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Introduction. 
By far the larger part of the organic material eliminated in the feces 

is of unknown nature and composition. A knowledge of the source of 
fecal material is thereby made the more difficult to obtain. Three sources 
are usually considered as contributing to the nitrogenous material ex
creted as feces: (i) food residues, (2) residues of the digestive juices and 
cellular material from the intestinal wall, (3) bacteria and their products. 
Each of these in turn has been emphasized as the principal contributing 
agent, but no attempt seems ever to have been made to determin the 
"nitrogen partition" in the feces. 

That the food residues of an available diet form any considerable part 
of the excreted material has had to be denied since the early work of 
Voit on fasting feces. In feeding expenmentr on dogs this investigator1 

showed that the amount of nitrogen in the feces was not proportional 
to the amount of meat fed. No muscle fibers or protein could be de
tected in the feces. Voit2 showed that the material produced in an 
isolated loop of the intestin of a dog was of a similar composition and con
tained the same amount of nitrogen as the feces of the normal intestin 
through which food was passing. Prausnitz,3 in experiments on men, 
showed that the composition of the feces varied with the diet and gave a 
definition of normal feces as those resulting from the eating of any food 
that is completely digested and absorbed. His data also show that the 
amount of nitrogen in the feces is uninfluenced by the amount in the food, 
although Schierbeck4 finds considerable variation in this respect. Rub-
ner5 found that in man the amount of feces and its nitrogen content 
are determined entirely by the cellulose content of the diet. In the same 
way he found that on a milk diet the resulting fecal mass was almost 
directly proportional to the quantity of milk ingested. 

I t is entirely probable that on a diet whose constituents are not en
tirely available the amount of feces is increased by the undigested cellu
lose, and the nitrogen content is increased by the larger amount of diges
tive juices secreted because of the larger volume of food and the accom
panying increased peristalsis. 

About one-third of the dry matter of human feces consists of bacteria, 
and at least one-half of the nitrogen of feces is bacterial in its origin.6'7'8 
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Little is known as to the conditions upon which the growth of the intes
tinal flora depends. In herbivora, whose food materials contain large 
amounts of cellulose, the presence of organisms that bring about the de
composition and utilization of this substance is an advantage. Even so, 
only 45 per cent, of the energy of such food is utilized. In the intestin 
of camivora the existing micro-organisms are limited to unabsorbed 
protein and the residue of the digestive juices for their food supply. In 
man, living upon a diet that contains food material of both the available 
and the unavailable kind, a condition midway between might be ex
pected, just as the relative length of the intestin lies between that of 
herbivora and carnivora. 

A recent claim of Schottelius11 is that the presence of bacteria in the in
testin of vertebrates is a desirable condition. Among their functions 
are the following: to prepare the food for absorption, to stimulate peris
talsis, to inhibit the growth of pathogenic bacteria, and to render the body 
immune to bacterial poisons and to pathogenic organisms in general. 
The investigations looking toward a determination of the possibility of 
normal life with a steril alimentary canal have yielded conflicting re
sults;9-10 the nature of the animal, of its food and its digestive mechanism 
are all important factors in deciding the question. 

Since the supply of nutriment for the bacteria of the lower intestin must 
consist mainly of the nitrogenous residues of the digestive juices and of the 
unabsorbed foodstuffs that reach the large intestin, we should expect 
a decreased bacterial growth when this food supply is decreased. An 
increase in unabsorbed residues of digestive juices and foodstuffs should 
result in an increased bacterial growth. I t would seem reasonable to 
suppose, therefore, that any influence leading to the incomplete diges
tion and- absorption of food, especially of its protein portion, in the ali
mentary tract would result in increased elimination of nitrogen in the 
feces, or in increased bacterial growth in the lower intestin, or in both 
of these conditions. 

I t was thought that evidence on both of these points might be valua
ble in determining the probable effect of water ingestion with meals. 

