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AN EXPERIMENTAL INQUIRY REGARDING THE NUTRITIVE
VALUE OF ALCOHOL.

BY W. O. ATWATER AND F. G. BENEDICT.

INTRODUCTION,

The present report gives the details of a number of metabolism experiments with men, in
which the effects of diet with and without alcohol have been compared.® The details of a number
of digestion experiments, which form part of the same investigations, have also been included.

PURPOSE OF THE EXPERIMENTS.

The main purpose of the experiments has been to get light upon the effects of alcohol in the
diet, with especial reference to the question of its nutritive value.

Food is used in the body to build and repair tissue and to furnish energy. Only the
nitrogenous compounds (protein) of the food serve the first purpose; they also serve as a source
of energy, but the main supply of energy is obtained from the fats and carbohydrates. The fuel
ingredients may be burned at once or may be stored for future use.

Aleohol contains no nitrogen and therefore can not build or repair tissue; it is rather to be
classed with the fats and carbohydrates, and if it has any food value, this must be as a fuel. It does
not appear to be stored for any considerable time, but is disposed of soon after it is taken into
the body.

Aleohol, however, differs from the protein, fats, and carbohydrates of food materials in that
it may exert, and when taken in large enough doses does exert, an indirect astion upon the brain
and nerves and through them upon the nutritive and other processes to which the general term
metabolism is applied. In this way its actual value may be either increased or diminished
according as it aids or hinders digestion, or either accelerates or retards metabolism. We have
then to consider not only its direct action as nutriment for the supply of energy, but also its
indirect action upon the metabolism and utilization of other food. In the experiments here

*The inquiry was undertaken at the instance of the Committee of Fifty for the Investigation of the Drink
Problem. The experimental work was done in the chemical laboratory of Wesleyan University. A large ghare of the
expense was borne by the committee of fifty although econtributions were also received from the Elizabeth Thompson
and Bache funds and from private individoals. The experiments were parallel with others of similar character,
whieh are conducted under the auspices of the United States Department of Agriculture. These latter experinents
form a part of a general inguiry regarding the food and notrition of man, which is authorized by Congress and
prosecuted in different parts of the United States. The special inguiry into the nutritive action of aleohol was made
possible by the generosity of Wesleyan University, which offered to the committee of fifty the use of laboratory and
other facilities that have been made available to the Department of Agriculture and the Storrs Experiment Station
for nutrition inguiries.

The investigation has been pursued with the active cooperation of a number of gentlemen, including especially
Mr. A. P. Bryaxt, under whose direction the computations of the results have been made, and Mr. A. W. Sy, Dir,
0. F. Tower, and Dr. J. F. 8xgur, all of whom have been intimately associated with the elaboration of the apparatus
and methods. Mr. Symimir and Dr. 8xevrn served as subjects in-several of the experiments reported beyond, though
the subject of the larger number was Mr. E. OsTERBERG.

The details of the experiments without aleohol and of two of those with aleohol, Nos, 7 and 10, have been
published in bulleting of the United States Department of Agriculture as stated beyond.
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described the indirect action of alcohol has been studied only in so far as (1) through its
influence upon the secretion of digestive juices or otherwise it has tended to increase or diminish
the proportion of the other food digested, or (2) it bas inereased or decreased the metabolism of
other food or body material.

The ulterior effects of alcohol do not come within the scope of this particular inguiry, which
is limited to its use by the body as nutriment.

THE QUESTIONS ACTUALLY STUDIED,

It appears then that whatever value aleohol may bhave for nutriment must depend upon its
ablity to serve as fuel for furnishing energy to the body. Accordingly the main question
proposed for study is this: What is the value of alcohol for fuel and how does it compare in this
respect with sugar, starch, fats, and other nutrients of ordinary food materials? A collateral
question is the effect of alcohol upon the proportions of nutrients digested from the food with
which it was taken.

Experimental research has shown several ways in which the ingredients of ordinary food and
body material serve as fuel. They are oxidized in the body; in the oxidation, their potential
energy becomes kinetic and is thus made useful to the body; part of this kinetic energy appears
as heat; another part appears as muscular work: in yielding energy by its own oxidation, food
protects the material of the body and of other food from consumption. We have then to
consider how aleohol compares with the ordinary fuel ingredients of the food in these ways.

It is elear that the main problem is that of the metabolism of energy in the body, Accord-
ingly, while the experiments here deseribed bear upon the use of aleohol in each of the ways just
mentioned and upon collateral topics also, the fundamental question studied has been this: To
what extent is the energy of alcohol transformed and utilized in the body like the energy of the
nutrients, especially the fats and earbohydrates, of ordinary food materials?

In studying these questions we go down to one of the fundamental principles of material
science. The plan of the whole inquiry is based upon the principle that the chemieal and physical
changes which take place in the body, and to which the general term metabolism is applied, oceur
in obedience to the laws of the conservation of matter and energy. That the law of the conservation
of matter applies within the living organism, no one would question. It might seem equally
certain that the metabolism of energy within the hody takes place in accordance with the law of
the conservation of energy. in experiments with men in the respiration calorimeter described
beyvond, the close agreement between the income and the outgo of enerey in the body, under various
conditions of work and rest, may be regarded as practically demonstrating that the law holds in
the living organism. Such demonstration had, indeed, been approximated by earlier investi-
rations, notably those of Rubner with dogs.

APPARATUS AND METHODS OF INQUIRY.

The experiments here described were made with a rvespiration calorimeter especially devised
for research of this kind. The apparatus serves to measure the materials received and given off
by the body, including the produets of respiration, and is thus a ** respiration apparatus.™ It also
serves to measure the heat riven off by the body and hence is a form of calorimeter. To indicate
this twofold purpose it is called a ** respiration calorimeter.” The apparatus and methods of its
use have heen deseribed elsewhere;® a brief description will suffice here.

*In the following bulletins of the Office of Experiment Stations of the United States Department of Agriculture:
No. 44, Report of Preliminary Investigations on the Metabolism of Nitrogen and Carbon in the Human Organism with
a Respiration Calorimeter of Special Construction, by W. 0. Arwarer, Ph. 1., C. D. Woobs, B. 8., and I. GG. BEXEDICT,
Ph. I).; No. 63, Description of a New Respiration Calorimeter and Experiments on the Conservation of Energy in the
Human Body, by W. 0. Arwates, Ph, D, and E. B. Rosa, Ph. I, pp. ¥4; No. 69, Experiments on the Metaboliam
of Matter and Energy in the Human Body, by W. 0. Arwarer, Ph. I, and F. G. Bexgpier, Ph. D)., with the
cooperation of A. W. Sarri, M. 5., and A, P. Bevast, M. 8, pp. 112; No. 108, Further Experiments on the Metab-
olism of Matter and Energy in the Human Body, by W, O, Arwarer, Ph. I, and F. G. Bexepicr, Ph. D., with
the cooperation of A. P. Bryaxr, M. 8, A. W. Suirn, M. B, and J. F. Sxern, Ph. T
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The chamber of the apparatus is so arranged that a man may spend a number of days in
comparative comfort within it. It is lichted by a window, and is furnished with a folding chair,
tahle. and bed, and. when the experiment involves museunlar work, with a stationary bicyele also.
The chamber is ventilated by a measured current of air, samples of which are taken for analysis
before it enters and after it leaves the chamber. In this way the products of respiration are
determined. Provision is also made for weighing. sampling. and analyzing all the food and drink,
and the solid and liguid exereta as well. By comparing the chemical elements and compounds
received by the body in food, drink, and inhaled air with those given off in the solid, liquid, and
gaseous forms by the intestines, kidneys, lungs, and skin, it is possible to strike a balance between
the total income and the total outgo of matter in the man's body. This serves as the measare
of the metabolism of matter in the body.

In addition to this the metaboli=m of energy is also studied. To thiz end it is necessary to
determine the potential energy of the food and drink taken into the body and of the solid and liquid
excreta given off by the body, as well as the amounts of energy given off in the form of heat,
external muscular work. and otherwise. The measurements of the potential energy of the food
and excreta are made with the bomb calorimeter.® The determination of the heat given off from
the body is made by certain arrangements in connection with the respiration calorimeter. A
current of water passing through a special coil of pipes suspended in the chamber ahsorbs the
heat that is generated within it, and by measuring the quantity of water that passes through the
coil and its rise in temperature the amount of heat absorbed may be determined. To this is
added the latent heat of the water vaporized within the chamber.

So delicate are the measurements of temperature that the observer sitting outside and
recording the changes every two or four minutes immediately detects a rise or fall of even one
one-hundredth of a degree in the temperature of the inner copper wall or of the air inside the
chamber. If the man inside rises to move about, the inerease in the heat given off from his hody
with this muscular work shows itself in a rise of temperature which is immediately detected.

In the work experiments the subject spends a certain portion of each day in muscular
exercise upon an apparatus arranged as an ergometer, by which the amount of muscular work done
may be measured. The ergometer consists of a stationary bicyele connected with a dynamo by
which the power which the rider applies to the pedals. and which is not changed to heat by the
friction of the machine, is converted into an electric eurrent, which is passed through an electric
lamp and is in turn changed to heat. The ergometer is arranged to measure the amount of
muscular work done, in terms of heat, by determinations of the amount of energy converted into
heat by friction and the amounts of electric current generated and changed to heat.

From the energy of food. drink, solid and liquid execretory products, and body material
stored or lost the net income of energy may be computed. The net outgo is measured by the
apparatus. By comparing these the balance of income and outgo of energy is found.

The data obtained as explained above, taken in connection with what is known of the
physiological processes that go on in the body, give more accurate information than can be
otherwise obtained regarding the ways in which the food is used in the body and the quantities
of food ingredients that are needed to supply the demands of the body for the various purposes
of work and rest and the comparative nutritive value of different food materials.

ACCURACY OF APPARATUS AND METHODS.

Two methods of testing the accuracy of the apparatus arve employed. By one method known
amounts of heat are generated electrically within the chamber, and the heat is measured by the
apparatus. In this way its accuracy as a calorimeter only is tested. By the second method
known amounts of ethyl alcohol of known purity and composition are burned completely within
the chamber, and the amounts of water, carbon dioxide, and heat resulting from the combustion
of aleohol are determined by the apparatus. In this way its accuracy both as a respiration appa-
ratus and as a calorimeter is tested. In the average of five electrical tests the amount of heat

* For description of the bomb calorimeter see U, 8. Dept. Agr., Office Expt. Stations, Bul. 21, pp. 120-126, and
Storrs Conn. Experiment Station Report, 1897, p. 199.
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measured by the calorimeter was 100.01 per cent of the amount generated by the electrie current.
The averages of the results obtained in seventeen alcohol tests are summarized in the following
table:

Summary of results of tests in which aleohol was buwrned in the calorimeter.

rE:_']::::'lt' Water. Hent.

{rriiiig. el iied. ilaries,
T R | o e e i S S e s s s s o R DG DEE S s S 19.239.8 | 12,264.4 | 64,5541
AT BRI & . oo s e mn e C s e A e B A S T B 19, 206.9 | 12,3791 64,513, 3

Per eent. FPer cend. Per gent,
Batio of amount found to amount reguired .- oo i Jo. 8 1 100.9 L

= After the completion of the later experiments a glight leak was found in the “*valve box™ through which the
onigoinge air current passed on its way to and from the “freezers,”’ and by which water, condenszed on the outside,
may have entered. There i= every reason to believe that the quantity of water actually found was thus made too
large by a fraction of 1 per cent. In the average of the first nine experiments the amount of water found was 100.6
per cent of that required.  Asan aleohol check test was generally made between each two metabolism experiments
or zeries of experiments we have a means of knowing when the leak began to effect the results and the amount of the
error introduced.  See Bulletin 109 of the Office of Experiment Stations, above referred to.

The results thus indicate that the respiration calorimeter is an instrument of precision and
that the determinations of carbon dioxide. water, and heat produced within the chamber of the
respiration calorimeter are sufliciently accurate for experiments with the living subject.

THE EXPERIMENTS,
GENERAL PLAN.

For the subjects of the experiments men were selected who were in good health, had appar-
ently normal digestion, and did not find the confinement in the chamber uncomfortable. A diet
was chosen which provided materials as palatable and in as much variety as was consistent with
convenient preparation, and with accurate sampling and analysis. The quantity and composi-
tion of the diet were generally such as to maintain the body nearly in nitrogen and carbon
equilibrium under the conditions of the experiment, whether cf work or of rest. In 13 of the
experiments the diet included alcohol.

The aleohol amounted in general to about 72 grams (24 ounces) a day, or as much as would be
contained in a bottle of claret or 3 or 4 glasses of whisky. Inmost cases pure (ethyl)alecohol, but
in some whisky or brandy wis used. It was mixed with either water or coffee, and was given
in 6 small doses, 3 with meals and the rest at regular intervals between, in order to avoid as far
as possible any effect upon the nerves. The aleohol supplied not far from 500 calories of energy.
In the experiments without external muscular work, the total energy of the diet was about 2,500
calories, so that the aleohol furnished one-fifth of the total energy. In the experiments in which
the man was engaged in more or less active muscular work, the total energy of the food was
larger, averaging about 3,900 calories, so that the aleohol furnished between one-seventh and
one-eighth of the total energy of the diet.

In order that the subject might become accustomed to the diet and reach approximate
nitrogen equilibrium with it hefore the experiment proper began, a preliminary digestion
experiment of at least 3 days immediately preceded the metabolism experiment. Any change
of diet found desirable or necessary was made during thiz period, and the preliminary experi-
ment was continued until nitrogen equilibrium was supposed to be more or less nearly reached.
In most cases the preliminary experiment continued 4 days. During this period the subject was,
in general, engaged in his customary occupation, but conformed his muscular activity more or less
to that of the coming experiment. Thus if it was to be a work experiment, he rode a bieyele or
walked a considerable distance each day. If it was to be a rest experiment, he avoided all
unnecessary exercise, For supper on the last day of this preliminary digestion experiment
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ahout .3 of a gram of lampblack was taken in a gelatin capsule with the food, in order to mark the
separation of the feces of the preliminary experiment from those of the metabolism experiment
proper. The subject entered the chamber about T o’clock on the evening of the last day of the
preliminary digestion period and retired about 11 o’clock. At about 1 o'clock in the morning
the heat measurements were begun.

The night sojourn in the chamber sufficed to get the temperature of the apparatus and its
contents of carbonic acid and water into equilibrium. =o that accurate measurements might begin
at 7 o'clock on the first morning of the experiment proper. In some cases the experiment con-
tinued only 4 days: in other cases the experimental period consisted of & or 9 successive days
spent within the apparatus, the entire period being divided into 3 experiments of 2 or 3 days
eath with changes in the diet as hereafter explained. The determinations of carbon dioxide,
water vapor, and heat were made in 6-hour periods, so that complete data for an experiment
showed the total amounts of these compounds riven off from the body during the periods ending
at 1 p. m., T p. m., 1 a. m.. and 7 a. m. of each day of the experiment. As noted beyond, the
urine was also collected and its nitrogen content determined for corresponding periods.

The daily routine of the subject within the chamber was indicated by a programme made up
before the beginning of the experiment. A copy of the programme was furnished to the subject,
who followed it with reasonable closeness, and other copies were posted in convenient places out-
side the apparatus for the benefit of those who had the experiments in charge.

Much care was necessarily taken in preparing the food materials selected for the diet and in
taking samples for analysis, With the exception of milk and alcohol, the proper quantity of
each kind of food, either for each meal or for the whole day. was put up in glass jars before the
experiment began: and materials which might spoil during the course of the experiment, such as
bread and meat, were thoronghly sterilized.

Special arrangements were made by which the mixed milk from a definite number of select
cows was supplied for each experiment. But even with this precaution, the milk was not entirely
uniform in composition from day to day.

The handling of the aleohol was much simpler. A quantity sufficient for several experi-
ments was procured and analyzed, and the proper amounts were drawn each day as needed.

As stated above, the separations of the feces for each experiment were made by means of
lampblack. The total feces for each experiment were analyzed, and the average per day used in
the computations of results. It was assumed that when the food and exercise were so nearly
uniform the undigested residues and metabolic products would not vary greatly from day to day,
and such irregularities as might occur would hardly affect the average for an experiment.

The urine was collected in 6-hour periods, and the amount, specific gravity, and nitrogen
determined for each period. Aliquot portions of the urine of the 6-hour periods were taken for
preparation of a composite sample for the day. and in like manner aliquot portions of the com-
posite sample of urine for each day were taken for the preparation of a sample for the whole
experiment or series of experiments. The nitrogen and heat of combustion were determined in
the urine for each day and in the composite for the whole experiment. The carbon and hydrogen
were determined in the composite sample of urine for the whole experiment or series of experi-
ments, and were divided among the different days in proportion to the amount of nitrogen.*

THE MEN WHO SERVED AS SUBJECTS OF THE EXPERIMENTS.

Three different men, E. O., A. W. S_, and J. F. 8., have served as subjects in these experi-
ments. Each of these, when not sojourning in the apparatus, was engaged in work connected
with the investigations. E. O. was a general assistant in the chemical laboratory, a Swede by
birth, who had been a number of years in.this country: he was 32-33 years old, and weighed
about 155 pounds. Since boyvhood he had been accustomed to the moderate use of aleoholic
beverages. A. W. S. was a physicist. a native of New England, 25 years old, and weighed

*For further explanation, see U. 8. Dept. Agr., Office Exp. Stations, Bul. 69, pp. 21 and 35.

Ll
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about 155 pounds. J. F. 8. was a chemist, a Canadian by birth, 29 years old, and weighed about
150 pounds. The last two had always been total abstainers. The subjects were weighed with-
out clothing.

SYMPTOMS OBSERVED IN EXPERIMENTS WITH ALCOHOL.

In deciding upon the daily amount of alcohol and its division into doses, the purpose was to
give the subjects as much as they could well take without apparent nervous disturbance. As
above stated, the quantity of absolute alcohol. about 72 grams per day, was divided into 6 nearly
equal doses, of which 3 were taken with the meals and 3 between meals. It supplied about one-
fifth of the total energy of the diet in the rest experiments and about one-seventh in the work
experiments. On one or two oceasions J. F. 5. experienced a slight tingling in the ears immedi-
ately after drinking the alecohol. On one occasion E. O. complained of a slight feeling of
dullness. On one occasion A. W. S. thought he experienced a very slight dizziness. Otherwise
neither one was at any time aware of any especial effect of the alcohol upon the sensations in any
way. With the exception of the tingling in the ears noticed by J. F. S., it is not certain that
any of the symptoms referred to were due to the aleohol.

As regards the effect of aleohol upon the body temperature and pulse rate in these experi-
ments there is little to be said. The only obszervations made were those by the subjects them-
selves, and the difficulty of accurately determining one’s own normal pulse rate is well known.
The observations of temperature were made with a clinical thermometer in the mouth or axilla
by the usual method, which of course does not show the exact average internal temperature of the
body. The data obtained with E. O. and A. W. 5. were not sufficiently accurate and numerous
to be decisive. The observations by J. F. S. were made at frequent intervals and with consider-
able care. The results imply a slightly decreased body temperature and inereased pulse rate in
the experiments with alcobol diet as comipared with those with ordinary diet, but the difference:
are not large.

The data as observed are recorded in the tables in the appendix.

GENERAL DESCRIFTIONS OF INDIVIDUAL METABOLISM EXPERIMENTS.

The data of the experiments with alecohol are given in detail in the appendix beyond. The
results are summarized, and brief descriptions of the experiments are given on the following
pages. The results of these experiments are here compared with those of similar experiments
without aleohol, the details of which are published elsewhere, as indicated in Table 1, which
follows. P

LIST OF METABOLISM EXPFERIMENTS WITH AND WITHOUT ALCOHOL, AND GROUFING
FOR COMPARISON.

Of the metabolism experiments with men in the respiration calorimeter, 13 had for one of
their objects the study of the nutritive value of alcohol. The details of 11 of these are given in
the present report; those of 2 others have been published elsewhere. These 13 experiments are
compared with a like number made with the same men, but without aleohol in the diet. Table 1
gives a list of these 26 experiments, with grouping for comparison and references to publications
in which the details may be found.
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TanLe 1.—FList of the experiments, and grouping for comparison of results with and without aleofiol.

Naturne A.:u.l’nll.w -.':~:|=4:r.i-. ]
ment. S I | Pluee of
Group. | No. Date., ol 7T e ep el L L L
Rest or | Ordinary or al- tails,
work, | cohol diet.
Dhays, | 3 fFrames. | Calorics, |
Al %] Jom. 10-14, 1808. .o cocnneininnuens.| 4| EB0Q.......| Rest...| Ordinazy .. 119 | 2,717 {-%
2 e e = ] B e T LS Rest. . _i Alecohol ... 123 | 2 700 I
A'B | 24| Mar, 19=82; 1800 . ... .oceniins | 8]....do .....| Rest...{ Ordinary .. 124 | 3,061 (®
F.;-: B2 Mar-A8=18. 1808 . - i ... iaa.. i g et -| Rest...| Aleohol ... 124 | 3,044 | (¢
|
E O 28 Febo X417, 1900 onoo s i i i B R | Reat...| Ordinary .. 100 | 2,490 b
e 29 | Feh.20-23,1900. ... . ... i ..c... e o S [y T ) IR e 99 | 2,489 E..
& b (o Y i L R RS e RSl (L S T P | Rest..., Aleohol ... 0| 2 481 (%)
o | |
=D | 11 | Mar. 22-26, 1888 - ...iooooiaooae. 4| E.O.......] Work .| Ordinary .. 124 | 3, 862 : {*}
2 1l B o b |l B | O e Gl S e e Work .| Aleohol _ .. 12y | 3,891 | (%)
— | |
;- B [20 Mar. 16=19 1900 . .. ... .fvrvevenans 3|J.F.5.....| Work .| Ordinary .. 100 | 3,487 [ (™
g O R R R L )| R B adoiess Works ilo-codoiaioc 100 | 3,485 | (*®
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*1. B Dept. Agr., Office Expt. Stations, Bul. 69, on ** Experiments on the Metabolism of Matter and Energy in
the Human Body," by W. O. Arwarer, F. G. Bexepicr, and Associates.

"1, 5. Dept. Agr., Office Expt. Stations, Bul, 109, on **Further Experiments on Metabolism of Matter and
Energy, 1898-1800,"" hy Arwarer, Bexgnicr, and Associates,

“The present memoir.

The experiments are divided into groups, each group including experiments with and without
alcohol, but made with the same subject. In some groups there are only two experiments, one
with aleohol and one with ordinary diet; in others there are more than one experiment either
with or without alcohol.

More and less strictly comparable experiments.—In the first 6 groups, A to F, inclusive, the
experiments with and without aleohol were practically duplicates in duration, muscular activity,
and amounts of protein and energy in the diet, the main difference being that a part of the fats
and carbohydrates of the ordinary diet, enough to supply in general about 500 calories of energy,
was replaced by the isodynamic amount of aleohol. In the 3 groups, G to 1, which include a
number of the earlier experiments, those with and without aleohol were not so nearly duplicates.
In some instances the difference was unintentional, and was due to a difficulty in obtaining
food materials of like composition at different times. In these cases it was not found practicable
to complete the analyses long enough in advance of the experiments to insure uniformity of diet
as regards amounts of protein and energy. Later, means were devised for putting up food
materials in considerable quantities and preserving them by canning or cold storage, so that the
amounts of protein and energy in the diet were made more nearly the same in experiments
separated by longer or shorter intervals of time.  Accordingly the experiments of groups A to
F are designated as more directly comparable and those of Groups G to I as less directly
comparable.
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Order of arrangement of experiments with and without alcofol.—In these experiments two
different orders of arrangement have heen observed. By one plan the experiments with and
without aleohol are separated by a longer or shorter interval, and in each case the experiment
proper, during which the subject is in the respiration calorimeter, is preceded by a preliminary
period during which he is outside the chamber but has the same or nearly the same diet and
exercise. The experiments of Groups A, B, D, G, and No. 5 of Group H belong to this class.
Each of these experiments has continued in the majority of cases for 8 days, the first half being
devoted to the preliminary and the other half to the actual experimental period. In some
instances, however, the preliminary period was only 3 days. One object of the preliminary
period has been to bring the body as nearly into nitrogen equilibrium as practicable. The
attempts to secure nitrogen equilibrium by this means have not, on the whole, been successful,
a circumstance to which more especial attention is called beyond.

By the other plan the experiments with and without alcohol follow one another without
interruption, thus making really successive periods of a single experiment. or successive
experiments of a series.  Each such series is preceded by a preliminary experiment, during
which the man is not in the chamber, but receives, at least during the latter part of the period,
the same diet as in the experiment proper. At the end of the preliminary period the man
enters the chamber and remains there during the several periods of the experiments proper.
The transitions from one diet to another are thus immediate. The experiments of Groups C. E. F,
and T and Nos. 15, 16, and 17 of Group H were of this sort. Since, however. No. 15 was
preceded by a preliminary period, and the only differences between Nos. 15, 16, and 17 were
in the kind of alcoholic beverage —commercial aleohol, whisky, and brandy—these might he
considered one experiment of the first kind.

Each plan has its advantages and disadvantages. A reason for this is found in the fact that
aleohol in moderate quantities appears to have, with some persons, especially with those unae-
cnstomed to its use, a special effect upon nitrogen metabolism. It seems probable that this is
exercised through the nervous system, that it may for a short time tend to increase the exeretion
of nitrogen, but that it is, in some cases at any rate, only temporary, and disappears after a few
days when the permanent effect manifests itself. Accordingly, there is a disadvantage in the
second plan, in which the alcohol experiment proper is not preceded hy a preliminary period
with alcohol diet, in that the persistent effect of the alcohol may not become manifest during the
first days of its use in the experiment. Whether, when, or how much this factor may influence
a given experiment it i= difficult to say.

On the other hand, there is a disadvantage in the first plan in that, as the experiments with
and without alcohol are not consecutive, the body may, during the interval between them,
become changed in its capacity or tendency to respond to the different diets. The second plan
has the corresponding advantage that differences in the observed results in two consecutive
periods might be more clearly due to the diet and less influenced by changes in bodily condition;
but here, again, we are dealing with uncertainties.

To some it might seem that the best test of the effect of aleohol upon nitrogen metabolism
would be found in experiments on the first plan, while others would consider those on the second
plan more trustworthy. To the writers it seems that experiments on hoth plans are desirable.
Of course the most desirable plan of all would be to continue the experiments through periods long
enough to make sure that the normal action of the alcohol appears, and to alternate the aleohol
periods with periods without aleohol. This plan has been followed successfully in experiments
upon the special question of the protection of protein by aleohol, as explained in the discussion
of this subject beyond.

GROUF A. EXPERIMENTS wo8. 9 anp 10. REST EXPERIMENTS WITH ORDINARY DIET AND WITH
ALCOHOL DIET.

The 2 experiments in thi= group were planned to compare the effects of ordinary diet with
those of alcohol diet when the subject did as little mental and muscalar work as practicable. The
subject, E. O., was the same as in a number of other experiments. The amounts of nutrients
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and energy per day in the diet in both experiments were such as previous ohservation and experi-
ment with the same subject had indicated to be suflicient but not excessive. Experiment No. 10
was as exact a duplicate as possible of experiment No. 9, except that part of the fats and carbo-
hydrates of the ordinary diet of No. 9 were taken out and were replaced in No. 10 by an amount
of alcohol that was practically isodynamic with the fats and carbohydrates for which it was sub-
stituted, as explained below.

The preliminary digestion experiment preceding metabolism experiment No. % began with
breakfast January 6, 1895, and continued 4 days. During this preliminary period the subject
was engaged in his usual oceupation as laboratory janitor, save that he had as little muscular
exercise ns practicable. His diet was essentially the same as during the period of actual experi-
ment in the calorimeter.

The subject antered the respiration chamber on the evening of January 9, and experiment
No. % began at 7 a. m. on January 10 and continued until 7 a. m. Japuary 14, During this
period within the chamber his occupation consisted of reading, writing, ete., but with very little
muscular or mental activity. The diet furnished 120 grams of protein and 2,717 ecalories of
energy per day.

Between the close of experiment No. 9 and the beginning of No. 10 there was an interval of
ahout 4 weeks, in which the subject was engaged in his usual oceupation as laboratory assistant.
The preliminary digestion period of No. 10 hegan with breakfast February 11, 1895, and continued
4 days. The subject had as little muscular exercise as practicable aside from his regular
occupation. The diet during the preliminary period was practically the same as during the
experiment proper.

The subject entered the respiration chamber in the evening of February 14, and the experi-
ment proper began at 7 a. m. February 15 and continued 4 days. The diet of the experiment.
which furnished 123 grams of protein and 2,709 calories of energy per day, differed from the
diet of experiment No. # in that about 37 grams of fat and 45 grams of carbohydrates, supplying
520 ealories of energy, were taken out of the orvdinary diet and were replaced by 80 grams of
commercial aleohol with 90,6 per cent or T2.5 grams of ahsolute alecohol, having a heat of combus-
tion of 512 calories. Thus, the amount of alecohol was very nearly isodynamic with the amounts
of fats and carbohydrates which it replaced, and the total amounts of protein and energy were
practically the same in the diets of both experiments,

The following table summarizes the results of these two experiments. Detailed data of the
experiments will be found in Bulletin 69 of the Office of Experiment Stations of the United States
Department of Agriculture.

TaeLe 2. —Summary of results of melobolism experiments Nos, 9 and 110,
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GROUP BB, EXPERIMENTS NOS. 24 AnND 22, wWiTH XN0. 23 FOR COMPARISON. REST EXPERIMENTS
WITH ORDINARY DIET ARND WITH ALCOHOL.

The experiments of this group are a series of 3 carried out with E. O. in March, 1899. The
purpose was to compare the effects of aleohol with those of sugar upon the metaholism of nitrogen
and especially of carbon and energy, when the subject had little muscular or mental activity.
During this series the subject remained in the calorimeter 9 days and 10 nights without inter-
mission, and each experiment continued 3 days and nights. The plan of the experiments was to
give the subject a diet consisting of a so-called basal ration which was the same in all 3 experi-
ments, and a supplemental ration which was different in each experiment. The basal ration given
was as large as the average of the rations that had been used in the previous experiments with the
same subject. It furnished 123 grams of protein and 2,535 calories of energy per day. The
supplemental ration consisted of alcohol in experiment No. 22 and sugar in experiment No. 24,
each in quantity suflicient to furnish a little over 500 calories per day, as explained below. In
experiment No. 23 the basal ration alone was given.

The preliminary digestion experiment continued 4 days, beginning with breakfast on March
9, the lampblack for the separation of the feces having been taken with the supper the night *
bhefore. During this preliminary period the subject was engaged in his usual occupation as
laboratory assistant, but had as little muscular exercise as practicable. For 3 days of this
preliminary experiment the subject lived on the basal ration alone. On the fourth day 79.2
grams of commercial ethyl aleohol, with 90.9 per cent or 72 grams of absolute alcohol, were
added to the diet. The alcohol was taken by the subject in coffee infusion, the total amount
for the day being divided into 6 portions, one being taken at each meal and the other 3 portions
between meals.

The subject entered the respiration chamber on the evening of March 12, and experiment
No. 22 began at 7 o'clock in the morning of March 13 and continued until 7 a. m. March 16.
During this experiment the diet consisted of the basal ration, supplemented each day by 72 grams
of alecohol, as stated above. This amount of aleohol added 509 calorvies per day to the energy of
the basal ration.

Experiment No. 23 began at 7 a. m. on March 16 and continued until T a. m. March 19%. The
diet in this experiment consisted of the basal ration alone without the aleohol, but at the request
of the subject with the addition of a small amount of horseradish to add flavor to the diet.

Experiment No. 24 began at 7 a. m. March 1%and continued until 7 a. m. March 21. The
diet in this experiment consisted of the basul ration and the horseradish, supplemented each day
by 130 grams of cane sugar in the form of rock ecandy. The daily ration of candy was given to
the subject each morning with breakfast, and he ate it as he felt disposed during the day. This
amount of sugar added 515 calories per day to the energy of the basal ration, a similar amount to
that added by the aleohol in experiment No. 22

The following table summarizes the results of experiments Nos. 22 and 24, The results of
No. 22 are also included, although they are not strictly eomparable with either 22 or 24, hecause
removal of the aleohol without replacement by any other material reduced the enersy of the
diet by about 500 calories.  Detailed data of No. 22 will be found in the Appendix, pp. 330 to
342, and those of Nos. 23 and 24 will be found in Bulletin 109 of the Office of Experiment
Stations.
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TasLe 3.—Summary of reselis of meabolizsm ecperiments Nos, 24, 22, and 29,
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GROUP C. EXPERIMENTS NO£. 26, 25, AND 27, REST EXPERIMENTS WITH ORDINARY DIET AND WITH
ALCOHOL DIET.

The series of experiments forming this group was carried out with J. F. 5. in February,
190,  The purpose of the experiments was to obtain data concerning the relative power of
isodynamic quantities of alcohol, sugar, and butter to replace one another in the diet, when the
subject was at rest.  During this series the subject remained in the calorimeter @ dayvs and 10
nights, and each experiment continued 3 davs and nights. The diet consisted of a basal ration
furnishing approximately 100 grams of protein and 1.952 calories of energy per day, which was
uniform in all 3 experiments, and a supplemental ration which was differed in the several experi-
ments, being butter in No. 26, alecohol in No. 27, and sugar in No. 28, the amount of each used
being sufficient to furnish about 500 calories of energy.

The preliminary digestion experiment began with breakfast on February 10, and continued
4 days.  During this preliminary period the diet consisted of the basal ration supplemented by
6i5.5 grams of butter, furnishing 0.1 of a gram of nitrogen and 505 calories of energy; thus making
a total of 100 grams of protein and 2,490 calories of energy in the daily diet.

The subject entered the respiration chamber on the evening of February 13, and experiment
No. 26 began at T a. m. February 14, and continued 3 days. During this experiment the diet
consisted of the basal ration supplemented by fat in the form of butter, as in the preliminary
digestion experiment.

Experiment No. 27 began at 7 a. m. February 17, and continued 3 days. During this experi-
ment the diet consisted of the basal ration supplemented by T0.5 grams of commercial ethyl
alcohol with 90.6 per cent or 72 grams of absolute aleohol supplying 504 calories of energy per
day. so that during this experiment the daily diet furnished 99 grams of protein and 2491
calories of energy. The alcohol was administered in sweetened water, and the mixture was
consumed in 6 portions during the day. 8 with meais and 3 between meals.

Experiment No. 28 began at 7 a. m. February 20, and continued 3 days. The diet during
this experiment consisted of the basal ration supplemented by 28 grams of sugar daily in the
form of rock candy. The daily ration during this experiment thus furnished 99 grams of protein
and 2,889 calories of energy. The total amount of rock candy for the day was supplied to the
subject with his breakfast, and he ate it from time to time during the day according to his taste.

Vol. =—No. 6 9 :
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The major portion of it was consumed at about the hours at which the alecohol had been taken in
the previous experiment.

The following table summarizes the results of these 3 experiments. Detailed data of experi-
ment No. 27 will he found in the Appendix, pages 342 to 353, and those of experiments Nos. 26
and 28 in Bulletin 109 of the Office of Experiment Stations.

TaprLe 4. —Suwmmary of vesulls of melabolism experiments Nos. 26, 28, and 27,

[Quantities per day.]

Protein. Fat. Cﬂmﬁ:‘ Aleohol. !Kitmgim.' Carbon, | Energy.

iyt RS ageh TR ST Y : . _ | :

E'J."mwmtlm No. 26. Framis, fFrania, I Grams. | Groms. Groms. | Groma Calorics
T v o v T e s L S e e | (R e T o4 8| 247.20 0] 1590 2EENR 2,480
Ihtavailabledaed] s L or i Do T ke D T L 92,7 Ll LI (R L 14.8 | 212.8 2, 256
Ackhoallymetabelized. -l 0 or Do st S 06 67.6 | (240.5)|____.... 15.4 | 186.1 2 043
Heabmneasured -0 o el i T oot e e s s S el e e i L8 s
Eaini == losf—]to bady. oo oo oo o it i e B S leasaiais B 'i —06 | +16.7 =213

Erperiment No, 28, | | | .
Toctotal oot i e s Rt e i B el RS 10.3| o5l | 15.8| 245.8 2 489
ey L v [ e M 8 o ST e R | 9.8 36.3 | 360.9|...__._. | 146 | 2249 2, 249
Acbunllymetabolized 20030 2o camn i ol i n 2 BB 145 | (36990 - .. | 15.3 | 210.7 2, 067
d i P T 1 R e PSR e N | ] | S P [y [ e S e R
Gain (+)orloss(—)tobody....coo oo iioaaooio] —4.5 : & B ] (R SRS Ly —(LT: +14. 2 —+182

Arerage Noa, 26, 28, I |
In total food ___.___.__..._....______,_____..__.._,!- 99,1 il o [ B Bl | e 15. 9 239.5 2,490
T L e R s S el | 91.8 [ R B 1 ] e 14.7 | 218. 8 2, 253
s e e B R e I BGCH b F B I T | 15.3 | 203.4 2, 065
T [ T oy e | o [ g | | e e 2, 082
Gam [ )orloss([—) to body .o cocooioiiciicaaaans] —40 | 230 ool ceemames| =008 LlDcd +198

Experiment No, 27. ‘
i ] e T e S e e s e o et (M 12 4. 3 2472 i2.0 15.8 289. 5 2,491
In:waﬂ:lhluiﬂml....._“_______________.__..____._i 1. 6 38.2 | 240.1 T1.1 14.7 | 208.9 , 26
Aetmally metabolized T 2o o dimloo s i v st sl AT 20.0 | (240.1)] 71.1 15.7 | 198.3 2,125
d e T s e R e e s s s I | b s 2123
Gain (- ) or loss (—) to lnni}'......................J —6.0 | e R e e —1.0: =F10:8 4139

— e _ — e R

GROUTI D. EXPERIMENTS Nos. 11 AND 12, WORK EXPERIMENTS WITH ORDINARY DIET AND WITH
ALCOHGL DIET.

The two experiments in this group were similar to those in Group A, except that those in
Group A were rest experiments, while those in Group D were work experiments; that is, they
were planned to compare the effects of ordinary diet and of aleohol diet when the subject was
engaged in active museular work. The subject, E. O., was the same in both groups. The work
in these experiments was performed on the bicyele ergometer deseribed on page 237,

The ordinary diet in experiment No. 11 furnished 124 grams of protein and 3,862 calories of
energy per day., The amount of protein was nearly the same as in No. 9, but in order to supply
energy for muscular work the amount of energy in No. 11 was made to exceed considerably that
in No. 4 by an increase in the amount of fats and carbohydrates in the diet.

The wreliminary period of this experiment began with breakfast, March 18, 1598, and
continued 4 days.  During this time the subject was engaged in his usual occupation, and took a
considerable amount of exercise each day walking or riding a bicyele. On the evening of March
21 he entered the respiration chamber, and the experiment proper began at T a. m. March 22,
and continued until 7 a. m, March 26.

Experiment No. 12 was intended to be as exact a duplicate as possible of experiment No. 11,
except that some of the sugar, starch, and fat was taken out of the diet and replaced by an
isodynamic amount of aleohol.  The aleohol diet of this experiment furnished 121 grams of
protein and 3,591 calories of energy per day, as compared with 124 grams of protein and 3,562
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ealories of energy per day in the ordinary diet of experiment No. 11. In consideration of the
difficulties in planning and regulating the diet so as to furnish exactly a definite quantity of
protein or energy, the agreement of the two diets in regard to amount of protein per day is very
satisfactory.

In order to obtain a palatable diet in experiment No. 12, considerably more fat was furnished
than in experiment No. 11, consequently the carbohydrates (sugars and starches) had to be reduced
more than would be required for their replacement by the amount of alcohol used. The fat was
increased by 30 grams, corresponding to about 285 calories of energy, and the carbohydrates
were decreased by 189 grams, corresponding to about 770 calories.  In the place of the materials
left out of the diet S0 grams of commereial aleohol, with 90.5 per cent or 72.4 grams of pure
ethyl alcohol, furnishing 512 calories of energy, were given each day. In this way the energy
of the alcohol diet of experiment 12 was made to agree very =atisfactorily with that of the
ordinary diet of experiment No. 11.

The preliminary period of this experiment began with breakfast on April 8, 1898, and
continued 4 days, during which the subject took considerable exercise in addition to his regular
oceupation. The diet during the preliminary period was the same as during the metabolism
experiment proper. The .--ul:-]ﬂt:t entered the chamber on the evening of April 11: metabolism
experiment No. 12 began at 7 a. m. April 12, and continued until 7 a. m. April 16.

The following table summarizes the results of these 2 experiments. Detailed data of
experiment No. 12 will be found in the Appendix. pages 291 to 305: those of No. 11 in Bulletin
109 of the Office of Experiment Stations: -
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GROUP E. EXPERIMENTS X058 29, 31. AxD 30. WORK EXPERIMEXTS WITH ORDINARY DIET AND
WITH ALCOHOL DIET.

The series of experiments forming this group was carried out in March, 1900, They were
made with the same subject. J. F. 5., as in Group C. and for the same purpose, namely, to study the
relative replacing power of isodynamic quantities of alcohol. sugar, and fat. During this series
the subject remained in the calorimeter 9 davs and 10 nights without intermission, and each
experiment in the series continued 3 days and nights. The experiments in Group E ditfer from
those in Group C. however, in that the subject worked for 8 hours each day upon the hievele
ergometer, described on page 237.  Asin the previous series of experiments referred to. there was
a basal ration which was the same and a supplemental ration which was different in each of the
3 experiments. The basal ration was planned to furnish approximately the same amount of
protein as in the series in Group C, with the addition of about 1.000 calories of energy per day
in order to furnish the extra energy required for the performance of the external muscular work
and the general increase of bodily activity. It furnished about 100 grams of protein and from
2,949 to 2,984 calories of energy per day in the ditferent experiments.
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The preliminary digestion experiment began with breakfast March 12, 1900, and continued
4 days. The diet during this period consisted of the basal ration supplemented by cane sugar,
as in experiment No. 24,

The subject ente wrl the respiration chamber on the evening of March 15, and experiment
No. 29 began at 7 a. m. March 16, and continued 3 days. During this experiment the diet
con=isted of the basal 1':1tiun supplemented by 128 grams of cane sugar furnishing 507 calorvies
of energy per day. as in the preliminary digestion period; the whole diet furnishing daily 100
grams of protein and 3.457 calories of energy. The daily amount of sugar in the form of rock
candy was supplied to the subject each morning at breakfast, and he ate it at intervals during
the day according to his taste.

Experiment No. 80 began at 7 a. m. March 19, immediately at the close of experiment 29,
The diet in this experiment consisted of the basal ration supplemented by 79.5 grams of com-
mercial aleohol containing 90.6 per cent or 72 grams of pure ethyl aleohol in place of the sugar
of experiment No. 29.  The alcohol supplied 509 calorvies of energy, and the whole ration in this
experiment furnished 99 grams of protein and 3,458 calories of energy per day. The commer-
cial aleohol used in this experiment was added each day to T95.5 grams of water sweetened
with 25 grams of sugar from the basal ration. The total mixture, 900 grams, was divided into
fi portions which were taken with meals and between meals, as in other aleohol experiments.

Experiment No. 31 began at 7 a. m. on the morning of March 22, and continued 3 days.
The diet in this experiment consisted of the basal ration supplemented by 63.5 grams of butter
in place of the aleohol in the previous experiment. The butter furnished nearly 1 gram of
protein and 511 ecalorvies of energy, so that the whole ration furnished 101 grams of protein
and 3,495 calorvies of energy per day. The butter was consumed at meals with the rest of
the diet.

The following table summarizes the results of these 3 experiments. Detailed data of experi-
ment No. 30 will be found in the Appendix, pages 354 to 366, and those of experiments Nos. 29

and 31 will be found in Bulletin 109 of the Office of Experiment Stations.

TapLe G.—Summary of resulls of metabolisin experiments Nog. 28, 31, and S0,

[Quantities per day.]

! ; [
Protein. Fat. le:::_lr Aleohol. | Nitropen.| Carbon. | Energy.
gt I s E |= "

h.qﬂ'rr““ nt No. 29, I NEE, oo i gL frrE i, Grams, | oo, (Fraims. Calories,
] B Al b et e e S R s e e e | T 106, 0 D bl | R R A 16. 0 333. 6 3, 487
L T e Tt S W PSP I Cl | [ T 1% 1053, o LT ST T PR 1. 2 3141 3, 260
Actually metabolized g s o e s e S on e e L'-Iri-l.{i:u ........ 16. 0 :-}'.-]-1.9 3, blo
Rt aripesiped oo s o o i e e | e N I
Gain (4 ) or loss (=) to 11:1-(1\’ ..................... || =h | =Ra R e e i e | —(0.8 | —20.8 — 220

f':.r_li.lt'.l'l.n.u il ."I-I'J. .ff. ! l
Intatal foors oot on i D s L a0 e s | e T e 16.1| 3215 | 3,495
A A R e o o e e L T e B R R ] 15.3 | 302.5 3, 2%H

Actnally metabolized Sooio o oo ol oloon i 0 AB it Gt P | (B S 15.6 [ 315.8 3, 488

Heat measured ........... e ) g o e e e | e 3, 420
f.ranli--}urllwal—rl--!m:l\ SamAT e T Sy R e S | N S — 164

Al Tl 25 fvl 81,
Intotalifend ol st e T A 2 ] Rl el et | S 327. 6 3, 491
e LS [ frets B s S e ot e = T el S T W e 85.3 | 130:6 | 40007 | .. ... 1562 30878 3, 268
Actanlly metabalized o- . Lt i LR 0490 160,50 | (0 THlocociics 15.8 | 325.4 3,477
Healmegenredls . 8 T e Lt e e TR S et € N R R | TR | W 5,5115
Gain (=) or loss | ) to body. T s L ) e e e [ =006 | =17.1 —200

f-:.-'jru n"r'r,l.u'rrF _‘fu. I, : |
Insbatal dood .o oon sos sl e s s R L A 9.2 104.2 | 340.9 72.0 15.9 | 81556 | 3,458
In:adailailadoodfoc s b R ian bt Liaie s ol i 4.9 1021 '1-'11‘-.:;" T1. 2 15.2 | HG.6 3, 242

Actuallymetabohieed s ot s 108, 0 114, 1 [Hh T2 17. 5 316. 5 3,479
Heatmeasedil _ : - iooo o ocii ot toa oo s s em e b et g e e S R | M S 3,470
Gain (4 )orloss (—)tobody..cciaciiaiiiaioaeas| =181 | =170 |oocaicoliiiaacs | —2.1 | —19.9 —237
| |
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EXPERIMENTS N0s. 32, 34, AxD 33. WORK EXPERIMEN
ALCOHOL DIET.

GROUI" F. VTS WITH ORDINARY AND WITH

The series of experiments forming this group was made in April, 1900. The plan of the
experiments in this series was as nearly as possible a duplicate of that of the experiments forming
Group E, the chief difference being that in the series in Group E the basal ration was supple-
mented in the first experiment by sugar, in the second by aleohol, and in the third by butter,
whereas in the series in Group F the butter was used in the first experiment. alcohol in the
second, and sugar in the third. Both series were work experiments in which the same subject,
J. F. 5., spent 8 hours each day working on the bieyele ergometer. In each series the subject
remained 9 successive days within the calorimeter, and the whole investigation was divided into
3 experiments of 8 days each, the different experiments being distinguished from each other hy
changes in the supplemental ration. The basal ration in this series furnished 100 grams of pro-
tein and about 2,977 calories of energy per day. The amount of energy in the basal ration
varied slightly in the successive experiments of the series, because of slight differences in the
composition of the milk.

The preliminary digestion experiment began with breakfast April 16 and continued 4 days.
The diet consisted of the basal ration supplemented with fat in the form of butter. as in experi-
ment No. 32.

The subject entered the respiration chamber on the evening of April 19 and experiment No.
32 began at 7 a. m. April 20 and continued 3 days. The diet consisted of the basal ration sup-
plemented by 63.5 grams of butter, furnishing 1 gram of protein and 510 calories of energy.
The butter was consumed at meals with the rest of the diet. The total diet in this experiment
supplied 101 grams of protein and 3,487 calories of energy per day. :

Experiment No. 33 began at T a. m. April 23 and continued 3 days. The diet in this experi-
ment consisted of the hasal ration. supplemented by T9.5 grams of commercial aleohol with 90.6
per cent, or 72 grams, of ab=olute alcohol, furnishing 509 calories of energy. The commercial
aleohol was added each day to 795.5 grams of water sweetened with 25 grams of sugar, making
900 grams of a mixture which was divided into six portions (see p. 292), the larger of which
were taken at meals and the smaller between meals and before retiving. The total diet in this
experiment furnished 100 grams of protein and 3.456 calories of energy per day.

Experiment No. 34 hu oan at 7 a. m. April 26 and continued 3 dm-» The diet consisted of
the hasal ration aupp]emc‘utﬂl by 128 grams of cane sugar, furnishing 507 calories of energy.
The daily amount of sugar was supplied to the subject each morning in the form of rock candy,
which he ate at intervals during the day according to his taste. The total diet in this experiment
furnished 100 grams of protein and 3,493 ealories of energy per day.

The following table summarizes the results of these 3 experiments.
ment No. 33 will be found in the Appendix, pages 366 to 378,
and 34 in Bulletin 109 of the Office of Experiment Stations:

Detailed data of experi-
and those of experiments Nos. 32

TasLe T.—Summary of resulls of metabolism cxperiments Nos. 32, 84, and 83,

[Quantities per day.]

Protein, Fat. ﬁ?;ﬁi‘} Alcohol, ! Nitrogen. Carbon. : Energy,

Experiment No. 32. Fraue, Grame. | Grams, | Grams Grams. | Grama. :{!1I—'-rtr¢.

T e (T [ e e e e e R 100:5 | 151.6 | 3539 |.ao-aao. 16.1 | 320.0 | 3,487

Inavailablefond oo oh oo oo oiini o il ol 95,1 147. 2 3.0 |ooeevana 14.9 296, 4 3, 226

Actually metaboliszed - oo ot o iiiiiilioa] BB 18R | (LB i 15.7 | 325.6 3. 57

B BE Rera = e R e L BRER SE e A R 3, 565

Gain (<) or Iosa{—a]-mbmh___....‘..___ AR B o R R R SR IR T T S — T
Erperiment No. 34. ]

In total ood | R R e a a] LT 00.3 | 4779 |ceeeeaaa] 160 ) 335.7 3,493

T 7 S P e R e 92,4 | L4 | 470.1 .. - %8| 812.5 3,241

Actually metabolized ___..__._. ey S 143 | 129.4 | (470.1). --] 16.7 345.4 3, 629

e S S R N R R L A e T e e M e S e ceaeae 3, 587

Gain (+)orloss (—)tobody..... ... ... ...... =11.9 | =35.0 |ecccccialuvicnna] —1.8 -32.9 | —388
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TasLE T.—Su Ty r:f resulls |5F' wetololizi r.r_m'i'.l'.lrrrul'.-! Now, 32, 84, and S8—Continued.
Protein. Fat, l:'a'rﬁ'{h‘ | Aleahol. I:«:itmp‘.cu,I Carbon. | Energy.
B e : = = !
ABENge V00 Sk ORt Gramg. | Groms, | Grews | Graes, | Grams, | Grams. | Calorie,
HTELF a1 L0 s e e o b it A B i o Y R ) PR 16.0 | 327.8 3,490
Imeamilnhle damd = s g2. 8 D e e s 14.8 | 304, 4 3,234
Avtinalbvmatabolizedt ool oo i T [ 101.8 | 15508 | (407.8) . -.-... 16.2 | 335.5 3, i1
Eont Tneamtred - . soie e dane o SRR e T T 2§ Sl e T N | R
Gain () or loss (=) tobody. ..o oo i o ool B B L Y ) [ 1.4 | =31.1 — 387
I'."'J‘Jl.'n‘;ru:'rn' No, 83
St reT e [ el et e R e e L e e 29, 7 09.3 | 355.0 72.0 16.0 | 319.6 3, 486
e b e e e A S i 3.4 85.0 | 346.0 7l.3 14.8 | 205.7 3,227
Actually metabolized: i otz yrns s Tt e s r e sE s R 1354 | (346, 9) 71.3 17. 3 333.3 3, B6Y
Heabmeammred . -0 cooaaan i o ca o i an s n ool s o e S e s e e 3,632
Gain (+)orloss (—)tobody..ccoooaoiaaaaaaa.. cocf| =008 | =88 o ciiiof|liioiacl —2.5 | —37.6 —442

GROUP G. EXPERIMENTS %08, 13, 14, AND 7. REST EXPERIMENTS WITH ORDINARY AND WITH
ALCOHOL DIET.

While the 3 experiments in this groupare all rest experiments and all with the =ame subject,
E. O., the ordinary experiments and the aleohol experiments were not planned to he exact dupli-
cates of each other, and are therefore less exactly comparable than those in preceding groups.
For the sake of comparison with the aleohol experiment, No. 7, however, 2 ordinary experi-
ments, Nos. 13 and 14, were chosen in which the average of the amounts of protein and energy in
the daily diet in the 2 experiments was practically the same as in the aleohol experiment. Since
these experiments were made with the same subject and under conditions somewhat similar, the
results may be compared in studving the effect of alcohol on metabolism.

Experiment No. 13 was intended to be as nearly as possible a duplicate of experiment No. 4.
The ordinary diet in experiment No. 13 furnished 117 grams of protein and 2,596 calories of
energy per day. which was 2 grams of protein and 121 calorvies of energy less than in No. 9.
The preliminary period of No. 13 began with breakfast November 8, 1898, and continued 4 days,
during which the subject had as little muscolar exercise as practicable outside of his regular
oceupation as laboratory assistant. He entered the chamber on the evening of November 7, and
the experiment proper began at 7a. m. November 8. It was intended that the experiment
should continue 4 days, but on the fourth day a leak oceurred in the ventilating air pipe at such
a point that the results for that rlu_v were dest t'uj,'a'fl; (&l I]'lHL"'l'Ilj_l‘!lt.]._\' the f&xp{!l‘iment is recorded as
a 3-day experiment. While this was a rest experiment in general character, the subject was not
so quiet thronghout the experimental period as he had been in earlier and was in later similar
experiments.

Experiment No. 14 was carried out under much the same conditions as No. 13, with the
exception that in No, 14 the amount of protein in the diet was reduced from 117 to 94 grams per
day. and the enerey from 2,596 to 2,513 calorvies per day. The preliminary digestion experiment
began with breakfast December 17, 1895, and continued 3 days. The subject entered the appa-
ratus on the evening of December 19, and the experiment proper began at 7. a. m. December 20
and continued 4 days.

The average of the amounts of protein and €nergy in the daily diet of the 2 ordinary experi-
ments, 13 and 14, was 105 grams of protein and 2,555 calories of energy.

The alecohol diet in experiment No. 7 furnished 104 grams of protein and 2.462 calories of
energy per day.  The diet in this experiment ineluded S0 grams of commereial aleohol, with 90.6
per cent, or T2.5 grams, of pure ethyl aleohol, which furnished 512 calories of energy per day.
The preliminary digestion experiment began with breakfast June 4, 15897, and continued 4 days.«
The subject entered the chamber on the evening of June 7, and the experiment proper began at
7 p. m. June 5 and continued 4 days.
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The following table summarizes the results of these experiments. Detailed data of experi-
ment No. 7 will be found in Bulletin 69, and those of Nos. 13 and 14 in Bulletin 109 of the Office
of Experiment Stations:

TaBLE 8. —Summary of results of metabolism experiments Nox. 13, 14, and 7.

[Quantities per day.]

-
Frotein. Fat "1'&]'};:;{' Alcohol, Nitrogen. | Carbon. | Energy.
"Er,wﬂ‘"h.“! No. 13. fFrma, (Frams, Grams, | Groms (Frame. iFrama. | Oalories.
R T e e e el W S e S e e 117.1 87.8 | 202 |-iiilii. 18.7 | 245.8 2. 596
Inavailable food .. ...cccoancecissmmmmmsmameeee=aa] - 110, 2 8.6 | 265.0|........ 17.6 | 219.6 2 M5
Actoally metabolized. - o2-c i fn oo ot 121.9 M7 | (850} o 19.5 | 206.2 2 112
Heat measuned ....c.ccueemeeseensnanansacsssncseafioasscsalesssncnnfssensnnnfosnsancsasenanseionannans 2 Iﬁ];
Gain (=)orlom (—) tobody... .o ccocicieisinnaas —11.7 | 36,9 |cccnceclincnnnes —1.9 | 144 + 136
1
I'h]wfmelh‘ No. 1. . ; |
VT rn F o e e O R e e e R S | 94.4 B2.5 | 2808 [.oaaaai 15.1 | 239.0 2 513
T wvRilabIe FOOM - - o oo oicosiinieem e aaean s am—an | 20.0| 78.8| 286.8 |........ 14.2 219.4 2,739
Actoslly metabolized .. ..ccn.oiiiaiiiiniiaiiaaaais 101. 4 544 | (286.8))........|] 162 | 207.3 2,131
T e R L UL . NPt o S S M 5 e I e T L R | R SC SN o 2,193
Gain (=) orloee (=) tobody. .. ..o oo ..o | =124 | 244 | ..... 2.0 +12.1 +158
Arerage, experiments Nos. 13=-14. ‘ | =
In total food ... aeas - 2, 555
Inavailablefood . . ____. _ 2,304
Actuslly metabolized - oo oo oo 2,122
Heat measured ....ccveevenncnvcencan 2.1 i 2
Gain () or loss (=) to body +179
Erperiment No. 7.
R e e s R e e | 1044 es.2]| 190.4| 725| 167 218.6| 2,462
i oA T PT  e E d e e | 98.8 65.8 | 186.6 68, 5 12.8| 197.11| 2,230
Actually metabolized . ...l | 110.8 80.1 | (186.6)| 68.5 .7 2145 2,454
e T ) e T B R S e S EIEREES ER L  B SSTRE L T 2,504
Gain (+) or loss (=) to body. .- oo =120 | —=H.8 L. oo oficiaoooal =119 | =174 — 204

GROUF H. EXPERIMENTS N08. 5. 15-17. REST EXPERIMENTS WITH ORDINARY DIET AND WITH
ALCOHOL DMET.

