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PREFACE .

Tne present book is the outeome of & course of eight lec-
tures delivered beforo the Lowell Institute of Boston 1n the
early part of 1907,

In this presentation of the subject tho attempt bas been
made to give o systematic account of our knowledge regard-
ing some of the more important processes of nutrition, with
special xeference to the needs of the body for food. In doing
this, the facts accumulated by pamnstaking observations and
experiments during recent years in our laboratory have heen
incorporated with data from other sources and brought into
harmony, 8o far as possible, with the modern trend of physi-
ologieal thought.

Numerous experimental results, hitherto unpublished, have
been introduced, notably in Chapter VII, in which & few of
the data rccenl\y obtsined in our laboratery with dogs are
presented in some detail, since they nﬂ‘ord evidence of the
crror of the current arg the ity of o
high proteid intake by man, as based on tho results of carlier
nvestigators with high protcid animals,

1t is hoped that the facts and arguments here presented
will help to arouse a more general interest in the subject of
human nutrition, as right methods of lising promise 50 much
for the health and happiness of the individual and of the
community.
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THE NUTRITION OF MAN

CHAPTER I
FOODS AND THEIR DIGESTION

Tortes+ The purpose of nutsition  Tho food of man. Proteid foods.
Carbobydrate foods Fats Foodasfuel Composition of foodstaffs.
Avallability of foods Food 2s source of energy. Various factors in
the nounshment of the body. Processes of digestion. Secretion of
salivs. Fuction of saliva. Eazrymes. Reveraible action of enzymes.

of enzymes Gastrie secretion

of gastne juice  Action of gastric juice  Muscalar movements of
stomach  Tima foods remwm in stomach  Importance of stomach
digestion. Processes of the small intestine.  Secretion of pancreatie
juice. Chemical changes in small ntestino  Destruction of proteid
food. Sigmecance of the breaking down of proteid. Changeof fatty
foods and carbobydrates in intestine  Digestion practically complete
at end of emall intestie. Putrefaction beld In check. Digestion
& prelade to utihzation of fool

NE of the great mystencs of life is the power of growth,

that 1 of organs and
tissues from simple pmtoylnsmm cells, wuh the ultimate
formation of a complex organism with its onlerly adjustment
of structure and function. Cqually mysterions is that won-
derful power of rehalalitation by which the cells of the body
aro able to renew their hiving sulstance and to maintain
their ceaseless acumty through & period, it may be of four-
score years, beforo succumbing to the inevitable fate that
amiita all orgame structures.  Thus bodily activity, visible
and invisible, is the result of a third mystenous process,
wore or less continuous as long as lifo endures, of chemical
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ition, and oxidation, by which arises
the evolution of energy to maintain the heat of the body and
the power for mental and physical work,

These three main functions constitute the purpose of nutri-
tion. The growth of the adult man from the tiny cell or
germ that marks his simple beginning is at the expense of
the food material he absorbs and sssimilates. The rehabili-
tation of the cells, or the composite tissues of the fully de-
veloped organism, is accomplished through utilization of the
daily food, whereby cell substance is renewed and all losses
made good. The energy which manifests itself in the form
of heat and mechanical or mental work, . e., the energy by
which the vital hinery is mai d in less activity,
comes from the breaking down of the food materials by means
of which, as the saying goes, the body is nourished. The
body thus becomes the centre of different lines of activity,
the food serving as the material ont of which new cells and
tissues are constructed, old cells revivified, and energy for
running the bodily machinery derived. Development, growth,
and vital activity all depend upon the availability of food
in proper amounts and proper quality.

The food of man is composed mainly of organic materials,
for while, a3 Dr. Curtis! has expressed it, “the plant can
make organic matter out of inorganic elements, just this the
animal cannot do at all. The thing of legs and locomotion,
of spme and speech, can build s organic walls only out of
organic bricks ruthlessly ripped from existing walls of other
animals or plants.” It is true that man has need of certain
inorganie salts in his daily diet, but they are in the nature
of aids to nutrition (aside from such as are necessary for the
formation of bone and teeth), contributing in some measure
toward regulation and control of nutritive processes rather

3 Edward Curtw, M D, Natare and Health : Henry Holt & Co, New York,
1900 1 8O,
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than ax o source of energy to the body. Inorganic substances,
howgver, are an integral part of tho essential tissues and
organs of the body, being combined with the organic con-
stituents of the hving cells. Indeed, electrolytes are perhaps
the substances that put hfe into the proteids of the pmtoplusm,
and it is truly imp for the i and {

power of living cells that the proportion of inorganio con-
stituents theremn bo kept in a constant condition of quality
and quantity, Still, the food of mankind is essentially or-
ganic sn nature, and whilo 1t may be exceedingly varied in
charaeter, Tanging from the simple vegetable dietary of the
natives of India and the Far East to the voluminous admix-
ture of vaned forms of animal and vegetable foodstufis so
acceptable to tho bon twwant of our western civilization, the
prineiples contained therein are few in number.

‘The organic foodstufls are of three dimtinct types and are
classified under threo heads, viz.: Proterds or Albuminous
foodstufls, Carbohydrates, and Fats. All smumal and vege-
table foods, whatever thewr nature and whatever their ongin,

aro posed sumply of rep of one or more of
these threo classes of food pnnc:p\es
Proteid sul are d by ining about

16 per cent of mitrogen. In addition, they contain on an
averago 52 per cent of carbon, T per cent of hydrogen, 23
per cent of oxypen, and 0.5-2.0 per cent of sulpbur, A
certain class of proterds, known as nucleoproteids becanse
of their occurrence i the nuclei of cells, contain Likewise a
small ameunt of phosphorus in orgame combination. Pro~
teid or alluminous snbetances constitute the chemucal asis
of all living cells, whether animal or vegetable. This means,
expressed 1n different language, that the organic sulstance
of all organs and tiseues, whether of animals or plants, is
made ep prncipally of proteid matter. Proteid sulstances
octupy, therefors, 8 peculiar position in the nutrition of man
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and of animals in general. They constitute the class of essen-
tial foodstuffs without which life is impossible. For tissue-
building and for the renewal of tissues and organs, or their
component cells, proteid or albuminous foodstuffs are an
absolute requirement. The vital part of all tissue is proteid,
and only proteid food can serve for its growth or remewal.
Hence, no matter how generous the supply of carbohydrates
and fats, without some admixture of proteid food the body
will weaken and undergo “nitrogen starvation.” It is to be
noted, however, that while the element nitrogen (16 per
cent) gives character to the proteid or albuminous foodstuffs,
so that they are frequently spoken of or classified as the
“mtrogenous foodstuffs,” it is not the nitrogen per se that is
50 essential for the nutnition of the body. Man lives in an at-
mosphere of oxygen and nitrogen. He can and does absorb
and utilize the free oxygen of the air he breathes; indeed, it
is absolutely essential for hus existence, but the free nitrogen
likewise drawn into the lungs at each inspiration is of no
avail for the needs of the body. Further, there are many
compounds of nitrogen, some of them closely sllied to the
proteid foodstuffs in chemical composition, which are just
a3 useless as free nitrogen in meeting the wants of the body
for nitrogenous foods.

Dame Nature is very discriminating; she demands a defi-
nite form of nitrogenous compound, some peculiar or specific
grouping of the nitrogen element with other elements in the
food that can make good the waste of proteid tissue. In the
inactive and fibrous tissues of animals, such as are found in
bones, tendons, and higaments, there is present a substance
known as collegen, which, when boiled with water, as in the
making of soups, is transformed into gelatin. This body,
because of its close chemical relationship to proteid or albu-
minous substances, is known as an albummoxd TYet, though
it has Ay the same chemi ion a2 ordinary
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slbuminous substances and shows many of the reactions char-
scteristic of the latter, it cannot take the place of true pro-
teid in building up or repairing the tissues of the body, To
quote again from Dr. Curtis: “Tissue is nitrogenous, so
that, of course, only mtrogenous food ean nerve for its mak-
ing; but of the two kinds of nitrogenous principles, proteids
and albuminoids, behold, proteids only are of avail! Why
this is eo is unknown, since albuminoid is equally nitroge-
nous with proteid; but so 1t is— proteid and proteid alone
can fulfil the high function of furnishing the matenal basis
of life, Gelatin cannot even go to take the very kind of
tissuo of which itself 13 a demvative. Alongside of its
Lrother proteid, gelatin stands as a prince of the blood whose
escuteheon Lears the ¢ bend simster.”  Such a one, though of
royal Lineage, may never aspire to the throne.” It is thus
quite clear that the true proteid foods are tissue builders in
tho broadest sente of the term, and 1t is equally evident that
they are aluolutely essential for life, since no other kind or
form of foodstuff can take therr place in supplying the needs
of the body, Every living cell, whether of heart, muscle,
hmin, or nerve, requires ats duo allowance of proteid matenal
to maintain its phystologieal thythm  No otber foodstuff
stands in such intimate relationslup to the vital processes,
but #o far as we know at present any form of true proteid,
whether animal or vegetable, will serve the purpose.
Carbobydrates includs two closely related classes of com-
pounds, viz., sugars and starches. They are entirely free
from mitrogen, containing only carbon (4.4 per cent), hydro-
gen (6.2 per cent), and axygen (49§ per cent), and hence aro
classificd ay non-nitrogenous foods.  Obviously, they cannot
serve a8 tissuo huilders, but by exidation they yield energy
for heat and work. They constituto an easily oxidizable
form of fucl snd when supplied in undne amounts they
may undergo trunsformation within the body into fat, which
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and of animals in,general. They constitute the class of essen-
tial foodstuffs without which life is impossible. For tissue-
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50 essentzal for the nutrition of the body. Man Jives in an at-
mosphere of oxygen and mtrogen. He can and does absorh
and utihize the free oxygen of the air he breathes; indeed, it
is absolutely essential for his existence, but the free nitrogen
likewise drawn into the lungs at each inspiration is of no
avail for the needs of the body. Further, there are many
compounds of nitrogen, some of them closely allied to the
proteid foodstuffs in chemical composition, which are just
a8 useless as free nitrogen in meeting the wants of the body
for nitrogenous foods.

Dame Nature 1s very discriminating; she demands a defi-
nite form of nitrogenous compound, some peculiar or specific
grouping of the nitrogen element with other elements in the
food that can make good the waste of proteid tissue. In the
inactive and fibrous tissues of animals, such as are found 1n
bones, tendons, and hgaments, there is present a substance
known as collagen, which, when boiled with water, asin the
making of soups, is transformed into gelatin. This body,
because of its close chemical relationship to proteid or albu-
minous substances, is known as an albuminoid. Yet, though
it has e ially the same ch 1 i 22 ordinary
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albuminous substances and shows many of the reactions char-
sctenistic of the latter, it cannot take the place of true pro-
teid in bulding up or repairing the tissues of the body. To
quote again from Dr. Curtis: *Tissue is nitrogenous, so
that, of course, only mtrogenous food can serve for its mak-
ing; but of the two kinds of mtrogenous principles, proteids
and albuminoids, behold, proteids only are of availl! Why
this is so is unknown, since albummnoid is equally mtroge-
nous with proteid; but so 1t is— proteid and proterd slone
can fulfil the high function of furnishing the material kasis
of life. Gelatin cannot even go to make the very kand of
tissue of which atself is a demvative. Alongside of its
brother proteid, gelatin stands as o prince of the blood whose
escutcheon bears the ‘ bend simster.”  Such a one, though of
royal lineage, may never aspire to the throme ” Tt 13 thus
quite clear that the true proteid foods are tissue builders in
the broadest sense of the term, and 1t is equally evident that
they are absolutely essential for life, since no other knd or
form of foodstuff can take their place m supplying the needs
of the body. Every living cell, whether of heart, muscle,
brain, or nerve, requires its due allowance of proteid matenal
to maintamn its physiological rhythm. No otber foodstuff
stands in such 1ntimate relationship to the wital processes,
but so far as we know at present any form of true proteid,
whether ammal or vegetable, will serve the purpose.
Carbohydrates inclade two closely related classes of com-
pounds, viz., sugars and starches. They are entirely free
from mtrogen, containing only earbon (44.4 per cent), hydro-
gen (6.2 per cent), and oxygen (49.4 per cent), and hence are
classified as non-mitrogenous foods. Obviously, they cannot
servo as tissue builders, but by oxidation they yield energy
for heat and work. They constitute an easly oxidizable
form of fuel, and when supplied in undue amounts they
may undergo transformation within the body iato fat, which
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is temporarily deposited in twsues and organs for futw
needs.

Fats, Like c#bohydrates, are freo from nitrogen, but diffe
from them 1n contamning a much larger percentage of carbol
and hence have greater fuel value per pound. Fats contal
on an average 76.5 per cent of carbon, 11.9 per cent ¢
hydrogen, and 11.5 per cent of oxygen With their large
content of carbon and smaller proportion of oxygen, fats ai
less easly oxidizable than sugars, requiring a larger intal
of oxygen for their combustion, but when oxidized they yiel
more heat per pound than carbohydrates.

Fats and carbohydretes are thus seen to be the natural fu
foodstuffs of the body. They cannot serve for the upbuil
g or renewal of tissue, but by oxidation they constitute ¢

1 fuel for maintaining body temp and f
power to yun the bodily machinery. If should be remer
bered, however, that anything capable of being burned
the body may serve as fuel material; hence proteid foo
though of specific value as a tissue builder, may likewise 1}
its oxadation yield energy for heat and work, but its combu
tion, owing to the content of mtrogen, is never complet
Further, its use as fuel 1s uneconomical and undesirable f
reasons to be discussed later, but it 13 well to know that i
oxidation, though incomplete, is accompanied by the liber
tion of energy, as in the oxidation of non-nitrogenous food
A portion of the carbon, hydrogen, and oxygen of the prote
molecule will burn within the body to gaseous products, :
do sugars and fats, but there remains a nucleus of nitroges
with some carbon, hydrogen, and oxygen, which resists cor
bustion and must be gotten nd of by the combined labors
liver and kidneys. Fats and carbohydrates, on the oth:
hand, undergo complete combustion to simple gaseous pro
uets, earbon dioxide and water, which are easily removed 1
the lungs, skin, ete,
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These three classes of foodstuffs exist in a great vanety
of combinations or admixtures in nature. In many cases,
noticeably in milk, all three occur together in furly large
quantities. In animal foods, such as meats, fish, ete., pro-
teid and fat alone are found, while in perfectly lean meat
proteid only is present, excepting a small amount of fat.
Again, the white of the egg contains protend alone. Hence,
5 meat and egg diet would be essentially a proteid diet. In
vegetable foods, as in the cereals, there is found an admix-
ture of proterd and starch, the latter predominating in many
cases, as in wheat flour, The following table,! showmng the
chemeal compostion of varons food materials, may be of
service m throwing light oy the relative distribution of the
three classes of foodstuffs in natural products.

‘THE CHEMICAL COMPOSITION OF SOME COMMON FOOD

MATERIALS
Food Muteriala. Proteid (y0arse, | Fat | water | Yinaral Fuel Tale
par cust | por cont | or cent | por ceat | per cent| snlorles
Fresh beef, loin, lean, edl-
bleporion , . . 242 0 37 | 108 13 813
Fresli beel, round, lesn,
edible portion o] 223 o 28 | 736 13 540
Fresh Porterhouse stesk,
edible porticn . . 219 o 204 | 600 10 1270
Fresh beef liver . 210 17 45 | N2 18 €05
Fresh beel toogue 180 0 ®2 | 708 10 740
Fresh sweetbreads -] 188 0 121 | 09 16 825
Fresh beefkidney . 169 04 48 | 167 12 520
Cooked beef, roasted . 28 0 2868 | 432 13 1020
Cooked round ateak . 276 o 11 | 620 18 810

¥ The data composing thia table are uken fmm Buﬂetln 28 (Revived
Editlon), United States L of
Stations
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THE CHEMICAL COMPOSITION OF SOME COMMON FOOD

MATERIALS
¥ood Materlals Protetd. | O | Fat | Water Minorst g‘,“;,f,‘,‘,','
per cent,| per cont | por ceat [ per cont | per ceut| eatorien

Troied tenderlomn steak 235 0 204 | 548 2 1200
Dried beef, canned . . 312 0 54 448 | 112 960
Stewed kidneys, eanned 184 21 81 e 25 600
Fresh corned beef, edible

portion . . 153 0 202 536 49 1895
Fresh breast of 1eal, lean 21.2 0 80 708 10 730
Fresh leg of lamb, edible

portion . 192 0 166 | 630 11 1055
Lamb chops, brmled a7 0 2990 476 13 1665
Roast teg of lamb, edible

portion 194 o 127, | 671 08 000
Ronst leg of mutton, edible

portion . 2%9 ° 20 e 12 1420
Freeh lean ham 250 [\ 144 600 13 1076
Smoked ham, fat, edible

portion . 148 | o | o623 | ero | 87 | 2185
Chicken, broslers, edible

portion . 215 ¢ 26 | 748 11 605
Turkey, edible pm’ﬂﬂl\ 211 0 229 565 10 1360
Roast turkey, edible por-

tion ., . 278 o 184 | 520 12 1205
Fricasseed chicken, edible

portion . 178 24 15 675 10 855
Fresh cod, drened . 111 0 02 586 08 215
Fresh mackerel, edible por-

tion . 187 0 1 34 12 615
Fresh hlhbut I!elkt 186 0 b2 54 10 &85
Fresh shad, edible portion | 188 0 05 08 13 750
Fresh smelr, edible portion | 176 0 18 792 17 406
Cooked bluefish, edible

portion ., . .. 201 o 45 682 12 870
Broiled Spanish mackerel,

edible portion . . . 232 o 65 689 14 ns




FOODS AND THEIR DIGESTION

THE CHEMICAL COMPOSITION OF SOME COMMON FOOD

MATERIALS
Food Matecisla Protod | St} pee, [ water | Jnerat [Tuel¥eluy
‘perceat | por cent | per cent | per cent | percent | enloriea
Salt codfish, edille por-
tiom . .., . 234 L] 03 B35 | 247 410
Salt mackerel, edible por-
ton . . 20| 0 | 226 | 422 | 132 | 1865
Canned salmon, edible por-
ton . . Jatsl o | 121 | eas | 26 | 915
Canned sardines, edible
porton . . . . | 280 ] o |97 | 8| 55 | 102
Fresh round clsms 65 | 42| o4 |ses | 27 | 25
Freshoyeters,ohd | 60 | 83| 13 ) 83| 11 | =0
Freshlen'seggs . . | 134 | 0 | 105 | 37 | 10 | 720
Dotedben'seggs. . | 132 | o | 120 | 132 | 08 | 765
Butter . . 10] o s0 | 10| 3o | 2008
Full cream eheese . .| 259 | 24 | 537 | 342 [ 85 | 1950
Wholecowamulkc . . .| a3 | 50| 40 | a0 | o7 | =25
Cornmeal, unbolted . | 84 | 140 | 47 | m6 | 13 | 1780
Ostmeal . . . 181 | 615 | 72 | 73| 19 | 1860
Rica . .. 80 | 190 | 03 | 123 | o4 | 180
“Wheat flour, entire wheat | 128 | 719 [ 19 | 114 | 10 | 1678
Botled rice .o 28 | 24 01|25 | 02 | &%
Shredded wheat . 105 | 779 | 14 81| 217 100
Macaronl 14 1| oo | w08 13} 1685
Brown bread Joealaa] te s | 2| we
Wheatbreadorrofls . | 89 | 587 | 41| 2024 11 | 1305
Wholo wheat bread . 94 | 497 | oo | s34 | 18 | 1m0
Solserackers . . . | 98 (71| o1 | g0 | 21 | 1925
Qyster crackers . - ns |78 {w0s ] 48l 20 | wes
Giogerbread . . 58 | 635 | 90 | 188 | 29 | 167
Spenge cake . 63 €50 107 158 18 1795
Lady fingers . . 88 | 06 | 50 150 | 08 | 188
Applepe . .. .| 31428 | o8 | 425 | 18 | 1200
Cumardpie . . . .| 42 | 201} 63624 | 10| €30
Squuahpie . . .. 44} 217 ] 84|62 ] 13 | 80




THE NUTRITION OF MAN

THE CHEMICAL COMPOSITION OF SOME COMMON FOOD

MATERIALS
Food Matartals Proteld. | O8% | wat | Water, | Jfmeral iFuet Tebed
per cout| per cent { per cent | por cont | per eent | calories
Broiled tenderlowm stezk 235 0 204 | 548 12 1300
Dried beef, canned 92 | o | 5448 n2 | 90
Stewed kidneys, canned | 184 | 21| 51| 110 | 26 | 600
Fresh corned beef, edible
portion . . 153 0 282 | 536 49 1396
Fresh breast of veal, lean | 212 [ 0 80 [ 708} 10 | 730
Fresh leg of lamb, edible
portion . . 192 0 186 | 639 11 1056
Lamb chops, broiled 217 | o [ 209 | 476 | 13 | 1665
Rosat leg of lamb, edible
portion 04 [ o |27 [er1 | 08 | 00
Roast leg of mutton, edible
‘porhion . . 259 o 26 | W09 12 1420
Freali lean ham 20 { 0 [ 114 |00 | 13 | 107
Smoked ham, fat, edible
portion S 1481 o 23 oo 87 | 25
Chicken, broiers, edible
portion 216 | o | 25|48 | 11 ] 505
Turkey, edible portion 211 | 0 | 220 | &5 | 10 | 130
Roast turkey, edible por-
ton . .. . 278 0 184 | 520 12 1296
Fricasseed chicken, edible
portion . . 18 | 24 | 15 | 675 | 10 | 855
Freshcod,dressed . | 111 | © | 02 [ 685 [ 08 | 215
Fresh mackerel, edible por-
ton . ... 87 0 | 71|34 | 22 ] e
Fresh halibut, steaks 1883 0 | b2 764 | 10} 65
Fresh shad, edible portion } 188 | 0 | 96 ( 708 | 13 | 750
Fresh omelt, edidleportion | 176 | o | 18 | 792 | 17 | 405
Cooked blaeflah, edible
portion . . o2 oo | 45 |es2| 12 [ e
Brolled Spanish mackerel,
edibleportion . - . .{ 222 | o0 | 65|68 | 14 | 715
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THE CHEMICAL COMPOSITION OF SOME COMMON FOOD

MATERIALS
Food Materials Prond [ 0400 | war | watar | Minert oct Tl
per cent [ per cent [ per cent | per cent [per cent | calories
Salt codfish, edille por.
ton . e 254 0 03 | 835 | 247 410
Salt mackerel, edible por-
tion . . 220 0 226 | 422 { 132 1845
Canned salmon, edible por
tion . 218 o 121 | 635 26 915
Canoed  eardines, edible
porton . 230 0 197 | 523 66 162
Fresh round clams 65 42 04 | 862 27 215
Fresh oysters, solid « 60| 83| 13| 888 | It 250
Fresh hen's egge o] 134 0| w06 | 137 10 720
Boiled ben's eggs < 132 0! 120 | 732 08 65
Butter A . 10 0 850 10 30 3805
Full cream chieess 269 24 | 837 | 342 38 1950
Whole cow’s ik -1 83 50 40 | 810 07 325
Corn meal, unbalted . 84 o 47 18 12 1730
Oatmeal . . 161 | 675 72 73 19 1860
& . 80 | 790 03 | 123 04 1630
Wheat flour, entire wheat 138 79 19 14 10 1875
Boiled nice . . . o] 28 | 234 01 | 725 0z | 52
Shredded wheat . . 105 | 779 14 81 21 1700
Macarom 134 | 1 03 | 103 12 1885
Brown bread . o84 | 41 18 | 836 21 1050
Wheat bread or rolls 89 | 667 41 7 202 1t 1395
Whole wheat bread . 94 | 407 00 | 384 18 1140
Soda crackers ., . 98 | 131 91 59 21 1925
Oyster crackers . . n3 | 705 | 105 48 29 1965
Ginger bread 68 | 635 90 | 188 29 1670
Sponge eake . 63 | 639 | 107 | 158 | 18 | 1705
Lady fingers . . . 88 | 708 50 [ 150 06 1685
Apple pra .. 81 428 | 98 | 425 | 18 | 1270
Custard pie . . . 42 | 201 63 | 624 10 830
Squash ple . 44 | a7 84 642 13 840
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THE CHEMICAL COMPOSITION OF SOME COMMON FOOD

MATERIALS
Food Materlals, Proteiz | SUC ) Far | Water |Mmerl et bl
per vent | per cent | per cent per cent [ percont | ealories
Indisn meslpudding . .| 65 | 276 | 48 | €07 | 15 | 815
Tapioes puddmg . - 83 [ 282 | 82 |et6 | 08 | 720
Fresh asparagus .+ « . 18 33 0z | 840 07 106
Fresh Lima berns . 71 { 220 07 | 685 17 870
Dried hma beans « . . 181 | 639 15 | 104 41 16256
Driedbeans. . . . . | 226 | so6 | 18 1 126 | 85 | 1605
Cooked beets . . . 28 74 01 { 888 16 185
Fresh cabbage, edible por-
tiom , . .. ... 16 113 038 [ 815 10 145
Green corn, edibleportion | 81 | 197 | 11 | 764 [ o7 | 47
Driedpeas . . . . .| 246 | 620 10 95 29 1655
Greenpeas . . . . 77 | 189 05 [ T46 10 406
Raw potatoes, edible portion| 22 | 184 | 01 | 71823 | 10 885
Boiled potatoes . . . 26 | 209 01 | 7586 10 410
Fresh tomatoes . 09§ 39| 04 ] 943 | 05 105
Baked beans, canned . 69 | 196 | 25 [ esn | 21 600
Apples, edible portion . .f 04 | 142 | 05 | 848 | 3o 200
Bananas, yellow, edible por-
tion . . . . 12 ) 220 06 | 753 08 460
Fresh crinbernes . 04 29 08 [ 889 02 215
Oranges, edible portion. .| OB | 118 02 | 889 | 05 240
Teaches, edible portion 07 | 94| 01| 804 | 04 180
Freshatrawberries . .{ 10 [ 74 | 06 | %04 | o8 180
Dried propes,edibleportion } 21 | 733 00 | 223 | 23 00
Almonds, edible portion 210 [ 178 | 549 | 48 | 20 | 8030
Teanuts, edible portion. | 258 | 244 | 386 | 92 | 20 | 2560
Pive nuts, edible portion | 339 | 69 | 404 | 64 | 34 | 2385
Brazil nuts, edible porton | 170 | 70 | 668 | 53 1 s9 | soss
Softahell walnuts, edible
portion » . . . . . - 186 | 161 | 634 26 14 3285
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In eommenting on these figures, reference to which will be
made from time to time 1n other connections, 1t may be wise
o emphasize the large amount of water almost invariably
presentin natural foodstuffs. Further, 1t is to be noted that,
in animal products especially, the variations in proteid-content
sre in large measure coincident with vamations in the amount
of water present. In other words, foods of ammal ongmn 1f
freed entirely of water would, as & rule, show essentially the
same percentage of proteid matter. Fat is naturally variable,
according to the condition of the animal at the time 1t was
slanghtered. Among the vegetable prod carbohyd
mawmly in the form of starch, becomes emeedmgly con-
spicuous, though proteid 15 by ne means lacking. Indeed,
in some cereals, as in oatmeal, 1 dried peas and beens, the
content of proteid will average as high 2s 1 fresh beef, while
in addition 50-T0 per cent of the entre substance is made up
of carbohydrate. Agumn, 1n the edible nuts, the content of
proteid runs high, in some cases higher than in fresh beef,
while at the same time carbohydrate and fat are noticeably
large, Further, 1t is to be noted that in nuts there is hers
and there some striking individuality, s m pme nuts and
Brazil nuts, both of which show a poticeable lack of carbo-
hydrate as contrasted with peanuts, almonds, snd, walnuts;
o fact of some importance in cases where a vegetable food
rich in proteid 18 dewired, but with freedom from starch,

Another g lty, to be thoronghl d d, 18 that
while the figures given for proteid express quite clearly and
with reasonable degree of accuracy the relative amounts of
proteid matter present 1n the foodstufls 1n question, there
way be important differences in avatlability of which the
percentago figures give no suggestion. In other words, the
analytical data deal solely with the total content of proteid,
while there 13 needed in addition information as to the rela-
tive digestibility, or availalulity by the body, of the different
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kinds of proteid food. For example, roast mutton. cream
cheese, and dried peas contain approximately the same
amount of proteid. Are we then to infer that these three
foods have the same nutritive value so far as proteid is con.
cerned? Surely not, since no account is taken of the rela-
tive digestibility of the three foods. It is one of the axioms
of physiology that the true nutritive value of any proteid
food is dependent not alone upon the amount of proteid con-
taned therein, but upon the quantity of proteid that can be
digested and absorbed ; or, in other words, made available for
the nceds of the body. The same rule holds good for both
fats and carbohydrates, but as proteid is the more im-
portant foodstuff, and is as a rule taken more sparingly, the
question of availability has greater import with the proterd
foods,

The availability or digestibility of foods can be determined
only by physiological experiment. By makmng a comparison
for a definite perod of time of the amount of a given food in-
gredient consumed and the amount that passes unchanged
through the intestine, an estimate of its digestibility can be
made. The result, to be sure, is not wholly free from error,
since we cannot always distinguish between the undigested
food and so-called metabolic products coming from the diges-
tive juices and from the walls of the intestine; but the errors
are not large, and results so obtaned are full of meaning.
In a general way it may be stated that with animal foods,
such a3 meats, eggs, and milk, about 97 per cent of the con-
tained protetd is digested and thereby rendered available for
the body. With ordinary vegetable foods, on the other hand,
2s they are usually prepared for consumption, only about
85 per cent of the proteid is made available. This is par-
tislly due to the presence in the vegetable tissue of eellulose,
which in some measure prevents that thorough attack of the
proteid Ly the digestive juices which occurs with animal
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foods. With a mixed diet, {. e., with a variable admixture
of animal and vegetable foods, it 18 usually considered that
abont 92 per cent of the proteid contained therein will un-
dergo d)gestmn.

o,

1n the availability of fatg, 1t way be
stated that, as a rule, the fatty matter coutamed 1n vegetable
foods is less readily, or less thoroughly, digested than that
present 1n foods of amimal ongin. In the latter, about 95
per cent of the fat 18 digested and absorbed. This figure,
however, is generally taken as representing approximately the
digestibility or availability of the fat contaned 1n man’s daily
dietary, since by far the larger proportion of the fat consumed
is of enimal omgin. Carbohydrates, on the other hand, are
much more easily utibized by the body. Naturally, sugars,
owing to their great solubility and ready diffusibility, offer
little difficulty in the way of easy digestion; Lut starches
likewise, though not so readily asumilable, are digested, as
arule, to the extent of 98 per cent or more of the amount
consumed It is thus evident that in any estimate of the
food value of a given diet, chemwcal composition is to
be checked Ly the digestibility or availability of the food
ingredients.

As has heen stated several times. the proteid foodstuffs
are the more 1mportant, since proted matter 1s essential to
ammal hfe. Man must have a certmn amount of proteid
food to mamntmn the body i a conditton of strength and
wigor. The other essential 1s that the daily food furmwh
sufficient energy to meet the needs of the body for heat and
power. This means that 1n addition to proteid, which pri-
manly serves a partieslar purpese, there must bo enough
non-mtrogenous food (either carbohydrate or fat or both) to
provide the requisite fuel for owidation or combustion to
meet the demands of the body for heat and for work; both
of which are subject to great variation owing to differences
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in the temp of the ding air, and especially be-
cause of vamations in the degree of bodily activity, The
energy which a given foodstuff will yield can be ascertained
by laboratory experiment, in which a definite weight of the
substance is burned or oxidized in a calorimetric bomb under
conditions where the exact amount of heat liberated can be
accurately measured. The fuel, or energy, value so obtained
is expressed 1n calories or heat units. A calorie may be de-
fined as the amount of heat regnired to raise 1 gram of water
1° C., or, to be more exact, the amount of heat required to
raise 1 gram of water from 15° to 16° C. This unit is
usually spoken of as the small calorie, to distinguish it
from the large calorie, which represents the amount of heat
required to taise 1 kilogram of water 1° C. Hence, the
large calome is equal to one thousand small calories. When
burned in a calorimeter, 1 gram of carbohydrate yields on
an average 4100 gram-degree units of heat, or small calories;
1 gram of fat yields 9300 small calories. Both of these non-
nitrogenous foods burn or oxidize to the same products —
viz., carbon dioxide and water — when utilized in the body
a3 when burned in the calommeter; hence, the figures given

P the physiological heat of bustion, per gram, of
the two classes of foodstuffs. Obviously, the fuel values of
different foods belonging to the same group or class will
show slight variation, but the above figures represent average
values.

Unlike fats and carbohydrates, proteids are not burned
completely in the body; hence, the physiological fuel value
of a proteid is less than the value obtained by oxidation in
2 bomb calorimeter. In the body, proteids yield certain de-
composition products which are removed through the excreta,
and which represent a certain quantity of potential energy
thus lost to the economy. The average fuel value of pro-
teids burned ountside of the body is placed at 5711 calories
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per gram,lor 5.7 large calcmq Deduchng the heat value
of the proteid d p ined in the ex-
creta, the physiological fuel v-ulue of proteids 18 reduced on
an average to about 4.1 large calorles per gram.? Rubner
considers that the physiological fuel value of vegetable pro-
teids is somewhat less than that of animal proteids; con-
glutin, for example, yielding 3.96 calories, as contrasted
with 4.3 calores furnished by egg-albumin, or 4.40 calories
from casein. On a mixed diet, where 60 per cent of the
ingested proteid food 13 of ammal origin and 40 per cent
vegetable, the fuel value available to the body would be
about 4 1 calories per gram of proteid, on the assumption
that the physiological heat value of vegetable proteids aver.
ages 3.96 calories per gram and that of animal proteids 4.23
calones per gram (Rubner).

At present, we accept for all purposes of computation the
following figures as representing the phys:wological or avail-
able (to the body) fuel value of the three classes of organic
foodstuffs:

1 gram of proteid . . . 41 Large Calories
lgramoffab . . . 93 o«
1pram of catbobydrate . . . . . 11« o«

From these data, 1t 15 evident at a glance that 1 gram of
fat 18 isodynamic with 2 27 grams of either carbohydrate or
proteid, and since carbohydrate and fat are of use to the
body mainly because of their energy value, 1t is obvious that
50 grams of fat taken as food will be of as much service to
the body as 118 grams of starch. Tn view of the relatively
lugh fuel value of fats, 1t follows that the physiological heat
of combustion of any given food material will correspond

1 Stochmann Ueber den der
Zeitsche { Biol, Band 81, p 873

* See Rubner Calonimetrische Untersnchungen  Zeltschr £ Biol ,Band 21,
P 250 Also, Rubner: Die Quells dev thuertschen Wirme Itid, Band 30, p. 78

der



in the p of the sur ding air, and especially be-
cause of variations in the degree of bodily activity. The
energry which a given foodstuff will yield can To ascertained
by laboratory experiment, in which a definite weight of the
substance 13 burned or oxidized in a calorimetrio bomb under
conditions where the exact amount of heat Iiberated can be
accurately measured. The fuel, or energy, value so obtained
is expressed 1n calories or heat units. A calorie may be de-
fined as the amount of heat required to raise 1 gram of water
1’ C., or, to be more exact, the amount of heat required to
raise 1 gram of water from 15° to 16° C. This unit is
usually spoken of as the small calome, to distinguish it
from the large calorie, which represents the amount of heat
required to rmse 1 lilogram of water 1° C. Hence, the
large calorie is equal to one thousand small calories. When
burned in a calonimeter, 1 gram of carbohydrate yields on
an average 4100 gram-degree units of heat, or small calories;
1 gram of fat yields 9300 small calories. Both of these non-
nitrogenous foods burn or oxidize to the same products —
viz., carbon dioxide and water — when utilized in the body
as when burned in the calommeter; hence, the figures given

p the physiological heat of bustion, per gram, of
the two classes of foodstuffs. Obviously, the fuel values of
different foods belonging to the same group or class will
show slight variation, but the above figures represent average
values.

Unlike fats and carbohydrates, proteids are not burned
completely in the body; hence, the physiological fuel value
of a proteid is less than the value obtained by oxidation in
a bomb calorimeter. In the body, proteids yield certain de-

position products which are d through the excreta,
and which represent a certain quantity of potential energy
thus lost to the economy. The average fuel value of pro-
teids burned outside of the body is placed at 5711 calories
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per gram,or 5.7 large calories. Deductiog the heat value
of the proteid d position prod tained in the ex-
creta, the physiological fuel value of proteids is reduced on
an average to about 4 1 Jarge calories per gram.? Rubner
considers that the physiological fuel value of vegetable pro-
teids is somewhat less than that of animal proteids; con-
glutin, for example, yielding 3.96 calories, as contrasted
with 4.3 calories furmished by egg-albumin, or 4.40 calories
from casein. Qun a mixed diet, where 60 per cent of the
ngested proterd food is of ammal origin and 40 per cent
vegetable, the fuel value available to the body would be
sbout 4.1 calomes per gram of proted, on the assumption
that the physiol 1 heat value of vegetable proteids aver.
ages 3,96 calories per gram and that of animal proteids 4.23
ealories per gram (Rubner).

At present, we accept for all purposes of computation the

foll, figures as rep: ing the physiol or avail.
sble (to the body) fuel value of the three classes of organic
foodstuffs:
1gram of proteld . . . 4.1 Large Calones
tgmmoffsb . . .. .. 93 w u
1gramof carbohydrate . . . . 41 & w

From these data, 1t is evident at a glance that 1 gram of
fat 15 isodynamic with 2.27 grams of either carbohygdrate or
proteid, aud since carbohydrate and fat are of uge to the
body maily because of their energy value, it is obvious that
50 grams of fat taken as food will be of as much gorvies 1
the body as 118 grams of starch. In view of the relatively
high fuel value of fats, it follows that the physiological heay
of combustien of any given food material will "’lﬂwjr;nd

N "
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4 Seo Rubner Calorimetrische Uatervachangen, Zuw9, ¥
D250 Alro, Ruboer: Die Quelle der thlerischun Wires vn.Za’ palbud,
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largely with the content of fat therein. This is quite
apparent from the data given in the table showing chemical
composition of food materials, where the fuel valus per pound
is seen to run more or less closely parallel with the per-
centage of fat. Experience, as well as direct physiological
experiment, teaches us, however, that fat and carbohydrate
cannot be nterchanged indefimitely, because of the difficulty
in utilization of fat when the amount is increased beyond a
certain point. Personal experience provides ample evidence
of the difference in availability between the two classes of
foodstuffs. Carbohydrates are easily utilizable, fats with
more difficulty. Palate, a3 well as stomach, rebels,at large
quantities of fat; a statement that certainly holds good for
most civilized people, though exceptions may be found, as in
the Esqumeaunx and certan savage races.

In the nourishment of the body, the various factors that aid
in the utilization of food are of great moment and must not
be overlooked It is not enough that the body be supplied
with the proper proportion of nutrents, with sufficient pro-
teid to meet the demand for gen, and with earbohyd
and fat adequate to yield the needed energy; but all those
physiologieal processes which have to do with the prepara-
tion of the foodstuffs for absorption into the circulating blood
and lymph must be 1n effective working order. Thero is an
intricacy of detail here which calls for careful oversight, and
it is ono of the functions of the nervous system to control
and regulate both the mechanical and the chemical processes
that are d n this ingly pre i
of foodstuffs from their entry into the mouth cavity to their
final discharge from the alimentary tract, after removal of
the last vestige of trne nutritive material.

Mastication; deglutition; secretion of the various digestive
juices, saliva, gastric juice, pancreatic juice, bile, intestinal
juice, ete.; peristalsis, or tho rhythmical movements of the
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muscular walls of the gastroontestinal tract; the solvent
action of the several digestive flmds on the tfferent types
of foodstuffs; the absorption of the products formed as a
preliminary step 1n their transportation to the tissues and
organs of the body, where they are to serve their ultimate pur-
pose in nutution; the wnteraction of these several processes
one on the other, and, finally, the influence of the various
perve fibres and nerve centres concerned in the control of
these vaned activities, — all must work togetherin harmony
and precision if the full measure of avalable mitrogen and
energy-ylelding matemal 13 to be extracted and absorbed
from the angested food, without undue expendituze of physio-
logical labor Further, the vanous processes of cell and
tissue metabolism, by which the absorbed food material is
bwlt vp wnte living protopl and the cb 1

of oxudation, hydrolys:s, reduetion, ete, by which the ntra
2ud extra cetlular matenal 1s broken down progressively nto
vaned katabolic or excretory products, with liberation of
energy; all these must move forward harmoniously and with
due regard to the preservation of an even lalance between
intake and outgo, if the nutrition of the body 1s to be main-
tained at a proper level, and with that degree of physiologieal
economy which is comcident with good health and lngh
efficiency.

We may well pause liere and consider Lriefly some of these
processes which play so prominent a part in the proper utiliza-
tion of the three classes of orgame foodstuffs. The first
digestive flud which the ingested food comes in contact
with is the saliva. Sensory nerve fibres, chiefly of the
glossopharyngeal and lingual nerves which supply the mouth
and tongue, are stumnlated by the sapud sulstances of the
foed, and likewise by mero contact of the food particles with
the mucous membrane lining the mouth cas ity as the food s
masticated and rolled about prior to deglutition. Impulses

2
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communicated in this way to the above sensory nerves are
transmitted to certain nerve centres in the medulla ablongata,
whence impulses are reflected back through secretory nerves
gomng to the individual salivary glands, thereby calling forth
asecretion. The production of saliva is thus a simple reflex
act, in which the food consumed serves as a true stimnlant
or excitant. Pawlow,! indeed, claims n certain degree of
adaptability of the secretion to the character of the food
taken into the mouth. Thus, he finds that dry, solid food
excites o large flow of saliva, such as would be needed to
masticate 1t properly and bring it into a suitable condition
for swallowing. On the other hand, foods containing an
abundance of water causo only a scanty flow of saliva. The
situation of this secretory centre in the medullz, and the many
Lranchings of nerve cells in this locality would naturally
suggest the possibility of salivary secretion being incited by
stimuli from a variety of sources. This is indeed the cuse,
and 1t 13 worthy of note that o flow of saliva may result from
stimulation of the sensory fibres of the vagus nerves as well
as of the splanchnic and sciatic, thus indicating how a given
secreting gland may be called into activity by impulses or
stimuh which come to the centre through very indirect and
devious pathways. Further, the secretory centre may bo
stimulated, and hkewise inhbited, by impulses which have
their origin in higher nerve centres in the brain, These
facts are of great importance in throwing light upon the
ways 1n which o secretion hike saliva is called forth and its
digestive action thus made possible. The thought and the
odor of savory food cause the mouth to water, the flow of
saliva so incited being the result of psychical stimulation.
Similarly, fear, eml and anxiety freq ly cause
a dry mouth and parched throat through inhibstion of the

3 Pawlows The Work of the Digeative Glands Traslsted by Thompion,
London, 1902
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seeretory centre by impulses which have their origin in higher
centres in the brain,

The application of these facts to our subject is perfectly
obvious, since they suggest at once how the production or
secretion of an important digestive fluid — upon which the
utthzation of o given class of foodstuffs may be quite de-
pendent —is controlled and modified through the nervous
system by s vanety of circumstances. We might reason
that the appearance, odor, and palatability of food are factors
of prime importance in 1ts utilization by the body; that the
=sthetics of eating are not to be ignored, since they have an
jmportant influence upon the flow of the digestive secretions.
A peaceful mind, pleasurable anticipation, freedom from
care and anxiety, cheeiful companionship, all form desirable
tablo accessonies which play the part of true psychical stimul
in accelerating the flow of the digestave Juices and thus pave
the way for essy and thorongh digestion. Further, it is
easy to see how thorough mastication of food may prolong
mechanical stimulation of the salivary glands and thus in-
crease the flow of the secretion, winle the longer stay of
sapid substances in the mouth cawity increases the duration
of the chemical stimulation of the sensory fibres of the lingual
and glossopharyngesl nerves. In this connection, we may aite
the view recently advanced by Pawlow that the individual
ealivary glands respond normally to different stimuli. Thus,
there are three pairs of salivary glands concerned in the pro-
duction of sahiva, -— the submaxillary, parot1d, and sublingual,
~—all of which pour their sccretions through separate ducts
into the mouth cavity. By expenment, Pawlow has found
thatin the dog the submaxillary gland yields a copious flow
of saliva when stimulated by scids, the chewing of meats,
the sight of food, etc., while the parotid gland fails to respond.
On the other hand, the latter gland responds with an abun-
dant secretion when dry food, such as dry powdered meat,
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dried bread, ete., is placed in the mouth. With this gland,
the inference is that dryness is the active stimulus.

As a digestive secretion, saliva serves several important
purposes. By moistening the food it renders mastication and
deglutition possible; its natural alkalimity tends to neutral-
ize somewhat such acidity as may be present in the food ;
it dissolves various solid substances, thus making a solution
capable of stimulating the taste nerves; lastly, and most
important, 16 Jias a marked digestive and solvent action on
starcky foods. A large proportion of the non-mtrogenous
food consumed by man — in most countries — is composed of
some form of starch, and this the body cannot use until jt
has undergone conversion into soluble forms, such as dex-
trins and sugar.  This it 1s the function of saliva to accom-
plish, and 1t owes its activity m this direction to the presence
of 2 soluble ferment or enzyme known as ptyalin.

Enzymes, which play so important a part in all digestive
processes, are & peculiar class of substances produced by the
living cells which constitute the various secreting glands,
They ate of unknown composition, and are peculiar 1n that
the chemical changes they induce me the result of what is
termed catalysis, 4. e., contact. That 1s, the ¢nzyme or cata-
lyzer does not enter into the reaction, it is not destroyed
or used up, but by its mere presence sets in motion or
accelerates o reaction between two other substances. The
ordinary illustration from the imorgamc world is spongy
platinum, which, 1f placed :n contact with a mixture of
oxygen and hydrogen, causes the two gases to umte with
formation of water, although the two gases alone at ordi-
nary temperature will not so combine. In this reaction the
platinum is not altered, neither does it apparently enter into
the reaction; it is a simple catalyzer. The chemical nature of
the change which most digestive enzymes produce is usually
defined as hydrolytic, in which the substance undergoing
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transformation is made to combine with water, thus becoming
hydrolyzed, this reaction generally being accompanied by a
cleavage or sphtting of the molecule into simpler sub
It i to be noted further that enzymes are speaific in their
action. An enzyme that acts upon starch, for example, can-
not act on proteids or fats, Some digestive fluids have the
power of producing changes in different classes of foodstuffs,
but such diversity of action is always assumed to be due to
the presence in the same fluid of different enzymes. Emnl
TFischer ! has advanced the theory that the specificity of an
enzyme 18 related to the geometrical structure of the sub-
stance undergoing change; t. e., that each enzyme is capable
of acting upon or attaching itself only to such molecules
a8 have a definite structure with which the enzyme s 1n har-
mony. Or, the enzyme may be considered as a key which will
fit only mto the lock (structure) of the molecule 1t acts upon,
Ono charactenstic feature of enzymes 1s the imcomplete-
ness of their action. Thus, the enzyme of saliva transforms
starch Ly a series of progressive changes into solable starch,
two or more dextrins, and the sugar maltose as the chief end-
product. A mixture of starch paste and sahiva under ordi-
nary conditions, however, never results in the formation of
o bundred per cent of maltose, but there always remains a
vanable amount of dextrin which appears to remst further
change. This is apparently due to what 15 known as the re-
vermble action of enzymes. Thus, the chemical reactions
iavolved here aro reversible actions, ¥. e., they take place in
opposite directions. The catalyzer not only accelerates or
incites o reaction in the direction of breaking down the sub-
stance acted upon, but 1t also aids mn the recomposition of
the products so formed 1nto the original or kindred sulstance.
With reversible reactions of tlus sort the opposite changes

! Frail Fischer Dodeatung der Stereochemie fit die Physiologe Zaltachr,
fur phyatologlsche Chemie, Band 26, p. 60
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dried bread, ete., is placed in the mouth. With this gland,
the inference 1s that dryness is the active stimulus.

As a digestive secretion, saliva serves several important
purposes. By moistening the food it renders mastication and
deglutition possible; its matural alkalinity tends to neutral-
ize somewhat such acidity as may be present in the food ;
it dissolves various solid substances, thus making a solution
capable of stimulating the taste nerves; lastly, and most
important, 1t has a marked digestive and solvent action on
stareky foods. A large proportion of the non-nitrogenous
food consumed by man — in most countries— is composed of
some form of starch, and this the body cannot use until it
has undergone conversion into soluble forms, such as dex-
trins and sugar. This it 1s the function of saliva to accom-
phish, and it owes its activity in this direction to the presence
of a soluble ferment or enzyme known as ptyalin.

Lnzymes, which play so important a part in all digestive
processes, are a peculiar class of substances produced by the
living cells which constitute the various secreting glands.
They are of unknown composition, and are peculiar in that
the chemical changes they induce aie the result of what is
termed catalysss, 4. e., contact. That is, the enzyme or cata-
lyzer does not enter into the reaction, it is not destroyed
or used up, but by 1ts mere presence sets in motion or
accelerates o reaction between two other substances. The
ordinary 1llustration from the inorganic world is spongy
platinum, which, if placed in contact with a mixture of
oxygen and hydrogen, causes the two gases to umte with
formation of water, although the two gases alone at ordi-
nary temperature will not so combine, In this reaction the
platinem is not altered, nesther does it apparently enter into
the reaction; it isasimple catalyzer. The chemical nature of
the change which most digestive enzymes produce 1s usually
defined as hydrelytic, in which the substance undergoing
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With these statements before us, we can readily pieture for
ourselves the initial results following the ingestion of starch-
containing foods properly cooked, and 1t may be mentioned
here that the cooking 1s an essential prel y, for ked
starch cannot be utilized in any degree by man. With the
mind in a state of pleasurable anticipation, with freedom
{rom care and worry, which are so halle to act as deterrents
to fres secretion, and wath the food in o form which appeals
to the eye as well es to the olfactories, its thorough mastica-
tion calls forth and prolongs vigorous sahivary secretion, with
which the food becomes intimately intermingled. Salivary
digestion 18 thus at once incited, and the sturch very quekly
commences to undergo the charactenistic change mto soluble
products. As mouthful follows mouthful, deglutition alter-
nates with mastication, and the mixture passes mto the
stomach, where salivary digestion can continue for a limted
time only, until the secretion of gastne juce eventually es-
tabhishes 1n the stomach-contents a distinct acid reaction,
when salivary dugestion ceases through destruction of the
starch-converting enzyme. Need we comment, 1n view of
the natural brevity of this process, upon the desxmbnhty iox-
purely physiological reasons of prol withmn
limts the interval of time the food and saliva are com-
mungled in the mouth canity? It seems obvious, in view of
tho relatively large bulk of starch g foods d
datly, that halats of thorough mastication should be fostered,
with the purpose of increasing greatly the digestion of starch
at the very gateway of the alimentary tract It is true that
in the small intestine there comes later another opportumty
for the digestion of starch; but 1t 1s unphysiological, as it is
undesirable, for various reasons, not to take full advantage of
the first opportumity which Natare gives for the preparstion
of tlns important foodstufl for future utibzation, Further,
thorough mastication, by o fine comminution of the food
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sooner or later strike an equilibrium, which remains con.
stant until some alteration in the conditions brings about an
inequality and the reactions proceed until a new equilibnum
is established. In the body, however, where the circulating
Dlood and lymph provide fucilities for the speedy removal by
absorption of the soluble products formed, the reaction may
proceed until the original substance uudergomg change is

pletely transfe d into the c} L
Tlus reversible action of enyzmes is an important fe'zture,
and helps explain certain nutritional changes to be referred
to later. Whether all enzymes behave in this way is not as
yet determined.

Another peculianty of digestive enzymes is their extreme
sensitiveness to changes in their environment. Powerful in
thefr ability to transform relatively large quantities of a
given foodstuff into simple products better adapted for absorp-
tion and utilization by the body, they are, however, quickly
checked in their action, and even destroyed, when the condi-
tions surrounding them are slightly interfered with. They
require for their best action a temperature closely akin to
that of the healthy body, and any great deviation therefrom
will result at once in an inhiition of their activity, Further,
they demand a certain definite reaction of the fluid or mx-
ture, if their working power 18 to be maintained at the maxi-
mum. Indeed, mauy enzymes, like the ptyalin of saliva, are
quickly destroyed if the reaction is greatly changed. En-
zymes are thus seen to be more or less unstable substances,
endowed with great power as digestive agents, but sensitive
to s high degres and working advantageously only under
definite conditions. Many perversions of digestion and of
nutrition are connected not only with a lack of the proper
secretion of some one or more digestive enzyme, but also
with the lack of proper d for the if
tion of normal or maxtmum aectivity.
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dergone partial digestion, then of the prod
80 formed calls forth energetic secretion of gastric juice. It
i3 thus seen that there are three distinet ways — all reflex —
by which gastric juice is caused to flow into the stomach as
a prelude to gastric digestion. Further, 1t has been shown
Ly Pawlow that there is 2 relationship between the volume
and character of the gastric juice secreted and the amount
and composition of the food ingested, thus suggestmg a cer-
tain adj m the d of ph 1
well worthy of note. A diet of bread, for example, leads to
the secretion of a smaller volume of gastrie Juice than a cor-
responding weight of meat produces, but the juice secreted
under the mfluence of bread 1s ricber m pepsin and acid, t e.,
it has a greater digestive action than the juice produced by
meat. The suggestion 1s that gastrie juice assumes different
degrees of concentration, with dufferent proportions of acid
and pepsim, to meet the varying requirements of a changing
dictary.

As has been indicated, pepsin and hydrochlone acid are
the 1mportant constituents of gastric juice. It is notewortlhy,
however, that 1t 13 the combination of the two that 1s effect-~
ive n digestion. Pepsin without scid 18 of no avail, and
aeid without pepsin can secomplish littls in the digestion of
food. Pepsin and acid are scoreted by different gland cells
in the stomach, and gastme msufficiency, or so-called in-
digestion, may anse from either & condition of apepsia or
from hypoacuhity Tt 1s worthy of comment that the amount
of hydrochloric aeid secreted duning 24 hours by the normal
indindual, under ordinary conditions of diet, amounts to
what would constitute n fatal dose of acid if taken at one time
in coneentrated form. At the outset of gastnc secretion, the
fluid shows only a slight degree of acidity, but as secretion
proceeds, the aeidity nises to 0.2-0.3 per cent of hydrochloric
neid.  The main action of gastme juice 18 exerted on proteid
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particles, is a material aid in the digestion which is to take
place in the stomach and intestine. Under normal conditions,
therefore, and with proper observance of physiological good
sense, a large proportion of the ingested starchy foods can be
made ready for speedy absorption and consequent utilization
through the agency of salivary digestion.

Nowhere 1 the body do we find a more forcible illustra-
tion of economical method in physiological processes than in
the mechamsm of gastric secretion. Years ago, it was thought
that the flow of gastme juice was due mainly to mechanical
stimulation of the gastric glands by contact of the food
material with the limng membrane of the stomach. This,
however, is not the case, as Pawlow has clearly shown, and
it 13 now understood that the flow of gastrie juice is started by
impulses which have their origin in the mouth and nostrils;
the sensations of eating, the smell, sight, and taste of food
serving as psychical stimuli, which call forth a secretion from
the stomach glands, just as the same stimuli may induce an
outpouring of saliva. These sensations, as Pawlow has ascer-
tamed, affect secretory centres in the brain, and impulses are
thus started wlich travel downward to the stomach through
the vagus nerves, and as & result gastric juice begins to flow.
This process, however, is supplemented by other forms of
secretion, Likewise reflex, which are incited by substances,
ready formed in the food, and by substances — products of
digestion — which are manufactured from the food in the
stomach, Soups, meat junice, and the extractives of meat,
likewise dextnn and kindred products, when present in the
stomach, are especially active m provoking secretion. Sub-
stances which in themselves have less flavor, as water, milk,
ete., are far less effective in thuis direction, while the white
of eggs and bread are entirely without action in directly
stimulating secretion. When the latter foods have been in
the stomach for o time, however, and the proteid material has
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liquid food alone is taken into the stomach it is pushed for-
ward into the small intestine in a comparatively short time.
Curdled as 1t is by rennin, however, casein must stay for a
Jonger period in the stomach, like any other solid food, and
its partial digestion by gastric jwice thereby made certain.
For the reasons above stated, 1t 13 apparent why mik should
not be treated as a drink in our daily diet. Remembering
that when milk reaches the stomach 1t is converted into a
solid clot or curd, there 13 abvious reason for sipping it, in-
stead of taking 1t by the glassful, thereby favorning the forma-
tion of rmall, individual clots instead of one large curd, and
thus facihtating instead of retarding digestion,

Among other factors in gastnic digestion, the museular
movements of the stomach walls are to be emphasized, sinco
we have here a mechanical aid to digestion of no small mo-
ment, and likewise a means of accomplishing the onward
movement of the stomach contents. The outer walls of the
stomach are composed of a thick layer of cireular muscular
fibres, especially conspicuous at the pylome end of the organ,
where the latter 13 joined on to the intestine; a smaller, less

layer of 1 dinz] muscle fibres, and some
nblxque filres. At the pylorus, the circular fibres are so
armanged as to form a structure which, aided by 4 peculiar
folding of the inner mucous wembrane, serves as a sphineter,
closing off the stomach from the duodenum, the beginmng of
the small intestine. The movements of the stomach were
first mado the subject of careful imvestigation by Dr. Beau-
mont in his study of the celebrated case of Alexis St. Martin,
a French Canadian, who, 1 1822, was aceidentally wounded
by the discharge of a musket, with the resultant formation of
a permanent fistulows opemng in the stomach. Dr. Beau-
mont, in the description ! of lus observations, writes that “by

1 The l‘hyuolo;{y of Digesion Dy Willam Beaumont, D Second
Edition, 1847,
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foods, which under its influence are gradually dissolved and
converted 1nto soluble products known as proteoses and pep-
tones. It is a process of peptonization, in which the moteid
of the food 18 gradually broken down into so-called hydrolytic
cleavage products. The enzyme, like the ptyalin of saliva,
is influenced by temperature, maximum digestive action being
manifested at about 38° C., the temperature of the bedy.
Further, a certain degree of acidity is essential for procuring
the highest degree of efficiency. Ordinanly, it is stated that
digestive action proceeds best in the presence of 0.2 per cent
hydrochloric acid, but what is more essential for vigorous
digestion 1s o certain relationship between the acid, pepsin,
and proteid undergoing digestion. As pepsin and the amount
of proteid are 1ncreased, the amount of acid, and its percent-
age hat, must be correspondingly i d if digestion
is to be mantained at the maximum,

Another important funetion of gastric juice is that of cur-
dling milk, due to the presence 1n the secretion of & pecuhar
enzyme known as rennin. The latter ferment acts upon the
casemn of mulk, — the chief proteid constituent, — transform-
g 1t into a related subst: ly called p i
This then reacts with the calcium salts present in milk, form-
1ng an msoluble curd or caleiom compound.  From this pont
on, the digestion of milk-casein by gastric juice is the same as
that of any other solid proteid, 1t being gradually transformed
by the pepsin-acid into soluble cleavage products. Why gas-
trie juice should be provided with this special enzyme, capable
of acting solely on the casein of mlk, can only be conjec-
tured, but we may assume that it has to do with the eco-
nomieal use of this important food. As the sole nutriment of
the young, milk occupies a peculiar position as a foodstuff,
and heing a liquid, its proteid constituent might easily escape
complete digestion were 1t to pass on too hastily through the
gastro-intestinal tract. Experiment has shown that when
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liquid food alone is taken into the stomach it is pushed for-
ward into the small intestine 1n a comparatively shart time.
Curdled as 3t is by rennin, however, casein must stay for a
longer period in the stomach, like any other solid food, and
its partial digestion by gastric juice thereby made certan.
For the reasons above stated, it is apparent why milk should
not be treated as a drink in our daily diet. Remembering
that when milk reaches the stomach it 15 converted into a
solid clot or curd, there 18 obvious reason for sipping it, in-
stead of taking 1t by the glassful, therehy favormg the forma-
tion of small, mdividual clots instead of one large curd, and
thus facilitating 1nstead of retarding digestion.

Among other factors in gastnc digestion, the museular
movements of the stomach walls are to be emphasized, since
we have here a mechanical aid to digestion of no gmall mo-
ment, and likewise a means of accomplishing the onward
movement of the stomach contents. The outer walls of the
stomach are composed of a thick layer of circular muscular
fibres, especially conspicuous at the pylorie end of the organ,
where the latter 1s jomned on to the intestine; a smaller, less

pi layer of longitudmal muscle fibres, and some
oblique fibres. At the pylorus, the eircular fibres are so
arranged as to form a structure which, aided by a peculiar
folding of the 1nner mucous membrane, serves as a sphincter,
closing off the stomach from the duodenum, the beginning of
the small intestine. The movements of the stomach were
first made the subject of careful investigation Ly Dr. Beau-
mont in hus study of the eclebrated case of Alexts St. Martin,
o Freneh Canadian, who, 1 1822, was acerdentally wounded
by the discharge of a musket, with the resultant formation of
a permanent fistulous opening in the stomach. Dr. Beau-
mont, 1n the description ! of hus observations, writes that “by

1 The Phymology of Digestion By William Beaumont, MD. Second
Edition, 1847, p 100
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the alternate contractions and relaxations of these bands (of
muscle) a great variety of motion is induced on this organ
(the stomach), sometimes transversely, and at other times
longitudinally, These alternate contractions and relaxations,
when aff the transverse di y produce what are
called vermicular or peristaltic motions. . . . When they all
act together, the effect is to lessen the cavity of the stomach,
and to press upon the contained aliment, if there be any in
the stomach. These motions not only produce a constant
disturbance, or churning of the contents of this organ, but
they compel them, at the same time, to revolve around the
interior, from point to point, and from one extremity to the
other.” Of more recent investigations, the most 1mportant
are those made by Cannon,? with the X-ray apparatus. From
these later studies, 1t is evident that Dr. Beaumont’s view of
the entire stomach being involved in a general rotary move-
ment is not correct, since 1n reality the movements are con-
fined mainly to the pylonc end of the stomach, the fundus
or portion nearer the cesophagus not being directly involved.
This means that when food material passes into the stomach,
it may remamn at the fundic end for some time more or less
undisturbed before admixture with the gastric juice occurs,
and under such conditions, until acidity creeps in, the salivary
digestion of starch can continue.

According to the observations of Cannon, the contractile
movements of the stomach commence shortly after the en-
trance of food, the contractions starting from about the
middle of the stomach and passing on toward the pylorus.
These waves of contraction follow each other very closely,
certainly not more thar one or two minutes apart, and per-
hops less, while the resulting movements bring about an
intimate commingling of food and gastric jwce in the pyloric

3 W B Cannons The Movements of the Stomach studied by means of the
Rintgen Rays  American Journal of Physiology, vol. 1, p 330
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portion of the stomach; followed by a gradual diffusion of
the semi-flud mixture into the fundus accompanied by a
gradual displacement of the more sohd food 1n the latter
region. These movements of the stomach are more or less
automatie, arsing from stimulj — the acid secreted — originat-
ing in the stomach 1tself, although it is considered that the
movements are subject to some regulation from extrinsic
nerve fibres, snch as the vag and the splanchmes, As diges-
tion proceeds and the mass in the stomach becomes more
flmd, the pylonc sphincter relaxes and a certain amount of
the fluid matenal is forced into the mtestine by the pressure
of the contraction wave. This 15 repeated at varymmg inter-
vals, depending presumably in some measure upon the con-
sistency of the’ mass in the stomach, until after some hours
of digestion the stomach 13 completely emptied.

Especially interesting and suggestive are the experiments
made by Cannon! on the length of time the dufferent types
of foodstuffs remain 1n the stomach. Using cats as subjeots,
he found that fats remamn for a long penod in the stomach;
they leave that organ slowly, the discharge into the intes-
tine bemng at about the same rate as the absorption of fat
from the small intestine or its passage 1mto the large intestine.
Carbohydrate foods, on the other Land, begin to leave the
stomach soon after their ingestion. They pass out rapudly,
and at the end of two hours reach a maximum amount 1n the
small mtestine almost twice the maximum for proteids, and
two and & Lielf times the maximum for fats, both of which
maxima are reached only at the end of four hours. Carbohy-
drates remain 1n the stomach about helf as long as proteids.
Proteids, Cannon finds, frequently do not leave the stomach
at all during the first bali-hour after they are eaten. After

1% B Cannon The Passige of different Food stoffs from the Stomach

and ticough the Small Intestive American Journal of Physiology, vol. 13,
p %8
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the alternate contractions and relaxations of these bands (of
muscle) a great variety of motion is induced on this organ
(the h), sometimes ly, and at other times
longitudmnally. These alternate contractions and relaxations,
when affecting the transverse diameter, produce what are
called vermicular or peristaltic motions « When they all
act together, the effect 13 to lessen the cavity of the stomach,
and to press upon the contained aliment, if there be any in
the stomach. These motions not only produce a constant
disturbance, or churning of the contents of this organ, but
they compel them, at the same time, to revolve around the
interior, from pomnt to point, and from one extremity to the
other.” Of more recent investigations, the most important
are those made by Cannon, with the X-ray apparatus. From
these later studies, 1t 13 evident that Dr. Beaumont’s view of
the entire stomach being involved 1o a general rotary move-
ment is not correct, since 1n reality the movements are con-
fined mainly to the pylone end of the stomach, the fundus
or portion nearer the cesophagus not being directly involved.
This means that when food material passes mto the stomach,
it may remain at the fundic end for some time more or less
undisturbed before admixture with the gastric juice oceurs,
and under such conditions, until acidity creeps in, the salivary
digestion of starch can continue.

According to the observations of Cannon, the cantractile
movements of the stomach commence shortly after the en-
trance of food, the contractions starting from about the
middle of the stomach and passing on toward the pylorus.
These waves of contraction follow each other very closely,
certainly not more than ene or two minutes apart, and per-
haps less, while the resulting movements bring about an
intimate commingling of food and gastric juice in the pyloric

1\ B Cannon. The Movements of the Stomach atudied by means of the
Roatgen Rays Amencan Journal of Phyziology, vol. 1, p 339,
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portion of the stomach; followed by a gradual diffusion of
the semi-fliid muxture 1nto the fundus accompanied by a
gradual displacement of the more solid food 1n the latter
region. These movements of the stomach are more or less
automatie, arising from stimuli — the acid secreted — originat-
ing m the stomach 1tself, although 1t 15 considered that the
movements are subject to some regulation from extmmsic
nerve fibres, such as the vag1 and the splanchmes. As diges-
tion proceeds and the mass in the stomach becomes more
fluid, the pylorie sphincter relaxes and a certan amount of
the flmd material is forced into the 1ntestine by the pressure
of the contraction wave. This 1s repeated at varying nter-
vals, depending presumably in some measure upon the con-
sistency of the’ mass in the stomach, until after some hours
of digestion the stomach is completely emptied.

Especially mteresting and suggestive are the experiments
made by Cannon® on the length of tume the different types
of foodstuffs remain 1n the stomach  Using cats as subjects,
he found that fats remain for a long period i the stomach;
they leave that organ slowly, the discharge into the intes-
tine being at about the same mte as the absorption of fab
from the small intestine or 1ts passage into the large intestine.
Carbohydrate foods, on the other hand, begin to leave the
stomach soon after thewr ingestion. They pass out rapdly,
and at the end of two hours reach a maximum amount in the
small wtestine almost twice the magimum for proteds, and
two and a half times the maximum for fats, both of which
maxima are reached only at the end of four hours. Carboliy-
drates remain 1n the stomach about half os long as proteids.
Proteids, Cannon finds, frequently do not leave the stomach
atnll duning the first Lali-hour after they are eaten. After

1W B Cannon The Passige of different Food atuffs from the Stomach
and througl the Swmall Intestme Ametican Jourual of Physiology, vol. 12,
D 387
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two hours, they accumulate in the small intestine to a degree
only slightly greater than that reached by carbohydrates an
hour and a holf earlier. The departure of proteids from the
stomach 1s therefore slower at first than that of either fats or
carbohydrates. When a mixture of equal parts of carbohy-
drates and proteids is fed, the discharge from the stomach is
intermediate 1n rapidity. When fat is added to either carbo-
hydrates or proteids it retards the passage of both foodstuffs
through the pylorus.

It 35 evident from what has been stated that the gastric
digestion of proteid foods is a comparatively slow process,
involving several hours of time; and further, that food mate-
rial in general remains in the stomach for varying periods,
dependent upon its chemical composition, 1t would appear
further, that relaxation of the pylorie sphineter, allowing
passage of chyme into the intestine, must depend somewhat
upon chemical stimulation, as this offers the most plausible
explanation of the diversity of action seen with the different
foodstuffs. As has been pointed out, gastric digestion is
primanly & process for the conversion of proteid food into
soluble products. It would be a mistake, bowever, to assume
that the digestion of proteid foods is complete in the stomach.

h d 13 to be dered more as a preliminary
step, paving the way for further changes to be carried for-
ward by the bined action of inal and p ie

juwice in the small intestine, The importance of g:xsmc diges-
tion is frequently overrated. It 1 unquestionably an impor-
tant process, but not absolutely tial for the

of hfe. Dogs have lived and flourished with their stomachs
removed, the intestine being joined to the cesophagus. The
intestine is & much more mmportant part of the alimentary
tract; 1t is hikewise far more sensitive to changing condrtions
than the stomach, and undoubtedly one function of the latter
organ 15 to protect the intestine and preserve it from insult.
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The stomach may be compared to a vestibule or reservoir,
capable of receiving without detriment moderately large
amounts of food, together with flud, 1 different forms and
combinations, with the power to hold them there unt:l by
actton of the gastric juice they are so transformed that their
onward passage mto the intestine can be permitted with per-
fect safety. Then, small portions of the properly prepared
matenal may be discharged from time to time through the
pylorus without danger of overloading the intestine, and in
a form capable of undergoing rapid and complete digestion,
Further, the stomach as a reservorr 1s very useful m bring.
g everything to a proper and constant temperature beforn
allowing its entry into the intestine  Another fact of soma
importance 1s that, contrary to the general view, absorption
from the stomach of the products of digestion 18 not very
rapid under ordinary conditions. Even water and soluble
salts pass very slowly into the circulation from the stomach.
Like the partully digested food matemal, they are carried
forward through the pylomc sphincter into the intestine,
where absorption of all classes of material 1s most marked.
Tt 13 1n the small intestine that both digestion and absorp-
t1on are seen at their best It is here that all three classes of
foodstuffs are acted upon simultaneously through the agency
of the pancreatic Juice, 1ntestinal juice, and bale. Here, too,
ate Witnessed some of the most complicated and mteresting
reactions and changes occurnng 1 the whole range of diges-
tive functions  Espeoially noteworthy 15 the pecuhar mech-
anism by which the secretion of pancreatic juce 1s set up 'md
mamntained, On demand, Juice 13
in the pancreas and pouted 1nto the 1ntestine just beyond the
pylorus through a small duct — the duct of Wirsung, Secre-
tion is started by contact of the acid contents of the stomach
with the mucous membrane of the small intestine, so that as
soon as the acid chyme passes through the pyloric sphincter
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there commences an outflow of pancreatic juice into the in.
testine. While acid is plainly the inciting agent in this
secretory process, its action is indirect. It does not cause
secretion through reflex action on nerve fibres, but it acts
upon a substance formed in the mucous membrane of the in-
testine, transforming it mto secretin, which is absorbed by
the blood and carmed to the pamcreas, where it excites se-
cretory activity.  As would be expected from the foregoing
statements, the secretion of pancreatic juice commences very
soon after food finds its way into the stomach, and naturally
increases 1n amount with the onward passage of acid chyme
into the intestine, the maximum flow being obtained in the
neighborhood of the third or fourth hour, after which the
secretion gradually decreases. In man, it is estimated on
the basis of one or two observations that the amount secreted
during 24 houwrs is about 700 ce., or x pint and a half. Care-
ful experiments, however, tend to show that the quantity of
secretion depends 1n some measure at least upon the charac-
ter of the food, and also that the composition of the secretion
varies with the character of the food. Thus, on a diet com-
posed mainly of meat, the proteid-digesting enzyme is es-
pecially conspicuous, while on a bread diet, with its large
content of starch, the starch.di ing enzyme is i d in
amount. In other words, there is suggested the possibility
of an adaptation 1n the composition of the secretion to the
character of the food to be digested.
Pancreatic Jmce is an alkaline fluid, rather strongly alka-
line in fact, from its content of sodium carbonate, and is
fally ch ized by the p of at least three
Qistinct enzymes; ¥iz., trypsin, a proteid-digesting ferment;
Iipase, a fat-splitting enzyme; and amylopsin. & starch.
digesting enzyme. Tt has already been pointed out how
dependent the secretion of panereatic juice is wpon the co-
operation of the intestinal mucous membrane. A similar
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dependence is found when the digestive activity of the secre-
tion is studied. As just stated, pancreatic juice contamns a
proteid-digesting enzyme. This statement, however, 18 not
strietly correct, for 1f the secretion 13 colleoted through a
cannula so that it does not come 1n contact with the mucous
membrane of the intestine, 1t is found free from any digest-
ive action on proteids. The secretion 1s activated, how-
ever, by contact with the duodenal membrane. Expressed
in different language, pancreatic juice as 1t is secreted by the
gland does not contamn ready-formed trypsin; it does con-
tain, however, an inactive pro-enzyme, which, under the m-
fluence of a specific substance contamed in the intestinal
mucouy 4 known as k is transf d
nto the active enzyme trypsin. There 1s thus seen another
suggestive example of the close physiological relationship
between the small intestme and the activity of the pancreatic
gland, or 1ts secretion.

The chemieal changes taking place in the small intestine
are many and vaned. The acid chyme, with 1ts admixture
of semi-digested food materal, as 1t passes through the pyloric
sphincter into the small intestine, 13 at once brought mnto
immediate contact with lle, pancreatic juice, and intestinal
juice, all of which are more or less alkaline in reaction. As
a result, the acidity of the gastne juice 1s rapidly overcome,
and the enzyme pepsin, which up to this pomnt could exert
its eharscteristio digestive action, 15 quickly destroyed by the
seenraulating aikohine salts.  Pepsin digestion thus gives way
to trypsin digestion, — most effective in analkahne mediam,
—-nnd the proteids of the food, already semi-digested by

id, are further f d by trypsin; aided and
abewad by another enzyme, known as erepsin, secreted Ly
the mucous wembrane of the mtestine. These two enzymes
are much more powerful agents than pepsin. It is true that
they begin work whero pepsin left off, but most stmking is

s
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ments of Cohnheim,? who elaims that proteids can be completely
broken down by pepsin, trypsin, and erepsin, and consequently
polypeptids would hardly be available for the synthesis of pro-
texds. DMoreover, Bergell and Lewin ? have ascertained that
there is present in the liver an enzyme or ferment which has
the power of digesting or breaking down certain dipeptids
and polypeptids into amino-acids. Hence, it follows that if
any polypeptids are absorbed from the intestine, they would
naturally be carned to the liver, where further cleavage into
fragments switable for synthetical processes might occur. In
any event, there is good ground for the belief that the more
or Jess complete disruption of the proteid molecule into siall
fragments renders possible a synthetical construction of new
proted to meet the demands of the orgamsm; a fact of great
importance in our conception of the possibilities connected
with this phase of proteid nutrition.

Fatty foods undergo lLittle or no chemical al ion until
they rcach the small intestine. During their stay in the
stomach they naturally become liguid from the heat of
the body, and there is more or less liberation of fat from
the digestive action of gastric juice on cell wills, connective
tissues, ete. Most food fat is in the form of so-called neu-
tral fat, which must undergo hydrolysis or saponification
before it can be absorbed and thus made available for the
body. This is accomplished by the enzyme lipase, or steap-
sin, of the pancreatic juice, mded indirectly by the presence
of bile. Under the influence of thus fat-splitting enzyme all
neutral fats, whether animal or vegetable, are broken apart,
through hydrolysis, wnto glycerin and a free fatty acid; the
Iatter reacting 1n some measure with the sodium carbonate of

1 Otto Cohnherm Zur Spaltung des Nalrungseiweisses fm Darm  Zelt-
schinft f physiologische Chemue, Band 49, p 6§

 Bergell and Lawnn : Zeutschrift fur expenmentelle Pathologie und Theraple,
Band 8,p 4%.
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the pancreatic juice to form a sodinm salt, or soluble soap,
while perhaps the larger part of the fatty acid is held in solu-
tion by the Inle present. Soxp, free acid, and glycenn are then
absorbed from the intestine and are found again combined 1m
the Iymph as neutral fat. In this way the fats of the food
are rendered available for the nourishment of the body.

The next important chiemcal change taking place in the
small intestine 1s that induced Dy the amylopsin of the pan-
creatic juice, which, aeting 1n essentially the same manner as
the ptyalin of saliva, converts any unaltered starch into dex-
trins and sugar  The latter substance, maltose, is exposed
to the action of another enzyme contamned 1n the intestinal
secretion termed maltase, which transforms 1t into dextrose,
a monosacchande.

In these ways the proteids, fats, and carbohydrates of the
food are gradually digested, so far as conditions will admit,
digestion being practically completed by the time the mate-
mal reaches the ileocieal valve at the beginming of the
large intestine. Throughout the length of the small ntes-
tine absozption proceeds rapidly , water, salts, and the products
of digestion passing out from the itestme imto the circulat-
mg blood and lymph. At the ileocmcal valve, however,
the contents of the intestine are practically as flwid as at the
beginning of the small ntestine, due to the fact that water
is continually being secreted 1nto the intestine. In the large
testine, the contents become less and less flud through
reabsorption of the water, and as the propulsive movements
of the circular and longitudinal mnuscle fibres of the mntestinal
wall earry the matenal onward toward the rectum, the last
portions of available nutriment are absorbed. Finally, in
varying degree, certam putrefactive changes are observed in
the largo intestine involving a breaking down of some resid-
ual proterd matter, through the agency of micro-organisms
almost invariably present, with formation of such substances
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ments of Cohnheim,! who claims that proteids can be completely
broken down by pepsin, trypsin, and erepsin, and consequently
polypeptids would hardly be available for the synthesis of pro-
teids.  Moareover, Bergell and Lewin 2 have ascertained that
there is present in the liver an enzyme or ferment which has
the power of digesting or breaking down certain dipeptids
and polypeptids into amino-acids. Hence, it follows that if
any polypeptids are absorbed from the intestine, they would
naturally be earried to the liver, where further cleavaga into
fragments switable for synthetical processes might occur. In
any event, there is good ground for the belief that the more
or less complete disruption of the proteid molecule into small
fragments renders possible a synthetical construction of new
proteid to meot the demands of the organism; « fact of great
importance in our conception of the possibilities comnected
with this phase of proteid nutrition.

Fatty foods undergo little or no chemical al ion until
they reach the small intestine. Dumng their stay in the
stomach they naturally become liquid from the heat of
the body, and theie 13 more or less liberation of fat from
the digestive action of gastrie Juice on cell wills, connective
tissues, etc. Most food fat is in the form of so-called neu-
tral fat, which must undergo hydrolysis or saponification
Lefore 1t can be absorbed and thus made nvailable for the
body. This 18 accomplished by the enzyme lipase, or steap-
s, of the pancreatic juice, mided indirectly by the presence
of bile. Under the influence of this fat-splitting enzyme all
noutral fats, whether animal or vegetable, are broken npart,
through hydrolysis, into glycerin and a free fatty acid; the
Iatter reacting in some measure with the sodium carbonate of

1 Otto Cohnhelm Zur Spaltung des Nahrungselweisses im Darm  Zelt.
wchmft £ phiyatologieche Chermie, Band 40, p. 63

2 Bergell and Lewin s Zeltachrift fur expenimentelle Pathologle uad Thersgle,
Band 8, p. 425,
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IGESTION bewng completed, and the available portion

of the foodstuffs thereby converted into forms smtable

for absorption, the question naturally arises, In what manner
are these products transported from the alimentary tract to the
tissues and organs of the body? In attempting to answer
this question, we shall find many illustrations of the precise
and undewiating methods which preva:l 1n the processes of
nutnition. For example, 1t would seem plausible to assume
that the different forms of sugar entenng mto man’s ordi-
nary diet, 2ll of them bewng soluble, would be directly ab-
sorbed and at once utilized, but such 1s far from being the
cose. Milk-sugar and 'y both

P g in greater
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as indol, skatol, phenol, fatty acids, etc. These processes,
however, in health are held rigidly in check, and count for
little in fitting the food for absorption. Digestion, on the
other hand, extending as we have seen from the mouth cavity
to the ileocieeal valve, is the handmaiden of nutrition, pre-
paring all three classes of organic foodstuffs for their passage
into the circulating blood and lymph, and thus paving the
way for their utilization by the hungry tissue cells.
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for absorption, the question naturally arises, In what manner
are these products transported from the alimentary tract to the
tissues and organs of the body? In attempting to answer
this question, we shall find many 1lustrations of the precise
and undeviating methods wlach prevail in the processes of
nutritien.  For example, it would seem plausible to assume
that the different forms of sugar entering mto man’s ordi-
nary diet, all of them bemg soluble, would be directly ab-
sorbed and at once utilized, but such is far from being the
cose.  Milk-sugar and cane-sugar, both appeating in greater
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or less degree in our daily dietaries, if introduced directly
into the blood, are at once excreted through the kidneys un-
changed, The body cannot use them, and they are gotten
rid of as speedily as possible, much as if they were poisons.
‘When taken by way of the mouth, however, they are utilized,
sumply because 1n the intestine two enzymes are present there,
known as lactase and mvertase, which break each of the
sugars apart mnto two smaller molecules. In other words,
mulk-sugar and cane-sugar are disaccharides, andaf they are to
be absorbed 1n forms capable of Leing made use of by the body
they must be split apart into simpler sugars, viz., monosac-
charides, such as dextrose, levulose, ete. The gieat bulk
of the carbohydrate food consumed by man is 1n the form of
starch, and this, as we have seen, is converted into maltose
by the action of saliva and pancreatic juice. Maltose, how-
ever, like cane-sugar, 1s a disaccharide, and the Lody has no
power to burn 1t or utilize 1t directly, but i the intestine
and elsewhere 18 an enzyme termed maltase, which breaks
up maltose into two molecules of the hanide dex-
trose, and this the body can use. Man frequently consumes
starch to the extent of a pound a day, and if utilized it must
all undergo transformation into maltose, and then into dex~
trose. There is no appaient reason why maltose should not
be absorbed and assimilated as readily as dextrose, but so
urgent 18 the necessity for this conversion into dextrose that
in the blood itself there 1s present maltase, to effect the trans-
formation of any maltose that may gain entrance there. We
are here face to face with a simple fact in nutrition. The
body cannot utilize disacchandes directly. Why it is so we
cannot say, but the fact is a good illustration of the prin-
ciple that nothing can be taken for granted 1n our study of
nutritidn.

