot ber ded They usually
contain peptone but at most not more than 8 grammes 1n each
whieh means even assuming complete absorption an energy value
of less than 35 Caloriea The value of such suppositories 13
negligible

IvtravENOUS FEEDING

Water Sugar and Salt Theso are best admimstered by the
mtravenous route if a patient cannot tthe anything by mouth
For a short infusion the vein may be perced by a fine needle
bat for a long infusion one to three day< 1t 18 better to cut down on
o small vein and tie 1n a canula  The antecubital vemns should not
bo used except in emergency as 1t 13 very uncomfortable for the
patient to heep lus arm quite still A cannula shonld never be
tied into this ven as tlus will destroy 1t completely

If after an abdotunal operation a patient can take nothmng by
mouth he should be given a five per cont glucose solution ertherin
normal phy siological saline or Ringer s solution followed by 2000 ¢ ¢
of ono fifth normal phywmiological sahne or Pingers solution con
tamung five per cent of glucese  If nothing 18 given by mounth ths
amount of flud 13 well tolerated and will contamn 150 grammes of
glucose gupplying 618 Calories and 12 6 gramutes of sodium chloride

This procedure can be continued for one to two weeks and the
patients can be kept quite comfortable as they do not sulfer from

Mn*



688 FOOD AND DIETETICS

lack of flmd or sodmm chloride 'The calome value 15 low, 615
Calortes, and the patients will lose about 5 to 7 grammes of mt;ogen
a day which must come from the breakdown of muscle protein, and
will also lose & good deal of fat (seo p 605) )

If 1t 13 gaven for more than two dajys at least 25 milligrammes of
ascorhic acid should be added to the perfusion flmd  If the patient
had not been saturated with ascorbic acid before the operation, at
least 1000 miligrammes & day should be given for three days
order to ensure the healing of the wounds

On physiological grounds 1t would seem prefurable to use Ringer a
solution 1n order to supply calerum and potassum 1 addition, which
are essential for life  This 1s a little more complicated to prepare
than pormal salme If however, the sodium bicarbonate 13
omitted 1t 15 Just 88 easy to sterilize as normal sahme It 18, how
ever, little 1f at all used by the medical profession  This may be
due to three causes

(1) The wmtial difficulty of preparing a stable solution, which
prevented 1ts use orignally

{2) It 13 not as a rule provided

{3) The mnate conservatism of the surgeons who chiefly use these
solations

Armuno acids  Protemn hydrolysates in mtravenous almenta
tion
Various attempts have beon made to give patients sufficient food
to mamntam hfe at a high level by mtravenous methods Theso
have been successful i the hands of rescarch workers and may
soon be avadable for ordmary wse and a short account of the work
18 given here  The proteins have been digested cither by hydrolysa
tion with acids alkabs, or with enzymes The dizadvantago of the
acid hydrolysation of casem 19 that tryptophane 13 destroyed m
the prep 10n and 1t together with metk and cystine must
be edded The alhaline hydrolysate preserves the tryptophane but
destroys the methiomne and cystne and a mxturo of aad and
alkaline hydrolysates has been advocated but its trial has not et
been reported Digestion with enzymes lihe trypsn or papaw or
with a mixture (Beattie) has been used  These have the advantage
that the amuno acids are not destroyed but tho digestion takes soveral
days mstead of a few hours and sterility of the muxturo 1s difficult
to mantamn

Technique A solution of protem hydrolysate plus 10 per cent
glucose 13 made up i cold freshly istalled water and passed through
a Berhefield filter sutoclaved for 30 minutesat 51b pressure (Flman
1940) Thus 13 mjected 1nto a vemn at a rate 300600 c ¢ an hour
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As much as 3000 cc in the 24 hours containing 76 grammes of
protein hydrolyeate and 300 grammes of glucoso (Calories 1637) have
been given and this has been mamtained for 23 days by Elman t
It is posaible 1n this way to mal the body mn gen equuly

brium and in weight  Taylor? (1843) gavo much larger doses—200
grammes of the protemn hydrolysate together with 300 grammes of
protein by mouth to a patient who was very il with extensive burng

The treatment was continued for over 40 days and the patient,
who at the outsct seemed likely to dic recovered

Tho injectiona have been responsible for reactions hike flushing
and burming of the skin, headache backache rigors, abdomunal
pain nausea  svomuting  phlebatrs and thrombosis  These are
probably due to somo impunties and may ceaso as the method of
preparation improves

Examunation of patients who have died during tho course of
treatment showed that the hydrolysate waa not responsible for any
of the deaths

Thoe protein hydrolysates hn\o been uscd for pnnents with
malignant dicense of the o colitis
and 1t was usually possible to mamtam mtrogcn equbbnum  If
however the output of mtrogen was very large as occurs after
operations 1t was not possible to attan mtrogen equiibrium
(Flman 1039 1910)

Good results have been obtamned 1n patients with severe burns *
Tho results with dysentery and severo ulcerative cohtis are good
but those with Liver diseasea are conflicting  Alstruter ef al 3 1942
thought they wero contra indicated but Landesman and Weinstein ¢
Stewart and Rourke 8 found that the patients used the digests and
often with benefit They are also of value in promoting the

of plasma | after heemorrhage and 1t was found
that cystine was of greater value than methionine which 13 not
present i horse serum albumen @

The possibilities opened up by thus method of intravenous feeding
are very great It 1s to be hoped that the preparation will soon be
readily available as this may well turn the scale with many very
1ll patients who at present receive intravenous therapy with sugar
salt and water only

They should be useful 1n the treatment of patients with mal

1 Ervan and Liscoer  (1043) Ann Surgery 118 225
2TAvLOn et ol (1943) Ann Surgery 118, 216

¥ AvtsTruTEr and TAvror (1943) Arch Inst AMed 70 749
¢ LanpEsnan and Wrmstey  (1942) Surg Gyn Obst 75, 300
* §rewartand Rourkxe  (1942) Proc Soc Exp Biol Med 51 369
* Branp and Kasserr  (19041) J Bio Chem 141 999
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nutntion but the evidence at present suggests that plasma given
mtravenously to begin with 13 more uveful for the very il palients

