XXXVIIL—ON THE RELATIVE DIGESTIBILITY OF FISH FLESH
IN GASTRIC JUICE.

By R. H. CHITTENDEN AND GEORGE W. CUMMINS.

[Roprinted from American Chemical Journal, Vol. VI, No. 5. )]

The value of food as nutriment depends primarily upon the preacnce
in suitable quantity of elements, or combinations of elements, capable of
Supplying the needs of the body; coupled with this, however, is the ease
with which the food stuff in question can be rendered available by the
8ystem for its wants. This,or in other words its digestibility, constitutes
& very important item in determining the true nutritive value of any
food, If, of two foods possessing a like chemical composition, one is
ore easily digestible, that one, though containing no more available
Nutriment than the other, is in virtue of its easier digestibility more
Valuable as a food stuff, and in one sense more nutritious as well as
Tore economical for the system.

Both chemists and physiologists have appreclated the importance of
all data relative to the nutritive value of foods. But hitherto nearly
all work in this direction has been confined to a study of chemical
Composition, and only occasionally to digestibility. The mere fact,
howey rer, that a substance contains a certain percentage of nitrogen is
ot ; alone sufficient. We need to know in addition, not only how much
Of the nitrogen passes through the body unabsorbed thus indicating
how much is ordinarily available for nutriment, but we need to know
llkewme how long the food stuff remains in the stomach, how quickly
Itis acted upon by the digestive juices, and, finally, how much passes
Out undxgested-—-pomts of great importance to the healthy system, but
8till more so to the system weakened by disease.

There are two ways of determining the digestibility of a food stuff in
Bastric juice. One consists in the introduction of a weighed amount
of the subtance into the stomach of a man or animal through a fistulous
OPening, and noting the length of time required for its solution; the
°ther, in the use of an artificial gastric juice by which the amount
f substance capable of being dissolved and digested in a given time can

® quantitatively ascertained. The first of these methods was made

U8e of by Dr. Beaumont in his celebrated experiments on the Canadian,

Alexis St. Martin, about 1830, and has been employed many times
(13 1109



1110 REPORT OF COMMISSIONER OF FISH AND FISHERIES, [2]

since with animals by other workers. While it would appear in some
respects to be the better method, there are reasons why it is not 80
advantageous as the other, mainly because it is not capable of showing
such small differences, it is not free from nervous influences and personal
idiosyncrasies, and, lastly, it is less convenient. The method with arti-
ficial gastric juice, on the other hand, admits of tbe conditions being
the same in.each case; and, since the digestion of a food is by itself
simply a chemical plooess, it would seem better in a determination ¢
digestibility that the process be shorn of all those conditions, natural
or otherwise, which tend to interfere with the purely chemical actioP
of the digestive juice. *

Few experiments appear to have been made on the digestibility of
fish; this is the more strange when we consider what an important
item of food fish constitutes, particularly along our seaboard. Yet the
idea is prevalent, based apparently on general grounds, that fish flesh
is not easily digestible. Thus Maly! mentions that ¢ fish flesh i8
difficult of digestion, although the reason is not known.” Still, a8
Voit? remarks, “nothing certain is known regarding the digestibility
of different kinds of flesh, although much is said coneerning it
Probably digestibility is in part dependent upon the nature of the fat
present and the manner of its distribution; thus the presence of &
difficaltly fusiblé fat with considerable stearin would tend to hinder
digestibility (as in mutton); the same thing probably occurs when the
contents of the sarcolemma are permeated with much fat (as in the
lobster and eel).” This statement at once suggests the probability of
great variation in the digestibility of the flesh of any one specioes;
dependent on a large number of conditions, which, in the case of fish
particularly, are somewhat difficult of control; thus age, sex, food
period of spawning, length of time they have been preserved, are a few
of the many natural conditions which would tend to modify the digesti
bility of the flesh and render generalizations from even a ]arge number
of results somewhat uncertain.

Still, as no systematic experiments appear ever to have been tried
with fish flesh, we have attempted to obtain some positive results
concerning the relative digestibility of the more common edible species
as well as the general digestibility of fish as compared with beef, véal
lamb, &e.

THE METHODS EMPLOYED.