The only earlier experimental evidence as to the influence of water 
drinking with meals upon the utilization of food was obtained by Ruzicka12 

in an experiment upon himself. The conditions and routine of his ex
periment are referred to in the previous paper on the utilization of fat. 
During the first 2-day period of his experiment when no water was taken 
with the meals, 118.4 g. protein were ingested, 17.9 g. excreted; during 
the second 2-day period when water was taken with the meals, 125.9 
g. protein were ingested, 16.5 g. excreted. Protein utilization was 84.9 
per cent, in the first period and 86.9 per cent, in the second. Neither 
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diet nor water ingestion was sufficiently uniform to allow any but the 
most general conclusions to be drawn. 

More specific evidence comes from an investigation made in this labora
tory by Fowler and Hawk.1 ' Their subject was brought to nitrogen 
equilibrium on a constant and uniform diet and continuing this diet 
one liter of water was added to each meal for a time of five days; this was 
followed by a short final period in which the original conditions held. 
It appears that the average fecal output per day and the average dry 
matter per day in the feces were both much less during the water period 
than during either of the other periods, and that the average amounts 
during the final period were less than those of the preliminary period. 
More detailed examination of the feces was confined to the determina
tions of total and bacterial nitrogen on one stool in each of the three periods. 
These findings showed that both these forms of nitrogen were much re
duced in amount during the period of copious water ingestion and that 
after water ceased to be used in unusual amounts these values did not 
immediately return to the values found for the preliminary period but 
were still lower than those during the final period. The authors con
cluded that these findings indicated a more economical utilization of the 
protein of the food. During the water period of five days the subject 
gained approximately two pounds in weight, and continued to gain for 
a number of months after the end of the experiment and the return to 
ordinary mixed diet. I t could not be said that the water drinking had 
no effect, nor that it had an ill effect. 

These conclusions as to the digestibility and availability of the foods 
during water-drinking were based upon analyses of but three stools, 
one in each of the three periods. The importance of the conclusion 
reached seemed to justify more extensive experiments along the same line, 
experiments in which each individual stool of the whole investigation 
should be subjected to similar examination. The present investigation 
was therefore planned on this basis. 

Description. 
General Plan.—The general plan and routine of the experiment has 

been described in the preceding paper. 
Methods.—All analyses were made on fresh feces without previous 

drying. The samples usually weighed out with the approximate weights 
were as follows: 

(a) Two 2-gram samples for total nitrogen. 
(b) Two 2-gram samples for bacterial nitrogen. 
(c) Two 2-gram samples for acid-alcohol extract. 
Total Nitrogen.—During the earlier experiments dried feces were used for 

the total nitrogen determinations, with unsatisfactory results due 
to loss of nitrogen during the drying. That there is such a loss the 
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data clearly show; this has been observed before.14'140 In the later ex
periments the determination of total nitrogen was made upon the fresh 
material with satisfactory results. 

Bacterial Nitrogen.—The method for bacterial nitrogen is described in 
another paper from this laboratory.* 

Residue Nitrogen.—As explained more in detail under the determina
tion of bacterial nitrogen, residue nitrogen is that which comes from the 
well-washed sediments in the sedimentation for bacterial nitrogen. I t 
represents undigested and insoluble nitrogen that occurs in the larger 
particles of the feces. 

Extractive Nitrogen.—The sample for acid-alcohol extract was rubbed 
up in a small Erlenmeyer flask with a known volume of 95 per cent, 
ethyl alcohol made 0.2 per cent, acid with hydrochloric acid. The flask 
was stoppered and was allowed to stand at room temperature for a week, 
being shaken up at least once each day. Nitrogen was then determined 
on an aliquot portion (one-half) of the alcohol originally added. This 
represents such nitrogenous end-products as are below the proteose 
stage, and the soluble nitrogen of the digestive juices and of the pig
ments. Almost invariably this amount is less than that obtained by a 
similar extractive method on the bacterial sample as described under 
bacterial nitrogen. This may be due to the greater fineness of division 
that is secured in the case of the latter and perhaps also to the solvent 
action of the 0.2 per cent, hydrochloric acid used in making the bac
terial suspensions. 

