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PREFACE T0O SECOND EDITION

A SecoNp Eprrrox has afforded me the opportunity to revise and
wake alterations m the text in accordance with more recent research,

3 tong and statutory R h on
foods and their nwintive values has gone on apace, the tinely
appearance of & Britush Journal of Nutrition has affosded a valuable
means forts presentation. The diffieulty, always present, of selecting
from aa g g mass of i 1 work the most escential
and approprate evidente bas by no means duinished, 1t will be
spparent that wr many parts of this book brevity must of necesuity
leave gaps in both informanon and expermental evidence; to fill
these gaps references have been given fo saentific papers and books,

As on & previous accasion, | am indebted to many who, by
reprints, personal commumeations and suggestians, have kept me
sbreast of xecent work i thew réspective fields. 1 should lke
to express my indebtedness to Dir. 1. B. Magee of the Mimstry of
Yealth for his continued wmterest and help, as alo to Dr. E. R.
Branshy and Dr P. J Cown, both of the Mimstry of Health, To
Professor G. S. Wilson I am indebted for papers and recent statisttes
on tuberculosts; to Dr, P, Xidd, FRS., and Dr. T. N. Mors
of the Low Temperature Rescarch Station, Combndge, Pr. G. A,
Reay, O BE, of the Torry Research Stavion, Aberdeen, Ur. J. AL B,
Smith of the Hannab Research Institute, Aye, Professor H. D, Kay,
F IS, of the Nationa! Instituie for Research in Darying, Shinfleld,
Vs, R, G, Tomkns of the Ditton Laboratery, DS.IE. Food
Tnvestigatian, East Malling, Dr. €. ¥ Chalmers of St. Andrew’s
Touse, Edsnburgh sk Dr. T. Schulz of the Institute of Statisties,
Oxford 1 am mdebted for memoranda and papers on pest and present
work m which they bave been direetly or mdsrectly engaged. 1
should also bke to thank Dr, T. Moran, CR.E., of the Ceresls
Research Station, St. Albans, Dr, J. R. Nicholls, Deputy Govern-
ment Chermist. and Dr. J. R, Fraser of the Government Laboratary
for information concernsng natwnal fiour, sud Dr. 3, 3. C. Hinton
of the Cereals Mesearch Statian, St, Albons, for the vesulls of hus
most recent work on wheat and nice grmms and for Figure 21,
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It 1s a pleasure to acknowledge several official publications
on nutntion in India sent to me through the kindness of Dr. Amnt
Kaour, Minister of Health, New Delhi, to thank Dr. W. R. Aykroyd,
Director of the Nutrmon Division of the Food and Agriculture
Org; W , for p ion to make use of illustrations
—Figures 1~4—indicating changes in world consumption of nutrients,
the Minstry of Food, Who through their various Offices have been
most helpful and the British Baking Industries Research Association
for the most recent analyses of National flour, the National loaf and
wholemes! bread.

I wish also to thank authors and publishers for permission to
use Figures, a detailed acknowledgment of which is given in the text,
and Mr Macrillan and Mr. Parker of Messrs. E. & S. Livingstone
Lamited for thewr unfailing courtesy and helpfulness.

E. W. H. CRUICKSHANK.

Maniscaar, CorLEGE,
AsempeeN, May, 1051,



PREFACE TO FIRST EDITION

In presenting a brief survey of our present knowledge of the
physiology of Food sad Nutrition and of the weans whereby this
country met the problems of feeding the nation dunng six years of
war, [ have had 1t mind medienl practitioners, medical students and
those of the general publc who are particularly mterested in the
paxt food plays 1 promoting and mamtaining the welfare of the
ndividual as well as that of the nation, The recent ideas of the
General Medical Council concernng the traiming of candidates for
the Diploms in Pablic Health have also been borne in mind, The
sugﬂestmn that they should be given courses m the Physiology and

hemistry of Food and Ny means that they must have a

ledge of the p ical bases of ion, dietary Planmng

and the social snd economuc aspeets of food,

A strong belef in-the value of h,\.\toncnl knowledge 1 under-
standing the devek and of maodern
has led me to d of certam parts of the
subject which tmay be considered all 100 brief. For those wha feel
disposed o entioze such brevity seferences are given, An equally
strong belef in expenmental evidence may, m the eyes of the general
reader, appear to have led me mto unnecessary by-paths, but the
evidence of expeniment 13 gil important and so great is she bulk of it
in nutrition to-day, that selection presents an ever growmg difficulty,
During six years of war the expenmmtal field of nutnhon has been

d¢ m many To some of the work
reference has been made, but much snu semawms to be published,
The body of evidenee food P g and

nutrition m relation to humen well-being continues to grow sorapudly
that the time is ripe for « Brtish Joumal of Nutrition,

‘War has emphasized with harshness and urgency what political
teform has envisaged for many yeats, namely, the need of a greater

duction and better dustrib of food in the interests of the
nutnitionsl status of our people. The hope of peace demands that,
in the international sphere, this prinerple be not lost sight of. To
this end, and with commendabie vision, the United Nations Confer.
ence on Food and Agneulture convened nt 1ot Springs, T.5.4,, in

s
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May, 1943, resolved upon the formation of a World Food and Agri-
culture Organizati This O ion was established on October
16, 1945, with Sir John B, Orr, F.R.S,, as its Director-General, and
with 1ts creation the first plank to bridge the gulf between War and
Peace had been fashioned. Naturally it is not the only plank re-
quired to bridge tiis great gulf, but it 1s, at present, the only one
ly 1y well prepared to bear the weight of respon-
sibility 1t 1s destined to cnrry. It may not be too much to say that
the hope of World Peace depends upon it,

In gathering together scientific and medieal data one soon becomes
aware of one’s indebtedness to others. I should like to express my
thanks to those who by reprints or personal letters have kept me
informed as to the latest developments in their respective spheres of
research and to those who, in this country and abroad, have so
willingly granted me permission to use their

I am indebted to Sir Joseph Barcroft, F.R.S., Chairman of the
Food Investigation Board, Dr. Franklin Kidd and Dr. T. N. Mornis
of the Low Temperature Research Station, Cambridge, Dr. George A.
Reay of the Torry Research Station, Aberdeen, Dr. B. S. Platt of
the Division of Human Nutrition of the Medieal Research Council,
and Professor H. D. Kay, F.R.S,, of the National Institute for
Research in Dairying, for much nteresting and very recent infor-
mation on the dehydration and preservation of foods.

My thanks are due to the following authors and publishers for
permission to reproduce various figures and jHustrations: Dr.
Bernard Read of the Lester Institute, Shanghai, for Figs, 18 and 19,
Dr. Harnete Chnek for Figs. 22, 25, 26, 27, 28, 29, Dr. S. L. Stmpson
for Figs 20 and 21, Dr. Donald Hunter far Figs. 23 and 24, Lady and
Sir Edward Mellanby, F.R.S., for Figs. 87, 38 and 89, Professm'
R. A. McCance for information at the time unp
work on the analyses of Manitoba and Enghsh wheat. Sir Jack
Drummond, F.R.S., and Dr, T. Moran for personal communications
and Figs, 8 and 81. Dr. W. R. Morse (New York) for Figs. 15 and
16, Drs. Harnis and Birch for Fig. 17, Drs. Bate-Smith, Sharp and
Crusckshank for Fig. 35, Dr. Davidson, Chief Medical Officer of the
Dep of Health for Scotland, and Mr. Donaldson of the Mini-
stry of Food, for permission to publish the data in Tables 50 and 51
respectively, and Professor Dugald Baird for Figs. 40 and 41.

I am also indebted to the Director of Pubhcations of ILM.
Stationery Office and the Publications Officer of the Medxcnl Resenrch
Council for permission to use illustra! -
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of Physialogy for ¥ug, 12, the Editer of the Britush Medicol Journal
for Fags. 10 and 29, Messrs, 5. and A, Churchull for Fig. 11, Messrs.,
Wm, Hewnemann for Figs. 23 and 24, Mr, Maclennaa of Bratish Cod
Liver O Productions {Eiull) Ltd, for Fig. 80, and the Alummum
Plans and Vessel Co,, Ltd, for Figs 83 and 84,

1 should also hike to express my thanks to Sir John Ors, and Dr,
Tateh, of the Ympenal Bureay, for wnformation concernmg the
future plans of the Food and Aguenituze Qrganzation and fo Me,
L, Bumpson of the Reid Labrary {Rowett Institute) for valued help
on weny oteasons,

E W. H. CRUICKSHANK.

Mamzscuas, CoLLEar,
Avesous, dprit, 1938,
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CHAPTER I

INTRODUCTORY
THE EVOLUTION OF HUMAN DIETARIES

TuE evolution of the dietaries of man has had a distinet and
characteristie infl upon the devel of man himself.
In the Simian Period, the Primates, because of their prehensile
powers, fed chiefly on frut, beans, roots and to some extent
on birds and small mammals, When, mn the course of time, man
began to employ special devices m hunting and fishing, he
became less dependent upon vegetable food and more and more
dependent upon amimal foed. In domng so, he lost, to a great
extent, his power of digesting what would now be regarded as

most ndigestible and latable forms of vegetable food.
In those early prehistoric days, & good nutnuon must have
walted upon good mastication, for i pi man an

and salivary mechanism
were assoclated thh a dental array which may have been
as alarming as it y was efficient. Certamnly an those
days much of the salxvary digestion was carried on i the
mouth and not, as to-day, relegated almost entirely to the small
mtestine. A marked step forward mn the evolution of dietary
habits was taken when man learned to cook. In so doing he
increased his food supply, lessened the time required for masti-
cation, increased the amount of vegetable food taken, but lost
to a large extent his power of digesting raw foods. There still
exist in the world to-day peoples who are representative of this
period in the evolutionary history of man They are the
Bushmen of South Afmca, the Veddahs of Ceylon, cerbsm
Amencan Indians and the While

and ethnologically separated, their mode of eating is proof of
their common ongm.  Before the advent of the use of boiling
water in cooking, man used surface fires and undergmund ovens,
In certan parts of the world, for example, in New Zealand,
boiling pools afford an excellent means of cooking, but it was
not until man ereated for himself receptacles which would both
hold water and resist heat, that he was able to boil water

1




2 FOOD AND NUTRITION

order to cook his food. Not only by a remarkable resourceful-
ness and ingenuity did man select the food which he desired to
cook, but he soon learned how to extract starch or sugar from
foods rich in these substances. In the pre-sgricultural period
of man’s existence, there appears to have been no knowledge
of the art of making beverages, at least not of the art of making
aleohol.

In the course of his long prehistoric existence, man had
noted the quick passage of the sun, the slower motion of the
moon and the long cycle of the great stars. The impression
which these heavenly bodies must have made upon his mind,
clouded and dommated by superstition and fear, must have
been tremendous. In noting the equinoctial position of the sun,
sensing the meamng of springtime in the regularly recurring
outbursts of new bfe around him and ultimately realizing the
sigmficance of the cycle of the seasons, primitive man awoke
to the meamng of spningtime and barvest. The first experi-
ments 1n agriculture had begun, No longer did he rely entirely
upon the forests, the lakes, the rivers and the sea for his food,
but he began now to assure himself of a regular and known
supply of his material needs. Naturally at first, being still
a magratory ammal, his efforts in agriculture were doubtless
spasmodic and hmited, but as primtive digging implements
of wood and bone gave way to the neolithic tools, the prek,
the adze and the axe, a period of more stationary agriculture
was mtroduced. In the migratory period, man had learned
how to rear ammals, to tend herds and to secure for himself
a very valuable mammalian source of food supply. He had
throughout the long process of the conquest of the seasons
succeeded 1n securing for himself & mixed ammal and vegetable
dietary. His fortuitous existence as a primitive Primate had
ended and he had entered upon that period of neolithic develop-
ment which was to be the forerunner of the ancient civilizations
of China and Egypt (ca. 4000 B.c.).

‘The Effect of Climate, Racial and Religious Differences
upon Dietary Habits.—Throughout the agricultural period,
as he continued to develop the cultivation of cereals, cane
sugar and frut, man came to rely less and less upon raw vege-
tables. As pop d and tribes dered farther
and farther into the unknown seeking new areas for cultivation
and developing new crafts, greater variations in dietary customs
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became manifest. In the tropics & purely vegetarian mode of
existence contrasted strongly with the carnivorous instinets of
those who had elected to live their lives in the cold and less sunny
regions of the arctic and sub-arctic climates. There were, of
course, mtermediary groups who did not rely entirely upon
either fruits and vegetables or on cooked seal, walrus and whale.
To climatic varations were added those of race and religion.
The racal differences are more difficult to explain. Not only
do we find primitive peoples who, like the aborigines of
Australia, are very fond of putnd, fatty flesh, be it fish or fowl,
or like the natives of Tierra del Fuego who, according to Darwin
m his Voyage of the Beagle, regard the floating carcase of a
putrid whale as a rich feast in store, but, on the other hand,
we find less primitive peoples, such as the Veddahs of Ceylon,
s T B e v e s

are the Chinese, a people of ancient culture for whom milk
and butter appear to have but httle attraction.

In the religrous sphere we find the Buddhist, to whom the
taking of hfe is strictly forbidden, and for whom, i China and
Japan, and in India, the home of Buddhism, the eating of
certamn fish has become a quite orthodox custom. To-day the
traditional attitude of avoidance of pork and aleohol by
orthodox Mohammedans 1s well known The Lewvitic Law
stands p: t as an ple of priestly d m the
interests of public or tribal health. What was once declared
‘“ unclean, an abomination ”, was strictly avorded, ultimately
to become abhorred. Several ammals, including the camel,
the coney, the hare and the pig, many birds, fish without scales
or fins, are to be found in this priestly category of things for-
bidden (Leviticus, Chap. II). It would appear that in the long
ustory of the development of dictary habuts, there has been a
steady tendency in temperate chmates to replace vegetable
food by & greater dependence upon ammal food. It has often
been stated, with what truth we are free to surmize, that animal
food has played a decisive part 1 human evolution. Perhaps
too much stress has been laid upon this aspect of evolution,
but nevertheless 1t is true that animal protein foods do exert a
stimulating effect upon the complex of chemical processes
within the body. To secure all the elements of the protems
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necessary for body-building, much more of vegetable than
animal protein must be eaten. These animal foods, in con-
junction with phic ition and

have a very |mportnnt ethnologlcal significance, That this is
true of man 1s borne out by the appearance and disappearance
of certain races, tribes and communities. Some races are tall,
healthy and long-hved; others are puny, disease-ridden and
prematurely senile. Heredity does, and always will, play an
mportant part 1n determming human stature and health; but
climate also plays a part, even if a small part, in determining
physteal and mental characteristics, and it must now be
accepted that diet also plays 1ts part, a fact which in the opinion
of some outweighs both heredity and climate combined. One
of the most interesting reports on the part played by diet in the
development of races has heen published by the Medical Re-
search Council of Great Bntain. It is a study of the physique
and health of two African hill tmbes m Kenya, by Lord
Boyd-Orr, then Sir John Orr and Dr. Gilks. One tribe, the
Kikuyu, is vegetarian; the other, the Masai, is earnivorous.
The Kikuyu tribe is agrienltural, and, although the natives
possess large herds of goats, they practically never eat meat.
Meat is the diet of the old men of the tribe, the others hve on
cereals, tubers, plantains, legumes and green leaves, Sixty per
cent of the diet of the males consists of maize and millet. The
Masai, on the other hand, are a pastoral tribe; the staple diet
of the young men consists of meat, milk and blood ; the older
people eat bananas, beans, maize and millet. It is mteresting
to note the physical charactensties of these two tribes, the one
vegetanan, the other meat-eating. At every age the Masai
tribes are taller and heavier than the Kikuyu; at the age of
twenty-three years there 1s an average difference of five mches
in height. At the same age the Masai women are three inches
taller than their vegetarian neighbours. Measurements of
physical strength show that the Masa: present 2 marked superi-
ority, the Masai women even being as strong as the Kikuyu men.
Interesting are the diseases to which these tribes are prone.
Dental caries 1s not common 1n either, but it is more prevalent
m the Kikuyu children. Anema, unknown amongst the
Masat children, 1s prevalent among the Kikuyu children. Bone
deformities, as one would expect, are absent from the Masal,
but definitely present m the Kikuyu, The resistance to
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tropical diseases, tuberculosis and pneumonia is greater mn
the meat-eaters, but the prevalence of rheumatic troubles,
arthntis and constipation is very marked in the Masai, troubles
which are not to be found amongst the vegetarran Kikuyu,
Before the white man came, the Masai lorded it over thewr puny
neighbours ; they were a fearless tribe ; to hunt hon with only
a spear was a common task of this virile tribe.  The moral to be
drawn from this comparison 1s that meat m moderation is an
excellent adjunct o milk, green vegetables and cereals.

Such results are not confined to Kenya, but can be obtamed
throughout India, where various races subsisting on different
diets afford great opportumty for nvestigating the numerous

with and national health. The
diets of Bengalis, Sikhs and Pathans vary 1n certain respects and
comparing their dietaries, relative to their build and mode of
life, one can see how diet does play a part mn the development of
the physical and mental charactenistics of people

The Impact of Social Conditions in Britain on Food
and Feeding.—Having looked at the broad lines of develop-
ment which have led up to distinct racial and tribal differences,
we may now consider the progress in dietary advance m this
country m 1ts relation to social conditions In medizval
times a clean-cut distinction existed in almost all respeets
between the Lord of the Manor and the common people. The
crops grown on the manor lands by the common people were
wheat, barley, oats, rye and beans. In the south, wheat and
rye were the prneipal erops and these were often from mixed
sowing, and from this fact arose the word “ mashn ' (Latin,
miscere = to mix) which denoted the finely ground and sieved
flour obtained from these crops In the fourteenth century
there 13 evidence of the cultivation of vegetables and fruits i
England. This was a late development compared with what
obtamed in France and Italy, where by that time gardens were
plentiful. Inall irenmstances, livestock, supporting the antmal
protein requirements of the people, were kept by landowners,

In the fourteenth and fifteenth centunies the bondage of
serfdom slowly disappeared and we find a steady increase m
tenant farmers and yeomen. By the system of Tudor enclosures,
resulting from the growth of the wool trade, areble land was
sacrificed to an astonishing degree to merease grazing, and much
economic distress was eaused thereby. This was accompanied
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by a deterioration in the diet of the common people. The
lack of grazing lands led to a decrease in dairy cows, which
were the source of the * white meats " as dairy produce was
called. This period of depression was probably responsible
for a remarkable increase in gardening in which the Dutch
were particularly skilful. With the growing of fruits, vege-
tables and potatoes and the improvement in agriculture which
accompanied the increasing stability of the realm under
Ehzabeth, the diet of the common people living on the land
and id the small towns again improved. In the larger towns,
however, and particularly amongst the urban populations of
large cittes hke London and York, the quality of the food
was very bad and the practice of food adulteration grew to a
scandalous extent,

Tudor days saw the first attempt to bring fish from the
coastal towns to the large cities. The results were, to say the
least, unsavoury. Putrefaction, with its attendant odours,
or the odour 1tself, was regarded as the cause of the frequent
outbreaks of plague so notable a feature of the fifteenth and
sixteenth centuries. The trade in herrings was considerable
—they were cheap, 40 a penny-—and herrings with, occasionally,
salmon, formed a valuable addition to a diet, not good in the
large cities but on the whole very good in coastal and rural areas.

Before the nineteenth century, bread was made from whole-
mesl flour prepared by stone grindmg, the coarse particles of
the bran being removed by “ bolting ** through Iinen or woollen
cloth of various degrees of coarseness. The more finely this
flour was sieved the highter m colour 1t became until the finest
quality was of a pale cream colour. In the Tudor period this
flour was called “ manchet * and it became the sign of a type
of living associated with the Court and later with the familtes
of the rich.

Reference 1s made not infrequently to the peasant’s diet
of the fifteenth and sixteenth centuries, emphasis being laid
upon its wholesomeness. Wholemeal bread and fruits in season
were eaten freely. Vegetables and potatoes did not then bulk
largely in his diet and it 1s for this reason that scurvy was a
prevalent disease. If the peasant could secure a goodly supply
of “the white meats ", milk, whey, cheese and eggs, then
regarded as a low class duet, he had a diet which was far superior
to that eaten by many of our working classes to-dav.
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The formation of the Bast India Company in 1600 may be
regarded as the first official pronouncement that England was
to prosecute oversea trade far beyond the limits hitherto covered
by such chartered companies as the Turkey Company (1581)
and the Russian Company (1566). Throughout the seven-
teenth century this trade grew apace and in the eighteenth
century became the open sesame to the great developments
of our commercial and colonial empire. Our navy virtually
commanded the seven seas and our merchant ships traded to the
four corners of the earth, opening up tremendous possibilities
for wealth, and bringing ever new ideas which had their effect on
the diet and social customs of the peoples of these islands.

In the realm of our national dietary two changes amongst
many were noteworthy—the importation of tea and sugar.
Three hundred years ago sugar was unknown as an article of
dict. In the days of Marie Antoinette it was an expensive
luxury sold at about 4s. or 5s. per lb, At the end of the
Napoleoruc wars, which had cut Europe off from her source of
sugar supplies, France and Germany had established the manu-
facture of sugar from beet, but Englsh people had insular
prejudices concerning beet sugar and were apparently content
to pay dearly for cane sugar which for them was rapidly
becoming & necessity, The history of sugar is the history of
& habit-forming foodstuff. As sugar consumers we run a very
close second to the people of the North American Continent.
From 1836 to 1986 the consumption of sugar rose in this
country from approximately 10 to 100 Ib, per head per annum.
The great increase 1 the use of sugar has not been without its
effect upon our taste for other and better foods. The craving
for sugar has led to the use of unbalanced deets, for sugar eaten
m excess destroys the appetite for those foods which supply the
all-essential proteins, vitamins and mineral salts. From bemg a
rarity sold by the Pepperers, the predecessors of our grocers,
sugar has become the cheapest available source of energy.

Another of the striking changes n English dietary habits

was the sdoption of tea-drink Coffee d from
'l\xrkey and chocolnte from the West Indies had hecome
as ges in the h century, Tea

from China and the Dutch East Indies was first sold in England
at £3 10s. per Ib.  So quickly did it gain in popularity that it
soon became coupled with coffee and chocolate in the numerous
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London coffee houses where men from every walk of life congre-
gated. When the East India Company began to bring large
consignments of tea from India and China, the price fell until
at the end of the seventeenth century 1t cost approximately 2s.
per Ib. It was then drunk as in Chins to-day, that is, as a weak
infusion without milk or sugar, and the habit grew to such
amazing proportions that by the end of the eighteenth century
1t was an established drink among all classes. It has been said
that the enormous consumption of tea was a source of anxiety
tothe brewers. Wellit may have been, but, if it caused a certain
dimmution m the abominable addiction to spirits, gin mixtures
and beer, it did well, for the drinking habits of the people of
England during the eighteenth century were causing untold
misery, illness and such general squalor that the terrible picture
of Hogarth’s *“ Gin Lane ” is a revelation as true as it is appal-
ling, While some regarded the excessive drinking of tea as
harmful, almost as iniquitous as gin drinking, others were of the
opimion that by * tea drinking and regular hving, the Distemper
of England (i.e. scurvy) may be cured”. With these two
develoments in dietary habits both tea and sugar rapidly
became the cheapest of foods, and the consumption of coffee,
cocoa and chocolate was markedly reduced, with the result
that the famous coffee houses slowly disappeared.

Had 1t not been for war and political strife, the seventeenth
century would have seen great strides in the betterment of the
Trves of the poorer people of England. Agriculture continued to
develop, trade and commerce brought wealth to not a few,
landed gentry appeared, and the middle and upper classes fed
well and contmued to feed well, 1n marked contrast to the
steady dechine mn the standard of hving among the *lower
classes ”. It was & curious anomaly of the seventeenth century
that the type of food considered as proper for working men,
butter, cheese, oatmeal and beer, was generally never seen by
them and was not regarded with favour by the upper classes.
These foods would make an excellent diet, but were unknown
to the mass of dwellers in the cities and towns, who were rapidly
being introduced to the evils of food adulteration, spint drinking,
and bread made from sifted wholemeal flour. The diet of the
people who could afford to spend money on food consisted chiefly
of meat, bread, cheese, butter and beer. Except for cocking,
butter was not used by the wealthy classes. Old English ale,
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still much in popular use, was rapidly passmg from the tables
of the rich. Home-brewed beer was a good source of calories
but not of vitamms. At Christ’s Hospital boys received about
three pints of beer daly, whieh supplied some 500 of the

\pp 2500 Calores required.  Christ’s Hospital had thus
carly begun to show a progressive Interest in matters relating
to nutrition, an mterest which has eontinued to this day and
has been the source of much valuable nutritional data.

In the eighteenth century the swift application of mechameal
inventions in mdustry, the increase mn population, the contmued
drift of the agranan population to greater employment i the
towns and aties, called for a larger food supply, and thus
agriculture was forced to develop. National wealth mcreased
as a result of the agricultural and mdustrial revolutions, but
prosperity was shared only by the landowners and manufac-

turers. As a result of intense competltxon the workmg c]asses
insha L

latter half of the eighteenth century the village labourers of the
South, who subsisted mainly on bread, cheese and peas, were
much worse off than those in the North, where potatoes and ost~
meal were eaten with butter, milk or treacle. The diet, because
of poverty and widespread adulteration of foed, lacked vitamins,
muneral salts and good protemn, and was most unsuitable and
insufficient for working men and women. While scurvy was
being treated in the naval and merchant services by means of
oranges, Jemons and fresh vegetables, no one seemed to realize
that a great part of the working population of the nation was
living on the verge of starvation, many of them with manifest
signs of scurvy and rickets—a poor preparation, indeed, for the
long tral of the Napoleome wars | It was a situation in national
nutrition which war and the continued industnal activity of the
country were to aggravate almost to national disaster.

Notable as were the military achievements of the years
which led up to the defeat of Napolcon, years in which, despite
the Joss of our continental trade, all the mantime traffic of Asia
and America passed mnto our hands, none the less notable were
the profound changes which took place in the social Life of the
people. The vigour with which wars were conducted on sea
and land overshadowed the rapidity with which the social
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changes were convulsing the nation. Had we not secured the
whole of the maritime trade with Asia and America, our recovery
would have been impossible: our post-war state would have
been described in terms of bankruptey and death. Naval and

1 gave us a poly of foreign trade,
but the mdusmal revolution, fanned into renewed activity by
new methods of transit, increasing use of machinery, and unwise
legislation, made the opening years of the nineteenth century
ominous indeed. Unrest was everywhere apparent, and anxiety
for the future was not lacking amongst leaders of industry and

bers of Parl t. At the when the artisan was
breaking tt : Ut or T
his midst, ;
nicks. The

facing starvation, and only L'mdowners, big farmers and indust-
nialists and therr chuldren escaped the sordid misery of poverty
and malnutnition which characterized one of the darkest periods
of English lustory. It was a time of mob violence, fanatical
hatreds, and dangerous class distinctions.

What of the diet of those men, women and children who
had been driven by economie circumstances from the country
mto the towns, where houses were mere hovels, sanitation non-
existent, food adulteration rife, and at a time when the import-
ation of cheap cereal food was encouraged by those to whom low
wages were a basis of profit? It consisted chiefly of bread,
potatoes, and strong tea or “‘gin ”’, with occasionally cheese and
porndge or rotting vegetables and tainted meat. Milk they
scarcely ever saw, which perhaps was to their advantage, for
1t was as lughly infected as it was well watered, and was probably
as dangerous as their drinking water—a constant source of
epidemic disease. With the outbreak of potato disease in
Ireland ;n 1846, there were sporadic outbreaks of scurvy in
England, and thousands were Iiving at smrvatlon level In
Treland, at least tenth of the popul

When, for some, conditions began to xmpmve in the latter
part of the nineteenth century, due to the continued expansion
of trade and the slow but defimte rise in wages, we find a change
apparent in the food habits in certain quarters of the working
classes. That *“ envy worketh subtle change ” is no new dis-
covery ; here it was working to the detriment of the poor.
The rich man of those days, often as grossly overfed as his
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humbler fellow-creature was pitiably underfed, had introduced
the typieally English breakfast of porridge, fish, bacon and eggs,
had delayed the hour of dinner from 2 p.m. to 8 p.m., and had
instituted the aperitif of rum, brandy or bitters. Du'c neces-
sity doubtless being the mother of invention, the prescription
for the morning after the night before was soon written: 1t
consisted of Rochelle salts, infusion of senna and, if obtamable,
a lhttle Eau de Cologne. The rich man lacked nothing; n
luxury he called the tune and in pan he paid the piper; this
heaven-born individual ate white bread. It was made from
t d flour so tt ghly sifted that it had a pale cream
colour. This was the flour known to England for centuries as
the finest wheaten flour, from which was made the Manchet,
iz, the pale yellowish or cream-coloured bread of Tudor times
This was the bread the artisans in the cities longed for; it was
the emblem of superi , the line of d between the
classes. This highly sifted flour was comparable to our modern
roller-milled flour : o bnd lost n.ll its vitamins and fat, half its
mineral salts—cal and 1r d some of
its protem. To pass from the use of the coarsely sifted whole-
meal flour to this highly refined substance brought disaster to
Mas e A A PR B R

. ,

diet were appalling, and here are they better
descnbed than in the words of Dickens: * pale and haggard
faces, lank and bony figures, ehldren with countenances of old
men, deformities with irons upon their himbs, boys of stunted
growth, and others whose long meagre legs would hardly bear
their stooping bodics »,

Throughout the Victorian era the nutntive value of Brtish
diets was good for those who could afford an adequate diet,
bad for those who could not. It has been authortatively
stated that, ut the end of the nineteenth century, the dietary

and the material state of our working people was probably
worse than it had been smee the great famines of Tudor times .
Had the poorest classes in the second halt‘ of the centur) not

LSNPSR . U NP

meat and potatoes or & greasy vegetable stew for dinner, with
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changes were convulsing the nation. Had we not secured the
whole of the maritime trade with Asia and Amerrea, our recovery
would have been mnpossible : our post-war state would have
been described 1n terms of bankruptey and death. Naval and
commercial supremacy gave us a monopoly of foreign trade,
but the industrial revolution, fanned into renewed activity by
new methods of transit, increasing use of machinery, and unwise
legslation, made the opening years of the nineteenth century
ominous indeed. Unrest was everywhere apparent, and anxiety
for the future was not lacking amongst leaders of industry and

bers of Parli At the t when the artisan was
breaking the machmery which he regarded as the evil genius in
his mdst, the agricultural labourer was burning his employer’s
ricks. The great mass of a rapidly increasing population was
facing starvation, and only landowners, big farmers and indust-
rialists and their children escaped the sordid musery of poverty
and malnutrition which characterized one of the darkest periods
of English history. It was a time of mob violence, fanatical
hatreds, and dangerous class distinctions.

What of the diet of those men, women and children who
had been driven by economic circumstances from the country
mto the towns, where houses were mere hovels, sanitation non-
existent, food adulteration rife, and at a time when the import-
ation of cheap cereal food was encouraged by those to whom low
wages Wwere a basis of profit ? It consisted chiefly of bread,
potatoes, and strong tea or “gin ”, with occasionally cheese and
porridge or rotting vegetables and tainted meat. Mlk they
scarcely ever saw, which perhaps was to their advantage, for
1t was as highly infected as it was well watered, and was probably
as dangerous as their drinking water—a constant source of
epidemic disease. With the outbreak of potato disease in
Ireland i 1846, there were sporadic outbreaks of scurvy in
England, and thousands were living at starvation level. In
Ireland, at least one-tenth of the population disappeared.

‘When, for some, conditions began to improve in the latter
part of the nieteenth century, due to the continued expansion
of trade and the slow but definite rise in wages, we find a change
apparent in the food habits in certain quarters of the working
classes. That * envy worketh subtle change ” 1s no new dis-
covery ; here 1t was working to the detriment of the poor.
The nich man of those days, often as grossly overfed as his
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humbler fellow-¢reature was pitiably underfed, had introduced
the typically English breakfast of porndge, fish, bacon and eggs,
had delayed the hour of dinrer from 2 p m. to 8 p.m., and had
instituted the aperitif of rum, brandy or Iutters. Dire neces-
sity doubtless being the mother of invention, the prescription
for the morning after the night before was soon written: 1t
consisted of Rachelle salts, infusion of senna and, if obtansble,
a lttle Eau de Cologne. The rich man lacked nothmg; m
Iuxury he called the tune and m pam he paid the piper; this
heaven-born mndividual ate whte bread, It was made from
stone-ground flour so thoroughly sifted that it had & pale cream
colour. This was the flour known to England for centuries as
the finest wheaten flour, from which was made the Manchet,
i.e. the pale yellowish or eream-coloured bread of Tudor times.
This was the bread the artisans in the cities longed for; 1t was
the emblem of superionty, the line of demarcation between the
classes. This hughly sifted flour was comparable to our modern
roller-mulled flour : it had lost all its vitamins and fat, half 1ts
mineral salt: lei phosph and 1T d some of
its protemn.  To pass from the use of the coarsely sifted whole-
meal flour to this highly refined substance brought disaster to
L N PP B
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getable diet were ling, and here are they better
described than i the words of Dickens: * pale and haggard
faces, lank und beny figures, children with countenances of old
men, deformities with wrons upon therr limbs, boys of stunted
growth, and others whose long meagre legs would hardly bear
therr stooping bodies .

Throughout the Victorian era the nutntive value of British
diets was good for those who could afford an adequate diet,
bad for those who could not. It has been authoritatively
stated that, at the end of the ninetecnth century, the dietary
“and the matenal state of our working people was probably
worse than it had been since the great famines of Tudor times
Had the poorest classes i the second half of the century not
been eating bread made from stone-ground flour, one can hardly
imagine what their fate would have been. Amongst the middle
classes the diet of porridge, bread, butter and tea for breakfast,
meat and potatoes or a greasy vegetable stew for dinner, with
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a supper of cheese and beer, may appear, at a superficial glance
to be sufficient, but when the calorific value, the mineral and
vitamin contents of these diets are calculated, there is no doubt
as to their insufficiency. They lacked, sometimes n terrible
measure, those factors which go to the building up of strong,
healthy bodies in children and adolescents.

In any discussion of the dietaries at this dark time in English
industrial history, we must clearly differentiate between farm
labourers in the south of England and those in the north of
England, Scotland and Ireland, as also between the artisan
classes and the poor labourers who dwelt in the slums of great
cities and small towns. The farm labourers of the north of
England, Scotland and Ireland stood literally head and shoulders
above all other classes, for the simple reason that they lived
principally on wholemeal, milk and vegetables.

That these facts are true and that food in relation to physical
fitness is not only an individual matter but one affecting the
state of health and efficiency of the nation, is revealed m the
available statistics concerning the hexght and weight of men,
women and child: Medieal of recruits in war-
time indicate farrly accurately the state of physique of the
nation. In 1870 the minimal height for infantry recruits was
5 ft. 6 in. In 1883 1t was reduced to 5 ft. 8 m.; in 1900,
at the time of the Boer war, it was 5 ft. 0 in.! A Government
Board of Inquiry instituted at this trme by the Army Medical
Authorities, on which the Royal College of Physicians and others
were represented, came to the conelusion that since army
rations contained a sufficiency of protein—125 grams per day
—and of carbohydrates, and gave 3500 Calories per day, the
fault could not be attributed to diet. A comparison of the
nutritive values of a diet of white bread, butter, sugar, meat
and tea or beer and that of a diet of bread and butter with milk
and oatmeal in abundance will give the answer to the problem
which went unsolved in 1904, It will show why London Military
Authorities in 1900 favoured recruiting campaigns in the north
of England, Scotland and Ireland. In the North, men of the
countryside were bigger and stronger in those days because
they had in their diets not only calories but an adequate supply
of foods rich in vitamins and mineral salts. In this connee-
tion it may be observed that, according to Sir Thomas Middleton,
** the peasantry of the Scottish Highlands, physically perhaps
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the finest of the British races, until recent years consumed very
little meat ; their staple foods were oatmeal, mitk and potatoes
with hernng and other fish mn coastal parishes . Unfortun-
ately for us as a nation the dictanes of the great mass of the
people have become more refined and lack, to a considerable ex-
tent, the essential nutnients in which the coarser diets are so rich.

1In 1900 Seebohm Rowntree published 8 book called Poerty
A Study of Town Life. The town was York. The book is a
classic in the Literature of social economy. Its birth was natur-
ally heralded at the time : 1t required a decade for the facts
1t to arouse attention to the conditions 1 the slums of our
large cities, where infantile mortality approached the
figure of 250 per 1000.

From such pubheations 1t was slowly forced upon us that
the evolution of dietary habits was progressing along two clearly
demarcated hines, one good, the other bad. Repeated examina-
tion of the latter showed that a too large section of the people
of this country were undoubtedly suffering from malnutrition,

The food habits of the people of the United Kingdom have
changed to the benefit of many; they had, until the second
world war, remained unchanged to the detriment of not a few.
Durmg the past ten years we have learned how the benefits of
wholesome food can be made available to all. If the most
viclous expression of war's aftermath—hatred, prejudice and
unrest--1s to be avorded, the people must be adequately fed,
housed and clothed All bodies responsible for Food, Agr-
culture and Education must continue to inform parents and
others of the value of food and, above all, our schools must
not fail n their duty to tram children in the elements of
nutrition.

REFLCRENCLS
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19
Co , candXlealth

of two Aftican Tribes ** Med Res, Council, Sp Rep Scries,No 153, 1931
Rowsteny, B Seesomst  Poverty oA Study of Town Lafe  Longmany, Green
and Co , London, 1003
Ltowsrner, B Scenoms  Poverty and Progress A Second Social Survey of
Longmans, Green and Co , London, 1041,
Trio, L 18 Primitice Culture . Researehes into the Develupment of Mythology,
‘Pshyxfzmphy, Religron, Art and Custom 2 vols , John Marray, London, 1871,
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a supper of cheese and beer, may appear, at a superficial glance
to be sufficient, but when the calorific value, the mineral and
vitamin contents of these diets are ealeulated, there is no doubt
as to their msufficiency. They lacked, sometimes in terrible
measure, those factors which go to the building up of strong,
healthy bodies in children and adolescents.

In any discussion of the dietaries at this dark time in English
industrial hustory, we must clearly differentiate between farm
labourers in the south of England and those in the north of
England, Scotland and Ireland, as also between the artisan
classes and the poor labourers whe dwelt in the slums of great
cittes and small towns. The farm labourers of the north of
England, Scotland and Ireland stood literally head and shoulders
abave all other classes, for the simple reason that they hved

ipally on whol 1, mlk and v

That these facts are true and that food in relatlun to physical
fitness 1s not only an individual matter but one affecting the
state of health and efficiency of the nation, 1s revealed in the
available statistics concernng the hexght and weight of men,
women and child Medical of recruits in war-
time indicate fairly accurately the state of physique of the
nation. In 1870 the minimal height for infantry recrmts was
5 ft. 6 in. In 1883 it was reduced to 5 ft. 8 in.; in 1900,
at the time of the Boer war, it was 5 ft. 0 mm.! A Government
Board of Inquiry instituted at this time by the Army Medieal
Authorities, on which the Royal College of Physicians and others
were represented, came to the conclusion that since army
rations contamned a suffictency of protemn—125 grams per day
—and of carbohydrates, and gave 8500 Calories per day, the
fault could not be attributed to diet. A comparison of the
nutritive values of a diet of white bread, butter, sugar, meat
and tea or beer and that of a diet of bread and butter with milk
and oatmeal in abundance will give the answer to the problem
which went unsolved 1n 1904, It will show why London Military
Autherities in 1900 favoured recruiting campaigns in the north
of England, Scotland and Ireland. In the North, men of the
countryside were bigger and stronger in those days because
they had in their diets not only ealories but an adequate supply

of foods rich in vitamins and mimeral salts. In this connec-
tion it may be observed that, according to Sir Thomas Middleton,
““the peasantry of the Scottish Highlands, physically perhaps
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be claimed that good food or better feedng was the major
factor i their passing, Good food demands the means to
buy good food, and this monetary basis is not one of high salaries
but of salaries proportionate to the cost of hwving or the
achievement of an adequate standard of hfe, and this m turn
depends upon a stable economic system.

In the mudst of the mncreasing mterrelationship of all things
in a rapidly constricting world 1t is difficult to see how any
economie system can sceure for all mankind a decent standard
of Iife unless it be created on an international as opposed to a
national basis, The problem of the nutntional needs of the
world as a whole ean only be solved by international action.
Let us Jook generally at the nutritional state of the world and
then follow our statement by a brief summary of the plans
envisaged for the rehef of the milons of underfed people m
Europe, Asia, Africa and Amerca.

THE EVIDENCE OF MALNUTRITION

There are few countries in the world where social and
public health services are so well developed or where there has
been & more marked 1mprovement i health and physique as
in the Umted Kingdom. There was, however, m 1938, still
evidence m this country of malnutrntion m 25 to 80 per cent
of the population, Nevertheless, that after five years of global
warfare the nation was in remarkably good health simply
showed that scientific advice freely taken will ultimately solve
the problem of malnutntion 1n so far ss food 1s concerned.
That the health of the nation was so satisfactory at the end of
the war was due to the fact that ;n 1940 the first large-scale
application of the principles of the science of nutrntion to the
population of the Umted Kingdom was mtroduced as the war-
tume food policy of H.M. Government. To make this effective
1t was pecessary to increase the home production of food, to
import essential foods in surtable amounts, to ration the popu-
lation according to 1ts needs tnd industnal categones, to sub-
sidize tral 1 and to deq wages.
Never before had foodstuffs supplymg the physiological needs
<k the people been so wmformly dstributed so that all classes,
nrespective of income, had the opportumty to secure an
approximately adequate diet.




CHAPTER II
THE PROBLEM OF WORLD MALNUTRITION

THE problem of world malnutrition is one of the most crucial
tasks facing mankind to-day. It may not be too much to say
that upon its satisfactory solution will depend the future peace
of the world. At the Hot Springs Conference in U.S.A. (May-
June), 1948, it scientists, ists and others dis-
cussed the various needs of world populations and set forth
fundamental principles and general plans necessary to bring
the world’s food supply up to the level demanded by the

pt ds of nutrition. The problem 1s
far greater than a mere increased production and a better dis-
trbution of food.  Its ultimate implications are political,
its present basis 1s the science of nutrition.

“ Scientific discoveries in nutrition have shown how we can
build & race of sturdy children, how we can see to it that the
next generation will be as ignorant of the diseases which afflict
us to-day as the present generation is of the epidemics of cholera
and smallpox, mahgnant scarlet fever, ete., which were the
terror of our forefathers.” But scientific discoveries in nutri-
tion would not be so rapidly effective were it not for advances
made 1 other fields of social science. The Industrial Revolu-
tion brought m its train a gross indifference to darkness and
to dirt, and an acceptance of conditions of human living which
formed the basis of a pitiable When the
mvaded this country they brought with them certain ideals
m cleanlmess which were exemplified m the construction of
famous baths. The Roman bath by a process of degeneration
became 1 this country the public bath house, at first a most
necessary if not entirely faultless mshtutlon, but with its passing
there dlsappeared from England an institution which filled a

Ineed for ility and scandal ".
Bad though the bath heuses ulhmate\y became they could not
match the depravity of the gin houses of Hogarth Lane, lmt
prototype of the most d praved and deg
conditions of life in the early days of idustrial expansion in
this country. While such conditions have passed it could never
u
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Europe.~In most Europ the situation shows a
matked improvement ; this 1s most significant in the mereased
consumption of calories and total and animal protein. The
United Kingdom, the Seandinavian countries and Switzerland
have an estimated energy and protein content of normal
average food supplies per head which would indieate that they
have no senous problem of malnutnition to contend with. In
the bi-zonal area of Germany the intake of protein has risen
definitely since the end of the war and 15 now 81 g. per head per
day for total protein, 27 g. per head per day for ammal protem,
the total calorte intake being 2530 Calories per head per day.
TIn the Soviet zone the figures are, total protemn 68 g., animal
protem 14 g, Calories 2410 per head per day; n Poland the
total protein amounts to 74 g., anumal protem 21 g., Calories
2620 per head per day; in Czecho-Slovakia the figures are,
total protemn 82 g., antmal protem 82 g., Calories 2690 per head
per day.

The Near East.—There 15 & relatively low supply of
calories, ammal protein and protective foods in the countries of
the Near East. In many areas there 1s a marked msufficiency
of milk and of fresh vegetables. Deficiency diseases are still
widespread ; infant mortality rates are still of the order of
those found in the Far East and statistics, incorplete as they
are, show that in general three quarters of the total ealories
are provided by cereals, starchy roots, tubers and sugars In
Egypt, from the estimated energy and protemn content of the
food supplies, 1t 1s calculated that the energy intake is 2480
Calories per head per day, total protein 72 g. and animal protemn
11 g. per head per day. In Turkey similar figures hold, the
amimal protein being somewhat less. That there 1s some im-
provement 1n the nutritional state of these countries is shown
by the progressive diminution m the cases of pellagra, once a
common deficiency disease both m Egypt and m Turkey, In
Egypt constderable attention 1s being given to scheol meals and
to the feeding of industrral workers in canteens.

Indiz and Pakistan.—A great deal of highly scientific
work on Indian diets has been carried out and has been well
surveyed by Dr. Aykroyd (1941) and Dr, A, M. Thomson (1946).
There can be no doubt as to the relationship between diet and
the incidence of disease in India. The mam dietary defects in
India are too high a proportion of cereals, with accordingly a too

2
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*{, For the warning countries as a whole, the acute shortage of
foodstuffs and agricultural raw materials was alleviated by the
excellent grain harvests of 1948 in the U.S.A. and Canada and
by the greatly expanded agmeultural production of these and
other countries. After 1948 the acute need had passed and
there was evidence in Europe and the U.S.S.R. that the agri-
cultural war-damaged areas were rapidly recovering. A defimte,
but not so marked trend towards improvement was evident in
other lands. The output of sugar, fats, fish, livestock products,
fruits and vegetables had been enormously expanded, mostly in
the temperate zone but also in tropical and sub-tropical zones.
This improvement took place in countries which contained
practically one quarter of the world’s population; three
quarters of the world's population therefore were httle affected
by these changes. It was clear after the war that people
hving 1n under-developed eountries were worse off than previous
to the war. There still remams a gulf m living standards
between the nch and poor of such countries. Whle from
statistical data it is clear that agricultural production in many
under-developed countries has been recovering and expanding,
and that m the Near and Far East many countries have ap-
proached their pre-war levels of production, important in con-
sidering this matter 15 its relation to the increase in population.
In few of these countries has the per head food consumption
been brought up to pre-war levels. If hving standards are to
be rased the increase in the production of food must be greater
than the rate of population growth. The rate of growth of
population varies from 1 per cent to 2'5 per cent per annum ;
1t becomes necessary, therefore, that food production should be
increased by at least 2 to 3-5 per cent per annum. According
to recent reports of the Food and Agriculture Organisation, no
plans have been made to meet this problem. It is true that
the Techmcal Asslsfance Programme pmposed by President
Truman and din iple by the E and Social
Counetl of the United Nations will play a decisive part mn dealing
with these problems. Itis therefore countries other than those of
Western Europe and the North American continent which present
the most difficult aspects of the problem of world malnutrition.

To-day, when judged by scientific standards, the diets of
the great majority of the populations of eastern and tropical
countries are still grossly deficient in many respects.
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grains are concerned, and thus to become again a non-importer
of cereals. In 1947-48 the quantity of cereals available for
buman consumption was $1°7 million tons, the imports during the
year were 28 millton tons, the total quantity therefore of food
grains for 194748 being 44°5 nullion tons. For the year 1951,
taking the mcrease in population into account, the total con-
sumption is estimated to be of the order of £6'5 million tons. In
dealing with this pmblem the government of India has addressed

itself to the following the prod and distribution
of improved seeds ; the apphcanon of chemcal fertihzers and
preen the posting of farm-yard manure and town

refuse and its apphcatxon to the soil; the protection of plants
from disease, pests and wild ammals. The magmtude of the
task may be more fully comprehended if one but recalls the
large tracts of land awaiting reclamation ; that wheat and rice
suffer from diseases which cause severe and widespread damage
to crops ; that swarms of locusts and grasshoppers, winged and
wingless, are an ever constant danger ; that wild ammals, which
feed upon food gramns, constitute a menace which cannot be
adequately combated by government paid shikaris but require
the active interest of farmers and agriculturists alike.

Food statistics for 194849 and 1949-50 show no significant
improvement in the per-head supply of Calories and protein;
for India the estimated Calorie intake per head per day for 1949
was 1620, total protemn 42 g, and ammal protem 6 g.; for
Pakistan it was 2030 Calories, total protein 54 g., ammal protein
13 g. per head per day, Attentron has been and 1s bemng paid
to the improvement of the nutmtive value of rice by methods
such as undermilling, parboiing and enrichment. Experiments
1 enrichment by means of the addition of thiamine, nicotinie
acid and iron to rice have been carried ont m the Phibppines ;
it appears that such treatment of rice has led to a reduction in
the meidence of beri-beri mn children mn India. A project to
produce good quality soya bean milk and curd has been n
operation for some time and while 1t shows soya products to
be mferior to cow’s milk m supplementing a Tice diet, 1t
indicates that for Jarge rice eating communities soya products
have certain defimte economic advantages

The magnitude of the task of those who are responsible for
the improvement of the nutritional state of the peoples of
India and Pakistan has not been lessened by the aftermath of
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great consumption of carbohydrates and a deficient intake of
protein—particularly first class or animal protein—fats, minerals
and vitamins, * Indxa is a land of poverty in the midst of
wealth, of soclal judi irrational s and wide-
spread ig The of goitre, tic anzmia,
epldemxc dropsy, berrberl, ameebic dysentery and lathyrism
can be Jargely attributed to dietsry deficiencies. The use of
mlled rice which has been deprived of vitamin B, is an im-
portant factor. Parboiling rice is of value in that such treat-
ment causes the diffusion inwards of the water-soluble vitamins
from the outer layers of the grain. It is interesting to know
that 1n the Provinces of Assam, Bihar, Orissa and Hyderabad
75 to 90 per cent of the rice-eating population consume it in
the home-pounded state, which contrasts most favourably with
the hine milling and polishing so in other provinces,
particularly Madras.

In the Indian sub-continent with its vast population of
400,000,000, & large proportion of the people, with respect
to their dietaries, never approach physiological requirements.
The Hindu population 1s largely vegetarian, the higher castes
ngdly so; the only animal protein they consume is in milk.
Moslerns and Sikhs have a much better supply of animal protein
mn that they eat certamn meats, fish and eggs, i addition to
whole grams, vegetables and fruit. Deficiency diseases such as
ker: 1 the cause of blnd. in Southern
India, beri-beri, osteomalacia mm women, due not only to food
deficiency but to the soctal eustom of purdah, create major
public health problems m certain areas. In India 50 per cent
of the total mortality occurs mn children under ten years of age,
that 18 five times greater than mn the West. Probably the most
important advances which could take place in India would be
to increase dawry farming and place agriculture on a sound
scientific basis.

Before the war India was an importer of rice, mainly from
Burma ; the problem of food supply both for India and Pakistan
as also for the States is to-day one of producing sufficient food
to maintain the mimmal nutntional standards throughout the
country. The Bengal famine in 1943 showed how acute the
problem of feeding the people could be and led to the “ Grow
More Food ¥ campaign by which the Government of India plan
to bring the country to a state of self sufficiency as far as bread
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valuable research has been prosecuted in such centres as the
Lester Institute in Shanghai, the Institute of Nutmtion in
Nanking and the Universities of China,

Africa—In tropical Afriea there 15 abundant evidence of
malautrition and defiency disease, which 1s true of all tropreal
aress. Little or no milk, a low meat consumption and an ex-
cessive starch diet mean a lack of body-buillding protems,
mineral salts, vitamins and fats, all so essential 1f the human
body 1s to approach its maximal or optimal efficiency. Esti-
mation of the nutritional state of the peoples of Africa is almost
impossible because of the diversity of racmal and economic
groups. There are widespread mequalities i food distribution
and one can amve at no nattonal average nor can one give a
satisfactory plcture of the actual consumption of foodstuffs.
There 15 still pread malnutrition the native tribes,
as also in the Reservations. The infantile death rate from
starvation and deficiency diseases 1s still & matter of concern.
‘While one can find some excellent specimens of African natives,
e g. Zulus and meat-eating Masai, they are a small mmnonity.

Latin America.—The problems of nutmtton are being
attentively studied by the International Labour Office with
the aun of framung a policy on for adop
by the dufferent States of South America. The situation varies
greatly m the States of Latin America, bemng in general terms
most satisfactory in Argentina, and least so in Chile and Peru
For example, m Argentina and Uruguay there is a fairly good
consumption of meat, milk, milk products, eggs and butter.
In these countries cattle outnumber people and meat consump-
tion 1s probably among the highest in the world. On the other
hand, m Chule where meat and milk are relatively scarce, the
total protem intake 1s 71 g, while the amimal protem mtake 15
as small as 23 g. per head per day. It 1s stated that the umt of
meat consumption 1s twice as hugh in Argentina as in any other
country in the South American contment In Colombia the
situation 15 not so favourable, the total protein mtake beng
56 g. compared with 102 g. per head per day i Argentina; the
consumption of animal protein 1 Colombra 1s about 26 g. per
head per day compared wnh 66 g per head per day in Argentins.

T Wi
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partition, with its travail and sorrow, and millions of hungry,
diseased and shelterless refugees, to which, unfortunately, have
been added the unpredictable cifects of famine, earthquake and
flood.

China.—In China there is unfortunately widespread mal-
nutrition. The ligh merdence of tuberculosis and rickets, the
low resistance fo nfectious disease, the hugh mnfantile death-
rate and the heavy parasitic infestation of the people are
evidence of a very low nutritional state. As in India so m
China, the development of dairy farmmg would be a great step
forward Chinese diets are characterized by a preponderance
of cereals, a low percentage of animal protein and a lack of milk.
This is indtcated by the energy and protem content of available
foods which supplied for 1047-48 2120 Calories, total protein 68
g, ammal protem 4 g. per head per day. Among the staple
foods rice forms the major part of the diet in the south, while
1 the north, wheat and kaoliang, as well as rice, are eaten. Asa
result of these differences i the consumption of polished rice
there 15 a greater mcidence of beri-beri in the south compared
with that which obtains in the north of China. Other cereals
are millet and maize, of which large amounts are eaten.

On the coast, however, the situation is better because fish
and other seafoods are available as sources of ammal protein.
Fish, which in certamn parts of China is eaten raw, contains
thiammase, an anti-vitamm B, enzyme; this may in part be
responsible for the vitamin B, deficiencies so common in
Southern China,

Although, previous to the war, China was one of the most
important egg exporting countries, yet even mn families of well-
to-do farmers i North China, where the consumption of eggs is
highest, the average consumption does not approach one egg
per head per week. Milk consumption is neglgible, and there
is considerable prejudice against its use. Dr. H. C. Hou, of the
Institute of Nutntion in Nanking, suggests that the food supply
of China could be improved by the following means : promoting
pig rearng as an ndustry ; developmg the processing of soya
beans as a source of protein food; increasing the supply and
transportation of fish so that people hving m the interior of
China may obtain more of a very valuable food ; parboilng
and enriching rice to ensure a higher content of the vitamin B
complex. In the nutntional interests of the people, much
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valuable res:areh has b:cn prosecuted in such centres as the
Lester in the Insti of Nutntion in
Nanking end the Umvcrsmes of China.

Africa~—Tn tropieal Africa there is abundant evidence of
malnutrition and deficsency disease, which 1s true of all tropieal
areas. Little or no milk, a low meat consumption and an ex-
cessive starch diet mean a lack of body-building proteins,
mineral salts, vitamins and fats, all so essential if the human
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mation of the nutritional state of the peoples of Africa 1s almost
impossible because of the dwexsny of ramal lmd economic
groups. There are widesp qual 1n food distribution
and one can arrive at no national Average nor can one give a
satisfactory picture of the actual consumption of foodstuffs.
There is still wid d malnutrition the native tribes,
as also m the Rescrvations ‘The mfantile death rate from
starvation and deficiency diseases is still a matter of concern.
‘While one can find some excellent specimens of African natives,
e.g. Zulus and meat-eating Masai, they are a small mmonty,

Latin America.—The problems of nuintion are being
attentively studied by the International Labour Office with
the aim of framing a common policy on nutnition for adoption
by the different States of South Amenca. The situation varies
greatly in the States of Latm Ameries, bemng m general terms
most satisfactory m Argentina, and Ieast so in Chile and Peru.
For example, in Argentina and Uruguay there 15 a farly pood
consumption of meat, milk, milk products, eggs and butter.
In these countnes cattle outnumber people and meat consump-
tion 15 probably among the highest in the world. On the other
hand, in Chile where meat and milk are relatively scarce, the
tatal protem intake is 71 g, while the animal protein ntake »s
as small as 23 g. per head per day. Itis stated that the unit of
meat consumption 1s twice as tugh in Argentina as in any other
country in the South American continent. In Colombia the
situation is not so favourable, the total protein intake being
56 g. compared with 102 g. per head per day in Argentina; the
consumption of ammal protemn mn Colombia 15 about 26 g. per
head per day compared mth (IG g per head per day in Argentina,
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partition, with its travail and sorrow, and millions of hungry,
diseased and shelterless refugces, to which, unfortunately, have
been added the unpredictable effccts of famine, earthquake and
flood.

China.—In China there is unfortunately widespread mal-
nutrition. The hgh inerdence of tuberculosts and rickets, the
low resistance to mfectious disease, the high mfantile desth-
vate and the heavy parasitic infestation of the people are
evidence of & very low nutritional state. As in India so in
China, the development of dairy farming would be a great step
forward. Chmese diets are ch ized by a preponds
of cereals, & low percentage of animal protein and a lack of milk,
This is mdicated by the energy and protein content of available
foods which supplied for 194748 2120 Calories, total protein 68
g, ammal protein 4 g. per head per day. Among the staple
foods rice forms the major part of the diet in the south, while
in the north, wheat and kaoliang, as well as rice, are eaten. Asa
result of these diffe in the ption of polished rice
there is a greater incidence of beri-beri in the south compared
with that which obtains in the north of China. Other cereals
are millet and maize, of which large amounts are eaten.

On the coast, however, the situation is better because fish
and other seafoods are available as sources of animal protein.
Fish, which m certamn parts of China is eaten raw, contains
thiammase, an anti-vitamin B, enzyme; this may in part be
responsible for the vitamn B, deficiencies so common in
Southern China.

Although, previous to the war, China was one of the most
wmportant egg exporting countries, yet even in families of well-
to-do farmers 1 North China, where the consumption of eggs is
Iighest, the average p does not app h one egg
per head per week. Milk consumption is neghgible, and there
is considerable prejudice against its use. Dr. H. €. Hou, of the
Institute of Nutrition in Nanking, suggests that the food supply
of China could be improved by the following means : promoting
pig reanng as an ndustry; developing the processing of soya
weans as & souree af protein fond 3 increasing the supply and
trapsportation of fish so that people hving m the mtertor of
China may obtan more of a very valuable food ; parboiling
and eniching rice to ensure s higher content of the vitamin B
complex. In the nutritional interests of the people, much
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energy source and are accompanied in the dietary by a suffi-
ciency of meat, sugar and fat, they play their correct role,
paticularly the whole grains, as excellent sources of vitamins
and mineral salts. But when they bulk too largely in the diet
they are evidence of a low standard of living and an nability
to obtain or to purchase other necessary foods.

THC POSITION OF CEREALS AND POTATOES IN HUMAN DIETS
(BENNETT, 1941}

Percentage Totsl
Galorles from Covotries Population,
Potatoes
30to40 | USA, UK, Canada, New Zealand, Switzerland,

Sweden, Austna 203
40to 50 | Germany, Denmark, Holland, Norway, Australia 93
5010 60 | Eiwre, France, Belgmm, Baltic States, Czecho-

slovakia, Argentina 0
60to70 | Portugal, Spamn, Italy, South and Central

Amenca 204
701080 | Poland, Bulgena, Yugoslavia, Egypt, Japan,

Mlgera, Tunis 158
80to 90 | Roumama, China, Tadua, rest of Afnca, Russia

(position not accurately known) 1344

Total 2095

The world population to-day 13 approvunately 2,850 mthions (F A.0 1950)

Rice.—In India, China, Japan and the East Indies some
87,000,000 tons of rice were produced in 1936. This 1s the
staple diet of some 700 to 800 milhon people and only two
mulion tons were exported, mamly to European countries.
This means that on an average 0:75 Th. of rce 13 ¢consumed per
head daily and this provides approximately 1840 Calories.
The staple diet provides about half the energy which we would
expect would be expended by the average peasant. That there
15 » deficiency m Calories and nutrients one can well understand,
It has truly been said of India that “there are always three
mouths for every two rice bowls 7,

Sugar.—As a further example of uneven distribution due
to the competitive trends m world trade we may take the
production and consumption of sugar. In 1936, the great
sugar producing centres, the Carribean and the East Indies,
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calcium to the diet.  In other Central American countries where
maize is eaten this practice is not followed, with the result
that there 15 a defimte caleium deficiency.

THE UNEQUAL DISTRIBUTION OF FOOD

Milk.—Over a decade ago the liquid milk equivalent, that
is, milk 1 2ll forms and its products, cheese and butter, con-
sumed in Britain amounted to about 700 pints per head per
year. In U.S.A. approximately the same amount was con-
sumed. In New Zealand and in Switzerland the consumption
was about 1000 pints per head per year. But pre-war figures
show that the average consumption was in Poland, about 400
pnts; in Italy, 183 pmts per head per year. If we accept the
decisions of nutrition experts with regard to the amount of
milk and mik products which should be consumed, then in
Britamn the amount should be mcreased by at least 80 per cent.
As one passes from the pre-war favoured nations of Europe and
Amerniea to South east Europe, South America, Africa and
China, the unequal ibution 1s all too app As to China,
Africa and India the figures are only approximations but one
can say that the Chinese coolie who gets one half of & pint of
milk per week is well off.  In India one need only see the quality
of the milk, and note the almost neghgible amounts used, to
realize how pitiably Iacking in this valuable article of det the
Eastern peoples are and how totally madequate would be
even a 200 per cent mcrease in milk production. The story 1s
almost the same for eggs and butter, and the unfortunate fact to
be faced 1s, that an immediate increase in dairy produets in
Asiatic countries is almost out of the question. Still these facts
remain as an indicator of the dire need of these people.

Cereals.—A similar situation obtains with regard to
cereals upon which most of the world’s population depends for
the major part of its supphes of human energy. The energy
foods, so called because of their large starch or sugar content,
are rice, wheat, maize, oats, rye and potatoes.

Some nteresting facts emerge when one considers the pre-
war production and consumption of cereals and potatoes
(Bennett, 1941).

It 1s clear that the use of cereals must not be regarded
Iightly. When they form approximately 40 per cent of the
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frut and dairy products. There is no reason why a very fair
proportion of this relatively small surplus of food should not
pass to the Balkans, South Ameriea and Chma.

** Yet it only requires to raise the effective demand i China
by 10 per cent to make China a competitive mporter of Javanese
sugar, Australian beef and New Zealand butter.”

It 15 necessary to grasp the fact that a number of the food
exporting countries reject therr foodstuffs, not because their
population is already overfed, but because they need to purchase
raw ials, textiles or Js y. In some as
with Burma, Cuba and Jamaica, they have neglected stock-
raising and vegetable culture for their own subsistence in favour
of the mono-culture of rice or sugar or bananas. TUnder a more
wholesome economy they would divert some of their labour to
the adequate feeding of their own people. At the other extreme
there are perhaps five or six exporting countries who could in
the mmmediate pre-war years boast that they still retained
within their borders a sufficiency of food for the whole popula-
tion; these true surplus exporting countries are Denmark,
Canada, Australia, New Zealand and possibly Argentina and
Uruguay. Even n these countries the diet of the poorer classes
often leaves much to be desired.  As for the small food exporting
countries represented by Algiers, Turkey and South Afries, 1t
is doubtful how far they would remam on the world market
if they so adapted their econory as to provide first for the needs
of therr own inhabitants,

The situation with regard to mequalities mn world food dis-
tribution as they obtain today 1s clearly set forth mn the Survey
of World Conditions published by the Food and Agriculture
Organisation.  Previous to the war 22 per cent of the total
world population had avatlable food giving less than 2000 Calores
per head per day; to-day the proportion 1s 85 per cent. Pre-
vious to the war half the world population bad a Calorie level of
about 2240 Calories per head per day as compared with 2120
Calories per head per day i 1950. The aggregate calorie supply
for all countries increased by Jess than 1 per cent, so that with
an 8 per cent increase i population from 1938 to 1948, the per-
head average is lower than the pre-war average by about 7 per
cent, that s, 2220 7~ men 3 ocT

With regard to
than 80 per cent ¢
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placed some 6,000,000 tons of sugar on the world market. In
that year Britain and the U.S.A. consumed 5,000,000 tons!
These two countrtes contain one-tenth of the population of
the world and they utilized 83 per cent of world sugar produc-
tion! And the tale 1s the same for fruit, oils and fats; the
favoured peoples, those of the North American continent, the
British Commonwealth of Nations and the Western countries
of Europe with the exception of Spain and.Portugal have, or
rather had, previous to the war of 1939-45, full control of
the world’s markets.

There are several factors which prevent an even distribution
of food and are therefore productive of a bad world nutritional
status. Some of them are fear of, or the desire for, aggression,
leading to the uneconomic employment of human and natural
resources, the expenditure of large sums of money on arma-
ments, and the creation of barriers to international trade.
Freedom from want may certainly be the forerunner of freedom
from the fear of war and economic insecurity. In our genera-
tion the world has been obsessed by fear, fear of aggression,
fear of social and economie msecurity. ‘When in the future the
fear of military aggression has gone, progress towards the goal
of the four freedoms will be retarded if & spirit of opportunism
in political and economic hfe is permutted full sway. To plan
successfully for the removal of world malnutrition, certain
unpalatable facts must be faced by the favoured mations of
the world, particularly the British and the American. The
difficulties of the problem for heavily importmg countries
have been clearly set out by Mr. Le Gros Clark from whose

aper, ** Hotsp and Hi ", the following is quoted :

** With the exception of the United States, all meat, butter,
and fruit exporting countries have small populations. Several
of them have a fairly high level of consumption of the food-
stuffs 1n which they deal. But the main ymporting countries
also cover between them & very small percentage of the world’s
population. Omittmg the United States, which only enters
the market sigmficantly for sugar, vegetable oils and some
fruits, we find that a large proportion of the overseas trade in
foodstuffs is diverted to about 7 per cent of the world’s consum-
ing public. Thus, some 10 per cent to 15 per cent of the world’s
population appear to be engaged in distnbuting among them-
selves the large bulk of the annual reserves of meat, sugar,
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The aggregate supply of milk products represents a gain from
pre-war of about 6 per cent, which is almost as much as the
gain in population, namely 8 per cent.
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pre-war period. This isdue toareduction in the supplies of animal
foods and grains. ‘The countries which are within the remaining
20 per cent of world population and have more total protein than
before the war are the U.S.A. and Canada, indeed the only coun-
tries which have more than 85 g. of total protein per head per day
are Australia, New Zealand, U.S.A., Canads, and in Europe,
Denmark, Finland, Ireland, Norway, Sweden, the United
Kingdom and Switzerland. While the aggregate supply of
total protein for world populations has increased about 2 per
cent, nevertheless with the increase of population since the war
the per-head average shows a decrease of about 7 per cent (Fig 2)-

The changes in amimal protein supples are more sigmficant
and more serious than those in total protein; the changes
naturally are much smaller, but 50 per cent of the world popu-
lation receives, in terms of food supplied, about 8 g. per head per
day. The unfavoured peoples are in China, Indw, Pakistan
and Indonesia, For most peoples, apart from those of the
North American continent, there has been a slight fall 1n sup-
phes of aimal protein. The average mtake per head of world
population to-day is about 185 g. as against 19 6 g. per head per
day before the war, that is a drop of 6 per cent. The favoured
nations mn respect of animal protein are Australia, New Zealand,
Canada, U.S.A., Argentina, Uruguay, Denmark and Sweden, all
of which receive 60 g. or more of ammal protein per head per
day. The great lack of animal protem is to be found mainly
in the Far East, the Near East, in North and Central Africa
and the Latin American countries with the exceptions already
mentioned (Fig. 8).

The position for milk produets, in terms of fluid milk equi-
valent, shows a similar sharp contrast between the most favoured
and the least favoured countries. The world distribution of
milk products shown in Fig. 4 i terms of the fluid milk equt-
valent, is based on the grams of milk (3.5 per cent protein) which
would provide as much protein as the total of all dairy products
consumed. (Chatfield, Scott and Mayer, 1950.) Before the war
50 per cent of the world population received less than 200 g. per
head per day, in contrast to the present level of 165 g. per head
per day or less; to-day some 70 per cent of the world popula-
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These facts simply corrobomtc what has nlready been said,
namely that the f: d nations show sigmifieant impr
since the war, the unfavoured nations seem to have deteriorated.
The over-all food supplies stll remamn for them grossly inade-
quate and the inequaltties in distribution have become greater.
From experience gamed mn this country during the war,
1(: becomes cvxdent that the c}nef measures W}uch shculd be

peoples ; ennichment, by the addition of minerals such as
calcium to the bread grains and vitamms to staple foods;
supplementary feeding, whereby nutnitional deficiencies with
respect to vulnerable groups can be made good ; and educational
programmes, whereby chuldren and adults are instructed in the
nutritive values of varjous foodstuffs,

Planning for an Equitable World Food Distribution.—
Planning for the abolition of world malnutrition demands the
closest collaboration of nutrition, public health and agricultural
authorities. 'This collaboration, varying from purely scientific
research to the mtricacies of economic readjustments, must be
on an international seale. Planning for the greater production
and better distribution of food, which should be considered with
other forms of production and trade, must be based on modern
scientific knowledge of human dietary requirements. Since
we know the requi , we can d the needs of a
population for health terms of the more 1mportant nutrients ;
and smee we know where the dw,tary need 15 gxentest we can
plan for the necessary prod and
of adequate food supplies. The great vanety of the foods of
the world can be classified tnto cereals, milk, eggs, butter and
fats, meats, vegetables and sugar. The determmation of the
absolute amounts of the more important nutrients requrres a
knowledge of the distmbution of mfants, children, pregnant
and nursing women and oceupational groups within the popula-
tion, and 2 translation of therr nutritional requirements mto
terms of foods. It also requires that certain essential foods
and 1 be made lable for the vulnerable groups,
1e. mfants, children, nursmg mothers, mmvahds and the aged.
1t 15 also necessary to secure data concerning the amount of
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education. Only by such preparation can we hope to promote
techmeal efficiency in what we would hope will continue to be
large farming communities and to develop a better under-
standing of rural problems. It has been defiitely stated that
each nation should adopt a policy of promoting research in
all branches of science incl ics which relate to food
and agriculture, Nothing s\wuld be left undone which would
promote research mn the natural sciences and apply the scientific
method to the numerous problems of food and agriculture.

This is but a brief survey of the situation and of the diffi-
culties which will attend the realization of a greater freedom
from want. The task is enormous and will demand goodwill,
compromise and vision on the part of statesmen of all nations.
The task is nothing less than that of harnessing social and
political security to human welfare ; its success may well prove
to be the very basis of world peace.
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food produced within, and also the amount imported mto,
country. Following upon the decisi as to the g8
balance between home produced and imported food will come
one of the mamn parts of the whole problem, namely to make
1t possible for all consumers to secure an adequate and suitable
supply of food. If these fundamental points be applied to all
nations it will readily be recognized how this problem of world
malnutrition will depend for 1ts solution on a world wide poliey
of expansion and, if necessary, a reorientation of industry and
agriculture, This 15 where the task passes from the nutritional
aspect Into the wide and extremely difficult sphere of inter-
national or world economies,

At the Umted Nations Conference on Food and Agriculture
(1043) it was recommended amongst many other things as a
long-term production policy :—

(1) * that the inherent natural and economic advantages of
any area should determine the farming systems to be adopted
and the commodities to be produced ;

(2) *“ that each nation should direct its own policies towards
increasing efficiency of production, encouraging the production
of foods which are high in vitamins but relatively perishable,
e g. vegetables, fruits, milk, eggs and meat, and limiting the
production of bulky, easily stored and transported energy foods ;

(3) *that to implement these aims, measures should be
adopted to help producers to acquire materials, equipment and
machinery and, equally tmportant, to secure technical assistance;

(4) *“ that for the immediate and successful solution of the
new problems of agriculture, steps should be taken to develop

d and h. Itwas ded that each country
should strengthen and expand the educational system of its

rural areas, train scientific workers and rural leaders for service
in agrlculture, and that each nation should adopt a poley
of p: h in all | hes of smencc, mchiding
cconomlcs, \vhxch relate to food and agriculture.”

The inadequacy, 1n many countries, of agricultural education
and of research facilities is well known. If the people who
live on the soil are to benefit by their work they must know
the soxl and therefore it lS most xmport:mt that there be some

st and exp g of ion in rural areas. Not
only must there be a sound mtroductmn to biological knowledge
in secondary schools but an increase in facilities for rural adult
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recent nutrtional scientific knowledge could best be applied
to the feeding of the people. In its work this Commuttee had
before it the Report on the Physiological Bases of

issued by the Health Committee of the League of Nations in
1936. Briefly, the conclusions of this important Commtttee
in 1937 were: that in the national food supply there was no
lack of energy-mving foods, carbohydrates, fats and protens,
but there exasted a small sectron of the people who did not
obtain adequate supplies of these, that is to say, there was a
faulty distribution of essential foods.

The most signifieant finding was, however, with regard to
mitk. Taking the League of Nations recommendations as to
human requirements, emphasizing the nutmtional importance
of milk, particularly for mothers, children and adolescents,
the Advisory Committee stated that, ** the present national
consumptton of hquid milk 1s less than one half of ” the re-
quired amount, namely seven-erghths of a pint. If condensed
and dried milk were also incladed, the natronal ion
was only 60 per cent of the amount suggested by the League
of Nations Commusston,

A companson of the consumption per head per week of
certain foods 1n the periods 1909-13, 192428, 193485, 1037-88,
indicates how, despite marked deficiencies m food distributien,
there has been a steady improvement in dietartes, an 1mprove-
ment which has resulted largely from the educational work
carrted out 1n schools and m health clinics, and particularly
by means of the mmportant publications 1ssued by the health
and education departments of the Government

The general steady upward trends in food consumption
are shown m Table 1.

In view of what has been stated about unequal distribution
of food, and having regard to the significonce of rationmg
during the 1939-45 war, 1t is of interest to note the foods which
have come into greater consumption between 1909 and 1938. It
will be noted that there has been a steady and, m some cases, a
marked increase in the consumptxon of certan foods ; they are
amee forttond v * Thefoods, the

r with income,
ind the most

mmportant for health, namely, eggs, fruit and vegetables, butter,
fresh milk and meat,

3




CHAPTER III

THE PROBLEM OF NUTRITION IN
GREAT BRITAIN

THE FOOD SITUATION, 1914 TO 1938

By the end of the nineteenth century the battle for cheap food
had been won, and in some measure, at the expense of agri-
culture in this country. While 1t could be said, in general terms,
that the population of the United Kingdom did not suffer from
hunger, there was still a large minority of the people who cer-
tamnly did not secure an adequate diet. The impetus given to
research m nutrition by the discovery of vitamins led to a
practical consideration of the nutntional status of the people.
The older conception of an adequate diet, namely that it
must supply a sufficiency of calories and satisfy hunger, had
given place to a consideration of quality translated into terms
of nutrients necessary, not only for energy, but for the building
of a structurally sound body. The newer knowledge of butr-
tion had, mn brief, demanded new and more refined dietary
standards. No longer was 1t a question of Calories and protein
but of Calories, protem, vitamins, mineral salts and water.
In the mterim war period so deaisive was the impact of this
new knowledge upon the official mind that in 1931 a small com-
muttee of physiologists was appointed by the Minister of Health
and the Secretary of State for Scotland to advise the Mimster
of Health “ on the practical appheation of modern advances
1n the knowledge of nutrition . Apparently impressed by the
findings of this body, the same authorities, 1n 1935, appointed
an Advisory Committee on Nutrition * to enquire into the
facts, quantitative and qualitative, in relation to the diet of the
people and to report as to any changes therein which appear
desirable 1 the light of modern advances in the knowledge of
nutrition ”. This called for an investigation of the amounts
of the varous foods consumed by men, women and children
of this country, an opmion as to the adequacy or inadequacy
of the national dietary, and suggestions as to the means whereby
82
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Table 2 represents a limited survey in a population of over
45,000,000 people.  1f data from very extended surveys covering
all classes of the community were available, in which the average
consumption of each foodstuff in each group, duly weighted
n terms of population and man value of the families in these
groups, 1t may be possible, given perfect statistical efforts, to
expect a closc agreement between the results so obtained and
the figures representing the national average consumption of
these foods obtamed by dividmg total supply by total popula-
tion. This, however, 15 beyond the bounds of present possi-
bility, because of inherent errors in both methods. Perfection
in dretary surveys cannot be attamed, if indeed 1t could be
expected, even 1f carried out continuously throughout the
year, for not only must climatie or seasonal changes be
mvestigated, urban and rural populations be separately sur-
veyed, but within these populations account must be taken of
the sedentary, the manual and the heavy industrial worker
and, with the numerous family groups, a further differentiation
must be made between mfants, children, adolescents, women,
nursing mothers and old people. To expect a precise answer
to the amount of food consumed per head per week of the
population by determming the total food supplied to the
people, is to ignore many factors, such as waste m transport,
storage and delivery, which militate against any htgh degree of
accuracy. Such difficulties and such eriticisms do not 1n the
least detract from the value of this important work, for despite
all difficulties and all criticisms, such surveys have given 1n the
past, and during the recent war, a remarkably clear indreation
of the food habits of the various commumties which collectively
make up the nation, and have ponted the way to the correct
control of the nation's food supply.

THE IMPACT OF WAR ON THE PROBLEM OF
NATIONAL NUTRITION

It 15 an oft-repeated statement that 1t has required a world
war to show us how to grapple with the problem of feeding
the nation. To feed a nation properly, simply means to make
available to all elasses of the people a diet adequate to keep them
i a fit state of health, and this means that energy foods must
be available to enable heavy workers to perform the various
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As a result of numerous dietary surveys in Britan, Austraha,
New Zealand, U.S.A. and the contment of Europe, it has been
shown that in the 1930-85 period varying percentages of the
people n the countries mvestigated suifered from an mnadequacy
of food supply. It has been shown by Sir John Orr, now Lord
Boyd-Orr, in his book, Food, Health and Income, published in
1936, that in the United Kingdom 30 per cent of the people did

TaBLE 1
FOODS CONSUMED PER HEAD PLR WEEK UNITED KINGDOM
From the First Report by the Advisory Commuttee on Nutrtion, 1837, and

from Feeding the People i Wardime, by St J. B O, FR'S, and D.
Lubbock, 1940

1009-13 | 102¢-28 | 1934-35 | 1087-88
b, b, 1b. 1b.
Meat, cluding poultry 258 256 281 262
pints pits pints pmts
Milk and eream . 346 335 320 385
Condensed mulk . 005 014 023,
Eggsmshell ., . . 193 2384 290 448
1b. b, b, 1b.
Butter 030 031 049 048
Marganne . . o 023 015 0380
Cheese . 014 018 [3%] 018
Lard 008 o1 018 —
Fish 079 0380 087 087
Sugar 152 160 179 —
Cereals (+ Wheat and flour) . 445 441 404 406
Potatoes . 408 443 425 124
Other vegetables 138 181 222 39
Fruit 119 175 223 —
Tea . 012 017 018 —

not receive that amount of food necessary for the supply of
required amounts of protemn, certain vitamms and minerals ; 1f
caleium requirement were the only standard by which diets are
to be judged, then some 50 per cent of the population was defi-
cient in this respect.  Such findings were corroborated generally
by the results of the survey made by Sir William Crawford m
1936-37. Pertinent to the present discussion is the amount of
the importent foods consumed by the six income groups into
which the population was divided by Lord Boyd-Qrr.



87

THE PROBLEM OF NUTRITION IN GREAT BRITAIN

20112 J0 wifzwws 9Pt ¢ 03 309lqns a1¢ STy AH
anq ‘suoeises Kyjenb 205 Surwoj YAYE JINYPUSAXD WOL PAIRK

183 woaq ALY $ALRIIA puB Jtnsj 20§ SamuEnb drosy (y)

quas 3od €5 32 payeuIsy AjEUysnpUr pasn jny sapnpuy (£)
3a0qe zedns ur papagaug (1)

2udns pue yny ur pappuy (y)

“us0 33l OF 38 potewnss uondumsuod [euiRapuj sapapuy (F)

3us2 40 1 38 payournsa alessus doys sapnpour (£}

“&[uo pro (2)

vonanposd yusngole sapuouy ()

spgniepooy

xo1dwos wt R pasuapuoa J0 HORAUMSUED J0j IPTUL UG
yuapeaba Yywz proby go sy vy ()
= peasq gg1 * moy jo suuay uy (7}
vounquistp t oFvysew sapnjauy {v)

(f)gos | 0 ore 638 908 (253
(Hxge | <9z €68 § 08 618 85T
(1) 06 g1t g 01 g6 58
] z8 €g 8e ¥g 35
G)rrs | 81 (14 s 6l 06T 081
fygel | 68 ser fX48 ¥ oL 3e
Pyus [33 se £y Yy (44
(@)o19 | oos | org | 0LE | 025 | OLS
$% 83 Lz 8% 08 63
13 sz gL [ 133 §5
@ og 93 (3 og e
8L 8L orr | 6 g8 sS4
65 | 6% I3 I g€ 9z
g0 | S0 20 0 co |[sso
sz 1g s¢ sr 1€ I3
o1 | ovo | ooo [ osv | 02 | 089

(1) (s303mod Furpriora) sarTersZas

() sy

- sustoy xapso e pawnsu0) 2USNG

20 'dnafe ‘satpal ‘swng
wons v passipind sedng
st
Suwddp pus 308 PITL
saneiod
wy,
¢ ouusBiEy
38909
wang
53

S posuapuos ¢
10233 "I

(@) (say®> pua synosm
Surpnjout) auog put PrAIE




FOOD AND NUTRITION

36

e rr 288 t6F B¥F 515 re oie 163 - . - g8 (830,

{o)as 8g 3L (3 6g 6g cg g oo - eI T330

(0} 82 oL LX] 8L gL 80 €9 134 “ . wey U voseg

®oe LE] 68t 91 %6 g4 95 e P © i pUT Sopnpy

ooz | o 681 g 6L 6 8L T AL g1 | sor | ‘'so . 1894 PUR gaog
- *s¢ SFL 531 01 58 59 st N

19d peay 20d 2inppuads pooy duioay
I Bl e B A B B o R e
- - 2] 981 951 €65 218 s * s38pnq Jo Pquiny
- - 113 6 5 ¢ [ ¢% | suonpur dnoss agy ut suossad Jo 1quinyg
- b %or | %08 | %0z | %03 | %0z | %ot + uousnded sy jo uoriodorg
wdnoiy jo
ofulaAy. 1t 1
o | ey adlly | audio ably | ahio | aado

9861 ' SUA WO € [ NS £q ‘Pwodu] pud yyoI] ‘poog wolg

sSLAvANg ANV Set
NI STIATQT BWOONI INUUAIAIG LV NAIM YId QVIH HId ATWASNGD d0O0J 40 SHLLLINVAD

3 vy,




THE PROBLEM OF NUTRITION IN GREAT BRITAIN 39

a greater dilution of wheat flour. Home production was in-
creased from 16 mullion tons in 1814 to 24 million tons in 1918.
From a 76 per cent extraction in 1916, wheat extraction was
raised to 90 per cent i 1018. For the purpose of diluting
wheat flour, barley, rice, oats, maize, potato flour and even
beans were used. From 1917 to 1918 dilution ranged from 15
to 30 per cent; the latter figure was an extreme it which
lasted but fora few months 1n 1918,  The result of these methods
was 8 54 per cent mcrease in the amount of flour produced m
1918, extraction being responsible for 25 per cent and dilution
for 29 per cent of the increase, The price of bread was also
controlled by substdy which amounted to £50,000,000 sterling
per annum for three years.

Sugar, the first of all the foodstuffs to be controlled, was
the special care of a Royal Commisston from 1914 to 1918,
and thereafter the supply was controlled by the American Food
Admimstration. Before the war and before the control from
the Ist January 1918, the amount of sugar consumed by the
people of this country was approxtmately § Ib per head per
week, With ratioming the amount was never less than 8 oz
per head per week. Despite labour shortage and bad weather,
the potato erop was mnereased m 1918 by 20 per cent over pre-war
figures, due to an almost 80 per cent increase 1n acreage. Carbo-
hydrates were therefore well cared for durmg the first world war,

Because of the long sea lanes across which our meat has
to be transported, it is not surprising that with 40 per cent
of our meat mmported and half of that from Argentmna, the
supply and therefore the consumption of meat fell n 1917 by
81 per cent of the pre-war figure of 1912-18. The imports
of mutton and lamb from Australia and New Zealand suffered
most. The ploughing up of grass lands and the scaraity of
feeding stuffs for fattenng animals were additional factors
causing this marked fall in meat supply. This was the Jegiti-
mate result also of the policy recommended by the Food (War)
Commttee of the Royal Society. Home produced meat was
maintained at pre-war levels until the end of 1917, when, due
to the causes mentioned, 1t fell m 1918 by about 33 per cent
of the pre-war figure. Lack of supplies, high prices, and
bad distribution forced the Minstry of Food to undertake the
control of meat supply by rationing, which was mstituted
1918 and was not stopped until December 1919,
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duties to which they may be called, and that protective foods
must be made available to the vulnerable groups; these are
mfants, children, adolescents, pregnant women and nursing
mothers,

When a country such as ours faces as it did in 1915, and
even more seriously i 1940, a submarme menace calculated to
cut off all imported foods, 1ts Government has to take steps
immediately to increase to the maximum the home produc-
tion of food.

The War of 1914-18.—During the first two years of the
1014~18 war there was little change in the food supply, but
when by the close of 1916 Britain had lost 2,000,000 tons of
shipping out of a total of 17,000,000 tons and had only a
third of the tonnage available for the transport of food, then
regulations were enacted to ensure the increased production,
importation and equable distribution of vital foodstuffs. It was
not until 1917 that Lord Rhondda, as Food Controller, fixed
maximum prices for certan foods for producers and retailers
and also controlled the distribution of essential home produced
and 1mported food supplies. The first foodstuff to be con-
trolled by rationing at 8 oz. per head per week was sugar. Other
foods, such as butter and margarnine, were not controlled until
constderable hardship, caused by unfair distribution, roused
local authorities to arrange, through Local Food Committees,
schemes of public distnbution. It was not until 1918 that
rationing was made compulsory throughout the United Kingdom.
It was a long, tedious and at times anxious expeniment 1n
food control, the results of which proved of great value when
we were agan faced with the vital task of feeding the nation
in time of war. The details of the experimental procedure
during the war of 1911-18 are given in Food Production in
TWar, by Sir Thomas Middleton and in Food and Planning,
by Professor J. R. Marrack. In essentrals the food control
pohicy was based on the control of bread, sugar, meat and milk.
In 1916 a Wheat Commussion was responsible for carrying out
the bread policy of the Government. For scientific advice the
Commission had the services of the Food (War) Committee of
the Royal Society, a group of physiologists, biochemusts,
statisticians and agriculturists. The policy of the Govern-
ment demanded three things, namely; a greater home pro-
duction of wheat, a higher extraction of the wheat berry and
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a greater dilution of wheat flour. Home production was in-
creased from 1°6 million tons in 1914 to 2-4 million tons m 1918,
From a 76 per cent extraction in 1916, wheat extraction was
raised to 0 per cent in 1918. For the purpose of diluting
wheat flour, barley, mce, oats, maize, potato flour and even
beans were used. From 1917 to 1918 ddution ranged from 15
to 80 per cent; the latter figure was an extreme hmit which
lasted but for a few months in 1818.  The result of these methods
was & 54 per cent mcrease in the amount of flour produced in
1818, extraction being responsible for 25 per cent and dilutron
for 29 per cent of the increase. The price of bread was also
controlled by subsidy which amounted to £50,000,000 sterling
per annurn for three years.

Sugar, the first of all the foodstuifs to be controlled, was
the special care of a Royal Commission from 1514 to 1918,
and thereafter the supply was controlled by the American Food
Administration  Before the war and before the control from
the 1st January 1918, the amount of sugar consumed by the
people of this country was approxmmately  Ib. per head per
week. With rationmng the amount was never less than 8 oz.
per head per week. Despite labour shortage and bad weather,
the potato crop was mereased m 1918 by 20 per cent over pre-war
figures, due to an almost 30 per cent mcrease m acreage. Carbo-
hydrates were therefore well cared for during the first world war.

Because of the long sea lanes across which our meat has
to be transported, 1t is not surpnsing that with 40 per cent
of our meat imported and half of that from Argentina, the
supply and therefore the consumption of meat fell n 1917 by
81 per cent of the pre-war figure of 1912-13. The imports
of mutton and lamb from Australia and New Zealand suffered
most. The ploughing up of grass lands and the scaraity of
feeding stuffs for fattening animals were additional factors
causing this marked fall in meat supply. This was the legiti-
mate result also of the policy recommended by the Food {War)
COr.nmittce of the Royal Soctety. Home produced meat was
maintamed at pre-war levels until the end of 1917, when, due
e * T " =7 1918 by about 33 per cent

supplies, high prices, and

7 of Food to undertake the
control of meat supply by rationing, which was instituted 1n
1918 and was not stopped until December 1919,



38 FOOD AND NUTRITION

duties to which they may be called, and that protective foods
must be made available to the vulnerable groups; these are
infants, children, adolescents, pregnant women and nursing
mothers.

When 2 country such as ours faces as it did in 1915, and
even more sertously in 1940, a submarine menace calculated to
cut off all imported foods, its Government has to take steps
immediately to increase to the maximum the home produc-
tion of food.

The War of 1914-18.—During the first two years of the
1914-18 war there was httle change in the food supply, but
when by the close of 1916 Britain had lost 2,000,000 tons of
shipping out of a total of 17,000,000 tons and had only a
third of the tonnage available for the transport of food, then
regulations were enacted to ensure the increased production,
mmportation and equable distribution of vital foodstuffs. It was
not until 1917 that Lord Rhondda, as Food Controller, fixed
maximum prices for certain foods for producers and retailers
and also controlled the distribution of essential home produced
and imported food supplies. The first foodstuff to be con-
trolled by rationing at 8 oz per head per week was sugar. Other
foods, such as butter and margarine, were not controlled until
considerable hardship, caused by unfair distribution, roused
local authorities to arrange, through Local Food Committees,
schemes of puble distribution. It was not until 1918 that
rationing was made compulsory throughout the United Kingdom.
It was a long, tedious and at times anxious experiment in
food control, the results of which proved of great value when
we were agan faced with the vital task of feeding the mation
m time of war., The details of the experimental procedure
durning the war of 1914-18 are given in Food Production in
War, by Sir Thomas Mddleton and in Food and Planning,
by Professor J R. Marrack. In essentials the food control
policy was based on the control of bread, sugar, meat and milk.
In 1916 a Wheat Commussion was responsible for carrying out
the bread policy of the Government. For scientific advice the
Commission had the services of the Food (War) Committee of
the Royal Society, a group of physiologists, brochemists,
statisticians and agriculturists. The policy of the Govern-
ment demanded three things, namely; a greater home pro-
duction of wheat, a higher extraction of the wheat berry and



THE PROBLEM OF NUTRITION IN GREAT BRITAIN 11

had not the accuracy of those of the present day, it is clear
from dietary surveys that there must have beén a deficiency in
vitamins A and ). The anti-scorbutic vitamuin C probably
suffered the same viaissitudes as it has done from 1940 to 1945

In view of present-day knowledge, 1t could not have reached
satisfactory levels. Viewing the situation as a whole, one may
safely conclude that the initiation of food control was too long
delayed and that the success of the rationing schemes was largely
due to the fact that bread rationing had been avaxded, It was
this that enabled the country to face with fortitude the serious
dangers of March and Aprd 1618 A year before, errors made
by the Germans in estimating the harvest yields, and a failure
to control strctly all rationng, showed the world how quickly
““the will to win ” can give place to a demand for * peace at
any price ™',

Those especially concerned with the food problem realized,
if others did not, that the home front was as important as any
other front. The future, unfortunately, was destined to give
further corroboration of ths fact,
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Bacon and ham are extremely valuable foods, giving a
very high Calorie value. Two-thirds of these foodstuffs were
imported, about 60 per cent coming from Canada and U.S.A.,
but these imports rose above the 1913 level by 40 per cent in
1915 and 60 per cent in 1916, fell a httle in 1917 and rose again
1n 1918 to 100 per cent of the 1913 figure.

In view of the importance of the supply of liguid milk m
the 1939-45 war, it 15 of interest to note brefly the changes
m milk supply during 1914-18. No great change occurred
the number of cows but the supply of fresh milk fell some 15
per cent in 1917 to 25 per cent 1n 1918. Dried milk, of which
previously only small amounts were produced at home, was
so greatly increased that, in 1917, as much was home produced
as had previously been imported, and by the end of 1918 that
amount had been doubled  As a result of high prices (5d. per
pmt) the poorest income groups did not obtain adequate supples,
and ultimately, by the Milk (Mothers and Chldren) Order,
(February 1919) local authorities were empowered to supply
milk free to children under 5 years of age and to pregnant
women., This was a permussive regulation and, like many,
if not most non-enforced laws and regulations, was very
unsatisfactory.

Butter and margarine showed interesting changes in supply
and consumption. In 1918 the consumption of butter was
49 oz, that of margarne 1-76 oz. per head per week. In view
of the large amount of butter imported, approximately 90 per
cent before the war, a fall of 50 per cent in consumption by 1917
was not altogether unexpected. Margarine, of which about
half was imported, continued to be imported until 1918, when
it was stopped, the importation having fallen rapidly in 1917,
Home production was, however, greatly mncreased, so that in
1918 the consumption had risen from the 1918 figure of 1-76 oz.
to approximately 8:50 oz. per head per week. The doubling
of the margarine consumption, which at that time contained no
vitamin A, offset to some extent the loss in energy value due to
the fall 1n consumption of sugar and butter. Total Calories
fell but little—about 4 per cent. The greatest loss was 1n ammal
protein which reached the low unsatisfactory level of 25 grams
per head per day. Total protein, viewed from the present-day
standard, was low at an average of 69 grams per head per day.
YWhile during 1914-18, methods for the estimation of vitamins
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designed to place this nation i a food position strong enough
to face, with some degree of equanimity, the appalling danger
mnto which it was soon to be placed by a ruthless submarine
campargn. The magmtude of the problem can be seen from
Table 3 which shows the extent to which we were dependent
upen imported foodstuffs ; for flour, fats, sugar and checse we
were dependent upon importation to a degree which left usn a
very vulnerable positton. Table 4 indicates the main sources
of our imports of principal foods and feedingstuffs during the

TABLE 4

MAIN SOURCES OF IMPORTS OF PRINCIPAL GROUPS OF I'OOD
AND FEEDINGSTUIFS, ANNUAL AVERAGE, 1931-38

From Iow Britaws was fed 1 War Time, HM S O, London, 1946

Commotity Gronp OB | ISR ot ok of o o)
g
Wheat and flour . 5451 | Canada, 39 percent, Australa,
24 per cent, Argentmna, 15
per cent
Rice, other grams and pulscs Canada, 18 per cent; Brtish
(ncluding soya beans and India, Burma and Kwantung,
products) 1527 13 per cent, Tran and Iraq,
11 per cent; Soviet Union,
11 per cent
Anima) Argentina, b7 per cent, British
maize and matze meal) 5114 India and Burma, 11 per cent
Meat (neluding eanned mest Argentina, 82 per cent, Aus-
and bacon and ham} 1.436 traha and New Zealand, 32 pee

cent, Denmark, 13 per cent
Oulseeds and nuts, oils and fats 1,783 Egypt and Sudan, 24 per cent,
Brtsh India, Burma and
Ceylon, 20 per cent; Britsh
West Africa, 18 per cent
Sugar «| =218 [cCuba and S Domingo, 27 per
cent, Australia, 15 per cent,
Mauritis, 11 per ceat
Dary produce . 889 | Continentsl Eurape (1nc Soviet
Union), 45 per cent, Aus-
tmlu; and New Zealand, 39 per

Fruitand vegetables (including Eumpe (ncluding Channel Is-
tinned and preserved) 2,604 lands and Soviet Union) and
Canary Islands, 37 per cent;

US Aw 12 per cent.




CHAPTER IV

THE PROBLEM OF NUTRITION I
GREAT BRITAIN (contd.)

THE FOOD SITUATION DURING THE WAR, 1939-45

TaaT the experment m food control during the first Great Wa
bore not a httle fruit is shown by the activity of the Board o
Trade in setting up in 1937 a Food Department, the precis
functron of which was to mvestigate the most effective mean
for the supply and distribution of cereals, meat, butter, bacor
and sugar 1n the event of a major conflict ;n Europe. Initia
activity, however, was not the earnest of a continuing purpos:

Tamie 3

PRE-WAR FOOD CONSUMPTION IN THE UNITFD KINGDOM
SHOWING THE FPERCENTAGES HOME-PRODUCED AND IMPORTEL

From How Britain was fed 1n War Time, HMS O , London, 1046

‘Apnusl Aversge 1034-38
Commodity Group Percentage

Flour from wheat and other cereal
roducts 4,428 12 88
Fats {butter, lard, marganne) . 903 v 93
Sugar . 2,184 18 82
Meat (including bacon) 2707 45 55

Fish (mcluding canned) (edible
weight) . 523 85 15
Fpgs and egg products 500 60 10
Mk (hqmd) 4,579 100 —
Condensed mulk 260 70 30
Dried mitk 35 81 39
Cheese . 185 24 76
Potatoes 3,700 94 ©
Other vegetables 2,715 92 8
Frutt (ncluding tomatoes) . 2,406 26 Lt

(a) Partly dependent on imported feedingstuffs
42
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designed to place this nation in a food position strong enough
to face, with some degree of equammty, the appalling danger
into which it was soon to be placed by a ruthless submarne
campaign. The magnitude of the problem can be seen from
Table 3 which shows the extent to which we were dependent
upon mmported foodstuils ; for flour, fats, sugar and checse we
were dependent upon importation to a degree which left us m a
very vulnerable position. Table 4 mdicates the maimn sources
of our 1mports of prineipal foods and feedingstuffs during the

TABLE 4

MAIN SOURCES OT' IMPORTS OF PRINCIPAL GROUPS OF FOOD
AND FEEDINGSTUFFS, ANNUAL AVERAGE, 1934-38

From IHow Britan was fed v War Time, HM S O, London, 1916

Commodity Dreup i R R s R P
T
Wheat and flour 5451 | Canada, 39 per cent, Australia,
24 per cent, Argentna, 15
per cent
Rice, other grams and pulses Canada, 18 per eent, Dntch
(ncluding soya beans and India, Burma and Kwantung,
products) 1,527 13 per cent, Iran and Irag,
11 per cent; Soviet Union,
11 per cent
Ammal Redingstuffs Gncluding Argentina, 57 per cent , British
maize and maize meal) 5,114 India and Burma, 11 per cent
Meat (including canned meat Argentina, 82 per tent, Aus
and bacon and ham) 1,486 traha and New Zealand, 52 per

cent, Denmark, 13 per cent
Oulseeds and nuts, o1ls and fate 1783 Egypt and Sudan, 24 per cont ,
Brtsh India, Burma and
Ceylon, 20 per cent ; Bntish
West Africa, 18 per cent
Sugar . i 2308 | Cuba and § Domungo, 37 per
eent, Australia, 15 per cent,
Maunitius, 11 per cent

Dary produce ., 839 | Continentul Europe {inc Soviet
Unmon), 45 per cent, Aus-
tralia and New Zeatand, 39 per

eent
FrultBnd\egehblea(mdudmg Europe (mcluding Channel Is-
tinncd and presery 2,604 lands and Soviet Unton) and

Canary Yslands, 87 per cent ;
L US.A, 12 per cent




CHAPTER IV

THE PROBLEM OF NUTRITION IN
GREAT BRITAIN (contd.)

THE FOOD SITUATION DURING THE WAR, 1939-45

Trat the experiment in food control during the first Great War
bore not a Iittle frnt is shown by the activity of the Board of
Trade in setting up i 1937 & Food Department, the precise
function of which was to investigate the most effective means
for the supply and distribution of cereals, meat, butter, bacon
and sugar 1n the event of a major conflict m Europe. Initial
activity, however, was not the earnest of a continuing purpose
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PBE-WAR FOOD CONSUMPTION IN THE UNITED KINGDOM
SHOWING THE PERCENTAGES HOME-PRODUCED AND IMPORTED

From How Britain was fed in War Time, HM S O, London, 1946

Annual Average 1034-38
Comamodity Group
Percentaro
P Toms Froduced Beroentage
Flour from wheat and other cereal
products 4,428 12 88
I‘nts (butm. lard, marganne) 805 I3 93
2,184 18 82
Mm (mc]ud.mg bacon) 2707 prs 55
Fish (including canm-d) (edible
weight) . 523 85 15
Egys and egg products 500 60 40
Milk (iquid) 4,579 100 —
Condensed milh 260 70 30
Dried milk . 35 61 39
Cheese . 185 24 76
Potatoes . . 3,700 o4 °
Other vegetables . 2,15 92 8
Fruit (including tomnlozs) 2,400 26 74

(@) Partly dependent on {mported feedingstuffs
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foods in accordance with the standard of living and determines
the ration of any food per head per week m accordance with
the physiological requirements of the people. And the people
are composed of mothers, infants, children, adolescents, men
and women employed 1n various activities, mvahds and old
people.  All these groups have different needs in terms of
energy and of body-bwlding foods; they must therefore be
catered for on the basis of a scientific knowledge of thewr
physiological needs. Present-day knowledge of these physio-
logical needs was quite sufficient to guide the Mustry of Food 1n
developing therr system of rationing whereby food control was
exercised

THE RATIONING SYSTEM

The scheme of ratioming was based upon the 1ssue of coupons
whereby the retaer supphed, and the customer obtained,
rationed foods agamnst the appropriate coupons

Butter, Bacon and Sugar.—Rationing was operated on
either a per head weekly or a four-weekly basis. This was begun
on the 8th of January 1910, with butter, bacon and sugar.
While the ration of bacon ranged from 4 to 8 oz per head per
week, 1t was mostly held at 4 oz. Butter and margarne (the
latter mcluded on 22nd July 1940), with short-lived exceptions,
were rationed 1n the amounts of 2 and 4 oz. respectively, with
cooking fats at 2 oz. For the Christmas week 1944 the mar-
garme ration was raised to 12 oz,

Sugar.—Sugar rationing commenced with 12 oz per head
per weck and continued after May 1940 at 8 oz. per head per
week. On certamn occasions, as for the weeks preceding
Christmas, a speaial additional ration of 4 oz.1n 1910 and 1941
and 8 oz. m 1944 were made, and on other occastons the sugar
ration was exchangeable for preserves, in 1943 the rate bemg
1 Ib. of sugar for 1 Ib. of preserves and in 1944, 1 Ib of sugar
for 21b of preserves.

Throughout the war the basic ration of sugar was, with
one short exception in 1941, constant at 8 oz. per head per
week. The total sugar content of sugar, jam, marmalade,
honey and glucose moving 1nto civilian consumption fell from
a pre-war figure of 33 8 oz. to 2198 per head per week in 1943 ;
this represented a fall of 85 per cent. At approprate seasons
extra sugar was made available for preserving fruut and in leu
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pre-war period 1934-38. The invasion of Denmark and Norway
m April 1940 and of the Low Countries in May, and the final
capitulation of France on 25th June were responsible for the
immediate loss of sources of supphes amounting to almost 2
milhon tons annually The most important imports lost were
bacon and ham 55 per cent, condensed milk and milk powder
77 per cent, shell eggs 52 per cent and butter 30 per cent. This
and the extension of the war to the Near, Middle and Far East
altered the whole trend of our importation of foodstuffs.

Immediately upon the declaration of war in September 1939,
there was established, under Lord Woolton, a Ministry of Food
which was to prove one of the most successful of all War
Munistries. Realizing the importance of the morale of the civilian
population in fighting & total war, the Mimstry, through various
Saentific Advisory Commuttees, decided upon a food policy flex-
ible enough to meet the ever changing vicissitudes of war, but
having one all important aum, the adequate dlstnbuhon, to. all
classes of the yin d with their physiologi
requirements, of those foodstuffs deemed essential to the mainten-
ance of bodily health and vigour. With rapidly growing armies
and a tremendous increase 1n industrial activity, the like of
which this country had never seen, the problem became essent1-
ally one of limited importation and maximal home production
of food. The Ministry assumed full control over the purchase
and distribution of essential foods for human consumption and
feedingstutls for live stock. The effective handling of this vast
problem was made possnble by the mtegrahon of the work of

Advisory Ci hipp industry,
agriculture and medical science. Tocal Fcod Commuttees and
Food Advice Centres were formed; Bntish Restaurants and
Canteens were established in industrial areas ; and, by means of
numerous publications, statements in the daily Press and an-
nouncements on the air by the British Broadeasting Corporation,
much valuable mformation on what to grow, what to eat and
how to cook it was imparted to the general publie.

The crux of the pmb]em of maintaming the physical and
mental fitness of a nation is food distribution. Without an
adequate diet available to all, no nation can be expected to
survive the crisis of & great war or hope to become socially
progressive or pohtxcally stable Effective distribution demands
control from the centre, a control which fixes the price of essential

~
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in 1942, and the zoning of deliveries in towns with a population
of 10,000 or over.

In view of the increased demand for milk and despite
increased production and lhmited supplies of fresh milk,
National Household Milk powder was made avaiable during
the winters of 1942-48, 1943-44 and 1944-45. National House-
hold Milk was made from spray dned skimmed milk ; the dis-
tribution was based on sugar registration and the allowance
was one tin to each customer in two four-week perods: one
tin contained the equivalent of four pints of mulk.

Eggs.~—Under the Egg Control Scheme, put into operatron
in June 1941, consumers had to register with a retailer for shell
eggs, allocations of which were made from fume to tume.
Priority classes for shell eggs, first introduced on 17th November
1941, were nursing and expectant mothers, infants from 6 to
18 months and invalds: they received 4 eggs per week. A
year Jater the number of eggs was reduced for prionty classes
to 8 per week, chuldren under 5 years of age to 1 per allocation.

The shortage of egg supply led to a controlled distributton
of dried eggs from 24th June 1912.  On 7th March 1943 prionty
was granted for infants between 6 and 18 months but not for
mfants under 6 months of age, at the rate of 8 per week
One packet of dried eggs, equal to 12 eggs, was given per alloca-
tion to each customer registered for shell eggs.

Oranges.—In the interests of children of 6 months to 2
years and of expectant mothers, cod-liver ol and arange juice
were made avalable through vartous foed centres from the
beginning of 1942, and prionty distribution of oranges was
undertaken to himited areas as supphies were Tecaved With
the close of the German war, supphes mcreased and by Scp-
tember 1945 the supply by allocation of oranges to the public
became more frequent.

As preserves, jam, marmalade, syrup and treacle were
rationed from 17th March 1941; on 26th July 1042 syrup and
treacle were transferred to the points scheme of rationing
As required, either additional sugar for the making of yam was
teleased or the preserve ration became interchangeable for
sugar at the rate of 1 Ib. of preserves for 11b or 8 oz. of sugar.

To determune the efficiency of this method of control of
essential foods, the consumption and expenditure per head per
week of all the foodstuffs which made up the average war-time
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of preserves, the latter being gencrally of the nature of § Ib.
sugar for each lb. of preserves.

Meat.—During 1940 meat was rationed at an average of
1s. 10d. per head per week ; in 1941 it was valued, on an average
for the year, at 1s. 2d. per week, and remained so until 1945,

Cheese.—The cheese ration suffered considerable variation;
m 1941 1t varied from 1 to 3 oz. per head per week ; in 1042
1t was 4 oz, for the first half and 8 oz. for the second half of
the year; for the greater part of 1948 it was 3 oz. andin
1944 it was 8 oz. I the winter and 2 oz. in the summer and
carly autumn. A specal ration of cheese was made avail-
able for certam classes of workers, to whom canteens and
Bntish R were not ilable, such as agricultural
workers, miners, fishermen, forestry workers, ete. Vegetarians
were given extra cheese rations in lieu of meat and bacon. From
5th May 1941 their ration was 8 oz. per week per head; in
December 1941, 12 oz.; on the 26th July 1942 it was again
raised to 16 oz. and returned to 12 oz. on 10th January 1943.

In December 1941 a system of points rationing was intro-
duced whereby the consumer could purchase within a period
of four weeks certain foods wherever obtainable. These
“ pomts ” covered at first canned meats, beans and fish, but
later they were made to cover a wide range of foods. The dis-
tnibution of chocolate and sugar confectionery was controlled
by a system of * personal points * rationing.

An interesting feature in the distribution of essential foods
by the Ministry of Food was the control, through prierity groups,
of mlk, milk powder, shell eggs, dried eggs and oranges.

Milk.—Under & National Milk Scheme, beginning 21st July
1910, expectant mothers and all children under 5 years of
age were entitled to 7 pints per week. Children and adolescents,
from 5 to 18 years of age, received 8} pints per week, and all
children between 5 and 14 years who could not attend school,
were allowed 5 pints per week as from 6th October 1942
Invalds could, on a doctor’s certificate, recerve up to 2 pints
per day. The Milk in Schools Scheme whereby on school days
all scholars, if they so wished, could reccive one-third of a
pint of milk at the cost of }d., was already in force. To non-
prionty groups no definite quantity of milk was guaranteed.
Tmportant in the plans of the Ministry of Food for the economical
distribution of milk was the nationalization of milk distribution
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Calories as consumed (2370) with that representing Calories
passing into civilian consumption {2870) (Tables 6 and 7 (1942)).
On practieal grounds 3t may be broadly stated that, viewing
the expenment in national feeding as a whole, a food equvalent
of 8000 Calores per head per day should pass into consumption
and that, allowing a margmn to cover losses m the distribution
and cooking of food, 2600 Calories per head per day should
represent the amount of food eaten.

If all chuldren had been enabled to obtamn midday meals in
school, and had women with children been afforded the facthties
of more extensive war-time nursertes and, using these, had fed
daily at a British Restaurant or a work’s canteen, then with
the exception of the lower mcome groups, the adequacy of the
war-time dietaries would have much more closely approached
mmmum requirements. Certamly the nutntional condition
of a beleagured nation required constant vigilance on the part
of the Mintstry of Health, and the approach to mnimum nutr-
tional requirement could only be viewed with a sense of satis-
faction mn view of the perilous state in which we were Living.
But it must be admutted that no diet, which 1s characterized
by dfficult pl uncertain shopping and 1s
not enhivened by a freedom of chorce, can be regarded as wholly
adequate, no matter how perfectly 1t may meet the required
standards for calores and nutrients.

DETAILS OF FOOD CONTROL AND
COMPARISON OF RESULTS
In carrymg out dietary surveys month by month from 1942
onwards, the Mmstry of Food placed essential foodstuffs in
twelve categories. See Table 5. These were :
Dairy Products—milk (fresh Iiquid, national school, skimmed,
1 iand 1 d 1

d whole
sweetened skimmed, dried whole and dried skimmed)
and cheese.
Jeat—beef, mutton snd lamb, pork, offals, canned meat,
bacon and ham.

Fish, Poultry and Game—{resh, frozen, fried and canned fish,
rabbit.

Eggs—shell, dried and liquid.

0Oils and Fats—butter, margarine, lard, edible oils and fats,
4
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diet were noted by dietary and budgetary surveys carried out
by several bodies, such as the Ministry of Food, the Ministry
of Health, the Combined Food Board of the U.S.A., Canada
and the United Kingdom, the Department of Health for
Scotland and the Oxford Dictary Survey.

In the United Kingdom, the value of rationing was soon
apparent. By the winter of 1940 there was a marked fall in
the consumption of meat, poultry and fish, sugar, fats and fruit.
This meant a loss of valuable nutrients particularly of animal
proten and fats. The fall 1n sugar was largely ofiset by a nse
in the consumption of bread and potatoes. The period of
greatest food shortage was in the first six months of 1941 when,
due to the reduction i sugar to 8§ oz. per head per week, pre-
serves to 8 oz, per head per month, and edible fats to 8 oz.
per head per week, the amount of supplies moving into civilan
consumption were equivalent to, approximately, 2680 Calories,
33 grams of ammal protemn and 105 grams of fat per head per
day. At this time dietary surveys showed that, in approximate
figures, heavy workers were receiving diets which gave them
2627 Calories, 77 grams total protemn, 28 grams of ammal
protemn, 880 grams of carbohydrate, 81 grams of fat, and 720
mlligrams of caleium Lower income groups were recerving
about 300 Calories less, due mainly to restrictions in sugar and
fat and their inability, dunng a time of great stress and strain,
to make full use of rationed and unrationed foods. Improve-
ment was apparent late in 1941, when lease-lend supphes
arnived from the U.SA. and was maintained by increased
home production of vegetables, potatoes and fresh fruit, as also
by the ncrease 1n the extraction of flour to 85 per cent. A
steady merease in the amount of milk and milk products con-
sumed also added to this improvement by mereasing animal
protein and calewum. In 1942, surveys showed heavy workers
receiving 2647 Calories, 86 grams total and 35 grams animal
protein, 349 grams of carbohydrate, 93 grams of fat and 820
milligrams of calcium, while the Ministry of Food surveys
showed urban workimg class houscholds to be recerving 2339
Calories and 2269 Calories in 1941 and 1942 respectively. The
chief deficiencies were still 1 Calories, anmmal protein, fat and
calcium.

