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All animal fats show a remarkable uniformity in ele-
mentary composition, containing on an average 76.5 per
cent. C, 11.9 per cent. H, and 11.6 per cent. O. The
chemical composition of fats indicates the importance
of these principles as heat-producir gents In the
carbohydrates and other allied principles, the hydrogen
and oxygen are 1-1'(‘.-E>11T in such proportion as to form
water ( Aulx Q'.lL..(J , while in the fats, as in tripal-
mitin (Cs,Has only twelve atoms out of ninety-eight
have th anhmm“ equivalent of oxygen contained in
the compound, and hence the remaining hydrogen atoms,
as well as all of the carbon, are free for oxidation. And
since the quantity of heat produced is dependent upon
the amount of chemical action or oxidation, it follows
“that a given quantity of fat will have the power of ap-
propriating about 2.4 times as much oxygen as the same
quantity of starch, or, in other words, will develop
about 2.4 times as much heat in the pro of oxidation,
and hence has about 2.4 times as much value as a heat-
producing agent” (Pavy). But while the fats are espe-
cially important for the production of heat, and for
forming the of adipose tissue, they are likewise
essential for tissue development generally. The great

importance of fat in food and of that deposited in the
body is to be found in the aid which it furnishes to the
hungry organism in developing its wasted tissue. A
purely proteid diet for a person poor in fat necessitates a
large .uuunnr of the former to sustain the weight of the
v, indeed more than the intestines are capable of ab-
But a mixture of fat with the proteid matter
>s both the amount of circulating albumin in the
and the proteid metabolism. The proteid food is
:d to sustain the bodily wants, and at the same time
to prevent the loss of fat. Still, it is not possible to con-
vert a poor body into a body rich in fat and proteid ma-
terial by a simple albuminous diet s or carbohydrates
are needed, admixture of which diminishes the work of
the organism. Theenergy of the active cells of the body
is then only in part used for the decomposition of albu-
min, the remaining energy being applied to the decom-
position of fatty matter. This is well illustrated by the
increased metabolism of fatty ms itter during muscular
exertion. In the words of Voit, “museular work ren-
ders the cells capable of decomposing more material,
and, after the use of the disposable albumin, the fat
is brought into requisition. Thus nothing is of greater
influence upon fat metamorphosis than work.” (See
Nutrition.)

The carbohydrates, '!'lt'-ing especially found in the vege-
table kingdom, belong essentially to a vegetable diet.
A few, however, occur in animal food, as glycogen and
sugar in the liver, lactose in milk, and the sugar present
in small gquantities in muscle tissue. Ine umgnmmnu the
carbohydrates are all alike in containing hydrogen and
oxygen in such proportion as to form water. They may
be divided into three main groups, viz.: monosaccharides,
including such sugars as dextrose or gluccse, which have

) disaccharides, including such bod-

ies as cane sugar, having the formula C,2H220,:, which
break down into two molecules of a monosaccharide:
and pol} saccharides, as starch and dextrins, having the
i D As a class they constitute very
material, readily breaking down

into carbonic acid and water, and as food stuffs the Yy are
E"-]W(.‘i‘i“\ prominent in causing an accumulation of gly-
cogen in the liver. They are, moreover, without doubt,
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the source, in part, of the fat in the body. Sugar or
tarch is always present in fattening foods, and although
it is doubtful whether the fat is formed directly from the
(”-]H.]”‘hd“-‘ atill the association of fat and glycogen
in the hepatic cells, and the fact that the former isin-
creased by such diets as tend to increase the latter,
would n:u‘nml]_\ suggest a connection between (.gll]ll]l\v
drates and the production of fat. (For a discussion of
this question see Nutrition.) Carbohydrates, like the
fats, tend to diminish proteid decomposition, and even
more decidedly ; and they are likewise able to prevent
the withdrawal of fat from the body (according to Voit
175 parts of carbohydrates accomplish as much as 100
parts of fat), it is ev ident that they l.n-\. ss the power, i
a hich degree, of taking the rdle of the fats. \qun\\r
while the ecarbohydrates are being oxidized, the fat
formed from albumin is spare and Voit * considers that
in both ecarnivorous and herbivorous animals the main
action of carbohydrate food (so far as its connection with
fat is concerned) is to protect the fat already formed, and
that in no case does the fat itself have its origin in the

bohydrates, but in the irplus of proteid food
(see Nutrition). Car vdrs 3 differ from fats in that
they contain, weig 3 . less potential energy
than the r. They differ likewise in being more easily
diges :
Under the head of nitrogenous principles, those
classifizd as proteids or albuminous bodies are by
far the most important. Of le importance dietetic-
ally are the so-called albuminoids or gelatinous prin-
cip ](\_ and of st les are the various nitrog-
enous extractives, s onspicuous in many foods of
animal origin. ]