SurcUraneovs I'repivg
The mjection of nutntive substances under the shin was first
mtroduced by Menzel and Perco 1n the year 1869 ! and 18 now very
Litle used as tlus has been replaced by the intravenous route
Sugar and s1lt may be given subentaneously m the same quantities
a< for mtravenous infusions if these cannot be performed and the
patient cannot take anythmng by mouth or by the rectum

Artificral Foods

The objects of artificial foods may be saud to be ather (1) to
present & maximum of nounishment 1 & mimmum of bulk, or (2) to
enable one easily to enrich the dieb i respect of certain of sts chemical
constituents

In regard to the former of theso objects 1t 13 well to reabize at
the outset what degree of concentration of food 1s chemally
possible  Let us take first the case of the proteins Lean meat
may be regarded as the type of a natural protein food It contains
about one fifth of 1ts weight of that copstituent, the rest bemg chafly
made up of water  If all the water 1 driven off from 5 oz of meat
there will be left belund sbout an ounce of what 13 practically pure
proten  Now this may bo regarded as the maumum degreo of
concentration of which protein food 15 capable  In other words, an
ounce of any artificial protem food can never represent more than
& oz of lean meat A more concentrated protein food than that
18 & chemical impossibility ~ Wo can reslize from this the sbsurdity
of such preparations as beef lozenges  Dven if these did consmst of
pura protein (which they never do) 1t would require 2 oz of them
at least to be equal 1 food value to 5 oz of fresh meat, so that the
amount of nutrment contaned n one lozenge must be very small
indeed

Or take, agan, the case of the corbolydrates  There s no form
of carbohydrate food more concentrated than sugar  Any fld or
semu flmd carbohydrate preparation must mevitably be of fower
vutnitive value than eugar, for it contams some wates, the
food value of which 13 ml  Such preparations as malt extracts
therefore can never add to the diet as much carbohydrato rs a8
equal weight of ordiniry sugar

The Dhetary

1 For the historv of subcutancous feeding seo BAvF R Dot
.2

"
oftheBick’ {Von Ziemssen's Handbook of General Therap
and Lzone m Leypxx 8 Handbuch der Ernakrungstheragne 1,813
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The aamo 18 true of fats  No artifieit preparation ean have s
higher foexd valuo than pure olive oil, which contains no water
or dnpping  from which all the water has been driven off by heat
Onlinary butter containy four 6ifths of it weight of puro fat

There are then distinet hamts beyond which the concentration
of foods eannot bo earnied and thoadea that  food tablords’ might
be prepared one or two of which would be the equivalent of an
ordinary meal is scen to bo on impossible dream At the most all
that tho maher of concentrated artificanl foods can hope to do 13 to
drive off from the natural food the exceas of water which 1t contains
and even then most if not 81l of tho original water must be returned
to the food beforo 1t can bo eaten

1t may Do questioned too whiether the use of highly concen
trated foods is physiologically defensible  The digestive organs
are not constructed for the disposal of foods 1n an extremely compact
form Such forms of nutniment make large demands upon the
eccrotory powers of the stomich and are apt to be wuntating to
the digestive organs win nddition to which the total absence in
them of ballast  renders them unable to supphy an adequato
stimulus to the penstaltic movements of the intestines As
exclunive foods therefore such preparations are emivently un
rutable

The second object of the e substances that of enabling us to
enrich the diet in certain ingredients 13 more legitimate  Here
the artificial food 13 ured mmply as an acce <ory to supplement the
lach of protein carbobydrate or fat in other articles of diet  Their
rmall bulk 13 here n decided advantage for 1t enables them to be
added to flmd foods without appreaably inereasing the total amount
of materal to bo swallowed and 1n many casea of 1llness this 13 &
desirable thing to do

Wo may conclude then that concentrated foods are only to be
used as accessories and that they hive no legitimate place in the
dictary of henlth

In cases of illness however they have a defimte but Limted
sphero of action  In these eircamstances when appetite 13 1n abey
ance 1t 1s often a question not so much of getting the patient to
tahe much nourishment as of persuading him to eat at all Tt 1s
then that the artificial foods serve a useful purpose for they can be
varied to sutt the caprices of the patient and though the amount of
actual nourishment winch they vield may be small they may yet
kindle o deswre for ordinary foods The value of any artificial
preparation 1n such a case 15 not to be estimated by the amount of
energy 1t yields so much 9 by its wsthetic qualities and the degres
to which 1t pleases the patient  Suggestion, 1n fact plays a large
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part m bringing about whatever good results artaf
capable of producing § " el foods are

ArTrFionr Proreny Foons

thl Undigested—(a) Of Animal Orsgin Probably the best of

e undigested protem foods are now derived from casein, the chief
protemn of milk  In a previous chapter most of these, o g Plasmon
and Casumen, have been deseribed They havo the advantage of
bemng colourless tasteless and readily soluble, so that thoy can
easly be added to other foods, besides which they are digested
wathout difficulty and are very completely absorbed

Of the artifictal protemn foods dertved from meat, most belong
‘t‘u the predigested class to bo conwudered mmmediately  The

dehydrated ” meats or fish are usually soaked m water beforo
serving and so regam all the water which was removed 1n its
preparation  Although very palatable and making excellent mineo
or ketcheree they can hardly be described as concentrated foods

Dried mulk 13 a concentrated food and can be added to any drnk
to thichen 1t Dry skum milk can bo added to milk

(b) Of Vegetable Origin  The chuef vegetable protein foods are
Aleuronat, Legumin, and Glidine! Tho first 15 a specil
preparation of gluten contammg 81 6 per cent of proten It 13
a, yellowish brown powder, almost msoluble in water, and can bo
convemently used as an addition to seru sohd foods

Legummn (vegetable casemn) 1s the chief proten of pulses and 1a
g valuable and highly nutritive substance apt, howover, to have
& rather itter taste

Ghdeno 18 prepared from wheat protemn and contamns 95 per cont
protem It 1s eamly soluble and can bo added to any foods