For years, physiologists assumed that the ordinary physical
laws of osmosis, imbibitton, and diffusion were quite ade-
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quate to explain the passage of digested food materials into
the blood and lymph. Ifsa substance was soluble and diffu-
sible, that was sufficient; it would quite naturally be absorbed
in harmony with its Qiffusion veloaty  This, however, 18
not wholly true, since experiment shows that the rapidity of
absorption of diftusible substances throngh the wall of the
mtestine 15 by no means always proportional to the diffu-
sion velocity of the substance. The hning membrane of the
gmall 1ntestine, where absorption mawly mkes place, is not
to be pared to a dead h On the
contrary, it is made up of hvmg protoplasmic cells; absorp-
tion 18 not a physical, but a physiologrcal, process, in which
the hiving epithelium cells stand as guardians of the portals,
ready to challenge and, if need be, modify the rate of pas-
sage. Osmosis and diffusion undoubtedly play some part in
absorption, but they alone are not sufficient to account for
what actually takes place in the absorption of digestion
products, and other substances from the Living intestine.
The primary products formed in the digestion of proteid
foods — the proteoses and peptones — afford another illustra~
tion of physiological peculianity in absorption. These bodies
are readily soluble and quite diffusible, yet they are never
found to any extent 1n the airculating blood and lymph dur-
ing health. It 1s of course possible, as has been previously
suggested, that ns soon as formed they undergo transforma-
tion 1nto simpler decomposition products tm the small in-
testine; but this 18 by no means certain. If proteoses and
peptones are m)ected dlrectly mto the blood, they cause a
marked d at once blood affect~
ing the coagulability of the blood, and 1n many other ways
exhibiting a pronounced deleterious action which at once in-
dicates they are out of their normal environment. ThHey are
not at home in the cireulating blood, and the latter medium
gets rid of them a3 speedily a8 posmble; they behave like
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veritable poisons, and yet they are the primary products
formed in the digestion of all proteid foodstuffs. On the
basis of all physical laws governing diffusion they should be
absarbed, and help to renew the proteids of the blood and
later the proteids of the tissues. Yet, as we have said, they
are not normally present in the blood or Iymph. Apparently,
1n the very act of absorption, as they pass through the epithe-
lial cells of the intestinal wall, before they gain entrance to
the blood stream, they undergo transformation into serum-
albumimn and globulin, the characteristic blood proteids. The
other alternative 1s that, as previously mentioned, they are
completely broken down 1in the intestine into amino-acids,
ete., and these simpler products synthesized, as they pass
through the intestinal wall toward the blood, into serum-
albumin and globuhn, Certamly as yet, there is no evidence
that the amino-acids, as such, go through the epithelial cells
of the intestine; they are not found in the blood or lymph to
any appreciable extent, yet the proteids of the blood are re-
inforced in some manner by the products of proteid digestion.
Whichever view is correet, one thing is perfectly obvious,
viz., that in the act of absorption the products resulting from
the gastric and pancreatic digestion of proteid foods are ex-
posed to some influence, presumably imn the epithelial cells
of the itestinal wall, by which there 13 a reconstruction of
proteid.  Further, the proteid substances so formed are of the
type peculiar to the blood of that particular species of animal.
The proteids of beef, mutton, chicken, oatmeal, or bread go
to make the protexds of human blood.

From these statements, 1t 13 obvious that what we term ab-
sorption 18 something more than a simple diffusion of solulle
substances from the alimentary tract into the blood current.
The process 1s nruch more complex than appears on the sur-
face, and our lack of definite knowledge, 1n spite of numerous
efforts to unravel the mystery, merely strengthens the view
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that we are dealing here with an obscure physiological problem,
and not & simple physical one  Digestion induces a splitting
up of the food protesd into fraginents, large or small, while
incidental to absorption there is apparently a reconstruction,
or synthests, of protend trom the fragments so formed. The
process seems somewhat costly, physiologically speaking, yet
when one considers the variety of proteids consumed as food,
1t 18 easy to comprehend how essential it 15 that 1n some
manner, as 1 absorption, there Le opportumty for construe-
tion of the specific protexds of the blood and lymph

We find an analogous process i the absorption of fats,
As we have seen, the fats of the food are broken apart in the
small intestine into glycerin and free fatty acid, a portion
of the latter, and perhaps ajl, combining with the alkali of the
intestinal juices to form soluble soaps, or sodium salts of the
respective fatty acads The neutral fats present m animal
and vegetable foods are all alike 1 contaimng the glyceryl
radicle, but they differ 1n the character of the fatty acids
present  Further, one form of animal fat, like that from beef,
may contain quite a different proportion of stearin, palmtin,
and olem than 1s present in the fat of another animal, like
mutton, By digestion, however, they are all broken apart
into fatty acad and glycermn. These acids and their salts can
be readily detected in the intestine, but they are not found
n the blood or lymph, yet shortly after fatty food is taken
the Iymph 1s seen to be milky from fat.  Obviously, the fatty
acids liberated 1n the intestine are absorbed, either as soluble
soaps or as free fatty acids dissolved i Inle, but as they pass
through the epithelial cells of the intesting into the lacteal
radicles, there 1s a synthesis or reconstruction of fat; and as
= tesult, neutral fats and not soaps are found in the lymph,
Here, then, we have a process quite analogous to what ap-
parently occurs 1n the absorption of proteid, though less com.
plex; and it is possible that this 1s one of the factors which
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veritable poisons, and yet they are the primary products
formed in the digestion of all proteid foodstuffs. On the
basis of all physical laws goveining diffusion they should be
absorbed, and help to renew the proteids of the blood and
later the proteids of the tissues. Yet, as we have said, they
are not normally present i the blood or lymph. Apparently,
in the very act of absorption, as they pass through the epithe-
lial cells of the intestinal wall, before they gain entrance to
the blood stream, they undergo transformation into serum-
albumim and globulin, the characteristic blood proteids. The
other alternative 1s that, as previously mentioned, they are
completely broken down in the intestine mnto amino-acids,
etc., and these simpler products synthesized, as they pass
through the intestinal wall toward the blood, into serum-
albumin and globulin  Certanly as yet, there is no evidence
that the amino-acids, as such, go through the epithelial cells
of the intestine; they are not found n the blood or lymph to
any appreciable extent, yet the proteids of the blood are re-
inforced 1 some manner by the products of proterd digestion.
Whichever view 1s correet, one thing is perfectly obvious,
viz., that in the act of alsorption the products resulting from
the gastric and pancreatic digestion of proteid foods are ex-
posed to some mfluence, presumably in the epithehal cells
of the intestinal wall, by which there is & reconstruction of
protexd. Further, the proteid substances so formed are of the
type peculiar to the blood of that particular species of animal.
The proteids of beef, mutton, chicken, oatmeal, or bread go
to make the protexds of human blood.

From these statements, 1t 1s obvious that what we term ab-
sorption is sometling more than a simple diffusion of soluble
substances fiom the alimentary tract into the blood current.
The process 1s much more complex than appears on the sur-
face, and our lack of definite knowledge, in spite of numerous
efforts to unravel the mystery, merely strengthens the view
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tion of proteids and carbohydrates, throngh which they are
passed into the portal vein, and thereby distnbuted through-
out the liver.  This means that both carbohydrates and pro-
teids —or therr decomposition products — are exposed to a
variety of possible changes in this large glandular organ,
before they can enter into the tissues of the Lody. As we
have seen, ptactically all carbohydrate food 1s converted into
a monesacchande, principally dextrose, i the alimentary
tract; and it 18 in this form of a simple sugar that the car-
bohydrate passes into the blocd. Tlus might easily mean 2
pound of sugar absorbed during the twenty-four hours, and
would obviously give to the blood & lugh degree of concen-
tration, unless the excess was quickly disposed of. Sugaris
very diffusible, and if 1t accumulates to any extent in the
blood 1t is quickly gotten md of by exeretion through the
kidneys. This, however, 1s wasteful, physiologically and
otherwise, and does not ordinanly occur except mn iseased

dt: Further, physiol have learned that a cer-
tan small, but definite, amount of sugar in the b'lnod is a
necessary requirement 1n nutrition, and it 1s the function of
the hiver to mai the proper carbohyd Tevel.

We must agun emphasize the great 1mportance of carbo-
hydrate food; there 1s a far larger amount of starchy food
consumel than of any other foodstuff, and 1t 1s more readily
available as @ source of energy. Its presence i the blood,
in the form of sugar, is constantly demanded, but it must be
kept witlun the proper hmits for the uses of the different
tissues and organs of the body., The liver serves as an effect-
ive regulator, maintaiming, 1o spite of all fluctuations 1n the
supply’and demand, a defimte percentage of sugar such as is
best adapted to keep the tissues of the body m « normal and
healthy condition,  Thid regulation by the liver is rendered
possible through the ability of the hepatic cells to transform
the sugzar brought to the gland into glycogen, so-called animal
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aids in the formation of a speeific fat mixture corresponding,
in o measure, to the type of fat present in the particular spe-
cies. Tt is well understood that the fat of an animal’s tissues
may be modified somewhat by the character of the fat fed, yet
in spite of ths there is a certain degree of constancy in com-
position which calls for explanation. Sheep and oxen feed-
ing in the same pasture have fat widely different in the
proportion of stearin, palmitin, ete. The fat of man’s tissues
18 farrly defimte 1n composition, yet he eats a great variety of
fatty foods. One man may consume large amounts of bard
mutton fat with*its relatively large content of stearin, while
ancther individual may take Ins fat mainly in the form of the
soft butter fats, with their relatively large content of olemn
and palmitin. In both cases, the tat of the man’s tissues will
be essentially the same. To be sure, the changes that take
place 1n the tissue cells, reinforced by the construction of
fat from other sources, may be portly responsille for this

y of p but the t fons incidental
to absorption are quite possibly, 1 some measure, helpful
thereto.

The great bulk of the digested food materal is absorbed
from the small mtestine, and there are two pathways open
through which the absorbed materal can gain access to the
blood. The one path leads directly to the ltver, and sub-
stances taking this course are exposed to the action of this
organ, before they enter into the general circulation. The
other path is through the lacteal or lymphatic system, and

dal way for sut to enter the
blood streum, since they must first pass through the thoracic
duct before entering the main cireulation. As a general
truth, it may Dbe stated that fats are absorbed through the
latter channel, while carbohydrates and proteids follow the
first path. The innumerable blood capillanies in the villi of
the intestine take up the products resulting from the diges-
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tion of proterds and earbohydrates, through which they are
passed into the portal vein, and thereby distributed through-
out the liver.  This means that both carbohydrates and pro-
teids —or therr decomposition products — are exposed to a
variety of possible changes in this large glandular organ,
before they can enter mto the tissues of the body. As we
have seen, practically ail carbohydrate food 1s converted into
a monosaccharide, principally dextrose, mm the alimentary
tract; and 1t 15 1n this form of a simple sugar that the car-
bohydrate passes into the blood This mght easily mean a
pound of sugar absorbed dunng the twenty-four hours, and
would obviously give to the blood a high degree of concen-
tration, unless the excess was quickly disposed of. Sugaris
very diffusible, and 1f 1t accumulates to any extent in the
blood it is quickly gotten rid of by exeretion through the
kidneys. Tius, however, 18 wasteful, physwologically and
otherw:se, and does not ordinanly oceur except in diseased
Faurther, ph 1 have learned that a cer-
tan small, but definite, amount of sugar tn the b_lood 184
Tecessary requiremnent in nutntion, and 3t 18 the function of
the liver to in the proper carbohyd level
We must agsm emaphasize the great importance of carbo-
hydrate food; there is a far larger amount of starchy food
consumell than of any other foodstuff, and 1t 1s more readily
avuilable as a source of energy. Its presence in the blood,
m the form of sugar, 1s constantly demanded, but it must be
kept within the proper limits for the uses of the different
tissues and organs of the body. The liver serves as an effect-
ive regulator, mamntaming, 1 spite of all fluctuations in the
supply and demand, a definite percentage of sugar such ns is
best adapted to keep the tissues of the body 1n & normal and
healthy conditton. This regulation by the hiver is rendered
possible through the ability of the hepatic cells to transform
the sugar brought to the gland into glycogen, so-called animal
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aids in the formation of a specific fat mixture corresponding,
1n n measure, to the type of fat present in the particular spe-
cies. It is well understood that the fut of an animal’s tissues
may be modified somewhat Ly the character of the fat fed, yet
in spite of this there is a certain degree of constancy mn com-
position which calls for explanation. Sheep and oxen feed-
ing in the same pasture have fat widely different i the
proportion of stearin, palmitin, ete. The fat of man’s tissues
15 farrly definite in composition, yet he eats a great variety of
fatty foods. One man may consume large amounts of hard
mutton fat with*its relatively large content of steann, while
another individual may take lus fat mamly in the form of the
soft batter fats, with their relatively large content of olein
and palmitin. In both cases, the fat of the man’s tissues will
be essentially the same. To be sure, the changes that take
place in the tissue cells, remnforced by the construction of
fat from other sources, may be partly responsible for this
y of position, but the fi 1ons incidental
to absorption are quite possibly, in some measure, helpful
thereto
The great bulk of the digested food matenal is absorbed
from the small intestine, and there are two pathways open
through which the absorbed materal can gain access to the
blood. The one path leads directly to the liver, and sub-
stances taking tlis course are exposed to the action of this
organ, before they enter into the general circulation. The
nther path 18 through the lacteal or lymphatic system, and
2 dabout way for sut to enter the
blood stream, since they must first pass through the thoracic
duct before entering the main circulation. As a general
truth, it may be stated that fats are absorbed through the
latter channel, while carbohydrates and proteids follow the
first path. The innumerable blood capillaries in the vilh of
the intestine take up the products resulting from the diges-
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tion of proteids and carbohydrates, through which they are
passed into the portal vein, and therehy distnbuted through-
out the Yiver. This means that both earbohydrates and pro-
terds — or their decomposition products — are exposed to a
variety of possible changes in this large glanduler organ,
before they can enter mto the tissues of the body. As we
have seen, ptactically all carbohydrate food 1s converted nto
o monosaccharide, principally dextrose, in the alimentary
tract; and 1t is m this form of a sumple sugar that the car-
bohydrate passes mto the blood. This mglt easily mean a
pound of sugar absorbed during the twenty-four hours, and
would obviously give to the blood a high degree of concen-
tration, unless the excess was quickly disposed of. Sugar is
very diffusible, and 1if 1t accumulates to any extent in the
Llood 1t is quickly gotten nd of by execretion through the
kidneys. Tlns, however, is wasteful, physiologically and
otherwise, and docs not ordimarily oceur except i diseased

diti Further, pt 1 have learned that a cer-
tain small, but defimte, amount of sugar 1n the blood is =
Tnecessary requrement in nutntion, and 1t 15 the function of
the hver to mamtan the proper carbohydrate level.

We must again emphasize the great importance of carbo-
hydrate food; there 1s a far larger amount of starchy food
consumetl than of any other foodstuff, and it is more readily
aviilable as a source of energy. Its presence in the blood,
in the form of sugar, 1s constantly demanded, but 1t must be
kept wathun the proper limits fo1 the uses of the different
tissues and organs of the body. The hiverserves as an effect-
ive regulator, mamtaining, 1n spite of all fluctuations in the
supply and demand, a definite percentage of sugar such as 13
best adapted to keep the tissues of the Lody in a normal and
healthy condrton. This regulation by the liver 1s rendered
possible through the ability of the hepatic eclls to transform
the sufzar brought to the gland into glycogen, so-called animal
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aids in the formation of a epecific fat mixturo corresponding,
in a measure, to the type of fat present in the particular spe-
cies. Itis well understood that the fat of an animal’s tissues
may be modified somewhat by the character of the fat fed, yet
in spite of this there is a certain degree of constancy in com-
position which calls for explanation. Sheep and oxen feed-
ing in the same pasture have fat widely different in the
proportion of stearin, palmitin, ete. The fat of man’s tissues
is fairly definite 1n composition, yet he eats a great variety of
fatty foods. One man may consume large amounts of hard
mutton fat with*its relatively large content of stearin, while
another individual may take ks fat mainly in the form of the
soft butter fats, with their zelatively large content of olem
and palmitn. In both cases, the fat of the man’s tissues will
be essentially the same. To be sure, the changes that take
place 1n the tissue cells, reinforced by the construction of
fat from other sources, may be partly responsible for this
constancy of composition, but the transformations incidental
to absorption are qmte possibly, mn some measure, helpful
thereto,

The great bulk of the digested food material 1s absorbed
from the small intestine, and there are two pathways open
through which the absorbed material can gain access to the
blood. The one path leads directly to the liver, and sub-
stances taking this course are exposed to the action of this
organ, before they enter into the general circulation. The
other path 13 throngh the lacteal or lymphatic system, and
constitutes a roundabout way for substances to enter the
blood stream, since they must first pass through the thoracic
duct Lefore ing the mam lat As a general
truth, it may be stated that fats are absorbed through the
latter channel, while carboliydrates and proteids follaw the
first path. The mmnumerable bleod capillartes in the villi of
the intestine fake up the products resulting from the diges-
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tion of proteids and carboliydrates, through which they are
passed into the portal vein, and thereby distributed through-
out the liver, This means that both carbohydrates and pro-
teids — or their decomposition products — are exposed to &
variety of possible changes in this large glandulor organ,
before they can enter mto the tissues of the body. As we
have seen, practically all carbohydrate food 1s converted into
a monosacehande, principally dextrose, wn the ahmentary
tract; and it is in this form of a s:mple sugar that the car-
bohydrate passes into the blood. This might easily mean a
pound of sugar absorbed durimg the twenty-four hours, and
would obvibusly give to the blood a high degree of concen-
tration, unless the excess was quickly disposed of Sugaris
very diffusible, and 1f it accumulates to any extent in the
bleed it is quickly gotten nd of by excretion through the
kidneys. Tlis, however, 13 wasteful, physiologically and
otherwise, and does not ordinarily occur except m diseased

diti Further, physiol bave learned that a cer-
tain small, but definite, amount of sugar 1n the blood 18 &
necessary requirement m nutrition, and at 13 the frnction of
the liver to mamtan the proper eaibohydrate level.

‘We must again emphasize the great importance of carbo-
hydrate food; there 1s a far larger amount of starchy food
consumetl than of any other foodstuff, and 1t 13 more readily
available as a source of energy. Its presence in the blood,
in the form of sugar, 1s constantly demended, but 16 must be
kept within the proper limits for the uses of the different
tissues and organs of the body. The liver serves as an effect-
1ve regulator, maintaning, 1n spite of all fAuctuations in the
supply and demand, o definite percentage of sugar such as is
best ndapted to keep the tissues of the body m a normal and
healthy condition.  This regulation by the liver is rendered
possible through the shihity of the hepatic eells to transform
the sujzar brought to the gland into glycogen, so-called animal
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ids in tho formation of o spovific fat mixturo corresponding,
in o measure, to the type of fat present in tho partioular spe-
cies, Tt is well understood that the fut of an animal’s tlssues
may bo modified somowhat by the ehameter of the fut fed, yet
in ppito of this thero is o certain degreo of constancy in com-
posation which ealls for explanation.  Sheep nnd oxen foed-
ing in tho samo pasturo have fat widely different in the
proportion of stearin, palmitin, eto. The fat of man’s tissues
is fnirly definito in composition, yet ho cats a great variety of
Iatty foods.  Ono man may constmo largo rmounts of hard
mutton fat with *its relatively largo content of stearin, while
another individual may take his fat mainly in the form of tho
soft butter fats, with their relatively largo contont of olein
and palmitin.  In both oascs, the fat of tho man's tissues will
Lo essentindly the same.  To ho sure, tho changes that take
placo in the tissuo colls, reinforced by tho construction of
fat from othor sources, may o partly responsible for this
constanoy of composition, but tho transformations incidental
to alworption are quito possibly, in somo measure, helpful
thoroto.

The great bulk of the digested food matorial i3 nbsorled
from the small intestine, and thero are two pathways open
through which tho alsobed materinl enn gnin nccess to the
blood. The one path leads direetly to tho liver, and sub-
stances taking this courso aro exposed to the action of this
organ, beforo they enter into tho general eireulation. The
othur path s through tho lacteal or lymphatio &ystom, nnd

a dabout way for to onter tho
Dlood strenm, smce they must fhst pass through tho thoreic
dQuet before entering the main eireulation.  Ar n general
truth, it may bo stated that fats are alworbed throngh the
lattor channel, whilo carboliydrates and proteids follow the
first path.  "Tho inmmmomble Wood eapillaries in the villi of
tho intestine take up tho products resulting from the diges-
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tion of proteids and carbohydrates, through which they are
passed into the portal vein, and thereby distributed through-
out the liver. This means that both carbohydrates and pro-
teids — or their decomposition products ~— are exposed to a
variety of possible changes in this large glandular organ,
before they can enter nto the tissues of the body. As we
have seen, ptactically all earbohydrate food 1s converted into
a monosacchanide, principally dextrose, 1 the almentary
tract; and 1t is m this form of a simple sugar that the car-
bohydrate passes into the blood. This might easily mean a
pound of sugar absorbed durimg the twenty-four hours, and
would obvibusly give to the blood a lugh degres of concen-
tration, unless the excess was quickly disposed of Sugaris
very duffusible, and if 1t accumulates to any extent in the
Blood it is quickly gotten md of by excretion through the
kidneys. This, lhiowever, 15 wasteful, physiclogieally and
otherwise, and does not ordinanly occur except in diseased
conditions. Further, physiologists have learned that a cer-
tan small, but definite, amount of sugar m the b‘]ood is a
necessary Tequirement 1n nutntion, and 1t 18 the function of
the liver to mantain the proper caibohydrate level.

We must again emphasize the great importance of earbo-
hydrate food; there 13 a far larger amount of starchy food
consumetl than of any other foodstuff, and 1t is more readily
avulable as a source of emergy Its presence in the blood,
in the form of sugar, 13 constantly demanded, but it must be
kept within the proper limts for the uses of {he different
fissues and organs of the body. The liver serves ag an effect-
ive regulator, mamntaining, 1n spite of all fluctuations in the
supply'and demand, a defimte percentage of sugar such as is
best adapted to keep the tissues of the body in a normal and
bealthy condition, This regulation by the Iiver 15 rendered
possible through the ability of the hepatic cells to transform
the sujar brought to the gland 1nto glycogen, so-called animal
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starch, which 15 stored up in the liver until such time as it is
needed by the body. The process is one of dehydration, the
reverse of what takes place in the intestine when ordinary
starch is converted nto maltose and dextrose. The efficiency
of this regulating mechanism depends also upon the ability of
the liver to transform glycogen into sugar, presumably through
the agency of an enzyme in the hepatic cells. Hence, glyco-
gen may be looked upon as a temporary reserve supply of
carbohydrate, manufactured and stored in the liver during
digestion, when naturally large amounts of sugar are passing
into the portal blood, and to be drawn upon whenever from
any cause the content of sugar 1n the blood threatens to
fall below normal. Obviously, there must be some delicate
machinery for the adjustment of these opposite changes in
the liver, and we may well believe that 1t 1s associated with
the composition of the blood itself, which in some fashion
stimulates and inhibits, as may be required, the functional
activity of the liver, or its component cells. In any event,
we have in this so-called glycogenic fanction of the Liver a
most effective means for accomphshing the complete and
judicious utilization of all the sugar formed from the carbo-
hydrates of the food, after it has once passed beyond the eon~
fines of the alimentary tract into the blood; preventing all
loss, and at the same time guarding against all danger, from
undue accumulation of sugar in the circulation. We see,
too, how wise the provision that all sugar shovld pass from
the alimentary canal into the portal enculation and rot by
way of the lymphatics, since by the latter channel the regulat-
ing action of the hiver would be mainly lost. Further, recall
ing how soluble and diffusible sugar 15, we may well marvel
that 1t practically all passes from the intestine by way of the
Blood, and escapes entry into the lymphatics. Surely, this
marked shunning of the other equally accessible pathway
affords a striking illustration of selective action shch as

N
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might be expeeted in a physiological process, but not in har-
mony with the ordinary physical laws of osmosis or dsffusion.
In confornuty sith this statement, 1t may be mentioned that
appropriate experiments have clearly demonstrated that the
different sugars avulable as food are not absorbed from the
intestine in harmony with their diffusion veloeity, but show
deviations ‘therefrom which can be explaned only on the
ground that the intestinal wall exercises some selective action,
due to the hiving cells composing 1. Likewise interesting in
their beaning on nutntion are the observations of Hofmesster,!
who finds by experiments on dogs that the assumilation himit
of the dufferent sugars shows marked vamation. Thus, dex-
trose, levulose, and cane-sugar have the highest assinulation,
while milk-sugar is far less easily and completely assimilated.
Tf this 18 equally true of man, st indicates that starchy foods,
with their ultimate conversion snto dextrose, are to be rauked
a3 having a high assioulation Limnt, thus affording additional
evidence of their ugh nutnitive value.

In the absorption of protexd products, their passage from
the intestine by way of the portal curculation wnsures expo-
sure to the action of the hepatic cells, before they are distrib-
uted by the general circulation thronghout the body. It1s
only under conditions of an excessive 1take of proteid foods
that their produets are absorbed by way of the lymphatics.
These pomts are clearly established, and there is every ground
for believing that substantial reasons exist to account for this
single, line of departure. Just what the Liver does, however,
is uncertain. In fact, as alieady indicated, there is lack of
defimte knowledge as to how far the prateid foods are broken
down 1n digestion, prior to absorption  The combined action
of pepsin, trypsin, and erepsin, 1f suffictently long continued,
can accornplish & complete disruption of the proteid molecule.

1 Frauz Hofmeister Ueber Resorption uad Assimilation der Nabirstoffe,
Archiv £ d. exper Pathol.u Pharm , Band 25, p 240
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starch, which is stored up in the liver until such time as it is
needed by the body. The process is one of dehydration, the
reverse of what takes place in the intestine when ordinary
starch is converted into maltose and dextrose. The efficiency
of this regulating mechanism depends also upon the ability of
the liver to transform glycogen 1nto sugar, presumably through
the agency of an enzyme in the hepatic cells. Hence, glyco-
gen may be looked upon as a temporary reserve supply of
carbohydrate, manufactured and stored in the liver during
digestion, when naturally large amounts of sugar are passing
into the portal blood, and to be drawn upon whenever from
any canse the content of sugar in the blood threatens to
fall below normal. Obviously, there must be some delicate

hinery for the adj of these opposite changes in
the liver, and we may well believe that it is assogiated with
the composition of the blood itself, which in some fashion
stimulates and inbibits, as may be required, the functional
activity of the liver, or its component cells. In any event,
we have In this so-called glycogenic function of the liver a
most effective means for accomplishing the complete and
judicious utihzation of all the sugar formed from the carbo-
hydrates of the food, after it has once passed beyond the con-
fines of the alimentary tract into the blood; preventing all
loss, and at the same time guarding against all danger, from
undue accumulation of sugar in the circulation. We see,
too, how wige the provision that all sugar should pass from
the alimentary canal into the portal circulation and not by
way of the lymphatics, since by the latter channel the regulat-
ing action of the liver would be mainlylost. Further, recall-
ing how soluble and diffusible sugar 13, we may well” marvel
that it practically all passes from the intestine by way of the
blood, and escapes entry into the lymphaties Surely, this
marked shunning of the other equally accessible pathway
affords a striking illustration of selective action sich as
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the tissues and organs of the body. There is perhaps as
good ground for g that o syntk or
tion of proteX takes place all over the body; that, as sug-
gested by Leathes, “the synthesis of proterds 1s a function
of every cell n the Lody, each one for itself, and that the
material out, of which all proteids 1n the body are made is
not proteid in any form, but the fragments denved from
proienls by hydmlysxs, piobably the amido-acids, which
and duff proportions are found
m all proteids, and 1nto which they are 2ll resolved by the
processes, putolytic or digestive, wlich can be carmed out
in every cell i the body.” It s certmnly a reasonalle
hypothesis, and since wo lack positive knowledge 1t cannot
at present be disproved. Al that we can affirm 1n the light
of established fact 13 that the products of proteid digestion are
alsorbed from the mtestine by way of the poital ewrculation,
and that either m their passage through the mtestinal wall,
or later on in tho liver or elsewhere, theie 15 a construction
of new proteid to meet the wants of the body The lver,
indeed, may ho effective 1a Loth construction and destruc-
tion of proteid, but there 18 no way of telling at present just
how far it acts 1 either direction.

Regarding the absorption of fats, a single statement wall
suflice, 1n addition to what has already been smd  Fats gain
access to the general circulation by passing from the intestine
into the lacteal radicles, thenee into the lymphatics, whenee
they move onward into the theracic duet, and from there are
emptied into the great veins at the neck A small amount
13 appafently alsorbed in the form of soap by the portal cir-
culation, but by far the larger amount of fat gains access to
the blood stream without gowng through the liver.

In these ways, the blood and lymph are continually sup-
plied with proteid, fat, and carbohydrate from the ingested
4
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We aro inclined to assame in o general way that the “ proteids
taken as food cannot find a place in the economy of the
animal body till they have been, as it were, melted down and
recast.”?  How far this melting down or disruption extends
in normal digestion, we do not at present know.  As already
stated, neither p and pep nor the ami ids, are
found 1n the blood stream in sufficient amonnts, or with that
frequency, to suggest absorption in these forms, Posstbly, as
some physiologists have suggested, the amount of any of these
products to be found at any one time in a given quantity of
Blood is too small for certain recognition, yet in the twenty-
four hours the amount passing {rom intestine to tiver might be
sufficiently large to equal the total proteid absorbed. We can,
however, at present only conjecture, and must rest content
with the sumple statement that in the digestion of: the pro-
teid foodsinfls, p pept and i ids are
formed, and that by transformation or total reconstruction of
these praducts, special types of proteid are manufactured
either mn the epithehal cells of the intestinal walls during
absarption, or elsewhere in the body after absorption. If this
latter 33 the easc, the hiver might readily bo regarded as o
likely spot for the synthesis to occur.

Bearmg in mind what has been smd regarding the prodne-
tion of specific types of proterd by every species of animal,
we can the moro readily conceive of a synthesis “out of
fragments of the ongmal molecules rearranged and put to-
gether in new comitnations, by processes in winch the, intes-
tine can hardly be supposed to play a part.” 'This, the liver
might well be assumed as capable of accomplishing, and if
we were disposed to aceept this view we might use as an
srgument the fact that the products of proteid digestion
are taken directly to this organ, before being cast loose in

e
1 J B lesthes Froblems in Animnal Metabohsm Bltkiston's Son ard Co,
1006, - 122,
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the tissues and organs of the Lody. There iy perhaps as
good ground for assuming that a synthesis or reconstruc-
tion of proteXd takes place all over the body; that, as sug-
gested by Leathes, the synthesis of proteids is a function
of every cell in the body, each one for itsclf, and that the
material outy of which all proteids 1n the body are made is
not proteid 1 any forw, but the fragments derved from
pmte:ds by h) drolysis, probably the amudo-acids, which in

and daff proportions are found
in all proteids, and into which they are all resolved by the
processes, putolytic or digestive, which can be carred out
in every cell i the body.” It s cextamly a reasonmable
hypothesis, and since we lack positive knowledge 1t cannot
at present bo disproved, All that we can affirm m the light
of established fact is that the products of proteid digestion are
absorbed from the intestine Ly way of the poital eirculation,
and that either in their passage through the intestinal wall,
at later on 1n the liver or elsewhere, theie 1s & canstruetion
of new proteid to meet the wants of the body. The hver,
indeed, may Do effective 1 Loth construction and destruc-
tion of proteid, but there 18 no way of teling at present just
how far 1t acts 1n either directron.

Regarding the absorption of fats, a single statement wiil
suflice, in addition to what has already been smid.  Fats gain
access to the general circulation by passing from the intestine
mto ihe lacteal radicles, thence mto the lymphatics, whence
they move onward 1nto the thoracie duet, and from there are
cmptied 1nto the great veins at the peck A small amount
13 appafently alsorbed 1n the form of soap by the portal eir-
culation, but by far the larger amount of fat gains access to
the Llood stream without going through the liver.

In these ways, the Llood and lymph sare continually sup-
plied with proteid, fat, and carbolydrate from the ingested
4
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‘We are inclined to assume in n general way that the “ proteids
taken as food cannot find a place in the economy of the
animal body till they have been, as it were, melted down and
recast.” ! How far tlus melting down or disruption extends
in normal digestion, we do not at present know, As already
stated, nexther p and pep nor the ami ids, are
found 1n the blood stream in sufiicient amounts, or with that
frequency, to suggest absorption 1n these forms, Possibly, as
some physiclogists have suggested, the amount of any of these
products to be found at any one time in a given quantity of
blood is too small for certain recogmtion, yet in the twenty-
four hours the amount passing from intestine to Liver might be
sufficiently large to equal the total proteid absorbed. We can,
however, at present only conjecture, and must rest content
with the simple statement that 1 the digestion of; the pro-
terd foodstuffs, p pep and i ids are
formed, and that by transformation or total reconstruction of
these products, special types of proterd are manufactured
either in the epithelial cells of the intestinal walls duung
absorption, or elsewhero in the body after absorption. If this
latter is the case, the hiver might readily be regarded as a
likely spot for the synthesis to occur,

Bearng in mind what has been said regarding the produe-
tion of specific types of proterd by every species of animal,
we can the more readily conceive of a synthesis “out of
fragments of the ongmnal molecules rearranged and put to-
gether in new combinations, by processes in which the,intes-
tine can hardly be supposed to play a part.” This, the liver
might well be d as capable of plishing, and if
we were disposed to accept this view we might use as an
argument the fact that the products of proteid digestion
are taken directly to this organ, before being cast loose in

1] B Lenthes Problems in Anunal Metabohsm Dlsluston’s Son ard Co,
1906, p 123
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in the form of heat and of work, as a result of the disruptive
changes that constitute katabolism.

Worthy of ‘special notice 1s the fact that cell protoplasm
i3 essentially protexd in nature; water and proteid make
up the larger part of its substance, to which are added
small proportions of carbohydrate, fat, and mineral matter,
Proteid 13 the basis of cell protoplasm; 1t is the chemical
nucleus of living matter, and owing to the lirge size of
its molecule, with 1its large number of contained atoms, is
capable of many combinations and many alterations. Most
of the reactions charactenistic of katabolism centre around
this proteid, but the disruptive changes that occur undoubt-
edly involve more largely the crcnlating matemals present
in the blood and lymph, and which bathe the cells, rather
than the so-called fixed, or organ proteid, of the cell sub-
stance itself. Still, while the circulating blood and lymph
furmish largely the substances which are made to undergo
disintegration 1n katabolism, the living protoplasmic cell is
the controlling power which regulates the extent and char-
acter of the decompositions, and proteid matter is the chemi-
cal basis of protopl From these we again
have suggested the sigmficant importance of the proteid foods
in nutntion, since they alone can furmsh the material which
conshitutes the chemical basis of hiving cells. The human
body, which represents the highest form of animal hfe, is
merely, as stated by another, “literally a nation of cells de-
rived from a single cell called the ovum, kving together, but
dividing the work, transformed variously into tissues and
organs. and variously ded Ly protopl: d "
(Waller).

The processes involved in metabolism are not easily un-
ravelled. Tho word itself s simple, but it 13 employed to
designate that complex of “chemical changes in living organ-
istos which constitute their life, the changes by which their

.
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food, and as these fluids surround and permeate the organ-
ized elements of the tissues, the latter are enabled to gain
what they need to maintain their nutntive balamce. Living
matter s essentially unstable; 1t is the seat of chemical
changes of vanous kinds, anabolic or constructive, and kata-
bolic or destructive. The more comprehensive term “meta-
bolic ” is applied to all of these changes that take place in
hving mwatter. In anabolism, the dead, inert proteids, fats,
and carbohydrates are more or less assimlated and made a
part of the living matter of the tissue cells, while at the same
time & certain amount of the food material, probably the
larger amount, is siroply stored as such, or left to Sireulate in
the blood and lymph, without heing rased to the higher level
of Iiving protoplasm. In katabolism, this accumulated mate-
rial, and 11 some degree the ltving substance itself, is broken
down or disintegrated with liberation of the stored-up energy,
which manifests itself in the form of heat and mechanical
work. At times, the anabolic processes predominate and
there is a relatavely large acoumulation of stored-up materials;
while at other times, katabolism, with its attendant chemical
decompositions, predominates, and the body loses correspond-
ingly. The pont to be emphasized here is that the living
body, with its multitade of Living cells, is the seat of inces-
sant change. Construction and destruction are coﬁtmunlly
gong forward side by side; sometimes the one and sometimes
the other predommnating, according to existing condrtions.
The living protoplasm with its attendant storage material is,
under ordinary conditions, constantly being made good from
the assimilated food, a part of which is mised to the dignity
of living matter and becomes an integral part of the living
cells, while the larger portion is simply stored for future
uses, or circulates in the blood and lymph which bathe them.
Doubtless, this storage or circulating materiasl is the main
source of the energy which constantly flows from the cells
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in the form of heat and of work, as a result of the disruptive
changes that constitute katabolism.

Worthy of special notice 13 the fact that cell protoplasm
is essenwally protead m nature; water and protexd make
up the larger part of its substance, to which are added
small proportions of carbohydrate, fat, and mineral matter.
Proteid is the basis of cell protoplasm; 1t is the chemical
nuclens of living matter, and owing to the large size of
1ts molecule, with its large number of contained atoms, is
capable of many combinations and many alterations. Most
of the 1 of katabolism centre around
this proteid, but the disruptive changes that occur undoubt-
edly involve more largely the circulating materials present
1 the blood and lymph, and which bathe the cells, rather
than the so-called fixed, or organ protewd, of the cell sub-
stance tself. Stll, wiile the circulating blood and lymph
furmsh largely the substances which are made to undergo
disintegration 1n katabolism, the living protoplasmic cell 1s
the controlling power which regualates the extent and char-
acter of the decompositions, and proterd matter 1s the chemi-
cal basis of protopl From these we again
have suggested the mignificant 1mportance of the proterd foods
m nutrition, since they alone can furmsh the material whick
constitutes the chemical basis of living cells. The human
body, which represents the lughest form of animal hfe, is
merely, as stated by another, “Literally a nation of cells de-
rived from a single cell called the ovum, Eving together, but
dividing the work, transformed varously into tissues and
organs, and varously surrounded by protoplasm products ™
(Waller).

The processes involved in metabolism are not easily un-
wvelled. The word itsclf is simple, but it is employed to
designate that complex of “cbemical changes in hiving organ-
isms which constituto their life, the cha. * their
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food is assimilated and becomes part of them, the changes
which 1t undergoes while it shares their life, and finally those
by which it is returned to the condition of inar.mate matter.
Gathered together under this one phrase are some of the most
ntricate and in sible of natural ph It imphes
also, and gently nsists on the idea, that all the phenomena
of lfe are at bottom chemicul reactions” (Leathes). Re-
garding the processes of anabolism, as in the censtruction of
living protoplasm out of inert food- materials, we can say
nothing, This 18 altogether beyond our ken at present, and
doubtless will remain so, since 1t mvolves a chizmical altera-
tion, or change, akn to that of bringing the dead to life. With
the processes of katabol however, we may hope for more
satisfactory results; and, indeed, to-day we have consider-
able information of value as to some of the methods, at least,
which are the cause of this phase of nutiition. This knowl-
edge, however, has been slow of attainment.

In the earlier years of the sixteenth century, when anatomy
and phystology were beginning to make progress, the savants
of that day, hampered as they were by grave misconceptions
and by the lack of any und ding of ch 1 pt
could not take advantage, naturally, of the sugaestmn that as
wood burns or oxidizes m the air with Iiberation of heat, so
might the food substances, absorbed by the body, undergo
oxidation in the tissues and thus give rise to anmal heat.
Such suggestions were at that tiwe as a closed book, and so
we find Vesaltus, in 1543, teaching the Galenic doctiines in
physiology then prevalent. The conception of heat produc-~
tion, as it existed at that time, may be nferred from the fol-
lowing quotation:! “The parts of the food absorbed from
the alimentary canal are carried by the portal blood to the

1 Taken from Sir Michael Foster's “ Lectures on the Histary of Physiology
doring the Sixteenth, Seventeenth, and Eighteenth Centunes” Caxtbrdge,
0L, p 12 .
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liver, and by the influence of that great organ are converted
mto blood. The blood thus enriched by the food 13 by the
same great organ endued with the nutritive properties summed
upin the phrase ® natural spints.” But blood thus endowed
with natural spirits is still erude blood, unfitted for the
higher purposes of the blood in the body. Carried from the
liver by the vena cava to the nght side of the heart, some of
it passes from the might ventricle through innumerable invisi-
‘ble pores in the septum to the left ventncle. As the heart
expands it draws from the lungs thiough the vein-like artery
air mto the left ventricle. And m that left cavity, the blood
which has come through the septum is mixed with the air
thus drawn i, and by the help of that heat, which 1s innate
in the heart, which was placed there as the source of the heat
of the Lody by God 1n the beginming of hife, and which re-
mains there until death, is imbued with further qualities, is
laden with * vital spirits,” and so fitted for 1ts higher duties.
The air thus drawn into the left heart by the pulmonary vem,
at the snme time tempers the innate heat of the beart and
prevents it from becoming excessive.” In other words, heat
was considered as a divine gift, and as can readily be seen,
there was an utter lack of appreciation of the use of air in
breatlung  Even van Helmont, who lived mn 1577-1644,
and was 1n a sense an alchemst, still gave credence to the
spints, viz., that the food absorbed from the stomach and
intestine is in the hver endued with natural spints, while in
the heart the naturel spirits are converted into vital apurits,
and in the brain the vital spirits are transformed into animal
spirits.  Later, Malpghi discovered the true structure of
the lungs, and Borellr, in 1680, exposed the erroncous views
then prevalent regarding the purpose of breathing. It is not
true, says Borelli, that the use of breathing is to cool the ex-

1 See Foster's Lectures, p 150.
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cessive heat of the heart or to ventilate the vital flame, but
we must beliéve that this great machinery of the lungs, with
their accompanying blood vessels, is for some grand purpose.
In a long and vigorous argument, he contends that the *air
taken in by breathing is the chief cause of the life of animals,
far more essential than the working of the heart and the cir-
culation of the blood.” He quotes the experiments of Boyle,
who showed 1 1660 “that even 1n a partial vacuum brought
ahout by his air pump, flame was extinguished and life soon
came to an end, the candle went out and the mouse or the
sparrow died.”

At this time, and for long afterwards, the belief was preva-
lent that the air taken up by the blood in the lungs was
the air of the atmosphere 1n its entirety. No one appears to
have thoughs of the possibility of only a part of the air being
used, for at that time there was no suspreion that air wasa
mixture of substances. Mayow, howevel, in 1668, showed
that it was not the whole air which was employed for respira-
tion, but a particular part only. At this time, great attention
was bemng given to a study of nitre or saltpetre; its won-
derful properties in ) were being gnized, and
Mayotw, who was a chemist of repute, claimed that it had its
origin partly mn the amir and partly in the earth. The air
“which surrounds us, and which, since by its tenmty escapes
the sharpness of our eyes, seems to those who think about
it to be an empty space, is impregnated with a certain uni-
versal galt, of a nitro-saline nature, that js to say, with a2
vital, fiery, and 1n the highest degree fermentative spirit,” to
which the name of * jgneo-aersus ” was applied. Nitro was
shown to be composed of a sal fizum or sal alkali, — potash as
it is now called, — and was obviously denrved from the earth,
while the other part of mitre was made up of the spiritus
acidus, or nitric acid. For a time 1t was supposed that the
whole of this spiritus acidus was contained in the atmos-
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phere, but it was soon recognized that this could not be the
case, since nitric acid was found to be a corrosive liqmd, de-
structive to life and quite incapable of supporting combus-
tion. Hence, Mayow concluded that only a part of the acid
exists in the atmospbere, viz., that part which he termed
spiritus nitro-aereus. In combustron, there is something in
the air which is necessary for the burmmng of every flame,
unless perchance igneo-aereal particles should pre-exist in
the thing to be burnt. These igneo-aereal particles form
“the more active and subtle part of air which is thus neces-
sary for combustion, exist 10 mtre and indeed constitute its
* more active and fiery part.” ™ Mayow fully recogmized that
burmng and breathing wmvolved in & measure the same process;
both d 1 the p of the ig 1 parti-
cles present m the air. “If a small amimal and a lighted
candle be shut up 1 the same vessel, the entrance mto which
of air from without be prevented, you will see i a short
time the candle go out, nor will the animal long survive its
funeral torch. Indeed, [says Mayow] I have found by ob-
servation that an animal shut up m a flask together with
2 candle will continue to breathe for not much more than
half the time than it otherwise would, that is, without the
candle.” Bomething contatned 1w the air, necessary uhike
for supporting combustion and for sustaining hfe, passes
from the air into the blood. Mayow expressed his thoughts
in these words: “And indeed 1t 1s very probable that certain
particles of a mitrosaline nature, and those very subtle,
mumble, and of very great fermentative power, are separated
from the air by the aid of the lungs and mtroduced 1nto the
mass of the blood. And so necessary for life of every kind
13 that aereal salt (constituent) that mot even plants can
grow in earth the access of air to which is shut off. But if
that same earth be exposed to air and so forthwith impreg-~
nated with that fecundating salt, it at once becomes fit again
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phere, but it was soon recognized that this could not be the
case, sinee nitric acid was found to be a corrosive liquid, de-
structive to life and quite incapable of supporting combus-
tion. Hence, Mayow concluded that only a part of the acid
exists in the atmosphere, \n ., that part which he termed
apiritus nitro-aereus. In ion, there is hing in
the air which is necessary for the buraing of every ﬂame,
unless perchance igneo-aereal particles should pre-exist in
the thing to be burnt. These igneo-aereal particles form
“the more active and subtle part of air which 15 thus neces-
sary for combustion, exist 1 mtre and tmdeed conshitute its
* more active and fiery part > Mayow fully recognized that
burning and breathing involved in a measure the same process;
both d m the of the 1 1 parti-
cles present in the sir. “If a small ammal and a lighted
candle be shut up m tho same vessel, the entrance into which
of air from without bo pievented, you will see in a short
time the candle go out, nor will the ammal long survive 1ts
funeral torch, Indeed, [says Mayow] I have found by ob-
servation that an animal shut up jn a flask together with
2 candle will continue to breathe for not much more than
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for supporting combustion and for sustamning life, passes
from the air into the blood. Mayow expressed his thonghts
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nated with that fecundating salt, it st once becomes fit again




56 THE NUTRITION OF MAN

for growing.”? Mayow fully appreciated the importance of
his nitro-aereal particles in the processes of life; he had in.
deed a fairly accurate conception of a sound theory of animal
heat; he saw that they were equally necessary for burning,
or bustion, and for resp and so was enabled to
draw o parallelism between the two processes; he pointed
out that they were essential for the ordinary activity of the
muscles of the body, that as muscle work was increased more
particles from the awr were required; indeed, he clearly fore-
saw the need which the body had for these igneo-aereal par-
ticles 1n all the chemical processes of life. And thus was
foreshadowed a conception of oxidation, a hundred years be-
fore Prestley evolved his phlogiston theories and Lavoisier
discovered oxygen.

The discoveries of Lavosier, published in 1789, led to a
clear understanding of combustion as a process of oxidation,
and paved the way for a fuller knowledge of the part played
by the oxygen of the air in the chemical reactions going on in
the ammal body. Lavoisier showed that the oxygen drawn
into the lungs with the air breathed was used m the body for
the oxidation of certamn substances, carbon being transformed
thereby 1nto carbon dioxide, and hydrogen into water. Fur-
ther, he noted that these oxidations were carned forward on
a large scale, and he emphasized the importance of oxygen
as being the true cause of the varied decompositions taking
place in the hving body. The larger the amount of oxygen
inspired, the more extensive the oxidation, and consequently
'the rate of respiration as modifying the intake of oxgyen
served in his opinion as a regulator to control the extent of
the oxidative processes. He pointed out that a definite rela-
tionship existed between the amount of woik dome by the
body and the oxygen consumed; greater muscular activity,

lower T of the g air, the activities at-

1 Quoted from Fonter's Lectures, p 195
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tending the digestive functions, all seemed to be associated
with a greater utilization of oxygen. Omdation was the
pivot around which all the chemical reactions of the body
seemed to centre. Lavoisicr, however, was not a physiolagist,
and he was, quite naturally perhaps, led into some errors.
For example, he considered that the process of combustion
or omidation took place 1n the lungs, certain fluuds rich in
carbon and hydrogen formed in the different organs of the
body being brought there for exposure to the inspired oxy-
gen. Further, his views implied a simple and complete com-
bustion, in which complex substances nch in carbon were
directly and completely oxidized to carbon dioxide and water,
in much the same manner 23 combustion oceurs outside the
body. Agan, he assumed that the amount of oxygen taken
into the lungs determined the extent of oxidation, just as the
use of the bellows, by increasing the draft of air, causes the
fire to burn more brghtly.

To Laebig (1842) the next great advance was due. This
phenomenally clear-minded man, while recognizing at their
full value the fundamental theories advanced by Lavoister,
saw and fully appreciated their incompleteness, and he like-
wise understood their failure to explan many of the phe-
nomenz of life more familiar to the physiological mnd than
to that of a simple chemist like Lavosier  Liebig had made

a special study of the ch 1 position of food: , and

likewsse of the tissnes and organs of the bedy. He had,
, given great to the d position prod

formed n the body, esp Jly the 1 ex-

ereted through the kidneys, as well as the carbon dioxide and
water passed out through the lungs and skin. It was not
strange, therefore, that he should take exceptien to Lavoi-
sier’s view that oxidation 1n the kody consisted i the com-
bustion of o fluid, rich in earbon and hydrogen. which was
brought to the lungs. On the contrary, Liebig contended
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1 Quoted from Foster's Lectures, p 105
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tending the digestive functions, all seemed to be associated
with a greater utlization of oxygen. Oxidation was the
pivot around which all the chemical reactions of the body
seemed to centre. Lavoisier, however, was not a physiologist,
and he was, quite naturally perhaps, led into some errors.
For example, he considered that the process of combustion
or oxidation took place 1n the lungs, certain fluids rich in
carbon and hydrogen formed 1n the different organs of the
body bemng brought there for exposure to the inspired oxy-
gen. Further, his views 1mplied a sumple and complete com-
bustion, in which complex substances nch an carbon were
directly end completely oxidized to carbon dioxide and water,
1n much the same manner as ecombustion occurs outside the
body. Agan, he assumed that the amount of oxygen taken
into the lungs determined the extent of oxidation, just as the
use of the bellows, by increasing the draft of mir, causes the
fire to burn more brightly.

To Laebig (1842) the next great advance was due. This
phenomenally clear-muaded man, while recognizing at their
full value the fundamental theories advanced by Lavoisier,
saw and fully appreerated their incompleteness, and he hike-
wise understood their fauilure to explun many of the phe-
nomena of life more familiar to the physiological mind than
to that of a simple chemist ke Lavoisier.  Liebig had made
a speezal study of the chemcal composition of foodstuffs, and
likewise of the tissnes and organs of the bedy. He had,

, given great to the d position products
formed in the body, especially the f1{ bst: ex-
creted through the kidneys, as well as the carbon dioxide and
water passed out through the lungs and skin. It was not
strange, therefore, that he should take exception to Lavoi.
sier's view that ouidation mn the body consisted in the com-
Lustion of & flmd, rich in earbon and hydrogen, which was
brought to the lungs. On the contrary, Lielng contended
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that it was the organic compounds, proteids, fats, and carbo-
hydrates, that underwent oxidation, and not necessarily in
the lungs, but all over the body, wherever organs and tissues
were active. Especially noteworthy was the view advanced
Ly Lielg, and upheld for many years, that of these three
classes of compounds the proteids alone served for the con-
struction of organized tissues, like muscle, and that in the
activity of tlus tissue, as in muscle contraction or muscle
work, the energy for the work was derved solely from the
breaking down or oxzidation of this organized proteid. On
this ground ho termed the proteid foodstuffs *plastie,” or
tissue-building foods. Iaecbig further pointed out that the
substances of the body have the power of combining with and
holding on to the inspired oxygen, and that fats and carbo-
hydrates, ¢ e., the non-nitrogenous compounds, easily un-
dergo oxidation or combustion, and thereby furnish the heat
of the body. For tlus reason he termed the corresponding
foodstuffs “ respiratory ” foods. Proteids, on the other hand,
according to Liebig's view, are capable of combustion only
in ghight degree. The cause of the decomposition of proteid
substances in the body was to be traced solely to muscle
work, 7. e., the energy of muscle contraction, or muscle work,
was derived from the breaking down of the proteids of the
muscle tissue, and work was the stlmulus which brought
about proteid d position. N

played no part in these reactions; muscle worL was without
influence on these compounds, oxygen being the sole stimulus
which led to their combustion, and heat was the sole product
of the combustion.

If Laebig’s theory is correet, that the proteids of the body
are decomposed only as the result or the accompaniment of
musele work, and the proteids of the food are used up only
s they take the place of the ized proteid so bolized,
it follows that with a like degree of muscular activity a given
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body will always decompose the same amount of proteid. If
excess of proteid food is taken, the surplus will be stored in
the tissues, or, in other words, the excretion of mitrogen will
not be mfluenced by the amount of proteid cousumed 1n the
food. This was the line of argument made use of by vanous
physiologists * who were disposed to cnticise Liebig’s view,
and quite maturally the question was soon made the subject
of many experiments. It will suffice here merely to say that
many concordant results were obtaned, showing that an
abundance of proteid food leads to an increase 1n the excre-
tion of mirogen, muscle activity remaming at a constant
Tevel. Hence, as Vort states, some other ground than muscle
work must be songht as the true cause of proteid katabohsm.
ly, we find this hypothesis of Liebig replaced by
the theory of “luxus 7 * 1n which 1t 1s maintai
that while whatever proteid 1s used up by the work of the
musele must be made good from the proteid of the food, any
excess of proteid absorbed from the intestinal canal 13 to be
considered as “luzus,” and hke the non-mtrogenous foods
may be burned up m the blood, by the oxygen therein, with-
out bemng previously organized Hence, we ses suggested
two causes for the decomposition of proterd 1n the body, viz.,
the work of the muscle and the oxygen of the blood. Fur-
ther, as stated by C. Vait,? the mtrogen excretion of the
hungry or fasting animal affords, according to these views,
» measure of the extent to which tissue prote:d must be
broken down in the maintenance of hfe, and of the amount
of proteid food necessary to be consumed in order to make
good the loss; viz., the mummum proterd requirement,
Agam, since any excess of proteid food beyond this minimal
requirement, according to the theory, 13 destined to be burned

1 See C. Voit. Hermanw's Handbuch der phymalogle des Gesstamt.
Stoffwecheels Band 6, Theil 1, p 200, 1881
% Loc. elt., p 210
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that it was the organic compounds, proteids, fats, and carbo-
hydrates, that underwent oxidation, and not necessarily in
the lungs, but all over the body, wherever organs and tissues
were active. Especially noteworthy was the view advanced
by Lielig, and upheld for many years, that of these three
classes of compounds the proteids alone served for the con-
struction of organized tissues, like muscle, and that in the
activity of thus tissue, as in muscle contraction or muscle
work, the energy for the work was derived solely from the
breaking down or oxidation of this organized proteid. On
this ground he termed the proterd foodstuffs “plastee,” or
tissue-bulding foods. Taelng further pomted out that the
substances of the body have the power of combining with and
holding on to the inspired oxygen, and that fats and carbo-
hydrates, ¢ e., the non-nitrogenous compounds, easily un-
dergo oxidation or combustion, and thereby furnish the heat
of the body. For this reason he fermed the corresponding
foodstuffs “respiratory ” foods. Proteids, on the other hand,
accordmg to Liebig’s view, are capable of combustion only
in shght degree. The cause of the decomposition of proteid
substances in the body was to be traced solely to muscle
work, 4. e , the energy of muscle contraction, or muscle work,
was denved from the breaking down of the proteids of the
muscle tissue, and work was the stimulus which broughb
about proteid d ion. Non

played no part in these reactions; muscle work was without
influence on these compounds, oxygen being the sole stimulus
which led to their combustion, and heat was the sole product
of the combustion.

If Liebig’s theory is correct, that the proteids of the body
are decomposed only as the result or the accompaniment of
muscle work, and the proteids of the food are used up only
as they take the place of the ized proteid so boli:
it follows that with a like degree of muscular activity a given
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diate canse of the decompositions taking place in the organ-
ism, we should expect combustion to oceur in harmony with
the well-known relationship of the three classes of organic
foodstuffs to oxygen. In other words, fats would undergo
b most readily, carbohyd next, and lastly the

or alb ds, In reality, however,

pmteld matter is decomposed m largest quantity; & generous
addition of proteid food 1s always accompanied by an in-
creased consumption of oxygen. Yet oxygen is not the
inciting cause of the proterd decomposition, as is seen from
the faet that in muscle work, where the intake of oxygen is
greatly increased, there 1s no noticeable change in the amount
of proteid material broken down. Plamly, m the body we
have to deal not with a direct oxidation of the complex com-
pounds of the tiswaee ot of the {ood, Luk rather with & gradual
cleavage of these lugher compounds into sumpler substances,
these latter undergoing progressively a still further breaking
down mith intake of oxygen. To repeat, oxygen is not the
cause of the decompositions within the body, but the extent of
the Lreaking down of the tissue or food material is the deter-
mining factor 1n the amount of oxygen taken on and used up.
The products of decomposition contain mare oxygen than the
origmal substances undergoing the breaking dowm process,
which means that oxygen 13 taken from the blood and used
in the physiological combustion that is going on It is not,
however, strictly a combustion pracess; 1t js more compli-
cated and more gradual than ordinary combustion, involving
first of all a scries of what may be termed oxidative cleavages,
in winch large molecules are gradually, step by step, broken
down 1t simpler molecules, snd these latter then oxidized
to still mumpler forms. Hence, wo find the oxidative changes
preceded by a vamety of alterations in which oxygen may
tako no part whatever; such as hydrolytic cleavage, where
the elements of water are taken on a3 a necessary step in the
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up in the blood, or elsewhere, to furnish heat the same as non-
nitrogenous foods, it follows that the excess of proteid food
can be replaced by non-nitrogenous aliment.

Oxidation, however, is the keynote in any explanation of
the processes of metabolism, whether nitrogenous or non-
nitrogenous matter is involved. Both alike undergo oxida-
tion, but 1t is not simple oxidation or combustion that we
have to deal with. In the time of Lavoisier, as already
stated, it was thought that oxygen alone was the cause of
the decomposition going on in the body, but simply increas-
ing the intake of air or oxygen, as in quickened breathing
or deeper inspiration, does not increase correspondingly the
rate of oxidation. In other words, 1t 18 not a direct com-
bination of oxygen with the carbon and hydrogen of the
foodstuffs, or tissue elements, that takes place in the body,
but rather a gradual, progressive decomposition of complex
organtc compounds into simpler products; made possible,
however, by the agency of the oxygen carried from the lungs
by the circulating blood. Tt was demonstrated years ago that
animals breathing pure oxygen do not consume any more of
the gas than when breathing ordinary air, and likewise no
more carbon dioxide 15 produced in the ome case than in
the other. Fifty years ago, Lielig and other physiologists
showed that frogs® musele placed in an atmosphere free of
oxygen could be made to contract or do work for some
considerable time, and with lhberation of heat. This fact
imphes a breakmg down of muscle substance info simpler
bodies, but there 1s here no free oxygen to act as the nciting
cause; indeed, what actually cccurs is a cleavage or sphtting
up of substances in the muscle tissue, but at the expense of
oxygen in some form of combination in the muscle. This
oxygen must have been taken from the blood at some pre-
vious time and stored in the tissue for future use. Again,
as C. Voit has expressed it, 1f oxygen were really the imme-



ABSORPTION, ASSIMILATION, METABOLISM 61

diate cause of the decompositions taking place in the organ-
ism, we should expect combustion to occur in harmony with
the well-known relationship of the three classes of organic
foodstuffs to oxygen, In other words, fats would undergo
combustion most readlly, carbohydrabes next, and lastly the
t us or alb ds. In reality, however,
proterd matter is decomposed in la.rgest quantity; a generous
addition of proteid food is always accompamed by an in-
creased consumption of oxygen. Yet oxygen is not the
1nciting cause of the proteid decorposition, as 1s seen from
the fact that in muscle work, where the intake of oxygen is
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of proteid material broken down. Planly, i the body we
bave to deal not With a direct oxidation of the complex com-
pounds of the tissues or of the food, but rather with a gradual
eleavage of these higher comp ds 1nto simpler subst.
these latter undergoing progressively & stall further breaking
down with intake of oxygen. To repeat, oxygen is not the
cause of the decompositions within the body, but the extent of
the breaking down of the tissue or food material is the deter-
mmming factor 1 the amount of oxygen taken on and used up
The products of decomposition econtamn more oxygen than the
origial substances undergoing the breaking down process,
which means that oxygen 13 taken from the blood and used
in the physiological combustion that 1s going on. It is not,
however, strictly a combustion process, 1t is more comph-
cated and more gradual than ordinary combustion, mvolving
first of all a series of what may be termed oxidative cleavages,
m which large molecules are gradually, step by step, broken
down 1nto simpler molecules, and these latter then oxidized
to still mmpler forms. Hence, we find the oxidative changes
preceded by a varety of alterations in which oxyges may
take no part whatever; such as hydrolytic cleavage, where
the elements of water are taken on as & necessary step sa the
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up in the blood, or elsewhere, to furnish heat the same as non-
nitrogenous foods, it follows that the excess of proteid food
can be replaced by non-nitrogenous aliment.

Oxidation, however, is the keynote in any explanation of
the p of ol whether nitrog; or non-
nitrogenous matter 13 involved, Both alike undergo oxida-
tion, but it 18 not simple oxidation or combustion that we
have to deal with. In the time of Lavoisier, as already
stated, it was thought that oxygen alone was the cause of °
the decomposition going on in the body, but simply increas-
ing the intake of air or oxygen, as in guickened bieathing
or deeper inspiration, does not increase correspondingly the
rate of oxidation. In other words, it 1 not a direct com-
bination of oxygen with the carbon and hydrogen of the
foodstuffs, or tissue elements, that takes place in the body,
but rather a gradual, progressive decomposition of complex
organic compounds nto simpler products; made possible,
however, by the agency of the oxygen carried from the lungs
by the circulating blood. It was demonstrated years ago that
animals breathing pure oxygen do not copsume any more of
the gas than when breathing ordinary air, and likewise no
more carbon dioxide is produced in the one case than in
the other. Tifty years age, Liebig and other physiologists
showed that frogs’ musele placed in an atmosphere free of
oxygen could be made to contract or do work for some
considerable time, and with liberation of heat. This fact
implies a breaking down of muscle substance into simpler
bodies, but there is here no free oxygen to act as the inciting
cause; indeed, what actually occurs 1s u cleavage or sphtting
up of substances in the muscle tissue, but at the expense of
oxygen in some form of combination 1n the muscle. This
oxygen must have been taken from the blood at some pre-
vious time and stored in the tissue for future use. Again,
as C. Voit has expressed it, if oxygen were really the imme-
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oxidation and all the other nutritional changes coincident to
Iife take place. Muscle tissue and nerve tissue, the Jarge
secreting glands, such as the liver, stomach, and pancreas,
all are the seat of oxidative and other changes which we
class under the broad term of nutritional. To these cells,
therefore, we must look for an explanation of the causes of
oxidation, and the other transformations of a kindred nature
that take place in the body.

In our brief survey of digestion, and of the methods there
followed for the proper utilization of the organie foodstuffs,
it was seen that the unorgamized ferments or enzymes are the
active agents in accumphshmg the breaking down of proteids,
and the less prof ion of fats and carbohyd
Is it not pussxble that the tissues of the body are Likewise
supplied with-enzymes of various types, and that upon these
powerful agents rests the responsibuiity for the -different
kinds of decomposition, oxidation and other changes, that
take place in the body? Some years ago much interest was
aroused by the observation that certain glands in the body,
if simply warmed at body temperature with water, in the
presence of some germicidal agent sufficient to prevent putre.
factive changes, underwent what 18 now termed autodigestion,
1. e., 2 process of self-digestion, with formation of various
products, notably such as would naturally result from the
breaking down of protexd material by ordinary proteolytic
enzymes. This would seem to imply the presence in the
glands of a proteid-sphitting enzyme, the products formed
being proteoses, peptones, ammo-acids, etc., justsuch products
23 result from the action of trypsin. To-day, we know that
practically all tissues and organs can, under switable condi-
tions, undergo autolys:s, and in many mnstances the enzymes

themselves can be separated from the tissues by appropriate
treatment Laver, muscle, lymph glands, spleen, kidneys,
lungs, thymus, etc., all contun what are very appropnately
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cleavage process; dissociation of a simple sort, as when a
large molecule breaks up directly into smaller molecules, ete.

These statements by no means detract from the importance
of oxygen in the katabolie processes of the body, but it is
physiological oxidation that we have to do with, and not
simple combustion. Oxygen is not the direct cause of the
transformations taking place in the body. As one looks
over the history of progress in our knowledge of nutrition
from the time of Lavoisier to the present, it is easy to note
the gradual change of view regarding oxidation in the living
orgamsm. Step by step, it has been demonstrated that there
are many factors involved in this breaking down of complex
substances; that while oxygen is an ever present require-
ment, there are other equally important factors to be taken
4mto account. The contrast between the older views and
those now current is clearly shown by the difference in atti-
tude regarding the place in the body where oxidation oceurs.
Thus, m the earlier days, when the view was gradually gain-
ing ground that nutritional changes were mainly the result
of oxidation, and that the oxygen drawn into the lungs in
inspiration was a primary factor, then, as we have seen, the
lungs were considered as the laboratory where the transforma-
tion takes place. This view, however, was soon exploded,
and next we find the blood, the lymph, and other fluids, but
especially the blood, looked on as the locality where oxidation
occurs. This was indeed quite a natural view to hold, since
the blood is the carrer of oxygen, but we now know, 1n har-
mony with the fact that the breaking down of complex food
matena) is a complicated process, involving vamouns kinds of
chemical change, that these kataholic processes are not located
in any one place, but oceur all over the body wherever there
are active tissues. As has been previously stated, the human
body is a “mnation ™ of cells, all of which are more or less
active, and it is i these mimature laboratories mainly that
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oxidation and all the other nutritional changes coincident to
life take place. Muscle tissue and merve tissue, the large
secreting glands, such as the liver, stomach, and pancreas,
all are the seat of oxidative and other changes which we
class under the broad term of putntional. To these cells,
therefore, we must look for an explanation of the causes of
oxidation, and the other transformations of a kindred nature
that take place in the body.

In our brief survey of digestion, and of the methods there
followed for the proper utilization of the orgame foodstuffs,
it was seen that the unorganized ferments or enzymes are the
active agents jn accomplishing the breaking down of protexds,
and the less profound al ion of fats and carbohyd.
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take place 1n the body? Some years ago much interest was
aroused by the observation that certan glands in the body,
if simply warmed at body temperature with water, in the
presence of some germicidal agent sufficient to prevent putre-
factive changes, underwent what 18 now termed autodigestion,
i. ¢, a process of self-igestion, with formation of various
products, notably such as would naturally result from the
breaking down of proteid material by ordmary proteolytic
enzymes. This would seem to imply the presence in the
glands of a proteid-sphtting enzyme, the products formed
being proteoses, peptones, amino-acads, ete., just such products
28 result from the action of trypsin. To-day, we know that
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cleavage process; dissociation of a simple sort, as when a
large molecule breaks up directly into smaller molecules, ete.
These statements by no means detract from the importance
of oxygen in the katabolic processes of the body, but it is
physiological oxidation that we have to do with, and not
simple combustion. Oxygen is not the direct cause of the
transformations taking place in the body. As one looks
over the history of progress in our knowledge of nutrition
from the time of Lavoisier to the present, it is easy to note
the gradual change of view regarding oxidation in the living
orgamism.  Step by step, 1t has been demonstrated that there
are many factors mvolved in this breaking down of complex
substances; that while oxygen is an ever present require-
ment, there are other equally important factors to be taken
-mto account. The contrass between the older views and
those now current 13 clearly shown by the difference in atti-
tude regarding the place in the hody where oxidation occurs.
Thus, in the earlter days, when the view was gradually gain-
ing ground that nutritional changes were mamly the result
of oxidation, and that the oxygen drawn into the lungs n
inspiration was a primary factor, then, as we have seen, the
lungs were considered as the laboratory where the transforma-
tion takes place. This view, however, was soon exploded,
and next we find the blood, the lymph, and other fluids, but
especially the blood, looked on as the locahity where oxidation
oceurs. 'This was indeed quite a natural view to hold, since
the blood is the carrier of oxygen, but we now know, in har-
mony with the fact that the breaking down of complex food
material is a complicated process, involving various kinds of
chemical change, that these katabolic processes are not located
in any one place, but occur all over the body wherever there
are active tissues. As has heen previously stated, the human
body is a “nation ™ of cells, all of which are more or less
active, and it is in these miniature laboratories manly that
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spleen, salivary glands, lungs, brain, kidneys, ete., and they
may well be considered as important agents in the chemical
transformations going on in the tissues of the body. It would
take us too far afield to enter into a detailed consideration of
these intracellular enzymes; it must suffice to emphasuze the
general fact thatin all the tissues and organs of the body there
are present a large number of enzymes of different types, en-
dowed with different lines of activity, and consequently capa-
ble of accomplishing a great vanety of results 1n metabolism.
Oxidation may still be a dominant feature 1n nutrition, oxida-
tive changes may characterize more or less every tissue and
Lorgan in the body, but the processes are subtle and are not to
be defined in harmony with simple chemical or physical laws.
The Living cell, with 1ts mtracellular enzymes, 13 the gmding
and controlling power by which the processes of katabolism are
regulated 1n harmony with the needs of the body. Complex
organte xoatter is broken down step by step m the various
tissues, with gradual lberation of the contained enmergy;
processes of hydrolytic cleavage alternate with processes of
oxadation, the molecules acted upon growing smaller with
each downward step, until at last the final end-prodacts are
reached, viz., carbon dioxide, water, and urea, which the
body eliminates through various chanrels as true physio.
logical waste-products,

It will be advisable for us to consider briefly some of these
intermediary products of tissue metabolism, since 1n any dis-
cussion of nutntive changes 1t 18 qulte essential to have some

i ding of the ch 1 hip existing between
the vanous. products which result from the breaking down
of proteid and other materals 1n tissue katabohsm. This is
especially true of proterd matemal, since 1 the gradual d -

ion of this sul n tissue bolism many i
termediary bodes are formed, which nndoubtedly exercise
some physiological influence prior to thewr transformation
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called intracellular enzymes. These enzymes are of various
kinds. Especially conspicuous are the hydrolytic, proteid-
splitting enzymes, which behave in a manner quite similar
to, if not identrcal with, that of the digestive enzymes of
the gastro-intestinal tract, . e., pepsin, trypsin, and erepsin,
Further, there are other hydrolytic cleavages taking place in
tissue cells, such as the cleavage of fats, due as we now know
to intracellular enzymes of the lipase type, and by which
neutral fats are spht apart into glycern and fatty acid.
Again, there are in many organs intracellular enzymes which
act upon the complex nucleoproteids of the tissue, causing
them to break apart into proteid and nucleic acid, the latter
being further broken down by other enzymes with liberation
of the contamed nuclemn or purin bases. Many other chem-
ienl reactions are brought about by speeific enzymes of various
kinds, present in the cells of particular glandular organs.
Thus, wtracellular enzymes have been found, as in the liver,
which are able to transform amine-acids into amides, and still
others capable of sphiting up amides.

Equally important, and even more suggestive, are the data
which have been collected recently regarding oxidative proc-
esses 1 the tissues of the body. Specific ferments, known
as oxidases, are found widely distributed in many ergans and
tissues, and 1t 13 difficult to escape the conclusion that as m-
tracellular enzymes they have an important part to play in
some, at least, of the transformations characteristic of tissue
katabolism.!  As a single example, mention may be made of
aldehydase, which accomplishes the oxidation of substances
having the structure of aldehydes into corresponding acids.
Ferments or enzymes of this class are found in the liver,

1 See M Jacoby* Ueber die Bedentung der intracellularen Fermenta fur die
Physiologie und Pat! , Lrster Jahrgang,
1, Abtheilang, p 230
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Native Proteid

Protopiotese  Hatwop : Primary
D “ D p + Becondary p
Pep'!one I’epltone
Amino-acids Amino-acids

Among these end-products, or amino-acids, are leucin,
tyrosin, aspartic acid, glutaminic acd, glycocoll, srginin,
Iysin, histidin, and Jikewise the peculiar aromatic body tryp-
tophan. The chemical make-up of these sul may be
mdicated by the following structural formulz, which, if even
only partially understood, will suggest to the non-chemtcal
mind some idea of close chemical relationship:

¢, ¢ CH (NI COOH CH (NH,) COOH
*\CH, — COOH H, — COOH
Glutamine acid Aspartic acid
?H’ —NE, OHay 01— CH,—CH (NH,)—COOH
CooH cH,” * 28
Glyeocoll Leuncin
OH
[3: K4
CH, — CH (NH,) COOH
Tyrosin ¢ CH,: CH: (WH,)* COOH
CH, CH
N4
NA

Tryptophan
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into simpler bodies, with ultimate formation of the final
product, urea. As has been pointed out so many times, the
proteid foods are peculiar in that they alone contain the nec-
essary nitrogen, and in the peculiar form able to meet the
physiological requirements of the body. Variations in the
proteid intake are of necessity accompanied by variations in
the formation of nitrogenous intermediary products, and both
quality and quantity of these substances must be given due
attention in any study of nutrition. Further, it is only by
an understanding of the general or ground structure of pro-
teids that we can hope to attain knowledge of the processes
going on in the different tissues and organs in connection
with metabolism, while a true appreciation of the chemical
peculiarities of the individual proteids will help to explain the
different nutritional value of vegetable as contrasted with
animal proteids.

Our understanding of the chemcal structure of any or-
ganic substance is based primarily upon a study of the de-
composition products which result from its breaking down,
under the mfluence of various chemical agencies. Simple
proteid substances when acted upon by pancreatic juce re-
inforced by the enzyme erepsin, or when boiled with dilute
acids, undergo hydrolytic cleavage with ultimate formation of
a large number of relatively simple bodies, mostly amino-
acids, the chemical structure of which throws some light
upon the nature of the proteid. Thus, in the pancreatic
digestion of proteid in the intestine we may adopt the fol-
lowmg scheme as showing in a general way the progressive

that occurs, und ding at the same time
that hke transf i may be ished by corre-
sponding intracellular enzymes in the tissues and organs of
the body; and further, that by the long-continued action of
hydrolytic agents there is a complete breaking down into
amino-acids and other simple products.
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Native Proteid

P + Primary p
petero Dettarhg : Socondazy pro
Pepeone Pep‘tons
Amino-acids Amino-acids

Among these end-prodncts, or amino-acids, are leucin,
tyrosin, aspartic acid, glutaminie acid, glycocoll, srgmin,
lysin, histidin, and likewise the peculiar aromatic body tryp-
tophan. The chemical make-up of these sul may be
indicated by the following ] formulz, which, if even
only partially understood, will suggest to the non-chemical
mind some idea of close chermecal relationship:

ci1,¢ O (E) COOH CH (NH,) COOH
*NCH, — COOR H, — COOH
Glutaminie acd Aspartic acid
CH, — NH, oH,
CH—CH,—CH (NH,)— CO0H
COOH CH,” o CH )
Glyeocoll Leucin
OH
1514
CH, — CH (NH,) COOH
Tyrosin € CH,* CH: (NH,)' COOH
7N\
o, CH
N7
NH

Tryptophan
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CH, — NH\ P CH,— NH, CH—Ng
1, Ng/C N g NH/ CHu
H, da,

: 4 6

CH - NI, H, H — NH,

éOOH éﬂ - NH, é}OOH

J}OOH

Arginin Histidin
Lysin

In these various d position prod there is app

certain defimte lines of resemblance, on which is based one
or more suggestions regarding possible ways in which these
chemucal groups are linked, or bound together, in the proteid
molecule. Thus, there is apparently present s complex or
nucleus which may be indicated as

]
HC—-NH-—-CO— also }40 —NH—-C (NH) —
| I

The proterd molecule is presumably built up of amino-
acids varionsly jomned together, this synthesis being sccom-
plished, doubtless, by the condensation of different types of
amino-acids, in which the first of the above groups represents
the more common method of union. We may indeed conjec-
ture that such methods of condensation take place in the
human body, in the epithelial cells of the intestine, and in the
tissues in general; and that by such methods, construction of
proteid is accomplished out of the various fragments split off
Ly digestion, ete. In a tentative way, the principle may be
illustrated by the fusion of leucin and glutaminic acid, — fol-
lowing Hofmeister’s suggestion, — in which a still larger
complex is formed:
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—co- NH — Gl ~ €0 — NH — Off — 60— NH ~

CH, {CH),
€O 0H
Leucin Glutamime acid

In this way, step by step, the proteid molecule 13 built up,
and naturally m katabobsm the proteid breaks down along
certain definite lmes of cleavage, with formation of katabolic
products containing those groups, or chemical nuclei, which
characterize the different proteid molecules For it 1s to be
clearly understood that there are many different forms of
proterd, perhaps superfielally alike, but possessed of physio-
logical indiiduality. This 19 well illustrated by the two
primary proteoses formed in digestion. As will be recalled,
there are at first two p prod P and
)i These are, si ially nt least, not radi-
cally unhke, they possess essentially the same percentage
composition, but when broken down by vigerous chemical
methods they show a totally different make-up. In other
words, at the very beginmng of digestion there 18 a sphtting
up of the proteid mto two parts, which have quite a different
chemcal structure, as 1s clearly indicated by the difference in
the character and amount of the decomposition products
yielded by hydrolytic cleavage. Thus, hetervalbumose as
denived from blood-fibrin contains 89 per cent of its total
nitrogen 1n basie form, . e., 1 a form which goes over into
the basic bodies, argimn, lysin, and histidin, etc. On the
other hand, protoalbumose from the same soerce yields hardly
25 per cent of basie mitrogen  Further, heteroalbumose yields
only a very small amount of tyrosim, while protoalbumose
gives on decomposition a large amount of this substance,
Again, hetercalbumose furmishes a large yield of leucin
and glycocoll, while protoalb gives no gly 1 and
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CH, — NH ooy, SR NE CH — N
dn, wuo® ¥ (g, — /O
da, dn, H,
H . NH, H, i~ ¥m,
doom dn—xm, 00H
001
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Lysin
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nucleus which may be indicated as
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acids variously joined together, this synthesis being accom-
plished, doubtless, by the condensation of different types of
amino-acids, 1n which the first of the above groups represents
tho more common miethod of union. We may indeed conjec-
ture that such methods of condensation take place in the
human body, in the epithelial cells of the intestine, and in the
tissues 1n general; end that by such methods, construction of
proteid is nccomplished out of the various fragments split off
by digestion, ete. In a tentative way, the principle may be
illustrated by the fusion of leucin and glutaminic acid, — fol-
lowing Hofmeister's suggestion, —in which a still lerger
complex is formed:
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—C0- NH—~CH—CO—-NH—-CH—CO- NH—

C,H, (CHy),
CO-OH
Leucin Glutamime acid

In this way, step by step, the proteid moleeule is built up,
and naturally m katabolism the proteid breaks down along
certain defimte lines of cleavage, with formation of katabolic
producrs contawning those groups, or chemical nuclei, which

the duff protexd molecul Forat 1s to be
clearly understood that there are many different forms of
proteid, perbaps superficially alike, but possessed of physio-
logical mndividuahty This 13 well illustrated by the two
primary proteoses formed 1n digestion. As will be recalled,
there are at first two p i and
heteroproteose. These are, superﬁcmlly at. least, not rad:-
cally unlke; they possess essentially the same percentage
composition, but when broken down by vigorous chemical
methods they show a totally different make-up. In other
words, at the very beginniog of digestion there 18 a splithng
up of the proteid mto two parts, which have quite a different
chemical structure, as s clearly indicated by the difference in
the character and amount of the decomposition products
yielded by hydrolytic cleavage Thus, heteroalbumose as
dentved from blood-fibrin contamns 89 per cent of its total
nitrogen in basic form, 1. e., in a form which goes over into
the basic bodies, arginin, lysiz, and histidin, ete. On the
other hand, protoalbumose from the same soerce yields hardly
25 per eent of basic nitrogen. Further, heteroalbumose yields
only a very small amount of tyrosm, while protoalbumose
gives on decomposition a large amount of this substance.
Again, heteroalbumose furnishes a large yield of lencin
and glycoeoll, while protoalbumese gives no glycocoll and
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CH,— NH. CH,— NH CH—N.
N * * N\
¢ —NH, >a
H, NHZ ' CH & g OB
1, dfl, H,
éH - NH, H, 6}1 — NH,
AOOH JHI — NH, éOOH
doon
Arginin Histidin
Lysin
In these various d position prod there is

certain definite lines of resemblance, on which is based one
or wore suggestions regarding possible ways in which these
chemical groups are linked, or bound together, in the proteid
molecule. Thus, thers is apparently present a complex or
nuclens which may be indicated as

H:C—NH—CO—- also }flc-—NH—C(NH)—

The proteid molecule is presumably built up of amino-
seids variously joined together, this synthesis being accom-
plished, doubtless, by the condensation of different types of
amno-acids, m which the first of the above groups represents
the more common method of union. We may indeed conjec-
ture that such methods of condensation take place in the
human body, in the epithelial cells of the intestine, and in the
tissnes mm general; and that by such methods, construetion of
proteid is sccomplished out of the various fragments split off
by digestion, ete. In & tentative way, the principle may be
illustrated by the fusion of leucin and glutaminic acid, — fol-
lowing Hofmeister’s suggestton, —in which a still larger
complex is formed:
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—C0- NH~CH—CO—~NH—CH~CO.. NH~—

CH, (CHy).
C0-OH
Leucin Glutaminic acd

Tn this way, step by step, the proteid molecule 13 built up,
and naturally in katabolism the proterd breaks down along
certam definite lines of cleavage, with formation of katabolic
products contaimng those groups, or chemical nuclei, which
characterize the different proteid molecules For 1t is to be
clearly understood that there are many different forms of
protexd, perhaps superficizlly alike, but possessed of physio-
logical mdmduality This is well illustrated by the two
primary proteoses formed 1 dlgestmn As will be recalled,
there are at first two p P and
heteroproteose. These are, superﬁcmlly at least, not radi-
cally unhke; they possess essentially the same percentage
composition, but when broken down by wigorous chemical
methods they show a totally different make-up, In other
words, at the very beginning of digestion there is a sphtting
up of the proteid into two parts, which have quite a diferent
chemzeal structure, as 13 clearly indicated by the difference in
the character and amount of the decomposition products
yielded by hydrolytie cleavage. Thus, hetercalbumose as
derived from blond-fibrin contains 89 per cent of 1ts total
nitrogen 1n basic form, 1. e., mn a form which goes over into
the base bodies, argmun, lysin, and histidin, ete. On the
other hand, protoalbumose from the same soeree yields hardly
25 per cent of basic mitrogen.  Further, heteroalbumose yields
only a very small amount of tyrosin, while protoalburose
gives on decomposition & large amount of this substance,
Again, heteroalbumose furnishes a large yield of leucin
and glycocoll, while p b gives no

gly and
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only a lttle leucin. Obviously, these two proteoses have
an inper structure quite drvergent one from the other, and
owing to this fact they must play a quite different role in
metabolism.