All determinations of nitrogen of whatever form were made by the 
Kjeldahl method. Instead of metallic mercury, copper sulfate was used 
as catalyst in the digestion. 

Experiments on Copious Water Drinking with Meals. 

As mentioned before, subjects H and W were put on the same diet; 
the amounts had to be altered before nitrogen equilibrium was reached. 
The quantity and composition as finally given were as follows: 

Amount 
(per meal). Nitrogen. 

Graham crackers 150 grams 2.087 grams 
Peanut butter 20 " 0.882 " 
Butter 25 " 0.020 " 
Milk 450 (cc.) 2.360 " 

Total 5.349 
Protein 33-44 grams 
Protein per day 100.32 

On this diet a condition of nitrogen equilibrium was attained approx-

* Mattill and Hawk, J. Exp. Med., 14, 433 (1911). 
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imately at the end of the third day. The exact nitrogen balance may 
be seen from the following: 

S u b j e c t H . N i t r o g e n in feces 2 . 1 5 3 
N i t r o g e n in u r i n e 14 .036 

N i t r o g e n in e x c r e t a 16 .189 

N i t r o g e n in food 16 .046 

— 0 . 1 4 3 

S u b j e c t W . N i t r o g e n in feces 2 . 3 8 5 
N i t r o g e n in u r i n e 1 4 . 5 3 4 

N i t r o g e n in e x c r e t a 16 .919 

N i t r o g e n in food 16 .047 

III 

v m 
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Discussion of Data from Subject W, Table I.—As mentioned before 
the determinations of fecal nitrogen in this experiment were unsatisfac
tory because of the loss of volatil nitrogenous compounds in drying. 
That nitrogen was lost is very evident from the values of bacterial + 
soluble nitrogen which are in almost all cases larger than the correspond
ing total nitrogen. The so-called bacterial + soluble nitrogen comes 
from the determination of bacterial nitrogen and its significance will be 
clear by referring to the description of the method as given in a recent 
article.1 If the acid suspension after removing the last sediment of non
bacterial substance is not treated with alcohol, but is directly transferred 
to Kjeldahl flasks, the nitrogen so determined is not only bacterial but 
includes in addition all nitrogen that is soluble in 0.2 per cent, hydro
chloric acid or that has.become so during the time of manipulation. This 
datum is spoken of as bacterial + soluble nitrogen. In later experi
ments it was shown that the ratio of total nitrogen to bacterial + soluble 
was fairly constant at 1.10 in the preliminary period and 1.07 in the fol
lowing periods. Applying this factor to the values under bacterial 4-
soluble nitrogen the values under fecal nitrogen (calc.) are obtained. 
Although these are not values obtained by analysis, they are more cor
rect than those actually obtained for the reasons given. Taking either 
of these values, however, the average daily amount of total nitrogen 
excreted during the water period is only two-thirds of the average daily 
amount excreted during the preliminary period, and about four-fifths 
the average daily amount of the final period. The average daily amount 
in the final period is only slightly higher than that of the water period, 
and only three-fourths of what it was in the preliminary, showing that the 
good effect of the water is not immediately lost. 

The question as to the kind of fecal nitrogen that was decreased in 
amount cannot be answered on the basis of analytical data, since the 
bacterial and acid-soluble nitrogen were not separated during the early 
part of the experiment. From later experiments in which this separa
tion was made, a factor was calculated and found to be very uniform for 
different subjects throughout the various periods. On this basis 59 
per cent, of the combined bacterial + soluble nitrogen is nitrogen be
longing to bacterial substance. That the factor as applied does not 
fall far short of representing actual conditions may be gathered from the 
close agreement between the calculated values and those obtained by 
actual analysis of the stools of the final period. Applying this factor to 
the values for combined bacterial + soluble nitrogen the nitrogen of 
bacterial substance in the preliminaiy period was 1.279 grams per day, 
in the water period 0.784 gram per day, and in the final period 0.972 
gram per day. These values indicate that bacterial nitrogen was de-