The gastric juice—For reasons already given, artificial digestion waé
chosen as the best adapted for the purpose, and with this end in vie¥
a gastric juice was needed which should Le both constant in com”
position and activity during the length of time required for trying
the experiments. A large quantity of so-called “pure pepsin” was

—

! Hermann’s Handbuch der Physiologie, 5, 112,
2 Ibid., 6, 447,
8 Manufactured by Henry Thayer & Co.
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obtained, thoroughly sampled, and then placed in a tightly stop-
pered bottle and kept in a cool; dry place to prevent change. The
acid used was pure hydrochloric of exactly 0.2 per cent strength.
From this material fresh gastric juice was made for cach series of ex-
Periments, 5 grams of the pepsin being dissolved in 1 liter of the dilute
acid. This furnished a digestive mixture of suitable strength, and, as
subsequent experiments showed, well adapted to the purpose.
Preparation of the flesh.—In order that a fair sample of the flesh
wight be obtained in each case, 100 grams, freed from tendons, fat,
8kin, and boues, were weighed off and finely divided by chopping.
Small portions of the sample tissue were then taken for a determi-
nation of the amount of solid matter,! and theun two portions of 20 grams
each were weighed out to determine the digestibility. These two latter
portions were placed in small poreelain mortars covered with watch
glasses, and then set into a steam-bath heated by a large gas flame for
30 minutes. This bath was a small copper oven, on the bottom of
which was a layer of water 1 or 2 inches in depth, while some distance
above this was placed a perforated plate upoun which the dishes were
set, the whole provided with a tightly fitting cover, with a small outlet
for the escaping steam. Heated in this for half an hour the fish or
meat was thoroughly and evenly cooked without loss of any extractives,
and being in mortars, the tissue after steaming could be ground up
fine without loss. The flesh was then ready for digestion.
The digestion.—AS already stated, two separate or duplicate deter-
. minations were made of each sample. Eacl portion of 20 grams was
placed in a Leaker with 200 cubic centimeters of the standard gastric
juice, covered with a watch glass aud set into a bath heated at 380 to 400
C. for 22 hours with occasional stirring. This bath consisted of a metal
box with a movable cover, and having about midway of its height a
perforated plate upon which the beakers were placed. The bath was
filled with water to such an extent that the beakers were immersed
about half an inch. The space above, when the bath was closed, was
of course saturated with agueous vapor, and thus any cvaporation of
the contents of the beakers was prevented. The temperature was kept
quite constant by a small gas flame, and the extreme variations were
not more than 35° to 420 C., these occurring only during the night and
early morning. The length of time the mixtures were heated, namely,
22 hours, was no longer than was necessary to insure accurate and con-
cordant results. In an artificial digestion the accumulation of the pro-
ducts formed tends toretard the action of the fluid, but in no case were
our results impaired by saturation of the digestive mixture, for that
this could never have occurred ordinarily is plainly shown by the large
amount of blood fibrin dissolved by the gastric juice in a trial éxperi-
ment. The addition of larger amounts of flesh, moreover, in the case
of fish, 30 to 40 grams, simply diminished the digestive action.

! Determined by simply drying at 100° C. until of constant weight,.
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Determination of the amount digested.—This can be accomplished by
either weighing the undigested residue, or by determining directly the
amount dissolved. In a recent work by Jessen! on the influence of
different modes of preparation on the digestibility of meat, the former
method was used. Unless the amount of water contained in the meat
experimented with, however, is determined, a very decided error may
be introduced. Thus Jessen found by experiment with frogs’ legs®
that 2 grams of the raw flesh, introduced into the stomach of a dog,
required on an average 4.46 hours for digestion, while the same
amount of beef, similarly prepared, required on an average 5.68 hours,
and thus from this experiment the relative digestibility of the two
would be as 84:100. Our experiments, however, show quite a different
result, easily explained by a determination of the percentage amount of
solid matter in the two kinds of flesh. Thus, while 20 grams of beef con-
tain on an average 5.1 grams of solid matter, the flesh of frogs’legs con-
tains but 3.5 grams. It is evident from this example, then, that a deter-
mination of the total solid matter is necessary in each species of flesh ;
but even when that is done, and corrections made accordingly we have
found a decided difficulty in filtering the digestive mixtures. The un-
dissolved residue of the fish is so gelatinouns that it is next to an impos:
sibility to wash it entirely free from peptones. We therefore decided
to work with the filtrate, and after several trials by precipitating the
dissolved albumen with tannic acid, according to the method of Jobn-
son,® and also by determining the specific gravity of the flnid after filtra-
tion, we finally adopted the following method, which has proved quite sat-
isfactory. After the gastric juice has been allowed to act for the réquisite
length of time on the 20 grams of flesh the mixture is cooled to 20° C.,and
then diluted to 250 cubic centimeters, in a graduated flask, with distilled
water. After being thoroughly mixed it is filtered on a dry filter, and
then 50 cubic centimeters, or one-fifth of the entire mixture, is trans-
ferred by a pipette to a small weighed dish, and to it are added 5 cubic
centimeters of a standard solution of sodium carbonate of such strength
as exactly to neutralize the acid present. The fluid is then evaporated
to dryness on the water-bath, and finally dried at 110° C. until of con-
stant weight. In order that the results obtained may express the ab-
solute amounts of matter dissolved by the gastric juice, it is necessary
to carry on control experiments with the gastric juice itself. This is
also desirable as a proof of the uniform strength of the gastric juice.
Thus in each series of experiments 200 cubic centimeters of the standard
juice were warmed at 38° to 40° C. for 22 hours, so that all albumen con-
tained in the pepsin could be converted into peptone, then diluted to
250 cubic centimeters and 50 cubic centimeters, neutralized, evaporated,
and dried as already described. This residue, subtracted from the