Even greater differences in inner chemical structure sre
found among native proteids By way of illustration, we
may take egg-albumin, the casein of cow’s milk, gliadin of
wheat, and the edestin of hemp seed. These are all typieal
protends; they are all useful as food, but they are radically
different in their inner chemical structure, as is clearly in-
dicated by the following data,® which show the percentage
yield of the different amino-acids and ammonia:

Leucin, | Tyromn |, G108 | arpinin, | Lyun, | Histidtn. | Ammonta

Egg-alburna 61 11 90 PR Y e 18
Cssemn .. 105 45 107 48 | 58 26 19
Ghadin . . 57 12 878 32 0 06 51

Edestn . . 199 27 140 142 16 22 23

These are not mere technical differences, but they repre-
sent divergences of structure wlich cannot help counting as
materral factors m nutritional processes. Especrally notice-
able is the large yield of glutamwnic acid from wheat proteid,
as contrasted with the proteid (casein) of animal origin. Asa
rule, glutaminic acid forms = larger proportion of the decom-
position products of vegetable than of antmal proteids. Simi-~
larly, arginin is present in much larger proportion in most
vegetable proteids than in most animal ,proteids. While
many other data more or less trustworthy might be added,
these figures will suffice to emphasize the mamn point under
discussion, viz., that individual proteids show marked varia-

3 These datn were furmehed the writee by Dr Thomas B Osborne, and
represeat in large measure the resulls of las own ehemucal work.
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tion in the amount of the several amino-acids which serve as
corner-stones or nuelei in the building up of the molecule,
and consequently they must yeld correspondingly different
katabolic products when serving the body as food.
Turning now to apother phase of tissue metabolism, we
may consider briefly the nucleop ds and ther cl t
istic decompos:tion products; bodies which are widely dis-
tnibuted as cleavage products formed in the disintegration of
most cell protoplasm, and having special interest in nutri-
tion because of their chemical relationship to that well-known
substance, uric ac:d. Nucleoproteids of some type are found
1 all cells; consequently they are present in all fissues, in
all glandular organs, 2nd their wadespread distnbution con-
stitutes evidence of their great physiological importance.
Nucleoproterds are compound substances mude up of some
form of proteid and nucleic acid By sumple hydrolysis with
dilute mineral acids they are broken down imto proteid,
phosphone acid, and ene or more bodies known as nuelemn
bases. Of these latter substances, there are four well-defined
bodies, viz., adenm, hypoxanthin, guamn, and xanthin, which
from their peculiar chemical constitution are known as ¢ punn
bases 7 In the body, there 1s present m many cells a peculiar
intracellular enzyme termed nuclease, which has the power
of liberating these purin bases from their combination as a
component part of tissue nucleoproteids, or of the d
nucleic acid. In autolysis or self-digestion of many glands,
such as the spleen, thymus, ete., this chemical reaction is
easily induced by action of the contained nuelease. Further,
the hiberated punin bases then undergo change because of
the presence of certain deamudizing enzymes, and as a result
guanmn is transformed into xanthin, and adenin 18 converted
into hypoxanthin. These ferments are true intracellular
enzymes, and are termed respectively guanase and adenuse,
The real essencs of the reaction they accomplish 1s clearly in-




70 THE NUTRITION OF MAN

only a Dhttle leucin. Obviously, these two proteoses have
an 1nner structure quite divergent one from the other, and
owing to this fact they must play a quite different role
metabolism.

Even greater differences in inner chemical structure are
found among native proteids. By way of illustration, we
may take egg-albumin, the casein of cow’s milk, gliadin of
wheat, and the edestin of hemp seed. These are all typical
proteids; they are all useful as food, but they are radically
different in their inner chemical structure, as is clearly in-
dicated by the following data,! which show the percentage
yield of the different amino-acids and ammonia:

!uucm. Tyrosta | St | Arginin ( Lysin, | Histdia. | Ammonta

Eggatbumn | 61 | 11 90 | .. ..o ] ) 18
Casem . .| 105 | 45 | Io7 48 | 58 | 26 19
Gadi . . 57| 12 | s13 s2 | o | o6 51

Edestn . 199 27 140 142 16 22 28

These are not mere technical differences, but they repre-
sent divergences of structure which cannot help counting as
material factors in nutntional processes Especially notice-
able is the large yield of glutaminic acid from wheat proteid,
as contrasted with the proteid (casein) of animal origin. Asa
rule, glutaminic acid forms a larger proportion of the decom-
position products of vegetable than of animal proterds. Simi-
larly, argimn js present in much larger proportion in most
vegetable proteids than in most animal ,proteids. While
many other data more or less trustworthy might be added,
these figures will suffice to emphasize the main point under
discussion, viz., that individual proteids show marked varia-

1 These data were furnished the writer by Dr Thomas B Osboroe, and
represent in large measure the results of Lis own chemical work
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tion in the amount of the several amino-acids which serve as
corner-stones or nuclei in the bumlding up of the malecule,
and consequently they must yield correspondingly different
katabolic products when serving the body as food.
Turning now to another phase of tissue metabolism, wo
may consider briefly the nucleoproteids and their character-
istic decomposition products, bodies whick are widely dis-
tributed as cleavage products formed 1n the disintegration of
most cell protoplasm, and having special interest in nutri-
tion because of their chemical relationship to that well-known
sulstance, unic acid. Nucleoproteids of some type are found
1 all cells, consequently they are presentin all tissucs, 1o
all glandular organs, and their widespread distnbution con-
stitutes evidence of their great physiological 1mportance,
Nuel ds are made up of some
form of proteid and nuclem acld. By mmple hiydrolyms with
dilute mineral acids they are broken down mto proteid,
phosphornc acid, and one or more bodies known as nuclen
bases. Of these latter substances, theie are four well-defined
bodies, viz., adenin, hypoxanthin, guanin, and xanthin, which
from their peculiar chemical constitution are known as “ punin
bases ” In the body, there 1s present in many cells a peculiar
intracellular enzyme termed nuclease, which bhas the power
of liberating these purin bases from theirr combination as a
p part of tissue nucl ds, or of the d
nucleic acrd.  In autolysis or self-digestion of many glands,
such as the spleen, thymms, etc., this chemical reaction 13
easily induced by action of the contained nuclease. Further,
the liberated purin bases then undergo change because of
the presence of certun deamidizing enzymes, and as a result
guanin is transformed into xanthin, and adenin is converted
mto hyp hi; These f are true i 1
enzymes, and are termed respectively guanate and adenase,
The real essenice of the reaction they accomplish is elearly in. - «
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dicated by the following formule, which likewise show the
chemical nature and relationship of the four substances:

HN -~ CO HN —CO
H,N - E} (‘)—N 1IN +H,0 = O  C-NH -+ NH,
—Nycn Hll}—g—Nﬁcn
Guamn Xanthin
N=C-XNH, HN —CO
ul J:—NH\ +10= mb (!—NH\ +NH,
Ll _yocH ¥ _l_xz™
Agdenin Hypoxanthin

These two enzymes ore typical hydrolyzing enzymes, but
it is to be noted that there is not only a taking on of water
with a retention of the oxygen, but there is also a giving off
of ammona, by which the transformation is made possible.
Adenin 1s known as an amino-purin and guanin as an amino-
oxypurin, while hypoxanthin is an oxypuiin and xenthin a
dioxypurin. In other words, the two intracellular enzymes
are able to transform the two amino-purins into the corre-
sponding oxypurins; 4. ¢., the enzymes are deamidizing fer-
ments, liberating the NH, group of the adenin and guanin
and thus forming two new compounds. These reactions,
though more or less technical, are emphasized in this way not
merely because they illustrate the action of intracellular
enzymes in intermediary metabolism, thus affording a striking
example of the gradual changes that take place in ordinary
Latabolic processes, but especially because they throw hght
upon the prod of another 1 body
metabolism, viz., uric acid. It has long been known that

1 id: leins, and other p ini
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these purin radicles, when taken as food, cause at once an
increased output of uric acid, and 1t has been clearly recog-
nized that 1 some way this latter substance, as a product of
metabolism, must come from the transformation of nuclein
bases. To-day, we understand that in many tissues, as in the
Tiver, spleen, lungs, and muscle, there is present a peculiar
oxidizing ferment, an oxidase, by the action of which hypo-
xanthin can be converted into xanthin, and the latter directly
oxidized toune acd.  This conversion into uric acid iy purely
a process of oxidation, brought about by a typical intracellular
oxidase, known specifically as “xanthin oxidase,” the reaction
mvolved being as follows:

HN — O HN — 0
do boxm +0= bo boxm
] ScH ol >C0
HN—¢-~XN 7 HN ~ —NH
Xanthin Urie acid

From these several reactions, it 13 clear how various in-
tracellular enzymes working one after the other are able
gradually to evolve uric aeid from tissue nucleoproteids.
Further, 1t 13 to be noted that there is another tissue oxidase
— contained principally 1n the kidneys, muscle, and liver —
which has the power of oxidizing and thus destroymg urie
acid, with formation, among other substances, of urea. Re-
membering that urea has the following chemreal constitution

, NH,
Cc=0
\NH,

it is easy to see, by comparison of the formule, how uric acid
might easily yield two molecules of urea through simple
oxidation. In this way, excess of une acid produced in the
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dieated by the following formule, which likewise show the
chemical nature and relationship of the four substances:

HN - Co AN - CO
HN-C  C-NH\ +H0= CO O-NH{ _ +XNH,

A_b_wo®H ult b _x7
Guanin Xanthin
N=C-NH, HN —CO
nt (I,—NH\ S N
_ 1!} N 2 CH I‘SI lI //CH
Adenm Hypoxanthin

These two enzymes are typical hydrolyzing enzymes, but
it is to be noted that there is not only 2 taking on of water
with a retention of the oxygen, but there is also a giving off
of ammonia, by which the i ion 13 made possibl
Adenn is known as an anino-purin and guanin as an amino-
oxypurin, while hypoxanthin 1s an oxypuiin and xanthin a
dioxypunin.  In other words, the two intracellular enzymes
are able to transform the two amino-punns into the corre-
sponding oxypurins; ¢ e., the enzymes are deamidizing fer-
ments, liberating the NH; group of the adenin and guanin
and thus forming two new compounds. These reactions,
though more or less technical, are emphasized in thrs way not
merely because they illustrate the action of mtracellular
enzymes in intermediary metabolism, thus affording a striking
example of the gradual changes that take place m ordinary

but especially because they throw light
upon the pmduutmn of another substance common in body
membohsm, vxz ., uric acid. It has long been known thut

el and other p g
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cepting that the group NH replaces the oxygen of urea
These simple statements will suffice for our present purpose,
viz , to mdicate the more or less close chemucal relationships
existing between many of these mitrogenous decomposition
products resulting from proteid katabolism; also to suggest
how by shght chemcal alterahion one decomposition product
may be tesolved into another related substance in the proc-

esses of katabol Our ption of the p in-
volved in proterd katabolism 1s that of a series ot progressive
1 d in which 1ntracellular enzymes play

the all-lmport;mt part The intermediary products formed
are definite bodies because of the specific nature of the active
enzymes, and, secondly, because of the chemical nature of
the substances acted upon. In other words, oxidation in
the ammal body takes the shape of a series of well-defined
chemical reactions, 1n which chemical constitution and specific
enzyme action are the predetermming cause. In the absence
of the particular chemical groups, the oxidase 18 unable to
bring about oxidation, or, given the proper compound or
mother substance in the absence of the speific oxidase, there
is no oxidation  Hence, oxidation 1n the amimal body is not
the result of sxmple combustion, but, on the contrary, it con-
sists of a semes of orderly chemical processes, each one of
which 13 presided over by an intracellular enyzme, specific in
ats nature, 1n that 1t 1s capable of acting only upon substances
having a certain defimite i and leading bly
to o certain defimte result 'The processes which years ago
were considered as due to the peculiar vital properties of the
tissue cells, and which were supposed to bo entirely de-
pendent upon their morphological and functional integrity,
are now seen to bo due prumanly to a great variety of
enzymes, manufactured 1ndeed by the living cells, but capa-
ble of manifesting their activity even when free from the
influence of the Yving protoplasm. The vared processes of
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.body can be converted into urea, and in this harmless form
be excreted from the system.

Finally, reference should be made here to several other
produets of tissue rmetabolism, products of the breaking down
of proteid matter in the body, since they are liable to prove of
interest to us in other connections. Thug creatin, abundant in
the muscle and other places; the related substance creatinin,
present in the urine; methyl guanidin, a decomposition prod-
uct of creatin; and ures, all call for a word of description.
The chemical relationship of these bodies is clearly indicated
by the following formule:

/NH, NH
C=NH C=NH €O
\N (CH,) CH,CO0H \N (CH,) CH,
Creatin Creatiin

,NH, /NH,

C=NH Cc=0
\NH (CHy) \NH,

Methy! gunamdin TUrea

Creatinin s chemically the anhydride of creatin, ¢. e., it can
be formed from creatin by the simple extraction of one mole-
cule of water, I1,0. Creatin, by hydrolytic cleavage, will
break down into one molecule of urea and one molecule of
sarcosin or methyl glycocoll, as shown in the following
equation:

NH, CH,'NH: (CH,) /NH;
C=NH HO = +C=0

NN (CH,)CH,COOH Ccooxn \NH,

Creatin Sarcosin Urea

Methyl guanidin is a decomposition product of creatin, while
guanidin, as can be seen from the formula, is Lke urea, ex-
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cepting that the group NH replaces the oxygen of urea.
These simple statements will suffice for our present purpose,
viz , to mdicate the more or less close chemmeal relationships
existing between many of these nitrogenous decomposition
products resulting from proteid katabolism; also to suggest
how by slight chemical alteration one decomposition product
may be resolved 1nto another related substance 1 the proc-
esses of katabolism. Our conception of the processes in-
vc!ved 1n proteid katabolism s that of a seres of progressive

p in which i Hular enzymes play
the all- part  The diary products formed
are defimte bodies because of the specific nature of the active
enzymes, and, secondly, because of the chemzcal nature of
the substances acted upon. In other words, oxidation in
the animal body takes the shape of a series of well-defined
1 1 reactions, in which ch 1 constitution and specific
enzyme action are the predeterminmng cduse. In the absence
of the particular chemical groups, the oxidase 13 unable to
bring about oxidation, or, given the proper compound or
mother substance 1n the alsence of the specific oxidase, there
is no oxidation. Hence, oxidation in the ammal body is not
the result of sumple combustion, but, on the contrary, it con-
sists of a sertes of orderly chemical processes, each one of
which is presided over by an mtracellular enyzme, specific in
1ts nature, in that it 1s capable of acting only npon substances
baving a certain definite ion, and leading i bly
to a certain defimte result The processes which years ago
were considered as dae to the peculiar vital properties of the

tissue cells, and which were supposed to be enhrely de-
pendent upon their hol 1 and f

o
are now seen to be due primarily to a great vanety of
enzymes, manufactured indeed by the Living cells, but capa-
ble of manifesting their activity even when free from the
influence of the living )} The varied p of




76 THE NUTRITION OF MAN

tissue katabolism are the result of orderly and progressive
chemical changes, in which cleavage, hydrolysis, reduction,
oxidation, deamidization, etc., alternate with each other
under the influence of specific enzymes, where chemical con-
stitution and the structural make-up of the various molecules
are determining factors in the changes produced.
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THE BALANCE OF NUTRITION

Tovics- Bedy eqmibnum, IMtrogen eguibbnum. Catbon eqailiv.
nom. Loss of mirogen dunng fasting  InBuence of previowa diey
on loss of mitroges 10 fasung  Tutput of carbon during fasting
TuRtaence of pure proted dief on output of mitrogen, Iafluence of fat
on protesd metabohsm  Effect of errbobydrate on eitrogen metabo-
lsm  Storing wp of proteid by the body  Transformation of energy
s the body  Respieation calonmeter  Dasal energy exchange of the
body  Circumstancees wfloencng energy exchasge. Effect of food
on heat productson  Besprratory quotient and 19 srgnficavce.  In-
finence of muscle work on energy exchange Eitmunation of earbon
dianade during work and with differend diets  Effact of excessive
mascslar work ou evergy exchavge  Oxygen consumphon wader
dufferent conditions  Qutput of watler a0d exergy subject to grest
vanation  Body egmhibriom and spproxsrats satrogen balance to Ly
expected n health

MAN, strictly speaking, i alwege in a coudition of
uwnequhbriom. I placed upon o large and semsi-
tive pair of scales with the opposite side exsctly counter.
paised, be will be found to lose wesght constantly untd water
or food are taken, when the losses of an hour or Ywo may be
made good, or perchance more than balanced. The human
hody ie o mack of chemical changes; ch 1 decompo-
sitions are taking place coutinuously ab the expense of the
proteids, fats, and carbohydrates of the tissues and of the
food, the stored-up energy of these
therely » - the
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tissue lkatabolism are the result of orderly und prugresswe
chemical changes, in which cleavage, hydroly

oxidation, deamidization, ete., alternate with ewch other
under the infl of specific enzymes, where chemical con-
stitution and the structural make-up of the various molecules

are determining factors in the changes produced.
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in weight; the only exception being the possible case of an
1ncreased excretion of water, which mght more than counter-
talance the gmn.  On the oter hand, 1f he gives off more
carbon and more nitrogen than he takes in, the body must
lose 1n weight. Where the output of carbon is beyond the
amount of carbon ingested, the lost ezibon represents a drain
upon body fat. In e reversal of this eondition, i. ., where
the carbon taken in 1s 1n excess of the outgo, the body is
gaming in fat. Theoretically, gain or loss of carbon may
mean gain or loss of either carbohydrate or fat, but practically
stored-up carbon 1ly stands for lated fat; and,
correspondingly, loss of carbon represents a withdrawal from
the store of adipose tissue, since glycogen and sugar from a
quantitative standpoint figure only slightly in these metabolic
processes. When the body excretes more nitrogen than is
taken in during a given period, there is only one mnterpreta-
tion possible, viz., that the body s losing proteid or flesh,
If, on the other hand, the nitrogen import exceeds the outgo,
then the body must be gaimng flesh  Here, again, there is
the theoretical possibility that gain or loss of mitrogen might
represent increase or decrease of proteid in some glandular
organ, or even in the blood; but practically it is the relatively
bulky muscle tissue, with 1ts hugh content of proteid matter,
that is most subject to change 1 metabolism.  Finally, it is
easy to see how, knowing the percentage of nitrogen in pro-
teid and the percentage of carbon in fat, one can caleulate
from the nitrogen and carbon lost or gamed the amounts of
proteid or fat added to the capital stock, or withdrawn from
the store of nutritive materal.

‘Wken there 13 no income, as in fasting, the body loses
rapidly, living during the hunger period upon its store of
energy-containing matemal. Many careful observations have
been made upon people who have fasted for long periods,
some as long as thirty days, the income consisting solely of
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heat and motion; while carbon dioxide, water, ures, and
soms few other nitrog bst: are being 1y
formed as the normal waste products of these tissue changes,
and constantly or intermittently excreted. In other words,
the hody is 1n a perpetual condition of chemical oscillation,
1y g its own suk re;ectmg the waste
products which result, and giving off energy in the several
forms charactenstic of living beings. The condition of the
body plainly depends upon the relation which it is able to
maintain between the income and the expenditure of matter
and energy. If the income equals the output, the body is
kept m a condition approaching equilibrium; if the intake
exceeds the outgo, the body adds to its capital of matter and
energy; while 1f the expenditure 1s greater than the income,
the aceumnlated capital is drawn upon; and this, if continued
indefinitely, results in o dran upon the bank which must
eventually end in disaster. It is comparatively easy, how-
ever, for man to maintain his body in a condition of equi-
libnium from day to day; ©. e., the losses of the morning can
be made good at luncheon, or the expenditures of an entire
day co ‘bal d by a corresponding addition to eapital
the following day, mn which case the body may be said to be
in balance. It is necessary, however, to discriminate between
body equilibrium, meaning thereby the maintenance from day
to day of a constant body-weight, and mitrogen equilibrium,
or carbon equilibrium. In the latter cases, what is meant 13
that the intake of nitrogen, or of carbon, exactly equals the
output of these two elements. It is quite possible, however,
to have a condition of nitrogen equilibrium without the body
being in a state of balance, as when the outgo of carbon
exceeds the intake of carbon, or when there is an increased
output of water.
As a rule, it may be stated that when a man puts out less
carbon and less nitrogen than he tukes in he must be gaining
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therefrom regarding the i of the Lody
for proteid food. Noting the close agreement in the mtrogen
output of the three subjects on the sixth day, combined with
the fact that their body-weight was essentially the same, we
might nfer that 62.5 grams of proteid matter represents the
amount of mtrogenous food necessary to maimntain mitrogen
equilibrium and keep the body 1 a condition of balance.
Such a conclusion, however, would be quite erroneous for
several reasons. First, a man fasting, if he was in an ordi-
nary condition of nutrition prior to the fast, has in his tissues
a large store of fat. It 1s considered that in fasting only
about 10-12 per cent of the total energy of the body s de-
nived from tissue proterd; the major part comes from the fat
stored up. When there 15 no 1ncome to make good the loss,
the body must naturally draw upon 1ts own store. A certain
amount of proteid must be used up daily, but in addition
there are the energy requirements to be considered. These
are met mainly by fat and carbohydrate, and so long as fat
endures proteid will be drawn upon only, or manly, to meet
the mtrogen requirement, but tf the fat prves out, then pro-
teid must be used 1 larger quantity, as a source of energy.
Hence m fasting, the daily loss of mitrogen will be governed
largely by the condition of the body as regards fat. Thus,
Munk has reported the case of 2 well-nounshed and fat per-
son, suffering from disease of the brain, who gave off daily in
the later stages of starvation only one-third the amount of
mtrogen voided by Cetts, who had been poorly nourished.
Obviously, in fasting, as soon as the adipose tissue of the body
bas been largely used up, there will be an ncrease in the
amount of tissue proteid consumed, since under such cond:-
tions the heat of the body and the cnergy of muscular work
(work of the heart and 1nvoluntary muscles) must come from
the decomposition of proteid. In harmony with this state-

went, it is frequently observed that in cases of starvation
®
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water. The following figures? show the daily excretion of
nitrogen in several notable cases:

0 o W 2
1 100 136 138
2 99 126 110
] 133 131 139
4 128 124 128
1 110 107 128
6 29 101 101
7 e 109 94
8 ee 89 84
9 108 78
10 e 98 67

In Sucei’s case, the fasting was continued for thirty days.
The daily average loss of nitrogen from the 11th to the 15th
day was 5.8 grems; from the 16th to the 20th day, 5.3 grams;
from the 20th to the 25th day, 4.7 grams; and from the 26th
to the 80th day, 5.8 grams A daily loss of 5.8 grams of
nitrogen means a breaking down, or using up, of 83 grams of
proteid, or a little more than one ounce. On the sixth day
of fasting, all three of these subjects showed essentially the
same daily loss of nitrogen; viz., 10 grams, which implies a
using up of 62.5 grams of proteid material. We must not
be led astray by these figures, however, or draw too hasty

1 Taken from Land V' uber die Exwe des
Menschen Arcluy fur Band 14, p 112; and

from A Magnus-Levy. v Noorden’s Handbuch der Pathologie des Stoffwech-
sels, 1906, p 312
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fasting, the amount of proteid metabolized was larger than
on the second day of the third series. We have here a forei-
ble illustration of the physiological axiom that excess of pro-
teid matter in the tissues, or in the blood, stimulates proteid
metabolism; and it affords convineing proof of the contention
that 1n the first days of fasting the output of mitrogen, or the
amount of proteid used up, will depend i large measure upon
the proteid condition of the body at the time of the fast.
Equally noticeable 1s the fact that there comes & time — the
sixth day in the above experiment — when the nitrogen out~
put reaches a common level, irrespective of the previous pro-
texd condition of the body. Further, it 13 easy to see that
the greuter loss of nitrogen, ¢ e., the large breaking down of
proteid during the first few days of fasting, in those cases
where proteid food has been freely taken, suggests the exist-
ence in the tissues of two forms of proteid We may term
them, following the 1 of Vout, as circulating and
morphotie, or tlssue, protexd; or, we may designate them as
labnle and stable forms of proteid. In other words, follow-
ing the usually accepted view, this circulating or labile pro-
teid represents reserve or surplus materal which 13 easily
decomposed and hence rapidly gotten rid of, while the stable
proteid 13 more slowly oxidized, and 1ts metabolism may be
taken as representing more nearly the real necessities of the
body. However this may be, it is plamnly mamfest that the
mitrogen output, meanuing the metabolism of protesd matter,
during hunger or fasting is modified by a variety of circum-
stances, notably the previous nutritive condition of the body
as regards both fat and proteid It is hardly necessary to
2dd that the amount of muscular work performed is another
factor of importance i this connection. Fat in the body
Tepresents inert material stored up mainly for nutritive pur-
poses; hence, in hunger it 1s vsed largely, and serves to pro-
tect more important tissues.  Thus, expeniments have shown
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there comes toward the end & sudden and marked increase
in the output of nitrogen.

Secondly, the elimination of mitrogen during the earlier
days of fasting 18 governed in large measure by the character
and extent of the diet on the days just preceding the fast.
This is well 1llustrated by some experiments conducted by
C. Voit on a dog. In the first series of experiments, the dog
received daily 2500 grams of meat prior to fasting; in the
second series, 1500 grams of meat were fed daily before the
fast; while 1n the third series, a mixed dict relatively poor in
proteid was given. The following figures?! show the amounts
of proterd used up by the dog (caleulated from the nitrogen
exereted) each day of the fasting period, under the different

conditions:
Tirat km-‘rﬂ-«»:d Serlea. l Third Serien.

grams grams. grsms
Furst fasting day 175 7 F
Second % ¥ 72 ‘o 2
Thrd « « 56 I3 20
Fourth # 50 5 £
b A 36 43 5
suth « 30 87 i

We see very clearly in these experiments the effects of
the large quantities of proteid fed on the destruction of
proteid in the early days of fasting. When the body is rich
in proteid from food previously taken, the metabolism of ni-
trogenous matter is very large at first, as in the first series
of experiments. Indeed, in this series, even on the fifth day of

1 Expressed in this form from Voit's figures by A MaguusLevy. Loc. cit,
p 81L
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here, however, is that the carbon-content was more than
sufficient to meet the needs of the body, Thus, it will be
observed that on all three of the days when food was taken,
the income of carbon was far in excess of the output In
other words, on the day preceding the begimning of the fast
the body stored up 185 grams of carbon, and on the day fol-
lowing the fast the body retained 169 grams of carbon to
help make good the loss. Simularly, the amount of proteid
food taken gin on the day pmor to the fast was copsiderally
m excess of the needs of the body, 51 grams of nitrogen
equvalent to 81.8 grams of proteid bemng stored for future
use Planly, the man was not m erther carbon or mtrogen
balance prior to the fast, but was taking far more food than
the needs of the body called for. This fact may be empha-
sized by noting that the total fuel value of the daily food,
plus the fuel value of the aleohol, amounted on an average
to about 4200 large calories, while the fuel value of the
matenal metabolized on the feeding days averaged only 2500
calories. Looking at the figures showing the output of
carbon, as well as of mtrogen, during the fasting days, 1t is to
be seen that in the early days of fasting.the metabolism of
the body tends to remamn at a fairly constant level, especually
when figured per alogram of Lody-weight.

To fully appreciate what takes place 1n a man of the above
body-weight fasting for five days (though hving on a large
excess of food prior to the fast), the daily losses of earbon
and nitrogen may be trapslated into terms of fat and proterd.
If it is assumed that the total carbon, aside from what neces-
sarily belongs to the proterd mdicated by the nitrogen figures,
comes from the oxrdation of fat, 1t is easy to compute the
amounts of fat and proteid metabolized, or destroyed, each
day of the fasting period. These are shown 1n the following
table:
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that in long periods of fasting, adipose tissue may be consumed
to the extent of 97 per cent of the total amount present,
while the heart and nervous tissue will not lose over 3 per
cent of their tissue substance. The influence of tissue fat
upon the consumption of proteid during hunger can thus be
fully appreciated.

The output of carbon during fasting may be illustrated by
the following experiment? made upon a young man, the nitro-
gen data being included for comparison, and like‘yise the in.
take of food, 1n terms of nitrogen and carbon, preceding the
fast and for two days followmng the fast. The fasting was of
five days’ duration.

Intaks Output.
Day, | Body welgnt.

Oarbon Nitrogen Carbon3 Nitrogen

Talos groms grams. grams grame

2 674 4287 3096 3034 2581
3 689 0 0 1976 1217
4 657 0 o 1888 1285
b 648 o ¢ 1832 1381
6 639 o 0 1808 1362
7 631 o o 1762 1147
8 3.9 4339 3565 2106 2082
9 655 8017 2368 2588 1946

On the non-fasting days, the intake consisted of an ordi-
nary food mixture of proteids, fats, and carbohydrates, with
a small addition of aleohol. The point to be emphasized

3 Takea from Jo)nnsgorz, Iandergren, Sondén, and Teegerstedt: Beitrage
zur Kenntnisg des Menschen 8
Archiv fiir Physiologie, Band 1, p 29

2 The carhon output represents the total carbon of the expired air, urine, and
excrement,
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bere, Lowever, is that the carbon-content was more than
sufficient to meet the needs of the body. Thus, it will be
observed that on all three of the days when food was taken,
the income of carbon was far in excess of the output. In
other words, on the day preceding the beginning of the fast
the Lody stored up 185 grams of carbon, and on the day fol-
lowig the fast the body retained 169 grams of carbon to
help make good the loss. Simlarly, the amount of proteid
food takenin on the day puor to the fast was considerally
m excess of the needs of the body, 51 grams of nitrogen
equivalent to 31.8 grams of proteid bemng stored for future
use Plaunly, the man was not 1n ether carbon or nitrogen
balance prior to the fast, but was taking far more food than
the needs of the body called for. This fact may be empha-
sized by noting that the total fuel value of the daly food,
plus the fuel value of the aleohol, amounted on an average
to about 4200 large calories, while the fuel value of the
material metabolized on the feeding days averaged only 2500
calories. Looking at the figures showing the output of
carbon, 28 well as of nitrogen, during the fasting days, 1t 18 to
be seen that m the early days of fasting,.the metabolism of
the body tends to remain at & fairly constant level, especnally
when figured per kilogram of body-weight.

To fully appreciate what takes place i a man of the above
Lody-weight fasting for five days (though Living on a large
excess of food prior to the fast), the daily losses of carbon
and mtrogen may be transtated into terms of fat and protexd.
If it is assumed that the total carbon, aside from what neces-
sarily belongs to the proteid indicated by the nitrogen figures,
comes from the oxidation of fat, it 1s easy to compute the
amounts of fat and proteid metabolized, or destroyed, each
day of the fasting period. These are shown in the following
talle:
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Day eaet metavetized
groma grama
3 761 2081
4 803 1918
6 851 1812
6 858 1776
7 mnr 1812

Finally, if from these figures we caleulate the fuel value
of the proteid and fat oxidized per day, it is possible to gain
a farly clear conception of the part played by these twe
classes of tissue material during fasting, in furmshing the heat
of the body and the energy for muscular motion, ete.

Fusl Value of Fyel Valus of Total
Day, the Proteid Fat Fuel Value
metabohzed metabolized.

calorfes ealorien calories
3 303 1918 220
4 320 1781 2102
5 339 1684 2094
(] B 1851 1992
T 236 168¢ 1970

These hat general ts, with the ill

given, will serve m a brief way to emphasize some of the
essential features of metabolism 1n the fasting individual;
where there 1s no income of energy-containing matenial, and
where the body must draw entirely upon its store of accumu-
lated fat and proteid to keep the machimery in motton, main-
tain body temperature, and do the tasks of every-day life.
When it is remembered that persons have fasted for periods
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of thirty days or longer without succumbing, it 1s evident
that the body of the well-nourished man has a large reserve
of nutritive material, which can be drawn upon in cases of
emergency. At the same time, the facts presented show us
that in the early days of fasting the actual amounts of tissue
proteid and body fat consumed are not large. In Cetti's
case, oo the sixth day of fasting the metabolized mitrogen
amounted to 10 grams, which 1mplies a loss of 62.5 grams of
proteid. At this rate of loss, ope pound of dry proteid
matter in tho form of tissue proteid would meet the wants
of a man of 130 pounds body-weight for seven and 2 half
days, provided of course there was a reasonable stock of fat
to help satisfy the energy requirements Finally, we may
again emphasize the fact that the loss of nitrogen mn the fast-
ing man is by no means » measure of the mmimal proted
requirement. By feeding fat, or carbohydrate, or both, the
output of nitrogen can be materally dimimshed, although
naturally we cannot establish o mtrogen balance by so doing,
since the incoms is free from mitrogen; but we can postpone
for a time the approach of mtrogen starvation.

We may next profitably consider the effect of & pure pro-
teid diet—such as lean meat free from fat — on the output
of nitrogen.  ¥n studymng this problem, we at once meet with
several 1mportant and surprising facts  First, we are led to
see that, strange 2s 1t may seem, every addition of proterd
to the diet results 1n an increased excretion of nitrogen. In
other words, increase of proteid income 1s followed at once
Ly an increase 1 the metabohsm of protexd, with a corre-
sponding outgo of nitrogen. The hungry or fasting man
with his incoms enmtirely cut off, and consequently suffering
from o heavy drmn upon hus capital stock, would be expected,
when suddenly supplied with fresh capital in the form of
meat or otber kind of protexd food, to hold on firmly to this
all-important foodstuff; but such is not the case. It is im-
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Day ool | medveimed
grama gramy
3 061 2081
4 803 19186
1 86,1 1812
6 856 1778
T 7 1812

Finally, if from these figures we calculate the fuel value
of the proteid and fat oxidized per day, 1t is possible to gain
a farly clear conception of the part played by these two
classes of tissue matenal duning fasting, in furnishing the heat
of the body and the energy for muscular motion, ete.

Foel Valasor | Fuel Valus or Totat
Day. the Proteid the Fat. Fuo! Value
metabalized metabolized.
calotlen oalories <calories
3 o 1818 220
4 820 1781 2102
5 339 1684 2024
6 34 1651 1992
k4 286 168¢ 1970
These hat general with the 11l

given, will serve in a brief way to emphasize some of the
essentzal features of metabolism 1n the fasting individual;
where there is no income of energy-contatning material, and
where the body must draw entirely upon 1ts store of accumu-
lated fat and proteid to keep the machinery in motion, main-
tain body temperature, and do the tasks of every-day Lfe.
When it is remembered that persons have fasted for periods
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feeding, even after a long period of mtrogen loss and with
an abundance of proteid in the intake. The starving body,
#8 we have seen, cannot make use of all the nitrogen fed,
although we can well conceive its great need for all the pro-
texd available, A certain amount of the proteid fed, or its
contained nitrogen, 18 at once passed out of the body and lost,
even though the organism be gasping, as it were, for proteid
to make good the dramn mcidental to long fasting. A recent
wnter? has suggested that some expl for these anom-
alies may be found in the supposi “that a long

of generations 1 the past, which have lived from choice or
necessity on a dset rich in proterds, have handed down to us,
as an inh a i 1n which exist
for the removal of mitrogen from a considerable part of this
proterd. The fact that the amount of proterd taken is re-
adjusted to smt the actual nceds of the body, though it
makes thesp arrangements unnecessary, will not necessanly
remove them. The denitnfying enzyme, which bas been
trained to keep guard over the entrances by which mtroge-
nous substances are admitted mto the body, will continue
to levy its toll of nitrogen, even when the amount of proteid
presented to 1t is no more than the tissues which it serves
actually require ”

As an 1llustration of how the body behaves with a low
nitrogen intake followed by a sudden increase in the income
of proteid, some data from an expemment performed by
Sivén? on himself may be cited.

* Leathes Problems in Animal Metabolsm  Philadetphia, 1906, p 167
# Bavén  Zor Kenntnies des Stollwechsels beim erwachsenen Menschen, mit

esonderer de Arclar fir
Thystologie, Band 11,p 08
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possible, for ple, to establish nitrogen equilibrium by
an income of proteid equal to what the individual during
fasting is found to metabolize. As stated by another, “It is
one of the cardinal laws of proteid metabolism that the store
of nitrogenous substances in the body is not increased by, or
not in proportion to, an increase in the mitrogen intake.”
The prmeiple 1s well illustrated in the fasting experiment
just described, On the fifth day of fasting, the nitrogen out-
put amounted to 11.4 grams.  On the day following, the man
took 85.6 grams of nitrogen in the form of proteid, while the
excretion of mtrogen for that day rcse to 26.8 grams. In
other words, although deprived of all proteid income for five
days, and durng that period druwing entirely upon his proteid
capital, the man was wholly unable to avail imself of the
proteid o abundantly supplied at the close of the fast and
make good the losses of the preceding days; only a small
proportion of the proteid income could be retained. If a dog
fed on a defimte quantity of meat suddenly has his proteid
income 1ncreased, there is at once an acceleration of proteid

bol and a ding increase in the output of
mtrogen Addition of smll more proterd to his income is
followed by an accumulation of a poxtion of the proteid; but
this tends to decrease gradually, while there is a correspond-
ing daily imcrease in the excretion of nitrogen. In this
manger, there finally results a condition of nitrogenous equi-
librium or nitrogen balance.

Again, an animal brought into nitrogen equilibrium by
excessive proteid feeding, if suddenly gtven a small amount
of meat per day, tends to put out nitrogen from its own
tissues. This tissue loss, however, decreases slowly, and
eventually the animal is quite likely to re-establish nitrogen
equilibrum 2t a lower level. There is, in other words,
a strong tendency for the body to pass into a condition
of nitrogen-balance under different conditions of proteid
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feeding, even after a long period of mtrogen loss and with
an abundance of proteid in the intake. The starving body,
as we have seen, cannot make use of all the nitrogen fed,
although we can well conceive its great need for all the pro-
teid svailable A certain amount of the proteid fed, or its
contained nitrogen, is at once passed out of the body and lost,
even though the orgamsm be gasping, as it were, for proteid
to make good the drain incidental to long fasting. A recent
writer ! has suggested that some explanation for these anom-
alies may be found in the supp “that a long

of generations in the past, which have lived from choice or
necessity on a diet rich 1 proteids, have handed down to us,
asan inh a 10n 1 which exist
for the removal of mitrogen from a considerable part of this
proteid. The fact that the amount of proterd taken is re-
adjusted to suit the actual needs of the body, though it
makes these g y, will not ily
remove them. The denitnifying enzyme, which has been
trained to keep gnard over the entrances by whnch nitroge-
nous substances are admutted to the body, will continue
to levy its toll of mitrogen, even when the emount of proteid
presented to it is no more than the tissues which it serves
actually require *

As an 1llustration of how the body behaves with a low
nitrogen 1ntake followed by a sudden increase in the income
of proteid, some data from an esperiment performed by
Sivén? on himself may be erted:

1 Tpathes Tebracg Al e,
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possible, for example, to establish nitrogen equilibrium by
an income of proteid equal to what the individual during
{fasting is found to metabolize. As stated by another, “It is
one of the cardinal laws of proteid metabolism that the store
of nitrogenous substances in the body is not increased by, or
not in proportion to, an increase in the nitrogen intake.”
‘The principle is well illustrated in the fasting experiment
just described. On the fifth day of fasting, the nitrogen out-
put amounted to 11.4 grams.  On the day following, the man
took 85.6 grams of nitrogen in the form of proteid, while the
excretion of nitrogen for that day rcse to 26.8 grams. In
other words, although deprived of all proteid income for five
days, and during that period drawing entirely upon his proteid
capital, the man was wholly unable to avail himself of the
proteid so abundantly supplied at the close of the fast and
make good the losses of the preceding days; only a small
proportion of the proteid income could be retained  If 3 dog
fed on o definite quantity of meat suddenly has his proteid
income increased, there is at once an acceleration of proteid
metabolism, and a corresponding 1ncrease in the output of
nitrogen. Addition of still more proteid to his income is
followed by an accumulation of & portion of the proteid; but
this tends to decrease gradually, while there is a correspond-
ing daily increase in the excretion of nitrogen. In this
manner, there finolly results a condition of mtrogenous equi-
librium or mtrogen balance.

Again, an ammal brought into nitrogen equilibrium by
excessive proteid feeding, if suddenly given a small amount
of meat per day, tends to put out nitrogen from its own
tissues. This tissue loss, however, decreases slowly, and
eventually the anjmal is quite likely to re-establish nitrogen
equilibrium at a lower level. There is, in other words,
a strong tendency for the body to pass into a condition
of nitrogen-balance under d:fferent conditions of proteid
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I have ventured to give these data in some detail, because
of their exceeding great interest in several directions aslde
from the point under di: Ci g our to
the nitrogen exchange, 1t is to be observed that for a period
of two weeks Sivén lived on less than 8 grams of mtrogen
per day, and without any excessive intake of carbohydrate or
fat. During this time, the body naturally was 1z a condition
of minus balance as regards nitrogen, the output being con-
siderably larger than the mcome. The total amount of nitro-
gen lost in the penod, 81 grams, corresponds to a breaking
down of 193 grams of tissue proteid, or over one-thurd of a
pound, On 1ncreasing the mcome of mtrogen to 4 grams per
day, the nitrogen loss still continued, though at a much lower
1ate; indeed, the body 13 seen to appioach very closely to a
condition of nitrogen equilibrium  Still further mcrease of
the mitrogen income to 13 grams per day was followed at once
by a shight accumulation of proteid, and the body showed a
decided plus balance of mtrogen, as on November 27. Thus,
however, 15 seen to decrease gradually with a corresponding
daily nerease in the outgo of mitrogen, until on December 2
the body was once more practieally in mtrogenous equihibrium,
On again mereasing the nitrogen income, to 23 grams per day,
the same process was repeated, although m this case the body
more quickly approached & condition of nitrogen balance.

We see 1n these data strnking confirmation of the statement
that the mitrogen outgo tends to keep pace with the meome
of nitrogen, the body always striving to maintain a condition
of mtrogen equbhbrium. Consequently, the fasting man hav-
ing lost largely of his store of prote:d can replace the latter
only slowly, even though he eats abundantly of proteid food.
‘Thus, Sivén 1n the week ending December 2, though taking
over13 grams of mtrogen a day, retained in Ins body only 14.5
grams of nitrogen during the entire seven days; while in the
six days following, with a daily mtake of 23 grams of nitro-
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Date, Bodyweight, | Tcrogenof Nitropen Nitrogen
Xllos grama grams grame
Kov 6 654 269 831 —562
T 654 269 531 —268
8 651 269 &7 —802
9 €53 269 488 -219
10 €50 269 432 —1863
1 849 269 425 ~15
12 819 260 147 —178
13 646 296 483 —192
14 844 296 430 ~14
15 643 266 476 —179
16 844 298 436 - 140
17 614 2950 413 —117
18 614 296 43 —-1389
19 614 296 432 —18
20 614 296 422 -128
21 640 298 406 —110
— 3131
22 641 402 422 —020
23 614 402 435 —-033
24 814 402 421 —019
25 644 402 440 —038
—110
26 612 824 656 +168
o7 644 1345 867 +478
28 644 1366 1064 +312
29 60 1845 110 +235
30 612 1324 1283 +041
Dec 1 612 1324 170 +154
2 639 1261 1200 +061
1449
3 610 2293 1624 +669
1 639 2241 2147 +09%¢
5 639 2241 210 —069
6 636 2335 2312 +023
7 639 2304 2282 +022
B 638 2263 2286 —024
+615
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1 have ventured to give these data in some detail, because
of their exceeding great interest in sever:xl directions asxde
from the point under d. i C g our to
the mtrogen exchange, it is to be observed thnt for a period
of two weeks Sivén lived on less than 3 grams of nitrogen
per day, and without any excessive intake of carbohydrate or
fat. During this time, the body naturally was 1n a condition
of minus balance as regards nitrogen, the output being con-
siderably larger than the income. The total amount of nitro-
gen lost in the perod, 81 grams, corresponds to a breaking
down of 193 grams of tissue proteid, or over one-third of a
pound. On increasing the income of mtrogen to 4 grams per
day, the nitrogen loss still continued, though at 2 much lower
ate; indeed, the body 1s seen to appioach very closely to a
condition of nitrogen equilibrmtm.  Still further increase of
the nitrogen ncome to 18 grams per day was followed at once
by a slight accumulation of proteid, and the body showed a
decided plus balance of mtrogen, as on November 27. This,
however, is seen to decrease gradually with a corresponding
daily increase in the outgo of nitrogen, until on December 2
the body was once more practically in equil
On again increasing the mtrogen ncome, to 23 grams per day,
the same process was repeated, although 1 this case the body
more quickly approached a condition of mtrogen balance.

We see in these data striking confirmation of the statement
that the mitrogen ontgo tends to keep pace with the income
of nitrogen, the body always striving to maintamn a condition
of mitrogen equilibrium, Consequently, the fasting man hav-
ing lost largely of his store of protesd can replace the latter
only slowly, even though he eats abundantly of proteid food.
Thus, Sivén in the week ending December 2, thongh taking
over 13 grams of nitrogen a day, retained in hisbody only 14 5
grams of nitrogen during the entire seven days, while in the
six days following, with a daly intake of 23 grams of nitro-
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Dato Bodgwelght, | Nitrogen of Vitrogen Fhpogen
Hilos grama grame grama
Nov 6 654 269 831 —562
I €54 269 537 268
8 o651 260 571 —802
9 653 269 488 —219
10 650 269 482 —168
1 649 269 425 —168
12 619 260 a7 —178
13 846 206 488 —-192
14 644 298 430 —144
15 843 296 47 ~179
16 614 296 438 ~140
17 614 296 418 -117
18 614 296 455 —139
19 614 206 432 —136
20 614 296 422 —126
21 810 296 408 —110
—a181
02 641 402 422 -020
23 614 402 435 —083
24 614 402 421 —019
2 644 402 440 — 038
—110
2 612 824 656 +168
o 644 1345 867 +478
28 614 1366 1054 +3812
29 610 1843 1110 +235
30 612 1324 1283 +041
Dec 1 612 1324 1170 +164
2 639 1261 1200 +061
+1449
3 640 2293 1824 +869
4 639 2241 2147 +094
6 630 241 2310 ~ 089
[ 638 2385 212 +023
7 639 2304 2283 +022
8 658 2262 2286 —02¢
+615
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T bave ventured to give these data in some detail, because
of their exceeding great mterest in seversl directions aside
from the point under discussion  Confining our attention to
the mitrogen exchange, 1t is to be observed that for 2 period
of two weeks Sivén Lived on less than 3 grams of mtrogen
per day, and without any excessive mtake of carbohydrate or
fat. During this time, the body naturally was 1 a condition
of minus balance as regards mitrogen, the output being con-
siderably larger than the mcome. The total amount of nitro-
gen lost m the period, 31 grams, corresponds to & breaking
down of 193 grams of tissue proteid, or over one-third of a
pound. On increasing the income of nitrogen to 4 grams per
day, the mtrogen loss still contmued, though at a much lower
rate; indeed, the body 13 seen to approach very closely to a
condition of mitrogen equlibnum  Still further increase of
the nitrogen 1ncome to 13 grams per day was followed at once
by a shight accumulation of proted, and the body showed &
decided plus balance of mtrogen, as on November 27  This,
however, 1s seen to decrease gradually with a corresponding
daily increase 1n the outgo of mtrogen, until on December 2
the body was once more practicaily in mitrogenous equilibrium.
On agmn mereasing the nitrogen ncome, to 23 grams per day,
the szme process was repeated, although in this case the body
more quickly approached a condation of nitrogen balance,

We see in these data strilung confirmation of the statement
that the nitrogen outgo tends to keep pace with the mcome
of nitrogen, the body always striving to maintain a condition
of mtrogen equlibrium. Consequently, the fasting man hav-
ing lost largely of Ius store of proteid can replace the latter
only glowly, even though he eats abundantly of proteid food.
Thus, Sivén in the week ending December 2, though taking
over13 grams of mtrogen a day, retained in his body only 14.5
grams of mitrogen during the entire seven days; while 1n the
six days following, with a daily intake of 28 grams of nitro-
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Tate Bodywaight, | icopmmot Witrogen Ftemgen
Kllos. grama grame grazn
Nov 6 654 269 831 —562
" 654 269 537 ~268
8 661 269 571 —-802
9 663 269 488 —218
10 650 263 433 —~163
n 619 269 425 —156
12 619 269 447 —178
12 646 296 488 —102
1 644 290 430 — 14t
% 843 208 475 -119
16 614 296 438 ~140
17 814 296 418 -117
18 Gi4 290 455 —189
19 614 206 432 —-188
2 614 296 422 —126
21 640 296 406 —110
— 8131
29 641 402 422 -0
2 634 402 435 —083
24 644 402 421 019
2 684 £02 440 —088
—110
26 612 824 656 +168
a7 644 1345 867 +478
o8 614 1366 1054 +3812
2 610 1845 1110 +235
30 612 1324 1283 +o4
Dec 1 642 1324 170 +16¢
2 639 1261 1200 +081
+1449
3 640 2298 1824 +889
4 639 2341 2147 +004
& 639 24 2310 —060
I 636 2385 2812 +028
7 639 2304 2282 +022
8 858 2262 2286 —02
+615
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Food Fiesh,

Mot Fat Metaboltzed On the Body
grama gromn grams grame
1500 0 1512 —-12
1500 150 1474 +20
500 o 556 — 56
500 100 520 —20

It is to be observed that in both of these experiments the
fanly large addition of fat results 1n a saving of proteid, but
the sparmg effect 1 the first expersment amounts to only 38
grams of proteid for the 150 grams of fat added. In the
second experument, however, there 13 a saving of 36 grams of
proterd, although only 100 grams of fat were fed. The radi-
cal pomnt of difference in the two experiments 1s the amount
of proteid ingested. Proteid food stimulates proteid metabo-
hism; 1t likewise 1 the bolism of
nous matter, consequently the sparing or protecting effect of
fat on proteid 13 most conspicuous when the intake of pro-
teid is relatively small. Ounly under such conditions, does fat
protect 1n large degree the consumption of proteid in the
body. In the ordinary, daily, dietary of man, with its great
variety of food matenals and with its proteid-content not
exceeding 125 grams, fat is apt to be a conspicuous element,
and under such conditions 1ts sparing effect on proteid me-
tabolism js most marked. Further, 1t must not be forgotten,
28 Vout onginally pointed ont, that the adipose tissue of the
body acts like the food-fat, and consequently the proteid-
sparing effect of the former may be added to that of the
latter.

The addition of carbohydrate o a meat diet produces at




02 THE NUTRITION OF MAN

gen, he gained only about 8 grams additional. The human
body does not readily store up proteid, and this is true no matter
Low greatly the tissues are in need of replenishment.

If the daily income is reinforced by the addition of earbo-
hydrate or fat, there 13 observed a decided infiuence on the
outgo of nitrogen; the rate or extent of proteid metabolism
is at once'modified, fat and carbohydrate both having a direct
saving effect on proterd. Neither fat nor carbohydrate can
prevent the katabolism of proteid, but they can and do de-
crease it, and thus serve as proteid-sparers. In the fasting
body, or where there is only an intake of proteid, the latter
matenal, except for the fat contnined 1n the tissues, must
serve the double purpose of meeting the specific nitrogen re-
quirements of the body and furnishing the requisite energy.
The energy requirements, however, can be met more advan-
tageously by erther of the non-nitrogenous foodstufls, and
ust 8o far as they are oxidized, so far will there be a saving
of proterd  Herein lies the philosophy of a mixed diet, with
1ts natural mtermingling of proteid, fat, and carbohydrate.
For the same reason, the body of a man rich in fat will in
fasting lose far less proteid per day than the lear man; or,
1f fed with a given amount of proteid food, the fat man may
attain nitrogen equilibrium, or even store up a little proteid,
while on the same diet the lean man will lose proterd. Fur-
ther, 1f o man 13 1n pitrogen balance with a gaven amount of
proteid food, the addition of fat or carhohydrate to the diet
will permit of a reduction 1n the amount of proteid necessary
to maintan mtrogenous equlibrium. TFat, however, when
added to food, does not always protect proteid to the extent
possibly suggested by the preceding statements. The follow-
ing data from oft-quoted experiments by Voit? on dogs will
serve to illustrate:

1C Vot Hernmow's Mandbuch der Physiologie des Gesammtastof weehsels,
Band 6, p 180
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Food Tieh,

Meat Tat Metabobzed On the Body

grams grams ras grams

1500 o 1512 —12

1500 150 1474 +26
500 3 556 — 8
00 100 520 —20

It is to bo observed that m both of these experiments the
fairly large addition of fat results in a saving of proteid, but
the sparing effect 1n the first experiment amounts to only 88
grams of proteid for the 150 grams of fat added. In the
second experiment, however, there 1s a saving of 36 grams of
proteid, although only 100 grams of fat were fed  The radi-

cal point of diff in the two exp 18 the amount
of proteid ingested. Proteid food sumulates proteid metnho-
lism; it Lhkewise the k of

nous matter, consequently the sparing or protecting effect of
fat on proteid 15 most conspicuous when the intake of pro-
texd is relatively small  Only under such conditions, does fat
protect in large degree the consumption of proterd in the
body. In the ordinary, daily, dietary of man, with its great
vaniety of food materials and with its proteid-content not
exceeding 125 grams, fat is apt to be a conspicuous element,
and under such conditions its sparing effect on protexd me-
tabohsm 19 most marked. Further, 1t must not be forgotten,
as Vout originally pointed out, that the adipose tissue of the
body acts like the food-fat, and consequently the proteid-
sparing effect of the former may be added to that of the
latter.

The addition of carbohydrate to a meat diet produces at
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once a saving in the decomposition of proteid, as shown in
the following figures, covering an experiment of two days:

Meat, Bugar. Proteld metaboltasd,
500 grams 200 grams 502 grams
500 0 564

Without the sugar, there was a minus balance of 64 grams
of proted, but addition of the carbohydrate caused practi-
cally a saving of all of this, with establishment of essentially
a nitrogen balance. The sparing of proteid by carbohydrate
is greater than by fats, a fact of considerable dietetic impor-
tance which is well illustrated by the following experiments
(on dogs) taken from Voit:

Food Flesh.
Meat. Non-nltrogenoua Food, Metabolized Palance of the Body
grams grams grams grams
500 250 Fat 558 —58
50 200 Sugar 466 +34
500 200 Sugar 505 -+
800 260 Starch 45 +55
800 200 Fat ki) +21
2000 200-300 Starch 1702 +208
2000 250 Fat 1883 +117

In considering the results of this experiment, it must be
remermbered that the ealorific or fuel value of fat as compared
with carbohydrate is as 9.8 : 4.1; in other words, fats bave
a fuel value of more than twice that of carbohydrates. In
spite of this fact, it is clearly evident that carbohydrates as
a class — for the different sugars and starches act alike in
this respect — are far more efficient than fats in saving pro-
teid. Thus, with an income of 500 grams of meat and 250
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grams of fat, the body of the aniral lost 58 grams of proteid,
while with a like amount of meat and 300 grams of sugar the
body not only saved the 58 grams, but in additron stored 84
grams of proteid, showing = plus balance to that extent. The
spanng of proteid by carbohydrate amounts on an average,
according to Voit, to 9 per cent—in the highest cases to 15
per cent — of the proteid given, while the saving produced
by fat averages only 7 per cent. Futher, increasing quanti-
ties of carbohydrates m the food dimnish the rate of proteid
metabolism much more regularly and constantly than in-
creasing quantities of fat. We may attnibute this difference
in action, 1 a measure at least, to the greater ease in oxi-
dation and utilization of the carbohydrate. In any event,
starches and sugars are most valuable adjuncts to the daily
diet, because of this marked proteid-saving power, while their
fuel value adds just so much to the total energy ntake.

A more striking 1llustration of the action of earbohydrate
spanng proteid is seen m expenments on man, where the
nitrogen intake 1s reduced to a mimmum, so as to constitute
a condition of specific mtrogen-hunger. In such a case, in-
creasing amounts of carbohydrate added to the intake reduce
enormously the using up of tissue proteid. The following
expeniment with a young man 22 years old and 71.8 kilos
body-weight, reported by Land 1 affords good
of the extent to which this proteid sparing power may mani-
fest atself.

We see here the nitrogen consumption fall to the exceed-
ingly low level of 8 34 grams per day, or 0 047 gram per kilo
of body-weight. To the full signif of this
drop i the extent of proteid metabolism, we may recall that
Succi, with a body-weight of only 62 4 kilos, on the seventh
day of fasting excreted 9.4 grams of nitrogen, corresponding

1 Land sber die
Skandwavisches Archtv fur Physiologe, Band 14, p 114

des Menschen
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once o saving in the decomposition of proteid, as shown in
the following figures, covering an experiment of two days:

Meat. Bugar. Proteld metsbolized,
500 grams 200 grams. 502 grams
500 ° 564

Without the sngar, there was a minus balance of 64 grams
of proteid, but addition of the carbohydrate cansed practi-
cally a saving of all of this, with establishment of essentially
a nitrogen balance. The sparing of proteid by carbohydrate
is greater than by fats, a fact of considerable dietetic impor-
tance which is well illustrated by the following experiments
(on dogs) taken from Voit:

Food Flean,
Moat, Non-nitrogenons Food Motabolized. | Balanca of the Body
grams grame Frame grama
500 250 Fat 558 —53
500 800 Sugar 466 +34
500 200 Sugar 505 -5
800 250 Starch 45 +65
800 200 Fat kit +21
2000 200-300 Starch 1702 +208
2000 250 Fat 1883 +117

In considering the results of this experiment, it must be
remembered that the calorific or fuel value of fat as compared
with carbohydrate is as 9.8 : 4.1; in other words, fats have
a fuel value of more than twice that of carbohydrates. In
spite of this fact, it is clearly evident that carbohydrates as
a class — for the different sugars and starches act alike in
this respect — are far more efficient than fats in saving pro-
teid. Thus, with an income of 500 grams of meat and 250
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grams of fat, the body of the ammal lost 58 grams of proteid,
while with a like amount of meat and 300 grams of sugar the
body not only saved the 58 grams, but in addition stored 84
grams of proteid, showing a plus balance to that extent. The
sparing of proteid by carbohydrate amounts on an average,
according to Voit, to 9 per cent — in the highest cases to 15
per cent — of the proteid given, while the saving produced
by fat averages only 7 per cent. Futher, increasing quanti-
ties of carbohyd: m the food d h the rate of proteid
metabolism much more regularly and constantly than in-
creasing quantities of fat  We may attnbute this difference
in action, in a measure at least, to the greater ease in oxi-
dation and uhlization of the carbobydrate. In amy event,
starches and sugars are most valuable adjuncts to the daily
diet, because of this marked proterd-saving power, while their
fuel value adds just so much to the total energy intake.

A more striking illustration of the action of carbohydratein
Aparing proteid is scen in expertments on man, where the
nitrogen intake is reduced to a mmimum, so as to constitute
2 condition of specific mtrogen-hunger. In such a case, in-
creasing amounts of carbohydrate added to the intake reduce
enormously the using up of tissue protexd. The following
experiment with a young man 22 years old and 71.3 kilos
body-weight, reported by Landergren,! affords good evidence
of the extent to which this proteid sparing power may mani-
fest jtself.

We see here the nitrogen consumption fall to the exceed-
ingly low level of 8 34 grams per day, or 0.047 gram per kilo
of body ght. To app the full i of this
drop 1 the extenh of proterd metabolism, we may recall that
Suces, with a body-weight of only 62 4 kilos, on the seventh
day of fasting excreted 9 4 grams of nitrogen, corresponding

1 Laud

uber die des Benschen,
Skandunavisches Archiv fur Physiologe, Band 14, p 114
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once a saving in the decomposition of proteid, as shown in
the following figures, covering an experiment of two days:

Meat, Bugar Protatd metabolised,
500 grame 200 grams. 602 grama.
500 0 584

‘Without the sugar, there was a minus balance of 64 grams
of proteid, but addition of the carhohydrate caused practi-
cally a saving of all of this, with establishment of essentrally
2 pitrogen balance. 'The sparing of proteid by carbohydrate
is greater than by fats, a fact of considerable dietetic impor-
tance which is well illustrated by the following experiments
(on dogs) taken from Voit:

Food Flesh,
Heat. Non-nitrogenous Food, Metabolized ‘Balsuce of ¢he Body
e g e grame
500 250 Fat 658 —68
500 300 Sugar 46 +84
500 200 Sugar 505 -
800 250 Starch T45 +55
200 200 Fat 773 +21
2000 200-300 Starch 1792 +208
2000 250 Fat 1883 117

In considering the results of this experiment, it must be
remembered that the calorific or fuel value of fat as compared
with carbohydrate is as 8.8 : 4.1; in other words, fats have
a fuel value of more than twice that of carbohydrates. In
spite of this fact, it is clearly evident that carbohydrates as
a olass — for the different sugars and starches act ahke in
this respect ~— are far more effictent than fats in saving pro-
teid. Thus, with an income of 500 grams of meat and 250
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grams of fat, the body of the animal lost §8 grams of proteid,
while with a like amount of meat and 300 grams of sugar the
body not only saved the 58 grams, but in addition stored 34
grams of proteid, showing a plus balance to that extent. The
spanng of proteid by carbohydrate amounts on an average,
according to Voit, to 9 per cent — 1n the highest cases to 15
per cent — of the proteid given, while the saving produced
by fat averages only 7 per cent. Futher, increasing quanti-
ties of carbohydrates in the food dummish the rate of proteid
metabolism much more regularly and constantly than in-
creasing quantities of fat  We may atinibute this difference
1n action, in a measure at least, to the greater ease in oxi-
dation and utihzation of the carbohydrate. In any event,
starches and sugars are most valuable adjuncts to the daily
duet, because of this marked proterd-saving power, while their
fuel value adds just so much to the total energy intake.

A more striking 1llustration of the action of carbohydrate in
sparing proteid 13 seen 1n experiments on man, where the
nitrogen intake 13 reduced to a mimmum, 0 a3 to constitute
a dition of specific nitrogen-hung In such a case, m-
creasing amounts of carbohydrate added to the intake reduce
enormously the using up of tissue proterd. The following
expeniment with a young man 22 years old and 71.3 kilos
body-weight, reported by Land 1 affords good evidence
of the extent to which this proteid sparnng power may mani.
fest itself.

We see here the nitrogen consumption fall to the exceed-
ingly low level of 3 84 grams per day, or 0 047 gram per kilo

of body ght. To the full signifi of this
drop in the extent of protexd metabolist, we may recall that
Sucel, with a body-weight of only 62 4 kilos, on the seventh
day of fasting excreted 9.4 grams of nitrogen, corresponding

T Laod
Skandiavisches Archuy fur l’hyumlogle‘ nml 14,p 114

des Menachen.
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once & saving in the decomposition of proteid, as shown in
the following figures, covering an experiment of two days:

Moat. Bugar Proteld metabolized,
600 grams 200 grams, 502 grams
500 [ 564

Without the sugar, there was a minus balance of 64 grams
of proteid, but addition of the carbohydrate caused practi-
cally a saving of all of this, with establishment of essentially
a nitrogen balance. The sparing of proteid by carbohydrate
is greater than by fats, a fact of considerable dietetic impor-
tance which is well illustrated by the following experiments
(on dogs) taken from Voit:

Food Fleah,
Moats Non-nltrogenous Food, Metabellsed. | Balance of the Body
grams grame g grams
500 250 Fat 558 —b8
500 800 Sugar 466 +84
600 200 Sugar 505 -5
800 250 Starch 45 +65
800 200 Fat 773 +27
2000 200-300 Starch 1702 +208
2000 250 Fat 1883 4117

Tn considering the results of this experiment, it must be
remembered that the calorific or fuel value of fat as compared
with carbohydrate is as 9.8 : 4.1; in other words, fats have
a fuel value of more than twice that of carbohydrates. In
spite of this fact, it is clearly evident that carbohydm.tes flq
a class — for the different sugars and starches act .ullke in
this respect — are far more efficient than fats in saving }')ro-
teid. 'Thus, with an income of 500 grams of meat and
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proteid of withdrawal of a portion of the fat or carbohydrate
of the intake, 1n the case of 2 person nearly or quite :n mftro-
gen balance. The following experiment ! affords a good ex-
ample of what will oceur under such tieatment:

Iacome

Balancs
Outgut ot |} Biimenst

Nitrogen. | Fat lg;;‘;; Catones

groma ame.

grams | grama
Avof3days| 16782 | 4047 | 2896 | 1955 || 14027 | 40862
Nov 30 16782 4034 1778 1493 14953 +0830

Dec 1 15782 4084 1778 1493 17 646 —1757
2 15782 4034 1778 1403 18452 -2663
Average of the last two days . . . . —2210

Starting with the body n a condition of plus nitrogen
balance, 4. e., with a mixed diet more than sufficient to main-
tain the tissue proterd intact, the reduction of the fuel value
of the food from 1955 to 1493 calomes by cutting off 112
grams of carbohydrate per day was followed by a gradual,
but marked, increase in the output of mitrogen; indicating
thercby the extent to which the body proteid was then drawn
upon to make good the loss of energy-contmming income.
The body showed at the close of the expemment a minus
nitrogen balance averaging 2.2 grams per day, or a loss of
13.8 grams of tissue proteid, which would obwiously have
conttnued, under the sbove conditions, unti! the body was
exhausted. In other words, the 112 grams of carbohydrate,
if added to the diet on December 3 and the following days,
would have quickly saved the daily loss of 24 grams of
nitrogen, and thus changed the drain of tissue proteid to an

1 An experiment by Miura, quoted from A Magnus Levy 1 v Noorden’s
Tandbuch der Pathologse des Stoffwachaels, 1906, p 331
7
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Intake, Ou
* "ot | proteta

i
Prowid. | Mot | 0450 | Awohor, | Catorfes || et

grams | grams | grams | gramy grams || grams
352 61 507 | 206 | w4850 11218 (| 760

287 47 787 266 35748 837 628
288 47 &1 2686 87861 502 818
283 49 839 133 26905 450 281

54 .~ 808 case 37039 401 250
80 . 31 rere 88417 385 210
66 . 008 L rs 37458 334 208

< o oo ko or =

to a metabolism of 58.7 grams of tissue proteid. In other
words, with an intake of only 5.6 grams of proteid, the addi.
t10n of 908 grams of carbohydrate, with a total fuel valus of
8745 calonies, reduced the consumption of tissue proteid to
20.8 grams. The same individual, 1f fasting, would un-
doubtedly have used up at lenst 70 grams of tissue proteid.
It 1s evrdent from what has been said that both of these
non-nitrogenous foods, fat and carbohydrate, play a very im-
portant part in nutntion, because of their ability to maintain
in a measure the integrity of tissue proteid. When we recall
that o diet of pure proteid, such as meat or eggs, must be
excessive in quantity in order to meet the energy require-
ments of the body, and that the stimulating action of proteid
food serves to whip up body metabolism, we can eppreciate
at full measure the great physiological economy which results
from the additton of carbohydrate and fab to the daily diet.
The establishment of nitrogenous equilibrium Iy made pos-
sible ut a much lower level by the judicious addition of these
two non-nitrogenous foodstuffs. The same principle may be
illustrated 1n another way, viz., by noting the effect on tissue
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proteid of withdrawal of a portion of the fat or carhohydrate
of the intake, in the case of a person nearly or quite in nitro-
gen balance. The following experiment? affords a good ex-
ample of what will oceur under such tieatment:

Lo
Batoncnof

urpnt ot || Halaos

ey

satogen || 3528y

Nitrogen. | Fab Sarve | Catorsen.
bydrate.

grams | groms | groms groma
Av of 3days{ 15782 4047 206 1855 1o +0862

Nov 30 15782 4034 17718 1493 14089 +0830

Dee. 1 15782 4038¢ 113 1453 17 646 =177
2 15782 4034 773 1403 18452 ~2663
Average of the last two days .« —2210

Starting with the body in o condition of plus nitrogen
balance, 4. e , with a mixed diet more than sufficient to main-
tain the tissue proterd intact, the reduction of the fuel value
of the food from 1955 to 1493 calories by cutting off 112
grams of corbohydiate per day was followed by a gradual,
but marked, mcrease i the output ot mtrogen; indicating
thereby the extent to which the body proteid was then drawn
upon to make good the loss of energy-contaiming income.
The body showed at the close of the expemment a minus
mitrogen balance averaging 2.2 grams per day, or & loss of
13.8 grams of tissue proteid, which would obwiously have
continued, under the above conditions, until the body was
exhougted. In other words, the 112 grams of carbohydrate,
1f added to the diet on December 3 and the following days,
would have quickly saved the daily loss of 2.4 grams of
nitrogen, and thus changed the drain of tissue proteid to an

1 Au experiment by Miurs, quoted from A MagnusLevy n v, Noorden's
Handbuch der Pathologie des Stollwechsels, 1000, p 831

7
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t establish

actual gain, with q t of & growing plus
Dalance.

It is obvious from what has been stated, that in man the
body can accomplxsh a storing of proteid only when the
intake is rein d by sul ial additions of fat or carbo-
hydrate. It is plainly a matter of great physiological impor-
tance that the body should be alle to increase at times its
reserve of proteid. This, however, cannot apparently be
accomplished on a large scale under ordinary conditions.
Any storing up of nutritive materiul in excess, whether it
be proteid or fat, necessarily involves overfeeding, ¢ e., the
taking of an amount of food beyond the capacity of the body
to metabolize at the time. Fat, as we know, may be stored
in large quantities, and it is in cases of overfeeding with
non-nitrogenous foods that we find accumulation of fat most
marked. Overfeeding with proteid, however, does not lead
to corresponding results, owing primarily to the peculiar
physiological properties of proteid; its general stimulating
effect on metabolism, the tendency of the body to establish
nitrogenous equilibrium at different levels, and the fact em-
phasized by von Noorden that flesh deposition is primanly a
function of the specific energy of developing cells, In other
words, the protoplasmic cells of the body are more important
factors in the storing or holding on to proteid than an excess
of proteid-contamng food.

It is generally considered as a settled fact, that in man
it is impossible to plish any large p storing
or deposition of flesh by overfeeding. Similarly, it is un-
derstood that the muscular strength of man cannot be greatly
increased by an excessive intake of food. The only con-
ditions under which there is ordinarily sny marked and
permanent flesh deposition are such as are connected with
the regenerative energy of living cells. Thus, 2s von
Noorden has stated, an accumulation or storing of tissue




THE BALANCE OF NUTRITION 99

proteid 13 seen especially in the growing body, where new
cells are being rapidly constructed; also in the adult where
growth may have ceased, but where increased muscular
work has resulted in an hypertrophy or enlargement of the
muscular tissue; and lastly in those cases where, owing
to previous nsufficient food or to the wasting away of the
body incrdental to disease, the proteid content of the tissues
has been more or less diminished, and consequently an abun-
dance of proterd food 18 called for and duly utilized to make
good the loss In soms oft-quoted experiments by Krug,
conducted on himself, 1t was observed that with an abundant
food intake, sufficient to furnish 2590 ca]nnes per day (4-1
cnlunes per kllo of bod ght), a

was easily On then
mz:re'\smg the fuel value of the food to 4300 calories (71 calo-
ries per kilo of body-weight) by addution of fat and earbo-
hydrate, there was during 2 period of fifieen days a spanng
of 49.5 grams of mtrogen or 809 grams of proteid, which
would correspond to about 14560 grams, or three pounds, of
fresh muscle. It 13 to be noted, however, that of this excess
of calories added to the intake only & per cent was made
use of for flesh deposit, the remaining 95 per cent going to
make fat.

Again, we may call attention to the well-known fact that
in feeding animals for food, wiile fat may be laid on in Iarge
amounts, flesh cannot be so mcreased hy overfeeding. In th)s
matter, however, race and wdividuality count for
Thus, there is on record & more recent series of experiments
conducted by Dapper? on himself which shows some remark-
able results. Starting with a daily diet not excessive in
amount, he was alle by an addition of only 80 grams of
starch to accomplish & laying up of 3.32 grums of nitrogen

1 Max Dapper Ueber Fletachmast belm Menschen  Inaug Disser. Mare
jurg, 1902
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actual gain, with consequent establishment of a growing plus
balance. .

It is obvious from what has been stated, that in wman the
body can accomplish a storing of proteid only when the
intake is remnforced by substantial add:tions of fat or carbo-
hydrate. It is plamnly a matter of great physiological impor-
tance that the body should be able to increase at times its
reserve of proteid. This, however, cannot apparently be
accomplished on a large scale under ordinary conditions.
Any storing np of nutntive matenal in excess, whether it
be proteid or fat, necessarily involves overfeeding, 4 e., the
taking of an amount of food beyond the capacity of the body
to metabolize at the time. Fat, as we know, may be stored
in large quantities, and it is in cases of overfeeding with
non-mtrogenous foods that we find accumulation of fat most,
marked. Overfeeding with proteid, however, does not lead
to corresponding results, owing primanly to the peculiar
physiological properties of proterd; its general stimulating
effect on metabohism, the tendency of the body to establish
ntrogenous equilibrium at different levels, and the fact em-
phasized by von Noorden that flesh deposition is primarily a
function of the specific energy of developing cells. In other
words, the protoplasmic eells of the body are more important
factors in the storing or holding on to proteid than an excess
of proterd-contaimng food.

It is generally considered as a settled fact, that in man
it is imp to lish any large p storing
or deposttion of flesh by overfeeding. Similarly, it is un-
derstood that the muscular strength of man cannot be greatly
increased by an excessive intake of food. The only con~
ditions under which there is ordinarily any marked and
permanent flesh deposition are such as are connected with
the regenerative emergy of living cells. Thus, as von
Noorden has stated, an accumulation or storing of tissua
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milk proterd) was added to the diet, there is to Le noted a
gradual falling off in the proteid-sparing pawer, which way
perhaps be interpreted as 1mplying that the body wes prac-
tically saturated with proteid, and that owing to this fact the
body was unable to continue 1ts laying hold of nitrogen. In
the entire pertod of 21 days, however, the body had sue-
ceeded in accumulating a store of 62.8 grams of muogen, or
392 grams of proterd, and this without adding very largely
to the intake of non-mtrogenons matter. This experiment
affords a stnking illustration of the ability of the body to
“fatten on nitrogen,” but 1t 15 very doubtful f such results
ean generally be obtamed.  Luthje,! however, has reported a
large retention of mtrogen on a diet contuming 50 grams of
nitrogen daily, with a fuel value of 4000 calones It 1s
more than probable that therc existed n these particular
cases some personal peculianty or whasynerasy which favored
the proteid-sparing power. The personal coeflicrent of nuti-
tion is not to be ignoted; it shows itself in many ways, and
the above results are to be counted among those that are ex-
ceptional and not the rule. In the words of Magnus-Levy,
“a given diet with Cassius may lead to different results than
with Anthony.”

For the study of many questions in nutrition, it becomes
necessary to d y the forma of
energy within the body as d with the
of matter; the total 1ncomo and outgo of energy, measured
m terms of heat, ate to be compared one with the other and
a balance struck. Further, in studying the metabolism of
carbohydrate and fat 1t is necessary to determine the output
of gaseous products through the lungs and skin; to estimate
the excretion of carbon dioxide and water, and the intake of
oxygen. For lhese purposes, a special form of appamtus
known ns a Tesp is loyed. The double

3 Zertschelft fur khmivche Medizin, Band 43, p 22,
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per day for a period of twelve days, ora total gain of 39.8
grams of nitrogen, equal to 248 grams of proteid. It may bo
said that the gain of proteid or flesh here for the twelve days
was po greater than in the preceding case (fifteen days), but
the difference lies in the fact that Krug accomplished his
gain by increasing the daily intake from 2590 to 4300 calo-
ies, an amount which he found too laige to be eaten with
comfort, while the later investigator raised the fuel value
of s daily food from 2980 to only 8250 calones. As the
experiments by Dapper contain other points of interest bear-
ing on the question before us, we may advantageously con-
sider them somewhat in detal. The followng table gives
the more important results:

Food Composttlon.

No | Dure- Character Nitrogen | Maxims and Mintma
P tion. of Food, Balance ot Nitrogea-gain.
P Mitrogen |Calories.

deys grams grams grams.
1| 6 |Orlinery mixed| 2025 { 2000 { +218 (432 on 4th day.
diet +15 on 6th day.

2 | 12 |Diwto+80 grams| 2000 | 3260 | +323 | +475 on 28 day.
starch $465 on 1201 duy.
1230 on 8th day.
3| 9 |Ditto480grams| 2458 | 8400 | 4265 [+598 on lst duy.
starch, + 40 4473 on 24 day.
grams plusmon 050 on 6th day.

+160 on 9th day

As we look at these results, the nitrogen gain for the first
and second days of the third experiment and the first day of
the second experiment may well attract our attention, since
they show an astomshing laying by of proteid, or gain of flesh,
under the influence of a comparatively small increase n the
fuel value of the food. A gamn of 5.98 grams of nitrogen
means 37.8 grams of proteid, or more than au ounce; by no
means an inconsiderable addition for one day to the stove of
tissue proteid. In the third experiment, where plasmon (dried,
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mlk proteid) was added to the diet, there is to be noted a
gradual falling off in the proteid-sparing power, which may
perhaps be interpreted as implying that the body was prac-
tically saturated with proteid, and that owing to tlus fact the
body was unable to continue 1ts laymg hold of mitrogen. In
the entire period of 21 days, however, the body had suc-
ceeded 1n accumulating a store of 62.8 grams of mtiogen, or
302 grams of proteid, and this without adding very largely
to the intake of non-mitrogenous matter. This experiment
affords a stnking 1llustration of the atality of the body to
“fatten on mtrogen,” but st is very doubtful 1f such 1esults
can generally be obtained. Luth)e,® however, Las reported a
large retention of mtrogen on a diet containing 50 grams of
mtrogen daily, with a fucl value of 4000 ealomes. It 13
more than probable that there existed in these particular
cases some personal peculiarity or idiosynerasy which favored
the proteid-sparing power. The personal coefficient of nutii-
tron is not to be agnoted; 1% shows itself i many ways, and
the above results are to be counted among those that are ex-
ceptional and not the rule. In the words of Magnus-Levy,
“a given diet with Cassius may lead to different results than
with Anthony.”

For the study of many questions 1n nutrition, 1t becomes
necessary to d ly the fi of
energy within the body as contrasted with the transformation
of matter; the total income and outgo of energy, measured
in terms of lieat, are to be compared one with the other and
a balance struck  Further, in studying the metabolism of
carbohydrate and fat 1t is necessary to determine the output
of gaseous products through the lungs and skin; to estimate
the excretion of carbon dioxide and water, and the intake of
oxygen. For these purposes, a speeial form of apparatus
known as a irati i 18 employed. The double

1 Zestsehrlf: e klimache 3ledszin, Band 44, p 22,
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name i3 indrcative of the twofold character of the spparatus,
viz., a smtably constructed chamber so arranged as to permit
of measuring at the same time the respiratory produets and the
energy given off from the body. The form of apparatus best
known to-day, and with which exceedingly satisfactory work
has been done, is the Atwater-Rosa apparatus, as modified by
Benediet- It consists essentmlly of a respiration chamber, in

reality an tight, 1 perature room (with walls
of sheet metal, outside of which are two concentric coverings
of wood pletely sur ding it, with g air gpaces

between), sufficently large fo admt of a man living in it for
a week or more at a time. Connected with the ehamber is
2 great variety of pl for and
analyzing the supply of oqgeu, determmmg the amount of
catbon dioxide and of water, etc., etc. As an apparatus for
measurmg heat, the chamber may be described as “a constant-

ture, flow water calori. so devised
and manipulated that gain or loss of heat throngh the walls
of the chamber is prevented, and the heat generated within
the chamber cannot escape in any other way than that pro-
vided for carrying it away and measuring .1

In illustration of the efficiency of an apparatus of this de-
seription, and of the close agreement obtainable by direct calori-
metric with the esti d enexgy, as figured from

the materials oxidized in the body, we may quote the following
data from Dr. Benedict’s 1eport, referred to in the footnote.
The subject was a young man who had been fasting for five
days. The experiment deals with the metabolism on the first
day after the fast, when a diet composed mainly of mulk was

- ©#AL s eitan aadarimatar an T tha preat diversity of ap.

4
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made use of, containing 53.31 grmms of proteid, 211.87 grams
of fat, and 75 41 grams of carbohydrate. The following table
shows the results of the experient:

4
@) o | Rasmaed

‘Heat of Conbustion of Heat Meawared
Food wod Excrets sa Hrat @
e v | ol | ey router of Lass
Deternined by boub Bie | daty § s Jareesnet | QREILEE
Exerey {trom Doy} Materied | o PE
Trom' | Material | Daxbasd | FEEEG
@ 1D 1 g | Feed |ousedor( lnt
Yo {Emere ol hfrva)| toand

rimeter Teopor-
Bty | Awowmt, | Fepps
mest. a o

adories eatorion | Calorlen | calovion | ealories | calories | per ceut
2669 | 149} 2 | 2017 | 422 2088 m3 +25 12

As ig seen from the shove figures, the total fuel value of
the food was 2569 ealones  The fuel value of the whomidized
portion of the foed contaned i the excretz was 140 + 103
calones, leaving ae the avarable emergy of the food 2317
calories. This muss be farther corrected by the fact, men-
troned w the footnate, that 4 porticn of the foad was stored
83 fot and glycopen, winle the body lost at the sume tume o
small amouat of proteid. Making the necessary correction
for these causes, we find 2088 calores as the energy from
material oxdized m the body.  The sctual output of energy
s messured by the calormeter was 2113 calories, ouly 1.2
per ceny greater than the eshimated amount.

Py aid of the respiration calorimeter, many important qites-
tions tn nutntion can be more or less accurately answered,
especaally such s5 relate to the total energy requirements of
the body. The law of the conservation of energy obtaine in
the human body a2 elsawhere, and if we can mensurs wath
acenracy the total heat output, with any energy hbesated in
the form of work, and at the same tume determine the total
excretion of carbon dioxide, water, nitrogen, etc., together

1 In the experiovent, the bady lost 23 18 grama of proteld = 165 2alaries, bog

Funed fat and giyoogen o= 303 salories  Heaocs, thers wero 220 calories gumed
Seom body materhl,
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name Is indicative of the twofold character of the npparatus,
viz., a smtably constructed chamber so arranged as to permit
of measuring at the same time the respiratory products and the
energy given off from the body. The form of apparatus hbest
known to-day, and with which exceedingly satisfactory work
has been done, is the Atwater-Rosa apparatus, as modified by
Benedct. It consists essentially of a respiration chamber, in
reality an air-tight, constant-temperature room (with walls
of sheet metal, outside of which are two concentric coverings
of wood pletely sur ding it, with g air spaces
between), sufficiently large to admit of a man living in it for
a week or more at a time. Connected with the chamber is
a great vamety of complex apparatus for maintaining and
analyzing the supply of oxygen, determining the amount of
carbon dioxide and of water, etc., ete, As an apparatus for
measuring heat, the chamber may be described as “a
temperature, i flow water calori: so devised
and manipulated that gain or loss of heat through the walls
of the chamber is prevented, and the heat generated within
the chamber cannot escape in any other way than that pro-
vided for carrying it away and measunmg it.”?

In illustration of the efficency of an spparatus of this de-
seription, and of the close agreement obtainable by direct calori-
metrie with the ted energy, as figured from
the materials oxidized in the body, We may quote the following
data from Dr. Benedict’s 1eport, referred to in the footnote.
The subject was a young man who had been fasting for five
days. The experiment deals with the metabolism on the first
day after the fast, when a diet composed mainly of milk was

tant.

1 For an account of the Tespiration calorimetey and the great diversity of ap-
paratus gecessory thereto, together with a deschiption of the methods of measure-
ment. -n-l,m.en: zee Publication Fo 42, Carnegie Institution of Washington,

ith App for the Direct 3 of
Oxggen” By \\' 0 Atwater and ¥ G Benedror
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tional to the body surface. This is in harmony with the view
advanced by v. Hdsslin, “that all the tmportant phymalogical
activities of the body, meluding of course its internal work
and the consequent heat production, are substantially propor-
tional to the two-thirds power of its volume, and that since
the external surface bears the samo ratio to the volume, a pro-
portionality necessanly exists between heat production and
surface,”?

There are, however, many cireumstances that modify, or
influence, energy exchange. Thus, the taking of food, with
oll the of digestion, ilati

1 See Armady Trinciples of Ammal Nutnition, p 368,

, ete., in.
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with the intake of oxygen, it becomes not only possible to
ascertain the energy requirements of the body under different
conditions, but, aided by data obtainable through study of the
exchange of matter, we can draw important conclusions con-
cermng the sources of the energy, t. &., whether from proteid,
fat, or carbohydrate.

It is obvaous that a man asleep, or lying quietly at rest, in
the calortmeter, especially when he has been without food for
some hours, furaishes suitable conditions for escertaining the
minimal energy requirements of the body. Under such con-
ditions, bodily activity and heat output are ab their lowest,
and we are thus afforded the means of determimng what is
frequently called the basal energy exchange of the body.
The following table taken from Magnus-Levy, and embody-
ing results from many sources, shows the heat production
during sleep, calculated for 21 hours, of various indrviduals of
different body-weight and of different body surface.