1 Mattill and Hawk, / . Exp. Med., 14, 433 (1911)-
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creased under the influence of copious water drinking and furtnermore, 
in common with the results found for total fecal nitrogen, this condition 
was not transitory but more or less permanent. The same statement 
may be made regarding the nitrogen soluble in 0.2 per cent, hydrochloric 
acid. The acid-alcohol-soluble nitrogen averaged 25.5 per cent, of the 
total fecal nitrogen during the preliminary peiiod, 33.4 per cent, during 
the water period, and 28.8 per cent, during the final. This may mean 
that the digestion during the water period resulted in nitrogenous end 
products which are more soluble. This increased percentage of acid-
alcohol-soluble nitrogen in the feces during the water period does not in
dicate decreased absorption, for the absolute amount of this form of nitro
gen in the feces is decreased from 0.608 gram during the preliminary period 
to 0.480 gram in the'water period and rizes only slightly above this value, 
0 5°7 gram, during the final period, showing that absorption of the solu
ble end products is more complete under the influence of water. More 
probably, however, this form of nitrogen represents the residual portion 
of digestive and intestinal juices which are known to increase in amount 
under the influence of water ingestion, 'especially the gastric and pan
creatic secretions and the bile. If this is so, it is a very important fact, 
for even though during copious water ingestion, the flow of these secre
tions is stimulated, and as a result of increased peristalsis the amount 
of cast-off cellular material in the intestin is increased, the amount of 
fecal nitrogen instead of being increased, as, indeed, it must be from these 
sources, is, on the contrary, actually decreased. I t follows from this that 
the digestibility of protein material during a period of copious water-
drinking was increased even beyond what the data indicate, since part 
of the excreted nitrogen is known to come from the larger amounts of 
digestive juices secreted under the stimulating influence of water. 

Discussion of Data from Subject H, Table II.—The values for total fecal 
nitrogen, either those determined directly on dry feces or those calcula
ted directly from the bacterial + soluble nitrogen, show that the average 
daily excretion of nitrogen was 1.833 g. (detd.) during the preliminary 
period, 1.442 g. during the water period, and 1.636 g. during the final 
period. I t was thus much less during the water period than during 
either of the others, and the average daily amount after the water was 
less than that before it. 

As with subject W, the kinds of fecal nitrogen that suffered a decrease 
cannot be stated on the basis of analysis. The results on applying to 
the value for bacterial + soluble nitrogen the factor 0.59, which was ob
tained from later experiments, as has been explained, show that the aver
age bacterial nitrogen per day was decreased from 1.155 in the prelimi
nary to 0.875 m the water period, rizing to 1044 in the final. The 
average daily output as determined for the final period is 1.128, showing 
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that the factor used is accurate. The same proportionate differences are 
to be noticed in the values for soluble nitrogen. It is evident that both 
bacterial and soluble nitrogen in the feces underwent a marked decrease 
during the period of copious water drinking. 

TABLE II.—SUBJECT H. 

8 Nitrogen distribution. 
Percentage of total fecal 
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The percentage of acid-alcohol-soluble nitrogen rose from an average 
of 30.3 in the preliminary to 34.7 during the water period and fell to 
32.7 in the final, while the actual amount fell from 0.653 m t n e prelim
inary to 0.551 in the water and rose to 0.619 gram per day in the final 
period. The actual amount of this form of nitrogen was considerably 
decreased under the influence of water drinking. The suggestion may 
be made again that the increased percentage output was probably due 
to the increased volume of digestive juices, the secretion of which was 
stimulated by the ingestion of water. 
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Summary. 

The findings on both subjects in this experiment show a decreased 
elimination of all forms of fecal nitrogen during the period in which water 
(1000 cc. additional) was taken with each meal. No ill effects could be 
seen and the beneficial effect of water was not temporary but was pro
longed beyond the time during which water was taken. 

Experiments on Moderate Water Drinking with Meals. 