The proteid or albuminous and gelatinous principles
are all very much alike i neral composition, showing,

however, some decided differences in their content of
nitrogen. Most of the proteid bodies occur in solid

form, in both the animal and the vegetable kingdom,

though a few are to be found dissolved in the fluids of
the organism. Voit!® has estimated from analyses by
Bischoff that in a fully developed human body weigh-
ing 68.65 kgm. (151.3 nds) there would be contained,
when dry (at 100° ver cent. of albuminous
matter, and 14.8 per cent. of col nous tissue. The
excretory products of i ms contain such a
large percentage of 'A Dge t is eviden 1t the nitrog-
enous I!I]I]f‘l[llf“ must an ifll]u‘]"[(l'{‘z l‘:il'T ill S'[!z]-
plying the needs of the body. Of these the albuminous
principles are the most important, and for man and ani-
mals albumin, in its various forms, constitutes a vital
food stuff, without which life cannot be long sustained.
As the content of albuminous or proteid matter in the
body is large, and as all the active cells of the body are
protoplasmic, it follows that albumin must be supplied
in considerable quantity to take the place of that used
up in the ordinary processes of life. It is, however,
widely distributed through both the animal and vege-
table kingdoms: notably in the casein of milk, egg albu-
men, and myosin of muscle 5': the animal kingdom, and
in the coagulable albumin, vegetable casein, legumin, and
luten of the legumins, and gluten of wheat and rice,

in the v table kingdom. The albuminous prin-
ciples, moreover, in view wI their containi all of the
anic elements mnecessary to life, are ;Lq\i;:?ih'. when
used in conjunction with the inorganic principles, of
supplying alone all the needs of the body: still such a
diet would not be an economical one for the system,
owing to the l amount of proteid matter which the
system would be obliged to work over. together with the
subsequent removal of the nitrogen, in order to obtain
the requisite amount of carbon. This is easily seen from
rhlw composition of pure ege albumin with its 52 per cent.
of carbon, when compared with a fat, tripalmitin with
76 per cent. of carbon, or with a carbohvdrate as saccha-
rose with 42 per cent. of carbon and 51 per cent. of oxy-
gen. It is evident, from these ficures, that a ]\uln'mli%
mixture of an albuminous food stuff \\n}mc.uhuhvnlmte
or fatty food stuff would give a food containing the re-
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quired carbon and nitrogen, assimilable with less expense
to the body. Liebig’s theory, that nitrogenous food is
used wholly in building up albuminous tissues, as the
and other forms of protoplasm, is now known to
orrect.and that in reality proteid food stuffs may not
only be utilized in the construction and repair of muscular
tissue, but may likewise give rise to the storing up of
fat. In fact, in the decomposition of proteid matter
within the body into the ultimate product. urea, which
is excreted, there results a complementary hydrocar-
bonaceous residue, which can be utilized apparently for
the production of h or other forms of energy. At
the same time, the chemically distinct oleaginous and
saccharine principles which are together especially con-
cerned, either directly or indirectly, in the production of
heat, are likewise of use in the production of other forms
of ener nd thus any classification of the alimentary
principles based on the physiological grounds originally
advanced by Liebig is wholly untenable. It to be
remembered that according to the law of the conserva-
tion of energy. the sole cause of animal heat isa chemical
proc in which food substances are oxidized. The
chemical energy of the ingested food manifests itself
mainly as heat and motion, and there is no
fo ning that the oxidation of proteid Inn\ not give
rise to heat, as well as the oxidation of fat, etc. Hence,
to a certain extent, the two groups of nitrogenous and
non-nitrogenous alimentary principles are qualitatively
alike, in that both may be concerned in the development
of heat and the storing up of fat, although the non-
nitrogenous arenot distinctly proveocative of metabolism.
Further, there is no reason why the en of muscular
contraction may not come, in some measure at least,
from the decomposition of nitrogenous matter as well as
from the oxidation of non-nitrogenous matter. The
nitrogenous principles are, however, indispensable to the
growth of the tissues of the body, and are lil
able in the production of- the nitrogenize
. on. -lw ph ence ot which the digestive juices of
cial action.
tissue, (unlpll-lu"‘ the gelatinous prin-
) mic basis of bone, cartilage, tendons, and con-
ive lissue), cannot :up]‘-l\ the place of the albumi-
nous principles s found that nitrogen
equilibrium is tabiished at a lower level of proteid food
when atin is added, and Forster !* apparently considers
that in the metabolism of gelatin it rapidly splits up
into a urea and a fat moiety, but is unable to imitate the
other function of proteid matter, or to take part in the
formation of living protoplasm. (For nitrogenous met-
abolism see Nutrition.)