1 venture to present these individual results, rather than
make o general statement simply, because it is 1mportant to
recognize the fact that the basal energy exchange differs ac-
cording to body-weight, extent of body surface, and the con-
dition of the body. In the table, the results are arranged in
the ordet of body-weight, and it is plain to see that the abso-
Iute energy exchange 1s greater with heavy persons than with
light, yet the energy exchange does not imcrease in propor-
tion to ncrease of body-werght. With a man of 83 kilos
body-weight, the basal exchange is only 3010 per cent
higher than in a man of 438 kilos body-weight. In otber
words, the man of small body-weight has, per kilo, a much
higher basal exchange than the heavier man. The energy
exchange 18 more closely proportional to the extent of body
surface than to weight.

As Richet has expressed it, the basal energy exchange is
inversely proportional to the body-weight and directly propor-
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tional to the body surface. This 13 1n harmony with the view
advanced by v. Hosslin, “that all the important physiological
activities of the Lady, mcluding of course its internal work
and the q beat product are sut 1ly propor-
tional to the two-thirds power of its volume, and that since
tho external surface bears the same ratio to the volume, & pro-
portionality necessorily exists between heat production and
surface.”?

There are, Lowever, many eircumstances that modify, or
influence, energy exchange. ’I'lms. the taking of food, with
all the dant p of dig imil: 5 ete., in.

¥ Seo Armabys Principles of Aniwal Nutntion, p 368
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volves an expenditure of energy not inconsiderable. This
has been experimentally demonstrated on man by several in-
vestigators. With fatty food, Magnus.Levy found that his
subject lying upon a couch, as completely at rest as possible,
produced in the 24 hours 1547 calories when 94 grams of fat
were eaten, and 1582 calortes when 195 grams of fat were

d. The i of heat production over the basal
energy exchange was 10 and 58 calories respectively. With
a mixed diet, where proterd food is a conspicuous element, the
increase in heat production is much more marked. Thus, in
some experiments reported from Sweden the following data
were obtained: !

Day Exergy of the Food. | Heat Productlon.
calorien calorles
First 4141 e
Second 421 2705
Third [ 2220
Fourth o 2102
Fifth o 2024
Sixth 0 1992
Seventh o 1970
Eighth 4355 2436
Nioth 3946 2410

‘We see here an increase of 495 calories per day in heat pro-
duction, due to metabohism of the food ingested. In other
words, with a basal energy exchange of 2022 calories, the
avelage of the five fasting days, energy equivalent to 495
calomes was expended in taking care of the ingested food.
It should be added, however, that the daily ration here was

1 Taken from Armsby . Principles of Animal Futrition, p. 883-
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somewhat excessive, 4193 calories being considersbly in ex-
cess of the requirements of the body. Finally, it should be
stated that of the several classes of foods, proteids cause the
greatest increase in metabolism and fats the least.

In studying heat prodnmetion in the body under varying
conditions, one of the important aids 1n drawing conclusions
as to the character of the body material burned up 13 the
respiratory quotient. This 1s the relationship, or ratio, of
the oxygen absorbed to the oxygen of the carbon dioxide

liminated viz.,(—)gl. Carbohyd (CgHyy O CraHp0yy)
all contain hydrogen and oxygen 1n the proportion to form
water, H,0, and in their oxidation they need of oxygen only
such quantity as will suffice to oxidize the carbon (C) of the
sugar"to carbon dioxide (CO,). Carbohydrates, starch and
sugars, have & respiratory quotient of 100 Fat, on the
other hand, hasa respiratory quotient of 0.7, and proteid, 0.8.
Hence, it is easy to seo that the respiratory quotient will
approach nearer to umty as the quantity of carbobydrate
burned in the body is increased. Similarly, the respiratory
quotient will grow smaller the larger the amount of fat
burned up. Practically, we never find a respiratory quotient
of 1.0 or 0.7, beeause there is always some oxidation of pro-
teid in the body. If, by way of illustration, we assume that
the energy of the body under given conditions comes from
proteid to the extent of 15 per cent, while the remaimng 85
per cent is derived from the oxidation of carbohydrate, the
respiratory quotient will be 0.971. 1If, however, the 85 per
cent of energy comes from fat, the respiratory quotient wilt
change to 0 722, In the resting body, as in the early morn-
ing hours, after a mght's sleep and before food is taken, the

y quotient 13 g lly in the neight d of 0.8.
When, however, 8 sometimes happens, the quotient at this
time of day approaches 0.9, it must be assumed that sugar is
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proteid, fat, and carbohydrate of the tissues and of the food,
may produce niterations in the respiratory quotient without
necessarily being directly connected with intake of oxygen or
output of carbon dioxide through the lungs; and how, con-
sversely, the tespiratory quotient becomes a factor of great
significance 1 throwing light upon the character of the
nutntive changes taking place i the Dody.
Among the various conditions that influence the energy
exchange of the body, muscle work stands out as the maost
i 1t needs no arg to nee one that all
forms of muscular activity 1valve hberation of the energy
stored up in the tissues of the body; x\nd consequenﬂy that
all work plished means chemi in
which complex molecules are broken down into snmple ones
with liberation of the contamed energy, the energy exchange
being proportional to the amount of work done.  As we have
seen, the basal energy exchange of the normal individual 15
* ascertaned by studying his heat production while at rest—
best during sleep — withont food, when nvoluntary muscle
activity and heat production are at their lowest. The
Tmaximum enetgy exchange i3 seen 1n the indivadnal at hard
musculer work. Heat production is then at its nghest, as
can be ascertained by direct calorimetric abservation; or, by
studying the output of excretory products, which measure
the extent of the oxidative processes from wineh comes the
energy for the accomplishment of the work. As an illustra-
tion of the general effect of muscular work on the energy ex-
change of the body, we may cite a summary of some results
seported by Atwater and Benediet,! the figutes given bewng
average results, from several individuals, and coverng daffer-
ent poriods of time. Though noc stnetly compasahle in nll
details, they are sufficiently so toil the main p

3 Atwater and Deneduct: Experiments on the Mersbolum of Marer sod
Frergy In the Hfumsn Body 1000-1502. Dalloin No 130, Office of Expen
meut Stations, U § Departmens of Agricalare, 1903, p. 11
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being burned in the body, presumably from carbohydrate still
circulating from the previous day’s intake.

As can easily be seen, any special drain upon either fat or
carbohydrate in the processes of the body will be indicated at
once by a corresponding change in the respiratory quotient.
This we shall have occasion to notice later on, in considering
the source of the energy of muscle contraction. Further, the
respiratory quotient will naturally change in harmony with
transformations in the body which involve alterations in
oxygen-content, without the oxygen of the inspired air being
necessarily involved; as in the formation of a substance poor
in oxygen, such as fat, from a substance rich in oxygen, such
as carbohydrate. Moreover, the reversal of this reaction, asin
the formation of sugar from proterd with a taking on of oxy-
gen, will produce a corresponding effect upon the respiratory
quotient. As Magnus-Levy has clearly pointed out, in the
formation of fat from carbohydrate, carbon dioxide is pro-
duced 1n large amount without the oxygen of the inspired mr
bemg involved atall. In such a change, 100 grams of starch
will yield about 42 grams of fat, while at the same time 45
grams of carbon dioxide will be produced. This might cause
the respiratory quotient to rise as high as 1.88, Agam, in
the formation of sugar from proterd, the respiratory quotient
may sink very decidedly, the changes involved being accom-
panied by a taking on of oxygen from the air, without,
however, any corresponding increase of carbon dicxide
in the expired air. Assuming a manufacture of 60 grams
of dextrose from 100 grams of proteid, . e., from the non-
mtrogenous moiety of the proteid molecule, a respiratory quo-
tient of 0.613 would be possible.  Thus, a diabetie patient,
living upon a carbohydrate-free diet, consuming only proteid
and fat, may show a respiratory quotient of 0.613-0.707.
These 1llustrations will suffice to show how chemical altera-
tions taking place in the body, involving transformations of
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proteid, fat, and carhohydrate of the tissues and of the food,

may produce al jons in the resp 'y quot without
necessarily being directly connected with intake of oxygen or
output of carbon dioxide through the lungs; and how, con-
versely, the respimatory quotient hiecomes a factor of great
significance 1n throwmng light upon the charncter of the
nutritive changes taking place in the body.
Amoung the various conditions that influence the energy
exchmnge of the body, muscle work stands out as the most
P It needs no argument to ince one that all
forms of musoular activity involve liberation of the energy
stored up 1n the tissues of the body; and consequently that
all work lished means chemcal d in

which complex mo!ecules are broken down into slmple ones
with liberation of the contained energy, the energy exchange
being proportional to the amount of work done. As we have
seen, the basal energy exchange of the normal individual 1s
“ ascertained by studying his heat production while at rest —
best during sleep — without food, when mvoluntary musele
activity and heat production are at their lowest. The
maximum energy exchange is seen in the individual at hard
muscular work. Heat production 18 then at 1ts highest, as
can be ascertaned by direct calorimetric observation; or, by
studying the output of excretory products, which measure
the extent of the oxadative processes from which comes the
energy for the accomplishment of the work. As an illustra-
tion of the general effect of muscular work on the energy ex-
change of the body, we may cite 2 summary of some zesults
reported by Atwater and Benediet,! the figures given being
average results, from several individuals, and covering differ-
ent periods of time. Though not strietly comparable in all
details, they are sufficrently so to illustrate the main principle.
1 Atwater and Benedict  Expenments on the Metabolism of Matter and

Energy s the Human Body 1900-1902 Dullta No. 186, Offce of Expen
ment Stations, U S Department of Agriculture, 1903,p 141
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HEAT GIVEN OFF BY BODY, INCLUDING FOR WORK
EXPERIMENTS THE HEAT EQUIVALENT OF
THE EXTERNAL MUSCULAR WORK.

Rates per Hoar,
Total N
o verage
Xiadof Experiment, | of xfl'z Day Feriods. Might Poriote, | AT
24 Hours
it

Tawto [ Irmto|Trxto laxto
1rx | Tra |t [Tl

calories | calories | calorios | calorios | calories | ealories
Rest experiments | 2262 | 1068 | 1044 088 | 679 843

‘Work experiments
Heat ehiminated }4225 2317 2366 1181 784 1856

external muscu- 685 568 N AP

Heat equivalent of
ek 451
laz work

Total . . .1 4616 2902 2024 1181 84 1948

The work done in thess experiments was on a stationary
bicycle in the calorimeter, and the heat equivalent was cal-
culated from measurements made by an ergometer attached
to the bicycle. 'We are not concerned here with details, but
simply with the general question of the influence of muscular
work upon the energy exchange of the body. We note that
the work of the day periods, 7 4. M. to 7 P. a1, resulted, in
the seveml cases brought togetber under the average figures,
jnani d heat prod g to more than 100
per cent. Further, we observe that in tha body, as in all
machines, only a fraction of the energy liberated by the

1 d chemical d ition, or exidation, was mani-
fested as mechancial work, the larger part by far being heat
eliminated and lost. Thus, Zuntz has found that, in man,
about 85 per cent of the extra energy of the food used in
connection with external muscular work is available for that
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work. 'This, however, shows a noticeably bigher degree of
efticiency than is g Hy obtainable by the best steam or
oil engines. Lastly, attention may be called to the fact that
after the work of the day was fimshed at 7P, a1, the next
period of six hours still showed an accelerated metabolism, as
contrasted with what took place during absolute rest.

As bearing upon the exchange of matter in the body in con-
nection with muscular work, and as showing the relationship
which exsts here hetween energy exchange and exchange of
matter, we may quote o few data relating to the elimination
of csrhon dioxide; bering that this sul repre-
sents particularly the final oxidation product in the body of
carbonaceous materials, such as fat and carbohydrate, The
folowing data, tuken from Atwater and Bevediet,? being
results of experiments upon the subject “J. C. W,,” are of
value as showing the variations 1n output of carbon dioxide

that may be exp d under the d
Rast Ex Work Bee { yooy p Xstra
Purod. et (::.:.’:; Foams | Sl | o
whost | i Taed. e | g, h | |Eapesimet
Fat Dist.
grms o gram arans grams
Tamtolru 1896 2304 6940 L3 9070
lextolrn 126 2320 7058 8348 8213
Tewtolaw 1672 1mee 2601 2308 8427
lamtoTan 487 1631 1611 1516 5026
Total for 24 hours. 6161 8121 18208 16850 20736

In considering these figures bearing on the ontput of car~
bon dioxide under the conditions specified, we note at onee
a correspondence with the total energy exchange, as indicated

1 Loc, e, pp 130 and 131,
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in tho preceding table. As previously stated, we are at
present dealing simply with generalities, and the important
point to be observed here is that muscular work — 7 4. M.
to Tr. M —in the work experiments, increases enormously
the output of carbon dioxide. We seo clearly emphasized
o connection between the total energy exchange of the body,
as expressed 1o calories or heat units, and the oxidation of
carbonaceous matertal, of which carbon dioxide is the natural
oxidation product. We note that on the cessation of work
— 7P N to7 A M. —the output of carbon dioxide tends
to drop back to the level chamcteristic of the di
period in rest, with or without food. In the experiment
with “extra severe muscular work,” the results aro different
simply because bere the subject worked sixteen hours,
necessitating a portion of the work being done at night-time.
Finally, 1t should be mentioned that the differences in out-
put of carbon dioxide in these experiments are somewhat
greater than in many experiments of this type, elthough all
show the same general chamctersstics. This may be ex-
plained, a8 stated by the anthors from whom the data are
taken, “by the fact that J. C. W. was o larger and heavier
nian than any of the others; that the differences in diet were
wider, and that the amounts of external muscular work were
larger 1n these cxperuments than in those with the other
subjects,”

If we pass from cxperiments of this type, conducted in
a calonmeter, to those cases where competitive trials of en-
durance ore held by trained athletes, i. e., where external
muscular activity is pushed to the extreme limit, we then see
even more strikingly displayed the effect of work in inereas-
ing the energy exchange of the body. One of the best illus-
trations of this type of experiment is to be found in the ob-
servations made m connection with the six-day bicycle race
held in New York City, at the Madison Square Garden, in
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December, 1898.1 The observations in question were made
upon three of the athletes, one of whom withdrew early in
the fourth day, while the others continued until the close of
the race - 142 consecutive hours — winning the first and
fourth places, respectively The following table gives the
computation of energy of the matenal metabolized, exclusive
of Lody-fat lost:

T
- . o
Miller . . L] 28017 4820
Albert . L] 2644t 6074
Pukington . 3 13201 4404

Muller, the winner of the race, who averaged a duly energy
exchange of 4820 calories, rode 2007 miles durning the weel,
and finished the race without physical or mental weakness
resulting from the fatigue and strain. During the first five
days, be rode about 21 hours a day and slept only 1 hour.
Albert, who weighed a few pounds less than Miller, covered
1822 nules in 109 hours, with an average daily exchange of
6074 calones. We may add a table (on the following page)
showing the balance of meome and outgo of nitrogen in these
three subjects, as bemg of general mnterest in this connection.
The figures given are averages per day.

The special sigmificance of these data, as hearing uwpon
the topic under discussion, 13 that apparently all three of the
subjects were drawing 1n a measure upon their kody material.
As stated by Atwater and Sherman, Pilkington lost per day
5.1 grams of mitrogen, that 18 to say, the total mirogen ex-

186 W O Atwaterand I1 G Sherman The effect of severe and prolonged
ruseular work on food consumption, digestion, and metabohsm  Bulletn No
98, Offco of Sutions, U § of

8
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in the preceding table. As previously stated, we are at
present dealing simply with generalities, and the important
point to be observed here is that muscular work — 7 A. .
to 7P M. —in the work experiments, increases enormously
the output of carbon dioxide. We see clearly emphasized
a connection between the total energy exchange of the body,
as expressed 1n calories or heat units, and the oxidation of
carbonaceous material, of which carbon dioxide is the natural
oxidatton product. We note that on the cessation of work
— TP M to7 A. M. —the output of carbon dioxide tends
to drop back to the level cha istic of the ding
period in rest, with or without food. In the experiment
with “extra severe muscnlar work,” the results are different
simply because here the subject worked sixteen hours,
necessitating a portion of the work being done at night-time.
Finally, 1t should be d that the diff in out-
put of carbon diowide in these experiments are somewhat
greater than in many experiments of this type, although all
show the same general characteristics. This may be ex-
plained, as stated by the authors from whom the data are
taken, “by the fact that J. C W. was a Jarger and heavier
man than any of the others; that the differences in diet were
wider, and that the amounts of external mascular work were
larger in these experiments than in those with the other
subjects.”

If we pass from experiments of this type, conducted in
a calorimeter, to those cases where competitive trials of en-
durance are held by trained athletes, 7. e, where external
muscular activity is pushed to the extreme lumit, we then sce
even more strikingly displayed the effect of work 1n increas-
ing the energy exchange of the body. One of the best illus-
trations of this type of experiment is to be found in the ob-
servations made in connection with the six-day bicycle race
held in New York City, at the Madison Square Garden, in
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lized to aid in meeting the demands put upon the body by
the severe exertion, without robbing any of the working
parts, and at the same time relieving the system of a part of
the labor of digestion. Posmibly, the ability to carry such
astore of available protein is one of the factors which make
for physical endurance.”? This possibility we shall have
occasion to discuss in another connection. At present, the
facts presented are to be accepted 28 accentuating the general
law that the emergy exchange of the body, everything elso
being equal, 1s increased proportionally to inerease in the
extent of external muscular activity. It may be noted that
Albert, who did considerably less work than Miller, showed
a much larger exchange of energy than the latter athlete.
This, however, is to be connected with the fact that his fuel
intake was 1300 calories larger per day than Miller’s;in other
words, the conditions were not equal. This fact also calls to
mund the oh of Schuyder,? who, studying the rela-
tionship between muscular actinity and the productson of
carbon dioxide, maintained that the quantity of this excretory
product formed depends less upon the amount of work accom.
plighed than upon the wtensity of the exertion; efficiency in
muscular work varying greatly with the condition of the sub-
ject, and his familiarity with the particular task mvolved.
From what has been said, 1t 15 obvious that oxygen con-
sumption, 18 well 83 output of carbon dioxide, must vary

ly with n the sctivity oi the
body. The one imp factor infl ing the q at
of oxygen and carbon dioxide exc}mnged m the lungs, i. ¢,
the extent of the respl Y is lar achivaty;

and since, as we have seen, ca.rbnnaceo\ls material 15 the sub-
stanca mainly oxidized in muscle work, 1t follows, as carbon
1 Atwater and Shermao  Loc ait, p 61

% L. Schoyder Muskelkraft und Gaswechsel  Zeitschnft fue Biclogre,
Band 83, p 280
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Daree Tncome fa Food HNitrogen.
Bubject. e "
Pro- Carbo- | Fuel
B | | P (et | viles | Fod. v‘!x:;J‘f_f‘:;: Tow,
days | grama |grame| grams [calories| grams | grams | grama | grams
Mlter 169 | 181 585 | 4770 ( 204 | 362 | 18 | 86

Albert . . 6 | 170 | 198 | 550 |6095( 291 | 837 | 25 [ 71
Pilkington 3 211 | 178 509 | 4610 | 360 | 889 | 22 | 51

creted exceeded the total nitrogen of the food by 6.1 grams
per day, corresponding to 33 grams of proteid, which must
have been drawn from the supply in the body. If we assume
that lean flesh contains 25 per cent of proterd, this would
mean about 43 ounces per day. The other two subjects,
Miller and Albert, lost from the body per day 8 6 grams and
7.1 grams respectively of nitrogen, which would imply 2 loss
of about 54 grams and 44 grams of body proteid respectively,
or 8 ounces and 6} ounces of lean flesh per day. It isevi-
dent, therefore, that none of the three subjects consumed
sufficient food to avoid loss of body proteid, under the exist-
ing conditions of muscular activity. Indeed, it may be noted
in Miller's case that the average fuel value of the food per
day was 4770 calories, while the average expenditure of
energy per day was 4820 calories. We should naturally
expect, however, that any small deficiency in fuel value
would be made good by & call upon body fat. “Why the
Lody should use 1ts own sul under such ci:

is & question which at present cannot be satisfactonly an-
swered. The fact that such was the case, each of the con-
testants who finished the race consuming during the period
body protein equivalent to 2 or 8 pounds of lean flesh, and
that no njury resulted therefrom, would seem to indicate
that these men had stores of protein which could be metabo-
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hzed to aid in meeting the demands put upon the body by
the severe exertion, without roblbing any of the working
parts, and at the same time relieving the system of a part of
the labor of digestion. Possibly, the ability to carry such
a store of available protein is one of the factors which make
for physical endurance.”? This possibility we shall have
occasion to discuys in another connection. At present, the
facts presented are to be accepted as accentuating the general
law that the emergy exchange of the body, everything else
being equal, is mcreased proportionally to increase in the
extent of external muscular activity. It may be noted that
Albert, who did considerably Jess work than Miller, showed
s much larger exchange of energy than the latter athlete,
This, however, 18 to Lo connected with the fact that his fuel
intake was 1300 calories larger per day than Miller's; in other
words, the conditions were not equal. This fact also calls to
mind the observations of Schnyder,? who, studying the rela-
tionship between muscular activity and the production of
carbon dioxide, maintained that the quantity of this exeretory
product formed depends less upon the amount of work accom.
plished than upon the ntensity of the exertion; efficiency 1
wuscular work varying greatly with the condition of the sub.
ject, and s familiarity with the particular task involved.
From what has been said, 1t is obvious that oxygen con-
sumption, as well as output of carbon diox:de, must vary
ly with variations in the lar activity of the
body. The one important factor influencing the quantities
of oxygen and carbon dxoxxds exchanged in the lungs, f. e,
the extent of the respi yi is activity;
and since, as we have seer, earbonaceous material 1s the sub-
stance mainly oxidized in muscle work, 1t follows, as carbon

1 Atwater and Sherman Lot cit

% L. Schnyder. Maskelkrat und Guwenluel Zewsihrift fir Buclogie,
Dand 33,p 280
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o Tncome in Food Fitrogen.
Bubject. | Hom o
Pro-. Carbo- | Fuel I s
teld | ™ fnydrsia | Valve | Food | Urino. | Exere-| Los:

Qags | grams |grams| grams foulorlen) grams | grems | prams | grama
Mller . . 169 | 181 685 | 4770 | 294 [ 862 | 18 | 86

Albert . . 6 | 170 [ 108 | 559 | €095 ) 291 | 837 | 256 | 71
Pullungton 8 | 211 [178( 509 [ 4610 ) 380 | 389 | 22 | 61

creted exceeded the total nitrogen of the food by 5.1 grams
per day, corresponding to 83 grams of proteid, which must
have been drawn from the supply in the body. If we assume
that lean flesh contains 25 per cent of proteid, this would
mean about 4] ounces per day. The other two subjects,
Muller and Albert, lost from the body per day 8.6 grams and
7.1 grams respectively of nitrogen, which would imply a loss
of about 54 grams and 44 grams of body proteid respectively,
or 8 ounces and 6} ounces of lean flesh per day. It isevi-
dent, therefore, that none of the three subjects consumed
sufficient food to avoid loss of body proteid, under the exist-
ing conditions of muscular activity, Indeed, it may be noted
in Miller’s case that the average fucl value of the food per
day was 4770 calories, while the average expenditure of
energy per day was 4820 calories. We should naturally
expect, however, that any small deficiency in fuel value
would be made good by a call upon body fat. “Why the
Dody should use its own sul under such ci

is o question which at present cannot be satisfactorily an-
swered. The fact that such was the case, each of the con-
testants who finished the race consuming during the period
body protein equivalent to 2 or 8 pounds of lean flesh, and
that mo injury resulted therefrom, would seem to indicate
that these men had stores of protein which could be metabo-
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Remembering that these figures represent the oxygen con-
sumption for only one minute of time, it is easy to see the
striking effect of moderate and vigerous exercise on respira-
tory interchange. Simply walking along a level suffices to
increase the consumption of oxygen threefold over what
occurs when the body stands at rest.  When the more vigor-
ous exercise attendant on hiting the body up a steep inchne
is attempted, most stnking is the grent increase in the
amount of oxygen consumed. We thus see another forcible
A\ ion of the mfl of lar setivity upon the
exchange of matter in the body, and a further confirmation
of the statement, 8o many times made, that oxidation — es-
pecially the oxidation of fats and carbohydrates by wlich
large quantities of heat are set free, easily convertible into
mechanical energy —is a primary factor in the metabohie
processes, by which the machunery of the hving man 13 able
to work so eficiently.

Finally, we cannot avoid the conclusion that the outgoings
of the body, in the form of matter and energy, are subject to
great variation, meidental to the degree of activaty of the
day or hour, The ordinary vicissitudes of life, bringing
days of physical maction, followed perhaps by periods of
unusual activity; changes in climatic conditions, with their
infl upon heat p ion in the body; al in the
character and amount of the daily dietary, ete., ~all seem-
ingly combine as natural obstacles to the maintenance of a
true nutritive balance. Outgo, however, must be met by
adequate amounts of proper intake »f there is to be an ap-
Poach toward 2 balance of nutriion, In some way the
normal, healthy man does mantain, approximately at least,
a condition of balance; not necessanly for every hour or for
every day, but the mtake and outgo 1f measured for a definite
period, not too short, say for a week or two, will be found to
approach each other very closely. Dody egwlibrium and
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dioxide is exereted principally through the lungs, that the

piratory interchange b in good ani
of the extent of chemical d positron incidental to external
work. If we recall that man, on an average, at each inspira-
tion draws 1w about 500 cubic centimeters of air (30 cubic
inches), and that for the 24 hours he averages 15 breaths a
nunute, 1t is easy to see that in one minute the average man
will inspire 7.5 litres of air, or 450 Litres an hour, with a
total of 10,800 Litres for the entire day, which is equivalent
to about 880 cubic feet. This would be a volume of air just
filling 2 room 73 feet in length, width, and height. Inspired
air Joses to the body 4.78 volumes per cent of oxygen, while
expired air contains an excess of 4.84 volumes per cent of
carbon dioxide. In muscular work, respiration is increased
in frequency and m depth. The volume of air exchanged
in the lungs during severe labor may be increased sevenfold,
while oxygen consumption and carbon dioxide excretion are
frequently increased 7-10 times. The following figures,
being values for one minute, show the effect on oxygen con-
sumption of walking on a level and climbing, the subject
being a man of 55.5 kilos body-weight:?

Oxygon Consumption I Cublo Centimotera,
After Deductl
orm of Work. " or Rew ' | Bamiatory
Total Tor Esch
Total | Kilg of ov-
ing Weight.
Standing atrest . . . 28376 eane 0801
Walking on & level 76300 49925 8990 0805
Chabiog . o . + .+ . 125320 98945 17819 0801
16 Ueter die der Muskelthati auf den

Stoffverhrauch des Menschen  Dfliger's Archir fur die gesammte Physiologie,
Band 49, p 830 Also Magnus-Levy, v Noorden's [fandbuch der Pathologie
der Stoffwechsel, p 233,
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ding 1n determine

B we have already seen, every form of muscular activity
begets an increase 1n the energy exchange of the body.
Between the two extremes of absolute rest and excessive
muscular exertion, we find differences of 2000 calores
or more per day as representing the degree of chemical de-
composition corresponding to the particular state of muscu-
lat activity. The work of the involuntary muscles, such gs
have to do with penstalsis, respiration, rythmical beat of the
heart, ete., is a relatively constant factor, though naturally
subject to some vamation, as has been pointed out in other
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approximate nitrogen balance may be reasonably looked
as well as a balance of total energy, in the case of a hea
man leading a life which conforms to ordinary physiolog
requirements. The man who, on the other hand, conscio
or unconsciously, continues an intake way beyond the ou
whose daily meome of nitrogen and total fuel value far
ceeds the requirements of his body, obviously lives with
accumulating plus balance, which ordinarily shows itsell
1ncreasing body-weight and with a storing away of fat.

Equally conspicuous is the effect of an inadequate inc
of proper nutriment; a food supply which persistently fail
furnish the available nitrogen and total energy value called
by the body under the conditions prevaihing, will inevita
result in & minus balance, which, if continued too long, m
of necessity tax the body’s store to the danger Iimit At
same time, the well-nourished individual, without being
duly burdened by a bulky store of energy-containing me
nal, is always supplied with a sufficient surplus to meet
rational demands, when from any cause the intake fails,
brief periods of time, to be commensurate with the needs of
body. It 1s reasonable to believe, however, that in the ma
tenance of goed health, and the preservatton of a lugh deg
of efficiency, the body should be kept in a condition approa
1ng a true nutritive balance.
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SOURCE OF THE ENERGY OF MUSCLE WORK, WITH
SOME THEORIES OF PROTEID METABOLISIL

Torics: Relation of muscle work to energy exchange Views of
Liebig  Expenimental evidence Telation of mitrogen excretion to
muscle work  Significance of the respiratory quotient in determin-
ing nature of the material oxidized  Fats and carbohydrates as source
of energy by muscles  Utihzation of proterd as a source of energy.
Formation of {rom protexd of proteid
metabolism  Theoriesof Carl Voit  Morphotic proteid ~ Crreulating
proterd  General conception of proteid metabolism on the bass of
Voit’s theories  Pfluger's views of proteid metabolism  Rapidity of
elusmation of food mitrogen. Methods by which mitrogen 1s spht
off from proteid  Theories of Fohr Sigmficance of creatimn and
of the percentage distribution of excreted mitrogen Endogenous or
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1ng the true value of different views

S we have already seen, every form of muscular activity
begets an wncrease in the energy exchange of the body.
Between the two extremes of absolute rest and excessive
muscular exertion, we find differences of 2000 calomes
or more per day as representing the degree of chemical de-
composition corresponding to the particular state of muscu-
lar activity. The work of the involuntary muscles, such as
have to do with peristalsis, respiration, rythmical beat of the
heart, etc., 15 a Telatively constant factor, though naturally
subject to some variation, as has been pointed out in other



120 THE NUTRITION OF MAN

s. External activity, however, is the one
factor above all others that modifies the rate of energy ex-
change. A little longer walk, a heavier load to carry, a stecper
hill to climb, any increase great or small in the activity of
the muscles of the body, means & conespondmg increaso in

1 withi d output of the ordivary
products of hssue oxidation. The material so consumed, or
oxidized, must be made good to hold the body in equilibrium;
the supplies drawn upon are to be replaced, if the tissues of
the body are to be kept in a proper state of efficiency.

What is the nature of the material used up in counection
withmuscle work? As can readily be seen, this is an important
question, for on 1ts answer depends, in some measure at least,
the character of the proper inteke, or food, to be supplied in
order to make good the loss. If the energy of mechamcal
work, the energy of muscle contraction, comes from the
breaking down of proteid matter alone, then obviously exces-
sive museular work would need to be accompanied, or fol-
lowed, by a generous supply of proteid food. If, on the other
band, external work means liberation of energy solely from
ron-nitrogenous materials, then it is equally clear that fats
and carbohydrates are the proper foods to offset the drain
incidental to vigorous muscular action,

The views of Liebig, briefly refeired to in a previous chep-
ter, held sway over physiologisty for many years. His
dictum that proteid foods were true plastic foods, entering
into the structure of the tissues of the body, and that they
alope were the real sources of muscular energy, met for a
time with no opposition. It was not until the advent of
a more cutical spirit, accompanied by a fuller appreciation
of the necessity of experimental evidence, that physiologists
bagan to test with scientific accuracy the validity of the cur-
rent views. It is worthy of note that long prior to this time,
even before oxygen was discovered, the far-sighted and se-
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sourceful John Mayow, in his work with the various “epirits™
of the body and their telation to reapiration, ete., evolved the
view that muscular power lias its origin in the combustion of
fat brought to the muscles by the blood and burned thers by
id of a gas or “spint ” taken from the air by the lungs, and
{ikewise carried to the muscles by the circulating blood  Con-
idering tho time when Mayow lived and the deasth of trus
scientific knowledge as we measure 1t to-day, his hypothesia
was a wonderful forestalling of present views.

It is quite obvious that the views of Liebig, 1f true, admit
of easy proof; since, 1f the energy of muscular power comes
from the breaking down of proteid, there should bo a certain
paralielism between the output of mitrogen from the body and
the amount, of musenlar work accomphished, everything elso
being equal.  As stated in & previous chapter, such study of
this question as was made soon disclosed the fact that the one
element above all others that seemed to influence the outpmt
of nitrogen was the intake of proteid food. Thus, the Eng-
lish investigators, Lawes and Gilbert, found by experiment-
ing with snimals that when the latter were kept under
uniform conditions of muscular work, the amount of nitro-
gea excreted ran parallel with the intake of nitrogen. Fur-
ther, in the early experimenta of Voit, the results oltaned
clearly showed that variations in the smount of work per-
formed were p Iy without infl on the
of mitrogenous waste products,

The expeniment, Liowever, that came as a death Dlow to
the theories of Liebig was that of Fick and Widlicenus,?
who in 1865 wmado an ascent of the Faulliorn, 6500 feet
high, using a diet wholly nonenitrogenous. From the
nitrogen excreted they wore able, of course, to caleulate
the amaunt of proteid e<idized in the body dusing the penod

1 See Gesammelte Schriften von Adolt Fick  Ueber die Entatehung der
Mukelkraft. Baod 2, 8 Wirzborg, 1963
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connections. External muscular activity, however, is the one
factor above all others that modifies the rate of energy ex-
change. A little longer walk, a heavier load to carry, a steeper
hill to climb, any increase great or small in the activity of
the muscles of the body, means a correspundmg increase in

1 posttion, with i d output of the erdinary
products of tissue oxidation. The material so consumed, or
oxidized, must be made good to hold the body in equilibrium;
the supplies drawn upon are to be replaced, if the tissues of
the body are to be kept in a proper state of efficiency.

What 18 the nature of the material used up in connection
with muscle work? As can readily be seen, this 1s an 1mportant
question, for on its answer depends, in some measure at least,
the character of the proper intake, or food, to be supplied in
order to make good the loss. If the energy of mechanical
work, the energy of muscle contraction, comes from the
breaking down of proteid matter alone, ther obviously exces-
sive muscular work would neced to be accompanied, or fol-
lowed, by a generous supply of proteid food. If, on the other
hand, external work means lLiberation of energy solely from
non-nitrogenous materials, then it is equally clear that fats
and carbohydrates are the proper foods to offset the drain

idental to v action.

The views of Liebig, briefly referred to in a previous ehap-
ter, beld sway over physiologists for many years. His
dictum that proteid foods were true plastic foods, entering
into the structure of the tissues of the body, and that they
alone were the real sources of muscular energy, met for a
tume with no opposition. It was not until the advent of
a more critical sprit, accompanied by a fuller appreciation
of the necessity of experimental evidence, that physiologists
bagan to test with scientific aceuracy the validity of the cur-
rent views. It is worthy of note that long prior to this time,
even before oxygen was discovered, the far-sighted and re-
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of increased muscular activity, could be prevented by adding
1o the amount of carbohydrate food.

While experiments of this nature, on man and animals, all
tended to show little or no increase in the excretion of nitro-
gen, as a result of muscle work; and hikewise no increase in
the output of sulphur and phasphorns, thus strengthening
the view that muscular energy 18 not the result of proteid
disintegration, there was olserved marked inerease in the
consumption of oxygen, and in the excretion of carbon dioxide.
Non-mitrogenous matter was thus at once suggested as the
matenal with which muscle chicfly does its work  There 13
to-day no question of the general truth of this statement, yet
there are othier aspects of the problem to bo considered before
we can lay 1t amde.  Plluger, working with dogs, and Argu-
tinsky, expenimenting on himself Ly ardueous mountain climb-
ing, reached conclusions seemingly quate opposed to what has
just been said.  Their results, however, admit of quite a
different interpretation from what they were disposed to attach
to them. Thus, Pflilger? would go back to the old view that
all muscle work 13 at the expentc of proteid material, beeause
lean dogs fed mainly, or cutirely, on meat and made to do an
excessive amount of work were found by him to exerete ni-
trogen somewhat 1n proportion to the amount of work done.
Argutinsky,? ikewise, 1 Lis mountan elimlang carried to the
point of fatigue, and with & lugh proteid intake likewsse, saw
in the increased output of mtrogen n suggestion of the same
idea. In realty, however, their results mezely prove that,
under some circumstances, proteid may serve as the clief
source of muscular energy, as when the body is poor in fat
and earbohydrate, or when the intaho consists solely of pro-
teid matter In other words, muscular work may result in

1 Pfigers Die Quelle der Muskelkraft. Plluger's Avchiv for die gesammte
Physiologse, Band 50, p 43

gutinaky wud Ibid, Band 40, p 652
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of work, and found that the proteid consumed could not
have furnished, at the most, more than one-half the energy
required to lift the weights of their bodies to the top of
the high peak. Further, they observed that neither dur-
ing the work period, nor immediately after, was there any
noticeable increase in the excretion of nitrogen. Obviously,
as they state, the oxidation of proteid matter in the body
cannot boe the exclusive source of the energy of muscular
contraction, since the measurable amount of external work
performed in the ascent of the mountain was far greater than
the equivalent of the energy capable of being furnished by
the proteid actually burned To which may be added the
faet that derable energy, not ble in their ex-
periment, must have been employed in the work of the
mvoluntary muscles of the body; thus increasing by so much
the difference between the muscular work actually accom-
plished and the available energy from proteid consumed. It
is true that ymmnor criticisms regarding eertain details of the ex-
penment can be offered to-day, such as the fact that the men
were, in a measure, in a state of “mtrogen starvation,” etc.,
but these criticisms do not in any degree militate against the
main thesis that the energy of muscular contraction does not
come exclusively from the consumption or breaking down of
protexd, either of food or tissue. Vigorous and even severe
muscular work does not necessanly increase the decomposi-
tion of proteid material. Dogs made to run in large tread-
mills, with the same diet as on resting days, were found to
excrete practically no more mtrogen than during the days of
rest. Occasionally, however, in some one expenment the
output of nitrogen would show an increase over the output
on resting days. Further, experiments made with horses led
to essentially the same result, except that greater increase
in the excretion of mitrogen was observed than with dogs

Ths inerease in gen output, h » 83 2
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of increased muscnlar activity, could be prevented by adding
to the amount of carbokydrate food.

While experiments of this nature, on man and animals, all
tended to show little or no increase in the excretion of nitrow
gen, as a result of muscl; work; and hhewise no increase in
the output of sulphur and phospliorus, thus strenpthening
the view that muscular energy 13 not the result of proteid
disintegy there was olserved marked increase in the
consumption of oxygen, and in the exeretion of carbon dioxide,
Non-mtrogenous matter was thus at once suggested as the
materal with which muscle chiefly does its work., There is
to-day no question of the general truth of this statement, yet
thers aro other aspects of the problem to be considered Lefore
we can lay it asde.  Plluger, warking with dogs, and Argu-
tinsky, experimenting on himself Ly arduous mountain climb-
ing, reached conclusions seemingly quite opposed to what has
just been smd,  Therr results, however, admit of quito a
different interpretation from what they were disposed to attach
to them. Thus, Pfluger? would go lack to the old view that
all musele work is at the expense of proteid material, because
lean dogs fed mainly, or entirely, on meat and made to do an
excessive amount of work were found by lum to excrete ni-
trogen somewhat in proportian to the amount of work done.
Argutinsky,? likewise, 1n lus mountam elimling carried to the
point of fatigue, end with a high proteid intake hikewise, saw
in the increased output of mtrogen a suggestion of the same
idea. In reulty, however, their results mercly prove that,
under some circumstances, proteid may scrve as the chief
sourco of muscular energy; as when the body is poor in fat
and carbohydrate, or when the intake consists solely of pro-
teid matter. In other words, muscular work may result in

1 Phuger+ Dre Quelle der Murkelkraft. Phuger's Archiv fur die gessmmte
Physiclogie, Band 60, p o
* Argatineky: !hl-kdll\ml und Stickstoffamsaatz  Iind, Band 46, p 632,
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of work, and found that the proteid consumed could not
have furnished, at the most, more than one-half the energy
required to lift the weights of their bodies to the top of
the high peak. Further, they observed that neither dur-
g the work period, nor immediately after, was there any
noticeable increase in the excretion of nitrogen. Obviously,
as they state, the oxidation of proteid matter in the body
cannot be the exclusive source of the emergy of muscular
contraction, since the measurable amount of external work
performed in the ascent of the mountain was far greater than
the equivalent of the energy capable of being furnished by
the proteid actually burned To which may be added the
fact that considerable energy, not ble in their ex-
periment, must have been employed in the work of the
mvoluntary muscles of the body; thus increasing by so much
the difference between the muscular work actually accom-
phished and the available energy from proteid consumed. It
is true that minor criticisms regarding certain details of the ex-
periment can be offered to-day, such as the fact that the men
were, I a measure, 1n a state of “nitrogen starvation,” ete.,
but these critacisms do not in any degree mlitate against the
mam thesis that the energy of muscular contraction does not
come exclusively from the consumption or breaking down of
proteid, either of food or tissue. Vigorous and even severe
muscular work does not necessarily increase the decomposi-
tion of proteid material. Dogs made to run in large tread-
rolls, with the same dict a3 on resting days, were found to
excrete practically no more nitrogen than during the days of
rest. Occasionally, however, in some one experiment the
output of nitrogen would show an increase over the output
on resting days. Further, experiments made with horses led
to essentially the same result, except that greater ncrease
in the excretion of nitrogen was observed than with dogs.
This increase in nitrogen output, however, ag a concomitant
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excessive, ar the store of non-nitrogenous reserve i3 small
and the intake of tho latter food is limited, that proteid
matter is deawn upon to supply the required energy.

Recaling what has Dbeen said regarding the significance
of the respiratory quotient, it is obvious that we have here
a means of acq formation as to the ct of the
material that 18 bumed up i the body duning muscular work.
Increased metabolism of carbobydrate will necessanly result
in mising the respimatory quotient, and 1f the latter food
matenial alone 18 involved the respiratory quotient must
naturally approach 1.0.  Zuntz, however, has clearly shown
that vigorous muscular activity does not materially chango
the respiratory quotient, except in cases of very severe work,
whers the oxygen-supply of the muscles 13 interfered with.
Indeed, the muscles may be made to do work suflicient to
increase the consumption of oxygen threefvld or more, with-
out any change i the respiratory quotient heing olserved.
And as there 13 frequently no chango whatever in the output of
nitrogen under these conditions, it follons that the energy
of the muscle work must have come from the decomposition
of non-mitrogenous matersal. If carbohydrates alone were
involved, the respiratory gquotient wonld obvionsly undergo
change. Since, however, this remams practically stationary,
we are led to the conclusion that fat must be involved in
large degree, in addition to carbohydrate.

In this connection, it is a significant fact that with fasting
animals, whers {he store of carbohydrate matersl is more or
Iess used up, severs muscle work may be accomplished with-
out any appreciable increase in nitrogen output, thus showing
that proteid material is not involved nnd clearly pointing to
fat as the source of the muscular energy. Thus, 1n an experi~
ment referred to by Leathes, o dog on the sixth and seventh
day of starvation was made to do work in o treadmill equivas
Ient to climbing to a height of 1400 meters, yet the output of
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an inercased excretion of nitrogen when the work is very
severe, and there is not a corresponding increase in the fats
or carbohydrates (fuel ingredients) of the food. In the
words of Bunge,! “we might assume & priori, on teleological
grounds, that in the performance of its most important func-
tions the organism 1s to a certain extent independent of the
quality of its food. As long as non-nitrogenous food is sup-
phed m adequate quantity or is stored up in the tissues,
muscular work 1s clnefly maintained from this store. When
it 18 gone the proteids are attacked.”

There 13 no question that the energy of muscular contrac-
tion can cone from afl three classes of organie foodstuffs.
Voluntary muscular movement is under the control of the ner-
vous system, and when the stimulus js rpplied the muscle is
Bound to contract, provided of course there is sufficient
energy-containing material present to furnish the means.
Muscle tissue, like other tissues and organs, has a certain
power of adaptability, by which it 18 able to do its work,
even though 1t is not adequately supplied with its preferred
nutrient. While proterd is plainly not the material from
which the energy of muscular contruction is ordinarily de-
rived, 1t is equally evident that in emergency, as when the
usual store of carbohydrate and fat is wanting, proteid can
be drawn upon, and in such cases vigorous work may be
attended with mcreased nitrogen output. In harmony with
this statement, we find on record in recent years many ex-
periments, both with man and animals, where severe mus-

cular labor is panied by an of ni beyond
what occurs on days of rest; but by simply adding to the
intake of i food this i 1 outgo of nitro-

gen is at once checked. With moderate work, the nitrogen
outgo i3 rarely influenced; it is only when the work becomes

* Dunge Textbook of m.ymlogwnt and Pathological Chemistry  Second
Fnglish Edition, 1002, p 3



SOURCE OF ENERGY OF MUSCLL WORK 125

excesive, or the storo of non-nitrogenots reserve is small
and the intake of tho latter food s limited, that proteid
matter is drawn upon to supply the required energy.

Recalling what bas been sad regarding the significance
of tho Tespiratory quotient, 16 13 abvious that wo have here
» means of acqunng wnformation as to the character of the
material that 1s burned up in the body during muscular work.
Increased metabolism of carbohydrate will necessanly resuly
in mising the respimtory quotient, and if the latter food
material alore i3 mmiolved the respiratory quotient must
naturally approach 1.0, Zuntz, howeves, has clearly shonn
that wigoraus muscular activity docs not matenally change
the respiratory quotient, except 1n cases of very severe work,
where the oxygen-supply of the muscles 13 nterfered with.
Indeed, the muscles may be made to do work suflicient to
increase the consumption of oxygen threefold or more, with-
out any change 1 the respratory quotient being olserved.
And as there is frequently no change whatever in the output of
nitrogen under these conditions, 1t follows that the encrgy
ol the muscle work must have come trom the decomposition
of non-mitrogenous material. If carboliydrates alone were
involved, tho respiratory quotient would obviously undergo
change. Since, however, this remains practically stationary,
wo are led to the conclusion that fat must be involved in
large degree, in addition to carbohydrate.

In this connection, 1t 18 o significant fact that with fasting
animals, where the store of carbohydrate material is moro or
Tess used up, severa muscle work may be nccomphshed with-
out any appreciable increase n nitrogen output, thus showing
that proteid matenal is not invalved and clearly pointing to
fat as the source of the muscularenergy. Thus, in an expen.
ment referred to by Leathes, a dog on the sixth and seventh
day of starvation was made to do work 1n o treadmill equiva.
Ient to climbing to a height of 1400 meters, yet the output of
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an increased excretion of nitrogen when the work is very
severe, and there is not a corresponding inerease in the fats
or carbohydrates (fuel ingredients) of tho food. In the
words of Bunge,? “we might assume 4 priori, on telealogical
grounds, that in the performance of its most important func-
tions the orgamsm is to a certain extent independent of the
quafity of its food. As long as non-nitrogenous food is sup-
plied i adequate quantity or is stored up in the tissues,
muscular work is cluefly maintained from this store. ¥When
it is gone the proterds are attacked.”

There is no question that the energy of muscular contrac-
tion can come from all three classes of organic foodstuffs.
Voluntary muscular movement is under the control of the ner-
vous system, and when the stimulus is applied the muscle is
bound to contract, provided of course there is sufficient
energy-contamng material present to furnish the means.
Muscle tissue, hke other tissues and organs, has a certain
power of adaptability, by which it 15 able to do its work,
even though 1t is not adequately supplied with its preferred
nutrient. While proteid is plainly not the material from
which the energy of muscular contruction is ordinarily de-
rived, it 1s equally evident that in emergency, as when the
usual store of carbohydrate and fat is wanting, proteid can
be dmwn upon, and 1 such cases vigorous work may be
attended with increased nitrogen output. In harmony with
this statement, we find on record 1n recent years many €x-
periments, both with man and animals, where severe mus-
cular labor 1s accompanied by an excretion of nitrogen beyond
what occurs on days of rest; but by simply adding to the
intake of non-nitrogenous food this increased outgo of nitro-
gen is at once checked. With mod work, the nitrog
outgo 1s rarely influenced; it is only when the work becomes

1 Bange Textbook of Ihysiological and Pathological Chiemistry, Second
Enghsh Edition, 1002, p 352
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excessive, or the atore of non-nitrogenous reserve is small
and the intake of the latter food is limited, that proteid
matter is drawn upon to supply the required energy.

Recalling what has been smd regarding the mignificance
of the respimtory quotient, it is obvious tlat we have here
a means of acquiring information as to the character of the
material that 15 burned up i the body dunng muscular work.
Increased metabohism of carbohydrate will necessanly resnlt
in raising the respimtory quotient, and if the latter food
material alone is involved the respiratory quotient must
naturally approach 1.0, Zuntz, however, has clearly shown
that vigorous muscular activity does not maternlly change
the respiratory quotient; except in cases of very severo work,
where the oxygen-supply of the muscles is interfered with.
Indeed, the muscles may be made to do work sufliczent to
increase the consumption of oxygen threelold or more, with-
out any change in the respiratory quotient being oleerved.
And as there is frequently no change whatever in the output of
nitrogen under these conditions, it follows that the energy
of the muscle work must have come from the decomposition
of non-nitrogenous matertal. If carbohydrates alone were
involved, the respiratory quotient would obviously undergo
change. Since, however, this remains practically stationary,
we are led to the conclusion that fat must Ve involved in
large degree, 1n addition to carbohydrate.

In this conncetion, it 1s & sigmficant fact that with fusting
znimals, where the store of carbohydrate material 13 more or
Tess used up, severe muscle work may e accomplished with-
out any appreciable increase in mtragen output, thus showing
that proteid matersl is not involved and clearly pointing to
fat as the souree of the muscular energy. Thus, in an exper-
ment referred to by Leathes, a dog on the sixth and seventh
day of starvation was made to do work in a treadmull equiva-
lent to climbing to n height of 1400 meters, yet the output of
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an increased excretion of nitrogen when the work is very
severe, and thero is not a corresponding increase in the fats
or carbohydrates (fuel ingredients) of the food. In the
words of Bunge,? “we might assume @ priori, on teleological
grounds, that i the performance of its most important func-
tions the organism is to a certain extent independent of the
quality of its food. As long as non-nitrogenous food is sup-
plied 1 adequate quantity or 1s stored up in the tissues,
muscular work is chiefly maintained from this store. When
it 13 gone the proteids are attacked.”

There is no question that the energy of muscular contrac-
tion can come from all threo classes of organic foodstuffs.
Voluntary museular movement is under the control of the ner-
vous system, and when the stimulus is applied the muscle is
bound to contract, provided of course there s sufficient
energy-containing materal present to furnish the means.
Muscle tissue, like other tissues and organs, has a certam
power of adaptability, by which it is able to do its work,
even though 1t is not adequately supplied with jts preferred
nutrient.  While proteid is plainly not the matenal from
which the energy of muscular contraction is ordinarily de-
rived, it 1s equally evident that in emergency, as when the
usual store of carbohydrate and fat is wanting, proteid can
be drawn upon, and in such cases vigorous work may be
attended with increased nitrogen output. In harmony with
this statement, we find on record in recent years many ex-
periments, both with man and animals, whero severe mus-

cular labor is panied by an tion of ni beyond
what occurs on days of rest; but by simply adding to the
intake of i food tius i 1 outgo of nitro-

gen is at once checked. With moderate work, the nitrogen
outgo is rarely influenced; it is only when the work becomes

3 Bunge : Textbook of Phyawlogical and Pathological Chemtry  Second
English Edition, 1902, p 352
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ive, or the store of non-nitrogenous reserve is small
1e mtake of the latter food is limited, that proteid
- is drawn upon to supply the required energy.
alling what has been smd regarding the eignificance
respiratory quouent, 1t i3 obvious that we have hero
ns of as to the ct of the
al that is s burned up in the body during muscular work.
sed metabolism of carbohydrate will necessanly result
sing the respiratory quotient, and if the latter food
il alone 18 mnvolved the resprratory quotient must
ily approach 1.0, Zuntz, however, has clearly shown
rigorous muscular activaty does not matertally change
spiratory quotient, except 1a cases of very severo work,
+ the oxygen-supply of the muscles 13 interfered with.
d, the muscles may be made to do work sufficient to
w0 the consumption of oxygen threefold or more, with-
ny change 1n the respiratory quotient being observed,
1s there 1s frequently no change whatever in the cutput of
ren under these conditions, 1t follons that the energy
o muscle work must have come from the decomposition
n-nitrogenous matertal. If carbohydrates alone were
ved, the respiratory quotient would obviously underge
re  Since, however, this remains practically stationary,
re led to the conclusion that fat must be involved in
degree, in addition to carbohydrate.
this connection, 1t 15 a significant fact that with fasting
als, where the store of carbohydrate material is more or
1sed up, severe muscle work may be accomplished with-
ny appreciable increase in mitrogen output, thus showing
proteid material 1s not involved and clearly pointing to
3 the source of the muscular energy. Thus, in an experi~
: referred to by Leathes, a dog on tho sixth and seventh
>f starvation was made to do work in a treadmll equ» -
to climbing to a height of 1400 r T oui
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an increased excretion of nitrogen when the work is very
severe, and there is not a corresponding increase in the fats
or carbohydrates (fuel ingredients) of the food. In the
words of Bunge,? “we might assume & priors, on teleologieal
grounds, that n the performance of its most important func-
tions the organism is to a certain eXtent independent of the
quality of its food, As long as non-nitrogenous food is sup-
plied in adequate quantity or is stored up in the tissues,
musecular work 18 chiefly maintained from this store. When
it 15 gone the proteids are attacked.”

There is no question that the energy of muscular contrac-
tron can come from all three classes of organic foodstuffs.
Voluntary muscular movement is under the control of the ner-
vous system, and when the stimulus is applied the muscle is
bound to contract, provided of course there 13 sufficient
energy-containing material present to furnish the means.
Muscle tissue, Like other trssues and organs, has & certain
power of adaptability, by which 1t is able to do its worl,
even though 1t 18 not adequately suppled with its preferred
nutrient, While proteid is plainly not the m'ltPrml from
which the energy of 1 is ordimarily de-
rived, it 15 equally evident that in emergency, as when the
usual store of carbohydrate and fat is wanting, proteid can
be drawn upon, and in such cases vigorous work may be
attended with increased nitrogen output. In harmony with
this statement, we find on record in recent years many eT-
penments, both with man and animals, where severe mus-
cular labor is accompanied by an excretion of nitrogen heyond
what occurs on days of rest; but by simply adding to the
intake of itrog food this i d outgo of nitro-
gen is at once checked. With moderate work, the nitrogen
outgo is rarely influenced; it is only when the work becomes

1 Dunge : Textbook of Thysiological and Pathological Cliemistry  Second
Englsh Editfon, 1002, p. 552
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Much stress is ordirarily laid upon the jmportance of &
Lirge intake of proteid food whenever the body is called
upon to perform severe, or long-continued, muscular work ;
but in view of what has been stated it may bo ques-
tioned whether thero is any real physiologieal justification
for such custom. Tho pedestnan Weston,} who m 1884
walked 50 miles & day for 100 consecutive days, was found
by Biyth duning s period of five days to consume in lus food
87.2 grams of mitrogen a day, while he excreted only 35.3
grams, leaving s balance of 1.9 grams of mitrogen per day
apparently stored 1n the body. Ihs daily food during this
period was composed of 262 grams of proteid, 64.6 grams of
fat, and 790 grams of carbobydrate, with an estimated fuel
value of 4850 calories. Yet ho performed this largo amount
of wark daily, and still laid by a certain amount of proteid on
a ation, the energy value of which would not ordinarily be
cousidered Iugh for the muscular work to be dope. Fourteen
years prior to this, Weston, while 10 New York, was care-
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fully studied by Dr. Flint during a period of 15 days, on
5 of which ho walked a total of 317 miles, His diet was

1 Thw and the following aceanst of Weston are taken from Bulletin No 98,
Us of A il Stations  The effect of
severe and prolonged mutcular wotk on food consumption, digestion, and me-
tabolumn By W, O Atwater and 1L C Sheeman, p 13.
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nitrogen was increased from six to only six and a half grams.
Obviously, not much of the energy of this muscle work could
have come from the breaking down of proteid, but it must
bave been derived mainly from the oxidation of fat. Thereis
abundant evidence that fat can be used as a source of energy
by muscles, as well as carbohydrates and proteids, and there
is every renson for believing that the yield of work for a given
amount of chemical energy in the form of fat 1s as good as in
the case of either of the other two substances. In fact, the
observations of Zuntz show that fat can be used just as
economically by the body for muscle work as either carbohy-
drates or proteid. Thus, in one experiment,! he determined
the oxygen-consumption and respiratory quotient in a man
resting and working on three different diets — one principally
fat, one principally carbohydrate, and the other principally
proteid —and found that slightly less oxygen and energy
were required to do work on the fat diet than on the others.
This is clearly shown 1 the following table:

Resting orktag Ko | T Blogram meter
geam-
m’:s‘;:uy Otygen | Respira- [ Oxygen | Respira- ‘fll;;e’ll
irac | of Work | gxygen
Used Tory | Used Calorles.
Sonie” |quondot | S, [querigay | Do [ Uaed | S
<o oo T
Fat 319 072 1029 012 854 201 98y
Carbohydrate| 277 090 1029 090 3846 217 1041
Proterd 308 080 n 080 845 238 1185

From these data, we see that per kilogram-meter of work
less energy was required and less oxygen consumed with fat
than with either of the other two foodstuffs; but practically,
fat and carbohydrate as sources of muscle energy have about
the same value.

4 Quoted from Leathes . Problems 1n Animal Metabolisma, p. 100
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Much stress is ordinasily 1aid upon the importance of a
large intake of protesd food whenever the body is called
upon to perform severe, or long-continued, muscular work;
but in wiew of what has been stated it may be ques-
tioned whether there i3 any real physiological justification
for such custom. Tho pedestnian Weston,! who in 1884
walked 50 mules a day for 100 consecutive days, was found
by Blyth dunng » penod of 6ve dags to consume in his food
$7.2 grams of mitrogen a day, while ho excreted only 85.3
grams, leaving » bolance of 1.8 grams of mitrogen per day
apparently stored in the body. s daily food durng this
period was composed of 262 grams of proteid, 64.6 grams of
fat, and 799 graws of carbohydrate, with an estimated fuel
value of 4850 calomes. Yat he performed this large amount
of work daily, and still Iaid by a certain amount of proteid on
a ration, the energy value of which would not ardinanly be
considered gh for the muscular work to be done. Fourteen
years prior to thig, Weston, whils in New Yark, was care-
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fully studied by Dr. Flint during a period of 15 days, on
5 of which he walked o tatal of 317 miles, His diet was

1 This and the following account of Weston &re taken from Bulletin No 98,
us >t Offire P Statlone. ‘The effect of
severe and profonged muscufar Work on fond consumption, digestion, and me-
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titivs of prowesd food, or that the epergy of wasezle work
©omes preferally from the breaking down of proteid material.
Caripbydrate 2nd fat zaguestionably teke precedence over
prowid in this sespert, 2nd we may sccepr s setiled the
¥iew that in 211 practicel wars carbohydrate snd fat stand
o1 an equal forting 2s sowres of musenlar energy. Less
lesr, perbapm, is the question as to how these two radically
different types of organic material are utilized by the muscle.
It Jeas been 3 favorite belief among some physiologists that
the eomtracting musele makes nse of only one sobstance as
the direet source of its energy, and that this substance is the
rugar dextrose. This view would seemingly fmply that fat
and proteid must undergo alteration prior to their utilization
Ly the muscle; that, possibly, the carbon of the fat and proteid
is transformed into sugar before the muscle can make use of
it. So far a5 fat is concerned, this view is not supported by
he facts available, since experiments show that the heat and
energy liberated in the utilization of a given nmount of fat
in muscle work are in harmony with the energy valve of the
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fat; in other words, the fat is apparently burned, or oxidized,
direetly, without underg previous { ion into any
form of earbohydrate; or, if transformation does oceur, under
some conditions, 1t must take plice within the muscle and
without loss of energy. The practical sigmficanco of these
facts is at once apparent, for if fat, 1n order to bo available as
a sourco of muscle energy, must fint undergo conersion into
sugar, 1t would be far more economical from a physiolegical
standpomnt to replace the fut of the dict with earbohydrate in
any attempt to provide suitable nounshment for the work-
g muscle.  We may safely conclude, however, that fat and
catbohydrate, as previously suggested, aro in reality both
capable of ditect metabolism by the muscular tissue, and that
eachis of value as a sourco of muscular energy i proportion to
ite heat of combustion, yielding substantially the same propor-
tion of its potential enexgy mn the form of mechameal work.
Regarding the utihization of proteid as & source of energy
by the muscle, there are many grounds for believing that
here the body has to deal with certain alterations, Lefore the
proteid can be made available, We may mdeed conjecture
the tion of o portion of the pro.
teid molecule into carbohydrate, a3 n necessary step in its
utilization for muscle work. It 18 certainly true that in the
ordinary katabolic processcs, through which proterd passes,
{here is a tendency for the mtrog ing portion to ho
quickly split off and el d, leaving o catk resi-
due whach may represent os much as 80 per cent of the total
energy of the original proteid. This so-called carbon moety
of the proteid molecule is apparently much less rapidly oxi-
dized than the nitrogenous portion, and may indeed be tem-
porarily stored 1 the body, in the form of fat or carbohydrate.?

T See Leo Langsten Die Rohlehydratbildung aus Eiweuss  Ergebnlase der
Physilogre, Dand 3, Erster Theil, p 456
See aleo, Luthje Zue Frage der Zuckerbildung xus Eiweun,  Archir fur .
gemsmane  Phywslogie, Band 108, p 360,
[
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essentially o proteid diet, consisting principally of beef ov.
truet, oatmeal gruel, and mw cggs. Witrogen intake and
output were carefully compared during the days of rest and
dunng the days of work, with the results tabulated.

In this ease it will bo noted that the daily ration was com-
paratively small, and, further, that during the working period
tho subject consumed much less proteid than on the resting
days. Morcover, when we remember that tho total energy,
value of his diet must have been quite small, it s not at all
strango that in the Inborious task of walking 62 miles a day
ho should have temporarily drawn upon his store of body
proteid to the extent of 62,5 grams, or 10 grams of nitrogen
s day. Such experiences, however, do not by any means
constitute proof that in excessive muscular work there i8
need for the P of correspondingly i d quan-
tities of proteid food, or that the energy of muscular work
comes preferably from the breaking down of proteid material.
Carbohydrato and fat unquestionably take precedence over
proteid in this respeot, and we may accept as settled the
view that in all practical ways earbohydrate and fat stand
on an equal footing as sources of muscular energy. Less
clear, perbaps, is the question 28 to how these two radically
different types of organie matcrial are utilized Ly the muscle.
It has been n favonto belief among some physiologists that
the contracting nruscle makes use of only ono substance 6
the direct source of 1ts energy, and that this substance is the
sugar dextrose. This view would scemingly imply that fat
and proteid must undergo alteration prior to their utilization
by the muscle; that, possibly, the carbon of the fat and proteid
is transformed into sugar Lefore the muscle can make use of
it. So far os fat is concerned, this view is not supported by
the facts nynilable, since experiments show that the heat and
energy Hberated in the utilization of » given nmount of fat
in muscle work aro in harmony with the energy value of the
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fat; in other words, the fat is apparently burned, or oxidized,
directly, without g previous i ion juto any
form of carbohydrte; o, if transk does oceur, under
some conditions, 1t must take place witlun the muscle and
without loss of energy. The practical significance of these
facts is at once apparent, for if fat, in order to be available as
a source of musele energy, must first undergo conversion into
sugar, it would be far more economical from a physiological
standpoint to replace the fat of the dict with earbohydrato in
any attempt to provide swtable nourishment for the work-
ing muscle. \\ © may 84 \fely conclude, however, that fat and
arbohyd 1, are 1 reality both
capuble of duect membnhsm by the muscular tissue, and that
eachs of value as a source of muscular energy m proportion to
1ts heat of combustion, yielding sul ially the same propor-
tion of its potential energy in the form of mechameal work.
Regarding the utilization of proteid as a source of energy
by the muscle, there are many grounds for believing that
here the body has to deal with certam alterations, before the
proteid can be made available. We may indeed conjecture
the of & i portion of the pro-
teid moleenle into bobydrate, a3 a necessary step in its
utilization for musele work. It s certmnly true that in the
ordinary katabolic processes, through which proteid passes,
there is a tendency for the mitrog, ing portion to be
quickly split off and eli d, leaving a carl resi-
due which may represent as much as 80 per cent of the total
energy of the original proterd. Thus so-called eartbon moiety
of the proterd molecule is apparently much less rapidly oxi-
dized than the mitrogenous portion, and may indeed be tem-
poranily stored in the body, 1n the form of fat or carbohydrate *

T See Leo Langstem Die Kohlehydntbnldung aus Exweiss  Crgebnisse der
Phyatologte, Band 3, Crater Thell, p 4

See also, Luthje. Zur Frage der zm"mm.m, s0s Eiwelen. ARl fur 9,
gesammte  Fhywologle, Band 106, p. 160,
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We lLave very convincing proof that the carbohydrate
glycogen can be formed from proteid. Thus, the feedmng
of proteid to warm-blooded animals moy be accompanied
by an accumulation of glycogen in the liver. This is mter-
preted as meaping that in the cleavage of proteid by diges-
tion the varous nitrogenous products formed are somewhere,
probably in the liver, still further ncted upon; the contained
nitrogen with some of the carbon bemng converted into ures,
wlnle the non-mtrog residue is transf d into glyco-
gen, or sugar. That some such change takes place, or, more
specifically, that carbohydrate does result from proteid is
more strilangly shown in human beings suffering with dia-
betes. In severc forms of this disease, nll carbobydrate food
consumed 1s rapidly eliminated through the kidneys in the
form of sugar, the body having lost the power of burning
sugar. 1f such a person is placed upon a diet composed ex-
clusively of proteid, sugar still continues to be excreted, and
there 18 observed a certain definite relationship between the
pitrogen output and the excretion of sugar, thus implying
that they have a common origin.

Further, there are certain drugs, such as phloridzin,
which, when introduced into the circulation, set up a severe
dinbetes and glycosuma. Dogs treated in this way, fed
solely on proterd or even starved for some time, will con-
tinue to excrete sugar, and as in the previous instance,
there is observed a cerfain definite ratio between the
nitrogen output and the elimination of sugar; thus leading
to the conclusion that both arise from the destruction of
the proteid molecule. Careful study of this mtio of dex-
trose to nitrogen has led Lusk to the conclusion that full 58
per cent of the proteid may undergo conversion into sugar
in the body. Hence, it is easy to see how in muscle work,
when proteid is the sole source of the energy of muscular

the work lished may still result from the
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direet ovidation of carbohydrate material, i ly derived
from the proteid wmolecule. It requires no argument, how-
ner, ta convince one that such s procedure for the normal

idual s less 1 logically than a direct

1 of earbobyd x\nd g, § duced ss such and
duly incorporated with the muscle substance.  Consequently,
in the nounshment of the body for vigorous muscular work,
there is reason in o diet which shall provide an shundance of
carbohydrate and fat; proterd being added thereto only in
amounts sufficient to meet the ordinary requirements of
the body for mtrogen and to furmsb, it may be, proper
paliulum for the development of fresh muscle fibres, where,
43 in traiming, effort 13 bemg made to strengthen the musclo
tisauo and so enable it to do more work. Increase in pro-
terd food may help to make mew tissue, but the source of
the enerpy of muscle wark is to be found mmn!y in the
breaking down of the i 1 boby:
drate and fat.

In view of these facts, we may advantagesusly consider
next the real sigmficance of the proterd metabolism of the
body. As we have seen, a meal rich in proteid leads ot ooce
«within n few hours — to an excretion of ures equvalent
o full 60 per cent of the nitrogen of the ingested proteid,
while a few hours later finds practically all of the mtrogen
of the intake eliminated from the body. Further, it is to be
remembered that in s general way this occurs Bo matter what
the condition of the hody may be nt the time and no matter
haw large or small the amount of proteid consumed. In
other words, thers 18 practically no appreciable stoting of
nitropen or proteid for future needs, —~ at lerst none that is
proportional to the increase in nitrogen intake, even though
the body be ip a condition approximating to nitrogen starva-
tion, Moreover, 1t is to be recalled that the wncreased pro-
1eid metabalism attendant on inoressed intake of proteid food
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We have very convincing proof that the carbohydrate
glyeogen can be formed from proteid. Thus, the feeding
of proteid to warm-blooded apimals may be accompanied
by an accumulation of glycogen in the Liver. This is nter-
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tion the various nitrogenous products formed are somewhere,
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consumed is rapidly eliminated through the kidneys in the
form of sugar, the body having lost the power of burning
sugar. If such a person is placed upon a diet composed ex-
clusively of proteid, sugar still continues o be excreted, and
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nitrogen output and the excretion of sugar, thus implying
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there is observed a certamn definite matio between the
nitrogen output and the elimination of sugar; thus leadimg
to the conclusion that both arise from the destruction of
the proterd molecule. Careful study of this ratio of dex-
trose to mitrogen has led Lusk to the conclusion that full 58
per cent of the proterd may undergo conversion into sugar
in the body. Hence, 1t is easy to see how in muscle work,
when proteid is the sole source of the energy of muscular

jon, the work plished may still result from the
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depend mainly upon this earbon moiety of the proteid mole.
eule for their energy-yielding material? It has been one of
the phiysiological dogmas of the past, that the tissues and
organs of the body, or rather their constituent cells, preferred
to use proteid for all their nceds whenever 1t was available,
If proteid were wanting, either because of insufficient intake,
or because of excessive activity, then the tissue cells would
draw npon their store of non-mitrogenous material. Food
proteid and tissue protesd, however, were the materals pre-
ferred by the organism, 8o ran the argument, and the large and
meessant output of nitrogen which accompamed the intake of
proteid was accepted as proof of the general truth of this idea
We might well guestion wherein lies the great advaatage
to the body 1n this continual excretion of nitrogen; whether
the loss of energy 1 handling aud g the s
portion of the necessanly large proteid intake, in order to
render lable the non- part of the molecule,
mught not more than compensate for the supposed gain? Bug
the truly astomsbing fact that the output of mitrogen runs
paraliel with the intake of proteid, that the Lody cannot store
up mitrogen to any large extent, has been taken as conclusive
evidencs that the orgamsm prefers to use proteid for all of its
requirements.  Truly, we mught just as well argue that thys
significant nse in the excretion of nitrogen after partaking of
a proteid meal 19 an indieation that the body has no need of
this excess of mitrogeny that 1t 18 indeed a posmible source
of danger, since the system strives vigorously to 11d iself of
the surplus, and that the energy-needs of the body can be
much more ad y and ily met from fat
and carbohydrate th:m from the carbonaceous residue result-
ing from the d ion of the proteid molecul

In discussing these questions, we shall need to refer to
soveral of the current theories concerning proteid metabalism,
notably, the theories of Voit, PAuger, and Folin. In 1867
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is ied by an leration of the bolism of non-
mm)"enous matter; thus resulting in & stirring up of tissue
change, with consequent oxidation and loss of a certain pro-
portion of acecumulated fat and carbohydrate. Coincident
with this increased excretion of nitrogen, the output of
carbon dioxide is hikewise increased somewhat, due as is be-
heved mamly to i d bolism of the invol Y

muscle fibres of the gastro-intestinal tract, by action of which
the aceelerated peristalsis so characteristic of food intake is
accomplished.  Further, the increased output of carbon’
dioxide, under these conditions, i to be attributed also to
the greater activity of the digestive aud excretory organs,
naturally stimulated to greater functional power by the
presence of protexd foods and their decomposition products.
Still, a3 stated by Leathes, “the two main end-products of
proteld metabolism, urea and carbonic acid, are, to a great
extent, produced independently of each other, and the re-
actions which result 1n the discharge of the nitrogen are not
those 1 which energy is set free, work done, and carbonie
acid produced.” In other words, there is suggested what
we have alieady referred to, viz , that 1n proteid metabolism
2 nitrogenous portion of the proteid molecule is quickly split
off and gotten nd of, while the non-nitrogenous part may be
reserved for future oxidation, serving as a source of muscle

energy or for other purposes. ‘This being so, it 19 plain that
“ proteid metabolism in so far as it is concerned with the

evolution of energy, proteid metabolism in its exothermic

stages, may be almost entirely non-nitrogenous metabolism *

(Leathes).

Is there any advantage to the body, however, in this
earbonaceous residus of the proteid molecule over simple
carbohydrate and fat? Can the processes of the body be ac-

plished more 1ly, o1 more ndvantageously, with
o daily diet so constructed that, the tissues and organs must
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depend mainly upon this carbon moiety of tho proteid mole-
eule for their energy-yiclding material? It hos been one of
the physiological dogmas of the past, that the tissues and
argans of the body, or rather their constituent cells, preferred
to use proteid for all their needs whenever it was available.
If proteid were wanting, either bhecause of wsufBelent intake,
or becanse of excessive sehivity, then the tissue cells would
draw upon their store of non-wirogenous material. Food
proteid and tisue proteid, boweser, were the matenials pre-
ferred by the orgamsm, 8o man the argument, and the large and
incessant output of nitrogen which accompanied the intake of
proterd was accepted as proof of the general truth of thisdea
We might well question wherein lics the great advantage
to the body in this continuzl excretion of mtrogen, whether
the loss of energy in handling and removing the mitrogenous
portion of the necessanly large proterd intake, mn order to
render available the non-mtrogencus part of tho molecule,
might not more than compensate for the supposed gan?  Rut
the truly astonisting fact that the output of mtrogen runs
parailel with the intake of proteid, that the body cannot store
up nitrogen to any large extent, has been taken as conclusive
evidenco that the organism prefers to usc proteid for all of ite
requrements.  Truly, we nught just as well argue that this
sigmficant rise 1n the excretion of mitrogen after partakmng of
a proterd meal 13 an indieation that the hody has no need of
this excess of mitrogen; that 1t is ndeed a possible source
of danger, since the system stnives vigorously to 1d itself of
the surplus, and that the energy-needs of the body can be
much more ad ly and lly met from fat
and carbohydrate tl.:m from the carbonaceous residue resuli.
ing from the d of the proteid molecul

In discussing these questions, we shull need to refer to
several of the current theones concerning protesd metabolism,
notably, the theories of Voit, Piluger, and Folin. In 1867
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is panied by an leration of the metabolism of non-
nitrogenous matter; thus resulting in a stirring up of tissue
change, with cansequent oxidation and loss of a certain pro-
portion of accumulated fat and carbohydrate. Coincident
with this increased excretion of nitrogen, the output of
carbon dioxide 1s likewise increased somewhat, due as is be-
lieved mainly to increased metabolism of the involuntary
muscle fibres of the gastro-intestinal tract, by action of which
the accelerated peristalsis so characteristic of food intake is
accomplished.  Further, the increased output of carbon
dioxide, under these conditions, is to be attributed also to
the greater activity of the digestive and excretory organs,
naturelly stimulated to greater functional power by the
presence of proteid foods and their decomposition products.
Still, as stated by Leathes, “the two main end-products of
proterd metabolism, urea and carbonic acid, are, to a great
extent, produced independently of each other, and the re-
actions which result in the discharge of the nitrogen are not
those 1 which energy is set free, work done, and carbonic
acid produced ” In other words, there is suggested what
we have already referred to, viz , that in proteid metabohsm
a nitrogenons portion of the proteid molecule is quickly split
off and gotten rid of, while the non-nitrogenous part may be
reserved for future oxidation, serving as a source of muscle
energy or for other purposes. This being so, it 1s plain that
“proteid metabolism in so far as it 13 concerned with the
evolution of energy, proteid metabolism in its exothermic
stages, may be almost entirely non-nitrogenous metabolism”
(Leathes).

Is there any advantage to the body, however, in this
carbonaceous residue of the proteid molecule over simple
carbohydiate and fat? Can the processes of the body be ac-
complished more economeially, or more advantageously, with
a daily diet s0 constructed that the tissues and organs must
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by & new cell; and probably a similar disappearance of and
renewal of histological units takes place in all the tissues of
the body to n variable extent. But in the adult body these
histological transformations are, 10 the cases of most of the
tissues, slow and infrequent. A muscle, for instance, way
suffer very considernble wasting and recover from that wast-
ing without any loss or remewal of its elementary fibres.
And 1t is obvious that the metabolism of which we are now
speaking does not involve any such shafting of hutolomcal
units. On the other hand, we find these istological units,
the muscle fibre or the gland cel, for instance, hving on
thetr internal medwum, the blood, or rather on the lymph,
which is the middleman between themselves and the actual
blood flowang i the vescular channels,”

Voit claims that the proteid dissolved in the fluids of the
Dody is more easily decomposable than that which exists com-
ned in orgamzed form, or as more or less insoluble tissue
protead; and 1t 13 this soluble and airculating form which,
under the influence of the living cells, undergoes destruction
or metsbolism. We know, as has been previously stated,
that onidation does mot take place to any extent in tho
circulating blood, and sumilarly there 18 every resson for
believing that proteid metabolism does not occur in this
menstrum.  Metabolism i3 Iimited mainly to the active
tissues of the body, but according to the present concep-
tion of the matter it does not occur at the expense of
the proteid of the living cells, but involves matemal con~
tained m the fwds bathmg the cells; 4. e, 1t 18 not the

ganized proteid that underg, ol but the proteid
circulating in and about the internal meshes of the cells and
tissues, the Living cell being the active agent in controlling
the pracess. Further, this view lessens the diffienlty of
understanding the elimination of nitrogen after a meal nch
in proteid. If it was necessary to assume that all the proteid




184 THE NUTRITION OF MAN

Carl Voit,? of Munich, advanced the view that the proteid
material of the body exists in two distinet forms, viz., as
‘““morphotic” or “organized” proteid, representing proteid
which has actually become a part of the living units of the
body, i. e., an integral part of the living tissues; and “cir-
culating * proteid, or that which exists in the internal meshes
of the tissue, or in the surrounding lymph and circulating
blood. The real point of distinction here is that while one
portion of the body proteid 1s raised to the higher plane of
Living matter, 4. e., becomes a component part of the living
protoplasm, another and perhaps larger portion is outside of
the morphological framework of the tissue, constituting a
sort of internal medium which bathes the living cells, and
acts as mddleman between the blood and lymph on the one
side and the living cells on the other. According to Voit’s
view, it is this circulating proteid that undergoes metabolism;
the proteid of the food after digestion and absorption being
carned to the different tissues and organs, and then, without
becoming an integral part of the living protoplasm of the
cells, it 1s broken down under the influence of the latier.
Obviously, small numbers of tissue cells are constantly
dying, their proteid matter passing into solution, where it
likewise undergoes metabolism. In other words, aceording
to Voit, the great bulk of the proteid undergorng katabolism
is the circulating proteid, derived more or less directly from
the food, and which at no time has been a part of the tissue
framework; while a smaller, but more constant a2mount,
represents the breaking down of tissue cells. This concep-
tion of proteid metabolism is akin to our conception of mor-
phological and physiological destruction. In the words of
Foster: “We know that an epithelial cell, as rotably in the
case of the skin, may be bodily cast off and its place filled

1 See Vort Hermann’s Handbuch der Phyaiologie, Band 6, p 301.
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a state of suspension, and its katabolism, which is relatively
very small, is preceded by solution of tho proteid in the
fimds of the tissue, after which its further Lreaking down is
asstimed to be the same as that of the circulating proteid.
‘This latter view is o fundamental part of the Voit theory; in
Jong-continued fasting, for example, the hiving protoplasm
of the varions tissues and organs is of necessity drawn upon
for the nounshment of the more vital parts of the body, such
as the brun, spinal cord, ete., consequently the orgamzed pro-

texd 18 graduall tved and then d posed, after 1t has
becoms hquefied and has thus lost its organized structure.
In this ption of proted bolism, we picture the

different organs and tissues of the body as bewng permeated
by & fluid which carmes variable amounts of nutmtive mate-
rial, the quantity of the latter determiming 1n a way the ex~
tent of the proteid katabolism which ghall take place. As
the proterd of the food passes into the blood and lymph, the
fluids bathung the cells are correspondingly ennched, and as
a result, proteid katabolism 1s accelerated 1n parallel degree.
During hunger, on the other hand, the organwzed proteid of
the tissue cells 13 gradually hquefied and passes out into the
current of the circulating fluds. As before stated, the or-
ganized proteid as such 13 never decomposed; it must first
enter into solution, and then under the wfluence of the living
cells it undergoes disruption in the samo manner as the cir-
culating proteid. It 1s thus evident that the tissne cells and
the circulating fluids permeating them bear an ever changing
relationshup to each other. Excess of circulating proteid will
be attended by increased katabolism, while at the same time
there may Le some accumulation of proteid in the cells, and
indeed some couversion into organized proteid. During fast-
ing, bunger, or with an insufficient intake of proteid food,
the eurrent will naturalfy be {n the opposite dircction, and
organized proteid will slowly, but surely, be drawn upon.
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of our daily food is built up into living protoplasm before
katabolism occurs, it would be exceedingly difficult to ex-
plain the sudden and rapid elimination of nitrogen which
follows the ingestion of proteid. For example, we can
hardly mmagine that merely eating an excess of proteid food
wall lead to an actual breaking down of the living framework
of the tissues, equivalent to the amount of nitrogen which the
body at once eliminates. Voit’s theory, on the other hand,
supposes & twofold origin of the nitrogen excreted; one part,
the larger and variable portton, comes from the direct metabo-
Lism of the circulating proteid, beng the immediate result of
the mgested food and varying in amount with the guantity
of proterd food consumed; the other, smaller and less vari~
able in amount, has its origin in the metabolism of the
true tissue proterd, or the actual living framework of the
body.

In a fasting animal, the tissues and organs of the body still
contam 4 large proportion of proterd matter, yet only a small
fraction of this proteid is eliminated each day, hardly 1 per
cent, If, however, proteid is absorbed from the intestme,
proteid metabolism 1s at once increased, nnd the excretion of
nitrogen may be fifteen times greater than during hunger.
In other words, the extent of proteid metabolism is not at
all proportional to the total amount of proteid contained in
the body as a whole, but runs parallel in a general way with
the quantity of proteid absorbed from the intestine. Ob-
viously, the newly absorbed proteid 1s quite different in
nature from the pioterd which in mach la:ger amounts is
deposited throughout the body, since it is not organized and
is so much more easily decomposable (Voit). This is the
circulating proteid of the body; it exists in solution, and it 1s
s significant fact that, according to Voit, the chemical trans-
formations that characterize proteid katabolism oceur only in

solution. The organized proteid, on the other hand, is in
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but that before this food material can undergo katabolism it
must first be absorbed by the cell and built up into the living
protoplasm of the tissue. In other words, according to the
Tiews exp! d by Pfliger, katabolism must be preceded by
argamzation of the proterd. Expressed i still different
language, the proteid matemal eirculating in blood and
Iymph must be eaten up by the hungry cells and, by appro-
priate anabolie processes, made an integral part of the living
‘before d imil can occur. Further, ac-
cordmg to Phuger’s conception of these processes, there 1s a
radical difference in the chemical uature of hving protoplasm
as compared with that of the so-called circulating proteid.
The latter is looked upon as being comparatively stable, re-
sisting oxidation in high degree, and hence not prome to
undergo metabolism. lemg pmtoplasm, on the other hand,
18 cb ized by i d with the
greatest ease, and hence readxly broken down in the ordinary
P of kataboli g for the moment the cor-
rectness of this theory, we sec ata glance that all disruption
of proteid matter 1n the body must be preceded by the up-
‘building of the proteid nto living protoplasm There can
be no destruction of protesd until the latter bas been raised
to the high plane of living matter. The dead, nert circulat~
ing proteid can serve simply as food for the living cells, and
cannot undergo katabolism until it has been built up into the
organized structure of the tissue or organ. Even though we
grant that a small proportion of proteid may suffer katabolism
without previous o, 1t does not fally modify
the general trend of the argument that, according to Pluger’s
hypothesis, proteid katabolism is essentally a process nvolv-
1ng the disruption of living protoplasm.
Consider what this mesns in the light of facts already
presented. Remembering that the one factor above all others
influencing the rate of proterd katabolism 1s the amount of
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Again, we may ask in view of these facts, of what real use
to the body is this large katabolism of circulating proteid?
We can easily understand the need of proteid to supply the
loss incidental to the breaking down of organized or true
tissue proteid, but this we are led to believe is very small
in amount. Is there any real need for proteid beyond this
req ? The physiological fuel value of proteid is no
greater than that of carbohydrate and considerably less than
half that of fat, consequently there is on the surface no
apparent reason why proteid should be used for its energy
value 1 prefl to the non-nitrog f fis, Fur-
ther, as we have seen, the energy of muscle work comes
mainly, at least, from the breaking down of fat and carbohy-
drate; prote:d, in the case of the well-nourished individual,
ordinarily playing no part in this important line of energy
exchange. Lastly, in the katabolism of proteid there is
the large proportion of nitrogenous matter to be split off and
disposed of before the carbon moiety of the molecule can be
rendered available. Here, we have involved not only a loss
of energy, but i addition a certain amount of what appears
to be useless Iabor thrown upon the liver, kidneys, and ather
organs. Is there any wonder that the thoughtful physiolo
gist, looking at the facts and theories presented by the Voit
coneeption of proteid katabolism, should ask wherein lies the
value to the body of this gh rate of metabolism of circulat-
ing proteid, a rate of metabolism which is seemingly govemed
primarily by the amount of proteid food ingested ?