In the experiments upon protein utilization under the influence of a 
water ingestion of 500 cc. with each meal, the same general methods 
were employed. Total nitrogen determinations were made on the fresh 
moist material and the loss in volatil nitrogen compounds due to dry
ing was thus avoided. A more accurate and trustworthy separation 
of the bacterial + soluble nitrogen was made by an efficient centrifuga-
tion of the final alcohol suspension from which the clear liquid had been 
pipetted off. The nitrogen of the precipitated material could more truly 
be called bacterial nitrogen, that of the liquid, acid-soluble nitrogen. 

On the basis of the experience gained in this and similar investigations 
we cannot agree with certain statements made recently by Mendel and 
Fine1 as to the determination of the total nitrogen content of feces. They 
say: "The error incident to this procedure (drying), however, did not ap
pear to us to warrant serious attention, at least until certain details of 
metabolism operations, such, e. g., as the accurate division of feces be
longing to successive periods, reaching a higher stage of perfection." If 
we examin Tables I and II of the present paper it will be observed that 
the values obtained by us for the combined bacterial and soluble nitrogen of 
fresh feces are in nearly every instance larger than the total nitrogen values 
obtained from the analysis of the same feces after drying. We are firmly 
convinced that the ideal method of feces analysis embraces the examina
tion of the individual stools in the fresh condition. This procedure, of 
course, entails much more labor than the less accurate practice of utilizing 
the dried feces, but we believe that the added accuracy richly compen
sates the investigator. In certain connections the individual fresh stools 
may be preserved for several days and an analysis made of a compos.it 
sample of the moist feces.146 

Throughout most of this experiment the values for bacterial nitrogen 
and for nitrogen in the alcohol extract of bacteria, that is the acid-solu
ble nitrogen, were determined along with a determination of the bac
terial + soluble nitrogen, that is, the same suspension without alcohol 
treatment. The agreement between the last-named and the sum of the 
first two is very satisfactory; in almost all cases they would pass as dupli
cates. The fact that the alcohol used was not previously freed from pos-

1 Mendel and Fine, / . Biol. Chem., 10, 309 (1911). 

compos.it
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sible traces of nitrogen may account for the uniformly higher values 
given by the sum of the separate alcohol-soluble and bacterial determina
tions. 

I t was found from these data that the bacterial nitrogen was 59 per 
cent, of the combined bacterial + soluble nitrogen and this ratio was 
used in the preceding experiment. The ratio of total fecal nitrogen to 
bacterial-soluble nitrogen used in the first experiment was obtained from 
the values for these forms in this experiment. In both Tables III and 
IV this was approximately 1.10 in the earlier periods and 1.07 in the 
later periods. 

Acid-alcohol-soluble nitrogen, was determined as before, and the de
termination of residue nitrogen was made throughout this experiment. 

The diet of subject W, who had served before, was slightly reduced 
from what it had been in the preceding experiment. The amounts and 
composition were as follows: 

Amount (per meal). Nitrogen. 
Graham crackers 125 grams 1.776 grams 
Peanut butter 20 " 0.868 " 
Butter 25 " 0.015 " 
Milk 400 (cc.) 1.917 " 

4-577 
Protein 28.61 
Daily protein 85 .83 

The diet of subject E consisted of 
Graham crackers 150 grams 2 .120 grams 
Peanut butter. . 20 " 0.868 
Butter 25 " 0.015 " 
Milk . . . ! 400 (cc.) 1-917 " 

4.920 
Protein 30.75 
Daily protein 92 .25 

For water ingestion see preceding paper. 

Discussion of Data from Subject W, Table III.—Because of the difficulty 
experienced in obtaining nitrogen equilibrium the preliminary period 
of W was divided by taking charcoal on the eighth day, but with no 
change in diet. On the 13th day W s nitrogen balance was as follows: 