1 Zeitsohrift fiir Biologie, 19, 130.
2 Jbid., p. 140.
3 Bulletin de la Sociélé chimique de Paris, 23, 40.
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weight of the residue left by the evaporation of the 50 cubic centime-
ters of the digestive mixtures, multiplied by 5, gives quite accurately
the amount of matter (peptones and intermediate products together
Wwith some salts) dissolved from the 20 grams of flesh. Theoretically
there are one or two minor objections to this method, the most noticea-
ble, perhaps, being the variable amount of undigested residue suspended
in the fluid diluted to 250 cubic centimeters. The amount of space,
however, oceupied by this matter is not large, and its influence on the
accuracy of the method not great. Again, by the evaporation of
the peptones, and drying at 1100 C., there is doubtless some slight oxi-
dation, but still it cannot be great, as the dried residue is soon brought
.to a constant weight. While the method seems longer than to weigh
the undissolved residue, it is by far more accurate, and in the end we
believe shorter.

The fish experimented! with were obtained at a local market, and,
while always quite fresh and in good condition, we had no means of
knowing how long they had been out of water.

In all of the experiments the flesh was cooked by steaming, unless
otherwise expressed.

Tables I to V give all the data of the experiments, while Table VI
contains the average amounts digested of each sample of cooked flesh,
together with the relative digestibility as compared with cooked (steamed)
beef, taken as 100.

A glance at thie results of the control analyses of the gastric juice

- alone plainly shows the constancy of its composition. The strength
and activity of the digestive mixture, moreover, is easily seen from the
amount of blood fibrin (Table IV) dissolved by 200 cubic centimeters
of the fluid; an amount far in excess of the fish or beef dissolved by
the same quantity of fluid.

The results of the analyses show plainly that the method adopted
is as good as could be expected, for it must be remembered that the two
results obtained from each sample of flesh are not merely from dupli-
cated analyses, but from duplicated digestions as well, and in these,
extending as they do over 22 hours, with slight variations in tempera-
ture and agitation, small differences are (o be expected. The very great
divergence noticed, however, in the results obtained from different
samples of the same species of flesh show at once that there are other
conditions, such as age, &e., which affect the digestibility of the flesh
more or less, so that, in order to obtain results from which to draw
strict generalizations, it would be necessary to experiment with fish of
different species, of like age, sex, and reared under like conditions.
As examples of this we have the very divergent results from two sam-
ples of veal, and also of two bluefish (38.69 and 73.44). As direct evi-
dence that age, sex, &e., doexert a modifying influence on the digesti-

—_— .

! For composition of the fish exporimented with, see “ Zur Chemie der Fische,”
Beriohte der dentsch. chem. CGesell., 16,1339, by Prof. W. O. Atwater. ’
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bility of flesh, we have three experiments on tbe flesh of the lobster:
one with a small young lobster, a second with a large female, and &
third with a large male of the same species. The duplicate digestions
gave fairly concordant results; the average relative digestibility being
for the young specimen 87.81, for the large female 79.06, and for the
male 69.13. This shows plainly some modifying influence in the flesh
itself. In composition, so far as the solid matter is concerned, there
was no appreciable difference in the three sawples. Bearing in mind,
however, these possible variations, it is very evident from our results
that the average digestibility of fish flesh is far below that of beef sim-
ilarly cooked. In but two instances,in the case of shad and white fish,
does the digestibility of fish flesh approach that of beef, aithough, from
the average of our experiments, several are as easily digestible as mut-
ton, lamb, and chicken.

Pavy! states that fish with white flesh, such as the whiting, &e., are
less stimulating and lighter to the stomacl, or more casy of digestion,
than fish with more or less red flesh, as the salmon. Our experiments
confirm this statement so far as digestibility is concerned. Thus the
average digestibility of the salmon and trout is considerably below the
average of the more digestible white fish. The difference between the
digestibility of the light and the dark meat of the same fish is some-
what striking, as in the case of the shad, where the digestibility of the
former was found to be 97.25, as compared with beef, while the dark
flesh was 87.32. A similar difference, though very much swaller, is to
be noticed between the light and dark meat of the chicken.