Turming next to Plluger’s ! views regarding proteid katabo-
Tism, we find a totally different outlook. Here, the supposi-
tion prevails that the plasma of the blood and lymph, with
its contaned protexd, is the food of the organs or their cells,

1 Eduard Puger Ueber einige Gesetze des Fiwelssstoffwechaels (it beson-
derer Beruckeichtigung der Lehre vom sngenannten “ curculininden Eiweiss ")
Arclur £.d gesamete Physiologie, Band 61, p. $33 Y
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that if all proteid katabalized in the body must first be raised
1o the Ingh level of living protoplasm before the finat disrup-~
tion can oceur, it may be prudent to keep the daly intake
of this foodataff down to a level someshat commensurate
with the real needs of the body.

As has been stated many times in the course of this pres.
entation, the most striking feature of proterd metabolism is
the raprdsty with which large quantities of proterd consumed
a3 food are broken down, and the contasned mtrogen el
nated from the body as urea, A few hours will suffice to
accomplish the more or less complete destruction of food
proteid; and any theory of proteid metabolism, to be at all
satssfactory, must explain thus peculiar phenomenon.  Accord-
ing to recent mvestigations, 1t seems probable that some, at
least, of the cleavage produsts of proterd formed during in-
testinal digestion are not built up into mew protesd, but are at
once elsminated mainly 0 the form of trea, without becoming
a poxt of erther the so-called cireulating proterd, or the living
protoplasm of the body It will be recalled that under the
mfluence of the digestive enzymes, trypsin and erepsin, pro-
terd foodstuffs may be broken down while undergoing -
testinal & into and & ds, ench
a3 Jeuow, tyrosm, arguun, lymn, ete. A certan proportion
of these comparatisely ssmple substances may be durectly
alsorbed by the portal eirculation and carned to the lrver,
where they may undergo conversien mto nres.  In thus way,
some portion of the nitrogen of the tngested food may Lo
quickly eliminated from the system. As has heen stated i
another connection, we are not sure at present haw far pro~
terd decamposition of the ¥and mdicated takes place nozmally
in the body. We merely know that there are present mn the
intestine, enzymes capable of sphtting up proterd rate these
small fragments, and that substances of this type when made
1o exrculate through the liver are transformed into utea. These
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proteid food taken in, and that the output of nitrogen, no
matter what the previous condition of the body or the
amount of proteid food ingested, runs more or less parallel
with the consumption of proteid, we are forced te the con-
clusion, in accepting this hypothesis, that there must be
superhuman activity in the building up of living protoplasm,
only to be followed, however, by its immediate and more or
less complete breaking down. Further, think of the daily
or periodical fluctuation 1a the constructipn of bioplasm,
comcident with variations in the amount of proteid food

d, and the ding destruction of bioplasm
as indicated by the daily output of mitrogen. Tmagine,
if you will, the concrete case of a man of 70 kilos body-
weight eating a daily ration containing 125 grams of proteid,
the mitrogen equivalent of wlich is practically excreted
within twenty-four hours, and are we not wise in hesitating
to beheve that all of that proteid has leen so quickly
built up into Living or orgamzed tissue only to be imme-
diately broken down and thrown out of the body? Think
of the enormous activity implied in the manufacture of this
bioplasm in the time allotted, and for what? Apparently,
50 that it can be broken down again. But such energy as
is liberated in the breaking-down process might be derved
far more economucally by simple destruction of the proteid,
as contained in the meshes of the tissue elements, without
assuming a preliminary conversion inte living protoplasm.
Obviously, we have here a theory which does not help vs in
arriving at any very satisfactory conceptton of proteid metab-
olism. The facts which Pfliger and his followers bring
forward in support of the theory are not very convineing, or
at least not sufficiently so to earry conviction in the face of
a natural disinclination to believe in the necessity of such a
profound anabolic process, merely as a prelude to the speedy
destruction of the finished product. Finally, we may add
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that if all proteid katabolized in the body must first be raised
to the hugh level of living protoplasm before the final disrup-
tion can oceur, it may be prudent to keep the daily intake
of this foodstuff down to a level somewhat commensurate
with the real needs of the body.

As has been stated many times in the course of this pres-
entation, the most striking feature of proteid metabolism is
the rapidity with which Jarge quantities of proteid consumed
as food are broken down, and the contamed mitrogen elimi-
nated from the body as urea. A few hours will suffice to
accomplish the more or less completo destruction of food
proteid, and any theory of pioterd metabolism, to be at all
satisfactory, must explain this peculiar phenomenon. Accord-
ing to recent mvestigations, 1t seems probable that some, at
least, of the cleavage products of proteid formed during in-
testinal digestion are not bult up into new proterd, but are at
once ehminated mainly i the form of urea, without becoming
2 part of either the go-called circulating proteid, or the hving
protoplasm of the body. It will be recalled that under the
influence of the digestive enzymes, trypsin and erepsin, pro-
teid foodstuffs may be broken down while undergomg 1n-
testinal 4. into and di;

ds, such
a3 leucin, tyrosin, arginin, lysin, etc. A certam proportion
of these comparatively simple substances may be directly
absorbed by the portal cireulation and carmed to the hiver,
where they may undergo conversion into urea. In this way,
some portion of the mitrogen of the ngested food may be
quickly eliminated from the system. As has been stated in
another connection, we are not sure at present how far pro-
teid decomposition of the kind indicated takes place normally
in the hody. We merely know that there are present in the
1ntestine, enzymes capable of splitting up proteid into these
small fragments, and that substances of this type when made
{0 axrculate through the liver are transformed into urea, These



142 THE NUTRITION OF BMAN

facts, coupled with the well-known tendency of the nitrogen
of proteid food to appear in the excretions a few hours after
the food in question has been consumed, naturally suggests
a direct breaking down of proteid along the lines indicated,
with a possible ion of a carb residue (nitrog

free) for subsequent oxidation, as a source of energy for heat
or work. Obviously, all of the proteid food cannot behave
in this manner, for if such were the case there would be no
proteid available for making good the normal waste incidental
to tissue changes. Either a certain amount of proteid es-
capes this profound alteration produced by the proteolytic
enzymes in quesnon, or eIse a certain prupomon of these

sumple d is hesized in the i
or in the hssues of the body, to form new proteid for the
of cell pl However this may be, we

have presented in this view a plausible explanation of the
prompt appearance of food nitrogen in the excretions, and
without compelling belief in a theory, such as Pfliger’s,
which taxes one’s credulity to the utmost. To be sure, asa

writer on physiology has recently said, such a view
stands opposed to our concepnons of the importance of pro-
tead food; but it seems possible, in the light of accumulating
knowledge, that our ptions of the part played by proteid
foods in the nutrition of man have not been strictly logical,
or quite 1n accord with true physiological reasoning.

Agamn, 1 this connection, we may ask the question, why is
it that the body provides such an effective method for the
speedy breaking down of proteid food and the prompt elim-
ination of the contained mtrogen? Whatever the means made
use of by the organism in accomplishing this, the result is the
same; the nitrogen of the ingested food is, in large measure,
quickly gotten rid of. We clearly recognize the all-important
position of proterd foods in the nutrition of the body, but
there appears a certain inconsistency in this prompt removal
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of the nitrogen-containing portion of the proteld wolecule.
The nitrogenous part of the proteid jood is, physiologically
considered, the all-important part. It is the only source of
nitrogen available to the system, and yetapparently the larger
proportion of this nitrogenous materal is not utilized m any

ghizable way, but 1s eli a3 quickly as possible. Is
1t not within the limits of possibility that these methods,
whatever may bo the exact mechanism 1nvolved, nte merely
 means of getting Tid of a surplus of proteid for which the
body has no real need? This question I shall try to answer
Iater on in another connection, but we may advantageousty
keep this possibility in mind while we are discussing these
theories of protexd metabolism.

It 18 obvious, 1n the light of present knowledge, that there
wust be a certain amount of true tissus proteid broken down
each day, independent of that larger metabolism coincident
wuh the intake of proterd food. However much this more

proteid katah may fi owing to varia.
tions {n the intake of proteid, and whatever the sigmficance of
this latter phase of metabolism, 1t 1s self-evident that there
must be a steady, constant metabolism, upon which the life
of the varions tissues and organs of the body depends, and by
which the proteid integrity of the tissue cells 13 maintained.
This implies & certain degree of true tissue change, in which
definite amounts of proteid material are Lroken down and
the resultant loss made good from the proteid intake. No
matter what speaific name be appled to this form of pro-
terd katabolism, its 18 clearly jzed. It s ob-
viously a forma of metabolism distinet, and probably quite
different, from that form, more variable in extent, which is
sassociated with the intake of proteid food. Planly, if there
is truth in these statements, there should be sorne data avail-
alle by means of which these two lines of proteid katabolism
can be more or less sharply differentiated.
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Thanks especially to the work of Folin,! these data are now
apparently at hand, and the facts which he has accumulated
with painstaking care scem destined to throw additional
light upon our conception of proteid metabolism. It will
bo remembered that in the breaking down of proteid, the
great bulk of its contained nitrogen is eliminated in the
form of urea. In addition, & certain smaller amount of ni-
trogen 13 excreted in the forms of creatinn and uric acid.
As we have seen, the total output of mtrogen, which meas-
ures tho extent to which proteid is decomposed in the body,
vartes with the intake of proteid food ; but it is found that
the proportion of mitrogen excreted in the forms of urea and
uric acid varies with the extent of the metabolism. In other
words, quantitative changes in the daily proteid katabolsm
are uccompanied by pronounced changes in the distribution
of the excreted nitrogen. Let us take a single illustration
from Folin’s results; the case of a healthy man who on one
day— July 13— consumed & proteid-nch dict, and on the
other day — July 20 — was living on a diet containing only
about 1 gram of nitrogen. The composition of the excretion
through the kidneys on these two days is shown in the
following table:

July 13 July 20,
Volume of urme 1170cec 886cc.
Totel mtrogen . . . [ 1680 grams 360 grams
Urea nitrogen ., . 1470« =875% 220 “ =817%
Urde aeid nitrogen . 018 “ = 113 o0y “ = 25§
Creatuun-nitrogen . 068 “ = 36% 060 ¢ =172%

1 Otto Folin Laws Goserning the Chemlcal Composition of Urlne  American
Jonenat of Physwology, vol 13, p €6 A theory of Protein Metabolem  Ibnd,
vol 13,p 117,



‘THEORIES OF YROTEID METABOLISM 145

Here we see, as would be expected, that on the high pro-
teid diet, there was a large excretion of total nitrogen and of
urea; while on the low proteid diet, nitrogen and urea were
correspondingly dimumshed. The point to attract our atten-
tion, however, 13 the marked difference 1n the percentage of
urea-nitrogen in the two cases; a difference which amounts
to about 26 per cent. A smmilar difference 13 to be noted in
the percentage of uric scid-nitrogen. Lastly, it is to be ob-
served that in spite of the great difference in the extent of
metabolism on the two days—an excretion of 16.8 grams
of mitrogen, as contrasted with 8.6 grams — the amount of
creatimn-nitrogen 1s essentially the s'\me Folin finds that
these p 1o the p \ of excreted
mtmgen bald good m all cases where there is this wide
divergence n the amount of proteid katabolzed, aud, fur-
ther, that there is a gradual and regular transition from the
one extreme to the other. He secs 1n these results evidence
that there are 1n the body two forms of proteid katabolism,

Ny ind 3! and quite different. One lund is
extremely variable in guantity, while the other tends to re-
main constant. The vanable form has its own particular
kind of waste products, of which urea is the chief. The
constant kotabolism, on the other band, is largely repre~
sented by creatimn and to a lesser degree by uric acid.  The
more the total katabolism is reduced, the mors prominent
become creatinin and ume acid, products of the constant
katabolism, while urea, as chief representative of the variable
katabo): becomes less pi Folin suggests the
term endogenous or tissue metabolism for the constant varjety,
while the variable form he would name exogenous or inferme-
diate metabolism.

In these suggestions we have not theory only, but a
number of very important facts which plainly must have
some wmgnificance. Take, for example, the excretion of

10
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Itis a ch istie nitrog waste product,
but its elimination from the body is wholly independent
of quantitative changes in the total amount of nitrogen
excreted. In other wards, the amount of creatinin elim-
inated 1s & constant quantity for a given individual under
ordinary conditions, no matter how great the variation in the
amount of proteid food, provided no meat is eaten. Meat
must be avoided in testing this point, since ment contains a
certain amount of creatin, or other components, which would
be excreted as creatinin. Further, it is found that every in-
dividua]l has Ins own specific creatinin excretion, which fact
2gain emphasizes the idea that this substance is a product of
true twsue katabolism, having no connection with that vari-
able metabolism, of which urea is the striking representative.
These are facts which cannot be ignored. They are well
established by the careful observations of Folin, and they are
confirmed by a large number of observations made in our
own laboratory. Turn now to that other, more conspicuous,
product of proteid katabolism, urea. Wath a so-called aver-
age proteid intake, about 88-90 per cent of the excreted
nitrogen will be in the form of urea, but, as Folin states,
thh every decided diminution in the qnantxty of total
liminated, there isa p ion in the
per cent of that nitrogen represented by urea, When the
daily total nitrogen elimination has been reduced to 8 grams
or 4 grams, about 60 per cent of it only is in the form of
urea.” Here, we have the chiet product of exogenous metab-
olism, a substance quite distinct from creatinin, just as the
process by which it originates is likewise quite distinet.
Exogenous metabolism is plainly a process of quite a differ-
ent order from that of endogenous, or tissue metabolism.
The latier involves oxidation, while the former congiate esten-
tially of a series of hydrolytic cleavages which result in a
rapid elimination of the proteid-nitramen oo viras Tn thia
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of Latabolism, we have jally the
same newpmnc :us was previously taken in attempting to
explain how excess of proteid food can be so quickly decom-
posed, and its nitrogen removed from the body. Whether
the hydrolytic cleavage is accomplished solely by trypsin and
erepsin, whether 1t takes place only in the intestine and in the
liver, or whether other glands and tissues are involved, is at
present immaterial; the essential point 13 that we have 1n the
body & variety of prote:d katabolism, quite different from true
tissue katabolism, the extent of which is dependent pnmanly
upon the amount of proteid food consumed  The process in-
volved is one which aims at the rapid removal of the proteid-
mtrogen as urea; without incorporation of the absorbed
proteid, or its decomposition products, either as an integral
or adherent part of the tissus proteid. Hydrolytic cleavage
18 eminently fitted to accomplish this with the least expendi-
ture of energy, while the carbonaceous residue of the proterd
thus freed from mitrogen can be transformed into carbohy-
drate, or directly oxidized as the needs of the body demand.
As one cansiders these views so admirably worked out by
Folin, the question naturally arises, if the real demands of
the body for proteid food will not be adequately met by the
quantity necessary to satisfy the true tissue metabolism?
‘We may well believe, with Folin, that “only a small amount
of proteid, namely, that necessary for the endogenous metab-
oligm, is needed. The greater part of the proteid furnished
with so-called standard diets, like Voit's, 1 ¢., that part rep-
the exog bolism, is not needed; or, to
be more speerfic, its nitrogen 15 not needed. The organism
has developed special facilities for getting rid of such excess of
vitrogen, so 28 to get the use of the carbonaceous part of the
proterd ing it.” In end boliste, we have
a steady, constant process quite mdependent of the amount
of proteid food, and absclutely indispensable for the main.
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tenance of life. So far as we know at present, its representa.
tive creatinin is, for a given individual, the same in amount
during fasting as when a rich, meat-free, proteid diet is taken.
The one factor that seemingly determines the amount of
creattnin eliminated is the weight of the individual, or more
exactly the weight of the true tissue elements of the body, as
dustinet from fat or adipose tissue. Endogenous or tissve
katabolism obvieusly calls for o certain quantity of proteid
to maintain equilibrium, but this is small in amount a3 com-
pared with the usnal intake of proteid foods. The average
man, with his ordinary dietetic halnts, consumes move nitro-
gen than the body can possibly make use of. The excess i3
not stored up, “hecause the actual need of nitrogen is sosmall
that an excess is always furnished with the food, except, of
course, 1n carefully planned experiments ™ (Folin).

We have seen at what low levels of proterd intake, nitrogen
equilibrium can be established, and we may well have faith
1n the ption of an endog protexd katabolism which
mvolves only minimal quantities of proteid. Further, we
have observed the constant tendency of the body to maintain
a condition of nitrogenous equilibmum, even with varymg
income, and how slow the body is to Jay by nitrogen on &
nch proterd diet, even when long deprived of proteid food;
a fact difficult of explanation except on the assumption that
the real need of the body for nitrogen is small, and that the
tissues habitually carry a relatively large reserve of nitroge-
nous material, We may assume with Folin that “all the Jiv-
ing protoplasm in the animal organism is suspended 1n a fluid
very rich in proteid, and on account of the habitual use of
more nitrogenous food than the tissues can use as proteid the
organism i3 ordinarily in possession of approximately the
maximum amount of reserved proteid in solution that it can
sdvantageously retain.  When the supply of food proteid is
stopped, the excess of reserve proteid inside the organism is
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still sufficient to cause a rather large destruction of proteid
doring the first day or tn o of proteid starvation, and after that
tbe proteid katabolism is very small, provided sufficient non-
nitrogenous food 13 available, But even then, and for many
days thereafter, the protoplasm of the tissues bos still an
abundant supply of dissolved proteid, and the normal activ-
ity of such tissues as the muscles 13 not at all impaired or
dimimshed.  When 30 grams or 40 grams of mirogen have
been lost by an average-sized man dwung a week or more of
alstinence from nitrogenous food the Living muscle tissues
are still well supplied with all the proterd they can use.
That this 13 so, i3 indicated on the one hand by the un-
changed ereatinin ehmination, and on the other Ly the fact
that one expenences 1o fechng of unusual fatigue or of -
abilty to do one’s customary work. Decause the orgamsm
at the end of such an t still has an abund: of
avatlable proteid in the nutnuve fluids, it is at once seem-
ingly wasteful with mitrogen when a return 15 made to nitrog-
euous food. This 13 why 1t only gradually, and only under
the prolonged pressure of an excessive supply of food-proterd
again acquires 13 onginal maximum store of this reserve
material.”

We may reasonably suppose that the reserve of proteid
present 1n the body 18 contamed 1n the flmd media, and not
63 a part of the hiving protoplasm. Further, we are appar-
ently justified in the belief that the sole form of protexd
katabolism which 1s vitally important for the welfare of the
body 18 the endogenous katabolism. This must be provided
for adequately and indeed Lberally, and in addition there
should be sufficient mtake to keep up an abundant supply of
reserve proteid, but beyond these necessities there would
seem to be no legitimate derand for additional proteid. The

lumi 0 proteid katabollsm so pi in
most ndividuals would seem to have no justification in fact,
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or in physiological reasoning. What good, for example, can
plished by this tant splitting off of nitrogen,
with its subsequent speedy removal from the body? The
organism can neither use it nor store it up, and why there-
fore should this daily burden of an excessive and accelerated
proteid katabolism be borne? As we have seen, the energy
of muscle work is derived mainly, and can come wholly, from
the breaking down of non-nitrogenous mmterials, fats and
carbohydrates  The very fact that an intake of say 120
grams of proteid is followed at once by the removal of the
larger part of the contained nitrogen, as a result of the ex-
ogenous katabolism of the bod), would seemingly wnmmt
the view that the proteid so d posed might ad
be replaced by a corresponding amount of carbohydrate. In
muscle work, as in heat production, carboly drate and fat are
the materials burned up, or oxidized. Proteid, on the other
land, 1s not so oxidized, at least not the nitrogen-containing
portion of the molecule.

There are apparent only two possible reasons for assum-
ing o need on the part of the body for the high exogenous
katabolism of proteid so commonly observed. The one is
that the carbonaceous residue left after the cleavage of mi-
trogen from the proteid molecule is better adapted for the
needs of the body than exther carbobydrate or fat. Although
this does not seem very probable, it is of course n possibility
and ments ideration. Feeding exp with a com-
paratively small proteid intake, continued over a sufficient
length of time, would show conclusively how much weight
should be nttached to this hypothesis. The other possibility
18 that the body may derive some advantage from the pres-
ence, in the tissues and fluids, of the varied nitrogenous
cleavage products split off from proterd so abundantly in
exogenous katabolism. These substances are mainly amino-
ncids on their way to urea, and there is no apparent reason
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why they should be of service to the organism. Still, the
processes going on 1n the tissues and organs of the bady are
intricate and not wholly understood, and we can conceive of
some useful function of which 88 yet we have no knowledge.
In the construction of hissue proteid, for example, a5 m a
possible synthesis out of the fragments formed by hydrolytic
cleavage, 1t 18 not impossible that certain corner-stones are
needed, and that in order to obtan these there must be
a more or less wastelul breskiog down of Jood-proted.
However improbable this may seem, it, like the preceding
hypothesis, can bo tested in a way by adequate feeding ex-
periments, which shull determine the effect on the body
of o low proteid intake continued over a long period of time.
On the other band, 1t is egually plausible, and for some
reasons more probable, to assume that tins excessive exog-
enous katabolism may be in o measure prejudicial to the
beat interests of the body; that the many mitrogencus frag-
ments formed in the efforts of the orgamem to prevent
undue accumulation of reserve proteid may in the long run
do g3 much harm as good

Further, there is yeason 1 the question whether tho con-
tinual carrying of excessive amounts of nitrogen reserves m
the shape of soluble proteid in the blood and Iymph, and in
the meshes of tissue and el protoplasm, i+ advantageons for
the mamtenance of the highest degree of efficiency? We all

that an. it of fatis ,

disadvantageous to the welfare of the body, and there is,
physiologically speaking, equally good ground for considering
that the storage of unorgamzed proted in amounts beyond
all possible requirements of the body may be equally un.
desirable. Because less tingble to the eye, the accumula-
tian of unnecessary proteid is not so easily recognizable, but
this fact does not diminish the possible danger which such
accomulation may constitute. It must be granted, however.
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or in physiological reasoning. What good, for example, can
plished by this splitting off of nitrogen,
with 1ts subsequent speedy removal from tbe body? The
orgamsm ¢an neither use it nor store it up, and why there-
fore should this daily burden of an excessive and accelerated
proteid katabolism be borne? As wo have seen, the energy
of muscle work is derived mainly, and can come wholly, from
the breaking down of non-nitrogenous materials, fats and
carbohiydrates, The very fact that an intake of say 120
grams of proteid is followed at once by the removal of the
larger part of the contained nitrogen, as a result of the ex-
ogenous katabolism of the body, would scemmg}y wnrrnnt
the view that the proteid 8o d posed might ad g
be replaced by a corresponding amount of carbohy drate. In
mauscle work, as in heat production, carbohydrste and fat nre
the materials burned up, or oxidized. Proteid, on the other
hand, 15 not so oxidized, at least not the nitrogen-containing
portion of the molecule.

There aro apparent only two possible reasons for assum-
ing o need on the part of the body for the high exogenous
katabolism of proteid so commonly obscrved. The one is
that the carbonaceous residue left after the cleavage of ni-
trogen from the proteid molecule is Letter adapted for the
needs of the body than either earbohydrate or fat. Although
this does not scem very probable, 1t 13 of course & possibility
and ments iderati Feeding experi with a com-
paratively small proteid intake, continued over a sufficient
length of time, would show conclusively how much weight
should be attached to this hypothesis. The other possibility
is that the body may derive some advantage from the pres-
ence, in the tissues and fluids, of the varied nitrogenous
cleavago products split off from proterd so abundantly in

katabol. These subst are mainly amino-
ncxds on their way to urca, and there is no apparent reason
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AVING acquired i i ding the princip}

of metabolism and the general laws governing t]le
nutrition of the body, we may next conmder brefly the
dretetic halbits of mankind, with a wiew to learning how
far such habits coincide with actual nutntive requirements
Eventually, we shall need to ask the questions- What are the
true nutnitive requirements of the body? How much food
and what kinds of food does the ordinary individual dong
an average amount of work need each day in order to pre-
serve body equilibrium, and to maintain health, strength, and
vigor under the varying conditions of life? What amount
of nitrogen or proteid, and what the total ealonfic valug
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that we are dealing here with hypotheses and not facts, but
though hypothetical the suggestions made are of sufficient
moment to merit attention and experimental study. Ina
later chapter, we shall have occasion to present some facts
bearing on these questions.

In the meantime, wo may lay due stress upon the signif-
icance of these views regarding proteid katabolism. We
must accept as settled the general idea that there are two
distinet forms of proteid katabolism within the body; one
form representing the decay of tissue or cell protoplasm,
small in amount, with its own particular decomposition prod-
ucts, and absolutely essential for the continuance of life.
The other form, the so-called exogenous katabolism, runs &
totally different course with distinetive side-products and
end-products; it is variable in extent, in harmony with
variations 1n proteid intake, and subject to the suspicion
that at the level ordinanly maintained it constitutes a menace
to the preservation of that high degree of efficiency which
is an attribute of good bealth,
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daily 151 grams of proteid, with carbohydrates and fats suffi-
cient to make the total fuel value of the day’s ration equal
to 3475 calories. In Austria, farm laborers consumed daily
159 grams of proteid, with carbobydrates and fats sufficient
o raise the fuel value of the faod to 5096 ealorses.
Observations of this order might be multiphed indefinitely,
but the above will suffice to give a general 1dea of the aver-
age food consumption of European peoples doing  moderate
amonnt of work. These data, bowever, must be supplemented
by the observations made in our own country, which have been
very extensive, through the “investigations on the nutmtion

Proteid comumed | Totad Fuet Valu
| Bubjocts. Dy oDty Foad
o alories
Swedush Iaborers, at ard work . 180 726
Russian workmen, moderate work 182 %75
German goldiers, xetive service us 3574
Ttahan laborera, moderate work 18 3656
French 1aborers, eight hours’ work 138 4260
English weavers . . . 151 3476
Austnian farm laborers . 153 5098
Ameriexu Bubyecte.
Man with vety hard muscular work 15 5500
‘Man with hard muscular work 180 4150
Man mith moderately active muscalar
125 3100
Man with light to moderate musculsr
worl 12 2050
Maas ocdentary o oF woman wik mod-
erately active work 100 2100

of man in the United States,” carried un by the Office of Ex-
penment Stations i the Department of Agnenlture, under
the efficient leadership of Atwater. As stated by Messrs,
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required to supply the physiological needs of the body?
How closely do the so-called “normal diets” and “standard
diets,” which have met with such general acceptance, con-
forma to a rational conception of true physiological needsZ
These are vital questions of great physiological and
importance, and they are not easily answered; but theoret-
ical id 10ns based on scientific data, and exp 1
evidence combined with practical experience, should point
the way to some very definite conclusions,

Observations made in many countries regarding the dietetic
customs and habits of the people have resulted in the estab-
lishment of certain dietary standards, which have been more
or less generally adopted as representing the requirements of
the body. Asa prelude to the discussion of this question,
let us consider briefly some of the results of these.dietary
stndies. In Sweden, laborers doing hard work were found
by Hultgren and Landergren to consume daily, on an aver-
age, 189 grams of proteid, 714 grams of carbohydrate, and
110 grams of fat, with a total fuel value for the day's ration
of 4726 large calores. In Russia, workmen at moderately
hard labor, having perfect freedom of choice in their food,
were found by Erisman to take daily 132 grams of proteid,
584 graws of catbohydrate, and 79 grams of fat, this ration
having a fuel value of 3675 calories. In Germany, soldiers
in active service consumed daily, according to Voit, 145
grams of proteid, 500 grams of carbohydrate, and 100 graws
of fat, with a fuel value of 8574 calories. In Italy, laborers
domg o moderate amount of work were found by Lichtenfelt
to consume daily 116 grams of proteid, 696 grams of carbohy-
drate, and 26 grams of fat, with a fuel value of 3655 calories.
In France, Gantier states that the ordinary laborer working
eight hours a day must have 135 grams of proteid, 700 grams
of carbohydrate, and 90 grams of fat daily, with a fuel value
of 4260 calories. In England, weavers were found to take
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daily 151 grams of proteid, with carbohydrates and fats suffi-
clent to make the total fuel value of the day's ration equal
to 3475 calories. In Austria, farm laborers consumed duly
159 grams of proteid, with carbohydrates and fats sufficlent
o raise the fuel value of the food to 5096 calories.
Olservations of this order might be multaphied mdefinitely,
Lut the above will suffice to give a general den of the aver-
age food consumption of European peoples doing a moderate
amomnt of work. These data, however, must be supplemented
1y the observations madein our own country, which have been
very extensjve, through the *investigations on the nutrition

Bajects. huh\g;ﬂll’mlma 'l::l}):”uel,’.:::\c
o ealorten
Swedish laborers, at hard work . 180 1728
Russian workmen, moderate work . 132 2675
German solhers, active service us 2574
Ttalian laborers, moderato work . s 3655
French labarets, eight hours’ work. 135 1200
English weavers . N 15 8476
Austuan fsrm labarers 159 508
American Bubfocta.

‘Man with very hard muscular work 175 5500
Man with haed musculsr work 160 150
Man with moderately actre moscolar
Man with hght to molerate muscular = 2400
Mew a1 sedentary  or womun mith mod- n2 %50

erately actire work . 100 2100

of man in the United States,” camied on by the Office of Ex~
periment Stations in the Department of Agriculture, under
the efficient leadership of Atwater, As stated by Messrs,
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Langworthy and Milner, in an official bulletin issued in 1904,
duetary studies of the nctual food consumption of people of
different classes in different parts of the United States have
been made during the years 1894 to 1904 on about 15,000
persons, — men, women, snd children, — as a result of which
1t i3 indicated that “the actual food requirements of persons
under different conditions of life and work ” vary from 100
to 175 grams of proteid per day, with a total fuel value rang-
g from 2700 to 5500 calories. For comparison, the various
data may be tabulated as shawn on page 155,

These figures by no means represent masimum food con-
sumption. Thus, studies bave been made on fifty Maine
lumbermen,! where the intake of proteid food averaged 185
grams per day, with o total fuel value of 6100 calaries.
Further, dietary studies of umversity boat crews? have shown
farly lugh results, The Yale University crew, while at
Gales Ferry, averaged per man daring seven days 171 grams
of proterd, 171 grams of fat, and 434 grams of carbohydrate,
with  total fuel value of 4070 calories per day. The mem-
bers of the Harvard University crew showed an average
daily consumption of 160 grams of proteid, 170 grams of
fat, and 448 grams of earbohydrate, with o total fuel value
of 4074 calories. [t is also reported that n foothall team of
college students in the University of Cahfornia consumed
daily, per man, 270 grams of proteid, 416 grams of fat, and
710 grams of carbohydrate, with & total fuel value of 7885
calories. These figures may be contrasted, however, with the
data obtained in a study of the dietary habits of fourteen pro-
fessional men’s families, where the average amount of proterd
consumed daily was 104 grams, fat 125 grams, and cerbohy-
drate 423 grams, with a total fuel value of 8325 calories.

1 Bulletin Nu 149 Woods nnd MaosSeld  Studies of the Food of Muine
L 1 901,

~ Bulletin }-o 75 Atwater lhd Bryant. Office of Expeniment Stations,
~partment of Agriculture, 1900
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Leaving out of consideration the extremes given, it is
undoubtedly true that, within certain mather wide limuts,
there is an apparent tendency for people of different nations,
having o free choice of food and not restricted by expense,
to consume daily approximately the same amounts of nutn.
ents; to use what may be called libeial rather than small
amounts of food; and, lastly, to consume food somewhat in
proportion to the amount of work done. It is perhaps, there-
fore, not strange that students of nutrition should have taken
these results, obtained by the statwtical method, a3 indieat-
ing the actual needs of the body for food, and that so-called
“standard diets” and *normal diets” should have kheen con-
structed, based upon these and corresponding data, Thus,
we have the widely adopted “ Vit standard,” composed of
proteid 118 grams, carbohydrate 500 grams, and fat 56
grams, with a total fuel value of 3055 calores, as the amount
of food required daly by & man of 70 kilos hody-weight
doing a moderate amount of work. These figures were ob-
tamed by Voit as an average of the food consumption of a
large number of laboring wen 1 Germany, and they earned
additional weight because at that time Voit and others
thought they had ewidence that nitrogenovs equilibrium
could not be maintained for any length of time on smaller
amounts of proteid.

The figures gaven 1n the preceding table under the head
of Amenican subjects constitute the “Atwater standards,”
and as already indicated, are based upon the dietetic habits
of over 15,000 persons under different conditions of life and
physical activity. In the words of the official Bulletin, these
standards covering the quantities of food per day “are 10~
tended to show the actual food requirements of persons
under diflerent conditions of hfe and work.” Here, how-
ever, lies an assumption whicl seems to meet with wide
acceptance, but for which it is difficuls to conceive any
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logical reason. The thousands of dietary studies made on
peoples all over the world, affording more or Jess accurate
information regarding the average s of proteid, fat,
and carbohydrate consumed under varying conditions, are in-
deed most interesting and important, as affording informa-
tion regarding dietetic customs and habits; but, the writer
fails to see any reason why such data need be assumed
to throw any light on the actual food requirements of the
body. In the words of another, “ Food should be ingested in
just the proper amount to reparr the waste of the body; to
furnish it with the energy 1t needs for work and warmth;
to maintain it 1n vigor; and, in the case of immature animals,
to provide the proper excess for normal growth, in order to
be of the most advantage to the body ” (Beredict).

Any habitual excess of food, over and above what is really
needed to meet the actual wants of the body, is not only
uneconomical, but may be distinctly disadvantageous. Voit,
among others, hes clearly emphasized the general principle
that the smallest amount of proteid, with non-nitrogenous
food added, that will suffice to keep the body in a state of
continual vigor is the ideal diet. My own conception of the
true food requirements of the body has been expressed in the
statement that man needs of protexds, fats, and carbohydrates
sufficient to establish and maintai logical and ni
equilibnium; sufficzent to keep up that strength of body and
mind that is essential to good health, to mantain the highest
degree of physical and mental activity with the smallest
amount of friction and the least expenditure of energy, and
to preserve and heighten, if possible, the ordinary resistance
of the body to disease germs. The smallest amount of food
that will accomplish these ends is, I think, the ideal diet.
There must truly be enough to supply the real needs of the
body, but any great surplus over and above what is actually
called for may m the long run prove an undesirable addition.
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With thesa thoughts in mind, may we not reasonably ask
why it should be assumed that there is any tangible connec-
tion between the dietetic habits of & people and their true
physiologeal needs?

Arguments predicated on custom, habit, and usage have
no physiologieal basis that uppeals strongly to the rmpartial
observer. DMan is a creature of halits, he is quick to acquire
new ones when his envi offords the op ity, and
be is prone to cling to old ones when they minister to his
sense of taste. The argument that because the people of o
country, constituting & given class, eat a certain amount of
proteid food daily, the quantity so consumed must be an
indication of the smount needed to meet the requirements
of the body, 18 as faulty as the argument that because people
of a given community are in the habit of consuming a certain
amount of wine each day at dinner their bodies must neces-
sanly be in need of the stimul and that 1y
aleohol is a true phymiclogical requirement. A large propor-
tion of mankind 15 addicted to the tobacco habit, and to
many persons the after-dinner cigar is as essential to comfort
as the dinner itself; but would any one think of arguing that
tobacco 18 one of the physiological needs of the body ?

It is said that dietary studies made all over the civilized
world “show that a modemtely hbeml quantity of protein is
d ded by g leading posi m the
world. . . . It certainly seems mm'e than a remarkable coin-
cidence that peaples varying 80 widely 1n regard to national-
1ty, cluoatic and geographical conditions, and dietetic habits,
should show such agrezment in respect to consumption of
protesn and energy.” Again, we hear it said that “what-
ever may be truo of a fow individualy, with communities a
generally low condution of mental and physical efficiency,
thrift, and commercial suceess, is coincident with a low pro-
portion of protem in the diet.” The wnter, however, fails
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to find evidence in the results afforded by dietary studies
that there is any causal relationship between the amount of
proteid food consumed and the mental or physical supremacy
of the people of a given nation or community. Cause and
effect are liable to become reversed in arguments of this
kind. It is certainly just as plausible to asstme that in.
crease in the consumption of proteid follows in the footsteps
of commercial aud other forms of prosperity, as to argue
that prospenty or mental and physical development are the
result of en increased intake of proteid food.

Proterd foods are usually costly, and the ability of a com-
munity to indulge fieely i this form of dletehc luxury
d ds 1n large upen its
The palate 1s an extremely sensitive organ, and the avemge
individual properly derives great satisfaction from the pleas-
urable effects of tasty articles of food. Furthermore, there
are many curious and quite unphysiological notions abroad
regarding foods, which tend to incite persons to unnecessary
excess and extravagance whenever they acquire the means
to do so. The latter point is well'illustrated by the more
or less prevalent opnion that a cut of tenderloin steak is
more nutritious than a cut of round steak. It is true that
the former 18 apt to be more tender, to have a little finer
flavor; but the round steak, when properly prepared, is just
as nutritious, and equally capable of meeting the needs of
the body, as the more expensive tenderloin. With increas-
ing prosperity, we turn at once, as a rule, to the more tasty
and appetizing viands, partly to satisfy the craving of appe-
tite and palate, and partly because there 18 an inherent belief
that these vared deli ible to the pr com-
mumty, ecount as an aid to health and strength. The poor
laborer, with his small wage, is restricted to a certain low
level of dietary variety, and must likewise be economical as
to quantity, but on the first opportunity afforded by a fuller
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purse he is apt to pass from corned beef to a fresh roast with
its more appetizing flavor; to eschew brown bread in favor of
the white loaf, and in many other ways to evince lus desire
for o dietary wiich, though perbaps no more nutntious, ap-
peals becanse of 1ts finer favor, more appetizing appearance,
and greater vanety. He 13 in the same position ss the
smoker who, limited by his purse to a five-cent cigar after
dinner, quickly passes to a eigar of better flavor as soon as
s finances warrant the ndulgence. At the same time, 3if
prosperity continues, our Jaborer will speedily pass to a
higher level of proteid 1ntake and greater fuel value, through
increased consumption of meat and butter, together with
other articles rich in protexd and fat.

In this connection, we may emphasize a fact of some
significance 11 tts beartng on dietetic customs, viz., that
ever gince Laebyg advanced hns theory thot proteid material
is the sole source of muscular energy, there has been o deep-
rooted belief that meat is the most eficient knd of food for
keeping up the strength of the body, and hence especially
demanded by all whose work 18 mainly physical.  Although
this view, as we have seen, has been thoroughly disproved,
the ides is still more or less generally held that an sbun-
dance of meat i3 a necessary requsite for a good day’s work,
o view which undoubtedly accounts in some measure for the
tendency toward o high proteid intake, evinced by many of
the laboning class whose means will permit the necessary
outlay.

Increased consumption of proteid food may be coincident
with thnift and commereial success, but thero 18 no justifien.
tion for the belief that these are the result of changed dietary
conditions. The dietary of our New England forefathers
was, aceording to all accounts, exceedingly limited as com-
pared with that of to-day, but it i doubtful if the present

ion is any better developed, physically or mentally,
n
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than the stalwart and vigorous people who opened up this
country to civilization. To-day, as a mnation, we have
greater wealth, and our commercial prosperity has become
phenomenal; but would any one think for a moment that
these ch ics are attributable to the lasge consump-
tion of proteid food so common to this generation of the
American people? No, increased wealth simply paves the
way for greater freedom in the choice of food; increased com-
mercial success and business prosperity throw open avenues
which formerly were closed; greater vanety of animal foods,
and vegetahle foods as well, rich in proteid, are made easily
accessible, and appeal to eye and palate on all sides; appetite
and craving for food are abnormally stimulated, and dietetic
habits and customs change accordingly. In the words of
another, “the one thing that primitive, barbarous, and civil-
ized man alike long for is an abundance of the ¢flesh-pots of
Egypt.’ The very first use the latter makes of his 1ncreased
power and finzncial resources is to buy new, rare, and expen-
sive kinds of meat.” With these facts before us, it is difficult
to accept the assumption that dietetic customs afford any
mdication of the food requirements of the body. To the
physiologist such a view does mot appeal, since there is a
lack of any scientific evidence that carmes conviction.

But it may be asked, is not appetite a safe guide to follow?
Do ot the cravings of the stomach and the so-called pangs
of hunger ment consideration? Is it not the part of wisdom
to follow inclinetion 1n the choice and quantity of our food?
Can we not safely zely upon these factors as an index of
the real needs of the body? If these questions are to be
answered in the affirmative, then it is plain that a study of
dietetic customs will tell us definitely how much food and
what kinds of food are required daily to supply the true
wants of the body. There are writers who claim that instinct
is a perfectly safe guide to follow; that it is far superior to
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reason; but it is to be noticed that most of these writers, if
they have any physiological knowledge to draw upon, ate
saoner or later prone to admit that the body has certain defi-
nite needs which 1t 38 the purpose of food to supply, with
the added implication that any surplus of food over snd
above what 13 necessary to meet these demands 13 entirely
uncalled for. Thus, one such writer states that % the man in
the street follows his God-given instincts and plods peace-
fully slong to lus three square meals a day, consisting of
anything he can find . the market, and just as much of it
as he can afford, with special preference for rich meats, fats,
and sugas.”  Yet this same wnter,  hittle later, emphasizes
the fact that “every particle of the energy which sparkles
in our eyes, which moves our muscles, which warms our im-
agimations, is sunhight cunmngly woven nto our food by the
living cell, whether vegetable or ammal. Every movement,
every word, every thought, every aspiration represents the
expenditure of precisely 8o much energy denived from food.”
Why, then, would it not be wise to ascertain how much
energy is so expended, on an avesage, dunng the day’s activity
and govern the intake of food sccordingly? Why not apply
an intelligent supervision n place of following an instinct
which, 10 the words of the authior just quoted, leads ona on
to consume “anything he can find in the market and just as
much of 1t as he can afford "7 Truly, if dietetic customs
and the habits of mankiod are the results of instinct work-
ing 3o this fashion, there cannot be much value in the data
abtained by observang the quantities of food mankind is in
the habit of eating Dietary standards based on such ob-
servattons must be open to the suspicion of representing
values far above the actual needs of the body.

Habits and cmvmgs are certanly very unrehiable indices
of true p 3t Man iy ¢
quirtug new hﬂm, snd tbese ia tiwe become second naturs,
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forcing him to practiso that which e has become accustomed
to, regardless of whether it is beneficinl or otherwise. The
celebrated philosopher, John Locke, in his essay on educa-
tion, says: “I do not think all people’s appetites aro alike
« + « but this T think, that meny aro made gourmands and
gluttons by custom, that were not so by nature; and X seo
n some countries, men a8 lusty and strong, that eat but two
meals o day, as others that have set their stomachs by & cone
stant usage, liko Larums, to call on them for four or five.”
Agum, thoe so-called eravings of appetite nro largely artificial
and mainly the result of halnt. A habit once acquired and
persistently followed soon has us in its grasp, and then any
deviation therefrom is very apt to disturb our physiological
equihbrium, The system makes complaint, and wo experi-
ence a craving, it may be, for that to which the body has be-
como accustomed. There las thus come about o sentiment
that the cravings of the appetite for food are to Lo fully
satisfied, that tlus is morely obedience to nature’s laws. In
reality, there is no foundation for such a belief; any ono with
o little porsistenco can change his or her habits of life,
change the whole order of cravings, thereby indicating that
the Iattor aro essentially artificial, and that they Lave no
necossary connection with the welfare or needs of the body.
The man who for somo reason deoms it advisable to adopt
two meals « day 1n placo of threa or four, at first experiences
o cortein amount of discomfort, but oventually tho new
habit becomes a part of the daily routine, and the man’s
life moves forward as before, with perfect comfort and with-
out o suggestion of cmvmg, or o pang of hunger. Dietetic
Tequi and st A diet: ,are not to be founded
upon the so-called cravings of nppumc and the instinctive
domands for food, Lut upon reason and intelligence, ro-
inforced by definite knowledge of tho real necessitics of the
bodily machinery.
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The standards which have been adopted more or less gen~
erally throughout the civilized world, Lased primarily on the
assumption that man instinctively and independently selects
a diet that 13 best adapted to s mdividual needs, are open
tograve suspicion.  The view that the average food consump-
tion of large numbers of imdividuals and commumties must
represent the true nutmitive requuements of the people is
equally untensble.  Naturally, there 1s general recognition of
the prineiple that food requirements are necessarily modified
by a variety of circumstances, such as age, sex, body-weight,
bodily activity, etc.  It12 obvious that the man of 140 pounds
Lody-weight needs less proteid than the man of 170 pounds,
and that the man who does o large amount of physical work
demands a larger calorific value 1n his dady diet, 4. e., more
cathohydrate and fat, than the sedentary individual. The
growing child, in proportion to lus body-weight, plainly needs
more proteid for the upbwilding of tissue, and there are many
conditions of disease where special dietetic treatment is un-
doubtedly called for. Our contention, however, and one
wiich we behieve to be perfectly justifiable, is that the true
food requirements of the body, under any conditions, cannot
be ascertained with any degree of accuracy by observations of
what people are in the halit of eating; that custems and
habits are not a safe index of true physiological needs. On
the contrary, we are mclined to the belief that direct physio-
logical experi: covenng a suffi length of time
and with an adequate number of individuals, wll prove far
more efficient in affording a true estimate of the quality and
quantity of food best adapted for the maintenance of good
health, strength, and wigor.

Before conmdering thess latter points, it is interesting to
note, in passing, that during the last four centures many
thoughtful men have called attention to the apparent exces-
sive use of food. There seems to have been in many guarters
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forcing hum to practise that which be has become accustomed
to, regardless of whether it is beneficial or otherwise. The
celebrated philosopher, John Locke, in his essay on educa-
tion, says: “I do not think all people’s appetites ate alike

-« but this T think, that many are made gourmands and
gluttons by custom, that were not so by nature; and I see
1n some countries, men as lusty and strong, that eat but two
meals a day, as others that have sct their stomachs by a con-
stant usage, like Larums, to call on them for four or five.”
Again, the so-called cravings of appetite are largely artificial
and mainly the result of habit. A habit onee acquired and
persistently followed soon has us in its grasp, and then any
deviation therefrom is very apt to disturb our physiological
equilibrium. The system makes complaint, and we experi-
ence a craving, it may be, for that to which the body has be-
come aceustomed. There has thus come about a sentiment
that the cravings of the sppetite for food are to be fully
satisfied, that this 13 merely obedience to nature’s laws. In
reality, there is no foundation for such a belief; any one with
a little persistence can change his or her habits of hfe,
change the whole order of cravings, thereby indicating that
the latter are essentially artificial, and that they have no
necessary connection with the welfare or needs of the body-
The man who for some reason deems it advisable to adopt
two meals u day in place of three or four, at first experiences
a certun amount of discomfort, but eventunally the new
habit becomes a part of the daly routine, and the man’s
Iife moves forward as before, with perfect comfort and with-
out a guggestion of cx‘avmg, or a pang of hunger. Dietetic
raq ts, and sk d 4 iey, are not to be founded
upon the so-called cravings of appetxte and the instinctive
demands for food, but upon reason and intelligence, re-
inforced by definite knowledge of the real ities of the
bodily machiery.
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to surfet also. But Phisicke teacheth us to facde moderately
upon one kinde of meate only at one meale, or at leastwise
not upon many of contrarie natures, . . . This disense, (I
mean surfet) is verie common: for common is that saying
and most true: That more die by surfet than by the sword.
And as Georgtus Pictorrus saith, all surfet is 111, but of bread
worst of all.  And if nature be so strong in many, and they
be not sicke upon a full gorge, yet they are drowsie and
heavie, and more desirous to loyter than to labor, according
to that old maeter, when the belly 1s full, the bones would
beatrest Yea the minde and wit 18 so oppressed and over-
whelmed with excesse that it lyeth as it were drowned for
2 time, and unable to use lus force

Cogan likewise makes some interesting statements regard-
ing the effects of custom on the consumption of proteid
food, especially meats. Quoting further from this author:
“The fourth thing that is to be considered m meats 13
custome. Which 13 of such force 1 man’s bodie both n
sicknesse and in health, that 1t countervaileth nature itselfe,
and is therefore called of Galen in sundry places, an other
nature. Whereof he giveth a notable example, where he
sheweth that an olde woman of Athens used a long time,
to eate Hemlocke (which 1s 2 ranke puson) first a little
quantitie, and afterwarde more, till at length she could eate
50 much without hurt a3 would presently poison another.
+ « - So that custome in processe of time may alter nature.”
Finally, we may quote one last saying of Cogan's, becanse
of the good sense and wisdom displayed in the sentiment,
as true to-day as when 1t was wniten more than three
hundred years ago: “Neither is it good for any man that is
in perfect health, to obscrve any custome 1n dyet precisely,
23 Arnoldus teacheth upon the same verses in these wordes:
Every man should so order himselfe, that he might be able
to suffer heate and cold, end ail motions, end meats neces-
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& moore or less prevalent opinion that custom and habit were
leading people on to methods of living, which were not in
accord with the best interests of the community. It must be

bered, , that arg ts of this kind, even fifty
years ago, could have been founded only on general observa-
tion and the application of common sense, since there were
then no sound physiological data on which to predicate an
opinion, or base a conclusion. Still, there were men of
authority who attempted to lay before the people a proper
conception of the temperate use of food. We have not the
time here to consider many of these pleas, but I venture to
call attention to the somewhat celebrated book published by
the physician Thomas Cogan in 1596, under the title “The
Haven of Health,” and dedicated *to the right Lonorable and
my verte good lord, Sir Edward Seymour, Knight and Earl
of Hertford.” Under the subject of diet, this old-time writer
says: “The second thing that is to be considered of meates is
the quantitie, which ought of all men greatly to be regarded,
for therein lyeth no small oceasion of health or sickness, of
Iife or death. TFor as want of meate consumeth the very sub-
stance of our flesh, so doth excesse and surfet extingush and
suffocate naturall heat wherein life consisteth.” Again, “Use
a measure in eating, that thou maist ltve long: and if thou
wilst be mn health, then hold thine hands. But the greatest
occasion why men passe the measure in eating, 15 varitie of
meats at one meale. Which fault is most common among
us 1 England farre above all other nations.  For such 1s our
custome by reason of plentie (as I think) that they which be
of abilitie, are served with sundry sortes of meate at one
meale. Yea the more we would welcome our friends the
more dishes we prepare. And when we are well satisfied
with one dish or two, then come other more delicate and pro-
cureth us by that meanes, to eate more than nature doth re-
quire. Thus varietie bringeth us to excesse, and sometimes
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nourishment of the oldest peoples of Syria, Greece, Egypt,
and of the Romans when they were at the height of their
prosperity and culture, was advocated by Cornaro as condue-
ing to longevity, better health, and greater comfort of mind
and body. Himself a striking example of the effects of a
reasonable abstinence m diet (the last edition of his book
baving been wntten at the age of ninety-five), his teachings
have contwnued to attract attention down to the present day;
and although we have no values in grams or calones expres-
sive of his average food consumption, 1t is quite evident that
Cornare lived a very abstemious hife, eating little of the heavier
articles of diet common to bistime and country, Itis perhaps
not strictly physiological to refer to these cases, yet they have
value as representing a sentiment, common to the centuries
now passed, that benefit was to be derived by mankind from
greater care in the taking of food; that prevalent customs
and hahits were leading the people 1nto intemperate modes of
life, and that these were surely tending toward the physieal
and mental deterioration of the nation. We may attach much
or little weight to these conclusions, but there 18 a certamn
degree of signsficance 1n the views, current then as now, that
dietetic custows and habits have no real connection with
bodily requirements
Pasaing down to our own times, we find physiologists, by
the md of scentific methods, studying the effects of smaller
amounts of food (smaller than custom prescmbes) on the
condmon of the body, thereby evincing a certain degree of
g the dietary d based on hakit
and usage. This has leen especially true regarding the
nitrogen requirement, or the need for proteid food. As has
been clearly pointed out in other connections, there are two
distinet needs which the body hos for food; one for proteid
or nitrogen, the other for energy-yielding material. Accord.
ing to the Voit standard, a man of average body-weight doing
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sary, 50 08 he might change the houres of sleeping and wak-
ing, and his dwelling and lodging without harme: which
thing may be done’if we be not too precise in keeping cus-
tome, but otherwise use things unwonted. Which sentence
of Arnoldus agraeth verie well to that of Cornelius Celsus:
He that is sound and in good health, and at libertie, should
bind himselfe to no rules of dyet. To need neither Phisition
or Chirurgion, he must use a diverse order of life, and be
sometimes in the eountrie, sometime in the towne, sometimes
hunt, and sometime hawke. But some man may demand of
me how this may ngree with that saying of the scholar of
Salernus * if you would be froe from physicians, let these
three be your physician, a cheerful mind, rest, and a moderate
diet.” Wherounto I answer, that a moderte dyet is alwaies
good, but not a precise dyet: for a moderate diet is, as Terence
speaketh 1 Andrin: To take nothing too much: whih sl
wales 13 to be observed. But if n men acoustome himselfe to
stuch meats and drinks as at length will breed some incon-
venence in his bodie, or to sleepe or to watch, or any other
thing concerming the order of his life, such customo must
naedes be amended and changed, yet with good discretion,
and not upon the sudden: because sudden changes bring
harme and ki as Hipp heth, He there-
fore that will alter any custore in dyet nghtly, must do it
with three conditions, which are expressed by Hippocrates-
Change 1s profitable, if it bo rightly used, that is, if it be
done 1n the time of health, nud at leisure, and not upon the
sudden.”

This noteworthy baok written hy Cogan was preceded by
the wnitings of Louis Cornare, the Venetian, who forty years
before had published the first edition of his celebrated book,
“The Temperate Life,” and who was a most ardent advocate
of the benefits to be derived by living temperately, especislly
m matters of diet. The simple diet which served for the
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nourishment of the oldest peoples of Syria, Greece, Egypt,
and of the Romans when they were at the height of their
prospenty and culture, was advocated by Cornaro as condue-
1ng to longewity, better health, and greater comfort of mind
and body. Himself a striking example of the effects of a
reasonable abstinence m diet (the last edition of his book
having been written at the age of ninety-five), his teachings
have continned to attract attention down to the present day;
and although we have no values {n grams or ealories expres.
sive of his average food consumption, it1s quite evident that
Cornaro ived a very abstemious life, eating little of the heavier
articles of diet common to his time aud country.  It1s perhaps
not strictly physiological to refer to these cases, yet they have
value as representing a sentiment, common to the centuries
now passed, that benefit was to be denived by mankind from
greater care 1n the taking of food; that prevalent customs
and habits were leading the peaple into intemperate modes of
life, and that these were surely tendimg toward the physical
and mental deterioration of the nation.  We may attach much
or little weight to these conclusious, but thers is a certain
degree of significance in the views, current then as now, that
dietetic customs and habits have no real conmection with
bodily requirements.

Passing down to our own times, we find physiologists, by
the aid of scientific methods, studying the effects of smaller
amounts of food (smaller than Custom prescnbes) on the
condmon of the body, thereby evinciog a certain degree of

the dietary dards based on habit
nnd usage. This has Leen especially trus regarding the
nitrogen requirement, or the need for proteid food, As bas
been cleatly pointed out 1n other connections, there are two
distinet needs which the body has for food; one for proteid
or nitrogen, the other for energy-yielding material, Accord.
ing to the Voit standard, s man of average body-weight domy
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sary, 8o as he might change the houres of eleeping and wak-
ing, and his dwelling and Jodging without harme: which
thing may be done if we be not too precise in keeping cus-
tome, but otherwise use things unwonted. Which sentence
of Arnoldus agraeth verie well to that of Cornelius Celsus:
He that is sound and in good health, and at libertie, should
bind himselfe to no rules of dyet, To need neither Phisition
or Chirurgion, he must use a diverse order of life, and be
sometimes in the countrie, sometime in the towne, sometimes
hunt, and sometime hawke. But some man may demand of
me how this may agree with that saying of the scholar of
Salernus *if you would be free from physicians, let these
three be your physician, a cheerful mind, rest, and a moderate
diet.” Whereunto I answer, that a moderate dyet is alwaies
good, but not & precise dyet: for a moderate diet is, as Terence
speaketh in Andria: To take nothing too much: whick al.
wates is to be observed. But if a man accustome himselfe to
such meats and drinks as at length will breed some incon-
venience 1 his bodie, or to sleepe or to watch, or any other
thing concerning the order of his life, such custome must
ngedes be amended and changed, yet with good discretion,
and not upon the sudden: because sudden changes bning
harme and weaknesse, as Hippocrates teacheth. He there-
fore that will alter any custome in dyet rightly, must do it
with three conditions, which are expressed by Hippocrates.
Change 1s profitable, if 1t be rightly used, that is, if it be
done 1n the time of health, and at leisure, and not upon the
sudden.”

This noteworthy book written hy Cogan was preceded by
the writings of Louis Cornaro, the Venetian, who forty years
before kad published the first edition of his celebrated book,
“The Temperate Life,” and who was a most ardent advocate
of the benefits to be derrved by living temperately, especially
in matters of diet. The simple diet which served for the
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3 STybrt

gen per day, and yet he in npitrogen eq
The diet made use of was composed essentially of lmlk, eggs,
Tice, potatoes, bread, butter, sugar, and coffee, with some wine
and beer, and on two days 2 little meat It 13 to be observed
that the nitrogen or proteid intake per day was only one-third
of what he was accustomed to consume. In 2 second experi-
ment, covering ten days, similar results were obtained. So
that evidence was afforded that a young and vigorous man
can maintamn his body i nitrogen equilibrum, for fifteen con-
secutive days at least, on an amount of proterd food equal to
only one-third of the mimmal requirement called for by com-
mon usage. Plamly, the difference between 2 daily consump-
tion of 118 grams of proteid food and 40 grams represents a
large percentage saving, both of prote:d and m the metabolism
of proterd matter with all the attendant transformations. In
these experiments, however, the subject consumed relatively
large amounts of non-mtrogenous food, notably butter, of
which on some days he took as much as 100 grams The
average fuel value of his food ranged from 8750 to 3916 cal-
ones per day; a fact of some mmportance, since 1t is to be
remembered that both fat and carbohydrate tend to protect
proterd metabolism.

In an experiment reported 1n 1889 by Carl Vit on a
vegetaman weighing about 57 lulos, 1t was found that wath
a purely vegetable diet the subject was able, for o few days
at least, to mntain s body 1n essentially a condition of
mtrogen equlibrium on a daly diet contumng 8 4 grams
of mtrogen, corresponding to 52.5 grams of proteid. In ad-
dition, there was a large consumption of starchy food with
some fat. Klemperer,® experimenting with two young men,

1 Carl Voits Ueber die Fost emes Vegetaners Zetschft fur Biologe,
Band 25, p 232

* Klemperer: Untersach wnd Ernihrung in Kraok
hetten Zettachnft fur khin Medmn, Tand 16,p 650
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o moderate amount of work requires daily 118 groms of pro-
teid food, or about 16 grams of metabolizable nitrogen, with
fatand carbohydrate sufficient to yield a total fuel value of over
3000 large calores.  As we bave seen, the fuel value of the
food must of necessity be a variable quantity because of varia-
tions mn bodily activity, The more muscular work performed,
the greater must be the intake of carbohydrate and fat, if the
body 18 to be kept in equilibrium.  With proteid or nitrogen,
however, the case is quite different, since with adequate
amounts of non-nitrogenous food, proteid is not drawn upon
for the enorgy of muscular work. We can conceive of the
nitrogen requi theref as being a factor
in the well-pourished individual and dependent primarily
upon body-weight, or more exactly, upon the weight of true
proteid-containing tissue. Obviously, whatever else happens,
there must be enough proteid food taken daily to maintain
the body in nitrogen equilibrium. If this can be accomplished
only by the ingestion of 16 grams of metabolizable nitrogen,
then it 18 plamn that the dauly ration must contain at least 118
grams of proteid food; f. e., it must conform approximately
at least to ordinary usage.

This question has been studied by many investigators,
with very interesting and suggestive results Thus, in 1887,
Hurschfeld ! reported some experiments on himself, twenty-
four years of age and wejghing 73 kilos. His ordinary diet
contaned daily 100 to 180 grams of proteid, and the amount
of nitrogen excreted varted from 16 to 20 grams per day,
corresponding to 2 metabolism of proteid equal to the amount
ingested. In other words, the body was essentially in nitro-
gen equilibrium.  Then, for a period of fifteen days, during
which he was unusually sctive, he lived on a diet in which
the content of proteid corresponded to only 6 grams of nitro-

1 Felit Hirachfell Untersuchungen uber den Eiweissbedatf des Menschen
Phuger’s Archiv f d gessmamte Ihysiologie, Band 41, p. 633,
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On this diet, the woman gained 0 ¢ kilo in weight during the
five days, and like the man, she showed a plus mitrogen
talance of 2 45 grems for the entire period. The somewhat
noted experiments of Sivén have been referred to in another
connection, and it will suffice to recall the fact that he was
able, with a body-weight of 60 kilos, to establish mitrogen
equilibrium on 6,26 grams of nitrogen, and for 2 day or two
on 4.5 grams of mitrogen, with a total fuel value of only
2444 calomes in the day's ration.

These few illustrations wall serve to indicate that, so far
as the maintenance of nitrogen equilibrium 13 concerned dur-
ing short periods of time, there is no necessity for the con-
sumphion of protexd foed 1n such amounts as common usage
dictates. The gh protexd ntake called for by the “stan-
dard dietames,” and the ordinary practices of mankind, 1s not
needed to establish a ‘condition of mtrogen equilibnium. It
would seem, however, as 1f results of this nature, presented
from time to time by various investigators, have been con-
sidered more in the hght of scientific cuniosities than as data
having an important bearing on physiclogical processes. So
strong has been the hald upon the medical and physiologieal
mind of the necessity of high proteid that such figures as the
above have merely excited comment, without weakemng 1n
any measure the prevalent conviction that health, strength,
and the power to work necessitate o high rate of proteid
exchange

To one willing to accept the data as having possible mg-
mificance there amses at once the question, How long can
the body be ined in nitrogen lik on such rela-
tively small quantities of proterd food? In other words, can
experiments of this nature, extending over comparatively
short periods of time, bo safely accepted as a reliable means
of ing the proteid req of the body for indefi-
nite periods? Suppose, says the critic, we grant that the
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having a body-weight of 64 and 65.5 kllos, respectxvely, was
able to keep them in g dition of

for a period of eight days on 4.38 grams nnd 3.58, grams of
nitrogen per day. The diet, however, had a large fuel value,
5020 calories per day, and contained in addition to the small
amount of proteid, 264 grams of fat, 470 grams of carbohy-
drate, and 172 grams of aleohol. Breisacher,! in an experi-
ment on himself, using a mixed diet composed of 67.8 grams
of proteid, 494.2 grams of ca1bohydrate, and 60.5 grams of fat
per day, with a total fuel value of 2866 calories, observed
a daily excretion of nitrogen during thirty days of 8.23 grams.
This corresponds to a metabolism of 51.4 grams of proted,
thus showing that the 67 grams of food-proteid taken was
quite suffici to gen equilibrium for the
above length of ttme.

Caspari and Gldssner 2 have reported observatsons made on
two vegetanans, a man and his wife, aged 49 and 48 years
respectively, who had lived for some years exclusively ona
vegetable diet. The man had a body-weight of 68.8 kilos,
while the woman wesghed 58 kilos. During five days, the
man consumed per day, on an average, 7.83 grams of nitrogen
and 4559 calories. This corresponds to 0.114 gram of nitro-
gen per kilo of bady-weight, and 66 calories per kilo. On
this diet, the man gained slightly in weight and showed 2 plus
nitrogen balance of 5 2 grams for the five days. In other
words, even this low nitrogen or proteid intake was more than
sufficient to meet the wants of his body. The wife, during
the same period of time, consumed per day 5.33 grams of
mtrogen and 2715 ealories, corresponding to 0.092 gram of
nitrogen per kilo of body-weight and 47 calortes per kilo.

1 L. Breisacher Ueber die Grosse des Eiweussbedarfs beim Benschen
Deutsche med Wochenschnift 1831 No 48
2 W, Caspar1- P Stodien iiber i Bonn 1905.

P13
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subject, in the complete nbolition of breakfast, with the ex-
ception of a srall cup of coffee. A light tunch was taken
at noontime, followed by a more substantial dinner at night.
There was no change to a vegetable diet, but naturally any
sttempt to cut off largely the amount of protexd food neces-
sarily Tesults 1n a marked diminution 1o the quantity of
ammal food or meats. It is a somewhat singular though
suggestive fact, that a change of this order gradually results
in a stronger liking for simple foods, with their more delicate
flavor, accompanied by a dimmmshed desire for the heavier
ammal foods.

As the day's ration was gradually reduced in amount,
the body-weight began to fall off, until after some months
1t became stationary at 57 kilos, at which pomt it hes
remuned practically constant for over three years. The
sixteen pounds of weight lost was composed, mamly at
least, of superflucus fat. For a period of mne months, from
Qctober, 1903, to the end of June, 1904, the amount of pro-
terd material broken down in the body was determined each
day. The average daily metabolism of mtrogen for the en-
tire period of nearly mme months amounted to 5.69 grams.
For the last two months, 1t averaged 5.4 grams per day.
Analyses made from tuue to tice mince these figures were
obtained show that the subject 1s still hving at the same low
level of mitrogen metabolism. In fact, the data available
afford satisfactory proof that for a period covering over three
years this particnlar person bas subsisted on an amount of
proteid food equal to a metabolism of not more than 5.8
grams of nitrogen per day. It may be asked why the subject
should have continued such a low proterd diet after the m.a
months’ penod was completed? In reply, 1t may be said
that the new habit has taken a firm hold, and entirely sup~
planted the dietetie desires and cravings of the preceding
years, Further, the improved condition of health, freedom
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body can maintain itself in nitrogen equilibrium for a week
or two on a very small amount of proteid food, what proof
bave we that in the long run the body will be benefited thereby,
or even able to exist in a condition of normal strength and
vigor? In other words, is a low proteid diet, one that seems
sufficient to maintain the body in nitrogen equlibrium, a
wholly safe one to follow? May there not be other elements
to be considered, aside from nitrogen equilibrium, whch, if
fully understood, would satisfactorily account for the customs
of mankind, in which perhaps man’s instincts have been fol-
lowed for the betterment of the race? It was with a view

to I g more ing these questi thxt five years
ago the wrter 1 8y i 1, work
upon the nutrition of man, wuh special reference to his nitro-
gen requi The experiments and observations have

been continued up to the present time, with many suggestive
results, some of which will now be referred to.}

One group of suby was d of professional men,
professors and instructors in the umverslty, whose work was
mainly mental rather than physical, though by no means
excluding the latter. Of thiy group, two cases will be re-
ferred to with some regard for detml, since in no other way
can so striking o picture be presented of the effects produced.
The first subject weighed 65 kilos in the fall of 1902, and at
that time was nearly 47 years of age. His dietetic habits
were in accord with common practice, and his daily consump-
tion of proteid food averaged close to 118 grams, With a
clear recognition of the principle that the habits of a life-
time should not be too suddenly changed, a very gradual ro-
duction in the total amount of food, and especially of proteid
matter, was made. This finally resulted, with this particulor

1 [n presenting the geners! results of theso experments, the writer has
rawn freely from Ius book, “ Physiologual Economy in Nutrition” published
Dy the Fredenck A Stokes Compuny, New York, 1904
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In this particular period of six days, the body was really
gaining a little nitrogen, i. ¢., storing away a small amount
of proteid for futare use, sithough it may be granted that
the amount was too small to have any special sigmficance.
During this period, the average daily intake of nitrogen was
6.4 groms, equal to 40 grams of proteid food. The average
daily output of mtrogen through kidneys and excrement was
6.24 grams.  The avernge daily output of metabolized nitro-
gen, through the kidneys, was 5.44 grams, corresponding to
the breaking down of 84 grams of proteid matenal. Further,
1t should be stated that the total calonfic value of the daily
food during this period was less than 2000 calories, Let
me add now a final balance period taken at the close of the
nine months” trial:

outpar
Nitrogeutn  Nitrogea through Walght of Exere-
ool Kooy ment am)

Juae 23 662gnm  68grms 106 gramn

24 6331 630 07

25 2011 10 u2

2 5922 160 119

2 5488 158 152

- - §28 grams contain
s0sy N
20802 2068+ 5022 grams murogen,

29302 grama nitrogen 29652 grams nitrogen.

Nitrogen balance for five days =  —03%0 gram.
Yitrogea balance per day = —000gnm

In this period of five days, the average daily intake of
nitrogen was 6.86 grams, corresponding to 36.6 grams of
proteid food. The average daily output of metabolized nitro-
gen was 4,92 grars, implying the Lreaking down in the body

13
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from minor ailments that formerly caused inconvenience and
discomfort, and the greater ability to work without fatigue,
have all combined to place the new babit on & firm basis,
from which there is no desire to change.

Consider for a moment what this lowered consumption of
proteid food really amounts to, as compared with ordinary
usage and the so-called dietary standards. The latter call
for at least 118 grams of proteid or albuminous food daily,
of which 105 grams should be absorbable, in order to main-
tain the body in a condition of nitrogen equilibrium, and in
o state of physical vigor and general tone. This would
mezan a daily metabolism and excretion of at least 16 grams
of nitrogen. Our subject, however, excreted per day, during
nine months, only 5.69 grams of nitrogen, which means a
metabolism of 85.6 grams of proteid; f. ¢., about one-third
the amount ordinarily deemed necessary to meet man's re-
quirement for prote:d food. But was our subject in nitro-
gen equilibrium on this small amount of proteid food? We
answer yes, as the following balance period shows:

Output,
Nitrogenin  Nitrogen through Welght of Excre-
Food. Kidoeys ment (dr7)
March 20 6980 grams 601 grams 86 grams
21 8621 552 .
22 6082 594 120
23 6793 561 185
24 5057 431 230
25 6006 539 166
- - 70 grams contaln
8429 N,
38608 3288 + 475 grams nutrogen.

38 608 gram nitrogen  87.43 grams nitrogen.

Nitrogen balance for six daya =  -+1078 grams,
Nitrogen balance per day = 40179 gram,
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In this particular period of six days, the body was really
gaining a hittle nitrogen, {. ¢., storing away a small amount
of proteid for future use, slthough it may be granted that
the amount was too small to have any special sigmficance.
During this period, the average daily intake of nitrogen was
6 4 grams, equal to 40 grams of proterd food. The average
daily output of mtrogen through kidneys and excrement was
6.24 grams. The average daily output of metabolized nitro-
gen, through the kidneys, was 5.44 grams, corresponding to
the breaking down of 34 grams of proteid material. Further,
it should be stated that the total calorific value of the daily
food during this period was less than 2000 calories. Let
me 5dd now a final balance period taken at the close of the
nine months' trial:

ot
Kitrogeu ta Nlt\'vztnthnn(h Welght of Rxcte.
ool

et ()
June 23 6e2grume 520 grme 106 grame.
24 6331 580 %07
] e T e
% sz 160 ne
21 5488 498 1562
- - 828 grazus contain
6087 N
2 268+ 6022 grams mitiogen.

29302 grams nitrogen 29 652 grama Ditrogen.

Nitrogen balance for five dsys =  —0350 gram
Nitrogen balance per duy = —00i0gnm

In this period of five days, the average daily intake of
nitrogen was 6.86 grams, corresponding to 36 6 grams of
proteid food. The averzge daily output of metabolized nitro.
gen was 4.92 grams, implying the Lreaking down in the body

12
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of only 80.7 grams of proteid material per day. The fuel
value of the daily food, caleulated as closely as possible, was
less than 2000 calories. The body was essentially in nitro.
gen equilibrium, the minus balance being too small to have
any speczal significance.

1t will he instructive to consider next the actnal character
and amount of the diet made use of on several of these
balance days:

March 21,

Breakfast —Coffee 119 grams, crenm 20 grams, sugar 0 grama

Lunch —One shredded wheat biscuit 31 grams, cream 118 grams, wheat gem
33 grams, butter T grams, tes 183 grams, sugar 10 grams, cream cake
53 grama,

Dinner — Pea soup 114 grams, lamb chop 24 grama, boiled sweet potato 47
gramu, wheat gems 70 grams, butter 18 grams, cream cake 62 grame,
coffee 81 grams, sugar 10 grams, vheese crackera 16 grams.

Total mutrogen content of the day’s food = 6621 grama

June 24,

Breakfust — Coffee 95 grams, cream 32 grame, sugar 8 grams.

Lunch — Creamed codflsh 89 grams, baked potato 93 grams, butter 10 grame,
hominy gems 68 grams, strawherries 86 gran, sugar 20 grame, gunger
suaps 47 grams, water

Dinner ~ Cold tongue 14 grams, fried potato 48 grams, peas €0 grams, wheat
gems B0 gratns, butter 11 grams, lettuce.orange salad with mayonneise
dressing 166 grams, crackers 22 grams, cream cheese 14 grams, gioger
anaps 22 grams, coffee 58 grame, augar 10 grams

Total nitrogen content of the day’s food = 6.331 grams,

June 25.

Breakfast. — Coffee 101 grams, cream 80 grams, sugar 13 grams

TLunch.~— Omeleste £0 grams, bacon 9 grams, French fried potato 23 grams,
biscuit 29 grams, butter 8 grams, ginger sbaps 42 grams, cream cheese
17 grams, jced tea 160 grams, sugar 15 grams

Dinner. — Whesy popovers 57 grams, butter 10 grams, Jeituce-nrange salad
with mayonnawse dressing 147 grams, crackers 22 grams, cream cheese
21 grams, cottage pudding 82 grams, coffee 48 grams, augar 11 grams,

‘Total nitrogen content of the day’s food == 4 941 grams,
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June 27,

Breakfast. —Coffee 112 grams, cream 22 grams, vagar 10 grama
Luach — Roast lamb 0 grams, baked potato 90 grams, whest gems 47 grams,
butter 12 grams, iced tes 260 grams, sugar 25 grams, vanilla éclur 47

rams,
Dioner,—Lamb chop 82 grams, creamed potato 107 grams, asparagus 43
gram, bread 85 grams, butter 17 grams, lettuce-orange palad with mey-
onneuse dresslng 150 grams, crackers 21 grams, creama Cheede 12 grams,
coffee 63 grams, sugar 9 grame
“Total nutrogen content of the day’s food == 6.485 grams

It can be seen that there was nothing especially peculiar
in these dietaries, aside from their simpheity, except that the
quantities wers small. Meat was not excluded, there was
1o approach to a cereal diet; there were no fads involved,
nothing but simple moderation 1 the amounts of nitrogen-
contaimng foods. Further, there was perfect freedom of
choice; full latitude to consider personal likes and dislikes in
the selection of foods; anything that appealed to the appetito
could be eaten, with the simple restriction that the amount
taken must be small. Dumnng the balanco days, naturally,
every article of food bad to be carefully weighed and ara-
1yzed, which fact undoubtedly tended to limit in some degree
the vamety of foods chosen, since increass in the number of
articles meant increased Iabor in analyms. Quite noticeable,
however, was the extreme constancy in the g tent
of the daily diet, even on those days when the food was not
weighed. In other words, there had been gradually acquired
a new habit of food consumption, and the 1ndividual, uncon-
sciously perhaps, rarely overstepped the lumits fixed by the
new level of proteid metabolism. This is a fact that has been
conspicuous 1n nearly all of our expeniments, whero freedom
of chowce in the taking of food has been followed; and is in
barmony with the view that after a lower level of proteid
metabolism has once been established, and the body has
become accustomed to the new conditions, there is little ten
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dency for any marked deviation from the new standards of
food consumption.

With maintenance of body-weight, together with nitrogen
equilibrium through all these months; and with health,
strength, and mental and physical vigor unimpaired, there 1
certainly ground for the belief that the real needs of the body
weze as fully met by the lowered consumption of proteid food
as by the quantities called for by the customary standards.
Finally, it should be noted that this particular subject was
small in weight, and hence did not need so much proteid as
2 man of heavier body-weight would require. In recognizing
this principle, we may for future comparison caleulate the
nitrogen requitement of the body, on the basis of the present
results, per kilo of body-weight, With the weight of the
subject placed at 57 kilos, and with an average daily excre-
tion of mitrogen amounting to practically 6.7 grams, it is
plain that this individual was quite able to maintain a
condition of equilibrium with a metabolism of 0.1 gram of
nitrogen per kilo of body-weight. Translated into terms of
proteid matter, this would mean a utilization by the body
of 0.625 gram of proteid daily per kilo of body-weight. Re.
garding the fuel value of the daily food, we need not be
more precise than to emphasize the fact that so far as could
be determined, on the bams of chemical composition, the
heat value of the food rarely exceeded 1900 calories per
day. If we make a liberal allowance, for the sake of pre-
caution, it wonld seem qmte safe to say that this particular
ndividual, under the conditions of life and bodily activity
prevailing, did not apparently need of fuel value more than
2000 calories per day, which would correspond to 85 calories
per kilo of body-weight

Let us turn now to the second subject in this group, a
man of 76 kilos body-weight, 82 years of age, and of strong

physique. His active hife in the laboratory called for greater
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physical exertion than the former subject, and consequently
there was need for greater consumption of non-nitrogenous
food, with the accompanying 1nerease in fuel value of the
day's Tation. As 1n the preceding case, theie was no pre-
senbing of food, but a gradual and voluntary dimmnution of
proteid matenal. During the last seven months and a half
of the experiment, the average dwly excretion of nitrogen
through the kidneys amounted to 6.53 grams, equivalent to
a metabohism of 40 8 grams of proteid matter daily; a little
more than one-third the minimal quantity called for by com-
mon usage. At first, the body-weight of the subject gradu-
ally fell untal 1t reached 70 kalos, at which point it reraained
faurly constant dunng the last five months. That the quan-
tity of food taken was quite sufficient to maintan the body
1 a condition of mitrogen equilibrium 1s apparent from the
results of a comparison of income and outgo of nitrogen, as
shown 1n the following table:

Output
mua,.. o Nittogen lhmn[h Weight of Excre
meot (27
May18  BC68grama  €0Ggrams 14 grama
19 64 m 39
0 889 533 2
7§36 678 83 contan 608% N =503 grm N
= 708 570 .
n e 515 B
2t 1042 (1) 67
- - 0% contain B70% N =647 grm N
050 gr. ¥
87343 4418 4 1050 grams witrogen
7843 grams N 6468 grams nitrogen
Nitrogen balunce for veven daye = +20603 gramy,

Nutrogen balance per dny = +0380 gramn.
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deney for any marked deviation from the new standards of
food consuraption.

With maintenance of body-weight, together with nitrogen
equilibnum through all these months; and with health,
strength, and mental and physical vigor unimpaired, there is
certainly ground for the belief that the real needs of the body
weze as fully met by the lowered consumption of proteid food
as by the quantities called for by the customary standards.
Finally, it should be noted that this particular subject was
small in weight, and hence did not need so much proteid as
a man of heavier body-weight would require. In recognizing
this principle, we may for future comparison calculate the
nitrogen requirement of the body, on the basis of the present
results, per kilo of body-weight. With the weight of the
subject placed at 57 kilos, and with an average daily excre-
tion of mitrogen amounting to practically 5.7 grams, it is
plain that this individuwal was quite able to maintain a
condition of equihibrium with a metabolism of 0.1 gram of
nitrogen per kilo of body-weight. Translated into terms of
proterd matter, this would mean n utilization by the body
of 0.625 gram of proteid daily per kilo of body-weight. Re-
garding the fuel value of the daily food, we need not be
more precise than to emphasize the fact that so far as could
be determined, on the basis of chemical composition, the
heat value of the food rarely exceeded 1900 calories per
day. If we make a liberal allowance, for the sake of pre-
caution, it would seem quite safe to say that this particular
ndividual, under the conditions of life and bodily activity
prevailing, did not apparently need of fuel value more than
2000 calories per day, which would correspond to 85 calories
per kilo of body-weight.

Let us turn now to the second subject in this group, »
wman of 76 kilos body-weight, 82 years of age, and of strong

physique. His active life in the laboratory called for greater
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Dinner —Consommé 150 grams, strog beans 140 gramy, mashed potato 250
grams, rice croquette 93 grams, 3vrop 25 grams, cranberry Jam 95 grams,
Tread 19 grams, coffec 100 grams, cream 30 grama, sugar 41 grams
‘Total nitrogen content of the duy’s food = 6631 grams

May 21.

Breskfast —Danaoa 153 grams, coffee 10 grams, cream 30 gram, sugar 21
e

gr

Lunch ~Potato croqustte 220 grams, bread 25 grams, tomato 128 grams,
Indian mesl 109 grams, syrup 48 geams, woffee 100 grams, eream 20
grams, sugar 13 grems

Dinner —Bean soup 100 geams, bscon 5 grams, frred potato 200 grams, bread
31 graow, lettuceorange salad 47 grams, prunes 137 grams, cofles 100
grams, cream 25 grams, sugar 21 grans, banana 265 grams

“Total pitrogen conteut of the day’s food = B.345 grama,

May 23.

Breakfast —Danana 220 grams, coffee 125 groms, cream 25 grams, sugar 21
grams

Lunch. — Consomms 15 grams, scrambled sgg 15 grams, bread 58 grams, apple
saace 125 gram, frled potato 170 grams, nice eroguetts 107 grame, syrup
€8 grams, coffee 100 grams, crear 50 grams, sugar 21 grams

Dinner — Vegetable noup 100 grams, potato croquette 198 grams, bread 73
grams, bacon 7 grams, strng beans 120 grams, water 1ce 77 grams,
banuna 270 graios, coffee 100 grams, cream 30 grams, sugar 14 grama

‘Total mtrogen content of the day’s food = 9726 grams

While the critic might justly say that these dietaries lack
variety and would not appeal to a fastidious taste, there is
force in the illustration which they afford of a simple diet
leing quite adequate to meet the wants of the body. Fur-
ther, it should bo emphasized that there is no special virtue
in any of these dietaries, aside from their aimphaity and low
content of mtrogen. They represent individual taste and
selection. Any other form of diet would answer as well,
provided there was not too largoe an intake of proterd, and
provided further the fuel value of the day’s mtion was suffi-
clent to raeet the requirerments for heat and work. Again,
it might bo said that with this latter subject the daily con-
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The nverage daily intake of nitiogen was 8.192 grams,
equivalent to 51.2 grams of proteid food. The avempe
smount of nitrogen excreted through the kidneys each day
was 6.31 grams, p g to a metabolism of 89.43
grams of proteid matter. The plus Lalance of 0.380 gram of
nitrogen per day shows that not only was the amount of proteid
food d quite adeq to meet the d ds of the
body, but the latter was able to store up 2.3 grams of proteid
per day. Regarding the chameter of the food taken by this
subject, it should be stated that there was gradually developed
a tendency toward a pure vegetarian diet. During the last
seven months of the experiment, meats were almost entirely
excluded. The diet voluntarily selected thus differed de-
cidedly from that of the preceding subject in that it was
much more bulky, contained a larger proportion of undiges-
tible vegetable matter, and was ncher in fats and carbohy-
drates, with a correspondmg increase in fuel value. The
exact character of the daily dietary is indicated by the fol-
lowing data of food consumption, on four of the days of the
above balance period:

RMay 19.