The experiments in Group H were all rest experiments with the same subject, E. 0. One
purpose of the 3 experiments with alcohol diet (Nos. 15-17) was to compare the effect of
alecohol when taken in different forms, as commercial alecohol, whisky. or brandy. The experi-
ment with ordinary diet (No. 5) has been chosen for comparison with the 3 experiments with
alcohol diet for the reason that, while the amount of protein was somewhat larger in the
former than in the latter, the amount of energy was practically the same in both diets. The
experiments in this group are less comparable than those in Groups G and I because of
differences in the circumstances under which the experiments were made. Experiment No. 5
was the first of the series of metabolism experiments in which the determinations of income and
outzo of both m¥tter and energy were made. The diet inthis experiment was more varied than
that in some of the later experiments, and the methods of sampling were not satisfactory, which
will account in part for the unusually wide discfepancies between the theoretical values for income
and those actually found for outgo of energy. On the other hand, experiments Nos. 15-17 were
made at a later period when the apparatus and the methods of experimenting were much improved.

The preliminary period of experiment No. 5 began April 27, 1897, and continued S days, instead
of 4 days as usual. because unexpected circumstances delayed the starting of the experiment
proper. - The subject entered the calorimeter at about 9 o’clock on the evéning of May 3 and the
experiment proper began at 7 a. m. May 4, and continued 4 days. The diet in this experiment
furnished 119 grams of protein and 2,655 calories of energy per day. )

Each of the 3 experiment®, Nos. 15-17, was of 2 days” duration, and one followed the other
without intermission and without the subject leaving the respiration chamber, so that in a way
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they constitute one long experiment. No attempt was made to obtain a separation of the feces
for the different experiments. The usual separations, however, were made, the first hetween the
preliminary digestion experiment and the beginning of metabolism experiment No. 15, and the
second at the close of experiment No. 17. The diet in these experiments consisted of a basal
ation which was the same in all 3 experiments, supplemented by aleohol in the form of pure
ethyl alecohol in experiment No. 15, by aleohol in the form of whisky in experiment No. 16, and
by alecohol in the form of brandy in experiment No. 17. The total diet including the alcohol
furnished 109 grams of protein and 2,653 calories of energy per day. :

The preliminary digestion experiment began January 12, 1894, and continued 4 days as usnal.
During this preliminary experiment the subject received the basal ration. and in addition to this
72.5 grams of absolute ethyl alcohol, which was administered daily in coffee infusion sweetened
with 45 grams of sugar.

The subject entered the respiration chamber on the evening of January 15 and experiment
15 began at 7 a. m. January 16. During this experiment he received the basal ration supple-
mented by 79.8 grams of 90.9 per cent commercial aleohol, or 72.5 grams of absolute ethyl
alcohol. in 775.2 grams of coffee infusion, the whole of which was sweetened with 45 grams of
cane sugar. There was 900 grums of the mixture which sufticed for the whole day. This was
taken at 6 intervals, the larger portions being consumed with the meals and the smaller portions
between meals and just before retiring.

Experiment No. 16 began at 7 a. m. January 18, and continued 2 days. The diet in this
experiment consisted of the basal ration supplemented by 158.3 grams of whisky. with 45.5 per
cent, or 72.5 grams, of absolute alcohol. This was mixed with 696.7 grams of water sweetened
with 54 grams of sugar. and the whole divided into 6 doses and taken as hefore. The mixture
was made with water rather than with coffee infusion, because it was thought the objection might
be raised that the coffee might perhaps. to some extent, counteract the effect of the alecohol. The
whisky. sugar, and water were furnished to the subject. who mixed them at the usual hours within
the apparatus. The amount of alcohol found in the air current was larger during this experiment
than during the one preceding it, suggesting that some aleohol may have heen volatilized as the
whisky was poured into the drinking cup and mixed with the water. The mixing was therefore
done outside the apparatus in the next experiment, and the alcobol in the air current was again
less than in No. 16.

Experiment No. 17 began at 7 a. m. January 20, and continued 2 days. during which the
subject received the basal ration supplemented by 143.8 grams of brandy, with 50.4 per cent, or
72.5 grams, of absolute alcohol, per day. This amount was added to 711.2 grams of water and
45 grams of sugar, making a total of 900 grams of the mixture. which was administered in
6 portions, as in the previous experiments.

The following table summarizes the results of these 4 experiments. Detailed data of
experiments Nos. 15-17 will be found in the Appendix. pages 305 to 317; those of No. 5 will be
found in Bulletin 69 of the Office of Experiment Stations:

TABLE 9. —Summary r{r' resulls :_[r' melalalizin r'.r’jlg'i"i-riiw'.l.lh' Nog, 5 and T5=I7.

[Quantities per day.]

Protein. Fat. rl’.'l::lmh"‘ Aleohaol. | Nitrogen. | Carbon. | Energy.
f‘_'!'_lrru riment No, 4,
CFFVEILs, fFrelmie, frFiImE, frrrmE, Crrilima, Er e s, Cimlnrics.
BT v T e s S e S e S R P R () 1 HE B b el R 19.1 248. 9 2. 655
8 ] L 2 A ket S SR ST | Pyl e T 108, 8 89.0: | 269.1 [...ecnue- 17.4 | 2235 2, 384
Actually metabolized ... . o ool it 11,0 96.8 | (260.1)]....--.. 15.1 281.7| 2,482
l.'{t‘:'.‘l.t L e e e e e e B e e A o e e s P mmmS mm 2,379
Gain () orloss [—)tobedy. .. ... . .. .cccciinai s A R e e e —0F ] =82 —98
f'_.'r_lr.u riment No, 15.
a1 fa L I o e R e S 105, 9 39.9 | 276.9 2.5 17. 245, 7 2,653
In aeailabler ool s oo e 1. 8 6.9 | 27340 L0 16.6  236.1 2,426
ety metabholmed e e 497. 8 33.1 | (272.4) T1.0 15.6 1 220.0 2,307
| o Ly ook e e e e s P e e B (B e e e e S e e e ) s 2,362

Gain (+)orloss (=) tobody ..o oot 0. 0 A E T e e 1.0 <+, 1 + 69
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TasLe S.—Suwimary of veslls af o faalisim EapEriments Noa, & and 15-17—Continued,

Guantitics per day,
I

Protedn. Fat. [1i:|i|"|:.11'. Aleohol, Nitrogen., tarbon. | Energy.
s rperiment No. 16, s, (Froms, {FraIng, R, Trame. (¥ ranns. Calaries,
Mstotalfonds oy site e ot e s e sy e | DB 39.9 | 274.9 25 17.4 | 245.7 2. 603
I R o [ T e e R e e e 1045, 8 3.9 | 274 T0.4 16.6 | 225.9 2 424
Actually metabolized ... ... cciteii il BELG 31.9 | (272.4) 0.4 15.0 | 218.3 2, 586
R L T O T o e e i et S e R 0 e ] o JR o i i S [ 2, 352
Gain (+)orloga (=) bobody .o oo cccemamicmaaiiiins| FLE ] 5D i +1.1 +7.6 +88
Erperiment No. 17,
o] ool - s S e s e e s S e 108, 30.9| 276.9 2.0 7.4 245.7 | 2,653
o T b P E ] P o Rt e e L W S et e g 103. 8 6.0 2v2.4| 710 18.6 | 226.1 o, 427
Actmally metabolized << = il T itk 7.8 25.9 | (272.4)| TLO | 5.6 214.5 2,289
T T o e e e e L B L e 2,276
Gain () or loss { —) to inui_‘r ...................... 0 | 110 | eea e e LD 1006 +138
Average, Nos, 15, 16, and I7.
i 1 R e s e S M e R S e R - 30.9| 276.8| 7T2.5 15.4 | 245.7 2,653
Iasallablefond = o o R oo oot 103, 8 36.9 | 272.4 | T70.8 16.6 | 226.0 2 426
Aotoally metabolized .. i 97.4 30,8 | (272.4)] 708 15.6 | 217.6 2,327
5 Ul Tl ) [ [ RPORCIRT (SR F— 2,323
Gain (+)orlos (—)tobody ..o b4 5] ) RS PRt S +-1.0 +5. 4 +99

GROUP I. EXPERIMENTS NO8. 21 Axp 15-20, REST EXPERIMENTS WITH OEDINARY AND WITH
ALCOHOL DIET.

The series of experiments comprising this group was carried out in February, 1899. The
purpose of the experiments with aleohol diet in this series was the same as that of experiments
15-17, namely, to determine whether there is any difference in the effect of aleohol when taken
in different forms. Experiments Nos. 158-20 were somewhat similar in plan to Nos. 15-17, but
were made with a different subject, A. W. 8. The subject remained in the calorimeter 9 days
without intermission. During the first 6 days of this period the 3 alcohol experiments, Nos.
18-20, were made, each of 2 days’ duration, as in experiments 15-17. These were followed by
one experiment, No. 21, of 3 days, in which the diet contained no aleohol.

As in the preceding series, the diet in experiments 18-21 consisted of a basal ration which
was the same in all the experiments, and a supplemental ration which was different in each.
This basal ration furnished 97 grams of protein and 2,264 calories of energy per day. In experi-
ments Nos. 18-20 the basal ration was supplemented by commereial aleohol, whisky, and brandy,
respectively, the quantity of each used being sufficient to furnish 72,5 grams of ahsolute alcohol
per day, with a heat of combustion of 512 calories.  The total diet in the alcohol experiments
furnished 97 grams of protein and 2,776 calories of energy per day. In experiment No. 21 the
alcohol was omitted, and the diet consisted of the basal ration alone.

The preliminary digestion experiment began with breakfast February 2, and continued 4 days.
During this period the diet was the same as in experiment No. 18, and consisted of the basal
ration and the aleohol in the form of commereial spirits, which was administered in coffee infusion,
sweetened with sngar.

The subject entered the respiration chamber on the evening of February 5. and experiment
No. 18 began at T a. m. February 6, and continued 2 days. In this experiment the diet consisted
of the basal ration, supplemented by 79.8 grams of commercial alcohol, with $0.9 per cent, or
72.5 grams, of absolute alcohol. The commercial spirits was mixed with 775.2 grams of coffee
infusion, sweetened with 45 grams of cane sugar. The whole mixture made %00 grams, which
was divided into 6 portions, the larger of which were taken with meals, and the smaller between
meals and just before retiring. .

Experiment No. 19 began at 7 a. m. February 8, and continued 2 days. The diet in this
experiment consisted of the basal ration, supplemented by 158.3 grams of whisky, with 45.8
per cent, or 72.5 grams, of absolute alcohol. The whisky was mixed with 696.7 grams of water,
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sweetened with 45 grams of cane sugar, the whole mixtare forming 900 grams, whichk was
administered as in experiment No. 18.

Experiment No. 20 began at 7 a. m. February 10, and continued 2 days, during which the
diet consisted of the basal ration. supplemented by 143.8 grams of brandy. with 50.4 per cent. or
72.5 grams, of absolute alcohol. The brandy was mixed with T11.2 grams of water, sweetened
with 45 erams of cane sugar. The whole mixture amounted to 900 grams, which was admin-
istered in 6 portions as in the previous experiments.

Experiment No. 21 began at 7 a. m. February 12, and continued 3 days. The diet in this
experiment consisted of the basal ration alone, without alecohol. The results of this experiment
are here given in comparison with 3 alcohol experiments because it was a part of the same
series and followed the aleohol experiments without intermission and without the subject leaving
the respiration chamber. The results are hardly comparable with those of the aleohol experi-
ments, however, sinee by the omission of the aleohol from the diet the amount of energy per day
was reduced nearly one-fifth, while the amounts of protein, fats, and carbohydrates remained
the same. '

The following table summarizes the results of these 4 experiments. Detailed data of experi-
ments Nos. 18-20 may be found on pages 317 to 330 in the Appendix. Those of No. 21 may be
found in Bulletin 109 of the Oflice of Experiment Stations.

TapLe 10.—Suwmmary of resulfs of wetalolism ecperiments Nog. 18, 19, qnd 20,

(uantities per day.
! I ]

Protein. | Fat. | C3TPORY- | yieonal, |Nitrogen.  Carbon, | Energy.
Experiment No. 21. B 1 TR (e, (FreTLs. CFreLmis. (FIELNLS. Gnrs, | Calories.
Imutotal food: = ermes e ienn sl R s s Ca s . 5 e IS I g s e 15.5 | 215.2 2, 264
v o P P e L e s b T R e L [ 14.5 | 195.4 2,038
i Crr ) B i | e R e e i e e S 5, 0 3.3 | (246.0) oo I 154 2157.4 2, 504
T e T e e e e o | e e e 2,279
Gain {4=)orloss(—)tobody:- o . . i ioioiiioioc —=BaB| 2O oo olaaa | =08 =220 — G
FErperiment No, 18,
TE e e R e e e e e e L s e i FZ2.4 ) 250.1 2.5 15.5 | 253.0 2,776
B b ] AT B R = oy C e o SRL.", 1 i G684 | 246.1 69,5 | 14.4 | 2320 2, 032
Actaally metabolized . i cioitis ciaiiiaiaaanesns 1026 | 43,3 | (246.1) 695 16,4 | Z219.3 2, 567
e A I e i o e e o e e e Phmm i 2,485
Gain (=) or loss (—) to body. ... L L 12020 20Nl s e s | =20 127 168
Eeperiment No. 19,
T ] 0 B o i e S e s e i g s, 0 T2 40 25001 T2 D 15.5 | 233.0 2 776
R ) L e ey O0.4 | 68,4 246,10 | 699 ) 145 ] 24345 Z 550
A R e e 0.4 | 335 (246.1) L 14. 5 206. & 2,2
Featmueamnred e s oo e T e LR el R R | BESEL 2,271
Gain (==Y orlasa (N eoDody. oo L Ll i I s L P ot +26.9 | 830
Eieperiment No. 20, .
IRV 7o) L Lot e S e Pl M e gt G, 4 724 a0, 1 72,5 153.5 7 253.0)0 2,776
I available fon - iR ianT e S S e 69, 7 145 2335 2, 549
Actually metabolized - - ..ol . #8. 2 £7.53 | (246.1% 697 14.1 | Z216.2 2,339
I8 LT b e [ i 6 Lo i T Bt e O e ol PRI i R D el e I e N | 2,303
Gain (+)or losa(—Jtobody. .o oomeemmn .. e N T [ [l PSRt Res) reme e 0.4 | +17.3 -+-210
_]a'p,-r.u:'lrn J:j'- I8, 18, ug.lr! N, i
T ) | kB0 e Sl S S B asre o RN PPN S P 06.9 | 724 250 1 T 0 15.5 | 25800 2096
Ty L o] [T B s e e S e o, 4 GR.4 | 246.1 | T 60T 4.5 | 2330 2,544
Actunlly metabolized - - oo 03 7 41.5 | (246.1) o697 15.00 | 214.1 2,308
e 2,557
Gain(4-)orlosa({—)tobody. .. ......coiomaanl ik B (R O[] (Rl [ i -0.5° +18.9 4236
- |
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DIGESTION EXPERIMENTS.

The data of the metabolism experiments above described include statistics of the amounts
of nutrients consumed in the food and exereted in the feces. The difference between these
amounts represents the so-called digestible or available nutrients.* The amount of each nutrient
thus made available divided by the amount in the corresponding food is here taken as the coefli-
cient of availability.

Each metabolism experiment, therefore, includes a digestion experiment; furthermore, each
metabolism experiment or series of experiments was preceded by a digestion experiment, gener-
ally of 4 days’ duration, during which the subject was outside the respiration calorimeter, but had
the same diet. and as nearly as convenient the same amount of muscular exercise, as in the metahb-
olism experiment. We thus have for each metabolism experiment or series of metabolism
experiments two corresponding digestion experiments.  While the chief object of the preliminary
experiment was to bring the body into approximate nitrogen equilibrium, the results, as bearing
upon the availability of the food, are of importance.

The portions of protein, fat, carbohydrates, and ash not made available are eliminated in
the feces. The unavailable aleohol is eliminated through the kidneys, lungs, and skin, and was
determined in these experiments according to the method deseribed bevond (p. 258).

In what has been said about the availability of the ditferent nutrients in food no reference has
been made to the availability of the energy. While it is commonly believed that all of the energy
of the available fats and carbohydrates is capable of use by the body, all of the energy of the
protein can not be so utilized. The nitrogen of the available protein is eliminated from the hody
in the form of urea, uric acid, and similar compounds, carrying with them a certain amount of
energy. From the results of a considerable number of determinations of the ratio of the heat of
combustion of urine to the available protein it has been found that for each gram of the latter
there is lost in the urine an average of 1.25 calories of energy. This amount must therefore he
deducted from the energy of the available food in order to obtain the available energy of the
available protein. This is done by multiplying the number of grams of the latter by 1.25. and
deducting the product from the difference between the total energy in the food and that in the
feces. The difference gives the amount of available energy. which, divided by the total energy in
the food consumed, gives the coeflicient of availability of the energy.”

The proportions of the different nutrients digested and made available in any given case
depend upon the diet and the individual. So far as concerns the diet. the availability may vary
with (1) the kinds, (2) the amounts of food materials, (3) the method of preparation, and (4) the
accessories, including condiments, beverages, ete., and with the vest, alcoholic beverages. The
same diet may be differently digested by ditferent individuals or by the same individual under
different conditions of health. physical activity, and nervous strain.

The details of the digestion experiments with aleohol diet are given in Tables CV to CXVIII
of the Appendix. 3

Table 11 compares the availability of food in diets with and without alcohol and the availability
of the same diet with the same persons outside and inside the respiration chamber. In the first
case the principal difference is that of diet, the alcohol being the chief factor: in the second case
the differences are those of the physical and mental condition of the individual. The discussion
of the effect of aleohol upon availability of the nutrients of the diet is given on pages 256 to
258, hevond.

*For further discussion see page 256 beyvond, and Repts. Storrs (Conn. ) Agr. Exp. Sta., 1896, p. 163, and
1897, p. 154,

"For further discussion of thiz subject see ATwater and BryaxT, Rept. Storrs (Conn.) Agr. Exp. Sta., 1399, pl
96. See alzo dizcnssion by W. 0. Arwater in Bul. 99 of the U. 2. Dept. Agr., Office of Experiment Stations, Pro-
ceedings of the Association of American Agricultural Colleges and Experiment Stations, 1900, p. 112,



256 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

TasLe 11.—Summary of cogfficients of availability of puttricits and energy e preliminary and calorineler periods and with
r;.-'r.l'uri.l;f'_i'_r and aleofiol diel,

Carioliy-

Protein, Fat, AL, Energy.
Erperiments with . 0L 1

Per cond, Per eenf, Per canl, Per cent,
Ordinary diet, average G experiments. ... oo ..o . g2, 4 958 878 a0, 6
Alcohol diet, average 5 experiments. . ... oo oacaioiaainoen.oo ... 04,2 435, 5 L 91.1
Preliminary period, average 12 experiments ... ... ..o 92.5 3. 7 ) 00 7
Calorimeter period, average 12 experimentS. oe . o re e e i cecnnncccannaans L T L | 97. 8 a0. 9

f:.r’yr'J'l'J.lri,'nf.ﬂ anth J. B 5.

Ordinary diet, average 6 experiments ... ... ... ..o ..o .2 ... 3. 4 9. 8 93.1 | 2.7
Alcohol diet, average 3 experiments. ......oooinne e 93. 8 96. 2 979 | 93.0
Preliminary period, average 4 experiments ..........ooooooooo ool 92,1 5. 8 7. 2 91. 4
Calorimeter period, average 4 experiments. ... cecameneicaiaiicaann, 93. 8 g2 a9y 7 92, 4
Average 12 experiments with ordinary food. ... ..o ..o ool et 4.7 g8, 0 | a1. 7
Average 5 experiments withaleohol ... ... ... ... 94. 0 4.5 87.9 | 91. 8
Average 16 preliminary periods - ... .o.......olo... 92, 4 94, 2 97.6 | 90.9
Average 168 calorimeter perlode. o oo | 93,3 94. 9 H7. 8 91. 3

DISCUSSION OF TIHE RESULTS OF THE EXPERIMENTS.

The special purpose of the experiments summarized on the preceding pages. in so far as they
have had to do with the nutritive action of aleohol, has been the study of the metaholism of the
energy of aleohol and its consequent value for fuel as compared with isodynamic amounts of
carbohydrates and fats. Incidentally. its effects upon digestion, the completeness of its oxida-
tion, and its action in protecting body fat and protein from oxidation have also been observed.
The more important results may be diseussed under the following topics:

1. Effect of aleohol upon the digestion of food.

2. Proportions of aleohol oxidized and unoxidized.

3. Metabolism of the enerey of aleohol.

4. Protection of hody material by aleohol.

@, Protection of hody fat.

4, Protection of body protein.

5. Effect of alcohol upon the radiation of heat from the body.
. Aleohol as a source of heat in the body.
i. Alcohol as a source of muscular energy.

EFFECT OF ALCOHOL UPON THE DIGESTION OF FOOD.—DIGESTIBILITY VERSUS AVAIL-
ABILITY OF NUTRIENTS.

The term digestibility as applied to food has several meanings, which are not clearly distin-
guished in popular usage. It commonly refers to either the ease with which a given food
material is digested, or the time required for the process, or the extent to which the material
“agcrees” or “disagrees” with different persons, or its effects upon hodily comfort and health.
These factors depend largely upon individual peculiarities, vary widely with different persons and
with the character of the food, and are difficult to measure.

The term digestibility is also used to designate the quantity or proportion of the food or of
each of its different ingredients—protein, fats, carbohydrates, and mineral matters—actually
digested and absorbed in the passage of the food through the digestive tract. Only this latter factor
of digestibility is considered in these experiments.  To determine what amount of each nutrient is
actually digested it is necessary to know the quantity that is taken into the body in food and the
quantity that has escaped digestion and is excreted in the feces. The latter quantity is not easily
determined, however, because the feces contain, besides those portions of the food that have
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resisted the action of the digestive juices, other materials, the so-called metabolic produects,
which are mainly the residues of the digestive juices. and which are not easilv separated from
the undigested portion of the food. For this reason it is difficult to determine the actual digesti-
bility of food or of its several ingredients.

The availability of the food or of the several ingredients, however, may be more accurately
determined. By availability is here meant the quantity or proportion that can be used for the
building and repair of tissue and the vielding of energy. The metabolic products, although derived
originally from the digested food. are not used for either building material or fuel, and hence
are not available in the sense in which the word is here employed. They may, therefore, be
included with the undigested residue of the food and the small quantities of intestinal epithelium
and other materials which make up the rest of the feces, and the amounts of available nutrients
may be found by subtracting from the total ingredients of the food the total corresponding
ingredients in the feces. These have often been called the digestible rather than the available
nutrients, but the distinction here made is quite important.

The availability of the ingredients as thus determined is usnally expressed by the percentage
of the total amount of each in the food. This percentage is called the coeflicient of availability.
In the following table, which is a summary of a more detailed table given in the Appendix, the
coefticients of awvailability of the protein. fats, and carbohydrates of the ordinary diet are
compared with those of the alcohol diet. as actually found in the experiments. The average
coeflicients of availability of the nutrients of food as found in 93 experiments * with healthy men
with ordinary diet under various conditions of work and rest are appended in the table for
comparison.

TasLe 12.—Coefficients of availability of food in the averages of experiments with and without aleohol,

Coethcients of availability.

Kind and number of experiments.

Frotein. Fat. (:m |  Energy.

Erperiments more directly comparable.

+ Fer ceni. Per oent. [ Peroent. |  Per cend.
Without aleohol, Nos. 9, ll “ﬁm:l R MWand 3. Pand 3. ... 2.6 94.9 459 | 9. 8
With slechol, Nos. 10,1 97.81,88 . ... ...l oo igap 94.¢| 97.8 | w21
Erpt'rrmz‘uq'-* sz -ﬁnrﬂy tl:-m;dl'rufpfe. | |
Without aleohol, Nos. 5,and 13 and H...ccee e 92.6 64.1 | 98.1 | 0.3
With alcohol, Nos. 7and 15t0 1. oo oo oo oo 95.0 84.4 | 97.3 | 9.3
Aversge of other obeervaions. . .. .- oo vocvormcnimr i e ama e a - 93.0 a5. 0 98,0 "92.3

* Availability of energy based upon average proportions a.m'l amounts of nutrients found in dietaries of 38
families of farmers, mechanics, and professional men and 15 college ing clobe in different parts of the United
Egtaﬁ. See article by A. P. Beyvaxt on **Some Resultz of Dietary Studies.” Yearbook U. 8. Dept. Agrienlture,
1 p- 439,

It thus appears that the aleohol had little appreciable effect upon the availability of the other
ingredients of the diet; the coefficients of availability of the nutrients of the ordinary food
were practically the same with and without aleohol as part of the diet. The protein appears to
have been slightly more available when the diet contained alcohol. The differences, e&pecia]l}* in
the more comparable experiments, are less than might be found with different subjects using the
same ordinary food, or with the same subject using the same food at different times and under
different conditions.

The conclusion from the results of these experiments would be to the effect that aleohol in
moderate amounts tended to increase very slightly the availability of the nutrients of the diet,
especially of the protein. In view, however, of the fact that there are often marked differences
in the availability of the same diet with different persons and with the same person at different

*See Arwarter and Brvast, .ivmlabﬂ:ty and Fuel Value of Food \Iatanﬂs, Rept. Storrs [Cﬂnn.} Expt. Bta.,
1889, p. 73.




258 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

times. even this conclusion should be held with a degree of reserve. While it is statistically
valid for these experiments, the extent to which it would be true in general experience is by no
means certain.

PROPORTIONS OF ALCOHOL OXIDIZED AND UNOXIDIZED.

The difference between the amount of aleobol taken into the body in food and the amount
given off unoxidized by the kidneys, lungs, and skin is taken as the amount oxidized in the hody.
For the determination of the amounts not oxidized in the body quantitative examination was
made of the several exeretory products for the presence of aleohol, No similar examination of
the feces for alcohol was practicable; but, as it has been found in other experiments® that no
alcohol was excreted through this channel. even when considerable quantities were ingested. it
was here assumed that the feces would contain no appreciable amount of the aleohol taken with
the food.

The alcohol eliminated by the kidnevs would. of course, be found in the urine; that given
off by the lungs and skin in the **drip™ water collected from the surface of the system of cool-
ing tubes, or it might pass out of the chamber as vapor in the air current and be condensed in
the *- freezers,” in which a large part of the water is collected from the outgoing air, or it might
even pass through the freezers as vapor and be ultimately absorbed in concentrated sulphurie acid
in an apparatus arranged for the purpose.

The determinations of the amounts of aleohol given off from the body unoxidized in experi-
ment No. 7 were made according to the method described by Boprixper." This method. how-
ever. does not give results sufliciently accurate when the amounts of aleohol are as small as were
found in these experiments. In the latter experiments a modification® of this method was used,
which has been shown to give very satisfactory results in the determination of extremely small
quantities of aleohol.

The urine. drip water. and freezer water were distilled several times in order to separate
the aleohol and other volatile and readily oxidizable organic matters and to obtain them ina
more concentrated form. The amount of organic matter (here designated as reducing material)
in the distillates was then determined by the method mentioned above. The amount of reducing
material in the air current was estimated by passing the outgoing air through bulbs containing
concentrated sulphuric acid, and determining the amount of reducing material in the acid. The
total amount of reducing material thus determined in the various exeretory products was
caleulated as aleohol.

Other investizators® have found evidence that such reducing materials are excreted by the
body when no aleohol was ingested.  In several experiments in which aleohol did not form part
of the diet. examinations of respiratory and excretory products were made the same as when
aleohol was given. and reducing materials were found to be present.® The average amount found
in these experiments without alcohol was. therefore, deducted from the total amount determined
in the experiments with alcohol and the difference taken as aleohol exereted, as shown below:

_Ilrl".lljll'n.r ;.lf:l.ff L'y il rl.-.-r.l' A r.-'rf Hf.ll_l_.".l‘l”f‘l'-lf.
Alcohel anrested averape 13 R R e s o grams. . 72.3
Reducing material in excretory pr wliets:
When aleohol was ingested, average 18 experiments .o c...coeimicncrcsomsaccncccanaccaa---grams.. LG

When no aleohol was inpested, averaze 6 eXperiments ..o ceeceenemsssammmeasnsresansmassea-lOaaa 3
Aleohol L'Hl'ri'h'rl.............._...____._.............___.____._.._...._______;...........ﬁl’ﬂl“ﬁ.. 1.3
f 1y P B v o[ BB (ot T s N S D S s S R T [yl
Tl B B ot e s aat B G S s T n e e e e R S R per cent. . 98,2

f8ee BopLixper in Arch. Physiol., PlAuger, 32 (1883), p. 424.

B o, it I

o Spp BExEDcr and Norri on ““The Determination of Small Quantities of Aleohol,” Jour. Am. Chem. Soc., 20
[1808), p. 206,

'Dmpré, Proc. Rov. Boc. (London). 20 (1871-72), 2688, Ree also Biiimves, Mrmenewy, and Bercey on ‘‘'The
composition of expired air and its effect upon animal life.” Smithsonian Contributions to Knowledge, XXIX
( 1805, Noo 959,

*Eee Table CXXT in the Appendizx.
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From Table CXXII in the Appendix it will be ohserved that the quantities of alcohol
eliminated by the lungs, skin, and kidneys varied from 0.7 to 2.7 grams, and averaged 1.5 grams
per day. These gquantities correspond to a range of from 1 per cent to 3.7 per cent and an
average of 1.9 per cent of the total amount of alcohol ingested.  We consider, therefore, that in
general when alcohol is taken in small doses not more than 2 per cent is given off unoxidized,
and the results of the later experiments indicate that this ficure is veally too laree.  Accordingly,
the coeflicient of availability of alcohol is taken as 95 per cent.

Comparing this with the coefficients of availability of protein, fat, and carbohydrates in the
diet with alcohol, as given in the Table 12, p. 257, it appears that the coeflicient of availability
of alecohol in these experiments was practically the same as that of the carbohydrates and
larger than those of fats and protein of ordinary food. That is to say, it was found that 2 per
cent or less of the total aleohol ingested in these experiments was given off unoxidized hy the
lungs and skin, while on the average about 2 per cent of the carbohydrates, 5 per cent of the
fats, and T per cent of the protein of the ordinary diet appeared to be exereted unoxidized.

The conclusion is that in these experiments the aleohol was more completely consumed than
are the nutrients of ordinary mixed diet.

METABOLISM OF THE ENERGY OF ALCOHOL.

It was stated above that the experiments with men in the respiration calorimeter had shown a
very close agreement between the income and outgo of energy in the body, and that this was
n*frzu'dw:l s pmttu ally a demonstration that the law of the conservation of energy holds in the
living organism. Up to April, 1900, the results of 30 such experiments had been obtained.
These covered, all told, 93 days: they were made with 4 different subjects, under various con-
ditions of diet and occupation.  When the figures for individual days or for individual experi-
ments are considered, there appears to be more or less disagreement between the figures for
income and those of outgo energy, though the differences are inside the natural range of error in
such physiological exper iments. When the results of all the experiments are averaged together,
however, the differences counterbalance each other, and the daily income. 2,718 calories, is found
to be practically identical with the daily outgo, 2,716 calories. “This agreement i2 in accordance
with the law of the conservation of energy, “and thus confirms the belief that this law governs
the metabolism of energy in the living organism.

In 13 of the 30 experiments referred to “alcohol formed a part of the diet. The results of these
experiments compared with those without aleohol imply very clearly that the law of the conser-
vation of energy holds as well with the diet containing aleohol as with the ordinary diet. This
may be seen from Table 13, which epitomizes the more detailed statisties given in Table CXX in
the Appendix, and compares the averages of the results of the rest and the work experiments in
which alecohol formed part of the diet with those of similar experiments without alcohol. Both
those experiments that are strictly comparable and those less comparable, as explained on a pre-
ceding page. are here included.

TapLe 18.—=Metabolizm of energy.  Arveragez of vesulls of experiments with ordinary and with aleohol diet,

Energy of outgo measured as—

Energy of ——

Experiments with and without aleohol. Fr =L

DR b Ll Ry T
MORE DIRECTLY COMPARABLE. |
Tteat .l"l|l|r'.l'4..lrrr Jils,

. y Calories, Cinlerics, Calarics, Calarics,
Withouot alcohol: Nos. 9, 24, 26, and 28 . .o eevivcccnsnnnnnnnanansnal 2,180 e 2,22
Ik T T T ) e B R e S e e e e e 2,191 L B R L | 2, 231

Work experiments.
Without aleohol: Nos. 11, 29 and Jll, P B T e S e e S 3, 660 3, 451 220 3,671
With alcohol: Nos. 12, 30, 33 . e e et | 3, 690 3,461 215 3, 676

* Estimated energy of material actually oxidized in the body.
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Tasre 13.—MWetabalism of energy.  Averages of results of experinients with ordinary and with aleohol diet—Continned.

Energy of onteo measired ns—

L e srh . - Energy of
Experiments with and without aleohol. |metincome, » e
Heat. el Taotal,
MOKE DIRECTLY COMPARABLE—continued. | '
Average of rest and work experiments. Culorics. toiden Colorich. [ Caloriés.
o aleohiol o s s e e e e e ..,‘4-a 2, 836 F{110) 2, 46
St aleohiol . s s f s et s e R ol T e e A b e 2,041 2, 541 B 108) 2, 049
LE=s DIRECTLY COMPARABLE. i
Kest experiments, ' ’.
Without aleohol: Nos. 13 and 14, 5, 2 o an a1 Sa AT Ol TP | 2, 302 Sy STl 2,277
With aleohol: Nos 7, 15 to 17, ]t-lu 4 | [ e S e 2, 356 b L4 e e 2, 358
Average af afl dhoue .l'.r'_yr‘.l'f:ilh’hf.‘t. ;
e T b ] e e e e 2,017 2, 630 b 73) 2,723
Rt Aol e s e e s e e s e | 2,746 2 630 by TE}I 2. 7a2
|

* Estimated energy of m:ltr-rml actually uxuhftwl initleThody- i
b In this average the muscular w ork of the work experiments is distributed over both the work and the rest
experiments, which iz of course not strictly logical.

The energy of net income given in the table above represents the energy of the material
actually oxidized in the body. a= d{'tﬂl mined from the enerey of the food, of the excretory pl*:::ductu
and of the body material stored or lost. The ener oy of outgo is that given off from the body in the
form of heat and external muscular work, as measured by the apparatus.  According to the law
of the conservation of energy, the income and the outgo must be equal. From the comparisons
given in the table above it will be seen that, whether the diet did or did not contain aleohol, the
outro was sometimes greater and sometimes less than the income, but the difference in every case
was far within the range of variation to be expected in physiological experiments of such nature
as these, so that the results may be considered as showing practical agreement. If we counter-
balance the variations by averaging the experiments in which aleohol formed part of the diet and
those without alcohol, we get the following results:

Dhaily income and outgo of energy with and without aleofiol,

Encrgy of ma- | Energy J:l'--:-n
Diet, terial oxidized ﬂ'ﬂ
in the hody,

. j Calories. Calories.
Average 13 experiments, without aleohol. ..o aoaeooa oo ... 2,717 2,783
Ayverage 13 experiments with-aleaokal 2 o o s o i St 2, 746 2,752

When the diet contained no aleohol. the energy of the proteids, fats, and carbohydrates burned
in the body, averaging 2,717 calories per day. was practically identical with the energy given off
by the body in the form of heat, or heat and (the heat equivalent of ) external muscular work,
averaging 2,723 calories per day. When aleohol formed part of the diet the total energy of the
proteids, fats, and earbohvdrates burned in the body, added to the energy of the alcohol, averaged
2,746 calories per day, and the energy given off as heat, or heat and external muscular work,
averaged 2,752 calories per day. The total kinetic energy of outzo is equal to the total potential
energy of income. whether it be with ordinary diet alone, or with ordinary food and aleohol.

To these results there can be but one interpretation.  The energy which was latent or poten-
tial in the aleohol was wholly transformed in the body, was actually given off from the body,
anid was exactly recovered as heat or heat and muscular work. Otherwise, how did the body
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dispose of the energy of the alcohol, and from what other source did it get an exactly equal
amount to replace it?

The conclusions, therefore, are:

1. The law of the conservation of energy obtained with the aleohol diet as with the ordinary
diet.

2. The potential energy of the aleohol oxidized in the body was transformed completely into
kinetic energy, and appeared either as heat, or as muscular work, or both. To this extent, at
any rate, it was used like the energy of the protein, fats, and carbohydrates of the food.

THE PROTECTION OF BODY MATERIAL EBY ALCOHOL.

(Feneral considerations.  Previous experiments and therr eoplanation.—The belief was for-
merly quite general that alcohol has a specific pharmacodynamie action in retarding the metabolism
of body material, both fat and proteid.  As much of the earlier experimenting implied that aleohol
in moderate quantities tends to ** prevent waste ™ or ** conserve the tissues,” and its oxidation in
the body was not understood, this effect was naturally attributed to its action as a drug. Later,,
as the functions of the nonnitrogenous nutrients of food came to be better understood, and the
fact that aleohol is oxidized as they ave in the body became fully established, the view has
become common that its effect in retarding or protecting metabolism is to be explained by a
nutritive rather than a pharmacodynamic action—that, in other words, it tends, hy its own oxida-
tion, to prevent the oxidation of other materials. This latter function of aleohol, however, has
been denied on two crounds:

1. The increaszed civeulation of the blood through the peripheral capillaries and the fall of
body temperature which follows the ingestion of aleohol have led to the theoretical inference
that the energy supplied to the hody by the oxidation of the aleohol is lost by the extra radiation
of heat it causes, so that it can not do the work of the fats and ecarbohydrates in protecting
food or body material from consumption. Thiz ground, however, i= hardly tenable since, as
shown beyond, the fall of body temperature with ordinary doses is very small, and the amount
of extra heat radiated is only a fraction of that supplied by the alcohol.

2. The other ground for doubting the power of alcohol to protect hody material from con-
sumption is that of direct experiment. That it may protect fat is generally conceded, but there
are u number of reliable experiments on record in which the replacement of the carbohydrates
and fats of a ration by aleohol has been followed by an inereased elimination of nitrogen. This
has been explained by the assumption that aleohol tends to increase rather than diminish the
eatabolism of protein in the body. On the other hand there is a considerable amount of exper-
imental evidence to the effect that alecohol may and at times does serve as a protector of protein.

As explained in a review of the experimenting upon this subject* it seems to us that the
conflicting results may be explained by the hypothesis of two opposing tendencies of alcohol, the
one pharmacodynamic and the other nutritive. This view makes the former a specific, and some-
times, if not always, temporary action of aleohol, by which it increases the catabolism of protein,
while the latter action is that resulting from its oxidation. According as the latter or the former
action predominates the alcohol may protect protein or fail to do so. In faver of this theory is
the fact that it explains and harmonizes the results of previous experimenting and those of our
own experiments also,

In considering the efficiency of aleohol for the protection of hody fat and protein it is impor-
tant to distinguish between two questions.  Does aleohol protect these materials at all? Is it
equal in protecting power to the isodynamic amount of fats or of carbohydrates, or of a mixture
of the two! The comparizons in these experiments are between nearly isodynamic amounts of
aleohol and the other ingredients.

e 3 _ el e —— —

s Report of Physiological Subeommittee of Committes of Fifty for the Investigation of the Liguor Problem,
Boston, Houghton, Mifflin & Co.  (In press at the time of this writing.) See al=o a more detailed review of the sub-
ject by Rosemann. Der Einfluss des Alkohols auf den Eiweissstoffwechsel; Arch. f. . ges, Physiol.,, Bd. 86,
1901, pp. 307-503.

Yol. 5—No. 6——3
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The evidence of the experiments here veported.—Although the present experiments were not
planned for the study of these particular questions, they throw some light upon them. The
details, in their bearing upon the protection or nonprotection of body protein and fat. are brought
together in Table CXX in the appendix. and the average results are summarized in Table 14 here-
with, which shows the amounts of available protein and energy of the diet and the amounts of
protein and fat gained or lost by the body in the experiments with and without alecohol.

TapLe 14.—Comparison of gains and loeses of protein and fal in experiments with and without alcohol.

Average poer day,
i Total
Experiments compared. i‘ep\menrlligﬂ}btﬁf of Irstaurn& Available food. Gain (=) orloes | =,
days. —
Protein, | Energy. | Protein. | Fat.
MORE DIRECTLY COMPARABLE. !
A and B:
E. (., rest— ; . Grams, | Caigrics, | Grame. | Groms.
.-".tt'T]:]g-e, 2 experiments without aleo- | 8,24, ..o rceicienaronas T 114 | 2,618 | — 1.0 | ==39.0
hiol.
Average, 2 experiments with aleohol _ | 10,22 - . __. 7 116 | 2,602 — 2.8 | +42.0
D:
E. 0., work—
1 experiment without aleohol .. ...... |} IR Eecsmaiad 4 110 | 8,510 | — 3.0 | —39.%
1 experiment with aleohol.._.__...... R D + 113 | 3,614 — 1.0 —32.2
A B and I | |
E. 0., rest and work— |
.-hi‘erlage, 3 experiments without aleo- | 9,24, 11, ... cvrvnnnnnn- 11 112 | 2,915 | — L.6| +H12F
0l |
Average, 3 experiments with aleobol. .| 10,2212 _____________. {11 1153 | 2,839 [ — 2.2 —17.2
J.F. 5., rest— ' |
Average, 2 experiments without aleo- | (26,28) ... ... ... ... ! (i 93 | 2. 953 | — 4.0, +231
hol. [ [
1 experiment with aleohol. ... oo 27, .. ool b 82| 2,264 | — 6,0 | +18.2
E and F:
J.F. 8., work—
Average, 4 experiments without aleo- | (29,31), (32,34)........| 12 85 ] 2.9 | — 6.1 =255
haol. | {
Average, 2 experiments with aleobol__| 30,33 . _.._.. fi g4 5285 | 1406 —87.0
C, E, and F:
J. F. 5., rest and work— _
.-'Ui'erim.:e. 6 experiments without aleo- | (26, 28), (20, 31),(32, 34 ). 15 84 | 2,915 | — 5.4 | —10.6
ol | |
Average, 3 experiments with aleohol. .| 27,30, 3% ... ... ..... 9 93 | 29811 l —11.6] —2.4
AtoF (Group1): | '
E.O.and J. F. 8., reat and work— '
Average, 9 experimentz without aleo- | 9, 24, 11,(26, 28),(29,51), 29 103 | 2,917 | — 3.5 | =+ 1.1
hial. (32, 34). [
Average, 6 experiments with aleohol. .| 10,22, 12, 27, 30,33_. ... 20 14 | 2925 I — 6.9 + 2.4
LEZ8 DIRECTLY COMPARABLE. |
&, H, and I (Group IT):
E.O.and A:W. 5., rest—
Average, 4"experiments without aleo- | (13,14),5, 21 . ....... 14 100 | 2,238 | — 7.3 — 2.3
hiol.
Average, 7" experiments with aleohol (| 7,(15, 16, 17), (15, 19, 20} 16 98 | 2,400 — 3.0 4+ 8A
AVERAGE OF ALL THE ABOVE EXPERIMENTS. _
Atol (Groap III): I
E.O.,J.F.8, and A. W, 8, rest and work— ' .
Average, 13 experiments (3 with work) | (13, 1-4] (26,28),(29,31),] 43 102 2,601 | — 4.8 — 0.1
without aleohol. ( i .HII..".I,‘-I 11,21, 24,
Average, ]-‘h-:i]]mrinu:m.- (dwith work) | 7,( 1::, 16,17), (18,19, 20), 36 | o2 2,70 — 56| + 5.8
with alechol. 10; 12, 22, -"? 30, 33. |
|

* When two or more -muLLr' experiments are "rll1l|n;t| together, the group is counted as 1 experiment in drawing
the average. Experiments thus treated are put in parenthesis in the second eolumn; thuas, (15 to 17).

The grouping in Table 14 is on the same basis as in the corresponding tables in the preceding
pages and in the Appendix.
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When the fuel value of the diet is in excess of the needs of the body, the latter often,
though not always, increases its store of material. Sometimes this increase is in the form of
protein, sometimes fat, and sometimes hoth protein and fat. When the body requires energy in
excess of that supplied by the food, it will draw upon its previously accumulated store of fat or
protein, or both, for fuel. Along with the gains and losses of protein and fat arve changes in the
carbohydrates (glveogen), but the total quantity of these substances in the tissues is relatively
small. The present methods of experimenting do not suffice for acecurate measurement of the
changes of glycogen, and it is commonly left out of account in discussions such as that in which
we are now engaged.

PROTECTION OF BODY FAT.

The ficures for the individual experiments in Table CXX of the Appendix show in some
eases a larger gain or smaller loss of fat without alecohol than with it: in other cases the results
are reversed. When, however, the experiments are grouped together and the averages with
and without alcohol are compared, it is clear that, except where the differences in fuel value of
the diet were considerable, the differences of fat balance are hardly large enough to be of
consequence. Taking the experiments altogether, the figures of the tables, and especially those
of Table 14, show slight gains in fat both with and without aleohol, but the gain is slightly larger
with the alcohol. Thus in Group L. in which the experiments are more directly comparable, the
average gain in 9 experiments without aleohol is 1.1 grams, in 6 with alcohol 2.4 grams, making
a difference in favor of the aleohol of 1.3 grams. In the less directly comparable experiments
there is an average difference of 5.8 grams, and in Group III with all the experiments there is an
average of 8.9 grams in favor of the aleohol. It is also to he noted that in general the total
energy of the rations with the alcohol average somewhat larger than in those without alcohol,
The figures for differences just cited are brought out more clearly in Table 17, beyond, in the
discussion of the utilization of energy in the experiments with and without aleohol. The
comparison as there made in detail shows on the whole an advantage of the ordinary diet over
that with alcohol, though the difference is very small, indeed.

A direct indication of the fat-protecting power of alcohol i= found in the series of experi-
ments with E. O., Nos. 22, 23, 24. These were practically three successive periods of 3 days
each. In all there was a basal ration with 116 grams available protein and 2,290 calories of
available energyv. To this ration was added—in the first experiment. aleohol: in the second,
nothing: in the third, sugar. The alcohol and sugar each furnished about 500 calories of energy.
With the alcohol there was a daily gain of 63 grams of fat; with the basal ration this was reduced
to 9 grams; with the sugar it rose again to 60 grams per day,  With the sugar there was a gain of
1.7 and with the alcohol a gain of 1.4 grams. while with the basal ration alone there was a loss of
1.6 grams of protein. Leaving this slight gain or loss of protein out of account. the net gain of
fat with the alcohol ahove that in the basal ration was 54 grams, which would make very nearly
500 ealories. The net gain of fat with sugar was 51 grams. In this particular ecase, therefore,
with izodynamic quantities of =sugar and aleohol. the gain of fat was practically the same with
hoth.

An even more striking illustration of the fat-protecting power of aleohol is found in experi-
ments Nos. 15-21, with A. W. 5. as summarized on page 329 hevond. When aleohol was added
to a basal ration of ordinary food. the body gained fat at the rate of 21-35 grams per day; but
when the giving of aleohol was stopped and the body had only the basal ration, it lost 25 grams of
fat per day.

A clearer demonstration of the power of alecohol to protect fat from consumption would he
hardly possible than that given in the experiments with E. O. and A. W. 5., just cited.

We thus have two kinds of tests of the power of alcohol as compared with that of isodynamie
amounts of carbohydrates and fats of the food for the protection of body fat. In every indi-
vidual case the protecting power of the alcohol is manifest. In some instances it is slightly
inferior and in others it is slightly superior in this respect, and on the average it is just about
equal to the nutrients which it replaced.
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So far as we are aware these are the only experiments in which the power of alcohol to pro-
tect fats has been determined by divect quantitative tests. While there are numerous experi-
ments on record which have seemed to indicate that aleohol has this power, we have found none
which seem to us to imply the opposite.® Fortunately this guestion, which is one of no little
importance, thus seems to be so clearly settled as to require no further discussion. Such is not the
case with the similar question regarding the power of aleohol to protect protein from consumption.

PROTECTION OF BODY PROTEIN.

As regards the protection of body protein by aleohol, the results of the experiments are
variable, but on the whole the eatabolism of protein, as measured by the amount of nitrogen
excreted by the kiduevs. was slightly larger in the experiments with than in those without
aleohol,  In discussing the effect of aleohol upon protein metabolism, we must consider the
variations from day to day in the amount of nitrogen exereted in the urine when aleohol forms a
part of the diet, and compare them with the variations in similar experiments in which aleohol
ic not included in the diet. The data of the daily eliminations of nitrogen by the different
<ubjects in experiments with and without alcohol are summarized in Table CXXIIT in the
Appendix. -

What especially concerns us here is the influence of the substitution of aleohol for a portion
of the ordinary food upon the gain or loss of body protein. As this seems to depend largely
upon the individual, it will be well to discuss the experiments with the three subjects separately.

Evperiments with £, (.—With this subject there was a marked tendency to exerete more
nitrogen in the urine on either the day before or the day after he entered the respiration chamber.
This tendency was as noticeable in the experiments without as in those with aleohol.  This varia-
tion in nitrogen excretion is independent of either the character of the food or the activity of the
subject. and appears to be due to a psychic cause that is little understood. Sinee this variation
was often much larger than any which could be attributed to the alcohol, we hesitate to assign to
the latter any definite and uniform effect upon the metabolism of nitrogen.

It is to be noted that there is no experiment with E. O. in which an alcohol diet immediately
preceded or followed a diet furnishing the same amount of energy from ordinary food materials
without alecohol. There are. however, a number of separate experiments which may he compared,
as is done in Table 15.

TABLE 5.'1.—1'_';')”.--;'[;.-” gk with B O.—Gains aud losses |_rf' -I'Jr)rlr:'f _fu'm'-"l-u -'HH’EI_I'-H-I' gt l eesned it ol aldeolicd,

Average per day.

Taotal 5
Expirimienis. ]]1]‘I.|'|JEL=I.'I I avmilable food. i Gain {+) or loss {—)
of tdavs, ' | b L L
Protein, | Enersy. | FProtei:s., Fat.
- e e I_ - - _—
| | i |
MORE DIRECTEY COMUIARABLE. i i | |
fiicsd l_rlj_li_.l'l.frfr'h'll.". | | |
: ’ r {R s, | Crkarics, frrdauing, s,
Withontaleohol, W D24, e citamas enmns e s s s i 114 | 2, 618 —1.9 | +4-39. 0
Withraleohal, Boa 1022 = s e s e i I 116 | 4, 402 —2.8 42,0
| |
ol L1 rirents, i
Withontaleohol, ¥o 11 ccaecci s is it smna 4 3, 510 —3.0 —30. 7
R e R e 4| 3 3,614 —1.0 —32.2
| 1
|f:. il il.ul'lr |'I'd_||'£' [N l“l'i'll.lfrl H.I'J. I ‘ i
| 1
Withont aleohol, Nos. 9, 24, 11_ ... ... ] LL | 112 2015 | —=L&6| 127
Wikl abealanl Moas K, B 1 e T 11 | 115 2,934 | —2.2| +17.2

« S review of experiments on the effects of aleohol on the metabolism of carbon in the report of the Committee
of Fiftv referred to on page 261,
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TapLe 15.— Erperiments with E. 0.—Gains and logses of body protein and fat avith and without alcohol—Continued.

Averago per day

Total
Experiments, nutmher Im svailabli food Gadn (= or loss { —)
of days. 2
Frotein, Energy. Protein Fal
LESs DIRECTLY COMPARABLE.
Reat experiments,
L s, o fea. fFrames. {F ran s,
Withont altokiol, Mo, 18 Hds. o Lo oea T ia Lo il T Lt 2, 904 —-12.0 495, 7
TR T For i ) P i o e e S e M R T e 4 ity 2 920 —12.0 =14.8
AVERAGE OF ALL ABOYE.
et [ ) Pl e e R R R e A e e 15 105 2, 760 — 4.2 4160
R P i 0 e e, i e e e e P 13 111 2762 — 4.6 + 0.4

A ¥Naos, 13and 14 averared as one uxjw.-rilm-m.

In the less directly comparable experiments Nos. 13 and 14 are grouped together as one,
since the average quantities of protein and energy are the same as in No. 7. The details, how-
ever, show that while the quantities of energy in the rvations were the same in both, No. 13 had
110 and No. 14 only 89 grams of protein. Nevertheless the results as regards gain or loss of
body material were almost identical. In each there was a loss of 12 grams of protein and in
No. 13 there was a gain of 27 grams and in No. 14 a gain of 24 grams of fat. The experiments
were 40 dayvs apart. We lay especial stress upon this circumstance, because it illustrates the
futility of drawing final conclusions from a single experiment. In each of these cases the
metabolism experiment was preceded by a period of 4 days with similar diet while the subject
was outside the calorimeter, but in neither case was nitrogen equilibrium obtained.  Neither one
of these experiments, therefore, could be taken as a basis for conclusion as to the quantity of
protein required for either nitrogen equilibrium or constant elimination of nitrogen. A special
reason for citing them here with No. 7 iz that they were made with the same subject as the other
experiments of the table,

The chief reliance is to be placed upon the more directly comparable experiments. In those
in which the subject was at rest, the alcohol ration furnished 2 grams more protein and 16 less
calories of energy per day than the nonaleohol ration. There was a larger loss of protein by 1.8
orams and a larger gain of fat by 3 grams with the aleohol. These differences are all very small,
hut in so far as they go they imply that the aleohol was somewhat less efficient as a protector of
protein than the fats and carbohydrates which it replaced. In the work experiments the alcohol
ration supplied 3 grams more of protein and 104 calories more of energy than the other.  With
hoth there was a loss of protein, the amount being 3 grams per day without and 1 gram per day
with alcohol: but since the aleohol ration furnished 3 grams of protein morve than the other,
there remains a deficit of 1 gram of protein per day against the aleohol ration as compared with
that without alcohol, and that notwithstanding the larger fuel value of the diet. Herve again the
aleohol ration is slightly inferior in protein protecting power.

Taking the rest and work experiments together, the aleohol rations, with an average of 3
grams of protein and 24 calories of energy per day more than the nonaleohol ration, show a
greater loss of protein by 0.6 gram per day. On the other hand there is a slightly larger
average gain of fat with the alcohol.

If we reckon the less comparable experiments in the general average, we have 111 grams of
protein with alcohol as against 109 grams without it. while the quantities of energy are the same
in hoth rations. The average loss of protein is 0.4 gram greater and the gain of fat 5.6 grams
less with the alcohol: but of course much less stress is to be laid upon the less comparable
experiments.

On the whole it is clear that in these experiments with this subject the alcohol was not as effi-
cient as isodynamic quantities of fats and carbohydrates in protecting protein.  Notwithstanding
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the energy of the alecohol was actually larger than that of the fats and carbohydrates which it
replaced, it did not equal them in protecting power. The difference is the more striking because
of the slightly larger average quantities of protein in the alcohol rations. On the other hand,
the differences between the amounts of protein and energy in the alecohol as compared with the
nonaleohol experiments are so slight as to imply only a slight inferiority of the alcohol in the
protection of protein.

While the alcohol was not isodynamically equal to the carbohydrates and fats in protecting
power, it would be going very far to deny that the experiments imply a positive protecting
action. Not only were the differences in favor of the protecting power of the carbohydrates and
fats as compared with the aleohol very small, but the quantity of energy supplied by the alcohol
was large. To claim that the alcohol has no protecting power would be to assume that the same
reduction of fats and carbohydrates in the rations without any replacement by aleohol would
have resulted in no greater differences in protein protection. This is in the highest degree
improbable.

In this connection the results of experiments Nos, 22, 23, 24 above referred to are worthy
of consideration. With the normal ration, plus alcohol, there was a gain of 1.4 grams of protein
and 63 grams of fat per day: but when, in the period immediately following, the alcohol was
removed, there was a loss of 1.6 grams of protein and a gain of only 9 grams of fat.

Eeperiments with 1. W. 8,—With this subject we have but one series of rest experiments.
This consisted of a preliminary period of + days, followed by four experimental periods, during
which the subject was in the respiration chamber. Throughout the preliminary and experi-
mental periods there was a uniform basal ration of ordinary food, supplying about 90 grams of
protein and 2,040 calories of energy. To this was added, in the preliminary period of 4 days,
commercial aleohol, furnishing about 500 calories of energy. The nitrogen in the urine during
the successive days was 12,2, lh 19, 16.4 grams: that is to say, there was a marked inerease of
protein et atabolism during the w hole period. The first three U\pumlli‘nt-. proper were of 2 days
each. In the first of these periods commercial aleohol, in the second w hisky, and in the third
brandy was added to the hasal rations, the quantities being sufficient to furnish the same amount,
about 500 calories, of energy. The daily guantities of nitrogen in the urine were 17.4, 15.4,
14.7, 14.2, 13.8, and 144 grams; that is to say, the rise in nitrogen excretion continued through
the first day of the first period: thereafter it fell. During the fourth period of 3 days the basal
ration was given without the alcohol. The nitrogen exeretion was 14.5, 16.2, 15.4 grams, thus
showing an increase again. The natural inference is that with this subject, who had always been
an abstainer, the rise in nitrogen excretion at first was due to the alecohol. The very evident fall
after the fifth day implies that the action of alcohol in increasing the nitrogen was transitory,
and that it had passed away at the end of the third period. The increase of nitrogen exeretion
in the fourth period was apparently due to the reduction of the ration by the removal of the
alcohol.

The average gains and losses of protein and fat for the separate periods may be tabulated as
follows:

Period. Days. Aleohol added to bazal ration. Gain (-} or loss (—)

grams per day.

Protetin. Fak,
vy e D T T oL e e e 12 +25
Bepomd = -7 | T e e e o R | =0 | +35
K Ty b v SR | R e g e e S R i qE | +21
1071 11 e el S [ 3 =il —£29

[1-Fa 10 et e e o B T 1 e s, Sl el T |

We thus have a gradual change from a loss of nitrogen to equilibrium and positive gain
with the aleohol, and on its removal a positive loss.  With the fat there is a constant gain with
the aleohol and marked loss on its removal.

While it would be unwise to generalize from a single series of experiments, the indications
here point clearly toward three conclusions: (1) The aleohol at first caunsed an increase of
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nitrogen metabolism and loss of body protein, but this effect was temporary: (2) thereafter
the aleohol protected body protein; (3) the alcohol protected fat throughout.

Erperiments with J. F. 8. —With the third subject there was opportunity to observe the
immediate effect produced upon nitrogen metabolism by the substitution of aleohol for a part of
the ordinary nutrients of the diet. Three series of experiments were made. Each included three
periods of 3 days each. In each series the subject received the same basal ration throughout,
but in addition thereto enough of either butter, sugar, or aleohol to furnish about 500 calorvies,
In the first series the subject was at rest, and the order of addition was butter, alcohol, sugar.
In the second series the subject was at work and received a larger diet, the order being sugar,
alcohol, butter. The third series was similar in all respects to the second except that the order
was= butter, aleohol, sugar.