2 Digested Protein Foods or Peptone Preparations
Theso had at ono fime a considerable vogue 10 dietettes Tho
protems are partially brohen down in the normal stomach to pep
tanes and albumoses (p 238) If these products aro given to &
healthy person thoy are further broken down in the course of
digestion to polypeptides and amino acids n the same woy as
the ongual protems and are thereforo capable of replacing them
Their uso should relieve the stomach of some of the preliminaty
work of digestion  In practico this 1s of hitlo valuo as the stomach
and 1ntestines aro rarely so damaged that they are unablo to digest
the protemn of eggs and milk  Further, theso products are hable to
causo diarrheea for some unknown reason if given in large amounts,
but are well tolerated mn small quantities

3 Many of tho preparations aro at prosont unobtanablo
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The following tablea contnin analyses of some of the semi sohd
and hquid peptone preparations

Most of theso contain so much water that their nutntive valao 19
comparatively emall, while thoso in which alcohol is present arc open
to tho same objections as dietetic or medicinal wines (see p 517)

Coxrostrion or Prrrove PREPARATIONS

Sddutia 3o
Water IE‘:; Hioay [T WSavnl Ta ‘E{{'c Alcobot.
Al ests
Peptomized
Mtk 815 | — | 176 ~ [10°{ 33 1 | —
Fairchit 10
ml"lma[n;‘\‘wn 81 — les | 1 P65, — 110 f18.e,
e e Pep
tonszed Meat t
Jelly spesl — | 716} 227 — | — josa} —
Bomatosn 59 — (17 | - - -
Peptalac (Cow l } !
sniCate) (870 | — [ 42| — [62e,, 00 Jos8 | —~
Carnick « Pep |
tononds e E LRI R e O e

Home made peptonized foods can easily be prepared with
such agents a8 hquor pancreaticus or zymne (see p 687) DMilk
which has been peptonized 1n this way 1s still used though many
doubt 1ts value

Gruels of vanous eorts can bo prepared mn a sumilar way,
peptomzed mulk gruel being one of the best Such home made
preparations are mostly to be preferred to commercial articles and
have also the advantage of being very much cheaper

ArTrricaL CArpomYDRATE Foops

Many patent foods which mght Justly be mcluded 1n this section
have been already dealt with under the cereals pulses ete or in
the section on Infant Foods The only gronp which remamns to be
conmdered 15 that. of the malt-extracts These are prepared by
evaporating down an 1nfusion of malted barley at low temperatures
or in tacuo  The object of evaporating them i that way 13 to
Ppreserve 1n an active form the diastatic ferment present in the malt
and the special apparatus required for this purpose 1s one cause of
the expense of such preparations

The following table contains the results of the analyses of some
standard malt-extracts
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Coxrosrrion oF Mzt Exrracrs

Redue o
Cotal | g astatio
Sl s | T2 Box | e | Fowet
Maltose Unite
Kepler Extract
of Malt 785 ) 655 | 55 6213 — {9
DCL  Malt 00-1000
Extract 811 1 682 ? 111 — 60
Cream of Malt | 794 | 626 | 65 82114 — 40
Standard Malt
Extract 794 ] 603 | 65 105 | 14 — 30-4
Standard Liqud 0
Malt Extract| 535 | 404 | 435 6809 20 10-2¢
Dxtract of Malt| 80 505 | 52 — |12 — —
Bynin 634 | 596 2 — (09 88 —_
Maltine ‘ 8 619 | 60 50|12 1000

The average value of these foods 18 657 grammes of sugar 58
grammes of protem 6 3 grammes of dextrin, and the calorio value
18 283 per 100 grammes 1 oz yields about 80 Calores or o httlo
more than one egg  The drastatic valuo 1s low except in the Kepler
Extract of Malt .

In the above analyses the whole of the mtrogenons matier bas been
counted as protein, but 1t 1s very doubtful if that 13 quite accurate
Some of the nitrogen 18 almost certamly present in other forms

Malt extracts may be prescribed with one of two objects (1) To
ennch the supply of carbohydrates in the diet  (2) to aid the diges
tion of starchy foods by means of the dmstase winch the extract
contans  The advantages possessed by malt extracts for accom
phshing the former of these objects are not quite apparent  Treacle
and golden syrup both contun a considerably higher percentage
of sugar and are vastly cheaper It 13 true that malt sugar 13 lees
apt to untate the stomach than the cane sugar which treaclo and
syrup contmn and although not capable of direct absorption as
such maltose may yet be regarded as a partially digested form of
carbohydrate But mn both theso respects wo havo in ordinary
honey a superior food

Honey has the following composttion
16 to 13 per cent

Water

Invert sugar 714

Cane sugar 260

Protein 04
012

Ash
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That ia to any that it i actually richer in sugar than malt-extract,
but hins lers protein and no dextrin  the ealorie valuo of 1 0z 18 104
Furthermore, the sugar of honey is really in a predigested form,
and ready for immediato asssmilation  As o sourco of carbohydrate,
therefore, honey Is in every way preferablo to malt extracts, besides
being o good deal cheaper  and it may bo used with great advan
tage in overy caso in which ono wishes to supplement the supply
of carbohydrates in tho dict

‘The second property of malt extracts—that of scting upon starch
by means of the diastase which they contamn—is but rarcly present
in the mind of tho preseniber  Tho cases in which such an action 13
deuired are not, indeed at all numerous and are practically confined
to the group of #o called amylaccous dyspepsias  Lven 1n such a
cato malt-extract is not the best preparation to employ  No matter
how earefully the extract may be prepared, it always seems to Iose
something of its diastatic power 1n the process  and 1t 1s far moro
certain, a8 well as cheaper and one may add pleasanter to make
annfesion of malt at home and either use1t as a beverago at meals,
or preferably, stir 1t into starchy foods such as puddings or gruel,
beforo they are eaten

Tho valuo of milk suger as a means of supplementing the carbo
hydrates of the diet must not bo forgotten  Its comparative free
dom from sweetness makes 1t specially smtable for such s purpose
If § oz of 1t 13 dissolved 1n B or 6 oz of milk, the nutritive value
of the latter is increased by nearly 60 Calories  This may often be
taken advantage of in feeding patients with acute fevers As
explained above st can be used to depress the actimty of putre
factivo orgamisms in the large intestine