Interesting as a comment on national economy in the hand-
ling of food 15 the comparison of the average figure representing



THE PROBLEM OF NUTRITION IN GREAT BRITAIN 51

within the group. The advantage of this is shown i Tables &
and 6 For example, during the war dried eggs generally re-
placed shell eggs, canned meat replaced carcase meat and
dried milk replaced fresh ymlk, The pre-war figures given as a
basls of comparison are the averages for the years 1934 to 1038
and the factors for the conversion of food supphes into texms
of putrsents are derived from tabies compiled by the Medical
Research Couneal and the Food and Agneulture Orgamsation.
No allowance has been made for wastage i retail shops or the
home but 1n caleulating nutnent ntakes {Fable 8) allowanee s
made for inevitable Josses m the preparation of food for the table.
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A praphic representation of war and post-war changes as
detmled 1 Tables 5 and 11 is given m Figs  6-12 which arc at
the end of this chapter,

Miik.—~The policy of the Government was to encourage
the production of fresh hqmd ik, The amount of milk
moving mis consumplion increased by 1844 to 41 per cemt
sbove thepre-waramount  Despite the mcrease in consumption
from 3 20 to 4 66 pints per head per weck there was in 1932
marked dimanation tn the supply to non-priortty groups, That
the prionty groups recesved thar supplies at the expense of
non-prionity groups was sound nahonsl policy. Non-priority
consumers made up their defictencies hy the use of condensed
milk and dried sk 1 milke (N 1 Houschold Mitk),
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Sugar and Syrups—sugar, jam, marmalade, honey and

glucose,

Polatoes.

Pulses and Nuts—peas, beans, soya flour and edible nuts.

Fruit—{resh, canned and dried, including tomatoes.

Vegetables.

Grain Products—flour, barley, oats, rye, cereals, rice and

starch, taproca and sago.

Beverages—ten, coffee, cocoa.

About one hundred specific foods were checked. The trends
in food consumption dunng the war can be sufficiently well
indicated if the more important of these categories be examined
(see Table 5).

The method used by the Ministry of Food in calculating the
national average level of food consumption by the civiltan popu-
latton 1s that devised by a Special Jomt Committee set up by the
Combined Food Board in 1943, This method was used in
revising the figures from 1934-88 to 1948. It should be noted
that the total food supplied to the nation does not equal the
amount of food consumed by the civilian population and there-
fore 1n order to arnve at figures which represent the supplies
of all food moving wnto civilian consumption, deductions must
be made from the total food supplied to the nation, be 1t imported
or home produced, of foods set aside for industrial and other non-
food purposes, export and supply to the Armed Forces, seed
and feeding to hive stock. The figures so obtained, generally
termed food consumption levels, velate to the population as
a whole and imdicate the amount of food which reaches the
retail shops, schools and catering establishments. And further
it should be noted that these latter figures are higher than those
obtamed by dietary surveys which give data for selected groups
of the population. Much unnecessary confusion and contro-
versy would be avorded if the differences between these two
methods were clearly borne in mind when discussing the
nutntional status of the nation. Fig. 5, showing only the

i m Calories the two estimates, will give
warning that sumilar differences may exist in a survey of all
nutrients.

The Ministry of Food have pointed out that it is frequently
more significant to consider food groups instead of mdividual
foods, because of the subshiution of one food for another
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1943 saw the hasic ration fall from 6 to 8 oz., the special ration
remammng stationary. During the summer months of 1944 the
basic ration was reduced to 2 oz. and, after bemng rased to 3 oz
on the 15th October 1944, 1t was again reduced to 2 oz. on 1st
Apnl 1945, Pre-war consumption of cheese was 271 oz. per
head per week. During 1941 the amount moving into civilian
consumption was 2 55 oz. and 1n 1942 1t was 4 8 oz, per head per
week ; during the ensung three years 1t fell steadily towards
the pre-war level.

Meat.——In the pre-war pertod 1934 to 1938, the total amount
of meat passing into civiban consumption in this country was
112'4 Ib. per head per year; for the U.S.A. and Canada it was
1117 Ib. and 97-3 Ib. per head per year respectively. In terms
of first quality beef, that is beef with bone, the amount passing
into civilian consumption was for the pre-war period 16-27 oz.
per head per week. In 1940 the amount was 14°06 oz. and ;n
1941 1t had fallen to 11-14 oz, per head per week ; this latter
figure was 68 per cent of the pre-war consumption. The year
1942 saw a further fall which reached its maximum m 1943
when the figure fell to 7 21 oz. per head per week In 1944 it
rose to 8 88 oz., approximately half the pre-war consumption.
The quality of the meat supples suffered some deterioration
due to the stoppage of the importation of high quality chilled
beef, the reduction m home production to conserve bread gram
for human use and the great mncrease in the import of frozen
boneless meat. The amount of frozen meat coming into arvilian
consumption rose raprdly from 0-52 oz. per head per week pre-
war to 215 oz. in 1941 and to 4'78 oz.1n 1942; thus was equal to
an increase of 800 per cent. The following year there was a fall
n the consumption of frozen meat to 2-88 oz. per head per week,
at which figure 1t remained throughout 1944,

‘The marked fall in the consumption of first quality beef,
coupled with a fall 1n 1940 of the supphes of bacon and ham,
was largely offset by an increase n the use of canned beef and
frozen boneless meat. It was largely due to the tremendous
effort of Canadian producers that the consumption of bacon and
bam did not fall below 25 per cent of the pre-war figure n 1840
and did not at any time fall below 80 per cent of the pre-war
figure. (Fig. 7.)

To sccure as equitable & distnibution of meat as possible,
butcher meat was rationed from 11th March 1940 at 1s. 10d.
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The production of cream and ice cream was prohibited from
1041 until 1944. The steady upward trend in milk consumption
1s more marked if one compares the consumption for the
third quarter for the years 1941 and 1942; it was 27 and
82 pints per head per week respectively. In the winter
quarters there was the usual seasonal fall in consumption.
In 1942 a 80 per cent increase in the amount of milk supplied
to prionty groups was due to an increasing consumption of
milk in schools and in households where priority milk was
due. It is also noteworthy that at this time expenditure on
milk supplies mereased and less free milk was accepted, a situ-
ation ansing from the increased amount of free money avatl-
able in this country. In this connection it is interesting to
pare the milk p in mdustrial and non-industrial
towns as shown by surveys during the month of November
1985 and 1944; towns such as Jarrow, Wallsend and Seaham,
which had suffered greatly m the pre-war industrial depression,
showed a nse from 0 14 pints to 0-52 pmts per head per day,
while non-industrial towns showed no marked change from a
general average of 0 50 pints per head per day. On 15th July
1945, milk for non-priority groups was reduced from 3 to 2}
pints per head per week. Before the war, condensed milk was
used largely by working classes, dried milk almost not at all
When powdered milk was ntroduced, the highest economic
groups were much bolder in experimenting with it than were the
lower economic groups. This may have been due to the fact
that in those higher economic groups greater use was made of
fresh milk and, therefore, when milk became scarce, and house-
wives, feeling that milk should not be omitted from the dietary,
did therr best to their diminished supplies of fresh
Iiqud milk by means of dried milk. It has been stated that
if the powdered milk had been of the highest grade of produc-
tion and had not therefore lost too much of its fat content,
the general publi, if capable of making it up properly, would
have been unable to differentiate with any degree of accuracy
between reconstituted rmlk and fresh milk. (Fig. 6.)
Cheese.——On 5th May 1941 the ordinary cheese ration was
only 1 oz. per head per week, on 80th June, 2 oz. and on 25th
August 1941 it was raised to 8 oz. On st June 1942 the basic
ration was 4 0z., the special ration 8 oz, and they were raised
to 8 oz. and 12 oz. respectively on 26th July 1942, The year
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egg powder, equivalent to 12 eggs, per allocation for every
- customer registered for shell eggs. During 194142, there wasa
very definite and continued fall n the production of shell eggs,
and concomitantly, dried egg powder reached 1ts highest pomt
of consumption in the winter of 194344  Despite much propa-
ganda, 1t was not a popular substitute for the shell egg, as was
shown by the rapid merease in the purchase of shell eggs as soon
as this became possible in the summer of 1945. Of course, this
increased use of shell eggs was seasonal and during the winter
months the public had perforce to make a greater use of dried

egg powder, “~tv ' e was a marked
improvement i nprovement the
more stnking as 1t obtained

in 1943-44, when the supply of shell eggs had fallen by 55 per
cent of the pre-war figure. This tremendous fall in shell egg
consumption was almost made good by the use of dried eggs
which are nutritionally, but not entirely in the cultnary sense,
equivalent to shell eggs. On 22nd July 1945, the allocation of
8 shell eggs per week for children of 6 to 18 months was extended
to children up to 2 years of age. (Fig. 9.)

Dehydrated foods, by loss of water, suffer alteration of
protein structure which will to some extent prevent on reconsti-
tution the development of the full flavour, appearance and
taste of the food. It 1s extremely difficult to get people to hike
a new type of food unless one 1s prepared to see to it that the
new type of food can be well d, that a iderabl
period of time 1s taken over 1ts introduction and that the pubhe
is fully instructed in the best methods for its use. That the
Munistry of Food was fully zlive to these points was demon-
strated by their propaganda and the setting up of Food Advice
Centres.

Butter and Margarine.—Before the war butter consump-
tron 1n this country was 7-61 oz. per head per week. At the end
of 1940, the consumption rate had fallen by 44 per cent and
n 1944, by 70 per cent of the pre-war figure. This fall was
entu-ely oﬁset by an ncrease of almost 100 per cent in the con-
1) g. 10.}

Brend.—Exnncmm and. dilution n( whsat flour were the
subjects i’or discussion in the first world war, extraction and
for the bases of d ion in the second. In July
1940, the Accessory Food Factors Commttee of the Lister
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worth per head per week. In September 1940 the price was
raised to 2s. 2d. but fell to Is. 10d. m December 1940 and to
1s. 2d. on Sth January 1941. From 81st March to 6th July
1941, the value was Is. per head per week, but it was agam
raised to 1s. 2d. on 7th July 1941, and that level was virtually
mamntained up to 1845, Children from 18 months to 5 years
—that is, holders of Child's Ration Book RB2—had half a ration
of meat, chuldren 5 years and over were entitled to an adult
ration of meat.

Numerous varieties of canned meats were on points rationing.
Offals, meat pies and sausages, because of their perishability,
were not rationed. The meat content of sausages was fixed
at 875 per cent; some latitude in fulfilling this prescription
was allowed. The nutritive value of sausages was improved
when the addition of 7-5 per cent of low fat soya grits became
compulsory on 25th July 1948,

Fish,—Fish, particularly cheap fresh fish, suffered a marked
reduction in supply, due to the acquisition by the Admiralty of
many trawlers for naval work. The consumption of fresh fish
fell in 1940 to 51 per cent of the pre-war intake which was
67 oz. per head per week ; in 1942 it was 63 per cent, in 1943
it was 65 per cent and m 1944 it was 73 per cent of the pre-war
value. This latter figure represents an intake of 49 oz. per head
per week. The consumption of canned fish remained almost at
the pre-war figure throughout, with the single exception of the
year 1940 when it was 44 per cent above the 1938 level. (Fig.8)

Eggs.—The lack of shell eggs was one of the major depriva-
tions of the war  In 1935 the average number of eggs eaten
was 3 per head per week of the population; in 1937-88 the
number was 8:4; m 1941 it had fallen to 2:3 and m the winter
months of 1942 1t was one-fifth of an egg per head per week.
Such a situatton was not unforeseen, for the control of shell eggs
came mnto force on 80th June 1941, and five months Iater priority
supplies were announced for nursing mothers, children under
5 years and mvahds. In 1041 prionty groups recerved 4 shell
eggs per week, m October 1942 nursing mothers were allowed
3 eggs per week, children 1 egg per allocation. VIn March 1943
a prionty at the rate of 8 eggs per week was given for infants
between 6 and 18 months old. Such priorities were physio-
logically well founded, and the deprivation of other groups acea-
sioned thereby was offset by the allowance of 1 packet of dried
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in the production of 82} per cent extraction flour, could
produce an 80 per cent extraction flour, the nutrient percentage
of which equalled that of the 82} per cent flour.

Fruits.—Supphes of fresh citrus frnts fell very rapdly
in 1941, until, in 1943, 92 per cent of all fresh atrus fruits had
disappeared from British homes. Oranges, whenever available,
were subjected to a strictly !
mothers and children under 5 years of age having prxonty,
the sale bemg Limited to these groups for the first five days
following the appearance of the oranges on the open market.
The consumption of citrus juces had, by 1948, been doubled,
largely by the issue of them to mfants and expectant mothers.
{Fig. 11.) Fresh tomatoes were mamtamed mn good supply
throughout,

Sugar.—The consumption of sugar fell from the pre-war
figure of 819 oz. per head per week to 22 oz per head per week
in 1940 and remained at about 20 oz. per head per week
throughout the war period, The fall in sugar mtake had ap-
parently no bad effect upon the health of the people, due
possibly to the fact that the of other carbohy
foods, particularly potatoes, increased steadily until 1n 1944 the
carbohydrate consumption was Just above the pre-war figure.

Potatoes.—DMore potatoes and vegetables were possibly
eaten than the figures show, since these were grown by many

F . e PR e .

84 40 oz. per head per week, a 56 per cent increase upon the
pre-war level of 54 oz. per head per week  (Fig. 12 )

In this brief account of the feeding of a nation in war-time
no reference has been mede to the difficult task of maintaining
& steady flow of foodstuffs to the Navy, Army and Air Force
in all parts of the world, but 1t will be readily realized that the
feeding of the people of the Umted Kingdom was but one
aspect of the whole gigantic problem facing the Government,

In Table 5 is given a summary of the changes in the con-
sumption of the pnineipal foods ; the rates of consumption from
1538 to 1944 are given and the changes from 1938 to 1944
stated as a percentage of the 1938 figures. A detailed compara-
tive statement of the consumption of foods in the U.S.A.,
Canada and the United Kingdom throughout the period of the
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Institute and the Medical R h Council r ded that
extraction should be 85 per cent, on the knowledge that flour
of ngh extraction contamed appreciably greater guantities of
won and vitamms of the B group than white flour. Acting on
this advice, the Ministry of Food placed on the market the
National Wheatmeal Loaf. This was in the spring of 1941,
and during this year the national wheatmeal loaf was certainly
not popular. This may have been due to its lack of palata-
bility, poor keeping properties, uncertain colour, all of which
may have been the result of allowing the bakers to make up an
85 per cent extraction by adding bran to white flour. In March
1942, as a result of shipping losses, the milling of 85 per cent
extraction flour was made compulsory, and n June 1942, the
Medical Research Couneill advised that the bran content of
the flour should be brought down from 6 to 4 per cent, an
alteration which Jed to an improvement in colour and quakty.
In the same year flour was fortified by the addition of 7 oz
of calcum carbonate to the 280 lb. sack of flour; this was
done to counteract the caleium binding power of the in-
creased proportion of phytic acid 1n the 85 per cent extraction
flour, and incidently improved the caleium intake of the popu-
lation. Previous to April 1942, about 96 per cent of the people
were eating white bread. Sir W. Crawford and H. Broadly in
The People’s Food (1938), state that, in the highest economic
groups the ratio of white to brown bread eaten was 87 to 1,
while 1n the lowest groups 1t was 28-7 to 1. It was also noted
that the lhighest economic groups reacted more favourably than
the lowest to the national loaf, but after about one year, it was
still apparent that 50 per cent of the people continued to favour
white bread and only about 25 per cent were wholly in favour
of the new loaf. Several reasons were forthcoming for this
unfavourable attitude; on the question of taste 50 per cent
of consumers still continued to favour white bread, about 30
per cent accepted 1it, the remainder were doubtful or un-
interested. As to its nutntive value, again about half of the
people realized that the national wheatmeal loaf was better
than white bread. Not a few complaints referred to the lack
of those cutting and keeping properties which characterize
white bread. The national loaf was an experiment, the results
of which were fully realized by 1945, but are now apparently
being rapidly forgotten. Millers, after 8 or 4 months’ experience
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TaBLE 5 (contd.)

0 per head per week (xcept milk and egm)

Ko | o0 | a0 | ases | eas | res
193438
Tgge N
(a) Shell eggs, No 31 27 | 23 | 17 | 14 | 14
Ag percentage of pre-
war {a) - 87 74 53 15 15
{8} Shellegg equivalent
of shell, dried and
Liquid eggs, No 343 | s20| 274 s00| 315 sm
As percentage of pre-  |———o|
war (5) — 2 80 8 92 o7
Oils and Fats
Butter . 7e1 | 430 | 810 236 | 233 | 236
Marganine zer | 473 | 538 | 538 | s22| 546
Lad 282 | 279 [ 307 | 365 | 362 | av2
Fbleosand fats . | 252 | 280 | 206 | 203 | 189 | 169
Total {fat content) 13 91 1283 ) 1228 | 1215 11 65 | 1197
As percentage of pre-
war - 91 88 87 84 86

Sugar and Syrups
Sugar 319 2200 | 2060 | 2130 | 2080 | 2152
Jam and marmalade
{1mported) . 003 — 009 — 061 064
Honey ond glucose 220 215 122 110 0 9% 107

Total {sugar content) | 318 2382 | 2160 | 2216 2198f 2325

As percentage of pre-
war

Potatoes 5415 | 5120 | 5780 | 6920 | To 22 | 840
As percentage of pre-
war

Fruit
Fresh tomatoes 320 | 232 | 212 264 273 282
Fresh eitrus fruits 875 626 | 1237 143 o0a1| 215
Other fresh fruit 1515 | 1195 | 387 | 909 820{ 778

Cannedfrut (notestrus)| 318 196 | 058 | 08| o089 | 021

Total (fresh equiva-
Tent) . . 4330 8380 | 1825 | 2885 | 2390 | 2878

As percentage of pre-
‘war . . —_ 76 42 (14 55 &6
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TABLE 5

SUMMARY OF FOOD SUPPLIES PER HEAD PER WEEK MOVING INTO
CIVILTIAN CONSUMPTION IN THE UNITED KINGDOM, 1034-1944

Compiled from data in Food Consumption Levels, TT M S.0., 1944, 1947, 1948,
and Statisties Relating to the War Effort an the United Kingdom, 11 M 8.0,
194

Thus includes foods used m eatering establishments and quantities used for
food manufacture and also food produced by the people for therr own con-
sumption. This explamns those figures which are hugher than the domestic

ration
01 pet head per week (except milk and eggs)
Prewar
Average 1840 1941 1542 1943 1944
1934-38
Dairy Products (exclud-
ng butter
Liquid rulk (pints) 830 | 852 400f 430 s50] 466
As percentage of pre-
war (mulk, pimts) | 100 107|121 f130 |18 [
Cheese . 27 | 251 255| 430 353 312
Evaporated ik 074 037) 110] o092| 052 049
Condensed milk 804 | 208( o59] oer| o098| 078
Dried whole milk 018 [ 017 o12| o018} o025 031
Drned slam mitk 031 033| 012| omi| osf o067
As f pre-
war (milk sohds) . — 100 | 106 | 127 | 181 } 128
Beat
Beef—bone in 1627 | 1406 | 11e | 752 | vo1 [ 838
Beef—boneout .| 052 | 068 215 478 | 288 | 285
Mutton and lamb 774 | 925| 664 | 740 | 805 | 688
Pork . 353 | 801 | 209 | 150 227 | 454
Offals 227 | 2315 | 187 | 107 172 200
Canned corned meat 06t — | o1z | o7a| 101! o002
Other canned meat 025 | 038 o061 153 | 141 178
Bacon and ham 830 | 620 s586| 596 | 568 ( 724
Total (edible weight) [ 3365 [ 3040 [ 2630 | 27350 | 26 60 | 20 50
As percentage of pre-
wat - 20 78 82 ™ 88
Fush (fresh, frozen, cured
and eanned) 822 520 460 512 550 615
As pemntnge of pre-
war . — [ 56 62 14 8
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quid It is to be bered that by a more cqual
distribution of foods to all classes of the community and with
the intakes mentioned, the people of the United Kimgdom
maintained a remarkably good health record durmg five years
of total war. It will be admtted, without questton, that n
peace time the full dietary requirements should be attamned
by all, but the standards generally referred to m the past have
possibly been a little too high.

TABLE 6

NUTRIENT EQUIVALENT OF SUPPLIES PER IIEAD PER DAY
MOVING INTO CIVILIAN CONSUMPTION IN THE UNITED KINGDOM

Compiled from Food Consumption Letels tn the Unated Kwngdom, XIM S O, 1940

Per head por day

Prowar [ 1010 [ 1041 | 10s2 [ 1043 [ 10w
Protein—
Ammal . 427 333 | 3571 403 | 398 [ 414
Vegetable 372 ) 404 | 467 | 463 455 | 457
Total

Fat from all sources

Carbohydrate 8770 | 3501 | 3675 | 3638 | 3700 | 3363
Calewm mg 693 [ 677 | o098 | 838 | 1,052 | 1,030
Iron . mg [ 124§ 127 | 125 155 160| 182
Vitsmn A, IU | 3,007 | 3,685 | 3,604 | 8,795 | 3,565 | 8,779
Ascorbie acid mg 96 86| 81 o1 | o7 103
Vitamin B, mg 12 13 15 17 19 20
Riboflavin mg 16 16 16 20 20 21
Nicotnze acid mg | 14| 136 130 140 146 150

Energy values—Calonies | 3,000 | 2,800 | 2,820 | 2,870 [ 2,860 | 3,010

Calories.—Dretary surveys carrred out durng the war
showed that Calories were on an average some 10 per cent
below the normal, total protemn was, on the other hand, well
maintained for adults i all but the lowest income groups, but
not for adolescents.

Protein,—Thronghout the 5 years from 1930-35 there
%as no essential change in the average amount of total protein
mgested. Low income groups suffered up to 15 per cent
deficiency ;  higher income groups suffered no deficiency.
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TABLE 5 (contd.)

02 por hoad per week (rxoept milk and eggs)

Pre-war
Average | 10i0 | 1pst | ez | 1848 | 1sid
1934-28

Vegetables 3300 3020 | 3350 [ 3660 | 3580 | 3860
As percentage of pre-
war -_ 92 101 111 109 18

Grain Producty
5960 | 6400 ] T280 | 6960 | TOTO [ 7135

Total grains 6450 | 6040 | 7980 | 7550 | 7656 | 7763
As

of pre-
war . . - wr | 122 | 17 | v8 | 120
Beverages
‘Tea, coffee, cocoa 452 178 148 430 360 | 393
As percentage of pre-
war . — 106 | 99 95 8 87

war has been p d 1n Food C ption. Levels, 1944,
1947 and 1949, 1ssued by H.M, Stationery Office.
Nutrients.—From the data in Table 5 the average number
of Calories and the average amount of nutrients per head per
week made available to the people have been computed and are
shown m Table 6. These figures represent in general terms the
amount of food passing into civilian consumption and give
no clue to the extent to which the available foods were taken
up by different sections of the population. This latter point
can only be decided, and that only approximately, by repeated
dietary surveys. Table 7, made up from dietary and budgetary
survey data, shows how varted can be the intake of nutrients
despite controlled distribution of essential foods, and indteates,
as these surveys always do, how important in the feeding of
families 1s the amount of the net income (1€ income available
after rent and taxes have been deducted from the total weekly
earnings). Table 7 shows quite clearly how impossible 1t was
to obtain an adequate diet where the income was less than 10s.
per head per week. ,
The dietary intake of the nutrients per head per week of
the population did not in all respects fulfil the physiological

P
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bave a sufficiency of calcium stored n therwr bones to prevent
the develop of any d deficiency, but children and
nursmg mothers are not in such a favourable position. These
are nationally the most important categorres and any enticism,
and there has been some, of prionity mlk for these 1s based
either on ignorance ar prejudice.

Vitamins.—In the lower mcome groups vitamins A and B
were reduced, vitamin A on some occasions being as low as 44
per cent of the required amount. The fall i vitammn A may
at times have been due to a reduction in the consumption of
lver. If the usual figures for vitamm C be accepted then
vitamin C showed some serious deficiencies and only short
seasonal mcreases above the normal; at the end of the wmnter
months or m the early spring, the amount of vitamin € 1 the
dictaries of the people was reduced for all groups and, on occasion,
for the Jowest mcome groups to 87 per cent of the requirement ;
but during the summer and late autumn with a greater con-
sumption of green vegetables, there were short periods of two
to three months in which the mtake was well above rormal.
Since vitarmin C 15 not stored in the human body, any increase
m the mtake over short periods can be regarded as of little value
in preventing scorbutic conditions Vitamm C, always the
least available of the vitamins, and particularly so at the end
of a winter, showed as an average for low economie groups a 50
per cent fall in March 1942,

From a general survey of the food situation during the years
1943-44, one may conclude that a comparatively steady state
of food consumption had been attained durmng these years.
Having regard to the military disasters and reverses of 1940
and 1941, and the continued strenuous effort called for by all
on the sea, in the air and on the land throughout the momentous
Year, 1942, one 1s surprised that, faced with unending diffi-
culties of transport and distribution of food, the Ministry of
Food was able to give the nation a diet so Lttle removed from
the normal mn most of the required nutrients From monthly
surveys of the dietaries of the workmg classes—industral and
manual labourers—the constancy of the mtake of foods is
marked. Seasonal vanations naturally occurred m the con-
sumption of vegetables, preserves and milk in schools, and
changes duc to oversca transport difficultics became mantfest
In the alteration of food rations and ** pomnts " distribution, By
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Animal protein was diminished on an average to 35 grams per
head per day; low income groups had less, probably as httle
as 25 grams per head per day. It is difficult to say to what
extent the fall in total protein would have been detrimental
to the health of the lower income groups had the war lasted one
or two ycars longer.
TaBLE 7
COMPOSITE TABLE OF DATA COMPILED FROM VARIOUS DIETARY
AND BUDGETARY SURVEYS, SHOWING THE NUTRIENT CONTLNT
OF FOODS AS PURCHASED IN 3 INCOME GROUPS

WivteR 104142

tvexlge lmm alll Jncome undez Income up to Income
75 perhead | 10s perhead [ 13s pe!hnd
hud Per dav perday per day per da
Calories 2,200 (92} | 1,750 (78) | 2,870 (88) | 3,020(118)
Proteins—
Total 71 (110) 55 (88) 77 (109) mv (150)
Ammal 35 35
Caleium 610 (67) 490 (54) 660 T4) 7»0 (88)
Vitammn A IU | 2,600 (56) | 1,900 (44) [ 2,900 {63) | 4,000 (81}
Vitammn B, mg [ 102 (73) fosy (60) [ 111 (77) [ 14+ (o4)
Vitanun € mg 85 (50) 25 (37) 89 (56) 58 (80}
SummeR 1042
Calories 2,300 (100) | 2,880 (90) | 2,850 (100) | 2,930 (116)
Protems—
Total 75 65 70 N
Animal a3 24 30
Caleum . 740 (82) 580 (84) 740 (82) 930 (106)
yitammn A LU | 3,200 (70) | 2,300 (50} | 3,200 (70) | 4,400 (120)
Vitamuin B, mg.| 112 080 120 165
Vitammn C mg 95 65 100 130

Tercentage of the requurements of the sample m brackets

Calcium.—1In all low income groups, that 1s where the family
income was less than 7s. per head per week, there was in 1941-42
a very defimte lack of calcium in the dietary. When one con-
siders that milk 1s responsible for practically half of the caleium
of the diet, a fall of 33 per cent in the mtake is a serious matter.
Consideration of the figures for calerum intake leads ta the
conclusion that priority supplies of milk to children and
nursing mothers were fundamentally sound. Normal adults
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meat and other foodstuffs, which were on the ration ; but Major
Lloyd George, in a statement made in the House of Commons,
pomnted out that there would be considerable difficulty in
collecting ration coupons in varous restaurants, canteens and
eating places and, as a considerable proportion of the people in
large eities fed at midday in restaurants, 1t was necessary to
preserve a certamn elastieity. That some meat went to those who

TaBLE 9

MAIN SOURCLS OF IMPORTS OF PRINCIPAL GROUPS OF FOODS
AND FEEDINGSTUFKFS, 1044

From How Britain Was Fed tn War Time HMS O, Londen, 1946

Commodity Grovp Bt B ottt e
‘Wheat and flour . . 3,624 | Canada, 83 per coent, Argen-
tina, 12 per cent
Rice, other grams and pulses
(including soya beans and
products) 141 | USA, 58 per cent
Animal feedmgstults (melading Argentina 78 per cent, US A,
mize and maize meal) 216 10 per cent.
Meat (includimg canned meat Argentma 33 per cent, USA,
2and bacon and ham) 1,768 23 per cent, Canada, 21 per
cent, Australa and New
Zealand, 16 per cent
Ousecds and nuts, oils and fats | 1,068 | Bnt W Afriea, 36 per cent,
Bnt India, Burmaand Ceylon,
19 per cent, Argentina, 16
per cent, French \V. and
LEquaton il Africa, 10 per cent
Sugar. . 1156 | Cuba and San Domingo, 77 per
eent
Daury produce . 664 USA, 52 per cent, Australm
and New Zealand, 35 per cent
Fruit and vegetablea (mcludmg USA, 26 per cent, Eutope
tinned and preserved) 618 (ncfuding Chonnel Is and
Sas et Unton) and Canary Is ,
25 per cent, Umon of
Africa, 12 per cent.

did not requure it, to the detriment of the physiological needs of
others, ay be quite true, but none would deny the value oi' the

Brtish R,

and catering est: in

PPl
supplementary rations to men and women engaged in war work,

‘The loss of Ex
5

markets, the of a lend-]
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means of the points system, introduced late in 1941, the purchase
of non-rationed foods could be controlled as occasion arose.
When a reduction in a main foodstuff became necessary, the
loss of nutrients was made good by reducing the number of
points required to purchase a foodstuff which was a good
source of the principal nutrients diminished by the ration cut.

TaBLE 8

FOOD CONSUMPTION IN THE UNITED KINGDOM IN 1944
SHOWING THE PERCENTAGE HOME-PRODUCED AND IMPORTED

From Ifow Britain Was Fed in TWar Time HM S0, London, 1948

Anpual Average, 1044
Commodity Group
i [ ) e

Fiour from wheat and other cereal
products - . 5,492 43 56
Fats (butter, lard and margarime) 819 2 i
ugar . . . 1,641 27 73
Meat (ncluding bacon) 2,577 85 65

Fish (ncluding canned) (edible
weight) . . . . . 436 55 45
Eggs and egg products . 279 63 a7
Milk (hqud) . 6121 100 —
Condensed rmlk . . . . 195 53 Ll
Dried milk L. 70 21 7
Cheese . B . 230 7 23
Potatoes . 8,450 100 -
Other vegetabies ,220 29 1
Fruit (including tomatoes) 1,324 61 89

(a) Partly dependent on imported feedingstuffs

The points system helped towards a better distribution of un-
ratroned food for 1t controlled supplies by preventing any run
upon an essential food, the equal distribution of which was a
national necessity. That there was no increase mn price in the
foodstuffs on ponts made 1t possible for all economie groups
to secure their farr share. Thus the highly pad workers
were prevented from buying from more than one shop and
thereby securing more than their share of essential foods.

Some enticism was levelled at restaurants in that those who
could afford it could, without coupons, buy extra amounts of
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meat and other foodstuffs, which were on the ration; but Major
Lloyd George, m a statement made in the House of Commons,
pointed out that there would be considerable difficulty in
collecting ration coupons 1n various restaurants, canteens and
eating places and, as a considerable proportion of the people in
large cities fed at midday in restaurants, 1t was necessary to
preserve a certain elasticity. That some meat went to those who

Tapre 9

MAIN SOURCES OF IMPORTS OF PRINCIPAL GROUPS OF FOODS
AND FEEDINGSTUFFS, 1944

From How Britain Was Fed 4n Wor Tane Y1 M S O, London, 1846

Tmports Mala Squroen, 1 ¢ those supplyl
Commodity Gronp T | IR wors ot cronpn
Wheat and flour . - . 3,624 Canada, 83 per cent, Argen-

tiny, 12 per cunt

Rice, otber grains and pulses
{including soya beans and

products R

) . 134 US A, 58 per cent
Atamal f g Argentinn, 74 per cent, US A,
maize and maze meal) 216 10 per cent
Hext Gncluding eanned meat| Argentina 3% pet cent, US A,
2nd bacon and hamj . . 1,768 21 per cent, Canada, 21 per

cent, Austraby and New
Zealand, 16 per_cent

Olseeds and nuts, orls and fats | 1,008 ) Bnt. W Africa, 36 per cent,
Brt India, Burmasnd Ceylon,
19 per cent: Argenting, 16
per cent, Drinch W oand
Lquatoral Africs, 10 per cent

Sogr, ., .1 1156 | cuba and San Dominga, 77 per
. cent

Dairy produce ., @68 | USA, 52 per cont; Austraba

and New Zealand, 35 per cent

Frutand vegctabies (inclading USA, 26 per cont, Europe

tooed and preserved) 616 (wcluding Channel Ts and

Soviet Union) and Canary Ts.,
25 per cent; Unon of §
Africa, 12 per cent

A not require it, to the detriment of the physiological needs of
%thn‘ls, may be quite true, but none would deny the value of the
nitish Restaurants and catering establishments in supplymg
“pplementary rations to men and women cengaged in war work.
The loss of F pean markets, the institution of a lend-lease

5
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policy with the United States, and the food requirements of
armies in the Pacific helped to determine a distinet change in
the proportions of imported and home produced foods, as well as
the sources from which foods and feedmngstuffs were obtained.
The situation as it appeared in 1944 is shown in Tables 8 and 9;
the former, indicating the total food consumption by commodity
groups and the percentage of home produced and imported
foods, the latter, the main sources of importation of the
principal groups of foods. A detailed comparison of the figures
relating to the items in these Tables with those in Tables 8
and 4 will reveal the changes which war produced on the home
production and importation of food in the Umted Xingdom.

The nutritional improvement which was evident in 1944
could be laid down to the increased extraction rate of flour,
an 85 per cent extraction enhancing markedly the nutritive
properttes of bread ; to an inereased intake of milk, so markedly
ncreased that supphes were at times strictly nmted and the adult
ration of milk seriously reduced; =and to the additional nourish-
ment made available n the form of milk, vitamins and eggs, to
the vulnerable groups of the population. That any improve-
ment 1 the general health of the people could have taken place
when eggs, bacon, fish, sugar, preserves and frmit were all greatly
reduced is as surprsing as it was satisfactory., The surprise
perhaps 1s not so great when one realizes that the solution of
the problem of the feeding of a natton depends upon an efficient
distribution of essential foods and a minimum wage consonant
with a required standard of living. In smite of difficulties,
mistakes and disappointments, credit 15 certainly due to all
who helped to make this experiment in national feeding the
success 1t proved to be.
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CHAPTER V

THE PROBLEM OF NUTRITION IN
GREAT BRITAIN (contd.)

THE FOOD SITUATION DURING THE POST-WAR
PERIOD, 1945-50

Ox 8th May 1945 hostilities ceased ; 1 July of that year, by a
surprisingly large majonty, the people of this country had for
the first time placed a Labour Party in a position of unguestioned
power. It may safely be affirmed that no immediate post-war
government has cver had to face so many crucial problems.
To demobihze armies, to re-adjust our economic position, to
recapture old and sccure new markets, to build up an export
trade in order to stabilize our financial position, and ahove all
to mamtam the food supplies in the midst of an impoverished
and starving world were some of the tasks facing the govern-
ment ; that they would require long vision, sound judgment
and skilful handhng none could deny. That these problems
mght have been better * : et
was suggested by some ;

of statesmanship and . .

needs of the devastated countries, the requirements created by
political reorgamzation within our Commonwealth and new
alignments 1 foreign markets created new difficulties m the
feeding of the people of this country. The system of food
control during the war had not only demonstrated the practical
advantages accruing from an equitable distribution of food,
but had given much valuable mformation concerning the
changes mm the nation’s food supphes and the importance of a
diseriminating price control,

The following detailed consideration of the food position of
the United Kingdom during the post-war period, 1945-50, 1§
based on the data presented in Tables 5 and 11 and in Figs.
6-12 to which reference should be made as occasion requires.

Milk Rationing.—The National Milk Scheme introduced
in 1940, whereby expectant mothers and children up to 5 years
of age recerved 1 pint of milk, and the Milk in Schools Scheme

)
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which gave school children one third of a pint at school resulted
in a better distribution of milk throughout all sections of the
population and an mecreased consumption of milk. While
before the war, under welfate schemes, about 2 million gallons
of milk were consumed monthly, in 1946, 19 million gallons
and m 1950, over 20 million gallons per month were so consumed.
Before the war about 55 per cent of school children were taking
milk ; in 1845 the proportton had mcreased to 72 per cent and

TaBLE 10
MILK CONSUMPTION
MovTmLy AVERAGES (MILEION GALLONS} For CALrnmaw Monrns

Data fiom Monthly Digest of Stahshes, Central Statistical Office, London,
Mareh, 1951

Fresh Milk, Liquid Satos

sed tor
Total (a) Nationsl BMilk Scheme Maniscins

School | Tull
Total
Mk Price
Reduced
Free educe

1939 | 1088 | 720 | — - 21 | o9 363
1045 | 187 [ 1086 | 03 15 | 30 | 8@ 151
146 | 1245 | 1087 | 03 B2 | 41 802 159
1957 § 1208 | 1088 | 02 151 as 897 120
148 | 1348 [ ne1 | o2 155 12 98 2 17
1849 [ 1436 | 1261 0z Gd 42 064 185
1050 | 1572 | 1208 | 02 | 158 42 | not 274

{a) xcluding mtk sold outside the Milk Marketing Schemes
{b) Tor manufacture mao mmik produets, imluding cheese made on farms

in 1919, school mulk having been provided free since 1916, the
returns showed that 92 per cent of school children avatled them-
selves of this scheme. ~All milk unused i the schools or not
taken up during the holidays was returned to general public
consumption. These welfare schemes are still {1951) in opera-
tion and today, in very approximate figures, 1t may be stated
that out of an average consumption of 5 pints per head per week
424 pints go mto the general retail trade, © 60 to the National
Schem; and 0 16 to the Milk in Schools Scheme.—Table 10.

. During the war years milk production increased by 30 per cent
in the United Kingdom. Liqud milk consumption, however,
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increased 1t 1944 by 41 per cent and in 1949 by 5¢ per cent of
the pre-war rate, an increase from 8 8 to 5+1 pints per head per
week, the highest figure ever reached. Welfare schemes sup-
ported by effieient propapganda on the nutritional value of milk,
increased spending power and the reduction in imported tinned
milk have contributed largely to this result—Table 11.

Milk production in this country, like harvesting, is not
immune from the vagaries of the weather; thus in 1947, due
to a severe winter, floods in the spring and an exceptionally dry
summer, milk stocks fell below the safety limit and made 1t
necessary for the Mimster of Food to take steps in October of
that year to safeguard the supply of milk to the vulnerable
groups—nursing and expectant mothers and children under 5
years. All foods necessary for infant feeding were sold only on
production of a ehild’s green ration book, R.B.2, which showed
that the child was not over 5 years of age ; priority allowances
suffered a slight reduction but the non-pricrity domestic allow-
ance was not affected since it had been reduced in June 1947,
from 8 to 2} pints per week, and in August, to 2 pints. The
priority allowance was restored in February and the domestic
allowance in March 1948. In contrast to 1947, 1948 was &

ble year for milk preduction ; restrictions were reduced,
d d i d and facturers were working to full
capacity. During the next two years milk production con-
tinued to improve, due to an ncrease in the number of cows In
dairy herds and improved yields per cow. The result was the
unrestricted sale of milk, for liquid consumption, from March
unt:l July 1948, when the usual restrictions due to seasonal
changes came into force.

On 28th May 1950 registration with retailers was suspended.
Beneficiaries under the welfare food service had still to register
if they wished to have free milk or milk at & reduced price.
It was decided, however, that the Milk in Schools Scheme
should continue.

Table 10 shows the monthly averages of milk consumed
under the National Milk Scheme, school milk and retail sale.
Tt will be noted that in 1939, 33-6 per cent of the tatal produced
was used for the manufacture of milk products while in 1949,
12 7 per cent and in 1950, 17-4 per cent was so used. The total
amount of milk consumed in Great Britain increased from
108 3 million gallons per month in 1939 to 118-7 million gallons

«
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per month in 1945 and to 157-2 million gallons per month in
1950; this includes school milk which increased from 2-1 mllion
gallons per month 1 1939 to 8 9 mllion gallons in 1945 and to
42 million gallons m 1950, and also the full price mulk which
xose from 69 9 million gallons per month m 1939 to 81 9 milhon
gallons m 1945, and 110 1 million gallons 1 1950, the balance
being 1ssued under the National Milk Scheme, Previous to the
wer about one third of all milk produced was consumed on farms,
made into butter, fed to stock or sold privately, procedures
which have been cut down due to Government schemes aumed
at mereasing production and improving the general distribution
of milk. (Fig.6)

Eggs.—During the war the number of shell eggs passing into
civilian consumption fell to 46 per cent of therr pre-war quantity
but during the post-war period slowly but steadily mncreased
until in 1949 it had reached 84 per cent. Dunng the war drred
egg consumption inereased steadily and reiched 1ts maximmum
in 1945, since when 1t has fallen very markedly. The total
shell egg equivalent of shell, dried and hqud egg still remains
at about 92 per cent of the pre-war figure.

All egps are sold by the Ministry of Food; the packmng
stations to which the eggs are sent are responsible for testing
the eggs for quality (candling) and grading them by weight,
On 15th October 1950, new Eggs Orders came into force ; among
other things they defined the categories for the classification of
eggs. These categories are : (1) Home-produced fresh hen eggs
marhed *A”; (2) Home-produced fresh hen eggs marked
“B"; (3) Home-produced fresh hen eggs marked “C™,
home-produced fresh duck eggs marked “A”, sealed eggs
marked “B* and imported eggs bearing an idication of the
country of origin but not marked “C* or “8”; (4) Home-
produced fresh duck eggs marked “B™ and imported eggs
marked “C"; (5) Home-produced fresh duck eggs marked
“C”, home-produced and imported eggs marked “S” and
cooking egas. Eggs m category 1 must weigh not less than
21% oz., “S™ eggs, or seconds, must weigh less than 1}oz
{Fig 9.

Cheese.—Post-war consumption of cheese merely dicates
that the cheese at present available to people of moderate
Incomes is of o quality which simply does not attract, for in
1949 the weekly rate of cheese passing into civilian consumption
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Tapre 11

SUMMARY OF FOOD SUPPLIES PER HEAD PER WEEK MOVING INTO
CIVILIAN CONSUMPTION IN THE UNITED KINGDOM, 19151840
Compiled from data m Food Consumption Levels, LM 8.0., 1049

©5 per head per week (except milk and eggs)

T | 1ot | woce | 1o | e [ 290
verage
193438 (Brov)
|Dawry Products {exclud-
ng butter)
Liqud milk (piots) 330 | 475 | 473 | 460 | 490 | 511
As percentage of pre-
war (mlk, pmts) 100 | 14 | 142 [ 140 | 18 | 158
Cheese . . 271 | 208 310 | 285 | 255 | 258
Evaporated mtk . 074 ) 056 | 132§ 117§ o717 | OT
Condensed rulk . 203 | o717 | o7 | o%0 | 078 | 107
Dred whole milk . 0181 034 | 040 | 040 | 046 | 030
Drnedshimmlk . 681§ o074 | om | os2 | o015 jor2
As percentage of pre-
war (mlk solids) — | 1o } o120 [ a2r | w28 | 132
Meat
Beef—bone in . 1627 | 899 | 1015 980 | 1280 | 995
Beef—bone out 052 | 107 [ 310 | 308 [ 166 | 117
Mutton and lamb . 774 ) 788 | 746 | 745 | 700 | 648
Pork . 353§ 34 [ 101 031 o031 | 043
Offals . 227 | 172 | 172 § 106 | 172 | 162
Canned corned meat ocy | 107 | 196 | 205 | 116 198
Other canned meat . 025 | 150 [ 224 | 150 | o67 | 074
Bacon and ham 830 | 516 | 164 | 310 | 835 [ 822

Total (edible weight) | 5365 [ 2660 | 2760 | 2520 | 2205 | 2400
As percentage of pre-
war . . -

— 70 82 5 or 63

| Fish (fresh, frozen, cured
d canned) <] 822 [ 753 | 920 | 950 | os0 [9018

As percentage of pre-
war . . . — 92 ne [ ns {120 | uz

Eggs

(a) Shellegzs,No . | 31 180 | 190 | 190 | 240 | 200

As pereentage of pre-
N — 57 61 61 7 | 83

(5) Shell egg equva-
tent, of shell, dried
andhqudegrs,No. | 843 | 370 | 313 | 800 | 306 | 315

As percentage of pre-
war (b) | = 1w | m 87 s | o2
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TanLE 11 (contd.)

3

——
08 per head per week (except fallk snd eggs)
Pre-ws
5 1919,
‘;;5-:; 1045 | ase ] 1947 | oapas (IR
om nmi Fau
- 761 | 261 383] 345} 384 ass
Bhrguﬂ.ne. « .| 2er| s25y s64l ass| 53¢ 552
Lerd ] 282 310f 245 | 244 245 203
Edbleotsnd s 2| 2s2 | 1eal 130| 141 1sal| 1e
Total (tat content) . | 3301 | 1135 1065 1043 ) 1187 1246
As pemntnge of pre-
P 82 7 73 84 97
9|mzr and SJm]l.! -
319 | zies 2320 2455 | 2400 2645
Jam and marmalade
(mported) . .| 003 | o1 o27| o0saj ol o7
Money ° . 1 013| o005 010| o010 o=
Glucose .| 220 102 oo05| 108] o98| 105
Total (sugar content) . | 338 | 2275 | 2580 ) 2610 ) 2640 | 2800
As percentage of pre- |
wero L, L] — 67 77 78 83
Potatoes .., |T5415 | 80600 8650 | 6750 | 7430 | 8160
As percentage of pre- —
wiroL L L) — 148 | 160 | e § o138 |
[Frne
Frehtomatoes . .| 320 ) 270] 310] 4m| 40s| 4
Fresh oty fruts 37! 453) 402] a20) 7a31] 612
Other fresh truit 1515 648 | 151 ) 1493 | 1327 | 1381
Cannedtrmt (not citrun)| 313 | 003| o073] 29| 141 160
Total {fresh equinalent) | 438 | 2700 ] 3370 | 4023 | 4040 | 5950
As percentage of pre-
war 0L — ot 78 94 9 01
Vesetables ., . .| 3300 | 3900 | 43060 | 5500 | 3550 | 8560
As r'ememngc of pres
e us | 108 ) 06 | 107 | 108
v*mm me{nd-l
o] 5060 ) 7ae0) 6780 0300} Tio0 | 7128
T‘*lﬂ wine 2| 045 | 7920 7500) 7350 7680 | T7 00
A3 percentage of pre-
war . . — 123 13 1 e 18
Beverages
Ten, cofce, cocon .} 452 | am| es2) ses] so08) 41
A percentage of pre-
wae o L0 — ot [ 107 | 103 | o0 o2
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was 2:58 ounces compared with the pre-war figure of 271 oz.

per head per week. In 1938 the amount of cheese produced in

the United Kingdom was 43,000 tons; in 1950 it was 55,120

tons ; for imported cheese the figures are 146,400 tons and

158,600 tons respectively for these years. (Tables 11 and 12.)

TABLE 12

THE AMOUNTS OF CHEESE, BUTTER AND MARGARINE PRODUCED
AND CONSUMED IN THE UNITED KINGDOM, AND THE AMOUNT
OF CHEESE AND BUTTER IMPORTED INTO THE UNITED KING-
DOM FROM 1938 TO 1949 IN THOUSANDS OF TONS PER YEAR

From Monthly Digest of Statisties, Central Stahstical Office, London, 1051

‘Howe Produced Tmparted Consumed

Cheese | Butter |Margarine| Cheese | Butter | Cheese | Butter |Margarine

1934-38 182 00 184 08 | 501 80 | 18512
1938 4316 | 2028 [20832 1464 (4764
1945 22 36 7 80 | 40612 231-92 | 183 04 [ 423 80
1946 2496 | 1092 | 820 68 217 86 | 236 60 | 336 43

1947 1664 { 676 [ 85308 (1908 (2160 |21060 {24282 (34862
1948 25 48 832 (80036 (1572 [2724 | 18824 | 273 00 | 400 44
1949 3228 | 1040 | 42016 | 2186 3180 221 00| 30420 (41392
1950 5512 | 1612 (37285 (1536 | 3348 | 22776 [ 37284 | 88636

Butter, Margarine and Lard.—Dunng the years 1942,
1943 and 1944, the consumption of butter had fallen from the
pre-war rate of 7 61 oz, per head per week to 2-33 oz. per head per
week, a 70 per cent decrease, Throughout the post-war period
consumption slowly increased to 8 84 oz. per head per week,
50 per cent of the pre-war amount. This loss in butter was
offset by a ph 1 in i tion
which had doubled by 1944 and, apart from a slight decline
during 1946-47, was well maintained at the 200 per cent level in
1949 and 1950, Lard consumption has been fairly constant
at about 3 oz. per head per week. These figures are shown in the
amounts of butter and margarine home produced and imported.
(Tables 11 and 12 and Fig. 10.)

Meat.—Previous to the war, meats were consumed approxi-
mately according to the following pattern : beef 41 per cent,
mutton and Jamb 20 per cent, pork 10 per cent, bacon and ham
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20 per cent, the balance being made up of offal and canned meats.
The general pattern did not greatly change until 1944 when the
amount of pork coming into gcneral consumption rose well above
the pre-war level and then in the following years fell very
steadily and reached very low levels during the post-war period,
1947 showing the lowest figures recorded for many years,
namely, 87 per cent of the pre-war amount. In 1948, the
proportion of meats eaten was: beef 44 per cent, mutton
and lamb 26 per cent, pork 17 per cent, bacon and ham 18
per cent, {See Table 11 and Fig. 7.)

Bacon.—The bacon ration, which had been maintained at
2 10 4 oz. per head per week during 1945-47, varied in 1948
and in January 1949 it reached the low figure of 1 oz. per head
per week for about a month, after which 1t was restored to 2 oz,
In August 1949, the ration was rased to 8 oz and in October,
for & period of four weeks, 1t was rarsed to 4 oz, These changes
were due to the fact that bacon 1s a highly perishable commodity
and cannot be stored safely for more than 4 or 5 weeks. The
4 oz. ration per head of the population per week means that

per year. In 1938 home production of bacon and ham was
161,720 tons, the amount imported was 876,800 tons, During
the war the amount of bacon and ham passing into civilan
consumption fell shightly, but not until 1947 did the supply
reach its lowest figure, 81 oz per head per week., Durng
1948 there was lttle if any improvement in the situation
but 1949 showed a marked improvement which contmued
throughout 1950. In 1950, because of mncreased imports from
Canada, the ration was raised on two oceasions for a few months
1o 5 oz, per head per week. (See Tables 13 and 14.)

The * meat ™ situation as it has developed durmg the post-
war period, with the year 1938 as a pre-war standard, 1s shown
in Tables 18, 14 and 15, where the figures for the home pro-
duction and mportation of meats (i e. beef, veal, mutton and
lamb, pork, offal) and bacon and ham are given.

The pre-war rate of total meat consumption including bacon
and ham was 1317 Ib, per head per annum ; this is calculated
% carease weight, the cquivalent edible weight being 109 6 1b,
Tt is the former, the carcase weight equivalent, which is used in
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referring to the total tonnages of meat produced or imported.
A pomt not infrequently overlooked in comparing pre- and post-
war food consumption levels is that the population of the Umted
Kingdom has increased from 47-76 millons in 1938 to 49-92
mllions 1 1950  Were the consumption of meats and bacon
and ham what it was in 1938, namely 1317 Ib. per head per

TABLE 13

YEARLY IHOME PRODUCTION OF MEAT IN THE UNITED
KINGDOM (TONS x 10%)

Trom Monthly Digest of Statistica, Central Statistical Office, London, 1951

>

Tear Beet Veal | Muttonandlmd| Pork ogar | Bogned
1986 | €188 | 200 1924 mwes | woz | ims2
137 | 5876 | 208 1024 168 | 100 | 1554
138 | ss08 | 260 2132 164 | 1002 [ 18017
104 | 4838 | m2 1104 260 832 | 1002
105 | 5148 | 364 1352 s12 884 | 1186
1046 | 5356 | 304 150 8 208 884 | 1082
1047 | 4784 | 312 1et e 104 832 619
1948 | 4628 | 260 196 156 80 723
1010 | 5028 | 260 1389 238 036 | 1471
1950 | 6048 201 1402 6zo | 1009 | 1950
TABLE 14

COMPARISON OF TIIE HOME PRODUCTION AND IMPORTATION

OF MEAT (BEEF, VEAL, PORK, OFFAL, MUTTON AND LAMB) AND
BACON AND HAM DURING THE POST-WAR PERIOD AND THAT
OF 1938 IN TONS PER ANNUM

Compiled from Monthly Digest of Statistics, March 1951

Meats Bacon and Ham
Home Produced Tmported Home Produoed | Tmported
1938 1,090,860 1,058,400 161,720 376,800
1946 840,840 —_ 108,160 —_
1948 710,810 837,600 72,280 134,000
1949 795,600 813,600 147,160 139,000
1950 946,920 810,000 195,000 243,600
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TavLe 15

IMPORTS OF MEAT INTO THE UNITED KINGDOM, 1933 and 1948
(METRIC TONS x 10%)

Food and Agriculture Orgamsation of the Umted Nations, 1030

Beef Maotton and lamb. Pork
Country 1048 s 1918 a8 1938 w4
+ 3 x
w38 | oan | Be | aems | aess | DUl wess [ aess | R
of 1923 of 1933 of 1948
Argentina | 360 | 192 | 533} 45 | 70 12 -
Jeazd 2% | -1 =11 - -
Uniguay . | 83 | 12 | 3064) 8 1 — —
Austraba a1y [ 83 ) 788 96 ) 2 14 143

i('bl\l.md 46 66 | 183 5| 187 | 266

Canada .| 1} 21 |aonof — | — | — | —

Deomark . | — 2 — — —_ — —
Other
countnies | 7 2 1 o236l 1 f 1 | el 2 | — ] —

583 | 378 | 617|850 [a90 |uu1sf e0 | 12 | 200

Offa) Canned Meat Bacon
Country 194828 1948 85
18 | aess | ber ] sss | orow | ) 138
vy of 1938

Argentina | 27 | 19 | 704 40 25l 2 | — | —
Braal 4 1o woe| — | — | —
Urugney 2 1 | ol n sl — | — | —
Australia , T o 12868 4 4750 — -
N Zeland | 5 | 10 J2000] 1 soof —~ | —
UsA .| — — — — — —~ | -
Carada . - = = — 95 | 1402
Deamark - — — - — T 28 139
Other

countrics 3 1 w00 o 13

wor) & | 16 | 100

o1 | o2e|3n |135 | s

Mrscellancous meats not mcluded above . 1938, 715 1948, 37,
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annum, we should require 119,000 tons of carcase weight equi-
valent more than in 1938 ; but the amount of meats and bacon
and ham passing into civilian consumption has fallen to 66 per
cent of the pre-war figure, a situation, as far as meat supplies
are concerned, which cannot be lightly regarded. In terms of
yearly tonnages, the position 1s presented in Table 14.

The total of meats, bacon and ham available for consumption
in 1938 was 2,687,880 tons ; in 1948, 1,754,720 tons; in 1950
2,195,520 tons, These figures show that in 1948 the supply
of these foodstuffs was 65 per cent of the immediate pre-war
standard, and that by the end of 1950 it had risen to 82 per
cent of that value. The home production of bacon and ham and
beef showed a remarkable recovery during the years 1949 and
1950, the 1938 production being exceeded in the case of bacon
and ham by 88,280 tons, in the case of beef by 28,920 tons. The
amount of bacon and ham imported is still some 83 per cent
below pre-war figures ; the importation of meats, particularly
beef, suffered largely as a result of failure of the United Kingdom
and Argentmma to reach agreement on the purchase ‘price
of carcase meat. Shipments of meat from the Argentine,
which ceased in July 1950, were resumed in May 1951, when
Argentina agreed on 23rd April 1951 to export to Britain
200,000 tons of carcase meat and offals at the followmg prices :

Chulled beef . . . 85,000 tons at £146 per ton
“ A" quality beef frozen . . 78,000 tons at £126 per ton
“B ¥ qualty frozen beef . . 84,000 tons at £118 per ton
Manufacturing beef with bone . 8,000 tons at £95 per ton

Lamb . . . - . 36,000 tons at £130 per ton
Offals . . . . . 14,000 tons at £140 per ton

The reasons for the decrease in home production of beef
during the war were the reduction 1 imports of animal food-
stuffs, the loss of grasslands ploughed up to grow crops for direct
human consumption and priority given to feeding stuffs for

cows to the detriment of pigs, which before the war were fed
wtad novanle  Thuwine tha swar there was a

» affected
eef. The
prodm‘\ction of mutton and lamb was affected by the loss of grass
and arable land, the sheep being driven back on to the un-
ploughable grassland of the hills, their numbers being reduced
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accordingly, Another factor, disastrous i the extreme, was
the loss of over 4 million sheep due to widespread blizzards
i the spring of 1947. Fortunately there are defimte signs
of recovery m the home production and importation of
meats.

With regard to imported beef, the situation is more dafficult
beeause foreign exporters wish to sell in the dollar market;
the question of Argentine importations of beef 1s still a vexed
and unsettled one. New Zealand, a rich and well-developed
pastoral country, has to consider both dairying and meat
production ; the one may well increase at the expense of the
other and it is possible that the present balance between them
will be mamtained, with the result that an increase mn either
the one or the other eannot be expected in the near future.
Australia seems to offer the greatest possibilities in the further-
ance of meat inports to the United Kingdom, smee the OQver-
seas Food Corp and the Q land G have
agreed to a scheme for the cultivation of coarse grams and
sunflowers on some 800,000 acres of grassland in Queensland
The coarse grains will be used for animal feedingstuffs and m
particular pig food, partly in this country and partly
Austrahia. In the first few years of the scheme the larger part
of the crop will be shipped to this country, but the use of the
crop will be decided 1n the light of commercial and other con-
siderations from year to year. The sunflower seed will be used
to produce edible oils for the manufacture of marganne, etc.
The scheme aims at doubling Australian export of meats during
thenext ten years. The comparison of the total meats imported
into the the United Kingdom 1n 1038 and 1948, scen m Table 15,
shows clearly the present day posttion with regard to our 1m-
Tortation of meats from Commonwealth and foreign countries.
Important in such a table are the countries from which the
Yamous meats are imported and the percentage of the total
mportation which each supplies. The post-war period shows
o slight improvement in beef with bone, but the supplies for
civiban consumption have remained serously Jow since 1942,
Such changes as have been Teferred to here have naturally
meant numerous changes in ration and * points ™ control of
{resh and conned meats. The meat ration ranged from 8d. to
1s. 8d. worth per head per week during the post-war period. In
December 1950 it was reduced to 8d. and in Junuary 1051 it
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was raised again to 10d., but reduced to 8d. on 4th February.
This, the lowest meat ration ever recorded in this country, was
due to a deadlock reached in the negotiations for a new meat
agreement between Britain and the Argentine. As a result
of the agreement reached, the meat ration was raised to 10d.
m April 1951, and, according to the Minsster of Food, Mr. Webb,
it 15 expected to go up to 1s. 8d. 1n August 1951.

Fish.—During the second year of the war the consumption
of fish fell from the pre-war rate of § 22 oz. to 4-60 oz. per head
per week. The year 1945 saw a rapid recovery of the mndustry,
and in 1946 the amount of fish—fresh, frozen, cured and canned

ilable for ewvilian ption had i d beyond the
pre-war figure. (See Fig. 8.)

Wheat.—Smece 1945 the U.S.A. has assumed the leading
position so long held by Canada as the world’s largest exporter
of wheat. This is the result of a succession of record breaking
crops since 1844.  In the post-war period the Cereals Committee
of the International Emergency Food Council has succeeded m
establishing international co-operation for the better distribution
of available supplies of wheat and other food grains. Unfor-
tunately the work of this Couneil is made more difficult by
the absence of rep ves of A ina and the U.S.S.R.
The figures as set out in Table 16 are for the wheat output of
major exporting eountries.

‘Wheat prod was most urablyaffected by weather
conditions 1 1946-47 ; in contrast to favourable conditions in
America, Southern Europe wheat-growing areas were affected by
a senous lack of ram in 1946, an extremely severe winter in
1946-47 and a prolonged spell of hot, dry weather which cut
yields of gran, reduced output of fodder and burned up pastures.
Wheat seed requires a receptive soil in the late autumn and
a defimite amount of mosture and sunshine ; the requirements
are well known to all, as are the, at times, mexplicable chmatic
changes which can so easily affect harvest prospects.

At a meeting of the International Wheat Council in London
1n December 1947, Canada, U.S.A. and Australia agreed pro-
vistonally to export 62597, 5035 and 2313 thousand metric
tons of wheat respectively. The Umted Kingdom guaranteed
to import 5171 thousand metric tons of wheat grain, including
wheat flour of 72 per cent extraction, for the three years ending
1950-51. Home production of wheat varied but slightly
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during the yests 1945 to 1949, the average amount being just
under 1500 thousand tons. By a later International Wheat
Agreement which was ratified in 1949, 1t was agreed that the
following countries should export definite annual amounts of
wheat over the 4 years Ist August 1949 to 31st July 1953;

TaBLE 16

WHEAT QUTPUT OF MAJOR EXPORTING COUNTRIES IN
THOUSAND METRIC TONS

From Food and Agrculture Organisation, 1948

Cauntry Avmone | qou | 1o |t ‘ wina '
Argentina . .| 6634 | 6279 | 4085 | 3,007 | 5615 4,763
Australa 42001 3916 | 1439 | 2a6l 320l ssse

7,070 | 12,008 | 11,330 | 8,060 | 11,262 | 9,278
Umited States - [ 19,476 | 23,960 { 29,852 | 30,161 | 31,455 | 38,286
Total . | 37,980 | 43,750 | 45,715 | 46,613 | 52,051 | 583177

1 Prelimunary

NET EXPORTS OF WIHEAT AND FLOUR FOR MAJOR EXPORTING
COUNTRILS IN THOUSAND METRIC TONS

Ay, | Average
Country D34-3510 | 193040 o 108345 134548 195847

T | hat
Amgentina . .| 3,308 2,855 2,806 1,889 1,084
Austrata . 2,00 1,609 1,503 119 1,284
Canada . .| s8m 6,577 9,335 9,233 6.602
United States 871 410 3,020 | 10,581 | 10,896
Total . mo09 | 1520 | 16756 | 22857 | 20,63

Australia 2176 thousand metric tons, Canada 5521 6 thousand
metrie tons, U.5.A. 4569 thousand metric tons, while the United
Kingdom agreed to import 4814 thousand metric tons. These
quantities were subject to adjustment ; for example, Canada’s
quota is 80 per cent of her current exportablc surplus, Australia’s
is sumdm-, while the United States quota is only one-third of the
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annual amount exported mn recent years. Much of the United
States export will be to Western Eurape, the Far and Near East,
the Union of South Africa, India and South America.

In view of these facts the post-war production and import-
ation of wheat and other grains can be the more intelligently
understood, for they determme the amount of bread available
to the nation. War forced us to abandon the 70 to 73 per cent
extraction of the wheat berry which gave us the white bread
to which we had been so long accustomed., Extraction rates
were the source of much unenlightened controversy during the
war; the extraction rate is always an approximate figure
because m nearly all flour-importing countries the home product,
which in Europe varies from 80 to 95 per cent extraction, s
blended to a greater or less extent with imported flour of 70 to
75 per cent extraction. In 1944 the extraction rate of the flour
from which national bread was made was reduced to 825 per
cent, being made up of a mixture of home wheat of 85 per cent
extraction and a surtable amount of imported white flour. In
1946, because of bad harvests and reduction of imports of wheat,
the Muuster of Food decided to make greater use of our wheat
supplies for direct human consumption by increasing the ex-
traction rate of flour to 85 per cent.  This alteration was effected
gradually and while it meant a return to the darker war-time
Joaf, it mereased in some measure the nutritive value of our
bread. Tt also led to a reduction m the volume of animal

di ifs, a corresponding diminution in hvestock in the
country and a marked fall in the production of bacon, poultry
and eggs m the latter half of 1946. In August 1950, the
extraction rate of flour used for the national loaf was again
reduced to 80 per cent, the flour being made up of home milled
national flour of 81 per cent extraction and a proportion of
imported flour of about 70 per cent extraction,

Consumption of Wheat.—Not all the whest is used for
human consumption ; in the United Kingdom previous to the
war 15 per cent was fed to hvestock ; during the war it fell to
5 per cent, while for the period of rationing it was illegal to
feed flour or bread to livestock.

The main bulk of flour passing into etvilian consumption
is eaten as bread, mcluding iscuits, cakes, buns and scones.
Bread is all important to a beleagured garrison or to an 1sl.s.nd
people dependent upon 1ts importation, for upon its availability
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depends the morale of a nation faced with dire peml. That
the supply of grain and therefore the consumption of bread
never fell below the pre-war amount during the years 1939 to
1915 was a noteworthy achievement. (Fig. 12.)

Bread Rationing.—European countries, hard it by the
disastrous weather conditions of 194647, were faced with the
prospect of dangerously low bread supphes. Governments,
being forewarned, mstituted measures to deal with the declne
in grain supplies and in the United Kingdom one of these
measuzes was the institution of bread rationing on 21st July
1946, Bread, flour, cakes, buns and scones were rationed in
one scheme and measured in Bread Umts, more fanubarly
termed B.U.s., the values being as follows :—

Bread : 1 small loaf, 14 0z, - 2BUs
1 large loat, 1 1b 12 oz 4BUs
Tlour- 11b—8BUs, 3Ib 9BUs
Cakes, buns, scones: §1b . . 1BU
1 . 2BUs
Coupon Values to B U.s
Atady @i | Estmobtainsd | s ys
L M ¥ J G| BUr BUy
Child under 1 .o h 1 2
Child 1-5 . 121 +
Chid 5-11 . 12 & 8
Adolescent 1118 |12 5 4 12
Normal adult . 12 [ [
Eapectant mether 1 e °
(mcl Green Ttook) 1 1 ]
Manuad worker, man 12 of s+ 3 13
Manual worker, woman 1 e 2 1n

Coming after the successful conclusion of a world war
during which bread supples had been surprismgly well mam-
tained, the advent of bread ratiomng was of the nature of a
disaprecable shock to national prestige. Much cntictsm was
forth most of 1t indicative of a total lack of knowledge
of the world factors which made such action imperative. To
the higher mcome groups who eat httle bread, bread rationing
mey have appeared unnecessary, but to these lower income
groups for whom bread is a major dietetic consideration, it was
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by no means unnecessary. The advantage of the Bread Unit
Scheme was that it alowed freedom of choice in that, as far as
flour foods were concerned, one could buy whatever one wished
anywhere and at any time within a four week period. The
table on page 83 shows which were the B.U. coupons in the
ration book and how many could be used each week without
borrowing from the next week’s allowanee. B

L and M coupons were in all ration books ; G coupons were in
the general book, J in the blue book {5 to 18 years) and F in
the green book (up to 5 years). BUx and BUy coupons were
supphed by employers to workers who received the special
cheese ration, had no cantecn facilities and had therefore to
provide packed meals at home. It was also possible to inter-
change B.U.s and “pomts ™ whereby extra bread could be
obtained at the expense of * points” foods or alternatively
more *“ points ” foods at the expense of bread.

The rationing of bread, flour and flour confectionery and
all restrictions on the serving of bread with meals came to an end
on 24th July 1948. According to the Minister of Food the
scheme had effected the saving of 9000 tons of flour per week
in 1946-47 and approximately 6000 tons per week in 1947-48.
During the period, to meet variations 1n the supply of flour,
there were several minor adjustments in the allocation of bread
units to the several categories shown in the table.

Sugar.—In 1938 approximately 800,000 tons of refined
sugar were produced from home-grown sugar beet ; during the
war the amount so produced was increased so that it virtually
mamtamed the domestic ration of sugar of 8 oz. per head per
week which amounted to approximately 550,000 tons of sugar
per year. In 1949 the beet sugar mdustry produced 500,000
tons of refined sugar ; the amount of unrefined sugar imported
was 2 2 millon tons and the amount of refined sugar consumed
was 1:93 milhon tons, this latter figure heing 83:5 per cent of
the pre-war consumption. Sugar rationing is still in vogue,
the ration varymg from 8 to 10 oz. per head per week with
bonuses for special purposes, such as domestic jam making
and for farm workers engaged in harvesting, sheep shear-
ing, ete. .

Ttems of note in Table 11 are the high rate of consumption
of potatoes, the position of vegetables 1 the nation’s dietary
and the lack of an adequate supply of fresh citrus frurts.
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Patatoes.—In 1941 the consumption of potatoes had risen
0 158 per eent of the pre-war figure, and contmued to increase
until 1947, when the figure fefl from 161 to 134 per cent of pre~
war, This way due fo a 20 per cent fall m the putato erop
oceasioned by wet weather in the spring and abnormally dry
weather in the summer of 1847, The full effect of thus Joss
supply wonld not be felt until the followmg year and in order
that all snpphes should be fairly shared snd Yo prevent the
country runming out of potatoes before the next harvest a
seheme of rationing was adopted and put mto effect i November
1947, Under thns scheme the normal allowance was 8 Ib, per
head per week : ehildyen under 5 years of age could obtain 1%
1b., expectant mothers 4% 1b. per week , special allowanoees were
made for entenng establishments and non-residents m institu-
tions and far young peaple between 5 and 18 years of sge
Biving at home. As a result of an excellent response from the
public, by the careful planning of patate teaports and an ex-
tremely good season {or new potatoes in 1918, the rationmg of
potatoes came to g end on 1st May 1043 (Fig. 12)

It is well known that the people of Great Britam responded
with considerable zeal %o the eall of the Mimster of Food m
1341 to grow more potatocs and vegetables in thew gardens and
allotments  In 1932 there were 13 nullion allotments undes
ealtivation ond on unknown aumber of gardens were being
stripped of flowers and plants that food wmay be grown, Itis
estimated that by thesc means domestie production in 1942
‘was 500,000 tons pf polatoes and over one rthon tons of other
vepetaples, Gardens and ellotments Qo ot readdy pernut
of & “ rotation of crops ™ even if they be but polatoes and a
hmited number of vegetalless st is therefore not surpnsing
il there be o falling off w this type of domestie production ;
indeed the indiscrt te prod of p should not be
encouraged but n himited growmng of one’s own vegetables in
wardens and aflotments $s gty desweable,  {Fig 1)

Calaries and Nutrients.—With 3000 Cslories us o pre-
war standard, the energy value of the war and post-war diet
hns shown. & remarkable constaney mdieated by the amount of
food gowg into civilian consumption (Tables 31 and 17) nnd
by the results of numerous dietary surseys.

Trotefne~Ammal 2nd vegetable predein have remained
slrast stotionary at 4% g.and 47 g, per head per day respectutly
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by no means unnceessary. The advantage of the Bread Unit
Scheme was that it allowed freedom of choice in that, as far as
flour foods were coneerned, one could buy whatever one wished
anywhere and at any time within a four week period. The
table on page 83 shows which were the B.U. coupons in the
ration book and how many could be used each week without
borrowing from the next week’s allowance. °

L and M coupons were in all ration books ; G coupohs werein
the general book, J in the blue book (5 to 18 years) and F in
the green book (up to 5 years). BUx and BUy coupons were
supphed by employers to workers who received the special
cheese ration, had no canteen facilities and had therefore to
provide packed meals at home. It was also posstble to inter-
change B.U.s and * points  whereby extra bread could be
obtained at the expense of * points ™ foods or alternatively
more “ points ” foods at the expense of bread.

The rationing of bread, flour and flour confectionery and
all restrictions on the scrving of bread with meals came to an end
on 24th July 19148. According to the Minister of Food the
scheme had effected the saving of 9000 tons of flour per week
in 1946-47 and approximately 6000 tons per week in 194748,
During the period, to meet variations in the supply of flour,
there were several mmor adjustments in the allocation of bread
units to the several categories shown in the table.

Sugar.—In 1938 approximately 300,000 tons of refined
sugar were produced from home-grown sugar bect ; during the
war the amount so produced was increased so that it virtually
maintained the domestic ration of sugar of 8 oz. per head per
week which amounted to approximately 550,000 tons of sugar
per year. In 1949 the beet sugar industry produced 500,000
tons of refined sugar ; the amount of unrefined sugar imported
was 2 2 millon tons and the amount of refined sugar consumed
was 1-93 mullion tons, this latter figure being 83-5 per cent of
the pre-war consumption. Sugar rationing is still i vogue,
the ration varying from 8 to 10 oz. per head per week with
bonuses for spectal purposes, such as domestic jam making
and for farm sworkers engaged in harvesting, sheep shear-
ing, ete. )

Ttems of note in Table 11 are the high rate of consumption
of potatocs, the position of vegetables in the nation’s dietary
and the lack of an adequate supply of fresh citrus frints.
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Potatoes.—In 1944 the consumption of potatoes had risen
to 156 per cent of the pre-war figure, and continued to mncrease
until 1947, when the figure fell from 161 to 134 per cent of pre-
war, This was due to a 20 per cent fall i the potato erop
occasioned by wet weather mn the spring and abnormally dry
weather n the summer of 1947. 'The full effect of this loss 1n
supply would not be felt until the following year and in order
that all supphes should be fauly shared and to prevent the
country running out of potatoes before the next harvest a
scheme of rationng was adopted and put mto effect in November
1047, Under this scheme the normal allowance was 3 b per
head per week : children under 5 years of age could obtan 1}
Ib,, expectant mothers 4} Ib. per week ; special allowances were
made for eatering blst and non-restdents i institu-
tions and for young people between 5 and 18 years of age
hving at home. As a result of an excellent response from the
publie, by the careful planming of potato imports and an ex-
tremely good season for new potatoes in 1948, the ratioming of
Potatoes came to an end on Ist May 1948, (Fig 12)

It is well known that the people of Great Brtamn responded
with considerable zeal to the call of the Mmister of Food
1041 to grow more potatoes and vegetables in their gardens and
ollotments. In 1942 there were 14 milion allotments under
cultivation and an unknown number of gardens were bemng
stri‘ppcd of flowers and plants that food may be grown. Itis
estimated that by these means domestic production in 1942
Was 500,000 tons of potatoes and over one million tons of other
vegetables. Gardens and allotments do not readily permut
of & ““ rotation of crops " even if they be but potatocs and a
Iimited number of vegctables; 1t 1s therefore not surprising
if there be a falling off in this type of domestic production ;
indeed the indi duction of p should not be
cneouraged but & himited growing of one’s own vegetables in
gardens and allotments is highly desirable. (Fig. 11.)

Calories and Nutrients.—With 3000 Calomes as 2 pre-
war standard, the energy value of the war and post-war dict
has shown & remarkable constancy indicated by the amount of
food gomng into crvilian consumption (Tables 11 and 17) and
by the results of numcrous dietary surveys.

Proteln.—Animal and vegetable protan have remained
almost stationary at 42 g, and 17 g, per head per day respectively
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throughout the five years from 1944, giving a total protein
intake of 89 g. per head per day. This favourable position is
due to the mcrease m milk consumption and improved fish
supplies and should in the near future be enhanced by a greater
importation of meat. The fear, oft expressed during the war,
that a fall in ammal protemn would be injurious to health has
not materialised although, because of the low animal protemn
ration for adolescents, it was not without justification.

TasLe 17
NUTRIENT EQUIVALENT OF SUPPLIES PER HEAD PER DAY
MOVING INTO CIVILIAN CONSUMPTION IN THE UNITED
KINGDOM

From Food Consumption Levels an the Umted Kingdom, HM S O, 1049

1949

Pre war 1845 1948 1047 98 “:&l:;n

Proten —
Amimal g 427 421 443 430 411 407
Vegetable g | 8712 | 4r2 | 460 | ar7v | s64 | 475
Total 799 | 893 | 903 | 907 ( 875 | 882

Fat from all sources

-3
Carbohydrate, g 3770 3832 8768 8912 8941 408 8
H

Calemm mg | 693 1,047 | 1,078 | 1,190 | 1308 | 1.216
Tron Lmg | 124 | w6 | w1 | 166 | 157 | 158
Vitamn A, iu | 8,897 | 3,771 | 3727 | 3,840 | 3,015 | 8,920
Ascothie acd mg | 90 107 107 12 111 13
Vitarmn B, . mg 1z 18 18 18 18 18
Riboflavin mg 16 18 20 20 19 20

Nicotmic aeid mg 134 148 170 149 142 143

Energy value—
Calores +| 8,000 2,030 2,880 2,880 2,800 2,080

Fat.~—As a nutrient the position of fat is the most sertous of
gll. Table 17 shows a fall from 130 2 g. per head per day, the
pre-war figure, to 116 0 g. 1n 1945 and a further fall to 105 4 g.
i 1947, Today the figure is still below the lowest war level of
1041 (1134 g.). At a later stage the comparative values of
the chief sources of fat in terms of Calories and protein will be
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discussed, but, as a general statement, it would appear that to
secure improvement in our national diet the chief requirement
is an increase in the consumption of butter, beef and pig meat,

Calcium.—In 1942 flour was fortified by the addition to
the 280 Ib. sack of flour of 7 oz. of caleium carbonate ; 1 1946
an additional 7 oz. were added. These additions, with the
increased rate of extraction of flour, are responsible for the
marked increase 1 the caleium mtake

Iron,—The iron content of flour has varied between 17 and
28mg. per 100 g. The mereased consumption of won has been
due to the change 1n the extraction rate of flour and the mnereased
consumption of potatoes and canned meats which was at its
highest in 1946-47.

Vitamins.—The intake of these nutrients has shown a
remarkable constancy over a period of years, the only vanation,
which was of a temporary nature, beng the mse m micotmic
aad towards the end of 1946 when, due to an increase in the
flour extraction rate from 85 to 90 per cent, the nicotmic acid
content of flour rose from 17 to 8 6 mg. per 100 g. In 1047,
vitamin A and D tablets, 1ssued to expectant mothers under the
Welfare Foods Service, were enriched by the addition of 013 mg.
potassium sodide, the action bemg based on a recommendation
of the Mediea] Research Couneil.

NATIONAL FOOD SURVEYS

The broad picture presented of foods moving wmto civilian
consumption can give no accurate mdication of the nutritional
2dequacy of these foods as diets. For this purpose the results
of dietary surveys must be consulted and compared with
generally accepted standards.

The data of national surveys such as those of the Mmistry
of Food and the Mnistry of Health may be compared with
standards published by the United States National Research
Counerl for 1945 populations, or with dard lated from
the nutrent requirements of the families taking part in the
survey. 'This latter is perhaps the more accurate in that a
standard 15 arrived at for the particular community surveyed.
For general purposes the estimated daily nutrient requrements
of the population in the Umted Kmngdom m 1918—weighted
average requirements bascd on the National Research Council
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throughout the five years from 1944, giving a total protem
intake of 89 g. per head per day. This favourable position 15
due to the increase in milk consumption and improved fish
supplies and should in the near future be enhanced by a greater
importation of meat. The fear, oft expressed during the war,
that o fall 1n animal protein would be mjurious to health has
not materialised although, because of the low animal protein
ration for adolescents, 1t was not without justification.

TaBLE 17
NUTRIENT EQUIVALENT OF SUPPLIES PER HEAD PER DAY
MOVING INTO CIVILIAN CONSUMPTION IN THE UNITED
KINGDOM

From Food Consumption Leels in the Umted Kingdom, H M § 0., 1049

1949

Tre 1945 1948
war 1016 1947 9: B
Protein -—
Amimal g 427 421 443 430 11 207
Vegetable g 8r2 472 4680 477 484 475
Total 9 898 908 907 875 882

Fat from all sources

g
Carbohydrate. g | 8770 | 8832 | aves | so12 | 8941 | 4088
Calei

um mg | 693 1,047 | 1,078 | 1,90 | 1,106 | 1216
Iron omg b o124 MHe 171 156 157 | 158
Vitamin A iu | 8907 | 8771 | 8727 | 3,850 { 8915 | 3,920
Ascorbiesaid , mg | 96 w07 107 12 m us
Vitamin B, . mg 12 18 19 18 18 18
Riboflavin . mg 16 18 20 20 19 20

Nicotizic aeid Wy 184 148 1170 149 142 143

Energy value—
Calones . 8,000 2,030 2,880 2,880 2,800 2,080

Fat.—As & nutrient the position of fat is the most serious of
all. Table 17 shows a fall from 180 2 g. per head per day, the
pre-war figure, to 116 0 g. in 1945 and & further fall to 1054 g.
in 1947. Today the figure is still below the lowest war level of
1941 (118'4 g.). At o later stage the comparative values of
the chief sources of fat in terms of Calories and protein will be
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Table 18 represents the data obtaned by the Ministry of
Food surveys of the food consumption in the homes of urban
working-class famihes for the years 1942 to 1947; Table 19
shows the amounts of the various nutrients obtained from these
diets. The figures denoting the amount of food consumed per
head per week n a family do not agree accurately with those of
the amounts of food per head per weck moving mto avilian
consumption ; the consumption of food in & family group or n

Tamix 10
MINISTRY OF FOOD NATIONAL FOOD SURVLY

(Report of the Commttec on Nutrition, BM A., London, 1950)

Nutnent Content, of Food Consumed in the Home—Urban Working-Clase
Households.

Averago Iutako per head per day

@ vee | e | e [ o1 e | wee

Calones - . =2839] 2,200 | 2,272 | 2,987 | 2,375 | 2,307 | 2,308
Protein s—

Total  .pgm | 78 | 7s 73 73 76 78 ki

Ammal . pgm | 29 | 84 33 35 83 a7 36
Fat . .gm 86 [N 02 86 82
Carbohydrate gm 300 a1 310 303 315
Cala . mg |eos {orz | 85 | es | 875 | sz | 006
Ton . .mg 124185 | 133 | 135 § 127 | 144 | 343

Vitamn A . 1u | 8,170 [2,082()] 8,071 | 3,173 | 2,908 | 3112 | 3,148
Vitamn B —
Thamine g | 118| 140 153 ] 162 147 | 155 152
Riboflavin mg | 140] 158 184 176 | 158 | 165 | 164
Nicotime aoid
cmg |19 |1re | 127 | 1390 | 182 | 145 | 129
VitaminC(@) mg | 76 76 83 87 86 89 80
VitamnD . iu | 95 [ 100 | 112 [ 208 | 143 § 174 | 169

(a) Nutnient intake has been caleulated from quantities of food consumed
except for 1941 and part of 1042, when only detalls of foods purchased
were avadable The figures for these periods have heen adjusted by
making an allowsnce for the effect of this factar on each nutrient

(v) The sample in 1947 covered only the first three-quarters of the year.
Welfare Vitamm Fooda were included n 1946 and 1947, but not 1

revious yea

(e} Masch~December 1942, only

(d) No allowances have been made for cooking losses The average for
1947 would have heen Iigher had the fourth quarter been cuvered,
although still ower than 1n 1016
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allowances for 1945—may be taken as a good practical standard ;
they are :—

Protein| Caltum | Iron | Vitamin A [ Thiamine Riboflavia | ¥icotinlo |Vitamin
Calortes | ™0 ET mg T = R ead ) C
mg g
2560 | 65 | 910 12 | 6500 | 18 17 | 1B |7

1In order to compare the vitamn A of the standard with that of the intakes
shown n the dietary survey i Table 18, the amount of performed vitamin A,
namely 2580 TU should be substituted (Cmd 7842, 1949).
TasLE 18
MINISTRY OF FOOD NATIONAL SURVEY
(Report of the Commttee on Nutrition, B.M A., London, 1950)

Food Consumption 1 the Home-~Urban Working-Class Households
(1n ounces per head per week, except where otherwise stated)

Food (a) 1942 | 1043 | 1944 | 1845 | 1046 |1047()

Fats —Total 864 B73| 019| 863] B23| T89
Butter and margarme . | 613 | ¢18| 633| ass| c29 625
Sugar and preserves—Total . [1334 (383901511 {1461 1497|1566

.| 841] 871| 905| 913| 955]1015

Sugar
MiIL—Total (equiv pmts) 378| 480) 41| 43| 43| 457
L\q\u (pints) 350 394} 307 s11[ 395| 396
as8| sor| 2061| 249 254 226
Eggs—Totnl fequv mumber) .| 140 222| 203] 3o1| 250] 230
Shell (number) . 0oz o083| oo4] 127] 141f 160

Meat and Meat Products —
Rationed meat and offals . (1533 [1575)1614 |15 95 1636 | 1627
Bacon and ham .| sos| 403} 455]| a54| 302 220
Rabhbit, poultry, game, ete 099| 089 107| 096| 082} 038
Cooked and canned meats 199} 171 242] 206 205 233

Sansages (uncooked) 390 s78| 41| 887 418 412

Fish—Total . 661 | 654 761| 521(1055) 954
Fresh and [\mcessed 494| 446 525 671 | BO3| 708

Potatoes {incl chps) B 68:46 | 7117 | 7134 { 685017361 (7078
Other Vegetables—Total . 3135|8447 878186328457 )3077
2880|3172 3441|3247 |8040 2591
1232 {1276 (1400|1504 11568 | 2173
9481070 (1167|1883 | 1356 [1907
Cerenls—Total . . . [815118320(/8329)|8544 (8247|8383
Srendand fou . - I J’:"&I' #ﬁrl .ﬁ".m\l J’u’.ﬂ}, .ﬁfl.tes’ 780

res!
Fruit (nel tomatoes}—Total
Fres]

(@) Beverages and a few miscellaneous foods, e g, soups, extracts, salad
dressings, have been excluded.
(%) In thisyearth

d only the nine months January
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eattle. So effective and far reaching were the activities of the
Ministry of Food that by 1943 about 90 per cent of all food
bought for civiltan consumption was subject to some form of
price control. Importation, home production, distnbution and
price of food were further linked with a system of food rationing
which began on 1st January 1940 and for which the ration
books were printed in 1938. The aim of this great piece of
official administration was to ensure a fair share to all of available
food supplies, to stabilize the cost of living and to avert the
danger of inflation.

These activities were well justified, for they played no small
part in maintaining the morale of the people when faced with
serious losses of food by sea and land and the msing cost of
buying and shipping food from abroad. In the year from June
1940 to June 1941, just over one mullion tons of food and feeding-
stuffs, 7 per cent of the total shipped, were lost at sea; and from
October 1942 to March 1948, when mports had been reduced
80 per cent, 400,000 tons, 9 per cent of imported food, were lost
by U-boat action. From air attack throughout the war 309,000
tons of foodstuffs were destroyed, of which 159,000 tons were
lost between September and December 1940,

Shipping losses meant drastic cuts in the food supples to
a avihan population, with men and women fully employed,
receiving high wages and showing a very marked mcrease in
its purchasing power. Had no steps been taken to control this
purchasing power, the prices of food would have nisen, resultmg
n a bad distribution of food to the poorer sections of the com-
munity, the demand for wage increases would have been stimu-
lated and thus the vicious sprral of wnflation would have started.
Heremn lay the reason for the early mtroduction of schemes of
price control, rationing and taxation of surplus purchasing
power. In April 1941 the Chancellor of the Exchequer, Sir
John Anderson, decided to stabilize the Cost of Living Index
by holdmg down the retarl price of certain foods by means of
subsidies. At this time, the Cost of Living Index was 25 to 30
per cent above the pre-war level ; this position was maintained
throughout the war  On Ist August 1945 the Index of Retail
Food Prices was 25 per cent higher than it was i September
1939 ; this figure is in marked contrast to the 186 per cent rise
m food prices during the 1914-1918 war, In 1947, as a result
of an mvestigation into the factors upon which the cost of
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a is determined by the ber, age and T

of its members, and also by whether the famly or community 1s
urban or rural. Calories are difficult to assess because children,
especially young children in a family, reduce the number of
Calores required for the group. Apart from the Calories, a
comparison of the intake of nutrients shown in Table 19 with
requirements stated for 1948 populations show that in the years
1940 and 1941 there was a deficiency of ammal protein, calcium
and vitamins of the B group. In the first half of 1941 the
supplies of animal protem and fat in working-class groups were
33 g. and 105 g. per head per day respectively. For the re-
mainder of the war and during the post-war period up to 1949,
animal protein, carbohydrate, calcium, iron and vitamin C
showed a very satisfactory improvement. In these nutrients,
as also n the B group of vitamins, our diet 1s equal to or above
the pre-war standard. The outstanding lack in the diet of
to-day js fat; while there has been a continued improvement
in the diet of all classes since the dangerous days of 1940-41,
due largely to better extraction of gram, increased importation
of fruits and a greater consumption of milk and milk products,
much still remains to be done to lessen the monotony and
unpalatabihity of the British diet, especially that of the lower
income groups.

CONTROL OF FOOD PRICES AND FOOD
SUBSIDIES

For the facts and figures upon which this section 13 based I am ndepted to
the Finance General (Home) Division of the Ministry of Food.

The 1014-18 war had shown how vulnerable the United
Kingdom was with respect to 1ts food supplies ; experience of
the past emphasized the importance, in any future emergency, of
the need for supervising mports, regulating distnbution and
controlling the price of food and feedingstuffs, On September
1st 1889, steps were taken to hold provisionally the price of
certain foods at the then existing levels and bring the importa-
tion of the more important foods under the control of the
Mimstry of Food. By the end of the year a wide range of
foodstuffs was under price control—meat, .ﬂour, butter, mar-
king fats, eggs, cheese, sugar, dried fruits, oil seeds,

rine, cool N
i;im:é foods, animal feedingstuffs and pigs, sheep and fat
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The method of subsidization was to make dircet payment
to producers or traders, or for the Ministry of Food to take the
loss on official trading operations. In the case of mulk, meat,

Tanre 20

LFFECT OF SUBSIDICS ON RETAIL I'RICES

1046
T Curens Butol Frce o9 18| s g ot sobetized
v od 4
Bread . 1 9 persm 11 perdll
Flour 13 perold 1 0} perdlb
Oatmeal 3} perth 5 perlh
Meat (hom: Ll]led) . 1 0f perib 1 4} perlb.
Bacon < 110} perib 111 perlh.
Totatoes S T per7lb 10} per7id
Eggs (large) . 2 0 perdoz 8 6} perdoz
{small) 1 9 perdos 3 8} perdoz,
Sugar (dnmcshc) 1 perih . 6 perlh
Milke 9  perquart 10 perquart
Cheese . . 11 perib, 1 4 perdd
e . . 210 perlb . 8 0 perih.
1047
rou T | IR | e
ko gl | i
Millk 9d a guart 11d & quart 614
Eggs—l,arge 2/- per dozen | 8/8 per dozen .
Sl 1/9 per dozen | 3,5 per dozen “
Fotatoes .| 73d per7ib 1/04 per 7 1b 265
Flour . spper71h | 253 per7lb e
Bread o | 10pper41s | 1jshperslb e
Butter 146 per Ib 2/3] per Ib 260
Marganne-—slandnrd 9d perlb 1)1} per Ib a1
pectal 5d perlb 9}d per lb}
Bacon 110k perlh | 2/33perlb 167
Cheese. . 10d perlb 1/63 per Ib 234
Tea « «j2noperms 8/ per lb 31
Sugar . 44 per b, 7d. per b 258
Beat (average cuts) 103d per Ib 1/2% per 1b 530
Misecllancouy — M
animal feedingstufls ang|
fertihzers 614
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living index was based, the Minister of Labour decided to nst;
tute a new interim Index of Food Prices, 100 being taken as th
Index on 17th June 1947. This interim Index is still {195¢
in use, and the latest figures issued by the Mimstry of Labou
show that, at 13th December 1949, the ¢ all items ” Index wa
113, the ¥ood Retail Price Index 120,

Food Subsidies.—When the Gov ’s deci to con
tinue to hold down retail prices by the use of public funds wa
first announced, subsidies were bemng paid at the rate of abou
£50 mullion & year. The cost has risen progressively since then
as the followmg table shows :—

103940 19041 193142 M43 1984
fm am P £ £m
Total cost of subsidies . 13 2 631 2957 1426 1825
10445 198548 103647 194748 194549
£m n £m m o
Total cost of subsidies 1957 2655 325 391 484 4
194950 festimate} 1050-51 (provistonal)
n Zn
Total cost of subsidies . 462 6 410

The effects of subsidies on the retail prices of the principal food
1 1945, 1947 and 1949-50 are shown in Table 20,

In the House of Commons on 3rd November 1949, the
Ch Hor of the Exchequer gave the following figures to shov
the current annual rate of payments made to subsidize importec
and home-produced food :—

To reduce the cost of umported foods . .
To reduce the cost of home-grown foods . .
To reduce the cost of mported feedmgstutfs .
To reduce the cost of home-gmwn feedingstuffs . 29
Acreage payments .. .
Fertibizes . P

In his budget speech the Ch llor of the ) S
fford Cripps, d that « would be taken tc

prevent subsidies from exceeding £465 million 1 the year

1949-50 7', In }ns budget speech of 1950 he announced that
MY BRRS

LR P Y

as o raise Prices . (210USE UL Lullilhuns 10w Apiat sowuny
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The methed of subsidization was to make direet payment
te producers or traders, or for the Mimstry of Food to take the

loss on official trading operations.

In the case of mulk, meat,

Tanre 20
LFFECT QF SUBSIDILS ON RETAIL PRICLS
046
ComRul e Ga e | e senot Subadzes
s A » 6
Tread . Y D perdth . 11 peradly
Flaur . . 1 8 per6ld . 3 9} perelb
Oatmeat 3} peri s perib
Meat (home kitled) 10} pertn 3 4 perib
lavon . <] 110} perid. T a1 perid.
Potatoes . . T perTib 10} partih
Eggs (tage) 2 6 perdoz 8 6} perdoz
fmal) 19 perdos 4 3} perdor
Sagar {domesti) . + o perib ¢ perlb
Mak. . % perquart 10 perquat
Cheese . . 11 periv. 1 2 periy
Tea . 210 perth 8 0 perlh
e
157
Rl Prie it | anaumtcorteo
ot panes | mismel | e
Dubsity
Mk, rd aquatt 114 ¢ quast 81
Egps—Large 2/- per dozen | 38 pee dazen an
Smalt +§ 1jo per dozen | 8)5 per dozen) -
Pota P 7id perTih | 10} per7ib 2305
Flaur VshperTih | 2o perTihy e
Bread cfaojperatn | taiperats 2
Butter 146 per th 2734 per by w0
Marganne—Standard ol per fh 1 perib a1
Speant 5 pertb. 936 per m}
Tacon 10 per s | 24 el 67
Cheese - 10d perih 176} por th 284
@ - N s 20 perib 39 per b 31
Sugar . 44 perl, 74 per b 248
Meat faverage suts) o § 100d perib | 123 perds 510
Moreflanrous — Mamiy
ansmal fredragetuffs sd
fectbuers . L, o
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TaBLE 20 (contd.)
1949-50

DETAILS OF FOODSTUFFS AT PRESENT SUBSIDIZED AND THE
ESTIMATED 1949-50 RATE OF EACH SUBSIDY

Bxtimated Current Price per
Commodity Taie nuteldy | Aversge | Subeidy | JHEGPT
1849-50 “;;‘,"u‘;i‘,” per Unit. Sataly
s d s d, s 4
Bacon . | permo 202 2 3 12 35
Bread (a) per 84 b,
loaf(e) . | 641 o1 [ 15
Flour (a) .| per7 b, 355 19 113 2 104
Shell eggs per dozen a07 2 0 1 8} 4 31
Carcascmeat [ perlb .| 408 15 o3 18
Mk - | per quart 513 010 0 2 1 0}
Butter (b)) . |perlb .| 533 16 16 30
Cheese (b) per Ib, 252 12 1 0} 2 2
Margarine perld . 160 010 0 4} 1 2
Lard and do-
mestie cook-
gfat . | perlb 56 10 o 3j 13
Potatoes (a) . | per7Ib . 47 010 0 2 10
Sugar o |perib | 81 [ 01 06
Tea . perlb 150 3 4 o 3} 4 0}
Fish . 40
Sundries Creatts | 322
3623
Welfare Foods:
Mulk i Schools . 20
National Mulk Scheme 220
Vitarmin Foods and National
Dried Milk . 61
Animal Feedingstuffs ) oss7
Fertilizers . 150
Loss on potatoes bought
under guarantee 1ns
462 6

(a) Includes acreage payments.
{5) Includes subsidy on manufacturing milh
(¢) Includes £8 4 m subsidy payable to bakers

eggs, SUgar, Dutter, cheese, oils and fats, bacon, tea and nnvimal
feedmgstuifs, almost the entire supply is bought by the Ml'mstry
or its agents at some stage of sale, cither to control supplics for
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Tante 20 {contd.}
1950-51

DETAILS OF POODSTUFFS AT PRUSENT SUBSIDIZED AND TUE
TSTIMATED 1830-31 RANTEL OF EACH SUBSIDY

Tetionted | Cusmest Price

Commadity onte R R R dal I

T per Lnit Tabaidy
. a . & s
Hacon o} perin, ase 2 5 ¥ oo} 3 5
Bread . per 33 b
1oat 553 an o 51 1 8

ar pee?h {238 19 11 218

Shetleggs . § per dazen 263 3 0to] 1 O 4 0to

310 418
Meat perlh 401 EREd [ 17}
Mk per quart 120 o 10 & 2 8
Butter perib 40 110 1 8 2 104
Cheese ., | tpeelh, . e 1z o 84 2y
Margarwe

fdomestse) | perdb, prYs b1 [ 18

and

methe cook-

g dat ipert 47 10 o 2} r
Porataoes perTid 154 say 30} o T oof
Sugar (domes-

() per i Wi [ o 1 o 6}
Tea per iy . a3 3 4 L 41
Velfare fonds 376
Sandies Creait | Mo

4100
L

1 No apphcable 10 end of seasun conditions.

Tationing or to save manpower and transport in marketing
The price to the 15 therefc idized by direct
payments; to producers of rye and potatoes on the basis of
acreage planted ; end to flour wmadlers and bakers on zecords
of th put and costs of dueth

The hase method of sut is naturally the more
smaple.  Ihfferences i the prces of mmported and home-
produced {oods are evened out and remuneration of processors
and traders arranged by varymg the Minsstry’s selling price
accordmg to the service to be performed by the buyer. The
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other method involves caleulating the rate of subsidy payable
on completion of detailed returns by traders, a system of eheck
tests to verify their elamms and a good deal of office work in
handbng claums and pay 3

Sinee subsidies must ultimately be reduced, the price control
will be lifted as supplies improve. In 1950 control of prices
and marketing ceased for new potatoes, carrots, oranges, grape-
{ruit, pouliry and rabbits, and fish, with the exception of the
sales for kippering.

The great bulk of essential foods is still controlled and will
remain so for some considerable time. It is necessary, if the
nutritional level of the nation is to be maintained and improved,
that all essential foods should be freely available to every man,
woman and child in whatever soeial class they may find them-
selves, and to this end there must be not only fortifieation of
flour, welfare services and special priorities, but food rationing
firmly hinked to price control. These things must be; diffi-
culties associated with finance, food production, changing world

¢! and diminished supp of essential foods make it
nperative that no change in control of price or ration should
be effected which would deprive any of a fair share of the avail-
able food. Nutntion or physical and mental well-being is not
merely a function of nutrients but of appetizing food and of
acceptable social conditions; where there is no equitable
relationship between the cost of iving, the price of food and a
man or woman’s basic wage the State is still in a condition of
economic imbalance, and nutritional deficiencies will still con-
tinue to exist among its eitizens.

Duning this difficult period of post-war readjustment, much
has been done to increase the supply of foods produced and
unported, to improve ther nutritional value and to secure a
better economic distnbution. The devastation of war, with the
disappearance of old and the creation of new markets, has forced
many governments to Jook for the salution of their nutritional
problems on the wider basis of international co-operation, By
its support of agreements entered mnto with the Domnions, the
1.5.A., Scandinavian and other countries for the control and
regulation of world production and distribution of foodstufs,
the govemment of the United Kingdom has declared its ad-
hercnce to the belief that only by concerted international
action can the major problems of world nutntion be solved.
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Fic 13.—The Roth-Benedict apparatus.

|To face page 97.



CHAPTER VI
THE ENERGY REQUIREMENTS OF THE BODY

Tae body requires energy in order to prow, to create heat, to
make good wear and tear and to do work.
All energy 15 expressed as heat or work, and 1n the human
bedy it is derived from the oxidstion of carbon, hydrogen,
nitrogen, sulphur snd other clements of which the foodstufts
are composed, The foodstuffs cannot be used duectly as
sources of energy but are reduced by the process of digestion
to certain sofuble forms which permit of thew casy tronsference
aeross the wall of the intestine into the blood-stream and 5o to
the various tissues of the body m forms approprate to thar
use. In the processes of digestior, work Is performed w the
almentary tract, and the amount of work done will depend
on the nature of the foods to be digested.  Some of the soluble
substances will be reconstituted 1n the various parts of the body
to form musecle, bone, nerve and other tissues; some will be
utilized to supply the energy for the rebuilding snd mamten-
ange of the tissues. M after 2 persod of twelve hours when no
Tond has been taken and therefore no absorptian i taking place,
the amount of energy expended by the body be measured, an
exact record js obtained of the quetble mi) of energy
neeessary to keep the body alive, that 35, to mamtam sts
temperature, the action of the heart, the movements of respra-
tim and the resting aetivity of glands (iver, kidneys, thyrad,
Pituitary, ete.).  This 15 known as the basal metabolie rate, ar
the BMR. The amount of work pesformed outside the body
vares greatly according to cirenmstances and may amount to
from one-third to three-fourths of the total energy output of
the body. The great vanations in external energy production
depend upon the generst setinity mnd the oseupation of the
mdividual, and such vanations are in marked contrast to the
constancy of the basal metabolism, This means that the
greater the amount of museudar work done the greater must be
the smount of food consumed.
Heat 15 produced in the restng body by the oxidation of
foodstuils 2and by the tonic activity of the musenlature of the
k¢ 91
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body, and m the event of work being carried out, a greater
amount of heat will be produced. In this respect the body is
essentially a machine, A locomotive has a thermal efficiency
of 10 to 15 per cent, an internal combustion engine 20 per cent,
a Diesel engine about 40 per cent. The human body varies in
its efficiency according to the conditions under which work is
performed. Much depends upon training, the type of work,
adaptability to the task, the onset of fatigue, ete. The average
efficiency of the human machine may be taken as 20 per cent;
the maximum is probably not over 85 per cent : that is to say,
of the total amount of oxygen utilized, 35 per cent is used
to preduce work, the remaining 65 per cent to produce heat.
The body, like an engine, obeys the Jaw of the conservation
of energy, which states that no energy is ever created or
destroyed ; therefore the total output of energy by the body
is the sum total of the encrgy derived from the fuel stores
within the body and from food ingested. But the analogy
between the body and an engine must not be pushed too far, for
there are essential differences, the most important of which
are that the body never stops working, the oxidations within
the muscle take place during recovery following contraction,
any depletion of fuel is immediately made good and fuel
material 1s used for tissue repair.

The Determination of Energy or Fuel Values—In
expersments upon foodstuffs the large Calorie is used. This is
equal to 1000 small Calories and 1s designated * Cal.” or “keal.”
(kilo-calorte); the definition of the large Calorie is **the amount
of heat required to raise 1000 grams of water from 15°C to
16°C ™, The amount of heat which is given off when any
foodstuit is burned may be messured in a bomb calorimeter of
known capacity. Into it a weighed amount of a sample is
placed in an atmosphere of oxygen, the calorimeter is tightly
closed, and the substance 1s burned by electrienl gnition.
When carbohydrate, fat or protein is burned, the amount of
oxygen utilized, the carbon dioxide, water and heat produced
can be measured accurately. Each foodstuff has its own
characteristic heat of combustion. Thus glucose Liberates 3-74
Cal. per gm., giycogen 4 3 Cal. per gm., fats average 9-5 C§1-
per gm. and proteins 56 Cal. per gm. In the body, protein
Iiberates only 4-2 Cal. per gm. because 1t is incompletely burned,
there being a loss of nitrogen chiefly as urea and ammonia in
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the wrine 3 consequently o certain amount of cnergy 15 lost and
a correction must be made for it Carbohydeate and fat, on
the other hand, are as completely oxidized in the body as they
are in the calorimeter.

Calorific Value of Oxygen and Respiratory Quotient.—
In these expenments with the bomb calorimeter one notes 8
definte relatronship between the amount of oxygen utiheed and
the heat produced ; this is called the calorifie value of oxygen
and is always stated in terms of 1 htre {1000 e c.) of oxygen.
For glucose the value 15 5 Cal., for starch or glycogen 1t 15 &
hittle mare, for fat 1t is 47 Cal. while for protemn it is 4 5 Cal
There 15 further, & relationship between the volume of carhon
dioxide produced and the volume of oxygen utilized when these
three classes of foodstuffs are oxdized  This 85 a ratio £0,:0,
1 called the fespiratory guotient and is ymtten thus

Vol. of CO,
Vol of0, ~ R @

For carbohydrate the respratery quotient 15 1, beesuse,
when bumned, the volume of oxygen utilized 18 accurately bat-
aneed by the volume of carbon doxade produced ; for fat 1t s
G 7 because fat contmns very httle oxygen, which must conse-
quently be provided in sufficient amounts to oxidize the hydro-
gen and carbon i the €at molecule ; for protem it 150 82, As
a result of the experimental work upen which these facts are
based, it 15 now possible, knowng the oxygen utihzation,
carbon dwoxide produchon and mitrogen exeretion of an mdi-
vidual, to the of ecarbohyd fat and
protein which have been burned over a defimtely d:tcrmmcd
period of time.  For the details of the methods ard ealeulations
by which this is determined one must have recourse to 2 text-
baok of physiology.

Estiomation of the Basal Metabolic Rate.~—In the ex-
amiration of the energy output or basal metabolism of patients
in hospitals the methods referved to would be impracticable,
and fortunately it is possible to amive st very nceurate
results by ndirect methods. This 15 indirect calonmetey and
all that 1t requires is the accurate estimation of the oxygen
used by the subject over short mtervals of 6, 10 or 15 minudes,
usmg the Benediet-Hoth ag The prineiple of thiy

for the esth of basal metabalism is shown in
Fig 14, while the apparatus itself is shown 1n Fig. 18




100

FOOD AND NUTRITION

The individual, having fasted for 12 to 14 hours, breathes
pure oxygen, and all exhaled carbon dioxide (CQ,) is absorbed
by soda lime. The oxygen utilized is indicated by the fall in
the spirometer bell which is cahbrated so that the amount of

Fic 14 —Dugram of oxycalorumeter
for determumng energy values of foods,

(A) Combustion chamber for nickel
crucible and electnical connections
(B) Rotary blower. {C} Spirometer
bell with oxygen 1 water seal.
(D) Soda lme contamer (E) Scale

e To

oxygen removed per mallimetre
drop in the bell1s known. Thus
from the fall in the oxygen line
over a period of six minutes,
see Fig. 15, one can caleulate
the energy expended in terms
of Calories per square metre
of body surface per hour. In
charts supplied for the caleula-
tion of the B.M.R, the oxygen
line in millimetres is equal to
Calories per square metre per
hour. For this rapid method of
estimation the calorific value
of oxygen is taken as 4-825
Calories per litre and the spiro-
meter bell has a diameter of
16'5 cm. and therefore a factor
of 2078 c.c. per mm. This
gives 1 mm. = 20 78 X 4825 =
0-100 Calories : if for a period
of 6 minutes the O, line shows
a fall of 80 mm. then 80 X 01
X 10 = 80 Calories per hour.
the body surface

n for
oxygen used  (F) Mouth - piece
with valves for BMR estimation
(enlarged)
Priociple of the Benedict - Roth ap-
paratus for determumng BMR s
seen by replactng A and B by F.

W = weight in kilograms, H =

of a subject, one may use the
formula of Du Bois where
A= W4 x C or, log A=
(log W X 0425) + (log M X
0725) - 8-8564, where A =
surface ares in square metres,
height in centimetres and C =

& constant = 0 007184. More conveniently the area is obtained
by the use of a nomogram such as shown in Fig. 16, or from
Table 21 where weight is related to surface area in square metres

for different heights.

The basal metabolic rate is always stated as a percentage of
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1
o

1
3

- 55

w223

B

10—

HEIGHT IN FEET
HEIGHT IN CENTIMETER S

WEICHT IN POUNDS
3
I
WEIGHT IN HILOGRAMS

=- s 104

SURFACE AREA IN SQUARE METERS
L
3
T
&

Draw a straight line through the appropriate polnts on columns | {Height),
and 1l (Welght) Read the Surface Area where the line Intersects cotumn N

Fie 16 —Du Bos chart for computing surface area of the body from height and
‘weight as prepared by Boothby and Sandiford of the Mayo Chnie,
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the normal for an mdividual of the nge and surface area of the
subject examined. As an example: 1f is known that for an
adult man 25 years of age, the BMLR. is 40 Calones per square
aetre per hour,

Tanry 21

SURFACE ARCA IN SQUARE METRES FOR DIFFERENT HEIGHTS

AND WEIGHTS

Weught 1 Klograms
Bt dos faofasfeodastoofss]oofes)oa)mfenesin
200 o1l o7jzosfzonjz 15z 2tj2 20
w3 seshisrhoshsszasiz iz yrle o
199 17001 7741 832 fr 96jz 02{z 08{3 132 25
385 160]1 o711 78] 8011 8ajL 0241 98)2 03)2 0912 14
180 Lsofistlioshi i zeit salvest osfz ool osfz 1o
175 120}t 48{1 5311 60f1 evli7aft 7o hi ash 011 nafz 01]2 05
0 126]1 B4J1 43)1 5011 5711 GI]1 6318 75)1 81 12 K611 01 {1 DAL OF
s ftasfrastioih soh arlissticofiesdt voh 7aliealtastiosfiog
160 fiazfiorhoviterit asfisoh sofy ezl eafurajuvefieshi sl o
155 1109 181 28] 331-40]1 461 3202 3311 6411 601 7311 T 331y o
350 $1o6fash 23ty sol a8l s2h anlr ssli sah es iy zob 72l 80
15 frosfrizlizofiarh aapisofrasfi st

5 5616141 602 71
s oo 0% 37 241 8011 30l1 a2h 47 ] 5341 5Y
1 48

135 {agriioeh 14it 2001 2alt 3201 asls g3
156 {8951 o4l 121 27ie 238t 2011 351 40,
125 109311 0 {1 0811 14 {2 2011 2911 2131 39
120 [oo1{o 9R{r 04{3 10f1 161 231127,

Weight == 70 kg. or 154 Ib.

Height = 170 cm, or 68 inches.

Surface area = 1 & square metres,

The O, line or Caloties per hout == 98 mm.

Carrection factor for normal temperature and pressure =0 8,

The BALR. = 90 X 0 8 = 76 8 Cals. per hour.

‘The normal B M.R. for a person 25 years of age, having a
surface arex of 1 8 5q. m. is 40 X 1'8 ~ 72 Cals, per hour,

The BM.R. of the subject expressed as a percentage of the
normal {72) =66

The basal metabolism for 24 hours = 76 8 % 24 = 1843 Cals,

Convenient though thus method of expressing the basa)
metabohe rate as o peseentage of the normal 15, nevertheless

it may be misleading unless the sctual hest production is
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!
JA]
% 3

5

1
3

139

POYNDS

. 135

w125

]
5
WEIGHT IN KILOGRAM.

120

HEIGHT IN FEET
HEISHT IN CENTIMETER S

WEIGHT 1
3
1}

- urg o

SURFACE AREA /N SQUARE METERS
i
3

- - 35

J-x

Draw 2 straight line through the appropriate paints on columas {Height).
and Il {Weight). Read the Surface Area where the line Intersects column W

Fic 16 —Du Bois chart for computing surface area of the body from height and
‘weight ag prepared by Boothby and Sandiford of the Mayo Clintc.
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o nmees T

a0 ~. ' . e s Known that for an
ag e yturs of age, the BILR. 15 40 Calories per square
metre per hour.

Tanpe 22

SURFACE AREA IN SQUARY, METRES FOR DIFFERENT HEIGUTS
AND AWWEWRHER

$Fesght i Kalograms

sluinleojuin)sle ls}wiu&mlss}m‘

15 .

LEEE '.',.Ll‘z‘iigiik

Weght == 76 kg or 154 Ib.

Height = 170 em. or 68 mches,

Surface aren == 1-8 square metres.

The O, lne or Calonies per hour == 96 mu,

Corseetion tactor for normal temperature and pressure =0 8,

The BMR, = 00 % 0% == 76 8 Cals, per hour.

‘The normal B.MR. for a person 25 years of age, having a
surface arca of 1-8 sq. m, 15 40 X 18 = 72 Cals. per hour

‘The BMR, of the subject expressed as a percentage of the
normol {72) =~ 6 6,

‘The basal metabolista for 24 honrs = 76 $ % 24 = 1843 Cals.

Convenient though tins method of expressing the basal
metabohe rate as & percentage of the normal is, nevertheless
it may be misleading unless the actual heat production is
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caleulated. This is particularly true when dealing with obese
subjects because the heat increase is proportional to the surface
area and, in the obese subject, the surface area is not normsl
for the age of the subject. Such a subject may be producing
far more heat than that produced by a normal subject of the
same age and sex.

Table 22 gives the height, weight and surface area of males
and females from 1 to 25 years of age.