These experiments were thus better adapted than any of those previously discussed to show
the immediate effect of the substitution of alcohol for other nutrients in the diet, and in each case
it will be seen that this substitution resulted in a loss (or an increased loss) of body protein,
which loss continued through the 3 days of the aleohol period. The subject was unused to
aleoholic beverages, and from what has already been said such a loss of protein during the first
few days of the aleohol diet was to be expected from the results of other similar experiments.
Whether this loss would have ceased on continuing the aleohol diet, as seems to have been the case
with A. W. S., the experiments do not show.

Erperiments with J. F. 8. —Gaing and losses of body protein and fat with and withowt alzolal,

Averages per day.

Experiments, | }:’;’:l In available food, Gmin {4 ) or loss ().
I Frotein, Energy. Protein, l Fat.
. £z | . i el ) 00
FBest experiments.

! 2 ; (irams, Clories. | Grama. (Franis. -
Wit aleohol, Mo 20 B8 et e e e e (i G2 2,253 | - 4.0 L2351
T ] T R e e g i S e 3| 92 | 2 264 I 6.0 +18. 2

1
Work erperiments. ! I i

i = I ' : &
Without aleohol, Nos. 20,31,82,84 ... .. ...oaoiiiiiiaiiiiaai s 12 a5 | 8. 251 i — 8.1 | —27. 5
s T e e e e e e e e o o [ a4 | 3, 255 I -14.5 | =277

|

Average of afl above, | | I
e T ] o e N R 18 | i | 2,918 — 5.4 —10. 6
1.6 —12.4

T s L e e SR S R e e Ll 9 3| 2o —11.

Thus all of the experiments with this subject would indicate clearly that for periods of 3 days
the alcohol was inferior to either fat or carbohydrates as a protector of protein. It should be
stated, also, that the loss of body protein with the aleohol was greater than the figures in the table
would indicate, for the nitrogen elimination of the period preceding the aleohol was in each case
slightly increased by the entrance of the subject into the respiration chamber, while that of the
period following the aleohol is increased by the lag in the excretion of the extra nitrogen
metabolized under the influence of the aleohol. The lag would, of course, likewise prevent the
effect of the alcohol from hecoming fully apparent in the first day of the alcohol period. Hence
a better idea of the actual effect of the aleohol would probably be obtained by omitting from
consideration the first day of each period. The average elimination of nitrogen thus becomes,
in the fore periods, 15.5 grams, in the alcohol periods, 17.1 grams, and in the after period, 15.5
grams per day, showing a difference in favor of the ordinary nutrients of 1.6 grams of nitrogen,
or 10 grams of protein instead of 6.2 grams, as shown in the preceding table.

It is also noticeable that the loss of body protein under the influence of aleohol was larger
with this subject when at work than when at rest. The difference is not great and may be
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simply accidental. It might, however, be interpreted as indicating that the subject worked to
hetter advantage on the ordinary diet than on the diet of which a part was aleohol. This would
accord with the concluzions drawn by Chauveau from experiments on dogs® and by Parkes from
extended observations on marching soldiers and workingmen,"

SNummary.—In interpreting these experiments two things are to be considered. One is that
the differences between the amounts of nitrogen excreted with and without aleohol are generally
very small.  The other is that there is good ground for the belief that with persons little
accustomed to the use of aleohol it may have a tendency to increase nitrogen metabolism. which
may counteract, to greater or less extent, the tendency to protect protein. though. with =ome
persons at least, this action appears to be temporary. The results with the individual subjects
may be briefly recapitulated as follows:

With E. O., who was acenstomed to the use of moderate quantities of alecoholic beverages, the
protein protecting power of the alcohol was apparent, but seemed to be somewhat inferior to
that of fats and carhohydrates.

With A. W. 5., an abstainer, there was an inerease of nitrogen-excretion during the first
days after the beginning of the aleohol diet, with a resulting loss of body protein, but this action
ceased after 5 or 6 days. and thereafter the alcohol apparently protected protein, though the
experiments do not show how its efficiency in this respect compared with that of the carbohydrates
and fats.

With J. F. 8., who was also an abstainer, there was, in each case, an increase of nitrogen
excretion and loss of body protein during the 3-day periods in which the aleohol replaced fat or
sugar. There was thus a marked inferiority of alecohol in protecting power. The result is
similar to that observed with A. W. 5. during the first days with aleohol, but the experiments
do not show what the effect of continuing the aleohol diet would have been. and they are,
therefore, not decisive.

Taking the results of all the experiments together, it may be =aid that—

1. They offer no evidence to imply that aleohol ean not protect protein, though they imply
in some cases it may. at least for a time, fail to do so.

2. On the other hand, they give very marked indications of its protein protecting power.

3. They imply clearly that in this rvespect it was in some cases nearly or quite equal and
in others decidedly inferior to the isodynamic amounts of earbohvdrates and fats which it
replaced.

Other coperiments wpor the protection of protein by aleofiol.—It is clear that the experiments
above described are not conclusive regarding the action of aleohol in protecting protein from
consumption. They were not planned for the study of this subject. To make the results decisive
the aleohol periods should be long enough to eliminate the more or less temporary action of
aleohol as a drug: the available enerey of the ration of the nonalcohol periods should equal in
some cases the total available energy of the aleohol ration, while in other eases it should equal
only that of the ordinary food of the alcohol ration, and finally. the experiments should he
repeated with ditferent persons and under different conditions., These facts we did not fully
understand when the experiments were begun, nor would it have been practicable with the means
at our disposal to make such experiments with men in the respiration calorimeter as would be
needed for the comprehensive study of the question.  Experiments of from twenty to thirty con-
gecutive days seem necessary for the most satisfactory results. For a man to spend so long a
time in the respiration chamber of our apparatus would be, to say the least, very tedious, and the
cost of such experiments, in labor and money, would have exceeded our available resources.
Fortunately, the results obtained by a number of other investigators, while our experiments were
being made and since, have done much to elarify the situation as regards the effects of aleohol
upon protein metabolism.

—— . — — —

‘Compt. rend. Acad. d. Se.  Par. 132, pp. 65 and 110.
Proc. Roy, Soe. 20 (1871-72), 402, and monograph ** On the issue of a spirit ration during the Ashantee campaign,
15874," ete.  London, 1875,
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Referring to the above-named reviews of the =ubject,” and especially to that of Rosemann
for details and references to the original memoirs, it will suffice here to summarize the results.
It appears that:

1. A large number of early experiments have brought conflicting results, some implying
the protection of protein by aleohol; others the opposite.  Of the former class those of Mogili-
anski are of especial interest. Of the latter those of Miura, made under the direction of Van
Noorden, and those of Schmidt and of Schoeneseiffen, under the direction of Rozemann. have
been much quoted. The general plan of experimenting followed by these three investigators
consisted in giving the subject an ordinary diet for a time and observing the nitrogen hulanr:l:,
Thereafter. during a period of four to six days. aleohol was used. In Miura's case the aleohol
was substituted for carbohydrates in a diet w ‘hich had been adequate for maintaining nitrogen
equilibrium: but with the alcohol the exeretion of nitrogen increased and the body Im:-t nitrogen.
With Schmidt, aleohol was added to a diet with which nitrogen equilibrinum had been maintained;
the alcohol did not diminish the exeretion of the nitrogen and the equilibriam continued. With
Schoeneseiffen. aleohol was added to an inadequate diet with which there was loss of nitrogen:
the loss continued with the aleohol.

These experiments have furnished the chief basis for the contention that aleohol can not
protect pl‘utei n. In Miura's case the increase of nitrogen excretion with the aleohol was as large,
and. indeed, in one instance very slightly larger, than when the ecarbohydrates were removed and
no alecohol was used in their plnm. Miura, and after him Rosemann and others. inferred that
aleohol was unable to protect protein from disintegration. and went so far as to ascribe to it
a positive disintegrating action and to apply to it the term *° proteid poison.”™

2. Neumann, in 18949, made experiments on a similar plan., save that the aleohol period was
continued for sixteen days, during which part of the fat of the normal diet was replaced by
alcohol. He found that during the first four days of the alecohol period there was no evidence of
protein protection; the nitrogen excretion was increased and was as large as during another
period when the ordinary ration was reduced and no aleohol was used in its place. Thereafter
the nitrogen exeretion diminished, and during the remaining twelve days of the aleohol period it
wis the same as with the normal ration. When the alecohol was removed and nothing substituted
the exeretion of nitrogen increased as before. Neumann concludes that in his own case the
failure of the alcohol to protect protein at first was probably due to a specific though temporary
action by which it tended to increase tlLe disintegration of protein so that the tendency to protein
protection was counteracted. Later this special action disappeared and the protecting action
came into full play.

Neumann's interpretation of his experiments was questioned by Rosemann. who has been a most
vigorous opponent of the theory that aleohel can protect protein, and a keen critic of the experi-
ments which have seemed to favor this view. He maintained the disintegrating. but questioned
the protecting action of the aleohol. alleging defects in the plans of Neumann's experiments.
Neumann, without replying, repeated his experiments in such ways as to meet Rosemann’s objec-
tion=, and found conclusive evidence of the protecting power of the alcohol, these later results
I.H:-mg published early in 1900. In 1901, Chotzen, working under the direction of Rosenfeld. and
in 1801, Clopatt, each ]mhhahml results of inquiries which agreed with Neumann’s. Meantime
Rosemann made several series of experiments of his own, rhle outcome of which, to his surprise,
clearly demonstrated the protecting power of aleohol, and confirmed the views maintained by
Neuwmann. He has taken the pains to prepare an extensive summary of the experimenting in
this field. " in which he assents fully to the interpretation placed by Neumann. Rosenfeld, Chotzen.
and Clopatt upon their experiments: believes that the protection of protein is shown by other
experiments, as those of Mogilianski: considers it fully dcnmnatmtod by his own ewl}prlment«,. and

* Rosemann interprets two of our experiments, Nos. 7 and 10, the only ones tiwn puhl:-hm a= not showing the
protection of protein; an interpretation from which we should not dissent, since No. 7 was exceptional, and two
experiments could handly suffice for the establishment of the prineciple.

" Zpe page 261.
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comes to the definite conclusion that alcohol has a twofold influence upon the metabolism of pro-
tein, as previously suggested by Neumann. He is inclined to believe, with Nenmann, that the
disintegrating action is most apt to oceur with persons little accustomed to the use of alcohol, and
is of short duration, while in its action as a protector of protein it is analogous to the carbohy-
drates and fats, its influence being due to the utilization of its energy by the body. According to
this view, the results obtained by Miura and others, in whose experiments the alcohol periods
continued only from four to six days, are explained by the disintegrating action of the aleohol,
which counteracted the protecting action, so that the resultant effect was an apparent failure of
the alcohol to protect protein.  With Neumann the alcohol periods continued after this disin-
tecrating action ceased, and showed the more permanent protecting influence. The fact that ina
number of the experiments the protecting influence was manifested from the start is explained
by the absence or only partial action of the disintegrating tendency.

We have, then, a clearly defined theory regarding the influence of alcohol upon proteid
metabolism. This theory assumes two different kinds of action of alecohol. In the one it is a direct
protector of protein, and serves the body as food; in the other it tends to disintegrate protein,
and acts as a drug. The belief in the first action follows as a corollary from the oxidation of
alcohol in the body and the transformation of its energy. In undergoing these changes alcohol
is similar to sugar, starch, and fat, which, by their own oxidation and consequent supply of
enerey to the body are able to protect the constituents of the food and of the body, including
protein, from oxidation. That aleohol may and does protect protein is abundantly demonstrated
by the experiments above cited.

The disintegrating influence of aleohol upon protein is less definitely proven. The theory
i= little more than a convenient hypothesis for explaining the failure of alecohol, under some
circumstances, to protect protein. It is the only satisfactory hypothesis which has thus far
been sugeested. It is all the easier to accept because of the considerations that the breaking
up of protein compounds in the body seems to be influenced, in some unexplained way or ways,
by the nervous system,and this latter in turn is influenced by aleohol. In our own experiments,
for instance, the excretion of nitrogen is apparently affected at times by the mental condition of
the suhject.

In large enough doses alcohol has a paralyzing effect, and may thus reduce general metabolism
to 2 minimum and canse coma or even death. There is no proof that it can not, on the other
hand, increase proteid metabolism.

The positive proof of the disintegrating action of aleohol upon protein is limited in amount.
The experimental demonstration must be sought in cases in which more protein is broken down
with aleohol than without it, the ration of ovdinary food being otherwise the same in both
cases, We have been able to find only three cases on record in which the amount of protein
thus broken down with aleohol apparently exceeded by more than 0.1 gram of nitrogen per day
the amount broken down without alcohol. They are discussed in the review above referred to.
The first was in one of Miura’s experiments, in which the excess with aleohol amounted to
0.5 gram of nitrogen (3.2 grams of protein) per day during an aleohol period of four days.
The second was in one of Neumann's experiments, in which the excess during the first four
days of an alcohol period of ten days was (.9 gram of nitrogen per day. During the remaining
six days of the same period the nitrogen excretion was less by 1.5 grams per day than in the
corresponding period without aleohol. The third was in an experiment by Clopatt. During
the first six days of an alcohol period of twelve days the nitrogen execretion exceeded that of
a corresponding period without alecohol by 2 grams per day. During the remaining six days
of the same alcohol period the nitrogen exeretion was less by 1.4 grams per day than it was
without alcohol.

It <eems to the writers that in view of the unavoidable irregularities in the nitrogen balance in
such experimenting these data are insuflicient to demonstrate the disintesrating action of aleohol,
but. taken in connection with the need of an explanation for the oceasional failure of aleohol to
protect protein, they make the theory plausible.
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Sources of uncertainty in this kind of experimenting.—One point wnich bas hardly received
the attention it deserves in discussions of this kind is the uncertainty of the nitrogen balance in
any given case as a measure of the actual influence of a given condition upon nitrogen metab-
olism. Thishas been emphasized elsewhere in the present memoir (see pp. 393 and 394),  Differ-
ences which look large in a table of figures are often far inside the unavoidable variations in
actual experimenting.

Even when the differences are significant the interpretation may be erroneous. A striking
illustration of the danger of such ervor is found in the current discussion of the guestion we are
now considering. For a number of years past writers upon this subject have insisted most
positively that alcohol, instead of being a protector of protein, is a protein poison. This theory
is based almost wholly upon the experiments of Miura, Schmidt, and Schoeneseiffen.  The experi-
ments of Neumann, Rosenfeld-Chotzen, Clopatt, and Rosemann, not to speak of others, including
our own, have shown that this theory was wrong and have given us a very plausible hypothesis
to explain why it was wrong.

We can not insist too strongly upon the danger of drawing positive conelusions from figures
for nitrogen balance as a measure of protein protection by either aleohol or sugar or starch or
fat. Certainty comes only with careful planning and execution and manifold repetition of
experiments.

Incidentally, it is to be noted that the exeretion of nitrogen in the urine is not necessarily an
exact measure of the amount of proteid broken down in short periods, since the time hetween the
disintegration of the protein and the appearance of the nitrogen in the urine, the so-called
nitrogen lag, varies widely. The longer the experimental period the less the error from this
SOUrce.

Finally, there is the unsettled question as to how much of the protein metabolized is that of
food and how much comes from organized tissue.

Final conclusions vegarding the influence of aleohol wpon protein  wmetabolisie.—The
experiments and considerations above cited seem to us to warrant the following conclusions:

1. The power of alecohol to protect the protein of food or body tissue, or both, from
consumption is clearly demonstrated. Its action in this respect appears to be similar to that of
the carbohydrates and fats: that is to say, in its oxidation it yields energy needed by the hody,
and thus saves other substances from oxidation. In this way alcohol serves the body as food.
Just how moderate quantities of alcohol compare with isodynamic amounts of sugar, starch, and
fat in the power to protect protein from catabolism is not yet settled. Apparently it is in some
ecases equal, in others inferior, to these substances. It is by no means certain that the fats and
carbohydrates ave always equal to each other in this power.

2. Alcohol appears also to exert at times a special action as a drug.  In large quantities it is
positively toxic, and may retard or even prevent metabolism in general and proteid metabolism
in particular. In small doses it seems at times to have an opposite influence, tending to increase
the disintegration of protein. This action, though not conclusively demonstrated, is very
probable. It offers a satisfactory explanation for the occasional failure of alcohol to protect
protein, the assumption being that the two tendencies counteract each other. The only
justification for ealling aleohol a proteid poison is found in this disintegrating tendency. This
pharmacodynamic action of alcohol appears to be temporary and most apt to occur with people
little accustomed to its use. The circumstances under which such action occurs can not now he
fully defined.

Influence of coffee upon protein metabolism in these cxperiments.—In some of these experi-
ments alcohol was administered with coffee, in others with water. It might be thought that the
presence of the coffee would interfere with the action of the alecohol.* The figures give no
support for this view, as= iz shown in the following tabular statement.

2 Zee Woodbury and Egbert, A Physiologic Consideration of the Food Value of Aleohol, Jour. Am. Med. Asse.,
Mar. 31, 18900,
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Elimination of safrogen in pregence and alizenee of eoffee,

[Quantities per day.]

| Nitrogen.
Kind and number of experiments, Days. | Gain (4}
Iee food, | Im fewes. | In urine. lorloss (=)
| o Body,
—— 1 i — -
[
I. With coffee: | Grame, | Groms, | Grams. | Graus.

Average 4 experiments with alcohol [10, 13, 18, 22]..........] 13| 18.6 | 1.2 15.2 —0. §
Averare 4 experiments withonut aleohol [9, 11, 21, 247 .. ____ 14 | 18.6 1.5 17.5 —0), 4
Increase (4 ) or decrease (—) withaleohol L. iaooo]aaaans i | 0.3 | 0.7 —ik 4

II. Without coffee: I .
Average b experiments with aleohol [(19, 20), 27, 30, 33]..... 13 15. 8 1.0 16.1 | —1.3

Average 7 experiments without aleohol [21, ﬂ‘!: .,Sl (2, 31} :
[Hohea s S e e S e T e 15. 9 1.0 15.7| =0.8
Inerease (<) or decrease (— ) with aleohol ... .. Eph b Sl e -0 1 0] 0.4 —0. 5
Increase () or decrease (—| in presence of coffee. ... f.._..C +0.1| —0.3 | 0.3 0,1

IT1. Direct comparizon, alcohol with and without coffec: '

Experiments 15, 17, 15, aleohol given with coffee_ ... .. _._.| i 16. 5 0.8 16.0| —0i4
Experiments 16, 19, 20, alcohol given withont coffee _________ | 6| 165 10| 14.%| <0.6
Inerease (=) or decrease (— ) in presence of t'r.ifiEL-....“.“..'._____l ol —0.1 | 1.1 ‘ —1..0

This table comprises all of the experiments that are directly comparable. The experiments
in which the aleohol was given with coffee are averaged together and compared with the corre-
sponding nonalcohol experiments, and the figures in the third line of ecategory I show the effects
of aleohol in presence of coffee. Under IT a similar comparison is made of the experiments in
which no coffee was wiven, the third line of ficures here showing the effects of aleohol when
taken alone. By subtracting the third line of figures under IT from the corresponding figures
under I we obtain values which may be taken as showing the influence of the coffee. A more
direct comparison of vesults with and without coffee is given under III, but the number of
experiments compared is necessarily smaller, and therefore individual variations have relatively
much greater weight. While the differences which could be attributed to the coffee are probably
within the limits of experimental ervor, it would seem that if there is any effect it is to increase
rather than to retard proteid metabolism.

EFFECT OF ALCOHOL UPON THE RADIATION OF HEAT FROM THE BODY.

A eurrent theory maintains that although aleohol supplies heat to the body it also increases
the radiation of heat from the body, so that much or all the energy it supplies is wasted.

This theory is based upon two kinds of evidence, which are well attested and make it very:
plausible.  One is the distension of the blood vessels which cause the flush of the skin when
alcohol is taken.  The other is the lowering of the temperature of the body after the ingestion
of aleohol, which is shown by many of experiments and is explained by the loss of heat.

Some writers even go so far as to elaim that the extra heat radiation due to the distension
of the peripheral vessels is greater than the heat supply from the oxidation of the aleohol.
According to this view, aleohol, instead of being a source of energy, is a cause of its loss to the
hody.

The difficulty with the theory is the exaggeration of the influence of small quantities of alcohol
in inereasing heat radiation.  While the temperature of the body has bheen found to fall consid-
erably after the ingestion of large doses of aleohol, and especially under exposure to great cold,
the effect of ordinary doses is slight and often imperceptible.

In the experiments here deseribed the determinations of body temperature were made with
an ordinary clinical thermometer in the mouth and axilla, as elsewhere stated. This method,
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which is the one ordinarily followed, does not give vesults as aceurate as ave to be desived. 1In
some of the earlier experiments, especially with E. O., the observations are of doubtful value.
Steps have been taken in this laboratory to devise a thermometer and method of observation
which will show more aceurately the vaviations of internal temperature of the body.*  Meanwhile,
as may be seen from the detailed figures, it is clear that the observations do not imply that the
bodily temperatures with and without aleohol were greatly different. This agrees with the
results of other observations."

The aleohol used in these experiments was equivalent to about T2 grams of absolute alecohol
per day taken in 6 doses. This is about the amount contained in an ordinary bottle of wine with
10 per cent alcohol or 3.or 4 glasses (6 or 8 ounces) of whisky.

If we use our own observations and the others just veferred to as a basis, it would seem that
the fall of body temperature produced by such amounts of aleohol might ordinarily range from
nothing to one-half of a degree centigrade. The heat which the body of an average man would
have to lose in order to reduce the temperature one-half of a degree might be roughly caleulated
as follows:

We may take the weight of the hody of the average man at 148 pounds, or 67 kilos. ~ The
specific heat of the body is not exactly known, but may he estimated at 0.83.  On this base a fall
of temperature of one-half of a degree centigrade would corrvespond to ¥ (67 x 0.83), or about
28 ealories. Of the 72 grams of alcohol, 5 or 99 per cent, or between 70 and 71 grams, would
be burned in the body, and would yield at 7.1 calories per gram about 500 calories of heat. By
this estimate, if the 72 rams of alecohol were taken in one dose and caused a lowering of the
body temperature by one-half of a degree, the 2% calories of heat wasted in the extra radiation
due to the alcohol would be one-eighteenth the amount supplied by its combustion.

This method of caleulating the amount of heat which the hody must lose in order to produce
a given fall of temperature is hardly correct. It would be so if we had to do only with a fixed
amount of heat at the outset and a fixed amount of loss.  But, as a matter of fact, the body is
constantly gaining heat from the oxidation of material from within and constantly losing not
only by outward radiation, but in other ways, as in the exhalation of air and water, vapor in
respiration, in the exeretions of the kidneys and intestine, and in the evaporation of water from
the skin. The actual temperature depends upon the income and outgo of heat. The income
depends upon the material oxidized in the body. The outgo is regulated to a greater or less
extent by processes which are not fully understood, but in which the nervous system is the
important agency.

Evperimental inguiries.—Meanwhile we may consider the experimental evidence bearing
divectly upon the question of the radiation of heat with and without aleohol.

In a series of experiments by Reichert with dogs the effect of aleohol on the radiation of heat
was tested.®  The experimental periods were, however, only 3 or 6 hours each, and there was no
complete comparison of the effects of different diets. The rate of heat radiation and the change
of hody temperature were carefully observed. The results implied a probable but at most very
small increase of heat radiation as the result of administering aleohol.

“F. G. Bexepicr and J. F. 8xeen, Eine neue Methode um Kirpertemperaturen zn messen.  Archiv. f. d. ges.
Physiologie 88, p. 492 (1901).

b The results of the most reliable observations are well summarized by Pesmerey (Schaefer's Physiology, I, 820)
in the following statements:

“ Varicus observers have found that aleohol taken in ordinary quantities as a beverage causes a slight depression,
generally less than half a degree, in the temperature of healthy men. On the other hand, poisonous doses may
cause a fall of 5° or 6°—in fact, many of the lowest temperatures recorded in man have been observed in drunken
persons exposed to cold. See Davy, Phil. Trans., London, 1850, p. 444; Licarexrers and Friavien, Denlschiiften
d. k. Abad. d. Wissensch., Wien, 1852, Bd. iii, Abth. 2, 8. 131; LavLemaxn, Perrix, and Deroy, ‘Du rile de I'aleool
et des anesthésiques dans Porganisme,” Paris, 1860; OGLe, S George’s Hosp, Rep., London, 1866, vol. i, p. 233;
Rixer and Rickarps, Lancet, London, 1866, vol. ii, p. 208; Coxy Bouvier, Areh. f. d. ges. Physiol., Bonn, 1869,
Ed. ii, 8 370; Goperix, *De I'aleool, son action physiologique, ses applications thérapentiques,” 1869; WECKEERLING,
Dewtsches Arch. f. Hin, Med., Leipzig, 1877, Bd. xix, 8. 817; Zuxrz, Fortschr, d. Med., Berlin, 1887; Geepert, Arch.
f. exper. Path. w. Pharmakol., Leipzig, Bd, xxii, 36; Parges and Wortowrcz, Proe. Roy. Soc. London, 1870, vol. xviii,
p. 962, found that aleohol in ordinary quantities had no effect on the temperature of a healthy wan.”

“Therapentic Gazette, February, 1590,
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The experiments with men in the respiration calorimeter here described give extended data
regarding both the consumption of fuel and the radiation of heat. The details are summarized
in Table CXX in the appendix. The final outcome is simple and may be illustrated by two cases,
Groups A and D. In each there were two experiments, practically alike, save that one was with
ordinary diet and the other with a diet in which part of the fats and carbohydrates were replaced
hy alecohol as above deseribed. In Group A the subject was at rest, i. e., doing no external
muscular work., The potential energy of the material burned in the body and the amounts
of heat given off in calories were practically the same, as is shown by the figures herewith. The
differences in the results without and with alcohol are entively within the limits of ordinary
variation:

Comparizon of energy of material metabolized and heet given off per day in vest experinents with and without aleohol,

|
 Energy given

I l-'.ner?LlnI -

Diet. | terial burned. :ﬂ'ﬂ .g Lré";tl_’m!!"

\ Culorics, | Culories.
Without alcohol, experiment Mow 9. - oo i oo ieiiiumsasaaa. e | 2, 309
With aleohol, experiment No. L0 oo oo oo e 2,268 | 2, 255

If the alcoho! had caused increased radiation of heat, more heat would have been given off
from the body and more fuel would have been required, and naturally more would have been
burned in the aleohol experiment than in the other. Such, however, was not the case.

In the experiments of Group B the man was engaged for eight hours a day in active muscular
work, driving a stationary bicycle. The amount of work was such that he burned enough fuel to
yield in all 3,900 calories, and, as the food did not supply enough, he used up some of his store of
body fat. The results of such experimenting imply that when the body has not enough food for
its support and is forced to draw upon its reserve capital, it uses the materials economically.
The energy given oft from the body was in two forms—heat and external work. This work was
practically the same in both experiments and is reckoned with the heat in the energy given off.

Comparigon of energy of moterial metabolized and heat given off per day in work experiments with and without alcokol.

| Energy given

Energy of off by the
DMet. material body as heat
burned. and muscular

| wirk.

: Calorics, | Cielarics,
Wathoi b aleabol, experiment B0, Il o e e e e 3, 901 | 3,922
With alcohiol, experment Mo, 12 . ... oo m oL ddececaamaie 3,033 3,927

Here again there was slightly more fuel burned per day with alcohol than without, though the
difference was small, while the amount of heat given off was practically the same in the one case
as the other. So far as the disposal of the energy is concerned, the figures imply that aleohol was
used as economically as the fat. sugar, and starch which it replaced, and that it caused no increased
radiation of heat.

We have. all told, 13 experiments with aleohol, covering 36 days. For purposes of com-
parison these have been grouped, as already explained (p. 241), with 13 experiments without
alcohol. covering 43 days.

The =ubject in 5 of these groups, E. O., was a man who had been long accustomed to the
moderate use of aleoholic beverages. The subjects in the other four groups, A. W. 5. and
J. F. 8., were two men who had always been total abstainers.

The vesults are summarized in the table herewith, which is condensed from Table CXX of
the appendix.  The first column gives the figures for energy for material actually oxidized. The
figures in the second column show the relation between the averages of experiments with alcohol
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and those without aleohol, the latter being taken as a basis (100 per cent). The corresponding
values for total and proportional energy measured as heat in the two classes of experiments are
shown in the last two columns of the table. Thus, in the average of all the experiments without
alcohol the energy of the material actually oxidized was 2,717 calories.  In the average of all the
experiments with alcohol it was 2,746 calories. The latter was 101.1 per cent of the former."

Tapre 6. —Comparisen of eneegy of materiol aridized awd heat given off in experiments awith cndd without aleohel.

[Averages per day.]

| Energy of material oxi-

far L]
dizod. Heat given off.

EXPERIMENT: MORE DNMREECTLY COMPARABLE.

Arverage of work and rest experiments,

| Onforice. | Pereents Calarics, er eenl.

Without aleohol (8 experiments) . ..o o ... ... coocccsscmaaamacamanmnal 2,825 | 10M0. 0 2, 46 1040 O

With alcohol (6 eXpPeriment®). ..o verrnemmeecrcmamrame e cemeeeae . 2,541 100. 5 2, 049 100 1
|

EXPERIMEXTA LE=2 DIRECTLY COMPARABLE,
Average of rest experiments,
Without alcohol (4 eXperiments). . ..o...oooiuirmcuaemerimmmanninnsans 2, 302 100. 0 | 2,277 100. 0
With alechol (7 experiments)........ R R e e S e T 2 306 102. 4 | 2, 358 | 103. 5
AVERAGE OF ALL ABOYVE EXPERIMENTS.
trroups A=T. [ |
Without aleohol (13 experiments) ........oeemnmmmn e 2 717 | 100, 0 o oTe3 1040, 0
With aleohol (13 experiments). . ..cccececceaoaoaoaaacccataaaaaananaas- 2,746 | 101.1 | 2,762 | 101. 1

- —— i e—— - - —

There was slightly more fuel burned and more heat given off from the hodies of the men when
they had alcohol in their diet than when they had the same amount of protein and energy in a
diet without alcohol, but with conditions otherwise similar. The differences, however, were very
small; in the more directly comparable experiments the excess of fuel burned with the aleohol
diet, ax measured in calories, was only five parts and that of heat given off only one part in 1,000.
In the less directly comparable experiments the differences were larger, but still small.

The quantities of total food were generally below rather than above the requirements of the
body, especially in the work experiments, as may be seen from Table CXX of the Appendix.
The general results of experiment imply that under such circumstances the body makes economical
use of its food and its reserve supply of material. The fact, therefore, that under these conditions
the oxidation of material and radiation of heat were so nearly the same with the rations with and
without aleohol add still greater force to the comparison.

The coneclusion is that in these experiments, with three different men at rest and at work,
when 72 grams of aleohol per day taken in six doses and furnishing 500 calorvies of energy
replaced the isodynamic amounts of fats and carbohydrates, the alcohol caused no considerable
increase in the amount of heat radiated from the body.

If the alcohol in these experiments had all been taken at one dose, it might have caused the
cutaneous vessels to dilate, stimulated the sweat glands (), and increased the circulation, and
thus increased the heat radiation. If there had been enough to cause the ordinary symptoms of
intoxication. and especially if it had sufficed to induce the comatose condition for which the
expression ** dead drunk™ is used, and if the men had at the same time been exposed to severe

s A difference so small as this is well inside the range of unavoidable errorin single experiments. It is only
where a large number of such experiments are averaged that differences of one or two parts in one hundred could
probably be regarded as significant. :

*Including heat equivalent of external muoscular work in the work experiments,

¢0f amount oxidized without aleohol.
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cold. the production of heat in the body might have heen retarded. and the radiation increased
s0 a= to lower the body temperature by several degrees.

RAPIDITY OF COMBUSTION OF ALCOHOL IN THE BODY.

There is a popular impression that alecohol is burned in the body much more rapidly than
ordinary food. and that in consequence not only is the energy resulting from its oxidation wasted.
but derangements of bodily functions may result from the rapid combustion of the aleohol. The
exact grounds for the belief or nature of the supposed disturbances we have not seen distinetly
stated.  Nevertheless, as the impression prevails to some extent, at least among physicians and
physiologists, it seems to demand consideration.

Leaving out of account the unsettled question as to how soon after the ingestion of the aleohol
its oxidation begins, the main problem is the rate of oxidation. If it is especially rapid, either
one of two results may follow. The oxidation of other materials may go on as usual, in which
case the total production of carbon dioxid and heat will be abnormally large: or the oxidation
of other substances may be diminished =0 as to compensate for more or less of the oxidation of
the aleohol, in which case the rate of production of carbon dioxid and heat may be little, if any,
larger than without the alcohol. The natural test will be found in the measurement of these
ates of production. So far as we are aware no adequate tests of this character have thus far
been made. '

In examining the literature of the subject we have not suceeeded in finding any experimental
proof that the rate of elimination of carbon dioxid or heat from the body is materially increased
or decreased by moderate quantities of aleohol.  Satisfactory tests would involve the measurement
by short periods, as, for instance, hour by hour. Our own experiments were not planned for
thi= purpose, and the measurements were made generally in six-hour periods. There was noth-
ing in the observations to imply that the rate of production of either carbon dioxid or heat was
materially inereased either immediately after the ingestion of the aleohol or later.

Part of the heat given off from the hody is carried away in water vapor given off from the
lungs and =kin. but the larger portion finds its way to the water current, by which it is carried
out of the chamber. The rate of flow of this current and it= rise of temperature in passing
through the chamber thus measure the rate of evolution of heat from the hody other than that
carried away by water vapor.

The observations of rate of flow and rise in temperature are made every few minutes. and
thus show the rate of evolution of the larger portion of the heat.

We have taken the pains to calculate the evolution of heat for hourly periods for three series
of experiments, in which the aleohol diet and ordinary diet were compared, viz, Nos. 22-24,
26-25, 20-31. The calculations, however, have been limited to the night periods between T p. m.
and T a. m., because the evolution of both carbon dioxid and heat is much more regular by night
than by day, and any disturbance, such as might be caused by the rapid oxidation of aleohol,
would be more easily detected in comparing the figures for the experiments with and without
alecohol during the night periods.

The results of these comparisons arve negative. There are practically no more irregularities
or indications of disturbanece in the alcohol than in the nonaleohol experiments. There is nothing
in the ficures which seems to us to indicate any appreciable tendency toward increase of heat
production during the first, second, or third hour after the ingestion of the alcohol. The figures
are, indeed, so destitute of such indications as to hardly warrant their printing.

We are therefore led to the conclusion that in these experiments either the aleohol was not
suddenly or rapidly oxidized, or if there was such rapid oxidation, there was a corresponding
deerease in the oxidation of carbohydrates, fats, or protein.

It is interesting to note that this conelusion accords with the other observations, viz, those of
the total heat produection and the economy of the use of energy in the rations with or without
aleohol.  All of these imply that the alechol, carbohydrates, and fats simply veplaced one another
as sources of energy: that as either was oxidized the others were proportionately spared.
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ALCOHOL AS A SOURCE OF HEAT IN THE BODY.

In the rest experiments the heat given off from the body was equivalent to the total potential
energy of the materials oxidized. This was as true in the experiments in which alcohol made
part of the diet as in those with ordinary food exclusively. The aleohol must therefore have
contributed its full quota of heat as truly as did the starch or fat. and all its potential energy was
converted into heat within the body.

In the work experiments the same principle applies, and it follows that unless all the
potential energy of the aleohol was converted divectly into that of external muscular work part
must have been converted into heat within the body. But the total energy of external muscular
work was at most the equivalent of 280 calories, while the energy of the aleohol was about 500.
Even if all the external work was done at the expense of the aleohol, there would remain 220 calories
which must have been transformed into heat within the body. But it is extremely improbable
that the aleohol supplied all and the ordinary food none of the energy of external work. Inso far,
therefore, as the latter came from the ordinary food, more than 220 of the 300 calories of the
alecohol must have reached the form of heat within the body.

We have to do here with the question: Of the total energy which was potential in the alcohol
and was made kinetic by its oxidation, how much was transformed directly into heat and how
much was first changed to the energy of muscular and other bodily work, internal and external.
and was afterwards transformed into heat?! This involves two fundamental problems. One is
the still unsettled physiological question as to whether the production of muscular energy in
general is or is not a direct transformation of potential into mechanical energy. The other is the
more specific question as to whether the energy of alcohol is like that of the ordinary nutrients
of food in its transformation into muscular energy. Both will be referred to bevond in the
disenssion of aleohol as a source of muscular energy.  Meanwhile it is safe to say that:

1. Unless all the potential energy of the aleohol was transformed directly into the energy of
internal work in the rest experiments or into that of internal and external work in the work
experiments, a supposition that seems highly improbable, part must have been transformed
directly into heat in the body.

2. Whether the potential energy was first transformed into muscular energy or not, the whole
in the rest experiments and part at any rate in the work experiments reached the form of heat
within the hody.

The conclusion is that in all these experiments aleohol was a source of heat for the hody.

ALCOHOL AS A SOURCE OF MUSCULAR ENERGY.

(reneral considerations,—The question whether or not the energv of aleohol is used for
muscular work is not yet definitely answered. The experiments thus far made do not provide
means for tracing the energy of the alcohol through the changes it undergoes in the body, and
finding how much of it becomes museunlar energy. Nor is it easy to devise such experiments.
The difficulty is that the potential energy of the aleohol is transformed along with that of other
materials oxidized, and there is no known way of separating the kinetic energy which comes
from the alcohol from that which is supplied by the carbohydrates or fats or protein. While
there is no evidence of any differences between the ene oy from the several sources, the absolute
proof that no such differences exist is not vet at hand.

Back of this is the more fundamental guestion as to how muscular energy is produced.
Concerning this two theories are held. One is that part of the potential energy of the food
and body material oxidized is converted directly into the mechanical energy exerted by the
musele. The other is that the contraction of the muscle, by which its work is done, is due to
heat. According to this view, practically all of the potential energy is first transformed into heat
and a part afterwards appears as muscular energy. If the second view is correct, it is hard to
see how the heat derived from the oxidation of the alcohol should be in any way different from

Yol. &—No. 6——+4&
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the rest of thp heat. If the muscular energy is the first produet of the transformation of
potential energy, it is conceivable that there might be some attribute of alcobol which would
prevent its ]nutvutm] energy from being changed into mechanical energy. But there is nothing
in the vesults of experiment to imply any such difference between alcohol on the one hand, and
sugar, starch, or fat on the other. The case regarding the transformation of energy is like that
just referred to regarding the use of the energy after it is transformed. There is no evidence
of any difference between aleohol and other nutrients in either respect. but there is no proof that
the difference does not exist.

The most satisfactory method of study of this question as to whether aleohol can be a source
of the mechanical energy exerted by the muscles is by measuring the amounts of different
substances metabolized and the amounts of muscular work done. and thus eetting light upon the
comparative efficiency of the several substances as parts of a diet for muscular work.

If the experiment could be made with lean meat and alcohol in such a way that the body
could obtain no other fuel than alcohol and protein, and the energy of the internal and
external muscular work should be found to exceed that of the protein, it would be clear that
the rest of the muscular energy must come from the aleohol. But as yet we have no means for
measuring the internal work. and it would probably be difficult to find a man who could do
much external work day after day on such a diet without drawing upon the store of material
in his body.

For the present, therefore, we are limited to experiments in which other fuel is burned with
the aleohol, and our conclusions must depend npon measurements of (1) the energy supplied hy
each kind of fuel, (2) the energy given off from the hody, and (3) the amount of museular work
performed.

Here again we meet a difficulty, namely. that of measuring the muscular work. We have
to do with two kinds of work. external and internal. The external work is that which is
performed outside of the body, as. for instance, the power which a man riding a bicycle applies
to the pedals. This is capable of quite accurate measurement. Such measurements were made in
the experiments here described. By internal work is meant that of ecirculation, respiration,
digestion, ete. Thus a not inconsiderable amount of energy must be used for the muscular
contractions of the heart by which the blood is pumped out through the arteries and back from
the veins. It is held by some physiologists that a large portion of the total energy supplied by
the food is used for this internal physiological work. At present no exact method is known for
measuring the internal work of the body. It is transformed into heat hefore it leaves the body
and in the experiments with the respiration calorimeter it is collected and measured as part of
the total heat given off. But this total heat includes also the heat which was produced in the
body and not used for muscular work, and no way has yet heen found to distinguish between the
heat which has and that which has not heen unud, and to measure the two quantities of heat
separately.

We know from measurements of the external mmuscular work that it represents at most a
fraction. and generally a small fraction of the total energy transformed. It may be that in the
case of a man doing a large amount of muscular labor this external work added to the internal
work would account for the lurger part of the total energy transformed in the hody.

The measurements of income of energy from the oxidation of ordinary nutrients and aleohol
and of outgo of energy in the different forms of heat and external muscular work therefore do
not answer the specific question as to how much of the energy provided by the aleohol is used
for either internal or external muscular work. or both.

E}'rmru;rlal,r r:-f utilization "f.r‘ the EReriy :{f the vations anath and wwithout urf:'rﬁﬁm?.-—“'e may
nevertheless get some light on the question by putting it in another way: Is the total energy
of the ration used as economically when part of it is supplied by alecohol as when the whole comes
from ordinary food? The question may bhe approached in two ways, (1) by considering the
differences in the amounts of available energy in the diets with and without aleohol, and compar-
ing these with the energy in the body protein and fat gained or lost in the two cases, and (2) by
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comparing the energy of material actually oxidized in parallel experiments with and without
alcohol. The principles here involved may be explained as follows:

The enerqy needed and wsed by the Fuu{y. The body requires and uses a certain amount of
energy. This amount is larger when the man is at work and smaller when he is at rest.  "The
larger the amount of energy used, the more material will be metabolized to furnish it. If the
available nutrients of the food exceed the amounts metabolized, the excess will be stored in the
hody. Assuming the store of carbohydrates to remain constant, the body will gain protein or
fat or both. Translating this last statement from terms of material to terms of energy, if the
available energy of the food exceeds the energy metabolized, the amount of energy in the hody
will he increased by the storage of energy in protein or fat.  On the other hand, if the available
energy of the food does not supply the demand, the lack will he made up by drafts upon body
protein or fat. We thus have two measures of the energy used by the body. One is the gain or
loss of hody protein and fat with a given amount of available energy in the food. The other is
the total energy metabolized whether it be more or less than the available energy of the food.

FEeonomy of utilization of energy.—We have distinguished between the energy needed and
that actually metabolized. If the body uses the energy economically it does not metabolize more
than it needs. But it does not always make the most economical use of either material or energy.
1f it has more food than it needs, it may use this wastefully. Part of the excess of material, at
times perhaps the whole, may be stored for future use, but often more or less of the excess is
simply consumed and the energy wasted. On the other hand. if the food only equals the demand,
and especially if it falls short and body material has to be drawn upon. the body will probably
make economical use of the energy of both food and body material. This was the case in the
experiments now under discussion.  When the men were at vest the food supplied but little more,
and when they were at work it supplied less, than was actually needed. In these experiments,
therefore, the two measures just referred to, namely, the energy of body material gained or lost
and the total energy metaholized, show how much the body uses when the ener oy is economically
utilized.

To state the case in another way, either the energy of material gained or lost with the given
diet, or the energy of the total material oxidized, gives a measure of the energy actually employed
for economical use. These quantities can be expressed in calories.

Comparative cconomy of energy of different materials.—This brings us to the question at issue.
Is the energy of alcohol equal, superior, or inferior in value to that of earbohydrates or fats or
other nutrients of ordinary food as part of a diet for rest or for muscular work? Will a ealorie
of energy from alcohol go as far, farther, or not as far as a calorie from sugar, starch, fat, or
protein in meeting the actual needs of the body ! The answer is to be sought in the éxperiments
in which a diet of ordinary food is compared with a diet containing aleohol, the total available
protein and energy of the food and the other conditions being the same in both experiments,
The test will be found in the gains or losses of body protein and fat, and in the total energy
metabolized in the two experiments.  Any differences in either of these factors, to wit, (1) gains
or losses of body material, or (2) energy metabolized. ]::l'm'itll‘(l the_'r are outside the limits
of experimental error, must be attributed to the diet: that is to say, the alcohol in the diet. If
the body gains or loses the same amount of material, or if it metabolizes the same amount of
energy with both diets, a calorie of energy from one is equal to a calorie of energy from the
utlm:, and as a source of energy the aleohol is equal to the isodynamic amount of the carbohy-
drates or fats which it replaces. If the gain of material is less or the loss more, or if the total
energy metabolized is larger with the aleohol, the latter is inferior as a source of energy, and
vice versa.

Erpevimental vesults.—Table 17 shows the differences hetween the available energy of the
food in experiments with and without alcohol and the corresponding differences between the
energy of body material gained or lost in the same experiments. The figures in the fourth and
sixth columns are computed from those in the third and fifth, respectively, using the factor 5.65
for the energy of one gram of protein, and 9.54 for that of one gram of fat.
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Tanie 17.—Comparizon of gains and losses of body proteie el fal, el transformation of energy in experiments wilh
aned awithowt aleohal,

[Guantities per day.]

Available in food. | Guin {45 or loss (=) in body material. | (=)
o ' Energy
Groups, kind, and number of experiments. e ) (e} (d) e} r of
| I']nui'l.:r Energy. mn.lie;i;]i
Protein. | Energy. | Protein. - Fut. P T R
v | protein, b— (el £1).
T [ | Sl
I. More directly comparable: Gerame. | Calories. | Grame. | Cnlories. | Grams. | Calories. | Calories,
0 experiments without aleehol. ..o o o . . .. 105 | 2917 | — 8.5 i [ B o b I8 e = | 2,925
6 experiments with alcohol..a.eiiiiirecrrnen.-- T4 | 20985 | — 60t 300 - Sad s Sl 2,941
Increase () or decreaze (—) with aleohol. ... -+1 | + B | — 34| —20 I 4+ 1.3 | -+ 12 | +18
I1. Less directly comparable: - | | |
4 gxperimenta without aleohol. ... ..o oo 100 | 2,239 | =l —41 | — .’-f — 22 2,302
7 experiments with alcohol. e eeecancccnnenn.s 98 | 2,400 | ---.H-U| -17 | +~ 6.8 | -+ 61| 2356
Increase (+) or decrease {—) with alcohol____ —2 | -+181 | 43| +24| 4 88| 1 83| + 54
ITI. Average of [ and 11: I
13 experiments without alechol .- oo oo o0 102 | 2,691 | — 4.8 —25 | = .1 | 2917
13 experimenta with aleohel. ... ... . o .. . ... A028 2 e SF — 40 [ + 3-8 - 36 2, 746
Increasze (+ ) or decrease (—) with alcohol. ... 0| 4 59 | — 2.3 15 | + %8 | -4 27 --83
Work and rest experiments of Group I: .
Work experiments compared— ‘
5 experiments without alechol ______________ 100 | 3,357 | — 6.1 ‘ —27 | —=31.5 | —30 3, 660
3 experimentz with alechol. ... .. ... ...... 1000 | 32,361 | —10.00| 56| —28.2 [ —Jy 3, 690
Increase () or decrease (—) with aleohol. . .. 0| +2¢|— 49| —29| -+ 23| + 23 | +30
ERest experiments compared— | | | | '
4 experiments withont alechal .. ... ...... 106 | 2,496 | — 2.0 —11 | +33.7 | +317 2,190
3 experiments with alechol_________________ 108 | 2,489 | — 3.8 —21 | +-34.1§ 1318 2,191
Increase (+) or decrease (— ) with alcohol ____ +2| — 7| — 1.8 — 100 | e I <+ 1

The hold-face figures in the last line of each group in the columns for protein and fat give
the gain or loss of material and energy in the aleohol experiments as compared with those without
aleohol. The plus sign indicates greater gain and the minus sign greater loss with the alcohol
than without it.

So far as the available (digestible) nutrients of the food arve concerned, the quantities of
protein are about the same and the quantities of energy slightly larger with aleohol than without
it, but with the body material, on the other hand, there was generally a little larger loss of
protein and a little lareer gain or smaller loss of fat in the experiments with aleohol.

The figures in the last column represent the energy of material actually oxidized; that is, the
total energy metabolized in the two classes of experiments. The full-face figures show by the +
sign: the excess of energy metabolized with the aleohol diet. The values are found by dedueting
the algebraic sum of the calories of energy gained or lost in protein and fat from the total
available energy of the food as indicated by the letters and formulwe in the column headings.
Thus in the first group we have an exeess of + 8 — (— 20 4+ 12) = 16 calories of total energy
metabolized in the aleohol as compared with the nonaleohol experiments. The same result is
found by comparing the total quantities of energy metabolized, namely, 2,925 without and 2,941
with aleohol. The variations in the amounts of body material gained or lost and in the amounts
of energy metaholized in the two classes of experiments may be due to either of three causes:

l. Such experimental errors as irregularities in the daily absorption of the food from the
alimentary canal, or variations in the amounts of carbohydrates in the body which are here
assumed to be constant from morning to morning, or from experiment to experiment, or small
errors in the estimates of gains or losses of protein and fat from the gains or losses of nitrogen



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 281

and carbon.  These errorsare hardly avoidable, but on the whole they appear to counterbalanee one
another =o that their effect is eliminated in the averages of a considerable number of experiments.

2. Differences in the activity of the subjects in the two classes of experiments, These differ-
ences are not easy to avoid. The man in the chamber may make more muscular effort on one
day than on another in taking down his bed in the morning and in setting it up at night, or he
may move about more in carving for the food and excretory products and weighing bimself and
t e absorbers. In the work experiments there may be differences in the external muscular work
despite the best efforts to make the amounts constant from day to day. These differences in
muscular activity, though small, may affect the metabolism of matter and energy.

3. The energy furnizhed by the aleohol may not be as efficient, calorie for calorie. in meeting
the demands of the body as the energy from the materials which it replaces, It is hardly to be
supposed that the experimental errors in categories (1) and (2) will be considerable. It is still less
probable that they will be so concentrated in either the alcohol or nonaleohol experiments as to
matervially affect the average results.  If, therefore, the differences hetween the figures for the
experiments of the two classes are large and reasonably constant, it would seem fair to attribute
them to differences in the actual value of the alcohol as compared with isodynamic amounts of
fats and ecarbohydrates.

The figures of Table 17 show differences to the disadvantage of the alcohol. The differ-
ences are, however, mainly within the range of experimental errvor.®

In the more directly comparable experiments (Group 1) the conditions with and without
alcohol were closely similar. In Group 1I there were not inconsiderable differences hetween the
amounts of protein and energy in the diet, in the number of subjects, in the number of experi-
ments, and in the amounts of muscular exercize. These differences do not, in our judgment,
destroy the value of the comparisons in Group 11, though they do make the differences in result
less decisive. The results of Group 11 ave, therefore, valuable as confirming those of Group L.

Gains and losses of body material as indicative of the velative cffectiveness of aleohol.—The
differences in the gains or losses of protein and fat in the experiments with alcohol as compared
with the others are slightly to the disadvantage of the aleohol. They thus imply that, calorie
for calorie, the energy furnished to the body by the alcohol was less effective than that furnished
by the carbohydrates and fats. These differences may be due to experimental errors, but even
if they are wholly charged to the alcohol they make it only slightly inferior to the nutrients
which it replaces. The inferiority is found only in the work experiments; in the rest experi-
ments there is practically no difference between the aleohol and the ordinary nutrients in
effectiveness.

Amounts of energy metabolized as indicative of the relative effectivencss of alcohol.—The
results here are similar to those found in the comparison of gains or losses of material. This is
to be expected, since the two measares are really different expressions of the same fundamental
fact. In the rest experiments the results with and without aleohol are practically identical. The
inferiority of the alcohol is limited to the work experiments.

Energy of material metabolized in work experiments with and without aleokol.—In the work
experiments more material was oxidized than the food supplied, and the deficiency was made up
by drafts upon the previously accumulated store of body protein and fat. Under these circum-
stances the body may be supposed to use the energy economiecally so as to make the drafts upon

2The differences between the results with and without alecohol are in all cazes small. Considering them from
the ordinary mathematical standpoint, they are, of course, noticeable; but in such physiological experimenting as
thiz the unavoidable errors of individual experiments are considerable, and it is only when a large number of
such experiments are averaged that differences of one or two parts in one hundred could properly be regarded as
significant. Indeed, in this whole discussion there is danger of being misled by the figures in the tables unless one
constantly recalls the fact that the range of unavoidable variation is wide. When, however, the averages of large
numbers of experiments show a constant difference on one side or the other, it may be permissible to use such
differences for conclusions and generalizations. On the whole, it might seem that in these experiments the results
were sufficiently numerous to imply a slight inferiority of the aleohol in respect to the economy of the use of energy;
hut this inference rests upon the rather questionable assumption of the absolute equality of all conditions other than
the presence or absence of alechol in the diet.
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its capital as small as practicable. It would therefore seem that the amounts of material
oxidized in the experiments with the two kinds of diet would give a somewhat critical test of the
power of the body to utilize the energy of alcohol. either directly for muscular work or indirectly
to save the energy of other materials for that work. We may, then, determine the relative
efficiency of the aleohol in supplying energy in these experiments by comparing the amounts of
enercy in material oxidized. If the amounts are the same with and without alcohol the inference
is that the energy of the alcohol was utilized as effectively, so far as simply the economy of
energy is concerned, as that of the fats and carbohydrates: but if more energy is metabolized
with the aleohol we must conelude that it is inferior as a source of energy in a diet for muscular
work. We may take, for instance, the pair of experiments Nos. 11 sind 12, in which the man
was at hard work. (See Table CXX, p. 390.) His body used, in No. 11, with ordinar 'y diet,
3,901 calories of energy per day. The food digested and absorbed from the diet supplied 3,510
calories, and the body burned enough of its previously accumulated material, protein and fat, to
supply the lacking 391 calories.

In the corresponding alcohol experiment, No. 12, enough of the fats, sugar, and starch of the
previous diet to furnish about 500 calories of energy was taken out and replaced by sufficient
aleohol to furnish approximately the same amount, 500 calories. It happened that the total
energy in the aleohol ration was about 30 calories the larger. Furthermore, the availability of
the food proved to be slightly larger, so that the whole available energy of the aleohol ration was
3.614 calories. The amount of work done and the other conditions were practically the same as
in the plu—imw experiment. The body transformed 3,922 calories and in order to do so drew
enough from its own store to furnish 308 calories.

According to these figures the body burned a trifle more material in the aleohol experiments
than in the ot]mr.-—mmugh to furnish 3.922 instead of 3,901 calories of energy. But the alcohol
diet furnished, with the alcohol, a somewhat larger amount of total energy, and furthermore a
somewhat larger proportion of the nutrients of the ordinary food was digested, so that the body
had 104 calories more of available energy. The fact that it drew 33 calories less from its previously
stored material in this experiment than in No. 11 indicates that it used its energy economically.
In each of these two cases the daily amount of external muscular work measured was equiv-
alent to not far from 200 calories. In the first experiment all of this came from ordinary
food. It may be that in the second experiment likewise it all came from the reduced supply of
the ordinary food, and that none of the energy actually transformed into muscular work came
from the alcohol. There is. however, no reason to suppose that the body made any distinetion
hetween the energy from the aleohol and that from the other fuel, and even if it did so it made
just as good use of the energy of the aleohol to meet its other needs as it did of the energy of the
ordinary nutrients.

The test of the comparative economy of the two diets so far as concerns the supply of energy
is found in the amount of energy of material oxidized. This was 20 calories, or ahout 0.6 per
cent the larger in the alcohol diet. This is far inside the limit of experimental error. Indeed,
the quantity of energy given off from the body as measured by the respiration calorimeter was
5 calories larwer with the ordinary than with the alcohol diet.  (See Table CXX of the Appendix.)
Of course such differences have practically no significance in physiological experimenting.

The results of the experiments in their bearing upon the subject are summarized herewith:

J_I FETINTE (rmdninils r.!,l'-q ey in Hfl"-!-rf'.l‘lln'l'lr "J.t':"”:{:fril.

Calorie: per day,
I 3

Groups. Experiments, “ndi;!':;t“ L ‘*‘.'1':13].1,”1
A-G: .| More directly comparable, meat_ _ ... L L ilaaaiaaalLoLlind | 2,190 2,191
I{D-F._| More directly comparable, Work ..o v s et ar s a, fifid 3, G094
A-F..| More directly comparable, all. .. .. ... aiiaae-ioaiao 2,927 2,542
IT, G-I ..| Lesadirectly comparable, 18t .. ....cceucemrrrrracrrnmssssmmesacaaamanacnnaa. | £ 302 2, 556
g e L B | e e L S e e e 2,719 2,747
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1t appears that in the more directly comparable experiments the energy of material oxidized
averaged the same where the subjects were at rest, but was about 1 per cent larger with the
alcohol when they were at work. In the less directly comparable experiments, in all of which
the subjects were at rest, the average was larger by about 2 per cent with the alcohol diet.  This
is perhaps no more than was to be expected with the slight ditferences in the conditions of the
experiments,

In this method of comparison by amounts of material and energy oxidized. as in the previous
method, the differences were too small to be taken into account in individual experiments, but
appearing as they do in the average of a number of experiments they are not without significance.
The conclusion is that the energy of the aleohol diet was slightly less economically used than that
of the ordinary diet, especially in the work experiments. This implies that the energy of the
alcohol itself was less economically utilized than that of the fats and carbohydrates, but the
differences are so small as to be of little or no practical consequence.

Reliative 1.'#:_1"1';."{,'”!'#“ -’ff‘-’H’t"HJﬂ-‘.ﬂf e e sxedl bn j‘-!".l"l":'.l'ﬂffnfrﬂ‘:-'\'.—.l" I-hl‘ W{:Il'k PK]H‘]‘ilﬂl’.‘l]tS of (i‘l'ﬂup 1
3.664 calories were metabolized with the ordinary, and 3,694 with the alcohol ration. The
relative costs of maintaining the body with the two rations were thus 3,664 : 3,694 = 100 : 100.8
or 99.2 : 100; the difference of 30 calories being 0.8 per cent.  Assuming the difference to be due
wholly to the inferiority of the alcohol ration, its effectiveness, ealorie for calorie, would be 99.2
per cent of that of the ordinary ration, so far as the energy is concerned.