The number of preparations used in medicine which contain the
varjous vitamins either alone or in combinations 1s getting very
large and 1t 1s tmportant that their content should be known

By tho courtcsy of the Cditor of The Pharmaceutical Journal a List

P n the 1940
edmon of this book This was P from 1nfi
or by the fi und was ntended to serve a3 a
g\udo to the mtum potency and source of tho preparations lsted
Tho p: tho p of th are the

claims mado by the manufucturers  No nnempc was made by the
Pharmaceutical Journal to venfy them by actual tests on the products
themselves

‘The list 13 now brought up to date by the Pharmaceutical Journal
1944 and printed with shght alterations
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Name of Preparation Description Makers
Vitamin A
Alphalin Capsules 10 000 IU per capsule Lally
Avoleumn Tagmd 300001V pergm Cap (B D H
sules 4500 IU per capsule
B Carotene Crystals 1600000 IU per gm Napp
Carotene Ol (1) 0785 mg o and 154 mg § Napp
carotens representing 3195 IV
Apergm (2)0lmg o and
0068 mg B carotens represent
g 1220 IT A per gm
Carotene  Tab |2 mg per tabloid B W
loid
Davitamon A 6000 IV and 60000 IU per mil | Organon
ampoules 60000 ITU i 1 mil
o1l solution
Essogen 2000I U per capsule Lever
Fish Liver Oil | Liqud 200000 IU per gm Napp
Prepalin Liqud 7200010 permul Cap |Glaxo
sules 24000 IU per capsule
Ampoules 100000 I T m 1 xmul
Vitermn A Capsules 33 000 ITU per capsule | Crool es
Ampoules 1000001 U m 1 ml
Vitapex Pabym | Capsules 4500 IU per capsulo | Paines &
Ampoules 75000 IU per ml Byrne
Vitamin B, (Aneurine)
Befortiss Ampoules §mg 10mg and 25mg Vnnr(rluns
Lt
Benerva Tablets 1 mg and 3mg per tablet | Rocho Pro
Ampoules § mg per ampouk ducts
Ampoules Forte 25 mg per am
poule
Berm Ampoules § and 25 mg per am | Glaxo
poule Tablets 1 mg and 3mg
per tablet
Betaxan Tablets 1 mg and 3mg pertablet | Bayer
Ampoules 5 mg and 25 mg per
tml  Solution 250 mg 1n 10 mils
Elxir 0 676 mg per drachm
Betahn 1 Capsules| Capsules 125 TU  per capsule ll:'l’;:
lly

Betahn 8

Ampoules 1mg 6mg 10mg and
30 mg per ampoule Tablits
01 mg 3 mg and 6 mg per
tablet
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Nama of Prepwratl Description Mak 1

Betelion Aableta 1 mg per tablet  Am | Merel
poules 2 mg in 1 ml  Am
poules Strong  10mg inlmil |
Ampoules & mg and 20 mg per| P D & Co
' mil  Solution 50 mg per mit 1
Tablet« 1 mg and 3 mg pcri
i

1
1
'
t
Crysta Vibex I

tablet
Davitamon I3, | Tablets 1 mg per tablet  Am ) Organon
| poulm 5 mg Forto Tablets
A :l mg per tablet  Ampoules | Organon
mg
Palvis Vatamin ‘(l) lH standard  (2) Double: Napp
n, BY standard
80 1U per gm B W
Tablet« 1 mg and 3mg per tablet ! Abbott
Thixir 1800 IU per flud ounca | Abbott
Yitammn By Ampoules 15 mg and 3 mg per|A & I
{ ampoulo Tablets 16 mg and
3 my pertablet Injection 15
and 3 mg
AmpoulM 6 mg nnd 20 mg par|B D I
mil  Tablets 1 mg and 3 my
e tablet
Vitamin B, Hypolad 5mg and 2omg m B W
Hydrochlond» 1 nul Tablod 3 mg and
5 ing per  tablod
Yiatamin B, Ampoules 5 mg and 2% mg per | Crookes
mil Capaules 1 mg pereapsule Labs
Tablets 1 mg and 3 mg per

Rymmm n
Thiamun Clhilonde

Vitanun B,

tablet
Vitamin B, Ampoules 5 mg and 24 mg per | Pames &
Pabyrn ampoule Tablets 1 mg and| Dyme

3 mg per tablet

Nicotinic Acid

Dawvitamon PP | Tableta 50 mg per tablet Organon
Nicotinie Aed

Nicotime Aerd | Tablets 60 mg per toblot Bayer

Nicotinie Acd Tablets 50 mg per tablet P D &Co

Nicotinie Aaid Tablets 60 mg por tablet A&H

Nicotime Acrd Tablots §0 mg and 100 mg per | B D H

tablet
Nicotime Acid Hypolod 60 mg m I mi [B W

Tablod 50mg per tablowd
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Narme of Preparation Desersption Makers
Nicotme Aad Ampoules 50 mg per 2ml am | Crool es
poule Teblets 50mg pertablet| Labs
Nicotinie Acid | Tablets 20mg 50 mg and 100mg | Lally
per tablet
Nicotmmic Acid | Tablets 50 mg per tablet Roche
Nicotime And Tablets 25 mg per tablet Squbb
Pelonm (Nico Ampoules 50 mg per 2ruls Tab | Glaxo
timre Acid) lets, 50 mg per tablet
Nreotinamde Ampoules §0 mg Tablets §0mg |B D H
! per tablet
! Nicotinamide Tablets 50 mg per tablet Am | Rocho
poules 50 mg per ampoule
L
i
Vitamin B, (Riboflavine}
Lactoflavme Ampoules 1 mg and § mg per [ Rocho Pro
ampoule Tablets 1 mg and| ducts
3 mg per tablet
Riboflavine Ampoules I mg m 2mils Tab |B D H
lets, 1 mg
Riboflas me Hypolod 1 mg per 2 mul [B W
1 Tablo:rd 1mg and 5 mg per
tablord
Ryboflavine Tablets 1 g = 400 Sherman |Lally
Units (G) per tablet
Riboflavine By, |Tablets 1 mg per tablot Am |Croohes
poules 1 mg Labs
!
{ Vitamins B, and B,
(Aneurine and Riboflavine)
Benerva Tableta 1mg B, 1mg nboélavmo Rocho
B,) 15 mg mcotmnamudo
BE?:]:;pound Cni)sl’xles 33310 B, 40 Sherman | Llly
Compound unite By and other factors of By
complex per eapsule
B & G Capsules | Capsules 67 IU B, and 00t mg Squibb
B, niboflavine per eapsule
50 IU B, and 001 mg B, nbe Squibb