Dreakfast —Banana 102 grams, wheat rolls 0 grams, coffee 150 grams, cresm
60 grams, sugar 21 grams

Lunch. — Omelette 20 grams, bread 57 grams, hominy 187 grame, syrup 63
grams, potatoes 128 grams, coffee 100 grams, cream 50 grams, sugar
21 grams

Dinner — Tomato purée 200 grams, bread 24 grams, fried sweet potato 100
grams, spinach 70 grams, Tadian meal 100 grams, syrup 25 grams, coffee
100 grams, cream 40 grams, sugar 21 grams

Total nitrogen content of the day's food =2 6 474 grams

May 20.
Breskfaat — Shiced orange 140 grams, coffee 100 grams, cream 80 grams, sngar
21 grams
Lunch — Lima beans 40 grams, mashed potato 230 grams, bread 28 grams,
fried homuny 115 grams, syrup 48 grams, coffee 100 grams, cream 50
grams, sugar 21 grams
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Dunner —Consommeé 150 grams, string beans 140 grams, mashed potato 250
grams, rice croquette 93 grams, syrap 25 grams, cranberry jam 05 grams,
Uread 19 grams, coffee 100 grams, cream 5O grame, sugar £1 grams
Total itrogen content of the day's food = 6691 grams

May 21.
Breakfast —Banans 153 gram, coffes 150 grams, cream 30 grams, sugar 21

grams

Lunch.— Potato croquette 229 grams, bread 25 grams, tomato 123 grams,
Todin meal 109 geams, eyrup 48 grams, coffee 100 grams, cream 20
grams, sugar 13 grams

Dinmer — Bean soup 100 grams, bacon § grams, fred potato 200 grams, bread
31 grams, lettuceorange salad 47 grame, prunes 197 grams, coffen 100
grams, cream 25 grams, sugar 21 grams, banana 255 grams

Total hutzogen content of the day's food == § 345 grams

JMay 23.

Breakfast, — Banava 220 grams, coffee 125 grams, crenm 25 grams, sugar 21
grame

TR e . .. .
banana 210 grams, coffes 100 grams, crexm 30 grams, wagar 14 grams
Total vitrogen content of the day'a food = 0726 grams

While the critic might justly say that these dietanes Jack
variety and would not appeal to a fastidious taste, there is
force 1 the illustration which they afford of a simple diet
being quite adequate to meet the wants of the body. Fur-
ther, it should be emphasized that there is no special virtue
m any of these dictanes, eside from their simplicity and low
content of mitrogen. They represent individual taste and
selection. Any other form of diet would apswer as well,
provided there was not too large an intake of proteid, and
provided further the fuel value of the day’s ration was suffi-
cient to meet the requirements for heat and work. Again,
it might be said that with this latter subject the daily con-
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sumption of proteid food was considerably larger than with
the first subject. This is indeed true, but it must be re-
membered that the second subject had a body-weight of 70
kilos during the last seven months, while the first subject
weighed only 57 Jilos. Obviously, with this marked differ-
ence in the weight of living tissue there must be a corre.
sponding difference in the extent of proteid katabolism, and
consequently a difference in the demand for proteid food.

As we have seen, the smaller subject for a period of many
months showed a proteid katabohsm equal to 0.1 gram of
nitrogen, per kilo of body-weight, daily. The second and
larger subject, on a totally different diet, for seven months
and a half, metabolized daily, on an average, 6.63 grams of
nitrogen. Taking the weight of the body at 70 kilos, it is
readily seen that the nitrogen metabolized daily per kilo of
body-weight was 0.093 gram, almost identical with the rate
of nitrogen exchange found with the first subject. Tt is cer-
tainly very suggestive that these two individuals with their
marked difference in body-weight, under different degrees of
physical activity, and living on different forms of diet, with
only the one point in common of voluntary restriction in the
amount of proteid food, until 3 new halnt had been nequired
nnd a new level of proteid metabolism attained, should have
quite independently reached exactly the same level of nitro-
gen exchange per kilo of body-weight. And when it is re-
membered that this was ined by the daily i
of not more than one-third to one-half the minimal amount
of proteid food called for by the dietetic customs of man-
kind, and with mai of all the cl istics of good
health through this comparatively long period of time, there
certainly seems to be justification for the opinion that the
consumption of proteid food, ns practised by the people of the
present generation, is far in excess of the needs of the body.
Referring for 8 moment to the calorific value of the food
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used by the second subject, in the last balance period, it Is
to bo noted that the heat value per day averaged 2448 calo-
ries, as estimated on the basis of the chemical composition
of the food. This would amount to 34 calories per kilo.
Whether this figure 13 strctly correct iy immatenal; it is
certainly sufficiently so to warrant the statement that the
needs of the body were fully met by an intake of food below
the standards set by usage, and that maintenance of nitrogen
eqt on a greatly @ hed ption of proteid
food is possible without 1nereasing the intake of non-mtrage-
nous matter.
Finally, as affording additional evidence, we may refer to
a third subject 1n this group, a man of 65 kilos body-weight,
26 years of age, who for a period of six consecutive months
maintamned body-weight, nitrogen equilibrium, and a general
condition of good health, with a proteid metabolism equal to
7.81 grams of nitrogen per day. During the last two months
of the experiment, the average excretion of mitrogen per day
amounted to 6.68 grams, corresponding to a metabolism of
0 102 gram of mtrogen per kilo of body-weight. This figure,
1t will be noted, 1s practically identical with the values ob-
tained with the preceding subjects, calculated to the same
umt of weight. Further, this third subject did not reduce
Tus mitrogen mntake by an exclusion of meat, but made use of
his ordinary diet gradually reduced in amount. Hhs daly
ption of proteid food ged 55 grams, or 8.83 grams
of mtrogen, and on this amount of proteid, wathout mereasing
the intake of fats and carbohydrates, he was quite able to do
his work with preservation of physiological equilibrum.
Views so radically different from those commonly accepted
can be made to carry weight, only by the accumnlation of sup-
porting evidence obtmned under widely different conditions
of life, and by methods which will defy criticism. Tt might
be argued, and with perhaps some justification, that while
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professional men, with freedom from muscular work, may be
able to live without detriment on a relatively small amount
of proteid food, such a conclusion would not be warranted
for the great majority of mankind with their necessarly
greater muscular activity. We are confronted at once with
the oft-heard statement that the laboring man requires more
proterd food; he has a more vigorous appetite, and he must
take an abundance of meat and other foods rich in proteid, if
he is to maintain his ability as a worker. Note the state-
ments already made in other connections regarding the food
p of Maine lumt of men on the footbell
team, of trained athletes in general. These men consume
large amounts of proteid daily, because their work de-
mands it. If the demand did not really exist, they would
not so agree in the use of high proteid standards, so runs
the argument. The custom certainly does exist and is
almost universally followed; men in training for athletic
events deem it 'y to large of pro-
teid food. Custom and long experience sanction a high
proteid diet, rich 1n mtrogen, for the development and main-
tenance of that strength and vigor that help to make the
accomplished athlete. It is common knowledge to-day, how-
ever, that the energy of muscle work does not have its origin
in the breaking down of proteid material, certainly not when
there is an adequate amount of fat and carbohydrate in the
diet. A Iigh protexd intake must therefore be called for
because of some subtle quality, not at present fully under-
atood. It must not be subjected to criticism, however, be-
cause it is sanctioned by custom, habit, and common usage.
Still, T have ventured to experiment somewhat with 3
group of eight university athletes, all trained men, and with
some surprising results. We have not space for details, but
it may be mentioned that the men were young, from 22 to 27
years of age, and were experts in some field of athletic work.
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By a preliminary study of their ondinary dietetic habits, it
+wae found that they swere all large consurers of proteid food,
with o corresponding high rate of proteid katabolism. One
subject of 92 klos bady-werght, during ten days, showed an
average daly excretron through the kidneys of 22.79 grams
of nitrogen, 1mplying a metaboham of 142 gras of proteid
matter per day. On one of these days, the nitrogen excretion
reached the high figure of 81,00 grams, correspondivg to &
metabolism of about 200 grams of protesd mmtter. Calou-
lated per knlo of body-weight, this meaus a metabohsm of
£.85 gram of mtrogen, or three and a Lall times the amount
needed by the three profesuional men for the mantenance
of mitrogen equilibrium, These subjects, with an intellsgent
comprehenston of the pant at issue, and with Full freedom
in the chowee of food, gradually dinunmshed their dajly eon-
sumption of protexd material, at the eame time cutting down
very markedly the total consumption of food. The experi-
ment extended through five months, and during the last two
mouths, the ge dasl of bolized nitrogen of
the exght men amounted to 8 81 grame per man,  This corre-
sponds to » metabohsm of 53 grams of proterd matter.
Furiher, the average duily output of nitrogen through the
kidneys dunag the preceding two months was in many cases
nearly, if not qute, a3 low as dunag the last two months of
the experiment.  1{ we contrast this average daily exchange
of 8.81 grams of mtrogen with the average output prior to
the change an diet, 1t 13 ¢asy to sed that the men were hv-
ing on about one-half the amount of proterd food they were
formerly to take. More if the bohzed
mtrogen for each indvidal, with ona exception, is calen-
lated per kilo of body~weight, it is seen to vary from 0.108
gram to 0,134 gram; somewhat higher than was olserved with
he older prof 1 men, Lut not p lysa. Again,
it is to bo emphasized that the Jowered jntake of proteid food
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with these men was quite adequate to maintain their bodies
in mtrogen equilibrium. 'We may cite a single case by way
of illustration:

Outpot
Nitrogemof  Kltrogen through Welght of Excre.
Food. KEidues. ment (dey)
May 18 819 grams.  576grams. .. grams
19 9482 664 15
20 10 560 845 .
21 8992 864
22 9025 853 .
23 8393 769 83
24 7284 734 24
- 28 grams contatn
OGN
81855 5304 4 8192 grama nitrogen.

61855 grams matrogen 61 232 grams mitrogen

Nitrogen balance for seven days = 40623 gram
Nitrogens balance per dsy = 40089 gram.

The daily intake of nitrogen during this balance period
averaged 8.83 grams, con‘espondmg to 55.1 grams of proteid
food. The bol liminated through the kid-
neys averaged 7.58 grams per day, thus showing a daily aver-
age metabolism of 47.37 grams of proteid matter. With a
body-weight of 63 kilos, this individual was maintaining
equilibrium on & metabolism of 0 120 gram of nitrogen per
kilo of body-weight. The fuel value of the day’s food 23
estimated did not exceed 2800 calories, thus substantiating
the general statement that there is no need for increasing the
fuel value of the food in any attempt to maintain a lower
mtrogen level. This particular individual, in his choice of
food, unconsciously dnfted — as he expressed it — toward a
simple vegetable diet, without, however, excluding meat en-
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tigely, The following four dietares will serve fo illustrate
the charaeter and smount of his daily food:

May 21
Breakfast —~ Bentne 106 grams, doled Indiaa mest 150 grams, cream 60
grame, sugar 21 grams, bread 5 grams, butter 16 grams
Luneh, ~ Lamb chop 37 grams, potate sioquetts 195 grama, fomato 316 grams,
Dread B4 goaas, butter 13 gramte, sugre 14 grame, waier sce 143 grame
Dinser — Bewn wouy 100 graws, bacon 10 grams, fred ecg 22 prame, Bed
Ppotaty 100 graoms, ettuce saiad 83 gracs, cofles 300 grams, eresm 50
gromy, augar 24 grama, stewed pruses 247 grams
Totad pitvogen cantent of tha day’s food = 8 192 gramy

May 23.
Breskisst ~ Oreage 60 grams, oitmeal 207 grarns, rofl 48 grams, butser H
grety, enffee 160 grams, crestm 180 grara, sugar 35 grams,
Lancl, ~ Bl potsie 150 grame, boded omons 15 geams, macarozy 130
grame, fred rise 133 grems, e7rmp 4B grama, e cresm MG grame, cake

e

Dioer — Celery aop 350 grame, epingch 300 grams, msshed potats 100
gewms, bread 10 graes, collee 200 gram, crean 50 §rants, eugst 7 grears,
atrawherry shorteake 199 grama

Lowl mitogen eontent of the day's food 2= $ 023 gramy.

May 23.

Breakfant — Shced danana W1 gramy, cresm 300 gracs, sugar 28 grams,
gnddle eukes 103 grame, ayrvp 48 grams

Lanch - Consomené 150 geama, ties croguetts 140 grams, syrop 49 grams, fried

. possto 100 grams, bread 30 geame, butiet Y5 grams, apple sauce 00 graet,

coffen 75 grasw, sugar 2 grama

Proner ~ Vegetable soup 100 grams, bacon 20 grams, potata croquette 50
grams, strlag besaa 120 grams, macarost M grars, brend 95 grame,
water we 18 grams

Total nuicogen cantent of the dap’s food = 8393 grams,

My 24
Breaklast. — Oracgy B0 grams, fned rice 188 graws, ayrup 72 grams, coffes 100
grame, crvam 50 gram, sugar 2 graoe
Lunety ~Celery aoup 125 gramy, bresd Bt grame, butter 19 grams, boited onfon
127 prame, boded potato 190 grams, tomsto sauee &0 grams, stewsd
runes 150 grams, coeess 0 greaw,
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with these men was quite adequate to maintain their bodies
in nitrogen equilibrium. We may cito a single case by way
of illustration:

Output.
Nitregen of Ritrogen throogh Weight of Exere-

Food. Kidoers. weat {dry).

May 18 8Udgrams.  EI5grams. .. grame.
19 9482 664 15
20 10660 845 -
2 $992 861 -
22 9025 853 “
23 8393 769 8
2 284 73 2

- T8 grams contam
6i g XN
61855 5305 4 8192 grams mtrogen.

61855 grsms nitrogen  61.232 grams sitrogen.

Nitrogen balance for reven days == £0623 graea.
Nitrogen balance per day = 40089 gram

The daily intake of nitrogen during this balance pertod
averaged 8.83 gmms, correspondmg to 55.1 grams of proteid
food. The inated through the kid-
neys averaged 7.58 grams per d'\y, thus showing a dailyaver-
age metabolism of 47.37 grams of proteid matter. With a
body-weight of 63 Ilos, this individual was maintaining
equilibrium on a metabolism of 0 120 gram of nitrogen per
kilo of body-weight. The fuel value of the day’s food a3
estimated did not exceed 2800 ealories, thus substantiating
the general statement that there is no need for increasing the
fuel value of the food in any attempt to maintain a lower
nitrogen level. This particular individual, in his choico of
food, unconsciously drifted — as he expressed it — toward s
simple vegetable diet, without, however, excluding meat en-
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Dianer —Tomato soup 125 grams, bread 21 grams, fried potato 100 gram,
spinach 130 grams, cream pie 158 grams, coffee 100 grams, cream 50
grams, sugar 14 grama

Evenlng. — Ginger ale 250 grams,

Total nitrogen content of the day’s food = 7 284 grams

Tap] ive to

Here, again, we have dietaries not }
every one, but they represent the choice of an individual who
was following his own preferences, and like the preceding
di they are ch ized by simplicity. In any event,
they were quite adequate for the wants of the body, and
their value to us lies in the proof they afford that a rela-
tively small ntake of proteid food will not only bring about
and maintain nitrogen equilibrium for many months, and
probably indefinitely, but that such a form of diet is equally
as effective with vigorous athletes, accustomed to strenuous
muscular effort, s with professional men of more sedentary
habits Further, these many months of observation with
different individuals all lead to the opinion that there are
no harmful results of any kind produced by a reduction in
the amount of proteid food to a level commensurate with the
actual needs of the body. Body-weight, health, physical
strength, and muscular tone can all bo maintained, in partial
illustration of which may be offered two photographs of one
of the eight athletes taken toward the end of the experiment;
pictures which are certainly the antithesis of enfeebled mus-
cular structure, or diminished physical vigor.
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FURTHER LXPERIMENTS AND ORSENVATIONS
BEARING ON TRUL FOOD REQUIREMLNTS

Torica  Distary experiments with a detast of sobdiers from the United
Siates smny  Cenvral chinracter of Giv asmy vation  Bamples of the
daly dictary adapted  Rate of nitrogon melabolm sttafned, Effect
on body-weight  Nitrogen batacece with lawered proteid consumption
Influence of Jaw protet on suscnlar strength of eoldisre and athltes,
Eftect on fabgue  Eflvct on physical endorance  Flabar's experi
ments on eodatsacs, Dangers of underlending  Dirtary obserra-
tions on frudtanane  Dbwervations on Japauesa,  Tiecent dirtary
changes in Japaness asmiy a8 pavy. Obwereatioms of Dr ftunt o
restatancs of low protefd suteaals 4 galsons.  Conclusions,

ENERAL ecceptante of o new theory, of & new poing
G of view, can bs expected only when thers 1 an ado-
quate amount of scientific evidence on which the theory can
qalely rest, I'nets cannat bo sgnored, nnd the larger the
amount of supporting evidenco thra more certain becomes the
general truth of the thery tn whuch 1t points.  Corroboms-
tivo ovidence, therefore, 14 always desirable, and be who
would open up & new pomt af view must by zealous in ac-
cumulatiog facts to uphold his pesition.  Crities there ara
without number wha rra ever seady to pick faws inan BIgA.
ment or oserlum o theory, esproially 1f the ono or the other
stanids oppoard to thess own pwint of view, This, however,
ia highly advantageous for the advance of sonnd knawledge,
since it necessarily prompta the advocate to eearch in ofl
directions for sdded data, by wlich be can build & bolwark
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Torscs  Dietary expenments with a detatl of soldiers from the Umited
Blates army  Genera] character of the army ratton  Samples of 1be.
daly cietary sdopted  Rate of mirogen metabolists ettsined  Effect
on bodgssaight  Nstrogen balance with lowered proteid consumption.
InBuence of low proterd on musculat strength of saldiery and athletes.
Effect on fatigus, Effect on phymeal endurases Funer's expers
wenty on endarance Dangers of uaderfeeding  Dietary obsarva.
tions au fraftarans  Obsersabions on Japoness  Recend dielary
changes 1n Jupaness army s5d pavy. Observalions of Dr Hust on
reststance of law proterd animals to porssas  Covelasious.

ENERAL acceptance of a pew theory, ar & new point

of view, can be expected enly when there 15 an ade-

quate amount of scientific evsdence on which the theory can
safely reat. Facts connot be agnored, and the larger the
amount of supporting evidenca the more certain becomes the
generat truth of the theory to wineh 1t points.  Corrobora~
tive evidence, therefore, 1 always desuable, and be who
would openup & new point of view must be zealovs in ac-
cumulating facts to uphold his postiun  Craties there are
without number wha are ever ready to pick flaws in an argu-~
ment or overturn a theory, especially if the one or the ather
stands oppoted to therr own point of view. This, however,
15 hughly advantageons for the advance of sound knawledge,
sinve it necesrandy prompts the advecate to search in alf
durections for added dats, by which be can build e bulwark







CHAPTER VI

FURTHER EXPERIMENTS AND OBSERVATIONS
BEARING ON TRUE FOOD REQUIREMENTS

Torics: Dretary experiments with a detarl of soldiers from the United
Stales army, ~ General character of the army ration. Samples of the
duly dtary sdopted _ Fato of mitrogon metablism attrined ,f eat-
on bodg-weight. Nitrogen balance with lowered proteld cof
Influence of low proterd on muscular stregth ofzoml; AMthough the
Effect on fatigue  Efect on physical endurance <16 had mo per-
ments on endurance Dangers of uderfenples 1nvolved, and it

h:ns ou fruitanians  Observations ony would willingly incom-
changes in Japaness srmy and navy ¢ i
Tesstanc of low proteld aumals to ¢ §7C0t 200At of personal in-

.eTe necessary restrictions placed
ENERAL aoceptance «en relieved from duty, which con-
of view, can be e-hardship in the mnds of many of the
quate amount of seientie irksomeness and monotony of therr
safely rest, Facts ety of life was insisted upon, and tlus
amount of Supportin/h":h brought to some of the men n new
general truth of thse facts are mentioned because their recital
tive evidence, th o clear that, from the standpoint of the men,
would open up ain depressing influences connected with the
comulating fagpbich would add to any personal discomfort
without nambestriction of diet.
ment or overiary army ration to which these men were accus-
stands oppog nich in proteid, especually in meat, and dunng the
is highly aquys they wero allowed to follow their usual dietary
since it ne order that data mught be obtained bearing on their
directions food consumption. Tho details of ono day's food
13
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of fact sufficient to defy just criticism. Further, the troe
scientific spitit d f i and p king effort in
the search after truth, tbut error and mxsconcephon may be
avoided.

In harmony with these idess, our attempt to ascertain
the real needs of the body for proteid food led us to enlarge
our evidence by a series of experiments with still another
Lody of men, {. e., a detail of soldiers from the United States
army.! This was a somewhat more difficult and ambitious
undertaking, since the number of subiects involved was
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intake will suffice to show the average character and amount
of the food eaten per man:

Breakfast — Beefsteak 222 grame, gravy 68 grams, fried potatoes 234 grams,
oniona 34 grams, bread 144 grams, coffee 679 grams, sogar 18 grams

Dinner — Beef 171 grams, boiled potatoes 350 grams, ovions 55 grams, bresd
234 grams, coffee 918 grams, sugar 27 grams

Supper — Corned beef 195 grams, potatoes 170 grame, ouious 21 grams, bread
158 grams, frout Jelly 107 grams, coffee 450 grams, eugst 21 grams.

It is not necessary to comment upon the large proportion
of proteid matter n the day's ration; the three large por-
tions of meat testify clearly enough to that fact, while the
three equally large volumes of coffee indicate a natural dis-
position toward generous consumption of anything available.
Habit, reinforced by inclination, had evidently placed these
men on a high. plane of food consumption.

For a period of six months, a daily dietary was prescribed
for the subjects; the food for each meal and for every man
bemng of known composition, each article being carefully
weighed, while the content of nitrogen in the day’s ration
was 5o graded as to bring about a gradual reduction in the
amount of proteid ingested. The rate of proteid katabolism
was likewise determined each day by careful estimation of
the d nitrogen, balance exp ts being made from
time to time in order to ascertain if the men were in a con-
dition of mitrogen equilibrium. Finally, it should be men-
tioned that the subjects lived a fairly active life, bhaving
each day a certan amount of prescribed exercise in the
university gymnasium, in addition to the regular drill and
other duties associated with their usual work,

As just stated, the amount of proteid food was gradually
reduced, three weeks being taken to bring the amount down
to a level hat with the esti: d needs
of the body. This naturally resulted in diminishing largely
the intake of meat, though' by no menans entirely excluding







Photograph of the soldiers taken al the close of the expers
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it.  Effort was constantly nade to introduce as much variety
as’waa possible with siwple foods, though the main problem
with this group of men was to keep the volume of the food
up to such o pownt as would chepel any notion that they
were not having enough to eat. A second prollem, which
at firsy threatened trouble, was the fear of the men, as they
saw the proportion of meat gradnally drop off, that they were
deatined to loss their strength; but fortunately, they wvery
soon‘begnn to realize that their fears m thus direction were
groundless, and o Httle later ther personal experence opened
thest eyes to posstble advantages which quiekly drove nway
all further thought of danger, and made them quite content
to the We may duce here & few
samples of the dmly food given to the men after they had
reached their lower level of proteid wtake:

January 15,

ame
Codfieh balta (4 parts potato, § part b, f5ied In pork fas) 150 ghams,
od tomato 200 grams, bread 75 grams, one cup coffer 350 grams,
spple pie ¥ graaw
Soppee — Apple fniters 200 grams, stewed pruses 126 gramy, bresd 50 graan,
better 18 gramy, one cup tea 359 grama
Total nitrogen content of the duy's food w= 8660 grame.

Brexklart  Wheat griddls eakes 300 grame, ayrup 50 gvam, ane cup coffeed
2
Diener

January 16,

Breaktast. — otk oxtmend 150 grams, walk 100 grams, 1 20 g, bresd
33 gravar, hufter 10 gram, one cup coffee 350 grams
Divner w=Baked macarant with & fittle cheens 200 gmm Stawed tomuts 200
grama, bread 50 gratus, tapioca-peach pudding 190 grems, ons cup coffes
20 grame
Bupper —~Fried batox 20 grams, French hied potato 100 grons, dresd 76
grams, jam 15 graow, one <op ke 350 grame.

“Total vizogen content of th day’s food = 1282 framns.
% The coffee was prepared with stk and sagar



Photograph of the soldicrs tuken ot the close of the experiment



TRUE FOOD REQUIREMENTS 197

March 31,

Breakfast — Fried Indian meal 100 grams, syrup 75 grams, baked potato 250
et e e lmen

Supper —Fried Lacon 20 grams, botled potato 200 grams, butter 10 grams,
read pudding 150 grams, sliced bansna 200 grams, one cup tea S50
grama.

“Total nitrogen content of the day's food = 8 420 grams.

Aprd 1.

Breakfast —Fried lominy 160 grams, syrup 75 grams, buked patato 200 grams,
‘butter 20 grams, ove cup coffee 350 grame

Dinner — Baked spaghetn 200 grame, mashed potato 250 grams, boled tarnip
160 grams, bread 35 grams, butter 10 grams, apple sauce 200 grams, one
cup eoffee 450 grams

Supper — Fried hacon 25 grams, fried eweet potato 200 grams, bread 35 grams,
Dutter 20 grame, jam 100 grams, apple-taploca pudding 300 gearns, one
cup tea 350 grams

Total nitrogen content of the day’s food = 7.342 grams

These dietaries are far & aples of the daly food given the
men duning the last five months of the experiment. If we
place the intake of nitrogen at 8.5 grams per day, or even 9
grams daily, it would mean at the most an aversge daily con-
sumption of 5G grams of proteid; viz., about one-thurd the
amount they were accustomed to take under their ordinary
modes of life, Of greater interest, however, is the rate'of
proterd katabolism shown by these men under the above
conditions of diet, dunng the five months® persod. The
aversge daily output of metalbolized mtrogen for each man
ranged from 7.03 grams — the lowest — to 8.91 grams — the
highest. An excretion of 7.03 grams of nitrogen per day
means s katabolism, or breaking down, of 43 9 grams of pro-
teid matter; while the excretion of 8.91 grams of nitrogen
corresponds to a katabolism of 55.6 grams of proteid. The
grand average, i, e., the average dmly output of nitrogen
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March 1,

Breakfast. — Fried rice 150 grams, syrup 60 grams, baked potato 150 grams,
butter 10 grams, one cup coffee 350 grams.

Dinner — Thick pea soup 250 grams, boled oniony 150 grams, botled wweet
potato 150 grams, bread 75 grams, butter 20 grams, ove cup coffes 350

rams

Supper — Celery lettace-apple saled 120 grams, crackers 82 grams, Americsn
cheese 20 grams, potato chips 79 grams, one cup tes 860 grams, rice
custard 100 grams.

‘Total nitrogen content of the day’s food = 7,825 grams.

March 3.

Breakfast — Boiled hominy 175 grams, milk 125 grams, sugar 25 grams, baked
potato 150 grams, butter 10 grams, one cup coffee 350 grams

Dunner. — Hamburg steak with much bread, fat, and onions 150 grams, boiled
Potato 250 grams, bread 76 grams, butter 10 grams, one cup coffee 350
grams

Supper — Tapioca-peach pudding 250 grams, bread 75 grams, butter 20 grams,
Jam 75 grame, one cup tea 850 grame

Total nitrogen content of the day’s food = 8 750 grams.

Marel, 6.

Breskfast ~—Sliced banana 100 grams, fried Indian mesl 150 grams, syrup 50
grams, baked potato 160 grams, butter 10 grams, one cup coffes 350

Dianer — Corned beef 50 grams, bailed cabbage 200 grams, mashed potato 250
grams, bread 76 grams, fried rice 100 grams, jam 75 grams, one cup
coffee 860 grams

Supper — Crackera 32 grams, butter 10 grams, sardme 14 grams, eponge cabe
150 grams, apple sauce 160 grams, one cup tea 250 grams,

Total mtrogen content of the day’s food = 10 265 grams

March 50,

Breakfast.— Shiced banana 260 grams, fried hommny 150 grams, butter 10
grams, eyrup 75 grams, one cup coffee 350 grama

Dinner — Codfish balls 125 grams, mashed potato 250 grams, stewed tomato
200 grams, bread 35 graws, apple sauce 200 grams, one cup coffee 350

grams
Supper —Chopped fresh cabbage with salt, pepper, and Yinegar 75 grams,
bread 5O grams, butter 20 grams, fried aweet potato 250 grams, cran-
berry sauca 200 grams, sponge cake 50 grams, one cup tea 350 grams
Total mtrogen content of the day’s food = 9 356 grams.
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ment of the experiment in October, and at the close of the
experiment in Apnl will bo of interest :

TADLE OF BODY-WEIGHTS

October, 1303 April, 1904

Rilos Klloa
Steltz e e e . 523 630
Zoomn . . . - - o 640 550
Coftman .+ . . 501 0
Morns e 02 50
Broyles . . - . 04 610
Loewenthal . . . 1 50
Sheey ., . 613 08
Coha . ... .. 050 628
Oakman . . . 7 621
Tlenderson. . . ns 10
i . I 0 1720
Bates . . . 727 813 (Feb)
Davs . - %3 612 (Jan)

As is readily seen, five of the men practically retuined therr
weight or made a slight gun.  Of the others, Coffman, Loe.
wenthal, Sliney, and Cohn lost soraewhat, but the amount was
very small  Further, the loss occurred dunng the fint few
weeks of the expeniment, after which therr weight remained
practieally stationary.  Fritz and Oskman lost weight some-
what more noticeably, but this loss Jikense occurred durng
the earher part of the trial. The accompanying photographs
of Pritz, taken at the eloso of the experiment, show plainly thay
such loss of weight as be suffered did not detract from the
sppeamnce of his well-developed musculature.  Certainly, the
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of all the men for the five months’ period amounted to 7.8
grams per man, corresponding to an average daily katabolism
of 48.75 grams of proteid. The heaviest man of the group
had a body-weight of 74 kilograms, while his average daily
output of bolized nitrogen ted to 7.84 grams.
This corresponds to 0.106 gram of metabolized nitrogen per
kilo of body-weight; a figure which agrees quite closely with
the lowest figures obtnined with the precedng subjects when
calculated to the same unit of weight. Many of the men,
h y metabolized iderably more nitrogen or proteid
in proportion to their body-weight, due in a measure at least
to the fact that they were being fed more liberally with pro-
terd food than was really necessary for the needs of the body.
In this group, we bave a body of men doing a reasonable
amount of physical work, who lived without chscomfort for
five consecutive months on a daily consumption of proteid
food not much, if any, greater than one-third the amount
called for by common usage, and the average fuel value of
which certainly did not exceed 3000 calories per day. In-
deed, so far as could be determined on the basis of chemical
composition, the heat value of the food was quite a liftle
Jess than this figure would imply.

If the relatively small amount of proteid food made use of
in this tral was inadequate for the real necessities of the
body, some indication of it would be expected to reveal itself,
with at least some of the men, by the end of the period. One
criticism frequently made 13 that the subject draws in some
measure upon hus store of body material. Should this be the
case, it is evident that body-weight —in such a long experi-
ment as this — will gradually but surely diminish. Further,
the subject will show a minus nitrogen balance, i.e., there will
e 2 constant tendency for the body to give off mole nitrogen
than it takes 1 As beanng on the first pointh:he following
table showing the body-weights of the men at ‘e commence-
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photographs do not show any signs of nitrogen starvation, or
suggest the lack of any kind of food.

Of all the men, Bates was the only one who underwent
any great loss of weight. He, however, was quite stout, and
the work in the gymnasium, reinforced by the change in diet,
brought about what was for him a very desirable loss of body-
weight. It is ewident, therefore, that there was no marked
or prolonged loss of body-weight as a result of the con-
tinued use of the low proteid diet. Regarding the second
pont, viz., nitiogen equilibrium, the following illustrations
will suffica to indicate the relationship existing between the
income and outgo of mtrogen. A balance experiment with
each of the men, lasting seven days, February 29 to March 6,
is here shown, the figures given being the daily averages for

the period :

eme | Won | e | EREO
osmna . . .. | B | Fu | T® | tom
Headerson . . o0 | 790 100 4050
Morns . . . . . 240 | 805 250 11
Coftman . . . . | 963 192 141 | 40u
Bteltz . L] ee 7.6 195 4061
Loeweathal . . | 964 700 m 4085 .
Coha 227 763 141 +023
Zooman PR 049 713 178 +050
Slney . . o . . 952 808 12 | -0
Broyles 043 701 119 ) +123
Fritz 237 636 181 +120

With one exception, all of the men were plainly having
ore proteid food than was necessary to maiotain the body
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in nitrogen equilibrivm, the plus nitrogen balance in most
cases being fairly large. It 18 only necessary to remember
that a gain to the body of 1 gram of nitrogen means  laying
by of 6.25 grams of proteid, and with such a gain per day it
is apparent that the men were Teadly bemg supplied with an
excess of proteid food. This view 18 supported by the fact
that a later balance experiment, when considerablyless proteid
food was bewng given, still showed many of the men 1 a
condition of plus balance, or with a minus balance so small as
to indicate essentially mitrogen equilibnum  The following
figures, being daily avernges of a balance period about the
first of April, may be offered in evidence:

s s o Frima
Broyler 465 663 187 +018
Fas .. L 813 577 163 +073
Loewenthak . . . L% (138 208 1Y
Stels . . . L 8% 650 188 ~008
Cotm . 820 625 155 4049
Morris . . . 845 840 297 031
Otkman . . X 10 18 02

A daily intake of 85 grams of mtrogen means the con-
sumption of 58 grams of proteid, Under theso conditions of
diet, the average dmly amount of mitrogen metabolized was
6 45 grams, corresponding to 40 3 grams of proterd. The men
were prictically 1n o condition of nitrogen eqmbibrium, so
that we are apparently justified wn the general statement that
the simple dietary followed with thess men dunng the six
months’ experiment, and which was accompanied by an aver-
ago daily metabolism, after the first threo weeks, of 7.8 grams
of nitrogen, was certainly suflicient to maintain both body-
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in pitrogen equilibrium, the plus mitrogen alance in most
cases bemg fairly layge. It is only necessary to remember
that a gain to the body of 1 gram of mitrogen means s laying
by of 6.25 grams of proteid, and with such a gam per day it
is apparent that the men were really being supphed with an
excess of proterd food. This view 13 supported by the fact
that & later balance experiment, when considerably less proteid
food was beng given, still showed many of the men in &
condition of plus balance, or with a minus balance o small as
to 1ndicate essentially nitrogen equilibrivm  The following
figures, beieg daily averages of o balance pemod about the
first of April, may be offered 1 evidence:

Bops .. | S& | @ | Tw | ou
Fotz . . . 813 571 163 +078
Toewenthal . . 851 66 202 —002
Hred N a &850 188 —008
Cotm . . . . 829 825 155 +042
Moms ., .o, . B4S 649 227 -3
Owkman . N 1) 704 187 -02%

A daily mtake of 85 grams of nitrogen means the con-
sumption of 53 grams of proted, Under these conditions of
diet, the average daily amount of nitrogen metabolized was
645 grams, cotresponding to 40.3 grams of proteid. The men
were prachically in a condition of nitrogen equilibrium, so
that we are apparently justified in the general statement that
the simple dietary followed with these men during the six
months” experiment, and which was accompanied by an aver-
2ge daily metabalism, after the first three weeks, of 78 grams
of nitrogen, was certainly sufficient to maintain both body-
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weight and nitrogen equilibrium.  Lastly, emphasis may be
laid upon the fact that these values for nitrogen do mot

ily rep the mimmal proteid requi of the
human body, since it is a well-established physiological prin-
ciple that by increase of non-nitrogenous food the mte of
proteid katabolism can always be further diminished ; a prin-
ciple which is plainly in harmony with the view that a high
rate of proteid exchange is not a necessary requisite for the
welfare of the body.

The experi 1 results p d afford very convineing
proof that so far as body-weight and nitrogen equilibrium are
concerned, the needs of the body are fully met by a consump-
tion of proteid food far below the fired dietary standards,
and still further below the amounts called for by the re-
corded habits of mankind. General health is equally well
maintaned, and with suggestions of improvement that are
frequently so marked as to challenga attention. Most con-

, b , though g that was entirely un-
looked for, was the effect observed cn the muscular strength
of the various subj ‘When the experi: were planned,

it was deemed important to arrange for careful quantitative
tests of the move conspicuous muscles of the body, with a
view to measuring any loss of strength that might occur from
the proposed reductton in proteid food. The thought that
prompted this action was a result of the latent feeling that
somehow muscular strength must be dependent more or less
upon the proterd constituents of the muscles, and that con-
sequently the cutting down of proterd food would inevitably
be folt in somo degree The most that could be hoped for
wag that muscle tone and muscular strength might be main-
tained unimpured. Hence, we were at first quite astonished
at what was actually observed

1With the soldier detail, fifteen distinct strength tests were
made with each man during the six months’ period, by

t
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means of appropriate dynamometer tests applied to the mus-
cles of the back, legs, chest, upper arms, and forearms,
reinforced by quarter-mile run, vault, and ladder tests, ete.
The so-called “total strength” of the man was computed
by multiplying the weight of the body by the number of
tunes the subject was able to push up (strength of trceps
muscles) and pull up (strength of biceps muscles) his body
while upon the parallel bars, to this product being added
the strength (dynamometer tests) of hands, legs, back, and
chest. It should be sadded that all of these tests were
made quite 1ndependently in the university gymnasum by
the medical assistants and others 1n charge of the work there,
It will suffice for our purpose to give here the strength tests
of the vartous members of the soldier detail at the beginning
and close of the experiment.,

TOTAL STRENGTIT

October Apeit.
Broyles 2560 5530
Coffmaa 2835 6269
Cohn 2210 4002
Fritz 2504 5178
Henderson 207 4508
Loewenthal 2483 5217
Morra 2543 4869
Oakxman . 345 £055.
Sliney 345 5307
Stelta . 2838 4581
Zooman . ., . 3050 8457
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weight and nitrogen equilibrium.  Lastly, emphasis may be
laid upon the fact that these values for nitrogen do mot
ily rer t the minimal proteid requi of the
human body, since it is a well-established phystological prin-
ciple that by increase of non-nitrogenous food the rate of
protexd katabolism can always be further diminished ; 2 prin-
ciple which is plainly in harmony with the view that 2 high
rate of proterd exchange is not a necessary requisite for the
welfare of the body.
The expertmental results p d afford very
proof that so far as budy—wexght and nitrogen equilibrinm are
concerned, the needs of the body are fully met by a consump-
tion of proteid food far below the fixed dietary standards,
and still further below the amounts called for by the re-
corded habits of mankind. General health is equally well
mamtained, and with suggestions of improvement that are
frequently so marked as to challenge attention. Most con-
spicuous, however, though something that was entirely un-
looked for, was the effect observed on the muscular strength
of the various subjects When the experiments were plauned,
it was deemed important to arrange for careful quantitative
tests of the more conspicuous muscles of the body, with a
view to measunng any loss of strength that might oceur from
the proposed reduction in proterd food. The thought that
prompted this action was a result of the latent feeling that
somehow muscular strength must be dependent more or less
upon the prote:d comstituents of the muscles, and that con-
sequently the cutting down of proteid food would mevitably
be felt 1n some degree. The most that could be hoped for
was that muscle tone and muscular strength might be main-
tained unimpaired. Hence, we were at first quite astonished
at what was actually observed
1Vith the soldier detail, fifteen distinct strength tests were
made with each man during the six months’ period, by
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ever this may be, the fact remains that all of the subjects
showed this great gain in strength; and furthermore, thers
* was & noticeable gain in gelf-reliance and caurage in their
athletic work, both of which are hkewise indicative of an im-
proved condition of the body. How far these improvements
are attmbutable to traming and to the wmore regular hfe the
men were leading, and how far to the change 1n diet, cannot
be defimtely determmned  We may venture the opinion, how-
ever, for reasons to be made clear shortly, that the change m
diet was m a measure at least responsible for the increased
efficiency. As the writer has alrendy expressed 1t, there must
be enough food to make good the dmly waste o‘f tissue, enough
food to furmsh the energy of muscular contraction, but any
surplus over and above what 18 necessary to supply these needs
18 10t only a waste, but may prove an meubus, retarding the
smooth working of the machinery and detracting from the
power of the organism to do 1ts best work
Let us now turn our attention for a moment to the group
of university athletes, remembering that thess men had been
in training for many months, and some of them for several
years, prior to the commencement of the trial with a reduced
proteid intake In the words of the director of the gymna-
sium, “ These eight men were in constant practice and in the
pink of condition; they were in ‘tramng form’ when they
began the changed diet.” Some of them had gained marked
distinetion for their athletic work; one duting the early
months of the test won the Collegiate and Allaround Inter-
collegiate Champronship of Amenca. Compare now the
strength tests of these men as taken at the begmming and
end of the five months’ experiment, dunng which they reduced
their daily mtake of proteid food more than fifty per cent:
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Without exception, we note with all of the men o phenome-
nal gan in strength, which demands explanation. Was it
all due to the change in diet? Probably not, for these men
at the beginning of the exper were untrained, and it is
not to be nssumed that months of practical work in the gym-
nastum would not result in a certain amount of physical de-

1 with corresponding gain in lar skill and
power. Putting this question aside for the moment, however,
1t is surely proper to emphasize this fact; viz., that although
the men for n pertod of five months were restricted to a daily
diet containing only one-third to one-half the amount of
proteid food they had been accustomed to, there was no loss
of physical strength; no indication of any physical deteriora-
tion that could be detected. In other words, the men were
certanly not being weakened by the lowered intake of proteid
food. Tins is in harmony with the principle, already dis-
cussed, that the energy of muscle work comes primarily
from the breaking down of non-nitrogenous material, and con-
sequently n dimmmnished intake of proteid food can have no
inhibitory effect, provided, of course, there is an adequate
amount of proteid ingested to satisfy the endogenous require-
ments of the tissues.

On the other hand, recalling the Jarge number of nitroge-
nous cleavage products which result from the breaking down
of proteid materal, we can conceive of sn exaggernted ex-
ogenous proteid katabolism which may flood the tissues and
the surrounding lymph with a variety of nitrogenous waste
products, having an inhibitory effect upon the muscle fibres
themselves, or upon the peripheral endings of the motor nerves,
by which the muscles are prevented, directly or mndirectly, from
working at their highest deg'ree of efficiency. This being true,
ared of the exog bolism to a level more nearly

commensurate with the real needs of the body might result in
a marked inerease in the furictional power of the tissue. Howe
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sive, each month showing an improvement, in harmony with
the growing eflect of the dimunshed proteid intake. With
thess subjects, the only tangible change 1n their mode of life
which could in any sense be considered as responsible for their
gain in strength was the change in diet. Consequently, 1t
seems perfectly justifinble to conclude that the observations
presented afford reasonable proof of the beneficial effects of
lowered proteld intake upon the muscular strength of man.,

‘The i of such a 1 18 ty obvious.
It confirms and gives added force to the observations that
man can profitably maintain mtrogen equilibrium, and body-
weight, upon a much smaller amount of proteid food than be
18 accustomed to consume, It harmomizes with the view that
the normal requirements of the body for food, under which
health, strength, and (i 'y are best
are on a far lower level than the ondinary practices of man-
kind would lead one to believe The widespread opinion that
a rich proteid dict, with the correspondingly high rate of
proteid ol 18 4B ity for the p
bodily strength and vigor, 1s seen to be without Iound:ltlon H
for even the most conservative estimate of the real value of
these strength tests must carry with 1t the conviction that
lowering the consumption of protexd food does not at least
result in eny weakemng of the body This 1s a fact of vital
importance, for it needs no argument to convince even the
most optimstic that while it meght be possible to maintain
body-weight and nitrogen equilibnum on a small amount of
proteid food, such a form of physiological economy would not
only be of no advantage to the indimdual, but would be
positively mjurious if there,was a gradual weakening of the
muscles of the body with decrease of physical strength, vigor,
and endurance,

Another fact to be emphasized in this connection was the
convigtion, gradually acquired by many of the subjects, that
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TOTAL STRENGTH

Jaouary. Fooe,
G W Anderson . 4013 23
W L. Avderson . 016 0472
Bellis . . . . 6993 8165
Callahan . . . 2154 8083
Donahue . . . 4584 5017
Jacobus . . . 4513 8687
Schenker . . . . 5728 3%
Stapleton . . 5351 6833

Tt is to be observed that the majority of these trained men
showed at the first trial in January a total strength test ap-
proximately equal to that of the soldier deta:l at the close of
therr experiment. This by no means implies that the latter
men owed their gun in strength wholly to the systematic
training they had undergone, but it is certainly plausible to
assume that in a measure this was the case. In any event, it
is plam that the long-continued low proteid diet of the sol-
diers had not interfered with a progressive muscular devel-
opment, and the attainment of a high degree of muscular
strength.

The noticeable feature in the figures obtained with the ath-
Ietes, however, is the stmking difference between the January
and June results Every man, without exceptmn, ghowed a
decided gan 1n hus lar power as d by the th
tests. 'This improvement, to be sure, was not so marked a8
with the soldiers; a fact to be expected, since with these men
the element of tmaining and the acquisition of proficiency in
athletic work could have played no part in the observed gain.
Further, most of the tests indicated that the gamn was progres-
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tion, formed in the muscle, and as prekusly stated, we may
concetve of an bol with exces-
s1ve proteid intake, by which muscuhr fatigue and weariness
may be augmented ; hence, the beneficial effect in this direction
of a more rationa} food consumption, by which proteid katabol.
1sm shall be reduced to a true physiological level,

With these marked effects on strength and fatigue, it is
reasonable to assume tliat some corresponding action miy be
exerted on physical endurance, As1s well known, strength
and enduronce, though related, are quite distinct and can be
separately measured, Strength tests, however, as usually
carried out 1 gymnasiam work, do 1nvolve in considerable
degree the question of endurance, since it 18 customary to use
as one of the factors in estimating total strength the number
of times the man can pull up, or push up, his body on the
parallel bars, Strictly speaking, however, the strength of
a muscle is measured by the maximum force it can exert in a
sngle while its end H) d from the
number of times 16 can contract well wathun the Limit of its
strength.

It 13 well known that endurance, both physieal and
mental, 13 one of the most, vanable of the human faculties,
and 1t 18 usnally considered that exercise or traming is the
chief cause of the differences so frequently seen. The Mane
gude will row 2 bost or paddle a canoe for the entie day
without undue fatigue, while the novice, though he may have
the necessary strength, lacks the endurance to continue the
task longer than a few hours As expressed by Professor
Fusher, “ Some persons are twed by chmbing a flizht of stairs,
whereas the Swiss guides, throughout the summrer season, day
after day spend the entire time 1 chmbing the Matterhorn
and other peaks; some persons are ¢winded’ by running a
block for a street car, whereas a Chinese coolie will run for
hours on end ; in mental work, some persons are unable ta

14
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they suffered less from fatigue after vigorous muscular effort
than formerly.  This was especially conspicuous in the case
of Donahue, whose woitk on the Varsity basket-ball team
called for wigorous exercise. Tt is interesting to note that
this athlote, of 63 kilos body-weight, for the last four months
of the experiment showed an average daily katabolism of 7.45
grams of nitrogen, corresponding to a breaking down of 46.5
grams of proteid material daily. Yet, with this low rate of
protetd exchange, he maintained lus position on the team with
satisfaction to all, and with the consciousness of improved
physical condition and greater freedom from fatigue. Other
subjects, as the laboratory workers of the professional group,
observed that the customary late afternoon fatigue, coincident
with the continued walking and standing about the lab Yy
gradually became far less conspicuous than usual; so that
there seemed to be a consensus of opimon that in some way
the change in diet was conducive to greater freedom from
muscular weariness.

It is well understood by physiologists that the ability of
a muscle to do work 1s inhibited by any conditon that tends
to depress the general nutritive state of the body, or that
interferes with the local nutrition of the muscle or muscles
involved. On the other hand, theie are certain well-recognized
conditions that tend to augment the power of the muscle,
notably an increased circulation of blood through the tissue,
the taking of food, and espectally the introduction of sugar.
Further, experiments have shown that when a giver set of
muscles has been made to work excessively, other muscles of
the body quite remote will share in the fatigue, thus implying
that muscular weariness and the diminished power to do work
are connected with what may be termed fatigue products,
which are distributed by means of the circulation In this
way, muscles and nerve endings alike are exposed to the

inhibitory infl of waste prod of unknown composi~
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tion, formed in the muscle, and s prevmusly stated, we may
conceive of an bol. with exces-
sive protexd imtake, by wluch musculzu' fatigue and wearmess
may be augmented ; hence, the benefical effect in this direction
of a more rational food consumption, by which proteid katabol.
ism shall be reduced to a true physiological level.

With these marked effects on strength and fatigue, 1t is
reasonable to assume that some corresponding action may be
exerted on physical endurance. As 18 well known, strength
and endurance, though related, are quite distinct and ean be
separately measured, Strength tests, however, as usually
carried out in gymnasium work, do involve in considerable
degree the question of endurance, since 1t 15 customary to use
as one of the factors 1n estimating total strength the number
of times the man can pull up, or push up, his body on the
porallel bars. Strietly speaking, however, the strength of
a muscle 15 measured by the maxmum force 1t can exert in a
single while 1ts end 13 euti: d from the
number of times it can contract well within the luuit of its
strength,

It 13 well known that endurance, both physical and
mental, 13 one of the most variable of the human faculties,
and it is usually conmidered that exercise or tramng is the
chief cause of the differences so frequently seen. The Mame
guide will row a boat or paddle a canoe for the entire day
without undue fatigue, while the novice, though he may have
the necessary strength, lacks the endurance to continue the
task longer than a few hours. As expressed by Professor
Fusher, “ Some persons are tired by cimbing a fight of staurs,
whereas the Swiss guides, throughout the summer season, day
after day spend the entwe time 1 chimbing the Matterhomn
and other peaks; some persons are *winded’ by running a
block for a street car, whereas a Chinese coolie will run for
hours on end; in mental work, some persons ate unzble to

4
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they suffered less from fatigue after vigorous museular effort
than formerly. This was especially conspicuous in the case
of Donmahue, whose woik on the Varsity basketball team
called for vigorous exercise. Ttis interesting to note that
this athlete, of 63 kilos body-weight, for the last four months
of the experiment showed an average daily katabolism of 7.45
grams of nitrog sponding to a breaking down of 46.5
grams of proteid material daily. Yet, with this Jow rate of
proteid exchange, he maintained his position on the team with
satisfaction to all, and with the consciousness of improved
physical condition and greate: freedom from fatigue. Other
subjects, as the laboratory workers of the professional group,
observed that the customary late afternoon fatigue, coincident
with the continued walking and standiug about the laboratory,
gradually became far less conspicuous than usual; so that
there seemed to be a consensus of opinion that in some way
the change in diet was conducive to greater freedom from
muscular weariness.

Tt 1s well understood by physiologists that the ability of
a muscle to do work is inhibited by any condition that tends
to depress the general nutritive state of the hody, or that
interferes with the local nutntion of the muscle or muscles
involved. On the other hand, there are certain well-recognized
conditions that tend to augment the power of the muscle,
notably an increased circulation of blood through the tissue,
the taking of food, and especially the introduction of sugar.
Further, experiments have shown that when & given set of
muscles has been made to work excessively, other muscles of
the body quite remote will share in the fatigue, thus implying
that muscular wearmess and the dimimshed power to do work
are connected with what may be termed fatigue products,
which are distributed by means of the circalation. In this
way, muscles and nerve endings altke are exposed to the
inhibitory influence of waste products of unknown composi-
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students as subjects. The experiment extended through five
months, with endurance tests at the beginning, middle, and end
of the period. Atb the outset, the men cousumed daily an
average of 2830 calories, of which 210 were in the form of
flesh foods, such as meats, poultry, fish and shell-fish; 26
calories of proteid being ingested for each pound of body-
weight. At the close of the experiment, the per capita calo-
ries had fallen to 2220, of which only 20 were in flesh
foods, and the proteid had fallen to 14 ealores per pound of
body~weight, In other words, the total calories of the daily
ration had dropped off about 25 per cent, the proteid about 40
per cent, and the flesh foods over 80 per cent, or to about one-
sixth of their original amount.

To determine the endurance of the subjects, six simple
gymnastic tests were employed, and one of mental endurance,
The physical tests consisted of (1) 1n msing on the toes as
often as possible; (2) deep knee-bending, or stooping as far
o3 possible and riung to the standing posture, repeating
a3 often as possible; (3) while lying on the back, rasing
the legs from the floor to a vertical position and lower-
g them again, repeating to the point of physical exhaus-
tion; (4) rasng a 5-1b dumb-bell (with the triceps) m each
hand from the shoulder up to the highest point above the
bead, repeating to the pownt of physical exhaustion; (5)
holding the arms from the sides horzontally for as long a
time as posmble; (6) rasing & dumb-bell (with the biceps)
w one haod from a position 1n which the arm hangs free,
to the shoulder and back, repeating to the point of physieal
exhaustion.  Thas test wes taken with four successive dumb.
bells of decreasing weight, viz, 60, 25, 10, and & poundy
respectively. The mental test conmisted 1n adding specified
columns of figures as mpidly ss possible, the object being ta
find out whether the rapidity of performing such work tended
to improve daning the experiment.
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apply themselves more than an hour at a time, whereas
others, like Humboldt, can work almost continuously through
eighteen hours of the day.” Aguin, Fisher states that
“among some 75 tests of different persons holding their arms
horizontal, many were found whose arms actually dropped
against their will inside of 10 minutes, whereas several wers
able to hold them up over 1 hour, and one man held them 8
hours and 20 minutes, or 2 round 200 minutes, and then
dropped them voluntarily. Sumilarly with deep knee-bending,
some persons were found physically unable to rise again from
the ping posture after plishing less than 500 bend-
ings, whereas several succeeded in stooping 1000 times, and in
one case, 2400.” Here, we have inherent differences in endur-
ance not associated with training or exercise, and the guestion
may well be asked, Whatis the cause of these radical variations
in the abulity to repeat a simple muscular exertion?
Hitherto, little attention has been paid to the possible influ-
ence of diet upon this faculty. It has always been assumed
that endurance, Iike physical strength, is augmented by a 1ich
proteid diet, but it has never been considered that diet by itself
was a factor of any great moment as compared with training or
persistent exercise. It is true that claims have been advanced
from time to time concerning the beneficial effects on endur-
ance of a vegetable diet, and vegetarians have frequently pre-
sented glowing reports of the great inerease in endurance they
have experienced, but little attention has been given to such
statements, and the matter has remained more or less in

obscurity.

Recently, Professor Imng Fisher,! of Yale, has conducted
an t on the infl of a change in
diet on endumnce, ha.vmg the co-operation of mne healthy

1 Through the kindness of Professor Fisher, the writer has had the opportu-
nity of reading the report of this work, which at this writing 15 ot published,
and he has drawn upon it frecly for the
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cass was exceptional in almost all respects. His reduction
in quantity of food, except for a spurt at the end, was
less than of most of the men; his reduction in protewd, with
the same exception, was the least of all; s reduction in
quantity of flesh foods was the least of all” He stands out
conspicuously as the one man whose endurance fuled to
improve. The mental test carried out with the subjects
pomted to “a slight increase m mental quickness,” but the
adding test was too short to be of great value.

We see 1 these results another confirmation of the view
that the welfare of the body 15 not impaired by a marked
reduction 1 the amount of proterd food, on the contrary,
benefit results in the d effi y which fi
itself 10 varioas directions. Physical endurance is an asset
not to be 1gnoted, and hke the strength of an indivdual, 1t
may well be fostered by the recogmtion and practice of
o principle which seemingly has o firm physiological basis.
Whetheér the fatigne poisony come fiom the excessive exoge-
nous kataboltsm of proteids m general, or whether they are
denved directly m o measure from flesh foods, need not be
considered here ; the mamn point 13 that by lowening the rate
of proteid katabolism, which necessanly compels a reduction
m the amount of flesh foods, there is a diminished quantity
of mtrogenous waste floating about in the body. Further, we
need not criticise too closely the method by which the reduc-
tion of food 13 sccomplished; whether 1t be by encoumging
mastication, with a view to better tasting and fuller enjoy-
ment of the food, to the pownt of involuntary swallowing ; or
whether we follow natural taste and appetite, remforced by
the use of reason, with o full appreciation of the principle
that the welfare of the hody 13 best subserved by a quantity
of food with true physiologieal needs.

In making this presentation of the true food requirements
of the body as based on the results of physiological experic
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The fcllowing table shows the results of the three sets of
physical tests made in January, March, and June:

TESTS OF PHYSICAL ENDURANCE WITH THE NINE SUBJECT

(Time. B E (Lqg [Lw | M P R T. w.
1 Ruwmgon |Jan | 500 |1007 833( €9 | 127|1482] 702 o00| 1203
toes Mar | 400 1265 | 2020 65 | 400 831 [ 1500
June | 600 |1061 {3000 | 85 {1500 (1800|1263 | 1800 8350
2. Deep knee- | Jan 82| 142 70| 48 | 1321 208| 874] 120} 404
bending | Mar 191 47
June| 200 | 81| 202| 68 | 155] 230) 453) 260] 508
3 Leg Jan | 25| 52| 9|2 so| o1| so| 23] 80
Tmmng Mar 83 34 40
June| 83| 88| 207385 | st| 87 103] 18| 8
4. 5Ib. Jan. | 76] 138) 78| 88 | 51| 44| 100 83| 185
Dumb-bell | Mar 100
(tncepa) Juref 127 59| 8o 51 75| 86| 104 101| 601
mr malme (@alms tm o me me me
5. Holding |Jan |60 |1-23)|4-7 |3-87/3-80{5-89| 2.6 |3-22[11-0
arms horv. | Mar 540 16-36
zontal Juoe| 9-36 [2-66| 3-5018-0 | 6-5 | 10-1)5-16 {324 2345
6. 251b Jan 50 18] 16[ 8 20( 11} 10 256 54
Dumb-bell |June| 105 [ 10{ 26( 83 { 20| 29[ 27| 55] 108
(biceps)

The data presented show a marked improvement in March
and June over the record made at the beginning of the exper-
jment 10 January, except in the case of one subject, E. As
Fisher states, the increased endurance observed can be as-
cribed only to dietetic causes, since no other factors of known
significance could have aided m the result. The dietetic
changes, as we have seen, consisted in a slight reduction of
the total amount of food consumed daily, but with a large
reduction of the proteid element, especially from flesh foods.
It is sigmficant, says Fisher, that the only man whose
strength and endurance showed any decrease was E, “whose
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furnace-fire is certainly none too hot, since the ashes raked
out of the firebox just correspond to the amount of coal
shovelled in. The same would be equally true of a slower
fire consuming much less fuel. The philosophy of the matter
is, then, to find the minimum of steam that will run the
engine, and then maintain a fire somewhat botter than the
exact requirement, n order to run no nisk of falure; or,
to return to the phor already employed, the 1d-b
careful lLiver must simply note how close to Seylla other
voyagers have satled with safety, and then steer lus own bark
accordingly

As one looks through the many eareful dietary studies that
have been made 1n recent years, 1t 1s easy to find strking
i of people, and ities of people, who have
lived for long periods of time on dietaries so strikmgly simple
and meagre that 1t seems éifficult at first glance to believe
their daily needs could have been entirely satisfied Yet, such
observations are quite 1n accord with the facts we have been
presenting, and they afford additional evidence that the arti-
ficial dietary standards that have been set up are widely at
variance with the real requirements of the body for food. Tt
may be quite true that many of the people referred to have
been and are faddists, with peculiar notions regardmng food,
based on 1eligious or other seruples, but that has no bearmg
on the man contention that they have lived for many years
on amounts of food ndiculously small as compared with the
ordinary customs of mankind, Thus, 1n Professor Jaffa’s
report? of i made among f ians and Chinese
of Cabfornia 1s an interesting account of & dietary study of a
famly of fruitarians, consisting of two women and three
children. They had all been frmtamans from five to seven
years, their diet Leing hmited to nuts and fruit, except for

* Bulletin No 107, Offce of Expernment Stations, U 8 Department of Agre-
culture, 1001, from which the descriptions given bave been taken
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mentation and observation, I am by no means unmindful of
the dangers of underfeeding; but this is a condition compara-
tively are. When occurring, as stated by Dr. Curtis, “it is
either because of dyspepsia, in which case it really is involun-
tary, or comes from some silly notion born of a combination
of mnate mental crookedness and that ¢little knowledge’ that
is a dangerous thing.” Overfeeding is the predominant
dietetic sin, and with the prevailing dietary standards, as
fixed by common usage, there is good ground for beleving
that 1t will continue for many years to come. Reason tells
us, however, in the practice of our personal nutrition, to steer
a mddle course between physiological excess on the one side,
and the minimal food requirement on the other. To quote
again from Dr. Curtis,! who has expiessed the matter very
forcibly, « The physiological chemist can easily drew a line
on the Secylla (starvation) side of the chammel. A dietary
whereby the system gets less than it pays out is, obviously, &
dangerous veer toward starvation rock. DButen the Charybdis
(stuffing) side, just as the whirlpool itself has no well-defined
border, the channel boundary is not so easily marked. The
case is exactly analogous to the stoking of a furnace. The
proportion of ash to hive coals is a telltale us to underfeeding,
but not as to overfeeding. With undersupply of fuel the
ashes overbalance the live coals, and the fire is thus foretold
to be gong out. But with an oversupply the fire simply
burns the faster: all the fuel continues to be consumed; the
more coal simply makes the more ash, so that equilibiium is
not disturbed, elthough maintained at a higher level. To
argue, therefore, that a given dietary 13 none too large, because
the balance between the matenal receipts and expenditures of
the economy is not upset, would be like saying that a given

1 Ldward Cartis, M D . Natute and Healthi New York, Henry Holt & Co.
1906 p 71
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Proteid
Pt | T LS} e | PR
welght
grams | grams | grams | calories | grams
Woman, 83 years old,
Welghl 90’ lb- (40 Skilos) 83 5 | 150 | 1300 | o080
an,
Wu.m 104 lbv (47 Bilos) 25 81 o [ 1040 | 052
Girl, 13 7+
\Ve|gl|l 75} lhs (24 3kilos) 26 52 157 1235 075
Bo,
\%nghus XM (l’l B kuloa) 21 Ly 152 1255 138
Garl, 6 ¥
\{rmgm xu} s (139 Ilos) 2 88 | 194 | 190 | 172
Gurl, 7 yeara
Weght 34 lhl (15 4 klos) 40 2 134 1285 259

body-weight, with the small calorific values indicated, repre-
sents & phenomenally small amount of food And yet Jaffa,in
referring to the woman with the lowest mtake of food, states
that even this small quantity of food, judging from the ap-
penrance and manner of the subject, “seemed sufficient for
her needs, enabling her to do her eustomary housework and
take care of her two mieces and nephew” Regarding the
children, it 18 stated that the commonly accepted Amencan
dietary standard for a cluld 18 years old and of an average
zetivaty calls for about 90 grams of proteid and 2450 calortes
As 13 seen from the table, however, the 13-year-old girl
consumed of proteid less than one-third, and of fuel value
only about 60 per cent of the amount called for; yet, says
Jaffa, “ notwithstanding the facts brought out by this com-
parison, the subject had all the appearances of a well-fed
child m excellent health and spints.”

We need not consume time 10 diseussing the details of this
experimental study, though the facts are interesting and sug-
gestrve, for it 13 only the general question of proteid require-
ment and calonfic value that has interest for us at present.
The fact is perfectly clear that this family of fruitarians,
young and old, were quite able to lve and thrive on 2



216 THE NUTRITION OF MAN

tho addition of celery, honey, olive oil, and occasionally a
small amount of prepared cereal food. This family was in
the habit of taking only two meals a day; at 10.80 in the
morning and at 6 o’clock in the afternoon. Tho first meal
always consisted of nuts and fruit, the nuts being eaten first,
At the second meal, nuts were usually replaced by olive oil
and honey. The nuts made mse of were almonds, Brazil
nuts, pine nuts, pignolias (a vanety of pine nuts), and wal-
nuts  Fruits, both fresh and dried, were used, the former
including apples,apricots, bananas, figs, grpes, olives (pickled),
oranges, peaches, pears, plums, and tomatoes, The dried fruits
were dates and raisins,

On thus limited dietary of raw, uncooked food, with 3 com-
plete absence of the high-proteid animal foods, snd the ordi-
nary vegetables, legumes, etc,, and without eggs or milk, this
family, with three growing children, had lived all these years.
Note now what Jrffa observed regarding their food consump-
tion. The first subject, a woman 33 years of age and weigh-
ing 90 pounds, was studied for twenty consecutive days, all
the food eatenfiyeing carefully weighed and its chemical com-
position determined.  As o result, it was found that the aver-
age emount of food consumed per day was: proteid, 33
grams; fat, 59 grams; carbohydrate, 150 grams; with a total
fuel value of 1300 calories, The other members of the family
were studied in a sumilar manner, one of the children bemg
the subject on two separate occasions. The table (on page
217), showing the average daily food consumption, gives 2
summary of the results obtaned.

As Professor Jaffa states, the tentative dietary standard for
a woman at light work calls for 90 grams of proteid daly,
with a fuel value of 2500 calories, Both of these women
were light in weight, and furthermore had no occasion to do
much physical work; but even so, a daily consumption of ouly
0.8 gram and 0,52 gram of proteid, 1espectively, per kilo of
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Tt | por e
Froteid | Fat hs;:_"; Voo | A
weighi.
grame | graoe | grams | culones | graas
Woman, 33 yen
Welghl o0 Ib- (“)X: kilos) 28 50 160 1300 080
n, 40 3
\Vﬂyln m Tor (47 lilos) 25 | 87 %0 | 1040 | 052
arl, old,
\V:u(m 15] Ibs (34 Skilos) 26 62 157 1235 075
5, 9 yeara old,
R Xb- (19 5 kilos) o7 § 66 | 182 | 1255 [ 138
arl, 6 yenre
w..J.; w} 1 " (139 kilos) 2t | 68 ) 13t | 1o | 172
url, 7
Weghi o1, nu 1164 kalos) 0 o7z f o1 | s | 260

body-weight, with the small calonfic values indicated, repre-
sents a phenomenally small amount of food  And yet Jaffa,in
refernng to the woman with the lowest intake of food, states
that even this small quantity of food, judging from the ap-
pearance and manner of the subject, “seemed sufficient for
her needs, enabling her to do her customary housework and
take care of her two meces and nephew” Regarding the
children, 1t is stated that the commonly accepted Amencan
dietary standard for a cluld 13 years old and of an average
activity ealls for about 90 grams of prote:d and 2450 calories,
As 18 seen from the table, however, the 13-year<ld girl
consumed of proteid less than one-third, and of fuel value
only about 60 per cent of the amount called for; yet, says
Jaffa, “ notwithstanding the facts brought out by this com-
panison, the subject had all the appearances of a well-fed
child in excellent health and epints.”

We need not consume time m discussing the detals of this
experimental study, though the facts are interesting and sug-
gestave, for 1t 18 only the general question of proteid require-
ment and calonfic value that has interest for us at present.
The fact 1s perfectly clear that this family of fruitarins,
young and old, were quite able to Lve and thrive on a
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diet, the value of which in proteid and ealories was at as
low o level as was attained in our experimental studies.
The rock of starvation, however, was not touched or even
sighted by the voyagers down this stream of nutrition.
We may all agree that it would be preferable, as a rule,
to acquire the proteids, fats, and carbohydrates of oqur diet
from a greater variety of sources than did the frmtarians; we
might well complain at a dietary so limited in qualty; but
the point to be emphasized is that the low intake of proteid
and the low fuel value were quite adequate for meeting the
needs of the body. “It is a difficult matter,” says Professor
Jaffa, “to draw any general conclusions from the foregoing
dietaries without being unjust to the subjects. It would ap-
pear, upon €; g the ded data and paring the re-
sults with commonly accepted standards, that all the subjects
were dectdedly undernourished, even makmg allowances for
ther light wetght But when we consider that the two adults
have lived upon this diet for seven years, and think they are
in better health and capable of more work than they ever
were before, we hesitate to pronounce judgment The three
children, though below the average in height and weight, bad
the appearance of health and strength. They ran and jumped
and played all day like ordinary healthy children, and were
smd to be unusually free from colds and other complaints
common to childhood.”

Turning now to a larger community, — the island nation of
Japan,— whose exploits in war have recently attracted the
attention of the civilized world, we find 2 people the great
majority of whom have d hed by the prodigality
of western civilization, and whose customs and habits still bear
the tmprint of sumplicity and frugality, After the restoration
of Japan and the reorganization of the government in 1867,
much attention was directed to the methods of living and to
the dietary habits of the people, with the result that during
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the last twenty-five years there have been slowly accumu-
lating many important data bearing on the food consumption
of the people. These have recently been brought togetber in

Trgestibla Nutrents and Ecergy per Mon
Bubjcts. gt i
Powia. | me | SER |G
Mo | grams | grems | goame | cdovies

School business agent 575 | 653 | 113 | 4938 | 2467
Physician e | 619 80 | 4635 | 2015
Merchant 476 815 196 2662 2082
Medical student 490 | 748 | 1u2 | 39 | 181
Medieal student 486 | 6a7 51 | 4698 | 2005
Military eadeta 723 | n7 ] 6181 | a0
Prisoners without work | 4761 | 363 56 | %04 | 1728
Prisoners at lght work | 4301 | 431 62 | a9 | enz
Frsoners at hard work cee | 887 76 | 6108 | /4
Physcinn . s02 | 483 | 155 | 4382 | eo01
Hygemeasostant . | 405 | 485 | 197 | 4853 | 2430
Medical student 510 | 428 | M0 | 4382 | 2163
Police prisoners . . | ... 421 87 | ssrs | 138
Army surgeon . 510 | 198 | u7 | s20 | 2567
Soldier . . <o) 87 | w58 | 185 | se3s | 2828
Sofdier . . . . . | 610 | &8s | u8 | 4678 | 230
Solder . . . 87 | 2 | 109 | 4508 | 270

an interesting volume by Kintaro Oshima, and published 2 in
the English language
As s well known, the great majonty of the people of Japan

1 Average weight of twenty subjects

9 A Digest of Jupanese Investigations on the )\umunn of Man  Bulletn
Ro, 159, Office of Stations, U § 190
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diet, the value of which in proteid and calories was at as
low o lovel as was atteined in our experimental studies.
The rock of starvation, however, was not touched or even
sighted by tho voyagers down this stream of nutrition,
We may all agree that it would be preferable, as a rule,
to acquire the proteids, Ints, and carbohydrates of our diet
from a greater variety of sources than did the fruitariang; we
might well complan at a dietary so limited in quality; but
the point to be emphasized is that the low intake -of proteid
and the low fuel value were quite adequate for meeting thn
needs of the body. “It is a difficult matter,” says Professor
Jaffs, “ to draw any general conclusions from the foregoing
dretaries without being unjust to the subjects. It would ap-
pear, apon ining the ded dats and paring the re-
sults with commonly accepted standards, that all the subjects
were decidedly undernourished, even making allowances for
their hight weight. But when we consider that the two adults
have lived upon this dict for seven years, and think they are
m better health and capable of more work than they ever
were before, wo hesitate to pronounce judgment. The three
children, though below the average 1 height and weight, had
the appearance of health and strength. They ran and jumped
and played all day like ordinary healthy children, and were
smd to be unusually free from colds and other complaints
common to childhood.”

Turning now to a larger community, — the island nation of
Japan,— whose exploits in war have recently attracted the
attention of the civilized world, we find a people the great
majority of whom have remaned untouched by the prodigality
of western civilization, and whose cnstoms and habits still bear
the imprint of stmplicity and frugality. After the restoration
of Japan and the reorg of the gov in 1867,
much attention was directed to the methods of living and to
the dietary habits of the people, with the result that during
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the last twenty-five years there have been slowly accumu-
lating many impertant data beanng on the food consumption

of the people, These have recently been brought together in
‘Digeatille Kutnents and Energy per Man
Bubjects, Bodye yer e
weigit.
ron | v | S | R
Xilor | groma | groms | grems | oxlories

Bchoot business agent. 576 653 n3 4938 2467
Phymcian . ., vee | 818 so | 4035 | 2015
Merchant 4716 | 815 | 195 | 30062 | 2082
Bleducal student w00 | 748 | mnz | 50 | 1311
Medical student s | 617 51 | 4898 | =05
Military cadets 728 | 117 | 6181 | soet
Prisoners without work | 4760 | 363 56 | se04 | 1
Prisoners at light work 4301 | 431 6z | 4139 | 212
Trisoners at hard work 87 75 6108 2884
Phywcian 42 | 433 | 155 | 4882 | zo01
Hygienle sssutant 405 | 466 | 197 | 4853 | 2130
Medical student 810 | 428 | 140 | 4382 | 2163
Police prisoners . . e | 27 87 | 8813 | 186
Army surgeon . s10 | 793 | n7 | 20 | 267
Soldier c . 67 | 58 | 185 | 8638 [ 2808
Soldier . . . 610 | 688 | 113 | 4678 | 2530
Solder . . . 57 | ss2 | 100 | 4506 | 21

an interesting volume

by Kintaro Oshima, and published % in

the Enghsh language.
As 13 well known, the great majonty of the people of Japan

3 Aversge weight of twenty subjects
7 A Digest of Japanese Investipations on Ihe!\utriuon of Man

Wo, 159, Office of
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1905,
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live mainly on a vegetable diet. It is also known to physi-
ologists at least that Jay dietaries nre chameterized by
a relatively small amount of proteid, though since the pas-
sage of the Food Supply Act of the navy in 1884, the proteid-
content of the navy mtion has been decidedly inereased, It
will be interesting to note o few of the 1csults collated by
Oshima, and some of the conclusions that he draws from the
data presented. The foregoing table shows a few of the more
striking results of the dietary studies obtained with various
classes of people, where the food used was largely vegetable,
but generally with some admixture of fish or wmeat, "

The figures presented, which represent the actual amounts of
food consumed, with proper correctton for the indigestible por-
tion, show a much smaller intake of proteid thanis common
with European and American people; indeed, both proteid and
fuel value are very much less thun common practices eall for
among western peoples, even when due allowance is made for
differences in body-weight. To quote from Oshima, * Prob-
ably the most interesting of the dietary studies are thoso with
poorer classes, which comprise by far the larger part of the
population. The dietaries of the miscellancous class, fnelud-
ing employees, T ete. ted largely of vegetable
foods and supplied on an average 59 grams of proteid and
2190 ealories of energy per man per day.” Especially sug-
gestive were the results of a study made with a military
colonist, & type of man vely common in Japan; in reality
farmers who hive at home, but have military drill at certain
fixed times. The subject was carefully selected under advice
of officers in charge of the district, and weighed 59.9 kilo-
grams, His diet consisted solely of cereals and vegetalles,
being )dentical with that of the people in the rurel districts of
Japan. His datly food was found to be composed of 46.3 grams
of digestible proteid, with a fuel value of 2708 calories,

Even moro striking were the results obtained in a study of
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the dietary habits of three healthy natives of Formosa, em-
ployed as day laborers at the military hospital. 'They weighed
respectively 609, 55, and 548 kilograms. The main portion
of their diet was rice, supplemented, however, by a littls salt
fish, salted melon, spumach, ginger, and greens The daily
amount of proteid ingested was 48 0 grams (37.4 grams of
digestible proteid), with a total fuel value of 1948 calories,
A composite sample of urine covenng seven days showed an
average daily output of metabolized mtrogen of 6 93 grams,
corresponding to a breaking down of 43 3 grams of proteid.

Especnlly interesting also 1s a senes of experiments with
professional men, reported by Oshuma, 1n wlich attention was
paid to nitrogen balance. The following table shows the
essential results:

Digastitle Nutrienta and Baergy pet Mea per Day
Charsrter

Boay.
Sabiest | oot | otFoed

Carbo- | Fual | Nitrogen
Proteld | Pat | yydrate | Value | Balance

Tios eruoe | grame | grams | calories
XE | 43t [ mzeddiet) 727 183 3807 2001

S A ) 195 |mixeddiet| 608 | 202 ] 4107 | o2:2
MK 429 | mixeddet | 614 85 368 2028
NK 432 [ mreddiwt | 028 87 4332 2198
N K} 430 | vegetable 085 197 4330 2303
N K. | 419 | vegetsble | 348 88 | 3910 | 18

+ o+ o+ o+

i

NK 424 | vegetable 405 B7 4826 200 +
S A [ 406 | vegetable | Si4 76 | 4519 | emg -

S A | 439 | vegerble | 43 91 | 8000 | 2376 +

It is to be observed that in all of the nbove experiments,
excepting two, the subjects gained nitrogen even with the low
proteid ntake and the small fuel value of the day's food.
Particularly noteworthy, in harmony with previous state.
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ments, aro the results of the sixth and seventh experiments.
In the sixth experiment, the subject was not able to maintain
nitrogen equilibrium on a diet containing 36.8 grams of diges-
tible proteid and having a fuel value of 1825 calories, but by
raising the intake of carbohydmte food (seventh experiment) to
462 grams daily, thereby increasing the fuel value of the daily
ration to 2200 calories (with & slight increase in the proteid
incidental thereto), the body was able to change its previous
loss of nitrogen into a gan; in other words, the added ear-
bohydrate served s a protector of proteid.

The series of experiments as a whole, however, is to be con-
sidered in the hight of additional data bearing on the dietary
customs of & people who for generations have apparently lived
and thrived on a daily ration noticeably low in its content of
proterd, as well as low in 1ts calonfic value. As Oshuma
states, “ It is probably fair to infer that the amount of pro-
teid in the dietaries of the classes hiving largely on vegetable
foods (and they constitute the Jatger part of the population)
may not be very far from 60 grams per day,” or 45 grams of
digestible proteid. It 1s reasonable to assume that the people
live in this way from force of habit or of necessity, and we
may agree with Baelz, a professor connected with the medical
faculty of Tokyo Umverslty, “ that their diet is sufficient
from a physiological 32 ?  Doubtless a mixed diet,
with a larger proportion of animal food, did their means
readily permat, would offer some advantages from the stand-
point of palatability and variety, but it 1s questionable if any
material gain 1o health or strength would result. «It is
sometimes remarked,” says Oshima, «that the peasants in
the rural districts of Japan, living largely on vegetable food,
are really healthier and stronger than people of the better
classes, who live on 2 mixed diet, and the better physicnl
condition of the former is commonly believed to be due to
their diet.” This, however, is o difficult matter to decide,
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since there are so many other factors that are Lible to play a
paxt, such s the general condations of Lfe which are so widely
different in the two classes

It is plamly evident that the daily diet of the great bulke
of the Japanese people has been characterized by a very low
proterd standard, ag contrasted with the standards and usages
of the majonty of European and American people. The fact
is brought forward merely as confirmatory evidence, on s
large scale, of the perfect safety of lowenng the consumption
of proteid food to somewbeze near the level of the physiolog-
ical requuretnents of the body Generations of low proteid
feeding, with the temperance and simpherty 1n dietary matters
thereby amplied, have certunly not stood 1n the way of phe-
nomenal development and advancement when the gateway
was opened for the ingress of modern ideas from western
civilization. Many changes are sure to follow in the foot-
steps of the mation’s progress, and among these 1t 13 safe to
prophesy that as public and private wealth, and resources in
general, increase, the dietary of the people will gradually
assume a Wore varied character with corresponding increase
in volume. Whether such a change will prove of real benefit
to the race, time alone can determine

Having said so much concerning the Japanese, it is proper
that o few additional statements should be made. The
stature and general physique of the people could be advan-
tageously improved. Is this a question of dietary, or 15 it
connected with some eondition of kife on which the daily food
has no bearing; or is 1t, perchance, a racial characteristic so
deeply ingrined that cond of are without
noticeable influence? These questions cannot be definitely
answered at present.  Fimally, we may call attention to the
dietary changes inaugurated in recent years in connection
with the new organization of the imperisl army and navy.
With a miew to increasing the efficiency of the men, following
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ments, are the results of the sixth and seventh experiments.
In the sixth experiment, the subject was not able to maintain
mitrogen equilibrium on a diet containing 36.8 grams of diges-
tible proteid and having a fuel value of 1825 calories, but by
raising the intake of carbohydmte food (seventh experiment) to
462 grams daily, thereby increasing the fuel value of the daily
ration to 2200 calories (with a shght increase in the proteid
incidental thereto), the body was able to change its previous
loss of mtrogen into a grin; in other words, the added car-
bohydrate served as a protector of proteid.

The senes of experiments as a whole, however, is to be con-
sidered in the light of additional data bearing on the dietary
customs of & people who for generations have apparently lived
and thrved on a daily ration noticeably low in 1ts content of
proterd, as well as low in its calorific value. As Oshima
states, “ It is probably fair to infer that the amount of pro-
teid in the dietaries of the classes living largely on vegetable
foods (and they constitute the larger part of the population)
may not be very far from 60 grams per day,” or 45 grams of
digestible proteid. It is reasonable to assume that the people
live m this way from force of habit or of necessity, and we
may agree with Baelz, a professor connected with the medical
faculty of Tokyo University, *that their diet is sufficient
from a physwological standpoint.” Doubtless a mixed diet,
with a larger proportton of animal food, did their means
readily permit, would offer some advantages from the stand-
pomt of palatability and variety, but it 1s questionable if any
matenal gan in health or strength would result, “It Is
sometimes remarked,” says Oshima, *that the peasants in
the rural districts of Japan, living largely on vegetable food,
are really healthier and stronger than people of the better
classes, who hve on a mixed diet, and the better physical
condition of the former is commonly believed to be due to
their diet.” This, however, is & difficult matter to decide,
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of the rice was replaced by bread and other articles, and
with better hygenic conditions, this diease immediately
began to disappear, and during the sit years after the adop-
tion of the new diet only 16 per cent of the mannes were
affected by the disease. Later on, hardly more than two
or three cases a year were recorded Advocates of a high
proteid diet bring forward this illustration a8 an evidence of
the danger conmected with a lowered proteid 1ntake, i e.,
that the nutrition of the body will be impaired and diseases
of various sorts liable to follow. Yet, Oshima 13 very careful
to state, * It should be especially noted that here no attempt
has been made to mdicate the canse of benben or the relation
between the disease and the diet.”” That nice w itself can be
a cause of the disease 15 not to be considered for a moment.
Further, so far as any facts are concerned, the writer can ses
no ground for considering that a low rate of protexd metabo-
Lsm has in itself any direct connection with the disease.
From a dietary standpoint, 1t seems far more plausible to
assume that the great restriction m vanety of foods, so strik-
ingly mamifest 1n the dietary of the poorer people of Japan,
results 10 a lack of some one or more elements which con-
duces to the disease, just as 1 seurvy the lack of fresh
vegetables on long voyages was Lable to be followed by an
epidemic of this disease.