The aleohol supplied 500 calories of energy, of which the 30 calories would represent 6 per
cent. 1f we charge the deficit wholly to the alcohol, the latter would be, calorie for calorie,
6 per cent less effective than the fats and carbohvdrates it replaced. In other words, the effect-
iveness of the aleohol as a source of energy in the ration for muscular work in this case would
be 94 per cent of that of the isodynamic amounts of carbohydrates and fats,

Calculated in these wayvs the effectiveness of the alcohol ration as compared with the ordinary
ration. and that of the alcohol as compared with carbohydrates and fats in the experiments of
Groups I-111, would be as follows :

Pores riliges rfil" |_Lr|r:-'l:'FrlJ'|;'Hr'H.}? l:f.l TEFITY.

Experiments. Energy of alco-
hol A% come-
pared with en-
ety of carbo-

Energy of aleo-
— — . — —| hol mtion as

compared with
energy of ondi-

Groups, Claszification. nary ratlon. 313':I:;1;E and
Fer cenl. Ier cent,

EalENThre Al vectly onaparable: <o e e s nn s S S S 9.5 9.0

L ey A COMPATRIIR: - . v ccins i sarnatss s e rmme s e b oo e e a L L S 8. 7 86.2

R R nE T, - e e e e e R R e 99.0 94.4

T I P I e i e e 100, 0 9. 8

TE | 0 0 T Y - e e e e e S e e e 949, 2 9.0

Sunimry.—The conditions and results of these experiments and the inferences here drawn
from them regarding alcohol as a zource of muscular energy may be briefly summarized:

1. We have here experiments with ordinary diet compared with other experiments in which
the conditions were similar except that carbohydrates and fats sufficient to supply 500 calories
of energy of the 2.200-3,600 calories in the daily ration were replaced by the isodynamic amount
(about T2 grams) of alcohol, the latter being taken in six doses. The conditions of work and
rest were very nearly the same in the corresponding experiments, with and without aleohol.

2, The amounts of material and energy transformed in the experiments with alcohol were
very nearly the same as in the corresponding ones without alcohol. Where the ration was
insufficient to meet the needs of the body, and it had to draw upon its store of fat and protein to
supply the lacking energy, the drafts were practically the same with the ordinary as with the
alcohol diet, so far as concerns the energy of the body material drawn upon.

3. The utilization of the energy of the whole ration was slightly less economical with the
alcohol than with the ordinary diet, especially when the subjects were at hard musecular work,
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but the difference in favor of the ordinary food was very small indeed, hardly enough to be of
practical consequence. From this it follows that the energy of the aleohol was utilized very
nearly or quite as well as that of the other fuel ingredients which it replaced.

4. That the aleohol contributed its share of energy for muscular work is a natural hypoth-
esis and very probable, but not absolutely proven. The hypothesis that the energy of the
alcohol was not so used. is not called for as an explanation of any fact observed in these
l_'xl]{‘]'il!]l'llt."i.-

It <should not be forgotten that the desivahility of aleohol as part of a diet for muscular work
is not decided by the narrower questions here discussed. There is a very essential difference
between the transformation of the potential energy of aleohol into the mechanical energy of
muscular work and the advantage or disadvantage of aleohol in the diet of people engaged in
muscular labor.  Even with the small doses in these experiments there were indications that the
subjects worked to slightly better advantage with the ordinary rations than with the alcohol.
The results of practical tests on a large scale elsewhere coincide with those of general observation
in implying that the use of any considerable quantity of alcoholic beverages as part of the diet
for muscular labor is generally of doubtful value and often positively injurious.” Aside from
the question of the power of alcohol to protect protein and fat and supply energy to the body for
various useful purposes, there ave the far weightier considerations of the general effect of aleohol
upon the muscular and especially the nervous system and upon health and welfare. Upon these
most <erious hygienic, economiecal, and ethical problems the experiments here reported throw no
special light.

" For a summary of results of experiments upon variouns phases of this subject hy different investigators, see
article by Prof. J. H, Amer in the Report of the Physiological Subcommittee of the Committee of Fifty for the
Investigation of the Drink Problem. (See page 261 of this memaoir. )



STMMARY OF PLAN AND RESULTS OF THE EXPERIMENTS.

Purpose, subjects, and method.—The purpose of the experiments. so far as the physiological
action of alecohol i= concerned, was primarily to get light upon the ways by which its potential
energy is transformed and utilized in the body. but attention was also given to the effects of
alcohol upon the digestion of the food taken with it, the proportions of alcohol that were oxidized
and escaped oxidation, and its effects upon the metabolism of carbon and nitrogen and the gain
and loss of fat and protein in the body.

The subjects were three young, healthy, active men who were ordinarily engaged in rather
light work; one was a laboratory assistant. one a physicist, and one a chemist in the chemieal
laboratory of Weslevan University. where the experiments were made. The first, E. O., a
Swede by birth, had been accustomed from his vouth to drink small guantities of aleoholic
beverages: the other two, A. W. S, and J. F. S., had always been abstainers.

The results of experiments with ordinary diet were compared with those of experiments in
which part of the fats and carbohydrates of the ordinary food were replaced by the isodynamie
amount, about 72 grams (24 ounces) of absolute alcohol. generally in the form of commerecial
aleohol, though in one experiment brandy and in another whisky was used. The amount of aleohol
was about as much as would be supplied in a bottle of claret. or 6 ounces of whisky, or 5 ounces
of brandy.

The ordinary diet consisted of meat. milk, bread, cereals, butter, sugar, and the like, with.,
in some cases, coffee. The quantities were such as had been found to be sufficient, or nearly so,
for meeting the demands of the body under the conditions of the experiments, whether of rest or
muscular work. The methods of preparation were such as to make the food palatable to the
subject.

During the metabolism experiments proper the subjects were in the chamber of the respira-
tion calorimeter, where thev remained during periods varving from 4 to 9 days. The sojourn
was made comfortable and the conditions seemed to be normal. Each metabolism experiment
or series of experiments in the respiration chamber was preceded by a period during which
the subject had es<entially the same diet and nearly the same amount of muscular exercise
outside the chamber. In these preliminary experiments the amounts. composition. and heats of
combustion of the food, feces, and urine were determined. In the metabolism experiments
the determinations include besides these the water and carbon dioxide of the incoming and
outgoing air current by which the chamber was ventilated, the heat given off from the body,
and, in the work experiments, the heat equivalent of the muscular work done. In the alcohol
experiments the determinations were made of the small amounts of aleohol excreted by the
kidneys, lungs. and skin.

Accordingly the data of the metabolism experiments show the income and outgo of the
body as expressed in terms of (a) nitrogen. carbon. and hyvdrogen: (b) water, protein, fats, car-
bohydrates, and mineral matters: (c) potential energy of food and unoxidized excreta, and (d)
kinetic energy of heat given off from the body and external muscular work performed. The
accuracy of the apparatus and method were assured by burning alcohol within the chamber
measuring the amounts of carbon dioxide, water, and heat produced. Such tests were made
generally between each two experiments or experimental series. Taking the theoretical amounts
at 100, the average amounts found were carbon dioxid, 99.6; water, 100.6; heat, 99.9.

In the so-called **rest™ experiments the subject had no more muscular exercise than was
involved in dressing and undressing. weighing himself. arranging his folding bed, chair, and table,
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and earing for the food and solid and liguid exereta. His diversion was found m reading,
writing, and occasional conversation by telephone with persons outside. In the "*work™ experi-
ments the subject engaged in the active muscular exercise of riding a stationary bicycle for eight
hours or thereabouts per day. The wheel of the bicycle was belted to a dynamo connected with
an electric lamp, so that the muscular power which was applied to the pedals was converted
partly into heat by friction but mainly into electrical energy and then into heat. The apparatus
was calibrated so as to serve as an ergometer for measuring the external muscular work.

In interpreting the resalts in their bearing upon the physiological action of alcohol, it should
he particularly noted that the whole amount of aleohol ingested per day was small and that
furthermore it was taken in 6 doses. 3 with meals and 3 between meals. The object of the
experiments was to study the action of aleohol under conditions calculated to secuve the
minimum of influence upon the nervous system. With such small doses, the equivalent of a
olass of wine each, and thus distributed, two of the -;:l.l] jeets were able to deteet practically no
sensible effect of the aleohol, while the third, J. F. 8., felt nothing more than at times a slight
“*tingling ™ in the ears. There was in some cases an :Lppﬂrent though slight quickening of pulse
rate, but practically no lowering of body temperature was observed. In such freedom from
nervous disturbance it was believed that the normal nutritive action would be best observed.

There is the more reason for emphasizing this last point, because in the majority of the
published experiments with men and animals for the study of the effects of alcohol the quantities
of the latter have been much larger. Doses of 1 to 1+ grams per kilogram of body have commonly
been considered small, and those of 2 to 3 grams per kilogram have been common and generally
taken on an empty stomach. Often the amounts have been such as to cause the symptoms of
drunkenness. In our experiments, on the other hand, the whole amount per day was oniy
about 1 gram per kilogram hody weight: the individu: 1l doses were only about one-sixth of a
aram per kilogram, :md half of l;hmn were taken with meals. This fact doubtless accounts for
a not inconsiderable share of the difference between the results of our experiments and those
found by a number of other investigators.

While the guantities of alcohol were small, the energy sufficed to make about one-fifth of the
total energy of the diet in the **rest,” and one-seventh of the total energy of the diet in the
“*work " experiments,

It is to be especially noted that these experiments were not made to test the effects of aleohol
upon muscular or nervous activity or power, nor do they lead to any conclusions regarding the
effects of alecohol when taken habitually or in large quantities.

The abserved vesults.—The results, as shown by the statistics of the experiments. may he
briefly stated as follows:

1. The quantities of alcohol eliminated by the lungs, skin, and kidneys varied from 0.7 to
2.7 grams, and averaged 1.3 grams per day (see p. 258). This corresponds to an average of 1.9
per cent of the whole alcohol ingested.  Accordingly over 98 per cent of the ingested alcohol
was oxidized in the body. There is, however, reason to believe that 99 per cent would more
nearly represent the proportion actually oxidized.

The experiments give data for comparing the availability and fiel value of aleohol with
those of the nutrients of ordinary food. The word **availability * as here applied to the ordinary
nutrients, expresses the proportion which is digested and made available for the building and
repair of tissue and the yielding of energy. This proportion is the difference between the total
amount and that exereted by the intestine. In like manner the available alcohol would be the
difference between the total amount ingested and the amount excreted by the lungs, skin, and
kidneys, practically none being excreted by the intestine. The available energy of the ordinary
nutrients is the total energy (heat of oxidation) less that of the material unoxidized. For fats,
carbohydrates, and aleohol it is the heat of oxidation of the total available material. For the
protein it is the same, less the heat of oxidation of the unoxidized residue excreted hy the kidneys.
The available energy is taken as the measure of the fuel value. The following table compares the
coeflicients of availability and the fuel values of the protein, fats, and carbohydrates of ordinary
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diet, as found by a considerable number of experiments,* with those of the aleohol as shown by
the experiments here reported.
TarLe 18.—Comparizon of availability (digestibility) and fuel values of nutrients of food in ordinary dief with those of

ileahol.

| Coefficients of availabil.

fty— Fuel values.
Heat of |
combustion | Eeferred toavailable ma- | Referred to total mate-
per gram. L terial. rial.
|Of material.| Of éenergy. |_ e L L LA .
Per gram. | Per pound, | Pergmm. | Perponnd.
Calarics, | Per cend, Fer ofnd, Cilariss, Cilories, Calories, Calories.
5y i e P e e e 5. 63 L 70 4.4 2 4.0 1, 820
R e e e e 9. 40 a5 95 9.4 | 4, 260 5.9 4, 040
Carbohydrates . ....ccovecioncninnnas 4. 10 o7 97 4.1 1, 860 4.0 1, 820
T R S e e e e 7.0V a8 L i-1 3210 6.9 3,140

The isodynamic values of alcohol, carbohydrates, and fats are thus in the ratios of 6.9:4:8.9,
and 1 gram of alcohol would be isodynamic with 1.73 grams carbohydrate or 0.78 gram of fats
of ordinary food materials.

3. The proportions of food and of the several kinds of nutrients digested and made available
for use in the body were practically the same in the experiments with and those without aleohol in
the diet. The only difference worthy of mention was in the proportions of protein made available.
These were very slightly larger with the alecohol, but the difference was too small to be of
practical consequence. In all the experiments, both those with and those without alcohol, the
results agree very closely with those commeonly found in digestion of food in ordinary mixed diet
by healthy men.

4. The potential energy of the alcohol was transformed into kinetic energy in the body as
completely as that of the ordinary nutrients. The income and outgo of energy were equal in the
experiments without alcohol; the same was true in the experiments with alcohol. In all the
experiments the body obeyved the law of conservation of energy.

5. With the exception of the energy of the external muscular work in the work experiments,
all of the energy of the food. including that of the alcohol, left the body as heat, and must
therefore have been transformed into heat within the body. Part of this total energy must have
heen used for the internal mechanical (muscular) work: the energy thus used was therefore trans-
formed into heat before leaving the body.

6. The radiation of heat from the body was very slightly greater with the alcohol diet than
with the ordinary diet, but the difference was extremely small—enough to make only about 1
per cent of the whole energy metabolized and not over 6 per cent of the energy of the alcohol.

7. The efliciency of aleohol in the protection of body fat from consumption was very
evident. The losses of fat were no larger and the gains no smaller with the aleohol diet than
with the corresponding diet without alecohol. In this respect there was no indication of any
considerable difference between the alcohol and the nearly isodynamic amounts of fats and
carbohydrates which it replaced. This was the case in all the experiments.

8. The efficiency of the alcohol in protecting body protein was evident, but it was not fully
equal in this respect to the isodynamic amounts of the ordinary nutrients. The results, however,
were not the same with the different subjects. With E. O., who had been accustomed to use
aleoholic beverages, the differences between the alcohol diet and the ordinary diet in their
apparent effects upon nitrogen metabolism were small. The figures showed a slightly larger
output of nitrogen with the alcohol, but the differences were not large enough to be of especial
significance. With A. W. S., who was unaccustomed to aleohol, its use in the place of other

*Bee discussion of this subject by W. O, Atwater and A, P. Bryaxt in the Report of the Storrs (Conn. )
Experiment Station for 1309, from which the figures for ordinary nutrients in the table are taken.
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nutrients resulted. at first, in an increased excretion of nitrogen in the urine and inferentially
a oreater catabolism of protein, but after 5 or 6 days the output of nitrogen fell to what seemed
to he the amount with ordinary diet. and when the aleohol was removed and diet thus reduced
there was an increase in the output.  These results implied that the alcohol at first failed to protect
protein but was afterwards able to do s0. There was, however, but one series of experiments
with this subject. WithJ. F. S._ also an abstainer, the alcohol periods covered only 3 days, during
which there was in each case an increased nitrogen eatabolism.  On the whole these experiments
accord with the belief that with some persons, especially those who are not aceustomed to the use
of aleokol, it may fail to protect protein: but this action is temporary and the more permanent
influence is to protect protein.

9. That a part of the potential energy of the alcohol was transformed into the kinetic energy
of muscular work these experiments do not prove, though they make it highly probable. They
imply that, so far as the utilization of the total energy of the diet was concerned, there was a
slight advantage in economy in favor of the ordinary as compared with the aleohol diet, especially
when the subjects were at hard muscular work, but the difference was inside the limits of experi-
mental error and too small to be of practical consequence.  On the average it was less than 1 per
cent of the total enerey and harvdly reached 5 per cent of the energy of the aleohol. From this
it follows that the energy of the alecohol was utilized nearly if not quite as well as that of the fats,
sugar. and starch which it replaced.

10. We repeat that there is a very essential difference between the transformation of the
potential enerey of aleohol into the kinetic energy of heat, or of either internal or external
muscular work. and the usefulness or harmfulness of alcohol as a part of ordinary diet. Regarding
this latter question the experiments bring no more evidence than they do regarding the influence
of aleohol upon the nervous system or its general effect upon health and welfare.



APPENDIX.

The details of the experiments described above are set forth in the following pages, and
include:

. Kinds of experimental data and methods for obtaining them.
Statistical details of metabolism experiments with aleohol.

. Statistical details of digestion experiments with aleohol.

. Tabular summaries.

A list of the experiments, with groupings for comparison, may he found in Table 1, on
page 241 of the first part of this report. As there explained, the metabolism experiments here
described in detail were made with aleohol as a part of the diet. They are compared with similar
experiments without aleohol, which have been deseribed in detail elsewhere. Each metabolism
experiment or series of metabolism experiments with or without alcohol not only included a
digestion experiment, but was also preceded by such an experiment. The data of these digestion
experiments are also given bevond. The experiments without alcohol and two of those with
alcohol have been deseribed in detail elsewhere. In several instances the results are here
summarized with the details of the alcohol experiments.

1o

- o9

DATA.—EXPERIMENTAL METHODS,
METABOLISM EXPERIMENTS.

The larger part of the statisties of the metabolism experiments have to do with the income
and outgo of material and energy.

Erperimental data of incone,—These include statistics of the kinds, amounts, composition,
and potential energy of food and drink. the volume of the ventilating current of air entering
the chamber and the amount of carbon dioxide and water in that air. The food for each
experiment was selected before the experiment began and the desired amounts for different
meals were placed in suitable jars, as deseribed on page 239. Such of the analytical determi-
nations as were necessary for the control of the diet, in order to insure the desired amount of
protein and energy, were made previous to the beginning of the experiment.

Erperimental data of outgo.—These include statistics of the amount, composition, and heat
of combustion of the unoxidized materials of feces and urine, the quantity of carbon dioxid
and water in the air leaving the chamber, and the total energy given off by the body in the form
of heat and external muscular work.

Apparatus and geneval methods of inguiry.—The respiration calorimeter and method of its
use have been deseribed in detail in publications referred to on page 236.* The methods of
analysis of food, feces, and urine were, in the main, those adopted by the Association of Official
Agricultural Chemists,” but with certain modifications which have been developed in this
laboratory.® The heats of combustion were determined by use of the bomb calorimeter.®

i Bulletins H, 63, 68, and 109 of the Office of Experiment Stations of the U, 5. Dept. Agr.

"=ee Bulletin 46, revised, of the Division of Chemistry, U. 8 Dept. Agr.

“See 17, 8. Dept. Agr., Office of Experiment Stations, Bul. 44, p. 22; Bul. 69, p. 18, and Report of Storrs
(Conn. ) Expt. Sta., 1891, p. 47, The methods for the determination of carbon and hydrogen in use in this laboratory
are described in detail by F. G. Bexepicr in Elementary Organic Analysis, The Chemiecal Publishing Co., on page 51
of which the apparatus is pictured.

#The bomb calorimeter and accessory apparatus used have been described by W. 0. Arwarer and associates in
Eulletin 21 of the Office of Experiment Stations of the U, %, Dept. Agr., p. 123, and in the Reports of the Storrs
(Conn.) Expt. Sta., 1804, p. 133, and 1897, p. 199 sta
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Further deseriptions of experimental methods are given in connection with the deseriptions of

experiment 12,

bevond.

Composition of food materials and feces,—The figures for the analyses of the food materials
and feces of the aleoholic experiments here deseribed are given in Tables I and II.

TasrLe 1.—Composition of food materials vsed in mefabolism experiments Nos. 12, 15, 18, 17, I8, 18, 20, 22, 27, 80, and 33.

Heat of
Labo- : | Experiil piem- | A e | Carbohy- combis-
ng;::w. : Food material. !::':E::l: Zon. | Carbon. Een, Water, t[i:;"a’:l | Fat. dmus} Ash, éi‘gj;]ﬁ;
i [ termined
FPer of. ! Per of Perct. | Pered. | Perel | Perel, Per of. ! Per b, | Calories,
2860 | Beef cooked occuacccaaaaaaa-. 12 | 438 |° AT7.85 | 2081 |65 8 | 274 &6 |=ciiilii BN 2000
3000 |..... T [ e b Rt e e 1510 | 417 | 1624 | 229 e 2 | 31 | Zi6 -cacao0] 22 1. fig2
oo et FE [ e e R R 18-20 | 4.46 | 16.87 | .54 | 667 | 27.9 | 2.6 |oiaaa.as 2.1 1. 827
3027 |00 e s 22 | .63 | 23.57 | 8.87 | 56.6 | 54.9 | 6.1 fe._oo 1.0 2. 633
i byl " [0 I A A T 27 | 5.41 19.55 | 2.70 | 62.5 | 33.8 | 2.8 ... .9 2 195
186 ... i P g e e | 5. 72 20.89 | 2.9% | 603 | 35.7 B0 Jl Tl oy 1.0 2. 327
v d L R 7 [ WA R e S R G S 33 | 5. 13 158.55 | 2.66 | 64.5 | 32.1 ] RS 1.0 2 075
2858 | Ham, deviled ..cccceeccannanas 12 | 2,93 | 36.10 [ 5.45 | 41.4 | 18.3 | 36. 4 |....____| 40 4, 366
PRel i Batter: - e s e s 12 | .08 | €3.81 (10.14 | 10.9 | BT e ) R R ) 7. 906
B oo do ... N U A L3 19 | 61.80 10.40 [ 1003 | L2 | 86.0 (. ....._.| 25 7. 959
2021 |-t 8 [ e g e B G R, 18=20 | .21 | 66.23 (10.bo5 | 8.7 | L3 | 8r.o0 |---_-.._{ 25 8.178
3029 l..... '3 [l S i i 220 J1T | BRIGICRE ) B L1 BEE |aooooiis | 2.6 & 027
) b O e S e oF o260 BE DR I0C0E | D] 16| Bhan e | 2.8 5. 002
) 24 ) 7| R o P e R A 30| .20 | 65.11 [1cad | 902 ) 1.3 1863 oo aail] 3B 8 048
8206 | doiic i fen e nie T i 33| .20 65,58 10.87 | 8.2 1.5 | 876 | I . |~ e 8210
2857 | Milk, whole —ocociaeoccaas 12| .49 6.57 | 1.00 | 87.5 | 3.1 | 4.5 P I [y L TOS
Ly o 1 '} [ e e e I 13-20 | .51 7.03) .94 |86.6| 3.2| 4.4 50 8 . TR2
2 R i Eeae e L i m S L - 20| .64 5.00|1.20 | 85.0| 40| 5.4 | 4.8 .8 00
| 7 [ e R B e 33| .66 £.22 | 1.24 | 85.1 | 41| 5.2 48| .8 . ang
3006 | Milk, skimmed. - cvevccmeee e 15-17 | .65 | .61 .66 | 895 | 4.1 il b.D .3 468
| ] P ADEEER s AL SR Ak 22| ..h8 | 411 0% | BT | 3.6 1 4.8 .8 408
LT L e e n e e 27 | .B7| 4.63| .63 |90.0| 4.2 . R 462
2842 | Maize breakfast food . ......... 12| 1. 88 i 44, 539 | 6.49 | 4.9 [11.8 5.2 i A 4, 437
004 | Cereal, parched .......o.......| 15-32 | 1.82 | 41.39 % 6.17 6.1 | 11.4 .G 50,4 1.5 4, 056
3168 |..... Sl i e e S TS 27 | 1.87 | azon| 50| 5.6|10.7| 1.7| 7ar| 19| s
] [ e S e T s e 30-33 | 1.92 | 42.7216.30 | 4.1 (12.0| 1.4 80.5 | 2.0 4, 202
9859 | Rheai oo Br0oan et o 12 | 151 | 27.27 392 40.4| 9.4| Lo| 481| 1.1| 2668
2088 |..... i [ e e e 15=20 | 1.27 | 27.33 | 411 |41.7 | 7.9 | 2.8 46.3 | 1.3 | 2.710
3082 |- i Fe Tl A S e e 22| 1L27 | 28.00/| 3.98 | 40.4 | 7.9 | 4| 45000 1533 RRG
Bis0 ... i Vet e et Eoad e el 27 | 142 | 277 | 3.99 (59.3 | 89| 1.6| 489 | 13| 2803
] BT T T P v 30| 1.50 | 29,14 | 4.80 | 836.5 9.4 20| 50.8 1.3 2 931
T R R I R 33| 1.38 | 28.27 | 4930 |37.8| 86| 25| 49.8| L8| 2869
3151 | Gll],‘-.!EI‘SI‘lEI.pH ................. 27,30 | 1.00 | 44.32 (6.6l | 41| 62| 83 ™M.8) 1.6 4, 434
S A S o R i e et 35 .88 | 4387|720 | &YV | BB| T2 8.6 | 2.0 4, 434
069 }lnn&mdr-h .................. 17 | .20 4.50 | .60)|80.3| 1.3| .2 8.3 ) . 380
| B P S S (RIS e 42,10 | 6. 48 |...... JEEE |esa2s 10005 s 3. 960
T ] T4 e e e S E o | [ e 22 2 21T 306 |.oaaas | [REAI T T et 7. 069
] } | l
* Uzed in all the experiments. " As pure ethyl aleohol.
Tapre II.—Composition of fecez in metabolism experiments Nos. 12, 15, 16, 17, 18, 19, 20, 22, 27, 30, and 835,

Lat | B | g

- | Experi- -y 2 rotein) | eom
ey me || combon, 0 waser (" P | OO o, | o per
| r | termined.
For e, Per o, erel. | Perot. | Perot. | Per |‘|'.! For el J“ercl.' Caloriee,
A M Sy e e e B e g et ok 12 | 1.35 13.05 | 1.8 | T4.1 54| T.0| 6.1 4.4 1. 473
| L P e e Sh - 15-17 | 1. 57 14. 85 | 2.07 | 68.3 2.8 5.6 i 8.6 7.7 LB
3033 s o 2 e e L 18=20 | 1. 62 14.08 | 1.94 | 72.6 | 10.1 6.3 | 6.3 4.7 | 1. 571
Ty T | P i I SRl | 22 1 1.50 14. 44 | 2.07 | 69. 3 9.9 b2 8.5 7.1 1. 610
b - B i [ e et 27| 1.53 | 12.28 | 1.10 (685 | 9.0 E.Bi 9.7 83 1. 335
3196 |..... [ 1 P e T oS | 3001.43 | 13.53 | 1.89 | 1.2 | 89| 45 0.8 5.6 1. 487
i I I e R R e s B | 33 | 1,47 13. 22 | 1,92 71.0 55| 5.0 9.4 6.1 1. 452

| | |
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TABLE l]!.—'lr!l‘_rrnj‘_ﬂj:frlfrlﬂil af mterials wot included i Taldes T and I wized tn connection with digestion erperiments,

| Hoat of
l.'f:?: Materinl. 4.5:;51:;}:::2:[ Nitrmgen, Water. | Protein, | Fal. {I';rrﬂ.l.!'? : Ash. : ;:-‘:11?;;1:;.”

N, N, | drntes, idletiers

tnigaeil, )

Per eent. Pereent. | Per cond, Per cend Fer eenf. Per cent, Cirkariea,
x5 Ll ] e SR 47 0, 50 ), 48 3. 13 0. 10 5h. b2 | g 402
i R et e e R 48 ik . 36 331 =1 5. 45 AT 414
AT i AT L e R H1 B3 &5, 88 331 5. 00 5, 07 .74 865
i I g R | [ e S R S0 it 80, 44 3. 98 . O 5. 66 L BB 467
2800 | Feces .- .ooooooaa-s 41 1, 89 7l. 44 11. 79 h. 3% 6. 63 4. TH 1, 54
ool LR e n e RS | 42 1. 81 70, 9 11. 30 4. 15 7. 63 a3, 16 1, 530
ot el S P e { 47 1. 45 13.37 0,28 3. 84 W, 08 4, 43 1, 349
o] SRy ) [ e e 48 | 1. 57 7l.01 0. 83 4.15 10. 21 4. 50 1, 445
Cr Tl T T 51 1.47 70. 32 9. 20 7.58 7.42 5. 50 1,598
T, s B e RN e C i A0 1. G& 62, 69 10, 53 Tl b 12,05 7.68 2 068
s B e B 83 1.75 G8. 75 10. 93 5. us 7. 60 7.4 1, 568

t'f-'nr.ripﬂx;ffﬁn of ecoffee infusion.—Coffee infusion was prepared by pouring boiling water
over ground coffee and straining the infusion thus obtained. The nitrogen was determined in
this infusion and found to amount to about 0.004 grams per liter—quantities too small to be taken
into account, The coffee infusion is therefore reckoned simply as so wuch water.

STATISTICAL DETAILS OF METABOLISM EXPERIMENTS.

The details of the methods of conducting the experiments and of computing the results, as
well as the statistical tables in which these results are presented, will he advantageously given in
connection with the deseription of one of the experiments. For this purpose we select No. 12,
which is the first in consecutive order of those here deseribed in detail.

EXPERIMENT XN0O. 12—WORK WITH ALCOHOL DIET.

Subject.—E. O., laboratory assistant, 31 yvears of age and weighing, without clothing, about
71 kilograms (157 pounds).

Ut'.t!i'e",imf.i’fm during experiment.—Work 8 hours a day upon a stationary bicyele belted to a
small dynamo, thus making an ergometer as deseribed on page 237, The voltage was measured
anid the current passed through resistance within the apparatus and thus transformed into heat
and measured with the heat given off by the subject. Previous calibration showed the amount
of work done in driving the hicyele.

Dhration.—Preliminary period 4 days, beginning with breakfast April 8, 1895, and experi-
ment proper 4 days, beginning at 7 a. m. April 12 and ending at 7 a. m. April 16.  The subject
entered the respiration chamber on the evening of April 11 and thus spent 5 nights and 4 days
within the calorimeter.

Dict.—Ordinary food furnishing 121 grams of protein and 3,379 calories of energy, and in
addition 72.4 grams of alcohol furnishing 512 ealories of energy. making the total energy of the
diet 3,891 ealories.  The aleohol was added to a sweetened coffee infusion. It was taken in 6
doses, 3 with the meals and the other 3 between meals and just before retiving, The coffee
infusion was prepared in the usual manner, care being taken to keep that given to the subject
free from particles of coffee. To 690 grams of infusion were added 50 grams of sugar and 50
grams of commercial ethyl alcohol containing 90.63 per cent absolute aleohol.  The 30 grams of
commercial alcohol thus contained 72,4 grams of absolute alcohol and 7.5 grams water. The
diet was practically the same during both the preliminary digestion experiment and the metah-
olism experiment proper. The kinds and amounts of different food materials taken at each meal
and the amounts of coffee infusion and water consumed at different times during the day are
shown herewith.
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et in metabolizm experiment No, 12,

FOa.
BEreakfast. Dinmer. | Supper. . Total.
(?mms_._ Frams. fFrams. I fFrame,
L e R Ml e o R P e e e S i L e I
Denviled ham. oo oo e e e b1 50
L e T e et E Faon e e aa e 25 40 40 5
WhHolemailE . . . ioi e TSt ime S D e e e et 250 260 340 00
o T T e P i i e S S M) ] 100 125 300
Maizehoeakiaat food & oo oot ol eat i a e T e R e e 8L B0
T T e e Enidl i s =50 a7
Aleohol ..... e e e e e bT2.4
DRIXK.
Amount,
Tine. ! Coffes infusion !
| with alcohol Water,
| and sugar.=
!——- — e -
(Frenma, Framia,
B R R e e o T e e o b e o o i i ol 2 B g AP R 175
10.20 a. m,...,..,,......----..---------.----.......-..---.---------.-...-...------a--.| 150 200
B it S0 e S L i e o B e oy e o A S VW D e i i A D NS o o i i o | N 200
| e e e TS S T e S R S A R g PP i | ITh |essammtans
AT e s m s s S e B e e B S D B e S SO T S YO T SR S R Sa T O T T as Se e T a g 125 200
e ! I R
N e L it s f s S as S B B e G5 TS s 16 S e B e e & el o S e m T 130 200
ST I BRI S A R N I A A 930 | 1, 000

* Including 50 gram= nged in coffee infusion and aleohol.

b Added to coffee infosion and. taken as indicated below.

#Made by adding 80 grams of 90.5 per cent commercial alcohol and 50 grams sugar to 800 grams coffee infusion.
The mixture then contained 807.5 grams water, 72.4 grams absolute aleohol and 50 grams suzar,

Daily routine.—In order to make the conditions of the experiment on the different days as
nearly uniform as practicable a daily programme was drawn up and one copy was given to the
subject within the respiration chamber while others were posted outside for the use of those
carrving on the details of the experiment. The routine in experime it No. 12 was as follows:

Diaily preogeam— Metabolisin experiment No, 12

T.00a. m.. ._,,,! Risze, paes wrine, collect drip, weigh | 1.50p.m.___.. Begin work.
abzorbers, weigh =elf stripped and | 3.50p.m...... Stop work, rest 10 minutes, drink aleo-
dressed. hol, drink 200 grams water.
T.46a.m...__..| Breakfast, drink 200 grams water. 4.00p. m...... Begin work.
aam. . ... | Begin work. [ G00p.m. ... Stop work.
10.20a. m..c.-.. | Rest 10 minutes, drink alcohol, drink | 6.30p.m._.... | .‘ﬁl'lp'&n"]‘, :-hm:g:- underclothes, “'Eigh
[ 200 grams water. | geli stripped and dressed,
10308, m. . e Berin work. T.00p. m...... Pass urine, collect drip, weigh absorh-
1250pm....... Stop work, drink 200 grams water. ers, .
100p.m: .. Pass urine, collect drip, weigh absorb- | 10.00p. m. ... .. Take cover off food aperture, drink 200
rs, | orams water, refire.
.16 p. m.......| Dinner. | | | (e Pass urine.

The subject weighed himself, with and without clothing, at about 7 a. m. and 7 p. m. each
day of the experiment. He observed his pulse rate, after intervals of rest, and took his body
temperature from time to time by means of a registered elinical thermometer. The hody
temperatures were measured sh lingua. We do not think that great reliance can be placed
upon ohservations for either pulse rate or temperature when made by the subject upon himself
under such conditions.

A hvgrometer inside the chamber was observed two or three times each day in order to give
data concerning the amount of water vapor within the calorimeter, but the figures are not used
in the final computations of results.
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These statisties noted by the subject within the calorimeter are recorded in a diary, together
with any other information which he thinks may be of value in interpreting the results of the
experiment.
The main facts in the diary of experiment No. 12 are shown in Table IV.
Table V recapitulates the record of work done on the ergometer.
be required to propel a bieycle the number of miles indicated by the eyelometer.

It is much less than would

TasLe IV.—Summary of diary— Melabolism experiment No, 12,

Date and time.

| Weight of subject,

Withaoast
elothes,

Apr.

Kilograms.
T I B L e o mw amis e LS
et B TN a1 i e ik
1y 8 T e e S e S L 5 71.72
12,9.45 I-.m......................... S Cmmimone S
T A o s e 71.09
o B B e e R e e e S
e B e e e P T wan 1. 40
D T NN e et hin e o '
1 S TR | gt e et P e 70. 56
R Y N S e e s RS o
1 e T R e R SR s S 70. 98
14945 p.M.ucc..... ) ol R
e P e e R e R e e S R e LIS ¥
15,1240 p. ... .. .. comas S
N 71.12 |
15,945 p. m...... S et il
R LT R e e S e D o e 70.31

TaeLe V.—Record of work done— Metabolism ecperiment No. 12

Date and time.

Apr.

12, 7.00 a. m
12,10.20 a. m
1B PR R

2360 p.m ...

s

181280 T A e
13, 3.50 p. m
13,6.00 p.m . ...
14, 8.20 a. m
14, 10.20 a. m ..

LA e T

14, 3.50 p. m
14, 6.00 p. m

Vol. 5—No. 6—5

----------------------------------------

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

The eyelometer was reversed.

HyEnomeler.
I’ulmrmu: ' Tempera- |—— S
: tare,
c;;"tl:,::'ﬁ_ mi"]f““" Dry bulb, | Wet bulb.,
Kilograms, | ot e 2
75.00 | fi4 98, 4 | 21.0 165 4
e s e 68 95.8 | 21.8 18, 6
T R AR e e T
77| 95,3 21.5 18.0
74.82 | 56 96, 1 21. 4 17. 4
68 | 98. 8 21.5 18.8
i ST PetER R, b R e T e
7 98.4 | 21,5 18,0
7419 58 97.0 | 21. 4 17.0
e e L Tl . 0 21.4 18. 8
7 ) PEPRR A S | B
7 98.5 | 21.5 17.8
73,98 by 97.2 | 21. 3 16. 8
72 97.0 21.7 | 19.0
i ) Bl e e e e S P s T -
h )i T 49, 0 21."::i 17. 8
73. 9% 0 6. 4 220 15. 4
e ] B i | Actual
Csaamne s | Mimbea, °f | duration a0t cquivatent.
Mins, Walts, Onlorics,
641 | |
! i 120
a 00 31 107. 1
} 11 120
559 | |
f 35 120
521 | : 28 96.7
} 39 120 |
482
480 |
} 40 120
440 31 107.1
} 10 120
1 ELL]
} 41 120
359 30 108. 7
}- 10 190
319 |
316 |
} 35 120
251 29 100. 2
} 39 | 120 .
o4 | |
} 26 120 '
206 } 27 93.2
} 36 120
170 |
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Apr. 15, 820 a. m

15, 10,20 a. m

15,1230 p. m ...
15, 3.60 p.m ....
15, 5. 500 p.m .- -

TaprLe V.—Record of work dane—Melabolism experiment No. 12—Continued.
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i [

| Actual

“The cvelometer was reversed,

Date and time. { Cﬁi{:‘:""‘:f | \“JI?H:_: of 'dur:tul;:tn of | Hate, uutﬁ!ﬁt“t-
I :
' I
Mixes. Walls, Calarics,
......................................... 165 |
} 26 120 |
....................................... | 132 'l 30 108, ¥
| a9 120
} 36 | 120
S A L S e a7 } 26 89. 3
i 120
e e A a4
.......... GO0 1 920)||2 22 soaae 501.0

Food and exereta.—The weight, composition, and heat of combustion of the food and feces in
this experiment are shown in Tables VI and VII. The weights of the different elements and
compounds are computed by use of the values for percentage composition of the different materials
as shown in Tables I and II:

Tapre VI.— Weight, compozition, and heat of combustion of foods— Metabolism experiment No, 12

Labora-
Loy Food material,
N,
e T e S i
2858 | Deviled ham ... .. .-
L T ]
2257 | Whole il oo s siiias
R e e e
Maize breakiast food....
I e i

i) £ | KRR
Alcohol .. ...

Motalooo o

Lahora-
tory
N,

2862

Taotal, four days

amamaasm

=ik 5 Heat of

r?:::?rll:.: Water, | Protein, Fat. rﬂ‘;::{:_l;:' Nitrogen. | Carbon. | “EZ‘EIE'_O' hlllzgtﬁ-n.

Grams. | Grams, (Frants, (Frirnis, (Framis. Frams. | Grauots. | Grams. | Calorics.
175.0 114. 5 47. % R (AL 31. 24 4. 57 350
.0 | 207 o2 I bl LR S e R [ I 18,05 2.593 213
95.0 | 10.4 S 1 N s | .08 | 6062 9. 63 ol
G0, O TRY. 5B 27. 6 40, 5 37.8 | 4.41 a9 13 8,00 718
300.0 | 121.2 98.3 3.0 14.3 453 81, 81 11. 76 799
GO0 | 3.9 | 4.9 | 440 | 1.13 26. 6T 3. 90 266
L | e e P | e e e ri R B s S S m 29, 47 4.54 277
SV 1 L4 0 gL | 120. G 155. & 296.1 | 19.29 | 306.99 46. 13 3,379
et e AR R e e e m T 3707 9, 45 bl2
19.2u|344.?5 55.58 | 3,891

Tance VIL—Weight, composition, wid heat of combustion of feces—Metalbaolism experiment No. 12,
i3 = I-- I T z Heat of
s 2 : 'y

Weight. | Water., | Protein. | Far. ‘:;’:::fr‘ 7 | Nitrogen.| Carbomn. Hglednr?' hgscﬁlo;l

IR, . fFFTmi, fF s, (FFELALE, I GFramnte, GFFeLe, | Grame, | Calorees,
270.0 | Zj4. 2 31.1 25. 9 22.6 Ho00 | 48 .29 6. 85 oA
092 5 68, G 7.8 & 5 5.7 1. 25 12, 057 1. 71 156

| Average per day

e

S

The separations between the feces from the food consumed during the experiment and
those from the food consumed before and after were made by means of charcoal, as deseribed on

page 234,

Inasmuch as separations made in this way are at the best not as satisfactory as might

be desired, no attempt was made to determine the exereta from the food on different days of
It is asswmed that. when the food and exercise are so nearly uniform, the
undigested residues and metabolic products would not vary a great deal from day to day. Even
if there were irregularities from day to day they would hardly be large enough to affect very
areatly the average for the whole experiment.

The amount, specific gravity, and nitrogen of the urine for the different 6-hour periods
during the experiment are shown in Table VIIL, and the earbon, hydrogen, water, and energy of

the I}.‘«:pi*l"llnvut.
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the daily urine in Table IX. The urine was also collected during the preliminary period of 4
days and during 12 hours following the experiment. Aliquot portions (from one-half to two-
thirds) in these 6-hour periods were taken for the preparation of a composite sample of the urine
for the day, and in like manner aliquot portions (about one-eighth of the total weight of urine)
of the composite sample of the urine for 24 hours were taken for the preparation of a composite
sample for the whole period of the experiment. The nitrogen was determined in the urine for
each day and in the composite for 4 days of the experiment. The quantities of nitrogen eliminated
each day, as determined from the 6-hour periods and from the composite sample for the day, do
not always agree exactly. Such discrepancies may be due in part to small errors in the sampling
of the composites, in part to errors in the amount of urine measured out for analysis, and in part
to errors in the analyses. Samples were measured out for analyses in a calibrated 5-c. e. pipette,
and it i= possible that differences in the amount delivered from time to time might introduce
slight errors in the results. It is assumed, where discrepancies exist, that the values obtained
from the 6-hour periods are the more accurate, and these latter are consequently nsed in the esti-
mation of the nitrogen balance.

It is difficult to evaporate urine to dryness without more or less decomposition of urea to
ammonium carbonate, and consequent loss of energy. Accordingly, no attempt was made to
determine the solid matter in the urine of individual dayvs, but a portion of the composite sample
for the experiment was dried according to the manner described on page 239 and the residue used
for the determination of carbon, hydrogen, and heat of combustion. The heat of combustion
is also determined in the composite samples of the fresh urine each day, as explained above.
The precauntions taken to avoid error through loss of nitrogen, carbon, and energy during the
process of drying of the urine have been described in the publication referred to on page 239,

The nitrogen is determined in the fresh urine from day to day, but in order to obtain an
approximate measure of the amount of carbon and hydrogen in the urine on the successive days
of the experiment some computations are necessary. In making these computations it is assumed
that the ratio of nitrogen to carbon, hydrogen or water-free substance will be the same for each
individual day as for the 4 days. Thus, the amount of nitrogen in the urine of the first day
of the experiment was 17.62 grams, and that for the whole experiment 71.86 grams. The
carbon for the whole experiment was found by actual determinations to be 49.15 grams. The com-
putations for the amount of carbon in the urine for the first day would then be as follows:
TL.86 : 48.15 :: 17.62 : x (= 12.05). This method of estimating the carbon and hydrogen in
the urine on the different days is manifestly more accurate than would be the case if the total
quantity of carbon and hydrogen in the urine for the experiment were divided by the number of
days, as is done in estimating the daily excretion through the feces. We know that the guan-
tities of nitrogen and carbon in the urine vary from day to day, and have an accurate measure
of the variation of the nitrogen, and, since the variation in the nitrogen must involve variations
in the amount of carbon united with this nitrogen in the form of urea and allied compounds, it
does not seem inappropriate to take the variations in the nitrogen as a measure of the correspond-
ing variations in the carbon. Of course, there may be varying quantities of non-nitrogenous
compounds in the urine from day to day, which would render the above method of estimation
more or less inaccurate; It is probable, however, that the variations in nitrogen give the fairest
measure of the variations in carbon and hydrogen. As a matter of fact, it has been found that
the heat of combustion varies in close relation to the nitrogen. Of course, the results for the
experiment as a whole are not atfected by the subdivisions of the amounts for the individual days.
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Tavre VIIL.—Admount, specific gravity, and nitrogen of ueine by 6-hour periods—Metabolizin evperiment No, 12,

Diate. Feriod. Amonnt. E!;T::‘L""’ Nitrogen.
| 8495, d (Franis. Fercend, | Frams.
Apr. 12-13...... it R Vi Wi o e Al 4 1. (126 S8 5. 64
i bo P et s sl Dol S A ins e e 349.0 1. 030 1.51 5. 28
T 1 oo 0 U T s e e S 247.6 1. 027 1. 90 4. 70
5F 158 VPl vo W B |1 e e i s SR e 187.0 1. 030 2.14 4. 00
Total: - coc s saps vo i e D ee sl e R | ] ORE  [es e St 17. 62
A T o e e e oo e e e e | R 1, 0238 B
13-14...... T T 1o v W e 81V | S = e e e [ 316, 7 1. 025 1. 40 4 42
B O S s s e e T R S | 455, 4 1. 029 1.29 5. B0
e T o s e o | 276. 4 1. 027 1.84 5. 0F
1a.m. o7 a. 1||.____......._._______.......,,.,,,,| 286. 0 1.028 2,00 8.7
e S T e e T
| Tatal by romposite . oo ool ALESECS 1. 028 ] e
T A [l YT A s R e S R ot 243.6 | . 1.024 1,14} 2. 78
e T e a1 e S SR e e 386.3 | 1. 024 1.24 | 4.78
A T P e e e S L SR e 285, 4 1. 025 1S 4, 91
| B R S SRR S e e ; 134, 3 | 1. 030 AL 4. 18
i1/ Bl G o Sk TN LA VA 0 R T 51| BT e |LETET 15. 65
Total - by-compoaites: oo st maaai oha ] | 1,069.6 | 1. 025 [ 1, 48| icrgnmer
1578 T b P e e S e e | TS 1. 024 1.39 145
1T R v T e e ey B TR e SR e 326, ( 1. 026 1. 32 430
(LR e R O S SR e B S e S R Sod. 3 1. 028 1. fia 5. 49
e T e T i S e e e S L 160, 3 1. 028 2,02 324
Potall o oo e 1 560 1115 ] O (R 17.48
Tatal“ by compoaibe: - st ono s o s e T 1, 14001 | 1. 026 3 e I e e
Total for 4 dayes, by periods . .ooveniiieaiannns e | R [ 71. 86
i el Nk g By iy e S SR S S R S T e ISR .73 238

Tapre IX.—Paily elimination of earfon, higdrogen, dvaler, and energy in wrine—Metabolism exneriment No, 12,
L) d - 5 r qu

Heat of combustion.
Date. | Amount, Carbon, Hydrogen. Water.

| : Fer gram, Total,

1885, rams, Fer . | Grams. | Percl. | Grams | Perel. | Groms, Cilories. Calorice,
S i e s e L L) (S R S e LR 1,025. 9 0.112 123
3 B i e e e G U 1B m L S R A ) ] R Lt ] R 1,254.1 - 108 145
Ly e s P 1,069.6 |..._.. 10, 70 f-h____! 2000 e 1,010.0 115 123
1177 o U Rt R e ([ I £ o [ | St 1l ) PEReter | it ] s 1,073. 6 114 130
Total. . ooocooiiooiaaacaa| 4,637.2 | .06 | 49.15 | 20 | 13. 45 | #4.1 |4, 363. 6 (-112) s 521

|

*The heat of combustion of the urine was determined in the composite sample for each day and in the total com-
pogite for four days.  The total heat of combustion of the urine for the experiment, as determined in the latter sam-
ple, was 0.112 calorie per gram, or a total of 519 calories.

Carbon dioxid and awater of vespivation and perspivation.—The determinations of carbon
dioxid and water in the ventilating air current in this experiment are shown in Tables XT and
XII, which follow. Table X gives the total amounts of carbon dioxid and of water in the air
of the chamber at the close of each period and the gain or loss during the period. Differences
in the amounts in the chamber at the beginning and end of a given period—** residual ” amounts,
as they are here termed—indicate whether the ventilating air currvent has removed more or less
carbon dioxid and water than was actually exhaled by the subject during the corresponding
period. For instance, if a change from rest to work is made during a given period, the
quantities of carbon dioxid and water given off will be increased, and the air remaining in the
chamber at the end of the period will contain a larger amount of these products than was present
in the air of the chamber at the beginning.  This inerease must be added to the amount actually
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found in the ventilating air current in order to obtain the actual amount exhaled during the
interval. On the other hand when the transition is made from a period of considerable activity
to one of rest. there is a gradual diminution of the gquantity of residual earbon dioxid and water
in the air of the chamber. This residual carbon dioxid is earried out in the ventilating air
current during the period, but was actually given off during some preceding period.  The total
amount measured must, therefore. be diminished by the ditference in the quantities of residual
carhon dioxid at the beginning and end of the period. Furthermore, with the inereased water
content of the air consequent upon increaszed muscular work, the amount of water accumulated
by condensation upon the water system or *“absorbers™ may be gradually increased. Indeed,
the amount of water thus condensed in periods of active work i= apt to be so large that a portion
gradually drips from the troughs or shields beneath the water system into the **drip flasks™
suspended at the end of the shields. This water is called *drip.” The weight of the water
system or absorhers also increases through the condensation of moisture which does not run off
into the drip. On the other hand, with the change from work to rest, the weight of the
absorbers diminishes because of evaporation of some of the moisture condensed thereon during
the previous period.

In order to determine the actuar amount of carbon dioxid and water vapor in the air of the
chamber at the close of each period. samples of the air are drawn and the quantities of carbon
dioxid and water determined. At the same time the absorbers are weighed and the drip
collected. The data thus obtained. shown in Table X. serve for correcting the amounts of
carbon dioxid and water found in the ventilating air current, as shown in Tables XTI and XII
bevond.

In experiment No. 12 drip was not weighed at the end of each period, but was poured intoa
bottle and the total amount for each 24 hours passed out at the close of the day and weighed.
We have, therefore, no measure of the amount of drip in the different periods. It is altogether
improbable that the amount was uniform from period to period, but in lack of any indication as
to how it should be subdivided, the amounts have been apportioned equally among the four
periods of the day. While this may introduce some error in fndividual periods, it does not
affect the accuracy of the figures for the whole day.

TasrLe X.—Comparison of residual amounts of carbon diorid and water in the chamber at the beginning mnd end of each
;N'rr'ur[ anel the nu';'a':‘ppr}"rﬁu:; :plr'u g foss— Metabalizm r.i"pr_‘i'l:lilii'h-f No, 12,

i Carbon dioxid. Water.
: o
ST I G Change i Total
Date, | End of period. T Vit amnﬁ:'[ m-ihmn nd, “‘fi;ﬁfu’?. ﬂlllil-'ﬂ;l'il.l
| otal orloss oo nar pe. | OF l03 absorbers.| Deip from| B8
| amountin (— ) over | mg.ining | { =} over Gain [J__}':ammm- [+) or
e P od. | n cham- | PECICRE or loss | ity
i Nt prierioad.
1548, T rame. Grame. Frams, Gramas, Frams, {rPlmE, Frama,
L B e - B O 1 e e e e i e o
g SRt T 03.6 | +64.83| 584|177 +286| 191.5 | 495.2
7 o | (e f POt 7.5 | —22.1 57.8 | — .8 | —166 | 191.8 24.8
g e s R St 3.4 —40.1 8.6 | — 1.0 — 34| 191.6 | 156. o
| LT | & = 0.5 — .9 al.2 | — 8.4 — 3| 191.6 182 2
' Total.. ... - T 110.5| + 52| 766.3| B28.8
15-14..| 1 L oy A S o o B 90.5| 169.0| 6.9 +10.7| +112| 298.0 | 490. 7
| ¥ p-m-. E F e 9.0 | —20.5 6.9 | +3.0| — | 2958.0 292.0
L 1 e T, 314 47.3 ar.G | — 7.3 — 25 .9 265. 6
(i el A A S R SRR R R TR A 26.9| —4.8| 51.8| —58| —25| 207.9| 267.1
S e Eoll R IR, T N o A 6| + 530,198/ 1,245.4
L | L v 11 e P S 88.2 | +51.3 60.2 | + B4 | + 77 2-1&1.3 | 33_3_*.?
W e T e i L el A P e 744 | —13.8 63.8| 36| =—11| 251.3| 265.9
| I R e e "l es1|l—sms| seol=—%8| =8| %Ez| 1824
i P weee| 21| 420| 50.7|—63| — 81 251.2 | 164.9
! ST e SR A e e B L R
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TapLe X.—Comparizon of resduol amanuntz of earhon diovid and waler in the chamber, ate.—Continued.

Carbon dioxid, | Water.
[ Tatal l Ch i Tatal
Date. End of period. Total G“i“lg}mmﬁﬁg of G‘rl-jrnl:{*] “12::%? :1? amE-:unt
iml E oy | VEPOE Te- | M5 | abeorbers, Dirip from. [t
amonnt in| {—) over | maind [—}over Giin () | ibsorers {+} OF
chamber. | preceding o cham- pmf.'gilmg- or loss ; Im:ﬂ; |
| i preriod, ber. period. | s ]i:*lric:f
== — e |
1=55. | Grams | Grams, (Franie (Frima, i, (G, Framis,
D T e T s e s s e e e s o | BL5 [ 544 61.1 ) +10.4 | 4110 | 233.0 353. 4
T e R e o [ 321 | —49. 4 6l.41 4+ .3 | 4106 | 233.0 339. 3
| B TR 1 e me e e e e el [ D1 (e 1.9 0.3 | — 7.1 — 36 232,49 189. 8
T ] R e i e a7 4| — 28 50.6 | — 3.7 — 86| 232.0 193. 2
' Mol chiatt o S e e l— 1| 4144 | 9318 | 1,05.7
i T T e e [ 4 9.9 4175 IS,EM.EI 4,079, 8
| | |

The determinations of carbon dioxid in the ventilating air current in this experiment are
given in detail in Table XI. This table shows the total ventilation in liters during each 6-hour
period, and the quantity of carbon dioxid in the incoming air and in the outgoing air. The
difference between the carbon dioxid in the incoming and outgoing air, corrected for changes in
the amount of residual carbon dioxid, gives the amount actually exhaled by the subject. Three-
elevenths of this amount is taken as the quantity of carbon.

The letters in the column headings of these tables serve to indicate how the quantities in the
different columns are obtained.

Tapre X1.—HReeord of earbon dioxid in ventilating air eurreni— Metabolizm experinent No. 12,

I () Carbon dioxid. (h)
|
ventilation. In incoming air. (ed} () | i) () Tatal

Diate, Period, ]:I:umm;r ?l‘ _ [ Corrected kah‘: of

ters of mir, Total 6x- | Corréetion carbon

() (€} | noutgoing | cess i out- | for amount "ﬁ:{;’&t‘f;' exhaled,
Total adr. | going air | remaining | e g
Ferillter. | oS A |in chamber. | =4 ;‘U,“

184S, i Liters, Mg, (Frams, (Framas, {Frams. | (Frams, ‘ fFrams, (Franis,
Apr 12 .. 7dam-—lpm...... 25,653 | 0.750 192 434. 0 414.8 | -LeéL3 479, 1 130. 7
Lpmm—7 p.Muuca.. 25,653 | .57 14. 8 477. 7 462, 9 —22.1 440, 8 1202
12-13..| Tp.mi=la.m......| 25,653 . 502 129 261. 3 248.4 —4i. 1 208. 3 afi. 8
e i lam-Ta.m...... 26, 430 | . B17 16. 3 168. 0 I 5.7 =— .9 150. 5 41.1
Total .. ...... 103380 |- 63.2 | 1,341.0 | 1,277.8 | + 1.2 | 1,279.0 | 848, 8
13 -] Tam-1lpm...... 24, 875 | . DG 14. 2 434.3 | 420, 1 -6, 0 488, 1 133. 4
1 poin=7 P Meuen.. 26, 430 . GOS8 16. 1 4497, 8 481.7 —20. 5 461, 2 125. 8
13-14. | Tpm=la.m...... 26,430 | . 651 17.2 280. 2 2730 ~47. 3 224. 7 61.3
4. .| Lam=78.m. ...... | 26, 430 | - EREM 18. 2 1640. 4 142, 2 — 4.8 137. 4 37.5
Total - ooons] 104,185 [oooo. ... 6.7 | 1,387 1,36.0| --3.6{ 1,312.4 83380
| e [ Tam=-lpm..cc.. | 26,430 .&72 15. 1 408, 0 392.9 +61.3 | 454. 2 123.9
|l pm~=7Tp.M...... | 25,653 . 51 14.1 462, 4 448. 3 —13.8 434. 5 118.5
14-15..| 7Tpm=la.m...... 27, 208 G440 148 270.5 255. 7 —49.3 206, 4 56. 3
7 Tt |lam-7&m...... 26, 430 612 | 13. 5 154, 6 146. 1 42,0 148.1 40, 4
Ptalit s 105,721 |.....-.. 57.5| 1,300.5 | 1,243.0| + .2| 1,248.2| 330.1
It a0 Tam-lpm...... 27, 208 . afis 15. 4 | 400, 2 3548 +54. 4 439, 2 119. 8
l pom.=7 peIn. ... 26, 430 L 15. 8 447. 2 431. 4 —4f, 4 3820 104, 2
15-16.. Fp.m.~la.m...... 27, 208 i) 15. 2 275.3 260. 1 — 1.9 255, 2 T0.4
e S l f.mo.—7 8.1 e 206, k3l « 045 144 158.0 143. 6 — 28 140. 8 35, 4
Total. .o - IO 2760 | o i 60.8 | 1,280.7 ( 1,219.9 [ 4+ 3] 1722002 332.8
Total, 4 days.| 420,551 |........ 247. 2 I ST WM e L | 1,378.7

|
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The quantity of water exhaled by the subject in the different periods of the experviment are
shown in Table XII. Unlike the earbon dioxid, the major portion of the water exhaled is con-
densed either within the chamber as drip, upon the surface of the absorhers, or in the ** freezer”
cans, which are immersed ina brine tank cooled to about — 20 C., and through which the venti-
lating air current passes. Table XII shows the amount of water in the ingoing air, the amount
in the outgoing wir not condensed in the freezers, and the correction for water remaining in the
chamber. The final column of the table shows the total water of vespiration and perspiration
during the different periods of this experiment.