“B&GS)-rup
i
(

flavine per mul
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Name of Preparstion Deserrption Makers
Marmito l:\o IU B, 0033 mg B, and|Marmute
| 061 mg mcotmic acid per gm Food Ex
tract Co
Vitamun B {160 1U B, and 40 Sherman unita | Abbott
Capsules ! By—(01 mg) nboflavine per
| capsulo
Manmte {Unstandardized} B3, 8-101 U per | Marmute
gm (npprox ) By 0033 mg per| Food Co
; gm (approx ) Nicotimie aerd
t 06t mg per gm ({napprox)
Vaitamin B, , {1 100 I1U B, and 01 mg B,y|Napp
Complex ’ pergm (2) 200 IU B, and
02 mg B, pr gm
Yenst (Brewers ) Tablets IGIL' B, and 20 Sherman | Abbott
| unmts B,—{0 0, mg ) nboflavine
r tablet
Vitamin B, (Pyridoxin)

Vitamun B, | Ampotlea 00 mg per 1 mil Tab | Crookes
(Pyndoxmn} , lete 10 mg per tablet Labs
Pyndoxin Ampoules 50 mg per empoule |B D 1L

Tableta 10 mg per tablet
Pyndoxin Ampoules 60 mg per ampoule | Vitamns
Tablets 10 mg per tablet Ltd
Vitamin C (Ascorbic Acid)
I0mg =200 10
Ascorbio Acid 50 mg per tablet Abbott
Tablets
Ascorbic Acid Ampoules 100 mg and 500mg per (A & H
ampoule Tablets 6§ mg 2umg
and 50 mg per tablet
Ascortic Acid Tablets 25 mg end 50 mg per|B D H
tablet Tablets 5mg (Vitamun C
for wnfants) per tablet Am
poules 100 mg and §00 mg per
ampoule
Ascorbic Acid Tablold 6 mg 25 mg and|B W
50 mg per tablod
Ascorbte Acid Tablets 60 mg per tablet Vitamns
Ltd
Cantan Tablets 6 mg 25 mg and 60 mg | Bayer
per tablet Ampoules 100 mg
and 500 mg
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Name of D Makers
Celin Ampoules 100 mg per Inul Tab | Glazo
lets 5 mg and 50 mg per tablet
Cevalin 6 mg and 25 mg per tablet Lally
Davitamon C Tablets 5mg and 25mg per tablet | Organon
Ampoules 50 mg and 500 mg
Planawit C Tablets 5mg and 50 mg per tablet | May & Baker
Redoxon Tablets 5 mg 25 mg and 50 mg | Rochs Pro
per teblet  Ampoules 100 mg duets
and 500 mg
Vitamun C Ampoules 100 mg Tablets 6mg { Croohes
and 60 mg Labs
Vitamm C Ampoules 100 mg and 500 mg [ Panes &
( Pabyrn ) Tablets, 5mg 25 mg and 50mg Byre
per tablet
Vitammn C Ampoules 500mg Tablets 25mg (B D & Co
and 50 mg per tablet
Concentrate 43 mg per grammo [ Napp
Black currant syrup 70mg m 1dr
Rose p syrup 200 mg mn 1dr
Vitaymin D
Calesferol Teblod 01 mg (4000 TU)(B W
and 025 mg (10000 1T ) per
tabloid Wellcomo  solu
tion 3000 IU per gm
Caleum with 250X U per teaspoonful Copsules | Crookes
Vitarun D 25017 per3 min copsule Am Labs
poules 5000 XU per 1 mil
Caleydie 1500 IU per drm Tablets 500jA & H
IU per tablet with dicaleium
phosphato
Calfo Rayol Tablets 660 IU with 8 grams dt | Squibk
caleium phosphate and 6 gromns
caleium gluconate
Calaiml Tablots contamnmg calemmsodium|B D I
lactate 5 gr with Vitamin D,
500 IV
Calsolact D Tablets ecalemm sodmm lactate|A & M
Tablets with 1000 IU of D per tablet
Colloidal Caleium | Injection 5000 TU por mi Glaxo
with Ostelin’
{Vitamm D) Organon

Dawvitamon D

Ligwd 5000 IU per mil 1 ol
solution
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Nameof Preparath pii Makers
Davitamon D Tigm! 12000 TU per mul  Am | Organon
Yorte poulw 12600 IU per ol
Dastamon 1 Tiqud 30600610 permil Am [ Organon
Supetfortn poules 300000 TU per mul
Decufer Trhlet« %00 T U wath aron copper | Organon
anl mangan so
Ostelin Tigmd £000 [U per ml Glaxo
Tablts 500 TU and 50000 1U | Glaxo
per tablet  Praulwon 100 IU
, prr3flooz
Ostocaleum Tablets 600 TU per tablet Glaxo
Radiostol Bolution 3000 IU 100000 IV |B D H
. and 2000001V pergm lellets |
3000 IU per pellct i
Viosterol Liqud 16000 TU per gin ALl
Vitamm D Ampoule« 17000 TU pr nul | Pamnes &
{ Iabym ) 7Tabl ta 2000 TU per tabl t Byme
|
Vitamins A and D
Adexolin | Liquid 1200010 4 20001 U D | Glaxo
permil  Capsules 4,00 IU A
000 IU D per capsulo
Aduta 20001U \ 200IU D pireapsulo | Lover Bros
Byno! Trquid 300IU A 401U Dpergm|A & IT
Cod Liner il 2,00IU A 2,010 Dpergm A LN
Owintment
Cod Liver Oil Not less than 1200 TU A 1,0-200)A & H
Perfeeted IU D pergm
Cod Liver O)) 2000 1U A\ 500 IU D per mil May &
Renforeed Daker
Crookes mulsion! 2000 IU A 200 1U D perdr Crookes
Labs
Davitamon A D | Liqud 60001 U A 5000 I U D per | Organon
mil Capenles 3000IU A 2000
1U D per eapsule
Davitamon A D | Comfits 1500 IU A 1000 IU D |Organon
Comfits per comfit
Dekadexolin Armpoules 60000 IU A 10000 | Glaxo
IU D per ml
Halibo! Liqud 40000IU A 650010 D|A & H
per gm  Capsules 4500 I1U A
900 IU D per capsulo
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Nams of Preparation