TaBLE 22

TIEIGHT, WEIGHT AND SURFACE AREA OF
CIHILDREN AND ADOLESCENTS

Mates ’ Females ’

Helght Welght | surpaes | Telght Welght Burtace

Ags Ares In Areain
years 8q 2

o fem |1 |k | metres | o Jem | m | x ‘metres

1 f3 ) 7| 22f10) o050 | s0] 7ve)] 20) 9 050

2 [ 83 ) 8af 27f 12| os7 | 33| 8sf 267 12 os7

g |3} osf a3| 15 ocs |38 | 95| 83| 15 064

5 4e2j1m| 4| 18] orz | 42 [107] 40 18 om

8 | 40 (124 54{ 20 ) 092 | 48 {122} 51| 23 088

1 | 55 10| o 82| a2 | 54 fas7] w1 az 110

12 57 {145} 7vl 35| 120 | 57 {1a5] 80| 36 122

18 |50 {150 86| 80| 128 | 6o Jus2| so( 41 182

14 | 6L J1s3| or | 44| 138 61 155 ] 100} 45 140

15 [ 64 f162 | 111 ( 50 [ 151 { 63 | 160|108 | 40 148

16 | 66 |168|122) 55 161 | 64 [162| 15| 52 154

18 | 68 | 172 1 134 | 81 172 65 1651124 56 160

20 [ 60 {175 140f 64 [ 176 | 66 [ 168130 59 165

25 | 69 [ 175|147 ] o7 | 1.82 | 66 | 168 | 183 60 167

‘The Basal Metabolic Rate and Total Energy Require-
ments of Children and Adolescents.—In the new-bom
child the basal metabolic rate is low, approximately 80 Calories
per square metre per hour, but it rises quickly until at six
months it is about 50 and at twelve months 55 Calories per
square metre per hour. The maximal rate, 53 to 57 Calories
per square metre per hour, 1s reached in the second year (sce
Table 23 and Fig. 17). The high rate in infaney is due to the
rapid growth of the child, particularly in respect of the
growth of muscle and the development of muscle tone. It is
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the period of change from the helpless, musculsrly imactive
infant to the would-be helpful, intensely active and alert chuld.
It is & period of growth an which the central nervous system is
keeping pace with a rapidly mereasing musculatuxe, & period m
which the finer mterrclation of bram tissue with musele activity
is fully developed and 15 evidenced by the devel of

TanLe 23

COMPARISON OF BASAL AND TOTAL METABOLIC RATES OF
MALES AND FEMALES

Comprled fram Hoothby, Berguon and Dunn, Amer J Physio), 116, 196

BACR Calories Toggt et Mstabalbt | ot Cofoien perdap
Pperag matse per hour C¥laried pes 34 boare [N
Ao

Maen Fonules Mades e Mates Femasics

Buth | S0 80 288 293 410 440
1 53 53 060 624 1060 1000
2 57 53 780 725 1200 2200

3 85 52 A4s 708 — —
5 53 52 015 880 1500 000
8 518 470 1148 03 2000 2000
iy 412 452 1208 1103 2500 2500

2 6y 413 1347 1267 - -

13 465 420 1428 1330

1 404 415 1537 1881 3200 2800

15 480 400 1667 1420 - —~
1 457 ns 1704 1434 8300 2800
8 432 s 1788 1350 2600 2500
20 416 303 1756 3837 8500 2400
5 W3 Mo 1960 1842 3000 2400
“w 8o Mo 4 I3t 2000 2300

Pregnancy (latter halt) 2400 Calories pex day
Lartation 3000 Calorles per day

Tota basat wetabotam = BI R fag m /28 e X surtace 83 W30 ™

postural tone, balaneis hani: and physio-
fogicul adaptations. There 15 then a steady faling off in the
intensity of metabolism up to the fifth yeor, and o slower deeline
Ehrough later chuldhood, followed by a shght increase in netivity
a8 puberty i reached, Metabolic activity 13 then continued
with & slow, steady decelerntion throughout the period of adole-
seence,  Whils in adults all that 13 necessary is to muintsin
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a normal weight by an intake of food, the energy value of
which balances the energy requirements of the body, in children
the question of growth must receive careful attention. Growth,
in normal children, is always associated with great muscular
activity, and the intake of food must be inereased in order that
it may adequately balance basal metabolism, muscular activity
and growth. A rapidly growing child may utilize up to 15 per
cent of the energy value of its food for growth alone; this
represents the extra energy utilhized to build up new tissue. In
clnldhood and adolescence variations in the basal metabolic
rate of 10 to 15 per cent are quite normal. From the results
of numerous investigations Tables 22 and 28 have been compiled.
They show the general average for the height in inches and
centimetres, the weight in pounds and kilograms, and the
surface area 1n square metres, the daily basal metabolic and
total energy requurements in Calories for ages 1 to 25 years.
The last column of figures for Calories per day in Table 23 are
the recommended daily amounts published by the National
R h Council, Washington, U.S.A. (1948) and represent the
energy requirements of normal persons of moderate activity.
The most important fact indicated in Table 28 is the great
1ncrease in the total metabolic needs of children and adolescents
between the ages of 8 and 18 years.

The facts so far presented are graphically represented in
Fig. 17. The growth curves for boys and girls show a divergence
first at about 10 years of age when girls, on an average, grow 8
Iittle more rapidly than boys with the result that, at about 18
years of age, girls are about 3 to 4 Ib. heavier and may even
be taller than boys of that age. Interesting at this latter age
15 the marked difference in the total basal expenditure of energy
between boys and girls. Boys from 14 until about 18 to 20
years of age, contmue to increase their total metabolism, girls,
on the other hand, after 16 years, remain almost at a constant
figure. The factor at play, and it may by no means be the
only factor, is the relation between the rate and extent of
growth of the body and its changing surface area.

If one considers the matter further and compares the total
energy requirements of boys and girls in relation to those of
therr fathers and mothers respectively, assuming naturally that
the parents are normal and are at leisure, one is impressed
by the need of adolescents.
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In Fig. 15 the total energy requirements of male children
and adelescenis are shown as a percentage of the mormat
sedentary parent (2400 Cals) The upper curve shows <learly
how the energy needs of the bay betneen 11 and 18 years
exceed those of his father. At 10 years they are abuost equal,
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ab 11 years they ave 4 per cent greater, at 14 years they arc 53
Per cont preater and at 18 years 58 per cent greater than the
sedentary adult male with an energy output of 2100 Calones.
‘The dotted Lint in thus ehart shows the adolescent gitl's require-
ments as a percentage of those of her father, In Frg, 19, the
adolescent gurt is compared with her mother, whose sedentary
thergy output is 2000 Calorses. COne important fact emerpes,
namely, that the daughter has a calonfic need, which, when she
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a normal weight by an intake of food, the energy value of
which bal the energy requi ts of the body, in children
the question of growth must receive careful attention, Growth,
m normal cluldren, is always associated with great muscular
activity, and the intake of food must be increased in order that
it may adequately balance basal metabolism, muscular activity
and growth. A rapidly growing child may utilize up to 5 per
cent of the energy value of its food for growth-alone; this
represents the extrn energy utilized to build up new tissue. In
childhood and adolescence variations in the basal metabolic
rate of 10 to 15 per cent are quite normal. From the results
of numerous investigations Tables 22 and 23 have been compiled.
They show the general average for the height in inches and
centimetres, the weight in pounds and kilograms, and the
surface area In square metres, the daily basal metabolic and
total energy requirements in Calories for ages 1 to 25 years.
The last column of figures for Calories per day in Table 23 are
the recommended daily amounts published by the National
Research Counerl, Washington, U.S.A. (1948) and represent the
energy requirements of normal persons of moderate activity.
The most important fact indicated in Table 23 is the great
merease in the total metabolic needs of children and adolescents
between the ages of 8 and 18 years.

The facts so far presented are graphically represented m
¥ig.17. The growth curves for boys and girls show a divergenee
first at about 10 years of age when girls, on an average, grow &
little more rapidly than boys with the result that, at about 13
years of age, girls are about 3 to 4 Ib. heavier and may even
be taller than boys of that age. Interesting at this latter age
15 the marked difference 1n the total basal expenditure of energy
between boys and girls. Boys from 14 until about 18 to 20
years of age, continue to increase their total metabolism, girls,
on the other hand, after 16 years, remain almost at a constant
figure. The factor at play, and 1t may by no means be the
only factor, is the relation between the rate and extent of
growth of the body and its changing surface area.

If one considers the matter further and compares the total
energy requirements of boys and gurls in relation to those of
therr fathers and mothers respectively, assuming naturally that
the parents are normal and are at leisure, one is impressed
by the need of adolescents,
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is absorbed by soda lime in metal containers through which
the expired air passes. These are carried by the subject with
the bag, if a race is bemg run, or placed with the bag by hus
side if stationary exercse is carned out. Such an expeniment
will give & figure for oxygen utilization from which the m-
ereased metabolism for the time of the exercise can be caleulated.
From such expenments are obtained figures which show, for
the period of exercise, the effect which swimwmmg, dancing or
rowmg, ee, ete., have m inecreasmg metabolism  Now for
children and adolescents, whose activities are too vaned to be
correctly tabulsted snd d there s anly one
method which, if carried out over sufficiently long penods,
gives fairly accurate information as fo the energy expenditure
day by day and that 1s to measure penodically the actual food
consumption day by day for a week. This method has been
very fruitful in results, From a sample of sl the mesls taken
each day, dried and bumed in the bomb calonmeter or by a
careful dietary survey, the ealonfie value of the food 15 deter-
mmed, The weght and height of the chid are accurately
recorded at sntervals dunng the penod and of the growtlh curve
is pormal and the children dietetically satisfied, then 1t 15
accepted that the Calories taken as food have been sufficient to
supply the energy requirements and mamtain normal growth.

FACTORS AFFECTING METABOLISM

The conditrons which determine energy needs are the amount
of active tissuc in the body, the intensity of the actinity within
these tissues and the work done by the body mn promoting
growth, mamtaning repar and mm meeting ail the demands
made upon 1ts musculature m the routme tasks of everyday
bfe. Several majar considerations which add to the energy
requirements of the body are age, sex, occupation, the mode
of hife and the temperature of the body. Certain special con-
dittons which may be noted are pregnancy and lactation, fevers
due to infectious diseasc and endocrine defierency  discase.
The active tissues of the body are the muscles and all glands 5
structures such as hones, arteries and nerves have a very himited

bol p with the g Iar tissues.  The muscles,
the liver, the sahivary, gastric and mtestinal glands and the
endacrine organs are the seat of chemical processes by whick
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1s 8 years old, is equal to that of her mother, and when 14 years
old, is 40 per cent greater.

The question may arnse as to how these Calorie requirements
are determmed, mn view of the fact that they are associated
with great and varymg outputs of activity.

TADLE 24
TABLE GIVING AN APPROXIMATE IDEA OF CALORIE VALULS

In Terms of Domestic dmatints of some Common Foads

Catortes

Milk, one glass (8 oz ) . . . . . . . 150
One tablespaonful of butter (0 50z) . P L 4
Cream, one tablespoonful (1 oz ) e e e .0
Ice cream, } cup . . . . . - . . 100
One egg e e e e e e s
Cheese, 1-nch cube (1 0 0z.) J .
Meat, lean, 1 oz. (cooked) . L. . ...
Meat, average fatty (1oz.) . . P (]
Liver (stewed) (I 0z.) . . . . . . . . . 60
Baeon, shices, four average (156 Cals joz ) . . . . .00
Sausages, two average sized . F . 100
Tish, fatty, eg hernng (2oz) - P
sardines (2 0z ) (canned) N

Sugar, two tablespoonfals (1 0z ) - . . . .10
Jam, syrup, boney, ete , 1 tablespoonful (1ez) . . . . . 80
Riee (1 0z) . . T 4
Potatocs, one medium sized, boiled (4 0z ) [ 4
Cereals, } cup (2 0z ) (e g oatmeal) . . . 220
Oateake (1 0z ) ... J P
One thick shee of bread {1 5 02 ) . . . P

Oxe banana or orange, average sizc . P ]

Oue apple or pear, average size (Approx. 4 0z ) . . . . . BO

Dates, five medium size (1§ 0z) . - R 4

Prunes (1} 0z dried or 2} oz cooked) . 4

Raisins, ¢ cap (1} 0z ) . NN A g

Orange or grape fru yuice, 1 cup PR . 100

Figs, dried (1 02 ) A I . 60

- . 150

Chocolate, plam (L oz) .

Numerous studies have been made of the mcrease, over
basal metabolism, oceasioned by different forms of exercise.
Many of these investigations have been carrted out by the
method of indirect calorimetry, in which oxygen is inhaled
from a Douglas bag carried by the subject, and the CO; produced
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is absorbed by soda lime in metal contamers through which
the expired air passes These are carried by the subject with
the bag, if a race is being run, or placed with the bag by his
side if stationary exercise 1s carmed out. Such an experiment
will give a figure for oxygen utihzation from which the m-
creased metabolism for the time of the exercise can be calculated.
From such experiments are obtained figures which show, for
the peniod of exercise, the effect which swimming, dancing or
rowing, ete., etc.,, have in increasmg metabolsm. Now for
children and adolescents, whose activities are too vared to be
correctly tabulated and )} d there 1s only one
method which, if carried out over sufficiently long periods,
gives farrly accurate information as to the energy expenditure
day by day and that is to measure periodically the actual food
consumption day by day for a week. This method has been
very fruitful in results. From a sample of all the meals taken
each day, dried and burned m the bomb caloruneter or by a
careful dietary survey, the calonfic value of the food 1s deter-
mmed The weight and height of the child are accurately
recorded at intervals during the period and if the growth curve
is normal and the children dietetically satisfied, then 1t 1s
accepted that the Calories taken as food have been sufficient to
supply the energy requirements and mamtam normal growth.

FACTORS AFFECTING METABOLISM

The conditions which determine energy needs are the amount
of active tissue 1n the body, the intensity of the actvity within
these tissues and the work dome by the body 1n promoting
growth, mamtaming repair and 1 meeting all the demands
made upon its musculature m the routine tasks of everyday
bfe, . Several major considerations which add to the energy
Tequirements of the body are age, sex, occupation, the mode
of Ife and the temperature of the body. Certain special con-
dittons which may be noted are pregrancy and lactation, fevers
due to mfectious disease and endocrine defiency disease.
The active tissues of the body are the muscles and all glands ;
Stn.xctlux:es such as bones, arteries and nerves have a very hmted

p with the glandular tissues. The muscles,
the liver, the salivary, gastne and mtestinal glands and the
endocrine organs are the seat of chemeal processes by which
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energy is transformed from the food into heat and work. And
not only into that work which is apparent and can be accounted
for, but into those invisible activities whereby digestive juices
are formed for dealing with ingested food, external secretions
are elaborated for controlling assimilation and utilization of the
products of digestion, and internal secretions are produced for
the regulation of all those chemical changes upon the correct
interrelation of which the health and well-being of the body
depends.

P

LOG OF METABOLSM {Caloris}

1 1

o
2
106G OF WEGHT (K1)

Fic, 20.~Showmg linear relationship between log of metabolism and Jog
of body weight, ~(Kleiber, 1932 )

Body Size and Surface Area.—One of the factors which
determine basal metabolic needs is the amount of tissue
the body; smaller animals expend much less energy than
large ones but the increase in energy with size is not directly
proportional to the body mass or weight. A straight line
relationship between the two can be obtamned by plott.ing the
logarithm of the weight in kilograms against the Ioganth.m of
- el et T Mo wnoat af hic ic chawn in Fio 20
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Growth.This factor must be considered 1 any discussion
1 radivid

of energy exch of Is because the basal
metabohsm of the mdividual changes wath growth and matunty,
Growth determimes the size and the weight of the body; o
is a perrod of rapid mcrease m tissue and of the stormg of
reserves of chemical energy. It is for this reasom, as will be
seen later, that children and adelescents yequire as much as
or more food than their parents,

The amount of active tissue m the body, the intensity of
the activity within these tissues and growth sre so interrelated
1 chiidren and sdolescents that it is weil to consider both basal
metabolic rate and $otsl cnergy requiremenis of these groups
as 5 whole.

Sex.—Another factor which affects basat metabolism 1s sex ;.
ihe basal metabolic rats of the female, infant and adult, ts some
510 10 per cent less than that of the male.

The Effect of Food on Metabolism.—Food serves as a
source of energy and makes good wear and tear; if i excess of
immediate needs, carbohydrate 1s stored m the form of glycogen
or snimal sugar, chuefly in the hver and muscles; fat m the
normal physiologieal state 15 stored m fab depdts. Durmg the
period of 1ts digestion each foodstuff, be it protan, carbohydrate
ar fat, causes & characteristic amount of heat to be produced :
1his fact was diseovered by Rubner m 1885 and called by him
“the specific dynamic action " {(S.10.A.) of thefood ; for protemn
it may smount to some 20 to 30 per cent of the calontfic value of
the protemn mgested; for fat and carbohydrate the amount 1s
much Jess, bemg of the order of 5to 6 per cent.  Specific dynamic
action 15 evidence that the body can use 15 own reserves more
efficiently than 1t can use the foodstulfs supplied, to preveny o
simultancous oxidation of body tissue the ealonfic value of the
protem must be one-fourth to one-third greater than the basal
energy exchange during the time that the foodstufls aze bemg
oxidized. It should be noted that this extra heat 15 not aval-
able for work, 1t merely adds to the heat of the body and shows
the value of protein in the diet of peoples Iiving in cold elunates

The effect of overfeeding upon the emergy metabohsm of
man has been studied with eonfheting results. Some have
reported o rise of + to 5 per cent in the basal metabohe ate
when 2 high intoke of energy i# sccompanied by a high protein
intake (Kleitmnn, 1026); others have stated that no changes

"
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are occasioned by surfeit feeding. This latter finding is
supported by Munro (1950), who has shown that, if to a normal
diet giving 2850 Calories, therc be added daily 680 Calories,
m the form of meat, milk, lactose and butter {protein, 38 g.;
fat, 89 g.; carbohydrate, 46 g.} for 15 days, no change occurs
in the BM.R. Hamilton (1939), who investigated factors
atfecting basal metabolism in growing rats, could find no causal
relation between basal metabolism and the protein of the diet
or the rate of growth of the animal.

The Effect of Muscular Work on Metabolism.—It is
known that in a resting condition with food, about 77 per cent
of the body heat 1s lost by radiation and eonduction, 21 per
cent by evaporation of moisture from the skin and the lungs
and 2 per cent by urine and fzces. When a measured amount
of work is done, equal, as in the following Table, to 550 Calories,
then the total energy expenditure rises to 5130 Calories, the
percentage dissipation of which by radiation snd conduction
is 74, by urine and fmces 0 6, by the evaporation of moisture
from the skin and lungs 14-7, as work 10 7. The excess meta-
bohism over the resting metabolism with food is 5180 — 2400 =
2730 Calories : this represents the energy which must be
produced in order that the body may perform work equal to
550 Calories.

HEAT LOST IN CALORIES BY

Radiation and | Urineand | Evaporation, Adtlve Total
Conduction Toors | Lunsy and Bk Work Calories

Restmg  with
food . . | 1850 (17 %) 28 (2 %) | b2z (21 %) - 2400
Work withfood | 3800 (73 %) | 30 {0 6 %)| 750 (14 7 %3) | 550 (10 7 %) | 5130

The mechanical efficiency of the body in domg this work is
work _ 550
excess metabolism 273
The Effect of Fever on Metabolism.—In a high en-
vironmental temperature, e g. 100° F. in the shade, the humidity
of the air does not interfere markedly with perspiration and
there will be practically no change in the body temper:.iture.
Xf, however, there be no loss of heat by evaporation of moisture
from the skin or by radiation or conduction as in a very high

== 20 per cent.
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relative humidity, eqz. 90 per cent, the body temperature wiil
tise and with it an increase m oxygen utihzation. For cvery
degree Fabrenheit that the body temperatunre is varsed there
15 & 7 per cent merease 1n basal metabolism which m the adult
may be equal to 120 Calores, It 15 always & problem for the
physician to determune m febrile cases just how much of the
extra expenditure of encrpy should be met by wereased food.
A judicrous preseribing of diet must accompany very skilful
nursing in all highly febrie cases

Urder conditions of Jowered extemal temperature, the
body conserves heat by dimuushung the blood supply to the
skin, reducing perspiration and p 1 by st 4, that s,

s g the fine tonte of muscles, It requires
tempe'ratmcs below 25°C. to produce any defiute change m
basal metabolism of n mude person When the body temperature
has fallen from the normal 37-5°C. or 08 6°F. to 15°C. ox 59° F
shivering may be sufficent to double the basal metabohe rate

Effect of Pr —During preg there i< little
or no gain i woght until after the stxth week, but thereafter
there 15 & steady nercase up to the thirty-nnth week. Ac-
cording to Stander and Pastore {1940} the range m weght
mevease 15 large, but the average mcrease m 000 cases examined
®as 14 kg. (= 80 Ib.) which represented an mercase over the
non-pregnant weight of 24 per cent  From this weight must
be deducted the weight of child, placenta, membranes and
smniotie flwd, leaving 8 net gam m the body weght of the
wmother of 15 to 20 pounds.  With regard to the energy require-
ments of pregnancy, there 1s no great energy demand bLeesuse,
although the basal metsbolism of the fatus 5 very hugh per
unit of neight, its smallness precludes any great merease i the
basal metabolie activity of the mother. It has been stated
that the basal metabolie rate in the latter half of pregnancy
raay bo ramsed 10 to 15 per vent.  Dunng Iactation the matter
15 entirely doiferent, for scconding to most tables of dietary
allonaners, there should be a dady wncrease in sntake of 600
Calories.  This 15 regarded ss sufficient to supply cnough energy
for the average yiclds of mulk which, m s successful lxetation,
ttses from about half a litee {0 88 punt) per day in the first month
to one Iiére in the fifth month {Garry, 1946).  This daily require-
ment is justified by the fact that one litre of human mulk has an
energy value of approximately 670 Calories.
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ENERGY REQUIREMENTS AND CALORIE INTAKE

Many tables of recommended Calorie intakes have been
published in the past, the most important of which have been
those of the League of Nations Technical Commussion (1936)
and the National Research Council (1945-1918). From the
data in these tables one would assume that the calorific require-
ments of the average man of 70 kilograms (154 b.} is not less
than 8000 Calories daily. From numerous dictary investigations,
however, it would appear that these recommended Calorie in-
takes are perhaps too gh, and this is indieated by the fact that
the National Research Council state that * the proper Calorie
allowance is that which over an extended pertod will maintan
body weight or growth at the level most conducive to well-
bemg ™ and “it is suggested that the recommended Calone
allowances be regarded as subject to modification of £ 15 to
20 per cent according to conditions ”. As a result of many
surveys, certain investigators have reported deficiencies in
Calorie intake, because they have taken as the standard the
8000 Calories required by a man weighing 70 kil When,
however, the weight of the individual surveyed has been taken
into consideration, 1t has been found that 1n eertain communities
the average weight has been much lower, namely, about 60 kg-
It 1s doubtless true that most of mankind has always suffered
from a shortage of Calories, but many people in the more
favoured nations do not so suffer, and it would seem more
appropriate, as Keys says, “to concentrate on the right
amount of Calories mstead of msisting that the only problem

is to provide more”. * The expansionist philosophy must be
curbed n the actual mtake of Calories, where the problem of
moderation is p h food is abundant. The

experiences of World War II have emphasized not only the
tragedy of famine but also the virtues, in some cases, of a less
liberal provision of Calores, The lack of health damage, or
even the benefit, resultmg from recent moderate Calorte re-

i in adults in England has been much publicized, but
perhaps the mmlysls for the war years in Switzerland 1s even

clearer. It IS difficult to deny Fleisch’s conclusion that the
""" ToaT fo-als Semee, gt least.

¢ enough
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CHAPTER VII
PROTEIN REQUIREMENTS OF THE BODY

ProTEINS are t the most plex of biological material
forming part of the body and the foods we eat ; they have the
function of building up new tissue in the growing snimal 2nd
of repainng the wear and tear of tissue in both the young and
adult animal,  For this purpose the proteins of animal foods are
better than those in foods of plant origin. The best proteins
arc obtained from milk, eggs and glandular tissues (kidney,
liver, pancreas, etc.), simce these foods contain the proteins best
adapted for the purpose of supporting mammalian life. They
are present in all living tissues, and so intimately are they
bound up with the structure of the body that it is difficult to
find examples of a pure protein existing separately. The best
example of a protein 15 egg-white; this 1s a pure protem in
solution in water. Egg-yolk 1s a mixture of proteins with fat
and salts, just as are cheese and meats. The proteins are made
up of nitr or id units ;
m the constitution of a protein some 12 to 18 amino-acids are
bound together. In the process of digestion these amino-acids
are broken from their linkages one with another and are
separately taken up by the blood stream and carried to the
tissues of the body, where a selection of them is made for
building up various types of proteins which constitute the
tissue. Different tissues require different amino-acids, for ex-
ample, skeletal muscle selects different amino-acids from those
which would be selected by the liver for its growth or repair.
The building or repair of the body is something like the building
of a city. In the construction of a cathedral or a college,
stones of different shapes and sizes are required ; in building
‘bungalows or houses, different types again come into use. The
building stones used are determined by the design and that is
again determined by the usc to which the complete building is
to be put. So 1s it with the tissues and organs of the body,
their function determmes the type of building stones or amino-
acids which must be selected from the blood. Such a diverse
selection as that which is characteristic of the human body
18
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 demands a rich supply ¢ of all possible amino-acids. Every pro-
tein in the body is y g s 1
selecting the appropriate ammo-ands from the large supply
presented to 1t by the blood. But no smgle protemn m our food
contains all the ary proteins
must therefore be present in the diet. ' The most important
element in the amino-acids 1s mtrogen ; the others are carbon,
hydrogen, oxygen and sulphur. Fortunately we find that the
individual proteins contamn, not merely one amino-acid, but
several different amno-seids, and also many of each. About
fifty proteins have been chemically exammned and 1t has been
found that they contam usually twelve to eighteen amno-acids,
all of which, however, need not be supplied by food

An important point with regard to growth 1s that the body
has the power to synthesize or bwld up from sunple com-
bmations of carbon, hydrogen, oxygen and mitrogen, certam
of the required amino-aeids the presence of which 1 the diet 18
therefore not essential. Those amino-acids which cannot be
built up must be supphed by &he protemn of the food and are
therefore called le Some proteins in
our foodstuffs do not contmn all these essential amno-acids and
are known as incomplete or deficient protesns. Protems con-
taining all the essential amino-acids which have to be sapplied
by the food for growth and repair are called first-class or,
better, complete protems, There are ten of these mdispensable
amino- aclds, namely, argmme, hxstldme, isoleucmne, leuctne,
lysine, ) tryptophan and
valine, A good example of the need for tryptophan and lysme
is seen in the lack of growth i young rats fed on an atherwise
adequate diet 1 which the only source of protemn is the zein of
maize, which is totally deficient i both tryptophan and Iysine.
Animals fed on this diet not only cease to grow but steaduly
lose weight; when tryptophan 1s added to the dret the fall in
weight is stopped, but when both tryptophan and lysme are
added normal growth is resumed.

A considerable dcgree of nterest has devcloped around
this question of the * completeness® or as 1t is ealled the ‘ bio-
logical value® of the protems. By the term * biological value®
1s meant the ability of any protein, such as that in meat, milk,
€ggs, wheat, oats, etc., to provide far the growth of the young
ammal and the maintenance of the adult, Recent work on
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this subject has shown that the biological value of the mixed
proteins in normal dietames is surpassed only by that of the
protems of eggs and milk. Proteins of maize and wheat are
well balanced with respect to their essentisl amino-acids
and compare favourably with the proteins of animal origm.
This indicates that the process of amino-acid supplementation
which takes place mn a normal diet is effective in compensating
for the varymng deficiencies of the individual proteins composing
1t. The incomplete protemns play a part in enhancing the
nutritive value of proteins of a higher biological value than
they themselves possess. The nutritive value of individual
proteins depends on three factors; (1) the amount, (2) the
digestibility and (3) the biological value of the protein. Con-
sider these three points briefly :—

(1) No protein unless in adequate supply will produce its
full nutnitive effect.

(2) Digestibility is associated with the form in which the
protemn exists in food as eaten and the extent to which it is
broken up by the enzymes or ferments in the alimentary canal.
In general terms, protems of animal ongin are more easily
digested than those of vegetable ongm, with one exception,
the protein of uncooked egg-white. If one takes the coefficient
of digestibihty of milk and meat protein as 98 (i.e. for every
100 grams of praten nitrogen consumed 98 would be utilized),
that of cereals and legumes would be 90 and 70 respectively.
The low figure for the proteins of cereals and vegetables 1s due
to the presence 1n such food of large quantities of indigestible
cellulose which protects the protein from enzyme action. When
protems, 1solated from the structural elements of cereals and
vegetables, are tested they have a digestibility coefficient not
far removed from that of meat or milk.

(3) The biological value of a protem depends upon the
amino-acids of which it is composed. Some proteins have
amino-acids which will fully make good wear and tear and also
support growth ; these are the complete proteins ; others are
very good for maintenance but will not support growth, these
are partially incomplete ; others again can support neither mamn-
tenance nor growth, these are the incomplete proteins.

The proteins of highest biological value, that is, the com-
plete protems, are found in eggs, milk, cheese, meats and nuts.
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In vegetable and cereal foods an incomplete protein is often
associated with a complete protein, and in some vegetables the
protein may be wholly mcomplete. Table 25 shows the nature
of the protein in certain foods, .

TaBLE 25

Food Complete Proteins Incomplete Proteins
Meat . . . .| Albumm andmyosn -
Mdk . . . .| Casenogenandlactalbumn —
Eggs . . - | Ovalbummn and ovowitelim —
Vheat . « { Ghadin Glutemny.
Gelatm .. - Gelatin
Soya bean - | Giyomn Legummn
Barley . - — Hordem (partialiy)
Maize . . . .| Glteln Zen
Almonds and nuts Excelsin -
Peas [N - Legummn

The further development of this subject demands a know-
ledge of the various amino-acids 1n these protemns. The cam-
plete proteins ing all the key ds, which the
body cannot bwld wp from simpler compounds, must be
present in the daily diet, While cereals and vegetables have
incomplete proteins, i.e. protems lacking some of the * essental *
or indispensable amino-acids, 1t must not be thought that these
incomplete protemns are of Litle value. It has been shown
that neither the gliadin nor the glutemn of wheat has by itself
a high food value, but together their food value is greatly
enhanced, since the lysine-rich glutenin has a strong supple-
mentary action on the lysine-poor gliadin, Most important in
this respect is the fact that small amounts of complete protein
have a strong suppl y effect on b plete proteins.
For example, a piglet fed on corn does not grow well because
the complete protein, gluteln, has no great supplementing
action on the incomplete protem, zem. But if to the dret of
corn & small amount of milk be added, giving the complete
proteins caseinogen and lactalbumin, the rate of growth is
almost fully restored. This is but one example from many
which emphasize the importance of 2 good mixed diet, g,
cereals and milk ; meat and vegetables ; cold meat with a mixed

of greens, cggs, tomatoes and mayonnaise.
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The Protein Requirements of the Body.—Protein, which
1s required for energy and body building, is an essential part
of every cell in the body. It is present in large amounts m
apparently inactive tissues such as bone, Muscle consists of
75 per cent water and 25 per cent of solid material, and of
this solid material 80 per cent is protein, the remaining 20
per cent is made up of extractives and inorganic salts.

The question arises, ** How much protemn is required for
body building, how much for energy ?” The child requires
protein for growth; as much as one-third of the total intake
of protein may be used for growth. The adult requires but
little for repair. It is important to remember that muscular
work does not entail any appreciable breakdown of body protein.
Work determines energy needs, but such energy needs are
supphed by carbohydrates. Muscular work is not done prim-
arily at the expense of protein, but long continued work does
produce an increase 1n the breakdown of muscle protein, which
being formed into glucose makes good any reduced carbohydrate
supply of the body, And here it might be mentioned that
mental work also does not appreciably increase the energy
needs of the body. The body does not store protein in the
manner in which it can store carbohydrate or fat, but a rich
protemn meal will lead to a very temporary storage of amno-
aexds or protem in the hver; and increased or prolonged exer-
ase will produce a greater development of muscle tissue.
It can therefore be accepted that all nitrogenous material in
excess of that immediately required is excreted by the kidney.
To have the excretory organs burdened with the excess of the
products of protein breakd is a disad ge. Thoseamino-
acids of the protein which are used for the buildmg of tissue
have their mtrogen built into the body strueture, while all those
which are mn excess have their nitrogen removed by conversion
into new nitrogen-containing substances which must be excreted,
eg. urea; the remainder, 1.e. the non-mtrogencus part—carbom,
hydrogen and oxygen—must be burned and is got rid of as CO,
and water.

Recommended Allowances for Protein and Calories.—
A man weighing 70 lkilograms or 154 Ib. generally requires
about 70 grams of protemn per day. The figure varies according
to age, sex, occupation and race (see Table 26); for example,
1n this country and in the United States of America, those who
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take rich protein food may ingest from 80 to 120 grams of
protein per day. An Esqmmo who lives on meat may take 300
grams; a vegetarran m the tropres, eg & Himdu, may take
not more than 50 grams per day. Curiously enough the former
Iives on a plentiful supply of ammal protem while the latter
exists on a meagre supply of protemn of rather poor quality. It

TABLE 26
COMPARISON OF AMERICAN ALLOWANCES OF CALORIES AND

PROTEIN (NRC. STANDARDS) WITH VALUES REVISED TO
SUIT DIETARY HABITS IN THE UNITED KINGDOM *

American Allowanicen Revised (Net Values)
Beroentaso Percentage
coorte| Pt SRS || ot P
¢ ‘Froteln ‘Protein
0K ax
Man . & |, i
Moderately active | 3000 | 70 96 [ 2000] 75 106
Veryactwe . .| 4500 | 70 64 | 4200 | 120 w7
Sedentary . 2100 | 70 us |2100| 63 ni
Woman (56 kg )
Moderately active . | 2400 | 60 98 2500 | 65 107
Veryactie . . | 3000 | 60 82 |3200( s0 103
Sedentary . 120007 60 nz7 2100 [ 53 w7
Pregnancy (Latter half) | 2100 | 85 139 2500 { 75 123
tation . | s000 | 100 17 [3000] o5 10
Children up to 12 years
108 years .| 1200] a0 187 {1200] 40 137
4to 6 years 1600 | 50 128 | 1600 | 50 128
Tto@years . . |2000| 60 123 |2000| €3 133
10to12years . . |2s00| 70 1ns |es00| 8o 131
Children over 12 years
Guls {1815 years . | 2600 | 80 117 |2s800| 90 132
16-20 years . [ 2100 | 75 128 | 2400{ 70 12Z0
Boys {13—15 years . | 3200 | 85 109 | 38200 100 128
16-20 years | 8800 | 100 105 | asoo | 110 s

‘dfter D P. Cuthbertson (1944), Bnt. Med Bull, 2, 207 and National
Research Couneil, U S.A., 1048
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The Protein Requirements of the Body.—Protein, which
1s required for energy and body building, is an essential part
of every cell in the body. It is present in large amounts in
apparently inactive tissues such as bone. Muscle consists of
75 per cent water and 25 per cent of solid material, and of
this solid material 80 per cent is protein, the remaining 20
per cent 1s made up of extractives and inorganic salts,

The question arises, ** How much protein is required for
body building, how much for energy " The child requires
protein for growth; as much as one-third of the total intake
of proten may be used for growth, The adult requires but
little for repair. It is important to remember that muscular
work does not entail any appreciable breakdown of body protein.
Work determmnes energy needs, but such energy needs are
supplied by carbohydrates. Muscular work is not done prim-
anly at the expense of protem, but long continued work does
prod an in the breakd of muscle protein, which
beng formed into glucose makes good any reduced carbohydrate
supply of the body. And here it might be mentioned that
mental work also does not appreciably increase the energy
needs of the body. The body does not store protein in the
manner i which 1t can store carbohydrate or fat, but a rich
protein meal will lead to a very temporary storage of ammno-
acids or protemn in the liver; and increased or prolonged exer-
cise will produce & greater development of muscle tis?u.e.

b

It can therefore be pted that all nitrog n
excess of that diatel qi d is d by the kidney.
To have the excretory organs burdened with the excess of the

d of protein breakd is a disad Those amino-

P
acids of the protemn which are used for the building of tissue
have their nitrogen built into the body structure, while all those
which are 1n excess have their mtrogen removed by conversion
into new nitrogen-containing substances which must be excreted,
e.g.urea; the remainder, 1.e. the non-mtrogenous part—carbon,
hydrogen and oxygen—must be burned and is got rid of as co,
and water.

Recommended Allowances for Protein and Calories.—
A man weighing 70 Il or 154 Ib. generall requifes
about 70 grams of protein per day. The figure varies according
to age, sex, oceupation and race (see Table 26); for example,
1n this country and in the United States of America, those who
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(1) A child, aged 8 years.
Weight = 54 1b, = 24 kalograms.
Energy requrement = 2000 Calories.
18 per cent of 2000 = 260 Calories = 62 grams protem.
Protein requirement by weight = 2 6 X 24 = 62 grams
protein.

(2) An adolescent boy, aged 16 years.
Weight = 122 Ib = 55 kilograms.
Energy requirement = 3500 Calories.
12 per cent of 8500 = 420 Calories = 100 grams protemn.
Protein requirement by weight =18 X 55 = 99 grams
protein.
{8) An adult, moderately active, aged 25 years
Weight = 143 Ib = 65 klograms.
Energy requirement = 3000 Calorses.
10 per cent of 8000 = 300 Calores = 71 grams protemn.
Protein requirement by weight =11 X 65 = 71 grams
protem.

A study of tabular data 1n this manner impresses upon one
the great need of the growing body for protemn A httle further
caleulation will show that a child of 1 year weighing 20 Ib. re-
quires 36 grams of protem, and all of 1t must be animal protem
It may be safely affirmed that from 5 to 15 years of age the
human body should have half of its total protein i the form of
animal protem, the remamder being obtained from cereal and
vegetable sources, This does not necessanly imply that animal
protein 1s indispensable, 1t does 1mply that for the growth and
development of children and adoleseents ammal protem 15 the
best source of the essential or mdispensable ammo-aads.  Upon
the same rcasoning is based the statement that expectant
mothers should recerve 85 grams of protein and nursing mothers
100 grams of protemn daily, of which, m both cases, half should
be animal protein.

Table 26, which links up Calones with protem allowances
should be consulted for details concerming age groups.

We see, therefore, that we begin life with a very high pro-
‘ein requirement in terms of body weight, namely, about #
grams per kilogram of body weight, that this falls steadily
througt dol and that, adol safely passed, no
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has been shown experimentally that not less than 80 grams of
protein must be assinulated to make good the wear and tear of
the body. Any protein in excess of this figure will be used for
the production of cnergy. The extent to which protein is
burned for fuel depends upon the degree to which the body
utilizes carbohydrate and fat for energy. If in the adult there
1s an adequate supply of carbohydrate for energy, protein need
never be used specially for this purpose. The protein intake,
in diets liberal m energy-producing carbohydrates and fats,
should always be in excess of the minimum requirements of the
body for growth and repair. Much scientific controversy has
been waged over the mmimum intake of protein necessary for
healthful living. Chittenden in Boston maintained that men
could hve well on a protem intake of 44 grams per day. This
has been criticized by German and Englsh workers, who have®
shown that a minimum protein diet ultimately results in a lack
of robustness or vitality and & predisposition to infectious
diseases. In experiments on rats—and standard rats give
results which are of great value in leading to conclusions which
are of importance for man—it has been found that minimal
protein diets contmued over three or more generations lead to
very definite deficiencres. It may be that the second genera-
tion reveals nothing that could be interpreted as abnormal, but
the third generation invariably shows changes in size, rate of
growth, number of hitters and, what is noteworthy, in the number
of deaths 1n the itters. YWhen dogmatic criticisms are Ievelled
at scientific findings, it is well to ask if such criticisms are based
on results covering three or four generations.

For children and adolescents it may be mamtained that
about 12 to 14 per cent of the total Calories should be furmished
by protem, while for adults 10 to 11 per cent is regarded as
sufficient. If we consider the Calorie and protein requirements
of children, adolescents and adults (Table 26) in relation to
age and weight we shall find that these percentages are sub-
stantially correct. Take three examples, with 8000 Calories as
the unit of energy requirement, and the protem requirements
in terms of grams per kilogram of body weight at various ages,
which are :

Age : years 1 5 8 11 14 16 18 25

Protemn: g.fkg. 40 30 26 24 21 1.8 16 Il
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On the other hand, while retaining the same protein and calonfic
values of the diet, the latter by adding fat, all carbohydrate be
withdrawn, then the mitrogen output will mcrease, indicatng a
greater oxidation of protein. Whenever the carbohydrate ts
restored, the degree of breakdown of protem returns to normal.

hysiologically adeq ts of carbohy thus spare
protein, not only by serving as fuel so that the protemn 15 not
called upon for energy, but also by forming combmations with
the products of protemn breakdown from which amimno-acids may
be formed. From the results of many bio-chemical expertments
1t has become i clear that carbohyd plays a very
important part in profein metabolism. Cuthbertson and Munro
have demonstrated that excess of carbohydrate (280 Calories)
or fat (700 Calories), 1n & diet contaming 70 grams of protem
and supplymng 3200 Calones, caused a great merease m body
weight in man. In a word, the body can only grow to 1ts opti-
mum in size and strength if, 1n the presence of an adequate
amount of protem, 1t receives its optimal supplies of carbo-
hydrate and fat.

The question, “ How much protem should be taken?”
has been answered. It naturally leads to a second question,
flamely, “How can we secure the correct proportion of protemn
in our dret 7 ™

The answer lies m a knowledge of the protemn nich foods,
which are eggs, meat, cheese, milk, legumes and nuts.

The next question which arises 15 how to secure, for example,
the 85 grams of animal protem for a chuld of 7 or 8 years of age ?
This can be done by selecting appropnate amounts of ammal
foods as shown :—

Amoust Protein (grams) Calorira
1} pmts £ 510
1 s 78
2oz 10 135

This gves 35 grams of animal protein and over 600 Calortes
per day. A further 85 grams of protein can be secured by
eating prains and vegetables, thus giving the optimum  Ac-
cording to Sherman, * given a full quart of milk m the dauly
dictary of the growing child, the other foods may be sclected
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one, unless very actively engaged in manual work, need ingest
more than 1 gram of protein per kilogram of body weight, or
0-5 gram or gl oz. per Ib. of body weight. We realize some-
thmg of the biclogical value of protein as building matenal
when we compare the protein content of the milk of the mother
with the rate of growth of the newbomn progeny. Note how
rapidly 2 kitten, a lamb, a piglet, or a calf doubles its birth
weight compared with the time taken by a human baby. Note
also the amount of protemn in the milk of the cat, the ewe, the
sow, the cow and the human mother.

The kitten doubles its weight in 7 days;  DProtein of milk =958,
10 H

The lamb " . " ”»
The prglet ” " 3 weeks ; » .
The calf " " 7 weeks » ”
The baby » » Gmonths; . -

While a baby thrives on cow’s milk, the calf would fade
away on human mother’s milk, and the lamb on a similar diet
may succeed in standing on its feet before it died, which event
would probably take place in about one week.

The reason for the presence of protein in the diet is to provide
nitrogen, sulphur and phosphorus in the form of ammo-acids
for growth, maintenance, reproduction and lactation.

The Sparing Action of Carbohydrate and Fat on Pro-
tein.—It has Iong been known that carbohydrate has a sparing
action on protem metabohsm. Several investigators have
shown that 1f & man be starved, the output of nitrogen in the
urmne falls. This mdicates that, after the first two days of -
amition, when carbohydrate stores have been rapidly diminished,
the body obtams energy from protein and fat. When, as 10
the last stage of severe or prolonged starvation, almost all fat
has disappeared, the body has to rely on its protein for the
supply of energy. The loss of protemn can, however, be stopped
1f carbohydrate be admmnistered in amounts sufficient to meet
the energy requircments of the resting man, 1e. about 85
Calories per kilogram. Whenever the protein wastage stops,
the tissues will be restored by a rebuilding of the protem part
of their structure. This is the extreme case and here only
carbohydrate, as glucose, is effective. If the dict be sufficrent
m protein and the body 1s 1 nitrogen balance, the addition of
carbohydrate to the food will conserve the protein, as is al\v.ays
indicated by a diminution of nitrogen excreted in the urine.
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On the other hand, while retaining the same protein and calorific
values of the diet, the latter by adding fat, all carbohydrate be
withdrawn, then the nitrogen output will mcrease, indicating a
greater oxidation of protein. Whenever the carbohydrate 15
restored, the degree of breakdown of protein returns to normal.
P logically adequate of carbohydrate thus spare
protein, not only by serving as fuel so that the protemn 1s not
called upon for energy, but also by formmng combimations with

the prod of protein breakd from which ami) ds may
be formed.  From the results of many bio-chemical experniments
it has become i ingly clear that carbohyd plays a very

important part in protein metabolism. Cuthbertson and Munro
have demonstrated that excess of carbohydrate (280 Calortes)
or fat (700 Calories), in a diet containing 70 grams of protemn
and supplying 8200 Calories, caused a great merease 1 body
weight 1n man, In a word, the body ean only grow to its opti-
mum in size and strength 1f, in the presence of an adequate
amount of protein, 1t receives its optimal supplies of earbo-
hydrate and fat.

The question, *How much protem should be taken?”
has been answered. It naturally leads to a second question,
namely, “How can we secure the correct proportion of protemn
in our diet 3 *

The answer lies m a knowledge of the protem nch foods,
which are eggs, meat, cheese, milk, legumes and nuts.

'The next question which anses 1s how to secure, for example,
the 85 grams of animal Pprotein for a child of 7 or 8 years of age ?

This can be done by selecting appropriate amounts of animal
foods as shown :—

Awouat Protemn (grams) Onlatie
1} pints. 29 510
1 [ 78
2oz, 10 135

This gives 85 grams of animal protein and over 600 Calories
per day. A further 85 grams of protem can be secured by
cating grains and vegetables, thus giving the optinum. Ac-
cording to Sherman, “ given a full quart of milk m the duly
dietary of the growing chuld, the other foods may be selected
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chiefly with reference to qualities other than their protein con-
tent. Without a liberal use of milk, the proper feeding of the
growing child becomes & very difficult problem.” Eggs, cereals,
with a httle meat occasionally, will raise the total protein in
the diet of & child to about 15 per cent of the total Calories if
the quart of milk is adhered to. It is not necessary as some
erroneously think that the child should drink the quart of milk.
It should appear in any form in the daily dietary.

FanLe 27
THE PROTEIN CONTENT OF COMMON FOODSTUFFS
rryeked 100 grous
Cheese BN . 2537 Maddock . . . .18
Egg, raw . . . . . 12 Herrmg . .
. White . . 9 Lemonsole . . . - 16
. yolk . . 16 Whtmg . . . 18
Milk, whole . . 83 Salmom. . . . .M
. dned . 28
,» condensed - . ., 7 Amonds . . . 20
- " skimmed . . 9 Peanuts . .. .28
Beans, butter . . . 1@
n  hameot . . . 2
Bacon, Wilts . © . 14 Lentils. . . . . 2
Beefsteak . . . . 19
Ilam . . B . . 15  Chocolate, mik 7
Liver . . . N »  plhain 5
Matton . . . . , 18
Bovril . - . . 29 Cocoa powder . . .20

The energy and protemn requirements of pregnancy snd
lactation are as stated in Table 26, Dietary surveys carried out
recently by the sub-committee on Nutrition of the Department
of Health for Scotland have shown how serious has been the
deficit in anmal protein in the diets of nursing mothers
(Cruickshank, 1947). Prionty supples of milk have been of
great value, but to secure at least 40 grams of animal proten
every nursing mother should have 2 pints of milk and one
fresh egg or its equivalent per day.

There has been some exaggeration of the ill-effects of taking
moderately liberal amounts of protein and a confusion of these
with the effects of eating too much meat. Intestinal putre-
faction does not il p the daly i o
100-120 grams of protein. Intestinal hygiene can be main-
tained with milk, eggs, cheese, grains, vegetables and moderate
amounts of meat.
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A Diberal protein consumption with a moderate amount of
meat is better than a restricted protem intake or a poor protemn
intake such as 1s obtamed with a vegetarian dret.
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CHAPTER VIII
FOODSTUFFS AND THEIR FUEL VALUE

CARBOHYDRATES, FATS AND PROTEINS

The Source of Energy.—In physics, energy is defined as
the ability to do work; n biology, energy may be regarded as
o force which mamfests itself in various ways, as work, hest,
hght or sound. The energy or fuel value of foods is always
stated mn Calories, a Calorie being the heat unit. Uhits of heat
and mechanical work are mutually convertible and it is there-
fore possible to transform Calories into units of work (foot-
pounds or gm.-em.): this, however, is not done in dealng
with foods. In the utilization of food, heat is produced and
wark 15 done ; if the energy intake 15 in excess of the needs of
the body, 1t is stored as carbohydrate and fat. The sun is the
source of all energy in the form of light and heat, and man
can become a partaker of solar energy through the medm of
the food he eats. In virtue of chlorophyll, the green pigment
which they contam, plants store energy m the form of various
chemical compounds such as carbohydrates and fats which are
made up of carbon dioxide from the air and water from the
soil. Plants are also able to synthesize or build up proteins
from simple inorganic nitrog b or In some Cases,
by making use of atmospheric mtrogen. This remarkable
achievement is something of which the arumal body is mcapable,
and, therefore, to secure lus protein man must depend upon 2
preformed supply in hus diet, The body can bwild up proteins
if given rather complex orgamie nitrogenous substances which
are formed i the alimentary canal as the result of the digestion
of preformed animal or vegetable protein.

The Fuel or Energy Value of Carbohydrates, Fats and
Proteins.—The energy value of carhohydrate 1s 4-1 Calories
per gram; this 1s an average figure because the term carbo-
hydrate covers glucose, cane sugar and starch, the energy values
of which are 3 85, 8 95 and 4 23 Calories per gram respectively.
For fats, the energy value as determined by total combustlf:n
of & fat 1n the calorimeter 15 9 45 Calories per gram, for protein,

180
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5 6 Calorses per gram ; but,in calculating the fuel value of fat and
protein, allowance must be made for the heat lost during diges-
tion——approximately 1 per cent m the case of fat and 5 per cent
in the case of protem. While carbohydrate and fat are oxidized
to carbon dioxide and water, protemn 1s oxidized m the bomb
calorimeter to carbon dioxide, water and nitrogen When
burned 1 the body, protem yields no free nitrogen; the
nitrogen is eliminated as organic mtrogenous compounds—ures,
uric acid, creatine, ete.—in the urine, and the amount of heat
lost is about 1-17 Calores per gram of protewn digested. Heat
1s lost by the ehmination of mitrogen mn the fces, and heat 15
required for the solution of proteins and urea; this further
increases the heat loss by 023 Calories per gram of protein
digested. The total heat thus lost 1s 1-4 Calortes and must be
subtracted from the original figure, & 6, leaving 4-2 Calorics as
the physiological heat value of one gram of protem. Thus the
following final figures for the caleulation of the fuel values of
the three proximate principles of our food, i Calories per gram,
are :—
Carbohydrate 41, Fat 985; Protem 42

Knowmg the composition of any food mn terms of protemn, fat
and carbohydrate, 1ts fuel value can be determined ; for example,
100 grams or 8-57 oz. of milk gives
Protein 33 grams X 423 = 1886 Calories
Fat . .
Carbohydrate

Tables of food values have been drawn up 1n many countries
and are repeatedly under revision. 1In this country the latest
figures dealing with the energy and nutntive values of war-time
foods have been issued by the Medical Research Council, m War
M dum No. 14, 1945 (rep d 1950),

‘When energy and nutritive requirements are set out in Tables,
the figures relate to physiological needs as satisfied by uncooked
food. This implies a knowledge of waste in the cooking of
various foodstuffs, and therefore when cooked, eanned or pre-
served foods are used, appropriste Tables must be consulted 3

allowance 1s made for this in many of the more recently issued
Tables.
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Sugars and Starchy Foods.—To most people sugar is
that sweet granular foodstuff which appears on the table; this
is cane sugar and is made from the sap of the sugar-canc. Cane
sugar, or sucrose, is present in the juices of sugar-cane, beetroot
and sugar maple. Sucrose is composed of equal parts of ghicose
and fructose. These three sugars, glucose, sucrose and fructose,
are most commonly found in the sap of many plants and m
the juice of fruits, for example, fructose is found mixed with

TasLE 28
THE SUGAR CONTENT OF COMMON FOODSTUFFS

Percent Tereest
Granulatedsugar ., . 100 Sultanns {dried) P ]
Brown sugar . . . 98  Dates(dned) . . . . 8
Maple sugar . . 8 Rabms(dned) . . . . 6
Syrup (golden) . 78 Currants (dried) . . - 88
Hopey . . . 77 Condensed milk (smeetened) . 56
Marmalade . 70 Chocolate. . . . . 55
‘Treacle (black} 67 Figs(dmed) . - . . 5

THE STARCH CONTENT OF COMMON FOODSTUFFS
Tapioca . . . 93 Rye PR .. . 80
Sago . . .0 Ryvta . . . . . T
Comflour . . 92 Semolma P 4
Arrowroot 90  Macaroni . . . . il
Rice (pohished and raw) . 87  Oatmeal (raw) . L.
Maze .. . 85 Toast (average) P
Barley . B 81  Bread (white) . . . . 58
Flour (white) . . 76  Lentils(raw) . . . . 51
. {wholemeal) . .67

glucose in honey and in fruit sugar. Besides these there are
other two sugars of importance, namely maltose or malt sugar
and lactose or milk sugar. Molasses, much used on the
American continent, is the concentrated liquor left after the
impure brown sugar crystals have been removed in the process
of making pure cane sugar, and contains a good proportion of
caleium and iron along with the sugar. This ean be further
yefined to form black treacle, from which, by the further re-
movsa] of impunties, golden syrup and ultimately cane sugar
are produced. Starch 1s found in seeds, tubers and roots ?f
plants and wherever found, is chemically the same It is
present in the plant, in envelopes of cellulose, in t}.w form of
grains or granules; each plant has a characterstic form of
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granule, so that one can readily distinguish wheat starch from
potato starch when the grains or granules are examined under a
mcroscope.  Starch s present in unmipe fruits, the banana is an
example, for, in the form in which it 1s generally eaten 1t is not
completely ripe; as it npens, the starch is converted into
fructose or frmt sugar.

Cooking ruptures the granules, changes the starch chemically,
makes 1t more soluble and therefore more easily digested. All
these sugars and starches are classed under the term carbo.
hydrate, 2 name given because of the elements carbon, hydrogen
and oxygen, which alone make up these substances. Prac-
tically all the carbohydrates used for food come from the
vegetable kingdom, The sugar found n the blood is glucose;
1t 15 stored m the liver and muscles as glycogen, which 1s a

bination of glucose molecules and 1s sometimes called antmal
starch, Milk sugar, & carbohydrate of amimal ongim, s found
in mik and 1s the only sugar of ammal ongmn. When the
term ** earbohyd food: " therefore 15 used, 1t does nat
necessarily mmply that only sugar 1s to be found n the food
referred to. Many carbohydrate foods, e.g, wheat, milled rice,
which are almost pure starch, contain 9 to 11 per cent protem ;
but certain vegetables, e.g. dried beans and peas, have 60 per
cent starch and 20 per cent protemn. Potatoes, regarded as a
very starchy food, contan about 18 per cent of starch, 2 per cent
of protein and 78 per cent of water, Potatoes and milk
although they have a high water content (milk 87 per cent
water), are nevertheless very valuable foods because they are

d p ively large q

Foods are always grouped according to therr richest con-

stituent.

FACTS ABOUT CARBOHYDRATE AND
FAT RICH FOODS

Grains.—The cereal grains have formed the chef sources
of food supply for all people since agriculture began. They
are easily eultivated, can be stored for long periods, are palatable
and economical. Of the cereal grams, wheat, rye, barley and
oats have formed the main food supply of the peoples of Europe
&{ui America for many centuries, while rice has been the staple
diet of the Chinese and Japanese from time immemorial, While
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it 1s a commonplace to say that * bread is the staff of life ",
it 15 astonishing, to all who look into the figures for bread
consumption in our industrial areas, to realize the extent to
which the working classes cling to this stail of life, even to the
exclusion of equally nourishing foods. Many are indeed in-
credulous when informed that thousands of men and women
eat no less than 7 Ib. of bread per head per week, It may be
said that the amount of bread eaten is an indication of the
standard of living of the great mass of working people in this
country. Wheat and other grains are, however, coming into
much greater use in this country than was the case some 20 or
25 years ago. The cultivation of wheat has developed tremen-
dously. This is due in a large measure to scientific research,
whereby many grains, especially wheat, have been adapted to
dry regions and more northerly climates. In Canada the Red
Fife wheat, which ongmated from a single grain of Galician
wheat mcluded in & sample sent to a farmer, David Fife, from
Danzig in 1847, held the field until superseded by the Marquis,
which had a shorter growing period and could therefore be
cultivated farther north. In this way, by developing seeds
which will mature more quickly, the wheat belt has been extended
northwards. In the United States drought-resisting strains
were introduced from South Russia. Australia has developed
wheats which ean ripen on lands which receive only 15 inches of
rain annually. The story could be extended to India and
Egypt where British engineering feats, coupled with agn-
cultural research, have greatly added to the wheat production
of the world. Barley and rye are grown where wheat does not
thrive, e.g. 1n parts of Germany, Denmark and the United States
of America. Oats, while of no value for breadmaking, have in
the form of porridge and oat cakes * general nutritive qualities
greater than those of any other cereal ” (Bogert). To prepare
the grain for human consumption 1t must be milled. Milling
removes the husk, the outer coats or bran and the germ, which
must be removed if the flour is to be stored for any length of
time without deterioration. A too lete mlling rems

fat, vitamins and salts with the germ and protem, vitamins and
salts with the outer layers (see Fig. 21). All the protein and
salts are, however, not removed, as some are present in the
endosperm or kemel. Rice that has been highly milled afnd
polished is an example of the worst that can befall any grain,
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for by these processes the germ, bran and outer coats are all
removed. The tremendous loss in salts 1s accompanied by a

p loss of vitami y parboilng the nee—treating
the unhulled rice with hot water (80°C.) and steam—two
important changes are effected ; the distnibution of vitamin B,
and micotinic acid is changed and the scutellum portion of the
germ appests to remain m the gramn after milling. (Hinton,
1948, Done, 1949}  Heavy mlling removes the germ and with
it most of the vitami, parboiling saves some, but not a great

Fia 21 —Comparative diagram of the structure of the wheat grain and of the
nce gram (Dr.J J € Hinton, Cereals Rescarch Station, St Atbans) (By courtesy
of Britush Journal of Nutrition )

deal, by transferring vitarmin to the endosperm and by gela-
timzing the endosperm immediately beneath the germ thus
retaining the scutellum which contains about 50 per cent of the
vitamin B, content of the whole grain. As to how much
seutellum will be left after heavy mulling is another question.
Dr. Hinton has suggested a study of the effects of mild soaking
in hot water followed by hight milling as an alternative to a
boiling or steaming treatment followed by heavier mlling, smee
he has found that soaking improves the adhesion of the germ
without seriously reducing its witamin B, content. White
flour represents a degree of milling in which the outer coats have
been removed ; there 1s no great loss of protein, but, the germ
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it 1s & commonplace to say that “ bread is the staff of life”,
1t is astonishing, to all who look into the figures for bread
consumption in our industrial areas, to realize the extent to
which the working classes cling to this staff of life, even to the

lusion of equally ishing foods. Many are indeed in-
credulous when inf d that th ds of men and women
eat no less than 7 1b. of bread per head per week, It may be
said that the amount of bread eaten is an indication of the
standard of living of the great mass of working people in this
country, Wheat and other grains are, however, coming into
much greater use in this country than was the case some 20 or
25 years ago. The cultivation of wheat has developed tremen-
dously. This is due in a large measure to scientific research,
whereby many grains, especially wheat, have been adapted to
dry regions and more northerly climates. In Canada the Red
Fife wheat, which origmated from a single grain of Galician
wheat included in & sample sent to & farmer, David Fife, from
Danzig in 1847, held the field until superseded by the Marquss,
which had a shorter growing period and could therefore be
cultivated farther north. In this way, by developing seeds
which will mature more quickly, the wheat belt has been extended
northwards. In the United States drought-resisting strains
were introduced from South Russia, Australia has developed
wheats which can ripen on lands which receive only 15 inches of
rain annually. The story could be extended to India and
Egypt where British engineering feats, coupled with agri-
cultural research, have greatly added to the wheat production
of the world. Barley and rye are grown where wheat does not
thrive, e.g. 1n parts of Germany, Denmark and the United States
of America. Oats, while of no value for breadmaking, have in
the form of porndge and oat cakes * general nutritive qualities
greater than those of any other cereal ”* (Bogert), To prepare
the grain for human consumption 1t must be milled. Milling
removes the husk, the outer coats or bran and the germ, which
must be removed 1f the flour is to be stored for any length of
time without deterioration. A too complete milling removes
fat, vitamins and salts with the germ and protein, vitamins and
salts with the outer layers {see Fig. 21). All the protein and
salts are, however, not removed, as some are present mn the
endosperm or kernel. Rice that has been highly milled and
polished is an example of the worst that can befall any gram,
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for by these processes the germ, bran and outer coats are all
removed The tremendous loss in salts 1s accompanied by a
complete loss of vitamins. By parboiling the rice—treating
the unhulled rice with hot water (80°C.) and steam—two
important changes are effected ; the distribution of vitammn B,
and micotinic acid 15 changed and the scutellum portion of the
germ appears to remamn m the grain after mulling. (Hinton,
1918 ; Done, 1949.) Heavy milling removes the germ and with
it most of the vitamin, parboilng saves some, but not a great

F1o 21 —Comparative diagram of the structure of the wheat gram snd of the
rice gran (Dr J.J C Hinton, Cereals Rescareh Stateon, St Albans ) (By courtesy
of Brutrsh Journal of Nutriteon

deal, by transferring vitammn to the endosperm and by gela-
tinizing the endosperm immediately beneath the germ thus
retaining the scutellum which contains about 50 per cent of the
vitamin B, content of the whole grain. As to how much
scutellumn will be left after heavy milling is another question,
Dr. Hinton has suggested a study of the effects of mild soaking
in hot water followed by light muling as an alternative to a
boiling or steaming treatment followed by heavier milling, smce
he has found that soaking improves the adhesion of the germ
without seriously reducing its witamin B, content. White
flour represents o degree of milling in which the outer coats have
been removed ; there 1s no great loss of protein, but, the germ
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having been removed, a considerable loss of vitamins of the B
group has occurred. The whole flour is the ideal form in which
the grain should be used, as then there is no loss of proteins,
vitamins or mineral salts. Further reference will be made
to this subject when dealing with bread.

Sugar.—This is a most highly refined and concentrated
food. Three hundred years ago sugar was unknown as an
article of diet. In the days of Marie Antoinette it was an
expensive luxury sold at about 4s. or 5s. per lb. At the
end of the Napoleome wars, which had cut Europe off from
her source of sugar supplics, France and Germany had estab-
lished the manufacture of sugar from beet, but English people
had msular prejudices concerning beet sugar and were appar-
ently content to pay dearly for cane sugar which was rapidly
becoming a necessity. The history of sugar is the history of a
habit-forming foodstuff. We are all aware of the naive way in
which many persons satisfy their craving for sugar. The manu-
facturers of sugared sweets need no slogan, Like alcohol,
tobacco, morphine and cocame, sugar has its addicts, and they
are not all in the United States and Canada; as sugar con-
sumers we run a very close second to the people of the North
American contment ; the war reduced our mtake markedly, to
the distinet advantage of not a few. From 1836 to 1936 the

ption of sugar i d from approximately 10 to 100 Ib.
per head per annum. The great increase in the use of sugar
has not been without its effect upon our taste for other and
better foods. The craving for sugar has led to the use of un-
balanced diets, for sugar, in excess, destroys the appetite for
those foods which supply the all-essential protemns, vitamins
and mineral salts. It does this because a concentrated sugar
solution is hygroscopie. Here, then, is the cause of the irrita-
tion of the mucous membranes of the stomach and intesties
which follows & too great indulgence in sugar, The greatest
danger, physiologically, hes 1n the fact that sugar, which is not
a body builder but a source of.energy, so quickly satisfies the
appetite that it abolishes the desire for other foods. Th.e im-
portance of this fact to the growing child is at once evident.
Body building and energy are the two vital needs of the child.
It is not unfortunate that energy requirements can be sa readily
supplied by those things for which the child craves; but it is
unfortunate that the body-building foods cannot be so easily
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nor sa cheaply supplied. No child should be allowed to come
to a meal with an appetite cloyed by a too free mndulgence in
sweets or candy. Sweets should always be given at the end of
2 meal and it 15 for this reason that the best forms of dessert
are those fruits whieh contamn small amounts of sugar

In the adult, the d excesstve ion of sugar
may lead to a weakening of the pancreatic gland whose function
it is, by means of msulin, to control carbohydrate metabolism,
A diminution 1n the production of the hormone, msulin, leads
to 2 failure of the body tissues to burn angd to store sugar which
is presented to it by the blood. When this happens, blood
sugar nises and overflows through the kidneys, giving rise to
those signs which are mdicative of diabetes. Other untoward
results of excessive intake of sugar are hiver disorders, arthntie
troubles, overweight and all the ills that follow m 1its tram,
Many of the vague 1ills that flesh was heir to before the war
could have been dissipated by eating less carbohydrate, either
as potatoes, chocolates or highly sweetened desserts. It 1s an
interesting pomnt that starches do not tend to cause so much
trouble as the sugars. This 1s due to the fact that starch 1s
digested gradually, bemg broken down to dextrin and maltose

har Fha anmmn warbalin s 3hon aghorn o swacnnn whoaloannbimeas

the glucose as 1t is formed 1s the reason for starch eausing so
little digestive disturbance. Excessive use of starch will of
course lead to the same 1lls which are attendant upon an ex-
cessive sugar consumption, Foods rich in starch are deficient
i vitamms A and C and to 2 less extent m fats, Where
starches form too great a part of ant unbalanced diet there do we
find bad teeth, poor bone development, anzmia snd a dimimshed
resistance to infection. It is for this reason that starches and
sugars, valuable and economical sources of energy though they
are, must be supplemented by eggs, milk, fruits and vegetables,
Fats,—Fats are found mawmly m foods of ammal origin.
Being unable to store large amounts of mrbchydmte, the
animal body transforms carbohydrates mto fat which is stored
m almost every part of the body. Fat thus serves two purposes;
115 & reserve of energy and prevents heat loss from the surface
of the body. Although the fats arc mainly of ammal origin a
few plants have the power to store fat in considerable amounts
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i their fruits and seeds. Examples of plant or vegetabl
are olive oil, cocoanut oil and cotton-seed oil. Nuts are 1
rich in fats. Fruits are generally not well supplied with
Vegetable fats such as olive oil, are spoken of as ails becaus
ordinary temperatures they are hquid. It is better not to
the term, ofl, since it is gencrally applied to mineral oils, wl
are not glyeeryl esters but hydrocarbons. Animal fats at n
temperatures are solid or semi-solid. The melting points of
are slways higher than their soldification points ; for exam
tristearin melts at 72° C., but solidifies at 52° C. Fats w!
have lower melting-points than the temperature of the b
(87-5°C.; 984°F.) are digested more easily than those wl
remaim semi-solid in the alimentary tract. The following
the melting points of certain fats :—

Butter fat . . . . . 28-33°C,
Pork fat . . . . . 8646°C.
Beef fat . . . . . 4048°C.
Mutton fat . . . . . 46-50°C.
Human fat . . . . . 1r5°C.

The fats found m mlk, cream and egg-yolk are the m
easily digested because they are in the form of an emulsi
i.e. the fat 15 present in very fine droplets which allows
digestive yuices to surround and attack them. Fats are adap
to the animals and plants in which they are found. Pla
and cold-blooded ammals, e.g. fish, have fats of low melti
point 50 that when we use them they are generally in the fo
of olls. Cattle and sheep have fat which 1s slightly bar
than that of pigs, the latter being largely herbiverous anim:

The most used amimal fat is butter, made from the milk
the cow, or, as is common in many countries, from the mlk
the goat or Indian buffalo. Milk and cream are very valua
sources of fat ; in the former, the percentage of fat varies fr
8 to 4 per cent and should not be less than 3 per cent; m 1
latter, the fat content varnes from 18 to 40 per cent. Ineggs,!
£at i{s contained exclusively in the yolk, where it averages 8171
cent. In the whole egg as bought, which weighs between
and 64 grams or 1} to 2} oz., the amount of fat is approximat
6 0 grams. .

Cheese made from cream contsins a large amount of fe
certain cheeses are very Tich in this respect, containing up
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86 per cent of fat. In fish, fat is stored in the Itver ;n the form
of o1l hence fish livers are the source of very valuable oils, e g
cod-hver ofl, hahbut-liver onl, ete, 'With the exception ofherring,
salmon, mackerel and trout there is very little fat mn the flesh
of fish,

The Value of Fat in the Diet.—Fat has a fuel value more
than double that of an equal amount of either protein or carbo-
hydrate, The following foods 1n the amounts stated are of
equal calorific or fuel value : 1-0 oz. of butter, 2:1 oz, of earbo-
hydrate, 2 4 oz of meat, 2 1b of cabbage and 8 1b of lettuce.
The high calonfic value of fat makes 1t possible to ncrease

TaBLE 29

THE, FAT CONTENT OF COMMON FOODSTUFFS (LDIBLC PORTION)

Qrsms
150 grems 160 enis

Qlveod . . 100 Saxdimes (i otl) 24
Dutter . . . 83 Herring (raw) (Summer) 18
Margatine 85  Salmon . 15
Cheese, cheddar 84 Mackerel . .. 08

»  cream 86

Bacon (average) . 88 Almonds . .5
1Ham (average) . . 39  Darcelona nuts , .65
Mutton and pork 2545  Bramlpms . . . . 61
Coonanut {dessicated) . ez

Lard . 89 Chocolate, milk . B3
Suet 29 ”» plamn 82

markedly the fuel value of a diet without any appreciable
mcrease in its bulk. It is usually a very stmple matter to reduce
the fuel value of a diet. Marked reduction can be made by
omitting all defimtely fatty foods, reducing the amount of
butter and cutting out of the diet all rich salad dressings.

In so far as fats are concerned the vitamn content varies
considerably. Vitamun A, wlile 1t 1s contamed 1 butter and
egg-yolk, is entirely absent from fats of vegetable onigm, It 1s
for this reason that vegetable fats are not substitutes for animal
fats; and so it 1s with butter substitutes, those made from
vegetable oils are of no value mn this respect unless vitamins A
and D have been added in therr manufacture, The two fat
soluble vitnmins, A and D, are to be found in the kivers of all
fish and also in the flesh of fatty fish. Liver is the source
from which the well known highly concentrated preparations of
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these vitamins now on the market are manufactured. It is
amazing how greatly people vary in their ability to digest and
assimilate fat. Fat tends to delay digestion, which explains
why a meal with fat gives a sense of satiety. In any form, fat,
while prolonging digestion, adds constderably to the fuel value
of the meal.

Dietary rules for the use of fatty foods are guite simple,
for most people are aware of the disadvantages of a too fatty
meal. For young children and those whe suffer from gastric
and mntestinal disorders, diseases of the liver and acute fevers,
fried foods, fat meats and pastries should be excluded from
the diet. The most easily digested forms of fat are those in
which the fat 1s well emulsified, namely milk and eggs. Butter
is usually well digested by most, this is due to its low melting-
point, Ice cream is a very good form in which to add fat to
a diet. Cheese also 1s an excellent source of fat as it is of
protein. It 1s self-evident that the heawily fatted foods and
fried foods should always be taken in moderation.
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CHAPTER IX
MINERAL SALTS IN NUTRITION

Waie protems, fats and carbohydrates have been stressed
s allamportant for the body, there are other substances having
neither energy nor fuel value whieh are of yital importance for
the growth and well-being of the individual. These are the
mineral salts, those inorganic elements which form the ash con-
stituents of the body. They may be present in simple form, as
inorgamc salts, or 1n complex organic combination. In the
following Table 1s given a list of the chernical elements, showing
their percentage amounts m the human body and the daily
intake necessary for an average adult,

One notes at once that oxygen forms almost tywo-thirds of
the body weight. Oxygen and hydrogen in the ratio of one
part of oxygen to two of hydrogen form water, which con-
stitutes 75 per cent of the body.

Protein, which contams oxygen, carbon, hydrogen, mtrogen
and sulphur, is the only source of mitrogen, Phosphorus 1s
to be found in the nucleus of the tissue cells. Iron also 1s
present in all cells, including the red blood-cells or corpuscles,
where it 15 responsible for the carrage of oxygen All these
elements are necessary, and the pereentage amounts as stated
8¢ no critenon of their physiolopical value. As examples of
this, note the small amounts of iron and iodine, both of which,
83 will be seen later, are 50 essential for our physical and mental
development. The greater part of the minerals of the body
are to be found in the bones, the chief mmeral constituents of
which are calcium and phosphorus. A shortage of these ele-
ments m pre-natal hfe or in the early years is fraught with
disastrous results Sulphur 1s securcd through the intake of
protem, being found eombined with amino-acids, such as eystine
and methionine. The Jactalbummn of milk is very rich m cystine.
Egg-yolk is rich in iron, and for phosphorus the best sources are
the vitellme of egg-yolk and the eascinogen of milk, Certamn
foodstufts do not supply minerals; they are carbohydrates and
fats, For information as to the mineral content of foods,
reference must be made to the appropriate Tables. Since the

141
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these vitammns now on the market are manufactured. It is
amazing how greatly people vary in their ability to digest and
assimilate fat. Fat tends to delay digestion, which explains
why a meal with fat gives a sense of saticty. In any form, fat,
while prolonging digestion, adds considerably to the fuel value
of the meal.

Dietary rules for the use of fatty foods are quite simple,
for most people are aware of the disadvantages of a too fatty
meal. For young children and those who suffer from gastric
and intestinal disorders, diseases of the liver and acute fevers,
fried foods, fat meats and pastries should be excluded from
the diet. The most easily digested forms of fat are those in
which the fat 1s well emulsified, namely milk and eggs. Butter
1s usually well digested by most, this 1s due to its low melting-
point. Ice cream is a very good form in which to add fat to
a diet. Cheese also 1s an excellent source of fat as it is of
protein. It 1s self-evident that the heavily fatted foods and
fried foods should always be taken in moderation.
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Calcium requirements can only be studied by noting the
amount of calcium taken in the food and the amount excreted
in the urine and feeces. From the work of Dr. L Leitch (1938)
the average adult requirement of calcium is 0 55 grams per day,
but later work by Steggerda and Mitchell in U.S.A. {1941)
would suggest an even higher figure. The National Research
Council Committee on Food and Nutmtion recommend a
daily allowance of 0-8 gram for adults, men and women, regard-
less of their activity. According to pre-war surveys many
diets were well below this figure. Some authorities have stated
that 50 per cent of pre-war dictaries were below 0 7 gram per
head per day and 16 per cent were below the 0 55 figure. It
may be accepted that from 1936 to 1943 the calcium mtake of
the population considered as a whole has slowly mereased
In 1936-88, surveys of the average composition of the diet
showed a calerum intake of 0-67 gram, In 1043, apart from
the heavy or industrial workers, whose intake was 0 98, the
average was 076 gram per head per day. The increased
average intake, significant 1n 1948 and 1944 was due to a greater

and a better ibution of milk, v bles and
meat. Compared with the requirements scale used at the
Rowett Research Institute whieh 1s practically identical with
the new American standards based on age and sex distribution,
the diets of the famihies surveyed were still shightly deficient
in calewum. In 1944 the consumption of caleium had nsen to
an average of 0 86 gram in 1919 to 0 99 gram per head per day.
Caleium 15 unevenly distributed among the various foods
which make up an ordary mixed diet. Many foodstuffs are
very poor m ealeum and a diet may, despite an apparent
liberality, be lacking n this important element. A continued
dietary defictency 1n calelum subsequently results m a loss of
caleium from the bony skeleton. To make good the loss of
calelum from the blood and muscles, & call 1s made upon the
caletum in the bones, where 99 per cent of the total calcium of
the body 1s to be found.

The Calclum Requirements of Children.—Since it 1s
extremely difficult to assess accurately the calejum require-
ments of growing children, 1t becomes the more imperative
to have more than adequate supphes of caleum in the diet.
‘Without the least doubt, the best foodstuffs in this respect are
milk and cheese, followed, perhaps rather afar off, Ly the green
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body does not store minerals to any extent, and since only small
amounts are assimilated day by day, the deficiencies of such

1 as calcium, phosphorus, 1ron or iodine become readily
apparent, It is, therefore, of importance from a dietary point
of view to know something of the physiological requirements for
the various minerals, particularly in childhood and adolescence.

TABLE 30

CHEMICAL CONSTITUENTS OF THE BODY

Hlement Fereent | Doty Normadem
Oxygen . e 650 -
Carbon . . - . . . 180 -
Nitrogen . 30 -
Hydrogen . . 100 —
Calcum . . . 150 c7
Phosphorus . . . 10 16
Sodwum . . . 015 48
Potassium . o1 34
Magnesium . - . 007 034
Sulphur . RN 002 —
Chlorime . 018 71
Iron . . 0015 0018
Todine - Traces 000005
Copper, cobalt, fluorine, manganese, zme v —

Calcium and Phosphorus.—Caleium and phosphorus are
of great importance for the development of the bones and teeth.
A lack of these will result in a retardation in the growth of bone

o P PR - PR A R,

to be found in many children. The lack of the usual signs,
such as visibly deformed bones, narrow chest, etc,, must never
be taken as proof of the absence of rickets, for X-ray examination
of the ends of long bones often shows that rickets exists. It
is an entirely preventable disease. Its treatment demands that,
in pregnancy & sufficient amount of ealeium, phosphorus and
vitamins A and D be taken by the mother and given to the
child during the early years of its hfe.
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retention. Fig. 22 presents graphically the results of such an
experiment on a girl of 12 years of age. Upon such expen-
ments 1s based the recommended allowance of 1 gram of calcium
per day.
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EXPERIMENTAL PERIODS

Fio, 23 —Showing the relitionship between mifk consumption and ealewm
storage In  girl aged 12 years  (From data by Sherman & Haxley, 1022

Children between the ages of 8 and 12 years should be given
atleast 1 gram per day, over 12 years, up to 1 4 grams per dsy.
T!lis can best be given m the form of milk—skimmed mik (1
pint =070 g.) and cheese (1 0z.=10-23 g.)}. Other foods

10
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leafy vegetables. The need of a lLiberal supply of caleium for
the young growing animal 1s shown by the tremendous increase
of caleium compared with mnerease in weight. A rat at birth
weighs 5 grams and, on a normal diet, it will, in 8 months, weigh
800 grams, a sixty-fold increase in weight. In the same period
1t will have raised the total caleum content of its body 800
times. It is admittedly difficult to determine for any growing
body the optimal amount of any mineral necessary for optimal
growth Reference has already been made to the value of
experiments covermg three or four generations. Sherman and
Campbell (1935) carried out an experiment covermg forty
generations in rats to show to what extent a surplus of caleium
would 1mprove growth and vitality. Briefly, the procedure
was as follows : one diet consisted of five-sixths ground whole
wheat and one-sixth dried whole milk with the usual amounts
of water and salt: the other diet differed from the first by the
addition of ealcium carbonate to raise the calcium intake from
0-68 gram to 1-36 grams; these are the amounts of calcium mn
a pint and a quart of milk respectively. On the part of the
males the beneficial results were manifested by slightly greater
weight, greater vigour and later senescence ; on the part of the
females, there were added to these henefits a slightly earlier
maturity and a lower death rate among their litters.

More mmportant, however, are the results of experiments
on growing children. By changing the amount of mik in the
diet of children of ages varying from 4 to 12 years, it has been
shown that when the amount of calcium given was 1-36 grams,
i.e. equal to 1 quart of milk, the retention of calcium was
markedly mereased above that obtained with an mtake of
0-68 gram of calcrum. Greater improvement was obtained in
both cases when the calcrum was given in the form of milk.
This result indicates the mportance of giving both calcium
and phosphorus in therr natural form and in approximately
the correct proportion. Reference must here be made to 8
most valuable type of experiment on pre-school chldren, boys
and girls, 3 to 5 years of age (Daniels, et al, 1935). To an
adequate diet was added vitamms A, D and C in the form of
cod-liver oil and orange juice. The daily intake of caleum
varied between 0 77 and 0 90 gram, and the retention of calcium
varied between 9 and 12 mulhgrams per kilogram daily. In-
creased smounts of calcium did not appreciably improve the



MINERAL SALTS IN NUTRITION 147

in the maternal milk, {0 08 g. per cent}. Cow’s milk contains
012 g. per cent of calewum, vitsmun tablets 0-25 g. calaum
phosphate.

In dealing with mineral requirements, as always, availabihity
must be considered.  Milk, milk products and bread made from
fortified flour beeause of their predominance in dietanes, supply
the greater part of the daily caleium and phosphorus require-
ments.  Vegetables must not be neglected ; the availability of
caleium is excellent m beans, cauliflower, cabbage, broccoh and
kale. Spinach, despite 1ts large content of calewm, cannot be
regarded as a good source of this element because of the presence
of oxalicacid. Rhubarb is also equally doubtful mn this respect.

Fish, fresh, cured and canned, 1s an excellent source of these
minerals Nuts also have a rich content but the avalability
of the mineral salts in them 1s probably hmted.

Iron.—Iron is that constituent of hemoglobn upen which
the carriage of oxygen depends. The hemoglobin 1s found m
the red corpuscles of which there are many mullions in the
blood. By means of these blood cells, oxygen 1s carried to every
part of the body and there transferred to the tissue cells, many
of which also contan minute amounts of iron in their structure,
It is rather surprising that so umportant an element as won
should be found in comparatively small amounts in our food-
stuffs. Iron absorbed from the intestine is stored to a limited
extent in the liver, bone marrow and the spleen  So limted,
however, are the stores of iron i the adult body that, to make
good any loss of the element, there should always be an adequate
supply of iron in the diet. In men, the normal loss of iron 1s
very small, just as the amount utthzed day by day 1s small,
nevertheless, 1 view of its importance m oxidative processes
within the body, the optimal requrement must constantly be
maintzined. This presents no dsetary difficulty In women,
B omees ' T " .es of iron

wly n the

This can

. . reatment,

I}'on Requirements of Adults and Children.—The iron
requirement of adults is about 12 mg. per day ; for children 3t
vones from € mp. &t 1 year to 12 mg. at 12 years; for adoles-
cents and pregnant and nursing mothers 1t 1s 15 to 20 mg. per
day.  The iron requirement of normal adults is well cared for if
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suitable for the supply of calcium are kale, cabbage, caulifiower,
lentils, turnips, carrots, cheese and slmonds.

In pregnancy and lactation an intake of 1 and 2 grams
per day respectively 1s desirable. During lactation the amount
of calcium required by the child at the breast increases from
about 02 to 0 & gram per day, from birth to the sixth month.
The aim should be to secure for the mother 1 quart of milk
daily to make up to the calcium requirement of 2 grams per
day by the use of calcium rich foods (see B.M.A. Report, 1850},

Tasre 31

CALCIUM AND PHOSPHORUS CONTENT OF COMMON FOODSTUFFS

Compiled from Nutnfiwe Values of War-tune Foods, M.R C., 1045, and Chemical
Composition of Foods, McCance and Widdowsan, 1930

Tooastag  Celilum  Fhosghons Foodstut  Seblom FhEReE
Checse (ave.) . 800 450 Rhubarb (raw) . 103 21
Mtk (whole) . 120 25 Sultanas (dned) . 52 B4
Egg (whole) . - 218 Almonds . .7 442
‘Bread (white) . 23 3 Currants (dried) . 95 40
1 (wholewheaty 30 213 »  (black, raw) 6O 43
»  (National forti- »  (red.raw). 85 29
fied, 85 % Dates (dried) . . 88 84
extr). . — Figs (dned) . . 288 o1
Beef . . .10 28 Yemons (whole) . 107 20
Oatmeal . . 55 880 Beans, butter (raw) 85 318
Fish (with edible bone) 40 200 . hancot (raw) 180 809
Hernng .. 100 272 Watercress .20 pb2)
Apnicots (dmed) , 92 118 Mustard and cress . 66 85
» (fresh) 17 21 Kale - . 200 o
Blackbernes . . 63 23 Treacle {black) 493 20
Oranges . 41 24 Sardines (oil) » - 400 683
Prunes. . . 98 83

Calcium therapy demands an adequate amount of vitanmn
D. If milk cannot be taken, the oral administration of calcium
is the best for all practical purposes. It is wise to note that
the admimstration of excess caleium without a supply of
vitamin D is likely to do more harm than good. The rational
method is to give about 0+5 gram with 500 to 1000 international
units of vitamm D, depending upon whether the vitamin I) 1s
required for prophylaxis or for treatment.

In pregnancy caleum plays a very mmportant part. At
birth the child’s body is a veritable reservorr of caleium; the
body of an average baby may contam about 80 grams of calcium,
all of which is held in reserve because of the comparative lack
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concluded * that in group studies the incidence of anmma
had not increased but that there was still an undue amount of
preventable anemia which may be due to 2 lack of hzmopoetic
factors, especially wron in the diet . The anemia was found
particularly m infants and young children, pregnant women,
housewives and certam p 1 groups C ing the
results of blood protein estimations on home blood donors
with those obtaned from Canadian soldiers, they found a
significantly higher figure for the Canadian soldier which, m
therr opimon, was due Yo the higher animal protem mtake mn
the military diets. The committee concluded: *“An effort
should be made to reduce the considerable proportion of low
levels of hemoglobin which some groups still reveal—eg.
young children, pregnant women, and persons at the lower
economic level.” Professor Stanley Davidson, of Edmburgh,
is of the opinion that the national bread, with its ngher ron
content, was largely responsible for the risc in the hemoglobm
content m infants and school children during 1943—44. Dr.
Helen Mackay of the Queen Ehzabeth Hospital for Children,
London, while not accepting the national loaf as the one and
only factor, agrees that the reduction in the meidence of ansemia
in children is due to an improvement in diet. Both anthorities
agree that anemia in children is still extremely common and
that the best th results are abtained by guing the
children an iron preparation. The preparation used 1n these
investigations was 8 grains of ferrous sulphate or the preparation
Fersolate (Glaxo), which 1s a pill contamning 4 grams of ferrous
sulphate, with small amounts of copper and manganese. An
interesting scientific point 1s that copper, an element present
in very small amounts in the body as well as in foodstuffs, 1s
of value in stimulating the utihzation of iron and the production
of h 1 the complex oxyg Trying P d found
in the red blood cells.

Nutritional Anemia,—Two types of anemia arc of nutri-
tional interest: (a) the hypochromic in which there is a de-
fieieney of hemoglobin and therefore of iwon in the red blood
corpuscles ; (b) that in which there is a marked failure of the
bone marrow to develop red blood corpuscles.

{n) Hypochromic Anzemia.—Many years ago it was noted
that mice fed on a diet consisting solely of milk developed a
type of anzemia, recovery from which could be obtained only
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an adequate mixed diet be taken, that of children and nursing
mothers requires some comment.

The child at birth has a large store of iron in its body, mainly
n the hiver, which should serve as an iron reserve during lacta-
tion. 1t was Bunge who, many years ago, was responsible for
the statement that, at birth, the child’s body contained a store
of available iron sufficient to supply its need for iron throughout
the period of lactation. In 1938 Ramage and others estimated
the amount of iron in the human embryonic liver. They found
that during the latter half of pregnancy the total iron content
of the liver of the fcetus rose from approximately 15 mg. to 75
mg. The rate of depletion of this iron reserve in the infant
depends upon the degree of prenatal storing, the amount of
iron m the mother’s milk and the degree of breakdown of
superfluous red blood cells by which iron is released. It was
usual in the past to regard a fall ;n the hemoglobin of the blood
during the first six months of life as normal, but it has been
proved that the recovery from the so-called * normal’ fall of
hzmoglobin 1n the second and third month 1s more rapid and

are allowed to suffer a dimi in the h lobin content
of their blood. The jron requirement up to 1} years is not
less than 0-5 mg. per kilogram of body weight.

Hemoglobin Levels as evidence of the Nutritional
State.~—Nutritional deficiency of children as well as of pregnant
and non-pregnant women can be assessed by determming the
hiemoglobin concentration of the blood. The 100 per cent
standard (Haldane) for heemoglobin estimation is 148 g. Hb.
per 100 c.c. of blood. At the Tequest of the Ministry of Health,
the Medical Research Council undertook to obtam evidence
of the nutmtional state of the people of this country in the
fourth year of war. A special committee considered the problem
from dietary, medical, sociological and psychological aspects.
Tt was previously reahzed that a long-continued iron deficiency
could aversely affect the protein content of the blood. They
therefore mvestigated hemoglobin and protein levels in the
blood of 13,000 adults and 8,000 children and compared the
results with those obtained before and during the war. They
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secretion, as happens In pernicious snemia, the mdividnal 1s
unable to elaborate the poletic le from the extrinsic
factor present in a normal diet. The individual must, therefore
be supplied with this hemopotetic principle which may be
witamin By, and is obtamed from the lver, liver extracts, bram
tissue, ete. In pernicious anmmua where there 1s a lack of the
intrinsic factor, hydrochloric aeid 1n the gastre juice and avail-
able 1ron in the body, the treatment of the condition demands
the use of a combimation of all these. Vitarmn B,; when
injected parenterally, that is into muscle, results in a rapid
restoration of the normal maturation processes of bone marrow
{Lester Smith; ngley, Mollm and Dacie—1950) Interesting
in the t of 1s the part played
by folic acid.

Folic acid, originally isolated from spinach, 1s found m
hver, kidney, yeast and many plants; 1t was synthesized by
Ang\et et al. 1m 1945 and is now known by the name of pterayl-
glutamic acid ; this substance stimulates the normal produc-
tion of red cells, leucocytes and platelets in many amimals, It
has naturally been extensively tried out m the treatment of
anemias of man and has been found to be effective in the treat-
ment of megaloblastic ansmas such as pernicious anamia,
nutntional loblastic ansmma and loblastie ansemia of
pregnancy.

While folic acid 15 spearfic for stimulating normal hamo-
poictic activity 1t is not so cffective n treaung Iesions assocr-
ated with these X : of the
cord, ‘The mode of action of all these factors which are to-day
o0 intimately associated with the eure or treatment of anemas
is not yet fully understood. Nevertheless, folic acid has been
shown to be especially valuable m the treatment of megalo-
blastic anemia of pregnancy (Spies et al) Ungley and Ins
co-workers (1950) have also recently shown that m macrocytic
angma associated with pregnancy, while vitamin B, has
Little or no effect on the blood pcture, fohc acid however has o
definite if not dramatie effect. The results of the work of
Patel and Kocher (1050) m India supporting the beneficial effect
of B, in macrocytic anemia of pregnancy are at present re-
garded asnot convincing in that the presence of a nutntional
anzmis may have complieated the 1ssue,

In & paper by Taylor and Chhuttani {1943) the relationship
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on the addition of egg-yolk to the diet. This fact is the basis
of all scientific work which has shown that recovery from a
condition of anema, characterized by a loss of hazmoglobm
from the red blood cells, is dependent upon & normal amount
of protem, iron and copper in the blood. This type of anzma
15 called hypochromic because of the lack of the iron-containing
pigment—hemoglobin—in the blood ecorpuscles. Associated
with this condition, and by some belicved to be a causative
factor, is a fmlure of gastric function due to a deficiency of
hydrochloric acid in the gastric juice, The diets of paticnts
showing this type of anemia are often deficient in animal pro-
temn (e.g. milk, eggs) and vegetables. In hypochromie anzma
there is no evidence that any specific substance necessary for
the formation of hemoglobm is lacking from the gastrie Juice.
It would appear then, that nutritional ansemia is due in the
first place to a lack of iron in the diet and in the second to s
lack of hydrochloric acid in the stomach, where the mineral
acid is necessary for the hiberation of iron from the food and its
transference from the ferric to the ferrous state. This type of
anzmia is found in infants over six months of age and also in
women as & result of 1ron loss during menstruation,

(b) Pernicious Anemia.—In this type of angmia there
is o marked diminution m the number of red blood corpuscles
in the circulating blood, and many of them are much larger
than normal, hence the term macrocytic anemia; both types
of cell, large and small, have more than their normal supply of
hemoglobin, It 1s well known that bone marrow, in order to
function normally in the production of red blood eells, must
receive from the liver a substance called the “hematinic
principle . This substance, which is stored in the liver, was
discovered by Minot and Murphy in the U.S.A. in 1926. It
depends upon two factors for tts formation, one, the mtrinsic
factor, in the mucosa of the stomach, the other, the extrinstc
factor of Castle, supplied by the food; the chief sources of
this latter factor are beef, rice polishings, marmite and wheat

erm.
& The work of Berk, Castle e? al. (1948), which suggested that
the function of the mtrinsic factor is to assist the absorption of
witamin By, has been supported by Ungley and his co-workers
in this country and Ternberg and Eakin in Amemnca, Where
the intrinsic factor is lost or greatly diminished in the gastric
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seeretion, as happens in pernicious anzmia, the mdrvidual 15
unable to el theh i le from the extrinsie
factor present 1 a normat diet. The mdividual must therefore
be supplied with this hzmopowctic prineiple which may be
witamin B,, and 15 obtained from the hver, liver extracts, brain
tissue, ete. In permicious an®mia where there is a lack of the
intrinsie factor, hydrochlorte acid 1n the gastnie juice and avail-
able iron in the body, the treatment of the condition demands
the use of a combimnation of all these, Vitammn B,, when
injected parenterally, that 1s into muscle, results in a ramd
restoration of the normal maturation processes of bone marrow
(I.estchmlth Ungley, X\Iollm and Dacie—1950) Interesting
in the t: g 1s the part played
by folie acid.

Folic acid, ongmally 1solated from spinach, 1s found 1n
liver, kidney, yeast and many plants, it was synthesized by
Anger et af. in 1945 and is now known by the name of pteroyl-
glutamic acid ; this substance stimulates the normal produc-
tion of red cells, leucocytes and platelets in many anmals. It
has naturally been extensively tned out n the treatment of
anzmias of man and has been found to be effective 1n the treat-
ment of such as perniex anxnma,
nutntionat loblastic anemia and 1 ic anemia of
Ppreguancy.

While folic acid s specific for stimulating normal hemo-
Potetie activity 1t 1s not so effective in treating lesions assoct-
ated with these anmmuias, e.g. sub-acute degeneration of the
cord. The mode of action of all these factors which are to-day
50 mtimately associated with the cure or treatment of anmmias
is not yet fully understood. Nevertheless, folic acid has been
shown to be especially valuable m the treatment of megalo-
blastic anemma of pregnancy (Spies et al.). Ungley and his
co-workers (1950} have also recently shown that i macrocytic
anzmia associated with pregnancy, while vitamin B;; has
little or no effect on the blood preture, folic acid however has a
defiite 1f not dramatic effect. The results of the work of
Patel and Kocher (1950) in India supporting the beneficial effect
of By, in ytic anema of preg 'y are at present re-
garded asnot convincing m that the presence of a nutritional
anzmia may have compheated the 1ssue.

In a paper by Taylor and Chhuttani (1945) the relationstup




150 FOOD AND NUTRITION

on the addition of egg-yolk to the diet. This fact is the bass
of all scientific work which has shown that recovery from a
condition of anemin, characterized by a loss of hemoglobin
from the red blood cells, is dependent upon a normal amount
of protem, iron and coprer in tha Kland =~ Thae foma of anmmins
is called hypochromic b .
pigment—hemoglobin- . J
with this condition, and by some believed to be a causative
factor, is a failure of gastric function due to a deficiency of
hydrochloric acid in the gastric juice. The diets of patients
showing this type of anmmia are often deficient in animal pro-
tein (e.g. milk, eggs) and vegetables. In hypochromic ansmia
there is no evidence that any specific substance necessary for
the formation of hemoglobin is lacking from the gastric juice.
It would appear then, that nutritional anzmia is due in the
first place to a lack of iron in the diet and in the second to a
lack of hydrochlore acid in the stomach. where the mineral
acid is necessary for the hberation of 1ron from the food and its
transference from the ferric to the ferrous state. This type of
anemia 18 found in infants over six months of age and also in
women as a result of iron loss during menstruation,

(b) Pernicious Anzmia.—In this type of anemia there
is a marked diminution in the number of red blood corpuscles
in the circulating blood, and many of them are much larger
than normal, hence the term macrocytic anzemia; both types
of cell, large and small, have more than their normal supply of
hemoglobin, It is well known that bone marrow, m order to
function normally mn the production of red blood cells, must
receive from the liver a substance called the * hamatinie
prneiple ”.  This substance, which is stored in the hver, was
discovered by Minot and Murphy n the US.A. in 1926. It
depends upon two factors for its formation, one, the intrinsic
factor, in the mucosa of the stomach, the other, the extrinsic
factor of Castle, supplied by the food; the chief sources of
this latter factor are beef, rice polishings, marmite and wheat

rm,
£ The work of Berk, Castle et al. (1948), which suggested that
the function of the intrinsic factor is to assist the absorption of
witamin By, has been supported by Ungley and his co-workers
in this country and Temberg and Eakin. il.'l America. Where
the intrinsic factor is lost or greatly diminished n the gastric
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secretion, as happens in pernicious anem, the individual 18
unable to elab the | ple from the extrmsic
factor present in a normal diet, The mdrvidual must therefore
be supplied with this hemopoietic principle which may be
vitamin By, and is obtamed from the hiver, liver extracts, bramn
tissue, ete. In pernicious anemia where there 15 a lack of the
intringie factor, hydrochlore acid mn the gastne juce a.nd s,vall-
able iron in the body, the ¢ of the

the use of a combination of all these, Vitammn By, when
injected parenterally, that 1s into muscle, results m a rapid
restoration of the normal maturation processes of hone marrow
\Lester Smith; ng\ey, ]\lollm nnd Dacie—1950). Interesting
in the t 1s the part played
by folic acid.

Folic acid, ongnally 1solated from spmach, 15 found m
biver, kidney, yeast and many plants; 1t was synthesized by
Angrer et al, 1n 1945 and is now known by the name of pteroyl-
glutamic acid ; this substance stimulates the normal produc-
tion of red cells, leucoeytes and platelets in many arumals, It
has naturally been extensively tried out m the treatment of
anzmias of man and has been found to be effective i the treat-
ment of megaloblastic anzmas such as pernicious anzmia,
nutntional megaloblastic ansermia and megaloblastic angmia of
pregnancy,

While fohe acid 1s speaific for stimulating normal hemo-
poietic activity 1t 1s not so eﬂectwe 1n treating lestons associ-
ated with these ias, €.g. te d tron of the
cord. The mode of action of all these factors which are to-day
so mtimately associated with the cure or treatment of anzmias
is not yet fully understood. Nevertheless, fohie acid has been
shown to be especially valuable m the treatment of megalo-
blastic anemia of pregnancy (Spies et al). Ungley and his
co-workers (1950} have also recently shown that in macroeytic
anmmia associated with pregnancy, while vitammn B, has
Iittle or no effect on the blood preture, folic acid however has a
definite if not dramatic effect. The results of the work of
Patel and Kocher {1950) in India supporting the beneficial effect
of By, in macrocytic anzmia of pregnancy are at present re-

garded asnot convinemng mn that the presence of a nutntional
anzmia may have complicated the i issue.
Tn a paper by Taylor and Ch i (1945) the relationship
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between animal protein and macrocytic anwmia has been
demonstrated in Indian subjects living on meat and vegetarian
diets. The tropical macrocytic anemia, found only in the
vegetarian group, was present when milk, fresh fruit and
vegetables were all much reduced in a vegetarian diet. The
meat eaters suffered from the hypochromic type of anemia.
In the groups examined the incidence of severe anemia was
very much greater in vegetarians than in meat eaters. The
nvestigators noted accurately the dictary intake of the two
groups and concluded that  the anmmia, in its type and severity,
was closely and regularly related to the diet consumed . The
evidence presented clearly indicates that a nutritional anemia
in children and women exists in India. With meat and hiverm
short supply, during and after the war, it is not easy to ensure
the best diet possible to prevent anxmia in pregnant or nursing
mothers and in growing children, The public must be educated
to the importance of the need of mothers and children for their
fair share of meat 1n the family dietary. To combat the de-
ficency in iron for these vulnerable groups, the mnfant should
receive, if artificially fed, iron incorporated in dried milk (from
six months onwards) meat as mince and iron m liquid form.
The Department of Health for Scotland suggests that an iron
mixture should be given to babies whether breast or bottle
fed. According to Mackay and Goodfellow there is one food-
stuff which can produce a rapid cure of nutritional anemia
in children over one year, and that 1s liver in daily amounts of
4 oz.; this supplies 16 mg. of iron. This statement was made
m 1931; while the iron content of hver has not appreciably
changed stnee then, the cost and supply of Iiver unfortunately
have !

In the trentment of cases of hypochromic anemia, nothmg
15 gained by giving too much iron, in fact, iron in Jarge doses is
known to be toxic to cldren. It is also not justifiable to
assume that iron will always be absorbed by ansmic patients
given optimal doses, for failure in absorption is often the fault,
1t is generally pted that inorganic preparations of won are
superior to organic, the best probably being ferrous sulphate,
2 gr. every day, of which 10-15 per cent may be absorbed.
‘Phere are several oral preparations on the market which contain
ferrous sulphate, copper, manganese and someti{nes yesst;
parenteral preparations given by intramuscular or intravenous







Fio 23 —Myxeedemn treated for thirty years with thyrod A,
aped 63, before treatment B, five weeks later  C, fifteen months
later D, aged 94  [After Raven, by courlesy Brit Med]
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the stomach, converted into a ferrous chloride in which form it
is suitable for absorption from the intestine. Some of the iron,
however, may be oxidized to the ferric state and thus, combining
with sulphides, phosphates and phytic acid, form insoluble and
non-absorbable compounds. With a mixed and adequate diet
so much iron is taken that the fear of loss by phytic acid con-
taining foods, except in the case of young children and women
in the lower income groups, may be disregarded. The 1ron in
organic bination such as I lobmn jis not utilized by the
body. The foods which are good sources of iron are shown mn
Table 82.

ledine.—The indispensability of iodine in nutrition is
unquestioned. It is required by the thyroid gland for the
production of its active prineciple, thyroxine. When there 15
a deficiency of 10dine due to its lack in food or in water, the
thyroid gland becomes enlarged giving rise to the condition
known as goitre. Where the thyroid function declmes in adults,
a condition known as myxcedema appears. In myxcedema the
basal metabolism is reduced, the subject becomes slow both
mentally and physically, the hair loses 1ts lustre and falls out,
the skin becomes dry and immobile, and obesity results. All
these signs disappear following the administration of thyroxine
or extract of the thyroid gland. The transformations which
can be effected by treatment are in many cases dramatic
(Fig. 28). Children who suffer from a failure in the embryome
development of the thyroid gland, due to a lack of 1odine m
ante-natal life, are stunted in growth, extremely ugly in appear-
ance and often mmbecilic. These children, cretins, if treated
early in life by continuous ingestion of small amounts of iodine
in the form of iodide, or by the therapeutic use of thyroxine,
can be almost magically transformed.

Goitre is endemic in many parts of the world, eg. the
Himalayan regions of India, certain parts of the N.W. terri-
tories of the U.S.A., in New Zealand, Switzerland and the
United Kingdom, It is generally attributed to a lack of iodine
in river water. The sea is the great source of rode. The
amount of iodine in rivers depends upon the geological formation
of the country through which they run. In mountainous
regions and in the plams supplied by glacial water, and also
in certain lake regions, 1odme is deficient in the water and the
All who live in, or obtan their domestic water from such

soil
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areas will suffer from iodine lack, and the meat and mlk of
cows and goats in these areas will also be lacking in this most
valuable element. A cousiderable amount of evidence has been
obtained concerning the deficiency m 10dme of certam of the
nivers of Great Britamn.  In the areas supplied by these rivers a
definite incid has been ded of en} d thyrod and also
of goitre in boys and girls between 11 and 18 years of age. Work-
1ng on records of the Board of Education Goitre Survey of 1924
Dr. Stocks found goitre markedly prevalent in North Oxford-
shire where the 10dme content of the water was stated to be 1-4
t0 8 0 pg. per Itre.  In the southern area of Oxfordshire and in
‘Windsor in Berkshire, the iodine content of the water supply was
10 to 52 ug. per litre, and no evidence of endemic goitre was
found. Miss B. W. Simpson of the Rowett Research Institute,
Aberdeen, has exammed samples of drinking water from
Cornwall to Caithness and her results have been correlated with
the clinical evid of hyperp or enlarged thyrod in many
of the river areas examined. The areas of high madence m
England are Cornwail, Devon, Somerset and Oxfordshire in
the South-west, Derbyshire and Cheshire in the Mdlands,
the Isle of Wight in the South and Durham and Northumberland
in the North (See Table 38). In Scotland two arcas are
prominent-—Inverness-shire and Dumfnesshire. In certan of
these areas, such as Somerset and Derbyshire, the mcidence of
goitre has been reduced, due to extensive alterations in therr
water supplies. The incidence 1s of the order of 10 to 30 per
cent 1n the girls of 15 to 17 years and approximately a third of
those figures for boys of the same age. It must be emphasized
that an enlarged thyrmd gland does not 1mply an established
goitre. The aum of the investigations being carried out by the
Medical Research Council 1s the eltmmation of goitre and ** the
control of those forms of mental and physical degeneracy, such
as cretinism, mutism and 1edicy, which are dependent upon
thyroid insufficiency . Gostre 1s due to a combimation of
factors, chief among which 1s the part played by caleum,
magnesium and fluonine 1n reduemg the availability of jodmne,
The treatment of goitre, due toa dcﬁclency of the hormone
or active prinaiple of the thyroid gland, is essentmlly a nutn-
tional problem. Thyroid gland of the sheep was first admums-
tered for the treatment of myxcedems in this country by Dr.
Murray in 1891. To-day dred thyroid or thyroxine 1s gven.
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the stomach, converted into a ferrous chloride in which form it
is suitable for absorption from the intestine. Some of the iron,
however, may be oxidized to the ferric state and thus, combinmg
with sulphides, phosphates and phytic acid, form insoluble and
non-absorbable compounds. With a mixed and adequate diet
so much iron is taken that the fear of loss by phytic acid con-
taining foods, except in the case of young children and women
in the lower income groups, may be disregarded. The iron in
organic bination such as h lobin is not utihzed by the
body. The foods which are good sources of jron are shown in
Table 82,

Todine.—The indispensability of iodine in nutrition is
unquestioned. It is required by the thyroid gland for the
production of its active principle, thyroxine. When there is
& deficiency of iodine due to its lack in food or in water, the
thyroid gland becomes enlarged giving rise to the condition
known as goitre. ¥Where the thyroid function declines mn adults,
a condition known as myxcedema appears. In myxcedema the
basal metabohism is reduced, the subject becomes slow both
mentally and physiecally, the hair loses 1ts lustre and falls out,
the skin becomes dry and immobile, and obesity results. All
these signs disappear following the administration of thyroxine
or extract of the thyroid gland. The transformations which
can be effected by treatment are in many cases dramatic
(Fig. 28). Children who suffer from a failure in the embryonic
development of the thyroid gland, due to a lack of iodine in
ante-natal life, are stunted in growth, extremely ugly in appear-
ance and often imbecilic. These children, cretins, if treated
early in Iife by continuous mngestion of small amounts of 1odine
in the form of iodide, or by the therapeutic use of thyroxine,
can be almost magically transformed.

Goitre is endemic in many parts of the world, eg the
Himalayan regions of India, certam parts of the N.W. terri-
tories of the U.S.A, m New Zealand, Switzerland and the
United Kingdom. It is generally attributed to a lack of rodine
in river water. The sea is the great source of iodine. The
amount of iodmne in rivers depends upon the geological formation
of the country through which they run. In mountainous
regions and in the plamns supplied by glacial water, and also
in certain lake regions, iodine is deficient in the water and the
All who hve in, or obtain their domestic water from such

soil.
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recommended that a similar measure should be adopted in this
country; in 1947, 0.13 mg. of potassium iodide was added to
vitamin tablets for nursing mothers. The treatment of school
children 1n goitrous areas, under medieal or school supervision
has been productive of excellent results, but supervision must
always be exercised in such treatment m order to prevent the
administration of 1odine to adolescents who may be prone to
excessive activity of the thyroid gland.

Human Requirements,—Iodme, & trace element, 1s essen-
tial for human nutrition 1 amounts which are not precisely
known ; the amount suggested for adults 18 0 15 to 0 8 mg. per
day; children probably require three times this amount. More
important at present 15 1t to realize the need of children and
pregnant svomen for this element and if 1n 2 goitre area to treat
them accordingly.

Foods most noted as sources of 1odme are—fish, milk, leafy
vegetables, potatoes and carrots. Seaweed contams up to 10
mg, per 100 grams ; fish 0 01 mg. per 100 grams.

That all these elements are of extreme value in reproduction
is seen by companng the results of feeding defective mineral
foodstuifs to normal animals.

‘The Utilization of Mineral Salts.—Utilization depends
upon absorption by the intestmal mucous membrane. A lack
of any mmneral in the body may be due to a dietary deficiency
or a faulty absorption of the mineral m question, A faulty
absorption of any element cannot generally be improved mercly
by mereased ingestion of the mineral salt. Mineral salts do
not need to be broken up by digestive processes, but i foods
they are often m combination with protemns, fats and carbo-
hydrates, so that the food has to be thoroughly digested 1 order
to free the mineral salts for absorption. The facility with whieh
the salts are taken up during digestion depends upon the type
of food m which they are presented to the body, eg. the
caleium of mulk is far better absorbed than that of vegetables ;
the mineral elements 1n egg-yolk are well absorbed ; iron 15
better absorbed m solution than m the form of an mnsoluble
compound, It 1s rather important that fat digestion should
be normal if the mmerals are to be absorbed m their correct
proportions; any mability to assimilate fats should indieate
that, unless steps are taken to correct the disability, or, fatty

substances are reduced m the diet, there will undoubtedly be
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The discovery, by Baumann in 1895, of iodine in the thyroid
gland and its isolation from thyroxine by Kendall in 1914, led
to the idea that potassium jodide may be a remedy for goitre
mn children. The idea was acted upon. The most successful of
the early experiments m the iodide treatment of goitre in children
were conducted in Switzerland in 1918 by Professor Klnger
of Zurich and in the State of Ohio in U.S.A. in 1917 under
the supervision of Drs, Marine and Kimball. In Switzerland the
incidence of goitre in school children 1n three Cantons exammed

TanrLe 83

INCIDENCE OF ENLARGEMENT OF TIE THYROID GLAND IN CHILD-
REN, AGED 11 TO 15 YEARS, FROM FOUR AREAS IN WHICH
THE DRINKING WATER VARIED GREATLY IN IODINE CONTENT

\

Todine Content No of talNo of | [Rersentsgs
Area et | chmama | e | tacideneoot
(g periitze) | examined | Thyvoid Glands | g T 0y
Okehampton, Devon 11 208 78 262
(very low)
North Oxfordshire . 20 451 81 180
{low)
‘Windsor, Berks . 101 461 31 67
(ugh)
Maldon, Essex 502 527 13 25
{very high)

From Table 1 of MLR.C. Memorandum (1948), No. 18, HM S O,

fell 1 three years from 87 to 13 per cent, In the State of
Ohio, 5 milligrams of potassium iodide were given twice weekly
for one month and repeated six-monthly from 1917 to 1920.
In an area where the incidence of goitre in school children was
approximately 50 per cent, of 2000 taking the salt only 5 had
enlarged thyroids, while, of 2000 untreated children, 500 showed
symptoms and signs of thyroid enlargement. Modern prophy-
lactic treatment is carried out in many countries, including
Switzerland, Poland and the U.S.A., by the use of iodized
table salt, containing 10 milligrams of potassium iodide per
kilogram of salt. In 1944 the Medical Research Council
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Todine.—This mineral, found m the body snd in foods
such extremely small amounts and so vitally mmportant for
physical and mental health, 1s to be found in codfish, salmon,
indeed all fish, cod-liver o1, mulk and leafy vegetables.

TABLE 34

FOODS RICH IN MINERALS

Calotam Phosphorus Tron Todine
Cheese Cheese Liver Fish

Mk Egg-yolk Egg-yolk Crab, lobster
Egg-yolk Fish Treacle (black) and oysters
Treacle (black) Whole grains  Lentils

Kale Meat

Foods deficient or lacking i muneral salts are: butter,
sugars, honey, white flour, orange and grape Juice, highly punified
starches.

Base-Formmg Elements Acid-Forming Elements
Sodum Chlorine
Potassium Sulphur
Calcium Phosphorus
Magnesium Carbon
Iron

ACIDITY AND ALKALINITY OF FOODS DETERMINED BY THE
REACTION OF THE ASH

And FURSAS
Meat Milk
Fish Fruit Juices {most)
Eggs Peas
Cheese Beans
Cereals Root vegetables

It 1s usual 1n supplying mmeral salts to go beyond the needs
of the body; this is a wise procedure m view of the varous
factors which tend to hinder the sssmulation of the mineral
salts  We may sum up what has been said on the supply of
nuneral salts as follows :—

Milk should form the basis of the dict. Adults should take
a half to one pint per day ; children up to 14 years and nursing
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some loss of mineral elements from the body. Important
pomnts mn this respect are the balance between base-forming
(sodxum, potnsslum, calcium, ete.) and acid-forming elements
us, chl etc.). An llent example
of this is afforded by calcium and phosphorus : normal utihiza-
tion of these two elements is secured when they are in the
ratio of 1 : 1 in the food taken. This is approximately the
ratto of calcium to phosphorus in milk, Again, iron utilization
has been shown to be improved by taking foods rich in caleium,
such as milk. In this connection vitamins play a part : vitamin
D, for instance, is 'y for the mai of the correct
percentage of calcium and phosphorus in the blood and the
utilization of these elements in the formation of strong bones
and teeth. One of the most important factors in preventing
a normal absorption of iron is mtestmnal putrefaction arising
from faulty protem digestion. It is clear, then, that for the
best utilization of mineral salts, the alimentary tract must be
in order, and the diet should contain liberal amounts of milk,
and of those frutts and vegetables which are rich in vitamins.
Of the elements mentioned, only four are at all likely to be
deficient in average diets; these are calcium, phosphorus,
iron and 10dine, and of these four, the one usually found most
deficient 1s calcium. The distribution of the mnerals, caleium,
phosphorus and iron, in foods will be seen in Table 34.
Calcium.—The first pomt of note with regard to calcium
is its uneven distribution in all foods with the exception of
milk and milk produets. Milk, cheese and fortified national
bread, form the crux of the problem of caleium supply-
Generally vegetables, fruits and whole grains are satisfactory
sources of caleium ; but meat, fish, sugar, fat and highly-milled
cereals are definitcly lackmg in this element.
Phosphorus.——lt is interesting to note that, wnth few
our dstuffs are llent sources of phosphoru
the best bemng cheese, vegetables, meats, eggs and whole gramns.
The excephions are butter and sugar, which contain nene.
Iron.—This element is conspicuous by its absence in most
foods. It 1s not found in butter, vegetable oils and sugar; 15
found in very small amounts 1n fish and milk. Certain cheeses
contain iron, others do not. Most vegetables are good sources,
but the best are egg-yolk, liver, whole grains, lentils, beans,
kale, peas and certain fruits.
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disease, pellagra, in man. Later 1t was shown that the preven-
tion and cure of scurvy was possible by means of a water-
soluble vitamin which was then called vitamin C. Following
on this was the discovery that a fat-soluble vitamin was respon-
sible for the cure of rickets, to this accessory factor the name
wvitamun D was given, and so was itroduced the alphabetical
nomenclature of vitamins. This alphabetical nomenclature is
rather unfortunate, and the modern tendency 1s to dispense with
it and to call each factor by its chemical name wherever the
structure of the material 1s known. Some 16 or 17 vitammns
have been disti hed dmg to their diff properties
and mode of action. A classification of these and the prmeipal
effects of deficiencies occasioned by their lack 1s shown m
Table 85,

VITAMIN A (Axerophthol)

This 1s one of the fat-soluble vitamms which 1s found m
food associated with ammal fats, but not with lard and vegetable
fats, and also with the green and yellow pigments of plants
Vitamm A is partially manufactured m the anmal body from
the yellow pigment carotene which 1s present mn land and
marine plants; carotene belongs to a class of carotenoids
soluble mn fat solvents but not in aqueous solutions; these
carotenoids are provitamins., It forms the colouring matter of
carrots, and is present in the green primitive plants which are
to be found in all oceans. Anmnals and fish eat these plants,
make the vitamm from carotene and store it in the liver and
body fats, This 1s especially true of fish; the older the fish
the richer is their store of vitamn A.