Nitrogen in feces 1.360 
Nitrogen in urine 12.361 

Nitrogen in excreta 13.721 
Nitrogen in food ' 3 - 7 3 1 

+ 0.010 
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The influence of a restricted amount of water and the latent period 
after which its effects appeared, as explained in the previous paper, are 
to be noted in the protein utilization as they were in the fat utilization. 
The average daily fecal nitrogen excretion during the first part of the pre
liminary period rizes from 1. 275 to 1.360 in the second part, bacterial + 
soluble nitrogen from 1.142 to 1 -233, acid-alcohol-soluble from 0.284 to 
0.320, and residue nitrogen from 0.148 to 0.154. A comparison of the 
nitrogen data of this preliminary period with the nitrogen data of the pre
liminary period of the first experiment shows the average daily total 
fecal nitrogen output to be 2.385 in the first as against 1.275 in the sec
ond; bacterial + soluble nitrogen 2.168 in the first as against 1.142 in 
the second; acid-alcohol-soluble 0.608 as against 0.284. The average 
percentage utilization of protein in the first experiment was 86.3 per 
cent, as against 90.7 per cent, in the second. These data showing so 
pronounced an improvement in the digestion and utilization of protein 
are on an individual living on the same kind of diet, but separated by a 
period of three months in which water drinking with ordinary meals 
was practised. 

With the fourteenth day 500 cc. of water were added to the diet of 
of each meal and this was continued for ten days. A five-day period fol
lowed in which the original conditions prevailed. 

By referring to Table III it will be seen at once that the nitrogen of the 
various periods presents no striking differences. 

The values for total, bacterial and other forms show fluctuations which 
are too small to admit of conclusions. The largest proportionate varia
tion is seen in the residue nitrogen. This, as was explained, was ob
tained from the solid mateiial that was sedimented in the procedure 
for bacterial nitrogen. Its percentage of the total nitrogen, n . 3 , in the 
preliminary period, fell to 9.5 in the water period, and still lower, to 
8.2 in the final period. If these small differences are significant, they 
point to a condition of better digestion. 

Discussion of Data from Subject E, Table IV.—On the diet given, the 
nitrogen balance of Subject E at the end of the sixth day was as follows; 

Nitrogen in feces. . : 1.926 
Nitrogen in urine 13.320 

Nitrogen in excreta 15 .246 
Nitrogen in food 14.761 

—0.485 

An examination of the data in Table IV again reveals no striking differ
ences in the nitrogen values from one period to another. The variations 
in average daily amounts of nitrogen in its various forms are, as in the 
case of W, too small to be significant, with the possible exception of the 
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values for the residue nitrogen. The percentage of the total nitrogen 
found in this form during the preliminary period, I I . I , fell to 10.2 in 
the water period and rose to 10.9 in the final. Similar variations, and in 
the same direction, were noted with W. Attention may be called again 
to the satisfactory agreement of the values for bacterial + soluble nitro
gen with the values of the sum of these two determined separately, which 
thus furnishes a valuable check on the determinations. 

The protein data on Subjects W and E during this experiment on 
moderate water drinking with meals do not justify the drawing of any 
but negative conclusions; they do not show that the use of water was 
attended by any undesirable results. The data obtained on the utiliza
tion of carbohydrate and fat during this period, which are presented in 
the following and preceding papers, show that where analytical methods 
are sufficiently exact to give significant results the effect of moderate 
water drinking is in the same direction as that of copious water drinking, 
though much less marked. 

Copious Water Ingestion by an Individual Accustomed to Taking 
Considerable Water with Meals. 

Following the preceding experiment, a period of six days formed the 
preliminary period for this experiment, the subject of which was E. 
The diet was the same as before and at the beginning of the 5-day water 
period the nitrogen balance was as follows: 

Nitrogen in feces 1.957 
Nitrogen in urine 12.775 

Nitrogen in excreta 14.732 
Nitrogen in food..: 14-761 

+ 0.029 

Discussion of Data on Subject E1 Table V.—Although both carbohydrate 
and fat data (discussed in other places) show differences that signify an 
increased utilization of these foodstuffs during the ingestion of one and 
one-third liters of water additional with each meal, a comparison of the 
data on the excretion of nitrogen in its various forms during the three 
periods of this experiment allows no positive conclusions to be drawn. 
The differences are too small to be significant. A negative conclusion, 
however, is entirely justifiable, when it is seen that the absorption of 
over four liters of water during the day, and most of this taken during 
the meals, had no untoward effect upon the digestion and absorption 
of the food. The probable reason for the fact that no change in the direc
tion of better digestion could be noticed is that Subject E habitually 
took considerable amounts of water with his meals, and the experimental 
conditions were thus little different from the usual regime. 
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General Discussion. 
The general conclusion from all these findings is that during water in