Tarre X1I.—Record of waler in ventilating air curvend—Metabolisi coperiment No, 12,

) Water [tijﬁmmiug [ Water in onteoing air. (n ] (i)
- = | =&
B —_—mmMm m m— —m e e e it ==
j,: (&) ] il i | ] ‘i\__* E'T:
Date. Poriod. r E 1 0 | ¥ ;E .E.:-:L
ok - . T o b0 ==
i > 2 = 32 | EE
s | T ] ] =2 EBy
2% |- = s E zE 5238
- - e { o | = r
15498, Liters, | Myps. | Grams, ferime, ferding, | Fraina, [E g T Franee, | Frame
Apr.12=13 .| fam.tol p.m.... 25, 653 1. 025 26, 3 250, 6 fid. 3 Jld4. 4 2E8, G 495, 2 | T83. 8
lpm.to7 p.m.._.. 25, 653 BB 2.7 2490, 8 45. 7 336. 5 313.8 24.8| 3388
ipmtola.m....| 25, 653 . 807 207 | 2780 42,6 | 321.6 | 300.9 | 156.6 457, 5
lam.to¥a.m....] 26 430 . 521 21.7 | 354.5 36.2 | 200.7 | 269.0 | 1522 I 4921. 2
| Total .......| 108,389 |........ 1.4 [1,074.9 | 188.8 1,263.7 1,172.3 | 828.8 | 2,001.1
13-14 ..| 7 a.m.tol M. ... 24, 875 LOTE ) 24.2 | 281.1 41.3 | 322.4 ME. 2 4, T | 718.9
[ 1p.m.todpm.... 26, 430 844 | 22,3 | 3810.1 29.0 | 358.1 | 335.8| 202.0 627.8
[ ¥ p.m.tol a m.... 2, 430 LB67 | 229 | 285.0 42.4 | 337.4 | 314.5 | 265.6 A80. 1
lamto7a.m.... 28,430 ; .829 | 21.8 265.3 4.7 300.0| 278.1 ) 267.1 545.2
Total .......| 104,165 |........|] 91.3 |1,160.5 | 157.4 |1,817.9 [1,226.6 |l,24a.4. 2,472.0
14-16 ..| 7 a.m.tol |1-.1|1“..| 26, 430 974 I 2.7 1 288.% 43. 8 L | 201, 4 536, 7 Gas. 1
l1p.mto7pm....| 25,653 864 | 32.2 | 301.0 40.6 | H1.6| 319.4 | 2659 585, 3
Tpmtolam....| 27,208 A58 21.4| 28L1 39,1 323.2 201, 8 162, 4 164, 2
la.m.to7am....| 26,430 [ .81l | 21.4| 262.6| 35.8| 208.4| 277.0| 16£9| 4419
Total .......| 105,721 [ 90.7 |1,131.0 } 159.3 1,280.3 (1,199.6 | 929.9 | 2,129.5
15-16.. | Tamtolpm....] 27,208| .953| 25.9| 200.2| 43.3| 333.5| 307.6| 358.4| 6610
lpmtoTp.m___.| 24 430 L 005 25.9 | 306.5 43.9 | 300.4 | 326.5 | 339.3 i35, 8
Tpmtola.m.... 27, 208 . B 21.8 | 289.2 a1 8.3 a26. 5 1549, 8 al6. 3
1 21 275.9 | 198.2 468, 1

amtoTam....[ 26,430 BT 20.3 | 261.1 an. 1 | 206,

Total .......| 107,278 |........] 91.9 |1,147.0 | 181.4 [1,328.4 |,E;-‘;6.5{1,U?5.?|2131:z.2

Total 4 davs_| 420, 551 ___.....; 365,53 4,515.4 | B8G.9 5,200.3 4,835.0 {4, 0705 | 5 914. 8
| |

Heat wicasurements.—The details of the measurements of heat given off by the subject during
the experiment are too extensive to be given here.  Those for each hour of the day and night, as
recorded, filla page of a notebook sheet 22 by 20 em. For a detailed description of the appliances
for determining the amount of heat carried out by the water current and for avoiding gain or loss
of heat from the apparatus except where it can be determined, reference may be made to an
earlier publication on this subject.* As has already been explained (see p. 237), the larger
part of the heat given off hy the subject is carried away in the water current, whose temperature
as it enters and leaves the apparatus is determined at intervals of from 2 to 4 minutes, and
whose quantity is measured in cylinders holding 10 liters each. The average difference in
temperature between the incoming and ontgoing water multiplied by the number of kilograms
of water which has passed through the chamber gives the number of calories of heat removed
during the time. Since, however, the specitic heat of water varies at different temperatures, it

» Bulletin 63 of Office of Experiment Stations, above referred to.
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is our custom to redoce all these measurements of heat to the calovie at 20° C.  To this end it is
necessary to multiply the number of calories of heat removed in the water current at the mean
difference of temperature between the incoming and outgoing current hy the mean specific heat
of water for that range. The product gives the corrected heat measured in terms of calories at
20° (Lor C°,,. These corrected values appear in the first column of Table XIII. For a more
detailed discussion of this subject see page 55 of Bulletin 63, above referred to.

The heat measured in terms of (', does not represent all of the heat given oft by the subject
during a given period, but must be corrected for changes in temperature of the calorimeter and
for the heat introduced or removed by articles of food and drink taken into or removed from the
chamber, and for the heat required to vaporize the excess of water given off in the outgoing as
compared with the incoming air current: i. e, latent heat of vaporization of water given off from
the lungs and skin.

The temperatures of the inner walls of the calorimeter ave observed at the beginning and end
of each period. If these walls are warmer at the end than at the beginning of the period, some
heat has been absorbed. If they are cooler, some heat has been added to the air of the chamber.
For a rise in temperature of 1° (. it has been found that the walls absorb 60 calories of heat, and
vice versa, in cooling 1° they give up 60 calories of heat. The changes of temperature are,
however, kept so nearly constant as to vary rarvely more than a tenth of a degree hetween the
beginning and end of any period.

The temperature of the drink is taken immediately before it is passed into the chamber, and
corrections are made for heat introduced by the hot coffee, or required to bring the cold water
to the temperature of the chamber. The temperature of the food is brought as nearly as possible
to that of the chamber before being sent in to the subject, so that little or no heat is added to or
removed from the apparatus in this way. The corrections for temperature of food and drink and
the dishes containing them arve shown in column « of Table XTII.

From the best data available it appears that 0.592 ealorie of heat is required for the vapor-
ization of one gram of water at the temperature of C-,,.  Water which condenses on the absorbers
and is removed as drip gives up this latent heat of vaporization within the chamber and it is
measured by the water current. The water which passes out from the chamber in the form of
vapor in the ventilating air current carries out, however, a considerable quantity of latent heat.
The amount of water vaporized is found by taking the algebraic difference between the total
excess of water in the outgoing air,as shown in column ¢ of Tabie XII, and the gain or loss of
water vapor in the air of the chamber, as shown in the fourth column of Table X. The amount
of water thus vaporized multiplied by 0.592, the heat of vaporization of 1 gram, gives the total
heat removed by the vaporization of water within the chamber.

The heat carried away in the water current, as measured in terms of C-,,, corrected for change
in temperature of calorimeter and for temperature of food and drink introduced into the chamber,
added to the amount removed in the water vapor. gives the total heat determined. as shown in
column ¢ of Table XIII.

TavLe XIIL—Sumaiory of calorimetric measwrementiz— Metabolisin expertment No. T2,
() () (el (el) (&) LN | ()
Water va- I
porized

g lE: aity Correetion syl s 1ok L T
it ' Pericd rm-lx::-ILI:L;:-:I --[rl:-lllll:llf-l;n- m}'!::q’#fﬂ 1i1|||lllllnl1-l1':|- ‘}';l‘:“'”l:'t“ I’“ ".Ell':"? I TI:}:L!.:M
in terms ture of | °f "'::;ﬁ:"“' tiure of "“Il:ﬂ:'d H‘,::.Il.' ;1:.1_“' [ mined
of C9% calorimeter. b o 6. oo nnad FOnnL e 0L, | oo,
dighes, condensed
in chamber.
! = Tair| T
1888, alarica, J‘.l.-:-;_w.- A, {lorics. Calories. fRreimis, aforics, Chilnrice,
Apr. 123-1J. | Fam.tolp.m.......- 1, 204. 6 15 —+3.0 —3. 3 305, 3 181, & I__.'L"h'},ﬂ
L0 toi T peme s 1, 236, 9 ~15 +-3.0 480 313.0 185, 3 1,433 2
rpem.to LA me il 405, 5 —A5 e T i) E e 200, 9 157, & G0, B
La-m 60T &cm - o J14. 5 —10 AL e 263. 6 154, (v | 464, b

Potal: s S 3,252 3 —{]5 —. 0 -, 7 1.1482. 8 T00.2 | 3.054.2
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Tapre XIIL—Sunmary of calorimetric measwrements—Metabolizm experinent No, 13—Continued.

301

(a1} (1/3] () (4] {£) (] | ()
i Water 1.':1-
. Corpection FHEL I
x L Capacity Iz - | Heat nsed ;
Datee. | Period. m'_.l;::ﬁ:“! ‘,[‘[i!:::}t?nl_ (1‘:I'E‘Lﬂl'li.'l'.lll t;}::.;etr':t l:‘!-:1 1|:J:an:||n I.:“'_nl;':‘;- T'*:{GH:_‘:"'L
:_“rh:?“.x . 11“?‘ o af :?Il::r;lm e .,alll:ﬂml 1}1»::::{;:}[ miHT‘i
7%, qwlorimeter. pri fosw]l mnel - 3 e i
t B LR vt it | e B
I'ill. chamber.,
1508, {_‘i,-;]'nfr'rs. Dhegrees. Calorics, Calarics, fFrame, Calorics. Calorira.
Apr, 15-14.| Vamtol p.m........ 1,254. 3 +15 + . 308, 9 182.9 1, 446, G
L pm b0 7 poiilee e nnn- 1, 265.3 —10 — 6.0 + 0.8 238. 8 200. 6 1,489, 7
Tpmiolam.......- and. 3 () e e s e 307.2 151. 8 37 1
R v R 1 e i R R e EE 272.3 161.2 440, 8
Total...._........| 3,3545| 405| +3.0( +102| 1,227.2| 7265 4,042
14-15.] Ta.m.tol p.m........ 1, 163. 6 | —05 L= 4.8 —1.9 309, 5 153, 4 1, 340, 3
lpmto T p.m..ccc.-- 1, 159, 0 —05 — 3.0 ‘ + 9.2 323.0 191. 2 1, 3546, 4
Tpmiolam........ 510.4 | 08 sl e sl 204.0 174, 0 GRY, 2
lamto7Tam.. ..... 302.2 +05 | + 3.0 [iaeunennns i 160, 9 466, 1
il S Rl R e ) e RIRERECTS | + 73| 1,198.5| 709.5| 3,820
15-16.| 7Tam.tol p-M........ 1,124.9 | L0 12.0| — .4 3180 188.2 | 1,824 7
lpm.to? pomee..aa-. 1,104. 2 —10 — 6.0 +13.2 | 226.8 154, 3 1,245.7
Tpmtelam.......- L P P el 418, 4 248.3 784.8
lamobo Ta.m.....oze 206.5 | —05 | — 30 |ennn... R 161.1 | 454, 6
Motal oo ad 3,062.1 +0a + 3.0 | +12.8 | 1,236.4 731. 9 | 3,809, 8

Elimination of unowvidized aleofiol.—The urine, freezer water, and air current were tested
for aleohol or products of incomplete oxidation of alcohol by the method referred to on page 258
above. The results obtained in this experiment are shown in Table XIV. It will be observed
that 98 per cent of the alcohol taken with the food was apparently oxidized in the body. Inas-
much. however, as it has since been found® that even when aleohol forms no part of the diet
there is a considerable amount of organic material in the urine, drip water, and ventilating air
current which is eapable of reducing the chromie acid employed, it is probable that the actual
elimination of unoxidized or incompletely oxidized aleohol is considerably smaller than is indicated
by the figures in the table.

Tasre XIV.—Aleohol ingested and cxcreled—Melabolizn experiment No, 12,

Alcohol exereted, ineluding other redacing mate-
rinl caleulated as aleohol.
|
Date jA]rnhT’ | o Allpo‘tél:t_l m_lﬁr;&bﬁ
p ngested. | ;o ane | o drip |0 frecier : ized in .
AFLAS T wal 1
']{1;"'}']' *1":." 3 ¢1I1stTf- |:|.11;L:::Il. Total.
[ ate ). HALLHS IHH."_]. |
- — | — | —
1585,
Erperiment No. 12,

: Grams, | Grams, | Grams, | Grams | Grame | Grame | Grama. | Per cend,
April12-13 ... ... B 2o 2.4 | .12 (0. 0 i 1.02 1..26 7l.1 8,2
L I o e e e P P T T 72. 47 Ll . L L04 1. 07 1.43 | 71.0 a5, 1
1 g | st e e e s e . 72.4 .22 .36 L3 1. 440 2.0 70. 4 297.2
1 e s e amid 72.4 =4 10 L3 1.02 1. 26 7l.1 98. 2
Tl e e 1 e A 259, 6 .62 .67 A8 451 | 5900 P2880 [t deneris
AVerare per fday . .cvueenenrervennnann 2.4 | .16 AT L 1.13 1. 49 0.9 079

t2ee Table CXXT.
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The experimental data recorded in detail in the preceding tables ean be summarized in
“derived " tables showing the balance of income and outgo of matter and energy, the amounts of
materials excreted under different conditions and at different times of the day, and other points
of interest.

Nitvogen and carbon badance.—The daily income and outgo of nitrogen and carbon in this
experiment are summarized in Table XV, The quantities of nitrogen and of carbon in the food,
feces, and urine are derived respectively from Tables VI-VIII, the quantity of carbon in the
respiratory products from Table X1, and the aleohol eliminated from Table XIV.

Nitrogenous materials and water of perspivation colleeted in elothing.—It will be noticed that
the ficures in column ¢ of Table XV, nitrogen in urine, differ slightly from those given in Table
VIII. The subject changed his underclothing each night. The gain in weight of the underclothes
from the time they were sent into the chamber until they were sent out was taken as water
absorbed, and the amount thus removed is added to that in column ¢ of Table XVI, ** Water in
respiratory products.” The underclothes taken out were extracted with distilled water, which
was afterwards evaporated nearly to dryness, the residue made up to a given volume, and the
nitrogen determined by the Kjeldahl method. The nitrogen thus given off amounted, in this
experiment, to 0.96 gram for the 4 days. This amount has been divided equally between the
different days of the experiment and added to the amount of nitrogen in the urine, The sums are
given in column ¢ of the following table:

TanLe X V. —Ineame and it .-.!,I" Iq.;fl'lf_rll'.l'ﬂ el erbon— Metabolizm .l_'.r]u'a‘l'ui'tn.l' No, 12,

NitFOEren. Cirhan.
il ™ ; - : ; . . e e .| . _
(@) oy (] fed (e} [E3] f) | (5] () [y (k)
Trate and period. Tn | in. | G0 In | In In re- Inal- | Gein
Infood. | geee, | urine | b ey | Infood. | fooes, | urine. | *PI™ | ohol | () or
g | .| etimi- iy
o). . ucts, | DAted. gHlei).
| =0s, fyrang, | fframe. | Grame, | Frams. (reme, | (Rrame, | teramg, | Grames, frrame, | Frams,
Apr. 12-13, Ta. m. to T a. m.___.___ 19,3 | © dcd 17.9 | 4+0.1 [ 3447 121 | 12,1 | 5.8 0.7 |— 240,
18=14, Ta.m.to7a. m.......; 19.3]| 1.2| 2.3 |—3.2| 348 | 121 14.4 | 358.G ST —40.4
14=15, Ta. M. o7 o Me......| 19.3 | 1.3 15, 9 2.1 3447 121 | 10. ¥ 339, 1 1.0 |— 18. 2
15-16, 7a. m.to 7 a. m....... {198 [ L2 17T A0 3448 | 121 | 12.0 | 332.8 =128
I v e e T e | 50| 2.8 —.61,379.0 | 45 4 | 449.2 |1, aTE.T | 3.1 |—100. 4
Average perday...._...... 1g5.8 ] S 1 B2 — 2| sis 121 | 12.3 | 4.7 .81 9.1
1 I | i

- Im]unhn-r nitrogen of perspiration. The It'ltl‘l.':lﬂl.‘ll t]ms given off amounted to 0.96 gram for the four days, and
has been divided equally between the different days of the experiment and added to the amount of nitrogen in the
urine.

Hydrogen balanee.—The income and outgo of hydrogen and water upon the different days
of this experiment are shown in Table XVI. The figures are collated from the previous tables,
The values for water of respiration and perspiration have been increased by the amount absorbed
by the underclothing on each day, and therefore differ from the corresponding values as found
in the last column of Table XII. The water thus absorbed by the underclothing and removed
from the apparatus amounted to 63, 10, 12.3, and T grams, respectively, on the successive days of
the experiment. The apparent loss of water is shown in column 7 of the table. The quantities
in this column are always negative, since the water given off in the respiratory products is derived
not only from the water taken into the system with food and drink but also from the oxidation of
hydrogen and organic compounds.  When, therefore, we consider the income and outgo of water,
the body is apparently losing hecanse of the oxidation of hydrogen within the body to form
water. The fieures of column 7, therefore, represent water apparently but not actually lost
from the body. The quantities in columns g, A, and ¢ of Table XVI represent the amounts of
hydrogen in organic combination in the food, feces, and urine, and the values in column / show
the upi}:u'nnt cains of hydrogen. The quantities in this column are always positive, owing to the
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fact that the most of the hydrogen in organic combination in the food is eliminated, not in
organic combination in the feces and urine, but in the form of water in the urine or respiratory
products.  In other words, the figures in column / apparently represent hydrogen gained by the
hody in organic compounds, but for the most part actually vepresent hydrogen given off as water,
The total gain or loss of hydrogen for the experiment is calculated by adding together the hydro-
wen apparently lost as water, column f, and the hydrogen in organic combination apparently
gained, column /. This total gain or loss of hydrogen is shown in column #. There was in this
experiment a gain of hydrogen on the first day and a loss on the three following days, making
an average loss for the experiment of 20.8 grams per day.

It should be said, however, that the determinations of water and consequently of hydrogen
are less satisfactory than those of nitrogen, carbon and energy.

Tavre XVI.—Ficome and outgo of waler and hy:fm:m!. Metabolism experiment No. 12,

Water. H yidrogemn.
e S el e T Dy IE - s e =% )
SRl L | B () ] (ef) ] (S | () ) | (i) () i () {ml
LSyl |
: In re- | Appar- | Imal- | Appar- | Loss | Tatal
1 In In In spiratory| ent loss |  In In In | cohol |ent gain from | gain+
food, | drink. | feces, | nrine, prod- | a+b—ie] food. | feces. | urine. | elimi- |g—(A+i | water jorloss—
uets, | el | | nated. | 4k). J+8 | I4m.
_— e i : | —ru_ —-_| _— _—-l  —
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April 12-13, Ta. m. to7 [
I 1,067]1,807. 8| 68.51,025.92,007.4 237.2 55.8¢ 1.7 3.3 0.2 560.4 26 -11-1,- 24.0
13-14, Ta. m. to7 | { [
S e 1,0571,807.6  68.61,254.12,475.0, 931.1) 55, ﬁi 1. T| RIT oy A 2| 49.7 103.4 —53.7
14=15, Ta. m. to7 | | |
ﬂ.lu.--._...._| 1, 05871, 807. 6| 658.51,010.02, 141. 8| 355.7 -"":-.l:'tl 1. 7| 2.9 o a8 39.5+11.3
16=17, Ta. . to 7 | | | | [
.M aeeenaaaa-f 1,0571,807. 6, 08.6]1,073.62,319.2) 5968.8 55.6) 1.7 5.3 .2 0.4 66.3—15.9
Total ..........| 4,2287,230. 4| 274.2/4,365.68,941.42,120.8 222.4] 6.8/ 13.5 .8 201.3( 235.6-34.3
! | | et R e s
Average perday.| 1,Ua71, 5Uy7. 5. - LHIS, 200, 0 odllE o, A a3 . £ a0, 3 a8, H— 8,
.4 I i 1 1.057/1,807.6 65 !:'lll U’E!ﬂﬁl-“ 23a.3 23,2 55.6 L7 3.4 ’iI a0, 3 58 Fli B 6
| | |

Fstimated gains and losses of body protein and fat.—From the data summarized in Tables
XV and XVI we may compute the gain or loss of protein, fat, and water on the successive days
of the experiment. These computations are shown in Table XVIL.  If nitrogen is gained or lost, a
corresponding gain or loss of protein is assumed.  Protein compounds are here assumed to contain
on the average 16 per cent of nitrogen, 53 per cent of carbon, and T per cent of hydrogen. Accord-
ingly, the gain or loss of protein is computed by multiplying the gain or loss of nitrogen by 6.235,
and is shown in column . Whatever protein is gained or lost must, by the above assumption,
contain 53 per cent of carbon and T per cent of hydrogen. The amounts of earbonand hydrogen in
the protein gained or lost in the successive days of this experiment, as thus computed, are shown
in columns « and 4. The algebraic difference between the total earbon gained or lost and that in
the protein gained or lost gives the amount of carbon gained or lost in other compounds, namely,
fat, glycogen, ete. It is probable that the amount of glycogen in the body at the time of rising,
T a. m., does not differ greatly from day to day, and the assumption is here made that all of the
gain or loss of carbon above that in the protein gained or lost comes from change in the amount
of body fat. It is assumed that average body fat contains 76.5 per cent carbon ® and the amount
of fat. gained or lost is consequently computed by dividing the values in column ¢ by 765, as is
shown in column . Assuming. as before, that there has been no change in the body content of
glycogen, the algebraie difference between the total hydrogen gained or lost and that in the protein
and fat gained or lost is assumed to represent the hydrogen gained or lost in the form of water.

* Determinations of the percentage of carbon in body fat made in this laboratory by F. G. Bexepier and E.
OsTeRsERG in 1900, published in vol. 4 of the American Journal of Physiology, page 74, average 76.08 per cent.  The
value 0.761 was therefore nsed instead of 0.765 in computations of fat gained or lost in later experiments, beginning
with No. 26
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These latter valnes are shown in column I of the table. The corresponding amounts of water ave
shown in column /.

So far from claiming that these assumptions and the caleulations based upon them are correet,
we are persuaded that they must be more or less erroneous; but until determinations can he made
of the income and outgo of oxygen, we can hardly be warranted in making other assumptions
than those stated above. It i= our present helief that the largest errors arve in the figures for
water. The experimental data are recorded in such detail in previous tables that medifications
in the method of computing the nitrogen, earbon, and hydrogen balance, and the gain or loss of
body material can be made at any time shorld results of later research indicate that such modi-
fications were desirable.

Tapre XVIL.—Gain or loss of profein (N, x6.25), fal, and waler. Metahalizm expeviment No, 12,

[} L] (e} {el) 4] Ly {4} (k) (i) k) [y
| - i - o
| | yiro-
Carbon | Carbon Total | H};I:;n Hydro- | gen in :
Witroze Protein Total in pro- | in fat, | Fat R “:{ i EEN water, | Water
Dite and period, : !'L:.h‘l‘.'l'[“ ;.u.m-.-] carbon tein | ete, g fned ¥ & tu];'“ in fat ot Eained
[Ane +yor | gained | gained | gaingd | () o ﬁm:ﬁ pineq | Zained | gained | (4] or
FE et (=) {+)or | (+)er | {=)or| lost =) | E—nj {+)or | {+) or loﬁt[-}
I =)t g o5, | Tt {—). [loat (=) [lost {—) | e--.7E5. Ius'l ey oat oy (108t (=) |  Jost ke
| bx.58. | c=d. Do | <80 | (=Yg~
[ 3] (h46).
- . i
15898, Groms. | rame, | (s, | Grams. | frrams. | Frams. | Girerme. | Girame. | Frams. | (frams. | GFrame
April IE—IE,Ta.m. tn?a. 1. 1} 1 |+ 0.6 — 20.0 |+ 0.3 |—20.3 |— 38,8 |+24.0 [ 0.0 |— 4.5 +38.5 |-+256. 5
13-14, 7a. m. to 74. m. 3.2 |—20.0 |— 40.4 |—10.6 29.8 |— 39.0 —'Ji T | —=1.4 |— 4.6 (=477 |—420. 3
14-15, Ta. m. to 7 a. m. -—3 1 4131 |— 182 |4+ 7.0 |—35.2 — 32,9 |+11.3 | + .9 |— 3.9 |+14.3 [-F128. 7
16-17, Va. m.toVa. m.| + .4 + 2.5 128 |+ 1.3 —14.1 [— 18.4 |—15.9 | + .2 |— 2.2 |—13.9 |—135.1
oAl oo enieene] — 6 |= 28| —100.4 |- 2.0 |08 4 | 1986|348 — 13| =150 |—1&s |—169.2
aperire pecdaye oot = R E = L OR = SR = D B E a A  = G B  S i - 3.5 |—~ 4.7

Balance of energy.—The income and outgo of energy are shown in Table XVIII., The figures
for heats of combustion of food and unoxidized materials of feces and urine ave taken from
Tables VI. Vil, and VIII, respectively. The values in column o, heat of combustion of aleohol
eliminated, are derived from the corresponding values in the fifth column of Table XTIV by mul-
tiplying the total aleohol unoxidized, as there given, by the heat of combustion per gram, 7.067
calories. As explained on page 258, small quantities of organic matter in the ventilating air cur-
rent were reckoned as aleohol. hence the ficures in column  somewhat overstate the heat of
combustion of the aleohol given off unoxidized. The values in column ¢ are obtained by multi-
plying the number of grams of protein gained or lost by the heat of combustion of one gram of
protein, which is taken as 5.65 calories. The estimated heat of combustion of fat gained or lost,
as shown in column 7. is computed for the different day= from the corresponding values in Table
XVII upon the supposition that each gram of fat has a heat of combustion of 9.5 calories,* which
has been found to be not far from the average for one gram of various animal fats, The esti-
mates of column g are the heats of combustion of the food eaten less the algebraic sum of the
heats of combustion of food, feces, and body material gained or lost. To put it in another way,
they are the heats of combustion of the food eaten Jnd of body material lost less the heats of
combustion of feces, urine, and hody material stored. They may be said to represent the net
income of energy to the body., The net outgo is measured directly by the apparatus, and is
shown in column A of Table XVIII. The net income averages in this experiment 5 calories per
day less than the net outgo,  On different days of the experiment the net outgo vavied from 25
calories helow to 35 calories above the net income,

— — —————

* Determinations of the heat of combuzgtion of hnman body fat made in this laboratory by F. G. Bexepier and
E. Osterzere in 1900, and published in volome 4 of the American Journal of Physiology, page 76, indicate that the
heat of combustion of body fat 15 nearly 9.54 calories per gram.  This value was vsed in the computations of later
experiments, beginning with No. 26, (Bee discussion of this subject by Atwater and Bryant in Report of the Storra
(Conn. ) Experiment Station for 1809, p. 3.
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T.’LHL'E }Z‘r']li.—.fm'um—.' el J_rl:l;i‘!;u r.:J'-a;'rn; p‘_rj_rj_—.“i_'!v’ffn.ln.i"l -'.r'j.lr'r"l-rir- il _,L.“I 2.

aj () (& | (d) e} ry 1 g | (k)
; Estimmt-

od heat IEstimated Estimated I Heat de- | Heat de-

Heatof S5 - energy of termined | termined

e s Heatof  Hent of | Hent of |combus-| {LCEM | Beatol | Smatetia reater | grenter

] tion of combns eombus- | tion of "{.I'W- tion of Tt oxidized | Heat de- [ (+) or [+)or

o™ | tion of | tionof | aleohol | YERCE PR HY in the | termined.) lesms () | less (—)

i feces. | uripe. | elimi- | oy | *I‘_H or | body a— than esti- than esti-

4 mated. | FUNTE | jost =) (Bl | mated mated

st (=) = " J | Te+S]. h—g. L
= == el Larn s — | -

1548, (nlsries. Calories, Colories. | Cnlories, | Calories, | Coferies. | Caolorées. | Calorées. | Colorics, | Per ornd.
Apr.12-13,7am.to7am..... 3, 891 136 123 | 9 + 4 |— 360 | 3,979 | 5,954 =25 —0. 6
13-14 Tamto T M..... 5 501 136 145 ! 10 —II:I - 367 4,082 E LT +12 +0.3
14-15,. 7 a.m.to 7 4. m .....| &, 891 136 123 | 14 | == 75 |— 309 | 3,82 |. 3,852 0 0.0
1516, Ta.m.to Ta.m.....| 3,881 136 130 | 9|+ 14— 173 3,773 | 3,810 =39 0.9
T e e e et | e A4 a2l 42 | — 22 11,209 | 15,688 | 15,710 g
Average per day......... 3, 891 136 130 11 | — B |— 302 | 3,922 3,927 L3 +0.1

EXPERIMEXTS 08, 15-17T—REST, WITH ALCOHOL DIET.

Subject.—E. 0., who was the subject of No. 12, His weight without clothing was about 71
kilograms (156 pounds).

!_’Je:,upafum during experiment.—Reading, writing, ete., with as little mental and muscular
activity as was compatible with comfort.

Dupation.—Preliminary period 4 days, beginning with breakfast January 12, 1899. The
series of experiments Nos. 15-17 began at 7 a. m., January 16, and ended at 7 a. m., January
22, The whole period was thus 6 days, of which 2 days were given to each experiment. The
subject entered the respiration chamber on the evening of January 15. The total time spent in
the chamber was thus 7 nights and 6 days.

Thiet. '[}l'din.s.rv food furnishing, per day, 109 grams of protein and 2,141 calories of energy,
and in addition 72.5 grams of absolute :l.ll:ohul fmnmhmg 512 calories of energy, making the total
energy of the diet 2,653 calories. The aleohol was taken in 6 doses, 3 with the meals and the
other 3 between meals and just before retiring.

In experiment No. 15 commercial ethyl alcohol was added to a sweetened coffee infusion, as
in experiment No. 12. To 775.2 grams of coffee infusion were added 45 grams of sugar and 79.8
grams of 90.9 per cent commercial ethyl alcohol, making a total of 900 grams of the mixture,
containing T82.5 grams of water.

In experiment No. 16 whisky containing 45.8 per cent ethyl alecohol by weight was used.
Instead of adding the whisky to the coffee infusion it was taken with sugar in water. The
whisky and sugar were added to the water by the subject within the calorimeter, in the proportion
of 158.3 grams whisky, 45 grams sugar, and 696.7 grams water, making a total of 900 grams,
containing 782.5 grams of water and 72.5 grams absolute alcohol, as in experiment No. 15. An
apparent inerease in the alcohol found in the ventilating air current during experiment No. 16
led us to believe that some alcohol might be evaporated during the admixture of whisky and
water in the apparatus, and in the following experiments the mixture of aleohol with coffee or
water was prepared outside, as had been done in all cases previous to No. 16.

In experiment No. 17 the alcohol was administered in the form of brandy, containing 50.4 per
cent alecohol by weight. To 711.2 grams of water were added 45 grams of sugar and 143.8 grams
of brandy, thus furnishing the same amount of water and alcohol as in the previous experiments.
The alcohol in the w hisky and brandy was determined by the usual method of distillation and
determination of the specific gravity of the distillate.*

s 2pe Methods of Analysiz, U. 3. Dept. Agr., Division of Chemistry, Bulletin 46 (revized), p. 57
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Diiet in metabolizm experiments Nos, 15=17.

Fi,
| Breakfast. | Dinner, Supper. | Total.
(T NiL, {3 aE, | (R FTNiE, Frng.
B ey a5 L e 160
I e T 10 13 an
L T T e 300 260 380 S50
L L e eSS L e S s b Sos s A e et i 100 | 155 310
T T | S e e T I | s a0
T o e eSS e et S ss s s | =45 a7
|
 Used in coffee infusion and alcohol.
DRINK.
Experiment Mo. 15, Experiment No. 16, Experiment No, 17,
Time, Colfee infu- Water Coffes mhhi
: q';f:ﬁl :'ifﬁ"_r' Water, STUEAT, urlul Warter, ﬂlfma.lﬁgﬂ. 1 Water,
hols whisky.e brandy.s
1
frrams. frrams. Frams. GrEms. Grams, 5 fFrame.
5 e ] e S R R e 1), V8 e | 300 | oioiicE 300 | kit
T T T e e e e S e et B b 2[]{}; _________ 200
TS s s a s E e s s S e e R e LI e e ' e e
R ST S S R L e e cersssasas L)L EEEE e 200
(LA T e o = o e S S e P e et |, U (RS 800 o= PRI |
LT R Tl D L E e R e e e smomosones NN | N | TR 20
T e S Ny A P SRS A (R R | =o00 600 900 600 =900 600
s Contains 72.5 grams absolute aleohol and 45 grams sugar.
Daily routine.—The general routine of the experiment was as follows:
Dhaily prrograine— Metalolisim 4'.':'p¢'rr'.ﬁia’;:-l's Nos. 15-17.
Tam....... | Rize, pass urine, weizgh self stripped, | 6.30p.m . ... supper. : ;
collect drip, and weigh absorbers. T0pm . Pass urine, collect drip, and weigh ab-
Td5a.m....... | Breakfast, | sorhers.
10308 m.._.... | Drink 200 grams water. (| 1000 p.m - . Drink 200 grams water, weigh self
L0 p.m ... | Pass urine, collect drip, and weigh ab- | stripped, take cap off food aperture,
| _ sorbers, . retire.
1L¥Wpm ...... | Dinner. | 1.00A. m ... | Pass urine.
S P .- | Drink 200 grams water. [

| | i
—_— . -

The main facts recorded in the diary kept by the subject during the experiment are shown

in Table XIX:

TapLe XX, —Swinnry of diary—MWelaliolisin coperiments Noz, 15-17.

| | Hygrometer.
< i ith- s * THY -
Dt ol time, ":’j‘l'.'lgg"lb;]']:_ty :I“]"_:;m'l';;_‘li"'r Temperaturne, — :
| ey bl Wt bl
il Kilograme, o F, | ) ot

T BT R e S S R b 70,9 B4 98, G 20, 6 15.5
l.ﬂﬂls.|u,...._,_.____........_________.......‘....._| il g8 & Eﬂ.ﬁl 15.8
N s (G5 9.0 | L’U.D: 16.2
LI e S e e e e | T e e e e | TP
g b B R e e S e e e 7. & o ar. 2 | 20.7 | 16,0
Ly T e e o e i 98.5 | 20.5 15.8
D 2 e S e e P 7l. 6 fi 98, 20.8 | 16.9
RN I s e e e A e L e ‘ 70, 4 it 97.0 | 20.4 | 16.0
Rl U e P s e e s S S e T e B G2 98, 0 20.4 | 15.9
O e e e Lol 7l. 2 15 98.4 | 0.3 | 15.9
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Tapre XIX.—Suminary of dicry— Wetalalism crperiments Nog, 15-17T—Continmed.

Dt and time.

15884,

19, 7.00 8. Meeeeen ...

L e e e

e i 1 e

rl L e S

lﬂ.Ol}:'p M S
A s

1 T B e ot

l%p

i . I ==

]l;}.OCFp.m
21,7.00 a. m

.00 a. m. e

L. p-m.ceeaaa.

7.00 p. m

ll].l.lf]}.m
i LR (S

M. ccssscsssssnmmammennnnmn

______________________

Welght with- | Pulse rate per
ol clothes, minute,

Hygrometer.

Kilvwrrons,
T3

71.2
L

----------------------

Tempserature. - —
Diry baldh, Wet bk,
F. s bl
av.2 20. 6 15. 8
88. 8 | 20.5 | 16.0
S e 20. 5 16. 8
98.9 | 20.5 16.0
98. 0 | 20.7 16. 6
0.8 | 2.7 16.0
e e e 20,5 15.9
g97.8 20, 4 15, 6
98, 6 20, 4 16. 0
.0 20, 4 16. 7
BE.0 | 20.6 15.9
il 20, 7 16. 1
98. 3 | 20.7 15. 8
as. 3 20, 4 15.8
8.5 | 0. 6 16. 4
7.8 0.5 16,0

Detailed statistics of income and outgo.—The weight, composition, and heat of combustion of

food, feces, and urine are shown in Tables XX to XXIIIL

The gross income of nitrogen, car-

bon, hydrogen, and energy in the food and drink did not vary from day to day, and the vutgu of
each in the feces was assumed to be uniform in all the 6 days of the 3 experiments. Inas-
much as the diet was identical in the different experiments, with the exception of the substitution
of whisky and brandy for the commercial ethyl aleohol, this assumption regarding the feces is

probably within the limits of experimental error.
quite constant during the 6 days within the respiration chamber.
liminary period it amounted to 11.7,

The elimination of nitrogen in the urine was

During the 4 days of the pre-

16, 13.9, and 10.4 grams, respectively. The urine of the daily

composite samples decomposed before the heat of combustion could be determined. The heat of
combustion of the urine for each day has therefore heen computed from that of the composite
sample of the 6 days, according to the method employed for computing the carbon and hydrogen
on the different individual days from the total carbon and hydrogen eliminated in the urine during

the experiment.

Tasre XX.— Weight, composition, and heal of eombiestion HI,I"I,I"-:m'F.f—-.l.r-'imrm-ﬁ.*m !'.F'lflll'."l.iiii'.lif-* Noz, 15=17.

Laksora
tory Fuoand material.
N
BBl T
b [ 2T [ 1 o s
3006 | Milk, skimmed___ ... ......
2968 | Bread ..... P AR A g
3004 | Cereal, panhu'l

T R R S P E N

{ 1[) 1| L e e e

1 107 i [ IR

Waler,

S AR

Frofein, Fat.
{oirinma. Eridime. Eridibs .
41. 7 4.
-4 5.5
38,9 1
24.5 8

a4

Carbsohy- | Nitro-

Tkt

Hydro- Hent of

drntes. gen. | GATbon. gen. "'"'t"jzilll’.“"
(G PamiA. (irame, T raims. Grams. | Calories,

6. 67 24. 38 a3 G 260

.06 | 18.57 | 3.12 239

i 6.18 | 43.79 §. 27 445

5 .04 | 872 | 12.74 E40

.1 . D 12, 42 1. 85 122

AR |t s o 24, (0 . b 226

VUl ] (o] G el

. 2 108, 9 39.9

R 276.9 | 17.40 | 207.88 | 31.33 2 141
........................................ | 37.82| 9.46 512

e I e ) I s L) " il 1 2 653

TABLE KK],—"'{?@J&I, composition, and fivat af eomhiialion -{f_r'q'f'-'.i—.'|-Jra-.’!+rhr:ﬁ.ﬂu eapriments Nog, 15-17.

Lahora-
Ko,

3008 | Total for Gdays.__._._.._..|
| Average per daY..cocecsess

Water, Protein, Fat.

LES T E N AF PRI E. : PO,
215.5 | 30.9 | 17.7
35.9 5.1| 8.0

o 1 Heat of
Carbohy- | Nitro- Hydro- |
drates, PIT Carbon. | oy | o 'I".“'b“'“‘
| fon.
o Pl e, L R i, iy P, (FPoivE, | alories.
T | 4. 05 4. 85 6.53 | 528
4.5 .82 7.81 1.08 | 58
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Tapre XXI1I.—Amaunt, ﬁmr ifie geavity, and nitrogen of weine by see-fowe pfa"wda—ﬂfembohmr exrperiments Nos. 15-17,

Date. Period. | Amount, ;{:ﬂg‘ Nitmgen.
18940, Erperiment No. 15, e, Per oo, frrains.
4Rl e e Wt e e B TS e e R e e 406, 5 1.023 (.88 458
11 T PR BT el i D S S S S SR 433. 4 1.022% 1. 10 4. 77
T e T L e o 4736 1. 018 . 86 4. 07
I o T T e 164, 2 L.015 1.62 2,67
Total . ; B I L = T I 15, 09
Total h'l. Ll'_'I'I'I]]"H'_'I‘-ltl:' e i e e (! BT Iy 1. 018 1.02 15. 08
17-18...... AL O e D e e 7753 1. 008 L 4. 25
| T I S e e e e e a72.4 1. 014 B 4.75
P T T R AT A S e e = e S e e T00. 0 1. 008 .63 141
1[5 T i P e | et e e S e Bt 207. 5 1. 018 1. 34 2.7
Total . A o e e i e [ PR ATRE A (o == - 16. 19
Total h\ 1*::-:11'5111-“1_ e e e S e ]| e b 1.011 | 7l 16, 00
{ Erperiment No. 16,
18-19...... R v o G A S e A 638 2 1.012 | . G4 4. 08
[ B A e B e e i S T 856, 7 | 1.013 =1 4,29
T HE o i e T g 439. 8 | 1.014 03 4,09
[ AR L G e R S e e s L e s S S 231.9 1. 016 | 1.18 2,74
; e S e e S R e |Feseec | e e 15. 20
Total by compoaite o e oaaaot| 1 BEE 8 1.013 | . 51 15.12
19-20__.... T b v e o [ 1.010 | 65 4. (4
L B T e e | 432.5 1. 019 98 4.24
| el g T e b P e v B e e e 617, 4 1.013 T 4.63
o e e R I 259. 5 1.015 1.07 2.78
L i oor [ Ty e e 15. 69
Total by mmpomte Tt e e e | SN S 1.013 . 80 15. 44
| Lr;urrmﬂif No, I7.
e e R b B e T s 454. 3 1.014 .79 3.83
| 1p.m.to7 p. R e g P SR e pb2. o 1.013 .76 4,27
A G E R st s e e B A LR S D i S ) 42 G 1.011 a iy 4. 95
L L e e S e e o e s e 268. 2 1.014 .99 2.65
1T L A VNS T N S RN\ P B o 15. 70
Total hv mm]m-lte .......................... [ 1,957.6 1.012 . 80 15. 66
o-22_____| 7am.tolp.m e e R e b R TR 1. 008 .55 | 4.16
BT 4649. 8 1.016 . 89 4. 18
s L s oo a7l.5 | 1. 011 | .78 4. 46
T T T I e e ] 282 3 | 1. 016 .08 2,79
Modale co oo s s s pn e e T L I 15.59

Hatal by oM pDEIe e LEZRG s s e I .74 15. 40

Total for 6 days, by periods. ..o oeeececneeeen. 10,5878 . oo sse e o SopnnE TR 03, 46
Composite for 6 e e e B 1B i (BEREEE S | .81 5. 69

Tasre XNITL—Daily elimination of carben, hydrogen, water, and energy in wrine—Metabolism evperiments Nos, 16-17,

| | ! Heat of combustion.
[hate, Amonnt. Carhon, Hydraoeen, Water. |-
i | Per gram. Total.
1550, :
Erperiment No. 13. Grams, Pet. | Grams. | Poet. | Grame. | P |  Grams. Calnrics, Calories.
A Fi Al s e e R e I AT ¥ [caaace 184 [-oooe 2B s B TR 123.2
=l e e sk 13',:3'!5.:3 ,,,,,, [ 11,42 i.,.... e B e 2,1'-:!?:] .......... 182, 2
E.r'j.l{'i‘i-arrg;nl' No, IG. I |
T FT0 0 [ e e e S SR 1866 6 [ [ 3 [t iy A IR | 3. 01 | ...... 1195524 e T PO 124.1
19-:3{]__.......-____........1 T-BR00E [ooiiss | Bl i P < 1 1) (R 18802 e skt 128.2
_E_r’_lil.lr rimerd No. 7.
i B R R LAST. B 1ot kG il | (SRR 15008, 2 Lss s 128.3
PR =R e e e e P o | SR T [ 11.00 | ...... el et b L e e 127. 4

I e S L e e | 11,567.3 | 0.57 | 65.93 | 0.16 | 18.51 | 97.2 11, 243. 4 | 0, 056 T3, 4
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There was but very little change in the weight of the absorbing system inside the apparatus
during the experiment, and the drip from the system was very slight, so that little correction
has to be made for variations in the weight of the absorbers. The details of the determinations
of carbon dioxid and water are as follows:

TasLe XXIV.—Comparison of residual amounts of carbon dioxid and waler in the chamber at the beginning and end of
ench period, and the corresponding guin or loss—Metabolism experiments Nos, 15-17.

Carbon dioxid.

Water,

. “ha | : Total

Gain (+) | jooEl | Gain () i | | amount

Date | End of period, Total or loss | Sl or loss | weight Dirip pained
amount | (=) over Temain- {—=) over| of ab- from (=) or

| | in cham- | preced- | “gpoyn | preced- | sorbor, abaorh- | lost (—)

| ber Iggd hk: j.l!E.d hg;l;g} eTs. dl:ii:E

| pe - Y prericed, ik et

|

- bl | : it ) | R T R
18949, | Grams. | Groms Grams. | (Grams. Grams Frams, Frame.
Jan. ) Bt e 1 e e e e e e e e 3.4 | 1 1.0 S50 | 00D |oeeamnanfeaaaa [Ee=eaes
16-17 | 1 p- Mcueeans Eeae e o R ) [ | .8 +5H.9 + b 3| +13.%
B ol ot e RO WS e S e R AT DT e | —2.%
Emt o e .| 952|139 47.3| +5.9| +1 3| + 9.9
i S . e 38.6| —B.7| -+ 1| 3| — 4T
Total . o iy | [P T +6.7| —1| 12| +18.7
T AT s3.3[+69| 41 +15| —13] 5| =83
Fp-m..: Eal e SieimEenl 40.5| + 7.2 4L.7| 41.8| =—3 3| + L6
1T e S | 24|81 4911 74| +5 | 3| +15.4
L e A G g ----| 8L2|4+88| 42| —59] +5| 3| + 21
oAl Lt o i o I Y | +a86| —a| 12| +108
Tk e e S S ceeee| B6.2|4 40| 421| 11| + 4| 3| +5.8
A e S e s e B cimoesl AT F5.5 47.1 +50| + & 3| 4130
1R EE R R R A | o4 | 1mz| asim| Z1s| =3 o |
T A e R R S 25,5 | —2.9| 30.4| 64| —2| 3| — 5.4
Total ...... = IR f ) S TR
T L o N - 4 BB [ | o o B A
AT T wee] 414 20| d60| FE4e| +H 3| 420.4
A B T e e e 29.5 | —14.6 46.2 | +1.2 — B 3| — 3.8
P e e e LT e 1 ek 97.7 | — 1.8| 4L.8| —49 & =
Total..... LR ST NN (T R | +19| +9 12| +22.9
= S e B0 R R | — 9 3| —81
o e e s R (S| BRI 28 e +17 2| s
1 T AR i csii o) eI ARG SSRGS ST 8| =18
TR DR S i S S e N 27.7|—1.6) 40.1| —8.5| —11 o3| —105
7 e AN SRS feeeees| —L2| —14 12| — 8.2
SN et b e s sl oy T (BT oy i T PR +11 3| +14.0
e T T R S S e 3%.9 B BT T R 3| +19.1
T R R S S e 2.2 | —12.7| 429| +.7| —19 3| —15.8
T A R R e N 3.1+ 39| 384| —4.5| —19 3| —20.5
{17 B e boo R -1.7| -18 12| — 2.7
Total for 6 days .- oo o.cnon.... e [ e— +5.5 | | S | +56.5
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Tapre XX V.—Record of carbon diopid in ventilating air current—Metabolism ecperiments Noz, 15-17.

(e} ' Carbon dioxid. x {h)
: \};entim;nr}. In incoming air. () ! (¥ : " N () i
ate. Period. Number o ——r [ Total OFriEe-
liters of sir. (b) verie ol um.g,;: ju | tion I'ai ngﬁﬁﬁiﬂ Wﬂ?ﬁlﬂtﬂo{
iy | Ifﬂg‘:ﬁf‘ | uttlﬂ;ﬂl:l[: g nghﬂlcdt exhn.lg_:d
: | Total, | ; ¢ subjec gx
Ferliter. b, i dmi cht;g'né:r EET
e — —_ | 1
i Erperiment No. 15. | I
1894, Liters, M. [ Grams. | (Frome, | (Frams, | Grams. Frams, Frams,
Jan. 16-17 | 7 a. m.~1 p. m......,,_| 26,341 | 0621 16. 4 243.6 | 2871 | + 6.1 233. 2 63. 6
lp. W=7 P Moceeen---| 27,012 5561 14. 9 248.4 | 233.6 | + 1.6 235.1 64, 2
7 p. m.—1 a 1|1.",_..._1 28, 154 | . a5 15. 6 228.4 | 212.8 | —13.9 198. 9 5,2
LA M7 . Mleeeeacesf 20,049 . 259 16.2 157.4 | 141.2 | + 1.2 142.4 38. 8
it e | 109,086 |........ [ RaTT 877.7 | 8146 | — 5.0 B09. 6 220, B
17-18 | 7a m—=1 p.Macecn.--- | 28,862 | .615| 16.5| 222.8| 206.3| -+ 6.9| =132 58, 2
(Sl = 27, 305 718 19. 6 240.9 2.3 | + 7.2 2285 62,3
fpomi=La e i E" G HGE 15. ¥ 242 8 227.1 | —13.1 | 214, 0 58, 4
‘ T ATy B T s 98, 241 720 20.3| 1647 144.4 + 3)8| 1482 40, 4
, Totaltps oot B 72.1| 87L.2| 799.1 |+ 48| 803.9( 210.3
| — | —_— -
Experiment No. 16, | |
1819 | 7o m~1l p.m.ooo....| 26,544 | .652| 17.3| 232.1| 214.8|+ 40| 288|508
L P I0=F Do lecne.n..| 27, 013 . Gififs 18.0| 233.1 215.1 | 4 5.5 | 220.6 60. 2
| Tp =l A | JH. 510 .al3 14.6 241.9 227.3 | —12.3| 215.0 a8, 6
1o mM.—7 8 M.oeennn-- 27, 813 .ol 15. 3 160, 7 145.4 | — 2.9 142. 5 35.9
[ AN s oo DO BRONT - | 6.2 BB67. 8 B02.6 | — 5.7 6. 9 217.3
1920 | Ta.m-=1 p.m........., 24,930 L5680 14,0 | 223. 4 209.4 | 4-16.6 225, 0 g1. 6
|1p. m-=7 pm-........| 22,648 . 607 13.7 | 249.2 235.8 | 4= 2.0 237.5 64. 7
l7pm-lam_.......[ 2r402| .es2| 17.4| 237.5| 220.1 [ —14.6| 20555 56.1
la, m.=7 a8 Meacaeeea-| 28,818 .Hﬁﬁ: 17.8 | 154.7 136.9 | — 1.8 135.1 36.9
otalss . 100, 008 |- --aaae ! G2.9 864. 8 | 801.9 | + 2.2 804. 1 219.3
| Erperiment No. I7. 7 |
20-21 | Ta m=1 p Maecennn-.. 25,502 | .708 l 17.9 218. 0 200.1 | 4=11. 2 211.3 a7 6
I T T 26, 811 .B57 | 17.6 242 6 225.0| — .B 224. 5 61. 3
Tpemi—l A, oo 27, 935 068 | 159 217.8 201,80 — &1 102.8 526
A =T s 28, 699 . 611 17.5 170. 4 15200 — 1°8 151. 3 41.2
AT o 108,947 [.__.....] 6GB8.9 B48. 8 | ik et o e I 212.7
| —
21-22 | Fam-1 p.m......... 25, 958 . B34 16.5 222.2 | 205.7 | +10.86 216. 3 58,0
(1 pm—F p.m.-.oooo.. 26, 321 . D65 14.9 243. 5 228.6 | - .B 229. 2 62.5
7p.m=1 8 Mecio.ca.- 927,920 | .554| 15.5| 220.2| 213.7|—127 | 2010 54.8
la m.=7 8. m-........ [ 27,820 632 | 17.6 | 160.4 | 142.8| + 3.8 146. 7 40.0
A e | 108, (28 | ________ | 64.5 | 855.3 THO. 8 | Ee 2.4 793.2 216.3
Total, 6 days. ..-. ({2 bt e | 396. 7 | &, 185. 6 | 4,788.9 | — L3 | 4,787.6 | 1,306.7
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TapLe XXVI.—Reecord of water in ventilating air enrrent—Metabolism experiments Nos. 15-17.

] Water iﬁi.irl.lmming Wale In outgolog alr. )] w | W)
B = : [iTEre v —_ B Total COrmee- Total
Date. Period. .ﬂ:;n?:}:;n. (& (el iy (eh ri lfﬁ.nmmf:;r \:':.)IE'[(;;‘ mut
e of liters \moung | AAmount Ingair, maining | tion and
ofalr. | ek | xb |eoudemscd| ST e | S |Tien |SSanh
iter. axb. |3 42 F.
| in freesers. | | g+
| E EaT —l— 7 —1_ |
Exrperiment No. 15 | .
15559, Literz, MNa. | Frams. Froma, Frama. Grama. Grams, Frama, Frame,
Jan. 16-17 | Ta.m.-lp.m......-. | 26,841 | 0.875 | 231 176. 3 |, 42.7 | 219.0 ! 195.9, +13.9 2008
|1lp.m—TpM.eecn. 27,012 873 | 23.6 195. 5 40.3 | M8 8| 215.2 | — 2.4 212.8
Tpm-lam....... 28, 184 §06 | 25.2 225.1 80.7 | 275.81 250.6 + 9.9 260, 5
lam=Tam....... 27, 049 gl | 23.4 214.1 | 41.8| 255.9 | 232.5 | — 4.7 27. 8
i R 109,088 |....... | 95.3 814.0| 175.5| 989.5 | 5.2 L1B.7 Q10,9
17-18 | 7Tam-lp.m....... 26,862 | .920 | 24.7 | 196.9| 40.6 | 237.5 212.8 — 8.5| 204.3
| lpm—Tp-m.......] 27,308 | .979 6. 7 A6 | 3.6 | 243.2 | 21656 -+ 1.6 218.1
"Tpm-lam......., 27,663 | .914 25.3 248.3 | 45.9 | 294.2 | 288.9  15.4| 2843
la.m—-Tam........ 28241 . BG | 23.3 241.7 41.49 | 288.2 | 2%7.9 | + 2.1 260. 0
Potal . oonie | 110,074 |......| 102.0| S91.5| 166.6 10581 6.1 +10.6| 966.7
Experiment No. 16, | | | ' .