Consider the natural character of the dietary of the great
bulk of the Japanese people, determined as it was by adverse
financial exrcumstances. As Oshima states,  The rural popu-
lation of the intenor depends very largely or entirely upon a
vegetable diet. Fish 1s eaten perhaps once or twice a month,
and meat once or twice a year, if at all  The poorer working
classes in the cities also use very httle amimal food, But the
poorer classes in the city and the peasantry of the rural
districts compnse nearly 75 per cent of the total population,
and it is therefore safe to assume that this proportion lives

15
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the customs of other countries, an act was passed increasing
the amount of proteid food in tho navy dietary. Oshima’s
report of the various steps taken to accomplish this end, with
the results that followed, is interesting in soveral ways.

“ A large part of the rice was to be replaced by bread, and
meats were to be used liberally. Tho experience, during the
first year that this mtion was tried, indicated that bread and

meat could not be advantageously substituted i diatety for
the rice, becauss most of the marines were unaccustomed to
these food materals ; cquently, 2 modification of the ration

was introduced in 1885 whereby n rice-barley mixture was
adopted m placo of the bread. Barley was considered a that
time as a botter article of food than rice, on account of its
bigher proteid content, but later investigations showed that
the digestibility of the nutrients of baley was small. In 1886,
an effort was again made to substitute bread for the rice-barley
mixture. In 1890, the ration allowance was reduced by one-
fifth and an amount of money equivalent to the cost of the
reduction in diet was given to each marine with which to buy
accessory food according to lus own choice. In 1898, the re-
duction was made one-tenth, instead of one-fifth as m pre-
vious years. In 1900, the cash allowance was abolished and a
new ration adopted.” This ration contzins about 150 grams
of proted (animal and vegetable food) and has a fuel value of
over 3000 calories. In all of these changes, the proportion
of rice was greatly reduced.

Trobably, one of the chief reasons why persistent efforts
were made to improve the dietary of the navy was the prova-
lence among the men of the disease known as bemberi,
#While no satisfactory explanation as to the cause of the
disease was offered, it was generally believed that there was
some very close relation between the disease and the rice
diet ” (Oshima), During the years 1878-1883 inclusive, nearly
33 per cent of the marines suffered from beriberi. With tho
adoption of the new ration in 1884, in which o large part
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of the rice was replaced by Lread and other articles, md
with better hygienic d tlus discase

began to disappear, and during the sic years after the adop—
tion of the new diet only 16 per cent of the marines were
affected by the discase. Later on, hardly more than two
or three cases s year were recorded. Advocates of a high
proteid diet bring forward ths illustration as an evidence of
the danger connected with a lowered proteid intake, f.e.,
that the nutmition of the body wall be impaired and diseases
of varjous sorts hable to follow. Yet, Osluma 1s very careful
to state, “ It should bo especially noted that hers no attempt
has been made to indicate the cause of beriben or the relation
between the disease and the diet.” Tlat nce m itself can be
& cause of the disease 19 not to be considered for & moment.
Further, o far as any facts are concerned, the wnter can see
1o ground for considening that a low rate of proteid metabo.
lism has in atself any direct connection with the disease,
From a dietary standpoint, it seems far more plausible to
assume that the great restriction in variety of foods, so stnk-
ingly manifest in the dietary of the poorer people of Japan,
results in o lack of some one or more elements which con-
duces to the disease, just as in seurvy the lack of fresh
vegetables on long voyages was lable to bo followed by an
epidemic of this disease.

Consider the natural chamcter of the dietary of the great
bulk of the Japnese people, determined as it was by adverss
finaneial eircumstances. As Oshima states, * The rural popu-
lation of the interior depends very largely or entirely upon a
vegetable diet  Fish 1s eaten perhaps once or twice a month,
and meat once or twice a year, if at all. The poorer working
classes 1n the cities also use very hittle animal food. But the
poorer classes in the city and the peasantry of the rural
chstricts comprise nearly 75 per cent of the total population,
and it is therefore safe to assume that this proportion lives

15
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chiefly, or wholly, upon vegetable diet. And this, it may be
observed, means vegetarianism litemlly. The so-called lacto-
vegetarianism is unknown in Japan. Cows are scarce, and
milk and other dairy products ar¢ expensive, and such as
are available are consumed almost entirely by the wealthier
people in the cities.” It is also to be noted that the amount
of fat in Japanese dietaries is very small. The reported
data 1ndicate that the usual vegetable dietaries contain only
about 10 grams of fat per day, while even in the sverage
mixed dietaries the amount rarely rises above 20 grams per
day. In other words, the ordinary food of the Japanese was
characterized by great lack of variety, and with such a pre-
ponderance of carbohydrate materials of a limited kind that
16 18 easy to conceive of o possible dearth of some essential or
accessory element, necessary for the preservation of that nutrt-
tive balance which aids in protection against disease,

If the resistance of the body to disease germs and toxic
influences in general is really diminished by reducing the
consumption of proteid food below the set dietary stand-
ards, then obviously here lies a tangible reason for the main-
tenance of a lugh proted intake. I know of only one series
of scientific observations that bears directly on this question.
Dr. Reid Hunt of Washington has studied recently the power
of resistance to the poison acetonitrile of anmals kept for
some time upon a reduced proteid diet. My experiments,”
says Dr. Hunt, “ showed in all cases that'the resistance was
much mereased.” In other words, the animals that had been
fed a low proteid ration were able to endure a much larger
dose of the poison than corresponding animals on their custo-
mary diet; * they resisted 2-3 times the ordinary fatal dose
of acetonitrile” This general subject, however, is obviously
a very important one, and ments further experimental study

under a diversity of conditions.
In conclusion, the facts here presented bearing on food re-
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quirements, especially thoso (hat relate to the need for proteid
food, are ingly } 1 indicating that the physio-
logical necessities of the body are fully mef. by a much mare
temperate use of food than is commonly practised. Dietary
standards based on the habits and usages of prosperous com-
munmes are not 1n accord with the data furmshed by exact

p 1

exp Nitrogen eq ium can bo
m:un(:nmcd on quantities of proteid food fully fifty per cent
less than the every-day babuts of mankind imply to be neces-
sarg, and this without i ing undaly the P of
non-nitrogenous food. A dmly metabolism of proterd matter
equal to an exchange of 0.10-0 12 gram of mitrogen per kilo-
grem of body-weight is quite adequate for physiological
needs, provided a suffi amount of g foods
—fats and carbohydrates —1s taken to meet the energy re-
quirements of the body

The long. on many idividuals, rep-
resentmg dAﬂ'erent types nnd degrees of ncmuty, all agres
m g that equbbrium can be

on these smﬂller quantities of food, and that heelth and
strength ean be equally well preserved, to say nothing of
possible tmprovement. The hfelong expenence of individu-
als and of affords eor avi-
dence that there 15 perfect safety m & closer adherence to
phystological needs 1n the nutrnition of the body, and that these
needs, so far as proteid food is concerned, are 1n harmony with
the theory of an endogenous metabolism, or true tissue metab-
olism, 1n which the necessary proteid exchange 1s exceedingly
limited in quantity. There are many suggestions of improve-
ment in bodily health, of greater efficiency 1n working power,
and of greater freedom from disease, in a system of dietetics
which aims to meet the physiological needs of the body with-
out undue waste of energy and unnecessary drun upon the
funetions of & , absorption, ion, and k
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in general ; & system which recognizes that the smooth run-
ning of man’s bodily machinery calls for the exercise of rea-
son and intelligence, aud is not to be intrusted sclely to the
dictates of blind instinct or to the leadings of a capricious
appetite. -



CHAPTER VII

THE EFFECT OF LOW PROTEID DIET ON HIGIH
PROTEID ANIMALS

Torics A wide vanety of fools quite consistent With temperance 1
diet. Safety of low proteid atandards conndered. Arguments based
on the alleged efecta of low proterd diet on high protesd axmaly
Faperiments of lmmanuel Musk with dogs  Expenments of osen-
bem Experiments of Jagerroos Comments on the above expen-
ments The experiments of Watson and Hunter on yats  The
wniter’s expeniments with dogs  Details of the results obtained with
mxdogs Companson of the resuits with those of previous yavestiga-
tors  Effect of a purely vegetable diet on dogs  Different nutntive
value of apecific proteids considered  Posaible influence of difference
1n chemacal constitution of mdinidual proteids  Effect of low proterd
ieb on the absorplion and ubhzation of food matenals w the wtesting
of dogs General conclusiona from the results of expeniments with
ammals

AN 13 by choice an omnivorous creature; he reaches

out ordiparily 1n all duections for as wide a vanety

of foods as hus errcumstances and surroundings willallow  Ile
rightly cultivates a taste for foods that have mdividuality of
flavor, and denives pleasure and satisfaction from the eating
of delicacies that appeal to palate and to reason, Al thus he
can do without becoming an epicure or & glutton, and without
violatton of physiol 1 Jaws or disregard of the teacl

g3 of
temperance  Asa being endowed with reason and intelhgence
he is, however, necessanly mindful of the possible delcterious
effect of undue quantities of f0od, as he 13 Likewise mindful of
the desirability of avording cextain varieties of food which per-
sonal experience has taught him are fraught with possible
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danger. Care and prudence in diet are legitimate outcomes
of a reasonable interest in the welfare of the body, upon which
50 largely depend the happiness and working power of the
individual,

The adoption of dietary habits that aim to sccord with
the physiological requirements of the body does not compel 2
crucifying of the flesh or a disregard of personal likes and dis-
likes. A re, ble intelligence combined with a disposition to
exercise the same degree of judgment and care in the nutrition
of the body as is expended on other matters, of no greater im-
portance, pertaining to the individual, to the household, or to
business interests, are all that is needed to bring about har-
mony between every-day dietary habits and the nutritive re-
qurements of the body. There is no occasion, unless one
finds pleasure and satisfaction in so doing, to resort to a lim-
ited dietary of nuts and fruits, to become an ardent disciple of
vegetarianism, to adopt a cereal diet, to abjure meats entirely,
or to follow inan intensive fashion any particular dietary
hobby, except so far as may bo necessary to insure an ade-
quate amount of non-nitrogenous foods to meet the energy
requirements of the body without unduly increasing the in-
take of proteid or nitrogenous food. Naturally, a man leading
a hife of great physical activity with the consequent demand
for a large energy-yielding intake will be compelled to resort
largely to vegetable foods, rich in starch and poor in proteid,
or to eat largely of fatty foods. Reliance on meats and ani-
mal faods in general, under such conditions, would plunly
involve a high proteid mntake with a consequent high nitro-
gen metabolism, with the chance that even then the emergy
requirement would not be fully met.

In view of all that has been said, reinforced by the various
facts brought forward as evidence, ™o must recognize the
value of the non-nitrogenous foods as a source of energy, and
this means plainly food from the plant kingdom. In any
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rational diet, vegetable foods of low nitrogen-content must
predominate, while ammal foods with their higher mitrogen
values must be greatly subonlinate in amount, if the mtrogen
or proteid metabolism of the body 13 to be maintained at a
level te with true physiological req

But there comes the ever-recurring question, Are the lower
proterd standanls quite safe to follow?  Aro we warranted in
turning aside from the teachings based on the habits and
customs of mankind? Many reasons have rlready been pre-
sented which seemingly justify an aflirmative answer, while
the experimental results and the olservations on various
groups of people, covening years of time, speak with no un-
certainty regarding the element of safety, and 1ndieate clearly
that the absolute protexd requirement of the body 1s quite
emall, much smaller ndeed than the amount of proterd
food consumed by the average ndividual would seemmngly
mply.

Probably the most striking evidence, certanly of an experi-
mental nature, so far presented aganst the safety of a rela-
tively low proterd diet for man 18 that based on the results of
several studies made to ascertun the effect of o reduced
proteid mtake on so-called high proterd animals Ammal
kind may be divided mnto three groups according to the nature
of their food, viz., gh proteid feeders, such ns carnivorous
ammals m general, of which the dog 1s a good type; om-
nivorous or moderate proteid consumers, to which class man
belongs; and low proteid consumers, such as herbivorous
animals, Three series of experiments have been reported by
independent workers on the effects of reducing the amount of
proteid food 1 the diet of dogs. The results of thess experi-
ments wers of such a character that 1t has come to be under-
stood that ammals of this type catnot exist for any great
length of time on & low proteid diet. It is affirmed that in a
relatively short period the animals reach such a state that
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they either die, or are in such poor condition that they must
be fed a more liberal amount of proteid to maintain them
alive. The explanation offered is that the low proteid dies
vesults “in o loss of the power of absorption from the intesti-
nal tract, caused apparently by a change in the condition of
the epithelial cells, as well as by a dimimished secretion of the
digestive juices.”

The argument based on this evidence is that while a high
proteid animsl feels at once, or almost immedintely, the del-
etenious effect of a reduction in the amount of proteid food,
an omnivorous animal may be more tardy in manifesting the
injurious action, which, however, is sure to follow sooner or
later from any matenal reduction of proteid below the cus-
tomary standards, In other words, man as a moderate proteid
consumer can endure for a time even large reductions in the
amount of proteid food, but eventually there will be manifested
some of the disastrous results obtained with dogs. Here, we
have a somewhat serious indictment, one that merits careful
consideration. To be sure, it may be objected that between
dog and man there is a wade gulf, and that there is no justsfi-
cation for assuming that these two types of animel life have
anything in common. Still, the experience of many years
has taught the physiwologist that much Iight can be thrown
upon the processes of higher types of life by a study of what
oceuts in Jower forms, and on the subject of nutrition any
one of experience would hesitate to cast out of cowrt the
evidence gathered from observation of what occurs smong
the lugher animals. It will be the part of wisdom, therefore,
to serutinize somewhat carefully the eharacter of this evidence
obtaned from a study of the behavior of dogs toward 2 low
proteid diet

The first series of experiments was made in 1891 by the
late Immanuel Munk of Berlin, privat docent of physi

ology at the University, followed by further experiments in
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1893 Four dogs in all were studied. The diet made uso of
was* fleischmehl ” (dried meat ground toa ponder), fat (suet),
and nice boiled together with water. We may refer briefly to
the detmls of one experrment The dog weighed 10.4 kilo-
grams, and at first was given o daly diet composed of 85
grams of nice, 20 grams of fat, and 30 grams of the flesh
meal. This ration contaized 80 3 grams of proteid, 31 grams
of fat, and 66 grams of carbohydrate, with a total fuel value
of 663 calories, or 63 calories per lulogram of body-weight.
On this duet, there was at the outset a slight loss of body-
weight, after wluch both body equilibrium and nitiogen equi-
briem were | . After this prel y
period of three w\eeks, the day's dict was nltered by replacing
15 grams of the proteid by 15 grams of rice, so that the daly
ration consisted of 158 grams of proted (with 242 grams of
nitrogen), 31 grams of fat, and 81 grams of carbohydrate,
with essentially the same fuel value per kilo of body-weight
88 before. Later, the fuel valus of the food was further
inereased by raising the amount of rico to 125 grams per day,
the day’s ration then consmisting of 15.5 grams of proteid, 87
grams of fat, and 96 grams of cabohydrate, with a total
fuel value of 780 physwolagical heat umts, or 78 calories
per kilo  On this diet, mtrogen equibbrinm was muntained
and the anunal guned somewhat m boly-weight, By the
seventh weck, however, Munk reports that the animal began
to show signs of change ; thers was loss of appetite, absorption
of the daily food was impaired, both proterd and fat fmling in
large degree to be utilized, while mtrogen equilibrium could
no longer be maintuned. This condition continued during
the next week, aggravated by vomiting and accompanied by
loss of strength and vigor. At the beginmng of the tenth

1 Ueber die Folgen emer ausrexchenden, aber eiweissarmen Nahrung Ein
Beftrag zur Letire vom iwerssbedarf Virchow's Arhiv fur pathologische
Anatomie und Phyniologie, Band 132, p. 91
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they either die, or are in such poor condition that they must
be fed a more liberal amount of proteid to maintain them
alive. The explanation offered is that the low proteid dies
results “1n a loss of the power of absorption from the intesti-
nal tract, caused apparently by a change in the condition of
the epithelial cells, as well as by a diminished secretion of the
digestive juices.”

The argument based on this evidence is that while a kigh
proteid animal feels at once, or almost immediately, the del-
etertous effect of a reduction in the amount of proteid food,
an omnivorous animal may be more tardy in manifesting the
njurious action, which, however, is sure to follow sconer or
later from any material reduction of proteid below the cus-
tomary standards, In other words, man as a moderate proteid
consumer can endure for a time even large reductions in the
amount of proteid food, but eventually there will be manifested
some of the disastrous results obtained with dogs. Here, we
have n somewhat serious indictment, one that merits careful
consideration To be sure, it may be objected that between
dog and man there is a wide gulf, and that there is no just:fi-
catton for assunung that these two types of animal life have
anything in common. Still, the experience of many years
has taught the physiologist that much light can be thrown
upon the processes of higher types of life by a study of what
ocems in lower forms, and on the subject of nutrition any
one of experience would hesitate to cast out of court the
evidence gathered from observation of what occurs among
the higher animals, It will be the part of wisdom, therefore,
to serutinize somewhat carefully the character of this evidence
obtained from a study of the behavior of dogs toward a low
proterd deet.

The first series of experiments was made m 1891 by the
late Immanuel Munk of Berlin, privat docent of physi
ology at the University, f 1 d by further experi: in




EFFECT OF LOW PROTEID DIET 233

18931 Four dogs in all were studied. ‘The diet made use of
was* fleischmehl ™ (dried meat ground to a powder), fat (suet),
and rice boiled together with water. We may refer briefly to
the details of one experiment The dog weighed 104 kilo-
grams, and at fint was gien a duly dict composad of 83
grams of rice, 28 grams of fat, and 30 grams of the flesh
meal. This ration contaited 30 3 grams of protewd, 31 grams
of fat, and 66 grams of carbohydrate, with a total fucl valuo
of 663 calorses, or 63 calortes per kilogram of body-weight.
On this diet, there was at the outset a shight loss of body-
weight, after which bolh body equlibrrum and nitrogen equi-
brium were p d. After this p Ag
period of three weeks, the day's diet was altered by replacing
15 grams of the proteid by 15 grams of nee, so that the daily
ration conusted of 153 grams of proteid (with 242 grams of
nitrogen), 31 grams of fat, and 81 grams of carbohydrate,
with essentially the same fuel value per kilo of body-weight
08 before. Later, the fuel value of the food was further
increased by raising the amount of rice to 125 grams per day,
the day’s ration then consisting of 1565 grams of proteid, 87
grams of fat, and 96 grams of caibohydrate, with a total
fuel value of 780 physiological heat units, or 78 ecalones
per kilo. On tlus diet, nitragen equilibrium was maintained
and the ammal guned somewlat in body-weight. By the
seventh week, however, Munk reports that the ammal began
to show signs of change ; there was loss of appetite, absorption
of the daily food was impaired, both proteid and fat fading m
large degree to be utilized, while mtrogen equilibrium could
no longer be mai d. This d d during
the next week, aggravated by vomiting and accompanied by
loss of strength and wigor. At the beginmng of the tenth

1 Ueber die Folgen einer anvreichenden, aber elweissarmen Nahrung Ein
Beltrag zar Lehre vomn Liweissbudart  Virchow's Archir fur pathologlsche
Anstomie und Physlologe, Band 182, p 91
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they cither die, or are in such poor condition that they must
be fed a more liberal amount of proteid to maintain them
alive. The explanation offered is that the low proteid dies
results “in o loss of the power of absorption from the intesti-
nal tract, caused apparently by a change in the condition of
the epithelial cells, as well as by a diminished secretion of the
digestive juices. ”

The argument based on this evidence is that while a high
proterd animal feels at once, or almost immediately, the del-
eterous effect of a reduction in the amount of proteid food,
an omnivorous animal may be more tardy in manifesting the
wnjurions action, which, however, is sure to follow sooner or
later from any materal reduction of proteid below the cus-
tomary standards. In other words, man as s moderate proteid
consumer can endure for a time even large reductions in the
amount of proteid food, but eventually there will be manifested
some of the disastrous results obtained with dogs. Here, we
have & somewhat serious indictment, one that merits careful
consideration. To be sure, it may be objected that between
dog and man there is a wide gulf, and that there is no justifi-
cation for assuming that these two types of animal Iife have
anything in Still, the experi of many years
has taught the physiologist that much light can be thrown
upon the processes of hgher types of life by a study of what
occurs m lower forms, and on the subject of nutrition any
one of experience would hesitate to cast out of court the
evidence gathered from observation of what occurs among
the higher animals. It will be the part of wisdom, therefore,
to serutinize somewhat carefully the ch of this evidence
obtained from a study of the behavior of dogs toward 2 low
proteid diet.

The fust series of expemments was made in 1891 hy the
late Immanuel Munk of Berhn, privat docent of physx
ology at the University, foll d by further experi in
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calories and 2 525 grams of nitrogen doily. The food as then
given was composed of 170 grams of rice, 50 grams of fat, and
25 grams of chopped meat, on which the dog gained weight and
preserved mtrogen equilibrium. For six weeks, or there-
abouts, the ammal d its normal dati after
which it began to show symptoms of a general disturbance,
with lack of appetite and weakness accompaned by a condi-
tion of 1cterus. Addition of meat extract to the diet to um-
prove the flavor was without any appreciable effect. During
the next two weeks, the condition of the animal steadily grew
worse, although the body-weight remained practically station-
ary and mitrogen equhbrium was mantamned, A week later,
the animal died 1n 2 condition of exhaustion, without having
manifested any symptoms of disturbed metabolism. There
was found & marked catarrhal condition of the mucous mem-
brane of the gastro-intestinal tract, with a fatty degeneration
or ploss of the glandular apy but pothing suffi-
ciently speeific to account for the peculiar manner of death,
A second expeniment with a dog of 5 8 kilograms, fed on
meat, fat, and nece, led to essentially the same results as the
preceding experiment., At the end of the first month, there
appeared 1ndications that the anwmal was not well, loss of ap-
petite bemg marked, with disturbance of the stomach accom-
pamed by occasional vomiting. ‘These symptoms disappeared
quickly when the animal was given for a few days large
of meat. On ing to the original low proteid
diet, with 1ts large content of rice, the symptoms gradually
reappeared At the end of two months the animal had again
lost 1ts appetite, and before the end of the fifth month the
subject was dead. Post. t tion showed especiall
a strong fatty degeneration of the epithelial cells of the
mucous membrane of the stomach and mtestine, Rosenbeim
concludes that a diet poor 1n proteid is unhealthful for dogs,
&nd that a daily ration contumng even 0 32 gram of nitrogen
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week of this low proteid ration, the animal was in & very poor
condition, with complete loss of appetite, little inclination to
take food, ete. On feeding a liberal diet of fresh meat, as
much as 230 grams per day, with some fat (50 graws a day),
the animal speedily recovered its appetite, and in a short
trme was in normal condition, absorption of food and utiliza-
tion of the same being as complete as at the beginning of the
experiment.

It is not necessary to give further details bearing va the
three additional experiments. It will suffice to quote the
general conclusions which Munk drew from the various re-
sults obtamed, viz., that a low proteid intake in the case of
dogs causes a loss of appetite, weakness, vomiting, ete., while
body-weight and mtrogen equilibrium a1e difficult or impos-
sible to maintain. More specifically, Munk's observations led
him to state that for dogs of ten kilograms body-weight a duly
intake of 0255 gram of nitrogen per kilo of body-weight is
not sufficient to maintain the normal condition of the body,
even when the fuel value of the day’s food amounts to more
than 100 calores per kilo.  In order to have the animal con-
tinue in mtrogen and body equilibrium, the daily food must
contain at least 081 gram of nitrogen per kilogram of body-
weight, with sufficient non-nitrogenous food to yield over
100 calories per lulo,

Let us now pass to the experi made by Rosenheim,!
which were carned on at about the same date as Munk’s, In
the first experiment, the dog weighed 11.3 kilograms, and was
fed daily o low proteid ration having a fuel value of 1447.
calories and containing 2.825 grams of nitrogen  This ration
was reduced in a short time to astill lower plane, viz., to 1066

1 Theodor im» Ueber den Einl
armer Nahrung DuBois Reymond's Archrv fur Physiologie, 1801, p 84l
Also, Werterer U uber die Nahrung

Piuger’s Areluv £. d gesammte Physwologie, Band 64, p 61, 1892
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calories and 2 525 grams of nitrogen daily. The food as then
friven was composed of 170 grams of rice, 50 grams of fat, and
25 grams of chopped meat, on which the dog gained weight and
preserved mitrogen equilibrium  For six weeks, or there-
abouts, the animal ined its normal d after
which 1t began to show symptoms of a general disturbance,
with lack of appetite and weakness accompamed by a condi~
tion of 1cterns. Addition of meat extract to the diet to im-
prove the flavor was without any apprecuble effect. Dunng
the next two weeks, the condition of the anmumal steadily grew
worse, although the body-weight remmned practically station-
ary and nitrogen equbibrium was mantained A week later,
the ammal died in 2 condition of exhaustion, wmithout having
any p of d boli There
was found a marked catarrhal condition of the mucous mem-
brane of the gastro-intestinal tract, with a fatty degeneration
or i of the glandular apparatus, but nothing suffi-
clently speeific to account for the peculiar manner of death.
A second experiment with a dog of 5.8 kilograms, fed on
meat, fat, and nce, led to essentially the same results as the
preceding expenment. At the end of the first month, there
appeared 1ndications that the ammal was not well, loss of ap-
petite being marked, with disturbance of the stomach accom-
panted by occasional vomiting, These symptoms disappeared
quickly when the amimal was given for a few days large
quantities of meat. On returmng to the onginal low proterd
diet, with 1ts large content of nce, the symptoms gradually
reappeared At the end of two months the animal had agam
lost 1ts appetite, and before the end of the fifth month the
subject was dead. Post-morter examnation showed especiatly
a strong fatty degeneration of the epithelnl cells of the
mucous membrane of the stomach and mtestime, Rosenheim
concludes that a diet poor 1 proteid is unhealthful for dogs,
and that a darly ration containing even 0 32 gram of mtrogen
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per kilogram of body-weight, and with a fuel value of 110
calories per kilo, is not sufficient to maintain the animal ina
condition of health.

The next series of experiments was made by Jigerroos ! of
Finland. This investigator was evidently impressed by the

f ble and haracter of the diet made use
of by the preceding investigators, and sought to introduce a
little variety, recognizing also that with a carnivorous animal
it 18 difficult to reduce the proteid to a low level and maintain
the necessary fuel value, without introducing foodstuffs ta
which the animal is wholly uncccustomed In the first ex-
periment, the dog had a body-weight of 5 77 kilograms, and
at the beginning was fed daily 40 grams of meat and 100
grams of sugar, equal to 031 gram of nitrogen and 80 calories
per kilo of body-weight. The expertment continued for eight
months, sugar being replaced 1n part by butter, and occasion-
ally bread, fat, and wheat meal being used in proper amount
to yteld the given nitrogen and fuel values. During the last
five months, the mtake of nitrogen per day averaged 0.29
gram per kilo, with a fuel value amounting to 89 calones
daily per kilo of body-weight. During this pertod, the animal
muntaned a plus mitrogen balance for a large part of the
time The experiment was then continued for two months
longer, with a gradual diminution in the nitrogen of the food
and m the fuel value, the animal dying at the end of the tenth

month,

In a second experiment, the dog made nuse of weighed at
the beginning 11.97 kalograms, During the first five months,
the average intake of nitrogen amounted daily to 0.29 gram
per Inlo, while the average fuel value of the food (meat, fat,
and sugar) was 76 calonies per kilo daily In the middle
of the seventh month the ammal was quite ill, with poor ap-

1B H Jagerroos Ucher die Folgen einer susreichenden, aber eiwessartien

Nerung  Skandiavisthes Archiy fue Phgsiologie, Band 13, p 375, 1002
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petite, vomiting, ete. Body-sweight began to fall off, and the
animal soon died. With both of these ammals, tho experi-
ment ended suddenly by a sharp and short 1llness

Jigerroos, however, behoved that both animals died from n

savere case of infection, and not as the result of the dimished
intake of proteid This view was fully substantiated, in his
optnion, by the evidence furmished on Lacteriological and mor-
phologmeal examination. Thers was no pathologeal alteration
and no fatty degeneration in the intestinal epithelium ; nothing
1o indicate any connection between the lowered proteid intake
and the death of the ammal To be sure, the long-continued
diet poor 1n mtrogen might have diminished the power of resist-
ance of the body, but no proof of tlus s offered  There was
ind.cated merely a simple infection, as shown by the presence
of Strep and B coh 1n the blood
But, as Jugerroos states, one might well conceve of a lowered
power of resistance on the part of the body, due not to any
change in diet, but to the long-continued confinement 1n a
cage with the enforced inactivity and lack of freedom Ttis
to be noted, furthermore, that here there was no sign of a
gradual and progressive weakemng of the body, no indication
of any disturl of the digestive tract with dimmnished
power of absorption of either fat or proteid.  On the contrary,
there was asudden and sharp attach of some infectsous disease
by which the emmals quickly suceurbed  Jagerroos was of
the opinion that in the absence of this infection the animals
would have continued to live for a long period of time,

Tf o low proteid dret works so mmunically on high proteid an1-
mals as Munk and Rosenheim thought, it would paturally Lo
expected that the small proteid ration followed so long by
Jagerroos would have resulted in the sppearance of marked
symptoms, at least a gradual and persstent falling off i
body-weight, inability to mantain nitrogen equilibrium, etc ;
at wone of these things occured. In Munk's first experi-
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ment, the animal was given no fresh meat whatever duriag
four weeks. Is it not quite possible that in the abrupt cutting
off of this wonted form of food a disturbance may have been
set up in the gastro-intestinal tract, which paved the way for
the more serious results that followed? Jigerroos used only
fresh, uncooked meat 1 his experiments, and laid great stress
upon the importance of not departing any more than was

y from the d form of diet. The writer is
strongly of the opinion that sufficient stress has not been laid
upon this phase of the subject. A satisfactory diet for dog as
for man must meet ordinary hygienic requirements ; it must
not only be sufficient in amount, but it must be easily digesti-
ble, of accustomed flavor, appealing to eye, nostrils, and palate,
with ble variation ionally and of moderate volume.
With due regard to these conditions, I behieve with Jagerroos
that not much attention need be paid to the proportion of
mtrogen therein, for however small the amount it will be
found sufficient to meet the needs of the body.

These are the results, collectively, so frequently used to
point 2 moral for man Beware of the possible danger of re-
ducing the consumption of proteid food below the commonly
accepted dietary standards! We must admit, however, that
there is a woeful lack of agreement in these results, and it is
difficult to prevent a shadow of doubt from creeping over us
as we try to depict for ourselves the way in which a low
proteid ration exerts its deleterious effect on dogs. I do not
believe that radical changes in diet, whether they involve in-
crease or decrease in total quantittes, or in specific elements
of the diet, can be made suddenly without danger of some
disturbance of the gastro-intestinal tract or other parts of the
economy, etther in dog or man. It 15 reasonable to believe
also that a high proterd feeder, like & dog, with his more him-
ited dietary, will be far more sensitive to great changes than
omnivorous man with his wider range of foodstuffs, RMore-
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over, there i3 just as good ground for believing that in any
ammal, excess of proteid 18 as dangerous as a low proteid diet,
Too great a disturbance 1 the nutnitive balance, whether 1t
involves excess or reduction 1n the amount of a given food-
stuff, is lable to be attended with sertous disturbance in any
sensitive orgamsm.
In illustration of these statements, we have somo recent
results obtained by Watson and Hunter! upon the influence
of diet on growth and nutnition  These investigators find that
young rats —two and a half months old —when fed upon a
diet composed ly of b flesh, which 1s chiefly pro-
teid matter with some fat, succumb very quickly, for some
Teason. Of fourteen young rats fed on tlus meat diet, s1x died
on the third day  On the morning of tlus day, as the authors
state, “ the rats appeared to be 1n thewr usual health, but an hour
after feeding one of them was lying on 1ts side appatently un-
conscions. In a few minutes others were affected. They
appeared to be paralyzed, they felt cold to the touch, exlubited
symptoms of tetany, and speedily became unconseious. Six
bed within halfan-hour. Of the der, some
showed sumlar symptoms, although 1n less degree, and they
recovered when the diet was changed to bread and slum milk.”
After two days of the so-called normal diet, composed of bread
and skum milk, the remaimng eight rats were again placed
on an exclusive meat diet They appeared now to have
acquired & certan degree of immunity, for althougl they ex-
lubited symptoms of deranged nutrition, these were gradually
recovered from and they gamed w weight, At the end of the
eighth month, five of the animals were still alive and i appar-
ent good health, but their growth was permanently stunted.
With an exclusive diet of ox-flesh, young rats were much

! Chalmers Watson, M D, and Andrew Hunter, MB  Observations on
Diet  The Influence of Diet on Growth and Nutriton Journal of Physe
ology, Vol XXXIV, p 112, 1908
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more liable to thrive, although their growth was distinetly
retarded.

This difference in the behavior of the animals towards the
two forms of proteid food is to be attributed to the fact that
ox-flesh contains more fat than horse-flesh, and consequently
the diet with tlns form of meat was less exclusively proterd
in character, Further, there were some indications that horse-
fles]; 1s less digestible than ox-flesh. Another fact, showing
the far-reaching effect of a distinetly unphysiological diet, is
the marked influence of pure meat food on the progeny.
Thus, of 93 rats born of meat-fed parents only 19 were nlive
at the end of two months, while of 97 young born of bread
and mulk-fed rats, 82 were alive and in apparent health at the
end of the same period.

As illustmating how foods that have, superficially at least,
approximately the same chemical composition may react dif-
ferently 1n theammal body we have the observations of Watson
on rats fed with porndge, made by boiling oatmeal with water
and skim milk, as contrasted with a diet of bread and skim
milk, the two diets having essentially the same composition.
Of fourteen young rats fed exclusively on porridge, all, with
the exception of two that were withdraswn, succumbed within
five months, while the bread and milk-fed animals thrived as
usual, Adult rats, however, can live for prolonged periods
and maintain their weight on a porndge diet. It is believed
that the difference in the behavior of young mts to these two
closely allied forms of diet,1s due to a difference 1n the diges-
tibility of the food, the porridge being presumably less readily
digested by the young anmals than bread. With the more
fully developed digestive powers of the adult animals, how-
ever, this difference 1 availibility practically disappears as a
potent factor 1 ther nutrition. Finally, mention may be
made of the fact that a pure mce diet, notably deficrent in
proterd, arrests the growth of young rats aund leads to a fatal
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issuo within three months, whils adult rats placed on suchn
diet lose weight rapidly and dic in about the same time, All
of these facts bearing on the nutntion of animals quite remote
from man have significance as showing Low any wide departure
from a physiological diet, for that particulm species or type,
may lead to very undesirable results, and they warn us not to
be too hasty in diawing f. 1 1 ping
deductions from o few expcnmenu with o given species of
animal,

and

g now to the exp made with dogs, there
is certainly suggested an element of danger i a low proteid
dret, which, if the experiments are taken at their face value
and the conclusions derived therefrom applied to maa, needs
careful consderation  Jugerroos plainly was not inclined
toward the belief that & low mitrogen itake was the cause
of the unfortunate iesults that attended his expemments.
Stall, his ammals did die from some cause, and thereby his
position was kened Munk and Rosent on the other
hand, from their expenments were apparently convineed that
& low prote:d ntake was 1mumical to dogs, and 1t wall be re-
membered Rosenheim concluded that ¢ & dady ration contmn-
ing even 082 gram of mitrogen per kilogram of body-weight,
and with a fuel value of 110 calomes per kilo, 18 not sufficient
to mamtun the ammal i a condition of health” If this is
really true, there 1s some ground for the arguments advanced
by critical wnters regarding the general subject of mitrogen
requirements of man. The evilence and the arguments,
however, have always seemed to the present wrter frail and
faulty; but recogmizing the hold they have taken on physi-
ologists and the way they are usually applied to man, I have
attempted to test the matter expenimentally under conditions
which would yreld trustworthy and conclusive results.

The question how far results oltamed with dogs can be
applied eafely to man may be open to discussion, but we raust

16
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first be sure of our facts beforo arguments or conclusions of
any kind are w: d. Itistoboe bored that dogs are
83 sensitive in many ways as man, and no physiological ex-
periment covering a long period of time can be carried out
with sny hope of suceess unless thero is due regand for proper
hygenic conditions, somo degree of variety in diet, and rea-
sonable opportunities for fresh air and occasional exercise. I
fancy that even the most vigorous and hardy man, if confined
for six consecutive months in & room just large enough to fur-
nish requisito air-space and to permit of extending his body at
full length, would find himself at tho end of such a period in
o condition far from healthful, even though thero were perfect
frecdom of choics in diet. If, however, thero were added to the
above conditions monotony in dict extending through many
months, there would bo no occaston for surprise if the individ-
ual Jost appetite and strength, and showed signs of disturbance
of the gastro-intestinal tract,

1t 1s doubtful if there is full appreciation of the possible
effect of monotony, in the ondinary dietary experiments on
dogs. Man quickly feels the effect; the sportsman camping
in the woods by brook or lake enjoys lus first meal of speckled
trout and has no thought of ever becoming tired of such a
delicacy ; but as trout cooked in various ways continue to be
placed before him three times a day, and with perliaps very
little else, he soon passes into o frame of mind whero salt
pork would be a luxury, and where he would prefer to go
hungry rather than eat the delicacy, if indeed he has appetite
to eat anything. Is 1t strango that dogs confined in cages
barely large enough to permit of their turning around, and
fed day after day and month after month with exactly the
same amount of destceated meat, fat, and rice, should show
signs and symptoms, if nothing worse, of disturbed nutrition?
1t is necessary in experimonts of this kund that the animals
bo confined for given periods, at least, since otherwise it
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would be impossible to determine the extent of nitrogen
excretion and the rats of proteid katabohsm, ete. It is
possible, however, to hmit the time of close confinement to,
say, ten consecutive days, this to be followed by a hike period
of comparative freedom, thus insuring opportunities for an
sbundance of fresh air and exercise
The experiments of wlich I wish to speak, and which had
for their object a study of the effect of low proteid diet on
dogs, as types of lugh proterd animals, weie earmed out at our
laboratory in the Shefield Scientsific School and were made
possible by liberal grants from the Carmegio Institution of
Washington, thus providing means for securing the requinite
number of chemical assistants. The experiments were con-
ducted on a somewhat large scale, over twenty dogs bemng
made use of, while many of the experiments extended through
a full year. The results in their entirety are not yet ready
for publication, but I am able to present 1n a general way ob-
servations on six dogs, which will serve 2s an ample illustra-
tion of what may be expected with high proterd ammals when
Living on a low proteid diet under healthiful conditions. All
of the six dogs whose cases are here presented were fed on a
ruzed diet, with some fresh meat each day; bread, cracker
dust, milk, lard, and nce being the other foods drawn upon to
complete the dietary. The ammals were fed twice a day,
each meal being accurately weighed and of defimte chem-
1cal composition, A large, light, and airy room. kept scrupu.
lously clean, and in the winter time properly heated by steam,
served as thewr main abiling place. In this room were a
suitable number of smaller computments, the walls of which
were composed of open littice work (of non), 50 as not to
interfere with Light ot air, and yet adequate to keep the dogs
apart.  These compartments wero not eages 1 the ordinary
sense, but wero truly large and roomy, The entire floor
under the dogs was composed of metal, the jomnts all soldered,
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the floor being sloped to a metal gutter in front so thatall
the compartments could be flushed out each morning and
kept sweet and clean. In pleasant weather, immedrately after
their first meal, the dogs were taken out of doors to a large
enclosure near by, where they were allowed perfect freedom
until about four o'clock, when they were taken in for ther
second meal (between four and five o’clock in the afternoon).
The outdoor enclosure was inaccessible to every one except
the holder of the key, and the dogs while there were wholly
free from annoyance. Once every month, during s period of
ten consecutive days, each dog was confined in the metabolism
cage so as to admit of the collection of all excrets, in order
to make o determnation of the nitrogen balance. Practically,
therefore, each dog was in close confinement only one-third of
the month, the remaining two-thirds being spent in much more
congenial surroundings. I have entered thus fully into a de-
scription of the conditions prevailing, becanse I deem them ex-
ceedingly important, and because therein undoubtedly lies the
explanation of the striking contrast between our results and
those of the earlier investigators of this subject,

In idering the outs of our exg it may be
wise to enter into some detail conceining the first case to be
presented. The ammal employed in this expenment was
designated as No 5, and weighed on July 27, 1905, 17.2 kilo-
giams; it was apparently full grown, but was thin and had
the appearance of being underfed. At first, 1t was given daily
172 grams of meat, 124 prams of cracker dust, and 72 grams
of lard, the day's ration containing 8.66 grams of nitrogen
and having a fuel value of 1389 calories ! These figures are
equivalent to 80 calories, and 0 50 gram of mitrogen, per kilo-
gram of body-weight. The animal took kindly to the det,

1 The fuel value of the food was calculated from the data given in Bulletin
No. 28, U, S. Department of Agriculture. ALl figures for nitrogen were ob-
tained by exact chemical analyse.
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but on August 8 it refused to eat and seemed to have a
little fever. The next day it was better, but for the three
following days its appetite was poor, and only a portion of
the daily food was eaten  Body-weight began to fall off, and
was soon at 15,5 Lilograms, On the 7th of August, & dose of
vermifuge was given, after nhich the appetite retumned and
the animal appeared in good spints. From this time forward
it scemed in perfect health, with good appetite, and showed
the usual vivacity and playfulsess of dog-kind. The diet a3
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specified was continued unchanged until August 25, s balance
experiment covering a penod of ten days, from the 15th to

! All through the balance periods the dogs were tnlheurhed each morn.
ing to insure complete collectiun of the twenty four hours' unns
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the 24th of August inclusive, being carried out, in which the
nitrogen of the intake was compared with the output for each
day.  From the accompanying table, where are given the
average values of all the lalance periods of the experiment,
it 18 to be seen that during this first period the animal was
laying on or gaining an averge of 2 grams of nitrogen per .
day.

On August 25, a radical change was made in the diet,
by reducing the amount of meat to 70 grams daily, thereby
lowering the intake of nitrogen to 4,76 grams, or 0.27 gram
per kilo of body-weight; the cracker dust and lard being kept
at essentially tho same levels as before. This diet was con-
tinued through the next balance period, the dog n the mean.
time gaining in body-weight, and showing for the second
talance peried an average gain by the body of half a gram of
mitrogen per day. The food was then altered by substituting
bread for the cracker dust, but so adjusted that the nitrogen
and fuel values of the day’s food remained practically un-
changed, There was still, however, a gain in body-weight
nd a slight gain in body nitrogen At the close of the third
balance period, the diet was agan altered, one-half of the
meat being replaced by mulk, while cracker dust was sulbstis
tuted for the bread. The morning meal consisted of 170
grams of milk, 86 grams of cracker dust, and 18 grams of
lard, while the afternoon meal was composed of 35 grams of
ment, 63 grams of cracker, and 85 grams of lard. The day's
ration, however, still contained 4.76 grams of nitrogen end
had a fuel value of 1249 calaries This dict was mantained
until November 20, when the animal was again placed on &
daily mtion of meat (69 grams), bread (166) grams, and
lard (80 grams), with a total fuel value of 1228 calories and
477 grams of nitrogen. This was continued until December
2, the dog still showing 2 plus mtiogen balznce, but \vitll.ﬂ-
Tittle loss in body~weight. On December 2, the dret was again



Subject Ao 5 August 19, 1905

Subject No 5 November 15, 1905



Subject No 5 Tune 27, 906 .
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changed by substituting milk for a portion of the meat, but
the nitrogen and fuel values were mantained at the same
level as before. After a week, December 9, the food ‘was
modified as follows: the morning meal contaned 170 grams
of milk, 110 grams of nce, amd 11 grams of lard, while the
afternoon meal was composed of 35 grams of meat, 81 grams
of nce, and 80 grams of lard The total wtrogen content
of the day’s ration was 4.07 grams, while the fuel value was
1255 colories. At this time, the ammal weighed 171 kilo-
grams, consequently the intake of mitrogen had been re-
duced to 0.23 gram per kilo of body-weight, while the fuel
value stood at T3 calories per kilogram This diet was con-
tinued until February 9, the balance period, between January 2
and 11, showing that the ammal was 1 nitrogen equilibrium,
in spite of the material reduction m the take of proteid, and
that body-weight was ncreasing. The next balance period,
January 80 to February 8, showed still further gain 1n weight
with il ce of nitrogen eqmhlt On Febiuary 9, the
dhet was changed by returning to 70 grams of meat, 158 grams
of cracker dust, and 60 grams of lard, with & datly mtake of
0 28 gram of muitrogen per kilo of body-weight.

In this manner, the experiment was continued with frequent
changes m the character of the diet, but always mamtaimng
essentially the same values in mitrogen and calories as shown
1n the table, until June 27; having extended through Just eleven
months, with the ammal at the close of the expeniment stll
gamning 1 body-weight, with a steady plus balance of mitro-
gen, and with every indication of good bealth and strength,
For ten months the ammal lived with perfect comfort and in
good condition on an average daly mtake of 026 gram of
mtrogen per kilogram of body-weight, and with an average
fuel value of 70.3 calomes per kilo. Further, 1t is to be ob-
served that at no time during the ten months did the daily -
take of nitrogen rise above 0 28 gram per kilo, whils during one




Subject No 5 June 27, 1906
~



Subject No 3 August 19, 1005

Subject No 3 November 13, 1005
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month it fell to 0.23 gram per kilo, Similarly, the fuel value
of the daily food never exceeded 78 ealories per kilo, while at
times it dropped as low as 67 and 65 calories per kilo, That
this diet was more than sufficient, both in nitrogen nnd fuel
value, is indicated by the steady increase in body-weight and
by the plus nitrogen balances observed in most of the periods
throughout the experiment. Indeed, with the comparatively
low degree of muscular activity which this animal was accus-
tomed to, it would have been unwise to have kept the subject
much longer on & diet so rich as the above, since there would
have been danger of detriment to its health and good condi-
tion, When these results are contrasted with the statements
of Munk and Resenheim, the latter of whom found that even
0.32 gram of nitrogen and 110 calories per kilo were insufficient
to maintain dogs in & condition of health, it is plain that for
some reason our results are quite at variance with their
findings

The accompanymg photographs, taken on August 19, 1905,
February 27, Apnil 24, and at the close of the experiment on
June 27, 1906, show the appearance of the animal at the
respective dates, and indicate more clearly than words can
express the actual condition of the anmmal.

Turning now to a second subject, designated as dog No. 8,
the experiment with which lasted for nearly an entire year,
the following general statements may be made. The snimal
was a small black and white fox terrier, weighing on July 6,
1905, 65 Lilograms. It was a nervous, affectionate little
creature, far Iess phlegmatic than the animal just described,
always on the alert for o petting, and unceasingly active, For
these reasons, 1t seemingly required per klogram of body-
weight 2 httle more food than the preceding animal; & fict
also in harmony with the general law that small animals, per
unit of body-weight, peed more food than larger ones. The
diet made use of was of the same general character as em-
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ployed with the preceding animal, and was changed from time
to time to give requisite vanety and to msure freedom from
too great monotony. The accompanying table, showing daly
averages during the twelve balance periods, gives all necessary
1nformation regarding the outcome of the experiment.

BUBJECT Ne 3 DAILY AVLRAGES

Food. Output

Bod, | gy Nitro.
T [ | e

D AR ] Pt M) S e 552

Kidt | Exers. | tUrough

N [T par
. | Phoay.
B | welght [ woisht | neys | meat

—]—d
1505 Yilos | grams| gram | calories | grema | gram | gram | gram
July 18-July 28| 68 | 588 | 084 | 790 | 568 | 043 | 006 | 018

Avg 15-Aug 24 71 | 344 049 | 774 ; 835 | 017 | 018 | -021
Sept. 6-Sept. 15 69 | 211} 030 | 800 [ 163 | 021 | 007 [—010
Oct. 8-Oct 17 69 (210 030 ; 800 | 183 | 020 [ 007 0

Nov,22-Dec 1 { 60 (183 031 [ 800 [ 148 | 021 | 011 | +003

Jan z-’xﬂn 1 ] 56 [163[ 020 | 8to | 154 [ 017 [ 008 | ~016
Jan 30-Feb 8 G656 [163] 030 | 820 | 160 { 015 [ 005 { —017
Feb 27-Mar 8 | 66 [178| 032 | 840 | 266 | 017 | 005 (010
Mar 27-Apr 5 | 67 | 108 Oss | 810 | 175 | 021 | 006 |00
Apr 24-May s | 57 (98] 031 | 830 [ 168 | 013 [ 013 | 4004
May 22-May31( 68 (198 03¢ [ 80D [ 177 [ 013 [ 011 | 003
June17-June2g| 60 [ 198 | 083 | 770 | 1.53 | 021 | 007 } 4017

It will be observed that during the first three months the
animal showed & tendency to gain 1 weight slightly, recalling
that its initial weight on July 6 was 65 kilograms. Later,
the weight fell off a little, but in March it showed an upward
movement, though very gradual.  With the amount of proteid
food gven, it 13 evident that the animal needed about 80
calories per kilo to mantain a condition of body-equibibrrum.
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Nitrogen equilibrium was p g
the larger portion of the twelve months, but evidently the
animal required 0,31~0.83 gram of nitrogen yer kilogram of
body-weight. Attention may be directed, in view of the re-
sults reported by Munlk regarding loss of the power of absorp-
tion and utilization of proteid food, to the figures showing
the average daily output of nitrogen through the excrement.
It is plain from the data presented, that this animal was not
suffering from any trouble of this order; indeed, the utiliza-
tion of proteid food througt the entire experi was
exceedingly complete, as shown by the relatively small loss of
mtrogen through the excrement, thus implying vigorous and

SURBJECT No, 18 DAILY AVERAGES

Food Output.

Ntro-

Body. it Ny o
Dste wolght | Total g‘:n‘[:r T N,\X: peog g e
Nioro | TRlo™ | per Ko uch o 20 07

B | et el | nepe | o | HalE

1008 Wioa |grams | gram |oalorles| grama | gram | gwm | grm

Sept 24-Oct 8 { 140 [ 722} 082 | 860 | 640 ] 071 { 019 | ~008
Nov 5-Nov 14 | 130 {478} 085 | 800 | 420 { 087 | 025 [-018
Dec 19-Trec 28| 134 [ 870 | 027 | 720 { 286 | 045 | 013 [ 4022

Jan Iéﬂann 25| 141 [872( 020 [ yo0 | 316 | 061 | 016 {021
Feb 13-Feb 22| 148 (426 [ 030 ) 780 | 354 | 067 { 087 | -032
Mar 13-Mar 221 141 | 3621 028 | 650 | 320 | 0dg | 014 | 027
Apr 10-Apr. 107 142 (469 [ 032 | 730 [ 284 | 051 | 010 [4214
May 8-May 17 { 142 | 4569 022 [ 710 | 366 [ 048 | 018 [ 4087
June 5-June 14 | 168 (453 | 080 | 6060 | 298 | 085 | 028 [ 4077

unimpnired digestion, together with thorough absorption of
the products formed.

The panying p phs show the app of the
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animal on August 19, 1905, November 18, 1905, April 3 and
June 27, 1906, the close of the experiment.

Passing now to the third subject, we have an evperiment of
somewhat shorter duration, viz., of nine months, hut suf-
ficiently long to afford ample opportunity for any deletersous

SUBJECT No 1§ DAILY AVERAGES

— .
k -
Body- ity Fuel | Nitro- | Nitro. e
e (B o | e | e ] e e |
n | B | e afogn ol o

o | | | B | e |
T i || e | 5 ||
Nov &-Nov 14 92 [335] 03 820 205 | OI1 014 4015

Dec 19-Dec 28| 89 | 261 | 030 | 750 | 247 | 012 | 012 | 010

Jan xs’fr‘... 25 87 [260] 030 | 700 | 215 | CZI | 016 [ 4008
Feb 13-Fcb 16| 86 261 080 | 820 | 287 [ 020 | 015 [ —o11
Mar 13-Mar 22| 87 282 052 | §00 | 268 | 017 | 019 | —022
Apr 10-Apr 19| 90 | 2801 031 { 820 [ 214 | 026 [ 00y | 4om
May8-May17 | 95 | 283 030 | 760 | 226 | 030 | 032 | 4015
June 5-June 14 | 102 [ 281 | 027 | 100 | 226 | 028 | 024 | 4003

effect to mamfest itself The imtial weight of the dog,
No. 13, was 145 kilograms on September 14.  The lowest
intake of mitrogen was 0 26 gram per alo of body-weight per
day, whle the fuel value of the daly food was during one
period reduced to 55 calories per kilo A daily proted con-
sumption equalliy 0 30 gram of mtrogen per kilo, with a
total fuel value in the day’s food of 66-70 calones per kilo, was
clearly quite sufficient to muntan mirogen equilibyum and
body-weight; indeed, toward the end of the exXperiteent, the
animal commenced to gain in weight quite noﬁceably on the
above diet, and was laymg by fauly large amounts of nitro-
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gen daily. The accompanying table gives the average daily
nitrogen exchange, ete., of the nine balance periods, whils the
photographs, taken on the dates indicated under each, show
the appearance of the animal at various times.

Results of the same general tenor with dogs No. 15 and
No. 20 are scen in the appended tsbles, while the ac-
companying photographs testify clearly to the general good
condition of the animals up to the end of the experiments.
In No. 20 particularly, the great gain in body-weight is
to be noted, even though the fuel value of the food was
reduced as low as 64 calories per kilo, with the nitrogen intake
at 0.28 gram per kilo daily, Plainly, the day's food could
have been diminished still more, with perfect sa.fety to both
body and nitrogen equilibrium.

SUBJECT No 20 DAILY AVERAGES

Food. Output
e lﬂt?o
Body- Nitro- Iuel N-'t» z\mm-

kilos |grams| gram [valosies | grame | gram | grm

1905
Dec 6-Dec 15 | 169 | 835 | 052 | 820 | 603 { 074 | 038 -H_'ZD

1906
Jan 18-Jan 25 | 164 | 447 ) 027 ) 730 | 361 | 055 | 015 [ 4018

Feb 18-Feb 22 172 | 445 | 025 20 | 852 | 036 | 013 [ +004

Mar 18-Mar 22| 174 [ 600 028 | 720 | 549 | 033 | 010 | —092

Apr 10-Apr 19| 184 [ 560 [ 030 | 690 488 | 052 [ 018 [ 4002

May 8-May 17 | 196 | 658 028 | €30 | 385 [ 075 | 088 | $060
045 | 040 | 4005

Tune 5-June 14 | 197 | 559 | 028 | 610 | 469

The illustrations so far presented, with the general agree-
ment in the character of the results, might perhaps be inter-
preted as indicating that there is no difficulty whatever in
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bringing » high proteid consumer, like a dog, down to » low
level of proteid consumption. This, however, would be a
f2ls0 impression. Much depends upon the character of the
proteid food, at least where any attempt at mpid change is
made, for a certain modicum of meat or other amumal food
seerms a necessary part of the duly diet 1f health and strength
are to be mal A A dog d suddenly from a
daily ration in which meat and oulk are conspicuous elements
to a diet 1 which these are wholly w:mtmg is very lable to
show disturbi almost ly. One case
may be cited in 1\1ustntxon of these statoments  On Septem-
ber 29, 1905, dog No 17, weighung 18.2 kulos, was placed on
& daly diet composed of 70 grams of fresh meat, 442 grams
of milk, 300 grams of bread, and 28 grams of ard. This
Tation contained 9.06 grams of mitrogen and had a fuel value
of 1465 calories, or 0 Sgram of nitrogen and 80 calories per
kilogram of body-weight. On October 11, the anumal weighed
18.6 kilograms and was in perfect condition. On the 13th, the
meat was reduced to 84 grams per day, but the ralk was n-
creased in amount so as to muntan the same mitrogen intake
and fuel value as before. This diet was continued until No-
vember 3,3 balance experiment covering ten days from October
22 to the 31 mclusive, showng that the ammal was laymg
by a little mtrogen.  On November 3, the diet was changed to
milk, bread, and lard, the fuel value being mamtuned at 80
calories per kilo daily, while the mtrogen intake was reduced
to 03¢ gram per kido. On this diet, the animal seemed to
thrive perfectly, and at the end of two weeks showed a
body-weight of 182 lkilograms. November 19, the milk
was withdrawn, the bread bemng increased so as to keep the
duly nitrogen intake and the fuel valuo unchanged. The
day's food was now composed of bread and lard solely, but, as
Just stated, the nitrogen and fuel values were unaltered. In
four days’ time, however, a change began to creep over the
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animal; the appetite diminished, and there was apparent a
condition of lassitude and general weakness which deterred
the animal from moving about as usual.

During the next week the animal grew steadily worse, and
would eat only when coaxed with a little milk or with bread
softened with milk, the diet of bread and lard being invari-
ably refused. There was marked disturbance of the gastro-
iatestinal tract; bloody discharges wero frequent; the mucous
membrane of the mouth was greatly inflamed and very sore;
body-weight fell off, and the animal was in & very enfeebled
condition. This continued until December 4, with every in-
dication that the animal would not long survive, but by
feeding carefully with a little milk and oceasionally some
meat, improvement finally manifested itself, and by December
18 there was good appetite, provided bread was not conspicu-
ous in the food. Body-weight, which had fallen to 16.5 kilos,
was being slowly regained, and on December 30 the snimal
was again placed on » weighed diet, consisting of 70 grams of
meat, 442 grams of milk, 210 grams of cracker dust, and 10
grams of lard. This diet contained 8.26 grams of nitrogen
and had a fuel value of 1330 calonies, equivalent to 05 gram
nitrogen and 80 calories per kilogram of body-weight. On
January 12, 1906, the weight of the animal was 16 7 kilos,
while in general condition there was nothing to be desired.
The food was then dified by diminishing the ts of
meat and milk fed daily by one-half, thus reducing the nitrogen
intake to 0 85 gram per kilo of body-weight, but maintaining
the fuel value of the food at 80 calories per kilo  Under this
régime, body-weight still increased, and on January 27 was
17.6 kilograms. A balance period, shown n the accompany~
ing table, extending from January 30 to February 8, affords
ample evidence that the body was laying by nitrogen.
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SUBJECT No. 17 DAILY AVERAGES

[ Outpat.
e iy
A o
Date T % | e | e | e 5:?“,.
Nitror s or—
ea | Doly 'n K0 | Bty
waight | wolgi. | neye, | man

108 ton |grams | gram | ealorion | grama | gom | qrm | gm
Oct. 22-Oct 31 | 183 | 006 | 049 | 800 | 773 [ 068 | 028 { 4039
Jan. (X;—g;?eb 8 L 1ra {5771 083 [ 780 [ 412 | 044 [ 021 (4100
Feb 27-Mar 8 | 179 | 681 | 030 | 720 | 469 | 059 | 037 | -024
Mar 27-Apr 6 | 181 | 533 | 020 | 700 | 663 | 089 | 027 [ ~162
Apr 24-May3 | 184 | 590 | 022 | 630 | 508 | 049 | 030 {4006
May 22-May 81| 136 | 500 031 | 670 | 525 | 063 | 043 | ~031
June17-June26| 199 | 689 | 020 | 700 | 429 | 033 | 028 | 4003

In all of the subsequent months, a small amount of meat
was a part of the daily food, but a3 19 seen from the table of
balance penads, the total mtrogen intake and the fuel value
of the food were reduced to even lower levels per kilogram of
body-weight Yet the animal gmined steadily, until at the
latter parg of June the weight was considerably above that
noted at the commencement of the expenment 1 the preced-
ing October. Further,the animal was in mtrogen equilibrium
or even gaining mitrogen, and n perfect condmon of health
and wagor, as 13 1nd; d by the
taken at the different pcnmh stated. Especmlly to be em-
phasized is the fact that during the Iast six months of the
experiment, the daily intake of nitrogen and the fuel valua of
the food were as low or even lower than in November, when
the daily diet was himited to bread and lard. The disastrous
result which showed tself at once on this latter diet, with all
ammal food excluded, was not due to low proteid or to defi-
cency in fuel value, but simply to the fact that the animal far
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some reason could not sdjust itsclf to a simple dietary of
bread and fat, although there was amplo available nitrogen and
fuel value for the body's needs. Something was lacking,
whxch meat or milk could aupply, and this something was

disp ble for the mai of the normal nutritional

rhythm,

This is by no means an exceptional case, but we can cite
many other examples of like results where the animal when
restricted to n purely vegetable diet, such as bread, pea-soup,
bean soup, ete., reinforced by an animal fat, quickly passed
from a condition of health into a state of utter wretchedness,
with serions gastro-intestinal disturbance. The results’are
not to be attributed to the lower utilization of the vegetable
food, for the disastrous effect is too quickly manifest, and
further, often shows itself when the animal plainly has 2
largo store of available nutniment in its own tissues.

This experiment with dog No. 17 has been dwelt upon at
some length, because it illustrates a very important principlo
in the nutntion of a high proteid and carnivorous animal. As
Lefore stated, 1t is not a question of Ingh orlow proteid simply,
but involves possibly the more subtle question of the relative
value of speeific forms of proteid food It will be noted that
this 18 made hat guardedly, in harmony with
the cautton necessarily called for in view of our lack of
knowledge regarding the possible need of the animal's body
for extraneous principles which only meat, milk, or other
animal products ean supply. Inorganic salts, nitrogenous
extractives, and other sut without any appreciable fuel
value, aro guite likely to be of primary importance in control-
lmg aml regulntmg the various processes of the body, which

to the condition of normal ith With
a diet Testricted to one or two vegetable products, it is quite
conccivable that something may be lacking which the system
demands, though it cannot be measured in terms of mtrogen
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or calodes. It may ba said that man thrives on 2 purely
vegetable diet, but while this 1s unquestionably true, 1t must
bo remémbered thint man with his free choice of food has re-
course, 38 & rule, to a large vanety of vegetable products fiom
many sourees, and quently there 18 great hikelthood of
lus absorbing from these vaned products such supplementary
matters as may bo peeded On this question, we are m o
realm of doubt snd uncertainty, but the poasibilities suggested
must not be sgnored, for they may contarn o germ of truth of
the utwmost importance The fact remaws, however, that a
dog when restricted to o purely vegetabls dietary does not
thnve; a little animat food seems necessaty to keep up health
and strength, end this suffices even though the daily mtrogen
intake and fuel value of the food are restneted to a level be-
Tow thut of the vegetabls distary.

With these facts before us, it 13 difficult to avord the con-
clusion that scwe sigmficance ey attach to the specific nature
of the proteid. Of course, we must not overlook the radieal
difference in dietary baluts of won snd deg.  Man a3 ap om-
TIVOTOUS ereature hos for generations been accustomed to par-
take Turgely of vegetable foods, and a3 » yesuit ns digestive
tract and Ins system as & whale has beeome acclimated, sy 1t
were, to the nutritune effects of vegetable matter. Dogs, an
the other hand, are typical carnivores, and thewr haluts for
generations have led i an opposite direction, so that therr
gastrontestinal traets and their systems have becorae aceus-
stomed to the effects of a dict in which ansmal food largely
predomunates, Whether these deeply sngruned charactensiies
ara responsible in any large measure for the difference in
bebavior of man, an & purely vegetable det, and dogs 13 open
to question, It would certainly not be strange if such were
the case, but as we look ut the facts collected in our study of
this subject, it is somewhat impressive 10 nots how well dogs
thrive on o relatively large smount of vegetablo food, pro-

w
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vided there is & modicum of animal food added thereto. In
other words, these high proteid consumers are apparently quito
able to utilize the vegetable foods, but there is something lack-
ing in such s dietary which the body has great need of. Is it
not quite possible, as already suggested, that the specific na-
ture of the proteid counts for something in nutrition? The
question cannot be answered definitely at present, but there
are cortain facts slowly accumulating which make the question
& pertinent one in this

Thus, it is becoming evident, as was pointed out in an
earlier chapter, that the many proteid substances occurring
in the animal and vegetable kingdoms are more or less unlike
each other in their chemical make-up. They yield different
decomposition products, or the same products in widely differ-
ent proportion, when brohen down by the action of hydrolyz-
g agents; and when we 1ecall that the digestive enzymes of
the body convert the protexds of the food into these samo
end-products, it 13 plan that in the assimilation and utiliza-
tion of the proteid foodstufls the body has to deal with these
various chemical units. Ifence, an animal suddenly 1e-
stricted to a dietary in which all of the proteid js furnished
by bread might bo seriously incommoded, either by the excess
of cortain amino-acids resulting therefrom, or by a lack of
certain other end-products to which its body is eccustomed.
As an example, wo may take the threo typical proteids of the
wheat kernel, gliadin, glutenin, and leucosin, and note the
very striking difference in the proportion of certain of the
decomposition products of each, ns reported by Osbornoe and

Clappl

1 Sco Osborne and Clapp. The Chemistry of the Protein Bodies of the
YWheat Kernel Amencan Journal of Fhysiology, vol. 17, p 231,
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Gladin. Glutenin, Taveosln,

ar cent or oent or cont
Leatm o o ahoa e 61 595 ns
Lysin. o . o0 v v us o 192 216
Agom ... 216 12 L1
Glatamme acd - . 238 242 3
Anmona . PN 511 10 141
Awpatticacd , . 058 091 335
Tyromn ... 120 425 334

It 13 obvious from these figures that the three proteids of
the wheat kernel are radically different from each other.
Contrast, for example, the content of glataminic acid in ghadin
‘with the ataount in leucosin,  With such stnling differences
in chemical makeup, 1t is reasonable to assume that corre-
sponding differences 1n physiologeal action or food values may
exist.  Further, “in respect to the amount of these ammo-
acids, leucosin more nearly resembles the animal proteins than
the seed proteins thus far examined, and i this connection 1t
18 inteTesting to note that leucosin ocenrs eluefly 1f not sholly
in the embryo of thus seed and is probably one of its * tissue *
proteins, in contrast to the ¢ 1eserve’ protems of the endosperm
of which ghadin nod gluterin form the chief part™ (Osborne
snd Clapp). In other wouls, ammal protaids, such as those
of meat, are charactenzed like lencosin by a small content of
glutaminic aad and ammoma; while leuein, lysin, asparhie
scid, and argmia are relatively more abundant. Until we
know more on this subject, however, any broad generalization
would be out of place, but certainly there 1 justifieation for
the supposif that in these dij in chemical constit
tion #re to be found explanation of some of the peculianties
common to certun vareties of proteid food. Wheat flour,
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aside from its starch, is composed mainly of glutenin and
gliadin with their large content of glutaminic acid. Meat
proteids, on the other hand, like leucosin, contain only a
small fraction of this acid, and, with the other differences in-
dicated, meat proteid and wheat proteid as food for dogs or
other high proteid consumers may reasonably be expected to
have at the least very unequal values. And if we go a step
beyond this and suppose that in the formation of true tissue
proteud or the living protoplasm of the cell, certain of these
end-products of proteid decomposition are absolutely indis-
pensable, we can easily picture for ourselves a dearth of
such building stones in the long-continued use of a diet
which lacks that particular proteid from which the necessary
building stones can be split off in adequate aumber.

It has been said, notably by Munk, that in dogs fed for
some time on a low proteid diet there 1s a diminished power
of absorption from the intestmal tract, associated with
weakened digestion  If it 13 true that g lowered proteid in-
take results in a diminished utilization of the ingested food,
that efficiency in the digestion and absorption of foodstuffs is
impaired, 1t can only be interpreted as meaning that some in-
jurons influence has been exerted on the epithelial cells of the
intestine or the adjacent gland cells. We have, however,
failed to find any evidence of deleterions action 1 the dogs that
we have experimented with, where due regard Was paid to main-
taiming a diet smtable for the physiological needs of the body.
In the expenments that we have cited, both nitrogen intake
and the fuel value of the food per day were\lower than in
Munk’s expeniments, but the utilization of fal and proteid
+was not sensibly affected. The following tables, give the re-
sults with ten dogs (including the six dogs already descrabed)
for lengths of time ranging from seven to twelve fuonths, the
periods indicated being each of ten days’ durationjand oceur-
ring once each month. In the first table, the uty ization of
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fat is shown, the figures given being based on determina-
tions of the amount of fat contsined in the excrement
Knowing the amount of fat in the daily food and the amount
which passed through the intestine, it 13 easy to calculate the
percentage of fat utthized,

TUTILIZATIONX OF FAT IN PERCENTAGES

o
parod

AN R R

1 o7 08 03 91 87 o 96 08 28 96

2 96 98 8 28 o8 b 95 7 98 25

8 28 o7 7 9 08 o1 a1 98 o4 98

4 08 98 o7 7 26 91 95 8 o7 97

1] 08 . 94 98 2 9% % 98 7 00

8 1 %8 24 08 91 06 ™ o7 9 o7

7 o o8 98 7 95 03 5 o 8 26

8 . . 88 96 95 8 93 7 m
9 . 98 97 28 . 7 03 . -

10 . . 8 o 98 v . . . .

11 . 87 02 97 . .
el felal.].]. i .

Tt 1s perfectly plain from these results that there was no
faling off in the uwtilzation of fat; the percentage amount
digested and absorbed, ns in dogs 3 and 4, was just as large
at the end of the twelve months’ experiment ns at the begin-
ning  Clearly, o so-called low nitrogen intake with dogs does
not lead to any loss of power in the utthzation of the fat of
the food. This being 8o, it is equally clear that the argu-
ments tased op Munk’s results in this direction, and applied
to man, are without adequate foundation,
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aside from its starch, is composed mainly of glutenin and
glindin with their largo content of glutaminic acid, Meat
proteids, on the other hand, like leucosin, contain only a
small fraction of this acid, and, with the other differences in-
dicated, meat proteid and wheat proteid as food for dogs or
other high proteid consumers may reasonably be expected to
have ot the least very unequal values And if we go a step
beyond this and supposo that in the formation of true tissue
proteid or the living protoplasm of the cell, certain of these,
end-products of proteid decomposition are absolutely indis-
pensable, we can easily picture for ourselves a dearth of
such building stones in the long-continued use of a diet
which lacks that particular proteid from which the necessary
building stones can be spltt off in adequate number.

It has been said, notably by Munk, that in dogs fed for
some time on o low proteid diet thero 1s a diminished power
of absorption from the intestinal tract, sssociated with
weakened digestion, If it is true that s lowered proteid in-
take results in a diminished utilization of the ingested food,
that efficiency in the digestion and absorption of foodstuffs is
impaired, it can only be interpreted as meaning that some in-
Jutious influence has been exerted on the epithelial cells of the
intestine or the adjacent gland cells. We have, however,
failed to find any evidence of deleterions action in the dogs that
we have experimented with, where due regard Was paid to main-
taining a diet smtable for the physiological neils of the body.
In the experiments that we have cited, both Ritrogen intake
and the fuel value of the food per day wera\lower than 10
Munk’s experiments, but the utilzation of fat and proted
was not sensibly affected.  The following tables give the re-
gults with ten dogs (including the six dogs already described)
for lengths of time ranging from seven to fwelve onths, the
periods indicated being each of ten days’ durationjand ocour-
ring once each month. In the first table, the utlization of
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the earlier periods o larger propartion of the ingested nitrogen
was in the form of readily dugestible meat, but as the Ltter
was reduced in amount lurger proportions of vegetable food
were itroduced in order 40 maintain the desired fuel valve,
and quently the p of (bsorbable nitrogen
was increased. The well-known difference 1n the availability
of ammal and vegetable proteid has already been referred to
in other connections ; & difference due not 86 much to any inher-
ent quality in the digestibility of the two forms of proteid as
to the presence of cellulose and other matenal in the vegetable
food which retards n some measure the action of the digestive
juices To this cause must be aseribed the shight falling off
1m the utilization of nitrogen noticeable 1n most of the experi-
ments. If, however, the figures are compared with those
usually obtained on a diet largely vegetable 1n nature, 1t will
be seen that the utillization of mitrogen by these dogs was in
no sense abnormal.

‘These experiments on the nfluence of a low proteid diet on
dogs, as a type of high proteid consumers, taken 1n their en-
tirety, afford convinemg proof that such ammals can live and
thrive on amounts of proterd and non-nitiogenous food far
below the standards set by Munk and Rosenheim. The dele-
tenous results reported by these mvestigators were not due
to the effects of low proteid or to dimmshed consumption of
non-mtrogenous foods, but are to be aseribed maily to non-
hygleme conditions, or to a lack of care and physiological
good sense 1n the preseription of a narrow dietary not smted
to the habits and needs of this class of ammals  Farther, 1t 13
obvious that the more or less broad deductions go frequently
drawn from the experiments of Munk and Rosenheum, espe-
cially in their application to mankind, are entirely unware
ranted sud without found wn fact, Ourexperiments offer
satisfying proof that not only can dogs live on quantities of
proteid food per day smaller than these investigators deemed
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UTILIZATION OF NITROGEN IN I'ERCENTAGES.
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The figures 1 the above table were obtained by determin-
ing the amount of nitrogen in the dned excrement from the
animals, { e. the amount that passed through the intestine un-
changed ;! and knowing the content of nitrogen in the daiy
food, the percentage of unabsorbed nitrogen was then easily
calemlated, after which by simple subtraction the percentage
of utilized nitrogen was found, At first glance, it would
appear that as the expertments proceeded utilization of nitro-
gen was less complete. In o sense, this was true, but it was
not connected with any imparrment of the digestive or absorp-
tive powers of the intestine. It must be remembered that in

3 There 18 &n unavoidsble errar here, since the excrement contains nat only
undigested food, but also contans some mtrogenous matter derived from the

secretions of the inteatine, ete
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the easlier periods a larger proportion of the ingested nitrogen
was in the form of readily digestible meat, but as the Litter
was reduced in amonnt Larger proportions of vegetable food
were mtroduced in order to maintain the desired fuel value,
and ly the of bsorbable nitrogen
was increased. ‘The well Jnown difference 1 the availabihty
of amimal and vegetable proterd has already been referred to
in other connections ; o differenco due not 50 much to any mber-
ent quality 1n the digestibility of the two forms of proteid as
to the presence of cellulose and other material in the vegetable
f00d which retards i some measure the action of the digestive
juices. To this cause must be ascribed the shight falling off
in the utihzation of nitrogen noticeable in most of the experi-
ments. If, however, the figures are compared with those
usually obtuned on a diet largely vegetable 1n nature, 1t wall
be seen that the utilization of mitrogen by these dogs was n
no sense abnormal.

These experiments on the inflaence of a low proteid diet on
dogs, as 8 type of high proteid consumers, taken 1n their en-
tirety, afford convinemg proof that such animals can live and
thrive on amounts of proterd and non-nitrogenous food far
below the standards set by Muck and Rosenbeim. The dele-
tenous results reported by these investigators were not due
to the effects of low proteid or to dimunished causumption of
non-nitrogenous foods, but are to be ascribed maimly to non-
hygienic conditions, or to a lack of care and physiclogical
goold sense in the prescription of a marrow dietary not smted
to the habits and nceds of thus class of animals, Farther, it is
obvious that the more or less broad deductions 6o frequently
drawn from the experiments of Munk and Rosenheim, espe-
cally in their application to mankind, are entirely unwar-
ranted and without foundation in fact. Our experiments offer
watisfying proof that not only ean dogs live on quantities of
proteid food per day smuller than these 1vestigators deemed
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necessary, and with a fuel value far below the standard adopted
by them; but, in addition, that these animals are quite able
on such a diet to gain in body-weight and to lay by nitrogen,
thereby indicating that even smaller quantities of food might
suffice to meet their true physiological requirements.

The results of these experiments with dogs, which we have
recorded in such detail, are in perfect harmony with the con-
clusions arrived at by our experiments and observations with
man, and serve to strengthen the opinion, so many times ex-
piessed, that the dietary habits of mankind and the dietary
standards based thereon are not always in accord with the true
physiological requirements of the body. If these views are
correct, and the facts presented seemingly indicate that they
gre, it is time for enhightened people to give heed to such sug-
gestions, that their lives may be ordered more nearly in accord
with the best interests of the body. Phystological economy
in nutrition is not a myth, but a reality full of promise for the
welfare of the individual and of the community in general.
Ignorance on dietary matters should give place to an intelli-
gent comprehension of the body’s needs, and an adequate
understanding of how best to meet the legitimate demands of
the system for nounshment under given conditions of life. It
15 said that more than half the earnings of the working people
of this country is spent for food. Here, we have suggested
another form of economy as worthy of consideration; less im-
portant perhaps than that which relates to health and strength,
bat still calling for thoughtful attention. We cannot afford to
be ignorant of these things; we must have definite knowledge
of the actual facts, and these can only be obtained by careful
research and investigation,

As a promient writer on nutrition has well gaid, % The
health and gth of all are i ly d dent upon their
diet. Yet most people understand very littlo about what therr
food contains, how it nourishes them, whether they are eco-
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nomieal or wasteful in buying and preparing it for use, and
whether or not the food they eat is nghtly fitted to the de-
mands of their bodies. The result of this ignorance is great
waste in the purchase and use of food, loss of money, and
injury to health” (Atwater) We all recognize the general
force and truth of thus statement, but there 134 surprising lack
of appreci of the full of what is involved
thereby. If i1t 13 true that the demands of the body for pro~
teid food —which of all foods 1s the most expensive —are
fully met by an amount equal to one-half that ordinanly con-
sumed, and that health and strength are more satisfactonly
maintained thereby, it is easy to see how the acquisition of
dietary habits leading to consumption of food in harmony
with physiological needs will result in a fruitful twofold
economy; Viz, economy in expenditure, and of still greater
moment, economy in the setimties of the body by which food
and its waste products are cared for.




CHAPTER VIII

PRACTICAL APPLICATIONS WITH SOME
ADDITIONAL DATA

Torics: Proper application of the results of scientific research belpful
to mankind. Ihetary habits should be brought into conformity with
the truc needs of the body. Ths peculiar position of proterd foods
emphasized  Tho evil effects of overeating. 1What the new dietary
standards really involve  The actual amounts of foodstuffs required.
Relation of nutritive value to cost of foods. The advantages of sim-
plicity in diet A samplo dietary for a man of 70 kilograms body-
weight A new method of indicating food values. Moderation in
the duly dietary leads toward vegetablo foods Tho expertments of
Dr. Neumann  The value of fruits as food. The merits of animal
and vegetable proteids considered in relation to the bacterial processes
mn the ttestine A notable case of simpleity in diet Intelligent
modufication of diet to the temporary needs of the body. Duet fn
summer and winter contrasted. Value of greater profection to the
kidoeys. Conclusion,

NOWLEDGE has value in proportion to the benefit it
confers, dircetly or indirectly, on the human race.
Every new scientific fact or principle brought te light prom-
ises help in the undemstanding of Nature’s laws, and when
rightly interpreted and properly applied is sure to aid in the
advancement and prosperity of the individual and of the
Proper hods of lving, ical ndjust-

ment of the intake to the varying needs of the body, avoid-
ance of excessive waste of foodstuffs and of energy, are all
desirable precepts, which rational people presumably are in-
clined to follow so far as their knowledge and understanding
of the subject will permit. Ilere, as elsowhere, false teaching
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may be exceedingly mischievous and lead to costly errors;
while blind relisnce upon customs, wstinet, and superstitions
is hordly in keepiog with twentieth-century progress.

Modern scientific methods should give us help in dietetics,
as in other branches of hygiene and practical medicine, A
few short years ago, diphthena was a scourge which brought
musery to many a home, for there was at hand no adequate
means of combating the disease; but scientific research has
given us new light, and placed at our command a weapon of
inestimable value. Do we hesitate to use 1t when the occasion
anses, because 1t happens to be out of keeping with old-time
custorns and trad ? No, we the possibality of
help, and as the need is urgent we turn to it quickly, with
hope and thankfulness that seientific progress has opened up
a pathway of escape from a threatened calamity.

Not many years ago we drank freely of such water as was
at hand, withont realization of danger from bacteria or disease
germs, looking on epidemics of typhoid fever perhaps as a visi-
tation of Divine Providence, i pumishment of our many sins
and to be borne meekly and with resignation. But all this
las changed through the researches of bactenologists and
chemsts, scientific hcu of the utmost importance have been
clearly established ; of water-b diseases has
been adopted, a.ml we xeahze fully that diseases of thus order
can be kept from our doors by proper precautions applied to
our water supply. To-day, epidemics of typhod fever are
traceable solely to the ignotance or carelessness of the ndivid-
ual or of the 1th, and the P which we of
the present generation have from this class of diseases is
directly due to the application o( prec'mtmnary paeasures
based on the nf 1 3
Ttas proper for us to use caution in the acceptance of new dens,
but not that form of caution which refuses change en the
ground that what has been is sufficiently good for the present
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PRACTICAL APPLICATIONS WITH SOME
ADDITIONAL DATA

Torics  Proper application of the results of scientific research helpful
to mankind. Dietary habits should be brought into conformity with
the true needs of the body. The peculiar position of proterd foods
emphastzed  The evil effects of overeating. Waat the new dietary
standards really involve  The actual amounts of foodstufls required.
Relation of natrtive value to cost of foods. The advantages of sim-
plesty i diet. A sample dietary for a man of 70 kilograms body-
weight A new method of indicating food values. Moderation in
the daily dietary leads toward vegetable foods. The experments of
Dr. Neumann  The value of fruits as food The merits of animal
and vegetable proteids considered in relation to the bacterial processea
in the intestine A notable case of simplicity 1 diet. Iatelligent
modiheation of diet to the temporary needs of the body. Diet in
summer and winter contrasted. Value of greater protection to the
kidneys, Conclusion

NOWLEDGE has value in proportion to the benefit it
confers, directly or indirectly, on the human race.
Every new scientific fact or principle brought to light prom-
ises help in the understanding of Nature’s laws, and when
rightly interpreted and properly applied is sure to aid in the
advancement and prosperity of the individual and of the
Proper hods of living, ical adjust-

ment of the intake to the varying needs of the body, avord-
nnce of excessive waste of foodstuffs and of energy, are ell
desirable precepts, which rational people presumably are in-
clined to follow so far as their knowledge and understanding
of the subject will permit. Ilere, as elsewhere, false teaching
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dogenous proteid metabolism,” or true tissue metabolism.
To be sure, there must be a certain reserve of proteid, avail-
able in case of emergency, but this 13 easly established with-
out resorting to excessive feeding.

The peculiar position which proteid foods ogcupy in man's
dietary naturally make them the central figure, around which
the other foods are grouped. Ko other form of food can take
the place of proteid ; a certamn amount 13 needed each day to
make good the loss of tissue material broken down in endoge-
nous katabolism, and consequently our chowce and combi-
nation of the varied articles of diet made use of should be
regulated by the amount of proterd they contain. But while
proteid foods occupy this commanding position, 1t is not nec-
essary or desirable that they should exceed the other food-
stuffs 1n amount, or indeed approach them 1 quantity. We
must e ever mindful of the fact, <o many tnnes expressed,
that proterd does not undergo complete oxidation 1 the body
to simple gaseous products like the non.mtrogenous foods,
but that there 15 left bebind a residue of non-combustible
matter —solid oxidation products — which are not so easily
disposed of. Tn the forceful Languagoe of another, “The com-
bustion of proteid within the orgamism yields a sohd ash
which must be raked down by the liver and thrown out by
the Judneys. Now when this task gets to bo over-laborions,
the laborers are likely to go on stnke. The grate, then, is
not properly raked ; chinkers form, and slowly the smothered
fire glows dull and dies” (Curtis)

Even though no such dire fate overtakes one, the penalties
of excessive proteid consumption are found in many ills, for
which perhaps the vmmn seeks n vain a logical explanation;
gast) inal di indigestion, 1ntestinal toxmmia,
Tiver troubles, hilious attacks, gout, theumatism, to say nothing
of many other aslments, some more nnd some Jess serious, are
associated with the halutual overeating of proteid food. DBut
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and the future. The point of view is ever changing with
advance of knowledge, and it is not profitable to exclude op-
portunities for improvement in persoral hygmene and general
good bealth, any more than in other matters that affect the
prosperity of the individual or the community,

Dietary habits should be brought into conformity with the
true needs of the body. Excessive consumption of proteid
food, especially, should be avoided on the ground that it is
not only unnecessary and wasteful, but s liable to bring
penalties of its own, most undesimble and wholly uncalled
for. We may, perhaps, accept these statements at their full
value, and yet have a shadow of doubst in our minds as to
whether, after all, dietary customs do not harmonize sufficiently
at least with true nutritive requirements. All the data that
we have presented in the preceding chapters, however, have
seemingly given a posttive answer to such doubts, and indicate
quite clearly that the results of scientific study are opposed to
the prevailing dietary standards, especially as regards proteid
food. As the celebrated physiologist Bunge has expressed it,
«The necessity for a daily consuinptton of 100 grams of pro-
teid is incomprehensible, so long as we do nos know of any
function of the body in the performance of which the chemical
potentral energies of the destroyed proteid are used up.”

