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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
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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

Alimentary Traet,

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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Alimentary Tract.
Alimentary Tract.

Eventually, by the bending v {nlmll\- of the fused outer

germ layer and parietal layer of the middle germ lay
each side, the vitelline duct and allantoic stalk be

F1G. 73.

One i
the othe
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ected ventrally and somewhat bac kward, while
which is situated eaundad to it, runs dorsally

¥

and is again bent near the vertebral ¢ :olumn. From this

the Human Alimentary Canal
g .)

approximated, and there is then formed the umbilical
cord, which contains not only the above-me 11']< »ned struc-
tures, but also the umbilical arteries and v
In embryos 2 to 3 mm. in lengt - entary tube is
but of 0 . length
re is a 1'v:mali“1hl(' \t‘AnI.‘L] flexure (Fi ) -
With the wheel-like bending of the
bryo, the head and tail d;‘pmach each L)'L]l
and t ntire alimentary tract becomc
Thi*— bending takes place gradually.

size of the embry imentary tu 11»(’ Liif(_)
and we can now distinguish anteriorly a
pharyngeal portion, while ]Vvizuw'rw'l\' to this, and ex-
lendu'r as far as the rudiments of the liver
t part of the alimentary Tuh‘\\ hich gives origin In
: ]Wlmgns. omach, and ¢ snum. Posteriorly
to the rudimentary liver we ‘have that portion of 1}n
alimentary tube which rise to the jejunum,
um, and the different ivisions of the lar
tine. st this puluuu OW v a slight
convexity near the vi
ln tm rery complex ar q
The most posterior portion of all, the hind-
rise to the rectum and ends blindly 1 <
1 gut in the tail of the
»stive tract of a human embr)
4 2 mm. long. communication between the
nud gut and ¥ nIT\ '-<1(‘ is shown: s o is the compara-

mm
stomach sho
curvatu K
2 projects
A and the now i tion with the
volk sac shown. The 1 of e liver and
pancreas can be seen arising res tively from the dorsa
al sides of the
ewhat later sta . T4
the stomach is more .. The
m caudad to -En- pylorus 5S : ard until
es close to the dorsal r t then bends
around sharply s a lc loop, the con-
vexity rhic lirected forward Tln- loop consists
of two nearly parallel ¢ s running near each other
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er bend it passes caudad toward the anus.
The convex end of the long loop thus formed
extends beyond > into the umbilical
cord, within which there is an excavation for
its reception. The vitelline duct, which is
undergoin degenerative changes, is
nected with > i tine at the wventral
of the long described. A short
ince fro e ¥ 1;(11111! duet, on the caudal

1 of the loop, econd evagination

seen. 'This latter develops into the

erefore indicates the boundary between
e and t small intestine. “In con-
of these first foldings, four regions

the intestine istinguished
These ar S eparated later.
Tne short portion running from the stomach
to the backbone and provided with a \.:Jlll

mesentery becomes the duodenum (F
Duw); the ant v descending arm (D), to-
ether with the bend in the loop, furnishes
the small infesti The posterior ascending
arm is developed into the colon ((), and the
terminal part, cmbracing the last bend, into
the s i and rectum (R). In em-
b 1\'lelf the thi d following months there
occur in connecti rith a further increase
lv"- .la. 1!\\11131 s in the position
he intestinal loops. The
umu_a: es a double twisting about
wind thereby early acquires a form

and position (F ind 73), which correspond approxi-

mately to
permane
dition

is, in the
n in

dia m
but the
higher.

’h\‘

body and downward,
side and somewl
stomach experienc
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a torsion around its longitudi#nal axis by which the orig-
inal left side becomes the front and the right the back.
Consequently the greater curvature comes to lie below,
the lesser above. The terminal part of the cesophagus
is also affected by the torsion. It
undergoes a spinal twisting by
which this left side becomes the
Il'l]l(

“The intestinal op with its mes-
entery passes through a no less
fundamental twisting around its
]\1 ce of attachment in the lumbar

jon than the stomach does. The
(h- ending and the ascending arms
at first lie side by side, then the
latter (which becomes the colon)
lays itself obligquely over the form-
er and across the beginning of the
~nmll intestine transversely (Fi
72, k).

“Both parts, but especially the
small intestine, continue from the
end of the second month to increase
rapidly in length and to take on a
folded condition. Meanwhile the
initial part of the colon, called the
csecum, which exhibits even in the
third month a curved sickle-shaped
vermiform appendag
lie wholly on the ri
body up under tl
#Id). From here i
verse direction across the duodenum
under the stomach to the region of the spleen; then
it bends sharply about and descends to the left pelvic
region, where 1t is continued into the fmnul ﬂl xure
and rectum. Therefore there are
in the colon, even in the third month, the ceecum, the
transver and the  desce nding colon. An ascending

S r. It is formed in the succeed-
ing months (Fig. 75, b) by the gradual sinking down
of the cmeum, which was at t under the liver,
until in e seventh month it is below the right kid-
ney, and from the e hth month onward descends
hast the erest of the ilium.
“ Meanwhile the czecum has increased in len

and toward the end of gestation is a rather
appendage at the place of
transition from the small
to the large intestine. It
early exposes the want of
uniformity in development
(Figs. 72 and 73, #id). The
terminal part, which often

Alimentary Traet.
Alimentary Tract.

sheet of tissue composed of outer and inner germ layers,
and known as the pharyngeal membrane. By the rup-
ture of this membrane, communication established
with the exterior. The formation of the anus is much
more complicated
than that of the
mouth, and is not
fully understood as
yet. It arises on
the ventral side of
the body, in front
of the neurenteric
canal. There is
here, as with the
mouth, a thinning
of the tissue over a
limited area, and
thus an anal mem-
brane is formed.
The place where

embraces more than half its

length, does not keep pace

in its growth with the more

rapidly enlarging proximal

portion. The former isdes-

ignated as the appendix

vermiformis; the latter as

the cecum. At the time of

birth the vermiform ap-

pendage is still not so

sharply differentiated from

the cecum as it is a few

vears later, when it has

been converted into an ap-

pemi 1ze the size of a goose quill and 6-8 cm. long.
“Within the region embraced by the bends of the large

intestine the small intestine, which is derived from the

descending arm of rhl_ loop, is disposec d in more and more

numerous folds, owing to its extensive growth in length

(Fig. 73).” (Mark.)

The permanent mouth is developed as a pit (stomo-
dzum) on the under surface of the rudimentary head
(Fig. 69). This pit extends until it meets the blind end
of the fore gut, being separated from it at first by a thin

stine of a_ Hmn an Embryo of \( out Five “ eeks. A, From the

v ‘-mi vein
inal ¢

this thinning of the tissue takes place gives rise exter-

nally to a pit (proctodeum). which later beeomes con-
ed with the hind gut by the rupture of the above-
scribed anal membrane. The pre therefore

similar to that by which the mouth is established.

Untii within a few years the growth and arrange-
ment of the coils of the small intestine were but little
understood. The first attempt to find a typical ar-

rangement of the coils was made by Henke, followed
by Sernoff, Weinberg, and Mall. In the ensuing de-
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