18-19 | Tam-lp.m.......| 26,54 | .999 26. 5 200.7 39.3 | 249.0 2225 | + 5.9| 2284
lpm-=Tp.m._..... 27.013 | .89 2.2 214.0 B.6| 202.6 2.4 +13.0| 241.4
Tpm=lam. . .... 28,510 | .805 229 230. 4 41.1 271.5 2456 — 1.3 7.3
1a. 0 ~7 8. 10, . cuuns 27,813 | .761 21.2 217.0 3.6 256.6 | 235.4 | — 5.4 I 230.0

| Total - .- 109,880 }.....:c 4.5 &7l. 1 138, 6 :]:.{?';"9.7 034.9 | +12.2 | W™l
———— —— e

19-20 | Ta.m.-1 Pl senenn 24,0950 | T84 i 185. 7 3.2 | 218.9 199.3 ! +16.2 | 2156
1p =P M. oone. 22 648 | . TH 17.7 | 187.6| 32.0| 219.6 201.9 | +20.4| 2223
Tpm-lam....... 27,492 | .818 22.5 219. 7 42.2 | 261.9 | 2394 | — 5.8 235.6
18 M.~7 8. M...usa- 26, 818 TEA 21.1 217.2| 80| 2542 2331 | — 9.9 2932

Toisl .. ..---. 101,908 |..cnnne 80, 8 510.2 | 144.4 | 954.6 | 873.7 | +22.9 B06. 6
Eiperiment No. 17

202 | Tam-lpm.......| 25,602 | .853 21.7 186, 5 36.3| 222.8| 201.1 | — &1 193.0
lp.m.—7p.m....... 26, 811 L0953 2.5 205. 6 9.6 245.2 | MN9.7 | +23.3 243.0
Tpm-lam.......| 27,935 | .80 2.5 218.1 | 444 262.5 | 239.0 | — 1.9 237.1

llam—Tam. ...... 28699 .708 2.9 229.2 40.7 | 260.9 ! M7.0 | —16.5 230.5
Total - - - 108,847 |- 93. 6 B39, 4 lﬁl.ﬂél,um,-t- 906.8 | — 3.2 a3, 6

I ; —
21-22 | T a m.—lp,'m ....... | 25,958 | .980 25.4 192.0 37.5 | 230.5| 2.1 | +14.0 2158.1
| 1p m—~Tp. M. ..... | 26,321 | .939 M7 205. 2 3.0 244.2| 21956 +19.1 235.6

| Tp.m-la,m--.-_,.. 27,920 | .935 26.1 223.4 41.7 | 265.1 | 239.0 | —15.8 223.7
la.m-Tam.......| 27,828 | .924 2.7 206. ¥ 38.5 | 245.2 | 219.5 | —20.5 199, 0

Total .....--.F 108,028 | ... 101. 9 §27.3| 166.7  984.0| 8821 | — 2.7 870, 4

Total, 6 days A 647,923 (.......| 568.5  5,003.5| 982.8 6,016.3 iﬁ, HT. 8 +5Iﬂ.? 5,004 3
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Table XXVII summarizes the results of the calorimetric measurements during this experi-
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ment.
TasLe XX VIL.—Summary of ealorimetric measurements— Metabolism experiments Nos. 15-17.
I {a) | b {zh {d) (] ! () (g}
| Water |
| e 'rap-nri.:i,ev:l.
it | T equals |
Heat | Change | CAPACtY | i Gue 1 | Heatused
Date Feriod. mml,;;::'ui UE.:‘(E:E:- {t\"-’m“"{ | l::.:r'lll.t:l::l- !LI.E:EE:;I“. | I'Iﬂ'll'l.?lﬂr* E{:m! !}e'aﬁ
in peratore | 00O PEm- exhaled | zationof |GElermined,
| termsof | ‘ofcalo. | Salozim- | ohpa o less | water, whot:
| gy rimeter. t:"“g} food and | amount | £ 502, +f.
| i dishes, | mndlq.r-.'n.ﬂed i
| chamber.
- 11— -= = e
Erperiment No. 15, I
185, Calorics, | Degrecs. | Calories, | Calories. | Grams. Calorice, Cidories,
Jan. 16-18 |Fam tolpm_ .. _.......]| B6a7.1 | —0.03 | —1.80| 4 5.2 201.8 119. 5 G80. 0
Loy plm st 543.8 | + .02 | +1.20 | L .3 217. 8 125.49 674 2
vV ) s e e e - i A e e 256, 5 151. 9 625, 5
[ e T R T 1 R e e 269. 1 .M AT [ & 293.8 132. 5 402. 2
, otals 2t o TGRS 6| T 0] 809.9 | 5328 | 2,381.9
178 [ Fam tolpm.. oo 4885 [ — 01 214.3 | 126.9 617. 0
L T O e e s SRR al6. 8 — .01 : 218.1 129.1 630, 0
|Fpimifol Rt iiiiii | 400,00 foe e o] 276. 3 163, 6 653, 6
R W0 0 1 T | e e | 274.8 | — .l'H:'il i Eﬁﬂ_nl 149.2| 433 2
Total.coeeennceeeanas] L7701 [ — 05| —3i00 | + 6.9 o607 | B6E (==
Eeperiment No. 16, | | l =
L L o P BT e L7 |+ .02 4120 | + .2 221. 4 181.1 664. 2
s O P e e s 484.1 | 4 .01 | <+ .60 | — 2.5 233. 4 138.2 620. 4
e A ERTE e S e e e e 4619 | == JOL | = 80 | 247. 3 146. 4 608, 9
3 T ) ¥ UL oy 1 4 [ e e el 2820 | — .05 | —=3.00 [......_- 229.0 135.6 414. 6
Total. oo ccnnes| A, TO0.F | — 0L | — 80| — 2.3! 831, 1 501.3 2,308. 1
19-20) | 7 M B0 L P e e cnaccanns| 549.6 | 4+ .02 L20| + .9 201. 5 119. 3 671.0
1p.m. to7 p.m. LETEIE 553.8 |+ .01 | + .60 | + 7.8 205. 5 121. 5 653. 2
Tpmtol am. SsEse ‘ 437.4 | 4 .10 | 4+6.00 ....-",! 240. 6 142, 4 h85. B
1 BTy R o e S 986.7 | — .09 5.40 |. ol 2282 135.1 416, 4
Total=rrrn et el [ 1,827.00| F .04 -2 40 | + 8.7 874, 6 | 518.3 2, 596, 4
Erperiment No. 17. |
2| Tamotolpom. L. 465.8 | — .02 | =130 | — .2 199. 0 117. 8 582, 2
e e 4902 | 4 .04 | +2.40 | 4+ 1.2 223.0 132.0 625. 8
e oAl i SR S 467.7 | — .04 | —2.40 |........ 245.1 145.1 610, 4
1 I B e e 286.7 | 4 .03 | HL.80 ... 2 - 238.5 141. 2 420.7
1 ) £ e et el e l,ﬂl}.{-| £ .01 | + .60 | + l.l]i a0a. 6 :':3&1|. 2,248.1
g | B T o T e 506.0 | — .02 .20 — .3 204.1 120. 8§ 625. 3
L TR ey R T S e SR 508.2 | — .00 | — .60 — 2.3 221.6 131.2 6a6. 5
T e R e 456.6 | + .02 | +1.20 |........ 230. 7 141. 9 hOa, T
[Aeasm tn T aime et 205.4 | — .00 | — .60 ). occa--- 215. 0 127.3 422, 1
] 2 s I,?Sﬁ.i‘; — .02 | —1.20]| — 2.8 BRI, 4 5021.2 2,308.8
Total for 6 days. .o ....| 10,6970 |........| —L.80 | 4+17.2 | 5,453.3 | 3,288.5 | 13, M0.9




MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 213

Elimination of unovidized aleohol.—As has been explained on page 258 there may be a
considerable amount of reducing matter in the ventilating air current when aleohol does not
form a part of the diet. The determinations of the guantity of reducing matter in the air
current during these experiments were made in the manner previously described, and the
amounts are all reckoned as aleohol, although it is not believed that this is the case. It seems
probable that the increased elimination of reducing matter in the air current on the 2 days of
experiment No. 16 is due to the mixing of the whisky and water within the chamber by the
subject, as already mentioned. According to the figures in Table XXVIII the subject actually
metabolized 97.9 per cent of the alcohol in the diet during experiment No. 15, 96.6 per cent in
experiment No. 16, and 97.9 per cent in experiment No. 17,

TapLe XX VIIL.—dleohol ingested and excreted—Metabolism experiments Nos. 15-17.

| Aleohol exereted, ineluding other reducing mate-
rial calenlated as aleohol.

y Alcohol in- | — — Aleohol metabolized in
Dane. gested, : T IranTar : | body.
ngine | MUSGE | nmrenr | g
* | {distillate) | '
1599, | | H
Erperiment No. 15.
Grams. (A ramis, Frams, (Frims, (Frama. (Frame, Per cent.,

T e e e ' o 2.5 0. 10 0, 03 1.5 1. 48 7.0 a97. 9
e e e e e | 72. 8 AT .08 | 1.40 | 1. G0 70,9 q7. 8

|

Erpertment No. I6. |

|
T i i e R AT (SR | 2 .15 | .04 2,13 2820l q0.3| 096. 8
D e e e | 120 | .23 02 1. 62 1. 87 | 0.6 97. 4

Erperiment No. I7. | | |

1 I
b e e e e 72.5 | .12 .04 1. 53 1. 69 T0. 8 7. 7
B L e R e ] L08R | L. 27 1.0 71.2 98, 2
A S S S T 77 | .19 9.30| 10.2| 4247 .........
Average per day. .. o.covennnnn. 72.5 | L3 08 | 1.55 | 1.7 7.8 9.7

1
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Balance of income and outgo of matter and energy.—The income and outgo of nitrogen, car-
hon, hydrogen, and energy in these experiments are shown in Tables XXIX to XXXTI. It will
be noticed that the subject was nearly in nitrogen and carbon equilibrium. The amount of water
consumed was 1,382.5 orams, 600 of which were contained in drinking water and 782.5 in coffee
infusion or water with which the alcohol was mixed. The agreement between the estimated
energy of materials oxidized in the body and the heat actually determined in these experiments
was very close, the variations being so small as to lie far within the limit of experimental error.

TasLe XXX, —lucome and oulgo -JI.I" H-?h'tiﬂ'i’n aid carbon— Metabolizm ecperiments Nos, 15-17.

Dt and period,

1589.

Erperiment No, 15,

B 1 5 e B v o o D

1718, 7 a . b0 T & e ao

Total for 2days. .. cocoiciaaniiin

AVETAEe PEr dAY .cccceccnnnnnnnans

Experiment No. 15,

Jan. 18-19. Ta m.to 78 M e oo oo eaes
19 Tam. fofa.m_ .. ... oL

Mol for 2 days oo s .
AVETEEE PET daY .ceneeceancanannns

Experi wnt No. 17.

dJan, 20=21, Fam: 0o Fa. m.__. ... .. ...
i) oL TR T+ TR D 1 RSt S S

Totalifor 8 daye .. oo immasmanan
Average per day -c-cocicoiiaiicaas

Total for 6 days .. ._.......

Average lherffn}' R e e

—_—

Nitrogen. Carbon,
{e) (b} ] (] (i) (L]
S Gain
In in in Inl‘f‘xni'ﬂu cEIlaui :-{-D:EEE
food, | feces. | nrine. urine. mréc':am | elimi- | {—he—
- nated. 1£+Q+
| +£).
PR |
i
. i
| |
| Gma. | (Fois. | s, (TR (Fing, Fma. | Fms,
17.4 | 0.8 | 15.1 . 0 S . 220.8 | 0.8 |+ 2.7
17. 4 .8 16.2 |+ .4 o .4 219.3 B4 6.4
4.8 | 16813 |+1.9 4[15.6 (220 4401 1.6 4121
17, 4 81156 0 57| 7.8 |11.0| 220.0| .8 |+ 6.1
| |
17.4 | h|15‘3 4 L B 1T | 273 12 BT
17. 4 BL15. T - ,ﬂ_ i S IR 1 LR R i B e i
2.8 | 1.6 | 30.9 +2.3 4)15.6 | 21.8| 436.6| 2.2 (4152
17. 4 .81 15.5 |1.1 T .8 10,9 218.3| L1|+ 7.8
!
17.4 | .8/ 15.7 1.1 2127| .9|+18.2
17. 4 .8 | 15.6 | 11.0 216.3 B (ST
34.8 | 1.6|313 22.1| 429.0| 1.8 |+23.1
17. 4 LB | 15.6 11.0 214.5 LB | ==11.6
48915 5.9 | 1,805.7 | 5.4 | -+50.4
[17.4 .8 | 15.6 00 217.6| 8|84
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TapLe XX X.—Tncome and outgo of water and hydrogen— Metabolism experiments Noa. 15-17.

Date and period.

Water.

1596,
Erperiment No. 15.

Jam 1617, Ta m. b0 T & I ceceeeaaacaiaaaaas
b | o

Pokalinr 2 dnys .. ...
Averspe per @Ry o< -icoo o iiiiccciicaaens

Experiment No. I5.

Jan. 15-19, Ta. m. 0 T 8. M cccvnccnimnnnennnns
1S R 1 T ¢ P S B e ey S

L b el g e e e
Averape perday ..o .....icieceneaaanaa.

Ezrperiment No. I7.

Jan B-21, Fa. m 107 8 M .ceeeecrnnmnnnnamans
S oL M TR T B | TR e e P

L BT R s e S G e
Average per day ..ecevurocrrrosrocmanaaas

Potal for 8 d8y8. o somsmmcnrsmmmnmm e tm s
Ayernpaper iy -l sl

Date and period.

baba
:T_m :‘;l

le)

In feves,

frritivis.

35.9
35.9 |

ie) i
Im respir- | Apparent
atory loss a4+b—

products, | {e4d+e).

U
= =]

7l.8
0.9

=
 w

910.0 | + 104.5
mmﬂ—?mn
I,S??.ﬂi — 6I7.5
038.8 | — 308.8
947.1 | — §19.2
496, 6 331.0

[
[=LR=]

| '921.9 | — 825.1

1899,
Exrperiment No. 15,

Jan. 16-17. Ta m.to 7o m_ . ... ... .....: [

17-18, Vo . 10 7 8 Mo nenennees et

U o i S e P
Average perday ... ._._.__.._....

Exrperiment No. 15,

Jan. 18-19, 7. . bo T & Mhee.uiniiiiicancnces
1920, Ta. m. b0 7 A O o eeeeccemnananas

At e T S
Average perday ... ._... R

Experiment No. 17.

Jan. M-B1. Ta m. 10T A M. ceeeaasrsannnamans
e T B 0N LY 0 BRI i i i

i T Ry e et e OO R S |

AVerage Per aBY - oo covnneoecenacnassns

TFotal for B days. ..cacmeeccncicnnacnnans |

Average perday .o aaoiiieees

2 | .5 35.9 | 903.6 — 365.0
.2 .5 | 85.9 | 879.4 | — 464.2
4 oL L 1,783.0 | — 820.2
e ] 35.9 R91. 5 ‘ — 414.6
.5 5.0 215. 4 5,504.3 | —2,096.9
i =5 35.9 917.4 | — 349.5
Hydrogen.
L] : (m) I (m)
In aleo- | oo lguTn (+)
. | i hailii}
In Ilrin.i..lhi.llu':.i::ﬂ water f+8 lnm“[—:
| {+m
(Frams, rrams, (Frama. fFrams.
0! 02| 4385 +11.6| +48.1
.2 2| 4+ 38.8| —R0.2| —43.9
ol il rresl —amsl 28
1| 21 4384 —8.3| +21
=
1.1 | 2] S+ 384 5.5 + .9
1.1 | 2| + 364! —36.8| — .4
2,2 B| +728| —723| + .B
1.1 2| 4+ 84| —3.1| + .8
1.1 | ' 2l L 8d4e| — 46| — 41
11| | ‘2| Faes| “sre| —ins
2.2 | 'Rl Ema = 92.1| —19.3
1.1 ' 2| +86.4| —46.1| —0.7
¥ g +213.4] —283.0 | —14.6
2| + 34| —38| —24
|
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TasLe XX XI.—Gain or loze of protein (Nx(6.25), for, and wailer— Melabolism experiments Nos. 15-17.

(a) m | @ ] e I
Protein | Taotal %Erhrm l.:m:lmn Fa
Nitrogen it T [ BY ey | ]’lm- in fat, Tat
Date and period. gn:l;l?d tE.F ‘;‘L ;EIE?E | g;[?"'l:ld p;::;ed E?:l;d
ke | e | e | e
iAo | mxas: L TR
1859, .
Erperiment No. 15. ‘
(s, (Fraing, [Frame, {7, Frams. Frams.,
dan, A6=17, Fa.m- toifasm -l o o L1.5 + 8.4 + 5.7 + 5.0 4+ o7 + 0.9
I8 Ta.m. o da. mo e + .4 + 2.5 -+ fi.d + 1.3 + 6.1 4 8.7
SThy by e e e S +1.9 4+11.9 12.1 | + 6.8 4+ 58 + 7.6
Awerape perday. .- . . C . ___iillol +1.0 <+ 6.0 + 6.1 + 3.2 + 2.9 + 3.8
Erperiment No. 16. | | :I
TRn =18 T, B0 oA s s | +1.4 + 8.7 + 8.7 + 4.6 + 4.1 + 5.3
b S Tl s L e o m = S m e e m | + .8 + 5.6 4 6.5 4+ 3.0 S 4 4.8
Eotal for2daya oo . ot 0 Giiiios +2.3 +14.3 15. 2 ‘ -+ 7.6 <4 7.6 -+ 9.9
Ayerage per day - oo sl TN 1| 72| +76| +3.8| +38 + 5.0
Erperiment No. I7. .
T b o T e T O e e S SRR et + .9 + 5.6 4+13. 2 4+ 3.0 +10.2 +15. 4
e e e N L L S e e +1.0 + 6.3 -4 'F].".l! 4 3.3 4 6.6 + B.6
Total for 2days ...... R B S +1.9 4+11.9 +25.1 | L 6.3 +16.8 L92 (
Averape perday s oot 10 + 6.0 +11. 6 + 3.2 4 8.4 +11. 0
Mot for Bdaya ot - ol b e e 161 381 +50.4 | 420.2 +-30.2 139.5
Averageperday. . . .l c..iiiii.... —i—l.l}] 6.3| + 84| + 34| + 50 4 6.6
(@) (h) @ |1 Rl
| 2 : : .| Hydrogen in |
; | ; | Hya Hyd | ;
v s e SR Sy | IR v
Tost{—1 {(+)orlost (—)| or lost {(—) I-:ustl;—{ | Fae0,
E . B 007, T2, a—(hED). |
| ( |
1899,
Experiment No. 15, I .
(Frime. (Frams. (FriLms, | Frams. Frams,
DTt b b I v A 10 v (N SRS P Sy I +48.1 +0. 6 +0.1 +47. 4 +426
L b T B v R i (o i S S R —43.49 + .2 4 .8 —44. 9 — 4k
i d E L el Ty R o e e + 4.2 + .8 4 .9 + 2.5 -1 22
oy T oL | e L S DR e + 2.1 + o i .5 | + 1.3 4+ 11
Exrperinent No. 16. ' i
AL b R R e TR S R S e <+ .9 + .6 4+ .6 = — 3
19-20, 7 a. m. to 7 a. e —_ .4 + .4 4 6 — 1.4 —_ 12
Ot EOT SRR e ! - .5 +1.0 +1.2 =L — b
Awarage perdays- o iinitie i ll So 4 3 4+ .5 -+ b — .8 == i
Exrperiment No. I7. I |
T S L) B B T o O R SN — | sty +1.6 S — 55
2 [ B T A B - 1 e e —15.2 4 .4 +1.0 —16.6 —149
T B T et el 14 U —19.3 + .8 | S = — 204
Average pr_*rﬂay....,,,.,,.““.““....u =T + .4 | 41.3 —11. 4 —102
Total for Bdnys.: i e s i, —14.6 +2.6 4.7 —21.49 —197
MR T - o S SRR e — 2.4 + .4 - .ﬂl — 3.6 — 33

e c——— o= —_
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TasLe XX XII.—lneome aid orilga of energy— Metabolism erperimnents Nos, 15-17,

Dt sumwed perioad.

1554,
Erperiment No. 15.

Jan. 16=17, Ta.m.to7Ta. m..._....
17-18, Ta.m.toTam.....z.

Total for 2 days

Average per day...........|

Experiment No. 16,

Jan. 18-19, Ta.m.to Ta. M.eo.....
19-20, Va.m. to V8. IMeeeeene.

Total for 2days. .ceecuea...
Average perday. ... oo.....

Erperiment No. I7.

Jan. 20-21, T a. m. to 7 a. m
21-22. famtofam........

Total for 2 tiaf‘n. SR
Average per day. ... .......

Total for 6 days......
Average per day

e

EXPERIMENTS NO5. 13-21.—REST.

o |

317

| LG L] L] () 1€} i . | (D i [£4]
Estl- | Esti- ) | Heat | Heat
| 5 : Heat of Imamdf Imﬂ.leﬂr F::’.IE:!:T; :I-;-tnr—l | dt-l'u::-i
| Heat o heal of el o .3 mined min

“;“"""E‘ u:l-!g:ﬁn?ul 1&?:;:!:1' ﬂ:'l:'tu:r'up:-:?.."'"'.'"h“”' eommbus- :':!.llﬂl.ﬁlg::i Heatde- I greater | greater
1'-':::;? | tiomof | tionof | alcohol ;;ﬂ:ﬂ!" “';:‘"I in the ili.-nuim.m'l.“:,;: ][”—rr l:.-:a’f;f}
eaten, | feces. | wrina. !'"h;']"'l' gained | gpained 1}"'1’;‘1." | than es- | thamn es-
| WAL ) t+Yor | (#)yor [T 1 * timated, timated,

lost {—). | Josti —). et h—g. i+g.

. i
|
1 |

Calories, | Calaries, | Calories, | Calordes. | Calories. | Calories. | Calories, | Oalorfes, | Oalories. | Per cent,
2, 653 bt 123 10 oo = 8 2. 370 2, 382 {-12 +=0. 5
2, 653 88 | 132 11| 4+ 15|+ 63| 2344 | 2343 | — 1l ..i.e
5,306 | 176 | 255 21 |+ 69| + 71| 4714 | 4,725 | 1 b ) (SR
2,653 | 88 128 11 {34 Sl ) &, 9a7 2, 362 - o + .2

:l i | |
2 653 fakad 1824 16 L 50 5 2 325 2,308 —17 — .7
2,653 baed 128 15 - 32 + 43 2, 347 2. 356 | + 9 + .4
5,306 | 176 | 252 81|+ me| 495 a672| amee| —l 0
2, 65 88 | 126 16 |+ 41 |+ 47 ) 2,336 | 2,352 | — 4| — .2
= ! -

2,653 b 123 | 12 | + 32 | 4126 2, 267 2,248 —19 — .8
2 (53 55 128 | 9|+ 36| + Bl | 2,311 | 2,34 | — 7| — .3
, G 176G 256 | 21 L] =207 4, H78 4, HH2 [ [ e pe
2,653 28 128 | 10 = 34 +104 2, 280 2,276 | -13 - .6
15,918 528 763 T3 4219 | 4371 | 13,9684 | 13,040 | —23 |aeeeaaa
2 G563 B8 127 12| 497 |+ 62| 2,327 | 2,88 | — 4| — .2

w08, 18-20 WITH ALCOHOL DIET.

Subject.—A. W. 8., a physicist, who was associated with these investigations.
yvears of age and averaged about 70 kilograms (154 pounds) in weight.
Occupation during experiment.—Reading, writing, ete., with as little mental and musecualar

activity as practicable.

He was 25

Duration.—The preliminary period began with breakfast, February 2, 1899, and continued

4 days.

On the evening of the fourth day the subject entered the calorimeter, and experiment

No. 18, the first of the series, commenced at 7 o'clock the following morning, February 6, and

continued 2 days.

It was followed by Nos, 19 and 20 of 2 days each.

A fourth experiment,

elsewhere described.® No. 21, in which the aleohol was omitted from the diet, followed No. 20
The subject thus spent 10 nights and 9 days in the chamber.

et —Ordinary food furnishing 97 grams of protein and 2,264 calories of energy per day,
in addition to 72.5 grams of absolute aleohol furnishing 512 calories of energy; making the total

immediately and continued 3

energy of the diet 2,776 calories per day.

days.

In experiment No. 18 the alcohol was furnished in

ordinary commercial alcohol, in experiment No. 19 in whisky, and in experiment No. 20 in brandy.
The plan of the experiment was thus practically the same as that of the previous series of experi-

ments, Nos. 15-17.
between meals and upon reti

ring.

The aleohol was taken as usnal in 6 doses, 3 with the meals and the other 3

In experiment No. 18, 775.2 grams of coffee infusion were sweetened with 45 grams of

sugar, and T9.8 grams of 90.9 per cent commercial-alcohol were then added.

In experiment

No. 19, 158.3 grams of whisky containing 45.8 per cent aleohol by weight was added to 696.7

2. 8. Dept. Agr., Office of Experiment Stations. Bul. 109
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grams of water, sweetened with 45 grams of sugar. In experiment No. 20, 143.8 grams of
brandy containing 50.4 per cent alcohol by weight was added to T11.2 grams of water, sweet-
ened with 45 grams of sugar. It will be noticed that the coffee infusion was used only in the
first of the series of experiments. The reason for use of the coffee infusion was to cover up the
taste of the commercial ethyl aleohol, which was somewhat obnoxious to the subjeet.

The kinds and quantities of food served at each meal and the quantity of drink at different
periods were as follows:

et in metabolism experiments Nos. 18-21.

FOOT.
i Breakinst. Dinner. BnppeT, Total.
fFranes. (FraniE, . (r g, (g,
T T s e A e i o S T e A e AT S e s e | 9 L) e e 160
e e e [ 7 10 13 30
T T L ey e : 250 175 325 7ol
] s m s m oo AR An e S S A e R R D D A e A A D e e T S [ ) 100 155 310
Parched cereal ........ e o a0 ] a0
T e S e e oo oy M g S i E e ey s | I S o "45
| |
A Tzed with the coffee infuzion or water and aleohol in experiments 18-21),
DEINK,
Experiment 15, | Experiment 19, Experiment 5. Eﬁ:pcgimunt
Time. | .ﬂ:_-nl'n'.-] amid I Whisky | Brandy
\:'I::;I‘E:f?:ld Water. RH'P.!::II.;IM(I | Water. gwcl:a.t.éln-::l Water. Water.
fusion.s | waters water,s
Firamas, (¥ i s, | (Friames, [ ramE, {7 NS, (FrTmLE, (Frams,

dE L e e B e s LI S LR EEE e o
: ey e | [ rr e 200 | 2000 | s s | 200 200
LETFTI o e s S Sy o s e M L g k] 1, (| IR (1 T e s00n). S Eon 300
R S S R R S P [ 800 fredae s i N e e 200 200
T st o M i b L T S A0 (SR 00| DS e 300
I e e e m E AT SR S B L) Ll (ST b | (e 200 200
000 i (L ] =000 l 600 =600 | LTI 1, 500

*Contained 72,5 grams aleohol and 45 grams sogar.

Daiiy routine.—The general plan of the experiment was practically the same as in the pre-
vious experiments, and is shown in the following schedule:

Duily progeamime—Melabolism experiments Nos, 18-20,

|
[ 1 PR I Eise, pass urine, weigh self stripped and|| 6 p.m......... | Bupper.
dressed, weigh abzorbers. i i e | Pass urine.
oA m....... Breakfast, drink 200 grams water. [ 130 p. m.....| Pass urine, weigh self stripped, take ca
Lipamnsc oo, Pass urine, I | off food aperture; retire, sleep until

115 p. m.......| Dinner, | f. .
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The statistics of the diary kept by the subject are summarized in Table XXXIIIL.

Tapre XX XITL —Summary of diary— Metabolism experiments Nos. 18=20.

| Hygrometer,
Dot mmld timme, I"‘::l';ﬁmn?]'nﬂ_" Putul'ﬁ:::#kw" Temperature, | — — 7 =
| Dy bulb. Wt bulb,
1509, Kilagrams. oF a0 e

D T oo o e e 69, 15 72 7.3 19. G0 14. B0
] AT o e R e R e e e e e e e s LA R 18, 80 15. 95
T e e e e e et s e e e L | Nt 19. 80 15, 40
i e e R 2 S S S S e e o 65, 90 8 B e e | e e
e ey P e W G4, 36 i 97.3 19. 90 1. 60
e e e e L e e W T e 19, GO 15. 20
L T e | e e e | e o i L 19, 80 15. 80
C R e R R R R R 34, Gl 8 57.5 19, 60 15. 60
ST o e e - e R A S S e 649, 10 73 6, 8 20. 00 15,10
B DA p e e e e e || Erp i ek 149. 80 15. 45
el T B 1 e et S it e S S | R e B o o o S e 19. 75 15. 20
R NV H Bt T e sl R e R el S e 76, 00 | T 06, 8 14, 60 14. 50
Ly R s o Do o 69, 50 | ) 87.2 20. 00 15. 00
L e T R e e e S [ e oo e e o 19. 7 15. 00
AR e s s e e R SR S [ e 19. 7 14. 80
B e e e 0. 80 &5 97.8 19. 7 15. 40
PR e S e e e e 69, 55 i3 97.1 19. 7 15. (00
T TR S e B o e e B e ] e (BN e Ll Ly e 19. d 14. 95
I e e B e e e T e A e e 19. 76 15. 05
B R e e 70. 15 i 97.0 19, 80 15. 30
B e = e e e e e e e £9. 70 78 0974 19. 80 14. 80
I P b T e S e o | e B e | B e 19. 70 15, 40
I T e e S i e R R SRR RS e S R 19. 70 14, 85
B A e e o e e s o e 70,05 81 97. o 19. 70 lﬁ.m"
e e e e e T e R S e e (9, 48 70 97.8 19, 80 15. 15

Detailed statistics of income and owtgo.—The usnal statistics of income and outgo of matter
and energy are shown in Tables XXXIV to XLVI, which follow. The diet was the same during
the series of experiments Nos. 15-20, except in the form of aleohol taken. It supplied 97 grams
of protein and 2,776 calories of energy per day. In experiment No. 21, which immediately
followed, the diet was the same, with the exception that no alecohol was administered, so that the
total energy of the food was only 2,264 calories.

No separation of the feces was obtained between the beginning of the preliminary period
and the end of experiment No. 21, in which the subject had what may be called the basal ration
without the alcohol. It was necessary, therefore, to assume a uniform amount of feces from the
food from day to day. While this may introduce a slight error in the results of the 3 experi-
ments with alcohol, Nos. 18-20, such error can hardly be large enough to affect seriously the
computed results of the experiments.

Tapre XXXIV.— Weight, composiiion, and heel of combustion af foeds— Metabolizm experiments Nos. 18-21.

Labora- o i Heat of
t]:?;f Food material, | ]}:::ﬁh‘ Water. | Protein. Fat. i E?::al:my, Witrogen, | Carbon, H::::"" htf::?l;il,
= Y = £ S e
Frams, GFrams, fiFams, fErams, | (Franes, (FFEIRLE. {Frams. fframs, | Calories,
i L] (B LT e e 160 | 106.7 44. G L R 7.14 | 26.51 4. 06 92
i et B S o R S 30 2.6 | .4 P b e TR | 06 | 1987 3.16 | 245
8024 | Milk, whole ... ....ccoune.. 780 | B49.5 240 35.0 37.5| 383 | 8272 7.0 | 8T
PR e e | 310 120, 3 i 8.7 143.5 | 3.94 | 84,72 12.74 40
2004 | Cereal, parched ............ 30 1.8 3.4 .2 4.1 B9 | 12,42 1. 85 122
L e L R 1 SRR PN DRARERG W T ST | 18.05 | 2.92 178
Total Feb. 12 to 14 ... 1,325 | 8%0.9 | 96.9{ 724 | 250.1| 15.52 | 215.19 ( 31.78 2,264
Al e e e S T e e (R - i R MR e R e e 37.82 9. 46 512
e B e R T BT MR e s 15. 52 | 253. 01 | 41.24 . 2,776
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Tansre XX XV.— Weight, composition, and feal of combustion of feces— Metabolism erperiments Nos. 18-21.

Labeomi- i oy noni ) [carnony- ... { Hvdre Heat o
E:;:». Welght. . Water. | Protein. 12, i Lot Mtnm-.-n.l Carbon. | é‘;.f"' h:;?::-n.
o, | Frome, Grams, | Grams, [ frams, | Grams | Grome Frame. | Calorics,
2033 | Total for 13 days. - --...ocau 8231.7 | 603.8 8.0 52.4 | B24| 13.47 | 116.689 | 16.13 1, 307
Average perday ...ccveeean 63.8 | 46.4 6.5 | 4.0 | A 1 I ] 8. 08 1. 24 100

In these investigations the elimination of nitrogen in the urine on the first day inside the
apparatus has frequently been larger than that of the preceding and following days. Sometimes
this increase oceurs 1 or 2 days before the subject enters the respiration chamber.  On the 4 days
of the preliminary period preceding this series of experiments the nitrogen in the urine amounted
to 12,2, 16, 19 and 16.4 grams, respectively On the first day of experiment No. 18 the nitrogen
in the urine amounted to 17.4 grams, but it dropped to 15.4 grams on the second day, and varied
between 13.9 and 14.7 on subsequent days. In experiment No. 21, when the energy of the diet
was reduced, the exeretion of nitrogen again increased. The elimination of nitrogen with and
without aleohol has been already referred to.

Table XXXVI gives the detailed statistics of the quantity of urine and its nitrogen content
in the successive 6-hour periods of this series of experiments. The statistics for experiment No.
21, in which no aleohol was given, show the total quantity of urine and nitrogen for the
individual days, but not for individual periods. These daily amounts are given for the sake of
comparison with those of experiments 18-20.

Tapre XXX VI.—Amount, Rfu'r'i:ﬂ'ir f.rrm'i:r:.r, anil .':r'fi"u:ﬂ:ﬂ of wrine f-l:..' f=fior ;u‘riute'x—.]fﬂﬂbuﬂ.ﬂn f;a;rwrir:mit‘s Nos, 18-20.°

i 1
Date, I Period. Amount. :}:f:f:;' Nitrogen.
[ S e e sl S PR .
! ' ' 3
155k, :i Ezxperiment No. 15. CFramis. Per cent. CFraTmis,
Feb. 6-7........ |E A bl S e s T Sl s s e d2a. 4 1. 022 1. 47 4. 78
| B e T e e e e e e e | 441. 7 1. 018 1- 21 534
(e e ey e T e [ 265. b 1. 027 1.14 3.0
e e T Pt R o 200, 8 1..021 1. 41 4.23
| Motal: ey oo St o eusians ot | R [osn et e s 17.38
i Total-by. compeibe = oo tr o D St 1, 532 4 1. 019 1.481 17. 45
i i CEET T s o e o G T e B80T 1. 008 .l 4.81
T T I e Ty GO0, 3 1. 011 .7l 4. 90
Fit ek i fed B T S R e S B S S e - 194. 4 1. 017 1.08 2.10
rln. T e o 1| e LR R R e s 225,49 1.024 | 1.5%9 3. 59
113 e B B R | sioongilia 15. 40
Mokl by composite s e ee e 2.001.3 | 1.013 | .78 J 15. 61
Feperiment No. I9. l
st T T T G, 8 1. 012 7 4.27
R 1T B 1 | [ A P e P e o L e 2R7. 6 1. 018 1. 07 4,14
e b ) B Sy e e e LG e 155. 8 1. 020 1. 36 2.12
TR T R e B R S e e S 337 7 1. 017 1. 23 4. 15
Motal ot e T ST e
Al v B e i e S e s e [ 1,490, 9 1. 015 A7 14. 46
9=10....... e Y= O T T e e e L e e atit, 5 1. 011 i 4. 10
L o B b e e e e e S L Gk, T 1. 012 . bb 4. 3%
e O ET T e S e e e 262.8 1. 013 .1 2.29
| P o B B | (e R R S R e R 237.5 1. 020 | 1. 44 | 3. 42
| —_— !
| st Tl e O I ] T o e o i 14. 20
Total by e ORIt .. e e o 1, 734, 8 | 1.013 | .82 | 14.22

*Noo 21 included for comparison.
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Tasre XXXV —dmount, specific gravity, and nitrogen of wrine by G-hour periods, efe.—Continued,

| A o -
Db, Pariod, Amount fr':“_:][ﬂr Nitrogen.

150, FEeperiment No, 20, e e [N
B L o M S b e e e e s e 7158.1 | 1. 08 0. 55 3,838
0Bl 1 T T I ) e R e e e 445, 1 L. 016 .87 3. 87
Gk e e e T | W S i e e e RS 270.9 1. 012 i 2.11
I e e e N TR S PR S 265. 6 1. 021 1.49 | 3. 96
e e e e e 13. 87
Total by COmMPORILE ... .civeecvaicinnvenannaca| 1,008.7 1.013 | .82 12. 91
1 b o | SRR rarer T L s e e e B Sl R | 611.1 1. 011 . 66 4. 08
[ 0 E] v T S e e e 0 S i e (1 o 1.011 .63 4.43
Tpmtolam._.._.. Y LI ...| 360. 8 1.012 .70 2,02
A I e e e SRR e L I N | 264. 5 1. D20 1.20 341

|
i R e e T e Lt ) (e L LI T R e e 14. 39
Total by composite. . ..o aoooicintacianaaaa] 1;840.1 1.013 | e 14. 16
Total for 6 daye, by periods. .. .o oolo) MIOE S 2o oos ol o o 89,92
i s Total by composite: ..o ..o o iiocioo oo oood] 10, 196.2 L. 0135 | . 88 89. 69
Erperiment No. 21, | i
|

12-18. .. ... { Tobal, Fam bl armn: ool srr s ey BT L e e e e 14. 5
13-14...... | i ¢ B A Yy 1 e R Bl L I T Pt ey 16. 15
14-15...... Podaly T e b0l T ms S i T e e | R T R R [ s e | 15. 44
120304 Total Tor & aya. . oux. oo ioaicacona| B 88 Lo o b St | 46, 09

Tavre XXXVIL—Daily elimination of carbon, hydrogen, water, and energy in wrine— Metabolism experiments Nos, 18-20.%

| Heat of combustion,
Tuptee, Amonnt, Curbaon. Hydrogen, Water,
| Per gram. Todal.
L. S =i S —

1559,

|
Erperiment No. 18, |
(s, Perct. | Grams |Peret. | Grams, | Perot. | Grame | Colories. Cinlariea,
1y e e R I S 18824 |- 15[ |- e St |o et L 3B S e e 130
R L e e e e 20013 |- aa | ] ] . 10 [ W ERRRESEN, iy [t Lo W e 115

e ST - ) SRR R 509 |oacec A 487 B do s s 110
" TR R R 16 7T ) PR I 6 T8 EEER 200 |amaas o R 106
Exrperiment No, 20, . I |
GRS N e SE AR RS S L B, R A BB |t 288 |...... L0484 | ... ... 104
1 3 b S e T o I T ) RS o T SR o) B | j .11 B PR Rt 108
;L 3 10,196.2 | 0.56 | 57.10 | 0.18 | 18.35 | 96.8 | 9,869.9 |  0.066 673
Erperiment No, 21, | i .
| |
1Ty i b 108D |asnasf 0518 [oeaaaa) EBE loocos R e T e 119
Ay v o SRR R e R (Nl - e T R | B SRS R 5 [ R 14 B EESEER 132
T et R e 1,966.3 |.._... | 1{1.55| ...... TR RS R T R 127
Total, 3 dayE. o oveneoinnnns 5394.3| .60 | 32.37| A7 9.17 | 96.9 | 5,227.1 070 378

*No. 21 summarized for comparison.
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The details of the measurements of carbon dioxid and water in the ventilating air current

are shown in Tables XXXVIII to XL, which follow.

water eliminated each day in Experiment No. 21 are also added for comparison.

The total amounts of earbon dioxid and

Tapre XXX VIIL—Comparison af residual amounis of carbon dioecid and waler in the chamber at the beginning and end

of each period, and the corresponding goin or loss— Melalolisnm erperinients Noz, 18-20,

Carbon dioxid, Witer,

Change Tatal

Gain ()| Total |Gain (4] in amount

Trate, End of perlod. Total or AEnount ar welzht pained
amount | loss (—) | of vapor | loss () of fkb- {400

in OVET pre- | remain- |over pre- | sorbers. | lost [ —)

chamber. | ceding ing in cedin Gain ()| doring

pocicd, | chamber. | period. or the

| | loss (—). | period

S -| -

155r, Grams. | Grome | Groms | Groms Grams. | Grams
Feb. 6| 7am.. LoEEL e o 200 |esiaaaa by i ) ] (R | PR | L2
L s e P PP e | 42.6 | --13.6 46,4 | +11.4 4+ 2| +13.4
Tp.m... e S 5 .- 41.8 - 1.3 421 | — 4.3 3 — 23
Faani. G R Ed e e | #viel] — ainl] agied| 5 anat{l S S
T L e L e, S R R | 31.5 | — 5.7 39.3| — 6.9 41| — b9
! Total - oohet s B ey ol I T
Rl e s T a6 | Fal| 0| s
LI e S s s i e e T e .31 - 83 44.5 | + 3.7 — 1| 4+ 27
L o e S e Rl T R 30,1 | — 1.2 41.0 I — 3.5 — 1 — 4.5
T e L I (= P e, 205 S e Bl B Tt Eﬁ.-li - 3.7 Hé.{il — 0.4 —1 — 6.4
T el I ET S oSy IS =R |—87| —4| —77
S | o AU S T S T B 41.3|+ 62| +z| +82
ERaRsIR AR e e L aeng | sl e | e T
R s os ssccomcsommosostoncsoomoosoneooTE 26.8 | —12.1 38.0°' — 3.1 + 1| — 21
i BTSSR e e SRR R e L —
e IR R e e L |
9-10 | 1 p. m. i I SR (R TR BT g B L
e e e e aen 401 | 4+ 2.6 8.2 — 1.1 —_ 1 — 2.1
1oy R e e 0.3 — 9.8 3.7 |+ 1.5 -1 4 .5
[ e e wea| 209 | — 0.4 6.4 — 3.3 — 2| — 583
Mntal e e o E e P e e e e | +28| —5| —2¢2
10-11 | 1 p. m... e e [ o ) YRR SR BT BT e |
TPpm.__ e s e 498 | -+ 5.3 0.9 | 4 1.5 + 2 + 3.8
LA mi... e s e e 30.4 | —12.4 9.3 | — L6 + 2 4+ .4
R R A RS R e T B R 86.1 ( — 3.2 +2| —1.2
| Totals ... O e e e P T ] — .3 + 89| + 87
s e L B 4 e e Py ae UTDP Dt M) MR | 11 T For i 43.5 | + T4 leeaccana + 7.4
P Es e s 42.8 | -+ 2.0 29.3 | — 4.2 eaociaia — 4,2
T R 4.6 | 4+ 2.8 |aeeeacas 4 2.3
[ T PR s e ek i e T e [ PR ] 8Bl | — 35 |.i.iiiid — 3.5
b s e e S e e P e — BB aceaiiia E o R e + 2.0
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Tanie XX XIX. —Record of carbon diexid in ventilating air current— Metabolism experiments Nos. 18-207,

b {a) Carbon dioxid. (L)
In incoming afr. (e} e} | (s {2}
Ventila- P U e o | Tmﬁal
. Fae. gugﬂb';}gf ® | @ it | tiom | reet !w:‘ifb;;ﬂ
liters of | 1n onteo-| exves in | o 10T | AMOUDE | exhaled,
| alr. o amount | exhaled 7%
| Per | Total, | ingair. outgoing | remain. | by sub- |
| liter. axh, atr, ing in ect,
I d—c.  |chamber. | eif.
Erperiment No. I8, .
1599, Liters. Ng. | Grams | Grame | Groms | Grams | Grame | Groms
Feb. 67 | Ta. 26,069 0, 560 148 | 254.9| 240.1 | +13.6 ; 258.7 69.2
| 1p. 25,745 | .511| 1I3.2| 2832.7| 219.5| — 1.3| 2182 59. 5
| 7 56,362 | .566| 14.9| 230.8| 2159 | — 4.1 | 21L.8 57.7
1a. 27,245 | 570 | 15.5| 160.3| 1#4.8| — 57| 1381| 380
105,421 |.o..... . 58.4| B878.7| 820.3| + 2.5| 822.8 224.4
T8 | Ta. %.7 | .575 1485 | 9.6 | 2.8+ 81| 2129 63.5
[1p. 25,008 ( .531| 13.7| 286.7| 223.0| — 8.3 | 214.7 58,6
| T p. 26,824 | .04 14.9| 216.6 | 201.7 1.2 | 200.5 5.7
| 1a 27,122 | .576 | 15.8| 157.1| 141.5| — 8.7 | 137.8 7.5
AT e | 59.0| 850.0| 791.0| — 5.1 | 785.9| 2148
| :
I
89 | Ta. 26,792 | .562 | 15.1| 223.9| 208.8 | +12.8 | 221.6 60.5
| 1p. 26,010 | .Bl6 lﬁ.0| 24.0| 2080 — .3| 2007 6. 6
| 7P 97,503 | .554 | 153 210.7] 185.4| —12.1| 183.3 50,0
| 14 27,999 . 002 5.5 158.4 | 143.9 | — .5 | 143.4 88.1
| 108,394 |........ 619 s18.0| 61| — .1| meo| 2082
9-10 | 7a. 26,388 | .554 | 14.6| 223.9| 209.3 | +11.2 | 220.5 60, 2
1p. 9,150 | .578 | 151 211.0| 195.9| 1+ 2.8 | 198.5 5.1
Tp. 27, 647 . BT 16.0 | 225.7 | 200.7 | — 9.8 | 189. 9 54.5
1a. 28,015 | .550 | 15.4| 156.1| 140.7| — .4| 140.3| 3883
108,200 | 61.1 | 816.7 | 755.6 | + 8.6 | 78.2| 207.1
10-11 | 7 & 25, 7o . ol 14.4 | 223. 8| 200.4 | 4+ 7.6 | 217.0 59.2
1p. 26, 228 . B8 16.0 | 217.6 | 201.6 | - 5.3 | 208.9 56, 4
7p 27,422 I 15.8 | 227.0| 211.2 | —12.4| 198.8 .2
1a. 28,046 | .562| 157 | 173.0| 157.3| + 5.1 | 162.4 4.3
T A 107,446 |...-.... 61.9 | s41.4| 779.5 | + 5.6 | 785.1| 2141
—_——— ==
1113 | Tam-lpm .....0.......] 96,132 .595 | 15.6| 240.8 .".‘2&2| + 5.3 | 230.5 62.8
llpm-Tpm o oo....... 26,157 | .600 | 15.7| 2223| 206.6 |+~ 20| 2088| 56.9
Fpm-lam ... .. 27,966 | 562 15.71 235.4| 218.7 | —11.9 | 207.8 56. 7
LB T T o oiomconen 28,443 | .573| 16.3| 168.0| 151.7 | + 1.8 | 153.5 11.9
! 1 SR | ) | 63.3| 866.5| 508.2| — 2.5 800.4| 218.3
—_— ] - -
’ Erperiment No. 21, | i
IR T e . | 100,03 |........| e27| ss7.1| el —53| 1| =52
13-14 | Tam~Ta& M. «ccveeeennn...| 109,164 [........| 128.3| 913.9| 785.6 | - 1.3| 788.9| 214.8
1415 | Taam-7a.m. ......... i 107,982 |........ 65.2 | 884.2| 819.0| — 3.0| 816.0| 2225

o

2 No. 21 included for comparison.

*Sample lost; carbon dioxid assumed to be the same in amount as the average in preceding and following
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Date,

150949,
Feh. 67

=4

8=10

10-11

11-12

12-13

13-14 |
14-15 |
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TasLe XL.—HRecord of waler in ventilating air current— Melabolisme cxperiments Nog 18-20.3

Perind,

_f:'.t'pu'.l'l'a.lr!'u-l' No. 158,

g.m.-1lp m.......
. 1= . I
. m.=1 a. m
. M.=7 N I

.
=

rrrrrrr

— o = om
B

Potall oo e s
m.—1 p. m
L I.—7 [ 10
. =1 a.
. m.=7 a. m

et Bt 1
e o ]

—

p- m.=7 p.
p- m.=1 a.
m.—7 A.

5 Total -c.:oo ..
m.—1 p.
P =7 p.
p- m.=1 a.
» M.=7 8.

Frperiment No, 20,

g m.=lp.m.......
p-IO—F p.m_o._ .
p.m.—la m.....
a. m.—7 4. m

(it}

Water in incom-

Water in ontgoing air.

L]

(k)

(i}

ing air.
| va 5 | o | 5 e e I‘I‘u!nl
| Yaae @ = e e e | (T oo | MARNES
\]]I'Iﬂ.:':;;’f | Amoumnt | Amonant hﬁf'“ﬁ." ::::ulllkuri:;‘i; tion “i"d
air, Perliter.) 5'1'“:3 1(]:'-1?.23’1' in (?éﬁﬂhltllnin F—T:J' o lllﬁél;xm- F'T:EII’I.M
| frecgers. | freezers, | 7 4N,
| =
i
Liters. | M. (Frama, e fFrams. | Grams, Franis, I, Frams.
26, 069 | 0. 825 21.5 | 200.5 45.0 | 245.5 | 2240 | +13.4 237. 4
25,745 | . 769 19. 8 201. 8 a37. 4 2399 219.4 | — 2.8 217.1
26,362 | . T90 211 210. 5 4]1. 2 251.7 220.6 | -+ 5.1 230.7
27,246 | .BI12 221 | 194.9 a7.2 | 234.2| 2121 | — 5.9 206. 2
105.421 |._.....| 85| 809.7 | 160.9 | 970.6 | 8861 | +10.3 896, 4
25, 795 . 325 -8 192, 2 32.1 230, 3 W00+ .5 209. 5
25, 903 - 820 21,2 2120 37,2 249, 2 228.0 | - 2.7 23007
26, 924 = o 210 213.0 44y, 2 2532, 231.9 | — 4.5 227.4
27,122 .87 21. 6 | 193. 8 3.9 2317 l 210.1 | — 6.4 208. 7
| 105,749 |.......| 85.4| 811.0| 153.4 | 964.4 | sm.0|—7.7| s7m.8
[ 28, 792 .B812 21. 8 1495. § I 35. 2 233. 5 21.7 | 4 8.2 219.9
_| 26,010 . 811 #1011 195. 1 3601 231.2 210.1 | + 1.3 211. 4
| 27,503 ik 21.4 | 191.6 41. & 233. 4 212.0 | — 2.1 2009, 9
27,099 | . 718 2001 154, 4 _ 40.0 | 2244 M5 — 3.4 200. 9
108,394 |-oev.n. | 844 | 766.4| 156.1| 922.5 | sas.1 |+ 40| 8421
26,38 | .738 [ 19.5 | 1843 | 3.8 920.1 | 200.6 | + 4.7 | 205.3
26,150 p 747 | 195 | 173.6 346 | 208.2 | 188.7 ) — 21 186. 6
27, 647 L 0.9 192. 4 44 7 2357.1 | 216.2| + .B 216.7
| 28,015 . 685 | 149. 2 185. 7 35,5 | 221. 2 | 202.0 | — 5.3 196. 7
108, 200 |....... | 79.1( 738.0 | 150, & | BaG.6 | #8075 | — 2.2 B05. 3
! . | i
25, 75l 697 | 17.9 178.6 H.O 213. 5 | 195.6 | -} 5.7 201. 8
26, 228 T03 18. 4 9.6 | 35.4 230.0 | 211.6 | + 3.8 215.4
27,432 . b 17.7 195, 6 42,7 238, 3 0.6 | + .4 221.0
28, 046 i 15. 5 1.3 | 36.0| 2153 19.5 | — 1.2 198, 6
107, 446 |....... | 69.5 | T48.1 | 149.0 | B97.1 | B27.6 | - B.7 836. 3
| 26,132 | .569 | 14.6| 181.2 | 35.3] 27.0| 212.4 |+ 7.4 219.8
26, 157 645 16. 9 1858, 5 35,7 2242 207. 3 - 4.2 208.1
27, 966 . 69T 19.5 193. 8 4. 6 339 4 219.9 | 4= 2.3 2822
29443 | .723| 20.6| 189.1| 37.5| 296.6| w26.0| — 3.5| 2025
108,688 |....... 7.6 | 762.6 | 154.6 | 917.2 | 845.6 | - 2.0 847. 6
108, 068 |......- 81.1 T05. 4 150. 1 S05. & 824.4 | — 3.1 821, 3
109,084 |- B4, 9 795. 0 149. 4 G945, 3 B60.4 | — 2.0 RO, 4
107, 983 |. ... £4.3 | 833.5 | 146.7 | O80.2 | 295.9 | 4 1.7 | &97.6

s No. 21 included for COIM PATISON,
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The calorimetric measurements for experiments 18-20 are given in detail, and those for
experiment 21 summarized, in Table XLI.

Tarre X LI —Suwmmary of colorimetric measurements— Motabolizm experiments Nos, 18=20.°
3 @) ) @ | @ (€) () (a)
Water
I l Ch | G i wm{:ﬂi’m Heat used | Total heat
- ange . - torrectio equals At s
Date, Period. Heat meas- | Gftmy. | Copacity | g0 Rotem. | “toral in vapori- |  deter-
1 | pemature | e im. erture | Amount ex- eation of mined, a4
“’E.“;.“ L of cnlo- st B B, fouml and | haled, less witer, c4dgr.
e rmeter, | G1E0 bt dishes, AT 230,562,
condens=ed
; in chamber, |
Erperiment No. 18,
186, ilaries, Degrees, | Llnries, Calories, Frane {Ciloried. -I'."E!DD'E:_H.
“eh. 6-7 | Ta.mstolp.m....... it b el el e R e e 4+ D8 285, 4 158, 4 858, 6
L1 T v T e S 522.7 | +0.09 | 5. 40 - 8.5 215.1 127.3 663, 9
Tpmtelnm......... 491. 0 - .02 | i (oL 8 L R i 5 247 139.0 628, 8
) BT VB Tt R R 08, 5 - .05 “S A | B e 205.2 | 121.5 427.0
el et oo 2.085.9 | +.02| +1.2]| 4140| ee04| a7 | 2. 578. 3
=8l Famtolp.mo.c...... 9.4 [ + 0D | == .00 - 8.2 2100 5 124.6 735.2
Ll pom, B0 7P M. oo 535.6 | + .03 | = 1. 80 = 8.3 231. 7 137.2 6735, 9
(o G BE T | LR 471 | 4+ 14 | 4 8400, G 238.4 135.2 | G18. 7
T FE £ v o - 1 R 262, 9 w20 =100 2047 121.2 | 369.1
Matales s one e ool 18030 03 | — 1,80 | AT 5 870, 3 | 5[3.31 2,396.9
Erperiment No. 15 | I
|
0 Tam tol pom..cooo... 0.0 | -+ 11 | -+ 6. 60 + 5.1 217.9 129.0 | 620, 7
DT 1 o o O | o PR e 497. 2 01| + .80 + 7.5 204, 4 | 124,10 629, 3
Tpmtolam._.......| 432. 3 8 = 18 oo 8. 9 123. 7 hbd. 2
1[I oy TS 1y A 206, 4 | 08 el B e e 1 199, 9 | 118. 3 416.5
Bl S0 sem M 1, 765.9 | + .12 | —+ 7.200 | 12.6 | 36, 1 495.0 | 2,280.7
10 | Tamtolp. mM.cceuaa.. h2s. 4 04 | -+ 2,40 L g2 | 2066, 3 1 65491
] P ) T 8 | e | 446, 3 | D — 3,00 | - 9.4 187. 6 111, 1 | hi3. 8
Tpm tol s m.........] 470, 3 AL =L SR Dot iy o 217.7 128. 9 G028
1a. m. to7 a. m..______‘| 335,53 | L2 gl i ) Rl 1 198. 7 117. 6 451. 7
| i) v R e 1,780.3 | 4 .08 - 1.80 | 156 | 10,3 4797 | 2,274
Feperament No, 20. i | |
10-11 | Taom tol p. m..coooon. H22. D ! 4+ .01 Ml + 6.1 195. 3 117. 4 647, 0
[ L v e g v IS S d83.4 | 4+ .02 | + 1.20 | + 7.8 | 213.4 126. 3 618. ¥
Tp.mtolam o (e W o T | 219.0 129. 6 605, 5
Td:m. toFam o oo C TR EER ey mpetine Sl e e ik S | 196. 6 116.4 426, 4
Mo 1E 0 s e 1,794.0| 0.0 | 0.0 | +13.9 | 837.3 | 480, 7 2,297.6
T2 e ol pom .- - o el |+ 01 [+ 60| 4118 219.8 130.0 691, 6
LI T o ] | 461.1 | — .02 | — 1.20| <4-10.4 203. 1 120.3 5490, 6
Tpenmsdod a m. ol oo 460.2 ' = .06 [ o+ 360 |...o..oaa 2302 131. 6 | 595, 4
Ta.m-to T m. ... 312.9 | — | =R s 202.5 119.9 | 430, 4
| 1] | [, R 1,783.8 | + .01 [ 4 .80| 223 | 847.6 | 501.8 | 2,308.0
Eeperiment No., 21, r' | '
|
12-18 | T moto Ta: m ..o 1,718.8 ( — .02 | — 1.20 +22. 4 521.3 486, 2 2. 208,32
13-14 | Ta.m. to T a. M ......... 1,737.4 | — .02 | — 1.20 -116.9 260, 4 504, 4 2 2625
14-15 | T m to7a M. .. 1,801. 5 03 1. 80 +13.8 2. G 530. 8 2. 347.9
)

*No. 21 included for comparison.

The detefminations of reducing material in the ventilating air current were made according
The analytical data are

to the method followed in the preceding experiments (see p. 258).

shown in Table XLII.
Vol.

8—No. 6——T

It will be noticed that the amount of reducing material, reckoned as



326 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

aleohol, found in the air current on the first day of the =eries of experiments, Febroary 6-7, is
considerably larger than on the 3 days following. This may be due in part to the fact that the
subject had taken with him into the chamber an atomizer containing an alcoholic solution of
eucalyptol, of which reagent, however, only a very small amount was used on the first day, and
none thereafter. It will also he observed that the amount of reducing material in the air current
during the 3 days of experiment No. 21, in which alcohol did not form a part of the diet, was
considerable.  Attention has already been called to the fact that what is reckoned as aleohol in
the air current consists to a greater or less degree of reducing matter ordinarily present in the
respired air, whether the subject consumed aleohol or not. Later experiments indicate that this
amount of reducing material may be equivalent to as much as 0.4 of a gram of alcohol per day
(see experiments 26, 28, and 30 beyond). That the amount of alcohol and other reducing
material should be so large during the 3 days of experiment No. 21 is rather surprising.
During the 4 days of the preliminary period and the 6 days of experiments Nos. 18-20, 725
erams of absolute alecohol had been taken. It may be that there was a certain lag in the elimina-
tion of aleohol not oxidized by the body. That there could be any large amount of aleohol
remaining in the body seems altogether improbable, both from physiological considerations and
from the results of experiments which have been made concerning the amount of alcohol which
may be found in the tissues of the body. If there were a lag in the elimination, we do not know
how long it would continue. In later experiments, Nos. 22, 27, and 33, no such lag was observed.
The figures for reducing material in the alecohol on the 3 days of experiment No. 21 are not as
trustworthy as those of the previous days, owing to certain analytieal irregularities. The
figures in column 5 of Table XLII show the total excretion of alcohol on the arbitrary
assumption that one-half the average amount of reducing material found in experiment No. 21 was
actually aleohol. While it is believed that these amounts represent more than the actual
elimination of aleohol, they have been used in the computations of the income and outgo of
carbon and energy in the following tahles:

Tapre XLII.—Alechol ingested and excreted— Metabalisin experiments Nos. 18-20.0

Alcohol exereted, ineluding other re- I

ducing material calenlated asaleohol, | Total ex-
AEE | eretions,
Tiste “Aleohol |eorpected | Aleohol metabo-
e ingested. In urlne In freezer : for | lized in body.
tdistils water In air Total posgible |
late) (distil- | corrent. 5 lng.
H Imta).
1899.
Exrperiment No. 18, r :
LEFRLEIT S Frams, | ferams, {rFamie, Lrriang, Er e Eia. (e T Prer cenl.
el e s s e e B e s 2.5 . 049 0. 4 2,03 2,16 3. 20 69.3 05, &
e T PP S firi] <8 K 1. 56 | 8 L | GO 6. 1
FEaperiment No. 18
Loy e e e R R O B S i2:8 - 10 L 1505 1. G7 2.71 B9 8 06, 3
e i 2.5 14 ol 1,32 1. 40 2,44 70.1 96. 7
Erperiment No. 20
L] L e e e ol L 12,0 135 [15) 1.23 1. 41 245 i | 6. 7
el ey T2 0 13 (1 el 15 2o B0 O ZH 6.2 5.5
R e e L RN .79 .25 9, 62 1400, G 165. ) 418.2 |...
Averige perday.....cciceccsiananaa i2.8 b . 1. 60 1. 78 2. 82 afl, 7 0. 1
f’.‘.i]u riment No. 21,
R A D= R el e s e | s .11 A 1. 65 L e e e
e b o e e i S S A e T T e e A3 Ay 1. 50 N e e e
e e e R T i e T S B [ o 07 2,14 P L B e L S

* Noe 21 ineluded for comparison.
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Balanee of income and outgo of matter and energy: The income and outgo of nitrogen, earbon,
hydrogen. and energy in these experiments are shown in Tables XLIII to XLVI.

TasLe XLILLL—Ineome and owlgo of nifrogen and carfion—Maabolizsm erperiments Nos, 18-20.%

Nitrogen, Carbon.
(&) {c) €3] i [£14] m}-—- (6 (k)
Drate and period, Gain
In al
|, |, mmoon | Jn, | tn, | S ol orie
3 gesr - " [products.| fited. | {rdns
| = f).
1899, |

Experiment No. 18. Grams. | Grams srams. |Grams. Groms.| Grams. ![-‘-mm. Grams.

Feb. 6=7,7amtoTa.m. .....cccomea.. LO|17.4| —2.9| 258.0| 9.0 |11.0| 224.4) L7 | + 6.9

R 7amtoTam. . .o....ceeae. 1.1 15.4 —-1.0 | 253.0| 9.0| 9.8| 214.3| 1.4| +18.5
Total for 2days...cc.ciaoaaaias 2.1|32.8 6.0 | 18.0 | 20.8 | 438.7] 3.1 +25. 4
Average perday .....ocenne.... 1.1 | 16.4 253.0) 90104 219.3) 1.6 ) -+12.7

Frperiment No. 19. [ .