gestion with meals there is a better digestion and a more complete util
ization of the protein food and that this effect is much less marked with a 
small water ingestion than with a large one. It is also more or less per
manent, with the result that in an individual accustomed to taking con
siderable water with meals the effects of decreasing or increasing the vol
ume ingested are not immediately obvious. 

There is one objection to the conclusion that this is caused by water 
drinking. I t has frequently been observed in experiments on men that 
the prolonged administration of a given diet causes the enzyme content 
of the digestive juices so to change as to be best adapted to digesting 
the food. It might be argued, therefore, that although the food was as 
well digested during the latter part of these experiments as in the be
ginning, this was a result of adaptation which counteracted the unde
sirable effects of water drinking. A comparison of the data of the final 
periods with those of the water periods is sufficient to show that the with
drawal of water was accompanied by a pronounced change in favor of 
the water drinking, or by no appreciable change in digestibility and util
ization. 

Any supposed effect of adaptation is also counterbalanced by the 
effect of loss of appetite due to the monotony of the diet. London and 
Pevsner15 found that in dogs the stomach contents were more rapidly 
passed on to the duodenum when the factor of appetite was present than 
when it was absent. They conclude that the larger amount of secretion, 
that is, the appetite juice, was the cause. If there is any increased effi
ciency in "appetite" juice over the ordinary secretion in man then the 
digestive power of all the juices is at least not increased by the factor 
of appetite after partaking of over one hundred meals that were abso
lutely uniform in the kind and quantity of food they contained. 

Evidence has been adduced in another place to show that the action 
of water is not such as to cause undigested food particles to be washed 
through the pylorus prematurely, and thereby place a more than pro
portionate burden upon the lower digestive tract. That a premature 
opening of the pylorus, resulting in a shortening of gastric digestion, 
is uneconomical, has been shown by Cohnheim.16 The importance of 
the stomach in protein digestion is not clear despite extensive experi
mentation bestowed upon the subject. 

London and Polovzova17' 1S found that with but few exceptions proteins 
are not absorbed in the stomach, but that with few exceptions most pro
teins are made soluble in the stomach to about 78 per cent., the ratio be
tween proteoses, peptones and residual substances being 59.3, 32.9, 7.8. 
The soluble products of gastric digestion are quickly attacked by the in-
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testinal juices. Examination of stomach contents19 reveals the fact 
that peptones, peptides and amino acids may be absorbed; while it is 
shown that the enzymes of the stomach have the ability completely to 
hydrolyze proteins to these end-products, yet it is also shown that the 
length of time which pepsin requires to bring this about is far in excess 
of the time in which protein remains in the stomach. 

The importance of the stomach in protein assimilation has been em
phasized recently by Carrel, Meyer and Levene,20 who showed that after 
removal of the larger part of the small intestin, although the absorption 
of ingested protein is diminished, the rate of assimilation and retention of 
the absorbed protein follows the same course as in normal animals. They 
conclude that the stomach and not the intestin is the most important 
organ for protein assimilation. London and Dmitriev21 showed that the 
removal of the small intestin in a dog results in the death of the animal 
in about five weeks. Ordinarily, if as much as seven-eighths of the small 
intestin is removed, carbohydrate and especially protein assimilation 
rapidly return to normal but not so with the assimilation of fat. Some
what similar results have been obtained by Underhill.22 After resection 
of 80 per cent, of the small intestin Axhausen23 found that the absorp
tion of protein as well as of fat was very much lower than normal. Re
sults obtained after experimental removal of various portions of the ali
mentary tract are always subjected to this correction that the different 
organs may change their function and character in the direction of com
pensation. Thus, after gastrectomy in dogs, Carrel, Meyer and Levene24 

observed a high nitrogen retention which disappeared in ten to twelve 
weeks after the operation. The explanation suggested is that the pan
creatic and intestinal secretions that are minimal immediately after 
gastrectomy return to normal at a later period and protein is again fully 
digested before absorption. They also note a hypertrophy of the upper 
end of the duodenum after gastrectomy. 