. Perfectly trustworthy evidence 15 at hand showng that the
needs of the body for potential energy can be fully met, and
indeed are more advantageously met, by the non-nitrogenous
foods, carbohydrates and fats. The energy of muscle work,
as we have seen, comes preferably from the breaking down of

non-nitrogenous matenal, so that there 13 no special call for
tion with i d lar activity. In

proteid in
fact, it would appear that the need for proteid food by man is
limited to the requirements of growth and development, re-
inforced by the amount called for in that form of tissue
exchange which we have emphasized under the term #en-
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the other hand, 1o diet 23 in other matters, is equally liable
to be followed by disaster. A physician of many years’ ex-
penence, with opportumties for observation among different
classes of people, has written, “that overeating tends to
shrink the span of Iife in proportion as it ¢xpands the liver 13
demonstrable both directly and indirectly Let any actuary
of hfeansurance be asked hus expenence with heavy-weight
risks, where the waist measures more than the chest, and the
long-d face of the b at memory of lost dollars,
will make answer without need of words. Then let be noted
the physique of the blessed ones that attain to green old age,
and, in nine cases out of ten, spry old boys —no disparage-
ment, but all honor mn the phrase~—will be found to be
modelled zfter the type of octogenaman Bryant or nonoge-
narizn Bancroft~—the whitefaced, wiry, and spare, as con-
trasted with the red-faced, the pursy, and the stout. It 1s
true, as has already been mentioned, that in old age much of
an adventitious obesity 13 absorbed and disappears, but the
Bryant-Bancroft type 13 that of a subjeet who never has been
fabatall. And just such 15 preemmently the type that nides
easily past the fourscore mark, rems well 1 hand, and good
for many another lap 1n the race of life ™!

With these thoughts before us, we may consider briefly
just what 13 mvolved in these new dietary standards that aim
to conform more closely with actual body needs. Refernng
at first to proteid food, 1t may be wise to agun emphasize the
fact that the weight of the body, + e., the weight of the pro-
teid tissues, as d with fat accu-
wulation, is one of the important factors not to be overlooked
when determiming the di¢tary needs of a given individual
As must be perfectly clear, from all that has been said, the
man of 170 pounds’ body-weight has more proteid tissue to

1 Edward Curtis, MD  Nature and Health, p 70 Henry Holt & Com-
pany, New York, 106.
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excessive food consumption is by no means confined to the
proteid foodstufls ; general overfeeding is a widespread evil,
the marks of which are to be detected on all sides, and in no
uncertain fashion, One of the most common signs of exces-
sive food consumption is the tendency toward obesity, a con-
dition which js distinctly undesirable and may prove decidedly
injurious. Undue accumulation of fat is not only & mechan-
ical obstacle to the proper activity of the body as a whole,
but it interferes with the freedom of movement of such
muscular organs as the heart and stomach, thereby interposing
obstacles to the normal action of these structures. Further,
whenever undue fat formation is going on in the body, there
is the ever present danger that the lifeless fat may replace
the living protoplasm of the tissue cells and so give rise toa
condition known as “fatty degeneration.” While a super-
abundance of fat in the body is 2 sure telltale of overcating,
the absence of obesity 13 by no means an indieation that excess
of food 18 being avorded. There is here, in man as in animal
kind, much idtosyncrasy ; some persons, especially those en-
dowed with a long and large frame, tend to keep thin even
though they eat excessively, while others grow fat much
more readily. As a well-known physician bas expressed it,
«In the one case, the subject burns, instantly and mercilessly,
every stick of fuel delivered at his door, whether or not he
needs the resulting hot fire roaring within, while the other,
miser-like, hoards the rest in vast piles, filling the house from
cellar to garret.”

Temperance in diet, like temperance in other matters, leads
to good results, and our physiological evidence points out
plainly, like a signpost all can read, that there is no demand
on the part of the body for such quantities of food as custom
and habit call for. Healthfulness and longevity are the prizes
awarded for the successful pumsuance of a temperate life,
modelled in conformty with Nature's laws. Intemperance, on
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the other hand, in diet as in other matfers, is equally liable
to be followedt by disaster A physician of many years’ exs
penence, with opportunities for observation among different
classes of people, has written, » that overeattag tends to
shrink the span of hfe in proportion as it expands the lver s
demonstrable both directly and indwectly Let nny actusry
of Lie-nsurance be asked hus expenence with heavy-weight
risks, where the waist measures more than the chest, and the
longd face of the ¥ 2% memory of lost dellas,
will make snawer mithout need of words, Then let be noted
the physique of the blessed ones that attamn to green old nge,
and, 12 nine cases out of ten, spry old boys —no disparage-
ment, but all honor in the phrase —will be found to be
modeDed after the type of octogenanian Dryant or nonoge-
narin Bancroft—the wiatefaced, wiry, and spare, as eons
trasted vath the red-faced, the pursy, and the stout, I¢1s
true, as has already Loen mentioned. that tr old age much of
an adwentitious obessty ts absorbed and disappears, but the
Bryant-Banesoft type 15 that of 3 subject who never has been
fatatall  And just euch 13 preeminently the type that ndes
easity past the fonrscore mark, rems well 1n hand, and good
for wany another lup 1 the race of life”?

With these thouglits before us, we may eonmder briefly
Just what 1s involved 1n these new distany standards that ssm
to conforny more closely wath actual body meeds. Refernng
at firat to prote:d food, 1t may be wise to agan emphasize the
fact that the weight of the body, « e, the weight of the pro-
teid i tisaneg, ag cont & with excessina fat aeeu-
wmlation, 1s one of the important factors pot to be overlocked
when determimng the dwtary needs of a given wdividual,
As must be perfectly clear, from oll that has been said, the
men of 170 pounds’ body-weight has more protewd tissue to

* Edward Curtas, DD Naturs end Health, p 70 Heuey Holt & Com.
Pavy, New York, 1906,
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nourish than the man of 130 pounds’ weight, and consequently
what will satisfy the requirements of the latter individual will
not suflice for the former., We must understand distinctly
that no general statetnent can be made applicable to mankind
st large, but due consideration must be given to the size and
weight of the individual structure. We have found that the
average need for proteid food by adults is fully met by a daily
bolism equal to an hange of 0.12 gram of mitrogen

per kilogram of body-weight. This means o katabolism of
three-fourths of a gram of proteid matter daily, per kilogram.
Remembering, however, that the intake of proteid food must
be somewhat in excess of the actual proteid katabolism, since
not all of the proteid of the food is available, and as thisisa
vanable amount depending upon the proportion of animal and
vegetable foods with their different degrees of digestibility
and availability, we may place the required intake of proteid
at 0.85 gram per kilogram of body-weight, still keeping to
maximum figares for safety’s sake Hence, for a man weigh-
ing 70 lalograms or 154 pounds, there would be required
daily 59.5 grams —say 60 grams— of proteid food to meet
the needs of the body. These are perfectly trustworthy
figrures, with a reasonable margin of safety, and carrying per-
fect assurance of being really more than sufficient to meet the
true wants of the body; adequate to supply all physiological
demands for reserve proteid, and able to cope with the erratie
req ts of p 1 idhosy: ies. ¥t will bo observed
that such sn ntake of proterd food daily 15 equal to one-half
the Voit standard for a man of this weight, while it is still
further below the Atwaterstandard and far below the common
practices of the majority of mankind 1n Europe and America,

as indicated by the published dietary studies.

It may not be out of place to state at this point that in the
writer’s opinion the use of the terms “standard diet” and
«dietary standards,” etc, is objectionable, smce such usage
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seers tademand o certain degree of definiteness jn the dmly
diet for which there 18 no justification.  As in the use of the
term “nommal deet,” there 18 danger of misinterpratation, and
of the assumption that dietary habits should be reguiated
strietly 1n accord with certam set prnmiples  Thus I beleve
to be sltogether wrong, there sliosld be, on the contrary, full
Tatitude for individual freedom, bt freedom governed Ly an
1 that app the sy of seientific fact
aod is willing to mould eustom and habit wnto accord wath
them. What 13 necded to-day 1s not so much an acceptance
of the view that man requires duly 0 85 gramof proterd per
kslogram of bod; sght, as a full ap of the general
prciple, wiach our defimte figires have helped to work out,
that the requirements of the body for proted food are far
Lelow the customary habits of manksd, and that there 15 both
economy and grain in vanous directions to be denved by lollow-
ing the general precepts which tlus wiew leads to In other
words, there 13 no advantage, but, on the coutrary, much bother
and worrusent, 1n attemphing to follow out n practice the
defails of our mote er less exact physiologieal expeniments
The general tesclung which they afford, however, con he
adopted and put i practice 1n our dadly hives, witheut strv-
g to follow too closely the so-called standards which our
experiwnents have led to  Agmin, the sample dietanes adopted
in our experuments have no special virtue, aside from the
general puneiple they teach that suuple foods are quite ade-
quate for the nonrwhment of the body, and that the amount
of nitrogen or proterd they contrun was sufBeient to meet the
dewands of the particular wndividunls consnsmng st Broads
enmg intelligence on matters of food composstion s called for
on all sides, and o3 this 13 nequired together with due appres
ciation of the relative nutritive values of protedd, fat, and car-
Bobydrate, there 15 placed at our command the pawer of
intelligent diserimynation, with the atulty to apply the yros
18
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ciples set forth in our own way, in harmony with personal
likes and dialikes.

To the majority of us, not very familiar with the percentage
composition of ordinary food materials, and unaccustomed to
tho weighing of food in grams, the figuies given from time to
timo may have failed to convey n vesy definite impression re-
gawding the actual amounts of the various foods made use of,
Further, our idens concerning the bulk of many of the com-
mon articles of food necessary to furnish the 60 grams of pro-
toid required daily by & man of 70 kilograms body-weight
may bo somewhat hazy. The following table, however, will
bo of sorvico in this direction:

SIXTY GRAMS OF I'ROTEID ANE CONTAINED IN

Fuet Valuet

One-hnll pound fresh leanbeef,dola . « « 4 + o . . . o . 308 calories
Ninohens' 6RES « - .« o . .. v e e ... a s T2
Four fitthy pound swestbread + .« . . . . . . o . v . 000
Three fourths pound fresh liver . [ |11
foven elghths pound lean smoked bacon .+ » . . . . . . 1820
Threofourths pound halibut steak o . . « . . . . . . . 423
Onelt pound sale cadfieh, banetess P 111
Two nnd one fifth ponnds oystera solids .+ . . . . . . . 800
Ono hialt pound Amerlcan pale cheese « + . .+ . . . . 1037
Four pounds whate milk (two quarts) e 130
Flvoalxthe pound uncooked ontmenl .« . . 4 4 4 . 4 . 1830
One and one fourth pounds shredded wheat . . . . . . , . 2125
Ono pound uncooked macnrant PP 1
Ono and one third pounds white wheat broad + + . . . . . 1620
Ono and onefourth poundacrackere. « . o o . .. ., . 2391
Ono and twothirds pounde flaked tlee « o 4, « 4 4 L, . 2807
Thres il pornd dried beans P
Ono and seven-tighths pound:bnkc«lbcnm. P 11
Ono-alf pound drfed pens . Cea o B
Ono and cleven twcifthe prunds potato chips 1 o L L BI2S
Twothlrds poundalmonds + . v . b 44 v e v 4, N

e s

Two-fifithe pound plne nuts, pignaling + .+ . .

Fuel yaluo of tho quantity necded to furnlsh the slxty grams of proteld.
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Fuel Value
Oue and twofifthe pounds pesauts  + « o 4 . o s = s 3584 calones
Ten pounds basanas, edible portion  + + . . .+ . 4600
Tenpoundsgrapes . . - x4 e e e 4 oo - . 4500
Elevenpoundalettnce. « o - o o . = 4 4 o %0
Fifteen pounda praves . o o . s e 0 .0 s oo s 8550
Thartythree pounds apples . . . . - . 9570

The figures 1n this table are instructive m many ways.
First, it1s to be noted that the daily proterd requirement of
sisty grams can be obtamed from one-half pound of lean meat
(uncookad), of which the oin steak is a type. Subject to some
variations in content of water, an equivalent weight of lean
flesh of any variety, lamb, veal, poultry, etc., will furpish
approxtmately the same amount of proteid.  With fish, such
&g halibut steak, and with Liver, three-quasters of a pound are
required ; while with sweetbreads, four-fiftks of a pound are
needed to furnish the reqmsite amount of proteid. Of salt
codfish, one-half pound will provide the same amount of pro-
teid a3 an equivalent weight of fresh beef; while with lean
smoked bacon the amount nses to seven-etghths of a pound.
Among the vegetable products, 1t is to be observed that dried
peas and beans, almonds and pine nuts, are as rich i proterd
a3 the above-mentioned ammal foods, essentwlly the same
weights bemng called for to provide the daily requirement of
proteid. The same 18 true of cheese, the vanety designated
having such a compasition that one-half pound 13 the equiv-
alent, 80 far as the content of proteid 18 concerned, of a hke
amount of fresh beef. We must not be unmndful of the fact
previously mentioned, however, that there are differences in
digestibility among these varous foodstuffs wluch tend to
lower somewhat the availability of the vegetable products,
#lso of the cheese, thereby necessitating a slight increase
in the amount of these foods required to equal the value to
the body of lean meat.

Secondly, passing to the other extreme in our list, we find
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ciples set forth in our own way, in harmony with personal
likes and dislikea,

To the majority of us, not very fawiliar with the percentage
composition of ordinary food materials, and unaccustomed to
the weighing of food in grams, the figures given from time to
time may have failed to convey a very definite impression re-
garding the actual amounts of the various foods made use of,
Further, our ideas concerning the bulk of many of the com-
mon articles of food necessary to furnish the 60 grams of pro-
terd required daily by & man of 76 kilograms body-weight
may be somewhat hazy, The following table, however, will
be of service in this direction:

SIXTY GRAMS OF PROTEID ARE CONTAINED IN

Fuel Valust

One-half pound fresh leanbeef,lolo . . . . . . . . . . . 808calories
Nine hene’ egge N R -]
Four-fifths pound sweetbread , . . . . . “ e s . 860
Three-fourths poundfresh iver o . . . « v o o 4 4 4 432
Baven-erghths pound lean smoked bacon P e .. 1820
Three-fourths pound halibut steak . . ee e e 423
One-half pound salt codflsh, bonele: . e e 245
Two-and one-fifth pounds oysters, solid. . . - e ... BOS
One half pound American pale cheese . PP -
Four pounds whole milk (two quarts) . . . . . . 1300
Fiveaixths pound uncooked catmeal O 1Y
One and one-fourth pounds shredded wheat . . . . . . . . 2125
One pound uncooked mrcaront . .. . 1685
One and one-third pounds white wheat bread .. .. . 1520
One and one-fourth pounds crackers e e e . 2381
One and two-thirds pounds flakedmice . . . . . . . . . . 2807
Threefifths pound dried beans . .. . .« .. 963
One and eeven-eighths pounds baked beana - P . 125
One-balf pound dried peas .. P -4
One and eleventwelfths pounde patato clupn voe - . . .. BI28
Two-thirds pound almonds . . PP . . 2020
Teofifths pound pine nuts, pignobas . . . . . . . . 1138

1 Fuel value of the quantity needed to furnish the sixty grams of proteld.
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served to furmsh the necessaty proterd  Passing to the ether
extreme among the vegetable products, a3 i potatoss sod
bananas, for exanple, we flnd fuel vatue predowinating largely
over protes] content. The idest diet, however, 1s fovad 1n 2
Judicions admuxture of fooitstuffs of both animal ind vegetable
orign Wheat beead, reinforced by a hittle buttes or it
acon o add toats calonfic valve, shredded wheat wath nch
cream, erackers with cheese, bread amd mulk, eggs with baeon,
wmeat with polatoes, ete . the eommon, every-day lomsshold
adwixtures, provide combinations which ean sastly be mude to
accord with true physiclogical requirements  The some may
ba equally true of the mors compheated dishes evolved by the
high art of modern cookery.

Lastly, our table throws light upon certan questions of
bousehold economy. The cost of foods 13 vegulated wainly
not by the volue of the nutnents contamed theraw, but
by other factors of quite s <ifferent natere Relationship
between supply and demand naturally counts here as o
other directions, but our demand 1 lisble to be based not
wpon food walues, but mther upon deheacy of flaver, pala-
tability, and other kindied faneies, some 1eal and seme (magi-
nary  Ordinary crackers can be purchased for ten cents a
pound, but if we desire a bttle sironger flavor of salt and &
special box to hold them, we pay eighteen cents s pound.
Raolled very tlar aud thus made more delwate, they cost
twenty-five cents, while sold under a special name and perhaps
tied with o blug vilibon they cost thirty-five cents a pound,
Thar nutnfive valae per pound 1s the same m all cases, but
e pay hung for the d abor of 1 fon and
& goodt deal for the sdded attmetiveness to eye and prlate.
We pay twenty-two cents a pound for round steak, thirty-too
cents for loin steak, and seventy-five conts s pound for sweet.
breads, the igh price of the latter beng regulated by the
relative Bcareity of the article and not by its food value. As




o6 THE XTTRITIOX OF MAN

irdicated types of foods exceedingly poor in protedd, sueh 2s
the fruits; notshly, benanss, grapes, propes, apples, ez, 2lso
lertuee, and in less degree potatoes.  These are the kinds of
food that may legitimately attract by their palatability, but do
rot add reaterislly to our intake of proteid even whea con
sumed in relstively larpe amonnts, Thindly, we see clealy
indicated a radieal Qiff b the anirma) foods acd
those of vegetable origin, in that with the former the frel
valge of the quantity necessary to fomish the sixty grams of
prozeid is very small, 23 compared with 3 like amourt of the
average vegetsble prodect.  Qre-balf ponnd of Jean meat, fer
exxmple, with its €0 grams of proteid, kas s foel valve of
ouly 508 calories, while twothirds of 2 pozad of almonds
Las a foel valoe of 2020 calories, 2nd one-half pound of dried
peas 827 calodes. Naturally, this is mainly a question of
the proportion of fat or ofl present. With fat mest,ss in
bacon, the calorific value rises in proportion to ineresse in
the amount of fat, the proteid decreasing in greater orless
measure.

Tke main point to be emphasizad in this connection, bow-
ever, is that a high proteid animal food, like lean meat, egss.
£sh, ete., obvionsly eonnot alone serve 2s an advantagecus
food for msm. Wesee at ence the philosophy of a mixed
diet. Let ns assume that our average moa of 70 Klogmms
body-weight needs daily 2300 calories.  On this assamption,
if he were to depend entirely gpon lean beef for his sustes
rarnce, ke would require daily four snd a half pounds of
soch meat, which amounnt would furnich pine times the
quantity of proteid needed by kis system.  The same would
be more or less true of other kindred apimal prodeets. Oz
the other kand, certzin vegetalle foods on our Lst, suek 25
fzked rice, crackers, and shredded wheat, contain proteid,
with carbohypdraze and fat, in such preportion that the energy
requirement wozld be met essentially Ly the same qeantity as
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served to formsk the necessary proteid  Possing to the other
extrerms among the vegetable produets, as m patatoes and
bananas, for example, we find fuel value predominating largely
over proteid content. The rdeul diet, however, 1 fovnd w o
jutheious admisture of foodstuffs of buth animal and vegetable
ongin  Wheat bread, rewforeed by a Lttle buiter or fat
Yacon to kil ta 1ts calonfic value, shredded wheat with neh
eream, ersckers with cheese, Dread and wmulk, egge with lacon,
meat with potatoes, ete ¢ the common, every-day household
adextures, provide combinations which can easidy be made to
accord with true physwologieal requuements.  The same wmay
be equally tsue of the mare complicated dsshes erolved by the
hugh art of modern eookery,

Lantly, our table throws bght upon eertan guestions of
household economy. The cost of foods 53 regulated manly
not by the value of the mutnents contamed therem, but
by other factors of quite & different nature  Relstwonship
between supply and demand naturally counts here as
other directions, but our demand s hable to be nsed not
upon faod values, but rmther upon dehicacy of favos, pala-
tabiity, and other kindied fanctes, some real and some 1mags-
uary  Orboary crackess can be purchased for ten cents o
pound, but if we deswre a kttle strovger flavor of salt and &
special box 1o hold them, we pay eighteen cents & pound
Rolled wery thin and thus made mote deheate, they cost
twenty-five cents, while sold under a speaisl name and perhaps
tield with 8 blue nibbon they cost thusty-five cents o pound.
Thewr nutntrve value per pound 1 the came in all cases, but
we pay thang for the d labor of p and.
» good deal for the 2dded attractivencss o eye and palate.
We pay twenty-tao cents a pound for raund steak, thisty-tho
cents for loin steak, and seventy-five cents a pound for sweet-
breads, the Ingh price of the latter being yegulated by the
relabree searcity of the artels and aot by 1ts food value. As
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licated types of foods exceedingly poor in proteid, such as
+ fruits; notably, bananas, grapes, prunes, apples, etc., also
tuce, and in less degree potatoes. These are the kinds of
d that may legitimately attract by their palatability, but do
5 add materially to our intake of proteid even when con-
ned 1n relatively large amounts. Thirdly, we see clearly
icated a radical difference between the animal foods and
158 of vegetable origin, in that with the former the fuel
ue of the quantity necessary to furnish the sixty gras of
teid is very small, a3 compared with a like amount of the
srage vegetable product. One-half pound of Jean meat, for
mple, with its 60 grams of proteid, has o fuel value of
7 808 calories, while two-thirds of a pound of almonds
- a fuel value of 2020 calories, and one-half pound of dried
3 827 calories. Naturally, this is mainly a question of
proportion of fat or oil present. With fat meat,as in
on, the calonific valte rises in proportion to increase in
smount of fat, the proteid decreasing mn greater or less
asure.
“he main point to be emphasized in this connection, how-
r, is that ahigh proteid animal food, ke lean meat, eggs,
, etc., obviously cannot alone serve as an advantageous
1 for man. Wesee at once the philosophy of n mixed
Let us assume that our average man of 70 kilograms
y-weight needs daily 2800 calories, On this assumption,
e were to depend entirely upon lean heef for his suste-
ce, he would require daly four and a half pounds of
h meat, which amount would furnish mne times the
ntity of proterd needed by his system. The same would
nore or less true of other kindred animal products. On
other hand, certan vegetable foods on our list, such as
ed rice, orackers, and shredded wheat, contain proteid,
2 carbobydrate and fat, 1n such proportion that the energy
sirement would be met essenttally by the same quantity a3
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indicated types of foods exceedingly poor in proteid, such as
the fruits; notably, bananas, grapes, prunes, apples, etc., also
lettuce, and in less degree potatoes. These are the kinds of
food that may legitimately attract by their palatability, but do
not add materially to our intake of proteid even when con-
sumed in relatively large amounts. Thirdly, we see clearly

d d a radical daff bet the ammal foods and
those of vegetable origin, 1n that with the former the fuel
value of the quantity necessary to furnish the sixty grams of
proteid is very small, as compared with a Iike smount of the
average vegetable product. One-half pound of lean meat, for
example, with its 60 grams of proteid, has a fuel value of
only 308 calories, wwhile two-thirds of o pound of almonds
has a fuel value of 2020 calories, and one-half pound of dried
peas 827 calories. Naturally, this 15 mainly & question of
the proportion of fat or oil present. With fat meat, as in
bacon, the calorific value rises in proportion to increase in
the amount of fat, the proteid decreasing in greater or less
measure.

The main point to be emphasized in this connection, how-
ever, is that 2 high proteid animal food, like Jean meat, eggs,
fish, etc., obviously cannot alone serve as an advantageous
food for man. Wesee at once the philosophy of n mixed
diet. Let us assume that our averago man of 70 kilograms
body-weight needs daily 2800 calories Ou this assumption,
1f he were to depend entirely upon lean beef for his suste-
nance, he would require daly four and a half pounds of
such meat, which amount would furnish nine times the
quantity of proterd needed by lus system. The same would
be more or less true of other kindred animal products, On
the other hand, certamn vegetablo foods on our list, such as
flaked rice, erackers, and shredded wheat, contain proteid,
with carbohydrate and fat, in such proportion that the energy
requirement would be met essentially by the same quantity as
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in fuel value, the cost of which is even Iess than the simple
food mixtures just referred to. It is not necessary, however,
to enlarge upon this question; it1s sufficient to merely em-
phasize the fact that the exaggerated demand of our present
generation for dietetic lutumes 1s leading us far away from
the proverbially simple Iife of our forefathers. and withouy
adding in any way to the effectiveness of the daily diet. On
the contrary, 1t is m part responsible for the high proterd con-
sumption of the present day, with its attendant evils, and in-
volves a large and unnecessary expenditure without adequate
returmn.  The wants of the body for food are far more advan-
tageously met. by a simple distary, moderate 1 amount and at
a1 expense comparatively sight.

A recent writer,) n the “DBriish Medical Journal,” a
Practitioner of medicine in the Highlands of Scotland, has
said thai these are “facts of common experience m the High-
lands of Scotland, and probably among the peasantry of other
countries also, where the old beliefs and customs have not too
readily given way to the luxunes of civalization. Qatmeal
one form or another i a daily ingredient in the diet of a
Highland peasant. The potato also 1» a staple food, and 1s
consumed in large quantities with salt herrmg or other fish,
and perhaps i some cases salt mutton or pork, Milk and
eggs are used by most. The growing consumption of tez,
however, and the increasng relish for sweets, candy, pastry,
and bsemts, threaten to destroy the old way of hiving. A
typical day's diet for a crofter or fisherman who still believes
in the traditional diet would be somewhat Like this-

Breakfst. — Oatmeal pornidge or brose with millc, bread, butter, and tea
Iunner — Potatoes galore and berrings, or other galt fish
Supper —Porridge and malk, or oat bread and clheese, and fex

“I have often been assured by shepherds that they could
work all day ¢on the ull” after a breakfast of catmeal brose

* Aren Cowce Britiah Medieal Journal, Apral 7, 1908, p 829
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our table indicates, the real value of sweetbread as a source of
proteid is only a little more than balf that of lean beef. Its
fuel value, however, is somewhat more than that of beef, but
a little fat added to the latter will more than compensate and
at a trifling cost. When we can afford it, we pay the in.
creased price for sweetbreads simply because their delicacy and
flavor are attractive to us. We should not do it under the
mistaken idex that we are indulging in a highly nutritive
article of food, for as 2 matter of fact 1t is not only less nutri-
tive than a corresponding weight of lean beef, but in addi-
tion 1t possesses certain qualities, in its high purin-content,
that are a menace to good health if indulged in too freely.
Where expense must be carefully guarded, or where the con-
dition of the family purse is such that conflicting demands
must be intelligently considered in onder to insure wise ex-
penditure and the greatest permanent good of the many, it is
well to remember that price is no guarantee whatever of real
nutritive valne. Two quarts of milk will furnish half the
daily fuel requirement of our average man and the entire
proteid requirement, while its cost is only sixteen cents.
Remforced by a pound leaf of wheat bread, the energy re-
quirement for the day would be fully met, with surplus ni-
trogen to store up for future needs, and at an additional cost
of only ten cents, A mixture in tlus proportion, however,
would not be strictly physiological, stnce it is wasteful of pro-
teid, but it may serve to illustrate the point. A better illus-
tration 13 found m an admixture, quite adeguate to supply the
daily needs of our average man, both for proteid and energy,
composed of one~quarter of a pound of lean beef, two-thirds of
a pound of bread, and half & pound of butter, and at a total
cost not to exceed thurty cents. ‘The contrast of such prices
with what 13 s0 commonly paid for table delicacies 1s some-
what striking; 1t could bo made still more so by dmwing
upon many common vegetable foods, rich alike in proteid and
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BREAKFAST-continued.

Onedourth teactp of cresm  « o 4+ o »
30 grams

Onelumpofsagar . . &+ v s o + o » » &
10 gramg

LUNCH
One teacup homemade chickensoup . . « . .

One Parker-howse roll . e e e e

Two one-inch cubes of butter e
grams

Onesbesleanbacon .« v . ..

Ono smalt buked potate - « -
£ ounces, 60 grams

Oue rice croquette

Two ounces maplesyrop . . o . .

§0 grams

One cup of tea with one slice lemon .

Onelump of sugar . . . -
10 grams

DINNER

One teacup cream of corneanp . + . .

Oue Farkerhouseroll ¢ « « .+« 4 4 .
One-nch cube of butter . + « . .
gramy
onum-m.mnchap,hmm e
lean meat, 80 gru
One tescup of marhed p ;-nmo .
167

Apple-celery lettuce aslad with mayonnaise dresnng
50 grams

625 grams

°©
-

. 062

Caloriea
b1

28

Calorles
L]

110

28¢
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and milk, without fatigue and without feeling hungey, return-
ing in tho evening to partake of a dish of broth, potatoes, and
salt mutton. Tn these diets, proteid forms a very small pro-
portion, and yet a hardier race than these shepherdsand fisher-
men cannot be found.” It should be added that “brose”
consists of a fow handfuls of oattneal, to which is added boil-
ing water, the mixture being stirred vigorously and placed
for a few minutes near the fire. It is then eaten with milk,
or better, with cream. In the absence of positive data, it can
only be asserted that the above dietary stands for simplicity
and frugality. Its proteid-content may be low, but the
amount of proteid taken per day by these Highlanders will
obviously depend upon the quantity of food cansumed. Oat-
meal is fairly nch in proteid, and it is quite conceivable that
the amount eaten daily may be such as to result in a high
proteid exchange.

It will be profitable for us to gain, if possible, a fairly clear
iden of the quantities of food requisito for our average man
of 70 kilog body-weight ; i.e., the necessary to
provide 60 grams of proteid and 2800 calories. With this
end in view, we may outline a simple dietary, expressed in
terms that will convey a clear impression, showing what may
be eaten without overstepping the required limts of protexd
or total calories:

BREAKFAST
Proteld Calories

One shredded wheat biacalt . o . . .+ » . . . 316 grama 108
20 grams

Opetencup ofCream  + + » o . o4 4 o b e 4 s 812 20
120 grams

One German wateroll « + 4+« o 4 44 4 ... 507 165
51

Two onednch cubes of butter . . . . . . , , . 038 24

88 gram
Threefourths cupof coffes = + o v o = o o4 .
100 grams

028 an
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of proteid. If it is desired to mncrease fuel value without
change in the proteid-content of the food, recourse can always
be had to butter, fat of meat, additional oil in salads, or to syrup
and sugar.

Such a menu as is roughly outlined, however, has perhaps
special value in emphasizing how largely the proteid intake
is increased by foods other than meats, and which ale not
conspicuously mch 1 proterd matter. All wheat products,
for example, whitle abounding 1 starch, still show a large pro-
portion of protesd  Thus, shredded wheat biscmt (1 ounce),
which 1s a type of many kindied wheat preparations, from
bread and bisemit to the vanous so-called breakfast foodls,
yields about 8 grams of protexd per ounce and approximately
100 calonies. Even potato, wlnch 19 conspicucusly a caibohy-
drate food owing to 1ts large content of starch, yields of
nitrogen the equivalent of at least three-fourths of a gram of
proteid per ounce  If larger volume 15 desired without much
mcrease in real food value, there are always avalable green
foods, such as lettuce, celery, greens of various sorts, fruts,
such as apples, grapes, oranges, etc. Too great reliance on
meats as a type of concentrated food, on the other hand,
augments largely the intake of proteid, and adds a 1elatively
small amount to the fuel value of the day’s ration

An ingentous method of indicating food values, which
promises to be of service n sanatona and under other condi~
tions wheie 1t 13 desirable to record or correct the diet of a
large number of persons, has been devised recently by Pro-
fessor Fisher.! The method aims to save labor, and 1s like-
wise designed to visualize the magmtude and proportions of
the diet. The food 13 measured by calories mstead of by
weight, a “standard portion” of 100 large calories being the
umt made use of. In carrying out the method, foods are

! Irring Fisher A new method for indicating food values American
Journal of Physiology, vol 15, p 417, 1900
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DINNER — continued.
Protald Calorien
Ono Boston cracker,aplit . . . . . . . ., . . 132 4
21nches diameter, 12 grams
One-balf inch cube Ametican cheese . + » . . . . 825 50
12 grams
One-half teacup of bread pudding .+ « . . « . . . 625 150
grams
One demi-tasse coffes . . . . . . e e .
Onelump ol SUGAT  « o o v w4 w w4 0 s . . .. 38
10 grams
2021 o

The grand totals for the day, with this dietary, amount to
§8.07 grams of proteid and 2729 calories. It is of course
understood that these figures are to be considered as only ap-
proximately correct, but the illustration will suffice, perhaps, to
give a clearer understanding of the actual quantities of food
involved in a daily ration approaching the requirements for a
man of 70 kilograms body-weight. Further, there may be
suggested by the figures given for proterd and fuel value of
the different quantities of foods, a clearer conception of how
much given dietary articles count for in swelling the total
values of a day’s intake. Moreover, 1t is easy to see how the
diet can be added to or modified in a given direction. If a
Iittle more proterd 15 desired without changing materially the
fuel value of the food a botled egg can be added to the break-
fast, for example. An average-sized egg (of 53 grams) con-
tains 6.9 grams of proteid, while it will increase the fuel value
of the food by only 80 calories. Or, if more vegetable proteid
is wished for, a soup of split-peas can be introduced, without
changing in ony degree the calorific value of the diet. Thus,
one teacup of split-pea soup (144 grams) containg 8.64 grams
of proterd, while the fuel value of this quantity may be only
94 calories. The addition of one banana (160 grams) will
inciease fuel value 1563 calories, but will add only 2.28 grams
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Obviously, to make use of the * calories per cent” method
2 table such as the above, covering all common foodstuffs and
showing the weight of each food constituting a standard por-
tion, together with the calories of proteid, fat, and carbohy-
drate 1 this portion, is necessary. The chief advantage of
the method, however, is that 1t lends itself readily to geo-
metrical representation and affords an easy means of deter-
mining the constituents of combinations of different foods by
use of a simple mechamsm, for a description of which reference
must be made to the original paper

Any attempt to follow a daly routine which sccords with
the true needs of the body leads necessanly toward foods
derived from the plant kingdom, with the adoption of sumple
dietary habits, and with greater freedom from the exciting in-
fluence of the ncher anumal foods. There 1s, however, virtue
in a simple dietary that appeals and satisfies, and 1n so doing
testifies to the completeness with which it meets the physi-
ological requrements of the body A physician,! writing 1n
the “British Medical Journal,” says- I determined to give the
minimum-of-proteid diet a fair trial 1n my own case, The re-
sult was that I was relieved of a life-long tendency to acid

dysp and 1 sick headache; my fitness for work,
my appema and relish for food, were increased, without any
diminution, but mther a slight increase, mmmy weight. My
practice extends over a wide area of rough mountmnous
country involving long journeys on cycle, on foot, drving,
and in open boats, in farr and foul weather, The muscular
exertion and endurance necessary for the work would seem to
require a large proportion of proterd and a generous diet alto-
gether, but sice T began to expeniment I have suffered Jess
than formerly from fatigue, and seem to eat in all a smaller
quantity of food. My diet conssts of

1 Arso Cowce  British Mecheat Journat, April 7, 1006, p 829,
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served at table in “standard portions,” or multiples thereof
In the words of Fisher, the amount of milk served, for
example, “instend of being a whole number of ounces,
should be 4 9 ounces — the amount that contains 100 calories.
Tius *standard portion® constitutes about two-thirds of an
ordiary glass of milk. Of the 100 calories which it con-
tans 19 will be in the form of proterd, 52 in fat, and 29 in
carbohydrate.” In the carrying out of this plan, it is evident
that the weight of any food yielding 100 ealories becomes
a measure of the degree of concentration. From the stand-
point of fuel value, olive oil is probably one of the most
concentrated of foods, approximately one-third of an ounce
contaimng 100 calories. The following table, taken from
Fisher's description of his method, will serve to show the
amonnts of several foods constituting a “standard portion,”
and also the number of calories 1n the form of proteid, fat,
and carbohydrate:

Nume of Food and * Porticn " ‘Weight contain- Carbo-
ot Pt P F,: gt [paa | me | gt ] 2o
ounces | grams { calories | calorion
Almonds, a dozen . . 053 15 130 770 10 100

350 [ 98 | 50 £0 [ 90 | 100
130 | 87 ] 120 ] 60 ) &1 | 100
04t | 13| 05 [ oa5f .. | 100
210 | 60 | 320 [ 680 [ .. [ 100
680 | 10 | 490 | 220 | 2 | 100
seo | 100 | 100 [ 10| 89 | 100
49 | 140 | 190 | s20 |7 20 | 100
140 | 40| 310 [es0 | .. | 1200
088 | 24 [ ... ..., {100 | 100

Bananas, one large

Bread, 3 large alice . .
Butter, gn ordinary pat .
Eggs, one large

Oysters, a dozen

Potatoes, one

Whole milk, twro thirda glass

Beef arrlom, & small plecs . -

Sugr, five teaspoons
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Obviously, to make use of the “ calores per cent ” method
a table stch as the above, covenng all common foodstuffs and
showing the weight of each food constituting a standard por-
tion, together with the calories of protewd, fat, and carboky-
drate in this portion, is necessary. The chief advantage of
the method, however, is that 16 lends itself readily to geo-
metrical representation and affords an easy means of deter-
muning the i of binations of different foods by
use of a simple mech ption of which
must be made to the origmal paper

Any attempt to follow a daily routine which accords with
the true needs of the body Jeads necessarily toward foods
denved from the plant kingdom, with the adoption of simple
dietary habits, and with greater freedom from the exciting in-
fluence of the ncher ammal foods. There 13, however, virtue
1o a simple dietary that appeals and satisfies, and 1n so doing
testifies to the completeness with which 1t meets the physi-
ological requirements of the body A physician,! #iting in
the *British Medical Journal,” says: ¢ I determned o give the
minunum-of-proterd diet a fuir trial in my own case. The re-
sult was that T was relieved of a hfe-long tendency to acid
d, ia and 1 sick headache; my fitness for work,
my appeme and relish for food, were mncreased, without any
diminution, but rather a slight merease, mmy weight My
practice extends over a wide area of rough mountainous
country involving long journeys on cycle, on foot, dnving,
and in open boats, m far and foul weather. The muscular
exertion and endurance necessary for the work would seem to
Tequire a large proportion of proteid and a generous diet alto-
gether, but since I began to experiment I have suffered less
than formerly from fatigne, and seem fo eat in all & smaller
quantity of food, My diet consists of :

forad

1 Arn Coirce British Medical Journal, Apnt 7, 1906, p 829,
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Breakfast, 830 4 3 — Oatmeal cakes, bread and butter, about 1 cubic inch of
cheese or bloater paste, marmalade, and one breakfast cup of tes

Lunch, 130 »u ~—Bame as breakfast, with occasionally a baled egg, and
somenmes coffee {natead of tea.

Dinner, 7 7 3 —Thik soup contalmug vegetables, with bread, followed by
suet pudding or fruit tart, or vegetable stew, containing 2 or 8 nunces of meat,
with boiled potatoes, followed by mutk pudding and jam, and occasionally &
cup of black coffee.”

This st of p 1 experi is in close accord
with statements that have come to the writer in hundreds of
letters during the past two or three years, from persons who
have for some reason chosen to follow a more abstemious
mode of hfe. Such testimony has a certarn measure of value
in that it offers corroborative evidence of the beneficial effects
of a moderate diet, more closely in accord with the actual de-
mands of the body for food. It does not, however, carry quite
that degree of assurance that scienttfic evidence, gathered by
careful observers and controlled by weights and measures that
hold the imagination in check, affords ; and so we may turnfoa
different type of testimony, presented 1n an elaborate research
by Dr. Neumann,! of the Hygienic Institute at Kiel, an experi-
ment on himself extending through a total of 746 days

The expeniment was divided into three pertods. In the first
period of ten months the subject, with a body-weight of 66 5
kilograms, consumed daily on an avernge the amounts of food
indicated in the following table. In this same table aze also
included the daily values, based on the preceding data, fora
body-weight of 70 kilograms. Thirdly, the table likewise
shows the ts of utilizable food ined in the food-
stuffs actually eaten, on the basis of 70 kilos body-weight.

3 Dr med et phll R. O Neumann Experimentelle Beitrage zur Lehre von
dem tiglchen Nahrungsbedarf des Menschen unter Lesonderer Beriickeichtl.
gung der notwendigen Eiwewssmenge  Archly fur Ilygiene, Band 46, p 1,1902.
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AVERAGE DAILY FOOD FOR TEN MONTHS

A Caloulated for &

ctually conmumed stfors | oentie Foo
D7 tha Bubiecs, | | Body welghtol |for  Body-welghtof
7603 Kilor 70 Kios 70 Kidon

Proted - . 66.1 grams 601 grams 5738 grams
Fat . . 835 %02 812
Carbobydeate 2300 2420 2250
Aleobol , . 4237 456 410
Fuel value . 2509 calomes | 2427 calories {2199 ealorses

Dunng this peried of ten months, the body-weight of the
subject remained practically constant, or mdeed showed s
slight gun up to 67 lkilograms All the functions of the
body, ard the general condiion of good health, were m no
wise impaired ; so that n the words of the subject, the amount
of food esten must have been sufficient for the needs of the
body Somewhat striking 13 the fact that of the 2309 calorzes
in the duly food, more than one-fourth was derived from the
beer consumed daly (1200 cc)  Also moticeable 15 the rela-
tively small amount of carbohydmte taken daily, only about
one-balf the quantity designated by Voit as the average re-
quirement of German laborers. Finally, it 13 to be observed
that during this period of ten months, the daly consumption
of food as ealeulated for a man of 70 kilograms body-weight,
based on the actual food consumption of the subject with a
weight of 66 5 kilos, was not widely different from our own
statement of 60 grams of proterd and 2800 calories. The
tendency, however, in Dr. Neumann’s experiment was toward
lower fuel values and somewhat higher proteid consumption.

In a second period of 50 days, with a slightly larger daily
intake, Dr. Neumann observed that his body was laying by
nitrogen, 4. ¢., storing up proteid on a daily diet of 76.5 grams
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of proteid and with sufficient fat and carbohydrate to furnish
a total fuel value of 2658 calories. In the final period of 8
months, the following data were obtained :

AVERAGE DAILY FOOD FOR EIGHT MONTHS

‘J}'fﬂl ﬂ:;.e“‘; ?soa, wﬁl{:"? "‘{;’iiu“,"’va’:“‘" @t
0 Kilos,
Proteid . . 762 grams 140 grame 614 grams
Fae. . . . 1090 1061 955
Carbohydrate | 1629 1642 1527
Aleohol . . 113 58 47
Fuel value . 2057 calories 1999 ealories 1766 calonen

During this period, it is to be noted that the fuel value of
the day’s food averaged only 2057 calories, which for a body-
weight of 70 kilograms would amount to less than 2000 calo-
ries. The proteid consumption, however, was larger than we
have found to be mecessary for » man of the above weight.
Stil], the facts are in harmony with the general principle that
there is no necessity for a daily intake of food such as common
usage dictates, there being obviously a wide difference between
a mimmal daily consumption of 118 grams of proteid and
8000 or more calories, such as 1s assumed to be needed by a
man of 70 kilos, and 74 grams of proteid with 1999 calories.
Under the latter conditions, the subject gained a kilogram 1n
weight duning the eight months, while the establishment of
nitrogen equilibrium testifies to the now generally accepted
view that 1t 1s quite possible for the body to establish nitrogen
equilibrium at different levels, ¢.e., with different quantities
of proteid food end different fuel values

The diet made use of by Neumann was a mixed one, con-
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taining 2 great vamety of ammal and vegetable foods, but
withal simple and moderate 1n quantity. Calculated per kil-
ogram of body-weight, the average p of food ma-
terial per day during the three periods was as indicated m
the following table:

DAILY FOOD CONSUMPTION PER EILOGRAM OF WEIGHT

Proteid. ’ e ‘c-.-m,anul Acohel | Calorien

grame | grems grams grams

TFarst Pericd 095 13 1 056 247
Second Period . 110 28 334 . 697
Third Period . . 100 15 24 007 285

The average of daly food consumption for the total of 746
days was #s follows - 742 grams proteid, 117 grams fat, 213
grams carbohydrate, and 2367 calories  On such a diet, during
tis Jong pened, equilibrium was d ined,
thereby furnishing additional evidence that quantities of food
wiy below the so-called normal amounts are quite adequate
to meet the needs of the body. There is no conflict whatever
between these results and our own ; they both point 1 the
same general direction. Peshaps the one thing that needs to
be again emphusized, however, 1n view of the low fuel values
used by Neuman, is that while they proved quite adequate
in s case, the demand in this direction is governed largely
by the degree of bolily activity In fact, Neumann's results
with fuel values are mn perfect harmony with the data obtained
by us with professional men, but the writer is inclined to
belteve that for the majority of mankind, with the varying
degrees of activity and muscular exertion called for, a some-
what larger number of heat units is desirable, and indeed on
many occasions demanded.

Still, it is perfectly obvious that custom has greatly exag-

13
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of proteid and with eufficient fat and earbohydrate to furnish
a total fuel value of 2658 calories. In the final period of 8
months, the following data were obtained :

AVERAGE DAILY FOOD FOR EIGHT MONTHS

Actually consumed Calculated for & Utilizabls Food for &
hy m subjug Body Weight of ‘Body-Weight of
70 Kilos., 70 Klloa.

Proted . . 792 grams 740 grams 614 grams
Fat ... 1090 1061 95
Carbobydrate | 1689 1642 1527
Aleobol . . 55 58 47
Fuel value . | 2057 calories 1999 calories 1766 calories

During this penod, it is to be noted that the fuel value of
the day’s food averaged only 2057 calories, which for a body-
weight of 70 kilograms would amount to less than 2000 calo-
ries. The proteid consumption, however, was larger than we
have found to be necessary for 4 man of the above weight.
Still, the facts are in harmony with the general principle that
there is no necessity for 2 daily intake of food such as common
usage drctates, there being obviously a wide difference between
a minimal duly consumption of 118 grams of proteid and
3000 or more calories, such as is assumed to be needed by a
man of 70 kilos, and 74 grams of proteid with 1999 calories.
Under the latter conditions, the subject gained a kilogram in
weight durmg the eight months, while the establishment of
nitrogen equilibrium testifies to the now generally accepter
view that it is quite possible for the body to establish nitrogen
equlibrium ot different levels, ¢.¢., with different quantittes
of proteid food and different fuel values.

The diet made use of by Neumann was a2 mixed one, con-
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taining & great vatiety of animal and vegetable foods, but
withsl mmple and moderate in guantity. Caleulated per kl-
ogram of body-weight, the average consumption of food ma-
terial per day dunng the three periods was as indicated in
the following table:

DAILY FOOD CONSUMPTION PER KILOGRAM OF WEIGHT

Proteld. | Fat.  |Carbohydsate | Alcotol [ Caloriss
game | gram grame grams
FistPenod . | 089 18 845 056 a7
Second Period 110 23 334 07
Third Period » . 100 15 234 o7 286

The average of daily food consumption for the total of 746
days was ns follows: 74 2 grams proteid, 117 grams fat, 213
grams earbohydrate, and 2367 calones. On such aduet, during
this Jong period, 1ib was
thereby furnlshmﬂ nddxtwnﬂ evidence that quantities of food
way below the so-mned normal amounts are guite adeguate
to meet the needs of the body There 13 no conflict whatever
between these results and our own, they both point 1z the
same general direction. Perbaps the one thing that needs to
be again emphusized, however, 1n view of the low fuel values
used by Neumaun, is that while they proved quite adequate
in lus case, the demand mn this direction 13 governed largely
by the degree of bodily activity. In fact, Newmann’s results
with fuel values are 1n perfeet harmony with the data obtained
by us with professional men, but the writer is inclined to
believe thng for the majority of mankind, with the varying
degrees of activity and muscular exertion called for, a some-
what larger number of heat umts is desirable, and indeed on
many occasions demanded.

Sull, it is perfectly obvious that custom has greatly exage

13
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of proteid and with sufficient frt and carbohydrate to furnish
a total fuel value of 2658 calories. In the final period of 8
months, the following data were obtained :

AVERAGE DAILY FOOD FOR EIGHT MONTHS

Proted . . 762 grams 740 grams 614 grame
Fat e 1090 1061 958
Carbohydrate 1689 1642 1527
Alcohol . . 56 63 47
Fuel value 2057 calories 1999 calories 1766 calories

During this period, it is to be noted that the fuel value of
the day’s food averaged only 2057 calories, which for a body-
weight of 70 kilograms would amount to less than 2000 calo-
ries. The proteid consumption, however, was larger than we
bave fournd to be necessary for o man of the above weight,
Still, the facts are in harmony with the general principle that
there is no necessity for a daily intake of foed such as cormmon
usage dictates, there being obviously a wide difference between
& minimal daily consumption of 118 grams of proteid and
8000 or more calories, such as is assumed to be needed by &
man of 70 kilos, and 74 grams of proteid with 1999 calories.
Under the latter conditions, the subject gained a kilogram in
weight during the eight months, while the establishment of
nitrogen equilibrium testifies to the now generally accepted
view that it is quite possible for the body to establish nitrogen
equilibrium at different levels, i. e, with different quantities
of proteid food and different fuel values

The diet made use of by Neumann was a mixed one, con-
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taining & great vamety of animal and vegetalle foods, but
withal simple and moderate in quantity. Caleulated per kil-
ogram of body-weight, the average consumption of food ma~
terial per day during the three periods was as indicated in
the following table:

DAILY FOOD CONSUMPTION PER KILOGRAM OF WEIGHT

Proteld. Tk Carbobyarate | Alcohol Calgries
g | grams rams rama
Fieet Period 099 18 345 066 847
Second Period 110 23 334 . 07
Third Period 100 15 284 007 285

‘The average of daily food consumption for the total of 746
days was as follows: 74 2 grams proteid, 117 grams fat, 213
grams carhohydrate, and 2367 calonies.  On such a diet, durng
this Jong period, equilit was ly mamtained
thereby furnishing additional evidence that quantities of food
way below the so-called normal amounts are quite adequate
to meet the needs of the body. There 13 no conflict whatever
between these results and our own ; they both point in the
same general direction  Perhaps the one thing that needs to
be again emphasized, however, n view of the low fuel values
used by Neumann, is that while they proved quite adequate
in s case, the demand in this direction is governed largely
by the degree of bodily netivity  In fact, Neumann’s results
with fuel values are in porfect harmony with the dats obtained
by us with professional men, but the writer is inclined to
believe that for the majonty of mankind, with the varying
degrees of activity and muscular exertion called for, a some-~
what larger number of heat units 13 desirable, and indeed on
many occasions deranded.

Still, it is perfectly obvions that custom has greatly exage

i3
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gernted the fuel values required in ordinary muscular work,
and such results as are here presented tend to emphasize the
true relationship between actual requirements and fuel intake,
Further, it must not be overlooked that the rate of proteid
katabolism 13 governed in large measure by the amount of
pon-nitrogenous food, and consequently a too narrow margin
in the consumption of the latter will obviously result m a
higher rate of proteid exchange. We are inclined to the
belief that a sahsfnctory degree of bodily efficiency is more
lable to be maintained with a hat larger

of carbohydrate food, combined with a reduction in prot,eu!
food to o level nearer our own figures. It will be observed
that the average amount of earbohydrate taken daily by
Neumann, during the 746 days, was only 213 grams, while the
daily consumption of fat averaged 117 grams, Theso figures
are interesting and instructive in many ways, especially as in-
dicating the ease with which the body accommodates itself to
a relatively low intake of proteid food, combined with a small
proportion of starches and sugars. This relationship between
carbohydrate and fat might well occur at times as 2 natural
result of persomal taste, but as a general rule it is probably
better, from the standpoint of digestibility and general availa-
bility, for the daly food to contam a larger proportion of
carbohydrate.

Under this head, I would lay spectal stress upon the value
to the body of the natural sugars as well 2s of starch. We
are inclined to dep the widespread use of candy, especiall
among children, and there is no doubt that the too lavish use
of sugar in such concentrated form does at times do harm;
but when eaten s an integral part of the many available fruits
its use cannot be too highly lauded, for both young and old.
Oranges, grapes, prunes, dates, plums, and bananas are espe-
cially to be commended, and in lesser degree peaches, apricols,
pears, spples, figs, strawbernies, rospberries, and blueberries.
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Tn all of these fruits, it is the sugar especially that gives food
value to the article, while the mild acxds and other extrac-
tives, together with the water of the fruit, help in other ways
in the maintenance of good health. Where personal taste and
inclination are favorably disposed, the first six fruits named
can be partaken of freely, and the diet of the young, especially,
can be advantageously modified by the hberal use of such
artieles of food.

Of the other fruits, apples when thoroughly npe are
sbove reproach if properly mastxcated but the raw fruit 1s

igestible when swallowed in too large pieces, and
may cause trouble to a delicate stomach. A baked apple, on
the other hand, 18 both savory and wholesome, and 1f served
with sugar And cream, for example, constitutes 2 most health-
ful and satisfying artrcle of food Peaches, apricots, and
strawberries as ripe fruits are likewise exceedingly valuable,
but here personal idiosyncrasy frequently comes to the fore,
especially with strawbernes, snd prohibits their free wuse.
The peculiar acidity of these latter fruits 15 occasionally a
source of trouble, which leads to their avoidance; but this is
far less liable to happen with people living on a low protexd
diet wathits greater freedom from purin dentvatives, or unie
acid antecedents. Further, there 1s a tendency on the part of
some individuals to suffer from acid fermentation with too
liberal use of starches and sugar, but as a rule the advantages
of ordinary starchy end natural sugarcontmmng foods cannot
be overestimated. It is certunly wise to give them a con-
spicuous place m the daly dietary and to encourage their use,
especially by children.

As fins been stated 1n several connections, a diet which
conforms to the true nutritive requirements of the body must
necessarily lead toward vegetnble foods In no other satisfac-
tory way can excess of proteid be avoided, and at the same
time the proper calorific value be obtained. This, however,
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does not mean vegetarianism, but simply a greater reliance
upon foods from the plant kingdom, with a corresponding dimi-
nution in the typical animal foods, This mises the question
of the possible relation of diet to the bacterial processes of
the intestine, knowing, as we do, that the latter are of
primary importance in the causation of certain forms of auto-
1ntoxication, ete. Recent studies have indicated that the bac-
terial flora of carnivorous animals is quite different from that
of herbivorous animals, and this being so, it is easy to see how
a predominance of vegetable or animal food may modify the
bactertal conditions of the intestinal tract in man Dr.
Herter? has reported the presence in the intestines of cats,
dogs, tigers, lion, and wolf of many spore-holding bacilly, 23
well as free spores and vegetative forms of anerobic organ-
isms; some of which at least are decidedly pathogenic when
injected mnto the subeutaneous connective tissue, leading to
serious and even fatal results within twenty-four hours.
With herbivorous animals, on the other hand, such as the
buffalo, goat, horse, eleph etc., the predominating o1gan-
1ms are of a different order from those found in the intes-
tines of the carnivora; proving practically non-pathogenic,
or only slightly g0, when m]ected subcutaneously, and less
disposed to produce putrefactive changes or other chemical
decomposittons.

In the words of Dr. Herter, « These differences in tL\e
appearance and behavior of the bacteria derived from typ-
ical carnivora and herbivora suggest that the habit of In-
ing upon a diet conssting exclusively of raw meat entails
differences in the types of bacteria that characterize the con-
tents of the large § i The of iderabl

bers of spore-bearing i in the carnivora points
to the presence of anmrobic putrefactive forms in great num-

1C A Herter Character of the Bucterral Flora of Carmivorous and Her
rvorous Ammals  Sclence, December 28, 1906, p 859 .
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bers The results of subeutaneous toculattons into guinea-
pigs Lear out this view and indicats that the numbers of
organisms capable of prodncing a hemorrhagic cedema with
tissue necrosis, with or without gas-production, are very con-
siderable. . . . The observations recorded are of much wm-
terest in relation to the bacterial processes and nutrttion of
herbivorous as distinguished from carnivorons animals, and
are mgmificant furthermore for the interpretation of bactenal
conditions found in man  The question anses whether the
abundant use of meat over a long perod of time may not
favor the development of much larger numbers of spore-
bearing putrefactive apmiobes in the intestinal tract than
would be the case were a different type of proteid substituted
for meat” Whle 1t may be said truly that observations of
this character are as yet not sufficiently numerous or conclu-
sive to warrant positive or sweeping statements, yet there 15
2 suggestion here well worthy of thoughtful consideration in
1ts general beaning on the nutrition of mankind

Simplicity i diet, with or without complete abstinence
from meat, 1s often resorted to as a means of relief fiom bodily
ailments, and such cases sometimes afford strikung sllustrations
of the adequacy and benefits of a relatively low mtake of food
Cases of this sort, perhaps, are more frequently olscrved
among elderly people, where the daily reqnirements are not so
great as with younger and more active persons, but they offer
evidence in support of our main thewis that dietary habits aro
no guaruntes of bodily requirements I have n nund the de-
tails of an exceedingly interesting case reported with much
care by Dr. Fonger;! the case of a man who at 61 years of
age, after a long period of poor health, brought himself
quekly into a conditton of sound health by a duly diet char-
actenized by extreme lieity and with an dingly low

1De 8 Feoger Beitrkige 2ar Kenntnies des Stoffwechsels Im Gressenalter
Skandicavisches Archiv far Physlologie, Band 19, p 322, 1904,
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does not mean vegetarianism, but simply a greater reliance
upon foods from the plant kingdom, with a corresponding dimi-
nution in the typical amumal foods, This raises the question
of the possible relatton of diet to the bacterial processes of
the intestine, knowing, as we do, that the latter are of
primary importance in the causation of certain forms of auto-
intoxication, etc. Recent studies have indicated that the bac-
terial flora of carnivorous animals is quite different from that
of herbivorous enimals, and this being so, it is easy to see how
a predominance of vegetable or animal food may modify the
bacterial condittons of the intestinal tract in man. Dr
Herter! has reported the presence in the intestines of cats,
dogs, tigers, lion, and wolf of many spore-holding bacilly, as
well as free spores and vegetative forms of anwerobic organ-
isms; some of which at least are decidedly pathogenic when
injected into the subcutaneous connective tissue, leading to
serious and even fatal results within twenty-four hours.
With herbivorous animals, on the other hand, such as the
buffalo, goat, horse, elepk ete, the predominating oigan-
isms are of a different order from those found in the intes-
tines of the carnivora; proving practically non-pathogenic,
or only slightly so, when injected subcutaneously, and less
disposed to produce putrefactive changes or other chemical

decomposttions.

In the words of Dr. Herter, % These differences in the
appearance and bebavior of the bacteria derived from typ-
ical carnivora and herbivora suggest that the habit of liv-
g upon a diet consistng exclusively of raw meat entails
differences in the types of bacteria that characterize the con-
tents of the large intestine. The occurrence of considerable
of spore-bearing organisms in the carnivora points
to the p of bic p factive forms in great num-

1

1C A Herter Character of the Bacterial Flora of Carnivorous snd Her
Bivorous Anjmals  Sclence, December 25, 1900, p 853 .
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Catbor Calories | {Froterd

Perlod. Proteid. me | i | cdonms | perio-| per Kl
18841892 r;;n; 'zﬂ" ;5"!2“1‘; 1125 26 l;-;(;l
1892-1894 852 270 1520 1200 28 203
1894-1500 €70 201 1601 1280 0 207
1900-1902 844 37 1488 1600 33 200

Especially noticeable here is the low intake of fat and car-
boliydrate, wath the corresponding low fuel value, and elso the
relatively high consumption of proterd, aseraging 20 grams
daily per kilogram of body-weight. Dr. Fenger concludes
that for a man of this age and weight, with the relative mac-
tivity charactenstie of old age, & heat value m the intake of 30
calories per kilogram of body-weight 15 quite sufficient for the
needs of the body  This may be quute true, but to mamtain
nitrogen it under such cond requrres a larger
ntake of proteid food than 1s desirable, It will be observed
that mn the last peniod of four years a very decided change n
the diet was nstitoted s proteid was d shedd hat,
but the noticeable change was the decided 1nerease 1n fat, pro-
duced in large measure by the substitution of whole mlk,
with its contained eream, for skim milk. In the words of Dr,
Fenger, tlus change was necessitated by the appearance of
gout m the subject. From superficial esamination of the die-
tary of the preceding eleven years there would seem no occa-
sion for cnticising the subject for high lLiving, and yet I
believe we are quite within the limits of reason in saying that
the proteid exchange for a subject of this body-weight was
altogether too hugh.  The heat requirements of the body were
Leing met 1n an unnecessarily large degree from the breaking
down of proteid material, with consequent formatton of exces-
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fuel value. The daily diet made use of duriug the fifteen

years the subject was under examination consisted of the

following articles :

1889-1892 1 egg, 1 quart of oatmeal soup, 2 quarts of skim milk, 1} ounces of
red wine, } ounce of sugar

1892-1894 2 eggs, 1 quart of oatmesl soup, 2 quarts of skim milk, 1} ounces
of red wine, § ounce of sugar

1894-1900. § eggs, 1 pint of oatmeal soup, Z quarts of skim mulk, 1§ ounces of
red wine, § ounce of sugar, 2 ounces of plum and raspberry jurce.

1000-1803 3 eggs, 1 pnt of barley soup, 3 pints of sweet milk, 1 pint of butter-
milk, 1§ ounces of red wine, } ounce of sugar, 2 ounces of plum and
raspberry juice

1t will be observed that during these fifteen years the sub-
ject partook of no meat whatever, and further, that the diet
was wholly in fluid form. At the close of this long period,
the subject, berng then 75 years of age, was reported as well
and 1 good health, with satisfactory physical condition for a
person of lus years. He was a man of small body-weight,
only 42 kilogmms, but during this period of voluntary re-
strictton n diet, he suffered no loss. It is perliaps worthy of
comment also that all through this lengthy period no salt was
taken other than what was naturally present in the simple
foods made use of The point to attract our aitention espe-
cially, however, is that for fifteen years, duning which the
quality and quantity of this man's food was carefully observed,
body-weight, general good health, and physical vigor were all
maintained, together with freedom from the ills of previous
years and with a daily diet ch d by extreme sunplicit
The chemical composition of the diet was likewise peculiar,
paricularly in its exceedingly low fuel value. The following
table shows the amounts of proteid, fat, and carbohydrate
consumed daily during the four periods designated:
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Carbo Catorles { [Eroted

Period Prsie | e | U | Catori | perile | per M-
gams | gms | gmme grams

680-1892 | 798 217 1520 | 1126 26 190
1832-18%4 852 210 1520 1200 28 202
1894-1900 870 301 1501 1230 29 207
19001903 B4 kEX] 1483 1600 8 200

Especially noticeable here is the low mtake of fat and car-
bohydrate, with the corresponding low fuel value, and also the
relatively hugh consumption of protexd, averaging 2,0 grams
daly per kulogram of body-weight. Dr Fenger concludes
that for a man of this age and weight, with the relative mnac-
tivity charactenstie of old age, a heat value 1n the mtake of 30
calones per kil of body-weizht 1 quite suffi for the
needs of the body  This may be quite true, but to maintain
mtiogen equilibrium under such conditions requires a luger
1mtake of proteid food than 1s desizable It will be ohserved
that in the l2st period of four years a very decided change m
the dret was ; proterd was d bed ewhat,
but the noticeable change was the decided sncrease i fat, pro-
duced 1n large measure by the substitution of whole milk,
with 1ts contamned c1eam, for skim milk. In the words of Dr.
Fenges, this change was necessitated by the appearance of
gout 1 the subject  From superficial examtnation of the die-
tary of the preceding eleven years there would seem no occa-
sion for enticising the subject for high living, and yet I
believe we are qmte within the lumts of reason 1n saying that
the proted exchange for a subject of this body-weight was
altogether too lugh.  The heat requirements of the body were
Leing met in an unpecessanily large degree from the breaking
down of proteid material, with consequent formation of exces.
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fuel value. The daily diet made use of during the fifteen

years the subject was under examination consisted of the

following articles :

1880-1802: 1 egg, 1 quart of ontmesl soup, 2 quasts of skim milk, 1} ouncer of

wine, § ounce of augar

1892-1804 2 eggs, 1 quart of ostmeal soup, 2 quarts of skim milk, 1} ounces
of red wine, } ounce of sugar

18041900 3 eggs, 1 pint of oatmeal soup, 2 quarts of skim milk, 1§ ounces of
red wine, } outce of sugar, 2 ounces of plum and raspberry juice

1900-1903 8 cgps, 1 pnt of barley soup, 3 pints of sweet milk, 1 pint of butter-
oulk, 1} ounces of red wine, } ounce of sugar, 2 ounces of plum and

raspberty Julce

It will be observed that during these fifteen years the sub-
ject partook of no meat whatever, and further, that the diet
was wholly in fluid form. At the close of this long period,
the subject, being then 75 years of age, was reported as well
and in good health, with satisfactory physical condition for a
person of Ius years. Ile was a man of small body-weight,
only 42 kilograms, but during this period of voluntary re-
striction in diet, he suffered no loss. It is perhaps worthy of
comment also that all through this lengthy period no salt was
taken other than what was naturally present in the simple
foods made use of. The point to attmct our attention espe-
cially, however, 18 that for fiftcen years, during which the
quality and quantity of this man's food was carefully observed,
body-weight, general good health, and physical vigor were all
maintained, together with freedom fiom the ills of previous
years and with o daily diet ct d by oxtreme simplicit;
The chemical composition of the diet was Iikewise pecultar,
particularly in 1ts exceedingly low fuel value. The following
table shows the amounts of protetd, fat, and carbohydrate
consumed daily during the four periods designated:
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of proteid food consumed in the two seasons, except in so far
as it may seem desmtble at times to take advantage of the
well-known stxmulatmg properties of proteid to whip up
the general metabohsm of the body, m harmony with the
principle that all metabolic p may need spurring to
meet the demands of a greatly lowered temperature in the
surrounding air

Fuel value, however, should be increased somewhat dur-
ing the winter months 1n our clmate  Fat promises the larg-
cst amount of energy, but there 1s more of a tendency to
store up excess of fat than of carbohydrate, hence the latter
foods have certain advantages as a source of the additional
energy needed duning cold weather. In warm weather, it
should be our aim to dimimsh unnecessary heat production as
much as possible, though it must be remembered that the
body 1s to be d ly at least 1n equl
and this calls for an ndequate amount of food. Lighter foods,
however, may be advantageously employed, such as fruits,
vegetables, fresh fish, etc.  Fats and fat meats especially are
to be avoided, not cnly becanse thete 13 no spevific need for
them, but particnlarly on aceount of a greater sensitiveness of
the gastro-intestinal tract during the bot seasons of the year,
that is hable to result in a disturbance whenever undue guan-
tity of rich or heavy food 1s taken.  Furtker, in hot summer
weather we may advantageously live more largely on foods
served cold, and thereby avoid the heat ordinanly introduced
into the Lody by hot fluids and solids.  These, however, are
all obvious physiologreal truths, constituting & form of physio-
logieal good sense the application of which calls for no special
expert knowledge,

Less obvious, though no less important, is the partial pro-
tection that can be afforded to wenkened or disabled kidneys
by judgment and discrimination in the matter of diet. In
acute or chronie nephritis, forms of so-called Bright's disease,




206 THE NUTRITION OF MAN

sive nitrogenous waste, among which uric acid was plainly
conspicuous.

One comument to be made here is that meat and other rich
purin-containing foodstuffs are not the only source of gout
and uric acd. E ive proteid hatabolism, both exog
and endogenous, is a possible source of danger in this
tespect, and the nbove subject, though living on an ex-
ceptionally simple diet, was consuming far more proteid per
kilogram of body-weight than was necessary or desirable.
Increase of fatty food naturally served to diminish the rate of
proterd katabolism, and this could have been advantageously
accompanied by a still greater reduction in the amount of
proteid ingested, and  larger addition of non-nitrogenous food-
stuffs. In old age, there is naturally a slowing down of the
metabolic processes, and both nitrogen equilibrium and body
equilibrium can be satisfactorily maintzined by a relatively
small intake of food and with gam to the body ; but there is
every reason to believe that economy in proteid food can be
more advantageously adopted than economy in non-mitroge-
nous foodstuffs,

Finally, we may call attention to the many posstbilities of
an mtelligent modification of the daily diet to the temporary
needs of the indavidual. The season of the year, summer and
winter, the climate, the degree of activity of the body, the
state of health, temporary milments, etc., all present special
conditions which admit of particular dietetic treatment, In
hot summer weather, for example, there is plainly less need
for food than in the cold winter season, especially for fat with
its high calonfic value, During the cold part of the year, the
lower temp re of the sur ding air, with the tendency
toward greater muscular activity, calls for more extensive
chemieal decomposition in order to meet the demand for
heat, and the energy of muscular contraction. There is per-
haps no speeial 1eason for any matenal change in the amount




PRACTICAL APPLICATIONS 297

of proteid food consumed in the two seasons, except in so far
83 it may seem desxmble at times to take advantage of the
well-known smmulaung properties of proteid to whip up
the general metabolism of the body, in harmony with the
prineiple that all metabolic processes may need spurring to
meet the demands of a greatly lowered temperature i the
surrounding air.

Fuet value, h T, should be d hat dur-
ing the winter months in our chmate. Fat promises the larg-
cst amount of energy, but there is more of a tendency to
store up excess of fat than of carbohydrate, hence the latter
foods have certain advantages as a source of the additional
energy needed during cold weather. In warm weather, it
should be our aim to diminish unnecessary heat production as
much gs possible, hough 1t must be remembered that the
body is to be i ly at least 1n equlik
and this calls for an adequate amount of food. Laghter foods,
however, may be advantageously employed, such as fruits,
vegetables, fresh fish, ete.  Fats and fat meats especially are
to be avoided, not only because there 15 no speaific need for
them, but particularly on account of a greater sensitiveness of
the gastro-ntestinal tract during the hot seasons of the year,
that 15 liable to result in a disturbance whenever undue quan-
tity of rich or heavy food 1s taken.  Further, m hot summer
weather we may advantageously live more largely on foods
served cold, and thereby avoid the heat ordinanly introduced
into the body by hot fluids and sohds.  These, however, ate
all obrious physiological truths, constituting a form of physio-
logical good sense the applicaton of which calls for no special
expert knowledge,

Less obvious, thongh no less important, 1s the partial pro-
tection that can be afforded to weakened or disabled kidneys
by judgment and disersmination in the matter of diet. In
acute or chronic nephntis, forms of so-called Bright's disease,
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is there not danger of overtaxing organs already weakened by
placing upon them the daily duty of excreting large amounts
of solid nitrogenous waste, as well as of the various inorganic
salts which are so intimately sssociated with many of the
organic foodstuffs? The consumption of excessive and un-
necessary amounts of proted food simply means the ultimate
formation of just so much more urea, uric acid, ete., which
must be passed out through the kidneys. In the words of
Bunge, «There is no organ in our body so mercilessly ill
treated as the kidneys. The stomach reacts agamst overload-
mng. The kidneys are obliged to let everything pass through
them, and the harm done to them is not felt till it is too late
to avoud the evil consequences.” It would seem the part of
wisdom, therefore, to adjust the daily intake of proteid food to
as low a level as 18 consistent with the true needs of the body,
in those cases where the kidneys are at all enfeebled, or where
it seems desirable to exercise due precaution as a possible
means of preventron.

Equal care is frequently called for in connection with the
mineral matters which enter so largely into many natural
foodstuffs, or which are introduced as condiments. As an
1llustration, we may note one or two peculiarities in the dis-
tmbution of sodium 'md potassmm salts in the tissues of the
body. P is an indisp of every liv-
ing cell, and the latter has the power of absorbing and holding
on to such amounts of this particular element as may be nec-
essary for the functional activity of the tissue of which it is
a part. Sodium, on the other hand, stands in a different
relationship to living structures. It is widely distributed,
but in the higher animals, as in man, sodium salts are most
abundant in the fluids of the body, notably in the plasma
of the blood. Herbivorous animals have a strong hking
for sodium chloride or common salt, but this 15 not true of
carnivorous animals ; indeed, the latter animals have a great




PRACTICAL APPLICATIONS 299

dishike for salty articles of food. Vegetable products are
all nch in potasmium salts, wherezs ordinary ammal foods,
such as meat, eggs, milk, and blood, are relatively poor mn this
element.
1t 13 claimed that the abundance of potassium salts in
vegetable foods 13 the cause of the apparent need for so-
dium chloride by herbivorous anumals, and 1 lesser degree by
man. This 1s explamed by supposing that when the salts of
potassium reach the blood by absorption of the vegetable
foods, an interchange takes place with the sodium chloride of
the blood plasma  * Chlonde of potassium and the sodium
salt of the acid which was combined with the potassium are
formed, Imstead of the chloride of sotium, therefore, the
blood now contains another sodium salt, which did not form
part of the normal composition of the blood, or at any rate
not in so large a proportion. A foreign constituent or an
excess of 2 normal constituent, @ e., soium carbonate, has
arisen i the blood But the Judneys possess the function of
the same p of the blood, and of thus
every ab 1 and any excess of a
normal constituent. The sodium salt formed 18 therefore
ejected by the kidneys, together with the chloride of potas-
sum, and the blood becomes poorer in chlorine and sodium,
Common salt 13 theref hd from the org; by
the ingestion of potassium salts. Ths loss can only be made
up from without,and this explains the fact that animals which
live on a diet rich m potassium, have a longing for salt™
(Bunge). Itis certmnly a fact worthy of note that man takes
only one salt as such 1n addition to those that are naturally
present in has food, and 1t is equally sigmficant that sodium
chloride 13 by no means lacking in ordnary foodstuffs. If
the individual lives entirely on anima) foods, he has no desire
for salt, but as soon as he adopts a vegetable diet the craving
for salt shows itself. Vegetable foods, however, are not all
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is there not danger of overtaxing organs already weakened by
placing upon them the daily duty of excreting large amounts
of solid nitrogenous waste, as well as of the various inorganic
salts which are so intimately associated with many of the
organic foodstuffs? The consumption of excessive and un-
necessary amounts of proteid food simply means the ultimate
formation of just so much more urea, uric acid, ete., which
must be passed out through the kidneys, In the words of
Bunge, “There i3 no organ in our body so mercilessly ill
treated as the kudneys. The stomach reacts against overload-
ng. The kidneys are obliged to let everything pass throngh
them, and the harm done to them is not felt till it is too Jate
to avoid the evil consequences.” It would seem the part of
wisdom, therefore, to adjust the daily intake of proteid food to
as low a level as is consistent with the true needs of the body,
in those cases where the kidneys are at all enfeebled, or where
1t seems desirable to exercise due precaution as a possible
means of prevention.

Equal care is frequently called for in connection with the
mineral matters which enter so largely into many natural
foodstuffs, or which are introduced as condiments. As an
illustration, we may note one or two peculiartties in the dis-
tribution of sodiury and potassium salts in the tissues of the
body. Potassium is an indispensable constituent of every liv-
ing cell, and the latter has the power of absorbing and holding
on to such amounts of this partrcular element as may be nec-
essary for the functional activity of the tissue of which it is
a part. Sodwm, on the other hand, stands in o different
relationship to Living structures. It is widely distributed,
but in the gher animals, as in man, sodium salts are most
abundant 1o the fluids of the body, notably in the plasma
of the blood. Herbivorous animals have a strong lking
for sodrum chloride or common salt, but this is not true of
carnivorous ammals ; indeed, the latter animals have a great
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upon these organs Further, there is suggested moderation
in the amount of salt to be used daily, and some etrcumspec-
tion mn the amount and quality of vegetable foods consumed
in order to regulate more effectually the quantity of saline
waste to be handled bythe kidneys. These conclusions are
just as worthy of consideration as the more obvious rule that
in diabetes or glycosuria proper precaution must be observed
in the eating of carbohydrate foods. Ingoutand rheumatism,
accumulated physiological knowledge teaches plainly the
necessity of avoiding those foods that are rich m punn-con-
taming compounds Uric acid owes its origin m part at
least to substances of this class, and as an ounce of prevention
is worth more than a pound of cure, we may by proper mod-
eration in the use of such foods save ourselves from the dis-
agreeable effects of accumulated une acid deposits

In conclusion, the nutntion of man,af 1t 18 to be carried
out by the mdivideal 1 a manner adapted to obtzining the
best results, involves an intelligent appreciation of the needs
of the body under different conditions of lfe, and a willing-
ness to aceept and put in practice the principles that scientific
research has brought to light, even though such principles
stand opposed to old-time traditionsand customs  The inaster
words which promuse help in the carrying out of an intelligent
plan of hving are moderation and smplieity; mederation 1n
the amount of food d daily, simpl mthe ch
of the dietary, :n harmony with the old saying that man eaty
10 live and not lives to eat. In so domng there 15 promuse of
health, strength, and X s With d efficiency, as
the reward of obedience to Nature's laws,
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sltke in their content of potassium salts; some, Lke rice
contain relatively little, while others, like potatoes, peas, and
beans, are comparatively rich in this element.

We may secognize in these statements s physiological de-
mand for a certain amount of salt, especially when vegetablo
foods enter into the daily dietary, but there is no justification
for the employment of such quantities as are generally made
use of. Where the vegetable food is Jargely rice, 2 small
fraction of a gram of ealt is really sufficient for all physiolog-
ical purposes; and in those eases where ondinary cereals, leg-
umes, potatoes, etc. constitute the chief part of the dietary,
o few grams of salt, at the most, will suffice to meet the daily
needs. Common usage, however, frequently mises the amount
consumed to 25 grams or more per day, the bulk of whichisat
once eliminated through the kidneys; thereby entailing a cer-
tain amount of remal activity, which must, it would seem,
constitute something of a strain upon organs ordinarly hard
worked at the best. *Do we not impose too great a task
upon them, and may it not be franght with serious conse-
quences? When on o diet of ment and bread, without salt,
we cxcrete not more than from 6 to 8 grams of alkaline salts
in twenty-four hours, With o diet of potatoes, and a corre-
sponding addition of salt, over 100 grams of alkaline salts pass
through the lidneys in the day, May not there be danger
in this? The habit of drinking spirituous lquors, which
moreover is reckoned one of the causes of chronic nephutis,
also brings about the immoderate use of salt, and thus one
mn against nature leads to another ” (Bunge).

The moral we would draw (from these observations) s that
1n wenkened conditions of the kidneys there is reason in reduc-
ing the rate of proteid exchange to the lowest level consis-
teat with the maintenance of equilibrium and the preservation
of strength and vigor, thereby diminislung the amount of ni-
trogenous waste to be eluninated and the consequent strain
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upon these organs Further, there is suggested moderation
in the amount of salt to be used daily, and some circumspec.
tion in the amount and quality of vegetable foods consumed
in order to regulate more effectually the quantity of salue
waste to be handled bythe kidneys. These conclusions are
just as warthy of consideration as the more obvious rule that
m diabetes or glycosuria proper precaution must be observed
in the eating of carboliydrate foods In gout and rheumatism,
accumulated physiological knowledge teaches planly the
necessity of avoiding those foods that are rich 1n purmn-con-
tuning compounds Une acid owes s ongm m part at
least to substances of thus class; and as an ounce of prevention
18 worth more than a pound of cure, we may by proper meod-
eration in the use of such foods save ourselves from the dis-
agreeable effects of accumulated une acid deposits

In conclusion, the nutntion of man,1f 1t 18 to be carmed
out by the individual in 2 manner adapted to obtaining the
best results, 1nvolves an intelligent appreciation of the needs
of the body under different conditions of Lfe, and a willing-
ness to accept and put 1n practice the principles that scientific
Tesearch has brought to lght, even though such pnnciples
stand opposed to old-tune traditions and customs ~ The 1naster
words which promise help i the carrying out of an intelligent
plan of living are moderation and simplieity ; moderation in
the amount of food d dady, simphcity in the ek
of the dietary, in harmony with the old saying that man eats
10 live and not lives to eat. In so doing there 13 promise of
health, strength, and Jongevity, with increased efficieney, as
the reward of obedience to Nature’s laws
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alike in their content of potassium salts; some, like rice,
contain relatively little, while others, hike potatoes, peas, and
beans, are comparatively rich in this element.

We may gnize in these stat a physiological de-
mand for a certain amount of salt, especially when vegetable
foods enter into the daily dietary, but there is no justification
for the employment of such quantities as are generally made
use of.  Where tho vegetable food is Jargely rice, & small
fraction of a gram of salt is really sufficient for all physiolog-
ical purposes; and in those cases where ondinary cereals, leg-
umes, potatoes, etc., constitute the chief part of the dietary,
 few grams of salt, at the most, will suflice to meet the daily
needs.  Common usage, however, frequently raises the amount
consumed to 25 grams or more per day, the bulk of whichisat
once elimmnated through the kidneys; thereby entailing a cer-
tain amount of renal activity, which must, it would seem,
canstitute something of a strin upon organs ordinarily hand
worked at the best. “Do we not impos<o too great a task
upon them, and may it not be franght with serious conse-
quences? When on a dict of meat and bread, without salt,
we excreto not more than from 6 to 8§ grams of alkaline salts
in twenty-four hours. Witha diet of potatocs, and a corre-
sponding addition of salt, over 100 grams of alkaline salts pass
through the kidneys in the day. May not there be danger
in tlus? Tho habit of drinking spirituous hquors, which
motcover is reckoned one of the causes of chronic nephritis,
also brings about the immoderate use of salt, and thus one
sin against nature leads to another  (Bunge).

The meral wo would draw (from these observations) is that
in weakened conditions of the kidneys there is reason in redue-
ing tho rato of proteid exchange to the lowest level consis-
tent with the maintenance of equilibrinm and the preservation
of strength and vigor, thereby diminishing the amount of ni-
trogenons waste to be climmated and the consequent strain
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upon these organs. Further, there is suggested moderation
in the amount of salt to be used daily, and some circnmspec-
tion in the amount and quality of vegetable foods consumed
in order to regulate more effectually the quantity of salne
waste to be handled by the kudneys. These conclusions are
just as worthy of consideration as the more obvious rule that
m diabetes or glycosurra proper precaution must be observed
in the eatmg of carbohydnte foods In goutand rheumatism,

1 knowledge teaches plamly the
necessity of aVOldxng those foods that are rich m purin-con-
taning compounds. Uric acid owes 1ts ongin 1n part at
Ieast to substances of this class; and as an ounce of prevention
is worth more than a pound of cure, we may by proper mod-
eration in the use of such foods save ourselves from the dis-
agreeable effects of zccumulated unc acid deposits.

In conclusion, the nutrition of man, if 1t 18 to be carried
out by the individual 1 & manner adapted to obtaimng the
best results, 1nvolves an mtellgent appreciation of the necds
of the body under different conditions of hfe, and a willing-
Tness to accept and put tn practice the prineiples that scientific
research has brought to Light, even though such prmeiples
stand opposed to old-time traditions and customs  The anaster
words which promise help 1n the carrymg out of an mtelhgent
plan of living are and H m
the amount of food d daily, simplicity mthe ch
of the dietary, 1n harmony with the old saying that man eats
to live and not lives to eat. In so domng there is promise of
health, strength, and longevity, with increased efliciency, as
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