One of the functions of vitamin A 1s to promote the growth
and development of the body. A study of the growth curve
of rats fed on diets with and without vitamm A clearly shows
the part played by the vitamun in respect of growth. When a
rat, previously fed on an adequate diet, is given a diet adequate
m all respects except for vitamin A, 1t continues to grow for
about four weeks depending upon the amount of vitamin A
stored i the body. Upon depletion of this store, there is a
dramatic fall in weight. If, when this has become mamfest,
vitamn A be added to the diet i the pure form or as butter
fat or egg-yolk, the weight curve is rapidly restored to normal
(Fig. 25). If this is not done, death will rapidly ensue. It
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Hopkins showed that rats did not grow if g'\vc;n a purified
diet of caseinogen (milk protein), starch, salts and lard, but
did grow to full size if 8 c.c. (approx. 110 oz.) of milk were
added daily to such a diet (Fig. 24} 'Three cubic centimetres
of milk contain 0:08 gram of solids, of which the greater part
is already present in the artificial diet. This led to the dis-
covery of a vitamin, soluble in milk fat, to which the name
“fat soluble vitamin &' was given. McCollum and Pavis,

o=

I

AVERACE WEIGHT IN GRAMS,
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© TIME IN DAYS ELS 50

Fio 23 -—Two curves showing growth of rats with and without “ Vita~
mun A*. Lower cutrve (up to 18th day), eight male rats on pure
dietary ; upper curve, eight similar rats taking 3 ¢ c. of nulk each 8
day, On the 18th day, marked by vertical dotted Line, the mulk wa3
transferred from one set to the other, (Sir Frederick G, Hopkins]

in 1915, found that rats fed on a synthetic diet, conteining butter
fat to supply the fat-soluble vitamin, did not grow satisfactorily,
and that they required another factor, which they named
« water-soluble vitamin B . Before long, experiments had
made it necessary to differentiate two factors in the complex
called vitamin B, nanely By, a vitamin which prevented poly-
neuritis in birds, and By, a vitamin discovered by Goldberg'er
and others m U.S.A. m 1926, snd found to be of value in
preventing a certain type of dermatitis in rats and the skin
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was in the course of such experiments that other signs of vitamm
A deficiency were naticed. Characteristic eye trouble always
developed ; the lachrymal ‘gland no longer secreted tears, the
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conjunctiva Of, the eyeball became dry and conjunctiviis
developed leading to swollen and inflamed eyelids With
further development of the deficiency the cornea of the eye may
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of ophthatms of dictary orizin, and was cured

by admimstration of fat-sotuble A, ms butter

and cod-hver o The ight of the lft cye
was destroyed
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become thickened and opaque leading to blindness. Several
diseases of the eye mentioned in the ancient medical hterature
of China, Arabia and Egypt were undoubtedly due to vitamin
A defiiency. If young children and young animals are fed
over long periods on diets msufficient in vitamin A, they
cease to grow, suffer from night blindness and an infective
condition of the eyes known as xerophthalmia (Gk. xeros = dry,
ophthalmos = the eye). This last condition when it leads to
distinctive invasion of the cornea with opacities, is called
ker: laci Xerophthalmia is ch terized by swelling
and thickening of the cornea and conjunctivitis and will respond
to no treatment which does not include vitamin A (Fig. 26). It
was quite common in Denmark during the Great War, 1914-18,
when the Danes substituted margarine for the butter which they
sold to Germany and other countries.

Night blindness has been observed in endemic form in
many parts of the world. Experiments on rats have shown
that this disease is one affecting the protective visual purple
in the retina of the eye. Rats on a vitamin A deficiency diet,
placed in the dark after a defimte time exposure to bright
light, show a subnormal regeneration of their visual purple.
This can be tested by noting the ability of the rats to jump
from a table mnto a cage in a dim light after exposure to bright
sunbght or any bright light. The abnormal rats fail to see
the edge of the table and fall to the floor. In one hour after
gving them vitamin A they can spring mto the cage as quickly
as thewr normal fellows, This form of night blindness was
qute common duning the Great War (1914-18) among Austrian
prisoners of war in Russia and was studied by various Austrian
physicians, themselves prisoners, They found the disorder
to be a frequent one amongst Russian peasants in peace time,
especially during the period of rehgious fasting before East.er.
During this period all animal foods were forbidden, cluding
fish, eggs, milk and butter; the diet enjoined was strictly
vegetarian, and included fats and oils of vegetable origin only.
Lightly-cooked liver or cod-liver oil were the popular remedies.
One observer found that the disease could be cured in about
4 days by giving cod-liver oil for 2 or 3 days, another, by awvmg
3 eggs daly for 3 days. Night blindness is also known in
Newfoundland where, because of poverty and a poor eonsump-
tion of fresh fish, most of the fish being salted or cured, not
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nly night blindness is prevalent, but beri-beri. During the
rher months of the world war (1939-45) considerable interest
as aroused in the question of the relationship between vitamin
_intake and dark adaptation. It 1s mamntamed by many
1at, while such a relation exists, the dark adaptation test cannot
e accepted as entirely reliable for the diagnosis of vitamin A

TaBLE 36
VITAMIN A IN FOODS

From Nutritive Value of War-time Foods, M.B C.
LU, per 100 grams.

Edible portion A purchased
Dutber . . ., . 4,000 4.000
Margarine (vitamunized) . N 2,000 2,000
Milk, surnmer . . 140 140

W winter . . . 70 70

w condensed . . 870

» human . . 200
Egr, whole . . 1,000 880

w yolk - 3,000 8,000
Cherse, cheddar . . . 1,300 1,800
Carrots, () . . 10,000 9,500 (59%)

» o (©ept) . . 20,000 16,000 (209)
Parsley {¢) . . . 13,000 18,000
Turop tops () . . 10,000 7,500 (259%)
Waterceess (¢) . £,000 4,250 (15%)
Spinach(e) . . . 18,000 9,750 (259,)
Cabbage () . . 900 630
Tomatoes (¢} . 8,000 2,550 (159%)
Halbuthverod ., .| 5000,000 5,000,000
Cod liver off (3, of Food) . 100,000 100,000
Liver,calt . . . . 4,000 4,000

ox . * 15,000 15,000
- 5,000 5,000

» sheep N . . 45,000 45,000
Apricots (drled) - 5,000 5,000
Prunes (dried) . . . . 2,500 . 2500

© = corotene.

Note —The figures in brackets represent the percentage wastage in the food-
$tuff as bought  See Table of witamin C foods, s
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the vitamin A may be provided by carotene which is not as
readily absorbed as the fully formed vitamin
Whle formerly 1t had been assumed that vitamm A was
formed from carotene in the liver, 1t has recently been demon-
strated that B-carotene is transformed to vitamin A m the
small intestine (Sexton et al., 1946; Goodwin et al, 1948).
Kon and lus fellow workers have shown that when g-carotene
is grven by mouth to vitamin A deficient rats, vitamn A appears
m the wall of the intestine withm 15 mmutes, but failed to
appear 1 the blood or liver before 45-60 minutes have elapsed
{Thompson, Ganguly and Kon, 1949 ; Thompson et al, 1950).
Variations 1n the vitamin A value of dairy produce result
from seasonal changes in the feeding of farm stock, which means
thet the vitamin A content of mulk, butter and eggs 1s lowest
at the end of the winter season and highest during the summer
and sutumn. To prevent deficiencies m children’s dietaries
the best and most reliable method 1s to give any lver-oil
preparation. Cod-liver o1, which of all liver oil preparations
is the most largely produced 1n this country, and hahbut liver
o1l are the best supplementary sources of this vitamm.

THE VITAMIN B COMPLEX

In the first volume of the Lancet of 1906 there 1s an article
on *“The Preservation of the health of the personnel of the
Japanese Navy and Army,” written by Takaki, Director of
the Medical Department of the Japanese Navy. Having, as a
Yyoung naval officer, noted the curse of bert-ber i the naval
service, he came to St. Thomss’ Hospital, London, 1n 1875
to enlarge his knowledge of medicine and to note conditions in
European navies where beri-bert was unknown. Beri-beri, &
disease marked by muscular wasting and paralyss of the legs,
1s very prevalent in China and India, and 15 not unknown m
Norway and Newfoundland. Believing that he was faced with
a dietary deficiency and not an infectious disease, Takak: was

of two traming ships. The first vessel saled from Japan to

?‘Iew Zealand, South Ameriea and Honolulu making the voyage
In 272 days. There were 169 cases of beri-bert and 25 deaths
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deficiency. This opinion, however, is not supported by Sinclair
and his co-workers of the Oxford Nutrition Survey. 'The black-
oul conditions obtammg during the war have been ideal for
detecting clinteal abnormabities in dark ndaptation, yet from
centres 50 fur apart as Aberdeen and Chicago the statement is
forthcoming that “ a deficiency of this vitamin is not common ™.
Reeent work by Sir Edward Mellanby has shown that »
deficiency of vitamm A mny result in a reduction of osteoclastie
activity wherchy the normal process of removal of bone from
the mternal surfaces of the skull and spinal canal s restricted,
iated with the function of

13 d =l Pmsum R hisd
the cramal nerves (Mellanby, 1047).

Sources of Vitamin A.—Vitamm A is found in fats of animal
origin—milk, eream, butter, egg-yolk and hiver. The most
important source is fish liver oil, because the organism stores
most of the exeess of vitamin A in the liver, It is not found
in vegetable oils, e.g. linseed oil, olive oil. Fish either derive
their vitamun A from marine algem or make it themselves: the
latter theory is the more probable, since fish and mammals
form their own fype of vitamm A from ingested precursors of
the witamin. Vegetoble leaves which turn green are
sources of the vitamin; pgreen vegetables snd carrots do not
contmn vitamm A but its precursor earotene.

Vitamm A is readily oxidized and becomes inert; in faf,
especially if rancid, st slowly becomes inactive but in certsin
o1ls, e.g. wheat-germ o1}, it is protected by anti-oxidants,

The vitmmnm A content of foods 15 expressed in international
units (1u.). One international unit of vitamin A =06 pg.
{micrograms) or 0 0006 mg. of beta-carotene which is equivalent
in sctivity to 034 pg. of vitamm A scetate. Children and
pregnant wamen require relatively more vitamin A than adullts,
A ding to pted standards an adult should receive
8000 Lu. darly ; & ciuld of 3 year 1200 iu., sdolescents 4000 to
5000 1.u. During the latter half 'of pregnancy and lactation the
requirement 35 4000 and 6000 ru. per day respectively. From
the vesults of receut dictary surveys, these fignres should be
regarded os optunal. It may be safe to say that a diet conid
be regarded as adequate if it supplied 60 L.y, of vitamin A per
kg, of body weight daily for adults, and 80 1.u. per kg. of body
weight for nursing mothers, These doses are maximal because
thcasource of vitamin A is carotene and in the diet €wo-thirds of
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in & erew of 276 men. The second vessel repeated the same
journey taking 287 days. There were 14 cases of beri-beri
and no deaths. The change in diet amounted to an increase
in rice of 5 oz., vegetables 8 oz., meat 2 oz. and an unspecified

o densed milk. Subsequently, and with very
excellent results, a new dietary was introduced into the Japanese
Navy; rice was d d, vegetables i d, wheat and

bread and 1} pints of milk daily were added. In 1897 Eijkman,
a Dutch physician, had demonstrated on men and fowls that
beri-beri, as also its equivalent in fowls, was a dietary de-
ficiency disease and capable of cure by simply adding mee
polishings to the diet. Numerous experiments by British and
American army medical officers in the East further proved that
beri-beri could be prevented by having unpolished rice or &
sufficiency of beans in the diet. Reference will be made later
to the part played by beri-beri amongst British troops during
the siege of Kut-el-Amara in 1917.

The first idea that a water soluble food factor, present in
milk and certain vegetables, may be responsible for the restora~
tion of growth following the steady decline produced by s diet
of purified proteins, carbohydrates, fats and mineral salts came
from Sir Frederick Gowland Hopkins of Cambridge. The name
“ water soluble B” was given by McCollum in 1915 and was
used by him to designate a single factor which could induce
growth and cure polyneurtis in pigeons. In 1811 Funk
erystalized a substance which, thinking he was dealing with
an “amne structure ”, he called the * beri-beri vitamine .
As a result of much Iaborious research vitamin B, was isolated
and ultimately structurally identified and synthesized by
Williams and Cline in 1936. With the synthesis comp]ete.d,
vitammn B, became known m this country as sneurin and in
U.S.A. as thiamine. For many years previously, it had been
known that what was called vitamm B consisted of two factors,
one named B, an anti-neurrtic factor, the other, B,, a growth-
promoting factor, and that neither was much affected by ordinary
cooking processes.

‘THIAMINE (Aneurin, Vitamin B,)

One of the first signs of vitamin B, deficiency is‘involvement
of the nervous system. Many cases of neuritis in man have
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been cured by giving very small doses (10 mg.) of thiamine daily.
The dramatie recovery from polyneuritis in birds following the
addition of vitamin B, to the diet is shown n Figs, 27 and 28.
Some extremely 1lluminatmg experiments have been performed
by Professor Peters of Oxford. "He 1t was who discovered that
pigeons dying of polyneuritis had an increased amount of lactic
aad 1 the brain, due to a failure to complete the oxidation of
glucose. When thiamine was imjected into these pigeons the
lactic acid disappeared, proving that 1t was of mportance m
regulating the metabolism of carbohydrate. Another product
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Fio 20 —Effect of whole bread (vitamun By), and white on the heart rate
(Birch and Harris)

of incompl of carhohy which late:

in the blood of an animal suffering from a thiamine deficiency,
18 pyruvie acid. This causes a marked slowing in the frequency
of the heart beat : m the rat it may be reduced from a normal
frequency of 500 to 300 beats per minute So dramatically
15 the normal frequency of beat restored by finely graduated
doses of thiamine that Harris, who 1s responsible for these facts,
has used this as a test for the vitammn B, content of foods. In
Fig. 29 is shown graphically the response of the slowed heart
beat to white and whole gramn bread, the latter being compara-
tively nich in vitarn B,.  The activity of the vitamun is also
associated with the maintenance of tone m muscle, particularly
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Fio 20 —Effect of whole bread (vitamun B,), and white on the heart rate
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15 pyruvie acid,

This causes a marked slowmg m the frequency
?f the heart beat - in the rat it may be reduced from a nogmal
i:‘gl‘:mcy of 500 to 800 beats per minute. So dramatically
5 ® normal frequency of beat, restored by finely graduated
ses of thiamine that Harris, who is responsible for these facts,
Ti “:;d this as & test for the vitamin B, content of foods. In
beat to lS;hown graphieally the response of the slowed heart
ot white and whole grain bread, the latter being compara-
Y tich in vitamin B,. The activity of the vitamin is also
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I'c 27 —Polyneuntis in Birds. A, The characteristie attitude

of & pigeon with polyneuritis {avian ben-ber) after three weeke’

feeding with polished rice This extreme effect passed off within
three hours after feedmg yitamin B contaming fonds.
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Fio. 28 —The s1me pigeon three hours after feedmg vitamin B nich

foods (whole ccreals and yeast) Twclve hours later it would hnve

bren mpossible to pick this bird from other healthy bieds  [From
Morse's Applied Buochemistrit.]

[To face page 171,
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logical need, but, as far as nutrntional requirements are con-
cerned, only a secondary phystological need.

But 15 the “instinet ” which determines selection of the
correct food dépendent upon the presence of vitammn B? It s
well known how too much sugar i a diwetary, or in children
how too great a consumption of sweets and chocolate, will
destroy the appetite, particularly the appetite which craves
for whol food. A d in sugar tol an -
crease 1n lactic and pyruvic acids in the blood and tissues, an
impairment of appetite and a marked dimnution of the activity
of the intestine are all associated with vitamin B, deficiency.
No one n such a bad physiological condition has ever been
noted for his ability or even desire to practise any method of
dietary scl Gast: 1 disorders have d
with the departure from primitive food habits. The modern
affliction, constipation, with most of its attendant ills, has been
experimentally produced in animals and man and expenmentally
relieved, if not entirely cured, by adding to the diet those foods
or foodstuffs which contain large amounts of thiamne namely,
wheat germ, whole grains, yeast extract, brewer’s yeast con-
centrate, or by giving pure thiamme. These facts simply con-
firm the statement first made by Sic Robert McCarrison, 1M.S.,
that * deficiency of vitamm B, was responsible for many of the
more common disturbances of the gastro-intestinal tract

A deprivation of this important food factor will cause a
retardation in the growth of infants and young children. The
failure to grow 1s, as may be imagined, coupled with loss of
appetite and vigour. Numerous experiments with children
have proved the value of thiamme. As an example of the type
of experiment performed, mention may be made of one carried
out on two groups of undernourished children, 11 to 13 years
of age; one group was given, at the school luneh, two rolls
made of white flour, the other, two rolls made of flour contaming
cqual parts of white flour and wheat germ. The average

W sle At o1

{ar the wheat germ group 1t was 95} 1b, c

. With regard to the part played by vitamm B, n reprodue-
tion and lactation, the most stnking comment comes from the
East, namely, that women who have suffered severely from
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the plain muscle of the stomach and intestine, It will be readily
reahzed that upon a normal tone of muscle depends that un-
definable sensc of well-being, which 1s often reflected in 2 good
appetite. To what extent and in what manner thiamine, or
any of the vitamms of the B complex, is related to these physio-
logical and psychological events, it is still dufficult to say. It
has been said that “ rats deprived of vitamin B possess no in-
stinet which prompts them to select food containing this vitamm
when a vanety of foods is offered them . In the human sphere
this would mean that we have no instinetive liking for the nght
kind of food. In contrast to this, however, must be placed the
results of experiments by Professor Richter of Johns Hopkms
University School, in which rats, amply provided with purified
protein, fat and earbohydrate, and with an array of 20 tubes
containing in solution the essential mneral salts and vitamins,
sclected a diet perfectly suited to their needs. When the
suprarenal glands, regulating salt metabolism, the pancreas,
responstble for the digestion of protein, fats and carbohydrates
and also, by insulin production, for the metabolism of earbo-
hydrate, and the parathyroids, 1 of ealcium holl
were individually removed, the rats quickly adjusted their
selection of the profiered foods to meet, as far as was possible,
the new d d ioned by the changes rather drastically
thrust upon them. Richter has also shown that when given the
N T * v ‘ree self-selective
. riboflavin and

Tribe and Wilson (1949) designed experiments to determine
whether, when given a free choice between two compound
diets, both deficient in vitamin B plex, rats would select that
diet on which they could synthesize the required vitamins by
refection. The diets were identical except for the sterch
contents ; one consisted of unground maize starch, the other
of unground potato starch. The former does not permit
refection while the latter does, owing to its lower solubility.
All the amimals prefered to eat the former and therefore developed
avitamitiosis and dted. The reason for this is that the rats
preferred maize starch because it did not oceasion the untoward
effects of mdigestion produced by potato starch. It is possible,
therefore, that their appetites were determined by what was,
as far as pain or discomfort is coneerned, a primary physio-
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or any nutrent, which will permit a predetermined amount of
work to be done without any sign of deteroration in its per-
formance, rigidly standardized tests must be employed. These
tests are influenced by such factors as pre-test activity, sleep,
food, emotional states, temperature and relative humdity.
The simplest of the tests applied are the bicycle, stepping,
and the treadmill. The treadmill 1s the easiest to standardize,
the bicycle and the stepping tests are more convenient to use
and give reliable results.

Sources of Thiamine.—Feodstuffs which are rich sources of
this vitamin are: wheat germ, rice germ, egg-yolk, yeast, oX
hiver and the pulses, 1.e. beans, lentils, peas, soya bean. With
regard to the cereals an mteresting differentiation has been
established between the constituents of the grain. The largest
deposit of this vitamn is in the germ (ie. the embryo and
seutellum}) ; the bran {j.e. the pericarp and aleurone layer) and
the endosperm contamn very little. Figures 21 and 43 show
these important ponts, and the effect of milling or polishmg the
gram will be at once evident. In the case of wheat and rnce,
the germ, weight for weight, 1s many times more potent than
the bran in the cure of polyneuntis, indeed, the amount of
thiamine in bran may be regarded as negligible. Howis, & germ
bread, is prepared from three parts of white flour and one part
of wheat germ, and approximates wholemeal bread in 1ts vitamin
B, content. Whte flour contains relatively little vitamun B,
compared with wholemeal flour. English whole flour, 100 per
cent extraction contains 294 micrograms of witamin B, per
100 grams; 85 per cent extraction, 258 micrograms; 70 per
cent extraction, 87 mucrograms per 100 grams of flour. This
means that in miling Enghsh wheat to 70 per cent extraction
71 per cent of vitamin B, is lost.

. The pulses—peas, beans, lentils—are valuable sources of
vitamin B, as are meat offals—heart, kidney, iver—and bacon,
pork and eggs. Milk should not be regarded as a good source;
beef and white bread are lacking m 1t. While spmach and
carrots contamn the vitamin they are not to be commended as
good sources of supply. These facts were of importance
before 1939, when many people n this country hved on meat,
sugar, bread and highly refined cereals. Professor Catheart and
Dr. Murray of Glasgow, showed, many years ago, that many
working men and women who were consuming over 8000 Calories
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beri-beri rarely, if ever, have children. Where, as in the
Orient, vitamm B; defici is so it is not surprising
to find a high infant mortality and high incidence of disease
and physical unfitness gst child and adolescent
Where dietary deficiencics are prevalent, there one often finds
the vicious circle of eatly marriage and poor physical and
mental develop t. Under conditions of a markedly restricted
supply of thiamine, all glandul i thyroid, pituitary,
suprarenals, ovares, etc.—are under-developed, their hormones
and their physiological activities are shart-lived, Vell may
the question arise as to whether or not those social customs,
associated with the reproduction of the species, are determined
by the time of optimal devel t of reproductiv

which, in the final lysis, is depend upon an adeq:
supply of essential vitamins. here thiamine is deficient in
the diet of the mother, the child may show signs of beri-beri
and may die of paralysis, convulsions or heart failure.

In determining the thiamine content of foods, several
methods have been used. The first were biological; the rat,
having little store of thiamine, fed on a standard thiamine defi-
ctent diet was soon depleted of its vitamin, as shown by the
cessation of growth. It was then fed that amount of thiamine
which would induce growth at the rate of 3 grams per week for
a period of 6 to 8 weeks. With the synthetic preparation of
thi the method b simpler and more accurate. A
known amount of thiamine is fed to s group of rats while known
amounts of the foodstuff are fed to other groups. That amount
of foodstuff, which, when fed to the group, gives a growth curve
parallel to that of the known amount of thiamine, contains the
amount experimentally administered.

Interesting as a recent development is the use of micro-
biologieal methods, based upon the fact that thiamine is essen-
tial for the growth of several organisms

Most important among all facts concerning the bodidy
requirements of thiamme 1s that the amount is strictly related
to energy needs. During the war millions of men and women
were recrited and examined as to their physiological and
psychological fitness. To determine a man or woman's ﬁL;ne§S
for the performance of mdustral or military dubies, it is
pecessary to examine the effect of environment, nutﬁm?n a‘nd
fatigue upon performance. In assessing the amount of thiamine
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per day, derived 64 per cent of their energy from these foods
which are poor sources of, or entirely lack, vitsmin B,,

The international unit of vitamin B, has been defined as
3 pg. of thinmine hydrochloride. As a result of many experi-
mental tests, it may be necepted that 0-5 milligram or 166 Lu.
of thismine hydrochlonde per 1000 Calories is an adequate
amount for an aduft. The recommended allowance of the
National Research Council, U.8.4., is slightly higher than this.
The nursing mother requires most, and it would be safe to say
that for her the diet should supply at least 2:0 mg. per day.

Tanvie 37
TIHAMINE (ANBURIN . VITAMIN B,) 100DS—EDIBLE PORTION

mg per 1008
Wheat (germ) ., 25 t050 Rgs . . . D) 10015
Flour, whofereeal . 0851904 Beefandmatton . 0051001
85 per cent extraction Pork . . . 085107
{Natonal) . . 080te04 Fuh L . 00210000
T per cent extractios Tt . . . 0022007
{whute) . 003 Fresh vegetables . 0L2t001
Oatmesl . 65 Greenpeas . . 017
Yeast . . 18 to80  Tuska ., . . 05 1009
Mk . 09stoD 00

RIBOFLAVIN (B,:G)

In 1927 Sherman uad iy co-workers had experimentally
proved that there was another growth promoting vitamfn
which did not eute polyneuntss. This vitamin, found in
autoclaved or heated yeast, was recognized as the pigment
to which the greenish eolour of whey ys due and accordingly
1t received the name lactoflavin. It was found to be present
in milk in conjunction with carotene the precursor of vitamin A.
The complexity of the new vitamin was revealed by the studies
of Warburg and Chmstian (Berhn, 1932), who isolated from
yeast a “ yellow oxidative enzyme ", or yellow respimtx'o}x fer-
ment, which plays a part w all cellular resprration.  Later it wss
shown that this enzyme was found to conust of a combinst.ltm
of protem, phosphore acid and ) ftavin. When ¢h it
had determned the strueture of the vitamin or pigment, they
yenamed 1t nboflavin, because of the nature of the sugar (ribose)
which formed o part of it,  Tha alchahetin termmalogy. B, and
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G, has been d ded : the name nt was officially
decided upon by the Council on Pharmacy and Chemistry of the
American Medieal Association in 1937,

The prmeipal activities of riboflavin are to promote growth
and to maintain a healthy condition of the skin in man and
the coat in ammals Dr Sydenstncker has described the
clinical d 1L , namely a
cracking of the skin at the corners of the mouth, glossitis—a
smooth condition of the tongue—a dermatitis around the folds
of the nostrls, all of which respond promptly to treatment
with riboflavin, or foods rich m 1t (Figs. 80 and 31).

TanLe 38
RIBOFLAVIN-FOODS—EDIBLE PORTION
mg per 100 g,
Yeast . . 50 Egg—fresh . . 04
‘Vheat 006 to 0 20 dried . 13
Barley . 01210035 l\leat . . . 023
Pulses . 015w 023 Laver - - -1
Mdk—whole . . 015t0020 Frut . . 003
> powder . 11510160 Vegetables . . 003
Cheese . . 050 Pulses (dned) . 08

Sydenstricker and his associates have also described the
effects of riboflavin deficiency upon the eyes—photophobia,
burning of the eyes, corneal ulcers, corneal vasculanty, dimness
of viston. Scbrell and Butler (lfv.’!s) gave a full deseription of
the experi of r in man ; the syndrome,
called anboflavinoms, involves the eyes and skin, speaially
junctions between skin and mucous membrane; the skin is
Tough, scaly and greasy, the lips bright red, swollen and cracked,
the tongue large and tender and magenta 1n colour. The re-
sponse to specific treatment is most sntisfactory It may be

d that no it as d when the
patients were given vmxmm A, thmmmc, ascorbie acid or
mcotimic acid

Sources et Riboﬂav{n —\lany of thc foods which contain
thiamine are f ]y nch in P
egg-white which contains no thiamine, The best source is
brewer’s yeast, followed closely by liver and kudney, Egp-yolk,
milk and cheese are also good sotirees as are also the green leafy

vegetables and beans. It is also found in germinating sceds.
12

the ex is
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some 200 mg. of tryptophan to secure a similar result (Leucke

et al., 1947). The ongmal idea that pellagra was due to

some toxic material m m:nze began to lose favour when xt was
" . ~ur

theory and the tryptophan deficiency suggeshon were Tuled
out by the discovery of Goldberger (1925) and Ius fellow-workers
that pellagra could be cured by a protemn-free extract of ox
liver, and the final separation and crystalbzation of the mico-
tinamide by Elvehjem, Madden, Strong and Wolley (1938).

TapLE 39
NICOTINIC ACID IN T'OODS
mg, per 100 g
Yesst,dry . 10 to50 Kidney . 6 to10
Wheat, whole . . 28 t050  Fresh meat .8 tolo
Flour, white 06 to08  Cowamik. °
85 per cent extraction Bread—whole grain . 50
(Nationat) . 15to20 .  white 1
. 30 to3s Fish . .+ 3 toB

Bron . .
Laver, fresh . . 10 to27

Clinieal studies in pellagra show that nicotinic acid 1s essential
for the normal activity of the alimentary tract, the skin and
the nervous system It has been suggested that mnicotime
acid may play some part mn regulating the carbobydrate meta-
bolism of the brain (Himwich, Spres et al,, 1940). This may
ultimately afford an explanation of the mental symptoms
\vhmh are scen m ecases of pe“ngm‘ these are restlessness,
iy 1| and it which may lead to
marked_emotional dxst\ubanccs and an entire breakdown in
personality. One can see in the progression of signs and

which ch pellagra, the whole
gamut of changes which lead to the “breakdown of individual
morale.  Perhaps nowhere so much as m the study of vitammn
B complex deficiencies, does one become so fully aware of the
part played by food in the maintenance of national morale.

Our knowledge of the human requirements of meotinie acid
1s meomplete; it is suggested that the daily rcqum-mcnt is
about 10to 15 my  Dictary surveys m rural and mining arens
in U.S.\. have clearly shown that where, as in rural areas, an
adequate amount of eggs and mitk was consumed, no pellagra
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The daily requirement of riboflavin is, in milligrams, 50
per cent greater than that for thiamine, i.c. about 2 to 3 mg. per
day.

NICOTINIC ACID (Niacin:P.P. Factor)

About the middle of the eighteenth century a disease was
described under the name, “ mal de la rosa ™, as being prev-
alent in Italy, Roumama, and other Southern Europesn
countries, In the early years of the twentieth century 1t caused
some concern in the United States and under the name * Pel-
Iagra® was described as a disease affecting the almentary
tract, the skin and the nervous system. The skin lesions are
typical, being confined to the dorsal surfaces of the hands and
feet, the forearms and legs, and the face and neck, where the
skin finally becomes dry, thickened and of a dark red colour
(Figs. 82 and 38). Symptoms associated with the nervous
system range from lassitude and irritability to profound depres-
sion and ultimately dementia. It is & poor man’s disease and n
the United States of America is defintely related to the cotton
areas of the South. The fact that the diet of those most
commonly affected was composed of cornmeal, white flour,
sugar, molasses and pohshed rice, led Goldberger in 1919
to carry out a nutritional experiment on twelve men w}.\o
voluntanly subsisted on the diet mentioned, and of whom six
developed defimte signs and symptoms of pellagra. It was
subsequently discovered that autoclaved yeast, that is yeast
with no thiamine, contained a substance which would prevent
pellagra. To this substance was given the name * P.P. factor ”
(pellagra-preventing factor). Since riboflavin is present mn
heated yeast, it had to be eliminated as the curative factor m
pellagra. It was soon demonstrated that riboflavin had no
mfluence upon the course of the disease. In 1937 Elveh]'e‘m
found that nicotinic acid, or 1ts amide, would cure pellagra in
two to three days, even when the patient showed signs of marked
mental derangement.

Tn the same year Elvehjem isolated in crystalline form
175 mg. of nicotinte acid amide from 10 kg. of fresh liver.
Comparatively recent studies have indicated a relation between
nicotmic acid and tryptophan in nutrition ; it has been shown
that where a deficiency of nicotinic acid can be corrected by

inistering 10 mg. of nicotinic acid daily to pigs, it requires
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and man. Folic acid is a term covering a group of chemeally
distinct substances, the simplest of which is pteroylglutamic
acid. Either as a liver concentrate or as folic acid per se, it
cures the anemia ﬂnd leueopcnm {lack af wh\te b]ood-cel]s)
often caused by the 10n of For a
further discussion of the action of folie acid see page 151

Vitamin B,,.—This substance, extracted from the hver, con-
tains a small amount of cobalt nnd is effective n curing both
the h logical and 1 1 ifestations of perni-
cious anemia.  As a result of much recent work in the ﬁeld of
vitamin B,, research, two further members of this group of B
factors have been cr)stalhzcd —By,¢ and B, d—(Anlow et al.,
1950) ; B,.a and Byob are of B,,, (B!
et al., 1950). It would appear that Castle’s extrinsie factor 1s
vitamun B,,, (Lester Smiuth, 1951). Further research is still
required before a complete theory of the mode of action of
vitamin By, is possible.  Vitamns B,,c and B;,d do appear to
effect a definite chnieal and hemtologieal mmprovement in
cases of pernicious anwma (Ungley and Campbell, 1951;
Chalmers, 1951).

Vitamin Synthesis.—The vitamins of the B group still
afford an ever expanding field for rescarch which holds for many
a speculative interest. Thiamine, nboﬂa\-m and micotinic acid
are clearly d with well-defined defi y diseases.
There are however other factors which are of scientific interest,
but whose functions are too problematical for any detailed con-
sideration here. Pantothenic acid, biotin, folic acid and p-

L ic acid are synth i by the int: 1 flors of
animals, and if this can be proved to be true for man, 1t may
explain the fact that none of these factors is associated with a
dietary deficiency disease, Pantothemic acid and biotin are
also known to be responsible for the growth of micro-orgamsms,
Para-aminobenzoic acid exerts an important biologieal action in
that it counteracts the anti-bacterial effects of the sulphanil-
amides, Other interesting members of the vitamin B, complex
are inositol, cholme and methionine. Inositol, the basie
structure of the phytic acid, occurs in heart muscle, kidney and
Yeast; 1ts absence causes a loss of hair 1n the rat; choline
prevents the development of fatty liver 1n depancreatized
dogs and methionine is one of the essentisl amino-acids. ‘Thereis
evidence that vitamin B, (Najjar and Holt, 1943), nboflayin
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was seen, while in mining areas, deficient in these articles of
diet, pellagra was often endemic.

The name * Nincin ”, accepted by the United States Food
and Drug Administration, was coined by Dr, Cowgill of Yale
University, from **ni " for nicotine, * ac ” for acid and “in”
for vitamin, The name was suggested in order that a nutrient
should not, by terminology, have association with the nicotme
of tobacco. Although related to the nicotine of tobacco, 1t
has not, of course, its toxic properties. The name nicotinic
acid 1s, however, used in scientific circles. One of the most
stable of the B plex vitamins, nicotinic acid 15 resistant to
heat, light, oxidation and alkalis.

Sources of Nicotinic Acid.—Foods which are rich m the
vitamin are: yeast, liver and pesnuts. Meat contains small
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Other Members of the B Complex.—Four members of
the B lex group, ditfe in chemical and physical proper-
ties but not in their action in determining the texture of the
skin and the pigmentation of the hair, are pyridoxine, panto-
thenic acid, biotin and p-smimobenzoic acid. They are found
in animal and vegetable foods such as yeast, liver, kidney and
the outer coats of grains. Biotin is the only one which has any
definite réle n human nutrition ; it was 1solated from egg-yolk
and has been shown to be essential for the growth of many
micro-organisms, moulds and yeasts. It has long been known
that uncooked egg-white in high concentration can be toxic
to rats ; this1s due to the failure of biotin, the protective factor
guarding against egg-white injury, to form a stable compound
with avidin,a proteinof egg-white. The compound, when formed
in the intestine, is not hydrolyzed and therefore not absorbed.
The essential cause of egg-white injury is a biotin deficiency
which, in the rat, is characterized by loss of weight, spastic
paralysis and dermatitis. Experiments have been carried out
on man in whom a biotin deficiency had been produced by
eating large amounts of raw eggs or dried egg-white. The loss
of hair and the dermatitis were quickly cured by njections of
biotin methyl ester.
Folic Acid.—This is the vitamin essential for the growth
of chicks and important as an anti-anemia factor in monkeys
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(Najjar et al., 1944), and nicotinic acid (Ellinger et al., 1944)
can be synthesized in the human alimentary tract. The action
ot milk in preventing pellagra and maize in producing it, may
depend on the effect of these foods on the intestinal flora. One
of the startling although not recent discoveries in the vitamin
field is the fact that rats could grow and thrive without vitamin
B, intheir food. This ability to grow in the absence of exogeneous
vitamin B, could only be possible if the vitamin were obtained
endogenously, that is by synthesis within the alimentary tract.
When Eijkman (1897) first discovered that polyneuritis was
produced in fowls by feeding them polished rice, he also noted
that if potato starch were added to the diet they failed to develop
this disease,  Kon and his co-workers have now brought forward
evidence to show that in the presence of potato starch intestinal
bacteria do manufacture vitamin B;. This ability to synthesize
vitamm B, is called * refection ”, meanmng to refresh or make
again. Refection is no recent discovery (Fridericia, 1926); its
chemical explanation, in terms of bacteria and vitamins, bas
been the subject of much work during the past fifteen years.
These discoveries tend to cast doubt on the generally accepted
requirements for various vitamms. The study 1s however in its
early stages and * one would do well to guard against going to
the other extreme and placing too much reliance on possibilities
of symbiotic self sufficiency of man ™ (Kon, 1945}, .
In view of the public interest in the use of synthetic mdl
vidual vitamms, a word of caution may be necessary. It is
becoming increasingly clear that, instead of supplying any one
vitamin from the B group, in the treatment of any speclﬁc
B avitaminosis, it is better to provide all the members of the
group. Dr. Marion Richards of the Rowett Research Institute
has recently suggested that * imp ts effected in poor
human diets by means of such simple supplements as inorganic
calcium, milk and dried yeast, provide a useful pointer for the
post-war feeding of starved populations ?. Her work em-
phasizes the need for caution m any attempt to improve filEtS
by the indiscriminate addition of large supplements of single
synthetic B vitamins. Insufficient knowledge of the many
interrelated renctions of vitamins demands caution in the thera-
peutic use of synthetie vitamins and emphasizes the value of
a muxed diet supplying all accessory food factors in their natural

state.
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tendons under the ham rigid, a symptom none of the rest had
were put under a course of sea water. Of this they drank half
& pint every day, and sometimes more or less as it operated as
a gentle physic, Two others each had two oranges and one
lemon given them every day. These they ate with greediness,
st different times upon an empty stomach. They continued
but six days on this course, they having consumed the quantity
that could be spared. The two remaming patients took the
bigness of a nutmeg three times a day of an electary recom-
mended by an hospital surgeon, made of garle, mustard seed,
balsam of Peru, and gum myrrh, using for common dnnk,
barley water well acidulated with tamannds, by & decoction
of which with the addition of cremor-tartar they were gently
purged three or four times during the course,

“The consequence was that the most sudden and visible
good effects were percerved from the use of the oranges and
lemons ; one of those who had taken them being at the end of
six days fit for duty. The spots were mdeed not quite off
his body, nor hus gums sound ; but without any other medicme
than a gargansm of * elxir vitriol’, he became quite healthy
before we came to Plymouth, which was on 16th June. The
other was the best recovered of any in his conditton; and
being now deemed pretty well, was appointed nurse to the rest
of the sick.

* Next to the oranges I thought the eyder had the best effects.
Tt was mdeed not very sound being mnclinable to be agre or
pricked. However, those who had taken 1t were 1n a fairer
way of recovery than the others at the end of the fortmght,
which was the length of the time all these courses were con-
tinued, except the oranges The putrefaction of therr gums,
but especi therr lassi and k , were somewhat
abated and their appetite mcreased by it.

“ There was no remarkable alteratian upon those who took
the electary and tamarind decoction, the sea water or the
vinegar, on companng their condition with others who had taken
nothing but a httle lenutive electary and eremor-tartar, in order
to keep the belly open; or a gentle pectoral in the evening for
relief of their breast »* (Lind, 1757).

As v result of these experiments, Lind recommended that
Iemon juice be given at regular mtervals to all satlors on British
naval vessels when at sea.




CHAPTER XI

VITAMINS AND DIETARY DEFICIENCY
DISEASES (contd.)

VITAMINS C, D, E and K .
ASCORBIC ACID or VITAMIN C

‘Tris is the antiscorbutic vitamin, Scurvy has for centuries
been regarded as a disease due to dictetic errors, and nghtly
s0. Amongst sea-farmg folk, seurvy has been known to occur
after deprivation for long periods of fresh foodstufs, and it
was common knowledge that it could be prevented or rapidly
cured when fresh vegetables or frints were available. The
disease was long thought to be due to the effects of northern
sca climate and the use of salt meat. The ships of the Brtish
Naval and Maritime Services were the scene of many an ex-
periment carried out on the unfortunate human material which
crrcumstances so liberally provided. 7Two instances may be
quoted from the Medical Research Council's Report on
“ Vitamins'® (1982), which show how surgeons and others m
the Navy were constantly attempting to find out the cause of
this disease so dreaded by seamen and explorers. In the year
1747 the surgeon of HLM.S. Salisbury wrote: * On the 20th
of May, 1747, I took 12 men in the scurvy on board the Salisbury
at sea. They all had putrid gums, the spots, and lassitude
with weakness of their knees. They all lay in a proper apart-
ment for the sick in the forehold and had one diet common to
all, viz. water gruel sweetened with sugar in the morning,
fresh mutton broth oftentimes for dinner; at other times light
puddings; boiled bisewt with sugar, and for supper barley
and raisins, rice and currants, sago and wine or the ke, Two
of these were ordered each a quart of cyder a day. Tiwo others
took twenty-five drops of ©elixir vitriol* three times a day,
upon an empty stomach; using a gargle strongly acidulated
with it for their mouths. Two others took two spoonfulls of
vinegar three imes a day upon an empty stomach; having
their gruels and other foods well acidulated with it, as slso the
gargle for their mouths. Two of the worst patients, with the
184
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tendons under the ham rigid, & symptom none of the rest had
were put under a course of sea water  Of this they drank half
a pint every day, and sometimes more or less as 1t operated as
a gentle physic. Two others each had two oranges and one
lemon given them every day. These they ate with greediness,
at different times upon an empty stomach. They continued
but six days on this course, they having consumed the quantity
that could be spared, The two remaimng patients took the
bigness of a nutmeg three times a day of an electary recom-
mended by an hospital surgeon, made of garlic, mustard seed,
balsam of Peru, and gum myrrh, using for common drink,
barley water well acdulated with tamarinds ; by a decoction
of which with the addition of cremor-fartar they were gently
purged three or four times during the course.

“The consequence was that the most sudden and visible
good effects were perceived from the use of the oranges and
lemons ; one of those who had taken them bemng at the end of
six days fit for duty. The spots were indeed not quite off
hus body, nor his gums sound ; but without any other medicine
than a gargansm of * ehixir vitriol °, he became quite healthy
before we came to Plymouth, which was on 16th June. The
other was the best recovered of any mn his condition; and
being now deemed pretty well, was appomted nurse to the rest
of the sick.

“ Next to the oranges I thought the cyder had the best effects.
It was mdeed not very sound bemng mclnable to be aigre or
pricked. However, those who had taken 1t were mn a farer
way of recovery than the others at the end of the fortmight,
which was the length of the time all these courses were con-
tinued, except the oranges. The putrefaction of their gums,
but especially their de and \! , were
abated and therr appetite mcreased by at.

“ There was no remarkable alteration upon those who took
the electary and tamamnnd decoction, the sea water or the
Vinegar, on comparing their condition with others who had taken
nothing but a little lemtive electary and cremor-farter, m order
to keep the belly open; or a gentle pectoral in the evening for
rehef of therr breast * (Lind, 1757)

As a result of these exy Lind ded that
lemon juice be given at regular intervals to all satlors on British
naval vessels when at sea.
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VITAMINS AND DIETARY DEFICIENCY
DISEASES (contd.)

VITAMINS C, D, E and K .
ASCORBIC ACID or VITAMIN C

Tnrs is the antiscorbutic vitamin. Scurvy has for centuries
been regarded as a disease due to dietetic errors, and rightly
so. Amongst sea-farmg folk, scurvy has been known to eccur
after deprivation for long periods of fresh foodstuffs, and it
was common knowledge that it could be prevented or rapidly
cured when fresh vegetables or fruits were available. The
disease was long thought to be due to the effects of northern
sea climate and the use of salt meat. The ships of the British
Naval and Maritime Services were the scene of many an ex-
periment carried out on the unfortunate human material which
circumstances so hiberally provided, Two instances may be
quoted from the Medical Research Council's Report on
“ Vitamins** (1982), which show how surgeons and others in
the Navy were constantly attempting to find out the cause of
this disease so dreaded by scamen and explorers. In the year
1747 the surgeon of HM.S, Salisbury wrote: *On the 20th
of May, 1747, I took 12 men in the seurvy on board the Salisbury
at sea. They all had putrid gums, the spots, and lassitude
with weakness of their knees. They all lay in a proper apart-
ment for the sick mn the forehold and had one diet common to
all, viz. water gruel sweetened with sugar m the morning,
fresh mutton broth oftentimes for dinner ; at other times light
puddings ; boiled biscuit with sugar, and for supper barley
and raisins, rice and currants, sago and wine or the hike. Two
of these were ordered each a quart of cyder a day. Two others
took twenty-five drops of *elixir vitriol ' three times a day,
upon an empty stomach; using a gargle strongly acidulated
with 1t for their mouths. Two others took two spoonfulls of
vinegar three times a day upon an empty stomach; having
their gruels and other foods well acidulated with it, as a.lso the
gargle for their mouths. Two of the worst patients, with the
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C, the blood fails to pass through these small vessels at the
normal rate of flow. There results, therefore, stagnation of the
PR . A o

R

blood. Research workers in Sweden have noted that at the end
of the winter season many people show the effect of a Iow-grade
shortage of vitamin C. One of the tests applied to detect this
is to measure the capillary pressure in the skin. At the end of
the long Swedish winter, the capllaries of the skm of the srm
in 10 to 25 per cent of the people exammed show mabihity to
withstand increased pressure from within, Gothlm has made
this interesting observation 1 desenibing the effect of vitamin
C medication in a 12-year-old country girl: “1 shall never
forget how this httle girl with the dull, tired, resigned ex-
pression of face, through five weeks of intensive treatment
with orange juice awakened, so to speak, how her movements
became hvelter and her eyes grew bmght, and how her looks
showed what pleasure she got out of Ife.” Ths story can be
repeated not only over the whole of Europe, but on the American
continent and i India. The activity of vitamun C is essentrally
associated with the formation of intercellular substance whereby
tissue cells are held together i correct relation to each other,
thus permitting them to function properly. In the old days at
sea, persistent boils, open wounds, bleeding gums and weak liga-
ments were common. The part played by vitamin C m wound
healing 13 well deseribed by Crandon who subjected himself to
wounds made on Ius back under normal conditions and also,
after six months on a vitammn C deficient diet, when signs of
seurvy had appeared. The results were corroborative of the
work of many investigators.  Brefly, 1t was shown that, after
six months on & deficient diet, a wound would heal apparently
atisf Iy but, when ined on the tenth day, 1t was
found that beneath the skin there was no healing and the wound
was filled with blood clot. The wound had to be opened and
drained and the subject was given 1000 mg. of vitamn C by
ntramuscular injection. Ten days later, examnation showed
excellent healing. Wounds break down because of the absence
of the intercel ubst: Hag i of
vitamin C will prevent wound distuption from ths eause. There
are, of course, other causes of delayed heahng of wounds and
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A most notable observation was made by Charles Curtis,
surgeon of the frigate Edinburgh, m 1807. Wnting about the
treatment of scurvy, he states: * With regard to sea scurvy
reports and accounts have been published as if this had been
cured at sea by hme or aitron juice, lemon rob, and nitre dis-
solved in vinegar. But there is a plan for the cure of this disease
which depends upon a fresh vegetable diet, greens or roots in
sufficient quantity. To be sure we cannot have a kitchen
garden at sea and a short and scanty crop of green can only be
raised on board ship, but beans and peas and barley and other
seeds brought under the malting or vegetating process are
converted into & state of a growing plant, with vital principle
in full activity throughout the germ and pulp, and if eaten in
this state without any sort of preparation, except that of
separating or rejecting the husks, cannot fail to supply preclsely
what is wanted for the cure of scurvy, viz. fresh v egetable chyle.”

Here is the heart of the problem; the
is associated with sctive metabole processes, The distribution
of this factor (vitamin C) thus presents a marked contrast
to that of the antiberi-beri vitamin B, which is found chiefly
in dry seeds.

After many experiments on fruits, cereals and vegetubles
i which it was discovered that their antiscorbutic properties
were destroycd by heating, the essential substance was extracted
from orange juice by means of alcohol. The name, vitamin C,
was given in 1920 by Sir Jack Drummond. The structural
formula of vitammn C was determined in 1933 by the late
Professor Sir Norman Haworth; he and Professor Szent-
Gyorgyi of Hungary, proposed the name ascarbic acid, by which
the vitamm 1s now known.

Effects of Vitamin C Deficiency.—In scurvy the first
symptoms are tenderness and swelling of the joints ; ultimately
lxmmorrhage of the soft spongy gums, and from the mucous

of the and ine supervenes. Some
believe that gastric and duodenal uleers may be associated
with a defictency of this vitamin. The changes 1n the structure
of the bones and teeth in children can be seen by X-ray examuna-
tion long before the naked eye signs are noticeable. This vitamm
is responsible for the normal condition of the endothelial hnng
of the blood vessels, particularly the capillaries. As a result of
the swelling of the endothel due to a deficiency of vitamm
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C, the blood fails to pass through these small vessels at the
normal rate of flow. There results, therefore, stagnation of the
blood and a deficient oxygenation of the tissues from which
proceed fatigue, breathl debility and anemiz. In some
cases the vessels rupture, giving nse to small extravasations of
blood. Research workers mn Sweden have noted that at the end
of the winter season many people show the effect of a low-grade
shortage of vitamin C. One of the tests apphed to detect this
1s to measure the capillary pressure n the skin. At the end of
the long Swedish winter, the capillaries of the skin of the arm
in 10 o 25 per cent of the people examined show mabiity to
withstand increased pressure from within, Gathlm has made
this interesting observation i describing the effect of vitamm
C medication in a 12-year-old country girl+ “T shall never
forget how this little gl with the dull, tired, resigned ex-
pression of face, through five weeks of intensive treatment
ith orange juice awakened, so to speak, how her movements
became hvelier and her eyes grew bright, and how her looks
showed what pleasure she got out of hife ” This story can be
Tepeated not only over the whole of Europe, but on the American
continent and in India. The activity of vitamin C 1s essentially
associated with the formation of intercellular substance whereby
tissue cells are held together m correct relation to each other,
thus permitting them to function properly In the old days at
sea, persistent boils, open wounds, bleeding gums and weak liga-
Tents were common.  The part played by vitamin € 1n wound
healing is well deseribed by Crandon who subjected humself to
wounds made on his back under normal conditions and also,
after six months on a vitammn C deficrent duet, when signs of
scurvy had appeared. The results were corroborative of the
‘York of many investigators. Briefly, 1t was shown that, after
Six months on & deficrent diet, o wound would heal apparently

tisfe 1ly but, when ined on the tenth day, it was
found that beneath the skin there was no healing and the wound
vas filled with blood clot. The wound had to he opened and
drained and the subject was piven 1000 mg. of vitamin C by
ntramuscular injection. Ten days later, exammation showed
excellcn.(: healing  Wounds break down because of the absence
of the 1 b 1 d the injection of
Vitamin C will prevent wound disruption from this cause. There
are, of course, other causes of delayed healing of wounds and
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A most natable observation was made by Charles Curtis,
surgeon of the frigate Edinburgh, in 1807, Writing about the
treatment of seurvy, ho states: * Wigh regard to sen seurvy
reports and accounts have been published a5 if this had been
cured at sea by lime op citron juice, lemon rob, and nitre dis.
solvedin vinegar.  But there 1s & plan for the rure of this diseass
which depends upon 4 fresh vegetable diet, greens or roots in
suflicient quantity. To be sure we camnot have g kitchen
gsrden at sea and a short and Scanty erop of green can only be
taised on board ship, but beans and peas and barley and other
seeds brought under the malting or vegetating process are
converted into a state of a growing plant, with vatal principle
in full activity throughout the germ and pulp, and if eaten in
this state without any sort of preparation, except that of
Separating or rejecting the husks, eannot fail to supply precisely
what 15 wanted for the cure of scurvy, viz, fresh vegetable chyle.”

Here {5 the heart of the problem; the ial sut
1s associsted with active metabol;, . The distnk
of this factor {vitamin C) thus presents & marked contrast
to that of the antibers-berf vitamin B,, which is found chiefly
in dry seeds,

After many experiments on frunts, cereals and vegetables
1 which it was discovered that their antiscorbutie properties
were destrayed by heating, the essential substance was extracted
from orange juice by means of alpohol. The name, vitamin €,
WaS given m 19820 by Sir Jack Drummond, The structural
formula of vitamin € was determined in 1938 by the late
Professor Sir Norman Haworth; he and Professor Sent-
Gybrgy: of Hungary, propased the name ascorbic acid, by which
the vitamin 15 new Jnown,

Effects of Vitamin ¢ Deficlency,—In scurvy the first

yop are tend and swelling of the joints; ultimately
hamorrhage of the soft Spongy guws, and from the mucous
i of the stomach and intestine supervencs. Some
believe that gastric and duodens) wleers may be associsted
with a deficiency of this vitamin, The changes in the structurs
of the bones and teeth in chuldren can be seen by X-ray e.\'zsmiﬂ.&'
tion long before the naked eye signs are noticeable, This vitamin
is responsible for the normal condition of the endothelal lining
of the blood vessels, particulatly the eapillaties. ds s result of
the swelling of the endothehum, due to 4 deficiency of vitamm
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kept at room temperature and with a small proportion of the
oil of the rind in it. Heating to body temperature, 87°C.,
slowly destroys the vitamin. Oranges and lemons can be kept
for months at 2-5° C. without the least detriment to the potency
of their juice. Fresh meat 1s a source of the antiscorbutic
vitamin, but it is not by any means a rich one. Milk 15 too
variable o be relted on as a source of vitamin C.

When * lime Juice ” became the juice par excellence for the
treatment of scurvy, the term was used to sigmfy the juice ob-
tained from Mediterranean lemons. The British Navy pinned
its faith to *“ hme jmce ” until the mddle of the 19th century.
Owing to political reasons and to favourable reports on the
acdity and antiscorbutic properties of the juice of the West
India limes the supply of this juice was substituted for that from
Mediterranean lemons.  From 1804 until about 1860 lemon juice
was the official 1ssue.  Scurvy had become a comparatively rare
disease 1 the Navy. By 1850 very lttle, if any, lemon juice
was 1n use m the Navy ; the juice of the West Indian hme had
taken its place. This change, while having apparently no great
effect in the Navy, had disastrous results i that explorers,
following the official lead, resorted to West Indian limes for
therr supplies of antiscorbutic foodstuffs. The most imp:
example of the result of this change 1s that of the relief ex-
peditions sent out 1 search of Sir John Frankl, first between
the years 1847 and 1859, and then m the ycar 1875. Those ships
which formed the first expedition were supplied with lemon yuce,
and enjoyed a remarkable immunity from seurvy for long periods
of time, The second rehef expedition which was sent out m
1875 was not strietly a relief expedition. It had two purposes :
first, to find traces of Sir John Franklin; and second, to make
an attempt to reach the North Pole. This Polar Expedition, as
it was called, saw two ships, the Alert and Discovery, equipped
with all the impros ements that the experience of the previous 20
years had made possible, and with a hberal supply of lime juice
of the best quality. The expedition was a failure largely because
of scurvy in the crews of these ships, and the Admiralty Court
of Enquiry in 1876 could come to no conclusion as to the cause
of the tragedy, To-day Arctic and Antarctic expeditions take
Liberal supplies of concentrated lemon juice, e the Brtish

Arctie Awr Route Expedition to Greenland (H. G. Watkmns,
1930-31)
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there are parts of the body other than skin or muscle where
a lack, or the presence, of intercellular substance may be
responsible for normal physiological events, e.g. the release of
the ovum from the ovary and its implantation in the uterus
A lack of vitamin C in the diet leads to arrest of formation of
enamel and cementum of the tecth (Fish and Harris, 1934). In
the growth and repair of bone vitamin C plays an important
part ; ascorbic acid is important for the developraent of the
protein matrix of bone as well as for the regular deposition
of the bone salts, caleium and phosphorus. The changes in
bone are similar to those which affect the formation of teeth;
here in & case of deficiency the activity of the odontoblasts is
diminished, the dentine 1s undeveloped and soft and the pulp
of the tooth is disorganized. Despite much investigation there
15 no convineing proof that dental decay and disease of the
gums are due to a deficiency of aseorbic amd,

Vitamins B and C have a distinct effect i helping to main-
tain the body’s resistance to infection. This is, as has been
pointed out, also a characteristic of vitamin A. Many cases
of so-called rheumatic pains, which come and go and which areso
common 1n this country, are doubtless due to a Iack of vitamin C.

The part played by vitamin C in the development of strong
teeth and healthy bones will be described in the chapter on
dental caries.

Sources of Vitamin C.—The chief sources of this important
vitammn are vegetables and citrous fruits. Of the leafy vegeta-
bles, the fresh green leaves of Brussels sprouts, cabbage, kale,
parsley and watercress are excellent sources, while of the root
vegetables, raw Swede turnips are useful. Potatoes because of
the extent to which they appear in most dictaries are a valuable
source of vitamin C. Carrots, lettuce, celery and onions are of
httle value. Peas and beans which have germinated have the
vitamin, but if dry they are useless. It has long been kno“‘“
that oranges, lemons and grapes are the finest sources of vitamin
C. As we shall sce, much that is interesting in the history of the
vitamin is assocrated with the use, or the failure to use, these
fruits. Tomatoes, raw or cooked, are good, as are I:tlso bananas,

les, he: ppl 3 and strawbernes.
apPIt ;srsurpnsirrg to know thart the juice of West India limes
is distinctly mferior to that of oranges, lemons an.d of the sweet
lime. Orange juice will retain its vitamins at high potency of

I ~,
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of Kut-el-Amara (December 1915-Apnl 1916). In his account of
the medical arrangements durng the siege, Colonel Sir P. Hehir,
IM.S. (1817), wrote: *In an early stage of the siege, a re-
crudescence of beri-beri among British troops gave rise to some

hension, but it then disapp d; whilst m Indian troops
and followers during the latter half of the siege scurvy caused
enxiety . At another place in this diary we learn that “ the
British troops were recetving white wheaten flour until 5th
February 1916, after which date they were compelled to take
part of therr flour ration in the form either of barley flour or
of atta, It is very sigmificant that ber-beri should have
oceurred while the British troops were enjoying white wheaten
bread and that it should have cleared up when they were com-
pelled to share the coarsely milled, germ-contamng flour of
their Indian comrades.” The meidence of scurvy durmg this
siege showed an entirely opposite distnbution, The British
soldiers were protected by the large ration of meat, 8 to 20 oz.,
including horse flesh, which they consumed, while the Indian
soldiers, largely vegetarian in hahit, refusing meat on principle,
suffered ternbly from this disease.

The lesson to be learned from their experience 1s that germi-
natmg pulses contain vitamin C. Had the Indian dhal been
moistened and sllowed to germinate mn the sun it would have
contained the vitamin giving protection agamnst seurvy. This
possibility was discovered 1 1916 by Dr. Harriette Chick, of
the Lister Institute, London. Had these facts been known in
1915, one can well imagine that the fate of the garrison under
General Sir Charles Townshend would have been different.

Human Requirements of Vitamin C.—Much controversy
has centred around the adult requrement of witamun C. It
has generally been accepted that 50 mg. per day of ascorbic
acid are sufficient,. Duning the war, experiments on R.AF.
personnel certainly indicated a much lower requrement, namely
17 to 26 mg. per day, On these amounts thousands of young
men have shown no signs of defictency of this vitamin, Indi-
vidual investigators have by tests on themselves and others
corroborated the claim for 8 minimal value of 25 mg. per day.
;t would, therefore, appear that 50 mg of vitamin C per day
is an optimal figure for a normal adult. A nursing mother
should receive 100 mg. per day. Human milk contans ap-
proximately 6 mg. per 160 c.c. ; if 600 c.c. of milk were secreted
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It should be emphasized that dried vegetables are of no
value for the prevention of scurvy since all their antiscorbutic
properties have been destroyed in the drying.

Many observers in the past have noted that the anti-scurvy
value of fresh meat, though sigmficant, was much infertor to
that of vegetables and fresh fruit. Nansen and Johansen,
after leaving the Fram, spent nine months, including the winter
of 1895-98, on Frederick Jackson Island in a rudely constructed
hut. They remained in good health and free from scurvy,
although obtaining no lemon juice and no fresh vegetables,
and subsisting mainly on fresh walrus and bear meat preserved
by the arctic cold,

Jackson and Harley (1900) describe an interesting incident
at Kharborovs, Yugor Straits, where six Russian priests
arrived in the autumn, attended by a small Russian boy. The
priests by their religious vows were prevented from eating the
fresh meat available: they subsisted on salt fish and there
were no vegetables. In the following May the little boy was
found to be the only surviving member of the party, and had
buried all his Iate masters in the snow. He suifered from
no religious disability and had fed largely on reindeer meat
through the winter.

A Qlassical and War-time Experiment on the Dis-
tribution of Vitamins B, and C.—The deficiency of vitamn
B, m white wheaten bread is under ordmary conditions made
good by the varied diet enjoyed by Europeans. If, however,
a mixed diet is derived from canned and preserved foods the
case is otherwise, and beri-beri may be expected to appear.
This was, no doubt, the cause of the beri-beri which was Te-
ported among our troops in the Great War, 191418, in the
Dardanelles and in Mesoy ia (Wileox, 1916). In the
latter campaign it is :lluminating to note that the diseasc was
confined to the British troops and was not reported among
the Indian soldicrs. This immunity was to be expected, for,
in addition to atta, a coarsely ground whole wheat flour,
the native soldier recerved a gemerous daily ration Of.dha‘
or dry pulses of various kinds, which are rich in antiberi-ben
vitamn. .

The difference between the types of cereal ration issued
respectively to the British and Indian troops was the basis of
an experiment which took place unwittingly during the siege
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per day, the child would receive 8g mg. vitamin € which is
suflicient for a child up to 12 months of age,

Vitamin ¢ is essential for growth and therefore chuldren
require more than adylts, The daily allowances recommended
by the National Research Couneil, U.S.A,, for children of 5,
8 1l and 14 years, are 50, 60, 75 and 90 mg. respectively.

The international unit of vitamin C is 005 mg. pure 1
ascorbic neid,

Lass of vitamin ¢ m foods during storage and preparation
is important, For example, potatoes in storage may lose 50
per cent of thewr origmal vitamin ¢ content, depending upon the
length of time they are stored. If, however, Ppotatoes are left

TanLe 40
ASCORBIC ACID (vitammy €} IN FOODS—EDIBLE PORTION

Cunants,

black
red

Blackcurrant jam PN

“ prrce .
Orange yaice (M of Footy . |
Roselip syrup

Horseradish | |
ale {uncooked) .
Parsley

Fotatoes fearly)

Swedes . . B .
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Frc 35 -—Richets m an English infant, Note the defornuty and en-
largement of the epiphyses at the wnst [From Dr Donald Hunter,
by courtesy of Messrs Wm Henemann, Ltd |
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until sprouting begins or is about to begin, the vitarmn content
increases and the original amount may be almost wholly restored.

The shortage of citrous fruits during the war aroused a
certamn amount of interest in the sprouting of legumes Bean
sprouts are well known in China, where much use 1s made of
young growing vegetable foods. In this country if it 1s wished
to mncrease the vitamin C content of legumes (peas, beans) 1t
would be necessary to soak them mn lukewarm water for 24
hours, and, having drained them, to allow them to germinate
for 4 or 5 days. In China they are generally kept on a piece of
matting 1 a wooden receptacle with small holes in the bottom
to allow the warm water to filter away slowly Good drainage
prevents the lower layer of beans from rotting and also mould
formation, which 1s apt to oceur if too much warm water 15
used. The aim is to produce succulent shoots by a slow process
of germmation extending over one week

It Js, therefore, necessary in considering the supply of
vitamin € to be aware of the changes that take place in storage,
preparation, cocking and serving. It must not, however, be
assumed that a loss of vitamuin C condemns any vegetable ;
1t will still provide 1ts quota of Calores, protem, ron and
mineral salts.

In assessing the value of vegetables as sources of vitamm C
the percentage content of the edible portion may be misleading.
Account must be taken of the kitchen wastage ; this is noted
1 Table 40, column 2. With foods which are exposed to damage
in storage and wastage 1n preparation, 1t 1s best, knowing the
risks, to take the vitamin content of the food as purchased as
an indieation of its vitamn value.

VITAMIN D

Vitanun D 15 a fat-soluble substance which has the power
of controlling the deposition of caleium and phosphorus m the
tissues, It 15 necessary for the optimum utihzation of these
elements, both by i normal assiml and pre-
venting abnormal loss. While the growth of bones and teeth
have been most closely assocated with this vitammn, it must
be remembered that all growth and repair are dependent upon
the good utilization of the mmerals for which this vitamin is
essential, It must, therefore, not be neglected as hi
of value n the nutrition of adults. The part played by vitamin

138




Tie 37 —For detailed deseription of abave photogriphs see Fig 38
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D in securing the full development of the body is best illustrated
by a consideration of the vitamin D deficiency diseases known
as rickets and osteomalacia. These are diseases of minersl
metabolism wherein the abstruse chemical changes concerned
with bone formation do not procced normally. Rickets is a
disease of children (see Figs. 84 to 40), osteomalacta is its mani-
festation in adults, where in adolescents or in women at preg-
nancy the bones are robbed of their calcium and phosphorus.
The charactenstic naked eye manifestations of rickets are to
be found in the long bones and the nbs (Figs. 87 and 88). Rickets
15 due to & deficiency of vitamin D which causes disturbances
in the utilization of calcium and phosphorus. ‘The bony changes
referred to depend on the rate of growth and the stress and
strain upon certain bones at different times in the life of the
child (Figs. 85 and 36). The child erawling on hands and knees
will show enlargement of the epiphyses at the wrists; when the
child begins to walk, the stress and strain are transferred to the
legs, unless the signs at the wrists have been duly noted,
the femur and tibia will begin to develop characteristic curva-
tures and thickenings which to naked eye observation will be seen
first at the ankles. Other signs are enlarged head, flabby muscles
and relaxed ligaments. The deformities are the result of a loss
of natural rigidity due, n the absence of sufficient calcium and
vitamm D, to a failure of correet bone formation. The de-
formities of 20 years ago are not so frequent to-day : the bow
legs, the anterior curvature of the shin bones, the knock knees,
the narrow pigeon chests and spinal curvatures are fast dis-
appearimg (Fig. 84). But do not let it be forgotten that even
when the naked eye manifestations of the disease are absent,
X-ray examinations of the long bones in infants may still reveal
the presence of rickets (see Figs. 37 and 38). Radmlogic:.il
evidence of rickets in apparently healthy normal children is
not uncommon to-day. Rickets is a disease which has no geo-
graphical boundaries. Not so is it with osteomalacia to-day.
This is a disease most commonly met in India and China. In
India the custom of purdah, practised by Mohammeden and
high caste Hindu women, prevents therr exposure to the rays of
the sun ; this, coupled with a diet consisting chiefly of cereals,
poor n meat, with very hittle milk fat—for the quality of milk m
India is invariably poor—leads to faulty bone development. The
diet lacks calcium, phosphorus and vitamin D, In China the
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tpcmry condddions are practieally the same; millet, rice, 2
limited amount of poor vegetables, almost no meat or eggs, and
mnland China, no fish.  Could one expeet anything but dwaster
from such a dict. Professor J. Preston Maxwell showed many
years ago that there was a very elose relationship betwoen the
wmerense x the eultivation of the poppy——with an increase in
the use of opium—and the increase of osteomalacia in the pro-
vince of Shansi,  Opium snioking and the binding of the feet of
cluldren in China have, because of the enforced seclusion to the
house or high-walled courtyard, been defimte factors in the
wtiology of osteomalscia, In the East osteomalacia is most
1y tated with § y and lactation ; 1t s olso
due direetly to a deficient intake of caleium, giving rise to what
has been ealied “non-tropical sprue®.  The calcium of the bloed
s not markedly lowered in uncomplicated rickets, but the
duction an i ic phosphorus is a valuable indication of
the degree to which rickets has developed. A low serum caleium
or phosphorus is not necessarily proof of xickets, for ather
conditions alter the content of these minerals in the blood.
There 1s in. the blood plasma an enzyme, plasma phosphatase;
several nvestigators have found that it is increased in rickets
and its estimation 15 a valuable indieation of early rickets, »
condition which is difficult o detect chnically or radiclogieally-
It was proved many years ngo that nickets was not due toa
deficiency of caloium per se.  Rickets can be produced in sats
by feeding o diet rich in caleium but low in phosphotus and
ean be readily cured by increasing the phosphorus, The
addition of butter fat to such a rickets-producing diet was not
altogether satisfactory m curing the disease. On the other
hand, cod-hiver oi proved most effective, Waith regard to the
part played by cod-liver oil it was found by many workers on
both sides of the Atlantic that if oxygen were passed through
the heated od, xts growth-promoting vitamin A was destroyed
but 1ts antimehitic factor was not, This factor was separated
from the fat of the cod-liver oil by Dr. Zucker of Columbia
University in 1021 and named vitamin D by Professor MeColhurn.
It will be remembered that wm dealing with the minesal
salts of the body reference was made to the deficiency of caleium
in the diets of Europeans and Amencons. Pre-war surveys
covering seversl of the chief towns in Seotland revealed 10
some cases an alarming lack of calefur
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exaraple, some 15 years ago, it was found that taking the ighest
standards for calelum requirements, which inclode that for
growth, the necessary intake of valerum sas only sifamed in
9 out of 37 families examined. Rickets, n disease of “ poverty
and datkness ¥ is found almost exclusively in those chidren
who, living in the stums of great Oties, arc never well fed and
are exposed but little to the direct rays of the sun, In Indin,
where children are silowed to play i the sun, 1n contrast to
the children of the higher eastes who are kept with their parents
in purdah, nckets 13 proctically unknowm In the Arctse
regions where sunshine 15 hmuted to & short summer, children
are sdequately protected from tickets heewuse their mothers,
who cat 2 dict vich in fish oils and fat meat, nurse them over &
long perrod and, after weaning, the children begin catly to eat
vitamin-contaming foeds, such as fresh fish and fish Yivers,

A strsking teshmony 1o the value of vitamn € and the fat~
soluble vitamins A and D is grven m Fig. 43, The legend to
the figure desersbes the treatment of the experimental subject
and the contrel, and 15 & tubute to the work of Drs. Harnette
Chack, Hume, Dalyelt and others of the Lister Instatute, London,
which was carried out in Vienna for several years foflowing the
Grest War of 1914-38,

What Is Vitamin D —¥How does the sun produce vitasmn
Dinthe body ? Tt does 50 1n virtue of the fact that the ultra.
violet rays of the sun act upon ergosteral, n provitamin present
in the fat of the skin and thercby produce the vitaman, As
one rught suppose, there 1s 8 great body of evidence behind such
a st . A clue e tal attack m the
right direetion was supplied, rather vnexpectedly at the time
{1822}, by the discovery that the effect of wradntion of the
armal conld e equally well produced by irradiation of its
nekets-prodocing diet The evpeniments eonswsted of feedmg
one scries of suts on a diet deficient 1 fat-soluble vitamins, of
wlich one 18 vitamin D, ve, n purcly nickets-producing duet,
taul another serics on o simdar diet after 3t had been exposed
to the hight of the mercury vapour lamp o to the dircet rays
of the sun,  The rats on the wradinted diet grew excelfently
and showed no signs of rickets; the others quiekly developed
the disease Xt was further abserved that cod-hver oif could
thus be adequately replaced, and it was tater found that irra-
diated hiver was of value in preventmgrickets.  Further research

o
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Fic 41 —A photograph of twins, taken n & Vienna tnfants’ home i 1921,
Mlustrating the striling ¢fcet on backward children of medeation With antr-
scorbuties and fat-soluble sftamuns  S1¥ months befare the date of the phato
geaph the gisl, Ida I (Jeft), at 22 months old, werghed 7 6 g (3% per cent
below norml) ; she could neither sit nor stand and made no attempt at
spontancous movement  She had only four teeth, an open fontanclle and
other sins of rickets and in her previous history two attacks of scursy had
beun diagnased and treated  During 6 months of treitment, extending from
December to June, m addition to the ardmary mstiution diet which con-
tained an adequate supply of ik, she recen e daily, 20 g raw swede turnip
Juice (occastonally substituted by raw Jemon or orange juice) 10 g butter,
Tater wnereased 10 20 g, and for the Dist 3 months 10 g cod-hyer ol m
addition At the end of the pertod she weighed 11 1 hg. (11 per cent_below
normal), she hid 12 teeth, the fontanelle was closed and there was striking
remussion 1n all signs of rickets  She could stand and walk a lttle, she tried
to talk and was trnsformed 1nto o chieery, actie httle giel

A control was provided in her tw1n brother Johann (nght) who hiad als0 been
1 the same Institution since birth, and aho had suffered from scurty during
the first 3 car of his hfe, complicated sith rickess Ykl hs simtes Tecersed
treatment, however, he had remained in another ward in which ho extra
“itamun therapy was gisen. At the time of the photograph, at 28 moaths
of age, his condition exactly reflected that of his sister before treatment
e was fceble, ancmic, shoned signs of severe richets, was unable to sit
swithout support, and gave no sigas of intelligence [after Check and Dalycll
by courtesy of Brit. Med |

[T face page 197



VITAMINS AND DIETARY DEFICIENCY DISEASES 199

known from clinieal expenence that many children, although
receiving adequate amounts of vitamin D in their diet, denve
benefit from irradiation by U.V light.

It may be of interest to know that breads lmve, in the past
been lable to which irrad
quantities, has been added without aﬁectmg the tas'ce Mk
has had its Jow vitamun D content inereased by direct exposure
to artificial light under suitably controlled conditions, by addi-
tion of a standard amount of a fat-free concentrate from cod-
hiver oil, or by feeding irradiated yeast to cows. With regard
to the specific rays of the sun necessary for producing vitamin
D, it should be emphasized that they do not pass through
ordinary window glass. Direct exposure 18 necessary, but
reddening of the skin should be a warning agamnst excessive
exposure, which would ultimately lead to destruction of the
vitamm. Controlled exposure slowly causing tanning of the
skin should be the aim of all sun bathing The possibility of
correct exposure depends on the place, the season and the
time of day; in cities, most of the violet-rays are screened
out by smoke and dust, m a country with a winter climate
such as ours, with its clouds and moisture-laden atmosphere,
the only way for children to secure an adequate amount of
vitamin D 1s to take hahbut or eod-liver oil or some concen-
trated preparation of these oils  All concentrated preparations
of the vitsmun should be taken according to the stated directions
for dosage There 1s perhaps a shght nisk of overdosage,
parbicularly by enthusiastic persons and this 1s not without
its dangers. To attempt to increase weight, to strengthen
bones, particularly of children, by large doses of vitamun D
and caloum salts may bnng about loss of weight, caleification
m arteries, kidneys and muscles. This, of course, 15 not
casily done, but & warming is necessary, espeaially when some
of these preparations are many times moare powerful than cod-
hver ol

‘While research has not yet mdicated the manner of action
ct vnmmm Dm the body, 1t is true that its mam effect is on

and that m  caleiem
metabolism e secnndm:y Tlu- eaxly signs of deficiency wxe
an 1

phosp from the body, a fall 1n

the ic phosph mn the blood plasma
and an increase in the phosphatase of the blood. The failure
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revealed the essential fact, that the capacity to become activated
resided in those constitucnts of the dict which contained fats.

Fats, such as ohive oil, cotton-seed oil, vegetable oils in-
active in themselves, beenme markedly antirachitic on irradi-
ation. The part of the fat which is essential contains two
closely related sul erg 1 and cholesterol, which
contain fatty acids as an integral part of their structure; only
certain rays of the sun with wave-lengths between 280 and
810 millimicrons will activate these sterols. The relationship
between the mineral salts, the fatty-ncid containing substances
in foods and in the skin, snd the ultra-violet rays of the sun,
has been scientifically established.

Ergosterol and cholesterol belong to a group of compounds
which have diverse physiological functions; they include bie
acids, male and female sex hormones, hormones of the adrenat
cortex, some of the carcinogenic hydrocarbons and vitamins of
the D group. A pure white erystalline substance isolated as one
of the end products of ergosterol irradiation was named calc-
ferolor D,. ‘This product in large doses will cause loss of weight
and deposition of calcium salts in the heart and large arteries.
It is strongly antirachitic ; 0-025 pg. of ealciferol is the League
of Nations standsrd unit for vitamin D sctivity. Vitamin D15
not identical with the vitamin in cod-liver oil which is generally
desi 1D, The cheapest source of vitamin D is sunhght,
which forms vitamin D, from another sterol in the skin, namely
7-dehydrocholesterol.  Vitamin D, is the natural vitamin D
of man. Therc has been and still is some disagreement con-
cerning the relative values of the synthetic vitamin D, {cal-
ciferol) and the natural vitamin D, The result of feeding
groups of ten chicks on these two vitamins is shown in Fig. 42;
the chicks receiving the natural vitamin D, from cod-lTiver qﬂ
had an average weight of 399 grams ; chicks receiving vitamin
D., 846 grams; chicks receiving no vitamin, 259 grams. The
naturally fed group suffered no deaths during the period of
feeding; of the others, the D, group had a mortality of 50
per cent, and the “no vitamin " group 60 per cent. The
advantages of giving vitamin D, in its natural form in cod-
liver ol are that it provides vitamin A, a toxic dose of the
vitamin cannot be given because of the large amount of the
oil which would be required to approach toxicity and it provides
s high proportion of essential unsaturated fatty acids. It is
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Tt 42— Phe weehs old chicks  The bird on the I recenved nitural
sitamm D, Trom codliner wil, the taird M the centre reened the same
nomber of International U mts of supthebic Mitam 1Y (caitiferol), and the
tard on the rght recetved no vitanun D ‘Hhe averige weight and mortahi
of the ten binis m each group were it the Talural vitamn 39 grims and
o deaths wiih the synthetic Mitanwn 386 gruns and fhe deaths  with
e viamin 250 grams and s deathe  [By courteny of featesk Cod Lwver O:f
Producers (Huth), Lot}
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or delay 1n ossifieation in rickets is not primarily dut to a defect
1 the hones themselves; the biochemien} Jesion may be a lack
of the correct balance of ealcium and phosphate rons necessary
for the esteoblasts 1o bring sbout 2 correct deposition of bone,
‘The result of this is clenrly shown in X-ray pictures where the
line between cartilage and bone formation 15 shown to be ir-
regular. In prolonged deficiencies there may be a matked
reabsorption of caleium and phosphate from the bone, thersby
rendering the bone weaker and unable to bear the stresses and
strams normally placed npon it. If the vitamin is not gisen
carly and the bones are therefore allowed to ossify in ther
abnormal shape then the deformities produced are permanent.
¥t 15 thus seen that rickets is a disease of the growing animaly
in adults 2 defiency of vitamin D leads to osteomalacia, where
there is a reabsorption of bone already lsid down. This con
dition has been referred to and is of particular importance in
pregnant women where the sbsorption of the mineral salts s
insufficient to meet the needs of the fectus, "

It should be nated that vitawmin D is soluble in minera oil
and therefore the admimstration of liquid paraffin may play 8
definite part i preventing the absorption of vitamin D

Humon requirements of vitamin D are difficult to estimate
correctly. The amount of vitomin D formed in the body
depends on such factors as chmate, season, age and sex.  There
is & great vanability of vitamin D in foods, and only a few foods
are richly suppbed. Expericnce in children's ¢linics hias shown
how much cod-lver oif is reguired to prevent rickets and o
keep o hnld robust ; one teaspoonfud of cod-hver oif, containing
450 international units of vitsymn Dy, appears to be sufficient
for babies, ehildren and adolescents. In the artificial feeding
of infants 3t showld be given m approprinte amounts with eath
bottle of soilk : this ensures the fullest activity of the vitamin
in the retention of the mineral salts—calcium and phosphorus:
Growing children, pregnant wemen and nursing mothers should
have at Jeast 1-5 grams of caloom and 2 @ grams of phosphorus
per day.  While the adult requirement is not accurately known,
3 is generally meintained that a wursing mother should have
abont 800 i, per day.

Sources of Vitamin D in our Foodstuffs.—The best
sources by far are tod- and halibut-Yiver oils, .All f.ish l‘ivers‘
and particularly those of fatty fish, are nch in vitamin D.




VITAMINS AND DIETARY DEFICIENCY DISEASES 201
Fresh or tinned herrings, sardines, kippers, pilchards, salmon
are of value. Egg-yolk is a very excellent source and therefore
¢ggs are valuable, Cheese is a fairly good source, butter, how-
ever, is variable, but becanse of the quantity of these foods
used 1n the duet, they are regarded as good sources. The vitamm
D value of dairy produce and fish varies with the seasons ; i
summer, for example, hens’ eggs may contain three times as
much of the vitamin as they do in winter. Seasonal vamations
1n the vitamin D content of butter are great ; the range 1s ap~
Proximately 70 to 850 i.u. per 100 grams (20 to 100 i.u. peroz.).

TapLe 41
VITAMIN D IN FOODS

N sbophme
Mertng ., . 850 Morgonne (vitamumzed) . 210

w  (canned) . 0
Mackerel . 700 Liver L. 85

Samon 00
Sardines (canned) 3,000 Tunahvercl . 8%000 to 1,000,000
Talibut hver ol £0,000 to 409,000
Eggyolk . . 150 Mackerel liver oul 75,000

E3, whole . . 60 Cod-hiver ol (Ministry of

Butter (Empire) . L] Fond) . 20,000

During winter and spring both the flesh and liver of herring
have a much lower fat content than durin g summer and autumn,
the maximal range being 4 to 20 per cent of fat  Since the
vifamin 1s assoctated with fat, 1t 15 clear that hernng caught
in the summer and autumn must have the largest amount of
vitamin D, The importance of sunshine for cows, poultry and
fish is evident. During the war, margarine was fortified by
the addition of 210 i u. of vitamin D per 100 grams (60 iu
per 0z.). 'There are no butter fats in margarine, and even if 1t
1s forhified with vitamin D;—not vitamin D, nor Dy—it eannot
Le regarded as a perfect substitute for butter. The emphasis
must ever be on the natural foodstuff.

TOCOPHEROL (Vitamin E)

In 1020 it was observed that rats on special mlk diets
suffered disturbances in the function of reproduction. Two
years later the factor vesponsible for the failure of rats to
reproduce was recognized by Fvans of California a5 a vitamin,
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Much interesting work is being carried out on the relation-
ship between vitammn E and the endocrine organs—thyroid,
pituitary, ovanes, testes, etc, as well as on 1ts relation to the
function of nerve and muscle. The knowledge of the human
requirements of the tocopherols 1s still very meagre. The best
form in which to give the vitammn 1s whole wheat germ.

VITAMIN K (Coagulation Vitamin)

A scorbutie-hike d with sub ) 1
was found in chicks to be due, not to ascorbic acid but to this
new factor, discovered by Dam and Schonheyder mn 1936 It
was called vitamin XK because of its suspected influence upon
the regulation of the processes of blood coagulation {(Koagula-
tions Vitammn : Danish and German name)

TanLe 43
VITAMIN K IN FOODS

Dam unlts Dz patta

100 grama 100 grams

Fish meal . 90,000 Alfalfa . . 20,000
Cabbage leaves 55,000 Tomato (grecn) . 10,000
Spinach leaves 55,000 » o tope) . . . 5000
Caulflower 40,000 Laver . L. 5000
Carrots - 1,000

Totatoes - 2,000

Vitamn K is fat-soluble ; its absorption from the ahkmentary
depends upon bile salts,

It 1s now known that this vitamin plays an important rdle
in the regulation of the normal function of the liver A small
amount of vitamin K 1s stored in the liver, but small though
the amount be, 1ts presence there 1s essential for the formation
of prothrombin, & substance which, m the presence of ionized
calcium salts, is quickly converted into thrombun, an enzyme
or ferment which acts just as docs renmn 1n the coagulation of

raoan
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tine, vitamin K 1s madequately absorbed and the prothrombm of
theblood islowered. Toreduce the death-rate from heemaorthage
in new-born babres vitamn K 1s given to the newly born child
or, what is far better, to the mother before the birth of the child.
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and in 1836, Evans and several co-workers isolated three different
vitamins E, which they named a-{alpha), f-(beta} snd y-{zamma}
tocopherol. The name tocopherol, from its Greck denvation
(tokos = childbirth ; phero == to bear), indicates precisely the
activity of the vitamin. The inability to bear young lay in
i to the pk ioned by a lack of the vitamin
in the dict. Other known vitamins and protein as possible
factors were excluded. Lettuce dried and heated to destroy
vitamin C exerted s curative influence, as did also oil of the
wheat germ from which the fat had been removed.  When vita-
mm A s deficent in the diet over long periods, ovulation eeases
and generally implantation of the ovum does not take place.
Lack of thuamine sericusly disturbs the cestrus cycle, whilea

TanLe 42
TOCOPHEROQL (VITAMIN ¥) IN FOODS
150 e el
Wheat gern ol . . 520 Lettoce {dry} . PR
Whent germ . . 2 Oheat . . . . B
Bread(brown} . . . 2  Meat . 3
wofeBe) . ., 15 Ive. . . . o+ 3

deficiency of vitamin C Jeads to disastrous changes in the
corpus luteum, the basic strueture upon which the development
of the placenta and the embedding of the fertilized evuld
depends. Vitamin E does not apparently play its part until
about one-third of the gestation period has passed, and then
death of the feetus may occur indicating a serious deficiency ?f
the tocopherols. Other manifestations of deficiency appear i¢
chfferent species of anunals; nutritional muscular dystrophy
wmay, for example, appear w rabbits, sheep and man.

The vitarain s not formed in the animal body but is syn-
thesized in plant cells, probably in the green part of the plant,
and js transferred to the seeds, e.g. wheat germ, Chief sources
of vitamin B are wheat germ and green leafy vegetables of which
lettuce is very goud. WWhite flour contains none: the loss
germ from the wheat results in the Joss of several valuable
nutrients.

The international unit is 1 mg. of alpha-tocopheral acetate.
The human requirement 1s about 3 mg per day.
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Much mnteresting work is being carried out on the relation-
ship between vitanin E and the endocrme organs—thyroud,
pituitary, ovaries, testes, etc., as well as on its relation to the
function of nerve and muscle. The knowledge of the human
requirements of the tocopherols is still very meagre. The best
form in which to give the vitamm 1s whole wheat germ.

VITAMIN K ({Coagulation Vitamin)

A scorbutic-lke condition with subcutaneous hemorrhages
was found m chicks to be due, not to ascorbie acid but to this
new factor, discovered by Dam and Schonheyder n 1936, It
was called vitamin K because of 1its suspected influence upon
the ) of the p of blood i} (Koagula-
tions Vitarmn : Dansh and German name).

TapLE 43
VITAMIN K IN FOODS
Dam untts Dam anits
3

W0 100 rams

Fish meal . 90,000 Alfalfa . 20,000
Cabbugeleaves . . 55,000 Tomato (green) .. 10000
Spinach Ieaves . 55,000 W (ripe) . 5,000
Caulifioner . . . 40,000 Liver . - - 5,000
Carrots . .. 2,000

Totatoes . 2,000

Vitamun K 1s fat-soluble ; 1ts absorption from the alimentary
depends upon bile salts.

It 15 now known that this vitamin plays an important role
in the regulation of the normal function of the liver. A small
amount of vitamin K 1s stored in the liver, but small though
the amount be, 1ts presence there 1s essential for the formation
of prothrombin, a substance which, m the presence of ionized
ealeium salts, is quickly converted mto thrombin, an enzyme
or ferment which acts just as does renmun in the coagulation of

R RPN S T S SR A

or, what is far better, to the mother before the Inrth of the child.
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It must be stated that vitamin K is not of valuc in the
trentment of hemophilia, that is, a condition where there is a
hereditary tendency to bleed profusely from even slight wounds.

Of human requirements the adult amount is not known,
but of its importance there is no doubt.

Vitamin K is found in green lcafy vegetables, tomatoes,
cgg-yolk and Iiver, The green tops of carrots contain vitamin
K but the root contains none.  Synthesis is markedly influenced
by sunhght, and therefore vegetables, c.g. pens, grown m the
dark, will contain very small amounts of vitamin K.

NUTRITIONAL LOSSES IN FOOD PREPARATION
‘The Effect of Cooking on Minerals and Vitamins

The preparation and cooking of foods always results in a
variable loss of nutrients, more particularly of vitamins !fnd
mineral salts. The loss of nutricnts is caused by expression
of juices, leaching by boiling water or condensed steam and
hydration. Many vegetables, for example, potatoes, suller
little or no loss of water soluble constituents ; others, such as
carrots, swedes and parsnips may lose up to 30 per eent of water
soluble substances, while for some, c.g. Brussels sprouts an
eabbage, the loss appears to be small, The main cause of loss
is the Jeaching action of the water.

With regard to partieular minerals, reference may be made
to caleium. In the boiling of vegetables, much of the calcum
forms msoluble salts which are not removed by leaching.
Interesting is the result of boilmg vegetables in hard water 8
compared with distilled water; McCance and others ]{n\'c
shown that there may be substantial increases in the calcium
content of vegetables boiled in hard water, and of iron, where
weak acids, liberated during eooking, have dissolved iron of
iron salts from the cooking vessels. The addition of sodium
bicarbonate increases slightly the loss of water soluble salts,
but this is offset by the shortening of the cooking time when
hard water is used.

Roiling and {rying, so far as potatoes are concerned, results
in a loss of water only. .

In o paper on this question Dr, C. P. Stewart of the. Clmnies!
Laboratory, Edinburgh Royal Infirmary, states: © It is worth
while to consider what these losses, which scem so large when
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expressed as a percentage of the amount present in the raw
vegetables, amount to in terms of actual quantities mn relation
to the daily mtake. The followmng Table shows the meral
losses as compared with the mtake from potatoes, carrots and
Peas m an ordinary meal.”

MINCRAL LOSSES IN COOKING COMPARED WITH DAILY INTAKE

Potamstum | Catelum Tron Thonphorus
mg mg mg mg
Totatoes 130 g . 143 10 Lk 4%
Carrots 50 g - 40 34 010 20
Greenpeasiog . . 76 075 020 103
Totalloss . 200 515 057 7o
Duily mtahe 3,400 700 14 1,400

“ Though the losses of minerals, as well as of earbohydrate
and protein during the cooking of vegetables appear to be of
little nutntional importance, that 1s merely because the foods
arc very mnor sources of these substances of which the per-
centage losses are or may be considerable.”

‘The losses suffered by the vitamins may be briefly stated

Vitamin A.—In domestic cooking there 1s no appreciable
loss 5 thisis due to the foct that vitamin A is not readily soluble
in water and 1s not destroyed by lieating, freezing, preserving
or canning.  Evaporation of milk, asn the process of drymg,
eauses no loss.

Vitamin B, (Thiamine).—When foods arc heated 1n an acid
medium, if to not more than 120° C. (248° F ) thm’c is no loss

B T R S ey T

. .
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larly destruetive of vitamin B,.  Important, too, is the reaction,
that 15, the aexdity or alkalmty, of the water in which the
Toodstuff 1 conkcd If it be dcﬁmtcl) acid, very bttle will
be lost, ded the d; if alkalne, the
loss will depend upon the degree of aIthm!). Baking soda
should not be used in the boiling of vegetables, and water should
be Kept as mmumal as possible.  Vitamin By, unlike vitamn C,

is not destroyed by atmospherie oxygen.
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Vitamin C.—If in an alkaline medium, this is the most
easily destroyed of all the vitamins, but, under ordinary con-
ditions of cooking, where the cocking medium is not alkaline,
the loss is not so great as has been previously suggested.
Vegetables and fruits eontain an ascorbic acid oxidase, an
enzyme which, when vegetables and fruits have been gathered,
slowly destroys the vitamin, There arc in vegetables protective
organic acids which do not allow of such a quick destruction
of vitamun C as many have thought. The enzyme 1s hilled at
100°C. ; therefore vegctables, ete., should be placed, in small
amounts, into boiling water—in small amounts in order to pre-
vent too great a lowering of the temperature of the water.
Certain metals arc destruetive of vitamin C. They are copper
and iron; therefore copper and iron pots and pans should not
be used 1f vitamin C is to be preserved. Enamel, pyrex glass,
stainless steel have no bad effect on vitamin €, The best advice
is to place the foodstuff in boiling water, boil rapidly n & con-
veniently small amount of water, keep the lid on and serve
without unnecessary delay. Since 10 to 20 per cent of vitamin
C will be extracted, the cooking water should be kept and used
Artificial drying and pickling and pasteurisation are deleterk)fxs,
as are slow methods of cooking. Concerning potatoes, which
are a reliable source of vitamin C, the best procedure is to bake
them in their skins, the second best is to boil rapidly as ln.as
been suggested for vegetables. Jt has becn found that It
large-scale cooking, potatoes lose 85 per cent of their vitamit
B, and 45 per cent of their vitamin C, If left standing on &
hot plate, the losses increase to 70 and 75 per cent respecli“‘-‘ly
(Nagel and Harris, 1948). The worst procedure is to mash them,
for by so doing, the surface of the potato is increased a thousand
fold and oxidation of the vitamin proceeds rapidly.

A good example of what may happen to vitamin C dunng
the period from its preparation to its being served is what
may happen in the potato. A whole potato weighmng 100
grams (3} oz.) containing, say, 12 mg. of the vitamm, loses
2 mg. 1n preparation and boiling, and, if served whole and eaten
without delay, loses httle more. But if 1t be mashed, thus
accelerating oxidation processes which destroy the vitamim it
may contain only 5 mg. on serving, and if kept hot for 80 minutess
this figure may be further reduced to 8 mg. or less when the
potato is finally eaten. A simular statement can be made about
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green leafy vegetables ; 100 grams may contain, when bought,
20 to 40 mg. of vitamin C, after preparation and cookmg they
may contain only 10 to 80 mg, and on scrving, 2 to 5 mg.

Vitamin D.—Since vitamin D is not soluble 1n water and
is not affected by heating, freezing or cannng, httle or no loss
occurs in the storage, preparation and cooking of food.

Vitamin E.—Under ordinary methods of cooking, there 18
10 known loss of vitamin E. Loss of the vitamn 1s associated
with rancidity of fats. This is particularly true of synthetic
or concentrated preparations of vitammn E. It may be sur-
prising to some to learn that most foods contsning fat are
never entirely fresh when prepared for the table; fat slowly
detertorates, becomes stale and consequently some vitamin B
is destroyed. Pasteunmsed milk, cheese, butter, ete, may be
stale when consumed. If 1t be desired to secure the optimal
absorption of vitamm E in chidren, 1t should not be given
within three or four hours of the admimstration of cod-hver oil.

The losses of protemn and fat from meat and fish are very
variable and 1t 1s difficult to assess their nutntive importance,
As with vegetables, the losses appear large when expressed as
a percentage of the amounts n the raw food, but are insigmfi-
cant in relation to the total daily intake.

Pressure Cooking .~—The increased use of pressure cooking,
s0 economucal of fuel and time, raises the question of its effects
on nutrients, chiefly because of the greatly increased temperature
compared with that of open methods. Loss of nutrients
cooking is generally caused by leaching, oxldnhon, temperature,
the time taken m h the and
over- cookmg. Leachung 1s controlled by using ‘umimal and
nppmpnute nmoum.s of water; oxidation is prevented by the

with an atmosphere of super-

heated steam ; the rate of rise of temperature 1s nereased by
commencing the process with boilling water and raising the
pressure quickly to 151b. per square inch or to 230-270°F.;
and over-cooking, so destructive of tissue and enzymes, is
avoided by experience. In view of the findings of scveral
i (Chappell & Hamlton, 1939 ; Bal 1049), it

may be safely aflirmed that with respect to carotene, thiamine,
nicotinic acid and ascorbic acid, ther retention in pressure

cooking is not likely to be worse but probably better than in
open methods.
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Vitamin C.—If in an alkaline medium, this is the most
easily destroyed of all the vitamins, but, under ordinary con-
ditions of cooking, where the cooking medium is not alkaline,
the loss is not so great as has been previously suggested.
Vegetables and fruits contain an ascorbic acid oxidase, an
enzyme which, when vegetables and fruits have been gathered,
slowly destroys the vitamin. There are in vegetables protective
organic acids which do not allow of such a quick destruction
of vitamin C as many have thought. The enzyme is hilled at
100°C. : therefore vegetables, etc., should be placed, in smal
amounts, into boiling water—in small amounts in order to pre-
vent too great a lowering of the temperature of the water.
Certain metals are destructive of vitamin C. They are copper
and iron ; therefore copper and iron pots and pans should nob
be used if vitamin C is to be preserved. Enamel, pyTex glass
stainless steel have no bad effect on vitamin C. The best advice
is to place the foodstuff in boiling water, boil rapidly in a con-
vemently small amount of water, keep the lid on and sene
without unnecessary delay. Since 10 to 20 per cent of vitamin
C will be extracted, the cooking water should be kept and l.lSCl‘I
Artificial drying and pickling and pasteurisation are deleterious,
as are slow hods of cooking C ing potat which
are a reliable source of vitamin C, the best procedure is to bake
them in their skins, the second best is to boil rapidly as h,:;s
been suggested for vegetables. It has been found that It
large-scale cooking, potatoes lose 85 per eent of their vitamit
B, and 45 per cent of their vitamin C. If left standing on &
hot plate, the losses increase to 70 and 75 per cent respectlvely
(Nagel and Harris, 1948),  The worst procedure is to mash them
for by so doing, the surface of the potato is increased a thousand
fold and oxidation of the vitamin proceeds rapdly. )

A good example of what may happen to vitamin C duriig
the period from its preparation to its heing served is what
may happen in the potato. A whole potato weighing 100
grams (8} oz.) containmg, say, 12 mg. of the vitamin, loses
2 mg, in preparation and boiling, and, if served swhole and eaten
without delay, loses hitle more. But if it be mashed, thus

lerating oxidation p which destroy the vitamu, it
may contain only 5 mg. on serving, and if kept hot for 30 minutes,
this figure may be further reduced to 3 mg. or less Wwhen the
potato 1s finally eaten. A similar statement can be made about
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green leafy vegetables; 100 grams may contain, when bought,
20 to 40 mg. of vitamm C, after preparation and cooking they
may contain only 10 to 80 mg., and on serving, 2 to 5 mng.

Vitamin D.—Since vitamin D is not soluble 1n water and
1s not aflected by heating, freezing or cannimng, httle or no loss
occurs 1 the storage, preparation and cooking of food.

Vitamin E.—Under ordinary methods of cooking, there 1s
1o known loss of vitamin E.  Loss of the vitamm 1s associated
with rancidity of fats This 1s particularly true of synthetic
or concentrated preparations of vitamm E. It may be sur-
prising to some to learn that most foods contawmng fat are
never entirely fresh when prepared for the table; fat slowly
deteriorates, becomes stale and consequently some vitamm B
15 destroyed. Pasteurised mulk, cheese, butter, etc., may be
stale when consumed. If 1t be desired to secure the optimal
absorption of vitamin E in children, 1t should not be given
within three or four hours of the admimstration of cod-liver otl.

The losses of protein and fat from meat and fish are very
vanable and 1t 1s difficult to assess their nutritive importance
As with vegetables, the losses appear large when expressed as
a percentage of the amounts in the raw food, but are msigmfi-
cant 1n relation to the total daily intake.

Pressure Cooking.—The increased use of pressure cooking,
s0 economical of fuel and time, raises the question of its effects
on nutrents, chiefly because of the greatly increased temperature
compared with that of open methods. Loss of nutrients in
cooking is generally caused by leaching, oxidation, temperature,
the time taken in reaching the maximal temperature and
over-cooking  Leaching 1s controlled by using mummal and

P of water; d 15 p! d by the
L d with an at; here of super-
heated steam ; the rate of nse of temperature 1s increased by
commencing the process with boling water and raising the
pressure quickly to 151b. per square inch or to 250-270°F.;
and over-cooking, so destructive of tissue and enzymes, 1s
avoided by experence. In view of the findings of several
(Chappell & Hamulton, 1949 ; B: 1949), it
may be safely affirmed that with respect to carotene, thramine,
micotime actd and ascorbic acid, their retention i pressure
cookmg is not likely to be worse but probably better than in
open methods.
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CHAPTER XII
BREAD
HISTORICAL INTRODUCTION

PREHISTORIC man, by some unknown method of selective breed-
ng, cultivated those graimns, the seeds of which could only be re-
moved by trampling, shaking or beating. Four species of gram
were known to the ancient Egyptians and to the Chimese as early
as 8000 B ¢ . they were millet, barley, wheat and oats Later
rye and riee were cultivated, and only since the discovery of
America has Indian corn or maize been known in Europe. The
first authentic record whieh shows how largely gram harvests
bulked m the economy of populations 1s the “ Legend of the
Seven Years’ Famine m Egypt ” which describes a period of
ternble starvation caused by the failure of the Nile, for seven
consecutive years, to reach its usual flood level and thus irrigate
the land sufficiently  The legend 15 also to be seen mseribed on
a granite rock on the 1sland of Sehel near Aswan and dates from
the Ptolemaic period, although mits earlier form 1t may be as old
as the IITrd Dynasty, 1¢. about 2900 B.c  The event to which
the “ legend ” refers 1s associated with the famous Imhotep who
first appeared * on the stage of history * as the vizier-physician
of King Zoser. He 1t was who, as the Great Magician, advised
Pharaoh to make the necessary prayers and supplications n the
temple of the god Khnum and to propitiate im with offermngs
m order that famme might depart from the land. A sumilar
seven years' famine in Egypt 1s recorded in Genesis xht 54, but,
on this oceasion, m all the land of Egypt there was bread. The
whole economy of Egypt depended upon gram, which, m the
final analysis, depended on that great gift of the gods, the nsimg
of the Nile. Upon thus event the Calendar was based ; Epypt’s
year was divided mto three seasons each of one hundred and
twenty days  They were named * Flood ”, “ Sprouting of Seed »
and * Harvest of Gram ”, and the beginning of the first season,
“ Flood ™, was the first day of the Egyptian year, the day when
Sinus appeared 1n the morning sky. The grain grown on the
Tich black earth Ieft by the recedmg waters was made mto bread
14 209



208 ¥0OD AND NUTRITIGN

REFERENCES

Paxaniax, P W, Nulrition Dieletica and Calering. Vol.3, o, 1, 1049,
RicxsrLt, F. and PRESCOTT, . ¥itamins in Medicine, 1elpemente ‘London,
1942
ceear A M Drit. Bed Ju 1i, 574, 1949,
o 1,1, 305, 1081

R . B Srr'ar Sy ¥ iLand
. o T B
. H Wt . Rees ,m,sw.nu.
. ) . . e e Jand T Med, 2
8bo, s
Daw, I, and SCHONATYDER, ¥. Biochem. J.. 30, 1075, 10365 Brothem. 13
435, 1833,

Euonsy, C Virchow's Arch , 148, 523, 1897,

Evans, 1. M., Excessox, 0. 1L snd Excrrson, G- A T Biol, Chem , 113,85
1936.

Frsm, B, W. and Tasnss, Lo 3. Zrans Jioy. Soe,, 223, T, 489, 1034

Heot wpen, J. apd Taaes, W. ¥ Pud- el Rep. Woshwnglons 40 5"
1925,

G, G, F. Skan. dreh, Phyviols 61, 223, 270, 198L

Garmun, C. ¥, J. Lab, Ctin. Meds 18, 483, 1933

Fiensm, St P, Mesopotamia Commission Teporhy Appendix 111 1017 Bré
Med. J., 1, 863, 1632

Lawn, J. A Treatise on the Scurcy: London, Y757

MaxweLy, J. PRESTON Pror. Boy. Sot Aed., 23, 630, 1030

MaGosawn, I V. The Neer Rnoeledge of Nutrstion, McMllan spd Co 1978
CeA 100

-  recanerh altimore, USA4 1930
3, 1

s10¢, 19, 23, 1985
3t Ezpedition 1803 1898

" ed, Res. Councely 5P Rep
SomoNtE, b. st dreswe ' 1, 1050 ot
Vororiss, G Nestz, M. 11, and Hunres, A P Health Bully W ashinglo™
Na 118, 1020



BREAD 211

between pagamism and Christiamty, between the belevers in
0Odin, the wind god, and those who were anxious that, through
religious influence, man should be taught to rule and use, to
his advantage, the forces of nature. Through the long, dark
medieval age, agriculture and learmng were stayed the one
upon the other. With each recrudescence of paganism, and
there were many, the land was laid waste and man suffered
not only because of lack of bread, but because of bread poisoned
by carelessness and ignorance in the cultivation of the sail. In
A.D 943 thousands died as a result of eating bread made with
rye contaminated by the ergot fungus. It was not until the end
of the sixteenth century that the cause of this disease, known
as Samt Anthony’s Fire, was discovered. Throughout the
Middle Ages the development of mullng and baking was hin-
dered by superstition and prejudice. Fear of the mill, hatred
of the mller and suspicion of the baker, each played its part n
stifling the spint of progress. Hunger had always exsted and
recurring famunes could only be accounted for on religious or
supernatural grounds.

Bread, the frwitful basis of ecclesiastical controversy, the
lack of bread, the cause of peasants’ revolts and bitter national
strfe throughout England and the contment of Europe, bread
became the hword of those who & ded ** the abol
of serfdom, the mght to grind, bake and brew ” (Wat Tyler,
1381).

England of the Roman occupation was to a very hmited
extent, 1n 1ts southern and south-eastern areas, a wheat granary
for the legions 1n Britain and on the Rhine, Before the Roman
conquest, the chief crop grown was probably oats. Rye, a
later addition, making its first appearance 1 Southern Russia,
crossed the European plam, and finally crossing the North Sea
to England m the Middle Ages, formed an important part of
the food of the people. In some areas of the country more,
in others, less rye than wheat was used m the muxture of these
two cereals from which bread was made. In certain parts of
England where the soil was well cared for, an early transition
from rye to wheat began to take place. The reason for this
1s found in the thirteenth-century Book of the Office of the
Seneschal where 1t reads ‘It 1s the duty of the Seneschal of
Lands to protect lus Lord’s mnterests, to mstruct the bailifs
of the several manors . . . to know how many acres there are
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by the simple method of allowing the dough to ferment. Spores
of yeast plants falling upon traces of sugar contained in the
mixture of meal and Nife water, reduced the sugar to alcohol
and esthonic acid gas; the aleohol Qisappeared, the gas raised
the dough, thereby producing bread. The bread was baked
m ovens, nnd m the course of time the bakers made use of sour
dough, thus dernbl, fucing the time reqguired for baking,
In these eatly days of Egypt's greatness, bread was not merely
the principal food, it was a mark of culture, o unit of measute
and a means of tion. ¥rom this beginning the baking
of bread spread slowly throughout the cwilized world, Inthe
slow decline of the Roman Empire, the cultivation of gra
steadily diminished : Rome was paying the penalty for neglert
of the fertihity of the soil, and thus for hundreds of years she
had to smpott gram from Egypt, Spain snd North Afnes.
To Rorne, Egypt was for many yenrs a neeessity since the gift
of the Nile was bread.  In the last century B.0. tens of thousaads
of people recerved free grain in the great capital of the Empire.
1In 80 B.c. the Emperor Augustus took possession of Egypt, and
ot home there was not bread cnough for all. In ap. 68 the
revolutionary Vespasian serzed the grain fleet ere it satled from
Egypt, had Rome at his merey and, forcing recognition of b
power, beeame Emperor. As long as Egypt was a Romat
granaty and m the hands of the Emperor, the proletariate a}ld
the srmy, particularly the latter, could be fed. But a dwindling
Empire which, as o last resource, had to feed its legions o
- T —~ma on eora from England, was 8 doomed Empire

' : . N ~smiwed character-
. - “ . y of many-

Waen Lue wa .t . . wverran the
Roman Empire, two important factors geleliun..  the course
of man's development ; first, the necessity for nomadic tribes,
if they were to live at all, to change the pattern of ther
hives and to sbandon cattle rmsing i favour of agriculture
second, the mmpact of Chrishatuty, which, under Constantine the
Great, had been the State religion of the Roman Empre. As
the centurtes passed, the slaves became the serfs, and a8 they
continued to multiply and il the soil in the interests of those
who ruled over them, there emerged three classes ; the land-
owners, the serfs and the priests who, serving both, taught
men the smple methods of agriculture,  Here began the struggle

)



BREAD 218

1t 15 probably quite true that the system of ruthless land en-
closures had put agriculture on a progressive basis, but at the
expense of the cconomic Iife of the English countryside. The
swift application of mechantcal mventions in industry, the m-
crease 1n population, the continued dnft of the agraran popu-
Iation to greater employment in towns and cities and the re-
strictions of the Corn Laws bad created a situation m England
which had within 1t the seeds of social revolution as dangerous
as any m the history of France. The Industrial Revolution
had thrown English agriculture into dire straits. In the midst
of ** the despair, fell disease and ghastly poverty > which marked
the conditions of the great mass of the mdustrial working classes,
the great call was for bread The repeal of the Corn Laws
1846 gave the people bread, and then commenced the great
importation of grain which has progressively mecreased ever
smee. The position which England held at the end of the
eighteenth century as an exporter of wheat was quickly
reversed and by 1860 she hed become the largest importer of
hread grains n Europe,

During the erghteenth century there was a complete transi-
tion from wheat and rye bread to purely wheat bread. The
reason why rye did not continue to be the national bread corn
in England as it did in Germany was because “ the nature of
the English loaf was closely associated with the nature of the
Enghsh agraman system which was not completed till the
seventeenth and eighteenth centuries > (Sir Wm  Ashley). By
the revival of marlng and liming, the soil was so improved
that wheat became the more prevalent crop, It may be true
that in the sixteenth and seventeenth centuries the eream
coloured bread was the emblem of superionty, It may not be
true, as frequently stated, that in the nineteenth century the
desire of the working masses of England for white bread was
an expression of envy and that ** to eat brown bread was once
a sign of lower class . May 1t not be more probable that the
“working classes " of the nmneteenth eentury eraved white bread
for just those reasons which made white bread attractive to
all who could afford 18?7 It should be remembered that the
white flour of the anelents, the maslm of the Tudors mnd the
highly refined white flour of to-day are not one and the same
article. A mortar and pestle, stone grinding, roller mulling
with varying methods of bolling do not produce & flour of the
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in each field . . . to know how much wheat, rye, bazley, oots,
peas, beans one ought by right to sow in cach acre™. *Re
must esuse the Iand to be marled, folden upon, dunged, improved
and amended . . . for the ndvantage and betterment of the
Manor.” Great importance apparently was attached to the
process of marling the land, by which ficlds were ferbilized by
spreading upon them marl, an carthy substance containing
lime, clay and sand 1n various proportions. The well marled
land produced good and assured crops of wheat : to sow tvo
erops together int the hope that at least one would be suecessfol
was no longer necessary.

In Tudor times wheat and rye were closely associsted;
cither grown together or the prain from separate fields mixed
at the reaping. This mixture of wheat and rye, genenlly In
equal proportions, was called * maskin ” and from thoroughly
sifted samples of 1t was made the eream colouted bread of the
sixteenth and seventeenth centuries calied ** manchet . Some-
times wheat was mised with both rye and barley to mabe
bread, and bread made from such * muxt corn > with “ white
meats ", f.c. milk, cheese and eggs, formed the chief source
of sustenance of the yeoman and sgricultural Isbourer up {0
about the end of the seventeenth century, From now, through
the cighteenth century there was a steady decline in the use
of rye. In the dnnals of Agriculture of the year 1796 the follow-
ing t again nd the ition: *“in ingt
shire opulent farmers consume one-third wheat, one-third sy¢
and one-thurd barley; but their Iabourers do not relish it and
fmve lost thesr rye teeth . The increase in the use of whitt
flour for baking bread and the ultimate disappearance of Ij%
from English bresd was nssociated with the growth af conti-
nental trade, the development of the wool industry and a steady
deterioration mn agriculture, .