Deserrption

Halibol Caletum
Capsules

Halibut Liver Oil
Natural

Halibut LaverO1l

Halibut Liver Or

Haldexol

Hahver Oil

Halverol

Hepicoleum

Haly calcyno

Mmnadex Syrup
Nadola

Navitol

Oladol

Radiostoleum

Rayolex

4500IU A 900IU D and 5 gr
caleum sodium lactate per cap
sule

Makerg

A &H

Liqud 4000017 A 3000IU D
per gm Capsules 4500 177 A
450 IU D per capsule

(1) Tnqud 30000 IU A 2000
IU Dpergm (2} From 20 000
to 100000 IU A from 2 000 to
3000 YU D pur gm

Liqwd 5200 IU A 2500 IU D
per gm Capsules 425 I A
8800 IU D per capsule

Iaqud 5740 IU A, 3821IU D
per dr

Capsules 4500IU A 45010 D
per capsule Liqud 50 000 I U
A 850 IU D per gm

Tagqud 27000IT A 6400ITU D
per gm Capsules 4500 ITU A
900 ITU D per capsule

Capsules 4660IT A 1000IU D
per capsule

Capsules §330IU A 10631U D
per capsule with caleum phos
phate

600U A 100IT D permul

Liqmd 2700017 A 2700YU D
per gm Copsules 450017 A
450 IU D per capsule

ARH

Napp

Crookes
Labs

Crookes

Labs
Abbott

P D&Co

Lally

Crookes
Labs

Glaxo
P D &Co

Squibb

Tagmd 55000 1T A 10000 IU
D per gm  Capsules 0400 TU
A 1700 IU D per capsule

Liqwd 55000 1T A 5500XU D
per gm Capsules 6000 IT A
600 IU D per capsule

Ampoules 75000 IU A 15000
IU D Liqud 15000 IU A
3000 IU D per gm  Capsules
4500 TU A 900 IU D per

Abbott

BDH

capsule
Tablets 3300 IU A, 660 1U D
per tablet

Squibb
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Nem of Prepantion Deartiption Makers
Eeven Sous 2HOOIU A 301U Dpergm {Bntish
High! otency CLO
[ 11} Producers
Super D 01l Tiqud 6,700 JU A 62000 IU | Crookea
D, per gm  Capsules 11000{ Laln
TU A 00001 U D, per capsulo
Vitamn A anl {Capayles 4000 IU A 1000 1U | Vitamins
D D per capsuls Ltd
Vatapan Capsulea 4,001V A 1000IU D | Paincs &
per eapaule  Compound tablets Bymne
1500 IU A and 300 IU D
with 1740 gmin parathyroid and
ealeium gly eerophosphate
\itamin E
Davitamon 1 Caprules 05 ml wheat germ o1l | Organon
per eapsule
Fphynal Tableta 3 mg (Racemie tocopheryl | Roche Pro
acctate) and 20 mg per tablet ducts
(3 IU per tablet)
Fertilol Whrat germ o1l & munims per cap | Vitaming
sulo Ltad.
Lhytofirol Copsules equnalent 3mg dl « |B D H
tocopherol per capsule
Tngol Capaules 6 mimims of wheat-germ o1l Abbott
Vatamun 1 Capsules 3 mg « tocopherol per |A & H
capaulo
Vitamin T Tabloxd, 3 mg tocopherol per [B ¥
tablod
Vitamun E Capsules each equivalent to 5 gm | Poines &
Germunol wheat germ ol Byme
{ Pabymn )
Viteohn Capeules 6 mg of a tocopherol per [ Glaxo
3 mumm capeulo
Wheat Germ Oil [ 1/3 mg per 3 rin eapsule Croohes
Labs
Wheat Germ Oil | 2 Evans Burr U per gm Lally
Vitamin h
Davitamon X Liqud 10 mg acctomenaphthono | Organon
per mul ol solutton  Tablets
10 mg per tablet Ampoules
10 mg menaphthono per mit o1l
solution
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Fﬂme of Preparation Descniption Makers,
Kappaxan Tablets 10 mg acetomenaphthono Bayer
per tablet Ampoules 5 mg
menaphthone
Kayvisyn 4 Aruno 2 methyl 1 naphthol, [P D & Co
1l mg m 1 ml
Klotogen Liquid 1250 umits {Almquist me | Abbott
thod) equivalent to 46 500 Pam
- uruts per mil  Capsules, 1000
units (Almquist method) equiva
lent to approx 37500 Dam
umts
Menaphthone Teblold 2 mg per ‘tablad (B W
Hypoloid * ampoules § mg
m 1 xml
Prokayvit Ampoul phthone per (B D H
mil Tablef,s 10 mg acetome
htt per tablet  Sol
10 mg capsules 1n ol solution
Synl avit Tablets 10 mg (tetra sodium salt | Rocho
of 2 methyl 1 4 naphthahydro
qumone diphosphate) water
soluble wvitamun X analogue
Ampoules 10 mg
Vitamoin h Capsules 1/3 mg mothylnaphtha | Crookes
qunone Ampoules 5§ mg in| Labs
1 mil
Vitamin K Ampoul 10 mg mv htl Pomnes &
per mil  Tablets 10 mg acoto Byme
menaphthone
Vitamin I
Vitamin P Ampoules 10 mg hespertdin per | Crookes
1 m! Labs
Permidin Tablets 150 mg Glaxo
Combinatlons
Abecedin Tablets 4500 IU A 50 IU B, {Napp
B, equal to 25 gm fresh
brewer s yeast 200 I1U C 600
IU D, per tablet Emaulsion
simlar constituents per fl drm
excluding By
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Crysto Vibex with
Yitamun C
Davitaton Fivo