Fob B0, 78 m 0078 m. - in oo 15.5 | 1.0|14.7 | 3.0| 9.0| 9.3 2082 1.4| +27.1

010, Ta mbo TA. M eueeenannaaaas 155 L1]14.2 | 253.0| 9.0| 9.0 7.1 1.3 | +26.6
Total for 2 ds_\'ﬁ ,,,,,,,,,,,,,,,, 31.0 | 21289 506.0 | 18.0 | 18. 3 413.3 27 +-53. 7
Average perday. ... ..ccccacacaaa 15.5 | 1.0 14.5 20| 9.0 9.2| 208.6 | 1.2 | -+26.9

Experiment No. 20.

Feb.10-11,7a. m.to 7 8. M. ccvecocan-. 1.0 | 13.8 253.0| 9.0 88| 2141 | 1.3| 4+19.8

11-12. Fam. 0 T8 M. .. .cuccecuua- 1.1 | 14. 3 3.0 9.0 9.2 218. 3 1.7 414.8
Total for 2 days. .ceeeencnnecn-. 21]28.2 0|18.0) 180 432.4| 3.0 | 4348
Average per day «.cueueennnnnn 1.0} 141 30) 90| 9.0 216.2) 1.5 | 4173

Experiments Nos. 18-20. i
Average per day --ceccemeocnan.| 1.0 | 15.0 253.0| 9.0 9.5| 214.1| 1.5| +18.9
FErperiment No. 21. | i [

Feb.12-13, 78 m. t0 T 8. M. vccccancaaa 1.0 | 14. 5 215.2 9.0 10.2 9152 ]......] —18.2
12-14, 7a. m.t0 T 8. M. e e nceaanaa 1.1 | 16.2 | 215.2) 9.0 11.8| 2146 |......] —18.7
14-15, 7a. m. t0 Ta. M. e e cceeaan 1.0 | 15. 4 | 215.2 )| 90| 109 | 225 |......] —27.2

Motalhoe Sdays . o ol sl 3.1 46.1 645.6 | 27.0 :';‘2.-1 | @23 ......] —86.1
Average perday ............... 1.0 | 15.4 215.2 ]| 9.0 10.B| M7 4d]...... —22.0

* No. 21 included for comparison.

TasLe XLIV.—Mneome and outgo of water and hydrogen— Metabolism experimenis Nos. 18-21.8

Water,
Bate and partod. (a) {e) ]| @ | @ ()
|
T ira-
In food. In feees, Im urine. | Igr;e;pﬁ_ I:;I?ffi
nets, (e+d+e).
1899, '
- = - |
Experiment No. 18. Frams. (P, I i rams. Grams. | Groms.
01171 e PR - e | RE0. O 46.4 | 1,289.3 | 896.4 | = TH.0
i T e i TR | R e R e S BEf. 9 46.4 | 1,945.4 | 71.3 | — H8S. 4
Totaktor:-tdemme . - e 1,779 82.8 I 3,214.7 | 1,767.7 | — 512.4
AVETAIS POTORY e e ceenienmmm e B89, 46.4 | 1,607.3 583.9 | — 256.2
Erperiment No. 15. |
o RO A R N T S S S 830, 9 46.4 | 1,437.6 8M42.1 — 519
Bl fm o Te m ot 8889 46.4 | 1,683.3 B05.3 | — 261.3
i U e e S 1, 1 92.8 | 8,120.9 | 1,647.4 | — 313.2
ANeTage Par ey o icecaasem s | 884, 46.4 | 1,560.5 | 823.7 | — 156.6

*No. 21 included for comparison.

*During the 9 days of these experiments 28.5

of 3.2 grams per day, which iz here added to the drink.

ms water was evaporated from the hyvgrometer, or an average
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TapLe XLIV. — Tncoms and outgo of waler and hydrogen—MWetabolizin cxperiments Nos. 18-21* —Continoed.

Warer,
Date and period. | \G) (b) 1) (d) L&) n
| | | [ In respira- | Apparent i

Imfood. | Indrink. Infeces. | Imourine. Lory prod- | lossa4+-b—

; [ ueks, {e+d4e),
S e e
1=t | | |

Erperiment No. 20. (Frame, fFrame. | Grams, Frame, (R TN (F e,

1T e WS B e e Ve e T 1 mp  m e et e 8RO G 1,354, 1 | 46.4 | 1,646, 4 B36.3 | — 255.1

11-12, 7 0. m. to 7 a. 1 | 8809 1,335.3| 6.4 | 1,887.9 Ed7.6 | — 506.8
otalifor 2 e o o e e e e o L B | DR 92.8 | 3,534.3 | 1,683.9 | — 769
AvErape per day Do I EENEETEE S ia i 889.9 | 1,384.7 | 6.4 | 1,767.2 542, — 351.0

Average per day (experiments 18-20)...... .. ... 889.9 y 56, T 46.4 | 1,845.0 498 — 2646

Feperiment No, 21, e | S

0= v e T ) 1 R s R | e e T T 880,909 1,383 4 46.4 | 1,638.3 821.3 | — 220.7
1 b Sl o v - | Bt e e A80.9 | 1,383.8 46.4 | 1,689.5 858.4 | — 320,68
T E i I 11 Jes e 1 P G e H580.9 | 1,384.9 46.4 | 1,908, 3 B97.6 | — 578.5

L R e e R e | 2.6690.7| 41541 | 139.2 | B, 2371 | 2,073 I —1,119. 8
ATETARE POEOBY ovins e fhon s aase iaana | 889.9 | 1,3847 | 46.4 | 1,742.4 859.1 | — i73.8
Hydrogen,
Diate and pericd. L () 18 (k) | L] i (n) (n}
Total
| F, Laowes §
In food. | Infeces. | In urine. (Il?nwﬁﬁ:lfﬂ ,Eiltljlj?p-l:lzﬂlﬁ:- w;“;r‘rom g:ir“]é;]
' | ) f=8 (=) t+m.
1899, ; .
Erperiment No. 18. ' I
(Freanes, [E T (Fram g, (rFeLies, irrame, {rrams. Frams.

Fehi:§=T. Ta m. o T A mrococio coiaaiaii: 41. 2 1.2 2.6 | Ld | +36.0 |+ 585 +d4. 5
e e S R R e S 1m.8| 1.8 21 .4! +36.5 |— 65.4 | —28.9
Potal for F RV < o oeiem e mn e s2.5| 25[ 67 8| 4725 |— 56.9 | +15.6
e P rrT o 1R e S S L e 4.8 1.3 3.3 iy 6.3 |— 38 5| LiTig

Frperiment No. 18, | i

TP B, 7 0 T I o i st e cves| 412 l.Ei 5.0 4| +26.6|— 58| +30.8
0 LV R T 1 g e e e | | 1 [ 1.3 2.9 .5 +36.8 |[— 29.0 | 4 7.8
T e A e e S (R B R 5.9 7| +73.4|— 348 +38.6
fL BT T il o e S S R 41.3 } 1.3 3.0 i +36.7 |— 17.4 | +19.3

Erpeviment No. 20,

Feho 10-11, T am. to f A M e i ciasacwanae| 412 1.2 28 -5 4-36.9 |— 28,4 ! 4+ B.5
1B B2 b2 T TR 1 it T W 1 1 (e S P e 41.3 1.3 29 i +36. 7 —.‘}8.3| —19. 6
T e b s S e R 2.5 5.7 | 21 416 |— BE Tl
Average per day....coceecviinrarenneans 418 1.2 2.9 4| +36.8|—42.4| — 5.6
Average per day (experiments 18-20) ... 41.3 | 1.3 [ 3.0 | 4| 1386 |— 20.4 | 4 7.2

Erperiment No, 21, E I

Fab 38=18 T am, B0 T e o el S s G e 31.8 e A [BEREgy = +27.7 |— 4.6 | + 5.2
1l T b TS T v T 4 e e R e 31.8 1.3 | b M R +27.3 |— 35.6 — 8.3
B | T (VTR ¢ i T | N U (R [0 1.2 3.1 |eeeeeaan]  F27.0 |— G480 =568
Tobtal forddayet - Cde o m St o 95, 4 3.7 | D2l ieennnes| =825 |—124.4 | —41.8
Aerage-por day Eodm Sl a R T 31.8 1.2 | Sl e +37.5 [— 41.5 | —14.0

* No. 21 ineluded for eom parison.

"Poring the 9 days of these experimentz 28.5 grams water was evaporated from the hygrometer, or an average

of 3.2 grams per day, which is here added to the drink.
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TapLe XLV.—Gain or logs of profein { Nx68.25), jul, and water—Melaboltsm experiments Nos. 18-20.

L) (B (e} : () (e (.
e | Carbonin | Carbonin | g oo
Date nnid period. Nitrogen gall;:r:;?-rl'll j Total carhon| llrnjﬂliu“ Inl.,:.:]t-lr},“ r:ﬂ"::;‘?m
gainsd (4 ot et !I.I gained {4-) | gained (4} gnined (+) b =
or loat (=) @605, ! or lost (=}. NJ:EEF;L_F or ];mldll—: e O E
| — e
1599,
E-rj?ﬁﬁiiiﬂlf 0. 23, frrams. | fFrame, fFrama, {Frams. Grama. | Grams.
G Iy o R | TR T T | T —2.9 —18.1 + 6.9 — 8.6 =16, 5 +21.6
i P T v | R R R R =10 — 8.3 +18.5 | — 3.3 +21.8 +28.5
i i T S D . R e e S e e —3.9 —24. 4 +25. 4 —12.9 | 4383 +50.1
T TR o L e A s —sig|l —1ea| Emq| ZieE| pmal ok
—— _— ————
Erperiment No. 13, 1
Iyl L o T T e S L -2 = 1.3 +27. 1 — .7 +27.8 4-36.3
L T T S o v T e R SR R +.:2 s l'% 26, 6 W7 2500 +-33. 9
e g - A e e | 0 0 +53. 7 ] +-53. 7 +70. 2
A\'emge]Jerduy.........................l 0 0| -+26.9 0| +26.9 485, 1
Erperiment No. 20, | | |
Wb A0=11, T hm. fo T i oo nis o sinmaioass e o] WS et B +19. 8 + 2.3 +17. 5 +-22.9
L e R S« T 0 fa 0 0 :—I-E_ﬁ_ 0 4—11'51 +19.3
Mednl T Xy, o e + 7 + 4.4 +34. 6 4 2.3 +32. 3 +42.2
Averape per day ool i it + 4| +22| +17.3 1.2| +16.2 +21.1
Average per day (experiments 18-20) .. ... L iz -_'—'!:ﬁﬁ_.“'—- Y +27.1
Erperiment No. 21. .
Fely 12=13. T o m. 40 T oMy oo i ioiiniiiass (1] 0} —19.2 1] —19. 2 —25. 1
R b e R T R S B e e —1.8 —11.3/| —18.7 — 6.0 —13.7 170
S e T TV TN e 50 1 | e e e S — .9 — 8.6 ) —E’F.L}f — 3.0 —24.2 —31.6
TS T et MO, —2.7 —16. 9 | —66.1 9.0 —57.1 —746
Average per dBY & .. i iiiiiiiiceemaseenin — .9 — 5.6 i —22.0 — 3.0 =19.0 —24.9
| (@) | (&) | () | (k) i
IT o I Hydrogen in | Hydrogen in | Hydrogen in W ined
y =i otal hy ] r - water, ate., rater gain
Date amd period. Hﬁi]l;:: l_::}#ﬁpllp-::ﬁﬁlrnkﬂll[lil: I’I:};{rﬁh:ltl':ll'-"} | Eﬂi?ﬂ Ei_; or (4] UE}E%t (=)
L= R N S B L g— (k).
1894, E : |
Erperiment No. 18, | | |
A e i i rants, | s, (Frammg. (Frams. | Froms,
1] S i 6 L4 5 i e 2.6 +43.2 +-380
= TR | R e e e e S R S . —28.0 — .4 3.4 —31.9 —287
Tutalfur?t]m's.“..‘......“......u-.--! 15. 6 1.7 +6.0 +11.3 102
Ayerage perday - ool il Ll 7.8 — .8 +3.0 + 57| + 5l
Erperiment No. 19, I e PR e
Feb 8=, ¥ om0 F A . e eeeeee e cimianan | 4-30.8 | - ..1 +4.3 +26. 6 <2400
P S W BV Lt | B e e P e ! + 7.8 | HE| 447 | + 3.6 <+ 32
1 T +38.6 0 8.4 | 4-30.2 4272
At‘emgepcrdn_r__._.......----,-.......-i 119.3 0 +4.9 | +15.1 | +136
Erperiment No, 20, e [ i
1] wrp 0= ST R ) | i 8.5 | vl 42,8 L Hiq -+ 48
10T R T i TR T R T e S | —19.6 ] 4823 | —21.9 —197
A v R i e SR — e g +5.1 | -16. 5 | —149
Averageperday . ...l it 5.6 o +2.6 | —33| — 75
Average per day (experiments 18-20) .. _.. | PR 13,9 | + 4.2 | - 38
Erperiment No, 21. i |
3 1] g b A T T TR e L + 3.2 i —3.0 + §.2 <+ 5
b1 Lo R e TR | T e = — e —aa | - 48
14-15,7 8.1, 80 7 810 -0 vvmm s emns 2 e 3.8 —326 | — 203
Potal for Sdays. .. .- ceermmmr e n e —41.9 -1.2 —0.0 —31. T —285
T e e SRR R R SR —14.0 - .4 —3.0 —10. 6 —

s No. 21 included for comparizon.
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Feb. 10-11, 7 a. m. to ¥ a. m
11-12, 7 8. m. to 7 a. m

Feb. 12-13, 7 a. m. to ¥ 4. m
13-14, T a. m. to ¥ a. m
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TaniE XLVI.—Tucome and oulgo af energy—Metabolism ecperimenis Nos. 18-20.2

Dite and period.

15t

Erperiment No. 15,

Total for 2 days

Average per day

--------------

Erperiment No. 19,

Fab. 89, Ta. m. to T a. M. cueuevene
O-10, 7a. m. L0 Fa. . ..ocoao.

Total for 2 days

Average per day ... ..........

Erperiment No, 20,

Total for 2 days

Average per day..............

Average per day (experiments |

Erperiment No. 21.

----------

{ox} (b () (o} | e | iy {7k (&) | (i) (&)
et s s 3 e 1 e P [ (o
2 - % z ﬁ"’ .3;::”_ == ! 2T ."‘J‘g
=t S [l R ‘ ¥ B2 | 82 g
z i L T Rl - e =2 | %3
= 3. |5, | 83 |=8% | =3 gET | = | B> B>
i= 2% | Bz | ¥5 = e SR A i
E2 | 8% | 88 | 28 [EE.)| Eo £iz F BEzs | Ezs
I I = (=i R W N R 2
= = g ZE |2=% EEL %E;&,‘ E 253 |=E3
= = = = |EBT | EEs EST = = | ante
5 5 5 =i = = | = —B E‘-—"E
& lE R e ERE T R
_______ 2 | ‘ B
Calo- Oalo- | Oeln- | Calo- Cizlo- [ Calo- | Cela- Crlo- - Pep
ries, ries, riee. riee. ries, | rics. | ries. ried. i g, . | . cenl.
2778 100 | 130 23 [—104 4203 | 2,424 | 2,078 | +154 | +6.4
2,776 | 100 | 115 o |— 36| +208 | 2,308 | 2,397 | - 88| +3.8
5,552 | 200 | 245 | 43 |—140 | 4471 | 4,733 | 4,975 | t242 | _____
2,776 | 100 | 123 | 21— 70| 4285| 2,867 | 2,488 | +121 | 45.1

, i

|

! |
2 776 | 100 | 110 19 [— 7| +341| 2,213 | 2,281 | + @8 | +3.1
2 776 | 100 | 106 17 [+ 7| +319| 2227 | 2277 | I BO| =22
5552 200| 216 38| 0| 4660 4440 | 4,558 | +u18\ ..
2,776 | 00| 108| 18| 0| -+330( 2,220 | 2,279 | 4 59 | 2.7
2,776 | 100 | 104 18 |+ 25 | 215 | 2,314 | 2208 — 14 =Nh"
2,77 100 | 108 | 23 0| +181| 2,364 | 2,308 | — 56 | —2.4
5,552 | 200 212 | 41|+ 25| 396 | 4,678 | 4,606 | — 72 [.....
2,776 | 100 | 106 | 21 |+ 12| 198 | 2,330 | 2,308 | — 86 | —1.5
2.776 | 100 112 20 i— 19 | +235 | 2,308 | 2,356 | + 48 | +2.1
2,264 | 100 | 119 e 0| —=286| 2,281 | 29226 | — 55 | —2.4
2,264 | 100 | 132 |— 65| —168 | 2265 | £ 968 | — Esh=
2,264 | 100 | 127 e— 82| —297 | 2,866 | 2848 — AR} —.F
6,792 | 800 | 378 |...__.|— 97| —701| 6,92 | 6,837 | — 76 |---o--
284 | 100 | 126 |...... |— 32| —234| 2,304 | 2,279 | — 25 | —1.1

| [ENENE

EXPERIMENTS NOS. 29-%4 _REST.

a No. 21 included for comparizon.

No, 22 WITH ALCOHOL DIET.

Subject.—E. O., who served as the subject of experiments Nos. 12, 15-17. and 18-20, described
. His weight was about 72.5 kilograms (160 pounds).
Cecupation during experiment. —Reading, writing, ete., with as little mental and musecular
activity as possible.
LDheration.—The preliminary period of 4 days began with breakfast, March 9, 1899, and the
subject entered the respiration chamber on the evening of March 12; experiment No. 22 beginning

above

at 7 o’clock on the morning of March 13 and continuing 3 days.

This experiment was the first

of a series of three (Nos. 22-24), each continuing 3 days; the subject. therefore, remained in the
respiration chamber 10 nights and 9 days, the series of experiments ending on the morning of
Mareh 22,

Dict.—One especial object of the experiments of this series was to study the relative replacing

power of alcohol and sugar in the diet.

The latter consisted of what may be called a basal

ration of ordinary food to which was added a supplementary ration of either sugar or alcohol.
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The basal ration furnished 123 erams of protein and 2.535 calories of energy per day. To this
ration was added, in experiment No. 22, 79.2 grams of $%0.9 per cent commercial alcohol.  This
contained 72 grams of absolute aleohol and furnished 509 calories of energy. In experiment No.
23 the subject had 30 grams of horse-radish, furnishing 11 calories of energy per day, and in
experiment No. 24, 30 grams of horse-radish, furnishing 11 calories of energy. and 180 grams of
cane sugar, furnishing 515 calories of energy. Leaving the small quantities of horse-radish out
of account, the diet of experiment 22 supplied the basal ration plus alcohol, No. 23 the basal
ration alone, and No. 24 the basal ration plus an amount of =ugar isodynamic with the aleohol of
No. 22,  In experiment No. 22 the alcohol was taken in the usual 6 doses, 8 with and 3 between
meals and upon retiring. It was prepared by adding 79.2 grams of 90.9 per cent aleohol to 780.8
grams of coffee infusion sweetened with 40 grams of sugar. This mixture thus contained 72
erams of absolute aleohol, 40 grams of =ugar, and 788 grams of water. The kinds and quantities
of food served at each meal and the guantities of drink at different periods were as follows:

Dict in metabolism experiments Nos. 22-24.

FOOD—BASAL RATION.

IIBmLfmﬂt Dinner. | Suapper Tatal.
P — { — | — -

| Grams Frams, | frams. (irama,
i bt s s e AN RN Ryt St SR 75 Ty e 150
R e e e e e 19 0 20 it
L b e e R A e e e R o | 350 L L 390 1,130
T e N R N SR e S RN i R SRR SR S LR T 55 100 155 310
T e R T L PR g D T ! T PR 45
T R S A S S PR R T 40 ......“..i.... ....i 40

* Used with the coffee infusion and aleohol in experiment No. 22,
FOOD—EUPPLEMENTAL RATION.

Last day of preliminary pericd and during metabolism experiment No. 22:
LB e T e A S P e S L A e B e T T ST
e s I m a
Alcohol (9.8 per cent).......ceeeueeaneeiicneiacaraicaccnccnsatsacnccsssassasssmnncsnsnenanaU0-a. TH.2
Metabolism experiment Mo. 23, horse-radish . . ... . ieeiiaioaa- do.... 30.0
Metabolism experiment No. 24:
g b e o R et I B B B R e (e T e DT

e e s S e e B
DRINK.
| Experiment No. &2, E!peﬂﬂiéni:_!ﬁ't&'_’s
|
| Coffee infu-
| siom, r.| ‘Water. Uﬂﬂﬁeﬂéllfn- Water.
and alechol. :
Frams, (Frams, {Frams, (g,
T T e T S ", Jil i S
B 125 | S 200
12 e e e e e L D S e e L L | 1 b (S b i RO
TR U TS e R e e e e 1 L | T T R 200
B e e e e R B ) T A - e
11. R AR 125 | | B B e 200
Lt L] BEO0 TES8 "RO0
|

* Contains 72 g absolute aleohol and 40 grams sugar.

*The subject did not always drink the full schedule allowanee of coffee and of water. The actnal amount of
water consumed each day is shown in the second column of Table LVIIL
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Daily voutine.—The general routine of the experiment is indicated by the following schedule:

Duaily prograsni— Metabolisin experiments Nos. 22-24.

| T | R Rise, pass urine, weigh s=eli, weigh
ab=orbers,

454 M..caea.. Breakfast.

10.30 9. m ... Drink 200 grams water.

[ 330 p.m....
|
L0 pm. .- Pas= nrine. |
i

T.00p.om. ...

1.30p. m_______| Dinner.

110D p. m. ...

Drink 200 grams water.

G p.o ... Supper.

Pass urine.
Drink 200 grams water, take cap off
food aperture, retirve.

Table XLVII summarizes the more important statistics in the diary kept by the subject

during the series of experiments.

Tapre XLVIL—Summary of diary—Metabolizn experiments Nog, 22-24,

Hygrometer.
Date and time. ‘;E:p:,'fn;;iﬂj P“m‘im‘:ﬁ,_‘"}r Temperature.
Dy halh, Wt bulb.
18949,
|
Experiment No. 22,
Kifoqrams. *F el Ll
11 e e e s o T2, 43 fill 07. 6 20. 6 15.8
L T S e T S R B AL 72 97.8 20.2 | 16. 2
i b e N e e e e e [ P e fil 97.2 0.4 16, &
SN e s e D ERS  Te 73.0F a9 47.0 20. 4 | 15.1
e L e e e 7 98.0 20.0 15.2
T i e = 7 98.4 | 20.6 | 15.8
T 1 T o s e e e e e T2 86 il 7.2 | E"llﬂl 14. 8
i S by s U P e e S R P | (S e e fis 978 | 2.0 | 15.2
el W e i e i e e S T e S itt] 98. 6 | 20.4 16.2

Exrperiment Nao. 23.

I A Y o ook M s o 72,88
R e W o 1 | T e e e | S e g
14 R S v T R e S g e e Rt (PR e
i T e S e e e e i R R Rt 72. 67
e I e e e e e s s

L A0
15, RN, LT 11 T R
18, 340 p. m.......
e T e e e T S | s St

Frpervment No. 2.

T it T s e S o ) T2, 68
e B e e TR R S | R
e Ry L T e S e T e i ]

S I S e T i s T T270 |
A e e e e B K| (et N
Ly 1 e
e A e o e o el 1207 |
L B BN e 1 e e e
Sl s s = Bt
e, | e e e e e 72,80

afi
76
i
a8
70
fifs
56
fifi

66 |

97.0 2, 2 15.3
95, 9 20. 0 15. 4
98, 4 2. 4 16.0
97.0 20. 4 15.1
95, 0 20,0 15.2
95, 0 20.2 | 15.4
6. 8 20.3 | 146
7.6 20.2 | 15.0
98. 3 20, 1 15.2
|
96. 9 20.2 14.6
95,5 19. 8 14.6
Y8, 8 20,2 15.0
97.0 20,0 14. 8
: 00, 0 20. 2 15.4
4. 0 L 20.4 15.6
! W, 20, 2 15.0
, 9. 2 20, 2 15. 2
. W, 4 20, 6 16.0
| 97.8 20,8 16, 8
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Detailed statistics of income and outgo.—The quantities of nutrients in the basal ration and
the quantities in the supplemental ration in the different experiments of this series are shown in

Table XLVIIL

No attempt was made in this experiment to obtain a separation of the feces

between experiments 22 and 23, since it was believed the amount of such exeretion during the
aleohol experiment would not differ materially from the amount in the following experiment in
which aleohol was not used but in which the diet was otherwise the same, with the exception of

the small amount of horse-radish.
renders the line of demarcation less accurate,

It is our experience that too frequent separation of the feces
The separation of the feces was, however, made

between experiments 23 and 24. The data of amount and composition of the feces of the two
experiments are given in Table XLIX.

TapLe XLVIIL.— Weight, composition, and heat af combuation of feods— Wetabolisin experiments Nos, 22-24.
|
Labora- . Heat of
h‘f-? Fuosoil mnaterial, ;tr?]r :‘; Water, Protein. Fat. Cﬁﬂ":'h:' Mitrogen. | Carbon, Ilg(:iur_:r- msi%:?n-
Basal ration. (Frams. [ TN (Frimis, (Frames, (Frams, (s, (FPaammRE. ferane, | Colorics,
L B e e e 1500 8.9 52. 3 Wil o=ttt 5.38 | 35.35 5.05 395
M Botter ot e A5 5.2 o W i) SR i 09 38.03| 5.79 441
3031 | Bkimmed miflk o 1, 130 1,0?5 1] 40. 7 1.1 54, 2 6,556 46,44 6. 67 462
G2 e Bread » il 10 125.2 24.5 10,5 145. 7 394 B86.95 | 12.3H HO6
2004 | Parched cereal ..__....... 45 E 7 2.1 B 36. 2 B2 | 18.63 2.78 183
TR e e EUH eSS el B e e 16. 84 2.58 158
....... 1,243.0 | 123.2 68.8 | 276.1 19. 78 | 242,24 | 35.22 2,535
Supplemental ration. | l
EXPERIMEXT Xo0. 22, |
Aeahol . e o R [ iy | e T e e 37.56 | D.30 09
Total ration perday.|........| 1,243.0 1232 68.8 2761 19.78 279.80  44.61 3,044
EXPERIMENT Xo. 23, |
3069 | Horse-radish..._._.......| 30| 268 Aliaad e s zol|SeETE RS
Total ration per day. . - ,269.8 123.6 G8.8 278.6 | 1984 3-14 94 | 35.40 2,546
EXPERIMENT 0. 24, |
2069 Horse-radish . ............ a0 26.8 Sk oo 2.5 . [ 2.70 | .18 11
Rook'eandy - ... -.._.... 1l i PP o ey | | st 130,00} . ....] B4T2 i B4z a13
Total ration per day. .. ... 1,269.8 123.8 GB.8 408.6 | 19.84 20066 43.82 3,061
TapLe XLIX.— Weight, composition, and heal of combustion of feces— Metabolism experimonts Nos, 22-24.
Lat - l | H i
ﬁ:ﬁ | Weight. | Water. | Protein, |  Fat, C:; :_:I::_l:" * Xitrogen. | Carbon. "é‘;i‘f:" nﬁiﬁs-
3 i fr'(fr;l“.'l:_ f¥ra e, CFIEmLs, {Freaes, Frama. ¥ s, oy raiRg, {Frigans, ﬂd{urfq':_s,_
3035 | Total, experiments22 to 23, 425.7 205.0 42.1 221 36,2 G.77 | 61.47 8.81 655
Average perday.....ccuua 70, 9 48.2 70 3.7 6, 0 1. 13 10. 25 1. 47 114
3086 | Total, experiment 24_ ... 270.0 | 204.4 24. 5 13.2 14. 6 3.m 31. 43 4, 46 4T
Average perday.......... . 0 8.2 4.4 4.9 1. 30 il6

65,1

10, 48 |

1. 489
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The following table gives the data for the amount and composition of the urine. In previous
experiments the urine was collected in 6-hour intervals throughout the day. Inasmuch, however,
as= the subject at times found it difficult to get to sleep again after emptying the bladder at 1
o'clock in the morning, the urine was collected at 11 p. m., immediately before retiring, instead
of 1 a. m..as in the previous experiment. The day is thus subdivided into two periods of 6 hours,
one of 4, and one of § hours.

During the first 3 days of the preliminary digestion period, the subjeet eliminated 17.3, 11.5,
and 14.6 grams, respectively, of nitrogen in the urine. During these days alcohol did not form
a part of the diet. On the third day of the preliminary period, which was the first day upon
which alcohol was added to the diet, the elimination of nitrogen in the urine amounted to 13.7
grams. It will be noticed that after the subject entered the apparatus the amount of nitrogen in
the urine was larger in amount, but remained quite uniform throughout the whole series of
experiments. As has previously been remarked, it is not infrequently the case that an increased
elimination of nitrogen takes place when the subject enters the respiration chamber. This may
account for the increase in the present case. Another explanation of the increase would be to
assume that it was caused by the presence of alcohol in the diet. It is noticeable, however, that
it did not take place until the subject entered the calorimeter, a day after aleohol was added to the
diet, and that it continued throughout the 9 days of the sojourn in the respiration chamber, during
but 3 of which aleohol was a part of the diet. The urine was not collected after the close of the
experiments.

TasLe L.—Amaunt, specific gravity, and nitrogen of wurine, by 6-hour periods—Melabolism experiments Nos. 22-24.

—_——— —

| | 3
Thate. Period. | Amount. f;gﬂﬁ" Nitrogen.
1899, L fFramis, Per eent. Grime,

L T e b B b ey P £ By e I g 356, 6 1.022 1.27 4. 53
T T e A T e S e e L e 3776 1. 024 1. 38 3. 21
N T e e SR e S A e e B e e ' 268. 5 1.021 1.51 4. 05
IS o o v B S e e e e R 356. 7 1. 018 1. 36 4. Bh
1 e T i S e 18. 64
Motal by compordbe: e e e e e 1,359. 4 1.019 | 1.40 19,04
T S | T e S eI e N O | 67L8 1. 009 .62 4.16
e e Ti6. 8 1. 007 .02 4.4
ety o By e T e e fizisisssssilins | BL7.5 1. 007 99 6.11
T e e e 310.8 1 018 1.45 4.51
e 18, 82
Total by composite 19.01
15-16. . ... VR T v B I o0 v e S O AR i e TR s e e ' 3.50
Lop s e SRR R L R e e e 3.02
f e HE s e R 4.73
IFp. o toFa me 2 0 0 6. 59
by s s e e R e i e e 17. 84
A B AT e s e S S | 2,2F1.5 1.012 . 80 18.17

Experiment No. 28, '

| i
T i J ) R W] AT e S R S S R T e e 18. 80
1 fj= 2 Rl B s | iy o ) o (e e S e e 2,280, 0 N 19.61
AR=19= = Potal a0 T s s D e e 1, 806, 2 1.3 | oidisssts | 15, 47

|
Experiment No. 24. ' E

[ o0 e B LT v o 1 Vi P e e e e 2 005 5 3 (a1 I S R : 19, 45
1 L SRR KWl T ) P (e SR R e e R B s e S R [ B R b | e 18.07
oy R L o T e AR T T e e e e R R TR SR T 1,861.5 1. 014 Wi 17.26
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TapLe LI.—Daily eimination of carbon, hydrogen, waler, and energy in urine—Melabolism experiments Nos, 22-24.

Heat ut combus-
tlon,
Irite, Amaonnt. Carbon. Hydrogen. Water, - -
F,;“;',_ Total.
1899, |
Experiment No. 22, |
fFrams, Per el | Graves, 1 Per el | Grame, | Peref fFramts, Clorics. | Calorics,
| b b e e R e 1,358.4 |...... e bl ] e b P 180008 foounlol 139
11 I | e e e L e e St By | e | J s U] e | B i e T e s e 141
157 e et e e W =T L L e S R A i ] e T 2.210.0 |..... 133
Erperiment No, 23, |
T 1 F e G e it 1R I ey S Bt i (I et T e 23234, 3 ! ________ 140
[y 81 | g o MR w 2.300.0 |oaaaa g il SRR S e L T ER e 146
2 b R e R S R e 1 St AT R L ) RS 1 o T R 137
Experiment No. 24
C L s T Sy DR S 2360 oo 1208 |ecosas BT oo b L R 145
Bl T A - o i L8700 |- aa-- I Bl U [ [ - [ | e 01 - ] [ 2 134
e R e 1,861.5 |----.- L B 1 1) [ Ra | (o4 | | R 1,802.0 |........ 128
otal S daya- - s 18, 540, & .H8 | 107.53 A7 31.52 | 96.9 | 17, 965.3 6. (67T 1, 242

The results of the determinations of carbon dioxid and water in the ventilating air eurrent
are given in Tables LII-LIV. These statistics are given in detail for the first 3 days of the
series and are summarized by days for the following 6 days, in order to serve as a basis of
comparison of the results with and without aleohol as a part of the diet.

TasLe LIL—Comparison of residual amounts of carbon dioxid and water in the chamber at the beginning and end of each
period, and the corresponding gain or loss— Metabolizin experiment No, 22,

Carbon dioxid, Water, s
Date. End of period. Gain (+) or | Totalamount | Galn {+) or | Total amount
5 chamver: || provolarpac] - Eainturin | e | A
St a7 bl (M- -l o b bl T
1559, dFraans, (Frams Froms, (Frans, fFramé,
Mar. 13 T T e P Lo (R T e oL IRl ) | e e
e e S N G LY 36.4 | i 7.8 47. 4 +8.8 48,8
e SR R e e S e 7.7 + 1.8 47.0 — .4 — .4
1 ETRE v ens el 2.1 | —10. 6 45.7 —1.3 —1.3
i T o | e S e Bl e e D 26. 2 — .0 42. 4 —3.3 —3.3
;0 g e SR RN R B e +3.8 | +43.8
1 L s By e e 39.3 | +13.1 41. 9 — .5 — .5
(i1 e SR e e s 37. 6 — L7 40, 6 —1.3 —1.3
e e L 28.7 — B9 42.5 +1. 9 +1.9
e M e s o e i e el 4. 6 — 4.1 36. 0 —0.5 —f. 5
i bl SR e I e e —6.4 | —6.4
B0 [ o s e T | 36.8 +12.2 28.6 42.6 +2.8
RTEII e e s e T { 41.9 L 5.1 4.5 +2.9 +2.9
B3 e e AR | a80. 2 —11.7 42,3 + .8 + .8
?a.m,.,........................I 24.5 — &7 30, 2 -7.1 —7.1
T e s e et IR Ay =0 ' T =
|

*In these experiments there was no change in weight of absorbers and there was no drip.
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TasLe LIIL.—Record of carbon diorid in ventilating air current—Metabolism experiments Nos, 22-24,

{ax) Carbon dioxid. (h)
|- In incoming air. () (e} Ll o)
Period 'ifi'.‘.‘{:L“:.'i* o | == ' EMIJ:E of
it e . sy | - Wik
s 3 liters of air. by [} Total Eﬂ%r {Corrected uaﬁqu
In tAitgo- | excessin | amount | ﬂmhm{:'_.:i exhaled
4 Total ing air. | outgoing | remain- :T.E'xsl:l et e
Pl:r]:l-:r.l el | air d—c. .:ﬁ:fui.'lr.' pie ey 2
E > e | : = —
Erperiment No. 22, |
183549, Litere. | Ay, Grams. | Grams. fFrams, Grams. | Frame | Frams.
Mar. 13714 | Ya.m.tol p.m.c. oot 26,085 | 0.610 15.9 | 241.5 | 225.6 | + 7.8 233.4 63.6
[Tp.m. o p D, .o oo 26, 212 . 087 15.4 | 226.0 | 210.6 | + 1.3 2119 o7.8
| Tpim.fod acm . —__tool) GB7, 04T La74 16.0 | 209.3 | 183.3 | —10.6 | 1832.% 49,8
| la o toya m-- " _ 27,945 a9 16.5 | 156.7 | 140.2 | — .9 | 139.3 358.0
Totallsaiase i Toa B PHGRTTRR] KR 63.8 | 833.5| 769.7 | — 2.4 | 767.3| 209.2
1415 | 7amtol prm. ... ocen.-- 26, GG .~ D88 15.6 | 228.6 | 215.0 | +13.1 | 236.1 617
Al permt o i e T 27, 595 | . 068 15.7 | 221.4 | 205.7 | — 1.7 | 2040 0. 6
Tpmtolam...._o....| 27,873 563 | 15.7| 2128 | 1971 | — 5.9 | -1B8.2 51.3
TR v e e e 97,804 | 57T 15.9 | 149.3 | 133.6 | — 4.1 | 129.5 35.3
L e et e = e ll}'-"'_.ﬁ?ﬂlg ........ 629 | 812.3 | T49.4 | — 1.6 | T4i.8 208.9
15-16 | 7a.m. tol p.m....._-._...| 26,590 b+ | 15.0 | 219.5 | 204.5 | +12.2| 216.F 59.1
I pim 0T il i | 26,841 576 | 15.5! 230.1| 2146+ 51| 219.7 59.9
| Tpm ol a m..co.ooi:| 25,013 a82 16.3 | 229.2 | 2129 | —11.7 | 201:2 5d.9
TR T ) el L * B | &7 16. 7 156. 3 139.6 | — 5.7 133.9 36. 5
IPnta] ettt e | [ b [V ) 0 I e 63.5| 835.1| 77L6 i | | T7la 210. 4
Exrperiment No. 23,
I6=17 | F e m o T Mok | 1086, 553 s 65.6 | %65.4 796.8 | + .¥ | T97.9 217. 5
17=18 | fa m.toT a m. ... .... I [Tl e 63.3 | 846.9 | 7836 | — .2 I 783.4 | 218.6
18-19 | Fa. m to ¥ a m...........] 17 R 61.3 | 860.2 | 799.0 | - 1.4 | 800.4 182
FErperiment No. 24, I
19-20 | 7a-m.to Va m....ocoo.o. 110, 841 |--:o.oo. 67.2 | B87.2 | B20.0 - 1.4 | 821.4 2240
et § = I IR T T o | ey SR )2 . I RS 61.9 904. 8 8429 | — 3.7 | 839.2 238.8
B1-23 | Tam toTa mocoaaoonia 10T 200 (o 62.5 | 935.7 | 873.2 | + 6.3 | 8795 239.8




MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

537

Tasre LIV.—Record of water in ventilating air curvent—Metabolism experiments Nos, 22-24,

Waterin incom-

(@)

ta} ing air, Witer in outgoing alr. (A) [ ()
' Total
1 Corree-
- P 1 Total ex- waker of
Tate: Period. m‘:;:r::athl;ﬁ' (&) (el (e} {¢) r |._-l¢¥ wiLlir ‘:L‘ﬂr'x respita-
ber of liters | Amounnt | Amount '{I?“t maining “'é'" *;"q
| of air. | I"l.:r | Total | con- mit con- | Total H in chim- P ':i’!"'mm
| liter. | axb. |densed infdensed in  d4e ber. 1.
| : | freceers, | freesers, g
Erperiment No, 22, ,
15599, Liters. | My. Grams.| Grams. | Grams Grams. | Grome. | Groma. | Groma,
Mar. 13-14 (Fam. tol p.m._.......| 26, 085 0.6 | 24,7 | 207. 2 4. 7 2529 | 2282 | -+8.8 | 237.0
Lpom. tofp.me.. ... .. 26,212 | . BA2 | 23.1 | 335.3 40.0 [ 265.3 | 242,32 — 4| 241.8
| Rpsmeto lasmeooo oo iel 27, 42 | L827 | 231 | 235.8 43.7 | 279.3 | 6.2 —1.3 | 2549
| R T P v B P 1 [ 27,95 | . TB2 | 21.9 | 237.1 39.0 | 276.1 | 2.2 | —3.3 | 2a0.9
[ o] 7 S 5 (111 2 T | =S 92,8 | W06 165, 4 :l,ﬂi—.‘i.fj : 080.8 | +3.8 | 9854.6
14-1h [ Ta.m. tol p.m.......... Jﬁ, G606 | 784 | 2008 | 204 40.1 ( 243.1 | 222.3| —0.5| 221.8
Epems e mi i i 27,585 | 766 | 21.2 | 197.9 37.4 | 235.3 | 2141 ) —1.3 | 212.8
i e o R "" L3783 | .75 | 20.8 | 208, ¢ 39.9 | &43.8 | 223,01 4+1.9| 2209
! IR 1 e T ) e T 604 | . T73 | 21.3 | 194, 86.4 | 230.4 | 200.1 | —6.5 | 2026
. T 71 et SR 109, G678 [=ennen B4.1 | 798.8 | 163.8 | 952.6 | BGB.5 | —6.4 | 8621
15-16 | Ta.m. to l p.m......o.-. | 26,500 |..803 | 21.4 179, 1 39,3 ""lﬁ 4| 197.0 4 2.6 | 199.8
Lpinato FpMme.....o...] 26,840 | 789 | 21.2 | 192.3 6.0 | 228,83 | 2071 |4- 29| Z10.0
fpmfolam..........| 28013 |.789 | 22.1 | 218.5 42,2 260.7| 238604+ .B| 230.4
1 EST IS 4l o L A 1 L | 20,067 | (820 | 23.8 | 2021 36| 2407 2169 |— T.1 | 2088
i o) - | R | 130, BOL |cccac: £B8. 5 ' 2.0 | 196.1 | 948.1 | B3.6|— .8 | 858.8
Experiment No, 23, I |
1617 | 7o mitol pem....coo.e. 24, 857 | (B30 | 20.6 | 180.1 6.6 | 215.6 | 105.0 |+ 5.3 | 200.3
[ R L i 11 [ 26,320 | 78T | A0.T | 1%3.5 J0.0 | 229.0| 208.3 |4+ 2.7 | 211.0
Tpmatola m..oc... .. Z7, 7400 . 719 | 2000 | 232.4 42.3 | 274.7 | 254.7 |4- 2.4 | 257.1
TR0 1T /o JEr S 1 D 27,618 | 730 | 20.2 | 208.4 5.6 | 244.0| 223.8|— 7.9 | 215.9
1 1y 7 R T 106, 553 ! .... 1.5 | B14.4 | 145.9 | 963.3 | B8L.8 |4 2.5 | 884.3
17-18 | 7a. m. to T a. Masenananns 110,227 |..- ™3| 7621 151. 9 . 014.0 ) 837 |— 4.2 | 830.5
18-10 | Fa.m. to7a. m.__....... 107,982 |...... 83.3 | 740.5| 148.8 | 889.3 | 806.0 |+ 1.0 | 807.0
Erpeviment No, 2 { | | I
1920 | 7o D EO T Meccesenina 110,64 |- oeiis £5. 5 | 208.2 | 152.3 | 960.5 | 875.0 |4 4.4 | 879.4
e ) B FE R i B | D 108,528 [...... .2 | 814.9| 143.5 | 958.4 | 831.2 |— 2.2| 879.0
ZI=2B | Taam. to 7o mo..._..... 107,200 (. _.... T6.5 | BEG.5 ' 142.2 1,028.7 | 952.2 |410.1 | 962. 3
Total tor 9 days. ... 979,508 |...... T8 7 .T,E?Q. 6 1,365, 9 8 688.5 :'.F, 939.8 (- 8.2 \T,M8.0
| |
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The summary of the calorimetric measurements during this series of experiments is shown in
Table LV, The results of experiments Nos. 23 and 24 are summarized by days, and those for
experiment No. 22, in which alcohol for med a part of the diet, are summar ized h;r 6-hour periods.

Tasre LV.—Summary of calorimetric measurements—Melabolisim experinents Nog., 22-24,

i = I |
(a) (1) ie) (e} 3] [ ri ()
‘t'!.’ulté.vr'rupc;r-
4 1 H
: Feat | Change | Capacity "'fﬁfg‘:}.l”” “Ctotal | Feat used |Total heat
ate Feriod méagnreal oftent | correction | qcoupers. | amount | inyaport | eter
in terims r:; calo- .;u;glfr ture of Dxﬂgﬁ“;m “w:tlér {12:.11I-|:+:i
%= | rimeter. Bl I‘E{‘!ﬁi‘l «| condensed | ex0.502, E
| : in cham-
ber.
: : B e i |
Experiment No. 22, | i 'I
15949, Calowies, | Dregrees, Calories. : Calories, rame, Calaries, Calories.
Mar. 13-14 | fam. tol p.i.. . ccceeuaaaa. AT 4 oL szerzizie |l Aem il 237.0 140. 3 636, 6
T o et e oo 486,1 | —0.03 | — 1.80| 4 3.2 241. 8 143.2 G630, 7
T DO g T e S S 4134 | 4 .02 - L2000 .. .._... 254, 9 150, 9 565, 5
18 M. t0 78 Meueeenennaan..| 2806 | 4+ .07 | 4 420 ..o 250.9 | 148.5 433. 3
Mobalesaer i 1,727.5 |+ .06 | +3.60| + 21 084.6 |  582.9 | 2,316.1
17 ) i v P s e e e e (R0 (= oIl = 5ue0: | =116 221, & 131.3 | 631.2
Ip i to T pama.oea-aooo-=22| 48807 | — 203 — 180 | LS 212, 8 126.0 | 617.4
fpm.iodam oo illlolC Lqom el 01| 4 e0oiiolis 2249 | 133.1 | 5614
T | P 7 ] e 2677 =04 + 2.40 |eecunan-.s | 202. 6 | 120.0 390. 1
| |
; TR e AL RS B 11,688.2 | — .04 | — 2.40| -+ 3.9 862.1 |  510.4 | 2,200.1
15-16 | Fa.m to L pimi..ceooee oo 475.2 | + .08 | -+ 1.80 — 1.8 1949, & 118.2 593. 4
Apoan: to TpeamE T 518.3 | — .05 | — 8.00 + 5.4 210.0 124, 3 645, 0
Fepemsbailmepnrs R et e Do 454 3 | — .01 | = .60 (. ........ 239, 4 141. 7 595, 4
T T T e T e | e e R 3108 | — .15 ) ) S e 209. 5 1242 426, 0
Mot s s 1758.6 | — .18| —10.80| -+ 36| 858.8| 508.4 |2 250.8
Frperiment No, 23,
| | | _
1817 | Ta-mm. to T e ms oo 1,710 | 4 14| 4 8.40) 0 —41.4 f84. 3 023. 5 | 2, 201.5
1718 | 7a-m. 0.7 8l aesccaaanncaas 1,700.3 | + .01 | + .60 —47.2| 8305 491621452
18-19 | Tam. toTam..ooceeecnnn- 176004 |'— 06| — 360 =241 807.0 |  477.8 | 2,180.5
Feperiment No. 24 |
L M s T 1 (e SR 11,737.8 | 4 .00 | + 5.40 | —48.4 879, 4 520.6 | 2,215.4
L | Bl s e i e SR L S b [l e £ A1 879, 0 520.8 | 2,282.7
L 2 B B el i T 1 (R 1,851.5 | + .04 | |- 2.40 —44. G 0962, 5 569.7 | 2,378.0

The determinations of alcohol in urine and freezer water, and of reducing material reckoned
as aleohol in the ventilating air current, were made in the usual manner. The results are shown
in Table LVI. Tt will be noticed that there was a considerable amount of reducing material in
the air and urine on days in which aleohol did not form a part of the diet, equivalent on an
average to (.37 of a gram of aleohol per day. It is of course possible that this reducing material
may h.w been aleohol that had been retained in the system and was slowly eliminated. This,
however, seems improbable, especially in view of the fact that the results are no larger than have
been found in later experiments in the ventilating air eurrent when alcohol had not formed a part
of the diet for a long period. To be strictly accurate, the total amounts of aleohol excreted on
the different days of experiment No. 22 should be reduced by a certain amount representing the
average excretion of reducing material not aleohol.  Inasmuch, however, as this was a matter
still under investigation no such correction was made in this c*«:pmiment, and the results were
computed on the supposition that all the reducing material in the air eurrent was alcohol, although
from later investigations it seems quite certain that this is wrong. The error, ]mwpvm. would
probably not exceed 0.3 or 0.4 of a gram of alcohol, corresponding to 2 or 3 calories of energy
per day.
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TasLe LNL—Alcohol dngested and exereled—Metabolism experiment No.

334

Aleohol exereted, !ncludln,g other reducing muate-
rial caleulated as aleohol,
- Date. A"é‘gﬂ:’i“' = - = ——| Aleohol m:;_llhnljzerl in
In urine In l_‘mgmr In air mr\- Tatal
{distillate). mi;m‘;c] rent. iy |
[
e i i |
1845,
Experiment No. 22, .
frama. firams, (FraimE, (Frams, firams, Grams, | Pereeal,
MRl Rl o e s e ) 2.0 0, 14 0,03 1.57 1.74 70.3 97. 8
15 o | e R e e 2.0 . 68 02 1. 36 2, (4 | 69,9 97.1
1 b e e T2.00 | LT3 .03 2.01 I 2.79 | 69.2 | 6. 1
5117 Ee R S R s 216.0 | 1.57 .08 4.94 | G R 1P e
Average per day -............ 72.0 .52 03 1.65 | 220  60.8 97.0
Experiment No, 23, [ | | |_
T e Ry o e [ R
1 S ey s S s S | (S | 02 i1l .38 B e | [
1 b e e e Sy formsnaaaen LAH .01 | ik ) .42 : ____________ A i
Eqmrimzn! No. 24, | i |
L B e B T T e .27 3 B s e
b b ks Ao e e e B e [ e | .4 01 . 36 I ) T e
L L e e | ............................. AT fif ) i PRI
|

Balawnee of income and outgo of matter and encrgy,—The usual summary of the income and
outgo of nitrogen, carbon, hydrogen, and energy may be found in Table LVIIL.

TapLe LVIL—Tncome and outgo of nitrogen and carlon— Melobolism cxperiments Nos, 22-24.

Nitrogen., ! Carban,
- | |
) L] 4] l () ! (£) oy )] ] (f) (k)
Diate and peeriosd,
ool Goin (4 | In respip-,  1oal G'I:-:nltfﬁ:}
ELF:! f "1.:9 ll!l'll..I.IE ;"r ]]'mﬂ In food. I'(!(Evta-c. urli}:;(- BWP; | cf'hrﬁl —)e—
i i e, | 1, - - | @l
| | (b+e) products.| ,;ced. ‘-"'Ifb""'
! ’ :
1809, | | !
FErperiment No. 22 i
Framea. | Frame, | ﬂ'mm. Frermns, Grams. | Grame ! Grame | Graoes. | Grama, ¥ rama,
Mar. 13-14,7Ta.m.to7 8. m. ... ...... 19. 8 1.1 | 18.¥ feesecess 279.8 | 10.3 | 12.0 200, 2 | 0.9 -— 47.4
1415, 7am.to Tam..........|19.B | 1.2 |1B.8| —0.2| 270.8 | 10.2 | 12.1 | 203.9 1.1 | + 52.5
15-16, 7 2. .10 7 8. M. eennnnnn. 19.8 | 1.1 )17.8| 4+ .92 29.5(10.3 | 11.5 | 210.4 1.5 | + 46.1
Totalfor 3 days ..cocccccnees at. 4 3.4 | BH. 3 + .7 8384 | 0.8 | 35.6 (255 3.0 | +146.0
Average 5l b SRR 19. 8 1.1 | I8.5 + .2 670.8 | 10.3 | 11.8 207. 8 1.2 | == 48,7
Exrperiment No. 25, [ [ [
| |
Mar. 16-17, 7am. to T 8. M. enueenan, 19. 8 1.1 | 18.8 - .1 244.9 |1 10.2 | 12.1 L B (e + &l
17-18, 78 m.to 7 8. Muccuccaaas 19.9 L2 ]19.6] — .9 245.0 | 10.3 | 1-. £ R R + 8.5
1819 TamtoTa.m--..._... 19:8 | 1.1 |18.6 - 2] 244,51 10.2 (119 282 - ..+ 4+
Total for 3days ............. 59.5 | 3.4 [56.9| — .8| 734.8 | 30.7 | 36.8 | 649.3 | -l 4 18.2
Average per :In}l' _____________ 19. 8 | 1.0 -19.0 — .3 | 2449 ] 10.2 | 12,2 | 1 S |l
Erperiment No, 24, | [ |
Mar. 19-20,7 a.m.to Ta.m. _........ 18. 8 1.3 | 19.4 B 200.7 | 10.5 | 12.5 2240 .....‘ 4 82,7
20-21,7TamtoTom.__....... 18.9 | 1.3 | 18.1 | =+ .9 2089.6 | 10.8: | 11.7 vt T -+ 45. 6
21-22,7a.m.to Tam._._...... |19.8 | 1:3|17.3| +1i2| 2007 10.5 | 11.1] 259.8 ... | 4 38.3
1 1
Total for 3.daye .....cveunene ! a5 3.9 548 + .85 | B299.0 | 31. 5 35, L [ e T R e -+139. 6
AFeTage per dRY. . ccceenvans | 189. 8 L.3 I 158.2 + .3 209.7 | 10.5 | 11.8 | i1 1 ) [ -+ 46,5
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Tapre LVIIL.—Tncome aiwd oufpe of water and hydrogen— Metabolism ecpertments Nos, 22-24,

| Water.
: @ | @ e | (e} (f)
Date and period,
sl In respir- A Ll
In food. In drink. I fisees, i In urine, | atory prod- “_Eb“_:_
uits.
(e-tdte).
—_— | =
1554, |
Faperiment No, 22,
(Frams. rraims. {Franis, {rrims, GFramid, {Franes,

Mar. 18- Famato fam - .o oo o 1NSERD ICAREAR 49.2 | 1,295.2 954. 6 - 3018
=1 mm o Ty coleciiiiasosiai s 5243 1, 385. 0 49,2 | 3, 311.8 862.1 | — 5H92.1
1518 aim T A st e tsnensacm s nms| dyodda0 | =L 88T 49.2 | 2,210.0 G388 | — 4873

T e Py Fo e S B e g g 3,720.0 | 4,168.5 147.6 | 5,817.0 | 2,705.5 | — Vi 6
Averageperday Sooooiooo o oo oo i 1y EAED 1, 387. 8 492 1,959, 0 L8| — 250.2
Erperiment No. 23, I

l"r[nr.lﬁ-l?,?n.m.mTa.m.........._______._..| 1,260.8 | 1,362.8 49.2 | 2,2314.3 BR4.3 | — 035.2
l'r'—lﬁ,?:l.m.m'fﬂ.m..........___._‘“_..| I,Effifl.ﬁ| 1,379, 2 49.2 2,212, 4 830.5 | — 443.1
1R b | R T (e e e R [ 1,289.8 | 1,373.0 49. 2 1, 932 5 BOT.0 | — 140.9

Total iur:'jL’la'l.'.-:.,,,..,,.-,,--------....,! 3, 0. 4 4. 1N O 147.6 | 6,372 | 2,528 | —1,119.2
Average I-z:r:'[a_'n.'...________.----..--.-..I 126808 | 1,375.3 49,2 | 2,136, 4 | 0.6 | — 8781
Frperiment No. 24 | | |
| |

Mara 393 a moto:Ta - oo oo i 1, 260, 8 1, 376. 0 65, 1 2. 168. 5 BT 4 | — 460.2
el R VT T T 0 T S el S e | 1,269.8 1,382, 4 © 68,1 1, 805, 6 879.0 [ — 103.5
222 TamtoTam . - .o . ii.oooc....| 1,260.8 | 1,573.4 68.1 | 1,802.0 862.3 | — 1202

Motal fons S idaye s sraied e s B e | 380004 | 4,181.8 204.3 | 5,769.1 2,720.7 | — 29
Average per fia}' ________________________ | 1,268.8 1, 377.5 G5, 1 1,8235. 0 906.9 | — 250.9
b b i | | E _ et B
Hydrogen.
7
Tt e preriond, 1) () L) | (&) . 1] (i) (m}
In aleohol Taotal
Py 1 franm E
In food. |In feces. | In urine. hu?-;:l | ‘}‘Em':fr’ JE?:—?; 5:':,“!5‘;5:'
[ (fesieidk). " {—) i4+m.
i 1 |
1809,
Erperiment No, 22,
1 ¥ (Friams. (Frams, (e, Frames, (Franms. (Fraus, frrama,

Mar: 1314, Ta. m. £0 ¥ 8. M o eccvecccceceanaen 446 1.4 3.5 0.2 | + 395 | + 55| -0
TH=Th, Tacm o A, Mmoo oo alanalis T = 1.5 BaD B 383 | — 658 —EA5
15-16, 7 a. m. to 7 a. m__..................i 44 G 1.4 3.4 .4 -+ 34.4 — ad. 1 =14, 7

Total for 3 ﬂ:u's,_____,--.,.............l 133. 8 4.3 10 4 AL --118. 2 — 864 +31.8
Average per Efﬂj'_...____.___,_____,..,..]: 44. 6 1.4 3.5 o0l == B — ZECENEIG
_.Ei'pﬁ'rr'm{"rr:'. No. 23.

1. et 5 20 el O ' 1R ol T A | 35. 4 1.5 a8 ) e + 304 — H0.5| —29.1
17=18, Ta. m. to 78 m...................| 35.4 1.4 e e | PR -+ 30.3 — 49,2 —148.9
18-19, 7 a. m. to 7 a. |n..__._________,.....1' 35. 4 1.5 3.5 B i m'4| — 15,7 +14. 7

Tatal for $days -cceeanecnaaencaaL ] 1062 4.4 1 L o) IR 911 —124.4 | —33.3
Average perday- oo i aiililioi i 35, 4 1.5 A R + 30.4 — 41. & =11.1
FEeperiment No. 24, i

Mar. 1920, 78. m. 60T B Me e oo oemensccnnne 3.8 1.5 ST - 38.6 | = 511 | —1=2K
P | L R Oy T | ¢ P M S e e 43. 8 1.5 R I R - 38.9 | — 1.5 | 274
ol IS0 P IR o) T 7o B TR 1 [ e S, E 43, 8 155 e A e - 39,0 l - 21.0 18,0

Total for' S daya. .. ccrnersmerenedonvmnnna), 1514 4.5 10,4 looeea..l] +116.5 — B30 +32.9
Average perday:. Cili GloiEi i | 43 1.5 3.5 |eaeeead| - B3B8 — 27.9 | <10.9

*Compare weight of urine eliminated on this day with that cn suceeeding days.

i
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Tagre LIX.—Gain or loss of protein (N 68.25), fab, and waler— Metabolism cxperiments Nos, 22-24,

- AT = : =
{a) (B} (e} (d} (e} ()
| Carbon in | Carbon in
Prodein | Total car-
Dhiites dnnd poriodd. Nitrogen | : arotein far, ete., | Fat gainsl
gained () bon gained i e Tost
Srlost (=), arJost L), i {-hyoe Towk o | e S .
i = w053 c—d.
- - = i— L
1589, | |
|
Faeperiment No. 22, |
(Frims, (FriEms, i ¥reumis, frrims. Frame, Frama,

Mar T304 7 e m o Fam - Tl 0 0| + 47.4 0.0 | + 47.4 -+ 62.0
1 S IR o B Tl P e e e e —1.8| + 62.5 == 6. 2 -+ 685
3t LR R e o R v R | .9 +5.6 7 < 48.1 +2.9: 43.2 4 56. 5
Ty L T R e A e s B S 4+ .7 F4.3 | <4146.0 +4-2.2 143. 8 188, 0

F T o [ e e e n R + a2 | 1.4 - 48,7 CERaAl + 45.0 - 62.7
Feperiment No. 28, |
|

Mar 16=17 78 m. D0 TR Mmoo — il — b=l i 0o 4 5.1 ==
L T G T TR | e — .9 ~53.68| <+ 85 5.0 4+ 1L.5| <+ 15.0
U Pl R | e e e S _ ] | 1.3 -+ 4.8 | -+ .7 + 3.9 | + &1
1 A P 1 O SR [T — 4.8 18,2 2.8 | + 26| 4268
Averageperday.._ ... .. .......... cel il U —1.6 fi. 1 8| + 69| 4 890

Frperiment No. 24. | !