At the openmg of the cighteenth century it could be said
that the shearing of sheep became much more profitable then
the growing of corn. The agricultural labourers were fast
becoming “ the slaves of the loom »; the Jand was deserted
for the misery of stum life in erowded industrial towns, Gold-
smith’s dissertation on the evils of the transformation due 40
“ Enclosures ! is one of the treasures of Enplish verse:

121 fares the Lind, to hastemng ifls & prey
Where wealth accumulates, and men decsy '
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1t is probably quite true that the system of ruthless land en-
closures had put agriculture on & progressive basis, but at the
expense of the econome hife of the English countryside. The
swift application of mechanical mnventions 1 mdustry, the m-
crease m population, the contmued dnft of the agrarian popu-
lation to greater employment m towns and cities and the re-
strictions of the Corn Laws had created a situation mn England
which had within it the seeds of social revolution as dangerous
as any n the history of France. The Industnal Revolution
had thrown English agrieulture mto dire straits  In the midst
of * the desparr, fell disease and ghastly poverty » which marked
the conditions of the great mass of the industnal working classes,
the great call was for bread The repeal of the Corn Laws in
1846 gave the people bread, and then commenced the great
mportation of gramm which has progressively mcreased ever
since. The positron which England held at the end of the
eighteenth century as an exporter of wheat was quickly
reversed and by 1860 she had become the largest importer of
bread grams in Europe,

During the erghteenth century there was a complete transi-
tion from wheat and rye bread to purely wheat bread. The
reason why rye did not continue to be the national bread corn
in England as 1t did in Germany was because “the nature of
the Englsh loaf was closely assotated with the nature of the
Englsh agranan system which was not completed till the
seventeenth and eighteenth centuries ” (Sir Wm. Ashley). By
the revival of marling and liming, the soit was so mmproved
that wheat became the more prevalent crop. It may be true
that in the sixteenth and seventeenth centuries the cream
coloured bread was the emblem of supenonty. It may not be
true, as frequently stated, that in the mneteenth century the
desire of the working masses of England for white bread was
an expression of envy and that *‘ to eat brown bread was once
& sign of lower class ™. May 1t not be more probable that the
“ workmng classes ™ of the nineteenth century eraved white bread
for just those reasons which made white bread attractive to
all who could afford it ? It should be remembered that the
white flovr of the ancients, the maskn of the Tudors and the
highly refined wlute flour of to-day are not one and the same
article. A mortar and pestle, stone gnnding, roller milling
with varying methods of bolting do not produce a flour of the
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same content or of n similar degree of whiteness. White flour
was known to the ancient Greeks snd was valued for the light-
ness of the hread made from it. Yts production necessitated
much manual Iabour, and its fine appearance was due to
th gh grinding, eflicient wi ing of the chaff and careful
sifting.  The stone ground corn of England was & valuable food-
stuff, but stone grinding did not produce the fine, light article
known to the Greeks and Italians probably as early as 200 3¢,

Modern milling 15 the result of & long evolutionary period of
trial and error whercby the miller perfected his skill and im-
proved his product. When yoller milling was first introduced
in 1880 in Switzerland by the cngineer Sulzherger, the millers of
Hungary quickly scized upon the idea and in & few years the
winte whent flour of Hungary was flooding the world markets,
But ot the World’s Farr in Vienna in 1878 American and English
millers investigated for tt fves the new technique, with the
result that by 1880 roller mills had, in the U.S.A,, virtually
swept all previous forms of mulling out of existence, To
Amecrican wheat kings, who, upon the repeal of the English Com
Laws (1846), had captured the English market and later most of
the continental ones, this was another boon., The North
Amertcan continent had by 31800 hecome the world's greatest
wheat granary. Following an exhibition in London, in 1881, of
the new roller milling technique, British mitlers, finally realizing
that the old method of stone grinding was doomed, gnve up sl
opposition to the new method, and the Britisk public got wl'iat
they wanted, namely, white brend. The popularity of white
bread lay not only in jts more msthetic colour, but in ccrt{m
properties which it possessed. In the days when the honsewife
baked her own bread it was soon discovered that white flour
had better rising properties, The improvement in baking due
to finely ground fHour was long known; indeed, it was the
main reason for adding wheat or mashn to tye in the making
of bread, Further reasons for the popularity of white flour
at that time were the grenter certainty an the part of the house-
wife in the final result of her baking, a finer cutting quality due
to the finer texture of the bread and, ta some, a much more
attractive flavour. All these properties had no reference fo
nutritive values, for such were but dimly known, To-day,
with scientific knowledge of the nutrients of bresd and the
possibility of smprovement in baking techniques, there should

o~
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be no reason why the modern flour should be less fine than the
best maslin or less nutritious than the coarsely extracted wheat
berry of the Tudor period.

THE NUTRITIVE VALUE OF BREAD

The importance of the nutntive value of bread m any diet
depends upon the nature of the diet. Where the dietary con-
sists of & fair proportion of animal protem foods and vegetables,
the réle of bread m 1t is of far less importance than it is in a
diet deficient 1 these protemn, mineral and vitamm bearing
foods. In certain parts of the world where cereals form the
staple diet, the protem suppled by the cereal eaten 1s of im-
portance. In the poorer families of the industriahzed countries
of Europe, bread is a highly important food factor ; for example,
in England n 1936 the amount of protein provided by bread
and flour was 20 grams per day, which was 83 per cent of the
total protein eaten by the poorest 10 per cent of the population,
On the continent of Europe, m poor economic groups, the
amount of protemn from bread may be as high as 43 per cent
of the total protein intake. The nutmitional value of bread 1s
further deterramed by the degree of extraction of the gram
from which the bread 1s made, since the more highly refined
the flour is, the less nutritious it becomes. Repeated extraction
will produce a flour practically devord of protem, mimeral salts
and vitamins, leaving only a earbohyd foodstutf,
as a source of energy but valueless in any other respect. High
carboh diets require prop ly higher of
vitamin B,  In the whole grains there 1s a sufficiency of vitamin
B, to cover the demand made by the carbohydrate they contain ;
in bread made from highly refined flours there is ittle vitamun B,.

In Western European countries the importance, as well as
the amount of bread in the diet has decreased during the last
!iity or sixty years, because there has been a marked increase
in the consumption of meat, eggs, milk, butter, frutt and sugar.
It is a well-known fact that the higher the standard of living,
the greater will be the proportion of the total energy obtained
from anumal protem foods.  One returns always $o the obyous
statement that, given o first-class diet, bread can be left to
take carc of itself. To some such a statement may close the
subject, but to those interested in the health of nations 1t does
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not, at least not as fong ns there are poor economic groups in
our midst and under-nourished populations in the world, Bread
is the cheapest of foodstuffs, There is no reason why it should
be made the poorest by removing from the wheat berry the
valuable minerals and vitamins which it contains. It could
be made, and during the war was almost made, one of the best
s well as the cheapest of foods. ‘The consumption of bread in
Great Britain compared with continental countries is not very
high, fn 1909-14 the consumption of wheat was 5 54 bushels,
in 1930-31 4-86, and in 1936-87 4-69 bushels per head per annum.
(Wheat Advisory Committee’s Report, 1938). Until 1939 the
bread was practically all wheat bread made from fiour of 10
to 72 per cent extraction. Four classes of flour were milled
{McDougall) :

1. Bread flour from a mixture of strong and medium strength
foreign wheats.

2. Pastry and eake flonr from soft home or forcign wheat.

3. Biscuit flour almost wholly from British wheats.

4. Houschold flour cither plam or self-mising from soft
wheats.

The different grades of extraction were: {a) straight no
grades to about 71 per cent; {b) short and Jong patents of &
per cent and less; (¢} a small smount milled for brown and
wholemeal bread. 5

* Bleaching was permitted by law, While forbidden in
many eountues, bleaching has an advantage where the public
insists on very white bread. It allows s grester extractw.n
(71 per cent) which retsins some vitamin B,, while without it
the extraction would have to be almost 61 per cent to secure
the required whiteness in the bread. The bleaching processes
{nitrogen peroxide trichloride, Bets gas or benzoyl peroxlﬂjz
have been shown not to destroy the vitamin B content of flowr
{McDougall).

Srone Mg v. Rorner MILLING
To understand the differences in the mutritive value of
fours produced by these iwo methods, the structure of the
wheat herry and the distribution of the nutrients in 1t must
be known : they are shown in Fig. 43. The facts here pres
sented are from a paper by Sir Jack Drummond and D T
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Moran and were determimned at the Cereals Research Station,
St Albans, by workers whose object was to produce a flour
of the highest nutntive value, having a pale colour and good
baking quality (Lancet, June 1945), The findings are mmportant.
They show that 60 per cent of vitamin B, 1s m the scutellum
fraction of the germ, meotmic acid and 1ron are concentrated
i the bran and in the outer endosperm, and the germ, as &
whole, contans app of

acd and iron. In assessing “the possible contubutmn of the
different. factors that can be made by endosperm and germ, 1t
must be remembered that the amount of endosperm 1n wheat
1s 35 times that of the germ. The mneral salts and the Calories
furnished by flours of different extractions have been deter-
mined by Professor McCance and s fellow-workers at Cam-
bridge. 1t has also been found that protems of high nutntive
yalue ate present m the outer layers of the endosperm, Bran
includes the aleurone layer which, 1n mulling, is not detached
to any appremable extent. In stone miling both the germ and
the bran were ground so finely that they could not be removed
by bolting, hence the cream colour of masln ~ The word * bolt-
ing" is demved from a corruption of the old French word
“bure ™, the name given to the coarse woollen cloth used for
sifting the flour.

In modern roller mulling the wheat germ 1s not ground but
flattened and the bran is flaked, and therefore both are eastly
separated from the flour m the process of bolting. The per-
centage of the nutrents in stone ground and roller milled flour
is shown 1n the following Table,

TABLE 44
Btar e Pe Tous
Nostata s | goiapi | T
g .. 123 101 19
.. 14 13 36
Minerals, g, . 11 04 o
Calelum, mg 110 200 54
Phosphorus, mg 1800 920 %0
Tron, tag . s 10 0
tene, mg . o2 00 100
Riboflavin, mg . N LE 001 50
Aoeunn, TU ., | 100 15 85
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The data in Table 44 form the basis of all discussions on
bread to-day. Note shonld be made of o)} deficiencies of 50
per cent and over.

‘THE DISTRIBUTION OF NUTRIENTS IN THE
WHEAT BERRY
The superiority of whent over other ccreals fies in its protein
content, which, as McCance and Widdowson have shown, aver-
ages 13-62 in * hard ™ Manitobs wheat and 869 per cent in
*“soft * English wheat : the former has good, the Iatter rather

LAYERS of | vERY
the PERICARS | FIBROUS

LAYERS of VERY
the TESTA  {RBROUS

ALEURONE LAYER
(Protwn Hicotiue sad s

ENDDSPEAM

QUTER ENDOSPERM
tieen Nucotiug 90d,& Proten’

SCUTELLUM o
Ceam (!‘,K-llll-vm,"nubu:‘&vi.lra-\l

PLUMULE ~ .
e ] batiom fucsticand,

Fio, 43.~~The distribution of putrents in the wheat graln. (Sir J. Drummond
and Dr. T, Moran.) {By courtesy of Loncet §

poorer baking qualities, Detailed examination of the whest
grain at the Cereals Hesearch Station of the Ministry of Food
has shown that the typieal wheat grain consists of 12:3 per
cent of bran, 83 per cent inner endosperm, 2 per cent outer
endosperm, 12 per cent embryo and 1'5 per cent seutellum.
The bran which consists of the pericarp, the testa and the
aleurone layer, is rich in nicotinic acid, won and contains ap-
preciabl ts of thiamine and riboflavin, The proteins of
bran contain about twice as much lysine and tryptophan as the
proteins of white flaur (Chick et al., 1947). (See Fi . 48). The




BREAD 219

distnibution of nutrents in the wheat gramn is uneven but from
Table 45 it will be seen how valuable as a source of vitamin B,
and nicotmic acid 15 the scutellum, a thin shield of powdery
material lying between the embryo and the endosperm, and that
he embryo, the smallest part of the wheat berry, is important
in supplying mboflavin, micotmie aeid, iron and fat-soluble
vitamms, If the scutellum, embryo, aleurone layer and the
outer layer of the endosperm are kept i the flour, most of the
vitamins, mmnerals and proteins will be retamed. Recent work
has shown that in wheat, maize and rice approxmmately 80 per
cent of the meotinic acid 1s confined to the aleurone layer.
(Hinton, 1951).
TapLE 45
NUTRIENT CONTENT OF DIFFERENT PARTS OF THE WHEAT GRAIN
(Moran and Drummond, Lance, 1945, p. 698)

s | Lt ¢ | B8
EE. g £3¢
- gl 3| 8 | sf |50
: o BE| 3| 8 |5 | A
HEE B B | 2%
A 3
ViamnB,(1U./z}| 12 16 | 85 3 15 | o2
Tuboflavin (g /g ) 16 5 15 15 181 or
Nicotime acid
Geig) .| so 250 co 60 150 22
Tron (mg /100 ¢ ) as | 12 9 [ 10 21
Approx % weight | 100 12 15 1 s 855
tas - . . N
is not 1
import. -
Food ¥ . .
extraction flour, ** no flour from which & proportion of the germ
}mdbccn exty ¢ V- VTR P T e

purposes ',
nated * M "
flour, biseuits L.
very small percentage of the total flour used for human con-
sumption.

From reports publshed regularly by the Scientific Ad-
viser's Division of the Ministry of ¥ood, one can follow the
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The data in Table 44 form the basis of sll discussions on

bread to-day. Note should be made of alf deficiencies of 50
per cent and over.

THE DISTRIBUTION OF NUTRIENTS IN THE
WHEAT BERRY

The superionty of wheat over ather cereals les in jts protem
content, which, as MeCance and Widdawson have shown, aver
ages 18:62 in * hard * Manitoba wheat and 889 per cent in
“soft " English wheat : the former has good, the lntter rather
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e
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EMBAYG {{:\:::P)m,uwm.(ml,
A0DT b
Fra. 49 —The distribution of nutrients in the wheat grain. (S J. Drummond
and Dr. T. Moran} [ By courtesy of Lanced }

poorer baking qualiti Detailed ion of the wheat
gromn at the Cereals Research Station of the Ministry of Food
has shown that the typical wheat grain consists of 123 per
cent of bran, 83 per cent inner endospesm, 2 per cent outer
endosperm, 142 per cent embryo and 1-5 per cent scutellum.
The bran which consists of the periearp, the testa and the
aleurone layer, is rich in nicotinic acid, iron and contains ap-

sable smounts of thiamine and riboflavin. The proteins of
im\n contsin about twce as much lysine and tryptophan as the
proteins of white flour {Chick et al., 1847). (See Fig. 48). The
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changes in the composition, nutrntive value and qualty of the
flour from which our national wheatmeal loaf is made. In
the early months of 1948 most of the flour was enriched with
calelum carbonate (creta preparata), 7 oz. to the 280 Ib., sack,
and again in 1946 with an additional 7 oz. of calerum carbonate.
This has proved to be a most convement method of adding to
the caleium intake of the population, since despite the merease
n the production of milk certam sections of the population do
not receve their full quota of calerum. Bread experimentally
produced is of good quality because in the laboratory 1t is
baked under conditions in which water absorption, fermentation

TABLE 47
ANALYSIS OF COMMERCIAL FLOURS

{Moran and Drummond, Larncet, 1, 698, 1945 ; and McCance et ol ,
Buochers J., 1945)

| Rats of Fxiraction
Factor
‘ 100 per ccat | 86 peroent | By percent | 80 per oent

Vitamun B, (1U fg) 12 098 088 080
Riboflavin (ug /g ) + 16 13 10 085
Nicotmucaad (pg [g)| 50 1 18 16
Tron (mg /100 g) . 85 207 194 165
Fibre (%) . — 050 0381 021
Colour index . — 100 P 1
Prote (g /100 ) 127 107 ne ns

and t can be 11 led. C ial

haking does not apparently admit of aecurate control of all these
factors, with the result that, duning the war, much of the bread
was of only fair to good quality, the reasons being, incorrect
f of the dough, vari 1 water absorption, and
insufficient baking. In Table 47, showmg the results of analyses
of commercial flours, the figures under 85 per cent extraction flour
represent the average composition of the flour as stated mn the
fifth report covering samples recerved during January to June
191+ The figures in the 82} per cent column are from com-
meretally produced flours, data concerming wlnch m fuller
detal are to he found m the seventh report from the Scientific
Adviser’s Duvision of the Mmnuntry of Food, 1945.
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with yeast and a varable amount of sugar, can be baked to
form bread. The baking, carried out m ovens at 235°-245° C
(450°-473° F.), converts some of the starch into soluble starch
and dextnins; the latter are partly converted mto a brown
caramel which, with the decomposition products of protem,
gives the crust its flayour and appearance.
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THE BIOLOGICAL VALUE OF WHEAT FLOUR

The nutntive value of the protemn m flour depends upon the
proportion of ammo-acids which can be utihzed by the animal
for those speaific purposes which only amno-acids can fulfil.
Since the ammo-acid requirement of the body s influenced by
physiological states such as growth and lactation, 1t 1s ahvays
Tiecessary to define the crrcumstances under which the nutritive
value of & protein has been measured The biological value of
3 protemn is defined as the pereentage of absorbed mitrogen which
is retamed by the body (Boas and Fixsen, 1934, Mitchell 1944 ;
Block and Mitchell, 1946-47). Henry and Kon (1915) showed
that the biological values of the protein in breads baked from
flours of 100 per cent, 85 per cent, 80 per cent, and 70 per cent.
extraction were, 56 1, 532, 536 and 512 In considering this
matter Kon and Henry (1945) found that the diffcrence in the
bio}ogwal value between 70 and 85 per cent extraction flour
Is just sigmificant ; 1f, however, the values are recalculated in
terms of wutrogen eaten, this differcnce disappears since the
digestibility of the 85 per cent is slightly less than that of the
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A detaled examination of Table 46 shows clearly the im-
portant relationship between the mineral and vitamm content
of wheat and the degree of its extraction, Taking the content
of wholemeal as 100, the loss in Manitoba flour of 85, 80, 75
and 70 per cent extraction is for thiamine, 22, 45, 75 and
81 per eent 5 for riboflavin, 41, 53, 59 and 59 per cent ; and for
caleum, 83, 44, 52 and 53 per cent respechively. The im-
portant differences in nutritive value between 100, 85 and 70
per cent extraction flours are in their content of thiamine,
riboflavin, nicotinic acid, caleium and iron.

The Composition of National Flour and the National
Loaf.—As a result of studies based on the micmdissection. of
the wheat grain more infi ion has been obtained
the content and distribution of nutrients in the wheat be}'ry.
particularly with regard to thiamine, riboflavin and nicotinic
acd. It has become possible, by improved milling techniques,
to make available an 80 per cent extraction flour contating
more of the nutrients than was formerly possible and, by ex-
cluding more of the bran, to enable the public to have whiter
bread of improved acceptability. 5

During the war national flour was examined for the Ministry
of Food by the Research Association of British Flour Ml.HerS,
St. Albans, and reports given at frequent intervals were pub]lsl’}ed
in Nafure. Since 1946, however, this work has been carried
out by the Department of the Government Chemist. In August
1950, the rate of extraction of national flour was reduced from
85 per cent to 81 per cent. This rate of cxtraction refers to
flour produced by the mills from the grist supplied. For issue
it is usually mixed with a proportion, 15-20 per cent, of im-
ported white flour of about 70 per cent extraction, so that
national flour as delivered 1s equivalent to 80 per cent ex-
traction. Some indication is given of the rate of extraction by
the percentage of fibre; the thramine content is some measure
of the inclusion of the germ n the milling, During the post-
war years there has been a gradual and definite improvement
in the quality of the flour as judged by the fibre average. The
result of reducing the extraction rate from 85 per cent to 80
per cent was a slight loss of certain nutrientf, about ll(;-20

ke - “~31).
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with yeast and a vanable amount of sugar, can be baked to
form bread The baking, carried out m ovens at 235°-245° C.
(450°—478° F.), converts some of the starch into soluble starch
and dextnns; the latter are partly converted mnto a brown
caramel which, with the decomposition products of protem,
gves the crust its flavour and appearance
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THE BIOLOGICAL VALUE OF WHEAT FLOUR

The nutritive value of the protemn mn flour depends upon the
proportion of amino-acids which can be utilized by the ammal
for those specific purposes which only ammno-acids can fulfil.
Since the amino-acid requirement of the body ts mfluenced by
physiologeal states such as growth and lactation, 1t 1s always
necessary to define the exrcumstances under which the nutnitive
value of & protem has been measured. The biological value of
a protein s defined as the percentage of absorbed mtrogen which
is retamed by the body (Boas and Fixsen, 1934 ; Mitchell 1944 ;
Block and Mitchell, 1946-47). Henry and Kon (1945} showed
that the biological values of the protein in breads baked from
flours of 100 per cent, 85 per cent, 80 per cent, and 70 per cent
extraction were, 561, 532, 536 and 512 In considering this
matter Kon and Henry {1915) found that the difference in the
biological value between 70 and 85 per cent extraction flour
1s just sigmificant ; 1f, however, the values are recaleulated in
terms of nitrogen eaten, tlus difference disappears since the
digestibility of the 85 per cent 1s slightly less than that of the
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70 per cent extraction flour. The same conelusions were arrived
at by Kosterlitz and Campbell (1916, 1948), who assayed the
biological value of the proteins by their effect on the cytoplasm
of the hiver. A suggestive but not significant difference was
found 1f the values were calculated in terms of the nitrogen
eaten ; if, however, the smaller digestibility of the 85 per cent
extraction flour was taken into account the difference became
just significant. By determining the rate of growth of rats
and their retention of nitrogen, Chick et al, (1916) found & shight
difference in the nutritive value of the proteins in favour of the
higher extraction flours, but concluded that the differences in the
amount and quahty of proteinsin floursof diffcrent extractionsare
only of importance under conditions of poverty or food scareity
when bread forms an unduly large proportion of the diet.
Further observations on the nutritive value of the protems
in wheat flours of different extraction rates have been made by
Chick and Slack (1938). By determining the protein efficiency
ratio (g. weight increase/g. protein consumed, called the P.ER.)
for the proteins of different flours they demonstrated an ad-
vantage over the protems of white flour of 17-26 per cent for
those of wholemeal flour and of 18-16 per cent for those of flours
of 85 per cent extraction. The nutritive advantage shown by
the protems in flours of higher over those of lower percentage
extraction 15 due to the fact that the proteins contamed in the
outer layers of the gram, which include the aleurone lnyer., are
of better quality than those in the endosperm; they are richer
n the essential amino-acids—lysine, arpinine and tryptophan
(Jones and Gersdorff, 1925 ; Barton-Wright and Moran, 1946).
From the wark of Chick and Slack 1t might be coneluded that,
for the support of growth as measured by the value of the P.ER,
the nutritive efficiency of the protems of whole-wheat flour I
about 20 per cent greater than that for the protemns of 'w}ule
flour (70 per cent extraction). The value of the proteins i1
85 per cent extraction flour was found to be equal to that of
the whole-wheat flour, while the value of the 80 per cent flowt
was much lower and approximated that of 70 per cent extrac
tion flour. They also showed that the coefficients of apporent
digestibihty of the mitrogen in the flours of 70, 80, 85 and 100
per cent extraction were respectively 89, 867, 855 and 81 per
cent and concluded that the lower digestibility of the nitroge?
in the flours of higher extraction was more than compensat
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by their greater nutritive value. According to McCance and
Widdowson {1947} the difference in digestibility between 80
and 90 per cent extraction wheat, Manitoba and English, 1s
87 and 84 per cent respectively in favour of the lower ex-
traction rate.

Agenized Flour.—The resenrches of Mellanby (1916),
Moran {1947) and others have drawn attention to the possible
harmful effects which may anise from eating bread baked from
flour contaming nitrogen trichloride or agene. It has been
shown that a condition of canine hysteria can be produced by
feeding dogs on & diet 70 per cent of the energy of which s
obtained from flour treated with agene Before or after the
attack, the dog may have epileptic-like seizures followed by
unconsciousness and even death of the ammal. These toxic
effects are due to some alteration m the gluten of the flour by
agene; they sre not pecubar to gluten but may be produced
1n other proteins, for example, casem, by treatment with agene,
The toxmn is not destroyed by hydrolysis with proteolytic
enzymes, which would indicate that one is not dealing with a
deficiency disease but with a definite toxic factor produced by
nitrogen trichloride. Tests carried out on monkeys and man
have falled to show any untoward effects; results have
been absolutely negative in cases where adults have been fed
daily for 2 months, 360 grams of flour agenized at three times
the normal level. Nevertheless, since so much of the energy
of our diet is supphed by four 1t was recommended by a
Scientifie C itt p ve of the M of Food
and Health, the Medical Research Council and the milling 1n-
dustries and convened by the Chief Medical Officer, Sir Wilson
Jameson, that mitrogen “trichloride as an mprover substance
should be replaced by chlorme dioxide (1950). It has been
shown that the nutritive value of wheat gluten, determined 1n
L - b treating flour with

rewt There was

. rma or of abnormal

cortical activity as shown by electroencephalograms (Allison

el al., 1950). The Government of the Umted States made the

use of mitrogen trichlonide, as & flour improver, 1llegal from
15t August 1949,

Phytic Acid in Cereals.—In order that bread should be
23 nutritious 8s possible dunng the war the rate of extraction

15
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70 per eent extraction flour,  The same conclusions were amved
at by Kosterlitz and Compbelt {1946, 1948), who assayed the
biclogical value of the proteins by their effeet on the eytophom
of the liver. A suggestive but not significant difference was
found f the values were cakulated in terms of the nitrogen
eaten ; if, however, the smaller digestibility of the 85 per eent
extractton flour was taken into account the differcnce became
just sipmficant. By determning the rate of growth of msis
and thetr retention of mtrogen, Chick #f al. (1916} found a slight
dilference in the nutritive value of the proteins in favour of the
higher extraction flours, but conctuded that the differences inthe
andquality of protetnsin floursof different exteactionsaze
only of importance under conditions of poverty or food seateity
when bread forms an unduly large proportion of the dret.
Further observations on the nutritive value of the proteins
m wheat flours of different extraction rates have been made by
Chick and Slack (1948). By determuning the protein efficiency
ratio (g, weight incrense/g. protein consumed, called the P.E R}
for the proteins of flours they d rated an ad-
vantage over the proteins of white flour of 17-26 per cent for
those of whalereal flour and of 18-16 per cent for those of flours
of 85 per cent extraction. The nutritive advantage showa by
the protemns in flours of higher over those of lower perCC'HWS'
extraction 15 due to the fact that the proteins contained in the
outer layers of the gram, which include the aleurone layet, 3%
of better guality than those in the endosperm ; they a1e nicher
in the 1 ids—lysine, arginine and tryptophat
{Jones and Gersdordf, 1925 ; Barton-VWright and Moran, 1948}
From the work of Chick and Slack it might be concluded that
for the support of growth as measured by the value of the P.E R,
the nutritive efficiency of the proteins of whole-wheat flour 15
about 26 per cent greater than that for the proteias of‘\\'hm
flour (70 per cent extraction). The value of the proteins ll}
85 per cent extraction flour was found to be equal to that ©
the whole-wheat flour, while the value of the 80 per cent flout
was much lower and approxunated that of 70 per cent estrac
tion flour. They also showed that the ceefficients of apparent
dipestibility of the nitrogen in the flours of 70, 80, 85 snd 100
per cent extraction were respectively 89, 8G 7, 855 and 81 pef
cent and concluded that the lower digestibihty of the nitrogeh
in the flouss of hyrher extraction was more than compensat

heS
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insoluble salt and thus rendering it mnactive, at least as far
as calcium metabolism is concerned. It is clear that a diet ade-
quate for the growth of bone and tecth must contain vitamin D,
phosphorus and coleiwm, the last i sufficient amounts to
prevent any deleterious action of the phytate of cereals. That
the great mass of industrial workers in England durmg the
eighteenth century had no such adequate diet was demon-
strated by the prevalence of bone deformities and dental caries
in children and adults. Where a cereal diet is associated with
an adequate intake of caleium, for example, where ontmeal
porridge is taken with sufficient quantities of nulk, or fish and
Tiver are largely eaten, the problem of defective bone formation
does not arise, As a result of the recent war the Government
adopted & policy whereby provision was made for the supply of
free milk and vitamin A and D supplements to chuldren and
protities to nursing mothers; this ensured calcium for the
children., The lack of ealeum, vitamms A and D due to the
reduction in supphes of milk to non-priority groups, the in-
ereased extraction of wheat flour and the great dimmution
in butter were made good by the fortification of flour—7 oz.
calerum carbonate to the 280 1b, sack 1n May 1942 and 14 oz. to
the 280 1b. sack from August, 1946—and the supply of vitamm-
ized margarne  These gave approximately 800 mg. of caleum
per day in the bread eaten and about 500 1.u. of vitamin A and
90 i u. of vitamin D per oz. of margarime.

Danish 1nvestigators (Hoff-Jgrgensen ¢t al., 1916} consider
diets rich 1n phytic acid and low n calgum to be undesirable
and recommend the addition of calcium to, or the removal of
phytic acid from, the bread of the country ; the latter is easily
accomplished where most of the bread 1s made from rye, since rye
contains much phytase which under correct bakmg conditions
hydrolyses the phytic acid.  Some difference of opimon exists
on the power of the intestmal ferments to hydrolyse phytic
acid ; according to McCance and Widdowson about 50 per cent
of the phytate phosphorus 13 excreted, which indicates a
rather poor hydrolysts ; on the other hand, Cruickshank et al.
(1945) found that when phyhc nmd was taLen by mgcstmg

LT PR S

t0 1076 mg. per day. What 1s clear in all such experiments 15
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of .“'hcnt grain was raised from 70 to 85 and even to 90 per cent;
this ensured a larger proportion of nutrients—protein, vitamins
of the B group and minerals, particularly caleim, phosphotus
and iron. However, such an increase in the extraction rate
resulted also in an increasc of phytie acid which 1s chiefly
present in the germ and outer layers of the wheat berry; Ae-
cording to the work of Sir Edward Mellanby, McCance and
Widdowson and others, phytic acid, a hexaphosphone aed
ester of inositol capable of forming calcium and magnesium
salts (phytin), is in effect an anti-caleifying factor in oatmeal,
wholemeal wheaten flour and, to a much less extent, in net
and whitc flour. 1Its activity in this respect is due to phtee
acid in the cereal not being completely saturated with ealowm
and having therefore the property of binding calcium dunng
digestion in the intestine and rendering it unavailable to the
body. Such an action may retard the growth-promoting effect
of the cercal ; it does interfere with calcium metabolism in the
presence of a deficiency of vitamin D, leading to rickets 1n the
rapidly growing young animal and to deealerfication in the adult
body (osteomalacia). In this connection one should not be
obsessed with the element ealerum but should give & palanced
attention to all the factors necessary for the growth of strong
bones nd hard tecth. Sir Edward Mellanby puts the matter
clearly in saying : * It is impossible to study the c:\]ciﬁcntlon.‘?f
bone 1n growing animals without being impressed by the domin-
ant position held by vitamin D. Take all the vitamin D away
from the food and ultimately, when the reserves of this substance
are lost, the animal cannot retain sufficient caleium however
much is added to the food.” Vitamm D stimulates the ab-
sorption of caleium from the intestine and plays an imporl&m
part i the deposition of a calcium-phosphorus compound in the
osteord tissue of the growing bone; it also stimulates the
hydrolysis of phytate (the Ca: Mg salt of phytic aad) in the
intestine, thus liberating phosphorus from the phytate in the
cereal. How vitamin D breaks up the phytate or imitiates
calelum absorption is unknown ; the matter for all practi

purposes becomes one of controlling the activity of the phytate
ingested with the food and, curiously enough, it is by z}}e
use of calcium that this can best be done. Phytic acid
removes calclum; calcium if given n adequate amount £7
saturate the phytic acid, leading to its precipitation as 2t
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" Can a relatively white loaf of good quality he made from flour
finely ground and contawning the highest possible amount of the
essential nutrients ¢ The reduction, late in 1850, of the ex-
traction rate of flour from 85 to 80 per cent has been achteved
without any appreciable Joss in vitamin B,, nicotinic acid and
iron; the flour containing 8 per cent less bran, has proved very
satisfactory in colour and nutntional value to the scientists and
others responstble for its production. Present knowledge merely
renews the challenge to further act e in science and
technology,

THE BREAD CONTROVERSY (1940-44)

In view of our knowledge of the nutntive value of flours of
various rates of extraction previous to the war (1936-45), and
of the advances in scientific research and milling techmques
since the war, the following bnef account of the opinions ex-
pressed on a very topreal subject may be of some interest.

The bread controversy during the world war, 1939-45,
was based on the question, * From what type of flour should
our bread be madé—white flour, white flour ennched, or 85 per
cent extraction flour ¢
To those who can secure 1 their diets an adequate supply
—, . P P Y

pey

protective foods White bread 1s of the nature of a disaster in the
bl £33 TLT o 1o 1 R . -

article made from stone ground flour, caused revolt and war in
a non-industrial age, one can well imagne what might have
happened if industrial advance, which produced roller mlls, had
not also made possible a wider and better distribution of amimal
foods. The social and economic history of the nineteenth
century reveals the appalling results in human hves wherever
roller milled flour was not associated with a sufficiency of the
animal foods 1t is & curious fact that the problems of peace,
which would jeopardize the Life of a nation at war, are energeti-
cally faced and often solved when the dire emergency anses.
In view of the great lack of * protective foods ™ durmg the war,
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that the range of digestibility of phytate in the human ab-
mentary tract is large, and if phytic acid is regarded as deleter-
10us its activities should not be taken lightly but counter-acted
by taking calcium and vitamin D at the same meal at which the
phy ining cereal is ingested ; the best remedy, con-
taining calcium and vitamin D, is milk.

Conclusion.—That the higher extraction flour would lead
to a greater indigestibility of the loaf and cause a significant
loss in both quantity and quality of protein available for human
consumption 1s not founded on fact. As a result of the expen-
ments of Krebs and Mellanby (1942), McCance and Widdowson
(1947), Cluck and Slack (1948), it may be accepted that there
is little difference between the digestibility of protein and the
utilization of calories of 75 and 85 per ccnt extraction flour.

In discussing this question it is rather beside the point to
state, as an argument in favour of white bread, that the baking
of the national wheatmeal loaf, resulting in a loss of offal for the
feeding of cows, means a reduction in the production of milk.
The whole controversial question of the nutritive value of bresd
must be settled on its own merits. There need be no lack of offal
for the feeding of cattle in peace-time ; for the requirements of
cows should place no obstacles in the way of milling even 90 per
cent extraction flour for human \ption, provided adequat
quantities of maize and protein cake are imported.

It would appear that we are now in the position where the
appheation of scientific knowledge awaits further devslt')p-
ments in millmg techniques. To secure a flour of good nutritive
value all the germ—certainly all the scutellum—and as much
as possible of the outer endosperm and aleurone layers adjacent
to the bran, must be retained in the final product of m\lhr}g:
As new milling methods are devised, more of these essential
parts of the grain will appear in an 80 per cent extracted flour.
The public should not forget that to retain the germ and the
outer endosperm and at the same time reject just that smount of
the bran to give a good and acceptable colour, requires a good
deal of inventive skill on the part of the milling engneer.

It should no longer be a question of wholemeal bread versus
white bread, nor of wholemeal versus enriched white flour, but,
in view of the disastrous effects of white bread on generations of
our people and the absurdity of removing essentials and return-
ing but a few of their equivalents, the question should now be,
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been decided to fortify whate flour with vitamin B, and ealeium
The proposition was supported by Sir Jack Drummond and
Dr. Moran, who maintained that * the duction of the new
white flour will undoubtedly stultify the controversy of white
versus brown bread . The leading article m the Lancet of
27th July 1940 stated: * Modern scientific investigation of
nutrition has made 1t full clear that wholemeal bread 18 & more
nourishing food than white bread and that it would be better
for the nation’s health to cat brown bread .  Suggesting that
this was sufficient reason for changing from white to brown,
bread, the * Leader™ contmued ; ** the question 1s more com-
plicated then this for people do not hke brown bread, pigs
and poultry do like and need the bran and germ whuch form the
milling offals when wlite flour is milled ; brown flour does not
keep; brown bread needs much more yeast to bake 1t than
white; brown bread has usually been dearer than white ”
It is true that people do not like brown bread unless it 1s well
made : 1t is also true that pigs ke and need the germ, but so
do children and other human bemngs. But ennched or fortified
bread became the order of the day. True, the white bread
eaters were not yet deprived of ther staple luxury, but who
could regard white flour fortified with vitamin B, and caleum
cathonate as 1n any way equivalent to whole wheat flour?
That there were doubts in the scientific mind concerning the
replacement of whole wheat flour by a fortified substitute was
evident when the Accessory Food Factors Committee of the
Lister Institute and Medical Research Council (London) 1ssued
4 memorandum on Bread m July 1910, in which they recom-
mended that :

“1I. Flour for the bread of the people should contain the
germ of the wheat gran, as much as possible of the aleurone
layer, and the finer portions of the bran, Instead of flour
consisting of about 70 per cent of the wheat grawn, as 1t does
at present (1940), the percentage extraction should be at least
80 to 85 per cent.

“II, Bleaching or imp g of flour by oxid gents
or any process which damages the nutritive value of the (lour
should be prohibited.

“1IL. The public would be benefited by the addition of
calcium salts to the flour from which bread 1s made. Bread
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the Government undertook the responsibility of feeding th
nation. By securing for the people through rationing a far
distribution, at a controlled price, of essential foods and by con
cerning themselves with the nutritive quality of the people’
brend, the Government in war time virtually solved a peace-tim
problem. That the problems of food distribution and th
technique of baking a Iughly nutritious loaf from fine flou
containing all the nutnents of the wholemeal have been entirely
solved, bears no immediate admission ; that they can be solvec
none should deny.

During the first world war the nutritional value and palata
bility of “war” bread was investigated by Sir Fredericl
Hopkins (Cambridge), Professor Noel Paton (Glasgow) and Dz
J. A, Gardner (London) on behalf of the Food (VWar) Committet
of the Royal Society. The war brend was not generally acceptec
by the people, the chief reasons being the unpalatability o
badly baked bread. With better knowledge, better breat
could have been made and the nutritive superiority of an 83 tc
90 per cent extraction flour would have been morc generally
recognized. From this experience onc outstanding fact emerged,
namely, that seientific knowledge must be more closely relat
to technieal development. Since 1920 rescarch has shown the
value of cereals as a source of protein, the important role
of the proteins of milk, meat, fish and even fruit 1n sup:
plementing the protems of the whole grain, the interplay of
vitamins, muneral salts and carbohydrates in the biochemistry
of hiving processes, and the cffect of rancidity and staleness on
various nutrients such as fat soluble vitamins. In a word, the
experiment with bread in the latter part of the first world war,
based on scientific advice, was receiving further scientific sup:
port. It was no matter for surprise that the whole quest.ioﬂ of
a more wholesome bread should be revived. It may, in view of
the knowledge at our disposal, be a matter of surprise that the
subject should attam the status of an acute political question-
Controversy, not without acrimony, coloured much of the pros
and cons of the arguments sctting forth views on the question

T Tt T Y ---wnee, prejudice and

S . o nentary Secretary
to the Ministry of Food, announced in the House of Commons
that, on the advice of the Scientific Food Committee, it had
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vitamin B, and ealeium carbonate (7 oz, to the 280 1b sack
of white flour and 14 oz. to the 250 Ib, of 83 per cent extracted
flour) One year afterwards (May 1911) the bakers had still
not reecived flour from the millers contaming either vitanun B,
or caleium, but the Government had adopted the first recom-
mendation of the Medical Research Council, for Lord Woolton
announced in the Iouse of Lords that in view of the unammty
of scientific opthion, the Government had decided to make
national wheatmeal bread available to the public at the price of
white bread. The national loaf, baked from 85 per cent ex-
traction flour, but wth no addition of caleium, had arrved.

When white flour is milled to, say, 75 per cent, 25 parts go
to feed apimal stock; with 85 per cent extraction, 15 parts go
to the farms and the human consumer sccures 10 more parts
out of the 25 parts rejected and used as wheat offals or ** wheat
feed * for ammals, The ymportant pomnt was to relect the best
10 out of the 25 parts usually discarded as offal, and in the
selection several factors were considered, nnmely nutrmve excel-
Ience, palatability, wsthetic apy
or fibre content. Following upon such consldemtmns the
Medical Research Council 1ssucd & second memorandum defining
the ch; of the wt ded (81st May 1941).
Table 48 gives the two suggested flours: No. I was sclected
because it contamed the highest vitamuin B, content, closely
approachmg the wholemeal flour value, the fibre content was

y low and 1ts af was pale brown and the

bread made from 1t most closely Tesembled white bread m
flavour, texture and colour.

The analyses of the flours are shown m the Table.

TABLE 48
o
Zowe | rm | | pron, | Vi e | coitom.
ofinction | Pereest |perocot | pereeai | iy {15

s Pyt
Totat |4 P2

185 06 | ovo | 114 120 | 27 208 | 123
11 85 .| oss[ oos [ 115 [ 115 | o7 211 | 128
White 73 . 0-02 | 046 | 106 | 085 | 15 101 35

Wholemeal 100 18 ] 151 ) nie | 140 a8 343 | 230




232 FOOD AND NUTRITION

made from flour thus supplemented should be specially desig-
nated, The production and consumption of milk, cheese and
vegetables should at the same time be promoted to the maximum
extent, in order to sccurc an adequate supply of ealcium.

“IV. The use of baking powders, which produce alkale
conditions, should be strongly discouraged in making bread and
Dbiscuits,”

The report emphasized the following points with regard
to vitamins: (a) that the normal sedentary adult required
800 i.u. of vitamn B, (thiamine) and that a 1 Ib, loaf made of
flour of 70 per cent extraction would give 80 to 160 iu.
vitamin By, while that made from 80 to 85 per cent extraction
flour would give 300 to 450 i.u. vitamin B, ; (b) that the change
to 80 or 85 per cent extraction flour would benefit adults and
children of all classes; (¢) that the amount of witamin By
(riboflavin) would also be greater in the brown flour; (d) that
80 to 85 per cent extraction flour would, by including the germ,

b ially i the ity of vitamin E,

With regard to minerals, it was stated that the human
daily requirement of iron may be taken as 10 mg., that a 11b.
loaf made of 70 per cent flour would supply 5 mg., that made
from 80 to 85 per cent extraction flour would supply 10 mg.
Calcium as a dietary ituent must be idered in relation
to the amount of phytic acid in the particular cereal. In this
respect 85 per cent extraction flour contains more phytic acid
than the 70 per cent extraction and therefore is not regarded a5
a good source of calcium, since m the presence of large quantitie;s
of phytic acid the metaboltsm of calcium and phosphorus is
impaired. For this reason the Committee suggested the
addition of caleium carbonate and also emphasized the im-
portance of milk, cheese and vegetables. Another possible
disadvantage of bread made from a high extraction flour was
the reduction in utilization of the nutrients. The report
stated, and it is an important fact, that reduced utilization
is due to the coarseness of the branny particles and suggested
that, if a 90 or even 100 per cent extraction flour could be
obtamed 1 & fincly ground and homogeneous condition, its
nutnitive advantages would be still further enhanced and the
disadvantages of incomplete utilization would tend to disappear.

The response of Authority to this recommendation is inter-
esting, for the Government deaided to fortify white flour with
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up to 15 per cent bran with white flour and still meet the
requirements of the Mimstry of Food, To add bran to white
flour in order to make 1t equal 85 per cent extraction flour 15
not the way to make the best selection of the essential nutrients
in the wheat berry, The criteria for nullng was that the
flour should contain 1 im. of vitamin B, per gram and less
than 09 per cent fibre.  The bran was responsible for the dark
colour, coarse texture and, to some, the unpalatability of the
national loaf. The loaf steadily lost favour. In the Lancet's
leading article, 15th November 1041, it was aflirmed that, ** In
this confliet between the national and individual interests,
the mllers have thus won the day and a golden opportumity of
furthering the health of the people has been lost ¥,

On the 13th March 1912, the controversy was temporarily
suspended when Lord Woolton announced in the House of
Lords: “H M. Government have decided to mcrease to 85
per cent the ratio of flour from milled wheat in this country.
This means we shall stop the production of white bread.”
Lord Morder, adviser on medical matters to the Mumistry of
Food, welcomed the decision, saying that he and s colleagues
““are uniformly of the opinton that no smgle step which the
Government could have taken in respect of the nation’s food
is so caleulated as this one to raise the level of the nation's
hutrition . * The national wheatmeal bread would be suit-
able in all forms of iliness in which bread is allowed and it would
be of greater benefit to those who are still living below the
poverty line, for they are the slowest to change old habits in
the matter of basie foods™  “The victory of science, approved
by the Iughest medical authonty, was undoubtedly gained
snee 1t had an econome ally in shipping” In commenting
e e o 4 SURE LT d

it. Why, then, should it be thought praiseworthy to remove
from the wheat berry the valuable minerals and vitamins which
it contains?7” The national loaf became compulsory on
23rd March 1942.

In October 1944 the extraction of wheat was reduced to
82} per cent, The first reaction to this was that to reduce the’
extraction of flour, even 1f synthetic vitamuns were to be added,
was a further questionable procedure, It 1s always wise to
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Of the national loaf made from No. I, 85 per cent extraction
flour, the leading article in the Lancet for 81st May 1941 said:
** Few people grasped that the national loaf is probably the
Dbest bread, judged on its food value, that they have ever eaten,
for it has been sclected after a most careful serutiny of the
nutritive value of the different parts of the wheat grain”
The protagonists of enriched flour would not accept this, saying
that the 85 per cent extraction would sharply reduce milk sup-
phies as a result of the loss of wheat offal for cattle feeding ; there
would be a net loss of nutrients and the bread would not be
acceptable to the public. The controversy still raged and
more rats were fed on dicts containing fortified white flour
and whole wheat flour. However valuable as an experimental
subject a rat may be, and 1t is most valuable, a rat is not a human
bemng.  While the findings on rats can never be entirely ac-
cepted as applicable to man they have certainly indicated
fruitful hnes of study of problems as they may affect man.
It is known that breads made from higher extraction flour have
a depressing effect on the assimilation of caleum. The de-
pression 1s of the order of 10 per cent (Henry and Kon, 1945)
Despite this slight depressing effect the superior growth 'Of
ammals receiving wholemeal bread was admitted by many m-
vestigators (Chick, 1942; Copping, 1943; Henry and Kon,
1945). It 1s also true that there is a lower incidence of rickets
where whole grain bread is consumed. In baking whole gram
bread the phybic acid is n a great measure destroyed by the
phytase present mn the flour (Mellanby, 1944). Tt is probably
correct that where wholemeal bread supplies 40 to 50 per cent
of the daily Calorics—i e. about 1 Ib. of bread per day == 1200
Calories—the absorption of caleium 1s depressed (McCance and
Widdowson, 1942).

Other pertinent questions arose, one being, * Why wat
the national wheatmeal loaf so unacceptable ? ”’ There wer
many answers to this question, In a war-time Socral S‘ul'Ve)
made between February 1942 and October 1043 by Miss G.
YWagner, it was found that 52 per cent of 2530 housewives
questioned approved of the national wheatmeal loaf, 35 pe!
cent criticized and disapproved entirely, while 13 per cent
had no opinion upon the matter. Probably the main caust
behind all criticism was a lack of uniformity in the national
wheatmeal flour, due to the permission given to millers to mix
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assume that what has heen disearded in milling eannot be fully
replaced by the addition of n few essential nutnents, for the
simple reason that we have not yet a complete knowledge of the
function of what has been discarded. Fortification of white
flour was not wholly favoured by Canadian medical men and
scientists, who maintamned that the wheat should be so mulled
that the protein, minerals and vitamins would be retained in the
flour. Some interesting experiments in milling the wheat berry
were carried out in Canada. Using the vitamin B, content as
an index of the nutritive quality of the flour obtained, Canadin
scientists found that if the moisture content of the wheat milled
was reduced from 15-5 to 125 per cent, the flour of 73 per cent
extrnction contained 363 i.u. vitamin B; per pound as com-
pared with 254 i.u. in the white flour obtained by milling wheat
with 155 per cent moisture. The changes in extraction rate
to which reference has been made, were officially put into effect
as follows : 85 per cent in March 1912, enforced largely beeause
of the acute shipping shortage; in the winter 104249 the 83
per rent extracted flour had added to it a little batley, rye and
oats: in November 1948 the extraction rate was reduced to
82-5 per cent and in October 1944 to 80 per cent : in February
the extraction rate was increased to 85 per cent during the
peniod of bread rationing and reached 90 per cent for a short
time duning that period : in May 1946 the calcium carbonate
was increased to 14 oz. per 280 Ib. sack of flour: in August
1850 the extraction rate was reduced to 80 per cent, at which
point it 1s likely to remain for some time. (See p. 222.)
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of fat. In the winter and spring the vitamin A content may be
as low as 10 to 20 1.u. per gram of fat. A noteworthy pomt is
that, while the yellowness of cream is of no value m comparmg
milks from different breeds of cow, it is of value in comparing
the milk from any particular breed. That Jersey and Guernsey

TABLE 40

NUTRIENTS OF MILK, DBUTTER, MARGARINE AND CICESD
From Nutrltite Values of War-time Foods, ILM § 0. London, 1945
Contents per 100 grams

o Via- | Vi

Food Frov | Em Crz:l; Sab Hcatewm] Teon min ,i.‘.‘..

zlels mg lmg | 1U | ug

Bulk, baman (1) 14| av|60] 77| o0 foon) 17| 13
ik, fresh, whole, May to

Nov(z. . . . |83|36[4s4| 63| 12001} 140| 43

Mlk, fresh, whole, Dee to
Aprl . . .1 838|367 44 63 120 01 70 43

Ik, shimmed 84|01 s6| 33| 128 o1 of| 45
Milk, condensed, whole,
aweetened, UK .l 82| p2i496 |14 200 | 02| 3701 105

Milk, condensed, whole,

unsweetened, UK (3), | 85| 92 (115 163 | 204 | 02| 370 65
Milk, skaramed, gweetened | 95 | 05 558 | 266 [ 820 | 031 20125
Mk, powder, whole . . |256 |267 |856 | 495 | #95 { 0a | 1070 | 300
Mk, powder, skimmed . {358 | 07 {479 ) 841 ] 1225 | 10| 30| 300
Butter, Fmpure, amported | 05 [825 | ¢ [ 745 | 15] 01 [4000 o
Cheese, Cheddar type 249|345 | 0 410 810 | 06 | 1300 30
Matganne, vitamunzed | 0 (858 | 0 | 703 | 4| 03 [2000 o

(1) Kon, S. K. and Mawson, E. H (1050},

(2) Riboflavin 150 ug. Nicotime scid 80 ug  I'antothenic acid
250 pg. Ascorbie acid 1 5mg

(3) Known also as evaparated milk

cows produce milk the eream of which 1s so yellow, 1s due to
therr mnability to convert carotene, which gives the colour, into
vitamin A. Good feeding and care of milch cows is always
repaid by a mulk of high fat content, be they Jerseys or Ayrshires
(Davies, 1944),

Milk 15 not to be regarded as a good source of vitamn C.
‘Two factors are at play m the destructton of vitamin € 1n milk ;
they are oxygen and sunlight, for sunlipht is responsible for
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The Nutritive Value of Milk.—Investigations of the
chemical composition and nutritive value of milk and milk
products and of the best means for their production for human
use 'have been actively promoted for many years at Research
Institutes, Marketing Boards and Veterinary Colleges in England
and Scotland, The nutritive value of milk lies in the high
biological value of its protein, its rich store of mineral salts,
particularly eal and phosphorus, and its substantial content
of.vitaminsA and By, B, riboflavin and nicotinic acid (Table 48).
Milk 15 excellently adapted to the needs of the growing anmmal.
Reference has slready been made to the relation of the protemn
and mineral salt content of the maternal milk to the rate of
growth in various animals. Its value as a food for children is
indicated by the fact that, of the recommended daily dietary
allowance of a 5-year-old child, 1 pint of summer milk supphes
75 per cent of nboflavin, 70 per cent of calcium, 88 per cent of
protein, approximately 85 per cent of vitamins A and B; and 25
per cent of the Calomes. Dlk 1s the adult’s best source of
calcium, 1 pint contributing almost 88 per cent of the recom-
mended daily requirement ; of protein it supplies about 28 per
cent and of mboflavin about 35 per cent (Kon, 1944). One
pint of milk gives 350 to 380 Calories, the figure varying with
the fat content of the milk. VWhile cow’s milk is not the perfect
food for the human infant, it forms the best foundation of the
diet of mnfants, children and adolescents. Its fat is present in
a finely divided or emulsified state and is thus easily assimi-
lated ; 1ts sugar, lactose or milk sugar, does not cause fermenta-
tive disturbances as other sugars may do. The Calorie value
of milk is higher for the milk of the high fat breeds of cattle,
Jerseys and Guernseys, than 1t 15 for the milk of Shorthomns,
Ayrshires or Friesians. The feeding of cows 1s of special 1m-
portance for upon 1t depends the richness of the vitammn A con-
tent of the milk. When grass and kale arc abundant, as they
are in the summer and autumn, milk 15 particulasly rich m
vitamin A, containing from 30 to 40 i.u. of the vitamn per gram
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of fat. In the winter and spring the vitamin A content may be

the milk from any particular breed. That Jersey and Gu;:rnsey

TABLE 49
AUTRIENTS OF MILK, BUTTER, MARGARINE AND CHEESD
From Nutritie Values of War-time Foods, LM S O London, 1945
Contents per 100 grams

|Carbo- | Vita- | Vita-
Pro- [ .
Food s | 0 | i) S Csloum) Won | mn ) e
g le | mg {mg [ TU. | ug.
\hll human (1) 14] 47| 690 [ 2990 003y 137 14

k., fresh, whale, May to
l\uv.("‘). w . . «| 83|36]4af 63| 120{ 01} 10| 45

NIk, fresh, whole, Dee. to
Apl . . 33{ 86| 44] 63| 120{ 01| 70| 45

Mtk shammed 34101 46| 33| 128 01 0 &
Mk, emldensed v«hole,
swectened, 82| 92l496 | 014 200 02! 370105

Mk, condensv.xL whole,

unsweetened, UK. (3). | 85| 92 |115 | 163 204 | 02 870 685
Balt;, shurmmed, sweetened | 05 | 05 |538 1206} s20 ! 0al 2ol

ik, powder, whole 256|267 [a56 | 483 | 895 | 08 | 1070 | 300
30Tk, powder, ehimmed , 1358 | 07 14790 | 841 [ 1225 | 10| 30 | a0
Butter, Empire, imported | 05 (825 © 745 15| 01 | s000 o
Cheese, Cheddar type {249 |315]| 0 | s10| 810 06| 1300 ] 30
Marganne, vitamunized L] 85310 768 4] 03 [ 2000 0

(1) Kon, § K. and Mawson, E. H (1050},

(2) RiboBavin 150 ug. Nicotmc aerd 50 ug  Pantothenie acd
250y Ascorbic aod 1 5mg

(3) Known slso as evaporated milk

cows produce milk the cream of which is so yellow, is due to
thewr inability to convert carotene, which gmives the colour, into
vitamm A. Good feeding and care of milch cows 1s always
repaid by a mulk of high fat content, be they Jerseys or Ayrshires
(Daves, 104}

Milk is not to be regarded as a good source of vitamin C.
Two factors ate at play in the destruction of vitammn € in milk ;
they are oxygen and sunhght, for sunlight 1s responsible for
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The Nutritive Value of Milk.—Investigations of the
chemical composition and nutritive value of milk and mik
produets and of the best means for their production for humar
use have been actively promoted for many years at Research
Institutes, Marketing Boards and Veterinary Colleges in England
and Scotland. The nutritive value of milk lies in the high
biologieal value of its protem, its rich store of mineral salts,
particularly calcium and phospheorus, and its sut tial content
of vitamins A and B,, B,, riboflavin and nicotinic acid (Table 48).
Milk is excellently adapted to the needs of the growing ammal.
Reference has already been made to the relation of the protemn
and mineral salt content of the maternal milk to the rate qf
growth in various animals. Its value as a food for children is
indicated by the fact that, of the recommended daily dle(u.ry
allowance of a 5-year-old child, 1 pint of summer milk supplies
75 per cent of riboflavin, 70 per cent of calcium, 88 per cent of
protein, approximately 85 per cent of vitamins A and B, and 25
per cent of the Calories. Milk 1s the adult’s best source of
caleium, 1 pint contributing almost 88 per cent of the recom-
mended daily requirement ; of protein 1t supphes about 28 per
cent and of mboflavin about 85 per cent (Kon, 1944). Onc
pint of milk gives 350 to 380 Calores, the figurc varying with
the fat content of the milk. While cow’s milk is not the perfect
food for the human infant, 1t forms the best foundation of the
diet of infants, children and adolescents. Its fat 15 present It
a finely divided or emulsified state and is thus easidly assimb
lated ; 1ts sugar, lactose or milk sugar, does not cause fermenta-
tive disturbances as other sugars may do. The Calorie value
of milk is higher for the mik of the high fat brecds of cattle,
Jerseys and Guernseys, than 1t 1s for the mulk of Shorthorns,
Ayrshires or Friestans. The feedmg of cows is of sp.ecml m-
portance for upon it depends the richness of the vitamin A con-
tent of the milk. When grass and kale are abundant, as they
are in the summer and autumn, milk 1s particularly rich m
vitamin A, containmg from 30 to 40 f.u. of the vitamin per gram
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of watcreress was given daily to one experimental group.
Figure 44 shows graphically the results obtained. These re-
sults are important, emphasizing, as they do, the value of fat
soluble vitamins and calcium in the diet, and the ymportance
of at least 1 pint of fresh hquid milk in the daily diets of
growing boys and girls.
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Fio 43 —Disgrammatic presentation of increase i height and weight of boya
m one year on various supplements to & basie diet [Drawn from data of Dr
H C. Corry Mann, 0 B.E ]

‘The nutntional value of milk was heavily stressed 15 years
ago in the first report of the Advisory Commttee on Nutrition
(Mimstry of Health) ** Within recent years ”, to quote from
the Report, “much experimental evidence has been brought
forward which has shown that cows' mulk is the most valu-
able food known for the promotion of growth and health in
children.” At that time, 1935, the calculated consumption
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the photochemical oxidation of vitamin C. The loss of vitamiz
C may be prevented by the removal of oxygen from the milk
or by preventing the milk from being exposed to sunlight. The
latter may be achieved by the delivery of milk in brown bottles
or in cartons. The use of eartons would not only be of value
m preserving vitamin C but would overcome one of the greatest
difficulties in providing safe milk, namely the effective sterili-
sation of bottles.

The amount of vitamin D in milk is very small; most of
it is derived from the action of sunlight on the cow's hide
The lack of vitamins C and D in milk can readily be made good
in infant feeding by the addition of orange juice and cod-hver
ol to the dict. In the US.A. great steps have been made in
the enrichment of cow’s milk by irradiation of the milk, nddm.nn .
of vitamin D coneentrates to the milk, or feeding cows with
rradiated yeast.

The Value of Milk in the Feeding of Children—Tt
has been established that “ children from three to thirteen years
of age should recerve two pints of milk per day to ensure full
growth and development ”.  Sherman, an American authorty,
has said that “ milk greatly favours growth and development
in youth, confers health and vigour throughout adult lfe and
postpones old age. In no other way can the food habits now
prevailing, especially in our cities, be so certainly and economie-
ally improved as by a more Iiberal use of good milk .

One of the most convincing experiments on the value of
milk for growing children was that carried out by Dr. Corry
Mann in 1926. Several groups of boys, aged 7 to 11 years,
were the subject of the experment. One group was given the
regular diet of the institute m which these boys lived; the
others had supplements, and the results mn terms of changes
height and weight over 1 year were noted (see Fig. 44), It was
found that an increase in growth, as measured by height f‘“d
weight, was produced by the addition of 1 pint of pasteurised
whole milk per day. No effect on height was produced by the
addition of casemogen in amount equivalent to that cox'ltumed
in the mlk, or of unvitaminized margarine in amount equivalent
to the extra Calories supphed by the pint of milk. With New
Zealand butter m amount equivalent to the extra Calories,
jmprovement was noticed. The sugar given was the equiv-
alent in Calories of 1 pint of milk. Three-quarters of an ounce
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Table 50 shows the d of p y and
ary tuberculosis in England and Wales and Scotland from 1938
to 1948 The year 1911, with & total of 32,557 deaths showed
an merease upon the number recorded for 1937, namely, 32,192;
these figures gave cause for concern and led to the introduction
of schemes, such as 1mg d hospital dation and
mass radiography, for a more deeisive attack upon this disturb-
mg problem n public health. In view of the fact that about

TaBLE 50
TUBERCULOSIS DEATHS FOR 1038, 1081, 1045, 1047, 1048

{Excluding non-ctorlian males ofter Srd September, 1039, and females after 1¢ June,
1941}

ENGLAND & WALES SCOTLAND
Bespleator X iratory Rerpirate Kar eator

Year Golear) | onpalmnary) | (Fofmonary) | (ou pmonact)
1038 21,282 4,257 2,581 831
1981 23,330 4,934 3,116 1,038
1055 | 19,608 2798 ~ —
107 | 107300 | smzzem) | as00 (67 705 (132)
18 | 1ams 2367 - —

43,502,000
Total population of Scotland n 1935—4,993,000; 1913—5,201,000

85 per cent of milch cows m this country are tubereular and that
mulk production has been greatly increased, medical authorities
have made repeated investigations of the incidence of human
and bovine tuberculosis in the Umted Kmgdom The human
type 1s derived from man, imfection bemng mamly by way of the
respiratory organs; the bovine type 1s caused by drinking
mulk, contact with cattle and breathing the dust-mfectcd ar of

byres  Both types of are
and non-pulmonary forms of the dlsease Man, mlIL. and cattle,
i different degrees, are le for the t of

tuberculosis, To differentiatc between human nd bovine
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of liquid milk in this country was just under 0 4 pint per head
per day, an average figure which is less revealing than the
figures indicating the range of consumption. According to
Lord Boyd-Orr, the lowest income group in his 1935 survey con-
sumed 1-1 pints, the highest approximately 5-4 pints per head
per week, the average being 31 pints per head per week, ie.
0-44 pints per head per day, These and other facts stirred the
Minstry " - Rt e S e O
schemes

mothers

duction inereased by 80 per cent and liquid consumption by
55 per cent.  Since the beginning of the 1039-45 war, and 8
part of the policy of the Ministry of Food, & great jmprovement
in milk distribution has taken place. Up to 1946 the National
Milk and Milk in Schools Schemes provided one-third of a pint
of milk at the cost of 3d. for all school children who mfcd
to avail themselves of it, and 1 pint of milk daily for all nursing
mothers, and children under 5 years of age, either frec of ata
reduced price ; since 1946 all school milk has been frec of cost.
These two schemes to-day account for about 15 per cent of the
total ligmd milk pti In the interests of national
health, these schemes should never be allowed to lapse. I.n
view of the activity of the Ministries of Food, Health and x.igrl'
culture, and the milk propaganda campaigns, it is not surprising
that the increase in hquid milk consumption from 1938 to 194

. . - ¥ . . .

2ennd am

i‘;he population pe\l- day, with provision within this nverage for
the adequate supply of milk to expectant and nursing mothers,
clnldren and old people.

MILK AND TUBERCULOSIS

During the war 1t was found that the maidence of the most

infectious di declined rapidly but tuberculosis

did not. While considerable attention has been given to the

high mortality rate from tuberculosis in this country, it is still

trne that the non-pulmonary form of the disease tends to be

overshadowed by the attention paid to human pulmonary

losis. The -pul y form causes much sickness,
deformity and chronic invahdism.
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still about 10 per cent of schools in England and Wales which
are provided with potentially dangcmus milk. The danger of

d mik 1s h d by the fact that while the
greatest number of bovine infections 1s found in infancy and
early childhood, 80 per cent of all cases of hovine infection were
persons over 15 years of age (Table 52). A significant finding was
that 87 per cent of those infected with the bovine type of tuber-
culosis gave a hustory of drinking raw mulk as against 53 per cent
of those infected with the human type.

TaBLE 52

DISTRIBUTION OF HUMAN AND ROVINE TYPES ACCORDING TO
AGL OF PATIENT AND SITE OF DISEASE

{Report to Medical Research Council of Investigation undertaken during the years
)

143 to 1045
Age of Patlent
Bovine
Site of Discase
(per oent)
o5 s | 1045 |15
s | tan | yan | aadoe | AN Ase
2 2lmn s|n B|mniln
Menngitis .80 s2(31 17|14 s|sT 39 ftez ml 281
Cervieal glands. 11 89|15 39|18 1949 2088 117 571
Bone and jont 28 8(20 10|26 3 uz 20395 47 106
. z 4|— 2|~ 8 26 ul esr
Centownmary ., f— — -~ —[ 1 1|30 7|3 8} 205
Miscellaneous - 9 —{— — 2 1|18 8(20 4 121
Almtes . 130 83 75 68 |56 80 u70 77 7812581 261
Bovine {percent) . | 890 | 476 | 849 | 141 | 201
I = human, B = bovine

A similar 1nvestigation was made on 112 patjents in Wales,

It was found that the meidence of the bovime type of tuber-
culosis was 17 per cent, the human type, 83 per cent. From the
figures for England and Wales it is seen that about 24 per cent
of all cases of non-pulmonary tuberculosis were due to infection
with the bovine type of tubercle bacllus; i 1944, 1850
persons died from non-pulmonary tuberculosis of bovine origin,
In the report it was clearly submitted that none of these deaths
would have occurrcd if the m\]k supply had been adequately
simrlar t was made m Scotland,

the restlts of \vh:ch have not yet been published. In 194341
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Py e

, pul 'y and pul y, is therefore a
matter of considerable importance.  The number of deaths due
to bovine tuberculosis 1s arrived at by Jaboratory methods since
it is not possible to distinguish clinieally between the two types.

Non-Pulmonary Tuberculosis.—Table 51, which shows
the chief sites of infection of non-pulmonary tuberculosis in the
human body, clearly indieates that, while the number of deaths
from this form 1s much smaller than that occasioned by pul-
monary infection, the possibilities of structural disabihty and
chronie 1ll health are much greater than the number of deaths
would suggest. A report on non-pulmenary tubcreulosis in

Tane 51

NUMBDER OF NOX.PULMONARY TUBERCULOSIS DEATHS FOR
1021, 1036, ANDY 1647

Totertinat Total
Centret { _ and syt { T { wnen
der | N vellooen | S | TG | e | D
(it R+ ¥ o Jatota R
Lngland
and Wales
121 — | 2387 | oor 41 123 8,354
1038 1,991 740 | sey 205 43 4357
1087 1,538 ) 445 | ase s 59 2,822
Srotland
1937 -— a3 14 18 7 763

England and Wales made in 1949 by a Committee of the Medical
Resesrch Counal under Professor G. S. Wilson stated that in
094 cases of non-pulmonary tubereulosis in England, 787 pet
cent of the patients were infected with the human and 263 per
cent with the bovine type of tuberculosis. An analysis of .thc
hgures showed that the bovine type of bacillus was {e.sponslbk
for approximately 28 per cent of all cases of meningitis, 57 pe;
cent of cases of cervical glandular tuberculosis, 16 per cent o
cases of bone and joint disease and 20 per cent of cases 0;
genito-urinary disease, In sl these groups the proportion 0
bovine-type infections was higher in children than in adulgl-
The pastennsation of milk for infant feeding and for the sch

services hos certsinly lessened the risk of infection, et there sre

¢ "
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The regional distribution 1s probsbly due to the fact that in
the N.E. of land, particularly in Al 1 the ma-
dence of tuberculosis in cattle 1s hugh, and the high incrdence in
humans which 1s entirely rural, may be due to direct respiratory
infection of men attending cattle, which, because of the more
rigorous winter conditions, are kept mn byres for a longer penod
than is usual in the southern parts of the country.

TaBLE 53
CALCULATED NUMBER OF DEATHS IN ENGLAND AND WALLS AND
S IN 1637, DUE TO INFECTION WITH THE BOVINE TYPE
OF TUBERCLE BACILLUS, ALL AGES,

(From G S Wilson, The Pasteunisation of Milk, 1042,

Foghnd Soothad

Tota1 | Bovine [per o] Totar | Dovine foer cent
Dertns | Deatts | Bovine| Deathe | Deachs [ Bovia

Respiratory . 20070 | 836 [ 1412791 | 151 | 54
Central nervous system <] troef az1 234 ] 94| 108 | 272
Intestines, pertoneum ore| s53] 82 we [ 92 [s07
Bonesandjamts , . .| &9 185 | 23 83| 19 |23
Lymphatic” system, bronehial

and glands, ete 432 92 | 21 51 17 | 80
Disserninated . .| nese| s e wo| 22 (m

28,529 | 1,603 56| 3,663 404 f 110

‘Total for U.K —deaths = 82,192 Total bovine denths = 2,007}
Bovine deathy = 2,007 Total bovine resprratory deaths,
Pecentagebovine = 82 fe pulmonary TB of bovine

rigin =487
Pulmonary bovine T B as per

centage of total bovine TB

deaths =2

This 35 borne out by the statement of Cutbill and Lynn
(1944) who found X6 per cent of hovine-type mfection m 2004
cases of phthisis which had not been 1 contact with cattle,
compared with 16 4 per cent mn 97 cases of phthisis which had
been in contact with cattle. This emphasizes the possibiity of
the respiratory transfer of the bovimne bacillus from cattle to
man. The importance of direct inhalation infection With the
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an investigation was carricd out in Seotland by Professor
Blackloek on surgical tubereulosis of bovine origin,  He found
that 13 per cent of the town cases and 81,6 per cent of the countey
cases were infected with bovine strains, The proportion
of bovine infections was almost & times higher in the rural
areas as compared with the urban. The enuse of the ighes
meidence of bovine infections in rursl as compaved with urban
areas depends upon many factors, the most important of whith
is the milk supply. In Scotland the number of attested herds
is high, therc being 4188 such herds in existence in 1944,
and 18,618 in 1930, representing increnses of 50 and 400 per
cent respectively since 1035, In the towns the mitk supply is
Iargely in the hands of the big dairy companies which together
with the Milk Marketing Boards adopt a high standsrd for safe
milk and wuse heat treatment extensively. In rural aress,
however, where the volume of milk is small and where, in the
absence of cfficient hent treatment, the consumer is fiable fo
receive large doses of any infecting organism, the danger from
the bavine type of tuberculosis js naturally grester. In the
targe eities of Scotland st was found that 20 1 per cent of purely
tub gical conditions (glandular, bone and joint,
genito-urinary and sbdominal tuberculosis) were of bovine
ongin while in the rurnl aveas the figure was 45-¢ per cent.
Pulmonary Tubercutosis —VWiile pulmonary tuberculosis
is chiefly of the human type, it hing been shown that a certam
amount is of bovine ongin. Table 53 shows that in 1037, l_’"‘
of 2007 * bovine * denths, ¢87 were of the pulmonary type, ie
24 per cent; of 26,761 respiratory deaths the percentnge due
to bovine bacilh was 19, The incidence of bovine pulmonary
\: tosis has a ver: qual distrit hrough .‘fhe
countsy. The latest figures for the freidence and distribution of
bovine pulmonary T.B. have been supplied by Professor
G. S. Wilson {December 1950} and are as follows :

*
Dutdes DUy SAIAOS8 | Tayiye Sartug otsted
England, South Wrles 000 per cents
Wales . . . . 1o,
Fngland, North and Midlands 200 o
Scotland, eecluding Narth-Fast s

Srotiand, North-East
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The regional distribution 1s probably due to the fact thatn
the N.E. of Scotland, particularly in Aberdeenshire, the maer-
dence of tuberculosis in cattle 1s high, and the high inerdence in
humans which 1s entirely rural, may be due to direct respiratory
infection of men attending cattle, which, because of the more
rigorous winter conditions, are kept i byres for a longer period
than is usual in the southern parts of the country.

TanLE 53
CALCULATED KUMBER OF DEATHS IN ENGLAND AND WALES AND

S IN 1937, DUE TO INFECTION WITH THE BOVINE TYPE

OF TUBERCLE BACILLUS, ALL AGES

(From G S Vilson, The Pasteurisation of Mk, 1042 )

Englaod Seottand
Ty | Bovine [per cemy i | Boviye {Per centl
ol | Dot [Fiavien) Delel | Bt [oviee
Respiratory . |2z970] 836 | 14| 2701 [ 151 ] 54
Central nervous system o vresd o421 g 294 874 | 103 [ 272
Intestines, pentoneum . 678| 54| 82 159 | 92 | 807
Bonesandjomts . . .| 509 185 [ 23 B3| 19 (=23
Lymphatic' system, bronchial
and glands, ete 432 o2 {21 5| 17 [ 8
Ihsserminated . .| vese) 65| 6 wo [ 22§11
28,529 11,603 56| 8663 | 404 { 110
Total for U K —deaths = 32,192 Total bovine deaths = 2,007|
TBovine deaths = 2,007 Total bovine respiratory deaths,
Peicentage bovine = 62 ie pulmonary TT of bovine

ongin =487
Pulmonary bovine TR as per-
centage of total bovine TB
lenths =24

This is borne out by the statement of Cutbill and Lynn
(1944) who found 1:6 per cent of bovine-type infection m 2004
cases of phthisis which had not been mn contact with cattle,
compared with 16-4 per cent in 97 cases of phthisss which had
been in contact with eattle. ‘This emphasizes the possibility of
the respiratory transfer of the bovine bacillus from cattle to
man. The mportance of direct inhalation infection with the
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an investigation was carried out in Scotland by Professor
Blacklock on surgieal tuberculosis of bovine origin, He found
that 18 per cent of the town eases and 316 per cent of the country
cases were infected with bovine strains, The proportion
of bovine infections was almost 8 times higher in the rural
arcas as compared with the urban. The cause of the higher
incidence of bovine infections in rural as compared with urban
areas depeuds upon many factors, the most important of wheeh
1s the milk supply. In Scotland the number of attested herds
is high, there being 4188 such herds in existence in 1944
and 18,518 1 1950, representing increases of 50 and 400 per
cent respectively since 1939. In the towns the milk supply is
largely in the hands of the big dairy companies which together
with the Mtk Marketing Boards adopt a high standard for safe
milk and use heat treatment extensively, In rural sress,
however, where the volume of milk is small and where, in the
absence of cfficient heat treatment, the consumer is liable to
recewve large doses of any infecting organism, the danger from
the bovine type of tuberculosis is naturally greater. In the
Targe cities of Scotland it was found that 20-1 per cent of purely
tuberculous surgical conditions (glandular, bone and joints

ito-urinary and abdominal tul losis) were of bovine
origin while in the Tural areas the figure was 454 per cent.
Pul ry Tuber is.—While pul y tuk Josis

is chiefly of the human type, it has been shown that a certail
amount is of bovine origin. Table 53 shows that in 1937, {’“t
of 2007 * bovine * deaths, 487 were of the pulmonary type, 1¢
24 per cent; of 26,761 respiratory deaths the percentage due
to bovine bacilli was 19. The incidence of bovine pulmonary
tuberculosis has a very unequal distribution throughout the
country. The latest figures for the incidence and distribution of
bovine pulmonary T.B. have been supplied by Professor
G. S. Wilson (December 1950) and are as follows :

Distrlet Number of bt | Bovine Bactlus soated
England, South Wales . . 089
Yales - - - 201
England, Narth and Medlands 3,219
Scotland, excluding North-East 1,797
Scotland, North-East . . 972
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The regional distribution is probably due to the fact that in
the N.E. of Scotland, particularly in Aberdeenshire, the mnci-
dence of tuberculosis in cattle is high, and the high incidence m
humans which is entirely rural, may be due to direct respiratory
infection of men attending cattle, which, because of the more
rigorous winter conditions, are kept in byres for a longer pertod
than 15 usual in the southern parts of the country.

TABLE 53

CALCULATED NUMBER OF DEATHS IN ENGLAND AND WALLS AND
SCOTLAND IN 19387, DUE TO INFECTION WITH THE, BOVINE TYPE
OF TUBERCLE BACILLUS, ALL AGES

(From G § Wilson, The Pasteunisahion of Milh, 1042}

Englna goottand

Totat | Bovine [Per cent| Total |Bovioe {per cent)
Deathn | Deaths | Bosine [ Deaths | Deatds | Bovine

Respiratory . .Jza970| s36 | 14| 2701} 151 | 54
Central nervous system 1708 | 421 {234 | 37 | 108 | 272
Intestines, pentoneum 676 | 534 82 150 92 | 507
Bones and joints 569 | 185 | 23 B3 i 19 | 23
Lymphatic system, bronehial

and glands, ete 42| 92 |2 s7| 17 |80
Thssemninated 2056 85| 8 Wi 2N

28,529 | 1,603 | 56 3,663 [ 404 | 120

‘Total for U K.—deaths = 32,102 Total bovine deaths -
Bovine deaths 007 Total bovine respiratory deaths,
Pacentagebovine = 62 ie pulmonary TB of bovine
orlpn =487
Pulionary bovine TB a3 pér-
centage of total bovme TB.
deaths =24

This is borne out by the statement of Cutbill and Lynn
(1944) who found 16 per cent of bovine-type infection in 2004
cases of phthisis which had not been m contact with cattle,
EC'l'nmu'ed with 16-4 per cent m 97 cases of phthisis which had
been in contact with cattle, This emphasizes the possibility of
the respiratory transfer of the bovine bac\llus from cattle to
man, The of direct mhal: ion with the
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bovine type of tubercle bacillus has not received the same at-
tention in this country as it has in Sweden (Hedvall, 1042) and
in Denmark (Sigurdsson, 1945). Sigurdsson, as a tesult of &
very extensive study of bovine tuberculosis in rural populations
in Denmark, states: ** Bovine infections in man are in direct
relation to the degree of tuberculosis in the cattle which the
respective persons have been in contact with, The bovne
pul y tuberculosis has to be d quite preponderantly
to have arisen from inhalation infection—during the work of
the patients i the cow stable. The rural population is in need
of information about the danger of inhalation infection present
in tuberculous infected cow stables. Without complete anni-
hilation of tubcrelosis among cattle this disease will never be
cradicated 1n man.”

Magnusson (1942), writing concerning the incidence of
bovine tubereulosis in Sweden, emphasizes the danger children
1un when they play in infected cow sheds and points out t?mt
it is not enough to exclude tubereular animals from eradication
areas, because persons with bovine phthisis can easily infect the
herd. In Denmark not only is it authorized to remove tuber
culin reacting animals from the herd but to remove also any
person associated with the herd who himself or herself is found
to have tuberculosis.

Several workers have emphasized the correlation between
tut 1 and the ption of meat and milk, stressitg
the importance of an adequate protein intake in combatting the
disease. It has been suggested in some quarters that su‘bawie
infections generally, including tuberculosis, produce nitroget
waste or depress nitrogen retention and that therefore to main-
tain & positive nitrogen balance the individual must have a diet
which provides & larger amount of protein than that required
for a normal person. An objection to much of the work or
nitrogen balance in tuberculosts is that sufficient note has not
been taken of the fact that rest in bed alone will cause a signifi-
cant negative nitrogen balance in a normal adult even when
the Calorie and protein intakes are adeguate. This would
seem ta explain some of the statements made concerning the
increased requirement of protein in cases of tubemulczsxs. As
Jong as the matter is in doubt the only safeguard in the interests
of the patient 15 to determine the nitrogen balanee and act

accordingly.
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Attested Herds.—It may not be known generally that
calves and pigs are very susceptible to infection by the bovine
tubercle bacilh in milk, whey, skim milk and other products of
darry farmung. Cattle are also susceptible to the organism
Brucella abortus, which causes undulant fever, a fever not un-
common in man. In mlk there are found numerous colontes of
pyogente streptococer which play a promment part i ik«
borne epidemic disease. These organisms, which cause ton-
sifhtis, scarlet fever, epidemuc sore throat, erysipelas and other
septicerue conditions are found in the udder of the cow.
Many of these bovine P 1 (heemolyti
streptococet) are of human ongin.

It is elear that there 1s a milk problem which is bound up
on the one hand with the nutritional condition of young and
old but particularly of the young, and on the other with the
improvement of the breeding of dairy ecattle. It 1s true that
6 to 7 per cent of the farms m this country produce tubercle-
containmg milk, and 18 to 20 per cent of all cattle and about 30-85
per cent of milch cows react to the tuberculin test, Eradication
of the tuberculin reacting cow from the herd 1s a matter of
first importance and unfortunately in this country 1t has not
received the attention given to it 1n such countnes as Sweden,
Denmark and the U.S A. In Denmark 1n 1932, bovine tuber-
culosis was as rife as it was i this country mn the same year,
To-day, as a result of the combmed activity of vetermary
authorities and the farmmg community, the disease has been
eradieated. In the U.S.A, there were about 68 per cent of
tubercular cattle m the year 1917. As the result of a drastic
plan of eradication whereby all tuberculin tested reactors were
slaughtered, the percentage of cattle reacting to tuberculin was,
1n 1942, 0 25 per cent. This was accomphshed in a matter of
25 years. Of this campaign 1t was said that nothing could be
more wasteful, extravagant and unproductive of real results ;
the results, however, speak for themselves and one of them 1s
that bovine tuberculosis has My been erad d m the
US.A.
. Table 54 shows the number of cattle, attested herds, cattle
in these herds and the pereentage of attested to total cattle in
England, Wales and Scotland.

Under the Tuberculosis (Attested Herds) Scheme 1950,
Scotland 1s in the most favourable position ; the Shetland Isles
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were the first county to have 100 per cent attested cattle;
many counties, such as Ayr, Bute, Dumfries, Renfrew, Wigtown,
Kirkeudbright, have over 70 per cent attested eattle in their
herds. In Wales, Cardigan and Carmarthen are the only
counties which have over 70 per cent. In England, the Isles of
Scilly have 100 per cent attested eattle; only one county,
namely Westmorland, has over 60 per cent attested eattle.
From these figures it is evident that much remains to be done
TapLE 54
TUBERCULOSIS (ATTESTED HERDS) SCIEME
Position of “* Attested Ilerds**
From the Minstry of Agriculture and Fisheries, Animal Health Division

Number of
Fomberof | Number of
couotey Total Cattls Rl | e CGattlo I
2rd June, exds aa ot { Tlerds a8 8t | yierds psat
* | 20th Sept., | Soth Nov,
. 1949 Yo 1050 ’m;‘,m’“

g
&

England . .| 6,700,095 | 24015 | 23375 | 1,0123%0
Wales . .| 985381 | 15164 | 15420 | 311,490
Scotland . . (1,568,570 | 13,303 | 13,518 | 658450
Total Grest Britun 9,203,035 | 52482 | 53,822 | 2,042,270

and * there is therefore every reason for the medical and vcte.ri-
nary professions to collaborate in aiding the farming community
and the public to elminate tubercle bacilli from the environ-
ment of animals and man 1 Great Britain > (Francis, 1950).
The reasons for the production of safe mlk—milk free from
pathogenic i e and are dly wel
founded. The methods by which the desired aim may be
attamed are: the clmmation of tubercular infection from
animals and from human personnel and the destruction of
pathogenic orgamsms in milk.

METHODS FOR PASTEURISATION OF MILK

Pasteunisation of milk began on a commercial seale in the
large towns of this country about the beginning of the present
century. Its whole object was to destroy the common pnth?t‘
genic organisms which oecur in raw milk and thus render i
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safe for human consumption The origmal method was to
heat milk to about 170° F. for a very short period and to cool
it rapidly : this was essentially a “ flash ** or short tume high
temperature process, but it was entirely uncontrolled with
regard to time.

The Holder Method.—Mast of the milk i this country
is pasteunsed by the “ holder method ”, which consists
heating the milk to not less than 145° and not over 150°F,
keeping 1t at this temperature for 30 minutes and then coolng
quickly to a temperature of 50°F. The nutntional losses
oceasioned are about 20 per cent of vitamin C, a loss mostly
due to exposure to light and not to the process per se, and 10
per cent of vitamun B, Certam enzymes are destroyed,
particularly the enzyme phosphatase, the absence of which 1s
used as a test of efficient pasteunsation. These enzyme Josses
are, as far as we know, without nutntional sigmficance. Milk
pasteurised by the Holder method will keep for 48 hours at
70°F. and for 72 hours at 60°F, When the milk has been
bottled 1ts keeping properties may be much reduced bottles,
unless sterlised, may be responsible for rapid sournng of the
milk.

The High Temperature Short Time [H.T.S.T.] Method.
This process, with accurate control of temperature, time and
milk flow, has proved to be very satisfactory for pasteurismg
milk. The mlk is heated to 2 temperature of 162° F. and held
for a period of 15 seconds. With the use of thermocouples, an
aceurate flow control deviee, a continual record of temperature
and a flow diversion valve for diverting any milk shich has not
been correctly heated, the method can be made almost entirely
automatie. The film of milk as 1t passes over the heater is not
more than 0 01 inch thick, thus ensuring that every particle of
mulk 1s heated. The milk 1s rapidly cooled to a temperature of
40°F. The details of the method are diagrammatically shown
m Fig. 45. A typical install capable of handhng 3000
gallons of milk per hour, is shown in Fig. 48, 'The temperature
and time of exposure are ample to kil all tubercle baalli n
the milk treated by this method. The H.T.S.T. method was
first used i this eountry in 1923 and was officially recognized as
 statutory process in 1941, Its great advantages are economy
of plant, floor space and time. It 15 a method of precision
based on sound scientific principles. The destruction of
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vitamins C and B, is practically the same as with the Holder
process. In all pasteurisation methods, the milk 1s rapidly
cooled to prevent the multipheation of heat-reslstmg non-

The iency of these 15
fested by determining whether the enzyme, phosphatase, has
been destroyed. To destroy the enzyme, the temperature
must be shightly higher than that required to kill tubercle
baall,

Sterilised Milk.—There is a growing demand for this type
of milk. In 1ts preparation it is heated to 212°F. and often
higher for varying lengths of time. Sterilised milk tastes and
keeps well; vitamm C and B, are destroyed to one-half and
one-third of their original content in raw mulk. The biological
value of the proteins 1s said to be but slightly reduced.

“ In Bottle "' Pasteurisation.—In this method mlk at
147° F. 1s filled mnto sterilised bottles, and the milk held at 145°
F. for 80 minutes and then cooled. The method 1s ideal, but it
requires extensive plant and much floor space. It would, how-
ever, guarantee the delivery of a milk safe from all pathogeme
organisms,

OTHER HEAT TREATMENT PROCESSES

Dried Milk. (¢) The Spray or Atomiser Process.—
In this process precondensed milk is sprayed m a current of
heated air 1 a specially designed chamber. Spray dned milk
is almost completely soluble in water and 1s therefore easily
reconstituted ; the nutrient losses are as for the Holder process,
namely, protein 5 per cent, vitamin B, 10 per cent and vitamin
C 20 per cent.

(5) The Roller, Drum or Film Process.—Roller dried
mulk, produced by heating a thm film of milk on revolving
cylinders, heated internally by steam, 1s less soluble, and
suffers shghtly greater destruction of its vitamms and protein,
than does spray dried milk, The milk may be dmed at
barometrie pressure by to a high
in vacuo at a much lower temperature. Most of the dried mllk
in tlus country 1s prepared by the roller process, The roller
dned powders contmmg fat {full cream snd part eream) appear
to keep better than do the spray dried. National dred milk
prepared m the U.K, is roller dred : there are two varieties,
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full eream with 27 per cent of fat, 26+5 per cent of protein and
875 per cent of lactose, and half eream with 16:5 per cent of
fat, 81 per cent of protein and 48 per cent of lactose. Since
1945 all national dried milk has been fortified by the addition
of 280 i.u. of vitamin D per oz. of the powder, the vitamin con-
centrate being added direct to the milk before it is dried. No
national dried milk is on salc to the general public; it is re-
tained for imfants up to two years of age and is obtained only
under the Welfare Foods Scheme.

Full cream and half cream dried milk powders keep well of
hermetically sealed and kept under an inert gas; they are
hygroscopic and exposure to air results in oxidation processes
which lead to deterioration of the powder.

Dried skim milks, where much of the fat has been remuve'd
to enhance the keeping quality of the produet, are very nutri-
tious for all except infants. With the absence of the fat, avalu-
able nutrient is, of course, missing, but nevertheless the r'nﬁk
still contams 1ts quota of animal protein, mineral salts, ribo-
flavin, thiamine and lactose.

Condensed Milks.—The thick, unsweetened variety 15
evaporated in vacuo at a low temperature, it is then placed m
tins, sealed and sterilised at a temperature of 240° F. Vitamin
C is reduced 60 per cent or more: the biological value of the
proteins is definitely but not greatly reduced. If the milk be
sweetened by the addition of cane sugar, 1t 15 then not exposed

to such high temperatures as the unsweetened article. Cane
cwem ek o= Ball LI ackeiafan 28 aTeawt i wne cand effectively
°F. (boiling
preparation.

The amount of nutrients Temains practically the same as that
of the raw fresh milk. Dried milk is concentrated to about
7} times, evaporated or condensed milk to about 2} times the
strength of the original mlk. .

With these methods for the production of safe mulk, it I
somewhat strange that full accord on the subject of pasteur
isation has not been reached. It is nevertheless true that for
many, heat treated liqud mulk is unacceptable. ¢ In the neat
future it will almost certainly be a national requirement.that
all milk sold for hquid consumption shall either be eh‘echyely
pasteurised or shall be from diseasc free animals.” (K&

1042).
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MILK DESIGNATIONS

Of the milk-borne diseases which call for ehmination 1n the
interests of human welfare and agricultural economy, tuber-
cutosis and brucella infection are the most important. Upon
their successful control or elimmation the solution of the
problems of milk production largely depend. In order to
improve the quality of the mation’s mulk supply veterinary
mspection is regulated and mulk 1s produced under several
designations : e.g., tuberculin tested (T.T.), accredited, pas-
teurised, sterhsed. These des:gnations differ somewhat for
England and Wales, and for Scotland. They are as follows :

England and Wales.—The Milk (Special Designation)
(Pasteurised and sterilised) Regulations, 1949, No. 1589.

These regulations came mto operation on 1st October 1949,
as a result of the combined action of the Minister of Health and
the Mimuster of Food. They re-enact, with amendments, the
Milk (Special Designations) Regulations 1936—48 n so far as they
relate to pasteunsed milk and provide for a new special desig-
nation * Sterilised Milk ”. They are therefore concerned only
with special designations of heat treated milk, the descriptions
beng *“ Pasteunsed ”* and * Sterilised >,

Pasteurised Mith. The following conditions apply to milk in
relation to which the special designation ** Pasteurised * 1s used :

The milk shall be pasteurised, that 1s to say

(a) retammed at a temperature of not less than 145° F. and

not more than 150°F. for at least 80 minutes and be
d cooled to a of not more than

50°F.; or

(b) retained at a temperature of not less than 161° F' for at
least 15 seconds and be immediately cooled to a tempera-
ture of not more than 50°F , or

{c) retamed at such & temperature for such a pertod as may
be specified by the licensing authonty with the approval
of the Minster

L S R T R T

atmospheric contammation by dust or otherwise; that the
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method by which the temperature of the milk or the medium by
which the milk is to be maintained at any temperature shall be
automatically controlled; that where the mlk is heated to 8
temperature over 150° F. a device shall be installed which will
sutomatically divert the flow of any milk which is not raised to
the authorized temperature. The milk so pasteurised must
before delivery to the consumer satisfy the Phosphatase Test, a5
also the Methylene Blue Test, both of which are fully desenibed
in the regulations. From 1st October 1950 until 1st October
1951, the regulations demand that milk which is pasteurised in
bottles shall be delivered to the consumer in those bottles, and
milk which is pasteurised in containers other than bottles shall
be put into the containers in which 1t is to be delivered to the
consumer only by & person holding a licence under the regu-
lations to use the special designation * Pasteurised " and on
the premises named in that person’s licence. Containers in
which the milk is transported, exposed or offered for sale shall
be conspicuously and legibly marked with the words ¢ Pasteur-
ised Milk *.

Sterilised Mill. The regulations which apply to milk for
which the special designation ** Sterilised ** is used require that
the mulk be fltered or clanfied, homogenised and heated to and

intained st such a temperature, not less than 212°F., for
such & period as to ensure that it will comply with the Turbidity
Test which is prescribed m the schedule; and be treated 1
bottles in such a manner that on completion of the treatment
the bottles shall be sealed with an airtight seal. It is also
required that thermometers and pressure gauges be installed
in suitable places in the apparatus; and that a sample of the
milk taken after treatment and before delivery to the consumer
shall satisfy the turbidity test. Every bottle in which the milk
1s transported, exposed or offered for sale must be conspicuously
and legibly marked with the words  Sterilised Milk” or
«rpyberculin Tested Milk (Sterilised) ” as the case may be.

The Milk (Special Designation) (RawMilk) Regulations,
1949. No. 1590, These regulations re-enact with amendments
the Milk (Special Designations) Regulations 1936-45 I SO far
as they relate to raw mulk. The special designattons authorized
by these regulations which may be used in relation to milk ate
«Tyberculin Tested * and « Accredited . Subject to the l'e’
strictions on the use of the special designation < Aceredited "
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mposed by the Milk (Special Designations) Act 1949, a licence
authonzing a person to use the special designation * Tuberculin
Tested ** shall entitle him to use the specral designation * Ac-
credited ™ 1n relation to the milk to which that hicence applies.
This permission is valid only for a period of 5 years from the
of these or for such shorter period
as the hieence may be n force
All producers’ hicences granted on or after the commence-
ment of these regulations to use the special designation
““Tuberculm Tested ” m relation to mulk produced from
attested herds are vahd only for a peniod of 5 years from the
date on which the licence was granted. If an application for a
licence is Teceived after 30th September 1951 and before Ist
October 1954, to use the special designation * Tuberculin
Tested ™ m relation to milk produced from herds not bemng
attested herds, the licence shall be granted only for a period of
3 years and 1s thereafter not renewable. After 80th September
1954, no licence will be granted to an application unless the
herd m respect of which the licence 15 applied for 1s an attested
herd With regard to the designation * accredited ', appl-
cations Tecerved before 1st October 1952 m relation to mlk
produced from any herd shall be granted for such part as there
then remans of the period of 5 years from the commencement
of these regulations and shall not then be renewable After
80th September 1952, no licence to use the special designation
* Aceredited ” shall be granted.

Scotland.—The Milk (Special Designations) (Scotland)
Order, 1951 No. 644 (S.31).

These designations have their orgm 1n the Mk {Special
Designations) Act, 1949. Certamn changes have been made;
the designations * Certified ”, * Tuberculin Tested”* and
“ Pa.ste\msed " are recogmzed as before and the designation

b Tested (P d}” may to be used.
No new “ Heat Treated ™ lAcences will be granted and all
Leences to use this special designation will end on 81st December
1951. After 30th September 1952, no applications will be
recetved for hicences to use the special designation “ Standard
and after $0th ber 1954, this will be dis-
contimued. A new designation * Sterilised > has been mtro~
duced in this Order.

17
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No licence wiy be granted to use the speeinl designations
** Certified ™ ang Tubereulin Tested " after 80th September
1354, unless the mi to which it referg has been produced from
an attested herg, At Present if the herd jo 10t an attested one
eertain conditions bave to e fulfifled, namely : every anjma
inthe herd st bcsubmxtted ton tubereulin test bya veterinary
inspector; e Amal may be adged Yo the herd unless it has
passedd & tuberenlin et within 14 days before jt is 5o sdded;
every aramslin the herd must be suitably marked for the Purpose
of sdentifieation ond must pe egistered ; every animal in the
herd must be submmutted 1o examination bya veterinary inspector

remaved from the herd,
Certified Atiyy;, Tt xs Tequired that all milk i this entegory
¢ eooled immediately upon production to g temperature no_!
exceeding 50° P, gnq immediately pfter cooling placed in refail
CONLAmErs on the premyges where it was produced, Every such
contamer must beay 1 SOme prominent position the name of !hf
Premises where the yi; ¥as produced nnd the words * Certified
M " The ik st not at any stage be trented by heat orir
any manner likely to affect its nature or qualities and any
sample of the nulk taken alter coaling and before ﬁeiiver}'. to the
consumer must not comtam more thay 30,060 baeteria per
mllditre nor coliform bacteryy in one tenth of » millitre, 3
Tuberenlin Testpd Mtk After produetion gl such milk
must be cooled on the Premises to 5 temprrature not exceeding
50°F. It must be placed in retqij containers marked with the
words ** Tubereuly Tested Mk ™ o i unventilsted bulk
tontainers similatly Iabelled, The milk must not be treated
by heat nor sn 3y manner hikely to affoet its nature or gualities.
Any sample of the milk taken nfter cooling but before delivery
tothe consumer must not contain mate than 200,000 bacteria per
nithitre nor coliform bacterin in one hundredth of a mxﬂlh'frb
Standard Milh. Every mui €OW in n herd producing
" Standard Milk ™ must be Swtably marked for the purpose of
Identification, tmust be submutted to an examination by a veter-
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showing evidence of disease likely to affect the milk mjuriously
must be segregated or removed from the herd It 1s further
required that immediately upon production the milk be cooled
to 2 temperature not exceeding 60°F., be placed in retail
containers bearing the words * Standard Milk ” and the name of
the d or in lated bulk similarly
labelled. The milk must not be treated by heat nor n any
manner lLikely to affect its nature or qualties. Any sample
of the milk taken after cooling but before delivery to the con-
sumer must not contamn more than 200,000 bacterta per milli-
Iitre nor eoliform bacteria in one hundredth of a mullilitre

PasTEURISED, HEAT TREATED AND
STERILISED MILE.

Pasteurised Milk. Special conditions apply to those holding
licences authomzing the use of the special designation * Pas-
teunised ”. Brefly, they are that the milk must be pasteurised
by (a) being heated for a period of 80 minutes at a temperature
not less than 145° F. and not more than 150° F and immediately
cooled upon termination of the period of heating to a temperature
not more than 50° F', or () being heated to and mamtained for
a penod of at least 15 seconds at a temperature not less than
161° F. and not more than 178° F. and immed:ately after the
termnation of the said period cooled to a temperature not more
than 50°F. It s further required that the apparatus in which
the milk 1s pasteurised be satisfactory to the local authonty ;
this means that the apparatus must be provided with a device
which will automatically prevent any mulk not raised to 161° F.
from flowmng mto the cooler. Recording thermometers must
be mstalled 1 suitable places and every record made by =
recording thermometer must be marked with the date on which
1t 15 made and preserved for a peniod of not less than 3 months
The mulk so produced must, immediately after cooling upon the
premises 1n which 1t was pasteurised, be put into retail containers
bearing the words “ Pasteurised Milk ” and the name of the
holder of the licence If the container be a bottle the name of
the licence-holder and the words * Pasteurised Milk * should be
borne on the cap If the milk be put into unventilated bulk
containers it must be sumilarly labelled.  Any sample of the milk
taken after pasteurisation but before dehivery to the consumer
upon bemng tested must {e) on submission to a phosphatase test
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give a reading not exceeding 23 Lovibond blue units and {6}
be found ta contain no coliform bacteria in one hundredth of 2
mallilitre.

Hrat Treated Milk. The milk must be treated by heat in
apparatus of such a type and by such methods as are satisfactory
to the local authority. The milk must not at any time be or
have been raised to a temperature of more than 178° P
and immedintely nfter heat treatment it must be cooled to a
temperature not cxeeeding 60° F.  After eooling the milk must
be placed in retail containers bearing the name of the premises
where 3t was produced and the words * Heat Treated Milk ™,
or m unventilated bulk containers similarly marked. Any
sample of the milk taken after heat trentment but before
delivery to the must, on submission to a phosphat
test, give a reading not exceeding 23 Lovibond biue units.

Sterilised Milk;,  After being filtered or clarified, and homo-
genised, the milk must be sterilised by being heated in eapped
bottles to and maintained for 50 mi at & temperature nob
Iess than 220° F. and not more than 235° F., so that on completion
of the treatment the bottles are hermetseally sealed. The bottles
must bear the name of the premises where the milk was sterilised
and the words * Sterthsed Mik ™, It is required that ther-
mometers and pressure gauges be inserted in suitable placesin the
apparatus to mdicate the tempersture to which themitk was raised
and the pressure to which it hns been subjected, The bottles
must remain hermetically sesled until delivery to the consumer.
Any sample of the milk must satisfy the turbidity test.

The Order contains full particulars concerning the necessary
tests—the bacterial count, the phosphatase and turbidity tests.

THE EXAMINATION OF DAIRY HERDS

Where before st October 1954, apphceation is made for a
producez’s licence to use the speesal designation “’ltubcrculm
Tested ** and the herd m respect of which the heence is aPEhcd
for is not an atlested kerd, 1t 1s necessary to furnish the Minister
of Agrieuiture and Fishenes with :

(4} w certificate of 5 tubercubn test of every ammal in the
herd at the date of the sppheation, the test to be .car{xEd ont
not more than one month before the date of application and
distinguishing every anumal by its identification mark ;
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(b) a veterinary surgeon’s certificate of an examnatjon of
every animal n the herd at the date of the application carried
out not more than one month before that date.

It 15 also necessary to satisly the Minister that any animal
reacting to the tuberculin test has been removed from the
herd and that any animal showing evidence of any discase
which is likely to affect the milk injuriously has been segregated
from the rest of the herd or removed from it

It is also required by the regulations that if & person apples
for a hicence before 1st October 1952, to usc the special desig-
nation “ Aceredited ™ he shall

{a) furnish the Minuster of Agriculture and Fisheries with a
veternary surgeon’s certificate of examnation of the milch cows
n the herd carned out not more than one month before the
date of appheation ;

(b) satisfy the Mimster that any such cow which has been
certified as showing evidence of any disease likely to affect the
milk mnjuriously has been segregated from the rest of the herd
ar removed from 1t, as the case may require.

The Tuberculin Tested Herd.—Special conditions have
been set forth upon which hicences can be obtaned authonzing
the use of the special designation * Tuberculin Tested ”. They
are:

1. If the berd at the fime the licence 19 granted is attested
v e s by ThE

attested herd, every ammal in the herd must be submtted to a
tuberculin test by a veterinary mspector at such tames as may
be reqmred by the Mimster of Agriculture and Fisheries. No
amal may be added to the herd unless 1t has passed a tuber-
culm test within 14 days before its addition to the herd ; or, 1
the case of an animal taken directly from an attested herd or a
herd 1 respect of which a licence, authomzing the use of the
special designation ** Tuberculin Tested ** 13 1n operation on the
occaston of the last test in that herd. Withm 7 days after the
addition of an ammal other than an amimal taken from such a
herd, the certificate of a tuberculin test shall be sent to the
Minister with a notification of the date of the addition. The
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animal must be segregated from the rest of the herd until it has
been submitted 16 o tubereuhin test byra veterinary inspector
not earlier than gg days after the date of its addition, All
tubereulin tested ooy must be suitably marked for the purposes
of id(:ntiﬁcation, » complete repister of them must be kept;
they are submitteq to veterinary examination at times pre-
seribed by the Minister of Agriculture ang Fisheries and the
herd must be completely isolated from all other eattle, The
mill in relation to which the designation Tuberculin Tested
MiE * is used sust not have been heat treated, must be bottled
or placed in unventilated bulk eontamnes by the producer and
sold in such bottles Or containers,  After 15t October 1057, the
specinl designation * Tuberentin Tested » may only he used in
respect of milk from o tuberculin tested herd which is on the
Register of Attestoq Herds kept by the Munister of Agriculture
and Fisheries,

The Aceredited Herd.—-spccinl conditions have also been
iaid down in the regulations nuthorizing the use of the specia;
desygnation « Accredited ** jp respect of herds, The main con-
ditions are,

Every mileh cow belonging to the herd must be subrmitted
£0 an examination by a veterinary inspector at such times as
may be required by the Minister of Agriculture and Fisheries.
Where an animalshows evidence of any disease Likely to affect the
milk snjuriously 1t must be segregated from the rest of the herd
or removeqd from jt, The cows and milk belonging to such &
herd must be kept separate from sl other eows and milk, and
the milk for which the special designation s used must be
placed in bottles by the producer under certain conditrons

suitably Isbelled with the words  Aceredited Mk . After
the Ist October 1953 the special designation * Accrcdftqi "
will not be permitted and no applicabion to use the designation
will be granted after 80th September 1952, .
All maw mik must satisfy the Methylene Blue Reduction
Test, thatis to say, it must fail to decolorize the methylene biue
in 43 hours between 1st May and 815t October and in &% hours
between 1st November and 80th April. This test fs fully de-
seribed in the regulatians, e
Despite a high mortality, chronie invalidism and erippling
avising from bovine tuberenlosis, large numbers of the people
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in England, Scotland and Wales are still exposed to all the
dangers of raw milk. The eradication of tuberculosis from
United Kingdom herds is the very basis of the problem. But
the production of safe milk from safe cows will necessitate vast
changes in the admumstration of rany farms throughout the
fand. Farmers must be encouraged to equip ther farms with
modern appliances, to install adequate water and electric power,
and generally helped to tram therr farm personnel 1n the tech-
mques of ammal hymene. When this is done, vetermary and
medical officers will be in a stronger position than they have
been 1 the past to enticize, advise and, when necessary, to
take action, It must never be assumed that cleanhness means
safety in the production of milk. It 1s certamnly a long step
towards the desired aim, but until ail tuberculn tested mileh
cows Temain negative to the test, are free from the orgamisms
of undulant fever and all mik is bottled immediately upon
delivery, by stenhsed apparatus from the udder, then pasteur-
1sation must not be discarded. In armving at 2 farr judgment
on the pasteurisation of milk, one must be careful not to argue
from the particular to the general. Undoubtedly many parts
of the country, particularly rural areas, see httle of mulk-borne
epidemics, and are suppled wath raw milk of a lgh standard
of cleanliness, but many are not so favoured. The problems
of the rapid transportation of milk to and its delivery n large
cities will remain problems until the *“ milk-refrigerator ear ” has
become a reality  Clean mulk 1s still not safe mulk ; the bacilh
of tubercle, dysentery, epidemic sore throat, etc, can still
KIS Y a3 v
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from T.T herds and had not also been pasteurised. Pasteun-
sation 15 necessary, not that, because of it, the dangers of milk
taay be ignored, but that, knowing the dangerous possibilities
of milk, the y may be safe d while the i

of its safe production are being solved.

The Cream Line in Pasteurised Milk.—The most fre-
quent critiism levelled agamst pasteurised mulk, particularly
the H.T.S T. process, 1s that, because of the reduction of the
cream line, some of the cream has been removed  The apparent
foss of creamn 15 due to the change in the physical aggregation
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of the fat globules produced by heatng and is not indicative of
any diminution in the amount of fat or alteration in its
nutritive value,

Lactic Acld Organisms in Milk.—It is well known that
heated milk does not sour so readily as fresh milk, Souring is
due to the presence of Iactic acid bacteria found in fresh milk
by contammation after the milk has been obtained from the
cow. If the lactic acd bacteria be allowed to proliferate, the
milk may become sufficiently acid to bring about the destruc-
tion of pathogeme organisms in the milk. The milk will also
become sour due to the formation of kaetic acid from lactose
by bacterial action. Pasteurised milk in which the laehe
acd bactenn have been largely destroyed does not readily
sour on standing, but like fresh milk, if Jeft uncovered and

ted, will become unpl This is due to changes in
the nature of the protein of the milk. When milk curdles, 1t
indieates that the amount of scid formed has been sufficient
to precipitate the milk protem——caseinogen,

Upon the nddition of renmn {chymase) to milk, i clots or
coagulates ; the nature of thus change is doubtful but it is prob-
able that an msoluble calerum salt of eascin is formed. When
this sction takes place, o jelly or Junket is formed, the clot
shrinks, becomes entangled with the fat of the milk, therehy
forming the eurd or curds and subsequently expresses & yellow-
1sh flud which is called whey, The distmction between the
acid curdhng and the enzymatic clotting will be noted.

Pasteunsed mulk, unless kept for scveral hours, clats with
rennin just os readuly ns the fresh article : if 1t dsd not, it could
not be used in the makmg of cheese,  Milk which has been boited
will not clot with rennm.  Milk pasteunsed by licensed methm?s
will behave as fresh milk, pravided there is no greater delay in
using it than there normally is with fresh liquid mitk,

THE CLEANING AND STERILISATION OF
DAIRY EQUIPMENT
Stainless Steel Pasteurising Plant.~The main points
or ideration are the g of bacteria and mxlksto{le-
The best form of sterilisation naturally is water at boiling point
and the Milk and Dairzes Regulstions of 1848 require that * all
mitk utensils should be thoroughly washed with or swithout
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detergents and before being used agan should be scalded with
boiling Water or steam or otherwise effectively cleansed with an
oxidizing or preservative agent approved by the l\Ilmstry of
Agnieulture and Fisheries and the Mimstry of Food *  Before
1913 oxidizing agents were pernutted only for the treatment of
milkmng machines, but in that year the use of approved sub-
stances for the effective stertlisation of all utensils was permitted
but was not to be regarded as an alternative to boiling water or
steam. The chief difficulty with the plate type heat exchanger
used for mik pasteunsing i the HT.S.T. machmes 1s the
formation of mulkstone ; when rlk residues have hardened on
the surface or in the comners of stamless steel machinery, acids
must generally be used from time to tume for their removal,
Investigations have been carmed out designed pmmarly to
eliminate the necesslty for acids and to reduce the brushing of
plate to a A method, bed by Botham at the
12th International Dairy Congress at Stockholm in 1949, de-
pends upon the action of higher sodm phosphates on the
protems of milk scale and 1s applicable to softened or hard
water ; in this method of cleaning and steriising appamtus, the
clrculatmgwater 15 mawmtatned at 75° C , the detergent *“ Calgon™
is added to the circulating water and the water allowed to » cireu-
late for 20 minutes, Without ing the

alkali-NaOH- to give a 0 5 per cent weight {volume strength in
the machine is added; caustic soda alone or i commerctal
alkaline detergent may be used, and the circulation continued
for a further period of 20 minutes, after which the solution is
dramed off, the apparatus flushed with water at 75°C. and
finally with cold water. The advantage of this method m
preventing milkstone formation 1s that no acid is required ;
by the addition of suitable wetting agents to higher phosphate
solutions, alkali need not be used if the milk runs are sl\ort
P .

Mllk Utensils.—For cleansing and sterilising mnlk utensils
it has been found that sol of sodium hypock will
destroy the majority of bactema on the surface of utensils
provided they have been thoroughly washed and are in a good
state of repair. Solutions of sodum hypochlonte approved by
the Mimistries of Agriculture and Food are on the market under
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certain trade names—Deosan, Chloros, Dairozon, Hyposas,
Delsanex. These preparations must upon despatch from the
manufacturers® premises contain between 9 and 12 per cent of
available chlorine, not less than 0-7 per cent of sodinm chlorte
and not more than 2 per cent of free caustic alkall As the
strength of hypochlorite solutions falls off progressively, it
is necessary to discard solutions which have been kept 100
long and eccasionally to treat all utensils with boiling water
or steam.

In practice dawy utensils can be eleaned most effectively by
using & hypochlarite solution as a hot wash in combination with
& detergent, o treatment which is referred to gencrally as a
“ chlormne wash ”. The detergent assists the wetting and re-
movsl of milk residucs, therchy facilitating the penetration of
the chlorine ta all surfaces; it also minimizes to some extent
the danger of corrosion. Hypochlorite solutions are made up
in strengths appropriate to the use to which they are to be put;
the strength of the ehlorine solution being expressed s parts of
available chlonne per millon parts of water. Any mild de-
tergent (soda ash or washing soda) may be used; a chlorine
wash may be prepared by dissolving § Ib, washing soda ‘10
gallons of water at 1312°C. and addmng the stock hypoch!unts
salution.  Alf utensils are finally rinsed with a ** chlorine rinse
or water ang inverted on a switable rack to dry.

The GCleaning and Sterilisation of Miik Bottles.~The

biem of the b logically clean milk bottle is a very rea
one. Suggestions to replace bottles by enttons have been
made ; ths, however, will not easily be aceomplshed becsuse
muel eapital in the dairying industry §s sunk in bottling plants.
Grven & carton which could be sterilised, closed with a cap,
snd which would not be too readdy affected by external
condensation on the outer surface of the carton containing cold
rilk, there should be Yittle dufieulty in modifying the present
botthng methods so that by piercmg the cap of the carton it
may be filled with pasteurised milk and the appecture immedi-
ately closed.  The carton should then be placed in a refriger-
ator, debvered cold and discarded when empty, The da:ngt‘f
of using impesfeotly sterhsed bottles wonld thus be avoided,
and not only would the noise occasioned by the use of bottles
become a fading memory, but the disadvantages of thelr
fragility would disappear.
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Much careful work has been undertaken in order to deter-
mne how best to clean and sterhsenulk bottles  Hand washing,
steam sterilisation, cleansing by detergents, have all been ex-
amined. The first has been condemned, the second proved
not to be very satisfactory, the last, followed by rmsing with
hot water and external cooling of the bottle, has been found
the most satwsfactory. Several machines of new design are m
use n which the strength of the detergent 1s well controlled,
the final washing of the bottle effective 1n removing the deter-
gent and the external cooling adequate. They arc based on
comparatively recent surveys of bottle washing plants under-
taken to determine the most effecttve method for cleamng and
steriising mlk bottles, In this country the most important
of these surveys was carried out by Hobbs and Wilson, & sum-
mary of whose report to the Mimistry of Health 1s to be found 1n
the Journal of Hygiene (1943) They have made it qute clear
that the two mamn factors concerned m the destruction of
bacteria are the concentration and the temperature of the
caustic detergent used m cleanng the bottles. The required
result can be attained by using either a weak caustie solution
{1446 %) at s high temperature (160° F.) or a strong solution
(244 %) at a lower temperature (120°F.), the time of ex-
posure bemg 1 minute. If the time of exposure be 4 minutes
the strength of the solutions can be halved. The detergent
solution used 1n bottle washing machmes contamns, 1n addition
to the caustic soda, sodium metasiheate, sodimm hexameta-
phosphate, trisodium phosphate and sodium carbonate made
up in such a way as to give a proper balance between the various
qualties of fat sapomfication and dispersive power., Baottles
emerging from the detergent section i properly operated
plants are virtually stenle, The subsequent rmsing processes
expose them to bacteriological recontammation, Contammna-
tion may be avoided by the addition of chlorine to the rnse
water, a procedure not advocated by Hobbs and Wilson smee
it * 15 likely to degenerate into an excuse for dirtiness . These
authors recommend that to remove the detergent the bottles
should be internally sprayed mn the mverted position with hot
water at a temperature high enough to mhibit bacterial growth,
cooled by external rinses of water progressively decreasing 1n tem-
perature and finally cooled by a rinse with eold mains water both
internally and externally. The bottles should then be allowed
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time to drain effectively, a wide neck pint bottle for example,
should drain for 1 minute. The bottles at a temperature of
not more than 68° F. should be immediately filled with milk
and closed with a press-in disc eap and a hooded cap. The
ordinary custom of using a press-in disc cap without any further
covering is to be condemned, for it leaves the top of the bottle
open to contamination from both human and animal sources.
Modern bottle washing machines with close attention to strength
and temperature of detergents, cleaned daily with 1 per cent
eaustic soda, thoroughly washed with cold mains waterand having
all jets, manifolds and distributor bands serupulously cleaned
after each run, will produce bottles of 2 high degree of cleanliness.