Halbol B Cap
sulcs

Halibol Mate

Haliborange

Hahmalt

Halver Malt with|
Viosterol

Halyertro}

Homcebnn

Medieaps

Name of Preparation Doarnp tion

Abkdon Capsules 450010 A 351U B,
10 Sherman unita By, 45010 D
per eapsule

Abidon witly Copeulea 4,00 IU A B0TU B,

Vitamun ( 20 Sherman vt 13, 10 mp (

Jrreapsule 4 01U D

A B D Copwulca | Capeulen, 5000 TU A 30 1U
I, 10 bherman umts B, 500
IuD

A B D Capsules | 30001 U A 03mg By per eapsule
40 Sherman Dourquin units B,
200 1U D

ABDG Copeules 6600 IU A 331U DI,
902 mg By (Riboflavino) 1320
IU D pcr capsuls

I fortus 03 10 3mg B, wmith other fuctors
of B complcx

Beta Cavaln Capauls 167 IU B, 1285 mg C

per eapsule

Tablets 05my, B; 125 mg Cper
tablet

Tablets 1000 IU A 50 IU B,
05 mg meotiic acid 10mg C
200 IU D per tablet

Copsules 45001 U A (B, ond B,
cqual to 5 grauns dned jeast )
900 IU D per capsulo

8400 IU A 1100 IU D per oz

000IU A 160IU D Img Cper

£m
Liqud 4300 1U A 4201U D
441U B, per dr
28000 IU A 60 IU B, 50
Bherman nmts By—(0 125 mg)
Riboflavino per fl oz 8000

gD

Liqmd 2500 JU A 3151IU D
2 mg C por dr

3000ITU A 831U B, 200 Sher
mon units By 200 mg ¢ 1000
IU D

Copsules 400010 A 331U B,
25 mg C 132017 D 22 muero
gm B, vitamin G the whole of

the B, complex

Makors

I D &Co

PDA&Co

Abbott

AL H

Squibb

\itamins
Ltd

Ly

P D &Co

Organon

A LI

ALH
A &LH

Crookes

Lahs
Abbott

Croohes

Savory &
Moore
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Name of Preparation

Description

Makers

Multivite

Nestrovite

Penta Kaps
Priont
Radiostoleum
€mulsion with

vitamum C
Vimaltol

Vitamm Tomc
Glanules

Vitammn Quota

Bemax

Cofron Capsules

Cofron Elxir

Colact

Pellets 2500 IU A 160 IU B,
125 mg C 250 1U D, per
pellet

Tablots 2500 1U A 05 mg B,
20 mg C 500 IU D per tablot
Emulsion 2500 IU A 025 mg
B, 15mg C 500IT D por tea
spoonful

Capsules 4500 IU A 761U B,
10mg C 6001TU D 20 Sherman
umts B, per capsule

1mg B, 25mg C 15 mg mcotin
amide

1600 IT A 300IU D 601U

C per gm

1610 A 27-291U B, 351U
D per gm

6200 IU A 100 Sherman Chase
units B, 10mg C 045370 D
B, hver concentrate (1 124)
60 mg per glanule

Capsule 4500 1U A 10010 B,
450 10 D 100 y B, per capsule

Miscellancous Preparations

280IT A 32042017 B, 09mg
B, 11mg PP factor 046mg
B, 8 mg L megnesium 09 mg
330mg phosphorus 2 7mg tron
045 mg copper per o7

Capsules approx 40 Sherman units
B,—{01mg) approx 51U B
from Iiver per capsule with tron
and copper

Approx 35 IU B, approx 180
Sherman units B, = 045 mg
Riboflavine fromhi er per3table
spoonfuls with iron and copper

Sweetened mulh cocon with 65 I'U
D per oz

BbpH

Roche Pro
ducts

Abbott

Bayer
BDH

Vi ander

Armour

Crookes
Labs

Vitamuing
Ltd

Abbott

Abbott

Glaxo
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Nemeoll reparat ...z Toscription \ Makers

Complevite Tolleta Vitarmn A 2000 IU B, ' Yataming
) 06mg C20mg D3OIV Ttd
; ealeum 160 mz iron 68 mg |
} fodine inanganese copper 3parts
{ per mullion ‘
ITnlrlru 20mg reducedaron 0 2myg | Orgnnon
cupne catbonate 02 mg man !
ganean chlonde 500 1U D

Decufcr Tablets

(ealaifrol)
GlucoDin 91U D per gm Glaxe
Glueose D TI} (2,0 1U D per oz AA&LH
Glueoae I 2,0 IU D per ooz | Glaxo
Hellon Capsules 20 IU B, and Iner, Squbb

extract from 10 g fresh liver
contains 1n addition B, and B,
1 errous sulphato exaiccated 2 gr
1+ per eapsule
Ibenn {22 TU B, 20 Sherman umts B | Abbott
! (13,) w1th iron ammontum aitrate
and byver concentrate per capsulo
Trradex '66001U A 22001U D 751U B,|P D & Co
., Ironand ammonum eitrato 4 grs
manganeso citrate soluble § gr
with malt extract in cach fl oz
Ostenmullc No 1 200 IU D per reconstituted pint | Glaxo
OstermilcNo 2 ' 165 1U D per reconstituted pint | Glaxo
Ostomalt ‘200 YU A 50 IU D with malt | Glaxo
! extraet eale glycerophosph and
{ concentrated orange juico
Tregnavite Tablets Vitarun A 4000 IU B, | Vitamins
06mg D30IV 1 tmg | Ltd
nicotinarmude 25 mg  caleum
160 mg ron 08 mg 1odmne
manganese copper 3 parts per
muilion
Radio Malt 2000 1V A 1000 IU D, extract | B D H
of yeast equivalent to 01 oz
fresh yeast in each 1 oz
Viozn Omtment | 500 U D per gm Glaxo