This difference in digestibility is in part due, without doubt, to the
amount of fat present, for, as Pavy states, in the flesh of white fish there
is but little fat, it being accumulated mainly in the liver of the animal,
while in red fish there is more or less fatty matter incorporated with the
muscular fibers. For a similar reason, eels, mackerel, and herring are,
according to Pavy, less suited to a delicate stomach than some of the
white fish, and our experiments show that in digestibility two of them
stand below the more digestible white fish ; mackerel, however, from
our single experiment with the white portion of the flesh, showed a com-
paratively high digestibility. In all of our experiments, however, with
white fish, we rejected the outer layer of dark flesh, except in the case
of the shad. The varying differences in digestibility are not to be con-
sidered as due wholly to differences in the amount of fat in the flesh;
thus the flesh of fresh cod contains but little fat, and yet it is one of the
most indigestible of the white fish experimented with. This agrees with
Pavy’s? experience ¢ that it is a more trying article of food. to the stom-
ach than is generally credited.” Again, Pavy?® makes the following
statement, bascd on his expericncee in fish dietetics, ¢ of all fish, the whit-
ing may be regarded as the most delicate, tender, and easy of digestion.”

10n food and dietetics, Amer. ed., 1874, p. 171,
2 Ihid., p.173.
3 Ibid., p. 172,
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““The haddock is somewhat closely allied, but is inferior in digesti-
bility,” while «the flounder is light and easy of digestion, but insipid.”
With all these statements our results agree perfectly, assuming the
white-fish of our experiments to be analogous to the English whiting.

Maly,! in speaking of the digestive processes in the living stomach,
says that raw flesh is more slowly digested than cooked, probably for
the reason that with dilute acids the coagulated albumen of cooked flesh
is more easily converted into acid albumen. Likewise, that the flesh of
young animals is more rapidly digested than that of older ones, while
fat flesh is but slowly attacked, as the melted fat surrounds the muscle
fibers. With reference to the first of these statements, Jessen® found,
by experimenting with perfectly lean beef of known age, that he had
only a small indigested residue in an artificial digestion of the raw beef,
but with the same amount of partially boiled beef a much larger amount
remained indigested, and when thoroughly boiled a still larger residue
was found. Taking the amount of indigested residue as a measure of
the digestibility, the proportion with the same sample of beef was as
follows: Raw beef, 100; partially boiled, 167; thoroughly boiled, 317.
The gastric juice omployed by Jessen, however, could hardly be consid-
ered as made up of a dilute acid, containing, as it did, 2.5 and 5 per
cent of concentrated hydrochloric acid.

In our own experiments, with a gastric juice containing but 0.2 per
cent of pure hydrocbloric acid, positive results were obtained as follows:

-

l First sample of beef. | Sccond sample of beef.

| Cooked | . -Cooked

! Raw. (steamed). | Raw. (steumeq).
__..I___.._-_._.'.- - ——

Amount digestod from 20 £ramB «.oeeecaeeoromarenos : 4.0792 | 3.8610 4,3785 4.1607

Relative pﬁ)portion ---------------------------------- i 100.0 i 94.65 100.0 95.04

The difference here, then, is not 8o great, though sufficiently pro-

nounced to indicate plainly the influence of cooking.
A similar experiment with a sample of bluefish gave a like result:

Cooked

Raw. (steamed).

Amonnt digested from 20 GIAIS. ..« canrasermossesrsromsssmtrsianaieetnee e ‘8. 7617 3. 5885
Relative prgoportion ---------------------------------------------------------- 100. 0 05. 30

With the raw beef, however, digestion was so near complete that a
second experiment was tried with a larger quantity, as follows:

From 20 grams. | From 30 grama.

.

Amount digested (n;w PECS) . aeevevmmmeasmnsamancescnsancaacce oes 4. 8786 65.7610
Relntivopg)porﬁon AP P 100.0 131, 57

| Hermann’s Handbuch der Physiologie, 5,111,
3 Zeitschrift fiir Biologie, 19, 128.

———
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This would make the relative digestibility of cooked (steam¢d) and
raw beef as 100:142.38, a difference nearly as great as that found by
Jessen between raw and partially boiled beef. It is plain, then, that
the digestibility of raw beef is considerably greater than cooked.

Whether the relative digestibility of raw and cooked fish, given
above, would be changed by increasing the amount of flesh added, we
cannot.say. It is a point of little importance, but from the following
experiment with cooked fish it probably would make but little differ-
ence. This experiment with cooked sea-bass was tried mainly to as-
certain the quantity of flesh best adapted to 200 cubic centimeters of
our standard gastric juice:

From 20 grams. | From 30 grams. | From 40 grame.
Amount digested ..ol L. 3. 3905 3. 2326 2. 52
Relative proportion .....co.ceniviii ot 100.0 95. 08 74.12

In this case, increasing the amount of material plainly diminishes the
digestive action. '

With regard to the second statement of Maly, above quoted, our
experiments tend to show that, in some instances at least, the flesh of
younger animals is less easily digestible than that of older animals of
the same species. This is well illustrated -in the greater digestibility
of mutton as compared with Jamb. :
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