It has been suggested that milk be pasteurised in the bottle.
This is a sound suggestion. It has also been suggested that if
milk were hygienically dehvered direct from the tuberculn
tested cow by sterilised apparatus to a sterilised bottle or
carton, it would not require to be pasteurised. Provided milk
bottles are cleaned by the modern methods referred to the milk
would be tolerably safe and clean and would have good keeping
properties, but, in contrast to the *“ in the bottle ” pnsteurlsed
milk, it could not be g d free from path e organisms.
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CHAPTER X1V
PROTEIN RICH FOODS
MILK : CHEESE: EGGS: MEAT: FISH

YEAST: ¥OOD SPOILAGE AND FOOR POISONING

Prorery, the essential fabric of hving tissue, is the materis
basis of all vital activity; upon its variety of structure a
drverssty of function depends—growth, repair and reproduction,
osmotic relationships, immunity and endocrine resctions. A
brief consideration of the cluef protemn rich foods, prime source

the indispensabl i ids, scems ial in view of the
important part they play in nutrition.

Mifk.—Mitk, the best and most cconomical of the snimal
protemn foods, has been considered m the previous chapter;
it will be referred to enly by way of comparison with the other
foods mentioned here.

Cheese.—~Cheese makmg, one of the primitive ants of
husbandry, was probably introduced into thes country by the
Romans. In medimval tunes the making of cheese nas one of
the chief duties of the farmer’s wife, both whole and skim m}lk
bemng used. In the sev h and oghteenth tuz
many English countics, Somerset, Shropshire, Kent, Cheshire,
to mention but & few, were known for their cheeses. Stilton
cheese 1s known as such from the fact that it was supphed to
the Bell Inn ot Stilton m Huntingdonshire on the Great North
Road, by those who made 1t at Melton ;m Letcestershare.

Compasition of Cheese.—Cheese 25 o very concentrated
protem food, and the methods of making it vary considerably.
The method 15 fundamentally based upon the followmng pro-
eesses ¢ the milk, generally pasteunsed, is heated m vats to the
required temperature; n “starter”, consiting of milk in
which lactie acid bacteria of fairly pure strain has been culti-
vated, and rentin, & proteolytie enzyme, are added ; the milkis
then left to form & curd or junket. The manner in which the
casein existing in the milk as a collowdal dispersion of 2 ealaum
salt forms & gel or clot 15 not clearly understood but the casein
gel with the entangled fat is the basis of practically all cheese.
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When the curd 1s of required consistency it is removed from
the whey, subjected to pressure and moulded nto shape. The
cheese is then rolled m ealico, stored under conditions of con-
trolled temperature and hurmdity, and left to mature. The
temperature and the degree of acidity of the curd play an im-
portant part in determunng the quahty of the fimshed product.
Table 55 shows the percentage composition of vartous well-
known cheeses . the difference m protem and fat content of the
hard in contrast to the soft or cream cheeses should be noted.
Contaming not only the protemn and fat but most of the calelum
and phosphorus and the fat soluble vitamms of the mulk

TARLE 55
THE COMPOSITION OF CHEESE
(McCance and Widdowson, M B C Sp. Rep Sertes, No 235)

o o Trom
( Cheese \ T | e fsie |pertia, | or i | meio0s

Cheddar . .| 219 | 835 | am | sn0 o057

Cream 32 | s60 | s18 20 014

Dutch . 281 | 168 | 2 | oo 0718

Gorgonrola 248 | 811 | sz | 50 050

.1 ses | 834 | e | oso 026

Parmesan ass | 207 | a7 | 1220 087

St Ty 231 | 305 | sre | 483 a7z

Stilton 251 | w00 | a5 | 362 046

from which 1t 1s prepared, cheesc 15 a most valuable food The
fat content of cheese depends upon whether 1t 15 made from
whole mulk, skim mulk or milk to which cream has been added
{cp Stilton to which extra cream 1s added) The Enghsh-made
cheeses, Stilton, Cheddar, Cheshire, St. Ivel and others have
all gained a lgh reputation. In view of the quality of the
English cheese, 1t 1s perhaps unfortunate that home production
forms such a small proportion of the total amount consumed in
this country. In 1938 the total consumption of cheese per
head per week in the United Kingdom was 2 7 oz, and of this
only 06 oz was home produced. The great and increasing
demand for fresh hiqud milk will tend to restrict the home
production of cheese for some considerable time. It is hoped,
however, that the varety of cheeses previously obtaiming, due



278 FOOD AND NUTRITION

to imports from New Zealand, Canads, Holland, France and
Htaly, will return in even greater strength in the future,  Cheese,
containing in concentrated form most of the nutritive elements
of matk and having excellent keeping qualities, should hold a
far more important place in the dict of the people than it doss
at present,

In 1885 the League of Nations standard for cheese con-
sumption was given as 6-5 oz, per head per week.  The Sticbhng
stendard (U.S.A.) is 55 oz, twhich is at least three times the
average Ameriean consumption wate, The consumption m
this country n 1938 was 27 o, per head per week,  To-day,
after cleven years of o mmimal and monotonous dret, the people
of the Umited Kingdom still find, apart from those who require
special rations, that o xation of 3 oz, of cheese per head per week
s ample  The high figures mentioned for cheese consumption
have only heen approached in Switzerland, Holland and France.
The reason for the low consumption of cheese in Great Butain
is doubtless due to the pronounced flavour of cheese. The fact
that cheese contams high pereentage of fat which 1s mtimately
associated with the protemn of the cheese recounts for ats slow
digestion ; 1n the stomach the digestive activities of pepsin in
an acid medium are delayed in virtue of the fat, but in the small
intestine, where the cheese is acted upon by trypsin in an alka-
line or neutral medium, digestion 1 practically complete.
Protemr digestson in tins case cannot be completed until the fat
of the cheese has been dealt with by the fat-sphtting ferment
m the pancreatic juice m the upper part of the small intestive.
Far from being ndigestible, cheese 15 most readily dealt with
by the ferments m the ahmentary tract and, being aimost
completely absorbed, 15 in every way an excellent foodstuff.
Frevious to the nar modern dietaries had led o the develop-
ment of an apy of delicate {1 , such as are obtaned
in frutts, meats, cggs and cheese, Tt 15 to be hoped that with
more serentific knowledge of what constitutes and produecs 8
spearfic flavour or taste, it will be possible fo market cheeses,
the taste and flavour of which would be their own recom-
mendation.

Tuberculosis and Cheese.—~To-day all cheese is manu-
factured by ial firms ; t d milk is used ; the
visk, therefore, of infection by tuberele bacilli in cheese may be
regarded as non-existent,
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Egpgs.~Eggs are very rich sources of certam body-buildmg
materials—protem, vitamins A and D and calerum, phosphorus
and iron. A hen’s egg consists of 10 3 per cent shell, 57 6 per
cent white, 821 per cent yolk. The edible portion contains
12 6 per cent protein, 11'3 per cent fat and 0 8 per cent carbo-
hydrate. The white of the egg 1s essentially a solution of
proteins (ovalbumin) and muneral salts, The yolk contamns
166 per cent of protems of which there are two, vitellm, a
phosp} of milk, and a globulin,
Inetim  The yolk 1s very nich in fat—381 7 per cent—vitamns
A and B, and contamns app hl unts of ribofl: y
vitamin D and meotime acid but does not contamn vitama C.
A companison of the nutnent values of 1 pint of mulk, 1 oz. of
cheese and 1 egg 1s given 1 Table 56; 1t shows how excellent
nutritionally these foods are

The egg, which 15 produced at a temperaturc of 108°F,
eools after laying with the result that amw 15 drawn into the egg
through the pores of the shell ; thus 1s formed the egg sac at
the broad end of the egg. The egg 1s made up of two parts,
the yolk and the white; m the former 1s the embryo which 15
kept alive by the mnterchange of oxygen and other gases between
it and the atmosphere through the fine pores of the shell. These
pores are the means whereby micro-organisms gain access to the
egg. It s therefore necessary, to maintamn the quality of the
egg, that its surface should be clean and not too porous. To
preserve the egg from micro-orgamusms—bactena, moulds,
yeasts—there are within the white of the egg natural defence
mechanisms which are enhanced by keepmng the egg in & cool,
dry place. This s the only means whereby detenoration of the
egg by agetng can be slowed down; the egg at 80°F. will n
one week suffer as much damage 1n this respect as the egg kept
for three weeks at 60°F. It 1s therefore desirable that eges
should be stored at temperatures below 50° F.

Previous to the war egg consumption in the United Kingdom
was 8 4 eggs per head per week ; of this number 1 8 were home
P Of imported eggs y Ly 90 per cent came
from non-Empire countnies—Denmark, Holland, Belgium and
Poland  To-day shell eggs are produced i Great Britain, im-
ported from Denwmark, Holland, Eire, Australia, Poland and
Canada; dried eggs are also imported from the U.S.A , Canada
and Austraha. The reorganization of poultry farming should
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in time restore European sourecs of supply lost to us during the
war. New advances in the methods for the dehydration of
foods, supervised by the Food Investigation Boand of the
Department of Secientific and Industrial Rescarch, should open
up 8 wider market in this country for eggs from China. In the
year 1937-38 Great Britain imported from China in liguid form,
the equivalent of 1000 million eggs m shell, The possibility of

TaBLE 50

THE COMPOSITION OF TUE HEN'S EGG
per 100 grome
Compaled from Nutritive Faluea of War-fime Foods, HIM S0, 1915 2nd
The Testing of Egge for Quality, 1M S0, 1949

Carto- Phot-
Nutepent (ITICIL TAL Jypia ] St oA [ VI DefCalduny saoms | g
& 3

Lggowhole't 113 {101 08 | ssofo1a| oo { 180 20 { 140
w ol wae a7t - 3000 015 { I3 495 £33] 350
5 white | 104 L] _— — ~— 5 a3 | 030} 37
o doed {458 | 420] 82 {accofesn| o | — |5} 50

A COMPARISON OF MILK, EGGS AND CHEESD

One pant of
fresh mudk
eontams | 190 | 210 | 260 | 800

One egg
waght 66

o09g | g8o | 511 § 03y | 300

twns .| 67 60| 04 528 {07

containg 71 L3 —_ 870 fow |

t By weight sncluding the shefl

transporting eggs in the dry form will give a tremendous im-
petus to this section of the trade i eggs,  The war-time seateity
of eggs hos ympressed upon most the part which they should
play in all dietaries. It 1s not too much to state that a con-
sumption tate of 1 egg per day per head of the population
should be accepted as our standard.

Meat.—The term meat includes the flesh of mnmypzds,
poultry and fish, for these are almost 1dentieal’ss far as nu.tr\twf:
is concerned. The important point with regard to meat is thal
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Tooieal

it contams proteins of high b value, Appros cly,
lean meat is made up of protein 20 per cent ; water 75 per cent ;
with a varying amount of fat within its texture. There are
practically no carbohydrates i meat; but protemn will give
rise to sugar, 58 per cent of its carbon being converted mto
glucose 1n the body. Beef, veal, lamb and pork contam from
18 to 22 per cent of protein, while the fresh organs, hiver, kudney,
tongue and sweetbreads have 17 to 19 per cent. The nutritive
value of meat 1s enhanced by the presence of fat, not that which
is seen in layers on top of the meat or under the skin of the
animal, but that within the tissue. It 1s the fat which 1m-
Droves the flavour but slows digestion. Mmeral salts and
ives add to the g taste and to the flavour of
meat, Extractives are readily soluble in water and wpon them
depends the tastefulness of the soups made from meat. They
stimulate appetite and digestion and therefore to begin a meal
with soup 1s a very sound physiological procedure. Extractives
of meat are of importance because they are of two kinds ; those
which give rise to uric acid in the body and those which do not.
Une acd is not entirely 2 waste product. a certam amount s
excreted by the kidneys, but some 1s reabsorbed by them m
order to keep the uric ac:d content of the bloed at 1ts physto-
logical level.  When there 1s an excess of urie actd n the blood
stream, there may be some delay in reducing 1t to the normal
level and 1n some cases 1t may never be so reduced. Uric acaid
is the end-product of the breakd of the nucleo-prot
which are complex combmations of protems with nueleie acid
and are found in the body as well &s n the meat ingested, It
should be noted that red muscle does not necessanly contam,
more unc acid-forming substances than white. Meats are
aad forming, not because of the presence i them of uric acid
or uric acid-forming substances, but because they contain
ly large of the Is, phosphorus and
sulphur, In meat, the balance between acid-formmng and base-
forming elements is m favour of the acid, and where there is a
Ppreponderance of phosphorus and sulphur over sodium, potas-
sium and caleium, then the blood becomes less alkahne and the
urme more acid than normal, a change which favours the
deposition of salts n various tissues.
Meat is a good source of iron, but in this respeet 1t 1s by no
means so valuable as hiver, kidney and egg-yolk. And also
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with regard to its proteins of high biological value, these are
no more valuable than those of milk and eggs. Meat is deficient
1n calcium and vitamin C; the caleium, but not the vitaminC,
deficiency can best be made good by milk. The extent to which
mtk can replace beef gs a source of certan important nutrients
is shown by comparing the nutrient content of 1 pint of milk,
which contains 19 g. of protein, with beef (40 oz, =115g )
contamning the same amount of protein :

Protein] Fat [Calctam | YO | 1r0n
Nutrlent | Cals phorus
¢ B | PR g | e

Whole milk}
(1 pint) 360 | 19 | 21 [ eso | 51 | 035
Beet (stewing)
Msg) a23 | 10 | 18 | 12 | 203 (44

Only with respect to iron and nicotinic acid is milk infenior to
beef. Meat and milk protemns are excellent sources of all
essential amino-acids and the milk fats are equally important
as sources of essential fatty acids. Another pomnt of interest
here is that meat has been shown to be rather a rich source of
anti-anzmis vitamins—folic actid and vitamin By,.

The organs, liver, heart, kidneys, thymus, pancreas, are
richer in 1ron than is muscle, but they are also richer 1n acid-
forming substances, Beef, poultry and fish are good sources
of phosphorus, fish and poultry being superior to beel. Of
fish, herring, salmon and mackerel are the best, in the order
named. Chicken has s phosphorus content parable to
that of mackerel. The whole egg comes in the same categorys
but egg-yolk 1s greatly superior to all of them in its phosphors
content.

The Ad and Disad of Meat in Kh.ﬂ
Diet—The advantages are that good meat is easily cooked, it
stimulates appetite, 15 well digested and is a fuel substanc.e
which contamns complete protemns. Its disadvantages are: it
contams more uric acid-forming substances than most foods,
a disadvantage which it shares with eggs, it is poor in calm\l“;_
and vitamns and is generally more expensive than most O
the rich protemn foods. Of the flesh foods, fish 1s generally, I
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coastal arens the cheapest ; while 1t has less ;ron and extractives
than meat, and is therefore to some never so tasty as meat,
it has & high content of phosphorus, and certam fish, such as
herring, are nich 1n vitamins A and D.

Vhile meat certanly has appetizing propertics which make
it an attractive and valuable addition to one’s dietary, it con-
tains nothing which would make 1t an indispensable foodstudf.
The gloomy picture often drawn of those who suffer from
arthnitis, chrome rheurnatism, kidney pains, mtestinal toxins,
and headaches and fatigue as a result of eating urie acid-pro-
ducing meat 1s one withwhich we are all famliar, It is, however,
not a reflection on meat but on the lack of sense not unusually
found 1n the children of men. The picture 1s true, but it is by
no means produced only by excessive meat ingestion; the
overheating of any rich protein food will produce symilar effects.
None of these effects need be produced 1n a normally energetic
individual who eats mich protemn foods 1n moderation, mcludes
Iiberal amounts of milk, fruits and vegetables 1o lus diet, drinks
plenty of water and prevents protemn putrefaction by a normal
consumption of sugar,

Consumption of Meat.—If one exammnes the pre-war
statistics of food consumption of the people of Great Britam
and the United States of Amertea, one will see certain contrasts
and parallels. From the Impenal Economc Committee’s Re-
ports on Meat and Dairy Produce, 1937-38, 1t can be seen that
the average weekly consumption of meat, ncluding veal, mutton,
lamb, bacon and ham, was 41 oz. per head of the population,
The total meat consumption per head per week for the U.S.A,
was 42 oz, ; Canada 44 oz.; Australia 61 oz. and New Zealand
70 oz. Neither poultry, which constitutes but a small per-
centage (about 4} of the total meat consumption i the Umted

Kingdom, nor fish 1s included 1n these figures. Of these ammal
products about 50 per cent 15 home produced. During the war
we were able to secure only abou\‘. 12 to 16 oz. per week of meat,
an amount das to satisfy the adult

palate, and in view of i on meat

tion, 1t is well to state what should be, or may be accepted as, an
adequate weeklyimtakeof meat. TheLeague of Nations stsndard
of 1985 was 28 oz, of meat, including fish ; the Stieb}

i, America was dual, an adequnta one of 28 oz, nnd a hiberal
one of 44} oz., made up chiefly of beef, veal and pigmeat. In
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the U.S.A. and Canada the consumption of mutton and lamb
was 2 oz. per head per week in contrast to 87 oz. per head pes
week tn this country. The days of pre-war dietetic Hberhty
having passed and the country having experienced a period of
severe restrsction of animal proteins, it may be asked, ™ What
should the optimum mest intake be 2" Dr. Wright, adviser to
the Ministry of Food, gmves it as his opinion, that the total
meat consumption should be 30 oz. per head per week™
“The subdivision of meat between beef, mutton and pigmeat
should, hoswever, follow Rritish rather than Ameriean food
habits, which nould place the dietary requirements at roughly
14 oz. of beef, ¥ oz, of mutton and 8 oz. of pigmest per head per
week."” Of this Inst smount it is suggested * that toro-thirds
should be available ns bacon and ham and one-third ss pork ™
1t will be noted, with some appreciation of the fact, that fish,
offal and poultry arc excluded from these figures. .
Differences in dictary habit, in so far as the animal proten
foods arc concerned, depend upon several factors, That mutton
and lamb as well as beef and veal should bulk largely in New
Zealand and Austral ption to the exclusion, almost,
of pigment, and that on the American continent, mutton and
lamb should suffer even a greater exclusion in favour of beef,
veal and pigment, must be attributed to ecological and economic
factors. In Creat Britam in 1938 the consumption distribution
was more even, being, for beef and veal 16-77 oz, mutton and
lamb 7774 oz., pigmeat 11:88 oz, or 46, 21 and 33 per cent re-
spectively. If Dr. Wright's suggested amounts of 14, 7 and
9 oz. for beef, mutton and pigmeat, respectively, be necepteds
there would, and mghtly, be no alteration of the pereentage
alipestions of these foods which would be 47, 28 and 30.
Post-war trends in the consumption of bacon and ham e
flect the national taste for these foods. In the first world war
Damsh supphes were cut off and by 1918 the United Kingdom
was importing from U.$.A. not. the 1918 Danish quots of 130,000
tons but 500,000 tons of bacon. Previous to the second Wt?ﬂd
war 20 per cent of aur bacon was imported from North Americs,
56 per cent from the Contment. Between 1934 and 1938 the
average consumption of pigmest was 118 oz per head per week;
during the war this consumption figure was only made pussxble
by s great increasein exportation of bacon from Canads. a’nd the
1j.5.A. Since the wat, however, our consumption of pigraeat
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has fallen to 3:41 oz. per head per week in 19475 m 1949 it
was 3 65 oz. per head per week, 31 per cent of the pre-war figure,
Durimg 1950, the importation of bacon and ham showed a
remarkable recovery, 248,600 tons bemng unported, an ncrease
of 75 per cent on the 1949 figure, but still only 64 per cent of the
pre-war amount (876,800 tons) Home production 1s even more
indicative of the national taste ; from the lowest post-war Jevel
of 61,800 tons m 1947, production rose to 195,000 tons in 1950,
an increase of 20 per cent over the 1938 figure of 161,720 tons.
TIn June 1950, previous to the cessation of meat imports from
Argentina (July 1950) the dietary mtake of beef, mutton and lamb,
and pigmeat per head per week was 12, 7 and 4 oz respectively,
a total of 23 oz. per head per week These amounts are mam-
festly far too small. Apart from all considerations, economic
and palitieal, which determune government food poliey, 1t may
be affirmed without fear of demal, that the health and continued
well-bemng of the people of this country, with its well known
vagaries of climate, demand a consumption of beef, mutton and
pigmeat (pork, bacon, ham) in terms of edible weight not less
than that suggested by Dr. Wright, namely 14, 7 and 9 oz. per
head per week respectively. These amounts are mimimal; they
would supply about 16 g. of amumal protein per head per day.
Figsh.~—To all mantime countries the fishing industry 1s of
s 15 lly so for Great Britam,
where the ﬁshmg ndustry 1s orgamzed mto two largely m-
b the d 1 and the pelagic. Demersal
fish consist of gadoid fish-—cod, haddock, whiting, saith, Iing,
hake; flat fish—plaice, halibut, turbot, lemon and Dover soles,
dabs, megrim ; cartilagimous fish—skate, dogfish ; and miscel-
laneous fish—redfish, catfish, eels, ete  Pelagic fish are herring,
mackerel, sprats and pilchards,
The approximate quantities of Brtish fish landed m 1948

landed this represents 58 Ib. per head per annum, a figure
which exceeds all other European countnes except Norway
(75}1b.)]and Portugal (67 b )

The rich hnrvest of the sea cnm\ot al“ ays be expccted to
remain so 3 4 supphes of
food and, as the fish supphes from one atea become less plentiful,
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the fisherman extends his range of operations merely to find
that new arcas do not remain fruitful and soon become less and
less profitable. The problem of over-fishing has become further

ed by the develof of new methods, the building
of larger shups, with the result that several maritime countries
have been forced collectively to consider the problem. Seversl
conventions have been held and most have proved ineffectual
because of the refusal of some of the interested governments to
ratify the conclusions arrived at. In 1947 it was proposed by
the British Government that therc should be some limitation of
fishing for demersal fish in the North Sea during the years 1948
and 1949, The Umted Kmgdom agreed not to increase fishing
beyond 85 per cent of the pre-war figure; Denmark, Sweden
and Norway agreed to adopt different mesh and size Timits of
fish and to control the building of vessels. The British Govern-
ment has recently invited interested countries to form a perma-
nent commission to meet m 1951.

With regard to pelagic fish the situation is quite different,
and in view of the need at present to merease the production of
first-class food 1t 1s well that it is so. It is authoritatively con-
sidered that the herring catch, over one quarter of a mithon
tons, could be more than doubled without endangermg the
sources of supply. Prior to the first world war catches of
500,000 tons were landed; this quantity is npproximately
equal to our pre-war import of Argentine meat. The index of
potential supply 1s apparent and accordingly the Herring
Industry Board m 1946 set a target of 527,000 tons for 1951

Of the total fish caught 1n 1948 about 43+6 per cent was cod,
10 2 per cent haddock, 169 per cent herrings, the remainder
pemng made up of mackerel, pilchards, lobsters, etc. White
fish are caught n areas near our coasts, off the Faroe Islnqﬂs
and Iceland, and m the more distant Barents Sea, the White
Sen, the Davis Straits and Newfoundland waters. Herring are
caught in waters around our eoasts; the fishing is carned on
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The average composition of the edible part of non-fatty of
white fish is, water 80 per cent, protein 16 per cent and fat 05

to 0 4 per cent; in the fatty fish the difference in composition
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is due to the hugh fat content, namely 10 to 15 per cent ; protem
is changed but Dttle, while the water 15 reduced to G66-70 per
cent. The composition per oz. of thesedible portion of various
fish 1s shown m Table 57.
TapLe 57
THE COMPOSITION OF FISH
Values are per oz of edible portion (Callow, 1945)

cat Vit g Noco- | ita-

co| 2o | e | Gt | rrgn | V0] e [ ] v

I R e R R R g
Kippers, . 140 |ez| 64| 45 31| 06|51 )00 |12]250
Whste fish, Cod,

e . . [4s]21|45({03| 7| 08| ojoos [06] o
Fried fish (white)] 0 |57 | 33| sa| 22| os{ ol oos |04 o
Eshpaste . .| 0|47} 38| 25| 41] 17| 0} 002 | 08] o
Hemog. . .80 47| 45| 33| 28| 04 42 008 | 10250
Salmon, canned | 0 {48 | 57 | 28| 85| 04 71| 005 | 18170
Sardme, canned | 0|8 | 57| 68 |1i{ 11|77 | 008 | 13280

The dietary sigmficance of fish 1s first as a source of protein,
second &s a source of vitamms  Cod, Iing, plarce and halibut
as purchased have about 10 per cent of protein, appreciable
amounts of caleum, vitamm B,, riboflavin and nicotinie acrd
but no vitamin A or D. The roe of cod 1s very rich in protein,
20 g. per cent, and vitamin B,, 1 5 mg per 100g. Fresh her-
ring has the same protein content as fresh white fish, but pro-
vides 60 mg per cent of caleium and i vartue of 1ts hugh fat
content 1s partieularly rich in vitamins A and D; it 1s not,
however, rich 1 vitamin B,, Demersal fish are chiefly non-
fatty; cod, ling and haddock which have about 05 per cent,
plaice 2 per cent and halibut 5 per cent of body fat. The
pelagic or surface fish are generally fatty fish, eg. hernngs
with 18 per cent, salmon 15 per cent, sprats 13 per cent, sea
trout 10 per cent and mackerel 8 per cent of body fat.

Herning show wide seasonal varations i their fat content
which 15 high between January and August and low between
September and December. The total landings of fish, demersal
and pelagic, contnbute 1n approximate figures 85 grams of
proten and 20 grams of fat per head per week to British
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dietaries (Lovern, 1944). Herring flesh contains varying
amounts of vitamin D, the average being about 850 i.u. per 100
grams; the liver oil of the herring is very rich. It is, however,
from the livers of cod that the commercial cod-liver oil is
prepared and this contains 100,000 1.u. of vitamin A and 20,000
iu of vitamin D per 100 grams (Ministry of Food, 1913)
Halibut liver oil, of which relatively small quantitics are manu-
factured, is extraordinarily rich in vitamins A and D, being 100
and 10 tumes greater for vitamins A and D respectively than
for these vitamins in cod-lver oil. Investigations into the
whole problem of the potential contribution of fish to the
Bntish dict have been assiduously pursued for many years at
Government Fishery Research Stations. The importance of
this work on the future of the fishing industry and its signifi
cance 1n relation to national health eannot be correctly assessed
unt1l all the work has been published. Enough is knuwn.of
the progress of these researches to say that, if scientific advice
1s accepted and energetically acted upon, the harvest of the se
will not ily be greatly d, for there is a limit to
which any ares of the sea can be fished without suffering de-
pletion of its stocks, but 1t will certainly be made more aval-
able to all and that, independently of periods of seasonal abun-
dance and scarcity.

Time alone will tell what the new standards in proteiﬂ-rlch
foods will be. But, standards apart, it would appear that
mlk production should have first priority followed by po.ulh‘”)'
farming and meat production. The great demand for Tiquid
milk, its high nutritive value and the greater efficiency of milk
production compared with meat production would s“pp?"
this. Milk and meat production are further bound up with
the problems of the supply of cereals and concentrates for the
feeding of cattle. To those engaged in the meat and ﬁshgng
industries, to the nutritiomst and the economust the prod}xctlon
and supply of protem-rich foods is an eternal balancing of
possibilities and probabulities.

Yeast.—In virtue of 1ts protein and high content lgf the
vitamms of the B complex, yeast, while not a foodstuff in the
generally accepted sense of the word, 1s nevertheless & food
supplement of high dietetic value. Yeast consists of numerous
small cells which in the mass form = putty-like substance having

Jecholic smell, & h pl taste and & pale grey

an
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appearance. Many types of these cells are present m the ar,
1n the scum or barm which forms on the top of beer during its
manufacture. Two kinds of yeast are known commercially,
baker’s or brewer’s and food yeast ; the former, generally used
by bakers 1n a wet or compressed state, can be obtained in the
dry form in which it can be stored and reconstituted when
reqmmd by the addition of water ; 1t js known to the biochemist
as Sacch has an 1! taste and tends
to produce gastro intestinal disturbance; the latter (Torulopses
utilis) m powder form is of value thempeutxcally bemuse lt has
10 bitter taste and 1s an llent source of
nicotinie acid, protem (43 g./100 g.), wwon and caleium.

Thas eurtous and mteresting substance, with a name meanng
to ferment or froth, has been known from antiqmty and was
probably first recogmzed as one of the factors i the making of
bread, When the processes of fermentation first aroused man’s
eunosity i the baking of bread, he was quite unaware of the
mithons of yeast cells which surrounded him on every side,
even in the sar which he breathed., It required centunes of
observation clouded with superstition before the art of growmg
yeast was discovered and centuries agam, before, superstition
discarded, the art emerged into the lughly technical processes
upon which its commercial production now depends. Simi-
larly with the manner of its action, much seientific mvestigation
has revealed the yeast cell as a hiving orgamism responsible for
imttating and mamtaimng many biochemical activities, Like
all lving cells yeast contamns enzymes—maltase, mnvertase,
zymase. Maltase acts on maltose, the chief sugar m germ-
nating barley or malt, converting it into glucose; invertase
splits cane sugar or sucrose into glucose and fructose {frmt
sugar) which are then fermented forming alechol and carbon
dioxide, By these reactions the starch of the flour 1s fermented,
forming bubbles of carbon dioxide which are firmly held in the
dough  Upon baking the dough, the heat of the oven kills the
yeast enzymes, stops the fermentation, evaporates the alcohol
and by expanding the bubbles of gas causes the dough to nse
and to become firmly set in 1ts final form,

Food Spoilage.—* All foods, animal and cereal, are ex-
poscd to processes which tend to produce spmlage' durmg

ding and p g enzymic (i
changes contnibute much to spoilage before bacterml activity
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has begun. Fish are partienlarly subject to ante- as well as
post-mortem changes on account of the variable periods they
may be kept in vessels before unloading. Bacterial spotlage
does not set in until rigor mortis has been resolved. Prior to
this, changes in pr occur malnly due to the degradation of
glyeogen to lactic acid, which probably influence the onset
of bacteris} sttnck. The glycogen content of nesly-canght
fish, which varies with the species and the amount of anfe-
mortem struggling, is generally lower than that of fresh mest.
As & result the mimmum rigor pi is relatively high, viz, 62 to
66 m most species, and nearly appronches the lowest pu (88
at which riost marme bacterin begin to grow actively, Ths
Inct no doubt explaing in part why fish is relatively so highly
perishable. The hahbut 1s an mteresting exception, Its mini-
mum pu has been found to be about 5:6; anditis noteworthy
that it ‘ keeps * extraordunarly well.

“The onset and resclution of sigor varies somewhat with
species, with the degree of rough handhing received nnd with

p For ial species of ¢ white '
fish, stowed i ice, the period elapsing between catching and the
Tution of rigor lies 14 and 2} day @ and haddock

emerging sooner than the flat fishes, Whitings, which are
notorigusly poor * keepers’, appenr to be an exception, riger
resalving in about one day ™ (Shewan, 1949).

When fish or meat have been placed in refrigerators at
necurately controlled temperatures as low as 14° to 10°F.
{(— ¥0° to — 12°0.} then hacterial growth can be iﬂ}zibztednfw
jong periods. On thawng, spoilage proceeds as before.  With
fish such low temperatures do not prevent denaturstion of
protein or enzymic rancidification of the fat from procccémg
quite rapidly; it is therefore necessary to store at —~ 4° to
— 22°F, (— 20° to — 80°C.) if fish is to be preserved in a
practically unaitered condition for fong periods, up to 8 months
A brief reference to the dangers to which fish may be exposed
before reaching the safety of low temperature storage will
suffice to show the need for carcful and hygiestic handhing of all
animal food.

When eaught the flesh and body fnids of heslthy fish are
sterile ; only the external surface, the gills, the slime and the
intestines are rick i serobic flora. There is no evidence that
food poisoning pathogens ate members of the normal flora of
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fish or that fish suffer from mfection due to the Salmonella
group. The Clostridium  botuli the cause of
fish botulmsm m Russia, has not been found in any of our
marme fish. This organism 1s found in the intestines in about
10 per cent of Caspran sturgeons (Burova e al., 1935;
Dobrowsky, 1935). The extent of bactemal mfection, of fish,
particularly trawled as opposed to line-caught fish, is probably
due to the dragging of the fish over the bottom mud which in
places is heawily infected with bacteria and to the expression
of the gut contents amongst the fish during the howsting of the
trawl net on board. This may account for the poorer-keeping
qualities of trawled fish compared with line fish (Shewan, 1949).
The factors determimung the onset and degree of spoilage are
t sea, the env from which the fish come,
the manner in which they are caught and the diflerent methods
by which they are handled and stored on board the ship. Under
the best conditions of handhng and storing n 1ce, fish will
Temamn reasonably fresh for a perod of 12 to 14 days. Since
the voyage from Grimsby to the White Sea occupies 5 days
and the trawler may remam 14 days on the fishing grounds,
approxumately 50 per cent of the catch will have been packed
in 1wce for longer than the preseribed period Ice, with 1ts
melting point at 82° F. can delay the onset of bactenal growth
?or about 3 to 5 days, after which growth proceeds unhindered ;
in 10 days the fish would still be quite fresh but after 10 days
the quality would begin to decline rapidly. What 1s required
is to freeze the fish at 30° F, thereby markedly reducing the
rate of bacterial spoilage, although not affecting protemn de-
et - N - 14 only be done by
1ps where filleting
well as offal could
PG handled. Considerable attention 13 bemng given to the
Improvement of methods for packing in 1ce, to obviate the
bﬂ{i effects of pressure and leaching—by melting rce—on quality,
weight and appearance of landed fish. This apphes to all
types of fish both for immediate retail and for storage or preser-
vation by smoking, cannng and dehydration (Reay, Cutting,
Shewan, 1949).
Food Poisoning.—The term ** food poisoning ™ generally
refers to breaks of acute il Kness, iting, diar-
rhea—oceurring shortly after a meal and affecting mdividuals
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has begun. Fish are particularly subject to ante- as well as
post-mortem changes on account of the variable periods they
may be kept in vessels before unloading. Bacteral spoilage
does not set in until rigor mortis has been resolved. Prior to
this, changes in pm occur mainly due to the degradation of
glycogen to lactic acid, which probably influence the onsct
of bacterial attack, The glycogen content of newly-caught
fish, wiich varies with the species and the amount of anfe-
mortem struggling, is generally lower than that of fresh meat.
As a result the mimmum rigor pn is relatively high, viz.,, 62 to
66 1n. most species, and nearly approaches the lowest px (65}
at which most marine bacteria begin to grow actively. Ths
fact no doubt explains in part why fish is relatively so highly
perishable. ‘The halibut is an interesting exception. Its mini-
mum px has been found to be about 5:63 and it is noteworthy
that it ‘ keeps ' extraordinarily well.

““The onset and resolution of rigor varies somewhat with
species, with the degree of rough handling recetrved and with

p For 1 species of ¢ white’
fish, stowed 1n ice, the period elapsing between eatching and the
resolution of rigor lies between 1} and 2} days—cod and haddock
emerging sooner than the flat fishes. Whitings, which are
notoriously poor ‘keepers’, appear to be an exception, rigor
resolving 1 about one day » (Shewan, 1949).

‘When fish or meat have been placed in refrigerators at
accurately controlled temperatures as low as 14° to 10°F.
(— 10° to — 12° C.) then bacterial growth can be inhibited for
long periods. On thawing, spoilage proceeds as before. With
fish such low temperatures do not prevent denaturation of
protein or enzymic rancidification of the fat from proceeding
quite rapudly ; 1t 1s therefore necessary to store at — 4° t0
L. 92°F. (—20° to — 80°C.) if fish 15 to be preserved in a
practically unaltered condition for long periods, up to 9 months.
A brief reference to the dangers to which fish may be exposed
before reaching the safety of low temperature storage will
suffice to show the need for careful and hygienic handling of all
animal food.

YWhen caught the flesh and body fluids of healthy fish are
sterile ; only the external surface, the gills, the shme and the
intestines are rich in aerobic flora, There 1s no evidence that

i } are \: of the normal flora of

food poi P
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home-canned vegetables not with acid fruits ; the toxin develops
t the food before 1t 15 eaten, the organism 1tself does not grow
in the atfected subject.

Alarming as these facts may appear to be, it must be
realized that food poisoning is only an occasional event in
this country. Its prevention, however, demands the constant
supervision of food production by health suthonties, the
medieal supervision of all who handle food and, that those who
eook food should be alive to the dangers of spoilage and, when
1 doubt, should thoroughly cook the food and so stemlize 1t,
or reject it.
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or communities, due in most cases to infections of the alimentary
troct associnted with aente inflammation of the lining of the
stomiach and wpper intestine. The baeteria most commonly
implicated are those of the salmonella group and certain strains
of staphgylococei which have the power to produce enterototin,
that is, & toxic body within the intestine. Food poisoning may
also occur from the presence of zine, bismuth, lead, copper of
arscnie, by the ingestion of poisonous plants, the berries of the
deadly nightshade, foxglove or henbane. It may alse oceur
long after the ingestion of food such as milk and its products,
the type of infection being typhoid and pamatyphoid, Malta
and abortus fevers, tuberculosis, diphtheria and strept !
sore throat. Sal lia and staphyl 1 infecti are
gencrally caused from contact between the food material and
the human subject. Salmonella organisms are known 85 ine
fective agents in rodents, fowls, ducks, pigs, sheep and domestic
animals.  Contarmination oceurs aither by contact with in-
fected meat, fish or eggs, or by the faeces of infected rats or
mice. During the war many salmonella strains new to this
country were introduced by the importation of dried eggs, 10
per cent of samples taken being found to contain these organisms.
Egps may readily be infected by contsmination of the shell
and by penetration through the pores of the shell of numerous
organisms. It is therefore necessary that food showld be
thoroughly cooked or stored at low temperatures (5°C.) to
prevent the growth of infecti isms (Cruickshank, 1949;
Dinck, 1950).

As & result of bacteriological investigations it is certam that
much of the staphylococeal type of food infection or contami-
nation 1s due to handling, &s in the mincing of meat and fish
for the production of brawn, meat jellies, pork pies, fish pastes,
ete, In the majonty of cases mfection is caused by nasal
carriers, but septic hands of cooks and rmikers and milk from
cows with mastitis are hikely sources. .

Salmonella infections are more often associated with milk,
eggs, butter, cream cakes, cheese, pressed beef, imported beef,
sausages and smoked fish. 5

A form of food porsoning not common in this coun?ry s
that due to the growth of anaerobic organism Clast):uilum
botulinum. ‘The spores of tis ism are very hent tant.
The organism, which ¥s present in soi, is assaciated miostly with
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home-canned vegetables not with acid fruits ; the toxin develops
1n the food before it 15 eaten, the organism 1tself does not grow
in the affected subject.

Alarming as these facts may appear to be, 1t must be
realized that food poisomng is only an occasional event in
this country. Its prevention, however, demands the constant
supervision of food production by health auth the
medical supervision of all who hzmdle food and, that those who
cook food should be alive to the dangers of spoilage and, when
m doubt, should thoroughly cook the food and so sterlize 1t,
or reject it.
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CHAPTER XV
BUTTER, MARGARINE AND EDIBLE OILS

BUTTER

Tuosxss MurvETT in 1665 stated that butter was best “for
children while they are growmg and for old men when they are
declining but very unwholesome betwixt these two ages ™. In
the eighteenth century the best milk in London was oblained
direct from cows grazing in $t. Jomes’s Park. In the nine-
teenth century the production of milk increased greatly, much

of it being used for ¢*.  ** - #0 e sU-tagter,
not infrequently . ' 1748)
“served out by tF | . . with

sait ”, By the end of the eighteenth century butter production
had become an established industry w various parts of England,
London getting most of its butter from Yorkshire and Fast
Angla.

Butter.—~The scale of home production of cheese and
butteris determined by the success with which the demand of the
consumer for liquid milk 15 met, As long, as at present, the
demand outruns the supply of liquid milk, cheese and hutter
will continue to be heavily imported foodstuffs. Sinee it
requires 2} to 3 gallons of milk to produce 1 Ib. of butter,
butter should never, in this country, take precedence to the
production of fresh liquid milk. Pre-war figures show that of
2 total consumption of 7-5 oz. of butter per head per week, 69
oz., or 92 per cent, was imported (1837-1938). Of imported
butter 50 per cent came from Empire countries, chiefly New
Zealand and Austtalia, the remainder from the Low Cauntries
and the Insh Free State,

Butter is made by mechanically separating the fat or cream
from the milk ; the crcam is cooled, graded into sweet and saur
and then by prolonged shaking or churning the fst globules
coalesce to form butter. If a ripened cream butter is fo be
made, a pure culture of the streptococcus lactis is added to start
the souring processes. The best sweet butter is made diteetly
from unripened or sweet cream,  The nutritive value of butter
Jics in its high content of fat and vitamins A and D.

288
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Butter 1s not a pure fat n that it contains small amounts of
caseinogen and lactose. Most of the water, the protein, lactose
and salts are found 1n the flud left after the cream or fat
has been removed, ‘This fluid-—buttermilk—corresponds i com-
position to the milk from which the cream has been taken and
1§ very nutntious

TABLE 58
COMPOSITION OF BUTTER (EMPIRE IMPORTED) AND MARGARINE

Nutritive Value of War-time Faods, M R C., 1915

per 100 grams
Vit A D
pecieny | TR | Y| coteria | v
Butter . 15 05 825 745 4,000 60
Margarine 14 —_ 853 768 2,000 200
ryal
(witamivized)
Dripp . 1 - 220 891 100 30
'PPINg
oo, e e .

the lughest nutritive value, therefore butter made from the
mlk of New Zealand cows 1s to be favoured. During the war a
ration of 2 oz. of butter per week over a peniod of § years re-
flected a fall of 70 per cent in butter consumption which was,
however, well balanced by an increase of 100 per cent in mar-
garine consumption. During the post-war perod the situation
remained farly stationary until 1948 when there was an -
crease 1n the consumption of butter to 4 0z while the margarne
consumption varied but httle. If the greater consumption of
margarine In respect to butter were to continue, it 1s concervable
that more New Zealand and Australian milk would be diverted
to the making of cheese. This would be advantageous n help-
g to raise our consumption of cheese. More milk might also
be utihzed for the greater production of condensed and dried
milks. The diversion from butter to other milk products would
result in an all round gam i nutrients,

19
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MARGARINE AND EDIBLE OILS

Production of Margarine.~Previous to the war, pro-
duction of cdible oils and fats amounted to 16-5 million tons,
10 mullion tons being derived from vegetable oil seeds, 5 million
tons from amimal sources and 1 million tons from marine sourees.
The Unated Kingdom 15 the world’s fargest importer of oils and
fats and 1s the least self-sufficient of all Iarge importing countries,
being capable of supplying only 3 per cent of its total require-
ments.

The most important oils for the production of margatine and
compound cooking fat are coconut, palm kernel, groundnut,
cotton seed, sunflower and whale oils. 'The coconut cil is mn~
ported from the Polynesian Islands, Ceylon, Indonesia and
India; palm kemel oil comes mainly from West Africs, the
kernels being collected by the natives and the shells crached by
hand, the industry at its source not lending itself to mechaniza-
tion; groundnuts, better known perhaps as monkey or pea-nuts,
form a most important source of edible oils. Beeause of the
loss of previous sources of supply due to war in the Far East,
mechanized production has been developed in East and Central
Africa. Cotton seed is used almost entirely for edible purposes
the best areas of cultivation being in the U.8.A. and India.
Sunflower is grown chiefly in the U.S.5.R., particularly in the
Ukrame, where, however, the production is almost entirely
taken up for home eonsumption, which has made it necessary
for the United Kingdom to produce sunflower crops in suitable
areas of the Commonwealth. Whale a1l the principal source of
which is in the Antarctic, cannot be used in liquid form. Dl‘ﬂ"
g the war the whaling industry was almost at a standst’lll,
but to-day its rapid development has necessitated the dm.wfnf;
up of an International Whaling Convention to limit the killing
of whales 1 the sole interest of the survival of the industry.
In Table 59 is shewn the world production of several vegetable
and marine oils and animal fats and in the second part of the
Table the chief producing countries. .

The oils from all these sources must be refined, dem}t}ﬂmdl

matter responsible for characteristic odours and hydrogenation,
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by the catalytic addition of hydrogen to the oil, converts the
Iiqud fat to hard fat. All residues from these chemical pro-
cesses are used for the production of o1l cake for the feeding of
cattle. In o1l technology the most 1mportant of these chemical
processes 1s hydrogenation ; so great have been the improve-
ments due to screntific mnveshigation that the whole mdustry
has been revolutiomzed, 1t bemng possible to produce a great
variety of different fats by the process of selective hydrogenation.
It 15 here that marine oils with their great varety of fatty acids
offer greater scope than other oils such as groundnut o1,

TasLE 59
WWORLD PRODUCTION OF EDIBLE OLLS AND FATS
(1000 long tons—0ul equicalent) (Food And Agricuiture Organisatton, 1950)

Typs of OU/Fat bbitd 1947 1048
Vegetable Ouls

Coconut . 1840 17 1732

Palm kemmel . . . 334 300 335

Groundnut, 2,204 2,214 2,121

Cotton seed 1,452 1,136 1,289

Palm . . 670 423 521

thera . . . 3,813 3,046 a,462
Ammal Fats (excluding butter) 5,186 4,674 4172
Manne Ouls

Whaleoil . 492 825 339

Fshod. . . . 413 197 212

Total 16,423 14,986 16083

Froducing Country firked 1048

Europe (excludmg USSR ) . 2,5% 1,662
North America (U.S A , Canada, Newfoundland,

Mexico) . N 2,376 3,852
South Amenca {Brazil, Atgentina, Uruguay) 660 828
Afnea . . R 1,302 1,358
India, Burms, Pakistan, Ceylon . . 1,209 1,234
China and Manchuna . . 2072 2,245

ers . . 4988 4,535
Whaling—sall nreas . P 492 239

Totak . PR TR 10,082
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The Notritive Value of Margarine.—Before it was forti-
fied by the addition of vitamins A and D, margarine was re-
garded as inferior to butter in nutritive value, To-day, with
the excellent fortification of margarine, one would expect the
matter to have been settled exeept for the question of superi-
ority of flavour and texture. It has been suggested that
butter may have s nutritive value wholly unrelated to its
vitamin econtent and that the vitamin of fortification is not the
vitamin of the natural product. Experiments carried out both
in this country and in the U.S.A. have shown that animal and
vegetable fats are almost completely sbsorbed from the human
intestine provided they are liguid at body temperature—37°C.
Absorption of fat decreases as the melting point is raised ; for
example, 98 per cent of groundnut oil, hardened to melt st
37°C,, is sbsorbed, wherens if the melting point is raised to
53° C. only 79 per cent is absorbed. With repard to butter and
margarine, both are almost completely absorbed and in this
respect no superjority can be claimed for either, Experiments
performed to determine whether or not butterfat was better
than vegetable fat i maintaining growth failed to confirm pre-
vious evidence that the one was better than the other (Deuel
et al., 1944-45). This would mean that the fatty acids of butter
have no special part to play 1 nuttition even of the very young
{Smuith), The suggestion that there may be some special
growth-promoting substance in butter has therefore been sho\fn
to be of httle practical importance. Experiments carried outin
India showed that ghee, melted butterfat, the butter being pro-
duced from buffalo’s milk, was superior to the highly hardened
vegetable oil patis—in pr ing the absorption of cal-
cium and phosphorus (Chanda, 1949).  While it is true ihat.tl\e
Tugher the melting point of the vegetable oil the less efficient
3t 15 in promoting growth, the evidence at present would favour
the canclusion that there 1s little difference between the not
unduly hardened fat, e.g. margarine, and butter in ensuring
the normal absorption of these mineral salts and in promoting
growth.

Growth is not lated to appetite in that appetite deter-
mines in some measure the amount of foodstuffs that may be
eaten, particularly under expenmental conditions. Denel,
Movitt and Hallman (1943-44) found that hutter was not super-
jor to many other fats m promoting growth, contrary to the
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findings of Boutwell, Elvehyem, Geyer and Hart (1948). ane

suggested that flavour might be the factor involved.
and his colleagues found that when diacetyl, one of the
stances responsible for butter flavour, was added to man
or groundnut o1l fed to expersmental animals, rats in thi
they ate more of the flavoured diet m 18 instances and
vnflavoured diet m only one nstance, There are, ho
other factors in the diet besides its fat content which m
fluence the amount consumed and therefore the growth
ammal ; one of these may be 1ts carbohydrate content.
addition of diacetyl or * butterflavour ** to other fats wilt
# great increase in the amount comsumed * Butterfla:
consisted in these experiments of diacetyl, butyric aci
monobutyric acid and was used 1 concentrations of 4 pa1
million. The * butterflavour ” added to the food was
efficacious in producing greater food consumption than di
alone. When such experiments were carried out upon ct
{Leichinger ef al., 1948) 1t was found that margarine was
more readily provided 1t was coloured and served m pa
butter; when 1t was colourless and not mn pats the cf
objected to it. It 1s obvious, therefore, that m consideri
nutritive value of fats chemical composition 1s not th
property which matters; flavour, appearance and textt
also of importance.

flon Atzeemate e -

systemic blood and so to the fat depdts or directly by the
blood to the liver. There are two forms m which fatty m
L . B

euter the portal blood stream and pass to the liver, Pr
A. C. Frazer and his co-workers have shown that the 1
human subject can absorb not less than 95 per cent
gested fat even if the diet be loaded by the addttion of
150 g. of fat. Defective absorption of fat may be assc
with a deficiency of tile or pancreatic juice, obstruct

the lymphatics, gastro- 1 disturk or carbohy
fermentation,
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The Nutritive Value of Margarine.~Before it was forti-
fied by the addition of vitamins A and D, margarine was re-
garded as inferior to butter in nutritive value, To-day, with
the excellent fortification of margarine, one would expect the
matter to have been scttled except for the question of superi-
ority of flavour and texture. It has been suggested that
butter may have a nutritive value wholly untelated to its
vitamin content and that the vitamin of fortification is not the
vitamin of the natural product, Experiments earried out both
in tius country and in the U.S.A. have shown that animal and
vegetable fats are almost completely absorbed from the human
intestine provided they are hiquid at body temperature—37°C.
Absorption of fat decreases as the melting point is raised ; for
example, 98 per cent of groundnut oil, hardened to melt at
87°C., is absorbed, whereas if the melting point is raised to
53° C. only 79 per cent is absorbed.  With regard to butter anfi
marganne, both are almost completely absorbed and in this
respect no superiority can be claimed for either. Experiments
performed to determine whether or not butterfat was better
than vegetable fat in mamtaining growth failed to confirm pre-
vious evidence that the one was better than the other (Deuel
et al., 1944-45), 'This would mean that the fatty acids of butter
have no special part to play in nutrition even of the very young
(Smith). The suggestion that there may be some special
growth-promoting substance in butter has therefore been shown
to be of little practical importance, Experiments carried outin
India showed that ghee, melted butterfat, the butter being pro-
dueed from buitalo’s milk, was supenior to the highly hardened

- R T

L pLmamntion of cal-

unduly hardened fat, e.g. margaring, and butter in cnsuring
the normal sbsorption of these mineral salts and in promotirg
growth.

Growth is not unrelated to appetite in that appetite deter-
mines in some weasure the amount of foodstuffs that ray be
eaten, porticularly under expenmental conditions. Deuel,
Movitt and Hallman {1918-44) found that butter was not super
for to many other fats ;n promoting growth, contrary to the
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and of invisible fat from meats, bacon, ham, eggs, milk and
various other foodstuffs. It is the total fat from all sources
which as a nutrient has so markedly fallen during the post-war
period. Fat which makes food palatable is both vistble and
invisible, in other words, a palate stimulsting meal requires for
its preparation good quality beef, milk, eggs and butter or
margarine and a good quality cooking fat. It is the mvisible
more than the visible fat which 1s so lacking to-day. Given
6 oz. of butter, 4 oz. of margarine, 2 oz. of lard or drpping per
head per week and a larger ration of beef, milk and eggs for
the non-priority groups, the national sense of well-being would
be greatly enhanced Food which pleases the eye, the palate
and the sense of smell 1s naturally much more effective in
starting the long tramn of physwological processes upon which
its ultimate digestion depends, than that which exeites no in-
terest at all. In the prepamtmn of such food fat plays a very
definite rdle, for it i , by g flavour
and texture, and adds greatly to the nutntlve value of the’meal,
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The Significance of Fat in the Diet.—Of the three
proximate principles—{fat, protein and carbohydrate—fat pro-
vides twice as much energy ns cither of the other two; one
gram of fat yiclds 9 3 Calorics, ane gram of protein 42 Calories
and onc gram of carbohydrate 4:1 Calorics. In this country,
previous to the sccond world war, a diet giving 8000 Calories
per day contained 130 grams of fat which yielded therefore
1209 Calories or 40 per cent of the total encrgy value of the diet.
During the reeent war, fat contributed never less than 87 per
cent of the daily energy needs, while in the post-war period the
lowest intake of fat was 105-4 grams; to & total of 2880 Calo-
ries per day this contributed 980 Calories or 80 4 per cent of
the whole.  As far as fat is coneerned, o fall from 40 to 30 per
cent is of no physiologieal significance ; indeed it is generally
aceepted that where a diet provides 3000 Calories daily, at
least 35 per cent of the energy should be supplied by fat.

Fat phion levels vary kedly ding to race,
climate and social status. Oriental diets contain surprisingly
small amounts of fat ; a Chinese coolie, an Indian sweeper ora
Japanese labourer may derive only 5 to 10 per cent of his
energy requirements from fat, while, in contrast, the Eskimoe
consumes fat sufficient in amount to provide 50 per cent of his
total Calorics. None would guestion such a high dietary require-
ment of fat in the Arctic, but one may rightly be surprised to
learn that in equatorial Afniea the healthy, powerful and carni-
vorous Masai obtain about 46 per cent of their energy from fat
(Orr and Gilks).

Next in importance as a source of energy is the part animal
fats and oils play in supplying the nutntionally important
vitamins A and D. In fats and fatty foods the vitamin content
varics considerably, Vitarmns A and D, while present in
animal fats such as Dutter, are entirely absent from fats of
vegetable origin. It is for this renson that vegetable fats are
not substitutes for animal fats, and that butter substitutes
made from vegetable oils are of no value in this respect unless
fortified by the addition of vitamins A and D.

During the summer of 1950 the fat ration varted from '10 to
12 oz. per head per weck, being made up of 4 oz. margarine, 2
oz, cooking fat and, on alternate weeks, of 4 oz. and € oz of
butter. It should be noted that the total fat in the diet is ma.dl-‘
up of visible fat, butter, margarine, suet, fotty fish and oils,
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content but because of the large part which they play m
the diet of most people. The fruit vegetables—tomatoes,
cucumber, vegetable marrow, pumpkin, melon—with the ex-
ception ¢f the tomato have no apprectable content of vitarmin
C. Peas, beans and lentils are seeds in the pods of legummnous
plants, Dried pulses are not fresh legumes dried after collec-
tion, but are vameties which require moisture dunng their
growth but very dry conditions when ripe.

It js indeed surprising that the great vanety of vegetable
products has not led to a fuller and better use of vegetables i
the dietary régime of the people of this country. Itis true that

v bles form a rather d food and that 1t1s cffi-
cult for a man to eat enough tosecure his need for proteins, muneral
salts and vitamms, It 1s none the less true that the human
stomach and intestine are not adapted to receive and to digest
such bulky and d diets as are ly ck ic
of vegetarian diets. It is well established that we must secure
our first-class protemns from sources other than vegetable, and
the best sources of these are milk, cheese, eggs and meat. To
expect, m this country with its less than temperate climate, its
lack of hine and its exp to secure a suffi-
cient supply of first-class proteins wholly from vegetables 15 ex-
pecting too much and, if persisted m, will merely deprive the
body, both of the growing child and the adult, of the best and
most easily assimilated amino-acids, which are to be found m
proteins of the highest biological value This in no way con-
demns the use of, nor detracts from, the value of fruits and
vegetables as articles of diet. There 15 no reason why we should
ot learn from Canada and the United States of America how
to put new life into our menus by the wise use of frmts and
vegetables,

Public recogmition of the nutritional value of vegetables has
undoubtedly increased since 1939, for the acreage under vege-
tables grown for home consumption ncreased from 292,000

arman e ¥ABA Lo rga

dietary of man since time immemorial. With th‘e exception
of wild apples, plums, strawberres, raspberries, blackberries and
cranberries, all our frmts are of foreign origin, most having been
mtroduced into this country before the seventeenth century
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VERY few of our vegetables are indigenous to Great Britam;
they were itroduced from Europe and Asia during the Roman
Conquest, the Tudor and Elizabethan periods, particularly the
last when vegetable gardens had become popular in the
Netherlands and had aroused a good deal of curiosity and in-
terest in England.

The vegetables nchest in proteins are the legumes—beans,
peas and lentils. Dried beans and peas contain about 20 per
cent, dried lentils 25 per cent, of protein. In this respect they
compare favourably with meats in general, but many of their
proteins are incomplete ; they are not of such high quality as
those of the cerenls, being deficient in sulphur ini
amino-acids, nor are they so easly digested as the anumal
proteins. Leafy, frmit and flower vegetables and tubers are of
no value as sources of protein. As sources of energy two
classes of vegetables are of distinet value; they are the seed
vegetables, orlegumes, and certain of the tubers, such as potatoes,
carrots and turnips. These are the starchy vegetables and are
very good fuel foods. Reference has already been made to the
mineral salt content of the various vegetables and it has been
shown that the legumes, good sources of protein, are also
excellent sources of caleum, phosphorus and iron. To secure
the best possible supply of mineral salts from vegetables we
should select peas (dried or fresh), beans, lentils, caulifiower,
carrots, watercress and kale.

Vegetables play a very important part in the supply of
vitamins. ‘There are very few vegetables which do not contain
two out of the three vitamins A, B and C, but the amounts vary
considerably. Reference to Table 60 will show the value of the
vegetables 1n comparison with other feods, Carrots, parsley,
turnip tops, watercress, kale, spinach and tomatoes are the
only vegetables richly supplied with vitamin A or carotene.
Practically all vegetables have a good content of vitamin By
As to witamin C, the leafy vegetables are good sources, 8s
are also potatoes and turnips, not because of a high witamin

298




YEGETABLES, FRUITS, NUTS 297

content but because of the large part which they play in
the diet of most people. The fruit vegetables—tomatoes,
cucumber, vegetable marrow, pumpkin, melon—with the ex-
ception of the tomato have no appreciable content of vitamm
C. Peas, beans and lentils are seeds m the pods of leguminous
plants. Dried pulses are not fresh legumes dried after collec-
tion, but are varieties which require moisture dumng thewr
growth but very dry conditions when ripe.

It is indeed surprising that the great vanety of vegetable
products has not led to a fuller and better use of vegetables in
the dietary régime of the people of this country  Itis true that

bles form a rather food and that it 1s duffi-
cult fora man to eat enough tosecure his need for proteins, mineral
salts and vitamns. It 13 none the less true that the human
stomach and intestine are not adapted to recene and to digest
such bulky and d diets as are g tic
of vegetarian diets. It 15 well established thzt we must secure
our first-class protemns from sources other than vegetable, and
the best sources of these are milk, cheese, eggs and meat. To
expect, in this country with its less than temperate chimate, 1ts
lack of sunshine and its expensive foodstuffs, to secure a suffi-
ctent supply of first-class protems wholly from vegetables 1s ex-
pecting too much and, if persisted in, will merely deprive the
body, both of the growing child and the adult, of the best and
most easily assimtlated ammo-acids, which are to be found in
Proteins of the highest biological value. This 1n no way con-
demns the use of, nor detracts from, the value of fruits and
vegetables as articles of diet. There 1s no reason why we should
not learn from Canada and the United States of Amerea how
to put new life into our menus by the wise use of frmts and
vegetables,

ot

" value of vegetables has
the acreage under vege-
mcreased from 292,000
acres in 1939 to 580,000 acres 1948 and this takes no account
of vegetables grown in gardens and allotments.

Fruits —Fresh and dried fruts have formed part of the
dletary of man_ since time immemoral, With the exception
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VERY few of our vegetables are indigenous to Great Britain;
they were introduced from Europe and Asia during the Roman
Conquest, the Tudor and Elizabethan periods, particularly the
last when vegetable gardens had become popular in the
Netherlands and had aroused a good deal of curiosity and -
terest in England.

The vegetables richest in proteins are the legumes—beans,
peas and lentds. Dried beans and peas contain about 20 per
cent, dried lentils 25 per cent, of protein. In this respect they
compare favourably with meats in general, but many of their
proteins are incomplete ; they are not of such high quality a8
those of the cereals, being deficient in sulphur-contaming
amumno-acids, nor are they so easily digested as the animal
proteins. Leafy, fruit and flower vegetables and tubers are of
no value as sources of protein. As sources of energy tiwo
classes of vegetables are of distinet value; they are the seed
vegetables, orlegumes, and certain of the tubers, such as potatoes,
carrots and turnips. These are the starchy vegetables and are
very good fuel foods. Reference has already been made to the
mineral salt content of the various vegetables and it has bee
shown that the legumes, good sources of protein, are also
excellent sources of calerum, phosphorus and iron. To secure
the best possible supply of muneral salts from vegetables we
should select peas (dried or fresh), beans, lentils, caultflower,
carrots, watercress and kale.

Vegetables play a very important part in the supply ?f
vitamins ‘There are very few vegetables which do not contain
two out of the three vitamins A, B and C, but the amounts vary
considerably. Reference to Table 80 will show the value of the
vegetables 1n comparison with other foods. Carrots, palsley,
turnip tops, Watercress, kale, spinach and tomatoes are the
only vegetables richly supphed with vitamin A or carf)tene.
Practically all vegetables have a good content of vitamin By
As to vitamm C, the leafy vegetables are goodvsau.rcfes, as
are also potatoes and turnips, not because of a high vitamin
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content but because of the large part which they play in
the dlet of most people. The fx’mt \egetables—tomatues,

ble marrow, p the ex-
ception of the tomato have no upprccxablc content of vitarmn
C. Peas, beans and lentils are seeds in the pods of legummous
plants. Dried pulses are not fresh legumes dried after collec-
tion, but are varieties which require moisture during therr
growth but very dry conditions when ripe.

It is indeed surprising that the great variety of vegetable
products has not led to a fuller and better use of vegetables in
the dietary régime of the people of this country. It is true that
vegetables form a rather unconcentrated food and that it is duffi-
cult for a man to eat enough tosecure his need for proteins, mineral
salts and vitamms. It is none the less true that the human
stomach and intestme are not adapted to receive and to dlgest
such bulky and d diets as are g ic
of vegetarian diets. It 15 well established that we must secure
our first-class protemns from sources other than vegetable, and
the best sources of these are milk, cheese, eggs and meat. To
expect, in this country with 1ts less than temperate chmate, its
lack of 3 and 1ts exp: foodstufs, to secure a suffi-
cient supply of first-class protemns wholly from vegetables 1s ex-
pecting too much and, if persisted 1n, will merely deprive the
body, both of the growmg child and the adult, of the best and
most easily assimilated amno-acids, which are to be found in
proteins of the highest biological value This 1n no way con-
demns the use of, nor detracts from, the value of fruits and
vegetables as articles of diet  There is no reason why we should
not learn from Canada and the United States of America how
to put new life into our menus by the wise use of fruits and
vegetables,

" value of vegetables has
the acreage under vege-
increased from 292,000
acres 1 1939 to 580,000 acres in 1948 and this takes no account
of vegetables grown in gardens and allotments.

Fruits.—Fresh and dried fruits have formed part of the
dietary of man since time i 1 Wxth the
of wild apples, plums, strawberries, rasph ies and
cranberries, sll our fruits are of foreign ongin, most having been
introduced mnto this country before the seventeenth century
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Very few of our vegetables are indigenous to Great Britsin}
they were ntroduced from Burope and Asis during the Roman
Conguest, the Tudor and Ehzabethan periods, gurticuhxly the
last when vegetable gardens had become popular in the
Netherlands and had sroused & good deal of curiosity snd ine
terest in England.

The vegetables richest in proteins are the Jegumes-—beans,
peas and lentils. Dried beans and peas contain about 20 per
cent, dried lentils 25 per eent, of protein. In this respect they
compare favourably with ments in general, but many of their
proteins are incomplete ; they are not of such high quality 2
those of the cereals, being deficient in sulphur-contamng
amino-neids, nor are they so easily digested as the anim
protems. Leafy, fruit and flower vegetables and tubers aré
no value as sources of pmtcin. As sources of energy two
classes of vegetables are of distinct values they are the se
vegetables, orlegumes, snd certam of the tubers,su ch as potatoess
carrots and turnips. These are the starchy vegetables and are
very good fuel foods. Reference has already been made to the
mmeral salt content of the various vegetahles and it has been
chown that the legumes, good sources of protein, arc also
excellent sources of ealcium, phosphorus and iron. To secure
the best possible supply of mineral salts from vegetables We
should select peas (dried or fresh), beans, fentils, cauliflowerr
carrots, watereress and kale.

Vegetables play a very important part in the supply of
yitamns. There are very few vegetables which do not contsin
two out of the three vitamins A, Band €, but the amounts vary
considerably. Reference to Table 60 will show the value of the
vegetables m corparison with other foods. Corrots, parsless
turnip topss watercress, kale, spinach and tomatoes are the
only vegetables richly supplied with vitsmin A or carotene.
Practically slt vegetables have & good content of vitamin Bi-
As to vitsmin C, the leafy vegetables are goad sources, 83
are also potatoes 'and turnips, not because of a high vitamin
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content but because of the large part which they play in
the dlet of most people. The fnut. vegetables—tomatoes,
ble marrow, pump mel th the ex-
ception 6f the tomato have no appreciable content of vitamm
Peas, beans and lentils are seeds n the pods of leguminous
plants. Dned pulses are not fresh legumes dried after collec-
tion, but are varieties which require moisture dunng therr
growth but very dry conditions when ripe
It is indeed surprising that the great variety of vegetable
produets has not led to a fuller and better use of vegetables in
the dietary régime of the people of this country. Itis true that
vegetables form a rather unconcentrated food and that it 1s diffi-
cult for s mantoeat enough to secure hus need for proteins, mineral
salts and vitamuns, It 1s none the less true that the human
stomach and intestine are not adapted to recerve and to digest
such bulky and unmixed diets as are generally characteristic
of vegetarian diets. It 15 well established that we must secure
our first-class proteins from sources other than vegetable, and
the best sources of these are milk, cheese, eggs and meat  To
expect, 1n this country with its less than temperate climate, its
lack of hme and 1ts exp £ to secure & suffi-
clent supply of first-class protemns wholly from vegetables is ex-
pecting too much and, if persisted i, will merely deprive the
body, both of the growing chnld and the adult, of the best and
most easily assimilated amino-acids, which are to be found m
proteins of the highest biological value. This n no way con-
derans the use of, nor detracts from, the value of frmts and
vegetables as articles of dtet.  There 1s no reason why we should
not learn from Canada and the Umted States of America how
to put new life mto our menus by the wise use of fruits and
vegetables.
R

* value of vegetables has
the acreage under vege-
mereased from 202,000
acres in 1939 to 580,000 acres in 1948 and this takes no account
of vegetables grown in gardens and allotments.

Fruits.—Fresh and dried fruits have formed part of the
dxetary of man smce time immemonal. With the exception



208 FOOD AND NUTRITION

TasLe GO

TABLE SHOWING THE COMPARATIVE VALUE OF CERTAIN
VEGETABLLS, FRUITS AND NUTS

All Amorints are per 100 grams (Edible Portion)

2 3 3 88

£ |£2. B8 55 |Zeldn(i

£ |88 SR Zn fESOFEY
Leafy Vegetables—

Brusselssprouts| 44| 40| 241 27 [ 138 (12| 400 (120] 100725
Cablage 15| 60) 26| e5) 28 |10 oo 75| 70|30
Kale 39| 45 83|20 67 25| 8000|120 130|850
Lettuwee . ] 11f 16| 11| 26| 42[o7[ 4000 [ 75] 15]20
Pastey .| 52| — | 21325 | — |sof 13,000 120 [ 150} 0
Spinach . | 2| 25] 21| — | — | —[ 13,000 | 100 [ 6525
Tummptops | 25 85] 23| — | — | — | 10000 [ 120 | 100 | 25

Seed Vegetables—

Beans, broad | 72} 95} 71{ 30800 | 1Y - — | s0{75
» Frenchl 11| 26| 151 83| — 107 coo | 75] 10 5
v  runner] 11| 26| 15} 33| — [07 600 | 75 20125

Lentls 89 1424176 so[450f o) O

Pens (:pht) 833|813 (54] =200[4s0] of O
Soya bean 218 | 420 |69 ofeof of ©
Tubers and roots—

Catrots 07] 49| 22] 48| 45|00 10000 60| 10| §

Ouions (butb) | 00| 47| 22| 81] 4608 ol s0] 104 8

Parsps . | 17|102| 48| 55) 75 o6] =o0|120( 10|35

Potatoes 20182 73 8| 56107 0| 120 3028

‘Turneps. 08| 84| 17| 59| 48|04 o] 35] 2533
Fruft Vegetables—

Cucumber . 16 of =23 s1]os o 45] 10]25

Tomatoes - 25| 14| 13| 25 |04] 3000 60} 25713

Flower Vegetables—

Asparagus . | 207 24| 18] 28 a9 )00 700 { 180 | 60 | 80

Caubflower . | 24] 80 22| — | 60]09 o|100| 7080

Celery. .| 09| 12 8| 52} 35loc of so| 5|25
Watercress . | 29| 06| 14222 40|16] 5000 (120 60[15

Nafe.—The sole source of vitamin A potency in vegetables and frmts is carotene.
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TagLE 60 (contd )

Fresa Frurrs

299

sl zi8 £ . la =1
SR E 1 B Belget s et B
- I R - el el - o -
Apples (eatmg)\ 03(105{ a3| 4 {eslos | 40 (45| 5|20
Apneots 06 60) 26] 17 f21 }o4 ) w50 ) 30 ) 0] 8
Dananas . [ 1[92 77| o {281[qa4 | se [ 50| 1040
Blackbernes | 13| 581 23| 63 oo [ 800 | 20|30 | 0
Currants,black| 00| 661 20| 60 {43218 | 0 | 45 |200 | O
w o ored | 11| 44 21| a6 {30 |12 | a5 |45 (45| O
Dates. .| 20|e30j2t8| 68 leas|uo | — | — | — 18
Figs, dried . | 10[135} 58| 81 | — [uz ol of of1
Goosebernes | 11( s4f 17| 28 [s30(0a | — 1 —| — (1
Grapefrart . | 66| 58] 22| 17 ‘15 |os | 20) 70 | 40350
Creengages | 08|118( 46| 17 |22 los ;400 | 45| 5[ 8
Lemon 08| 821 15107 207|083} — | — | —~| 1
Omanges .| o8| 85( 34| 41 t24 |os ! a00| 75| s5|2s
Peaches .| 06| 91} 35| 5 |18 |os | 750 |20 10|18
Pears (Cliting) 02(104 38 7 o 02 10 20 3 ({25
Pineapples os|1t6) sai 12 | 7 o4 | 100 | 75 | 50 | 50
Plums
fVictona) { 06| 96! 27| 11 15 los )40 fes| 3] 6
Raspherries . 09 56| 24 41 28 12 70 20 30 0
Rhubarb 06l 091 61108 |21 |04 | — 20| 1025
Strawbernes | 06| 62| 25| 22 |23 fo7 | 15]20 |0 | 3
Nors
2 ] 3
fu|du] B 3o | Sl 2g| 8
£ k] 2 LES) R 3
. |2051535| 508 o |2e0| oes
< l120]640| o7 o | —| o]ss
1B81615] 6as o | —1 olss
23| 27lym2 ol —1 ol
00|380| 208 o | —| ofes
.| aslaco]| se5 o | —1 olse
281|400] 603 o |900| o]st
125615 510 o [s00| oss
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frox.n the Middle and Near East, the lands of the Mediterranean
basin and more recently from the North American Continent.
Although large quantities of fresh fruits—apples, plums, straw-
bernies, black, red and white currants—are produced in Great
Britam, the supply is far from equal to the demand; it is
therefore necessary to import fruit of all kinds and for that
purpose the methods employed are refrigeration, quick-freezing,
canning and spraymg with silicon-organic compounds or
coating with thermoplastic polythene, to which may be added
the newer developments in the field of rubber-derived films
which permit of the wrapping of citrus fruits in a transparent,
heat-sealed membrane, retaining colour, taste and nutritional
value for many months,

Dried frmts are principally of two kinds, the vine fruits or
grapes and the tree fruits, generally grown in orchards. of
the dried vine fruits there are three well-known varieties,
raisins, currants and sultanas. Raisins were doubtless dis-
covered by finding that grapes which had been left on the vines
and had dried m the sun were palatable. They are produced
in Spam, Greece, the Smyrna area of Turkey and Crete, and, 8s
& result of one of the largest irmgation schemes known, in
Australia which 1s now the chief exporter of raisins to the
United Kingdom. Currants are dried black seedless grapes;
therr name 15 associated with the ancient town of Cormnth,
commercially 1mportant as a seaport as early ss the eighth
century n.c. The cultivation of currants 1s en important in-
dustry in the Peloponnesus, Australia, South Africa snd
California. Sultanas are produced in Turkey, Greece, Persia
and Califorma.

Of the tree fruits, the better known are figs from the Eastern
Mediterranean, dates—like figs naturally dried on the tree—
from Iraq, Persia and Northern Afriea, prunes—a special
variety of plum suitable for drymg—peaches and apricots,
from France, Spain, Australia, the West Indies and the U.S.A.

It 1s not unusual 1 discussing the comparative values of
foods to include fruits with v bles. This is misleading
hecause frmts, with the exception of dried frutts, such as apti-
cots, dates and figs, have not supples of minerals and vitamns
comparable to those of the vegetables (Table 60). Black-
berries, black currants, oranges, strawberries, rhubarb and
raspberries are the only frats which contain substantial amounts

. W
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of caleium. Since most fruits are eaten raw, they are amongst
the best sources of vitamn C.  With the exception of apricots,
greengages, peaches, plums, prunes and tomatoes, fruits are
not good sources of vitamm A, Together, fruits and vegetables
play a very important part in the preparation of menus, just
as by their variety they stimulate appetite and digestion, Both,
because of their base-forming properties, help to mamntam
the acid-base balance of the blood 1 favour of the bases, which
15 the normal condition of the body flids. Having little protemn
and fat, hath add to the carbohydrate mtake and thus combat
mtestinal putrefaction, which 1s rather encouraged by a too
free ingestion of meat, bread and fats Intestinal activity 1s
greatly aided by fruits and vegetables, due to the presence of
aads, salts and cellulose. Recent calculations on the smount
of restdue left by frmts and vegetables show that 1t 1s by no
means so great as has been assumed. Green leaves of cabbage,
lettuce, etc., are found to leave a residue which is not more
than 3 to 5 per cent of their ongmal weight.

Nuts.—There are many vareties of nuts, the better known
of which are : almonds, bitter and sweet, from Span, Portugal,
Ttaly, North Africa ; brazils, grown apparently only in Brazil,
in the upper tropical regions of the Amazon niver ; groundnuts
or peaputs, grown i many parts of the world, the otl being
almost entirely used for food; hazel nuts from Turkey and
Spamn ; walnuts from France, mostly pickled, chestnuts, eaten
to a great extent by the peasantry of France and Italy ; hazel
nuts from the hedgerows of Bntain but cultivated chiefly in
Kent.

The fall n the 1mportation of nuts occasioned by the war
and now due to contmumng demands of the world oil market 1s
reflected m the high prices which nuts command to-day, m
some cases three times greater than the pre-war figure, Since
1941 vegetarians have had first priority m the allocation of
nuts—cashew nuts, hazel nuts, almonds, walnuts and peanuts—
by surrendenng meat and bacon coupons. OF some 20,000
tons of nuts mnported to-day, 3000 tons are allocated to vege-
tanans, 16,000 tons to the f: trades, the ind
bewng available for general pti

Most nuts are very rich i fat : Barcelona nuts contain 38 4
per cent, brazil nuts 27 7 per cent, peanuts 84-3 per cent, chest-
nuts only 2 2 per cent 5 they are also valuable sourccs of protem
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and mineral saits. Their protein is of high biological value, but
because of their fat and cellulose content, they retard digestion.
Almonds, peanuts and walnuts contain vitamin B, ; in no others
are vitamins found and in all carbohydrate is Jow. It should,
however, be noted that as generally eaten, nuts should not be
regarded as rich sources of minerals. ‘

Vegetarianism.—The word vegetananism, a comparatively
recent addition to our language, is descriptive of a mode or
habit of living, as old as the ancient faiths of the Orient.

Vegetarianism generally refers to a diet from which fish,
flesh and fowl have been excluded ; more particularly, it de-
mands the further exclusion of milk, eggs and cheese. The
prohibition of fish, flesh, fowl, milk, eggs and cheese from the
dict Teaves but little choice of foodstuffs from which to satisfy
the physiological requirements of an active adult, That the
requi s could be satisfied by the use of grains, vegetables,
fruits, nuts, honey, sugar and treacle some will deny. The
suitability, for the human digestive tract, of a diet consisting
of these foodstuffs 1s certainly open to question. There are but
few races and rehgious sects who live upon such a strict diet 5
high caste and strictly orthodox Hindus and Trappist Monks
are amongst them,

One has heard in the past, and will doubtless hear in the
future, a great deal about the virtues of vegetariamsm.
Numerous publications appear wn which animal protein is eon-
demned out of hand, carbohydrates arc viewed with suspicion
and only the vegetables and coarse grains are regarded with
unqualified approval, While making use of screntific knowledge,
many writers on vegetarianism onut all reference to the scientific
origin of the facts they proclatm, and not a few avail themselves
of every opportunity to hold up to contempt the findmgs of
medical scientific nvestigators. Many of these publications
are characteristic of the food faddist.

Realizing these facts one will not be led astray by any sug-
gestions that all the 1lls that flesh 1s heir to can be cured by any
specific dret. True vegetaranism demands that nct.hlng that
is of animal ongm be eaten ; only that which is derived from
plant life must be regarded as fit for human consumption
"This rules out ulk, butter and eggs, and creates the chief
difficulty associated with the vegeh.irian diet, namely to secure
an adequate amount of caleium and iron, the fat soluble vitamins
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and the complete protems. The dificulty 1s immediately over-
come by the incluston within the diet of milk, cheese or eggs.
But strictly, anyone who adds but one of these animal foods to
the dict 15 not & vegetanan.

From what has been said 1t will be readily understood
that, apart from the stricter castes of the Hindu faith, the
strict vegetanan does not exist.  If by vegetaranism one means
the greater use of fruts and vegetables 1n a well-balanced diet
of milk, eggs and cheese, then most of us would agree as to the
excellence of such a dietary régime. But whatever we cat we
have no right to conclude that what is excellent and health-
promoting for one 1s necessanly essential for the well-bemg of
others. ‘There 1s Do single mdispensable article of diet, be it
mest, cabbage or nuts, When we have all the essentials for
body building and the mamtenance of health mn muilk, eggs,
whole grans, meat, vegetables and fruit, what rcasonable
grounds can there be for selecting one to the excluston of the
others 7 To those who have studied the nutritional needs of
the body as a whole and the various means of satisfymg them,
the stupdity of going to dietary extremes must be apparent,
Every foodstuff has its rightful place  One must not be msted
mio P the value of bles and frmts only in terms
of a favourable percentage content of any one or more nutrients,
By no objective standard can the importance, 1n nutrition, of
flavour and lusclousness be assessed or the part played by
nutrients be

Some False Ideas Concemmg Foods.—In the realm of
food no less than m other spheres, we find superstition, 1gnor-
ance, credubity and a lack of a critical spint, all of which are
responsible for the quant and often absurd statements which
one hears concerning foeds. There are many who, with a per-
sistence worthy of better things, make expemments, almost
daily, upon therr digestive functions and arnve at conclustons
not only as to what 1s good or bad for them but for others. It
ts eurious, or perhaps 1t 15 not so cumous, that people with the
least experience are the most prone to dogmatize. Having
discovered a certain relation between themselves and some
foodstulf, they refuse to keep an open mind and immediately
proceed to make pretentious claims for, or dogmatic state-
ments against, a certam type of food. Many, finding that not
a few people agree with them, proceed further to publsh the
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so-called facts, to claim infallibility for themselves and to
abuse or disagree with all who will not conform to their manner
of thought and action. The great art of advertisement had,
previous to the war, deluged the world with the most wonderful
array of fanciful facts, based upon evidence of the most ephe-
meral and imaginative kind concerning the whole function of
man as a physiological, sociological and artistic individual
It is a type of propaganda which in the post-war pertod should
either be abolished or nigorously controlled. It is not suggested
that there 1s not a very legitimate use for intenstve advertising ;
one need only look at certamn published advertisements by iron,
steel and engineering firms to realize that they are the outcome
of scientific acumen and research and lead, not only to higher
standards of quality n goods produced, but to improved stand-
ards of living. What is suggested is that in certam spheres
there has been a decided abuse of the art of advertising. When
one recalls the pre-war publicati on health, re-
vealng truth, half-truth, and a general sprinkling of humbug
and nonsense, one would hope, that in a more realistic age,
something more in accordance with advancing knowledge would
be forthcoming

Amongst many false suggestions, we find the statement
abroad that starches should not be eaten with protem, because
protemn stimulates the secretion of acid m the stomach which
1t is affirmed stops the digestion of starch. This 1s altogether
unnecessary advice. The acid of the stomach only stops the
enzymatic breakdown of starch which is started in the mouth
by the salivary enzyme ptyahn. To stop enzymatic digestion
of starch 1n the stomach is merely to prepare the way for its
further digestion 1n the intestine by means of the starch splitting
enzyme, amylase, There is no incompatibility ‘between any two
starches and the delay m starch digestron in the stomach is quite
physiological. To those who wish to reduce ther weight, the
idea of not mixing starches and protems is of value, if, when one
eats only a protem or starchy meal, one does not increase the
usual intake of protein or starches. Unmixed with a lberal
amount of sugar or starchy food, the protem of the meal VYﬂI be
more quickly digested by the pepsin and hydrochlorc acid in the
stomach. There 15 one fallacy i this connection which must
be removed and that 1s, to digest_starches the stomach juices
should be alkalme. Tf the stomach were the only place for the
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complete digestion of starches, then its secretion would have to
be neither acid nor alkaline, but neutral {(pr 6 9-70). The
saltvary digestion of starch by means of ptyaln is carried on in
the stomach until the hydrochlorie acid, penetrating the salivary
mass, destroys the enzyme. Ere this destructive action is com-
plete, usually 1n half an hour, 80 per cent of the starch may have
been converted to maltose. Alkalmty of the gastric secretion
1s not necessary for no further digestion of the maltose can take
place until it reaches the first part of the intestine where the
enzyme, maltase, awalts to convert maltose mto glucose. In
the mtestine the pancreatic secretion presents these enzymes
lactase, sucrase or mvertase and maltase for the particular task
of converting lactose (mulk sugar), sucrose (cane sugar) and
maltose (end-product of starch) into glucose, the only form m
which carbohydrate 1s absorbed into the blood stream,

There are numerous myths concerming food. To take but
three. Tt 1s often stated * that fish makes brams because
of the presence of phosphorus m 1t Fish muscle has phos-
phorus, but more than phosphorus 1s required for building up
bram tissue, and phosphorus 1s just as well supplied by eggs,
milk, cheese, meat and whole grains. Another fallacy is that
meat 15 necessary to build muscle; there 1s no such thing as
special foods for building specal tissues, That meat is respon-
stble for the production of physical and mental energy 1s true;
we need only look at the robust physique of certain carmivorous
people, but that meat 15 the one and only source of mental and
physical energy 1s quite nonsensical. That 1t produces toxins
as a result of protein putrefactive processes 1s another tale  All
protemns, be they in cheese, milk, eggs or meat, if given suitable
conditions, will break down and produce toxins. People who
suffer from protem putrefaction m the alimentary tract are
usually examples of immoderation 1n eating protein-rich foods.
The results of careless dieting, e.g. unhygienic bowel conditions,
should not be attributed to meat or eggs, but to those who have
not that modicum of wisdom necessary for the simplest regu.
lation of their own hives.

The old controversy of white versus whole wheat bread
has been overdone. YWhole wheat contains decidedly more of
the mineral salts and vitsrms, particularly vitamm B,, than
does the highly-rmlled article, but whole wheat or wholemesl
bread cannot supply all our minerals. Even given n suitable

20
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quantity of whol 1 bread or whol 1in the deet, and its
use 1s decidedly to be encouraged, it will be necessary to take
other foods to bring the mneral salts and vitamins up to the
optimum needs of the body ; to that end we take milk, eggs,
cheese, vegetables, liver and fish. If diets are deficient in
calcium, phosphorus and iron then such deficiencies can readily
be made good, but one must first know the specific deficiency
and the requirements and not rely upon shrapnel-like remedies.
Many people are receiving diets deficient in mineral salts, but
there are means at their disposal for making good the deficiencies,
namely by taking more of the simple foodstuffs which contain
them—milk, cheese, leafy vegetables and whole gmms‘ There
1s no need to have to highl, ion
which are usually costly and often lead to an imbalance of
nutrients in the diet.
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CHAPTER XVII

DIETARY STANDARDS AND DIETARY
PLANNING

DIETARY STANDARDS

TrE evolution of dietary standards may be said to have begun
in the early days of magic and medicine when disease was
prevented or cured by the preseribing of speafic foods. The
earhest example is possibly the cure of night blindness by the
use of hver. The various reports on the treatment of scurvy
m the seventeenth and eighteenth centures are but land-
marks in the history of dietary planmng ; not until the mddle
of the mneteenth century do we find dietary requirements stated
m terms of nutrients  In 1870 Voit, in Mumeh, suggested that
the correct daily allowance for a man perfornung moderate work
was 118 grams of protemn, 56 grams of fat and 500 grams of
carbohydrate, this supphed about 3000 Calores. Atwater m
U.S.A (1903) constdered these requirements to be too low and
was the first to maintam that standards must vary with con-
ditions of activity and environment. These standards were
based on analyses of diets habitually consumed by men under
different conditions of work and thcrefore were w:thout any
scientific foundation as dards of phy

Chuttenden (U.S.A ), enticizing standards based on controlled
food consumption, suggested that a true standard should be
based upon a measurement of protem metabolism and mam-
tamed that the requirement for protein could only be determuned
by a knowledge of the amount of protem which would keep the
body m mtrogenous equiibnium. Ths 1dea of an equilibrium
or balance of intake and output was i‘urther apphed to calaium,

The new method of d ts had at
least the ment of bemg related to thc person and not to his
dietary habits.

In 2919 the Royal Society Food (War) Commuttee, reporting
on the food requirements of man, aceepted the standards
deternuncd by Lusk of Cornell Umversity, U.S A.; these were
based on very accurate calorimetric studies of the energy
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output of individuals of varying age and weight under con-
trolled experimental conditions. Following upon numerous
studies of energy expenditure and of mineral and vitamin re-
quirements by Benedict (U.S.A.), Catheart (Glasgow), Lusk,
Du Bois (U.5.A.) and others, the British Medical Association’s
Committee on Nutrition (1933) published a report in which
they discussed the energy requirements of man in relation to
health, weight and working eapacity. For the requirements of
women and children they adopted Catheart and Murray’s (1931)
scale. While at this time no quantitative estimate was made

ding or vitamins, they did suggest that protein
should provide 10 to 15 per cent of the total Calories. In
the same ycar (1933) Stiebeling of the U.S. Department of
Agriculture published standards for Calores, protein, minerals
{Ca, P, Fe) and vitamms A and C, which were related to food.
The dard of the N: 1 R h Council, Washingt:
U.S.A,, published 1n May 1841, was an extension of the Stiebeling
standard to meet sll data presented by more recent scientific
work. Theth ical dard all to meet the nutrient
requirements per head of the population in 1948 are given in
Table 61. Since the composition of foods and human nutri-
tional requirernents are imperfectly known, the dietary standards
or allowances must perforce be equally imperfect. The prin-
ciple underlying the constitution of a standard of diet is to
select those foods which will supply the required Calories and
nutrients. Were the actual human requircments for all nutri-
ents known there would be no need to trouble about minimal
or basic diets, for the known amounts, in suitable proportion
for age, sex, activity and other as yet unknown factors would
be both the optimal and mimmal requirements and anything
Iess would constitute a deficiency.

As a result of much scientific investigation of the physio-
logieal requirements of men, women and children, 1t 1s now
possible to state i approximate terms the nutrient require-
ments or allowances of individuals and to calculate therefrom
the weighted average requi f & populati Using the
National Research Council R ded Dietary All
1945, this has been done for the population of the United King-
dom in 1948 (Table 61). Table 61 gives in detail the estimated
nutrient requirements per head of individuals nccording to
sge groups. In coleulating average allowances it has been
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ESTIMATED DAILY NUTRIENT REQUIREMENTS' PER HEAD

TaBLE 61

309

« o
Elelelal i) 8|8 (%5
FlE| 215 88| 8 (5580
S 1E]e FlE R |F]2
Children— g | mg [mg| e [ mg | mg |mg | mg
Under 1 year . {100/kg2135/kg 1,000} 6 |1,500] 04 | 0O 4| 30
1-3 years L11,200| 40 lio00| 7|2000) 06 | 09 | 6] s5
46years 16001 50 {1,000 8 [2500( 08 [ 12 | 8 50
T-9years . 2,000 | 60 {1,000 101350 10 § 15 (I0]| 60
10-12 years 2,500 [ 70 11,200 | 12 {4500] 12 | 18 {12] 75
Curls—
18-15 years 2,600 | 80 {1300 15(500( 13 | 20 (23] s0
16-20years . .| 2,300 | 75 [2,000 | 15 |5000| 12 | 18 |12] 80
Boys—
13-15 years 3,200 85 |1,400 [ 15150001 15 | 20 {15{ 90
16-20 years .| 3800 ] 100 |1400 | 15 [6,000| 28 | 25 | t7{ 100
Women—
21 yeats and over,
Moderately active . | 2,500 | 60 | 00|12 [5000) 12 [ 15 {12 70
Pregnant . 2,500 | 85 [1,500 [ 15 |0000f 15 [ 25 | 15| 100
Nursing . 3,000 [ 100 12,000 | 15 [8,000{ 15 | 30 | 15| 150
Men—
21 years and over,
Moderately active | 3,000 | 70 | soo |12 [5000] 15 [ 18 |15| 75
Weighted average re-
quirement * based on
the above for the popu-
lation of the United
Kingdom —
1934-38 average 250 | o6 | o20|12|40s0| 18 | 17 |13|
1918, 25601 65 | 91012 [4650] 18 [ 17 J1s| m

t Um!ed SL&tes National Research Council Recommended Dietary Allowances,

1945 and I

'Aﬂu.lu olher than expectant and nursing mothers have been classified as

moderately active
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assumed that adults other than expectant and nursing mothers
are moderately active. These recommended daily allovances
for specific nutrients form the physiclogical basis for the plan-
nung of dietaries sufficient to mointain optimal health, It was
not mtended that such standards should be used as an miallible
and rigid guide. Much dictary survey work has shown quite
clearly that excellent health can be maintained on diets supply-
ing fewer Calones, less protein and even fewer vitamins than
the respective amounts enumerated in the N.R.C. dietary
standard. Many surveys, to some of which reference has beert
made, have shown that for adults the amount of antmal protan,
vitsmin A and vitamm C, is surprisingly low, and yet, chnie-
ally, no evidence of und ish t hns been forth i

In the past the results of dietary surveys have been interpreted
from standards which were not based on the dietary req})xrc;

ments of 1ly healthy bers of the y
The formulation of dietary standards for age, scx, condition of
life appheable to the group or ity, like the prep

of cahbration curves, should precede all dietary surveys; only
then can a diet be recorded ns adequate or inadequate. The
potentiahities for misuse of the ** dietary yardstick ¥’ are elearly
set forth by the Committee of the Food and Nutrition Board of
the National Research Conncil of the United States of America in
“R ded Dictary All * revised in 1948, which calls
for a recognition of ther hrmtations and a proper interpreta.
tion of their values. These values have been translated into

terms of foods 1 tables of individual, family and group dicts,
) c " * -~ -==worthy

ested

DIETARY PLANNING

Numerous experiments in planning diets to meet the thea-
retiea) requirements of adults and children have been made, u}xd
the results of the analyses of these diets have shown that, with
the exception of Calomes, most of the x\utfiet:ts exceed the

PRSP

average requ\mnu.l.a why .nlu'n 'um.:. a owee oy ) -
per cegm of the total energy is derived from protein, and the
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protem mtakc is higher and the vitamin A is less than the

i {Table 62). Imp in the plan-
nmg of diets 1s the finding, that high Calorie diets to be palatable,
must have a high protein content, for example, diets giving
4500 Calonies may have as much as 120 grams of protem. Diet-
aries planned for U.S, soldiers in training during 194145 have
shown similar figures which would tend to support the as yet

TABLE 62

DAILY ALLOWANCES OF NUTRIENTS PER HEAD OF THE
POPULATION FRO\I (1) ANALYSIS OF PLANNED STANDARD
DICTS (COLS 2, 8 AND 4), AND (2) PHYSIOLOGICAL DATA,

WEIGHTED AVERAGE (COLS 5 AND 6)

—
1 2 3 ‘ 5 ]
wes | ST Nationsl
Brthn Leagonot | Tesearen | _Uutted
Natrtents dogest | adeouss | Satlons | comadl, | Kingdom,
Amociation | ‘Dietat. | 19551038 oy 1048
00"
Energy, Calones | 2,760 2,085 2,880 2715 2,560
Per cent of ttal
Calones from
protem . (| 32 n 1 95 107
Proten,g . .| 8% 84 89 8 o5
Carbohydrate, g | 408 370 284 — -
Fat, g N 88 180 121 —_ —
Calewm, g . 069 120 180 001 o0
Phosphorus, g 132 158 159 — —
Tron, mg 15 14 13 1 12
Vitarun A, 1 . | 5,346 7,969 6,656 4,606 4,851
Vitarn B, mg, . 0 400 — 0 580 0516 1
Vitatmn C, mg 01 126 14 41 n
Riboflavin, mg — 174 - 23 17
Nicotinie acid, mg — - - 155 13
d desire for i d protemn where high Calone

dnets are a necessity. It further emerges that in assessing the
suitability of diets certam requirements must be fulfilled ; the
Calories from protein should form 10 to 12 per cent of the total
Calories available and certan nutrients should bear a definite
relation to the energy value of the diet. The factual basis of
these statements appear in Table 63, where 1t is shown that the
percentage energy derived from protein is, for bread cereals
about 18, milk 21, cheese 28, potatoes 10, dricd beans and peas



312 FOOD AND NUTRITION

26, tomatoes and citrus fruits 8 to 18, leafy green vegetables
13 to 85, bacon and meat 25, white fish 95, and eggs 32 (Leitch,
1014,

‘TapLE 68
SPECIFIED CONSTITUENTS IN FOODS COMPARED WITH AVERAGE

WANCES PER 100 CALORIES, CALCULATED FROM NRC.
STANDARDS

(L. Leitch, 1842, Nut, Abs. and Rev.)

Vitgwts | Vit | Vi

12, | Catetue 'y
10, ger | 1T, per ] 18,
100 100 r’

Prote]
Iron
pererat | L | g

100
Chioniea | Catorin | Catortes | (3, | 0100 | Bl
NRC allowanee . .1 958 83 033 | 100 19 26
‘Type of food—
Cereols, wheat flour, 85
Per cent extraction 13 B er - %0 ~
wheat fiour, 72 per
cent extraction 4 50 63 { ~ 8 ot
Mik, whele . . 2 188 | oz ] 10 ) 2
Cheesr, whole ik 2 233 | o | 328 2 |~
Potatos . <1 1w 151 o7 ~ 435 10
Dried benm. pens 28 26 | 20 | ~— sl ~
Tomatoes, trus fruits . | 8to | 50to [ 1210 | 250t0) 83 t0 | 1lsta
13 12 17| 4300 87 s
Leafy green ond yellow
vegetables—

green . «f18t0 [ 100t0} 20¢t0 [eTatof 4010 [167 0
s3] 80 140 j 20700] 280) MO
camots .« . w1 { vz {wreo| 44 @
Tats, butter — — —_— 525 — -
W loxd P S — — — )~ ~
1 bacon . 7 2 { a5 - 30 -~
Sugars . . .| ~— —_ — _ - -
Lean meat, poultry, fish
ment . ] s 2 10 | 14 8 -
flatfsh . . .| 88 10 { 05 | T8 8 -
white fish . . o) 26 oy -~ 28 -
Eggs - 82 42 ) 1 | zse | W -

0ot

The wide range of possit ing diets is
to show how elastic dlehu-y standn.rds must be. Dietary
standards as in Tables 64 to 68 are but suggested optima, the
« Calorie criteria ** of Table 63, but guides to good selection.
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In planming diets regsrd must be had to the nature of the
foodstutfs which form the major part of the dietanes of the
people or commumty concerned. The modern attitude to the
whole question of dietary planmng 1s well put by Dr. Leitch.
Tt 1s obvious that if the foods supplying the major part of the
energy n a diet are of such a composition that they supply
also the major part of the requirements for the separate food
constituents, protem, Is and 1t will probably
be safe to plan for Calores 1n the belief that the rest will take
care of itself. But if the staple energy supplying foods do not
supply the necessary protem, vitammns and minerals i due
proportion, then the rest of the diet must be planned to make
up the defieit  An of the p of
foods and of the proportion in which they occur in eommon
diets shows that, in plannmng diets, attention must be given,
m the first place, to providing caletum and vitamms A and C,
since these do not oceur 1n adequate amounts m the staple
energy supplymg foods. In the second place, m certain cir-
cumstances only, vitamin B, iron and protern 2lso should recetve
speaial attention since they are present in adequate amounts
m the staple foods unless these are hghly processed cereals, or
mclude too Tugh a proportion of sugar and pure fats. These
deductions are fully supported by the results of dietary surveys
everywhere, The constituents most often and most gravely
deficient are caleium and vitamms A and C. Unfortunately
the amounts of sugar snd of processed cereals used are so high
In many areas, especially in the diets of the poor, that deficiency
of vitarmn B, also, in extreme or mnor degrees, 1s thought to
be common,”’

In selecting foods 1t must be borne i mind that foods vary
m quality and nutntive value, Soil and climate determme
1n a large measure the food value of eereals, fruits, vegetables and
ammal products; examples of this are numerous. Carrots
vary in colour because of their carotene content ; a pale carrot
may contamn 1000 1.u., a red carrot 5000 i.w. per oz.; cheddar
cheese, a hard cheese, has 17 micrograms of mboflavin, while a
cream cheese may have only 8 mucrograms per oz. Early
potatoes may have 8 me ~f < I ' .
1 mg. of vitamin C
wvitamin A per pint,
more drastic seasonal changes are seen m the vitamin D content
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of the body and liver oil of the herring. The over-ripe banana
and orange have a lower vitamin C content than that which
obtains when the fruits approach maturity. Dried green peas
have no vitamin C until they have been made to germinate.
Soil, season, storage, varicty, maturity, resistance to plant dis-
ease all are of mmportance in determining food values. There
is » great need for more information along these lines. The
question as to whether the genes or chromosome numbers or
both are factors in determining nutritional values, still remains
16 be answered.

DIETARY PLANNING AND FOOD COSTS

Liberal dicts differ from minimal ones in seversl respects,
the most noteworthy of which 1s the mcreased amount, in
Tiberal diets, of snimal protein, meat, eggs, milk, vegetables and
fruits with its concomitant increase in cost.

One of the most important tasks for people of small or
moderate mcomes 15 to know how to meet therr nutritionsl
needs at as low a cost as posmbie. It requires knowledge to
select the foods best suited for body-twulding and for the supply
of energy. To buy expensively docs not necessarily mean
that one is buying the best in the physiological sense, This is
indicated by the fact that many who eat well suffer from in-
digestion, overweight and under-nutmtion. Simple wholesome
foods can be secured for & moderate cxpenditure, but it is just
s true that many of the best foods—good quality protens in
the form of meat, fish and eggs, and mineral and vitamin con-
taining foods in the form of frnt and certain vegetables—are
too costly. It 1s no easy thing to advise just what to buy on
s limted income in order to enjoy that range of foodstuffs
which will combine palatability with essentials, There is no
great difference between satistying hunger and securing what
is necessary to build up a heaithy body. The supply of fo.od
quantimtivdy and qualitatively adequate, connot, in the in-
terests of sound nutrition, be dissociated from such factors as
housmg, bealth and general social conditions, The cost of
food must always be discussed in relation to nutritive values;
body-building values as well 85 fuel values must be considered.

To secure » diet consistent with health we must select foods

to supply :—
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(1) Energy—Sugar, butter and cooking fats, and cereals.

(2) Protein—3lk, cheese, eggs, meat, cereals and legumes,

(8) Mineral salts—Milk, cheese, fruits and vegetables.

(4) Vitamins—Vegetables, fruits, butter, milk and cereals.

{5) Fibre—Vegetables and fruit.

Some foods are most economical for meeting energy require-
ments, e.g. sugar; others, particularly those which supply
animal protemns, are the most expensive; and of those which
supply mineral salts, some are expensive and some are cheap.
Summarizing the uses of the various foodstuffs and their ap-
proximate cost, we have :—

CARBOHYDRATES.—Sugar is cheap or moderate in price and
supplies energy, but only energy ; starchy foods, also & source
of energy, contain varymg amounts of mineral salts, vitamins
and protem,

Fars—They are moderate in prce, are excellent sources of
energy and vitamins, but are without protein or mineral salts.

CERreALS.—While generally cheap sources of fuel and pro-
temn, the whole grains contain vitamins of the B group and
mimerals-—phosphorus, caleium and iron.

Mnx anp CoEesE.—These are moderate in price, are excel-
lent sources of protein and energy, and sre rich in mmerals and
vitamins

Eces.—Eggs are expensive; they sre excellent sources of
protein and energy and are rich m iron and in the vitamins A,
B,, nboflavin, and vitammns D and E.

MeATs anp Fism.—These are more or less expensive sources
of protein and fuel; fish 1s an excellent source of vitamins A
and I and, to less extent, of the mineral salts

VecETaBLES.—These are generally moderate in price. The
green vegetables furmsh little energy but have good supphes
of mmeral salts. The starchy vegetables, while good sources
of energy, are not good sources of mineral salts, Seed vege-
tables, 1.e. beans, peas and lentils, are excellent for calcium,
phosphorus and iron and also for proteins. Al fresh vege-
tables contain vitamins A, B, and C

Frurrs.—Fresh fruits are expensive seasonal sources of pro-
tens and energy. With the exception of currants, dred figs,
blackberries and oranges, they are not sources of the mineral
salts. Some are, and some are not, rich in certein of the
vitemins.  Almost all are yich in fibre. Dried fruits, apples,
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apricots, dates, figs, raisins, prunes, are the most economical
of the fruits and should be freely uced.

In planning an adequate dict at mini cost it would be
necessary to use meat very sparmgly, eggs only for cooking
and butter and morgarine for vitamm A and for flavouring.
Frust should, if possible, be included in the list but its price and
avalability will depend npon where one lives, For example,
in London, which1s & very Inrge fruit centre, it is comparatively
cheap, while in the North, far from any such centre, it is by no
means cheap.  When it 1s possible to increase the amount of
money to be spent on food, or as foods become more available,
1t is wise to buy more milk, cheese, fruits and vegetables, The
present consumption of meats, eggs and butter is far too low.
The supply and consumption of meat, eggs, bacon and butter
require to be restored to their pre-war values if one is to entertain
the hape of sccuring a diet physiologically adequate for ail.

Milk, fnuts and vegetables are base-forming foods and good
sources of vitamms. Apples, bananas, oranges, raisins, legumes
and potatoes are all good “ alkalimzers ” of the body; meat,
eggs, breads and cereals are acid-forming foods.

Milk gives & good return for the money spent upon ity it
is always unwise to ize on milk. Especially is this so
in & low price diet, for 1t plays a far more important role in such
a diet than it does in a hugh cost one. Sugar should be kept
at ’bout 12 oz. per head per week, for, used m excess, it spoils
the appetite and prevents the eating of those essential foods
which are rich in protew, vitamins and minera) salts, If more
food can be bought, cereals should be reduced, fruits and
wvegetables mereased and also, if possible, fish, meat and eggs.
Sugars need not be increased as there will be sufficient mncrease
1 the carbohydrate intake with the increased consumption of
fruits. When increasing the animal protein ntake, the advance
should be from milk and cheese to eggs and finally to meat;
that is roughly the increasing order in cost in relation to avail-
ability of the biologically valuable proteins. Wh‘ile all cereals
are sources of protems, they should not be entirely depended
upon for protem. Mk s the best supplementary food, for it
gives the best supply of those amino-acids in which cereals are
somewhat deficient.

With regard to fruits, the price of which varies so greatly,
it should be remembered that the dried fruits—raisins, dates,
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figs, prunes and apples—all having a good mmeral content,
can perhaps be bought a little more economically than most
fruts and therefore should be used as much as possible 1n a
moderate or minimum cost diet.  Of the fresh fruits, apples and
bananas for energy and blackcurrants, raspberries and oranges
for vitamin C are relatively cheap, dependmg, as always, upon
season and place.

With regard to vegetables, potatoes are cheap sources of
energy and vitamm C, while carrots, kale, cabbage, turnips and
potatoes are cheap sources of muneral salts and vitarmns,
Whenever 1t 15 financially possible to mnerease the vegetable
intake one should not forget that broad beans, peas and lentils
are excellent sources of energy, muneral salts and vitamins,
Table 60 shows the comparative value of certan of the vege-
tables 1 regard to protem, Calories, minerals and vitamins.
Higher mcome groups always tend to provide more protem,
particularly amimal protem, vitamins and minerals relative to
the Calone value of the diet than the lower mcome groups,
where the chief deficiencies are 1n amimal protemn, vitanuns A
and C, nboflavin and calem. It 1s, however, true mn this
country, and also on the North Amenican Continent, that all
the deficient dietaries are not found among the low mcome
groups.

A Guide to Dietary Planning.—In order to plan meals
which are both nutntious and palatable, more detailed mfor-
mation 15 required coneermng the art of menu building. The
housewife does not buy Calories, protems and vitamns, but
sugar, meat, potatoes and salt, and many other items of a dict
before facing the question of the preparation and cookmng of a
meal for a family more difficult to feed than to describe mn terms
of man values, ~ Standard allowances i terms of nutrients are
of little value to the housewite faced with the problem of feeding
two or three healthy children. The problem 1s essentially one
of the quantity and quality of food It 15 therefore necessary
to give guidance in the formation of menus, Much good advice
o fand mfoowte s — o " : war years by the

were and still are

10w how important

18 a knowledge not only of the constituents but the composition

of & meal, the following, quoted from the Ministry of Food
Manual of Nutrition {1947), may be mstructive.
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“1t is quite common to find that in a factory two * com-
munal > meals are provided during the morning. The first,
let us say, consists of & ¢ cheese roll > and a cup of tea, Where
there is ignorance of nutrition, this conld be forgotten or, at
least, not considered to be & meal at all. The sccond might
consist of roast mutton, cabbage and potatoes, followed by
stewed spples and custard, The nutritional value of these
two meals as eaten has been calculated and are :

Meaw 1
MU a
a1 E1E( 8118 a]2]5] 5 5:]8)5
it S121E1212]%§ Bl a %E EE
241 a2
L g HEHAEE
or 13 2 &x_:m‘ 16, | mg. | mg g mg §Lu
Rollt -1851232] 881 110)0n) 18] 0023 lpa1)14) 0 O
Butter . +josfesfo jrsl olo jis0fo Jo jo |02
Cheese . {2o|assia2fiveiscof{o s |Tasloo2fo2sjoz] 0 | 8
Ten . i0al 20 1ol yof o]0 | 2000 Jo fo Jof o
Total meal . | — |571{280{20 0} 572} 22 o080 23loso) 1) 0 |33
1 Calenlated s bread,
Mear 2
Y
slelsf el |51312]s gfz
Foodstadt ggggg’g'gieéiss
5¢ I ERERENERE
o, L3 $ |my {me ) do ) wg | mgfome. | g} Be
Matton . a4ioesisojer1] v{1a ssjorzjorzfzof of 0
Cabbage .jso] mji2]o Issjooj2ssloosiooslos)as] o
Totatoes .fs0] sefzalo | 8os[ oforzjoosirz]inf o
Apples . . [s0( ssfoaje [ afoa| 12j003j0 fjoz| 2o
Custard . . (20} o2f{18[22{70 o | enjoczfoosio | o] O
Total meal , | — [420 14823 8{142]2 4 |201]0 330 32{47 ] 26F] O

60 per cent deducted from cabbage and 50 per cent from potato and apple
1o allow for cooking losses **

These calculations show that meal 1, which might thought-
Jessly be dismissed us a mere * snack,” is in many ways of far
higher nutritional value than the kol meal 2.
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(a) It provided over 30 per cent more Calories ;

(b) almost twice as much protein ;

{c) four times as much caleium and almost as many tines as

much mtamin.

The single nutrient in which the second meal was markedly
superior to the first was vitamin €. If the cheese roll had in-
cluded chopped cabbage or watercress or been accompanied by
an orange, 1t would have been m every way a better meal than
the meat, vegetables and sweet. This need not always be the
case, of course, when “packed™ meals are compared with
* cooked ” meals. Whether 1t 15 or not depends on the quant:-
ties and the nutritional composition of the items chosen for
each meal

If one-third of a pint of milk were added to meal 1 1t would
with the exception of sron and vitamin C be far superior to meal
2 as is shown by the figures :—

Meav 1 rros § Pive oF Mg

A TE T e
2 lzelsg g g

P I-N - - ) 8 5 ) Ew £

R RS ERE S FN SN

© ° HRIERERE

Mk 661120 83| 70{226| 01 266[0076{C04| 20 | 2

‘Total — | 6011303360798 [ 23 |1174[0306|043) 20 | 37

Consideration of these meals emphasizes the importance of
mulk, butter, cheese and meat m the formation of diets. The
* Oslo breakfast " a8 mxd -day school meal composed of foods
etooned do wcies of home diets, consisted

wholemeal biscuit, butter or

an apple, or orange or raw
carrot; ths supphed wmmal protein, ymnerals and vitamins
and proved to be more efficacious in promoting the health and
well-being of children than a big meal of meat and cooked
vegetables.

Group Planning; Hospital Diets.—As an example of
group planning Table 64 shows the “target” diet devised
in order to d by the ad of diets

Y
m fifteen Scottish maternity huspltnls surveyed in 1945,




320
The dict was regarded as possible within the existing con-
dittons of food ratioming and supply and ss one which would
be generally accepted as good. 1t represented food consumed
by the patient; its nutrient content was estimated and s

FOOU AND NUTRITION

Tance 64
SUGGESTED WEEKLY MATERNITY DIET
From Dictaries 15 Malernily Hosprlals, E. W, 3. Crwskshosk apd C. P, Stewart

Mk - 14pts | Rabhit . 4oz | Calibage and
Butter . - 2oz Fish . 100z greens . 1o
Margarine 40n fSugar . . 5oz |Cemota. . 5 o
gookmg fat . 3toz | pan %ou | Tumips . sjon
hecse | 2o " Onions « .« Moz
Eggs . - dee| Loeamdbn B 4 potatees L zjib.
Bacon 2hoz i " Beans . . oz
Beay 74 o, f Qatmeal . Y0 | Rasins . . 1oz
Canned meat 2} oz. | Ovtmenlpudding Loz i prypey . . 20m
Meatpe . Bjoz oling $0z. | Stewed apples 30z
Sausage 2} oz | Barley . 10z | Baked beans . 3} o2
‘Tripe or otheroftal 4 oz | Macaront loz | Cocon . . 1§08
Recommended Dalty Allowsmos, ¥00d 403
Calcalated Average utrition l\o-r&. A :gmnl Research
rovan | R
the Buggested Dict
Pregnancy ! Lastation
Calories 2,540 2,400 8,000
Carbohydrate . 298 . — —
Protemn . . - 90 g 85g 100 ¢
Ammal proten 60y = -
¥at . 108 ¢ — —
Caleam . 17g 15g. 2g
Ton . . 13mg 15 mg 15mg
Vitamn & . 8,320 by 6,000 0 8,000 {u
Thianwn . 18mg 15my 15mg
Tiboflasin . 24 mg. 25 mg. B0omg.
Nucotime aaid . 27 mg 15 mg. 15 my
Ascorbigamd . - 80 mg 100 mg 150 mg

shown in the Table, where it is compared with recommended
allowances of the N.R.C. of the Th8.A. While the diet was
N

arranged for patients in
seribes two pints of mitk daily,

pre-

wards and ding

very little alteration is required
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to make it a suitable example of the dietary requirements of
adults; for example, one pint of milk could be replaced by
more egg, cheese, fish or rabbit. To get the full value of such
a diet requires cooking of a fairly ligh standard but several
hospitals exceeded the ** target ” nutrient allowances. Asacom-
mentary on the dificulties associated with dietary planning
to-day the results of the survey were revealing - the difficulty
in obtaining total and ammal protem, the lack of liver as a
source of valuable nutrients; the impossibility of pregnant
women and nursing mothers, leading a sedentary hife in hospital,
‘“ eating ” more than 2500 Calores per day ; the low figure for
the amount of vitamn C mgested ~ With regard to vitamin C,
the target figure was 86 mg. per day ; the average intake in this
survey was 26 mg. per day ; the ascorbic acid was estimated mn
every foodstuff as presented to the pattents and the figure
therefore represents the average amount of the vitamn taken
in cooked food. Recent work in vitamun C has enforced a
revision of our ideas as to what 15 an adequate intake of this
vitamin; 36 mg may be regarded as adequate for nursing
mothers under hospital conditions and there 1s no reason why
this amount should not be sccured within the range of an
ordinary diet, 1t corresponds to about 100 mg per day on the
““ as purchased ”’ basis smee a combined wastage and cooking
loss may amount to 60 per cent.