There are a number of crystalline nitrogenous sub-
stances, amido-acids and nitrogenous bases, occurring in
both the animal and vegetable kingdoms, which are pre
ent in ater or less quantity in food, h as creatin
and other like proteid decomposition products, contained,
for example in some quantity, in Liebig’s exfractiim
carnis ; ulso the vegetable alkaloids. None of thes
however, are of any great value as food: the majority
of them pass quickly out of the body, but little i 3
altered, although one or two, as asparagin,’® are said to
diminish slightly proteid metabolism. The more highly
complex lecithin, present in the yolk of the egg, in the
brain. ete.. may possibly be plam‘(i among the true food
though no direct experiments have been tried to demon-
strate its action. It is not 1mprnb,1 le, however, that
the various amido-acids and nitrogenous bases which are
soabundant in animal tissues do have scme indirect value
as alimentary substarces, though they contain little
potential energy, and we may reasonably consider that
these various nitrogenous extractives have some power,
possibly, in influencing the rate of metabolism or in
modifying octher nutritional proce The main ac-
tion of the alkaloidal substances, as the caffeine of

. is that of a stimulant, acti specially upon the
tigued nervous system, though many of the common
alkaloidal infusions made from roots, leaves, and berries
somewhat nutritious from the albuminous and

fatty matters which they contain, as is the case with
Ccocoa.

The drinks commonly used as food may be divided,
aside from water, into the alcoholic, acidulated, sac-
charine, gaseous, and infusions of wvarious substances,
such as tea. The alcoholie drinks contain from forty to
sixty per cent. of alcohol, as in rum, brandy, and whis-
key, to from two to ten per cent., as in beer and light
wines. Malt liquors contain, perhaps, the largest num-
ber of constituents, among others there being sugar,
dextrin, gluten, and various substances from the hops.
The exact value of alcohol as a food, broadly considered,
is uncertain. Recent experiments, carefully made on
man,'®* however, clearly show that when moderate
amounts of alcohol are ingested, the alcohol is burned
up in the body—z.e., oxidized like any non-nitrogenous
food. The potential energy of the alcohol is transformed
into kinetic energy. and consequently alecohol is to be

dered as having some food value. Itmay, therefore,
be classified with the non-nitrogenous foods. Further,
as a non-nitrogenous food, alcohol may replace an iso-
dynamic amount of fat or carbohydrate in the diet with-
out change in the balance of income and outgo. Alcohol
serves to protect body protein and fat from oxidation;
.e., like a typical non-proteid food it diminishes the oxi-
dation of tissue proteid by being itself oxidized. These
facts, however, do not imply that alcohol is necessarily
a desirable food or that it is physiologicsally economi-
cal. It is to be remembered that, prior to its oxida-
tion in the body, alcohol may produce deleterious ef-
fects of various kinds, more than counterbalancing any
gain which may result from it oxidation. It may like-
wise give rise to changes, either directly or indirectly,
in the various metabolic processes of the body, w hich
must of necessity influence more or less its value as a
cohol has a direct and an indirect influence
ecretion of gastric juice.*® In this direction it
It likewise stimulates the secretion

Food, as eaten by man and animals, is a natural mix-
ture of the various alimentary principles described.
Seldom are the isolated principles eaten by themselves,
other than in the case of sugar and salt, or pure fat. It
is the function of dlﬂ'e-ﬁlmn to separate the individual
principles from this natural mixture, by which means
they are separately absorbed. The be havior of animal
and vegetable food is quite different in the alimentary
canal, which difference is dependent more upon the
quality of dry substance contained in the latter food
than upon its quantity. Vegetable food yields a much
larger percentage of indigestible residue, and is in itself
much 1 ly dl"‘@'-[]b]f‘ owing to the fact that it is
more or less enclosed in the difficultly soluble cellulose,
while animal food is free. Moreover, vegetable food, as
a 1‘111@ is less easily absorbed, and, as it contains usually

s percentage of nitrogen, a much larger quantity 1s

1 a certain amount of this element than

in the case of animal food. Again, the large quantities

of starch contained in a vegetable diet tend to produce

an acid fermentation in the small intestines, with forma-

tion of butyric acid, together with marsh gas and hydro-

gen, which cau the frequent intestinal excretions of
herbivorous animals.