1
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Turmp 443 445
composition of 445 593
vitamin Cn 173 445
Turmp tops wron i 118 444
Turtle composition of 407
Typhord fever conveyed by mlle 376
406

~— o
et in 578 579
Urticarta diet in 669

Veriability human 11
Veal composition of 409 413 414
595

digestibility of 416
Vegotable diet value in various
disesses 872 673
Vegetablo foods 289-357 433-50
(see also Vegetables)
absorption of 449
as source of carbohydrate 289-357
— protem 304 310 314 433
bulLiness of 449
cheese a3 supplement, to 450
chemical composition 443-7
compared with meat diet 449
composition of cooked 447
coolung of 210-13
digestrbality of 210
econormc value of 329
oggs and mull. a8 supplements 4.0
nutritive value 328-9 433-50
physical structure of 434
physiological effect 250
protems in 304 310 344 433
vitammsin 290 304 314 315 333
348 353 433-50
Vegetable protens 72 308 328
342-9 4

Vegetable raw diet cures 613-17
673 67

73 674
Vegetables 342-7 3604 442-50
a8 source of 1norgamic matenals
443

— wvitamuns 433 450
carbohydrates 1n 21 449
composition of 444-7

cookng of 210-13 353
deficiency m fat 444-7
digestibility 353 449

economy of 354

green amount of carbohydrate

444-7
— effect of cooking on 166 167
210-13

— nutntive value 443
Josses on cooking 109 166 3.3 444
nutnitive value 433 443

protewns defimency in 449
vitamm Cin 173 174 445-7
water gamned 1n cooking 214

INDEX

Vegetaran diet 613-17 678 674
Vegetanamsm 447-50 672 673
argumenta for 10 447-,0
cheeso as supplement to 450
effect on digestion 449
eggs and mulk as supplement to 450
n treatment of arthntis 615-17
1n treatment of gout 450 672
lack of protemn 1n 449
physiological effect 449
Value in various diseases 670 6:°
673 674
Veguva 562 565
Vemson composition of 413 414
Venner and deteties xx;
Yermicellr 330
Yermouth 517 518
Vichy (Etat) water 463
Vienna bread 323
Vilung Milk 552
Vinegar 455 456h
and hyperchlorhydna and i
uleer 634-6 641 pep
Vitamun A 13346
carotene standard 139
chemustry of 138 139
daily ration of 14u 140
sources of 14
symptoms caused by absence 140
141

Vatamn B, 146-53
chemistry of 147
daly ration of 151 152
sources of 148 150
symptoras caused by absence of
148 149
Vitamun C 162-74
chenustry of 164 165
daily rotion of 168-70
merease 1 neod of 1n diseaso 1.0
sources of 172-4
symptoms caused by absence of
163 164
Vitamn D 175-83
antagoruzing effect of ceroalson 178
cal?mcntmnb 1%5
daily ration o
eﬂecyt of absence 1 producing
rickets 175 179
effect of abscncn on teeth 175 180
sources of 181 182
symptoms caused by abeence of
75 ¢t soq

Vitamm P 185 180

Vitamin proparations 695-409

Vitamuns 133-86
duscovery and rescarch on xxvi
1 vogetables and fruit 443-50
of the B3, compler 153-62
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Vitellin 360
Mitone 483
Voit 3 98 84

Walnuts compontion of 313 501
Waxto of food mroidable 30 30
on cooking 214
unnvordable 30 37
Wasting discascn dict in 009
Water nmount required duily 4 9
danger of contaminnted 219
drinking_propertics of 461
cffects of amount in diet 4,0 460
— drinking on empty stomach

climination of wasto matter by -160
hard for dnnking pu
hot effact on digestion 459 460
in diet 457-9
influence an absorption of food 460
~— digestion 4u9
— intoxication 4.8
— metabolism 460
not absorbed by stomach 459
soft for drinkung purposcs 461
vancties of m

Water arrowToot 307

W steroron composttion of 173 444

593

vitamun Cin 173 444
\\elght mﬂuenm on basal mota

roguhtwn o body 269 270 600~
10

i elbank Botlerctte 216
Wheat 300 30931
blending of 309
bran
— comPosmon of 304 330
composition of 303 310
constituents lost m milling 310

Frghn 300
flour composition of 310 317
302-4

— composition of 304
menl compomtion of 316
mulling of 305-8
preparations of 399-31
— compoaition of 330 331
shredded 331
strong 306 309
Whey 388 380
Whisky 489 400-° 404
Whortleberries composition of 132
Wallich s Lectures on Diet xxin

20
acids o, 505 6506 507 519
— acetic 455 50

Wine (continued)
ds action on health 519
— effoct on urine 619
-— tanpic 50, 510
— tartane ul).; 506 507 508
— volatile 5
action in henl(h 520
— digestion 518-20
nlm}ml 20 506 516 512 515

—_ nctmn in health 5°0

as food 508 62!

changes uﬂcr bottling 504 B0s
507

-— on -wmre
compontion of BOu 507 510 512
5i5 517
constityents of 508-9
cateraan 508
fortaified 509 512
glycerol m 505
Italian 510 511
manunfacture of 503-16
medieated 51
natural 509
non aleoholic 518
plastenng of 511
eolid constituents 506-9
sugarin 507
summary on uso of wwe 520
tannin in influence on health 519
total acidity of 507
varicties of 509-15
volatilo constituonts 506-8
Vomen diet for 58 §9 86 87 105-7
116 117 121 145 !5" 159 180
183 1B5 263-5 §
Work and calories 50-“ 5
mental amount and nature of food
requred 260
—- action of alcohol on 487
muscular amount of protemn re
qured 97 258
relation between and Calorie in
take 50-2 56
VWrestlor diet of 10

Xerophthatmia 140

Yams 350
Yeast actionin bread malang 318-20
extraots. ared from 499-30
n malt hquors 407 498
m wime
ammsin 150 157 159 160 162
Yoghourt. 684