An analysis of the diet of this survey indicated that the

chief sources of calelum, ron and the vitamins were +

Calevym * mlk 65 per cent , starchy foods (cornflour, cocoa,
semolina, chocolate mould, nice} 9 per cent; broths and
soups 4 per cent ; cheese 2 per cent.

Iron : bread 198 per cent; meat 83 per cent; porndge
73 per cent, milk 64 per cent, egps 61 per cent;
potatoes 5 4 per cent

Vitamin A : mlk 80 7 per cent; margarme 11-8 per cent ;
carrots 8 6 per cent, eggs 81 per cent; butter 5 5 per
cent

Vatamin C: mik 301 per cent ; potatoes 272 per cent;
cabbage 10 6 per cent ; broths and soups 9 4 per cent.

No oranges were given m this diet,

In view of what has been said with regard to energy and

protein requirements of the individual 1t may be mamtamed
21
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that all patients in hospitals on a normal diet should receive
meals, the nutrients of which should conform to the figuresin the
table. The main change necessary is to make good the nutrients
lost by alterations in the ration of milk. In view of the defi-
ciencies in the vitamins it is clear that supplements of A and D
should be given and every attempt made to maintain the
amount of vitamin C in the dict during pregnancy and lactation.

To guide effectively in the planmng of meals one must know
the nutrient content of the foods to be chosen and the reason
for the choice. Without such knowledge neither the quantity
of the foods required nor the quality of the meal proposed can
be accurately known. While 1t is the duty of the dietitian to
plan the menus in d with the } ledge gained from
such caleulations, it 1s none the less the duty of the physician,
surgeon or nutntionist to be prepared to state in exact terms
the amounts of the essential nutnents required by patients in
their care. The planmng of diets for men and women hving
under various conditions of activity, for infants, children,
adolescents and elderly people, as well as the therapeutic use
of diets, are fully described mn text books on dietetics to which
references are given.

BUDGETARY AND DIETARY SURVEYS OF LOW
INGOME GROUPS

The manner in which diets have been planned in relation
to the cost and avallabilty of food during the period of the
war has been mvestigated by Budgetary and Dretary
Surveys. These surveys have shown that the great majority of
famulies faced the problems of war-time catering and cooking
with imtiative, and doubtless they will continue to do so through-
out the lean years ahead. In the case of the lowest mncome
groups the problem 15 always one of real hardship and ifficulty
in that the purchase of food conflicts with the purchase of other
things. In the presence of an madequate purchasing power,
the Tecip: ] relationship between food, clothing, housing, in-
surance, recreation, ete., becomes strikingly apparent. The
results of these surveys emphasize the urgency of planning for
better nutntional and social conditions for the lower income
groups of the nation. They reveal how closel¥ the attainment
of dietary standards 1s hnked with the purchasing power of low
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meome groups, for the cost of food cannot be dissociated from
the cost of other basic needs.

To decxde whether the amount of money spent on food
any family group is sufficient, 1t 1s essential to know (a) the
man value of the group, (b) the dietary requirements of the
group and (c) the cost of the food necessary to meet therr re-
quirements. Knowing the cost of the food, one may m very
broad terms state what should be the minimal or basic income
of the family. In view of the great vanations which obtamn m
rents, rates and taxes, these should not be included 1n any state-
ment of the basic mncome.

(s) The Man Value of the Group.—Man values have
generally been stated mn terms of Calores, taking as umty 3000
Calories per day, the requirement of a moderately active man;
they can also be defined 1n terms of protem and any other
nutrient ; the following table shows the factors for energy and
protemn, the protemn being that d by
Cuthbertson (sce Table 65) For all practieal purposes, it 1s

TABLE 65
MAN VALUES FOR CALORIES AND PROTEIN

Calortes | atan Votaes | PO pian Values
Children  Under 1 year 100/Kg — 35/Kg -
1-3 years 1,200 040 40 053
4-6 years . 1,600 034 50 068
7-D years - 2,000 LiXirg 83 086
10-12 years 2,500 083 80 108
Girls. 13-15 years 2,800 " o3 0 120
16-20 years 2,400 080 70 093
Boys 18-15 yearg 3,200 107 100 183
16-20 years 3,800 127 110 148
Women 21 years and over.
Moderately active | 2,500 083 b3 086
guant | 2500 083 % 100
Nursing o a000 100 5 126
Men (61%g) 21 years and
over
Moderately active | 3,000 100 7 100
. Sedentary . 2,400 080 63 088
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sufficient, in assessing man values, to use the factor 065 for
all members of the family under 14 years of age and 1 for all
who are 14 years and over. Thus for a family of two parents
and three children under 14 years of age, the man value 15
2 -+ (8 X 0:65) = 895 ; for two adults and threc children, ages
5,8 and 11 years, using the factors for energy it is 8:87, for pro-
tein 4 41, The approximate energy factor was used in budget-
ary and dietary surveys carried out by the Aberdeen branch of
the Children’s Nutrition Couneil and were found to give a good
approximation to the man values calculated by more detailed
factors for age groups.

() The Basic or Minimal Diet.—Having decided on the
factor for the members of the famly, it is necessary to obtan
a monetary standard, a figure which will cover the minimal
expenditure, rent and taxes excluded, on food, clothing, fuel
and light, and h hold and p 1 dri n i
the amount of money which should be available for family
needs after rents, rates and taxes have been pmd, the first and
most important consideration 1s the cost of an adequate diet.
It may well be argued that the cost of food determines the
standard of living and must therefore bear a definite relation
to the basic income. The generally accepted minimal dietary
standard 1s that published by the British Medical Assoctation
in 1988, Table 66. The comparative costs (1933 to 1950) of
the foods composmg thus diet show how prices have altered
smee 1933. The Bntish Medical Assoctation diet priced in
Edmburgh, 1n 1933, was 5s, 103d. ; 1986, 6s. 6d. ; 1940, 12s. 6}d-
1 1845, 15s. 83d.; and n 1950, 20s. 5d. The weekly meat
allowance m July 1950 was worth 1s. 8d. ; 1f we add to this the
cost of 4 oz. of bacon, 8}d., and 4 oz. of liver, 4d., the total
weekly expenditure on meat possible to-day would be 2s. 9d.
The meat quota of the BM.A diet would to-day cost 5s. 9d per
week ; that 1s, 3s. worth of meat as prescribed by the B M.A.
1933 diet cannot now be obtamed because of rationmg restric-
tions. ‘This means therefore that on the B.M.A. dietary basis
the total weekly cost of food to-day would be 20s. 5d. — 8s. =
17s. 5d. Certam of the foods n the B.M.A. dret are not readily
obtainable to-day and 1n some cases cannot be procured at all,
therefore the correct estimation of the weekly cost of the dict
can only be caleulated in the light of the amount of foods avail-
able. Table 67 indicates the position ; the estimated cost ofa
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basic diet for an adult male’in Aberdeen was 9s. 8d. m 1942,
10s. 7d. in 1945 and 14s. 1d, m 1950, Dr. Schulz has armved
at practically the same concluston ; she estimates that for a
smgle woman the * Basie Needs ” diet costs 11s 111d. and fora
single man 14s, 113d. per week (June 1950).

TABLE 66
COST OF ADULT RATION FOR ONE WEEK SUGGESTED AS ADEQUATE
BY THE BM.A,
Based on 50 grams First Class Profen, ging } Pint Milk Daily, Man-value
1, wuth the 1933 B M 4, and the November 1930, October 1945, and Oclober
1950 Edunburgh Prices of the Foods sncluded

Welght of N ’ s
Yoo ﬁ?{f&‘,’u BN ﬁi‘g:{:f\? %“{}}'2‘;‘ %‘!523’53
s d & d 5 d s d
Beef . . . 116 06 1 4 1 8 2 4
Minced meat i o 21 [ 08 o8
] 03 0 o 12 1 4}
Corned beef b M o8 (] 010 T o
Laver (ox) i 0 13 0 3} 0 33 0 4}
Egps 207 01 v 3 o2 L3
Cheese . L o 3 0 6t 0 e} 07
Mk Wpts | 0 5 o 7 o 7 o 83
Fush {eod) In 013 0 st {03 o s}
ther I 02t | 0 4 0 5 L)
Suet 1o o0of | 0o} [ 01} 01
Lard 1 [ERt L o 2} 01
Flour or 4} 1b 1 04 113 1 12
ad T} 1 04 FET 16 11}
Sugar 1lb o2 | o4 | 04 05
m . Fb o 3% o o 09 1 0}
Potatoes , 51h, o st o 52 0 6 (3K}
Peas (doed) . | }1b o1 0 2 0 2} o 2
Tea in 03 o 6} 010 0 10}
Oatmeal 4o 01} | o1} 01y o 3
Yeast . loz — — 013 | o2
Rice i 0 0} 0 a3 o1} | o o
Syrup (tm:\(le) I 0 2 o 3 o 4} [
b 0 o2 | o3 v 3
Be:nm(butun i o of 0 13 o 1} [
Barky i 01 01 o3 | 03
Fresh frt and
green vegetables — [ 4 2 4 2 31
Marganine O — — o 2 0 24
Total weekly cost. — 5 10} 12 e} 15 3} 2 5
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) ‘The Family Diet.—In the matter
%g cocoe of dietary surveys, the family group
2 1s more important than the individual
& for upon the price of food for family
2| 22°8% groups or communities can be based
é - the cost of iving. In his book ** The
< ancog Human Needs of Labour”, Mr,
B A5 3 Rowntree regarded an average family
£ = as isti P t d
wife and 8 children under 14 years
B2l 22a3a of age. This 1s the most practical
B standard upon which to base data
g [ relating to economic and dietary sur-
iw | 388383 veys, as also the cost of living of
2| ceesa

workmg-class famihes In 1941, a

bydsates
g

Carba

seres of surveys was started at the
cocon mstigation of Professor Bowley, then
Darector of the Institute of Statistics

Bt
3

Protetn
3

at Oxford, to determine the cost of
a “Human Needs” diet. Under the
supervision of Dr. T, Schulz, surveys
were carried out, with one or two
exceptions, twice yearly in April and

Calorles

November m Oxford, Reading and

London. From the results of these

surveys food schedules were made up
into

Cost.

1 meals and every
substantial vanation that had to be
i introduced m feeding the famly was

deaded 1 this way, to make sure that

Quantity

1t was possible to transform the foods
m the schedule into adequate menus

Posstle additions for an optimal diet—
Food per Week

for a family of 5 persons consisting
of husband, wife and 8 children aged

” k) 5, 7 and 12 years. By means of
g g these experimental menus, which were
®n adapted according to changes m
45 - rationing and shortages in accustomed
2i3 !E'n% fonds, the distubution of wutrients
YIEEE to the mdividual members of the
ARRES

family was determined. As is readily
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understood, in a family the official ration is not strictly adhered
to, meals being prepared from the family pool and distnibuted
according to custom, age, individual needs and taste. It was
found that the distribution of nutrients within the family group
bore a very close relationship to the nutritional requirements
as stated in tables published by the Ministry of Health.

A Weekly Diet for Five Persons.—A weekly diet for a
family of 5 per: husband, wife, 2 children aged between 7
and 12 years and 1 chuld aged 5 years—is shown in Table 684,
This * Human Needs ” diet was drawn up as a result of surveys
carried out 1n the spring of 1950 by Dr. Schulz of the Institute
of Statistics, Oxford. The total cost of the diet amounted to
51s. 8d., which was 2s. 4d. more than the cost of an equivalent
diet m November 1949. The total quantitics of food for the
family are given n the first column and the price per unit
1n the second, the outlay on each group of foodstuffs is alse
stated. The first-class protein foods, the most important in
such a diet, tend to absorb a very substantial share of the total
expenditure on food. Table 688 shows the sub-division of the
total diet into the shares received by each member of the family
group and it is clear that the husband obtains the largest portion
of the tasty foods while the youngest child consumes more
milk than any other member of the fanuly  Of the oranges in
this diet, most go, as they should, to the children and in all,
the picture, according to Dr. Schulz, 1s probably a fairly real-
istic one, & number of the foodstuifs being clearly interchange-
able without any serious disturbance in the nutritional balance.

The nutritional intake available from the individual shares
is shown in Table 68c for calaum, proten, mmerals and vita-
mins. These mtakes should be compared with the standards
recommended by the Ministry of Health. It will be noted that
the amount of protein mgested is above normal, exeept for the
2 children aged between 7 and 12 years; if, however, the needs
of these 2 children were set ont separately 1t could be shown
that the child of 7 may secure 1ts requirement of protein but
that the cluld 1 early adolescence would not. The same point
holds with regard to caleium and mdieates the disadvantageous
position in which the adolescent was placed during the war.
The scheme of rattoning for adults and for children of 5 years
and over proved durmg the war to be flexible and allowed of
interchanges m the diet within the home yhich were certainly of
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TABLE 684
A “HUMAN NEEDS* DIET IN SPRING, 1950 T. SCHULZ

A Weckly  Human Needs** Diet for @ Famly of 5 Persont

ool wnd Quntity bf;’ﬁ‘,,‘n Food sod Quartity [ i
e d
{z} Rationed foods s d 17b Swedes 31lb 8oz 0 4
1 Meat 51b 16 17c Gieens® 11b sm 10
2. Bacon . 11b 4oz | % 0 174 Onions oz| 09
& Marganne 2Ib 180z { 010 17: Beetroot 21b sov [
4 Cooking
fat Woz| 1 0 Outlay on Group () 5103
5 Sugar 3120z | O 5
& Syrup — — {e) Other foods .
7. Tea goz| 2 6 18a Peas,
8 Cheese 100s| 010 dned . 8oz 010
° Eggs, 18b Beans,
shell .  5eggs [} dned Aoz 010
10 Cond milk, 18¢ Lentils,
akmd — — dned 8oz o9
11 Rice — 11b 80z 09 19 Rolled
12 Dned frutt Roz| 010 cats 2l Rer{ 0 7
~—— | 20. Mararom 40z | 010
Outlay on Group {a) 1 93 | 21 Jam
{Plum) 603 12
(8) Fresh milk 22 Cocon 40z ] 1 ap
13q Ordinary 18} pt 05 23 Cﬂndp
18p School = 5pt, free ents — 10
24a Hcrnn'rs —
Outlayon Group @) . [ 7 84 | 23 Kippers 2th soa [ 1 0
‘ 23a Pork
(¢) Marn earbohy drate S50 — -
foods 255 Beef
14 Bread  18lb doz sausage
15 Tlour 21h meat 21b 8oz| 1 1
14 Potatoes 21 1b 26 Oranges 21 o &
Outlay on Group {¢} . Outlay on Group () . 1 g
(d) Fresh vegmues Totaloutlyy . .| 51 3
17 - ==

2 The price unit 13 : eggs, one ege; fresh mulk, pint; bread, 13 1b loat;
potatoes, § stone, cocon, §1b , condiments, total outlay ; all other foods, Ib

2 Prunes in November 1949, currants ;m Apri/May 1950

2 Cabbage in Navember 1949, spinach in Apnl/May 1050
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advantage to young children and adults but were not in-
frequently unfair to adolescents who could not obtain priority
rations. The most important pomt in such a diet, apart from
its satisfactory Caloric intakes for each member of the famuly,
is the pereentage of animal protein obtained by all,

TABLE 688
B. Indwidual Weekly Shares Avarable in * Human Needs ' Diet for 5 Persons
Bubasd wite |, P f;’ﬂ‘?’
(a) Rationed foods
11 Meat < |11 8oz 14 0z. 150z 120z
2 Bacon . . oz. 3oz 3} oz 207
8 Margarne . . . Tlb. 1202 6} oz. 407
4. Cooking fat . 8 oz, 2oz 2oz 1oz
5 Sugar . . . - 6 oz, 11b. 13 oz, 2oz
7 a . . 2} oz 30z 1oz joz
8 Cheese . . 6 oz. 2 oz. 10z, 1oz
9 Eggs . . | 1peggs Yegg legg tegg
11 Rice . 7oz 6oz 40z soz
12 Dred frut . . Zoz 2oz, 1} oz loz
(%) Fresh mulk -
13¢ Ordinary . . 2pt 3§ pt. 3} pt. 5pt
18b. School . - — 1 pt. 1§ pt
(c) Msm carboh)dmte foods ¢
. 51b.50z |41b 100z |81b 4f0z.[11b 1202
15 Flour P 120z 6oz o7, 20z
16 Potatoes . . 7 1b, 41b. [31b 120z (210802
(d) Fresh vegetables ,
175 Swedes . 11b 40z 14 0z 8oz 8 oz,
17¢ Greens . - . 3oz 3oz, 6 0z, 6oz
17d Omons . . 3oz 20z, 1oz 105
17e. Beetroot . . 8 oz. 8oz, 8oz 8oz
(c) Other (oodq .
- 8oz, 5 oz 1oz S0z
19 Ro!led oats . 8oz 8oz 90z 6oz |
20 Macarom N — 10z, 10z 1oz
21 Jam . . . 10z loz 1} oz 10z
22 Cocon . — 10z, 10z 1oz
245 Kippers . L 1202 120z 6oz 402
255 Beef sausage meat . 12 oz, 8 oz, 8oz 40z
20. Oranges . . - 50z 9oz L
Cost. . . . < 18s od 10s 11d, 95, 9d 7s. 10d

+ Ty5o chuldren In this age group.
2 The seral numbers correspond to those m the previous Table.
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TanLE 68¢
C  Nulntional Requirements and Intake from * Human Needs™ Duet

Nutritional Requirements per Day +

B ot
Hutoad | wie [ Sh0 [ ol Fumll’ o°t
Calones . . 000 {2500 {2000 {1sea 513
Protein, gm . 70 o 65 50 443
Caloum, gm .« . 0g o8 13 13 7113
Iron, mgm 10 10 13 8 540
Viamun A, Inteen Usats (3000 [a000 3000 | 3000 500
Vitamin B, mgm . 60| ©075| 0o0s5| o063| a6s
Vitamun C, mgm, . .| 30 30 30 30 500

Indindual Intake per Day from ** Human Needs** Diet (Table 685):

Aversge
Horesd | e | O ML R

Calones 310 | 2560 | 2170 | 1550 | 3100
Protein, gm . 90 75 0

52 82
Calaum, gm . 08 08 09 os | o8
Tron, mgmm. 19 15 13 9 13
Vitamu A, Intern Units 2150 {2m0 | 2180 | 2000 | 2300
Vitamin B, mgm 20 15 1 10 16
Vitamm C, mgm :'5 29 a3 8 53
Anmmat protemn, gm . 304 23 30 a7y
of totsl protem requirements | 56 3 °/,. 517 % | 508 % |60 549

3 Male Adult Cquivstent Two chuldren in this age group
The 3 A E, of this family i terms of money 13 3 94

() The Basic or Minimal Income per Man Value per
Week of the Group.—This is based on the cost of an adequate
diet far the famuly group. It cannot be too clearly emphasized
thnt wlule the cost of the diet is the basis upon which the

d of y are lated, the figure given 1s not to
be regarded as the amount of money for which this diet can be
secured at all times and in all places. The cost of the basic
diet must first be determined for each area or community
where such standards arc to be apphed. The extent to which
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the cost of an adequate diet hos changed since the British
Medical Association published the constituents of an adequate
diet has been referred to. Having arrived at a fair cost for
an adequate diet, one must decide what percentage this should
be of the basic mncome. It was found in the budgetary and
dietary surveys of low income groups in Aberdeen, in 1942,
that the families spent from 45 to 60 per cent of their available
income on food. The cost of the basic diet was 9s. 03d. for an
adult man per week.

For a family of 5 persons, 2 adults and 8 children under 14
years of age, the average weekly cost of the diet for low income
groups was 86s. 8d. in 1942. If 50 per cent of the basic income
is spent on food, the weekly cost of which was 9s. per man.
then the minimal weekly mncome should have been £3 12s., that
is, 95. X 2 X 895 (man value of the family). In Aberdeen in
1945 the weekly cost of the basic diet was 10s, 7d.; a similar
calculation gives the basic weekly income of the group 3$
£4 4s. 8d.; and for 1950, with the diet at 14s. 1d. per week, the
basic weekly income should be not less than £5 12s. 8d. These
figures are for low income groups. They could with advantage
be compared with calculations made for a famuly of similar
structure n the south of England not under low income con-
ditions, where the average food expenditure was 51s. 3d., the cost
of the basic diet 14s. 113d., and therefore the weekly income of
such a group, calculated on a similar subsistence basis, would
be 155. X 2 X 4 = £6 per week.

As the children pass mto adolescence the man value for the
farmly mses until i this case it becomes 5, when the basic in-
come would be 145, 1d. X 2 X § = £7 0s. 10d. Inlowerncomé
groups when ad go mto employ , difficulties of
subsistence generally lessen, but where children pass on to
secondary education or adolescents enter universities or tech-
nical colleges or are engaged in any kind of full time educational
activity the subsistence level of the family as a whole may be
seriously reduced.

Man values for expenditure vary with the size of the family.
They are shghtly higher than those for Calories, the figures for
which suffice for all practical purposes and are those used the
above calculations. It must be clearly understood that the
figures obtained by this method of calculating a “ subsistence
are applicable only to a particular family group when

level ”
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the cost of food 1n the area where they hve has been determmed
(see Table 69). It was emphasized at the time that this
method of arriving at a mimmal standard of necessity was only
applicable to families of four or more persons.

Social condittons in many of the lowest income groups make
for almost insurmountable difficuities m buymng and cooling an

TaBLE 69

TABLE OF FORMULXE FOR ASSESSING STANDARDS OF
SUBSISTENCL IN FAMILY GROUPS

Unit Famsly

1 Veeekly cost of basic diet = x/- ‘Weekly cost of basic diet =(%/-) X{man
val

2 lasic mcome Bastc mcome = (2x/-) % (mwan val )

8 Clothing = 0 3v/- Clothing = (0 3x/-) X (man val)

4 Fuel and light = 0 2x/- Fuel and hight = (0 2x/-) x (man val)

5 Household sundnses = 0 15/~ ‘Household sundnies=(0 15x/-) % (man
val)

6. Personal sundties = 0 35%/- Personal sundries = {0 85x/-) X {man
val)

Tn the following examples the Basic Dret costs 14/- per man per week

A Family of 4

1 2 3 4
2 adults, 2 adults, 2 adults, 1 adult,
2 children 1adol, 1 child ol 3 children
Manvalue =33  Man valye = 365 Man value = 4 Man value
1 82 1 511 1 560 1 420
2 924 2 1022 2 120 2 840
3138 3 153 3 168 3 126
4 92 1 102 4 12 4 84
5 69 5 17 5 84 5 63
6 163 6 179 6 190 6 147
A Family of 5
1 2 3 4 5
2 adults, 2 adults, 2 adults, 2 adults, 1 adult,
3 chuldren 1 adol 2 adol, 3 adot 4 children
2 children 1 cluld
Manvalue =  Manvalue = Manvalue = Manvalue = Man value =
395 43 [H 5
10553 1 0z 1 s 1 700 1 504
2 106 2 1204 2 1302 2 100 2 1008
3 165 3 180 3 193 3 2to 3 152
4 M1 4+ 120 4 132 4 140 4. 101
5 83 5 9o 5 97 5 108 [
¢ 194 6 me2 6 227 6 243 6. 176
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adequate diet, particularly in families where there are many
young children. In not a few families, where the gross income
is good, the money available to the mother to fulfil her house-
hold duties is pitisbly inadequate. A full realization of the
difficulties which beset many low income families depends upon
an up-to-date estimate of the cost of an adequate diet.

Food and Other Expenditure.—In 1937-38 the Ministry
of Labour (1940) made a survey of household expenditure in
mndustrial and agricultural areas and in villages in England and
Wales, In 1938 Mr. Philip Massey made a survey of the ex-
penditure in higher and mddle economiic groups, the results of
which are shown in columns 2 and 3, Table 70. These surveys
indicate quite clearly the distribution of expenditure upon food,
clothing, fuel and hght, miscellaneous items and rent and rates
1n middle and better class families. Expenditure is an excellent
index of hving conditions and it 1s therefore valuable to compare
the results of these surveys with those of Mr. D. Caradog Jones
{1934 and 1941) and the subsistence standards in Sir William
Beverrdge’s report on Social Insurance and Allied Services.
The average figures of these surveys are given in Table 70,
columns 7, 8 and 9.

The *Beveridge * subsistence standards are based on the
usual expenditure found and not on what may be considered
necessary. Itistmportant to bearin mind thedate of any survey,
and to remember that standards require readjustment in an ever-
changing world ; noteworthy are the trends m expenditure.
Despite an appaling drop 1n the expenditure on food, rent and
rates, as one d ds the scale the expendi on
these items claims 75 per cent of the total mcome. Under
economic conditions, such as these figures portray, the expendi-
ture most necessary, after food, rent and rates, must needs be
on fuel and light, Inadequate clothing demands more heat,
Just as the ¢ meome preeludes the purch of many
of the necessities and amenities of hfe. While mn the lower
income groups 50 per cent of the total mcome should be spent
upon food, the percentage so spent naturally becomes less as the
available income increases. In view of the need for better
clothing for all members, and partrcularly the children, of the
lower income groups, the amount spent on clothing should be
greater than 10 per cent of the ‘Yeekly income, mt.es and taxes
excluded The percentage distribution of expenditure on rent
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and rates, food, clothing, fuel and Light and household and
personal sundries (i.e. miscellancous items) is shown in Table
708. Since rent and rates vary considerably it is advisable to
deduct these from the total income and this has been done
presenting the percentage expenditure distribution in Table 70c.

In comparng various standard scales for relief benefits
two pomts are noteworthy ; first, basic or net incomes should
not include rent and rates: rents, varying greatly, and
better housing, involving the payment of higher rents, should
not be allowed to encroach upon the limited purchasing
power of a net income ; second, it is imperative in dietary sur-
veys that the composition of the family be considered. Prac-
tical standards or * yardsticks * must lly be flexible;
the crucial test would appear to be the manner in which they
measure the needs of families of four or more persons. The
family most swtable for testing standards consists of father,
mother and three children. For adults living alone, for groups
of two adults, and families of one adult and one child, monetary
additions to the suggested seales must be made according o
the circumstances of the case. In low income families a well
balanced budget should not be regarded too highly. Famulies
on or below the basic income rates as exemplified in Table 69
are, if not 1n debt, never very far from it, Theirs 1s a very
precarious existence ; if they approach a good expenditure on
food, 1t is certainly at the expense of clothing and other essen-
tials. Debt 1s rarely, if ever, due to any undue expenditure
upon food This method of investigation, namely, by the use
of a monetary standard based on the cost of an adequate diet
and on factors for d the 1 expenditure within
the fanuly should be of some value to Education Authonities,
Public Assistance and other bodies, in decrding conditions of
necessity where consideration is bemg given to the issuc of free
mulk, meals, boots and clothing and 1n determining the extent
and distnibution of bursanies, scholarships and grants to boys
and girls of ability n schools,

From mtunate knowledge of the hving conditions of men,
women and particularly cluldren, the opmion grows ever
stronger that instruction in the elementary principles of health-
ful ving should be an integral part of our edueational system.
By this 1s meant that all children should be taught the elemexzts
of hygiene, the nutritive value and comparative cost of the chief
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foods, how to cook them so that essential nutrients should not
be damaged, and should learn something of the elementary
physiological needs of the body for growth and the maintenance
of health, It is probably not too much to say that this may
prove to be a fundamental factor i securing the disappearance
of the low income famuly from our midst. For many parents
to-day the feeding of their children 1s & financial problem which
demands courage, sclfilessness and sacrifice  The solution of
the problem of nattonal nutntion depends upon an adequate
production and equitable distribution of food In the final
analysis these are economme problems and, as such, can only
be satisfactorily solved when the nutritional needs of world
populations are regarded as a whole.
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CHAPTER XVIII
DEHYDRATION AND PRESERVATION OF FOODS

Tie preservation of foodstuffs by drying 1s no new wdea. Itis
part of nature’s process in maintammmng the hving state, as 1s
seen, for example, m grains and the spores of micro-organisms
which Lie dormant in a state of desiccation until the time of
germination by means of moisture has arrived. In America
and Afnica natives have from the remote past preserved meat
by drying 1t in the sun. The pemmican of the North American
Indians, the biltong of the South African natives and the charqui
of the South Amencans are well known. The dried frmits—
apricots, dates, figs, prunes and raisms—have been known from
ancient times, as has also been the stormg of gram agamnst human
need, For centurtes fish has been preserved by exposure to sun
and wind or by heating. In the Far East the drying of fish 1s
an important industry. On the North Atlantic coasts both
fresh and salted cod fish are dried ; the fresh wind-dried fish,
celled “stockfish ”, 1s hard and bnttle; the heavily salted
fish, ** klippfish **, only partially dried and contaiming about 40
Per cent of water, 1s comparatively soft. In Great Britan the
fish which are dried are gadoids—cod, haddock, whiting, flat
fish, plaice, lemon sole, megrim—and fatty fish—herring, salmon,
grey mullet. In North American countries the drymg of fish 1s
usually associated with heavy salting and smoking These
methods, uncontrolled as to temperature, humidity and time,
are productive of a tough texture and strong characterstic
flavours which persist after reconstitution and cooking It can
safely be said that none of the dried foods-—meat, fish, fruit,
milk, cggs and vegetables—m which people are mterested to-day
have, I the past, possessed qualities which entirely recom-
mended them to the general public.  Until recently no intensive
research had been undertaken to determine the various con-
ditions under which drymg would produce gn article of dret,
the flavour, nutntive value and keeping qualities of which
would be adequately preserved. In 1939, the outbreak of war
brought the people of this country face to face with the greatest
of a1l dangers which could confront them, namely the threat of
destruction of all imported foods. In view, not only of this
839
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danger, but of the pressing need of shipping space it became
mmperative that the problem of dehydration of foodstulfs should
receive immedate attention. Under the chairmanship of the
late Sir Joscph Barcroft, F.R.S,, the Food Investigation Board,
of the Department of Screntific and Industrial Research, under-
took to investigate how best, in the realm of food, to economize
m weight, space and labour, and thus help to solve some of the
problems of the transport and storage of food in order that the
armies abroad, and the people and the armies at home, should
be well fed. The work on the drying of food organized by Mr.
Eric Barnard, Director of Food Investigation, was conducted
under the scientific leadership of Dr. Franklin Kidd, F.R S,
at the Low Temperature Research Station, Cambridge and
under Dr. G. Reay, at the Torry Research Station, Aberdeen.
The effect of oxygen in causing deterioration of dried foodstuffs
was investigated by Dr. Moran and others at the Low Tempera-
ture Research Station, by Professor H. D, Kay, ¥.R.S. and Dr.
S. K. Kon at the National Institute for Research in Dairying,
Read with the peration of 1 firms and by Dr.
N. C. Wnght and Dr. J. A. B, Smith at the Hannah Dairy
Rescarch Institute, Ayr, and many others. Dehydration by &
vacuum-oil technique has also been achieved by Dr. B. 8.
Platt of the Human Nutrition Research Unit of the Medical
Research Council.

THE PRINCIPLES OF FOOD DEHYDRATION

In chemistry, dehydration 1s the removal of water from a
compound. Freezing may be regarded as dehydration, sice
the water in the foodstuff has been depostted as ice erystals
and ean take hittle or no part 1n chemical changes which may
still proceed at the freezing point. That changes do take place
at or below freezing point 15 indicated by the development of
unpalatable flavours n frozen food. These * off ” flavours are
due to the presence of enzymes or ferments which are not
destroyed by freezing. The chief reason for removing water
is to prevent bacterial action which may destroy the food,
render 1t unpalatable and even dangerous.

It becomes necessary therefore before freezing to Lill the
enzymes ; this s done by pre-heating, scalding or blanching.
The means whereby the frozen water is removed without thawing
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1s to sublime the ice m & vacuum at — 20°C,, the vapour
condensmg on refrigeratmg coils at a temperature of about
— 40°C. Foodstuifs dried in this way retain their flavour;
keeping qualities, appearance and vitamins. All the principal
foods have been expertmentally dried n vacuo. This method
of dehydration was not used on an extensive commercial scale
during the war, the development of the necessary industral
plant being largely a peace fime project.

Oxygen is a very potent factor i causing deterioration of
food, fresh or dried ; 1t must be removed, if not wholly, at least
to a very great extent if a foodstulf 1s to retain 1ts essential
qualities for long perieds, e g. twelve months or two years.
Oxygen can be removed by replacing 1t with an nert gas such
as mtrogen. Anti-oxidants may be added to the dried food or
the ant1-oxid present m foodstuffs may be utilized to render
dried foods more stable, The action and the use of anti-
oudants have been receiving the attention of food chersts for
some iderable time If pre-heating is an imtial step
dehydration, the simple s dryng procedures can be success-
fully applied to meat, fish and vegetables The fimushed pro-
duet must be packed in an air-tight contamer, and 1 mitrogen,
if it is to be stored for more than two months, Foodstuffs so
prepared are, when reconstituted, characterized by excellent
flavour and keeping quahities

In drying it 1s important that temperature changes be con-
LpeMad adt actin 2 e . L ‘ L

th
g > - L
and this can be well done by vacuum methods Warmth
coupled with humidity enhoances bactenal growth; the dned
article must therefore be protected from moisture as well as
from oxygen To secure the best results in dehydration these
principles must be adhered to; and it almost goes without
saymg that the hest in quality, appearance and palatability
will never be attamed unless the fresh foodstuff 1s of the best.
Dehydration must never be permitted to become & means of
marketing foods which, m their fresh state, have so detenorated
that they are not acceptable to the public.

Methods and Apparatus.—Two methods are employed for
drying foodstuifs, (1) direct contact with a heated surface and
{2) contact with dry heated air (see Fig. 47).
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In the first method, the foodstuff may be dried () in a simple
vessel heated by circulating steam, (b) in a rotary drier, where
!.he foodstuff 1s stirred by revolving paddles and (c) on rollers,
in paurs, heated by stcam, the dried material being removed by
suitably adjusted knives. In the second method the foodstuf!
may be dried (a) in trays placed in a cabinet or tunnel, through

Grour I

Type2: Conveyor band.
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Type 8: Rollers (Film). Type 3: Spray.
Fic. 47 —Methods of debydration of foods (after Bate.Smuth, Sharp and
E M Cruckshank)

which heated air 1s passed over the foodstuff, (b) on a conveyor *
band, the warm dry air passing upwards through the foodstuff
and () by sprayimng liquid foodstuff into a large chamber through
which air 1s forced, the sprayed material being collected at the
bottom of the chamber. The method to be used is determined
by the nature of the foodstuff to be dehydrated, the temperature
being at no time high enough to damage the foodstuif physieally

or nutntionally.
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MEAT

There are many forms of dried meat associated with various
countries. The forms best known are biltong, a South African
product, and charqu, a South American one. In the produe-
tion of biltong several methods are employed ; lean meat from
the legs or loms of beef or game carcases 15 cut nto long thick
stnps which are shghtly cured in & mixture of 88 parts of salt,
1 part of saltpetre and 9 parts of yellow sugar  This1s sprinkled
over the meat which 1s left to cure for 24 hours; the meat is
then hung up and left to dry under cover out of the sun unt:l
sufficiently dry for storage. Charqui is produced by cutting
large pieces of fresh beef from the carcase ; the pieces of meat
are cut mto strips of roughly umform thickness, hung up to
cool at atmospheric temperatures for about an hour, saturated
in salt brine for another hour and finally stacked, covered with
coarse salt and left overmght, Durmg the following 2 or 3
days the pile 1s remade with more salt, the top pieces of meat
being placed at the bottom of the new pile. The meat 1s then
finally dried on wooden racks exposed to the sun for an hour
ortwo. It is important 1n the preparation of charqui that the
fat should not melt; the drying 1s therefore continued under
& tarpaulin. This process of curing is contimued for several
days, depending upon weather conditions, arr humidity and
temperature, and is finally completed when the meat has lost
about 40 per cent of 1ts oniginal raw weight. The final product
contains about 20 to 85 per cent of fatty tissue, the best grades
having the highest fat content. The lean portions contain 84
t0 36 per cent of water and 11 to 13 per cent of salt, while the
fatty tissue contains about 4 per cent of water and 1 to 2 per
cent of salt. Biltong is & very lean product, charqu: a very fatty
one. Pemmucan is a type of dried meat onginally prepared
by North Amencan Indians, consisting of strips of lean meat
mixed with rendered fat.

Meat can be dehydrated in the raw state or after previous
cooking. Raw meat 1s first of all minced, the mmee 1s dried on
wire mesh trays at 2 1b. per sq, ft. 1n a current of air which at
the beginning of the drying should not exceed 70° C. and towards
the end should be not more than 60°C. Fully cooked meat,
where the collagen has been converted into gelatine, when
dried, is brittle and crumbles to & powder when compressed,
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If not compressed it reconstitutes very satisfactonly, I, how-
ever, the meat when dned is to be compressed it should be
cooked only until 1t 1s brown throughout. By this light cooking
the collagen 15 not destroyed and the granules do not break
down under pressure.

A standard process for the dehydration of meat has been
developed 1n Britain at the Low Temperature Research Station
of the Department of Scientific and Industrial Research. It is
now used . New Zealand and Argentina. In this process the
raw meat 1s first removed from the bone, cut into small shees
and cooked in open pans in a minimal amount of water or in
steam at low pressure, the cooking being only sufficient to brown
the meat. It 1s then coarsely minced, spread on trays and dried
m a cabmnet (Fig. 47, Group 2, Type 1) at 60°, or at 70°-80°C.
under a shght vacuum; it suffers very Iittle loss of nutritive
value. Humdity and temperature are controlled, At the be-
ginnmng of drying the dry bulb temperature is 80° C. and the
wet bulb temperature 55° C. ; at the later stages of drying the
dry bulb temperature 1s reduced to 70° C.: this prevents scorch-
ing of the dried product. The process 1s generally completed
in 5 hours. Temperatures rising higher than 80° C, have & pro-
gresstvely bad effect upon the biologieal value of meat proteins.
At temperatures up to 80° C. in the chamber there is no loss of
vitamin B; ; above this, for example, at 100° C,, the loss may
be 70 per cent, while at 125° C. the vitamn is completely de-
stroyed. While these figures represent losses mn the drying
chamber, it must be noted that the previous heating of the meat
for some 15 minutes, until 1t 1s brown, causes a loss of from 30
1o 50 per cent of vitamm B,. There appears to be no difficulty
1 retaming palatabiity and flavour. To retam a normal
texture is a difficult problem. It 1s best retained by drying in
a current of air in a tunnel, or on & conveyor belt. All cooking
liquors are collected, concentrated and spread on the drymg
meat and thus mmerals are not lost from the dried product.
Riboflavin and nicotinie acid are not apparently affected by
drymg. The fat content of dried meat ranges from 80 to 40 per
cent, this, with the added juices 1s of value in mamtaining the
natural flavour of meat. There should not be more than 75 per
cent of water in the finished product ; 1f the water content be
above 17 per cent on & fat-free basis, moulds will grow. Re-
constitution and cooking of British standard dried meat present
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no and 1 It provided the de-
hydration has been carried out with attention to temperature,
moisture and packing. In cooking, the amount of water used
should be three times the volume of dried meat. To be
assured that dried meat will keep well for a period of twelve
months, it must be packed m air-tight tins with all the air
replaced by an inert gas  If there be any oxadation of fat, the
meat may become rancid, moulds may develop and free fatty
acids may be formed.

The value of a dried meat product, in the saving of weight
and space 1n the transportation of food I war time, 1s indicated
by the changes mn weight and bulk of fresh meat subjected to
boning, tinming and dryng shown m Table 71.

TaBLE 71

SHOWING THE EFFECT ON WEICHT AND SPACE OF THE
0 VARIQOUS METHODS OF TREATING BEEF

(From Sir Joseph Barcroft, FR S )

Welght Bulk oscupted
(o) (e, ft)
Side of beet L. 150 65
Doned L n2 30
Tinned . 120 26
Dried and blocked . # 10

In terms of shipping space the effect 1s at once apparent ;
refrigerated ships required for frozen meat can be dispensed
with, and for every three of them required for the transport of
boneless frozen meat only one unrefrigerated ship is required
for the dehydrated meat, and the amount of water carried is
reduced to a neglgible fraction of the total weight.

EGGS

Fresh egg pulp contains 13-14 per cent of highly soluble and
digestible proten, 11 per cent of fat and about 73 per cent of
water. The physical properties upon which depend the light-
ness in sponge cake, the binding power as well as the retention
of moisture are d with the solubility of the protein, the
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foaming capacity of the pulp when beaten and the absence of
creaming, that 1s, separation of the fat on standing.

Eggs have presented difliculties in dehydration. Besides
palatability, dried egg powder should retain the physical pro-
perties which make eggs valuable in aerating and binding the
mixture in making cakes, and in moistening the baked product
s0 that it will keep for many weeks if properly stored. For de-
hydration eggs are first broken, pulped under good hygienic
conditions and the fluid sprayed into the drier (Group 2, Type
8) through which heated air is passed. The temperature of the
air is such that the dried powder will have 5 per cent of water,
thus temperature and rate of  throughput ”, as it 1s termed,
are closely related. Important also 1s the size of the particles
of the spray 1n relation to the length of time they are exposed to
the warm air, Numerous experiments on the appropriate
temperatures for spray drying have been carried out; some
with temperatures varying from 120 to 165°C. have been
found not to cause scorching and creaming. This depends,
however, upon a low outgoing air temperature ; if it be over
68° C., unfavourable flavours appear in the reconstituted pro-
duct. Many commercial spray driers work on inlet tempera-
tures ranging from 120 to 150°C. and outlet temperatures
varying from 50 to 65°C. Spray drying, since it entails the
least damage to protein, 1s the most suitable method for de-
hydrating eggs. Prolonged drying at temperatures of 50 to
55°C., as in the conveyor belt method, causes a considerable
loss of vitamins and so much denaturation of the proteins that
their characteristic value in cooking and baking is lost. This,
however, does not occur 1if the egg be spray dried at a tem-
perature between 70°-105°C. There is no appreciable loss
of vitamins A and D in spray drying; there 1s some loss of
vitamm B,,

. PR, s PEEE

(2-5-5 per cent) of the dnied egg powder and the protection 1t
is afforded against oxidation. If the water content 1s over 5 per
cent and the storage temperature above 15° C., changes begin to
take place during storage, which are responsible for the “ off
flavours and the poor reconstitution qualities of the powder.
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These changes are due to the formation of fatty acids, the
breakdown of lemithm and the denaturation of the proteins of
the egg, particularly those of the yolh. In the yolk, lecithin
and the protein, vitellin, are loosely combined to form leeitho-
witellin ~ On exposure to 2ir or hght, lecithms absorb oxygen
and water, become darker and more viscid, and like fat, have
the property of spreading on the surface of water and formmg a
film. The formation of fatty acids is therefore associated with
the denaturation of the proten. Herem hes part at least of
the reason for a failure of the egg powder to behave i cooking
exactly m the manner so charactenistic of the fresh egg I
egg white is beaten, a stiff foam results ; this 1s due to the de-
nsturation of the protemns which form films of solid particles
enclosing air bubbles. If this aerating property be destroyed
by exposure to too ligh a temperature, the change becomes
evident when the powder 1s used m cooking. Dred egg 15 more
susceptible to high temperatures than most dried foods. At
87" C. the powder becomes brown and msoluble and has a burnt
flavour  The moisture content of the dry powder should not
exceed 5 per cent, nor should 1t be less than 2 5 per cent, other-
Wise detenoration in the flavour takes place. Dred egg should
be stored 1 nitrogen. Mere exclusion of air does not prevent
the burnt flavour and msolubihty due to high temperatures.
Nitrogen 15 used, not carbon dioxide, hecause carbon dioxide 1s
rapidly shsorbed by the dmed egg powder, which results m a
sk of aur being drawn m before the tin can be sealed, In the
tropies, with temperatures approachmg or above 25° C. (77°F.),
deterioration is much more rapid, and to the changes mentioned
are added changes in the carbohydrate of the egg powder. It
is well known that carbohyd hinder the ion of
Proteins which leads to the loss of solubility and aerating power
and to creaming. Brooks and Hawthorne have shown that
by the addition of 15 per cent sucrose to the egg pulp before
drying, s powder with aersting power equal to that of fresh egg
ean be prepared. Others have suggested that for practical
Purposes the addition of 13 5 per cent sucrose would result m
2 product containing 2 parts of egg solids to one part of sucrose.
Epg powders, however, which contain sucrose are not suitable
for prepaning scrambled egg or plamn egg dishes but are excellent
for use in making eakes, where ngh aerating or beating power
is desired. At present 1t is ympossible, by the strict excluston
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of oxygen and a lowering of the water content of the powder, to
prevent these changes taking place at high temperatures. To
secure a good quality dmed egg powder which will keep for
long periods at different temperatures, all the factors mentioned
must be carefully considered.

When the war made it impossible for this country to import
frozen liquid eggs and glycerinated egg yolks, largely used in
baking and manufacture, the Scientific Advisers of the Minstry
of Food, after constderation of the nutritive value of various
egg powders and the types of plant available for drying eggs,
decided to recommend the spray drying process largely used in
U.5.A,, Australia and South America. The spray drying pro-
cess played a most important part in our war time economy.
So great has been the importation of dnied egg powder from the
United States and other countries—amounting to almost one
hundred d tons per annum—that in 1944 and 1945 the
great lack of shell eggs was almost made good by the use of the
dried product.

The saving 1n space and weight by dehydration of eggs is
very great. The normal egg box contamns 360 eggs, the food
required to produce these 860 eggs weighs approximately
270 Ib. and occupies about 6 0 cubic feet. In shell, 360 eggs
weigh 57 Ib. and occupy 24 cubic feet, as a loose powder they
weigh 11 Ih. and occupy 0-88 cubic feet, and as a compressed
powder weighing 11 Ib. they occupy 0-24 cubic feet (IKidd 1944).
This means that one ounce of dried egg powder is equivalent to
two shell eggs.

One of the most mmportant problems connected with dried
egg powder has been to determine a standard of flavour in
the dried egg powder prepared for domestic use. To assay
the quality of the powder, tasting panels have been formed.
These dried egg tasting panels at the Low Temperature Research
Statton in Cambridge use the followng scale or flavour scoring
chart. (Bate-Smith, Brooks and Hawthorne, 1948) :—

Fresheggflavour . . . . . . 8 ponis
Very shghtly * off " flavour e LT .
Definitely “ oft ™ but not unpleassnt . . ., 6 .
+ Off * flavour and unpleasant . .5 .
Increasingly strong and unpleasant . . . 43 ..
Tepulave and unedible . . . . . 20 4

Trials by tasting panels have shown that the level of acceptance
by the ‘domestic consumer is from 6 points upwards on this
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scale. A chemical test of quality, based on the fact that deten-
oration of the egg powder is associated with the production of
acid from the glucose of the egg has been suggested by Fryd
and Hanson (1945),

MILK

Methods of Drying Miik.—Two types of process are used
in the drying of milk, namely, the roller method {drum or film ;
Group 1, Type 3) and the spray or atomizer method (Group 2,
Type 8).

The Roller Method.—In the roller process the milk 1s
distributed as a film on the surface of two steam-heated rollers,
thin sheets of dried milk being removed by kmfe-edged serapers.
The product is sieved to the required fineness of gram. In this
method, the temperature of the steam for heatng the rollers
varies with the rate of rotation of the rollers; at 12 r.p.m.,
290°F. is a suitable temperature while at 20 r.p.m. the tempera-
ture may be as high as 840°F  In vacuum roller drying the
rollers are enclosed 1n a partial vacuum which greatly increases
the rate of drymng and prevents the milk powder from becoming
overheated, with the result that a supenor product is obtamed
fiompared with that produced by ordinary atmospheric roller

rying.

‘The Spray Method.—Milk which 1s to be spray dried 1s
previously p d and condensed to about 80-45 per cent
total solids, It is sprayed or ** atomized ” in & drying chamber
through which a current of hot sr is passed. The air current
which enters the drier may be 890° F., in which case the air
and the milk spray must be mixed very rapidly. In slower

the P of the ing sir may not be
higher than 200° F. The spray consists of mnute droplets of
milk, exposing a very large surface to the heated air. The
result is that the water of the milk droplet is almost instantane-
ously evaporated, leaving a particle of dned milk sphencal m
shape, enclosing a correspondingly small bubble of air. The
particle is about 0 002 inch i diameter, about one-tenth the
s1ze of the flakes of roller dried milk which have to be ground
to pass through a sieve of 002 inch mesh. The spray dried
product 1s Lght, the fat is well dispersed and the protein has
suffercd less change by denaturation because produeed at a
lower temperature than that of the roller process.
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The Composition and Properties of Dried Milk.—~The
yield of milk powder 1s about 13 per cent for whole milk and
about 9-8 per cent for skimmed milk. This depends upon the
total solids i the fresh milk and upon the moisture content of
the powder. Where the moisture content is below 4 per cent
the lactose of the milk is entirely in the anhydrous form ; where
powders are stored in conditions of high relative humidity the
moisture is rapidly sbsorbed and the lactose crystallizes,

Differences in the methods of production determine duffer-
ences m the physical characters of the two products. Roller
dried powders are darker in colour and have & more cooked or
‘“ caramel ” flavour than spray dried. The spray dned powder,
having a protein which dissolves readily in cold water and a fat
which disperses easily, reconstitutes in a most satisfactory
manner. The roller dried mulk 1s not quite so satisfactory ;
in a whole milk roller dried product the fat globules coalesce
and rise to the surface of the flnd and, particularly if the drying
has been carried out at a high temperature in ar, the solubility
of the protems and therefore their power to form a fine col-
loidal dispersion 1s mmpaired ; the solubiity is 75 to 85 per
cent 1n eold water (20° C.) and 80 to 95 per cent in hot water
(60° C.) Reller drying, if it is to produce a dried mlk at all
comparable to spray dried mulk, must be carned out in vacuo.
If the milk had been exposed to too high a temperature the
poorly reconstituted product will always have & cooked milk
taste. A solubility of 75 per cent mdicates that most of the
protein in the dried milk powder has been rendered insoluble.
The percentage composition of dried milk powder varies ac-
cording as to whether 1t 1s made from whole or skimmed milk ;
to be labelled dried whole mulk the powder must contamn not
Iess than 26 per cent of fat.

PERCENTAGE COMPOSITION OF MILK POWDER

Mobsture|  Dratetn Lactase 1at f Ash
Whole milk powder 3 a7, 37 27 6
Sidmmed mulk powder . 2 35 53 1 8

To secure good keeping propertics, the mik powder should
have a mosture content below 85 per cent.  If 1t 15 more than
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this the chemical and physical changes which ovcur affect the
protein and lactose, with the result that the powder becomes
insoluble, discoloured and develops a stale favour.

The chief aim in all drying is to mantain good keeping
properttes in the dried product and good flxvour in the reconstt-
tuted mitk, The keeping properties depend upon the contzol
of oxidations in the dned mulk, In 1926 1t was observed that
butter fat prepared from milk less than 12 hours old was less

ptible to oxidation than fat sep ¢ from milk ene day
ld {Wokm, Greenbank and Deysher}), It was later discovered
that pre-hesting nulk for 80 mmutes st 181° F. before drymg
£8v¢ a powder of hetter keeping properties than that obtamned
from milk pre-heated to 145°, 163° and 200° F. It1s interesting
1o note that in order to obtamn butter resistant to the develop-
went of oxdative tamts m cold storage, the eream from which
it s made showld be pre-heated to 185°F. for 30 minutes or,
with even better results, to 180° F. for a few seconds, as in the
" flash ™ pasteunsation of woilk (Scheib et al., 1942).  The pre-
)xe‘uting of milk and 1ts effects on the keeping properties of the
dried product have been fully studied by Mattick and several
others (19453, who, m comparing the effects of pre-heating at
16.5° F. and 100° ., state that “the powders prepared from
milk pre-heated nt the higher temperature remained in good
sondition, en the average, for two or three times as long as did
he powders prepared from milk pre-hented at the Jower tem-
Perature "', It has also been sugg that * the imy
15 due to the more efficient destruction of exidwang enzymes
present or produced i the milk by the growth of micro-
organisms or the production 1 the milk of sulphydryl com-
pounds by the sction of heat on protemns, particalazly the
Bactalbunun and the protemn assocated with the a2 glohules ™

Recent work on the preparation of dried milk has been
coneentrated on two main aspects of the subject 1 first, methads
by which the storage hfe of whole milk powder can be extended
and sccondly, the deterloration which occeurs in dried skum
rmik when its momsture content exeeeds about 4 per cent. In
the first of these two problens the rasin concern was the pre-
vention of the development of tallowiness in the fat.  This has
Deen aclueved either by pre-henting the milk to 190°F. for a
Tew sevonds before it is dried, o1 by pocking the powder in
mtrogen.
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The effect of the pre-heating temperature on the bacterial
count and storage life of milk powder produced by spray drying
processes has been investigated by Findlay, Higginbottom,
Smith and Lea who found that with raw milk powder of poor
bacteriological quality pre-heating temperatures of 200° and
190° F. greatly reduced the bacterial count in the pre-heated
and condensed milks. Lower temperatures produced far less
marked reductions. The bacterial counts of the powders pro-
duced were low for pre-heating temperatures of 200° and 190° F.;
pre-heating temperatures of 170° and 160° F. resulted in powders
of relatively hugh bactenal counts. In the storage tests, spray
dried full cream milk powders were prepared from milk pre-
heated at 160°, 170°, 180°, 190° and 200° F. for approximately
20 seconds and dried by the Krause process. The milk powders
were stored at temperatures of 47°, 37° and 15° C., the storage
tests bemng carried out at two different research institutes,
namely the Hannah Institute, Ayr, where the powders were
packed in plam tmplate containers, and the Low Temperature
Research Station, Cambridge, wherc the powders were packed
in grease-free plain tinplate and lacquered tinplate containers.
On storage at room temperature of 15° C., the 190° and 200° F.
powders kept for about 5 times and the 180° F. powders for
about 3 times as long as the 160° and 170° F. powders. The
storage hfe of the 160° and 170° F. powders was about 4 months
while that of the 190° and 200° F. powder was about 22 months ;
the authors attribute this to the possibility of an adverse effect
upon the powder as a result of the relatively high copper content
of the containers.

The deterioration on storage of dried skim milk has been
investigated by Henry, Kon, Lea and White. These investi-
gators took 3 spray dried skim mlk powders with moisture
contents of 29, 47 and 7-8 per cent (dried for 8 hours in an air
oven) or 30, 5 0 and 7 6 per cent (dried for 20 hours in & vacuum
oven), packed them m air and i almost pure nitrogen in gas-
tight cans and stored them at 20°, 28:5° and 37° C. fora period
of almost two years, They found lttle change in the powders
of Tow and medrmin mowsture cortent except in pelatability aed
gas exchange at the higher temperatures. The powder of the
highest moisture content, particularly at the higher storage
temperatures, rapidly became unpalatable, discoloured and
insoluble ; its pm, free ammo-nitrogen and soluble lactose
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content fell; the amount of sugar attached to the protein and the
reducing power of the powder towards potassuim ferncysmde
inereased. Oxygen was absorbed and casben dioxade was pro-
duced They concluded that the chief cause of the deterroration
in the powder of hugh mowsture content at high storage tempera-
tures was the reaction mvolning the free smnd groups of the
mulk protemn snd they suggest that the reachion appearts to be
between the protein ammo-groups and the potential aldehyde

up of redumng sUGAYS. Thus so-called * protem-sugar xé-
action ” results 1n the production of * off-favouwrs ™ desenbed
as mamly * heated ™ or « caramebized 0 the case of gas-
packed powders and wgtale® o S ghiey T m the case of mur-
packed powders, the latter type of * off-flavour " beng the
more objectionable. From this and other wark 1t1s concluded
that * gas-packng extends the hfe of skun-milk powder for
several years without dctectable loss m the nutntive value of
its proteins, Both the procedures mentioned sbove ave in use
commercially 3 the gas-pscking. howevet, 18 EXpENRIVE and itae
sometimes difficult to get completely gas-tight cons aad keep
them gas-tight during storsge and handhng, so thot the pre-
heating method 1s the one which has been more commonly
adopted 1n practice. ** Fhe deteporation whieh oceurs in skim
milk powder when the mowstare content is greater than 4 or §
jer cent 15 due to some of the amno-groups of the Jyswe 10 the
protem of the yaulk powder combunng with lactost in such o way
that, the combination apparently cannot be broken down
the shmentary tract. The vesult s that the profem deerenses
1n biclogeal vatue dusing the storage penod, die toits deercased
content of avasbic tysme. This problem can be entirety
avorded by ensunng that the powder 18 stored n stich & way
that its monsture content 1s not aHtowed to risc bey ond £he normal
4 or § per cent.” (Smuth) .

The elfect of antioxidants when present 61 dried mulk, the
antioudant bemp sdded to the pmfcoudensed nutk before
spray-drymg, has been vestigated by Fmdlay, Smith and Lea
{1015). Numerous chemmcal substances have been mestigated
~—ascorbic acd, gathe acmd and s esters {methy}, ethy 1, propyl
ete.), citvic said, potassium bisul phite, cte~—the best beng ethyl
pollate, with ascorbic acd & rather poor second. While 1t 15
perhape disappomting that ascorbic acid hss not proved so
sucoessful s the gallic sad ester, it may be remembered that

23
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gallic acid 1tself is widely distbuted in nature as a constituent
of tannins which are present in many vegetable foods and par-
ticularly in tea and are usually considered to be non-toxiec.

The destruction of harmful enzymes, the production and
addition of antioxidants bear a very defimite relation to the
change of flavour and taste, The cooked flavour and the
boiled taste m the reconstituted powders are extremely difficult
to assess. It would appear impossible to obtain a reconstituted
milk of excellent keeping properties without introducing some
slight change mn flavour. 'There seems to be no doubt that
during storage of the drmed article the cooked or boiled mik
taste tends to decrease 1n 1ntensity.

The Nutritive Value of Dried Milk.—The nutntive
values of spray dried and in vacuo roller dried milk are almost
the same; both suffer some loss of vitammns. The former
loses 10 per cent of vitamin B,, 20 per cent of vitamn C and the
biologieal value of 1ts protemn is at least 95 per cent of the
ongumal milk protein ; the latter loses 15 per cent of vitamm By,
80 per cent of vitamin C and the biological value of the protemn
18 not greater than 90 per cent. Vitamins A and D and nbo-
flavin suffer no loss.

Kon has shown that for all practical purposes well made
spray dried mulk is just as nutritious and can be used for almost
any purpose for which ordinary liquid milk 1s used.

The Bacteriological Quality of Spray Dried Milk.—One
may be inchned to think that smee milk has been pre-heated
t0190° F and spray dried 1t should be almost stertle, Milk and
milk products which have been heat treated do not contau:

p‘erature of the pre-heating determines the type and the relative
number of the micro-organisms present in the powder. These
non-patt or Tep i i and spore
bearing organisms—can be effectively controlled by the same
measures necessary mn the care of pasteurised fresh raw milk,
namely sterilisation of the plant, control of the pre-heating tem-
perature and strct attention to the hygiene of personnel. To
spray dry mulk after pasteurisation and sell 1t over the counter
would settle almost all the difficulties attendant upon the
supply of safe fresh hquid milk. If dried milk 1s to be advocated,
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the raw milk must be pasteunised and the dried sk must be
of exceptional bactetivlogical quelity, Naturally dred mufk
must not be Ieft exposed to the air for fong peneds; 1t should
be wsed a3 spon as posuible after reconstintion. To ol this
might be added, but with muck less hope of acceptatzon, the
suggestion, that, with dned whole miulk on the market, & switable
Albut hine and o refrig: should be availak
for alf families ; this would secure for all o safe and palatable
hgnid matk,

At present the best method to preserve whole fresh milk 15
to pasteurise, condense and spray dry it, pack the powder m o
tin in the presence of mtrogen fi.e o gas-pack contsimng % per
eent of oxypen in the free-space gas) and seal the tm hermeti-
¢ally and store at temperatures under 35°C (59°F } This has
been done far soma tame on & latge seale in Cannda and the pro-
duct aan be so reconstituted that it 1, to many skilted mmik
tasters, quite mdistugaishable from erdinary fresh hqud milk
{Lea, Moran and Stath, 1948).

Swree milk contams more water than most foodstuffs these 1s
A greater saving in weight by its dohydration than & ihe case
with other foods, A flud pnt of mlk, 1e 20 o2 or 565 mi
Weighs 20 8 oz, or 575 gyams ; dried, 1t werghs 2 0z and measures
ahout 88 val, ; the dried pownder, if campressed wto a firm block,
would occupy a space of about 40 to 50 e,

Quickly Soluble Milk Blocks,—Reference has been made
fo the results of compressing dned walk, namely, reduction
mspace, himsting the exclusion of axygen and the use of packapes
i place of tin containers, While there are but few foods
Which wonld be generally accepted i the form of tablets or
blncks, thers 35 no doubt as to the value of food m sweh form.
Asa corollary to debydration several foods have been made an
tablet form for use s the Services, Soup cubies have been
known for many years, but the most umportant adddion to the
group of block or tablet foods 1s that devised by de Rousset-
all and Ingram {1913)  Mitk blocks were first made by
compressing a mixture of mulk powder, sugar and butter fat;
the block so made did not reconsutute rapdly nor smoothly.
To provure n bock wiweh would break wp easly, would dissolve
rapidly i either hot or cold water and would veconstitute
perfeetly, extra fat, to o total of 20 per cent of the mixture,
“us added in molten form to the dried mulk powder. The large
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fat content made it possible to cast the mixture in moulds
instead of pressing it by 8 hydraulie press. On coolmg, 2
continuous phase of fat cemented blocks was obtained. To
reconstitute rapidly and well the broken block should be stirred
into boihng water, The fat finally selected to be used in eocl
temperate climates was refined, deodorized cocoa butter, which
is colourless, tasteless, odourless and melts at 80° C.  The blocks
do not erumble and are quite hard. For warmer climates, fat
of higher melting point must be used, e.g. refined hydrogenated
palm kernel oils and mixtures of these with cocoa butter.

Blocks have also been made in which cocoa, coffee, tea,
custard and milk puddings have been incorporated in the dried
mulk-butter fat mixtures. These blocks keep well if protected
from moisture by pping in waxed t films. (de
Rousset-Hall and Ingram).

FISH

The dehydration of fish has 1ts own problems; the chief con-
sideration however 1s one common to all drying processes, the
control of bacterial and enzymic action which is responsible for
the development of flavours and odours in the final product
associated with an alteration in the original protein structure of
the fish. During the first world war, expeniments had been
made in drymng chopped fish m a vacuum (Falk 1919). The
rapid drying of macerated cooked fish between steam hcate;i

porting the maximum amount of food 1n the mmimum amount
of space during the second world war, led to intensive research

ed ona cont

" + 1 .-and hiscdl

Kape L . In selecting

the raw material for their work the Torry mvestigators were of
the opinion that lean fish more than any other kind, woul

yeld a product relatively stable to oxidation and the fish they

selected were cod, haddock and whiting which contamn about

0-8 per cent of lipoids usually amounting to about 1-5 per cent

m the dried fish Plaice and lemon sole which contain up t0
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20 per cent of fat were also dehydrated. The success which
attended the work on the dehydration of the non-fatty fish,
led Dr. Reay to undertake the apparently much more difficult
problem of dehy drating fatty fish, ¢.g. herting and salmon, with.
an average fat content of 15 per eent. The salmon and herring
are subject to wide seasonal varmations n their body fat. The
highly unstable oils of the fatty fish made 1t improbable that
they could be successfully dried 1 warm arr It was for this
reason that the first experiments were made on lean fish.
Dehydration of Lean Fish.—Since drying in a vacuum at
low temperatures was an accepted method with regard to food-
stuffs other than fish, the method was accordingly given a full
trial, The results with raw fish were not satisfactory. The
dried product did not reconstitute well on soaking, the flesh
being bleached, sporgy and not so glutmous s fresh fish and
the taste inferior to that of fresh or frozen fish. It was clear
‘h:'it protein denaturation had seriously affected the recon-
stituting properties of the dried product = Cooked, minced fish,
after “freeze-drying ® 1n this way, could be reconstituted
almost unchanged in palatability, This process 1s not yet,
however, a commercial possibility. The practical methods now
studied are roller drying and drymng n warm air
Roller Dryjng.~A small roller drymg machine was set up
at the Low T P R h Station, Cambridge, in which
rollers were heated, by steam under 40 Ib, pressure per sq inch,
to a surface temperature of 142° C. (287-6°F.). The rollers,
moving at g rate of 4} r.p.m., dried the fish, 1n a fractton of a
minute, to a water content between 5 and 10 per cent. The
Product was in the form of a lace work of thin white porous
nbbons and ed very well, an amount of
%ater comparable to the water content of the fresh raw fish.
There was still some loss of the aroma of perfectly fresh fish.
Alr Drying.—For the purpose of dehydratmg fish in a cur-
rent of heated air the semi-automatic kiln described by Hardy
and Cutting (1942) for the smoke curmg of fish was utilized
e kil was readily adapted for drying, means being provided
for the control of the flow, temperature and humidity of the air,
83 well as the rate of movement of the trays. Before bemg
Passed into the drymg chamber, the fish are thoroughly washed,
behcadﬂ], skinned and filleted ; the flesh 1s minced, spread on
tays to the depth of an inch and cooked for 80 minutes at a
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fat content made it possible to cast the mixture in moulds
instead of pressing it by a hydraulie press. On coaling, 2
continuous phase of fat cemented blocks was obtained. To
reconstitute rapidly ang well the broken block should be stirred
into boiling water. The fat finally selected to be used in eodl
terperate climates was vefined, deodorized cocoa butter, which
35 colouress, fasteless, cdourless and melts at 307 €. The blocks
do not eramble and are quite hard. For warmer climates, fat
of higher melting point must be used, e.g. refined hydrogenated
paim kernel oifs and mixtures of these with eocoa butter.

Blocks bave also been made in which cocoa, coffee, tea,
custard and milk puddings have been incorporated in the dred
mallk-buiter fat muxtures. These bioeks keep well if protected
from mowsture by wrapping in waxed ysnsparent films. (de
Rousset-Hall and Ingram).

FISH

The dehydration of fish has 1ts own problems; the chef con-
ion however is one to all drying processes, the
control of bactena! and enzyme action which is responsible for
the development of flavours and odeurs in the final product
assaciated with an alteration in the onginal protein structure of
the fish. Dumng the first world war, expetments had bees
made 1 drymg chopped fish in a vacunm (Falk 1919), The
rapid drying of macerated cooked fish between steam heated
rollers had also been proposed, the dried product bemng regasded
as satisfactory (Townsend 1022). The fact that dried fish pro-
ducts had not gamned in pubhe favour and the need Jor frans-
porting the maxunum amount of food w the minimum amonnt
of space during the second warld war, led to mtensive research
work on the problem of fish dehydration.

The dehydration of hernngs could now be placed on a com-
mercial basts 85 4 result of the work of Dr. G, Reay and his col-
leagues at the Torry Research Station, Aberdeen. In selecting
the raw material for their work the Torry investigators were of
the opinion that lean fish more than any other kind, would
yield & product relatively stable to oxidation and the fish they
selected were cod, haddock and whiting which contamn about
0 3 per cent of lipoids usually amounting to about 15 per cent
in the dried fish. Plaice and lemon sole which contan wvp to

- h} 2
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to a density of X to form firm cohesive blocks that can be made
w separate moulds to fit in contamers. Dried fatty fish can
resdifs- be compressed to firm cohesive blocks but deed lean
fish with a water content of 5 per cent cannot be made wto
cohestve blocks. € the swater be rused £o about 10 per cent &
block ean be made and the texture of the fish upon reconstity-
tion does not suffer appreciably. (Reoy ond Cutting, 1950.)

Reconstitution,—Dehydrated fish bang in the form of
maee 1w most suitably reconstituted m the form of made up
drhes such as fish and potato pe and kedgesce

Dehydration of Herring.—In notmal times more herrings
are cavght than can be ymmediately constmed, sud m view of
the results ol d in the debydration of non-fatty
fish the Ministry of Food were interested to dissover nhetherany
Trocesses could be devised 4o aiford additional outlets for the
sposal of the great seasonal harvest of herrng which 1s so
great o feature of aur consts.  Easly m 1644 a pilot plant was
set up in Aberdeen to develop the process of dehydration of
herring, If hernings, with their high content of proten and fat,
could be dned and compressed 1 the interest of feeding our
armies in war tune, there was no reason why wmilar action
should not be taken to feed the pation i times of peace.  Lab-
oratery work has shown that this can be done,

In the provess ss sctually operated at the pilot plant, fresh
herrings, caught overnght, are packed 1 1ce as soon 53 they are
Tanded and sent to the factory where they are washed, splif,
gutted and Glletted end agan washed m spewial machines
eapable of dealing with 2 erans of fish per hour, (A cranss o
capacity mensure, the average equivalent weight of which is
392 Ih. or 81 owt.) 'The fish are cooked for 20 minutes under
2 gtears pressure of 6 Ib, per sq. inch and then coeled to &
temperature not exceedmg 45°C. (138°F.). They are then
Tainced and epread on trays to 5 density of 2% th. of mmnee per
8q. foot tray ares and passed Yhrough the Hardy and Cutsing

Ter,

Under usual working conditions air 15 dlelivered to the dryfng
umat ot aboat 30,000 cu. ft. per minute st 79° C. (175° F.). The
fat and wmosture content of the wet fish vary dunng the
season but aversge fguves are 1 moisture 64 per cent, fat 146
per cent, {at-free sobds 21+4 per cent. The minced material js
dnied down to about 4-5 per cent moisture content 3 the drying
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steam pressure of 2 Ib. per sq. inch, the time and pressure of
cooking being appropriste to the amount of fish. In cooking
whole fish for flaking or larger fillets higher steam pressure 1s
required. Cooking and mincing are essential to obtain uniform
particulate material of open structure that can consequently
be uniformly and lightly spread on the trays, uniformly and
rapidly dried to a product which has good powers of reconsti-
tution and a pleasing, freely fibrous texture when eaten. The
Juwce lost in cooking, about 80 to 40 per cent in lean fish and 20
to 80 per cent by weight in fatty fish, is discarded with negli-
gible Ioss of flavour and nutriment ; there is no need, as in the
case of meat, to return the juices to the drying material. After
cooking, the minced fish is placed on the drying trays at &
density of 2 Ib. per sq. foot and exposed in the drying chamber
to a temperature which, commencing at 85°C., 15 gradually
lowered during the period of drying to about 65° to 70°C. The
wet bulb temperature and the relative hunmdity fall from initial
values of 50° C. and 25 per cent respectively. Under these con-
ditions the temperature of the fish never exceeds 70° C., wheh
15 the maximum temperature permutted if a high grade product
15 to be obtained. The drying time is important ; the shorter
the drymng time the better the qualty of the dried product.
The practical Iimit is about 4 hours, the time required to dry
from a water content of about 2 7 grams to 0 1 gram per gram
of solid. The dried fish contains 4 to 8 per cent moisture, 80
per cent or more of proten and is completely edible compared
With the fresh fish which contains 16 per cent of protein and
is about 40 per cent edible.

Storage.—Dried fish 1n a moisture proof contsiner will keep
in good condition for about a year at temperatures of 10 to
15° C. By packing in an inert gas, such as nitrogen, the storage
hfe can be extended considerably. Smoked cured products
keep somewhat longer than those made from uncured materials.

Dried Fish Blocks.—Dried fish can be pressed into blocks
offering maximum economy of space and in this respect de-
DO e all nthon mathnde of preservation 1f the

{ to 10 per cent water

. obtained by compres-

of the lean fish. The

i:;lock 1s not cohesive and is most conveniently formed in the
contamner. Fatty fish, on the other hand, can be compressed
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VEGETABLES

The general principles, alrendy stated, arc applicable to the
debydration of vegetables.  There are naturally techmeal differ-
entesan the detals of the methods used for drying various vege-
tables. The green lealy and root vegetables require to be
thoroughly cleaned, waste leaves or skin removed,  Preparation
for drying entails shredding, stnpping or dieng by machine
according to the type of vegetable to be dned.

Green Leafy V! —G leafy vepetables are
f;ther sealded by steam or smmersion, for 2 to 8 minutes, in boil-
ing water containing about 022 per cent of sodmm sulplute.
The sulphite reduces the loss of vitamin € m sealdmg and pre-
veats diseolonration during drymg and storage. At the bepm-
nug of dehydration, which is arned out i & tunnel (Fig. 47,
Group 2, 'Type 1), the temperature 1s about 95°C ; towards
the end it spproaches 60°C.; the wet bulb temperature 1s
also controlied. During this time, 3 to 5 minutes, the water
content falls to & per cent. If cabbage, for example, 15 dried
5%, that is without previous sealdmg, there is 8 marhed loss
of vitamin C and considerable discolouration,  Steam sealding
after dipping the vegetable mn sulphite has now been shown to

a satisfactory procedure {Allen, Barker and Mapson 1944).
The dned cabbage must be packed i sealed tws so that it will
R0t take up mojsture from the atmosphere and, if destined for
fong perreds of storage, it should be packed m mtrogen. The
2aving of weight by drying is very marked; 100 th. of eabbage
25 purchased gives about 50 Jb. prepared for drying snd about
83 1b. of dned cabbage.

Reconstitution of dried cabbage 1s smple ; the dried material
15 placed m & mimmal amount of borhing water and sllowed to
cook at 100° C. for 20 minutes.

 Potatoes —Potatoes require veryspenal attention on several
points: witammn € is very readily lost, the hgh starch con-
tent may cause pastiness, and the hability to diseolour may be
Lroublesome. Fhe potatocs are peeled, cut mto strps about
inch by § mnch, and washed m running water to remove starch.
If not removed from the surface of the strips, starch will cause
them to stick together dunng drying with the production of &
Tather sticky paste. The loss of starch during washing amounts
tosbout 15 per cent, which in view of the large amount present
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ratio (wet fish: dry fish) 15 about 2:67. When the minced fish
has been placed in the drying unit the wet bulb temperature is
kept at not less than 50° C. (122°F.) by controlling the inlet
and exhaust louvres. The relatively high wet bulb temperature
which prevents bacterial growth in the initial stages of drying
falls from about 55° to 83°C. (181° F. to 93° F.) during the
4} hour period taken to complete the process. The drying pro-
cess having been completed the material is allowed to cool on
the trays before being placed in large galvanized storage bins.
After 24 hours have elapsed the dehydrated material 1s

hanically or Ay 3s d into cans, which are
then sealed by soldering.

Deterioration in the flavour of the dried herring, which has
o moisture content of 8-6 per cent, may be considerable when
the product is exposed to awr. This 15 due to the action of
atmospheric oxygen on fat; a better product is obtained by
packing under mtrogen. Packed in moisture-proof containers
under mtrogen and stored at ordinary temperatures (10°-15° C.)
dried fish will keep in good condition for a year.

Dehydrated Kippers.—Kippers are herring which have
been gutted and split open down the back by machine, immersed
for a short time 1n salt brine and cured over a smoking wood
fire. In the process water evaporates and smoke constituents
are absorbed. ‘ Dehydrated kipper ** consists of herring fillets
smoke cured without briming, and then cooked, minced and
dehydrated as for herrings.

The final product of dehydrated cod, haddock, whiting and
herring, fresh or cured, has proved acceptable both in terms of
taste and texture.

Smoked cod, haddock and whiting have an excellent * finnan
haddte ”” flavour and good texture ; flat fish retain their flavour
and also the generally crumbly texture of the cooked fresh fish.
Smoked dried herrings are saxd to be better and more acceptable
than dried fresh herrings. Dried herring because of 1ts high
percentage of fat is particularly liable to detertoration through
oxidation ; it is therefore essential to pack the dried fish in
metalhe tins and replace all air with nitrogen. While no final
decision has been reached an the optimal water content for
storage of dried fish, it may be taken that a water content
over 15 per cent on a fat free sohd basis would be detrimental

on account of the growth of moulds.
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VECETABLES
The general principles, already stated, are sppheable to the
dehydiation of tabl There arc Ny technical differ-

ences tre the detmls of the methods used for drymg various vege-
tables. The green leafy and root vegetables require o be
tharoughly cleaned, waste leaves or skin removed.  Prepseation
for deymg entails shredding, stnpping or dicing by machie
according to the type of vegetable to be dreed.

Green Leafy Vegetables.—Green leafy vegetables are
cither sealded by steam or wamersion, for € to 3 minutes, w boil-
ing water containing about 822 per eent of sodium suiphate.
The sulphite reduces the loss of vitamun € 10 sealding and pre-
vents diseolourstion dunng drying and storage. A the begm-
ning of dehydration, which 1 earnied out in o tunnel (Fig. 47,
Group 2, Type 1), the temperature is about 957 C.; towards
the end 1t approaches 60°C.; the wet bulb temperature is
slso controlted  Durmg this time, 3 to 5 munutes, the water
content falls te 5 per cent.  1f cabbage, for example, 15 dried
Taw, that is without previous scalding, there 15 B marked loss
of vitamun € and considerable discolouration.  Steam scalding
after dippmg the vegetable m sulphite has now Liten shown to
be a satisfactory procedure (Allen, Barker and Mapson 1914).
The dried cabbage must be packed in sealed tms o that it wilt
not take up from the phere and, if 4 d for
long petiods of storage, 1t should be packed in nitrogen. The
saving of weight by drymg ss very marked ; 100 Ib. of cabbage
85 purchased mves wbout 56 Ib. prepared for drying and sbout
3% 1b. of dmed eahibage,

Reconstitution of dered exbbage is ssmple ;. the dried material
1 placed m & muumal emount of boting water and allowed to
cook at 100° C. for 20 ymnutes,

Potatoes —Potntoes require veryspecial attention on several
ports: wvitamin € is very veadsly lost, the high statch eon.
tent may cause pastiness, and the habity to discolanr may be
troublesome. The potatoes are peeled, cut into strips about 3¢
wmeh by § mch, and washed in runming waoter to remove starch.
It not remaved from the surface of the strips, starch will canse
them to stick together during drying with the production of
rather sticky paste. The loss of starch during washing amounts
toabout. 15 per cent, which in view of the Jarge amount present
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is of no moment. The strips are then scalded for 8 minutes
in beiling water containing 005 per cent of sodium sulphite
or for 2 to 3 minutes in steam after being dipped in 2 015
per cent solution of sodium sulphite. If the amount of water
1s as small as possible, the loss of vitamin C will be reduced
and there will be & mimimal loss of mineral salts by leaching.
Vitamn C is also conserved by repeatedly using the same water
for scalding. Sulphide and rapid scalding are important if
vitamin C losses are to be kept within reasonable bounds. The
prevention of darkeming of the potato has been a problem, due
to lack of knowledge of the chemical involved. Acidi-
{fying the scalding water and avoiding contact with iron helps
considerably but it 1s best prevented by using a non-darkening
stramm of potato, of which the King Edward is highly recom-
mended. The temperature and water content are controlled as
for cabbage. The dried product should be cooked by adding
boiling water to cover it, allowmg it to stand for 1 hour and
cookng until tender (5 to 10 minutes) : this will generally retain
40 to 50 per cent of vitamin C content of the dried potato.

Sealed 1 cans under nitrogen and stored at 15° C., dried
potato will keep for at Jeast a year.

The saving in weight by drying is about 90 per cent ; 100 1b.
of potatoes prepared by washing, peeling and slicing yield 75 Ib.
of strips which grve a dried weight of 11 1b.  Potatoes are a good
source of vitammn C: they are also valuable as a source of
vitamn B, of which 35 to 50 per cent 1s lost in scalding.

Mashed Potato Powder.—This 1s a remarkably successful
product of the art of dehydration. Potatoes are cooked, mashed
and then dried. The drmed powder, which is granulated and
consists of unbroken potato cells, ean be reconstituted mmmedi-
ately by the addition of hot water. The drying is carried out
in two stages; first, the wet mash is dried to a consistency
which permits of 1t bemng ground nto a granulated powder in
which the potato cells are undamaged ; it 1s then dried on trays
in a tumnel. The wet mash may be diluted and spray dried :
this gives a very good powder in which no cell damage occurs.

By maintaining an undemaged potato or starch cell, no starch
S e . 14 T cmndinae
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colour; o glazed or shiny surfuce indicates free starch which
will fead to a glutmous product upon cookmg. Reronstitution
and cooking of the powder 18 carnied out by sdding four parts
by weight of botling water to one of riced potato and warming
for five mumutes. The cooked produet reswtmbles mashed
potato in favour, colour nnd texture. The dned rice powder
contains about 60 per cent and the cooked product about 30 per
cent of the sscorbic neid in the raw peeled potato,

Mashed potate powder is subject ta detenoration—develog-
ment of & beown colour, charred taste and an off fiavour—due
to oxidstive rancidity of potato fat, storage 1 the bght and
inereased storage temperatures. To prevent these changes as
250 the Joss of asorbie acid, the powder should bave & mows-
ture content of 8 to 11 per cent and be stored under mtrogen.
{Burton 1910.)

Pre-vooked Dried Soups.~Many dried soups are on the
market. These consst of bydrolyzed protems, egg albumm,
carbohydrate, fat, vitamins apd herbs, The drying 15 carried
aut on & roller system.  Vitamin € and the flavaur, be 1t meat
ot vepetable, are well canserved : the cgsential otls or herbs—
wint and thyme ols for vegetable soup and pumenta and clove
ails for meat and vegetable soup-—are added smmedutely after
drymg. The pownders which are ether packed m tins 12 a
neutral gas or m water-proot packages are ewsily reconstituted
by stirning in hot water,  The foflowing Table geves the weights
of the prepased, cleaned ingredsents required to produee ope
ton of et pusde. (Fidler #f ol. 1045,}

Tamz 72

Vegelabie Sawep . 3teat ond Vegetadle Soup  f5
Potate . N 920 Lean beef - %0
Qasror . . 4 Fotate - 0
Tabhege . L0 Lz Camet, ss0
Fay © s« . sy Cablage 2
Oatrseat . Fat . &5
Salt . . . 17} Optmenl . . P 3
Yesstextract . . . . 1§ Sat . . . . w
Pepper . N A . i pRer N . . i
Yrast evteact P 1

Omion . B

. Carrets~Such a nch source of earotene, the precursor of
vitamin A, and of earbohydrmte, came early into the field of



364 FOOD AND NUTRITION

experimental dehydration. To reduce 100 Ib. of raw carrots to
7% 1b. of dried material with hut a small loss of carotene was a
worth while project. Investigation soon showed that carrots
dried without initral scaldmg, although containing practically all
thetr carotene and sugar, would not keep well and were hard and
tough when reconstituted. Sealding the carrots whole, for 15
minutes in boiling water resulted in a dried product which re-
tamed 90 per cent of the carotene of the raw vegetable and, with
suitable precautions in drying, lostnothing in flavour and texture,
For dehydration scalded carrots are cut into strips about a
quarter of an mnch thick and dried to a water content of 5 per
cent 1n a manner simlar to that used for drying cabbage. To
reconstitute and cook dried carrot, it 15 either covered with hot
water, left overnight and then simmered in the same water for
20 to 40 minutes, or 1t is covered with boiling water, kept for
an hour and cooked until it is tender. To store dried carrot
successfully care must be taken to prevent oxidation of carotene.
The small loss of carotenc which does occur is not important,
because of the large amount present, but oxidations cause * off
flavours »* which make the i d carrot unpl t to
the palate. It is therefore necessary to pack dried carrot in
hermetically sealed tins filled with nitrogen ; dried carrots will
not store satisfactorly in am; carotene breaks down and in a
few weeks a strong smell of violets may develop.

The Drying of Foodstuffs by Vacuum-0il Technique.—
This new method of drymg foodstuifs 1n an edible oil ensures
the destruction of enzymes and the retention of flavour and, to
a considerable extent, the nutmtive value of the foods. The
principle of the method is to subject the suitably prepared
foodstuff, immersed m a non-agueous liquid, to a temperature
which will destroy enzymes without the removal of a substantial
praportion of the water from the food and thereafter to secure
the evaporation of the major portion of the water at a low
temperature and at a | below spheric pressure.
Before cooking, the o1l may be removed from the foodstufl
by solvents, draining or centrifuging. It is noteworthy that
=P 1t-see —medbewansradar wannon gt femperatures aboutlooi’ C.

*water soluble vitamins,

. stoned by blanching and
sealding. Foods which require to be blanched are kept m 0'11
at 80° C. for 2 to 4 mmutes before the water 1s removed. This
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treatment destroys enzymes as judged by the absence of oxidase
reaction. X the food were drted numediately i o then a
temperature hipher than 80° C. would be pecessary te destroy
enzymes. There is no loss of nutrients mio the oily material
such zs occurs with blanching in water.  The flavour and eolour
of green lealy vegeiabies, green peas and patatoes are stated to
be superior to the flavour and colour of air dried products. The
vacsum o1l dried produets are easidy and rapidly reconstituted.
The time of drying, the water content sud smount of ascorbie
acid retained by the 1 technique are, ding ta
Dr. B. S. Platt (1044), as follows —

rsing Vaser Ancortla actd,
Wetans kil
o el g i s
Speing greens 100 43 2 7
Trusstls xprouts . k2] 50 + 3
Peas {green) 1o 73 7 W
Potato shers 248 w0 n 3
Eabbage . atg 0 2 —
Beet row goomin) 452 0 1 -
FRUIT

Modern frutt drymg plant consists usually of fereed draught
driers,  In drying It st 1s usual to recrrculate atr, maintamng
a relative humidity of about 20-80 per cent. An important
pomt in the drying of fruts 1 that because of therr moisture
content they are readily * case hardened ', that s to say, the
surface layer may beeome hard, due to the rate of evaporation
of flurd from the surface being relatively greater than the rate of
diffusion of moisture from the interior of the frmit to sts surface.
This condstion 1s readily brought about when temperatures are
too hugh and relative humidities too Tow. Generally the more
quickly frint js dried the better the final product. The nature
of the material sets & lumt to the temperature and humdity
that may be employed in dehydration. With an ar flow of
about A00-800 ft. per min., the fruit bemng moved against the
stream, the P ded for dehydration of
various fruits are as follows : apples, chernies, figs and prunes
160°F. ; apricots and peaches 185° F. 1 pears and loganberries
TH0°F.3 grapes 180°F, As a 3esult of investigations at the
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experimental dehydration. To reduce 100 Ib. of raw carrots to
73 1b. of dried material with but 2 small loss of carotene was a
worth while project. Investigation soon showed that carrots
dried without imtial scalding, although containing practically all
their carotene and sugar, would not keep well and were hard and
tough when reconstituted. Sealding the carrots whole, for 15
minutes in boiling watcr resulted in a dried product which re-
taned 90 per cent of the carotene of the raw vegetable and, with
suitable precautions in drying, lostnothing in flavour and texture.
For dehydration sealded carrots are cut into strips about a
quarter of an inch thick and dried to a water content of 5 per
cent 1n a manner similar to that used for drying cabbage. To
reconstitute and cook dried carrot, it 1s either covered with hot
water, left overnight and then simmered in the same water for
20 to 40 minutes, or it is covered with boiling water, kept for
en hour and cocked until it is tender. To store dried carrot
successfully care must be taken to prevent oxidation of earotene.
The small loss of carotene which does occur 1s not important,
because of the large amount present, but oxidations cause * off
flavours ” which make the d carrot unpl t to
the palate. It is therefore necessary to pack dried earrot in
hermetically sealed tins filled with nitrogen ; dried carrots will
not store satisfactorily m air; carotene breaks down and in a
few weeks a strong smell of violets may develop.

The Drying of Foodstuffs by Vacuum-Oil Technique.—
This new method of drying foodstuffs in an edible oil ensures
the destruction of enzymes and the retention of flavour and, te
a considerable extent, the nutritive value of the foods. The
principle of the method is to subject the suitably prepared
foodstuff, immersed in a non-aqueous hiquid, to a temperature
which will destroy enzymes without the removal of a substantial
proportion of the water from the food and thereafter to secure
the evaporation of the major portion of the water at a low
temperature and at a pressure below atmospheric pressure.
Before cooking, the oil may be removed from the foodstuff
by solvents, draining or centrifuging. It is noteworthy that
blanching i water or water vapour at temperatures nboutloo.’ C.
is ehminated ; this prevents the loss of water soluble vi.tamms,
small though it may be, which is oceasioned by blanchmg an.d
sealding. Foods which require to be blanched are kept in oil
at §0° C. for @ to 4 minutes before the water is removed. This
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dehydrated fruit products of good quality have been obtaaed
by sulphuring for the following penodst apples 1 hour, plums,
pears, peeled, 14 hours, plums 2} houts It has been shown
that with heawnly sulphured fraat the moisture content should
tiot exeeed 30 per cent, 1 fact it can with sdvantage be lower,
and for fruts of low sugar content 10 per cent. 15 Tecommended.
Fruite generally contain 86-00 per cent of water 3o that con-
sulerable reduction m weight 15 effected upon drymg and the ratio
of dried product to the ongnal fresh frust weight vanes sccording
o the nature of the frut, e.g. for spples 1t ¢ 5: I, pruges 31 1,
apricots and peaches 5813, pears 5: 1. Great dfferences are
also o be found i the tume necessary to effect satisfactory
drymg of vanous frwts,  Apples require 6-10 hours, apricots
10-20 hours, grapes 15-20 hours, pears 10-15 hours, pesches
15-24 houss, prunes 20~30 hours.

Before dried frusts ore stored or packed for distribution they
ate left for some consudersble fyme so that the moisture through-
out the bateh can become equalized. This process, ealled
“euring * or * sweatmg ™, may take several weeks.  If dred
fruit 15 to be kept for any lenpth of Lime {6~0 months) and 18 to
be preserved from dark ¢ p 1t showld be th ghi;
“sulphured * and stored m awbight eontamers sn the dark at
teraperatures not exceeding 50° ¥, {Barger).

THE FUTURE OF DEHYDRATED FOODS

It may be safe to assume that the development of de-
hydration of foodstulfs will not cause sny dumnution in the
tofal consumption of fresh foods,  Beef produced i this eountry,
fish caught i home waters wall still in ther fresh state command
& market. A great deal of meat is ymported and if the cost of
s fmpartation s to be reduced it mght possibly be dehiydrated
wm the countnes where 18 18 produced, Sunce 1t 1s possible to
produce dehydeated foods of hgh quality, there should be no
reason to doubt that the future will see & great werease w the
use of certaun foods.  Reference has been made to the saving
of shipping space and the dispensing with refnigerated stups by
‘the use of dehydrated meat. The same argument holds for fish
cought v distant fishing grounds, Dehydration m Ieeland
would dispense with the requi of large ted
trawlers which the futwre needs of the wndustry apparently
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Ditton Laboratory of the Department of Scientific and Indust-
rial Research, it has been shown that good quality products can
be obtained from English apples, pears and plums by dryingata
temperature of 160° F. with air of 80 per cent relative humidity,
the wet bulb depression being 42°F. (180° to 88°C.). The
final moisture content of the fruit 15 10 to 15 per cent.

In the preparation of fruit for drying it is essential that only
ripe fruit of first-class quahty should be sclected. Prunes,
plums, blackberries, raspberries and loganberrics are dried
whole, cherrtes arc sometimes pitted, apricots and peaches are
halved, stoned and the peel removed from the latter fruit.
Apples are peeled, cored and cut into rings or some other suit-
able form such as cubes ; pears are peeled, halved and cored for
dehydrator drying ; for sun drying they are only halved.

Fruits that are dried whole, e.g. plums, prunes, grapes snd
figs, dry very slowly unless the wax covering the surface 15
removed and the skin rendered more permeable to water vapour.
To render the surface skin of the fruit more permeable to
moisture the fruit is dipped for a period of 10-15 scconds,
depending on the toughness of the skin, in a solution of 1-3
per cent sodium hydroxide at 100° C.; for tender skinned fruits
sodium earbonate solution or plawn water suffices. Before being
placed on the drymg trays the fruit so dipped is rinsed quickly
in fresh cold water.

It 15 well known that injury to the living tissue of many
fruits, due to cutting, bruising or the action of heat, results in
browning of the tissue due to oxidation reactions catalyzed by
enzymes. To prevent such darkening, fruits hable to this
reaction are trented with sulphur dioxide which acts as an anti-
oxidant destroying the enzymes responsible for the oxidation
processes.  The fruit is usually exposed to an atmosphere con-
taining sulphur dioxide produced by passing air through rooms
in which sulphur is burning. The fruits which require sulphur-
ing are apples, apricots, pears, peaches and plums, and the
temperature of drying is usually about 120°F. The periods.of
sulphuring are usually short, c.g. apples 15-30 minutes, cherries
10-80 minutes, figs 10-60 minutes, apricots 15-120 minutes,
peaches 15-180 minutes, pears peeled, halved and cored 15-180
minutes.

For sun drying, fruits are sulphured for at lcast 3 hours.
Pears require 8-24 hours or more before sun drying. English

~ -
-
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debydrated fruit products of good quality have been obtamed
by sulphuring for the following puriods: apples 1 hour, plums,
pears, peeled, 13 hours, plums 21 hours. It kas been shown
that wath heavily sulphured fiwt the mosture content should
not exceed 36 per cent, m fact st can with advantage be lowee,
&ad for fruits of low sugar content 10 per cent 1 recommended.
Frutts generally contarn 80-50 per cent of water so that eon-
sigerable redustion m wesght is effected upon drywg snd the ratio
of dried producd to the orignal fresh fruit wesght vanes aceordng
to the nature of the frust, e.g forapplessts 6 53, prunes3: 1,
apricots and peaches 5:5: 1, pears G: 1. Great diflerences are
also 1o be found m the time necessary to effect satisfactory
drying of various frusts, Apples require 6-10 hours, apricots
10-20 hours, grapes 15-20 hours, pears 10-15 hours, peaches
15-24 hours, prunes 2033 hours,

Before dried frutts ave stored or packed for distribution they
are Jeft for seme conmiderabile time so that the morsture through-
wit the batch can become cquabized, This process, ealled
*caring ™ or ** swenting », may take soveral weeks.  1£ dned
{ruit is to be kept, for any length of time (-0 months) and 15 to
be preserved from darkenmg processes, it should be thoroughly
“sulphured » and stored w attight contamers i the dark at
temperstures not exceeding 50° ¥, (Baxpger).

THE FUTURE OF DERYDRATED FOODS

1t may be safe to assume that the development of de-
hgdration. of foodstuffs will not cause any dwmnution in the
fotal consuraption of fresh foods,  Beef produced w thus country,
fish canght i home waters will shill wm their fresh state command
@ market. A great deal of meat ss mpotted and if the cost of
sts importation 18 1o be reduced 1t mught possibly be dehydeated
o the countries whete it is produced  Smnce it 1 possible to
produce dehydrated foods of bugh quahty, there should be no
reason 1o doubt that the future will see o great increase m the
use of certoin foods. Reference bas heen made to the saving
of shupping space and the dispensing with refrigerated ships by
the use of dehydrated meat.  The same argument holds for fish
esught in thstant fishing grounds. Dehydration i Yocland
would dispense with the requirement of Tatge refrigesated
rawlers which the future needs of the industry apparently
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demands. Fish is not st its best when it has been kept on ic
while the trawler has spent weeks on the fishing grounds
mndeed it is not at its best after 15 days on ice under any con
ditions. There are still those who regard dehydration as :
menace to established industry. As far as fish is concernec
‘‘ the only menace ”, to quote the late Sir Joseph Bareroft
“ that dessication could present to the trade in home caught
fish would be to those dealers who allow it to deteriorate before
it reaches the consumer.” In other words, fresh food, from
land and sea stands in no danger of a dimumnishing market. The
public have had experience of dried milk, dried egg powder,
dried soup cubes. Many members of the Serviees have, in
addition, eaten reconstituted dried meat and dried vegetables.
Dried meat and dried vegetables are unlikely to take the place
of preserved meat and vegetables, As long as meats, tongue,
pressed beef, ete. and vegetables, e.g. green peas, asparagus,
carrots, etc, are preserved in therr natural condition in tins or
glass vessels, it would seem unhkely that the dried product
could successfully compete with them. To attempt to prophesy
as to the future of dehydrated foods would be foohsh. The
future depends upon the 1mpr t of techniques in drying,
be it meats, vegetables or frutts. The possibilities of preserving
perfect taste, flavour and texture mn reconstituted foods are
indeed great.

There are undoubtedly certamn dried foods which should
come mnto general use, and one of these 1s milk, If for house-
hold use full-cream milk of the highest quality were spray dried
and packed in neutral gas m hermctically sealed contamers, it
would assuredly be a most valuable food, useful not only for
cookmg but for the feeding of children. Accordmg to Dr.
J. A. B. Smith of the Hannah Research Institute: * there 1s
still a great future for the dehydration of mulk, Really well
made spray-dried milk can be used for almost any purpose for
which ordinary iquid milk can be used, and 1t 15 to all intents
and purposes Just as nutritious, There seems to be little doubt
that it will always be more economical to produce milk i the
summer than m the winter, and provided the general public
became aware of the value of dried milk and of the conveniex:me
of handling and storing 1t as compared with hsndlmg‘and storing
milk, there may well be a great mcrease in its use. In
o-called ¢ surplus * summer milk could be dried

liqud
that case the s
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and used at other times of the year when hquid mulk 1s scarce.”
By the use of such a product, all the dufficulties which loom so
large over the sale of safe milk would be solved.

Dried egg powder has not, up to the present, impressed the
housewife. Non-metallic contamers, and the lack of storage
under nitrogen during the war, have perhaps prevented dried
egg powder from being welcomed in domestic circles, Its
value in baking, in large catering establishments and for manu-
facturing purposes is none the less acknowledged, but one can-
not expect any artificial product to take the place of a fresh
shell egg. The future of the dried egg industry lies in the realm

o Frmacon 3ondn

future is assured, only the future will tell. As an energy food,
it is ideal m many ways for 1t will reconstitute perfectly even in
cold water, and since all the water 1s taken up by the powder,
nothing is lost by leaching out.

In this countryfruit has not received the attention 1t deserves.
Dehydration of English frsts should be carried out on a Jarge
scale, in order that, irrespective of seasons, fruit may be avail-
able m greater measure. Apples, pears, plums, blackberries,
loganbernes, ete., should form a rich harvest, profitable for both
producer and consumer altke. It has been stated that fruit
grown in Great Britamn, when dried, 1s of better quality than the
imported dred product. According to Dr. Kidd of Cambndge
“dried Victoria plums, etc., after 100
and cooking, resemble the fresh fruits ”.

PRESERVATION OF FOOD

The art of food preservation, which comes down to us from
ancient times, arose out of the attempts to postpone or prevent
the natural processes of deterioration and decay to which all
living matter 15 subject. Foods change mn colour and flavour
when damaged or left exposed to the air; the chief factors
responsible for such change are enzymes and miero-orgamsnis
acting i the presence of moisture and generally, as far as foods
are concerned, in the presence of oxygen. The cut apple turns
brown ; the sprouting grain becomes musty ; the germinating
pea loses 1ts fresh flavour, and, exposed too long to the air, meat

24 ’
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becomes tainted. On the other hand enzymic action may
exert an eflect, the appraisal of which is determined by custom
or taste; fish which has acquired an odour unbearable to the
Occidental may be highly acceptable to the Oriental; a hare
hung for & known period of time is received with approbation
by some, and eggs have s quality and flavour all their own
which, in the opinion of some, ripen with age. The part played
by bacteria in decomposing food is already well known ; under
suitable conditions of temperature and moisture bacteria multi-
ply rapidly, breaking down both protein and carbohydrates.
When meat putnfies, toxic amines are formed; these are re-
sponsible for the so-called p ine p ing when d
meat 1s eaten. One of the most interesting of micro-organisms
which causes deterioration of food 1s the single cell yeast plant.
This grows rapidly on food and i virtue of an enzyme produced
by, or present in, the cell, sugars are broken down n the absence
of oxygen to aleohol and carbonic acid gas; this is alcoholic
fer om, a plex of which has been intensively
studied by many biochemists.

The various coloured moulds on bread, jam and fruits, with
which all are famihar, are made up of small white filaments at
the ends of which are small coloured spores—blue, green, brown,
ete. Moulds require moisture for their growth, hence the value
of a refrigerator or a tightly closed tin box in preventing the
growth of moulds on foods. Moulds and yeasts most generally
attack frnts, vegetables, bread, cakes, moist cereals and salted
meats. Milk and meat are readily attacked by bacteria, while
well smoked meat and fish are resistant to yeasts, moulds and
bacteria. Enzymes, yeasts and moulds are easily destroyed by
a temperature of 65° C. (150° F.), bacteria require temperatures
of 70 to 80°C., and spores, which are heat resisting, requtre
higher temperatures and longer heating than bacteria.

Salting, smoking and freezing are probably the oldest known
methods of preserving food. 3

As to when salt was discovered and used as a preservative,
there is no record, but, that tribes and armies on land an
sailors upon the sea have travelled great distances on food so
preserved is well known. Salt has always been used to preserve
foods which have a high water content, e.g. meat, fish and
The commonest vegetable preserved with salt is
ion is well k kraut. Many

vegetables
cabbage ; the prep
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fish from many waters are salted and to-day these two foods
remain the only representatives of foodstuffs preserved on an
extensive scale by means of salt.

Smoking—Smoking is an ancient method of preserving meat.
We can well imagine the experimental method of trial and error,
whereby primitive man found that hanging his surplus joint of
meat in the smoky recesses of hts cave, not only preserved it,
but enhanced its flavour. In the more modern methods of
smoking meat, advantage 15 taken of the penetrating qualities
snd odour of smoke obtained by burning different vanetics of
wood, for example, n Europe, birch and juniper are used, m
America, maple, apple, beech and hickary ; end they impart
eath their own charactenstic flavour and taste.

Smoke Curing.—Smoke curing affords a means for the pre-
sentation of fish for sale ; 1t also affords short-term prescrvation
by meebial e e AL B o3 and eme st o R a0
suk
hac "
has lost 1520 per cent 1n weight by evaporation If stored
at 60° F. it will remain in good condition and be quite palatable
for one week; stored at 32°F it will remam w first-class
condition for 2 to 8 weeks. Heavily salted and heavily eold-
smoked products, such as red herrings, keep well for months 1n
temperate chimates.

Vinegar —~Another ancient preservative, although not quite
as old as salting or smoking, 15 vinegar. Fermentation of grain
was an unexplained mystery to the ancient Egyptians  Inmore
modern times any one who possessed 2n apple orchard could
make vinegar; the addition of a little fermented cider to the
newly expressed juice bemg all that was necessary to convert
the sugar in 1t to acetic acid. Cider vinegar has for long been
well known in Europe and America. In the East, vinegar is
made from hovey and the juices of the palm: m Franee, or
wherever there ate gaod grapes, & fine wine vinegar is obtain-
able: m this country, malt vinegar 1s prepared from grain:
in continental countries vinegar 1s made from rye and barley.
The sour grapes mentioned in the Bible indicate another source
of vinegar. Most foods ran be preserved in vinegar and if
the viregar be of good quality it adds to the flavour and
palatability of the food. In the past, vinegar was used to
preserve fruits but to-day it is mainly used for preserving
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cauliflowers, onions, cucumbers, tomatocs and peppers, and as
a flavouring agent.

Sugar—Sugar is an excellent food preservative. To-day
it is most commonly used for the preservation of those fruits
and foods which, containing a large amount of moisture or juice,
can absorb sugar. A 40 to 50 per cent solutton of sugar will
prevent bacterial action and the growth of moulds. Food,
if it has been pre-heated and if the container in which it is placed
has been carefully sealed, will keep well in such a solution for
long periods.

Eggs.—The preservation of an egg depends upon the reduc-
tion, to a mmimum, of its metabolic activities. The living egg
slowly dies, not as a result of bactena gaining cntrance through
the shell, but as a natural process of ageing. ‘This process can
be delayed by preventing the loss, through the shell, of the
CO, produced in the egg. The U.S. Department of Agriculture
have carried out experiments where the air has been sucked
out through the ** pores *” of the shell and oil allowed to enter :
the egg 15 thus effectively sealed. For the preservation of eggsin
bulk the method is good ; for domestic, short time preservation
& varnish, such as * Oteg ’ is very good.

PRESERVATION BY FREEZING

The storage of food in ice cold boxes or rooms is a simple
procedure. In wmter by means of saws, picks and hoisting
gear large blocks of ice are cut from the frozen rivers and lakes.
These blocks are floated ashore and stored m 1ce houses which,
the United States of America and Canada, are built of wood
and have double walls, The principle of cold storage by means
of 1ce is to secure & circulation of cold air: the warmer air at
ground level 1s cooled as it rises and when sufficiently cooled
falls again to the ground. Storage 1ce is sold in American
cities and towns, the housewife thus securing, daily 1f necessary,
jce for her ice chest. From tlis sumple but practical method
evolved the present day refrigeration plant, which commer-
cially can freeze foodstuffs very quickly at temperatures as
low as — 50° F. .

Cool Storage.—The effect of * cool storage " or chilling, as
in the presence of ice where the temperature is alzove freez_mg
point, is to reduce considerably the rate at which chemical
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changes in food proceed. These changes are associated with
respiration, ripening and ageing of frmt, the growth of yeasts,
moulds and bacteria and, i non-ving foods, autolytic and
enzymic action. For meat the usual storage tcm.pcr‘atu{e is

H oo
packed in crushed ice. Since white fish can remain reasonably
fresh for no longer than about 12 days under such conditions,
and as temperatures 1n the holds of vessels are vanable, the
method, unless improved upon, affords few advantages to-day.
Herring, which are usually caught overnight, remain stable for
about 12 to 18 hours at a temperature of 55° F. If packed m
ice they will remain 1n good condition for about 2 to 4 days.
Eggs stored at o temperature of 30° to 82° F. and at a relative
humidity of 85 per cent will show little signs of bacterial spoilage
st the end of » month. For transportation from New Zealand
and Austrahia butter must be held at frozen storage tempera-
tures, i.e. 10° to 15° F. Cheese, which would erumble after such
exposure, is transported over long distances at s temperature of
45°F. Fruits and vegetables vary greatly with regard to the
time of cool storage at 30° to 84° F.; soft fruits — straw-
berries, black pherri d green vegetables retain
their qualities of frest taste and app for 10 to 14
days; the firmer fruits—plums, peaches, grapes, 8 to § weeks ;
citrus fruits store well if picked when sweet enough to be eaten,
oranges at 45° F. and grapefruit and lemons at 50° to 55° F.
Certain fruits are subject to low temperature injury and atten.
tion must be paid to their degree of ripeness when picked and
thesr yate of ripening while stored ; apples (Bramiey’s Seedling)
suffer softening and diseol ion if exposed to )s
below 36°F.; bananas must not be stored at temperatures
below 54°F.; mipe plums are safe for weeks at 34° F., while
unripe plums fail to develop their normal juicy character after
removal from storage at 34° F. (Mornis, 1950).

Frozen Storage.~The ad of rapid fi ng—41°
to 23°F. in 30 minutes—is that the water within the cells is
deposited as very finc erystals which do not break the cell wall.
In stow freezing large crystals are formed which, by breaking
the cell wall, results in a loss of juice from the food upon thawing,
the foodstuf! also losing some of its appearance and flavour.
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Meat and Fish. For the transport and storage of frozen
meat, butter and fruit for jam-making the temperature has
for many years been 14° F. 5 for fruit and vegetables and also
fish 0°-10° F. is necessary if the highest quality is to be retained
over periods of 6 or more months.  White fish stored frozen can
remain virtually without change for 4 months at — 5°F, and
for 8 months at ~ 20°F. From the condition of the fish
a5 generally landed it is clear that freezing on shore eannot
provide a high grade product on a large scale. The onfy way
to supply really fresh white fish all the time is to freeze it at sea,
Quick-frozen herring have been found to keep in very good
condition for G months if {rozen at o temperature of — 16° to
~ 18°F.and storedat ~ 17°F, Iffrozenat — 16°to — 18°F,
but stored at 0°F. they will only keep in good condition for
about 3 months,

Fruit.  Certain frnts and vegetables undergo changes even
when frozen fresh at 0°F.; these changes are responsible for
unplensant flavours, loss of colour and alteration in the structure
of the food which causes juice to be lost and the food to become
soft.

Freezing 1n syrup or sugar is effective in preventing brown-
ing during storage provided the fruit or vegetable 1s completely
immersed in the syrup. Raspberries, gooseberries, blackberries,
redeurrants and bilberries can be successfully preserved by
{reezing in syrup. Plums and cherries, while equally well
preserved, tend ta discolour durng thawing, even when kept
under syrup until room temperature has been reached.

With frnt, scalding and freezing n syrup does not appear
to be in any measure more advantageous as regards the retentton
of nutritive qualities and flavour than canning. Fruit must
naturslly be frozen quickly enomgh to prevent deterioration
by enzyme sction,

In the preservation of fruits to-day, they are usually frozen
in the fresh condition under syrup, or mixed with sugar.
The nsual method 1s to subject the fruit to sharp freezing at
10w temperatures {— 80° to — 40°F, are used in United States
of Americn), and to store at about 0° F. to — 10°F. Fruits
cooked in syrup or water can be stored in the frozen state for
speeial purposes, if desir?d, at moderately low temperatures—~
14° F. (— 10° C.). I {ruitisto be cooked s\gbseque‘ntly. storage
in syrup at s temperature of 10° to 15° F. is sufficient. Many
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fruits discolour readily and if they are to be stored for long
periods the temperature must not be above 10°F. If frmts
bave been scalded, then storage at 15°F is quite satisfactory.
The lower the temperature, the better the product; straw-
berries and raspberries stored at 0° F. are always better i colour
and flavour than those stored at 15° F.  Quick freezing of fruits
and vegetables at temperatures of — 40° to — 50° F. always
results m & firmer texture and better appearance as, for example,
with certain vaneties of strawberry snd with asparagus.
Reasonably rapid freezmg of small quantities of matenal at
— 40° to —50° F, and storage at 0° to — 10°F are used m the
comparatively new frozen pack industry.

Vegetables —Scalding or bleaching is necessary to avoid
slow enzymic or oxidative changes which go on n raw vege-
tables even at low temperatures and during thawing  Scalding,
before freezing i syrup, has given good results with peas and
runner beans, these two vegetables being more readily damaged
than most by the high temperature required for sterbsation
In the new frozen-pack method, vegetables are frozen quickly at
—30° to — 40°F. and stored at 0° to — 10°F. If the food-
stuffs have been previously sealded, vegetables, like peas, runner
beans, ete, can be held in storage for periods of a year or more
with httle deterioration or loss of vitamun C. Very quick
freezing, such as would be obtamned by immersion m a ligwd
refrigerant such as cold brine, is necessary for frozen-pack
asparagus if it is not to be limp and soggy after cooking,

The rate of thawmng has been stated to exercise some effect
upon the quality of frozen fruits. Work at the Low Tempera-
ture Research Station, Cambridge, has not shown that slow
thawing over a period of 24 hours at 84°to 40° F is more advan-
tageous than a more rapid thawing at ngher temperatures.

Herring.—At least two hods are for prey
* quick-frozen” hernng. In the “multiplate® freezer, the
herrings made up mn packages, typically weighing half a stone,
are frozen in tray moulds between plates through which liquid
ammona or other refrigerant passes, the evaporation tempera-
ture being usually about —~ 25° to — 30°F,

In the other method,the air-blast process ”, the herrings
pncked similarly in half-stone lots but without wrapping in
tray moulds, are frozen in & rapid current of very cold ar
(about — 30°F.). Semi-continuous counter current or cross
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flow freezing tunnels are normally employed. On emerging
from the tunnel the frozen fish are removed from the trays
by spraying the under surface with water at normal atmospheric
temperature. The blocks of fish are then sprayed with or
dipped in fresh cold water (40°F.) two or three times with
ntervening subjection to a cold air blast for very short periods.
This “glazes ” the fish with a skin of ice which prevents
oxidation of the fat and desiceation through evaporation of
moisture in cold storage.

In both processes the blocks are completely frozen within
two hours. Quick frozen herrings should be stored at — 20° F.
when they will keep in cxcellent condition for about six months.
Kippers can also be successfully quick frozen.

‘With the assistance of the Torry Research Station (Aberdeen)
of the Department of Scientific and Industrial Research, at
which the prmciples of good practice in freezing herrings had
been worked out, the Mimistry of Food in 1944 successfully
ran pilot seale plants using both methods. Since then the
Herring Industry Board and commercial enterprise have
developed these processes on the full scale with the ultimate
aim of providing the publie with herrings and kippers all the
year round.

Development 1s slow. Low temperature storage facilities
are still very hmited. The present frozen pack is still too
expensive in labour and m packaging materials, Research is in
progress with & view to mechanization on the basis of larger
 glazed ”” unit blocks of fish. (G. A. Reay, 1951).

The Frozen Pack.~—For direct consumption this method of
storing raw or scalded fruit and vegetables is of interest. Fruit
of the very best quality is filled mto containers—tm, carton
or glass—covered with syrup of 50 per cent strength and frozen
quickly. Fruits like raspberries and currants, which do not
turn brown or lose flavour, may be frozen without syrup, but
freezing in syrup 1s to be preferred if fresh flavours are to be
retained to the greatest degree possible : vegetables, such as
peas, runner beans and asparagus lend themselves to this method
of freezing. Peas, prepared by scalding in boiling water for not

. R L -2 water and

(- 1 is added,

nsumption.

I nlo hquid is used, precautions must be taken to prevent
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evaporation during storage. No alkali is used and only first-
class young and fresh pens are selected. Peas i the pod are
practically sterde 1 shelled, they are open to baeterial infection
which will cause discolouration ; they must therefore be pre-
pated and frozen quickly.

In November 1945 the Ministry of Food decided to grant
factlities for re-establishng the quick freezing of frvits and
vegetalles, among the varieties to be marketed bemng straw-
berries, raspberries, gooseberries, currants, asp green peas,
runner beans and brosd beans.