In a determination of the food value of a given food
stuff, or of a given diet composed of a mixture of food
stuffs, it isne ry toascertain its chemical composition

t ecial reference to the unm nt of proteid, fat, car-
bohydrate, and inorganic salts; its caloric or heat value;
and lastly its digestibility or availability. In an ordi-
pary mixed diet, proteid matter is usually present in the
propo tion of one part to about five parts of non- p]ﬂl(—ld
matter—i.e., fatsand carbohydrates. The proportion of
fat to carbohydrate is usually exceedingly variable, rang-
i nyw here from one part of fat to from five to tw elve

ts of carbohydrate. While these statements are to be
accepted as a general exp 1 of the ordinary propor-
tion of the three prim arieties of food stuffs con-
tained in an average diet, it is to be remembered that the
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element of cost or the ease of procuring frequently de-
termines the relative amount of the three classes of food
stuffs in the daily diet. Thus, in countries where meat
is plentiful, as in South America, proteid food is con-
sumed in much larger proportion than above, whereas
in some Asiatic countries, the prevalence of rice,

and fruits leads to a daily diet in which non-proteid
foods are especially conspicuous, and the proportion of
roteid is reduced to the minimum necessary for life.
i"m‘ther, for similar reasons, the ratio of fat to carbohy-
drate undergoes w tion among different races or
in different countrie Thus, in the far north, fat (ani-
mal) constitutes the greater proportion of the non-proteid
part of the diet, while in countries where cereals abound,
carbohydrates, mainly in the form of starch, make up the
greater portion of the non-nitrogenous food.

For the ordinary purposes of food analysis, the amount
of proteid present is usually ascertained by determining
the content of nitrogen, and multiplying this fizure by
the empirical factor 6.25, on the assumption that proteids
contain on an average 16 per cent. of nitrogen. In
recognition of the fact that the value so obtained is not
always an accurate measure of the amount of true pro-
teid present, the word “protein” is employed as an arbi-
trary term to designate a group assumed to include all
the nitrogenous matter of the food except the nitrogenous
fats. True proteids contain 15 to 17 per cent. of nitro-
gen and 50 to 54 per cent. of carbon. It is very diffi-
cult, however, to determine accurately the amount of
true proteid in a mixture, and so chemists are practically
forced to rely upon the content of nitrogen as a measure
of the amount of proteid present. The above variation
in the percentage of nitrogen in different proteids, how-
ever, introdu ssible error when the nitr
tent is multiplied by 6.25. This error is probably less,
however, than that which comes from the fact that in
some food stuffs, as in meat for example, there is a cer-
tain amount of nitrogen in the form of amido-acids, etc.
Still, even here the error is probably not very great.
Thus, beef entirely freed from fat 1tains, when dried,
49.6 per cent. of carbon, 15.3 p of nitrogen, and
5.2 per cent. of ash. While pro
not strictly equivalent to proteid, yet the content of so-
called protein gives, as a rule, a fair measure of the
amount of true proteid present. In special cases, how-
ever. it is necessary to make use of more elaborate
methods of analysis, and to differentiate between the
nitrogen of proteid and the nitrogen of amids and amido-
acids, ete.

Under the head of fats is included the total ether ex-
tract of the food.
fats, but free fatty acids are som
such phosphorized fats as lecithin and protagon, and
bodies like cholesterin and pigments.

Carbohydrates are usually determined by difference,
after the ash and water have been estimated, although
frequently starch, sugar, and cellulose are determined

v dire

1 y import
determination of the heat value of food stuffs
done by multiplying the number of grams of proteid,
fat, or carbohydrate by a number, ascertained by direct
experiment, representing the amount of heat produced
by the oxidation of 1 gm. of the fat, carl ate. OT pro-
teid, to water and carbonic acid and to urea. Taking the
-alorimetric observations of Rubner as a standard, it i
found that 1 gm. of proteid on an average. when oxidi:
to urea, yields T rrees of heat
(small calories), or 4.1 kgm. g
Similarly 1 gm. of fat. oxidized to carbonic acid and
water, yields 9,321 gm. deg heat (small calories), or
9.3 kgm. degrees (large ries), 1 gm. of carbe-
hydrate, as starch, yields 4,116 small calories, or4.1 kgm.
degrees of heat 2

The following
of a few common foods,
expressed in the form of kilogram degrees of heat (large
calories) per pound.
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Lean beef, fresh loin.......--
Beef, loin, v fat
Canned boiled be:
Lean breast of veal, I