Since the presence of water along with food in the stomach is hardly of 
long enough duration to affect either the food or the mucous membrane, 
the changes for the better digestion and utilization of the protein ma
terial that have been observed must take place principally in the intes
tin. Some experimental'work has been done on the absorption of pro
teins by living membranes. Zunz25 in experiments on dogs upon protein 
digestion and absorption in the stomach and small intestin in situ has 
shown that the osmotic pressure of the solutions of protein introduced 
scarcely changes in the stomach when this is tied off, but in the small 
intestin it tends toward that of the blood and usually becomes lower 
than this. Surface tension is lower than that of the blood in both the 
stomach and intestin. With low proteose content the surface tension 
decreases in both regions. In the intestin, Zunz concludes, the digestive 
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processes tend to bring the concentration, osmotic pressure and surface 
tension of the contents to the optimum for absorption. The organism 
itself seems to strive to secure a dilution of the products of digestion 
such that they can be most readily and completely absorbed. 

The phenomena of absorption still lack a unifying physical explanation; 
in fact, each investigation seems to disclose new and unknown factors. 
Filtration,, osmosis, the selective action of membranes and the nature 
and behavior of colloids are some of the important factors, upon an un
derstanding of which the solution of the many problems depends. 

Conclusions. 

Without attempting to suggest any further explanations than those 
given at the end of the preceding paper, it may be said that the ingestion 
of large amounts (iooo cc.) of water with meals caused the protein con
stituents of the food to be more completely utilized, as shown by a de
crease in all forms of nitrogen in the feces, including bacterial, 0.2 per 
cent, hydrochloric-acid-soluble, acid-alcoholic extractive, and residue 
nitrogen. 

When 500 cc. of water were taken with meals no significant changes in 
protein utilization could be observed, as there were in fat and carbohy
drate; the protein data do, however, admit of the negative conclusion, 
that absolutely no undesirable effects were to be observed as a result of 
the ingestion of 500 cc. of water with the meals. Even when over four 
liters of water were taken daily, with the meals, there was no indication 
of untoward effects as a result. 

As before, the, beneficial results of water ingestion with meals were 
not transitory, but were more or less permanent, extending beyond the 
time of the experimental period. 
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Introduction. 
It has been said that the amount of feces, as well as its nitrogen content,, 

depends entirely upon the cellulose content of the food materials, the 
first being the result of the inability of the organism to digest cellulose, 
the second being due to the increased desquamation of intestinal 
epithelium as a result of heightened peristalsis and to an accompanying 
increase in the amount of digestive fluids secreted. 

Aside from possible traces of the less common complex carbohydrates, 
the only carbohydrates ever present in normal feces under ordinary 
conditions are cellulose and starch. I t has been shown by Lusk1 that the 
decomposition of cellulose does not result in the formation of glucose, 
asid its nutritive value is probably in the fatty acids formed from it. 
In a study of the digestibility of carbohydrate, therefore, a consideration 
of the possible digestion of cellulose is unnecessary. 

The source of starch in the feces is ingested vegetable food, the cellulose 
envelopes of which, as a result of insufficient disintegration, have not 
become accessible to the action of the digestive juices. The manner of 
preparing the food has much to do with the extent of this disintegration; 
the efficiency of the mastication also plays a part, and the activity of the 
digestive juices and the extent of the churning to which the food is sub
jected in the intestin also have an influence. All other conditions re
maining the same, the amount of carbohydrate found in the feces should 
furnish some indication as to the digestibility of carbohydrate in the 
organism, as well as to the extent of cellular disintegration by which 
it has become available. In the series of observations reported in the 
preceding papers on the utilization of protein and fat under the conditions 
of water drinking with meals attention was also paid to the comparative 