Caxxine oF Fruits Anp VEGETABLES

The first step in the canming of vegetables 15 to select mat-
erial of the highest quality ; then to wash, cut mto convement
sizes and scald or blanch. In dehydration, the loss of vitamin
C was minimized by seral scalding and by the use of sodum
sulphite in the scalding water. In canning vegetables this is
not done, because suiphite 15 8 preat aceclerator of eorroson,
especially with acid products, The material is filled into the
ean, cavered with water and the can closed with the exception
of the nutler fnr heat axhouckinm  Afe so Tqmmctes ot It

hot, There is therefore httle possibiity of losing any vitamin
C by oxidation. Canned vegetables contain as much vitammn C
and soluble nut, a5 similar of cooked
in the home (Olliver, 1941).

Ins canning {ruits it is not usual to scald or blanch them, the
only exceptions being apple-slices and pears. After careful
selection and necessary preparation, the fruit is placed m the
can. The shght acidity due to organic acids helps to protect
the vitamm C, even in the presence of oxygen. Oxypen, how-
ever, is driven out, of the cans, as far as possible by correct filling
and heat g. This minimi jon, as tm 1s not
attacked by organic acids in the absence of ar. Canned fruits
should always be kept n a cool place where the temperature 1
as near the freezing point as possible.

Storage for Canning. Strawberries, raspberries, peas and
runner beans for canning out of season are frozen in syrup of
canning strength, i e. 50 to 55 per cent of supar, using the same
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proportions of syrup and fruit as in canning. The syrup and
fruit are quickly frozen to — 10° F. and stored at 0° to 10°F.
Another method is to heat the frmt to 176° F. for 8 to 4 minutes
in syrup (30 per cent), cool as rapidly as possible, freeze and
store at 14°F. The pre-heating ensures that no deterioration
in flavour will eccur Quring storage. It is maintained that these
fruits and vegetables are, when served, indistinguishable from
those canned fresh. (Morns snd Barker, 1937.)

The Canming Industry. Conning 1s essentially an Amencan
industry. It had its origin m France, when, as a result of food
shortage durmg the Napol Wars, the gov t hecame
interested mn an invention by Nicholas Appert for the preserva-
tion of food. Using glass bottles with cork stoppers, Appert
cooked various foods, bottled them, recooked them by boiling
the bottles in large kettles and set them aside for varying periods.
As a Frenchman and a chef, Appert made up meals of such
delicacies as only a French Jd—** eels, carp and pike
garnished with veal, sweetbreads, mushrooms and anchovy
butter cooked 1n white wine "—and subjected them to the test
of preservation by boiling. His methods were good, his glass
containers were not so good. An Enghshman, Duran by name,
produced the tin can with the required hole in the top which,
after boilng, was closed by soldering, In 1817, William
Underwood went from England to New Orleans to open 3
canmmg business, but failing in New Orleans to get suificient

1 support, he ded to Boston and there founded the
first food preserving firm in America, Ere long almost every
known foodstuff was experrmentally canned. In the course of
time, some thirty to fifty years, the canning of salmon, oysters,
sardines, meat, fruits and vegetables had become an established
and profitable industry. The path of progress was certainly

S-a-atap

'S
e
preservation of food was a great step forward, and by 1500
several bacterrologists were employed by the industry in U.S5.A.
Engineermg skill led to the development of machinery for the
making of tins, the Iming of metal cans with tin, the sealng of
heat exhausted cans and also for gathering and preparmg the
foods which were to he preserved. Every foodstuff de_stmed
for the canning industry 18 now specially grown; factories are
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established in close proximity to centres where the foodstuffs
are produced. From the field to the can, the foodstuff is, in
many cases, never touched by hand. Peas arc gathered and
shelled; fish are cleaned and suitably cut; pmeapples are
peeled and cut to required size; and even the photo-electric
cell keeps an mvisible eye upon some of these processes lest
anything but the best be passed for stenhsation by bleaching,
scalding or final heating, 'To-day some of the freshest and the
finest foods are in cans. The 1dea that inferior foods are the
stock in trade of the canning industry 1s quite wrong. Research
has shown that canned vegetables and fruits contain as much
vitamin C as the fresh food, Indeed one need only examme
Brussels sprouts, cabbages, cauhflowers, etc., as they he broken
and bruised in the average greengrocer’s shop to realize that
the destruction of vitamm C and other nutrients i such food
has proceeded apace 1n vertain parts of the vegetable, much of
which has to be discarded before 1t is ready for cooking.

The tin can is still open to some suspicion, since 3t may not
be entirely tinned and food may come into contact with the ron
of the can. This is of little moment, particularly in cans filled
with nitrogen. In cases where tin may cause discolouration of
the contained food the can 1s enamelled. Many people are still
of the opmon that preservatives, boric acid. benzoe acid,
formaldehyde or salicylic acid are used as preservatives. These
chemicals did proteet from spoilage but to-day they are seldom

Ppreservatives, As has been shown, oxygen is the agent which
must be removed if food is to be well preserved. Tin itself
Plays the part of a protective agent in that it tends to absorb
any residual oxygen in the can,

Foodstulls, be they dried or preserved, should be made
available to all. Scientific research has made possible 2 great
variety of palatable and nutritious foods, both in the dried and
preserved state. To the housewife in her kitchen these foods in
their fresh state represent long penods of tedious preparation,
if not unqualified drudgery. ‘There is no reason why the house-
wife should not benefit by scientific achievement. By making
full use of mechanical methods for the preparation of vegetables,
not only is time and labour saved, but there is made possible
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8 better and fuller use of valuable foods. The cost of such
prepared foods will be greater than that of the raw produets,
but the advantages, namely, less labour, reduced cooking costs
and greater variety, will far outweigh the increased expenditure.
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CHAPTER XIX
DIET AND DENTAL CARIES

OxE of the most outstanding defects of the people of this
country, taken as a whole, is dental caries. It is one of the
strongest links in the chain of events which produces mal-
nutrition, for a deficient diet Ieads to bad teeth and bad teeth
Iead to bad digestion and assimilation of any diet. The question
of the_: development and preservation of good teeth is one of
vital importance to the nation. The cause of tooth decay has
been the subject of much discussion and controversy and as
yet there is no unanimity of opinion concerning it. Many
questions coneerning the wtiology present themselves to us.
Is it due to bacteria, to fermentation in the mouth, or to &
faulty diet ?

To understand the réle of the various factors upon which
the develop t of teeth depends, a & ledge of the structure
of the teeth 1s necessary. The external surface of a tooth Is
hard enamel, composed of phosphate and carbonate of lime.
Its formation is brought about by the calcification of a sub-
stance secreted from the cells (ameloblasts) of the “enamel
organ ”. Beneath this is a dense, bone-hke substance, dentine,
which forms the main part of the tooth, The dentine is made
up of numerous fine tubules which radiate outwards and up-
wards from the pulp cavity. The tubules contain elongated
processes which have their ongin m odontoblasts or the super-
ficial cells of the pulp. When the dentine is injured, these
cells are stimulated to fresh activity, and form new or secondary
dentine. Stretching downwards from the part where the hard
enamel comes into contact with the gum and lying between
the dentine and the bone is & thin Iayer of cement. Between
the cement and the mandibular bone there is a layer of tissue
called the periodontal membrane or dental periosteum. The
pulp contamns blood vessels, nerves and odontoblasts or dentinal
cells. The relation of these various parts one to the other is
shown in Fig. 48: it is upon the vitality of all these dental
tissues that the soundness of the teeth depends.

Tt has been shown that dict plays an important part in the
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development of the body and 1t can be shown that it plays an
equally important part in the growth of the teeth, a part which
is antc-natal as well as post-natal.

The Development of the Teeth,—The germ of the m-
cisors of the deciduous dentition—the milk teeth—first appears
in the fourteenth week of embryome life; calofication begins

about the twentieth week and
is completed between the
eighteenth and twenty-sceond
months after birth. While
the first signs of calcification
of the permanent feeth arc
evident about the time of
birth, the first appearance of
the * germ ™ or nucleus of
development of these teeth
18 seen at the twenty-fourth
week of intra-uterine Ife.
Between the first and the
fifth year calcification of the
permanent teeth begms and
18 completed between the
eleventh ard cighteenth year,
with, of course, the exception
of the third molars.

The deciduous dentition
begins to erupt between the
sixth and eighth month, with
the appearance of the central
incisors and should be com-
plete by the end of the secord
year, There are wide varia-
tions mn time and considerable
uregulanty . the order of
appearance of the tecth. The

Fio 48, —Longiudinal section of a
molat tooth of a man showing the
three mam elements of the tooth,
dentine, enamel and cement and the
relation of the periodontal membrane
to cement (lartly re-drawn from
Sobotta )
L = Enamel.
D = Dentne
P w Pulp
C = Cement,
SE = Soblingual epithelium
O = Position of odontoblasts
oo th the eruption of
year followed by
" bicuspids, canines

and second molars erupt between the ninth and fourteenth year
followed by the third molars two to six or more years later.
Therefore, throughout o period extending from the fifth month
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of int{n-utcrinc Ife to the years of ndolescence, the structure
of thelteeth is exposed to the influence of nutritional factors.

The Fat Soluble Vitamins A and D and the Mineral
Salts.—A survey of the literature on the relation of dental
caries to vitamin and mineral dietary deficiencies shows de-
finitely that dental caries is the result of msny factors. Of
these the best known are vitamins A and D end the salts of
calcium and phosphorus, With knowledge limited to such a
small number of factors, it must be admitted that dental health
can best be conserved by a good diet rather than by specific
vitamin or mineral therapy. It would appear from the re-
searches of Lady Mellanby in this country, Professor Wolbach
and bis collengues of Marvard University and many others,
that the activities of the nutrients referred to are specifically
related to the structural elements of the teeth, That vitamin A
has a definite action in maintaining the growth of the incisor
tecth in rats and guineapigs is shown by the chalky or white
appearance and brittle nature of the enamel of these teeth
when the animals are fed on a vitamin A deficient diet. Upon
the withdrawal of vitamin A from the diet, the enamel organ
soon ceases to function and, with the subsequent loss of enamel,
dentine is exposed ; ultimately the odontoblasts suffer damage
and finally atrophy.

In caties, experimentally produced by feeding animals
vitamin A and D deficient dicts, or by giving a diet low in
calcium and lacking vitamin I, it has been nated that caries
was frequently sssociated with the development of rickets.
Is is known that children will develop both caries and rickets
even when their diet includes milk, and thercfore is not lacking
in calcium, but is almost free from vitamin D. Puppies fed
on a rickets producing diet, that js » diet deficient in mineral
salts and vitamin D, show thickened jaw bones, delayed eruption
and irregular formation of the teeth, with a rough and grooved
cnamel and a poorly formed dentine. Fig. 49 from Lady
Mellanby’s researches on the effect of diet on the teeth, show
the result of 8 vitammn D deficient diet. as also the rematkably
peneficial effect of adding fat soluble vitamms A snd D, The
elfect of alterations in the fat soluble vitamin canf::nf of the

[ . » .
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Fio 51.—The effects of salts of calcm and phosphates with vary-
inz quantities of vitamun D on the lower jiw and teeth  luppies
6 weehs old, duration of expenment about 23 weehs. No. 1
Sodiam acid phosphate 03-074 g, oline ol 10 cc. Last month

\ .

very rough and very pi No 4. Caleum 031~
07ig, olnve ol 10 ee  Enamel turly thuck but badly oalclﬁrrl
rough and shows Dentine

and cement better than n the previous cases  No 5 No extra
salt.  Cod liver oil 10 ec.  Note smooth white glistening enamel
which s thick and well calafied The dentine and cement are
norm 1l as is alsa the bone, {From Lady Mellanby's  Dict and
the Teeth, an Expenimental Study®’, M R C., Special Report By
Kind permission of the Controller, I1. M Staltonery Office ]

{To face Fig 51.
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three photonucrographs m Fig., 50 are of the lower carnassial
teeth of three puppies of the same faraly, which, at the age
of six weeks, were all given, as o basal diet, catmeal 40-100
grams, separated mlk powder 20-30 grams, lean meat 10-20
grams, orange juice 8-5 c.c., yeast 8-5 grams and sodum
chloride 1-4 grams. The puppy, the section of whose teeth
18 shown 1 No, 1 of the figure, was gtven 10 c.c. of olve ail
throughout the whole experiment; the calcifieation of the
dentme was poor; the percentage of caleium oxide in the
teeth was 158 g. In No 2, cod-liver od was given during the
last month of the experiment and the section shows poor eal-
cification in the earlier part of the expenment and a marked
improvement m the formation of enamel and dentine dunng
the last month. The older dentine 15 globular, while the newer
dentme close to the pulp has much smaller globular spaces, and
the amount of dentme formed 1n one month equals that of the
previous four months ; the calcium had increased, the percent-
age of caleium oxide being 20 4 g The value of cod-hiver o1l in
maintaining good development of the teeth is shown m No. 8
where & large amount of well caleified dentine has been produced
in the same time as the small amount of badly caleified dentme
m No. 1. The marked improvement 1s reflected i the amount
of caloim oxide in the teeth, namely 29-4 g. per cent. The
effect upon the teeth of the defictent dietary over a prescribed
pertod 1S permanent. This demonstrates how posstble it 1s, by
examimng a section of a tooth, to determine 1ts dietetic history
1n terms of caleification. In Fig. 51 are shown the effect of salts
of calerum and phosphorus added to s basal diet simlar to that
given 1o the previous experiment. The amount of caleum
added to the diet of the puppies, the photographs of whose teeth
are shown m Fig. 51, Nos. 2 and 4, was approximately equal to
that in 125 to 250 c.c. of cow's mlk, the total caleium content
of the diets being equivalent to that in 870 to 550 c.c. of cow’s
mik (1e % to @ pmnt of milk), The phosphorus added was
equivalent to that in 80 to 160 c.c. of mulk., Taking the
maximal amounts of the foods in the basal diet we find that the
diet contamed 107 grams of protem from dried skim milk
powder, 3 5 grams from lean meat and 12:1 grams from oatmeal,
making a total of 26 3 grams of protem of which 14 2 grams
are animal protein. The calcium intake was 55 mg. from oat-
meal and 867 mg. from dried milk powder (== 10 5 0z. of milk),
25
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of vitamin I} in the control of dental cartes in children, McBeath
and Zucker of Columbia Umwversity, U.S.A, examnmg over
800 children, 6 to 14 years of age, for a period of four years,
found the greatest number of s o
late winter and early spring,

Given graded amounts of vit .

they were able, by the use of the highest dose of vitamm, to
prevent the appearance of any increase in the number of new
cases of caries m the late winter and early spring months.
There is evidence also to show that sunshine and warmer
climatic and hving conditions are not without their effect in
the prevention of dental cames.

Vitamin C.—Vitammn C, the anti-scorbutic vitamm, has
also a speaific function i the development of healthy teeth.
The bleeding gums and progressive loosemng of the teeth m
scurvy are evidence of the lack of ascorbic acid in the diet.
That under these conditions changes are present 1 the structure
of the teeth was first recorded m 1916 by Jackson and Moore
who deseribed hemorrhages 1n the pulp of the teeth of gumea-
pigs. In 1919 Zilva and Wells corroborated this and further
showed that the first signs of scurvy in monkeys were to be
found in the teeth. These signs related to changes in the

i pic app of the odontobl from which the
dentina) tubules develop and upon whose normal tubular
structure the nutnition of the tecth depends (Bodecker, Hojer).
Contmued deterioration of the teeth results i damage to, or
destruction of, the enamel forming cells (ameloblasts) (Fish and
Harris, 1934) Vitamin C also controls the formation of the
cement layer between the gum and the dentme, so mmportant
for the firm setting of the tooth i the bone.

Tt will be noted that these important findings had, 1n the first
place, their factual bases in experiments on rats, dogs, gumea-
pigs and monkeys, They establish the fact that 1t 1s during
tho period of growth and development of the teeth that the
vitamms play their most important réle, that is, from the time
of laymg down the germ of the deciduous incisors to the full
development of the permanent molars ; there is no claim that

1 1 1 Tished
vitamins therap pl can cure an b con-

dition of dental earies.
l;‘luorine in PDental Nutrition.—In 1930 Kempf and
McKay described opaque white mottling with brown staming
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a total of 422 mg. The protein and calcium are ample for the
growth of the type of puppies used in these experiments. There
is, however, an entire absence of the fat soluble vitamins A
and D. The addition.of caleium carbonate to the basal diet
but imperfectly improved the teeth ; the addition of vitamin D
had a dramatic effect. These experiments also showed that
increasing the amount of cereals would produce rickets in young
animals whose diet was deficient in vitamin D. It was explained
at that time that cereals increased the rate of growth of animals
but did not at the same time supply the necessary elements
to ensure the perfect formation of the bones and teeth. While
the degree of calcification of bones and teeth depends upon the
relative proportion of calemum and phosphorus, protein and
vitamin D in the diet, it has been shown that the cereals which
contain the larger amounts of calcium and phosphorus, such
as oatmeal, maize and wheat germ, caused the lowest retention
of the minerals in the bones and teeth. This led Harrison
and Mellanby to search for a rachitogenic or rickets producing
factor. In 1939 they stated that the constituent of the cereal
producing this effect was phytic acid (inositol-hexaphosphoric
acid), and it did so by interfering with the absorption of caleium,
present either in the cereal itself or m other foods. While phytic
acid is present i cereals and, although of all cereals examined
oatmeal appears to have the highest content of phytic acid
(0225°/,), 1t must be stated that, from the point of view of
practical nutrition, there 1s no reason to beleve that the
phytic acid in cereals exerts any rachitogenic effect in good
diets. The phytic acid acts by bindmg a certain amount of
caleium ; this can be offset by increasing the calcium intake,
for example, by drinking more milk, or eating more vegetables.
When mlk 1s taken with porridge, one-third of a pint to 1 oz
of oatmeal as porndge, there is more than a sufficiency of
available calcium to saturate the phytic acid.  The rachitogenic
action of cereals 1s only likely to become operative in diets
which are on, or below, the border-line of minimum require-
ments of calcium and vitsmm D, and unfortunately it is in

+ 1 o320 lima Alatc that naresle qre dreneanortionatelv high

. .

:)?; seasonsl incidence of dental caries. In a study of the role
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sufficient to cause defimte mottling of the enamel. According
to Professor Murray of Bedford Collegc, London, few waters in
England contain more than 1 p.pm.; the fluorme content of
the river Thames 1s 0-10 p p.m,, the drmkmg water in Launton,
Oxfordshire, contains 0 85 p.p.m., in Maldon, Essex, it 18 50
p-p.m , this town being noted for mottled teeth.

Diet and Parodontal Disease—Parodontal disease is a
term which deseribes the varous pathological changes in the
supporting structures of the teeth. It is used to cover all
departures from health of the gum, perodontal membrane,
cementum and alveolar bone and of the nervous, vascular and
other constituents of which these tissues are composed. FParo-
dontal disease in man has been the field of many mvestigations
which have resulted in much controversy but little in the way
of elucidation of its cause. The various nutntional factors m
the diet have been investigated; vitamms A and D seem to
have little or no effect upon it, nicotme actd in large doses has
been proclaimed on the one hand as a cure (Platt, 1939) and
on the other of no avail in alleviating the symptoms {Coulson,
Elhnger and Smart, 1945). There is no doubt that in the hands
of some, administration of nicotinic acid in doses of 150 mg.
daily with loeal hygienic therapy with or without gentian
violet or chromic acid has resulted 1n the disappearance of the
disease (King, 1948). Several conflicting reports have been
made on the efficiency of vitamin B, n combating the disease.
Vitamin C has many turally arise mn
differentiatmg between the hcalmg effect of vitamin C and any
effect 1t may have in combating ginpvitis. The occurrence of
gum lesions m experimental scurvy has been demonstrated by
Crnndon who p]nced himself on a vitamin C deficient diet for 6

the teeth
\copie g~
. disease in
vitamin C deficiency has been corroborated hy others Ccrtam
have d that the g on
v:mmm Cin relahon to b g1vitss can be explained by
Aok 41 Yamnd dee . K

e

A good deal has been written on the effect of hard and se(é
foodstuffs on the health of the gums. The retention of
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of the tecth in the inhabitants of a small town, Bauxite, in
Arkansas, U.S.A., where all drinking water, at that time, came
from decp wells, The inhabitants of the ighbouring town
of Benton, who drank river water, showed no mottling of ther
teeth. A chemicnl analysis of the water in 1930 gave no hint
or clue a3 to the cause of the disfigurement. In 1081 Smith,
Lantz and Smith of Arizona University were the first to show
that fluorine was the cause of mottling of the teeth. Fluorine,
which occurs as o trace element in certain drinking waters, is
found in rock phosphates, eryolite, o double fluoride of sodium
aluminium and in fluorspar which is used as a flux in glass
etching. It is regarded as the cause of the mottling of the
enamel of the tecth, characterized by opaque bands and, in
some cases, brown staining,  Mottled tceth may be structurally
good or had. Tt has generally been considered that mottled
teeth nre resistant to carles (Black snd MeKay, 1016), In
Awmerica, Armstrong and Brekhus {1988) fonnd more fluorine
in sound teeth (0:011 %) than in carious teeth (0008 %), In
Tristan da Cunha, where the inhabitants show * threshold ™
motthng of the tecth and are often referred to as excellent ex-
amples of noh-carious teeth, the fluorine content of the drinking
water is 0-2 parts per million (Sognnaes and Armstrong). The
detrimentsl action of finorine inkes place during the develops
ment of the teeth, the permanent teeth being more affected than
the temparary ones, In industry fluorine poisosting of adults
affects, not the teeth, but the bones, causing osteoselerosis of the
vertebree, pelvisand ribs. In India, Col. H.Shortt, LM.S, F.R.5.,
and his colleagues have described cases of fluorine poisoning
in which, at about 80 years of age, pain in the limbs, ossification
of periarticular hissues and stiffness of the spine were character-
istie. 'The smount of fluorine in the drinking water was 3 to 4
ppm. In this country no such skeletal changes have been
found nssociated with mottling of the teeth, It seems that
low concentrations of fuorine favour caleification but that
concentrations of fluorine over M/10,000 is detrimental to
the calcification of bones and tceth. Recent work by Kemp,
Murray and Wilson (1942) hus shown o relationship between
denta) fluorosis and slight changes in the end plates of the
bodies of the vertebre in children, In U.S.A. it s considered
advisable to change the drinking water when the fluorine con-
tent exceeds 1 p.pan.; 16 to 3 p.p.m. being regarded as
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before birth and complete thewr calcification between the
ninth and tenth years - they erupt generally during the sixth
year and are known as * the six year molars . Upon eruption
they have 3 to 4 yeats of further caleification before them.
It has been said i US.A. that only about 60 per cent of
children ean, before their eighth irthday, display four perfectly
sound first molars.

That nutnitional factors have played a part in the general
mprovement of the teeth and of their resistance to disease
is fully accepted. Confirmation of a steady, if slow, decrease
in the incrdence of dental caries 1s given in a recent publieation
by Lady Mellanby and Dr. Helen Coumoulos, on the improved
dentation of 5-year-old London County Council school children
in which the results of dental surveys carried out in 1929 and
1943 are compared. In considering reasons for this improve-
ment it should be remembered that for the past 25 years the
Government has, through ante-natal chmes and child wel-
fare centres, made special efforts to 1mprove the standard of
nutrition of pregnant women, nursing mothers and children.
Tn 1084 the Milk 1n Schools Scheme came into operation whereby
children could receive one-third of a pmt of milk every school
day. During the war priority schemes permtted nursing
mothers, infants and young children to receive cheap milk,
orange juice, cod-iver oil and eggs. These priorities, with
the better distribution of essential foods, have had & beneficial
effect upon the general nutrition of children. This 15 amply
borne out by surveys of the chmical condition of the children
m schools throughout the country and by the dental surveys
of 1929 and 1948 In these dental surveys two points have
been noted, (a) the structure of the teeth, and (b) the meidence
of caries. In the former, imperfections of surface structure
were classified into four categores : mormal, where the surface
is smooth and shiny ; shghtly defective; defective and very
defective ; in the latter there were also four categories, namely,
no caries, slight canes, moderate caries and advanced caries.
Table 78 shows the changes which have taken place. These
figures show a definite improvement mn London County Council
Schools over a period of 14 years; 19 per cent of the children
had perfect or nearly perfect tooth structure in 1943 as com-
pared with 8 per cent in 1929 ; and 83 per cent had very de-
fectrve structure of the tecth in 1943 as compared with 58 per
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food particles between the tecth has in many quarters been
regarded as the main causative factor leading to dental decay
and infection of the gum by bacteris, and the prevention of
such was supposed to be due to the cleansing action of hard
foods which prevented the deposition of tartar. Experiments
on animals (the ferret) have shown that the gnawing of sugar
cane for & period of 8 weeks resulted in o rapid improvement in
soft, hemorrhagic gums, due to the removal of the dental
calculus or tartar, It was noted, however, that calculus de-
posits if relatively slight and soft recovered fairly rapidly by
this method of sugar cane therapy; in the presence of heavy
accretions of hard tartar lttle but temporary stoppage of
hemorrhage of the gums could be effected. It was noted,
however, that 1n all these cases the recovery was limited to
the labial surface of the gum in the region of the incisors and
canines only. Little curative effect was visible at the posterior
part of the gums, which indicated that areas inaccessible to
friction by the cane showed no improvement.

In man chewng sugar cane has similar prophylactive and
curative effects, but only in those areas of the denture accessible
to the cane, provided that the tartar round the necks of the
teeth is not too heavy and that additional systemic compli-
cations are not present (King).

Dental Surveys.—The studies of Lady Mellanby, in this
country, on the relation of the surface structure of the teeth
to dental cartes showed that in 1500 sectioned deciduous teeth
there was no caries In 78 per cent of teeth with well calcified
dentine and enamel and extensive caries in only 7-5 per cent
of teeth of good structure. She also found that deciduous
incisors are as a rule better calcified than deciduous molars
due to the fact that incisors are almost completely ealeified
before birth. Ineisors are less liable to decay than molars. An
examination of permanent teeth in chuldren, 6 to 14 years of
age, showed ‘ the prevalence and degree of caries to be com-
paratively small in such young children since the majority
of the permanent teeth have only recently erupted or are
erupting. Nevertheless, the percentage of diseased teeth is
seen to increase with the severity of surface defects.”

One of the most revealing findings i any dental survey
13 the percentage of children of 7 years of age Wwho ha.v.e a
decayed first molar. The first molars begin to celeify just
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reverted to that of 1948. The dental structure, while not quite
83 good as in 1947, was still defiately better than m 1945 (Table
74). Such a regression, while 1t 1s a httle difficult to understand
since the dietary conditions were practically the same, may
represent merely a periodic fluctuation; a further survey is
planned for 1951, The work which has been done indicates
that the general betterment in the structure of deciduous teeth
in children m London County Council Schools 1s due to the
prionties of milk and eggs and the vitamin supplements during
the ante-natal and post-natal life of the children,

TABLE 74

CARIESTREE CHILDREN AND CARIES-FREE TLETH AMONG
LONDON 3-YRAR-OLDS

cutiaren Teeth
Yeur Petoentage | Povoentage
Totaimo | Coefiee | CUNestS | moraino | Percentage
Troimes | Ge withno | Blustho ofioth | Carentres
DACH Lo Cyries tree
1928 1,208 M 47
1943 1,870 19 242 36,100 099
1945 691 212 281 13,381 735
1947 1,590 281 375 30,839 797
1849 002 14e 249 13,328 T2
of carles-free children at this time @ DMF. =

1 The
diseased, missing or filled

Many dental authorities regard dental decay as essentially
a disease resulting from local conditions 1n the mouth and claim
the specific factor to be the bacillus lacto-acidophilus, This
cannot rule out the fact that the nutrition of the teeth 1s main-
tained by the blood and lymph in the dental pulp. It has been
suggested that the dentinal cells, the odontoblasts, as part of
their metabolic activity secrete lymph or & lymph-like fluid,
which, passing through the extremely fine dentinal tubules,
nourish both dentine and enamel (Bédecker). In wnfants and
children the dental pulp 1s much more vascular than in adults ;
a fact which explains how readily nutritional deficiencies and
disenses leave their mark on the teeth of young people. While,
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cent in 1920, TIn 1043, 22 per cent, in 1929, 47 per cent of
children had earies-free toeth ; the improvement is undoubted.

The dental condtion of 5-yesr-old children was again in-
vestigated by Lady Mellanby and Dr. Helen Mellanby in 1947
and & marked improvement over the 1943 and 1045 surveys
wasg found. This they thought to be mainly due to the fact
that for the first time in these surveys the diet had been of

Tane 78
A, INCIDENCE OF STRUCTURAL DETECTS IN DECIDUOUS TEETH

o1 ia.) and Cc
Faroentages of Children showing.
Yerr Kumber of
Childoen Slizn ey
Normat ’ Doty ! Deteettve | polediv,
1929 nw 0 78 aze 35
1953 1511 12 81 2 233

B. INCIDENCE OF DENTAL CARIES IN DECIDUQUS TRETH

Preoentages of Childra showlag

Yest Kamber af
Chtidreq
NoCariew | Litele Cartes ‘ Soms Caries i Much Crrlen
1999 1293 T nz 208 628
1943 1603 22-4 256 224 23

WS |

consistently better ealeifying qualties over the whole ante-natal
oo ST e AR M-tk grvey was carTied
. swaller sample of

. . : : icted in the same
way and. according to the same standards 25 in previous surveys.
It was found that the gradual impravement which had been
noted during the previous surveys was not maintsined, that
propo:tionntely fewer children were carigs free—namely 14-9
per cent~—than on the two previous oceasions when t!\vf figures
yere 28'1 and 242 per cent sespectively, The position had
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pre-school child is in the same unfortunate position. Not until
dentistry is concerned with the ante-natal as well as the post-
natal care of the teeth, and is given full opportunity to meet the
dental needs of pregnant women and nursing mothers ean there
be any hope for the future dental health of the nation,
Education of mothers, at child welfare nnd dental health centres,
and of school children in the el iples of nutrition,
should include instruction in the nutntlon and care of the teeth.
Dental health education will be the more impressive 1if the
dental service in schools and elsewhere is equal to the require-
ments which education will and should demand of it.

The relationship between nutrition and dental health is
indubi That some chil upon llent diets supple-
mented by cod-liver a1l and nutritive salts, do not avoid caries
1s no argument against the part played by food; 1t is but
evidence that good nutrition is not entirely dependent upon
diet, but demands good digestion, absorption and assimilation :
and the quality of these functions, like the quality of the teeth,
depends mn no small measure upon hereditary influences.
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CHAPTER XX

THE APPRAISAL OF THE NUTRITIONAL STATE
IN INDIVIDUALS AND COMMUNITIES

Appraisal of the Nutritional State in Individuals and
Communities.—To appraise the nutntional state or to evaluate
the condition of nourishment of individuals or communities is a
task beset with many difficulties. There are several methods of
attempting to assess the state of nutrition in an individual or
community : dietary surveys indicate the potential nutritional
state of & community : a study of vital statistics, purely objec-
tive, gives a broad comparative pieture more of national groups
than of communities ; the growth and dovelopment of children
affords a valuable crit for g the state of nutrition,
as also the nature of the social environment in which the children
are reared ; chnical examination, more immediate and direct, is
beset with the difficulties attendant upon any sub,echve study ;
scientific methods mvolving phy
tests are i the main strictly objective but at present far frﬂm
complete,

Dietary Surveys ~—While of little importance at present
in or latent deficiency dietary surveys will,
in con;unchon with clinieal and hm]ogncal methods, indicate
some degree of correlation of disease with the lack of specific
nutrients. The results of such surveys have been fruitful in
offering definite reasons for the presence of malnutrition and
deficiency disease m communities and among certain races;
and they may be of value 1n determming whether or not a
potential deficiency exists.  To do this, however, the develop-
ment of the signs and symptoms of deficiency would have to be
carefully observed in relation to given Jevels of mtake of specific
nutrients in various dietary patterns and in numerous com-
munities. No community and few individuals have ever been
maintained on dietaries in which submmmal amounts of one
or more nutrients were kept at pre-determined levels, Experi-
ments m which specific additions have been made to minimal
diets, for example those of Dr. Corry Mann on boys in an
industrial institute and of many investigators on school children,
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have indicated the beneficial effects of added nutrients upon
growth in terms of mcreased height and weight. It would
appear, that as a practical indicator of the presence or possible
p of under- or mal h t, ic and dietetic
evidence is of defiite value. The recent work on vitamin
synthesis would lead one to conclude that by present methods
of dietary survey mo complete answer would be forthcoming
concerning the minimal dietary requirements necessary to pre-
vent defi disease 1. of human bemgs. The
difficulty lies in the fact that 1t 15 mmpossible to draw a sharp
istmetron between the normal and abnormal m communities
or mdividuals. In dealing with the practical problems of nutri-
tin it 1s best to adhere to the chmical meanmg of the word
normal which has been defined by Ivy, who states that * anyone
is normal who is well and not handl d by some d )
manifested by symptoms ", This means that the mild mper-
fections of the body should be regarded as nmot outwith the
normal. In all its functions, normal and even abnormal, the
body is ing or }e to a
physiological mean Many apparently healthy people, while
not normal, are not sigmficantly abnormal. Only when physio-
logical adap ly fail, 1s the ly abi 1
state entered upon, and from that, the subject may, and often
does recover, without having been aware of any departure from
the normal. Biomicroscopic and X-ray examinations fre-
quently prove this statement. Just as one cannot accurately
define the normal n health, so ope cannot define the optrmum
i dietary mtake. Many years ago Chuttenden stated that the
smallest amount of food which would serve to keep the body m
a physwologreally efficient state would be, not only the most
economical but the optimum, and that anything over that
amount would be mjurious. While nothing 1s gamed by an
excess in food intake, Chittenden’s mummum left little or no
margm for the ever changing needs and the many unknown
adaptations of the body. The term optimum s of little practical
value and in view of the difficulty of fixing a standard of perfec-
tion, the term adequate, n relation to prescribed nutrients for
known conditions, seems to be the most useful. In a word, the
term adequate implies the optimal, that is, the best in the supply
of nutrents to meet the requirements of the indindual. How
difficult it 15 to estimate the requirements of mdividuals is not
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suficiently appreciated.  How often is it forgotten in discussing
growth, that full consideration should be given not only to bones
and muscle but to germ plasm.  Little is known as to the spectfic
requirements of the germ plasm in terms of nutrients. It is
known that when growth is poor, the progeny become smaller and
ultimately the strain dics out. That this is true of man is borne
out by the app and disapy of certain races, tribes
and communities. Some races are tall, healthy and long-hved;
others are puny, disease-ridden and prematurely semle. Here-
dity does, and always will, play an important part in deter-
mining human stature and health ; chmate also plays a part,

cven if a small part, in determining physiological character-
1stics, and it must now be accepted that diet also plays its part,
a fact which in the opinion of some outweighs both heredity
and climate combined. One of the most mteresting reports on

the part played by diet in racial development has been referred

to, namely the study of the Kikuyu and Masai tribes in Kenya

(Orr and Gilks). The comparative results given in that report

are not confined to Xenya, they can be obtamed throughout

India, where various races subsisting on different diets give

great opportunuty for work on the numerous problems associated

with nutrition and national health. The diets of Bengals,

Sikhs and Pathans vary in certain respects, and again one can

see how diet must play a part in the development of physical

and mental charactenstics of people. Major-General Sir Robert

McCarrison, LM.S., late Director of the Pasteur Institute at

Conoor, India, examined the diets of six different races, feeding

series of standard rats on the various diets, the rats being kept

under precisely the same conditions, The following table speaks

for itself ;—

Average body weight

Duet of the group
Skh . . . . . . . . 235gmms
Pathan . . . . . .. o230
Maharatta . ool 225
Kanarest . . . . . < . 18 ,
Bengalt D
Madrassi B . B 155 ,,

It is clear that there must be a radiesl difference between
the diet of the Sikh and the Bengal or Madrassi. The Sikh
diet 15 the most nutrtious mn India; jt zs.mxde up c!.freshly-
ground whole wheat (atta), which is made into chapattis (cakes
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of unleavened bread), milk, butter, ghee (te boiled, clarified
butter), curds, buttermilk, dhal (legumes), vegetables, potatoes
and root vegetables, with fresh meat and water. Beef of the
cow is never eaten, the ammal being regarded as sacred. The
Madrass: diet, the least nutntmus, consists of washed, polished
rice, dhal, fresh \; ble oils, coffee
with sugar and a httle mlk, a hitle buttermllk very hittle ghee,
cocoa nut, betel nut and water. Sir Robert McCarrison states
that rats fed on the Stkh diet live to an old age ; they suffer no
infant mortahty and by attention to cleanliness, comfort and
food, disease has been almost completely ehminated In fact,
in many cases the rats far outlived therr normal two-year span
of Yife and had to be killed.

An adequate diet, frugal hving, sunshine and constant
movement are invarably associated with strength and stamina.
“ Wherever there are dairy ammals m abundant proportion to
the population and thewr products form the staple articles of
diet, fine physical development is seen without exception ”
{McCollum). The pastoral Arabs, noted for thewr physique,
live on milk from goats and sheep, meat, cereals and dates. The
milk is always soured to preserve it and 1s eaten as curds.
‘Without rilk they would not survive in the physical condition
in which we find them to-day. Tall, thin, alert, robust and
vmle, the pastoral Arab is ;1 many cases almost a perfect

of | . Sunple, ak hving to a ripe
old age, proud and often hungry, these wandering people are an
object lesson in nutrition. So 1t is with the pastoral peoples of
India, hving largely on a diet of mlk, butter, ghee, fruits and
vegetables, they are vastly superior in physique to most of the
other classes of Indmans. A similar story can be told of the
people of Skye, Lewis and other Hebridean Islands, who subsist
on cods’ livers, fish, turmps, potatoes, oatmeal and nulk. Any
departure from these sxmple but ndequam foodstuﬂs whlch
allows the jon of nich carb foods, h
cereals, tea and cakes, leads uItlmately toa detenomhon in the
structure and strength of bones, teeth and muscle. *

Vital Statistics—Vital statistics, particularly those re-
latmg to mfant mortality, neo-natal mortality and post-natal
mortality, that 15 the death rate from the second to the twelfth
month, are of importance in armving at a general assessment
of the factors upon which the viabibty of children depends.

26
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Experiments upon animals and experiments performed uncon-
sciously by various races upon themselves show clearly how im-
portant are hereditary and environmental factors in the survival
of children durmg the first twelve months of life. The lack of
essential amino-acid bearing proteins, energy foods, vitamins
and mineral salts, added to bad social conditions, leads to
malnutrition, and malnutrition is a serious handieap to children ;
that this is so is shown by comparing the death rate of infants
under 1 year, under 4 weeks and in the period from the second
to the twelfth month. The figures in Table 75, giving a com-
parson of infant mortality rates for England and Wales, and
Scotland from 1885 to 1948 illustrate this point. In the quin-
quennium 1881-85, the infant mortality rate for England and
Wales was 139, for Scotland 118 per thousand live births, The
situation has improved steadily since then and the figures for
1950—England and Wales 80 and Scotland 89 per thousand
live births—indicate the steady, continual improvement which
has been taking place in this country since those days in the
middle of the twentieth century when the public conscience was
thoroughly aroused ing infant mortality and the un-
hygiemc conditions under which many working people Lived.
With regard to neo-natal mortality, the factors causing death in
the first month of Iife are not so readily controlled as are those
which operate from the second to the twelfth month. The pro-
gress made in controlling the environmental factors which
operate during the post-natal period is shown in the figures in
the last two columns of Table 75.

The death rate in the neo-natal period is due largely to factors

S e aae FERRRa
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ze of social

. “ the most

. L . s to lessen
the meidence of prematunity ” . . . . * The excess of neo-natal
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income groups are d. The highest mortal ty Tates - ate
invariably assoctated with poor social and economic conditions
affecting adversely the physique, health and nutrition of the
mother . It has also been shown that toxzmia of pregnancy
is less common in the better nourished sections of communities.
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Indeed wherever we may look, be it in the East or the West,
one realizes that diet is undoubtedly an important factor in
maintaining maternal health (Ebbs et al., 1941 and 1942)
During 1942 a record was made by Cameron end Graham of
the food intake of 300 women attending the Glasgow Maternity
Hospital, made up as follows : 100 mothers of still-born infants,

TapLe 75

A COMPARISON OF THE INFANT MORTALITY RATES FOR
ENGLAND AND WALES AND SCOTLAND FROM 1885 TO 1048

Near Infant Mortallt
ThETAr | e’ | momTtoidmorte
Year
LEADN, | soteod | TR, | scorine | BRUREE | sootiana
1851-85 139 u8 - — - -
1901-05 128 120 - — - —
1921-25 76 02 — - — —
1931-35 a2 &1 31 a7 a1 44
103640 55 76 29 a7 26 39
1938 52 72 28 36 24 36
1939 50 60 28 a6 22 a3
1840 57 78 29 a7 28 10
1941 60 83 29 10 a1 43
1052 51 69 21 85 24 34
1043 49 65 25 33 24 az
1944 45 65 24 83 21 32
1015 46 56 23 28 21 28
1046 51 24 20 10 23
1947 41 £ 21 28 18 28
1848 3t 43 20 23 18 20
1049 a2 4 10 23 13 18
1950 a0 £ 18 23 12 16

100 mothers of premature born infants, and 100 mothers of
full-time infants. The average daily Calorie mtakes mn these
groups were 1644, 1710 and 1946 respectively, The dret of the
mothers with full-ime infants was superior m every respect,
patticularly in first-class protein, calerum and phosphorus.
However meomplete the evidence may be of & steady improve-
ment of the nutritional state of the nation 1t will be generally
agreed that “ the neo-natal and infant mortality rates will be
most substantially i d by imp in the stand




404 FOOD AND NUTRITION

of health and nutrition of the mothers of the lower income groups
and they constitute the vast majority * (Baird)., Malnutrition
is not only a matter of dict, otherwise it would never be seen
in the children of the upper classes. Bodily defects, slecp,
exereise, cconomic conditions and heredity play their part, but,
as has been pointed out, they do not surpass in importance the
part played by dict. Hcrcsiiery influences can be removed or

dified and the hardships of envi the better withstood
TABLE 76
INFANT MORTALITY RATES
Deatha per Thousand Lice Dirths
Quin- .
auenstun Scotland | UBA | Cavads | Austealts | ,New, | wolana
1881-85 | ‘130 18 — — 125 01 181
1901-05 | 138 120 — — 07 75 136
1902125 | 76 02 74 — 58 43 64
1031-35 62 81 59 — 11 a2 5
103640 55 76 51 63 a9 a2 a7
1939 50 €0 48 61 a8 a1 31
1040 57 ) 47 56 38 30 39
1941 60 83 15 00 35 30 43
1942 51 60 0 54 a9 29 40
1943 49 63 40 54 a¢ a1 41
1044 45 65 40 55 a1 30 47
1045 46 36 a8 51 29 28 k2]
1046 43 54 34 47 29 26 41
1947 41 56 92 5 28 25 a3
1948 34 45 32 41 28 22 29
1949 22 4 31 43 25 24 21
1950 30 39 29 — - _ 25

by communities and races if attention be paid to the correct
feeding of mothers and children. The first step in combating
the evils of malnutrition is the ante-natal care of the child.
Growth and Development.—Since the war, there has been
a marked increasc in the rate of growth of children in Great
Britain as also in the US.A., although the adult height has not
appreciably chang d. Several snthropon s
have been added to the simple ones of height and w.exght ; the
commonest indices used or suggested are those which express
weight as o function of height, relate chest measurement to
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height, chest and arm girth to hip width, bi-acromial breadth,
ete, As a means for the nutritional assessment of children
1

these have their himitati Hereditary and envi
factors—nutrition, poor housing, lack of sleep, mnfectious disease
—are S0 nex bly int lated the growth

and development of children that all anthropometric indices
must be viewed with caution. Undoubtedly the growth and
development of children are of value as criteria in the assessment
of the nutritional state, as they are also of environmental con-
ditions, but little is yet known of the various factors upon which
growth depends, of the part played by nutrients mn enhancing
1t or of environmental conditions i controlling it. The mdices
(Tuxford) and grids (Wetzel) still awatt evidence of satisfactory
statistical correlation with clmical findings or the * grading
pomts ”* of posture, lar devel ete., sugj d by
Sydenstricker, Magee, Sinclarr and many others. It 1s not to
be inferred that heights and weights accurately determined are
without value, for by them investigators of the Mimstries of
Education and Health have shown that during and suice the
the war school children are certamnly not below their pre-war
counterparts in the matter of height and weight. Taken as a
whole, the conclusion arrived at from an analysis of the data
is that the growth rates and physique of children in various
socaal grades, improving before the war, have been maintamned
or even improved upon during the war years.

‘That these general conclusions are true is proved by reports
of school medical officers and surveys such as those carried out
by Dr. Bransby on children between the ages of 5 and 15 years.
These surveys, commenced 1 1936 and continued since, have
shown that in certain localities the average heights and weights
showed small regresstons during the years 1940-1-2, that such re-
gressions were generally observed in the older children (12 years
of age) and that they were on the whole made good by 1943,
The magmtude of the changes in height and weight of children
between the pre-war period and 1944 was estimated by cal-
culating for 21 areas of Great Bntain the average change for
the age groups 5 to 15 years inclusive, For boys and girls the
average mncrease in height was 1" to " and in weight 13 to 2 lb.
A special inquiry made by the Ministries of Health and Edu-
cation from 1940-45, limited to boys and pgirls within the age
range of 9 to 14 years, showed simlar increases n height and
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of health and nutritton of the mothers of the lower income groups
and they constitute the vast majority ** (Baird). Malnutrition
1s not only a matter of diet, otherwise it would never be seen
in the children of the upper classes. Bodily defects, sleep,
exercise, economic conditions and heredity play their part, but,
as has been pointed out, they do not surpass in importance the
part played by dict. Hereditary influences can be removed or

dified and the hard of envi t the better withstood

F

TABLE 76

INFANT MORTALITY RATES
Deaths per Thousand Live Buths

uin 9
q:?l;r:llurm JEneland | geotland | USA | Canada | Auwstrana | 367, | Holaod
1881-85 | 139 18 - — 125 o1 181
10105 | 138 120 — — o7 75 136
w225 | 76 02 4 — 58 43 [
1931-85 | 62 81 59 — 41 a2 15
193640 | 55 k] 51 63 30 32 a7
1030 50 69 48 61 a8 31 34
1910 57 78 47 56 38 30 30
1041 60 83 45 60 35 30 43
1942 51 69 40 51 39 29 40
1943 49 [ 0 54 36 a1 41
1044 45 o5 10 55 81 30 47
1945 46 56 a8 51 20 28 7
1046 3 54 34 47 20 26 41
1947 41 56 32 15 28 25 3
1048 a4 45 82 41 28 22
1049 az 2 31 43 25 24 ‘27
1850 30 39 29 — — — 25

by communities and races if attention be paid to the correct

feeding of mothers and children. The first step n combating
Cosor oo ~=-t-1---- ~¢ the child.
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Britain as also in the U.S.A., although the adult herght has not

iably changed. Several hrop tric s nts

h;:'e been added to the sumple ones of heght and w‘cxght; the
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weight as & function of height, relate chest measurement to
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height, chest and arm girth to hip width, bi-acromal breadth,
ete. As a means for the nutritional assessment of children
these have their hmitations, Hereditary and environmental
factors—nutrition, poor housmng, lack of sleep, mfectrous disease
—are so mextricably inter-related in determimng the growth
and development of children that all anthropometrie indices
must be viewed with caution. Undoubtedly the growth and
development of children are of value as criteria m the assessment
of the nutritional state, as they are also of environmental con-
ditions, but hittle is yet known of the various factors upon which
growth depends, of the part played by nutrents i enhancing
it or of environmental conditions mn controlling 1t. The 1ndices
(Tuxford) and grids (Wetzel) still awart evidence of satisfactory
statistical correlation with clinteal findings or the * grading
points ** of posture, lar develop ete., d by
Sydenstricker, Magee, Sinclair and many others. It is not to
be inferred that heights and weights accurately determined are
without value, for by them investigators of the Mimstries of
Education and Health have shown that durmg and since the
the war school children are certamnly not below therr pre-war
counterparts in the matter of height and werght. Taken as a
whole, the conclusion arrived at from an analysis of the data
1s that the growth rates and physique of childrer m various
soctal grades, improving before the war, have been marntained
or even improved upon during the war years,

That these general conelusions are true 1s proved by reports
of school medical officers and surveys such as those carried out
by Dr. Bransby on children between the ages of 5 and 15 years.
These surveys, commenced i 1936 and continued since, have
shown that in certain localities the average herghts and weights
showed small regressions durmg the years 1940-1-2, that suchre-
gressions were generally observed in the older children (12 years
of age) and that they were on the whole made good by 1948,
The magnitude of the changes in height and weight of children
between the pre-war period and 1944 was estimated by cal-
culating for 21 areas of Great Britamn the average change for
the age groups 5 to 15 years inclusive. For hoys and girls the
average increase in height was }” to 3* and in weight 1} to 2 Ib,
A specal inquiry made by the Ministries of Health and Edu-
cation from 1940-45, hmited to boys and girls within the age
range of 9 to 14 years, showed similar increases in height and
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weight ; for boys and girls the increase in height was of the
order of 4", being somewhat greater for girls than for boys, and
in weight it was 1~1} Ib. for boys, 3-8} Ib. for girls, that is,
somewhat Iess than 1 per cent of the attained height and about
2 per cent for boys and 5 per cent for girls of the attained weight.

It must, of course, be noted that with regard to the growth of
children their physique was improving steadily before the war,
This is shown by s comparison of the heights and weights of
London elementary school children in 1905-12 and 1938, where
considerable improvement was seen at all ages. It is possible
that the wartime improvement in physique was merely a con-
tinuation of the pre-war process. In certain localities, par-
ticularly mn blitzed areas, the rate of improvement was retarded,
but in most cases, by 1043-44, the rate of improvement would
appear to have increased until about 1947, when there was again
evidence of a slight retardation. To judge the effect of the
war it b y to pare the rate of improvement
actually achieved m a post-war period with that which might
have been expected had the pre-war rate been maintained.

It is true that to-day children and adolescents are taller for
their age than they were ten years ago. While there is no evi-
dence that the average height of men and women has increased,
there is evidence that the rate of growth of chldren has in-
creased. This may be due to the better distribution and
greater consumption of milk, meat, cereals and vegetables than
obtained a decade ago. It has always been apparent that the
children 1 the higher income groups in Britain, Scandinavian
countries, North Amernca, Australia and New Zealand, whose
diet is rich in animal proteins, mineral salts and vitamins are
generally tall and healthy  This is borne out by a recent study
in France {Trémolitres et al., 1950) which shows that defective
feeding prevents the attamment of the potential adult stature.
A diet adequate for the needs of growth would therefore lead to
a higher national average of height and weight by the dis-
appearance of the undersized. If the increased rate of growth
ultimately results i an average height of men and women
hing that of the taller and better fed groups of the past,

approac f the €
one would be justified in concludmng that a better nutritional

tus had been achieved. .
- Considerable attention has been paid to the amount of

subcutaneous fat of the body as a criterion of the nutritional
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state, Deviations in the weight of individuals are generally
due to variations in the amount of body fat. Prolonged under-
nutrition leads to a loss of subcutaneous fat, of interstitial fat
and of fat from those parts of the body where fat tends
to ete.). As a criterion of
increase or decrease of body fat, the relative body weight, that
15 the weight of the subject as a percent e normal for
the age group, s of little value wij the normal range of
weight variation. To estimate nutritional state of an
indivrdual by pinching a fold of sKin is a very old chmeal pro-
cedure, It is indeed a rough measure of the nutritional state
and of the adequacy of the diet in terms of Calortes. In an
attempt to measure with some degree of accuracy the thickness
of the fold of skin, Richer {1890) constructed a cahper which has
been used by several
changes in subcutaneous fat due to a vanety of clinical con-
ditions (Lehmann e? ol., 1893 ; QOeder, 1910; Batkn, 1915;
Kiding, 1922; Lauter and Terhederbriigge, 1937-88). Such
mvestigators showed that, although persons of normal body
weight exhibit large differences in the amount of their subcu-
taneous fat, there were deﬁmte c}mnges m subjects suffering
from and : of fat meta-
bolism. A step forward m skin-fold measurements was made
when Franzen (1929) constructed a caliper with a spring to
maintain pressure against the skin and increase the accuracy of
the measurements. For such estimations to be of any value
the strength of the spring of the caliper should be known, that
is to say, the force which it may exert at varying distances
between the jaws, and also the extent of the contact surface,
m order that the actual pressure per mm. recorded should be
known. More recently, Sinclair (1848) had noted the usefulness
in nutritional surveys of skin-fold measurements, the points of
measurement being on the upper arm and forearm. By usinga
speetal caliper * sprung ** so that the pressure applied 1s con-
stant i every case, Dr. P, J. Cowin and Dr. W. T. C. Berry
{1950) have estimated subeutaneous fat of school children in
the course of nutritional surveys. The width of the skinfold
produced by grasping firmly between the thumb and forefinger
the skin over 5 points of the body, is measured by inserting it
between the arms of the caliper. The 5 points are: (1) the
front of the arm mid-way between the head of the humerus and
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the anticubital fosss, with the forearm shghtly flexed and
supmnated ; (2) a corresponding point on the back of the arm;
(3) just below the angle of the scapula, with the arm held to the
side of the body ; (4) just below the costal margin in the mid-
clavicular Iine, and (5) 1 mch to the right and below the um-
bilicus. All these folds are vertical except the third which is
diwagonal, and the sum of the 5 measurements is used to indicate
the amount of fat on the body. Many investigators have re-
garded skinfold measurements as of some value 1 supporting
clinical ympressions concerning the nutritional state of ind:-
viduals; others, however, do not regard the method, as yet
developed, as affording a reliable estimate of the nutritional
state (Keys et al.) (see * Symposium on Growth *, 1951).
Signs of Under- or Malnutrition.—Malnutrition in this
country has generally been assoctated with a dietary régime of
white bread, cereals and tea, to which are added potatoes and
1ly minimal of meat of poor quality, The
deficiencies to-day are in those foods which give first-class
protemns, minerals and vitamns, namely, milk, good quality
meat, eggs and vegetables. While many children are quite
fat on such a diet, they are by no means healthy. Examination
of therr bones, teeth and muscles reveals grave defects, which
sooner or later mamifest themselves in disease, deformities and
chronic arlments. These children are subject to all the minor and
major ills which affect the young ; ansemic, listless and without
resistance to infectious disease, they are much more apt to
suceumb, when seriously ill, than those who have been fed on
even very moderate amounts of milk and vegetables. While
some are fat and flabby, others are thin and manifestly not fit ;
while some are over normal weight, others are well below it.
Their posture is that of fatigue, namely, round shoulders,
sagging bead and protruding abdomen. Such children have
no sparkle, they are Dstless, their eyes are lustreless, often
sunken, and their facial expression and general restlessness are
indieative of the lack of joy in Iife which 1s so often the lot of
the badly fed. Weight by itself should not be accepted as an
indication or index of physical fitness. Any change in weight
which is 10 per cent under or over the normal for the age and
height, for both are impcrtan.t, should not be dlsregaf-ded.
Under-nutrition oceurs readily in youth when the bf)dy is or
should be growing rapidly, and it may be produced in several
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ways spart from an inadequate diet, For ple, dig
absorption and utihzation of the foodstuffs may be deficient ;
oxygenation of the blood may be reduced by reason of a poor
development of the chest or by the presence of diseased tonsils
and adenoids; lack of exercise n a sunless and non-hygieme
environment may lead to a loss of vitahty.

The Signs of Good Nutrition,—Good nutrition is always
associated with a well developed body, whieh is not far from the
average in weight and height for the age of the subject. The
muscles are firm and not lacking m a farr covering of sub-
cataneons fat. Posture affords good evidence of the state of
nutrition. A well-nourished person will stand erect ; there will
be no drooping shoulders nor winged shoulder blades, no flat
chest nor large abd The factal exp: will be erther
calm or alert ; the haw will be glossy m texture and abundant
in quantity, and the eyes clear and bright. General health,
digestive functions and the quality of sleep enjoyed will in-
variably be good. All this stands in marked contrast to the
picture of the badly-nourished child, who 1s undersized, of poor
physieal development and whose muscles always lack that cover-
ing of fat which produces the plumpness of the well-fed chadd.

Related Causes of Under-nutrition.—One must not be
blind to related causes of under- or malnutrition, A sufficiency
1n the fulfilment of dietary needs may be futile or productive of
but poor results if hygiene be not instituted, disctpline mam-
tamed and ignorance dispelled. Poverty, while a veritable
cause of malnutrition, may not always be the chief factor. In
many homes where essential foods, muilk, frusts, meat and
vegetables are not lacking, but where parental discipline is
entirely lacking, are to be found children who are under weight,
thin, anemic and without vigour. They are essentially cases of
under-nutnition. Children who are left to express themselves
as their temperamental minds may dictate, and are allowed
to select foods as nich as they are lacking i vitamins or
body-building protems, msy often show signs of under-
nutrition. Parental control must be exercised in matters of
dret just as in matters of education, The wilful child who
refuses to drink milk or dalhies at meals so that it lacks nutriment
in the midst of plenty, can be diseiplined to regulanty and
alacrity in eating, if parents will but take the trouble, and it may
be d le trouble, to maintain a dietary diseipl While
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on the matter of parental control, it may be pertinent to em-
phasize the importance of over-fatigue as a cause of defective
body building.  Prolonged stimulation of a boy or girl to work
much longer than usual in order that he or she may attain a
certam position in school is entirely wrong. Many a boy with
a mental capacity 60 per cent of the normal, is urged to extra
work with the suggestion that he is bound for the top of his
class, or sure of a certain prize, if he but works hard ; when such
a boy 1s urged to emulate those of 80 or 100 per cent capacity,
he is being most unfairly handled. While temporary success
may crown his efforts, it is almost certain that he will ultimately
realze his limitations. If he does so and sets the pace accord-
ingly, no harm may be done. If, however, he or those who
guide him do not, then physical and mental breakdown may
follow rapidly upon the heels of such an endeavour strain, and,
if this be associated with poor feeding, the complications attend-
ant upon malnutnition will prevent a rapid return to normal.
The Appraisal of the State of Nutrition in School
Children.—The evidence of undernutrition in this country,
admittedlyall too brief in its presentation here, is sufficient to call
for continued and concerted action, on the part of central and
local authority, n facing the problems of nutrition. The facts,
how , have produced neither s yardstick nor a formula by
which nutritional status could be measured. There is never
theless sufficient in clinical, 1 I and Tie
methods to permxt of a good approximation in its measurement.
- ==~ - thods have been employed in
7 of children and adolescents,
. labour of teams of clinicians,
scientists and nutntmmsts, that the results are, in certamn
idered not to be te with the amount
of work entmled anmg COnsxdered carefully Ways and means

-#13-~- were concerned,
|em1cnl methods,

. “a general im-
slon of the state of ﬁtness, both phys:cal and mental, con-
ing upon s detailed

pres
veyed to an exp
examination "',
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Brief reference can be made here to certain results of this
survey of school children in Seotland, carried out by the Sub-
Committee on Nutnition m 1944-45 The chid population of
Scotland numbers about 1} muthons Approximately 8300
children, * entrants ”* (5-6 years) and  leavers ” (12-18 years),
from four cities and three county areas, were examined, Selec-
tion in the case of the county areas was of children from homes
1 which the bread winner was engaged 1n one or other of three
occupations or industries which are characterstic of the area—
heavy industry, Lght ndustry, fishing. While the samplng
was guided by practical considerations rather than by the wdeals
of random pling, the sel was sufficiently diffuse to
present data suitable for a general comparison with past
surveys. It was found in 1944~45 that the state of well-bemg of
an individual child bears no consistent relationship to the
attained height or weight and that therefore the assessment of
well-being is influenced by clinical findings and not by physical

This but es the statement that the
most practical method of assessing the state of nutntion, or
better, the state of well-bemg, will ultimately demand a com-
bined elinical and 2 1 jon. It was, b 3
found that measurements of average heights and weghts
together or of weights alone, are, for groups of cluldren, closely
correlated with the state of well-bemng as assessed chmeally
(Table 7).

In comparing rates of growth, it was noticed that boy “ en-
trants ** were taller and heavier than girl * entrants * and gl
“leavers” taller and heavier than boy *leavers”. Ths
means that the average rate of growth in height and weight
of girls exceeds that of boys about the 11th year, and that there
1s again a reversal in the relative growth rate at about 14} years
of age (see Fug, 17).

‘The most 1mportant facts i Table 77 are to be found in the
last two columns. It will be noted, m companng each of the
e1ght groups in the 1937 and 1944 groups (underlined), that the
average heights and average weights have increased. In com-
paring the 193¢ and 1937 results there will be seen the only
decrease recorded : it is a decrease in weight of girl  entrants **
In 1937, of 060 1b. The important fact, however, is that,
during the greatest war in history snd during a period in which
there *was & more even distribution of food ppanied by
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increased purchasing power for the pre-war lower income groups,
the boys and girls, in a fairly representative sample from Scottish
schools, showed a substantial increase in hoth height and weight.
This is a small but clear piece of evidence proving the value of
the methods adopted by the Government for the supply and
equitable distribution of food during the war. The data in this

TaBLE 77

AVERAGE AGE, HEIGHT AND WEIGHT OF CHILDREN EXAMINED
BY THE EDUCATIONAL HEALTH SERVICES OF THE CORPORA-
TION OF GLASGOW 1034-35, ROWETT RESEARCIH INSTITUTE
AND CARNEGIE TRUST 1937 AND THE NUTRITION SUB-
COMMITTEE OI' THE DEPARTMENT OF HEALTH FOR SCOT-

ND 194445
a
aversge | Avemgn | avensss | Hbipead. | vewmmad:
Category | Time Age Helght Weight | justed fo 6} [ fusted ta ¢
ns ib s And 134 | yre snd 134
§r¢ ming m toA
ENTRANTS
Boys 1934 § 5 397 | 4143 3973 4171 4046
- 1937 | 5 600 | 4311 4125 11 4135
" 1044 [ 5 690 | 4322 4189 4119 4156
Gurls 1934 | 5 422§ 4112 3814 4142 3871
" 1097 | 5 800 s173 3317 417 a8 11
- 144 | 5 693 | 4282 40 44 4260 4014
LEAVERS
Toys 1934 |13 539 | 5701 82 07 5711 8258
- 1037 {13 600 | 5768 86 60 5768 86 60
" 1048 |13 718 | 5922 89 45 50 03 88 46
Gurls 1934 [ 13 548 { 5769 8388 5170 8629
N 1037 [13 500 | 5866 88 10 5879 8888
" 194 |18 710 | 5974 2420 59 60 9334

report would tend to indieate, among other things, that a state of
is d with

well-being in children i L fhici of the mother,
participation in organized games and membership of youth
organizations.

Clinical Examination.—Medical inspection of school child-
ren was introduced by the Board of Education in 1907, The
methods were revised in 1984 and are still used by school
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medical officers; the inspection amounts to & general examma-
tion of the children and an of lar devel
and physique, from which an approximate appraisal of their
nutritional state is arrived at; the method has always meluded
measurements of height and weight. It is well known that
school medical officers and all who make subjective observations,
or even objective estimatidns, are never quite consistent with
one another and often are equally mconsistent m their mdivid-
val apprai on subseq i The subj
ppraisement of the nutritional state depends to a large extent
upon the type of individual with whom the investigator is
generally associated, as also upon the physique and well-being
of the investigator himself.

In order to determme whether rationung during the war had
adverse effects upon the nutritional state of the people of this
country, rapid clmical surveys were carried out in 1942 at the
tustigation of the Ministry of Health by Dr. Sydenstricker of
the US,A.  His method was to inspect the skin, hair, tongue
mucous membrane of the mouth, to make sht-lamp examma-
tions of the cornea and scleral conjunctiva and to note certan
factors concerning the condition of the teeth. Neither general

) PhYsical examinations nor laboratory tests were made. The
“ general physical status », as it was termed, was noted and sub-
divided into three categories—good, satisfactory and poor.
Many similar rapid surveys have been made (Adeock, Magee and
l{lﬂfgan, 1947; Adcock, Hammond and Magee, 1947, etc.),
slightly different terms being used m place of * general physeal
f‘tat‘“ ", such as * nutritional state ™, * grade of nutrition *',
cniclany’ nutritional gradmg”, *grading enteria™ In
evaluating the nutritional state the climcians took account of
8 number of criteria—posture, tone of muscles, elasticity of the
‘)f'm: expression; the clinieal signs noted were folliculosts,
gingivitis, corneal larization, pityriasis, cheilosis, angular
stomatitis and enlarged tongue papillz. Numerous data
collected in these clinical surveys were statistically analysed to
determine 1f any relationship existed between the grade of
Butrition and the ineidence of clinical signs (Adeock, Hammond
and Magee, 1947) The data from nutritional surveys of 3351
children aged 8 to 15 years and of 8326 adults of both sexes
Tere analysed statistically to ascertain if & relationship existed
between the gradings “good*”, and **fair” and * poor** combined
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increased purchasing power for the pre-war lower income groups,
the boys and girls, in & fairly representative sample from Seottish
schools, showed a substantial increase in both height and weight.
This is & small but clear piece of evidence proving the value of
the methods adopted by the Government for the supply and
equitable distribution of food during the war, The data in this

TABLE 77

AVERAGE AGE, HEIGHT AND WEIGHT OF CHILDRLN EXAMINED
BY THE EDUCATIONAL HEALTH SERVICES OF THE CORPORA-
TION OF GLASGOW 1934-35, ROWETT RESEARCH INSTITUTE
AND CARNEGIE TRUST 1937 AND THE NUTRITION SUB-
COMMITTEE OF THE DEPARTMENT OF HEALTH FOR SCOT-

LAND 1944-4%
Averago Average Average
Category ‘Time Age Helght \Vﬁ(ﬁl
y miss .
ENTRANTS
Boys | 1933 | 5 397 | 4143 8073 4171 50 46
» 1937 | 3 600 | 4311 $125 431 4133
- W4 | 5 690 | 453 4189 4319 4156
Girls | 1038 | 5 422 | 4112 3614 arde 8871
" 1037 | 5 800 | 4173 3817 4170 a8 1
" 1945 | 5 601 | aze2 1044 42 66 4014
LEAVERS
Boys | 1938 (13 580 | sror 82 07 sTn 8258
" 1987 |13 600 | 768 86 60 5768 86 60
" 144 |13 718 | 922 8 43 5003 83 46
Guls | 1934 |18 548 ( 5760 85 88 5776 8629
" w37 |13 500 | 866 8810 5879 8888
- 1934 |13 710 | S974 9420 59 60 9334

report would tend to indicate, among other things, that a state of
well-being in children is correlated with efficiency of the mother,
participation m organized games and membership of youth

anizations. .
org(}llﬂical E jon.—Medical inspection of school child-
ren was introduced by the Board of Education in 1907, The

methods were revised m 1834 and are still used by school
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companison whereby to appraise the effects that have been
produced upon the population during and sfter the second
world war. The method which received most attention durmg
the war was that of the estimation of hemoglobin in the blood.
The Committee on Heemoglobin Surveys of the Medical Research
Council studied the possible methods to be used m large-scale
surveys and ded the Haldane-G: s method, Itis
a method widely used, well known to all investigators and 1s
capable of accurate standarduzation. However, it requires ex-
penence 1f rehable and comparative results are to be obtained.
During the war 1t was found by the Haldane method that there
Was an umpr in the lobin content of individuals
between 1942 and 1945. Davidson and his co-workers (1944)
and Roscoe and Donaldson (1946) found that the hemoglobin
level among school children and pregnant women in Edinburgh
rose between 1942 and 1944. The betterment i children
Davidson took to be due to eating much of the national loaf
which contamed more 1ron than white bread. With respect to
adolescents, the Hhb-levels were also satisfactory ; the figures
of Davidson et al. (1943) were lower than those of Wills ¢f al
{1942). An extenstve survey carried out by the Medeal
Research Council showed heemoglobin levels of certain sections
of the popul. which pared fe bly with those
obtained elsewhere at dufferent times  While certam observers,
such as Fullerton et al (1944) n Aberdeen and Cook et al.
(1944) m Dundee, have found low values among adolescents
and nursing mothers, it may be accepted that the evidence as
presented indicates a shght rise m the mean hzmoglobin
content, particularly of boys and girls, compared with what
obtained previous to 1942,

Attempts have been made to determine whether or not the
ascorbic aeid content of the blood bears any relationship to the
state of nutnition, but the fluctuations both in the mntake of
ascorbte acid and mn 1ts blood content make for great dhs-
crepancies 1n the results obtained. The Oxford Nutmtional
Survey found very low levels of plasma ascorbic acid in certain
groups of people at certain times of the year, the mean value
being for males between the ages of 20 and 24 years n Accrington,
m January-Febrary 1942, 0 08 mg , and for males in Merthyr
Tydfil, m June-July 1912, 0 09 mg./100 ml.: male students 1n
the same age gronp gave a mean of 0°16 mg. /100 ml in February—
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as onc category—*‘ poor ", and the incidence of the clinical
signs observed at the time of medical examination but not
taken into account in grading the subjects. The analysis
showed neghgible correlation between the clinical signs singly
and collectively and the clinicians’ nutritional grade. A special
survey of 1067 children was carried out to determine 1if any
relationship existed between the grade of nutrition and the
 grading criteria "—posture, muscular development, dimin-
1shed subcutaneous fat, pallor, mucous membrane pallor, ete.—
which the clinician takes into account but does not as a rule
record in deciding the nutritional grade itself. For the grading
criteria there was a high degree of correlation between each one
and the combined pool of all the criteria. The clinical signs
showed only neghgble correlations with each other, with the
nutritional grade or with any of the grading criteria. It would
seem that nutritional assessment as at present understood is
mainly determmned by the value placed on the grading criteria
—-posture, muscular development, etc.—and to a negative
extent, or not at all, by the presence or absence of clinical signs
—gingvitss, corneal vascularization, pityriasis, stomatitis, ete.

The results of special rapid surveys by the Ministry of
Health have been published regularly i the monthly Bulletin
of the Ministry, and the figures as a whole provide evidence of
the absence of severe malnutrition or of unfavourable changes in

. PR P 1 s N -
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n “ The State of Public Health during Six Years of War ", 1t is
nevertheless true that, while the vulnerable groups were well
protected by official action and still are, the adolescents of the
war years, especially those not benefited by industrial rations,
were not adequately cared for.

Scientific Methods.—While laboratory methods of in-
vestigating the nutritional state of mdiwviduals have not yet
reached that state of preciston which further research will
undoubtedly produce, nevertheless there are one or two methods
of approach which are of definite value, Obje.ctive me{hgds
are specific not only in detecting malnutrition but in determining
faults in the dret which may cause malnutrition. Unfortu'nately,
previous to the war little was done in the way o.f applying the
strictly scientific method and therefore there is no basis of
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663 £./100 ml., the concentration bemng under 60 g./100 ml.
in one case only Hoch and Marrack, using the techmque of
Chibnall and checked agamst estimations made mn his laboratory,
found in students, laboratory workers and nurses an average
serum protemn value of 7-43 £./100 ml with a range from 6 68
to 89. Dyson found a mean concentration of 6 56 g./100 ml.
in 853 male and female blood donors m 1943 and a mean con-
centration of 6 78 1n Canadian base troops n England m 1943.
It was suggested that the low concentration w blood donars was
due to lack of protem in the food. It 1s apparent from all these
results that the protem content of the serum or plasma of the
blood cannot be regarded, as yet, as of any value n arriving at
an estimation of the nutnitional state. Much more will have to
be done with regard to methoeds of estimating plasma and serum
protens before’1t can be hoped to find any significant statistical
carrelation.

With the :ption of h lobin, the lab y tests are
mamfestly unsatisfactory. We can only hope to amive at a
sound estimation of the state of nutnition of children and of
adult commuruties by & combination of the clmcal, serentafic
and other methods. Such a type of investigation has been
suggested by Dr. Sinclarr for use in rapid estimations of the
nutntional state of populations He suggests three methods:
the first includes a dietary survey, chemical exammation—
hzmoglobm, erythrocyte count, protein, ascorbid acid, vitammn
A, carotenoids and phosphatase 1n serum of children ; somato-
metric ght, height, thick of skin and

15 tissue ; and cl 1 of skin, eyes
and other organs, medical hstory, blood pressure; the
second requires specsal apparatus and techmiques; they
mclude the estimation of pyruvate in the blood, protein m
the serum, ascorbic amid and vitamins of the B complex 1n the
leucoeytes, phosphatase n the serum, rod threshold 1 the
dark-adapted eye, endurance tests, sitting height, pulse rate
and X-ray of the hand and wnst m children: the third

method ncludes the \L
clotting time and vitamins of the B complex, all m the blood,
a tests of it , visual acuity,

llary and gum fraglity and
Reray examination of the hand, Whether or not such a scheme
is of practical value m the rapid assessment of nutntion may
27
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March. Children examined in the summer of 1943 had much
higher values in rural than in urban areas. For example, in
Oxfordshire the plasma ascorbic acid in mg./100 ml was for
children from 7 to 14 years of age, urban 0 30, rural 0-93, the
number of cluldren nvestigated being 289 in the urban districts
and 43 in the rural. In London and Birmingham the average
for the same age group of 192 children was 0 47 mg./100 mlL

A better index of the stores of ascorbic acid in the body is
its concentration in the leucocytes (white blood cells). In an
nvestigation by Adcock and Fitzgerald (1945) the mean con-
centration of ascorbic acid in the white cells was 14-5 mg. [100
ml. It is suggested that the ascorbic acid content of the leuco-
cytes follows more closely than does the blood plasma content
the amount of ascorbic acid ingested. '

Similar difficulties are associated with the attempt to cor-
relate the vitamuin A content of the plasma with the state of
nutrition. It is known that in subjects on a diet deficient in
vitamin A and i biologically active carotenoids the level of
vitamn A falls slowly, while that of the carotenoids falls rapidly
almost to zero.  After such a fall the rod threshold of the dark-
adapted eye may mse, but considerable doubt attaches to the
significance of such a rise since 1t does not necessanly mdicate a
deficiency of vitamin A ; there are many non-nutritional causes
of such alteration in vision. During the war there appeared
considerable divergence of opinion on the question of the part
played by vitamm A i the threshold of the rods of the dark-
adapted eye, and until these differences of opinion are resolved
vitammn A will still remain unsuitable as a factor for the deter-
mination of the nutritional state.

The protein content of the serum and plasma has been the
subject of much investigation by members of the Oxford
Nautrition Survey. The results of the investigation to date, as
stated by Dr. Sinclair, are that in no group was the mean
concentration of serum or plasma protem below 7 g./100 ml. ;
the mean concentration in serum or plasma of groups of Oxford
students was found to be consistently higher than the mean
coneentration in serum or plasma of other groups of adults in-
vestigated, except prisoners of war.

Hoch and Marrack (1948) found that the lowest mean level
in the 27th to 82nd week of pregnancy among pregnant women
attending the ante-natal clinic at the London Hospital was
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A and D tablets, since April 1048, Despite spectal publicity

zns and much propaganda by the Mimstey of Food, the
demand for these suppleme_nt,s 1s surprisingly low.  Figures
given in Table 78 show the actual average weekly uptake of
these suppl and the of the pot 1 demand
fmm 1942 to 1949,

TaBLE 78
VITAMIN SUPTLEMENTS

Actual Arerage Weely tssue compared with estimated golential demand
From the Minsiry of Food, Statistics and Inteliigence Dunsion

——
Orange Jules Cod Liver 01 ] A&D Ttiets
versge | U] g | Uptakess | Auerze | Uptakens
Weekly | Peroeotof | Weekly | percentof W 'eekly | per cent of
Uytaia | Potemial | vptt | Vol | vniaks | Hotentia
'000" Bot 000 Bottles | ’000 Yackets| Demand
England and
Waleg—
1942 170 &(a)t [ 663 (B
1943 8229 480 1276 | 250 237 ()
1944 8111 485 1260 | 210 228 LX)
1015 TI3 20| S04 mnzz | 2te 226 380
1946 803 0 45 1378 250 22 435
1947 8120 412 188 3 830 N7 421
1048 768 7T 377 205 4 336 521 389
1919 7221 353 w24 | 300 436 374
Seatland—
1542 07 (e 65 o
1043 w06 374 12 | 202 20 [N
1944 1073 484 148 | 208 23 274
1943 BB B30 123 178 21 276
1046 802 330 140 126 28 231
1047 702 287 pLx ] 26 4 40 323
1048 611 243 17 256 50 276
140 580 227 189 2i2 43 266
Great
Bntan—
1952 1903 () 730 ()
1043 2135 467 | 1420 | 2461 257 P
1944 048 4 4840 140 8 242 251 3T
1013 70216p | 396 1245 | 2ra 247 360
1946 889 2 414 | 119 | 2s4 350 442
1917 8822 308 208 3 323 a7 411
1048 8218 we | 2y | omav 571 376
1049 780 9 339 | 2na | sez 51 02




418 FOOD AND NUTRITION

at present be regarded with some doubt, but it is true that the
combination of clinical and scientific methods suggested is the
only way whereby significant correlations may be found and
a practical, as well as reliable, method or methods be determined.

THE TREATMENT AND PREVENTION OF
UNDER-NUTRITION IN CHILDREN.

VWith regard to the dietetic treatment of malnutrition,
it has been pointed out that diet must be the first consideration.
To build up the body, it is necessary to supply those foods
which will increase the size of muscle, the growth of strong
bone and the resistance of the body to infection. This entails
a diet of appropriate calorific value, containing first-class pro-
tems and a rich supply of vitamins, the mineral salts, calcium,
phosphorus and 1ron and many other things of which we know
little or nothing. This means that the diet must consist of
sugars, cereals, fats, meat, milk, eggs, vegetables and fruit.
The diet as purchased should generally provide energy 20
per cent in excess of the needs of the normal for the age,
weight and height of the subject. The degree to which any
diet will fulfil the physiological needs of the body, will depend
upon the capacity of the individual to digest, absorb and assimi-
late the required nutrients. It is important that digestive dis-
turbances be avoided, and for this reason it is better to give
three good meals per day and not to endanger appetite by eating
between meals. To state that butter, cream, bacon, eggs and
fruit should be given liberally was, in war as it is now i peace,
a counsel of perfection. When lack of supply is the chief ob-
stacle to an adequate diet, it is indeed a difficult problem that
faces many parents, a problem affecting not only children but
adolescents.

The basis of all diets should be mulk. Fortunately the
easily digested foods are among the best, namely, milk, eggs,
butter, cream, whole graimns, good quality meat and fruits, but
unfortunately they are still (April 1951) 1n very limited supply.
Useful adjuvants are cod-1 oil or d pref i
of vitamins A and C. Special arrangements have been made by
the Ministry of Food for the supply of these vitamin supplemenf:S
to children and expectant and nursing mothers. Cod-liver oil
and fruit juces have been supplied smce December 1941, and
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state of health. It has not as yet been possible to secure an
adequate supply of antiscorbutrc foods for the- who!e population,
and one is forced to the lusion that p deration
make it inevitable that infants should beg given the most effective
vitamin C concentrate available, namely, orange juice. No
person responsible for the well-being of children should fal to
realize the value of milk, cheese, butter and vitammzed mar-
garine or neglect to make full use of all supplements for the
prevention of deficiencies.

‘The Value of School Meals in the Nutrition of Children.—
Few attempts have been made to relate the phystcal condition
of school children to the nutrient content of therr diet. A
survey in Ednburgh (1845) of the indwidual dietary mtake of
middle class school children divided into two groups, namely,
those taking and those not takmng mud-day meals at school,
showed, from mean consumption figures that, while a number of
children did not receive their full share of rationed foods, the
ration was not being unduly diverted to adults. It was further
shown that children, who recerved meals at school, had at home
an average intake of rationed food, which was less than that of
the children having no meals at school, and the proportion of
children receiving less than their allowance of rationed foods at
home was greater in the group taking mid-day meals at school.
* School dinner ™ children mvanably received less of Calories,
protem, iron and ascorbic acid at home than the non-school
dinner children, but, if the nutnents of the school meal are
added to the home meal intake, then the total intake, with the
exception of ascorbic acid, was shghtly greater than that of
the children not taking meals at school. Consciously or un-
consciously the meals 1n school became a substitute for, and not
o supplement to, the meals at home. Tins nullifies the value
of meals in school. So great are the energy and protein
requirements of children that, at home, they should be given
their correct share of all rationed foods ; 1t should be impressed
upon parents that school meals are supplementary and all
children, as the new educational scheme develops, should be
encouraged to take meals in school. It is important that
education authorities should ensure that the school meal is
well cooked, served hot, and supples for children 10 years of
ageand over approximately : 800 Calories, 20 to 25 g. animal pro-
tein, 80 g. fat, 500 mg. calelum, 8 mg. jron, 80 mg. ascorbic acid.
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TABLE 78 (contd.)
{0)* Blackcurrant syrup and purée converted into equivalent bottles of orange

ce.

{b)* Dwing to shortage of supplies the rate of release to beneficiaries restricted
to one bottle per ration book.

(e)* No reliable estimate of potential is available, except for the Umited
Kingdom a3 a whole, for which actun as percentage of potential was 21 1.

(8) No reliable estimate of potential 1s available, except for the United
Kingdom as a whale, for whick actual as percentage of potentinl was 13 ¢

(%) No rehable estimate of potential is avalable, except for the United
Kingdom as & whole, for which actusl as percentage of potential was 37 8,

Notes—

(i) The potential demand is the estimated total which would be consumed if
all eligible beneficiaries took up their full entitlement.

{u) The percentage uptake of cod-liver ail and vitamm A and I tablets is
based on the assumption that all expectant mothers take the tablets ;n
preference to the oil,

() From 21st July, 1946, cod-liver oil and vitamin A and D tablets have
been 15sued free of cost to beneficiaries

(v) From 15t August, 1947, vitamin A and 1) tablets have been obtainable
by nursing mothers up to 80 weeks after the birth of the child

CLASSES ELIGIBLE AND ENTITLEMENTS PER WEEK

Orange ulos Cod LiverOff | AandDh Tablets

Children under § months . 3 bottle 3 bottle —
Children 6 months and over,|

but under 5 years . 1 bottle } bottle —
Expectant mothers £ bottle # bottle or } packet
Nursing mothers up to 30

weeks after birth of chitd

(eligible from 1st August.

47 . . — - } packet

Note—Expectant mothers are given the option of taking either cod-Iiveroil
or A and D tablets, but nursing mothers are restncted to A and D tablets.

These figures show that the results of the scheme have been
disappointing, and that in Scotland the scheme is not very
popular. It js cause for astonishment that in Scotland, with its
short summer and long winter, there should not be a greater
demand for those suppl ts which so tt v“ Iy {nske good
the lack of hine, fruit and bl Vitamins play a
definite Tole in promoting growth, inereasing \.'ltahty, mn pre-
g infections and generally 1n maintaining an optimal

ventin;
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In the lean years that lie ahead the Milk in Schools Scheme
and mid-day meals i school have still an important part
to play in building up strong and robust children. The mestry
of Education based its 1946 esti on the ption
that 75 per cent of the school population would obtain mid-day
meals at school. This ideal has not been attained in many
schools, largely s a result of delay in building dining halls and
latchens. Here is a magmficent field for the education of
children in the elementury principles of healthful living, which
includes, not only a } ledge of food values but of new ideas
in social customs. Not only must the scheme be, as Lord
Horder stated at its inception, * physiolopically profitable > but
« psychologically attractive ”. To do this entails the appoint-
ment of fully qualified and experienced dictitians, skilled cooks
and, within the framework of the scheme, the selection of
teachers who would train clder scholars to take an active part,
and share responsibility in making a success of school meals.
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many. Statisties relating to infant mortality and the expec-
tation of life give proof of this fact; a baby born i England
in 1870 could expect tolive 41 years, in 1937, 62 years, and to-day
about 64 years. This means that in some 80 years, 23 years
have been added to the period of expectation of lfe, almost
equivalent to the addition of a generation to the population of
England In India m 1931 the perod of life expectancy for
males was 27 years ; 1f a male child eould continue to live for
the first year of 1its Life its expectancy of Iife rose 50 per cent,
namely to 85 years In New Zealand, after 1 year the figure s
67 years. Such facts are sufficient to show that among the
poorer classes in poverty-stricken countries the quantity and
quality of hife are so meagre that one 1s not surpnsed that m
certam lands a wistful desire to hold on to Iife 1s coupled with
mystieism, idolatry and a hope for final rehef from suffer-
ing 1n some future state. The march of progress is slow;
economie and political i bility, misery and ion make
1t so for all, because wherever these are found they have their
repercussions upon all peoples, commumnities and nations.

ere are, however, new movements afoot in the world
to-day with potentiahties for good and evil; the latter, more
dramatic as news, tends to efface the good and thus perspective
is lost and pesstmism encouraged. This is reflected in world
events to-day, 1n a world where there is far too little food for
the world’s population which tends to increase at a pace greater
than the increase 1n food production, About one-third of the
world’s population enjoys health, wealth and well-being to a
comparatively high degree; the other two-thirds hive a hfe
which is characterized by poverty, hunger, disease and pre-
mature death. If we consider the two major countries of the
East, India and China, where malutrition abounds, these facts
become evident. In India, to meet the dangerous war-time
sttuation with regard to the supply of food, a Ministry of Food
was constituted 1n 1942 n order that action cauld be taken to
admimster all measures for the control of prices, supply and
dastrit , to study the aspect of the
diet of the people and to give gurdance and advice with a view
torsising the nutritional standard.  Under baste plans (1946-50)
the production of rice, millet and wheat has been fostered, the
distribution of surpluses to deficit areas arranged, Limitation of
the export of otl and o1l seeds enforced and the need for an
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A FEW generations ago civilization seemed to be contributing
nothing to the physieal well-being of the working classes.
The present generation has witnessed a great change. Modern
methods in agriculture, transportation and scientific research
all over the world have opened up for us rich and extremely
varied sources of food supply. This generation has seen the
newer knowledge of nutrition put into practice both in peace
and war. In this country, the old dietary of white bread,
tea, sugar, meat and potatoes can be intelligently corrected, by
creating a better balance between the energy-producing and
animsl protein foods, mncreasing the consumption of fruit and
vegetables and encouraging a greater use of milk and bread
made from 80 per cent extraction flour. To-day, had it not
been for the devastation wrought by insensate war, the dietary
deficiency diseases of two generations ago would ere long have
been eliminated from the great mass of the populations of the
western world. By long and, at times, bitter experience we
have begun to learn what better nutrition can do for the im-
provement of the health of individuals, communities and
nations. The physiologieal requirements of man and the means
of supplying them are known. In a broad measure we are
aware of the missing factors in numerous dietary diseases;
we are not without knowledge concerning the patterns of diet
which the individual requires in order to maintamn health and
wigour of body ; and we know the nature of the diets which lead
to bodily impatrment, ill-health, disease and death.
)
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level of general education, the eradication of ignorance and
prej so 1} d with food, and a greater
sense of responsibility in the more favoured nations for those
who live under the shadow of malnutrition.

To lock at the nutntional dition of people N
the world 1s to realize how terribly inequitable is thf: world’s
nutntion balance sheet. So great is the mass of evidence of
malnutrition in various countries that none c’?uld doubt the
poorness of the * quantity and quality of life ** vouchsafed to
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obtains to-day ; not only does the Government draw food from
north of the Great Wall, that 1s from Manchuna, but much
food is now being produced and distributed from the province
of Szech which is b g an measure the
great western granary of China. By this more even and con-
trolled distribution of food, China has become almost self-sufficient
in food; this does not mean of course that there are not still
““three mouths for every two rice bowls” but rather that
China’s great watcrwms, raillways and roads, as well as her
great are vastly 1mp: d i

and admimstration and remarkably efficient m action. Within
a generation or two fear of want, that is famine as the Chiese
know 1t, could be removed. If there 1s any loss of personal
Iiberty and intellectual freedom or fear of indoctrination or re-
education and with 1t a fear of authority, then a far less opti-
mistie situation will prevail in China ; but the Chinese are both
reahstic and philosophical and are adepts at finding the middle
way. Peace, however, 1s essential if progress 1s to be made m
the development of the many plans envisaged for the nutritional
improvement of the peoples of the Middle and Far East.

In marked contrast to the state of malnutrition mn the East,
the contment of Europe presents an entirely different preture.
‘Where more nigid control 1s exercised over the price and dis-
tribution of food the present extremes of luxury and want
could certainly be made to disappear. In the United Kingdom
the food policy of the Government is still essentfally that of
war-time—rationing, price control, priorities and allowances to
meet the needs of special groups. The policy s basieally sound
in that 1t has assured everyone of the possibility of obtaming
& fair share of all essential foods. It is due to this polcy
that, except for fat, there has been no deficiency in nutrients in
the diet of the various groups which make up the population
and that climically there 15 no evidence of s general lack of any
specific nutrient, National flour has been fortified, table salt
iodized and vitamins made available for infants and mothers ;
vulnerable groups have been cared for, the relation of diet to
industrial output studied, and the general health of the nation
and the nutntional factors upon which 1t depends effectively
cared for by appropriate Ministries. Criticism of policy and
procedure, however, has not been lacking, nevertheless the
health of the people of this country, which has not only been
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adequate importation of food grains strongly pressed in the
International Emergency Food Council. One of the major
difficulties in fulfilling the purpose of these plans is the lack of
transport, both by rail and road. Owing to political changes
in the country and the poltical unrest and communal dis-
turbances which take place all too frequently, the position on
the railways steadily deteriorated between 1947 and 1949 and
bottle-necks at trans-shipment points and other important
junctions through which heavy traffic passes continued to
interfere with the smooth flow of traffic. During the year
1950 the transport situation improved. The food position was
reviewed at a conference of Food Ministers of States in January
1950, when it was decided that the present policy of maximum
procurement and the efforts to make food grains available
to the people at reasonable prices should continue. It was
further decided that after the year 1949, as rice is more ex-
pensive than other food grains, it should not be imported for the
purpose of distribution, and, in order to increase local production,
it was agreed to ban the polishing of rice in millmg. The crop
prospects for 1950-51 are satisfactory. The situation in India,
otherwise hopeful, is still rendered much more difficult and un-
certain by economic and politieal unrest.

China presents a far less clear picture than does India.
Despite an atmosphere of uncertainty and suspicion the People’s
Government 1n Peking, since 1st October 1949, have shown no
little ability in the efficient manner in which they have under-
taken the t dous task of administering a very much self-
contamed nation of almost 500,000,000 people. The interest

Lo st
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wheat and even rice; to-day not one ton of these tooustuus 15
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obtains to-day ; not only docs the Government draw food from
north of the Great Wall, that 1s from Manchuria, but much
food is now being produced and distributed from the province
of Szect which is I ing n an § measure the
great western granary of China, By this more even and con-
trolled distribution of food, China has become almost self-sufficient
in food; this does not mean of course that there are not still
“three mouths for every two rice bowls " but rather that
China’s great waterways, railways and roads, as well as her
great jeal are vastly imp: dm ton
and admimstration and remarkably efficient mn action.  Within
a generation or two fear of want, that is famine as the Chinese
know 1t, could be removed, If there 1s any loss of personal
hiberty and intellectual freedom or fear of indoctrmation or re-
education and with 1t a fear of authorty, then & far less opti-
mistic situation will prevail m Chmna; but the Chinese are both
realistic and philosophical and are adepts at finding the middle
way. Peace, however, 1s essential 1f progress is to be made 1n
the development of the many plans envisaged for the nutritional
improvement of the peoples of the Middle and Far East.

In marked contrast to the state of malnutnition 1n the East,
the continent of Europe presents an entirely different picture.
Where more rigid control is exercised over the price and dis-
tnbution of food the present extremes of luxury and want
could eertainly be made to disappear. In the Umted Kingdom
the food policy of the Government is still essentially that of

a far share of all essential foods. It 1s due to this poliey
that, except for fat, there has been no deficiency in nutrients in
the diet of the various groups which make up the population
and that clnically there is no evidence of a general lack of any
spearfic nutnent. National flour has been fortified, table salt
1odized and vitamins made available for infants and mothers ;
vulnerable groups have been cared for, the relation of diet to
industrial output studied, and the general health of the nation
and the nutntional factors upon which 1t depends effectively
cared for by appropriate Ministries. Critreism of policy and
Procedure, however, has not been lacking, nevertheless the
bealth of the people of this country, which has not only been
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maintained but improved during five years of blitzes, short
rations and general alarms and five years of progrcssn e austenty
1n the post-war period, is due originally to the fund ly
sound pohey of Lord Woolton, Britain’s war-time Food Minister.
None will deny that much still remains to be done if we are

to see ourselves a strong and virile nation. If nutrition be the
keystone, and well it may be, of the great arch of national
fitness and prosperity, attention must nevertheless be given to
those other stones without which the structure could not be
raised. Amongst the many important things which do require
ideration 1n the perfc of this great task are maternal
welfare with practical instruction in the care and upbringing
of ehldren, instruction in the principles of personal hygiene
and public health, a further utilization of the land for the pur-
pose of a greater production of animal and dairy products,
vegetables and fruit, and lastly, and it is & point worthy of
some attention, the maintenance of a well-ordered politieal life.
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TABLE OF ENGLISH WEIGHTS AND MEASURES AND
THEIR MCTRIC EQUIVALENTS

Ounce, fmd (British)
Ounce, fud (U S.)
Pmnt, liqud (British)

Pint, hqud (U'S)

Gallon, (British Impenal)

Ounce (avorrdupois) (British)

Gram (gr)

Cubie Inch (m® or cu. in,) (Brtish)
Inch (Bntish)
Foot (Brtrs!

5h)
Pound {averrdupois) (Britishor U S )

8 41 cubic centimetres

0 pounds water (avoirdupois)
pits, hquid (Brtish)
60 ounces flma (British)

25 of & pound (avorrdupois)

639 cubte centimetres

54 centunetres

0 48 centimetres

2769 cubic inches of water weighed
inairat 4° C and 760 mm. Hg pressure
= 18 ounces (ay orrdupois)

= 453 59 grams (avoirdupons)

BRITISH WEIGHTS AND MEASURES

Avorrdupos Weight

27 34 gramns

s
1 h\mﬂredv\ught = 4. quarters
1 stone = 14 pounc

1 ton {long) = 2; 2401

1 ton (metric) = 2,204 Ib

Apothecaries’ Fluid Measure

1 drachm = 60 mumms
1 ounce = 8 drachms
1pint = 20 ounces
1 gallon = 8 pints
1 tablespoontul - 4 drachms
1 teacupful = 3 ounces
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TABLE OF METRIC WEIGHTS AND MEASURES AND
THEIR ENGLISH EQUIVALENTS

Latre (1) =176 pints (Bntish)
= 211 pints (hquid, U.S))
= 35 100 ounces (fluid, Dritish)
= 33 815 ounces (fluld, US }

Milllstre (m1 ) = 0035 ounce {fluid, Butish)
== 1000 cubic centimetre
Cubic centimetre (em?, c.c.) == 0 035 ounce (fluid, Batish)

= 0034 ounce (fluid, U.S )

Kilogram (kg.) = 1000 grams.
— 2 205 pounds (avoirdupois)
= 85 274 ounces (avoirdupois)

Gram () = 00022 pound {avoirdupous)
= 0035 ounce (avordupois)
= 15 432 gruuns

Milbigram (mg ) =0 001 gram.
Microgram (ug ) = © 001 mulligram
Centimetre (cm ) = 0894 nch

= 10 ¢ mulhmetres
Metre (m.) = 100 centimetres

= 39 87 inches (British)

= 828 feet (Bntish)
Kilometre (km.) = 1000 metres.

= 0621 mule (statute)

PRESSURE

Atmosphere (normal)—Pressure ex-

erted by 76 em. of Hg. density

18 595 g.jom.? = 14 606 pounds per square ch
29 921 inches mercury at 32° F.
760 0 mm mercury at 0° C.

ENERGY

Kilogram-calotie, or large calone

(Calorie) = 1000 calories (1 e, small calories)

3 97 (Briish) thermal units
= 426 85 kulogram-metres

TEMPERATURE

rature degrees Centigrade (°C ) = 5/0 (°F. — 82)

Tempe Srecs Fahrenheit (T ) = 95 °C. -+ 32

Temperature dej
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”

— nutrients of, 2

Beef fat, meltig- pomt, 188
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Beet sugar, 85

Benedict-Roth apparatus, 99 ef seg
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Bennett, world dustribution of cereals,
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Benzoy! peroxide, 216
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— and reproduction, 174

— Bntish troops, Mesopotams, 191

~— mesdence, China, 2

o Japunese Navy, mo
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Bevendge, e William, 333
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Biological value of proteins, 120
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Blacklock, Professor {Surgical Tuber-
culosis), 246

mitrogen

216
BMA diet, 1033, 825
B.M.J., leading articles in, 235
Body size and surface area, 112
Botling pools, New Zealand, 1
“ Bolting ", 6
Bolting of flour, 217
Bone formatron, 200
Bone marrow, function of, 151
Boothby, Mz, R, M.P., 230
Potulism 1n fish, 285
Boyd-Orr, Lord, 4
— ~— Builk Surveys, 242
Bramley’s seedlngs, 873
Bran, 217
Bransby, Dr. E. R, 405
Bread, 104045, 55
— 200 et 2eg
— composition of, 223
— consumption of, 215
— controversy, 1940-44, 220 et 3cq.
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— in lower mcome groups, 215
— national, composition of, 223
— nutritive value of, 215
— protemn provided by, 215
— rationing, 83
~— units, 83
— vitamins in, 217
Bntish restaurants, 44
Brucella abortus, 249
Buddhist, diet of, 8
Bushman, South Afnea, 1
Butter, 288 et seq
—- composttion of, 289
— consumption of, 55, 74, 288

- effect on growth, 202
i ™
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Calerum and nulk consumption, 145

— and phytic acid, 226

—- coptent of fish, 281

— content of foods, 146

— deficiencies in Scotland, 108

— fortfieation of flour, 87

~—- 1n blood in rickets, 198

— in human milk, 147

— intake, 1041-42, 62

— population requirements, 1943, 88

~ requirements, 143 et s

- sources of, 10 diets, 32]
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- — 10 flour, 221

Calgon, 205
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Calones and dietary planning, 311

— and nutrients, post-war duet, 85, 86
— compared with nutnent allowances,

— deBution of, 98

— from protein, 123, 125
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— heat lost m, 113

— intake and energy requirements, 116

—- post-war, Chuna, 20

- post-war, Europe, 17

— post-war, India, 19

— post-war, Latm Amenea, 21

-« post-war, Near East, 17

— post-war, Pakistan, 19

— pregnancy reqmrtment 15

—- recommended alowances, 123

— U.K. population requirements, 1045,

88

Calonie value of foods, 110
Calonfic value of oxygen, 89
Ce indirect, 99
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— nutrients of, 239

— nutntive value of, 288

— production of, 288

— rationing, 1940-45, 45
Butter-fat, melung-point, 138
“ Butter flavour ", 203
Butyrc aad, 203

Caleiferol, 188
Calmﬁcaﬁnn of teeth, 383
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Canada, wheat export, 81

Camuine hysteria, 225

Caning, 377 ef seg.
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— storage for, 877
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8
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187
Canes, dental, 384
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— Masar, 4
Carotene, 168
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Castle, extrinsic factor of, 181
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— protein requirements of, 123
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— post-war situation, 20
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Cholesterol, 198
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Clothing, 933, 835
Coagulation and vitamun K, 203
Coconut oil, 290
Cod Jiyer orl 1 rickets, 198
Cod, spoilage in, 243
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Colour 1ndex of commercial flour, 221
Composition and properties of dried

ik, 350
Condensed oulks, 254
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L‘ma preparata n flour, 221
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Debydrocholesterol, 198
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Dentation, deerduous, 383
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Dietary deficiency discases, 161
Dietary habuts, effect of chimate, ete , 2
Dictary planning, 307-10

— — a guide to, 317

— — and food costs, 314

Dietary requirements (U K.), 509
— atandards, 3
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— sclf-selective, 172

— subsistence, 333

Digestibility of flour, 224
Digestion of sugirs and starches, 137
Distemper of England (scurvy ), 8
Duitton Laboratory, DS IR, 366
Dried fruits, 300

Dried mulk, lactose in, 254

— — nutntive value of, 354

— — protein 1, 253

— — rolter or il processes, 253

Dried soups,

Drippmg, composttion of, 289
Dropsy, epidentc, 1

Drummond, Sir Jack, 186, 216, 231
Dutch cheese, 271

East India Company, 7
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Edinburgh, fngate, 186

Eggs, 273

— and dietary planning, 315
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__ complete protens of, 121
— composition of, 273, 274
— consumption of, 71

__ dehydrated, Ravour of, 348
__ dehydration of, 45 ef seg
- amportation of, 273

—— preservation of 372

— rationing, 47, 5
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Loamcl of teeth, 382

Enclostres, effect of, 212

Endacnine glands and vitamin By, 172

Energy requirements and Calorse intake,
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Lnergty requirements of the body, 97
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England, Itoman granary, 211
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Turope. post-war situation, 17
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~ — and nutntive value, 223

— — of flour, 103250, 236

— — of national flour, 222

— — of national flour, 1030-51, 223
Extnnsc factor, Castle, 181

Fanuly diet, 327

Fat, absorption of, 202, 203
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— post-war diet, 86

— sigmificance of, n diet, 204
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Tats, 137

— and dietary planning, 315

— melting-pount of, 292
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— world production of, 291
Ferrous sulphate (fersolate), 149
Fever, effect on metabolism, 114
¥ibre 1 commercial four, 221
Tish, 279

— aerobe flora in, 284

— ar drying, 357

— bacteral spoilage 1, 284

— botulism m, 283

— Bretish landings of, 279

— clostridium botulinum 1n, 235
— composition of, 281

— consumption of, 54, 279

— consumption of, 1945-50, 80
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~ dehydration of, 356 ef seg
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— dned, flavour of, 360
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— dned, storage of, 358

— glycogen content of, 264

—- handling of, 280

— occan locations of, 280, 285

- remgmuon or. 284

— roller

— salmoneila mlecﬁon of, 285

— storage of, 374

— thizouaase (China), 20

— vitamin content of, 281

— waste in, 281

~— wind dried, 839

Flour, agenized, 225

— bleaching of, 216

— classification of, 10 milling, 216

~~ commercial, analys:s of, 221

— extraction rates of, 1942-50, 236

— grades of extraction of, 216

— 10 Greece and Italy, 214

— imported, additions to national flour,
222

— national, corposttion of, 222

~ national, extraction rate of, 222

«— wheat, biological value of, 223

— white and anumal feeding, 233

— wholemeal, wheaten, phytic acd in,
226

Flours, analyss of (M R C.}, 238
Fluonne 1 dental nutntion, 387
-~ in dnnking water, 888
Fohe acid, 151, 180

‘ood advice centres,
Food and other expendnun, 334
* Food Consumption Levels **, 50
Food consumption, 1000-38, 38
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— losses, 1939-45, 91
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- preservation of, 369
~— prces, 60 ¢f seg
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— unequal distribution of, 23 et seg.

Food wtuation, Great Britawn, 1939-45,
42 et seq.

— — 101418, 38 ¢f seq

— —pre- and post-war comparison
(Qagrams), 27, 28

-~ — post-war, 1945-50, 68 ef seq
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VU K, 1038-44, Tables, 58 et seg

— — aviban consumption, U K , 1945
50, Tables, 72, 73
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— ascorbic acid content of, 192

— calcium content of, 14§

— Calone value of, 110
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— complete proteins 12, 121

-— dehydsated, future of, 367

— debydration of, 339 et seg
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— fat content of, 139

— fuel value of, 130 ef seq

“— 1odine content of, 157

— iron content of, 153
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— meotnic aad content of, 180
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— preservation of, 339 ef seq

— mboflavin content of, 177
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— starch conteat of, 182

— sugar content of, 182
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— vitamun A content of, 167

— witarun D content of, 201

— witamun K eontent of, 203

Formule for asscssmg standards of
 subsistence, 333

Frederiois, Dr. L. §., 182
Frozen packs, e
Frozen storage, 87:
t, antesiaats 1a d:hydmhon, 366
= ouse hardenng
— cunag of

— dehydrshun nf 363 et aeg
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Truit preparation for dehy dration, 366
— preservation of, 374

— storage of, 874

— sulpbunng of, 366

- sun drying, 360

— *“sweating *' of, 867

— temperatures for dehy dration, 863
— toughness of skin, 363

Frusts, 207 ef seq.

— canning of, 877

— composition of, 250

— countres of origin, 207

Fuel and light, 533, 835

Funk, Dr. C., 170
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Gadowds, 330
Gardens, Dutch, 6

— 1n France ond Italy, &

Ghee (melted butterfat), 202

Gilks, Dr., 4

Glosaius, 177

Gluten 1n wheat, nutntive value of, 225
Goat, mulk of, 138

Gontre, 164

— 1 chuldren, 156

Goldberger, Dr. 3, 162

Gorgonzola cheese, 271

Grans, 133

Grids (Tuxford and Wetzler), 405
Groundnut al, 200

+ Grow More Food *’ Campnign, India,
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Growth and development, 40
Growth curves, 106
Growth, effect of vitamin A on, 185
— factors affecting, 113
— factor, vitamin B,, 170
Gruyere cheese, 271

‘Haddock, spolage in, 284
Hematinle principle, 151
Heemoglobin, 148 i
—'in apprasal of nutntion, 415
Ti@molytic streptococct, 249
Femorrhage in new-bom, 203
‘Halibut, spoilage 1z, 284
Harms, Dr J. L, 171
Hawaorth, Sir Norman, 186
eat-treated muk, 259, 260
hir, Sir P, 101
g:igm, weight end surface aren of
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Tlerds, attested, 219

— dairy, exanunation of, 260 ¢f seg.
Herring, dehydration of, 339

— preservation of, 375

— witamun D i, 201

Hanton, Dr. J. J. C., 135, 216
Hogarth's * Gin Lane”, 8

Honey in diet (Veddahs of Ceylon), 3
Hopkans, Sir F, G., 161

lospital diets, 819

1lot Springs Conference, 14

¥ou, Dr. I C., 20

Hlousehold expenditure, 335

— sundrres, 333, 335

Humasn fat, melung-point of, 138
Human mulk, caleium content of, 147
Human requirement of vitamun E, 202
Hungary, wheat flour of, 214
Hydrogensation of ouls, 290

ystens, canne, 225

Income, basic, 331, 333

India, developments in, 423

— Government plass, 10

— nutntional anemra in, 151
— post-war situaton, 17
Indian buffalo, milk of, 138
Industrial Revolution, 10

— — effect on agnculture, 213
Infant. mortality rates, 403, 404
Tnosital, 181

Instinet in diet selection, 173
International Wheat Council, 1947, 80
Tavertase 1n yeast, 283

Todine, 154 ef sef.

— ond thyroid function, 154
— content of nver water, 155
— human requirements of, 157
Iron and phytie acid, 226

— 1n commerezal flour, 221

-~ 1n fish, 281

— 1 flour, 87

— in foodstuffs, 153

— in hver, 152

— 1 wheat grain, 219, 220
population requirements, 1848, 88
requirements of chldren, 147
sourees of, in diets, 821

— storage of, 147

— utilzation of, 157

Jones, Mr. D Caradog, 834

— tubercubn tested, 261

Junket, 264
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Kakuyu tribe, 4
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Lactoflavin, 176
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Lancet, leadiny, articles in, 231, 234, 235
Lard, consumption of, 74
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Latin America, post-war sifuation in, 21
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Lemons, Mediterrancan, 189
Lester Institute, Shanghar, 21
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absarption, 200

Laver function, vitamin K and, 203
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— hxmapotetie principle in, 141

- iron content of, 152

~— sradiation of, 197
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— natwnal, composition of, 223

— national, entirisma of, 234
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Liysine eftect on growth, 119, 121

— 1 milk powders, 853

— in wheat, 224

Mackay, Dr Helen, 148

Maize starch, effect of in diet, 172
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Malnutrition, evidence of, 15 et seg.
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418

— related causes of, 309
— signs of, 408
Maltase, 187
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— — factors for, 324
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~ cansumption of, 35, 20%
— edible ols 1, 250
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Meat, 274 et seq.
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Sir Robert
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Melting-pornts of fats, 138 Milk bottles, cleaning of, 266
ja (vitamin i Mulk, dricd, anti in, 353

190
Metabohsm, basal, 99
— effect, of fever on, 114
— effect of food on, 113
— effect of muscular work on, 114
— effect of pregnancy on, 115
— factors affecting, 111
Methylene blue test, 250
M flour, 210
Middleton, Sir Thomas, 12
Milch cows, tuberculin test, 249
— — tuberenlosis n, 243
Milk, 238 ef seq
— necredited, 256
— nction of rennun on, 264
— and dietary planning, 815
— and taberculosis, 212 ef seq
— certified, tuberculin tested, pasteur-
1sed, stenlised, 257 ¢t seq,
— comparison with beef, 276
— complete proteins of, 121
— condensed, 2564
— consumption of, 1545-50, 69
— consumption of, 242
— curdling of, 263
— dehydration of, 340 ¢f seq
— designations (England), 255 et seq.
— desiguations {Scotland), 257 ef seq.
— effect of boiing on, 264

— — bactenological quality, 354

—— — blacks, soluble, 855

— — composition and propertics of, 350

— = storage of, 831, 352

— — skim, 852

in, 354

Milk-in-Schools Scheme, 46, 242, 422

Milk, National Scheme, 40, 242

Milkstone, 265

Milk sugar, 133

Milk utenails, cleansing of, 265

Milling, 18¢

— roller technique, 214

Mineral Iosses in cooking, 205

Mmeral salts, 141 ef 2eq.

— — and dietary planmng, 311

— — gources of, in diets, 321

— == utihzation of, 157

Mimnerals, foods nch in, 159

— in cheese, 530

— in rmlk, 239

— in nuts, 209

Minmal diet, 324

Miustry of Food, National Surveys,
194147, 88

-— — — ~— nutrients in diets, 1941-47,

89
Minot and Murphy, Drs., 150
* Mixt corn **, 212

 effect on hetght and wezght, 241

— 1 pmt, wegnt by ouo

— pre-heating temperatures, 351, 352
_ ratiotung, 194045, 46, 51 et teq
— rationing, 1045-50, €8, et seg.

- raw, designations of, 256

— roller method of dehydration, 330
— sources of infection, 243

— sounng of, 264

—- gpray method of dehydration, 3489
— stenlised, 253

— tuberculin tested, 256

—— witamuns 1m, 239, 210

—. world distribution of, 22

Milk blocks, 855

Molasses, 182

Nanlang, Institute of Nutntion, 20

Nansen, Dr. F,

Napoleome  Wars,
industry, 136

National four, composition of, 222, 223

National Food Surveys, 87

National loaf, 222, 253

— — authonzation of, 1942, 235

— — eriticisms of, 284

National Milk Scheme, 46, 242

Neonatal mortality rates, 403, 404

Near East, post-war situatton i, 17

effect on sugar
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Night-bludness, 166

Nitrogen, digestibility of, 22

— retention of, 224

Nitrogen tnchlonde, 216

— —1n fiour, 225

tuberculosis, 244
Nutnents and Calories, 812

— daily requirements of, 309, 811
~~ 10 food supphes, 193844, 61
— in food supphes, 1943-50, 85-87
—1n indwidual duet, $:

Nutntion, good, signs of,
Nutntion, Great Brtan, 1914 18, 82 ¢f
seq

— — growth and development, 404
— — slun-fold measurements, 407
~ — surey methods, 398, 417

— — ital statastacs, 401

Nutnitive value of bread, 215

— . dm 5

— «- — marganine, 203
— — mlk, 238
Nuts, 501 et seg

~~ complete proteins m, 121
~ composition of, 399

— countries of ongin, 801
— fat content of, 301

— ronerals in, 209
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Pakustan, post-war situation i, 17

Patm kemel o, 250

p-amino-benzoie seid, 180, 181

Pantotheme acid, 180, 181

Parbomg of rice, 18, 135

Parodontal disease and dret, 389

Pasteunsation, * flash ", 851

— *1n bottle ™, 253

— of milk, 250

— of milk, hlgh tempersture short ime

method, 2

— of mlk, Holdu method, 251

Pasteursed milk, cream hne in, 263
— designation of, 255

Pastounsing plant, 350

- stanless steel, 264

Phoay‘hulue an plasma, 196

Phosphatase test, 256

Thosphorus, 142

— and phytic acd, 226

— content of foods, 146

—n blood in nckets, 196

Phytic scid and caleiim metabolism,
226

— — and nulk, 227

- — and vitamun D, 226

— anti-caleifying factor, 226
— Danish investigations, 227
— — in cereals, 225 ef geq,
Plasma phosphatase, 196
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Points rationing, 46

Poly neuntis gallinarum, 1
Topulation, England and \\'nlu, 213
— Scotland, 213
Topulation U K , nuttient
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* Protein « sugar reaction® in milk
powders, 853

Proteins, biological value, 119, 120

_ mmpleuness of, 118, 121

of, 120

1948, 88
Pork fat, melting pomnt,
Potassium fodide 1n tablets 87
Totato powder, mashed, 362
Potato starch, effect of In diet, 172
Totatoes, consumption of, 1938-43, 57
— consumption of, 1044-50, 85
— dehydration of, 301
P.P. factor, 178
Pregnancy, effect on metabolism, 115
— wvitamin A in,

—_ cﬂm of heat on, 351

— nutntive value of, 22§
Prothrombin, 203

Pulmonary tuberculosls, 246
Purdah, effect of, on children, 194
Pyndoxine, 180

Pyruwic acid, 171

Pytalin, 137

Proservation by fmlng, 872 et 2eq

— of foods, 33 ef s

— of fruit, 374

— of hernng, 375

— of vegetables, 375

Preserves, rationing, 47

Pressure cooking, 207

Protem allowances (Dr. D, P.
rtson), 128

A, 123
Protein nnd intestinal putrefaction,
128
— and museular work, 122
— smmal, sources of, 127
—- content of common foods, 128
— energy quota of, 123, 125
— growth requirement {n animals, 126
— growth requirement mn children, 123
— in commercial flour, 221
— in diets of nursing mothers, 128
— in fish, 281
— in yeast, 283
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