T

Hen's ¢
Butter
Ch

entire wheat.
Vi

Green peas - - :

Al 2 Sitean) BB ¥ 2 290

E e e 22 | 460
0.2 . 240
0.6 T4 .6 180

. Revised. United

s to the amount of food required by an adult during
twenty-four hours, much depends upon the c ndition of
the body, and espe Iy upon the amount of muscular
work being done. Voit, in Germany, has given for a
man of 150 pounds body weight, doir -n hours of
muscular work, the following diet as requisite:

Atwater,* in this number of ob-
servations, considers a somewhat more liberal aliowance
of proteid desirak 1 a little larger heat value for a
man doing severe muscular labor; r 124 proteid
and a total heat va 3,500 1 ies. Laying
aside minor points o tion, it 2 assume that
in his daily diet ¢ pu oteid, ether
with sufficient fat
3,000 large calori o doubt, a man
self in perfect health on a somewhat sme llowance of
proteid, but in order to do this he must increase very
greatly the amount non-proteid food taken, especially
carbohydrates.

Taking the above diet of Voit’s, and assuming that in
order to obtain the 105 gm. of assimilable proteid 118
gm. of proteid food would be required, we find that this
means a daily consun n of 18.03 gm. of nitrogen and
at least 328 gm. on. Further, since tl
of albumin contain 1 3 em. of carbon, it plai
there would be rec em. of carbon, in the
of f: or carboh tes. The following
the number of grams o >

f h the daily re

For 328 Gm. Carbon.

Lard .

It is thus evide that no one of these substar
itself a pl'_ﬂ[‘u"]“fl'l . Lean meat, for example, must have
added to it fat or carbohydrate, or both; while potatoes,
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as an example of a carbonaceous food, require an admix-
ture of nitrogenous matter. Hence a judicious mixture
of all the alimentary principles from both the animal
and veretable kingdoms constitutes the food best adapted
to the wants of mankind. Finally. empha must be
laid upon the great difference in heat value between fats
on the one hand, and proteids and carbohydrates on the
other: fats having per gram a heat value more than
twice that of proteids or carbohydrates.
R. H. Chittenden.
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ALIMENTARY TRACT.—DevELOoPMENT.—The ali-
mentary tract arises from the inner germ layer, reinforced
by the visceral layer
of the middle g
layer. The inner ge
layer furnishes the epi-
thelium of the entire
alimentary tract and
its accessory organs,
the lungs, liver, pan-
1 tC. The vis-
1 layer of the mid-
e germ layer, on the
other hand, gives ori-
gin to all the muscles
and connective-tissue
layers, and also to
the mesentery and
omentum. By a proc-
ss of foldin there
is gradually formed a
tube which at first is
broadly in con
the dorsal w
embryo al
tire leng
ately wventrad t
notochord. In this
tube we can distin-
guish three divisions
which have
the names .
FIG. 69.—Human Embryo, 2. mid, and Jlit‘ltl gut.
3 30. (After Kollman.) TI sae INeither the fore gut
i ay. Tk nor the hind gutopens
s e : eX- o the exterior at first;
as, Al- =
i in they end blindly.
3 fg, fore gut; h, During the earlier
hg, hind '_'ilui"l:;rtfif\hriwt\::nl-‘slgg:- stages ‘-jf (1(1\.‘_,]?},”" nt
the mid gut is con-
nected with the yolk
by a wide communication, but as develop-
ment progresses this communication becomes more and
more constricted. This constriction is brought about by
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the growth caudad, on the one hand, of the fold which
gave rise to the fore gut, and on the other hand by the
growth cephalad of the fold which formed the hind gut.

By this growth in both directions the previously wide

70.—Human Embry .1 - (After His.)
stalk; ¢, epithe it antols st a, > gut:
hg, hind gut; rudir i 1, mp, mouth
pit ; pag, post-anal gut; 2 et ; Ys, yolk sae.

communication of the mid gut with the yolk sac becomes
smaller and smaller, until finally there remains only a
narrow communication between the mid gut and yolk
sac—the vitelline duct or ductus omphalo-entericus.

On the ventral side of the fore gut the heart issituated,
while from the hind gut a diverticulum grows out which

—Human_ Embr} =
15. , branchial

1
as 3 pag, post-anal gut:
WolMan body.

forms a thick-walled stalk. This stalk is known as the
allantoic stalk, or the DBawuechstiel of His. In man and
other primates this diverticulum always remains narrow,
but in the lower vertebrates it forms a free vesicle.
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