Biar 1000 7R a0 B0 TR Msesisiitinaiainmas] — 0] 0 =58 S-B27 | =500 S ph s
ool L L T R R T e e S S S ! + B +3.1 - 48. 6 +1.6 | + 47.0 + 6l.5
) 2 TR R T | e I 1.2 7.0 38.3 4.0 | + 4.3 4 44. 8
Total for 3days....._____. 2o e g +5.0 139. 6 12.61 137.0 | 1781

Averageperday... ... ... ........._.. | sk +L.7| 4 46:5 L8 | 45T S say
| @ (n) (i) LN S
_ | m Hydrogen in | Hydrogen in Hydrogen in
Date 1 R, Total hyd ¥ i i |'W
e | o et |proefmimined | e ) | gl S | "N
{(+)er ost [ —J. bundy. e, !;ﬂt_*hf_: L — ) kx8.
1564, |
Eeperiment No, 22, |
firams. fFrmm. {Frans. dFramia, (FrEms,

Mar: 1314 T m. to a. M. .o cmeemccaee anaan +73.0 0.0 + 7.4 | -;-B{').l}| 24500, 4
L ey P 1 A R T | e e S S —26. 5 — .1 + 8.3 | —34. 7 —312. 5
3T LA T T LT O S il s —14.7 + .4 + 6.8 —21.9 | —197.1

Total for 3 adByE. oo oo -31. 8 I + .8 LO9 5 4 0.0 4 81.D
VLT v Tk b e e e e S R B +-10. 8 | 7.5 | 43,0 + 7.0
Erperiment No. 23,

Mar A8-17 Va . to T . oo oe e oo —20.1 .0 .8 —29.9 — 268, 1
b bl TR i o T T e e e R —18.9 — .4 1.8 —210, 8 —182. 7
7o B el R I i R R e 14, 7 | e Bl | .6 +14.0 +126. 0

d g T T s e 33, 3 — .3 - 3.2 —36.2 —325. 8
SRR TRl e T e —11.1 -1 i | —12.1 — 108, 6
Ereperiment No. 24, :

Mar: 19-20 Fa. meto e i e sas —12. 5 — .4 + B.F —2). 8 —187. 2
b |y R T B Pl e R 427.4 e = Tod -+18. 8 £178. 2
PR R B R R R e e e L18.0 4 .5 + b.4 121 108, 9

TolaliforidRpa: ot 0 el e : +32.9 L .3 Lo1.5 | S 4+ 099
AVOTags PO Y - oo oo o oeeee e eemeenanas 410.9 &y < : SSETT FERT

Yol. 8—No. 6——8

* Compare weight of urine eliminated on this day with

that on succeeding days.
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Tanre LX.—Fncome and outge of cnergy—Metabolism ceperiments Nog. 22-24,

by
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[} e} {e) | (£} | 1.1 L] ! (A} (i} (&)
Estimated| . . Estimated|
Heatof | heator |Estimated] sramwof Heat de- | Heatde-
s s Rl ﬂ"“; of | yeatof | Heatof | combuse combus- | heatof :;J:ngfiul. tertmined | termined
Datennd perled, EOmMBE | ooy g~ | combus- | tionof | tionof | SOMBUS | gaidized | Heatde. | ETEAIET | BRCAter
ot | Shamai” | ool | aiconor | profely |donofiet e erminca. () oplex () tnles
eaton. | JeueA S| e Gy eltoninat: | pninel ), o o fost oy oD lestimated estimated
| T | -1, | ). | Fr—a. (e 8
1899, | | | |
Erperiment No. 22, . '
Caforics, | Oolorics. | Calorics, | Oelordes. | Colories. | Culories, | Calories, | Colorics, | Calorics, | Per conl.
Mar. 15=-14, Ta.m. to 7 a. m.| 3,044 | 114 139 2 0 I--f- GBZ | 2,106 | 2,316 | 120 +5.5
14-15, Ta. m.toTa.m_| 3 044 114 140 14 & 653 | ©2,181 | 22000 -+ G5 +3.2
15-16, Ta.m. to 7o m.| 3, 044 114 153 20 +32 14+ 531 2 214 2, 260 - 46 +2. 1
A | | |
Total for 3 days_ ... 9. 1332 342 412 46 | 24 |41, 78T I 6, 54l 6, 776 | e |
Average per day.... 5,044 | 114 148 15 | 5 B9 | 2, 180/| 2,258 | T8 -+, 6
L= T ! | .
Erperiment No. 23, |
Mar. 16-17, Ta.m. to Ta.m. 2 546 114 i, et a2 4 14 63| 2,233 | 8,302 | — 31 =1.4
17-18, Ta.m. to Ta.m_ 2, 546 114 | 11T e 324+ 141 | 2,177 | 2,145 — 32 —1.5
18-19, Ta.m.to Ta. m.| 2, 546 114 i B SR + 8 48| 2,239 [ 2,081 a5 —Z. 8
Total for 3 days. ... 7,638 sl s s 28 [+ 252 | 6,049 | 6,528 || —a21-itmEEs
Average perday....| 2,548 114 ) I p e o1 £ 2216 | 2176 | — 40 —1.5
| — = —
Eaperiment No. 24, | l
Mar. 19-20, Fa.m. to7a. m_| 3, 06] 116 1 Rt et 32 |+ 684 2,148 | 2215 4 67 3.1
20-21, Ta. m.to7a.m_ 3, 061 116 | 134 sebcee +18 of | 2214 2R 4 =+ .
21=22 Ta.m.to7a.m., & 0651 116 | 128 cSes +43 421 2353 | 2,379 - 26 =11
Total for 3 daya. ... 9, 183 45 | 407 20 | -1,884 | 6,715 | 6,817 | FA02C ... C0
Average per dayv.... 3, 06l 116 136 Lot =100 - 56l 2 35 2372 + +1.5
| |
EXPERIMENTS NOS. 26-28—REST. NO. 27 WITH ALCOHOL DIET.

Subject.—J. F. 8., a chenist, 20 years of age.
kilograms (141 pounds).

f}ﬂ'r'r{g.rrfh'nn, rhn'r'u{,r c:.gr-r.m';}.rmnf. —Reading, writing, and miscellaneous observations within
the apparatus, with as little muscular activity as was practicable.

Dhwration.—This experiment was the second of a series of 3 experiments, each continuing 3
days. The series was preceded by a preliminary period of 4 days, beginning with breakfast
February 10, 1900. The subject entered the calorimeter on the evening of February 13. The
first experiment of the series, No. 26, began at 7 a. m. February 14; the second, No. 27, at T a. m.
Fehruary 17, and the third, No. 25, at T a. m. February 20. The whole period of the metabolism
experiments was thus 9 days. _

Divt.—A basal ration of ordinary food furnished 99 grams of protein and 1,952 calories of
energy per day. To this was added in experiment No. 26, 63.5 grams of butter, furnishing
1 gram of protein and 508 calories of energy; in experiment No. 27, T9.5 grams of 90.6 per cent
alcohol, furnishing 509 calories of energy, and in No. 28, 128 grams of cane sugar, furnishing
507 calories of energy per day. The protein and energy was thus practically the same in each of
the 3 experiments of this series. In experiment No. 27 the 79.5 grams of commercial alcohol,
contamming T2 grams absolute alcohol, was added to T92.5 grams of water sweetened with 15 grams
of sugar. The alcohol was taken in 6 doses, as indicated in the following schedule. The kinds
and quantities of food in the basal ration, as served for each meal, the character and amount of
the supplemental ration in the different experiments, and the quantity of drink consumed at
different periods of the day were as follows:

His weight with underclothing was about 64
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Dhiet in metabolisn experiments Nos, 26-28,

FOOD=HABAL RATION,

Brinkfast, Dinner. Bupper. Tuotal.

ferams. GFrams, | Frams, | fFrams,
T e S H it R g st sl e SR el e S e S e e 45 ol |sosanecis RS
T e e e i o o o i ol i i 10 12 8 30
i b 25 e R R el f R - e o e e B T S T 50 104 i 200
b T e e R e e T e e R e T S e g e 30 a0 60
L T e et S B C e e e e S ! PR e s 5 5l

E '[ sed in aleohol and water in exI:-t-rmmll No, 27.

FOOD=STUPFLEMENTAL RATION,

Experiment No. 26.—63.5 grams butter were added to basal ration.
Erperiment No. #7,—72 grams absolute alcohol were added to basal ration.
Erperiment No. 25.—128 grams sugar were added to bazal ration.

DRINEK.
;I'F'x'nl. n1:|:|1, nt F!lr Imn,.l:ll Experiment
N, 2. No. 28
Time. — R
Aleohol and
Water. swisetened Water.
waler,
fFrirme, fFrmme, . frrdimis,
A B B 100 150 100
T e e e T T 200 125 200
e e R e e e s s o o L e
T e e Pl | T B
T e e B R R e S S P T P e 300 | 112 | 300
- 800 =887 800
* Contains 72 grams absolnte aleohol and 15 grams sugar.
Duaily voutine.—The general routine of the experiment was as follows:
Daily progranme—Metabolism experiments Nos. 26-28,
G508 e Take pulse and temperature, B s E
Tom .ocamenao.| Rise, g urine, weigh self dressed, | 600 p.m_ . ... £ pn]ﬁ‘ and temperature.
weigh absorbers T TICTATA S e PHE'& urine, weigh self dressed, weigh
i e | Breakfast. Drink 100 grams water. absorbers,
115 Mt S Drink 200 grams water. T 11 DR Drink 300 grams water.
1250p.m..._... Take puI&, and temperature. 10.20p.m. . ... | Take pulse and temperature.
s e | Pass urine, 10.30p. m...... | Retire.
Llbhpemn- oo oic Dinner. 15T TR EE e | Pass urine.
O 0 T = ol e | Drink 200 grams water.

Table LXI summarizes the most important statisties in the diary kept by the subject. The
subject weighed himself with clothing twice each day. The reasons for not removing all the
clothing in weighing were two: It was desirable to avoid the muscular work involved in dressing
and undressing; it has also been found that the sudden increase of radiation of heat from the
skin when the clothing is removed causes a decided rise in the temperature inside the chamber,
and thus disturbs the accuracy of the heat measurements to some extent. There was extremely
little muscular exercise and no sensible perspiration. Hence the differences in weight from time
to time must represent very nearly the changes in body weight. The determinations of pulse
rate were made, of course, by the subject himself, when either sitting or reclining, after several
minutes rest. The measurement at 6.50 a. m., however, was made hefore rising from bed.
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The temperature was determined by a mercury thermometer placed in the axilla.

MEMOIRS OF THE
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As has

already been stated, it was found that the thermometer reached as high a point in 10 minutes as

in 15 or 20 minutes.

had been in

place about 10 minutes.

The most of the temperatures, therefore, were made after the thermometer
It was our belief at the outset that the body temperatures

as thus taken are not perfectly accurate, and this belief has been confirmed by observations with
an electrical rectal thermometer, since devised for continuous and accurate observations of

internal hody temperature.”

While these axillary determinations of body temperature are not

entirely accurate, the later observations with the electrical thermometer lead us to believe that
the d: uh curves for the two are nearly parallel.
In previous experiments an hygrometer had been placed in the chamber, and readings with

dry and wet bulb were taken at frequent intervals.

Inasmuch, however, as f-lll_‘bl: readings were

not used in the computations of results, and it is desirable in re«-.t exper 1ment& to avoid all unnee-
essary exertion, even that of rising and reading the hygrometer, these observations were not

made in the

b = Pulse rte e ! Pl:l'lH'. ruh.
Diwte amad time, W "I.l;::::l:!:h |r|illllll;:‘t!'_ 11““_!”_ Il Date and time. w {:‘.IE.IIJE r‘:“=| = 'ﬂllln’_‘- T:EE:_F
JRELILE | ‘f 1900—Continued. !
* Experiment No. 26. ! [ Erperiment No. 25—0t'd. |
Kilograms, oF Kilograms, | oF.
17 It ) } i3 07.8 || Feb. 15,1016 prm..o-...]-o-- L A
f.3am.... ... : s 73 | 95. 3 lﬂ' ’ﬂ'p m“.“.._;“ : q7. 5
1) By I | 67 08, 1 | Feb 18, BT arm. & - o2 S aaas Tl | A
B b ) | e e Beti] - A 1 | e e S | L) e MRS T 98,1
1233 pom. ... e ) I 07, 8 2.32a. m. ks a R BN e e
L Mo e et s [l e [ ﬁ.-lﬂﬂ.!t!,,,..". PRIRbS PR 098.3
] e | e e 97 0 L T e e Tl im e
A T e R T 08, 5 A S e e R e | 08.2
G47 pome_ . S| [Nl 08, 5 I e e l fi L
LAlpean il i 72 98, 5 11.26 8. m . cafiiiea iy T2 et mand
e BTyl et e ] I 1 e ) 1 e e e P 98. 2
T T o e S e S St 98.7 | R s e TS
S ¢ [ - O i il 12300 e as e ot liosaaas 8.1
Bldpmo il |t L R R o | a7. 6 |! 1208 pimat St e R e S
s e 6l | 97.5 L e | it a8 2
929 pm. ... g tid 977 A Se R s 50 98. 2
e e R e 4 B, ) I S r R e i 98, 2
el LGB aemn S G | 05,1 S pM. . |75 i 81 98. 3
(T e L e e 40Gp.m_ ... . T S g8. 2
ey T ) o e (T Thi St | 27 pm. . ... e i
rEny Eor R SR e R e g, 3 430 pim-. - . .. e ekl 98. 2
REAgarm: . e B a2 a8, 5 i |0 | PR ) B D 98.5
I R e o SR e | T 1T 1SR L 543 p.m ] e e (R 98. 7
e e e e e 03,3 B.32 pomic s Elatisrin e
L R RS AR s [ R BAZ pom. il | EEEER e 04, 4
AT (08 T ST (e TRV [ 08, 5 i B e 64, T3 i 08. 5
K ER ST e ] Rl s e | T 08, 1 T Pl - e [EREEEE T TO [Tt
B e ] | ' e e T R e R 98. 0
LE BT Pt i F S 8. 4 e I 98. 3
L e ¢ e R L e T T e T e
T PR e R e Pt e, 2 8.30p. m.... e R e 97. 8
T e S s e D B 7a 98,2 | T e e i 97. 8
e e e e e Rt 51 a8, 5 I s s e T s net
T 11 ) PSR i) 98, 2 LR e R R | s e e e 97.1
ATy IR R e e 76 . Fa |
T T L e 08,1 Eeperiment No. 27. I

holpm........ f e 98,0 | |
T A S e s i B e Feb.17,6.00 8. M .cuu.... NS A 00 | e
B30 pim. o, Rt ] a8, 2 (00 1 1 P P L L e L S
Gobp.m........| 4. 87 fid | 98, 2 T L T e | ol P
DBl e o s e e 7o 98. 1 i T IE, L i e o b [ 7. 8
B s e T2 A, TN 67 97. 6 BAY A s S | T RS
Bk L TR l i 8.38 8. Mcecaa.s 97.9
[ AT T e e o (SR b rrns | fote S L 97. 5 TS T | e e e 08 08,1
P TH o) e ] [ T e 1020 Il s s e e oy i
L1 LR T 0 e (e e e 07. 4 10.30 a. Mo uue.|.- S G ] e 98 3
SRl pian i 97. 6 180 i i 87 | 97.9

experiments of 1900,

Tapre LXT.—Summary of the diary—Metabolism experimentz Noz, 26-28.

*Spe p. 275,
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TasLe LXIT.—Summary of the diary— Metabolism coperiments Nog, 26-28—Continued,

Dt aned time,

w t with
ehokhes.

1900—Continumed.

Ezperiment No. 27—C't"d.
Feb. 17,1230 p. m. . ..... |

16 i
1.4l p.m.......
D L e e C R |
2p.m |
e
2.27 p.
e LT R | DR
2 p.m...
R T e e
32T p.m....
e e [ e e
487 pem. o
430 p.m._._....!
s
S peme o]
o.4b pom. ..

smsmE

0

0

B
.

e oo

[0 T TR PR
e

G.58 p.m. 3k e
1 (L | B4, 5o
a0 pom. | S

Pulse rate
r
minute. |

Temper-
aturi,,

I "898, 1

Dt and time.

1800—Continumed.

|WEig’l|l wit

. |
W . |
hi ! "“':,P““ Temper-

clothes, atnre.

minute. |
!

|
|! Frperiment No, #7—C"d. |
|

| Feb.19,10.31a. m.....

E Kilograma.

( ll.ﬂfa.m.......l........

[ T R
[ 1280 pem. oo
i 12.56 p. m
12.59 p. m
1.33 p.m
' BT
{ 2.30 p.
.50 p.
4.30 p.
4,46 p.
5.30 p.
6.29 p.
33 p.

o e T

: i 07.7
- - - [l B e ——
---------- B
LRSS T 98, 1
R 92 98, 3
i ka) 93 98.2

__________
--------------------

2Tpm -] ol | .5 97. 6
L s AR s 76 7.3

T4 .
8.27 p.
850 p.
8.54 p.

8.00 p.m..

9. 28 p.m
8.55 p. m
9.46 p. m
10,1
10.21 p.
Feb. 18, 6,550, m

p. m

ZCEEESE Dt SRS 83
.................. k]

Erperiment No. 28,

Feb, 20, 6.558. 10 . . ccouex
IO et e e ]
7.32a.
T.80a.
8.30 a.
8.31a.
S30a. m . ]
10308 m .o |

L1 e | e 98, 1
___________ BRI s R
__________ {2, v gt 94, 4
e N e M

..........

FERET e s

T eI e e s
i s T i 1 et 13
LT P e i)
9.30a.m._._....|.
10278 m . .-...|.-
0.30am. ...}

LFE | e |

;;;;;;;;;;

...... i P
i I 8.1
S 82 |

11.300a. m----...!-_...
I T | e, R
(B 1 | e s
1233 pem: .

B R | e e B ST |
eI e

1.52 p.
L.57 p
504 p.
4.30 p.
5.32 p.
5.4l p.
.55 p.
G40 g,
6.57 p.
7 p.m
T.50 p.
8.28 p.

IMlieaeonans
1}
m .
11 PRSP Emm

amwals

Macccanna
M,..s
(B S

Maccs=ss=-=

ssssssmsn|saa

11 I __________

1 (S St (R

(i B e
e
St 8.1

S

------------------

8.30p
950 p
932 p.

| et e )

Mescacccafas

SETE T T

=
=

I8

FNNSESD IR0,

L T e s

111 5] v | o CROEa RS ] [

LBl esieed A
1023 pom.......|..

Fob. 19, Taom.. . .oo.i.
T3la.m.... |
£30am..

i .
g i 7. 4
i e e 9.2
el
O oA et o

Feh. 21,

|
!

|

|

S s

S v A S B
1L15 p. m.
101 | R | B ] (i
[ Ty e e [ e
oL VR e 63, B3
00 m. ... |

T.500 m..
i I PR s R LA
B3am...
9.30a.m. .
IR LT et [ R
10.33a. m.
Iy Bl ey RS (e S
11,31 8: M. e e enale
12.31 p. m
L A e = = = = nilm

__________
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Tagre LXT.—Summary af the diney— Metalolisim experiments Nog, 26-258—Continued,

A Weieht wi Pulse rate Meniries | p roro e | Pulse rate :
Date and time. "LL'J{::I.'I;!{'!:. th ].'Ilil;lelll-ll.‘. Elt'llll‘f:. | Drate and time. “';:'f'u}.:ﬂ;_lm mill:-;.:rt:!. ']f:::;fh
1900—Continued. 1900 —Continned.

Erperiment No, 28—t Kiloarans. oF . Ervperiment No, 28—C't'd. i oF,

Febn 21, 0 6 pam o e ol e | Elabi 88 10, 8% a ma - ol 22| RN B e e
T Lo 8.2 LA LT Tl | e s 95, 4
B S SE R s AR el A R R B2 95,0
T e e e [ HE. o T S - = - | P
3_52"_'" i LR ] e s 12.30'1'.'.“1--.-...--- = asmsas 8. 2
T e e e 08.2 1365 p.m. oo oo T s
A p I = S L TO fesmacaaais 12 B8 St - a|esistan: 98, 2
Y T | e e T8 88, 2 DT pim s | B e s s |
SRR s o s S mnm s o 75 | 88.5 e ) [P o e 98, 6
P e e i SEmmes X —o- e
G50 Pl 78 98.2 R e E ) T SR R (SR R s 8. 4
e e s e L b shzoc deecne 300 pm. ... - 54 58,4
Tealipiamnata sl s o 51 977 4. 20 phm e i ] 8.4
Fedlipomr. s o ala: | 0y.9 b0 pm. - Lamal o e e s
T v e B ] [ i T e TR s i R R e e 98. 2
B30y Cii s S e R 97.7 B:30poan: - oouia e S| 73 O8. 4
027 pom_ o e == S Braf prme s e | 64. 77 | 76 98, 1
B e ] e s e P e 976 el i S e A Fisn B T lizseatets

| D Vbt B HL T ) (e s e n e 7.31 p.m. cilietenat e 97. 7
(TR | R S i T e 8. 1 8.32 p.m. ,| SR ] [
e s R e | 5.42 p.m. B 97. 5
e e 97.9 | B v e R A
LI B T S S e e P 07.3
R e R e R 958, 3 D e Fi 7.1
R T el e T e e S L] s A 14 L ] R ol et
R T T S e e e e poo e e 9821 | Tu..m.........“| fid, 05 s 98. 1

|

Detwiled statistics of income and ouwfgo.—The quantities of nutrients in the basal ration,

which was the same in all 8 experiments, and the quantities in the supplemental ration in the

different experiments of this series are shown in Table LXIIL

The feces were determined for

each experiment in order to obtain data concerning the relative digestibility of the food with the
different supplemental rations.

TasrLe LXII— Weight, composition, and leat of combustion of foods—Metaliolism experiments Nos. 26=28.

Labora-| e ] 2 , Heat of
':‘;l? Food material. :l-:.:IE:l. i‘: Water. Frotein, Fat. h;::;;m:,_ ?é::" Carbon. II[;-';LM mt%:omn.?;-
B | Basal rafion. Grams. | Grams, | Grams | Groms, | Groms, (. GFrerma, (s, Calories,
I R 55T T R 85.0 RN 28.7 T | Mo 4, 60 16,62 2.30 187
ST Bauiter s S s s ni L et 30,0 3.0 .B Bh RS e 08 18051 3.01 240
3179 | Milk, skimmed......_....]1,000.0 | 900.0 42.0 | 3.0 47.0 6.70 | 46,30 . 30 462
3180 | Bread ........c.....oc0| 200.0 TH. 6 17. 8 | 4. 24 aT.8 2,84 | 55.BE 7.98 a6l
3181 | Ginger sDAPS. cevueseeanaa| 60,0 2.5 3.7 5.0 | 47.9 .60 | 26,59 | B8.97 266
3168 | Parched cereal ...ooceaaaa| B0.0 2.8 5.9 .8 395 L84 | 21,10 2,97 207
i LT e N e (B 5 O | L (SR S i |o2t samd L0 R 6. 31 .87 54
Total for 1 day .. _..|1,440.0 |1, (40. 0 98. 6 4003 | 247.2 | 15.76 | 191.95 | 27.50 1, 582
Supplemental votlion. i | [
EXFERIMENT o, 26, | ! I
B ey S st D b 63. 5 6.3 1. [x e S e .16 41, 29 . 36 508
Tatal for 1 {];1_".‘ ceeeof 100856 |1,046.3 | 29.6 94.8 247.2 | 15.82  233.24 33.86 2,490
1 EXPERIMENT xo. 2V. I | | |
Ty ST LSRR N2 o ) T Py T e R W T T B 509
Total for 1 1]11:.’ ..... ' 1,512.0 ( 1,040.0 i 98.6 | 40.3 247.2 I 15.76 | 229.51 36.80 2,481
EXFERIMENT XoO. 25, ! | | |
Bugak- - e e b ) e S 128,00 |.c....-c] D388 8.29 507
Total for 1 day ..... 1,688.0 | 1,040.0 | 98.6 I 40.3 a75.2 15.76 | 245.83 356.79 2,489
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"‘""‘*1. > - | Carbo- | Nitro- | mydro. | Heat of
1;:‘;' | Weight. | Water. | Protein. III}'{ITI-W& gen. | Carbon, ml?ul::“
Eeperiment No, 26, I |
r g, (Fritms drrams, l'-n:me | Frams. e ramis, GirmL, FramaE, aloricd,
3183 | Fecesfor3days .._.._.._. 236.5 | 171.0 20. 6 .5 20. 1 3.26| 28.33| 34 I 317
Average per day..... 8.8 57.0| 6.9 28| 67| 109| 9.42| 114 106
Erperiment No. 27. i |
|
3184 | Fecesfor 3days ..........] 218.9 1521 21.0 6.5 21.2 1.3 .8 | 241 282
Averageperday....| 7.0 50.7| 70| 21| 71| 112| ses| .80 a7
Erperiment No. 28, | [ |'
3185 | Feces for 3 days........... 219.9 | 155.2| 23.3| 121| 161 374 20.03| 402 335
| e | { f
Average perday.... 73.8| 517 i 7.8 4.:}] 5.3 1. 25 9,93i 1. 84 112
| J |

The urine was collected and the nitrogen determined in the usual 6-hour periods each day.
No attempt was made to dry composite samples of the urine for each experiment for the
determinations of carbon and hydrogen, but aliquot portions were taken from each day’s urine

for the preparation of a 9 days
series of experiments.

" composite sample, which should represent the urine for the total
The heats of combustion of the composite sample for each day were,

however, determined. Statistics of the urine for experiment No. 27 are given in detail, by
i-hour periods, and those of experiments Nos. 26 and 28, in which aleohol did not form a part of
the diet, are summarized by days, for comparison.

Tarre LXTV.—Amount, specific gravity, and nitrogen of urine, by 6-hour periods— Metabolism experiments Nos. 26-28.

Date. Period. | Amount. ETSP:‘E‘“”:'I“ | Nitrogen.

1900, SHINE— (Fram Per cent. Grams.
Feb. 1 i e T i e et 1.2[& a 1. 021 1. 38 16, 63
15-16 | 7a. m.to7a. m__ e e e e R 1. 0175 90 | 15. 08
e e R e e e | 1,340.4 1. 0185 1.08 | 14 44

Erperiment No. #7. =

7580 S o vk By 1 T R S e Rl 378.5 1. 0175 L 3.56
1Bl R S U | e RS LR S S R M R 1. 0135 oL 4.09
2= 1o DA e T P | e B ) { 269. 0 1. 021 1.38 37
) T R W e e T R e R SEAEAE B A 1.018 1. 0% | 3.24
L S N S W e oy S R S | 14. 60
Total by cOmPosibe o .. .o osainecdcnns 1,520.7 1017 | 96 | 14. 60
T T R o - A R v S 0| IS 22 ) [ o 79 ] 4.95
Blilpmwinm... . ik R e (R e .97 | 4,32
ST TR S e (N T T 3.97
TR T SR e 172.6 | 1.0245 | 1.?3| 2.99
S S e e R T | 15.58
TRl by COPOn. . i i s s s s | 1,438.4| 1018 | 108| 15351
Ve mtolpm. .. .. .o ootaaoacae] 2101 LBIE 1. 47 4.28
L (B B 7 B R S fico 473.0 1. 015 1. 03 4. 87
Lh e R R T BT R R e 310.9 L0119 | 1. 36 4.23
S T O T S e e e e e 219.3 1. 0215 1. 55 3.40
e e e S R R & -1 ) | aepa |l ine v TR 16.78
Total by composite ... ... .. . - oxooiooo.o| 1,242 1.008 | 1.30 16. 82

Erperiment No, 28, P i
NS e L ! 1,160.8| 1.020 | 1.38 15.90
PRl A m. o Ve m. ... | 1,292.2 L.017 1,18 15. 23
oD R T IR R S ST N i e l l,:‘.‘ﬂﬂﬁi 1.018 1. 822 14. 65
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TapLe LXV.—Daily elimination of carbon, lydvogen, and water in the wrine—Metabolism experimenis Nos. 26-25.

: | i Heat of combustion,
Drate. | Amount. Carbon. Hydrogen. Water.
| Per grinn. Taotal,
— |
1900, !
Eirperiment No. 26.
Grams. | Per cenl fGrams. | Per oent. | Grams. | Per cent. (3, Oalaries, Calarics,
T AL o [ R W Y T I S T T 1,157.3 0. 103 125
T iR e e ) S [ 105 | aEases | 1,472, 4 “082 125
T B e e s W T P R T i e TRy (e 1,289.0 101 135
4,083.0 [-oo.oae. RS | R PR s 385
Erperirm'ni‘ No. 27. _i |
T el s SERE e R s (e Ty e e s A e 2.52 | 2| 1,488.7 .073 111
T s R TR (BT T v e AR Vg 1 1 [ e T (B0 1,381.1 . 054 121
Eon s S |,::.94.:z| BRI T e s [T | (BT R 1,234.5 L 108 140
i | | AT
TEtlT B B 372
Exrperiment No. 28, l |
T i) ) (e e V| (SRt B 7 T e emee i [T LR 1,113.2 .102 119
B sn s s liGaragauani s 10.92 |-ooeooo. TR EEERA e 1,238.0 .103 133
e e S R R e Tl e L SR B BEEREIET PR B A L 110 152
| 3,6645 | ... BT B P 8; 601 Lo 384
Total, 9 days. ...... | 11,998.8 | .83 | 99.59 20 | 24.00 | 95.88 | 11,504.5 . 095 1,141
|

Tables LXVI-LXVIII show the quantities of carbon dioxid and water found in the ventilating

air current in this series of experiments.

These statistics arve given in detail for the 3 days of

experiment No. 27, in which alcohol formed a part of the diet, and are summarized by days for

experiments Nos. 26 and 28,

Tapre LXVI.—Comparizon af residual amonlz {.I,I" crrlom diorid and water in the chamber al the heginning and end of each
period, and the corresponding goin or loss—Metabolisn experiment No. 27

Carbon dioxid. Water.s
Trtee, End of peried, Total Goin {4+) or | Total amount | Gain (+) or | Total amount
rnnmlult in | tos= 1 ruim-r of vapor re- | loss {—H|jiuw.'r Iulgl}l:d} Eﬂ.-m'igr
sl maining in woeceding |lost (—
! chamber. I':::brlim!. g | Shgmber: : Tlurjott.b the period. .
19040, GFrims, (Frams. Frams. Grams, (T

Feb, 17 | Ta.m. e e P L | MR e e R T e~ o L
iy it S R e e 33.1 +10.1 37,1 5.7 +5.7
T e S e T o e m e e S 5 e 37.8 + 4.7 38. 6 +1.5 =+1.5

b [y T R e S 23.6 —14.2 3.8 —3.85 —3.
|t e e T e - 27. - 3.4 33. 3 —1.5 —1.5
.......... | = e +1.9 +1.8
1 T e S 31.0 4,0 37. 2 +3.9 +3.9
L [ R 1 e e e R .5 + D& 37.8 +0. 6 40,6
] | e e N 2401 —12. 4 303 —2.0 —2.5
R L e e i 25. 5 4 1.2 31.0 —d, 3 -4, 3

|
S e T T 2.3 —2.3
A e 31. 0 = 5T 7.1 —+6. 1 +6.1
el e i e e e e e S e 39,1 - 8.1 9.0 +1.% +1.9
L T T o e e e e 23.0 —16. 1 5.5 —3.5 —3.0
BT i 2 e R e R Rl 20, 4 4+ 3.4 32.9 —2.6 -2 B
.......... | + 1.1 1.9 +1.9
.......... 3.4 'l G o
|

5 There was no {:hahg{r

in weight of abgorbers and no drip in this experiment.
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Tapre LXVIL—Record of carbon dioxid in ventilating air current—Metabolism experiments Nos. 26-28,

| [a) Carbon dioxid. (A)
In incoming air, (L] {e} (1 I (@

Date Period. Ventilation T !c.;[mﬂ.,d w?l:hutlm
Xumber l.lr by | (e} Total ex- | t%“mm amount | CArbon
liters of air. ! In ou cessin | oonsunt | exhaled | exhaled,

Total ing air. ““"?"“"En n*.mntn | b RS
Per liter. a‘m_"ir' d | ingin | ie«:t
s i chamber. | e+f.
A=t i
1M, Experiment No. 26. Liters. My, | Grams | Grams ! Grams. | Grams. | Grams. | Grame
Feb. 14-16 | famtofam _ oooo......| 16,802 |.ccuaaan 6.7 | 776.3| TILG |+ 3.1 | 7147 164, 9
1518 | TamtoTam .- . ..., HB 168 |iocuaecac| BT | 59| T30.2 | — 2.7 | 727.5 1495, 4
ot o (B 1 ' G 0 1 e R B | |+ i | SRS 67.7 | T8L.0| V4.3 |+ 0.4 | TH.7 194.9
| Experiment No. 27. | ] |
Il inamtolpime o 29,540 | 0. 567 | 16.8 | 217.6 | 200.8 | +10.1 | 210.9| 57.5
17 | 1 p.m.fo 7 p.m.......... 27,207 .610 | 16,6 | 215.5 | 198.9% | 4 4.7 | 303.6 5.3
17-18 | 7 p.m. to 1 i AT R 20, 540 .06l | 16.6 2046. 3 | 189.7 | —14.2 | 175.5 47.9
18 Pacm:to'7 s mm.c..--iaoois 25, 762 . Ao 15.9 | 146.2 | 180.3 | 4 3.4 | 188.7 | 36.5
Totad .. - - | 135,040 .- 65.9 | 785.6 | T719.7 |+ 4.0 T2.7| 197.4
18| 7amtol pomm- . oo.isasa- | 28762 | .559| 16.1| 220.8 | 204.7 |+ 4.0 | 208.7 56.9
T T 28,762 | .551| 15.8| 214.5 | 198.7| 4+ 55| 204.2 55.7
1619 | Tpm.tol aam....aaeaaeaa] 20,540 aav 15.9 | 208.2 | 190.3 | —12.4 | 177.9 48. 5
19| T . €60 F I - e o m 29, 540 648 | 18.2| 147.5 | 131.3 | + 1.2 | 132.5 36.1
T B A et [ agenE ] =i | 610 79.0| 725.0| — 1.7 | 723.3| 197.2
19| 7amtolpm.. e 27, 208 EELS 14.9 | 200.5 | 194.6 | - 5.7 | 200.3 bt 6
19 | lp.m.to7 p.m.. S I 575 16.1 | 218.5 | 202.4 | + 81| 210.5 a7.4
19-20 | Tpm.iolam............ | 20,540| .573 16.9 | 220.1 | 203.2 | —16.1 | 187.1 a1.0
2| lamtoTam..........-.| 28,762 . 591 15.8 | 149.2 1334 | + 3.4 136.8 7.3
otale.o oo e conts ] DSOS 63.7 | 797.3 | 733.6|+ 11| 7347 | 200.3
Erperiment No, 25, .
20-2] | TAamtoTam.....coooo.. | it L3 b B 613 | B40.3| 776.0) — 2.3 | 78T 211.0
2122 | TamtoTam . ...... -] 108,830 |..... 67.6 | 843.3 | 7.7 | + 48| 750.5 212.8
22923 | TamtoTam. ... 1105188 - n o 6.4 | 830.6 ?{:‘-LE'L' — 0.2 7640 208, 3
Tasie LXVIIL.—Record of water in venfilating wir current—Metabolism experiments Nos. 26-28.
(a) “-““'if,:c“"ii":f"m' Water in outgoing air. (g} (*) &)
s ! = T:-ul :
b (3 Wik
Date Period, Yeatllation.| * LB e VY [ Whtales-] St pira-
lﬁumh}:r o | Amount | s nount in out- | maining tiﬂrr;ﬁnd
s teedkoch Per Total, -rtl::l'l.-d not con- | Total, |Boingair, | in cham- pe“mfﬁ*
liter. axhb. t';‘: o |densedin|  dse F-c ber. g+h.
| freogzors, | IPOCIErE.
TN, Exrperiment No. 26. Litere, | Mg, | Groms, | Grams. | Grams. | Grame | Grame | Grams. | Greme
Feb. 14-15 [ 7a m to7a m..... 116,608 |.._.-- 97.1 | 749.3 | 179.6| 925.9 | B3LB -3.7 829.1
1516 | 7a. m. toTa. m..... 118,158 |. . ... 101.8 | 7343 | 175.4 | 900.7 7.9 —138 806, 6
16-17 [ 7a.m. toTa. m..... 118713 | 97.8 | 7T24.9| 175.3| 898.2 | 800.4 | —0.9| TS5
Erperiment No. 27, R i
17| famtolpm....] 29,540|.820 | 24.2| 183.9| 42.5| 226.4| 2022 | 57| 2009
17T | lpmtoTp.m._ | 27207 .82 22,3 | 193.7| 38.0| 231.v| 2090.4 1.5 | 210.9
17-15 | Tp. m. to l a. m ....' 29,540 | .829 | 24.5| 1847| 45.2| 220.9| 205.4 | —3.8| 20L.6
18 | 1 8. m. to 7 a. m....| ,T62 | 828 | 23 8 lﬁﬂ.-li! 39.0 2'06.4! 181.6 | —1.5| 180.1
Total -....s.nn] 115,040 |......| 94.8| 728.7| 164.7| 893.4| 798.6 | +1.9  800.5
18 | Tamtol p.m....{ 28762 .817 23.5 + 1945 43.8 | 2881 | 214.6| +3.9 218.5
18|lpmto7p.m..... 28762 .800 23.0 1 194.5 41.0| 235.5 | 2N2.5| +0.6 213.1
1819 | Tpm.tola m ... 29, 540 | t:lﬁ 24.2 | 185.5 43.8 | 2249.3 | 206.1 | —2.5 202, 6
19 |lamto7Ta m..... 29 540 25.6 | 172.0 39.4| 211.4 | 187.8| —4.3 183.5
2l | e 116,604 | ... 043 | T46.5 | 167.8| 943 | 820.0| —=2.8| 8IT.T
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TasLe LXVIIL,—Record of water in ventilating air cirrent—Melabolism experiments Nos. 26-28—Continued.

: | ;
| {xz) L ﬂ“j‘;;"‘a’;'r'_"““" Water in outgoing nir, i) L S [
e TRl Tl PR Total
Cormee-
i { i [£) ) Total ex- | & water of
Date. Period, | Ventilation. | ; 5 i i i ress water \:gﬂrﬂﬁ_ respira-
Number of Ammount | 4o in out- | aining tign and
liters OF BiL | gy Total, ]?‘m 1 | not con- | Total, gn}n_g ML | i eham- I'IEtr,HIﬂl'l-
| | liter. axb. | “‘":Fr densed in|  d4e 2 ber, ;_Eg
| | freezors, | [TUCECTS. 7
— | I | — __,Ii et
Erperiment No., 27— | |
Continued.
1400, Litera. M. Grams. | Granes, (7 FeTnEs, GGriTmE, GFrame, Gramg. | (Froms.
Feb. 19| Famtolp m . | 27208 |.810 22.0( 1843 L6 | 223.9 | 201.9 | 46.1 208, 0
19| 1pom to7p om .| 37,985 | . 826 i 230 | 191. 2 38.2 | 225.4 | 206.3 | 419 201, 2
19-20 | Tp.m. tola m __-| 20540 | .837 24.7 | 195.2 45.9 | 241.1 | 216.4| —3.5 2120
20| la m. to7a. m.....| 28762 |.819 2.6 | 173. 3 39.0'| 212,58 | 183.7 | —2.6 186.1
Motal, --=5 2o 113,495 |- - .. 93.4 | 744.0| 162.7| 906.7 | 813.3 { +1.9| 815.2
Experiment No, 28. |
|
o021 | Tam. toTa m... . R S | 94.8 i 769.8 | 163.7 | 933.5 | 838.7 | 2.1 836. 6
21-22 | Tam. toTa m..._. 108, 830 (... 90.2 | T42.4 | 156.9 | 809.3 | 809.1 BT 813. 8
gr o3 A m-toTa m. L - P bk O R c | 9. J | 730.7 | 159.8 | B90.6 | TOE.Y 21| 790.6

The heat earried away by the water current and the latent heat of vaporization of water in
this series of experiments are shown in Table LXI1X. As in the previous tables, the data are
summarized for experiments Nos. 26 and 28 and given in detail for experiment No. 27, in which
aleohol formed a part of the diet.

Date.

19040,
14=15
15-16
16-17

Feh.

18-19
14

19
19
19-20
u“

20-21 |
21=32
22-23

Taree LXIX. —Summary of ealorimetric measurements— Metabolism experiments Nog, 26-28.

Period.

Erperiment No. 26.

7amto7 a.m
Ta.m.to7 a.m
{ . to 7 oa,m

I‘f.:].l.l.‘rf.uiemr No. 27

va.m.tol p.m
1 p.m.to7 p.m
Tpmtolam...
la.m.to7am

Motal e o o

vam.tol p.om..
1p.m.to7 p.m
Tp.m.tola m
] a.m.to ¥ a. m

Total

a.m.to 1l p.m

a.m. to 7 a, m

Tuotal

Frperiment No. 2

a. m. to i‘ 4. m
g.m. to 7 Ta.m.
o T a.m

pm.tofpm........|
pemetol aomi ol

() (h) () () (£) i) ()
= it "l;ln I'Ll'l_llr'hl]!:l?'r 1
Heat meas- {"'m"lm"r'f of Z ':REMEEF :?r 11'.111_1_1;\';::.!:1&?:: h:r?‘l‘.uul .mm:g: Heat usd ‘Total heat
oo dn | e: | enlorimeter | Perature of |exbaled loss oy of wvyter| determined
R ter. BB | yihes, densed in | ©* MU ;
| chamber.
SR S — il e =l oL ~
Calores, Degrees, Calorive. Cinlorics. {Frims. Crlories. Calories,
| 1,581 ey ) T T R 829, 1 490.8 | 2,077.2
| 1,818.3 g +1.E’-ﬂ‘ L 2.5 806.6 | 477.5| 2,100.1
| 1,592.3 g | ey | O g 709.5 | 473.3 | 2,078.2
o 513. I ol -+ .60 —- 3.1 207.9 | 123, 1 G345, 7
i 4771 1] 0 — 9.3 210.9 124. 8 595, 0
1046 0 i [ 201. 6 119, 3 524.9
| oses s (R SRy i R e [ S0t 106. 6 364. 0
1,620 4+ .2| 4120 1.4 | 800.5 73, 115,

! 00 473.8 | 2,115.6
o 0| o|] —s8.2 218. 5 129, 3 648.5
=l 3816 0 o] —o9.6 213.1 126. 2 508. 2
ol 402 = ] SR 202, 6 119, 9 525. B
= 2435. 9 e TR B SR e 153, 5 108, 6 303.1
.. 1,655.1 ] 0 —13.5 R]17. 7 484. 0 2,120. 6
| s 0 o| —s4| =m0 121 30, 2

|  467.9 0 T )8, 2 123, 2 584, 0

| 4037 0 il M T 212, 9 126. 0 533. 4

2040, 5 | ] B e 186. 1 110.2 380, 3

.. 1,656.6 | i 60| —11.8 815.2 482.5 | 2,1E27.9
.| 1,509.5 o o| +2s8| s%66| 52| 2005
1,589, 7 2l 200 E2s 214, 8 481.8 | 2,075.3

.. 1,594.2 Al 480 422 790, 6 468.0 | 2,085.0
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The determinations of aleohol in urine and freezer water and of reducing material reckoned
as aleohol in the air current were made in the usual manner, and the results are given in Table
LXX. It will be observed that there was an elimination of reducing material equivalent to an

average of 0.82 gram of alcohol per day on the 6 days of experiments Nos. 26 and 28,

This

amount has been deducted from the values obtained in experiment No. 27, and the difference is

taken as a measure of the aleohol exereted unoxidized.

It will likewise be observed that there

is here no indication whatever of any lag in the elimination of aleohol from the body as was

apparently indicated by the results obtained in experiments Nos, 18-20.

Taere LXX.—Alcohol ingested and excreted— Metabolism excperiment Na. 27,

| Aleohol excreted, including other redue-
ing material caleulated ns aleohol,
Aleahol
Daie. Adeahal T excreted | Alcohol metabo-
? ingested. | 10 wrine | Tnreazer | Ce :11_1131- lized in body,
(distil- | water (dis- AT | Towl e
late], tillate). | ETLERITE
1900 i 5
| |
e - z 1 |
Erperiment No. £6. fGrams. | Grams. | Groma. Grams. | Groms. 1 Grame, | Grames | Per eent

e M e e L el SR 002 .M 0. 33 (155 00 (R R e i e oo
11 Sk | R T R T e A e (e .03 | Trace. | .28 S B RS, e S
L s B e e P | [ | .02 | Trace. .45 B ol PR DR e e

Erperiment No. 27. ' | ;

T e b R T2 <13 .01 1.23 1. 37 1. 05 70.9 98. 5
18=19....... i : e s 2 .11 .01 1. 04 1. 16 .54 71.2 0=, 09
1020, ... e el 2 L0 .01 .98 1. 08 .76 | TL.2 98. 9

L e e | 216 wa | .03 3. 25 3. 61 et R i ) ISR S
Aerap for iyt D e L 72 .11 .0 1. 08 1. 20 . B8 7l.1 958. 8
E.rj:crimyn! No. 28, |

Tt TN e B R A e T 7 Sl B St PSR s
C b e e N R T ) e A2 .01 .19 L | S el
bt e R e e | s NN .01 .M | « 21 % B e Emoe

* Equals total reducing material exereted less 0.32 grams=of redocing material not aleohol, the average for the daves
on which no aleohol was consumed.

Balance of inconie and outgo of matter and energy.—Tables LXXI to LXXIV summarize
the income and outgo of nitrogen, carbon, hydrogen, and energy according to the plan adopted
in previous experiments.

TaeLe LXXI1. —lncome and oulgo of nitrogen and earbon—Melabolism experiments Nos, 26-28.

-

Nitrogen. | Carbson.
e e @ | o i€) () @ | ) ) (i) (k)
AF R pecriesd. | | |
Lo P | Gain (+)
| G - | | - In aleohol
| In food, | Im feces. | In urine, urlll'::-]a-tin; _J“ In food, | I'm feces,  In urine, “um-lr (ﬂi?nti‘gu: "’:Eﬁi}l
. @ c!a+r_1.i | proadnets 5 | g
=t T R e 520 Lo TR S SR A .
1900. ‘ ' ] ,
Erperiment No, 26, | I | :
Feb. 14-15 !‘r'n]l.lmﬁé | Gmmsi l’-‘mﬁwul.s {r‘rn:lrisé | Gr{?s.} | Grame. I‘r‘mnué | Erﬂwﬁ‘ | Froms, Graim.ﬂ
e, S, 7a.m,to7a m., . 1k 1. —1.1 2332 0.4 11. LI N R B o
16-16,7a.m.to7a.m.| 159| 11| 151| —.3| =133| 95| 10,8 1984 [
16-17, 7 a. m. tu?a.m_l 15.9 | 1.1 14.4 | =+ <4 | 233.2 9.4 0.4 | 1989 .. ... +18.5
TRl ez e | 47.7| as8| 41| —17| eme.6| o83| 331 seaz|__....| +s0.0
Average per da}'__._| 15.9 | 1.1 15.4 | — .6 | 233.2 9.4 ) b Fl O v SR | +16.7
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TanLe LX XTI —Ticone and outgo of nitrogen and corbon—Metabolism experiments Nos, 26-28—Continued.

| Nitrogoen. Carbon.,
| {a) [E] (&) {el) (£} | W [ [} (i) (k)
Drate and period.
Gain{+) | In respir- (In nlquhulfg‘:g{'t’_}
Infoed. | Infeces, | Inurine. [orloss{—)| In food, | Infeces. | Imurine. | atory | eliminoat- Bt )
a—(h+e). | products. [ ed. R,
T , I
1500, ! | |
Frperiment No 27, | | :
:.mm | Grams. | Grams, | Grams. | Grame | Grams. | Grams. r"mm& | frrams. | Grams.

Feb. 17-18, 7 a. mi. to 7 4. m. 15.8 | 1.1 14.6| + .1 | 225 8.9 10.5 | 197.4 0.5 122
15819, 7 a. m.to 7 a. m. 15. 7 1.1 15.5 ST I 4t 1 I e | 197. .Z 0.4 +11. 58
19-20, 7 2. m. to 7 a. m. 15.8 | 1.1 16. 8 ? 1 299, 5 .9 120 | 200.3) - 0.4 | air 7.9

Ao (B nas el sl 47.3 | 3.3 46.9 | 2.9 | GBB.5 26.8 | 33.6 | 5BL9 . 1.3 +-31.9
_-*.mrn,r_!'e]mrtlax-... 168 | L1 IS0F | =100 2296 8.9 1.2 | 198.3 | 0| 410.6
Experiment No. 28. . “I :

Feb. 20-21, 7 2. m. to 7 a. m. 15. 8 1.2 15.9| —1.3 6 245.8 10. 0 11. 4 | b b [ R B oo +-13. 4
21-22. Ta.m. to7a. m. 15.7 | 1.3 15.2| — .8 | 245.8 10. 0 LRI e b e e | sl
9993 7o.m to7am.| 158 | 1.2| 47| —o1] 2a5.8| 1000 1005 e[l FiRo

A B s e 47. 3 3.7 45. 8 22 3740 3.0 e s e o +42.5
Average per day....| 15.8 1.2 5. - .7 | 24b.8 10, 0 1, % | 210. 7 | e I [
Tarre LXNIL—Tacome and outgo of weter and hydvogen— Metabolisin experiments Nos, 26-28.
] | :
Water. | Hydrogen.
[ e i = PN, .
(i) ‘ (B (el (el [e) (X | K [} | [ty | (k) (i) (m) [ar)
n i, | | Tatal
Dalennd peciod . | e Apparent LI':I:L:: Mémh Loss | gain
i oo, [marie, (I8, | rnrine PGy | fos oo I8 | T | Chim' | grin | fEom | CEYor
| ks, &), [ I _i*;- S+ {=)1
[ | e s .
S { AR —
= i | RIGES SO, e ! | _
1400, [ I :

Experiment No. 26. . |

Feb. 14-15, T o.m. to | erams | Grams. t';rqmr.! Froms, | Girama. rrame, framlz:l r.r.u.ez ! irme. | (e | Grams | Graome, | Graoes.

i T (e Nt S {1,046, 3 800.0, 57.0]1,157.3 820.1— 197.1 339 2.9 ..../+29.9— 21.9+ 8.0

Feb. 15-16, 7 a. m. to | i . | '

78.Mm.cooennn... . 1,046, 3 800.0 57.01,472. 4 506.6— 480, 7 3380 1.2 208 _o +30.0/— 5443 4

Feb. 16-17, 7 a. m. to | i | | | .

(A T e s P 3 BOHh (} A7, ﬂll,ﬂﬂﬂ. oy T99.5— 200.2 33.9 l'li 2.5 . 3003 — 33 3= 200
Total oo ooooe .|.c:, 138, ¢ 171.03,918.7/2,435. 2 —  986.0 10L.6 3.4 8.0[.....|+90.2/—109.5—19.3
Average perday |1, 046. Jil 00,0 57.01,306. 2 811.7 228. 6 33. Eli 1 [ i T| ,,,,, <4-20. li—- 6.5 — 6.4

Erperiment No. 27, | | | i

Feb. 17-18; 7 a. m. to | ; . | . |

T 0 o e R S {1,040.0 800.0, 50.71,468. 7 s65— 479.9 36.9 .8 2.5 0.14-33.5— 53.3—190.8

Fob. 18-19, 7 a. m. to . | [ |

T e 1, 040.0 800.0| 50.7/1,381.1] 817.7— 4085 36.9 .8 2.7 1485 3— 45.5—12.2

Feb, 19-20, 7 a. m. to | | . | _ |

T B TN e s i L, 040.0 800.0| 50.7/1,2%84.5 815.2— 280.41 3G.8 .8 2.9 .14-93.10]— 23.9:-}- 4.2

| { { 1
Total ......... 13,120, 02, 400. 0 152. 14, 084. 312, 433.4—1,149.8 110.7 2.4 8.1 .3/4+99.9|—127.7/—27.8
Average per day II (40,0, 800.0] 5A0.71,361.4| BI11.1)— 383.2 36.9 & 2.7 .14-83.8— 42.6/— 0.8

Erperiment No, 28, o |

Feb. 20-21, 7 a. m. to

G L E S 1,0 80000 51,71, 113. 2 5366 161.5 3b.8 1.3 Z2.8c... -31. 71— 17941328

Flh 21-22. 7 a. m. to | | |

TAM coenevnnnn..-1,040.0 200.0 51.81,288.0; 813.8 2858 85,8 LAl o8- 31.8— 29. 3/ 2.5

Feb., 22=-23, 7 a. m. to | { { | |

e o o R e O 1,040, 0, 800.00 51.71,150.3) 790.6 152, H; 3008 1. :ii A 32.0/— 17 Ui-rlﬁl.l]
Potgle o o ol 3,120.02,400.0 155. 28,501, 52, 441.0 — 577.7 107.4 4.0 7.9..... +95.5(— 64.2/4-81.3
Average perday |1, (40,0 S00.0, 51.71,167.2 8137 — 182 Iii - M | P |4-31. 8— 21. 4|-+10. 4
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Tane LXXIIL—Gain or loss of protein (N, =6
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25), fot, ane water—Metabolizm coperiments Nos, 26-28.

fa) | (¥ e} (i} (&) r ‘ {m () (i) (&) (
Hyilri-
Carbon | Carbomn | | Hyilro- Hydeo- | EE0 in
Ty p— Protein | Total | in pro- | in faf, Fat |[Toial hy-| gen in ~1?;nl:lal' water, Water
Date and period. L f‘"“ﬂ“ gained | earbon | tein ete,, | pained | drogen | protein B° med: | 2ie. grined
gnined |y o | gained | geined | gained | () or | gained | gained '[E“ gaimned i_+] ar
WSENOT Dot (— )| (+)or | (+)or | (+)or lost (=) (+)or | (+)or | b HES T ost ()
06U {— ). | .05, |losti=). | Nost (—) | lost (—) | e+.76L |losti—1.|lost (=) | "% Tost ()| .l.-x
| B 5, c—id. . | b, | %115 7—
(M),
1900, | | '
Brpertment No. £6. Grame, | Grame, | Groms | Groms, | Groms, | Grams, | Groms. | fFrams, | Graps, | GFrams, | {Frams,
Feb. 14-15, 7a.m. to7a.m..| —1.8 |—11.2 |--17.0 5.9 +22.9 +30.1 I+ B.0| — .8 +3.6 |4 5.2 | 4 468
15=16, Ta.mtofam.. — .3 |— 1.9 |+14.5 I 0 +1Er 5 +20.4 |—24.4 | 1| 2.4 |1—28.7 -240. 3
1617, 7a.m. toTa.m..| + .4 |4 2.5 |+18.5 | +1.3 |+17.2 4-22.6 | '.’.1-]'| 4 9|42 7il—h B8] — 622
MAtAReERsR T e 2 1.7 [—10.6 |+50.0 | —5.6 |+55.6 [+73.1 |—19.8 | — .7 | 4-8.7 |—27.3 | —245.7
Average perday.._... . .6 |— 3.5 |4+16.7 | —1.8 [+18.5 +244 |— 64| — .2 | +2.9 |— 9.1 | — BLY
Frperiment No. 27. : |
Feb. 17-18, 7a. m. to 7 4. m. . A4 64122 | 4 8 119 (1560|198 [coaoood] 419 (=217 | —186.3
18-19, Ta.m. to 7 a. m. . = 5.6 |+11.8 | —3.0 +14.8 +19.4 |—132.2 2.3 |—14.1 | —126.9
19-20, Ta. m. to 7 a. m. . 2.1 |—13.1 |4+ 7.9 6.9 I-vf—ll.H +19.5 |+ 4.2 9 +2.3 |+ 2.8 | + 249.2
TRE . i —2.9 -18.1 4319  —8.6 4415 +545 [-27.8 | 1.3 | 6.5 —33.0 | —207.0
Awr&geperda} ...... -—L{! |— 6.0 +10.6 | —3.2 [+15.8 |-+18.2 8.3 — .4 | +2.1 |-—-11.ﬂ | — 89,0
Erperiment No. 28. | : E | |
Feh, 2021, Ta.m. to 7 8. m.. 1 31— 814134 4.3 |+17.7 [+23.3 |[4+13. 8 B 2T |H4-13E | 10628
21-22. Ta.m. to7a. m..| B |— 5.0 121 | =27 +14.8 |4+19.4 !{-- 2l = 8 28 L] 4 4.5
3293 ?a.m.tu'i’n.lm.! — |- 84170 | — .3 |417.8 [+22.7 |+15.0 |.......| +2.7 {H12.3 | $016:7
Total...n--ooomnnenna| —2.2 |—18.7 |442.5 | —7.3 [+40.8 [+65.4 |+31.8 | — .9 | -F7.7 |4+24.5 | +220.5
Average per day. . ... 7| 4.5 |[+142 | =204 416.6 |+21.8 |+10.4 | — .8 | +2.5 |+ 8.2 | + T3.5
Tanre LXXIV.— fcome and owtgo of enevgy— Metabolism experiments Nos. 26-28.
{a) (b} I (e} {mi} | () (e} oy | s Heat determined
| ! greater (4 ) or less
(Estimated| g (Bstimated [—) than estimated.
Heat of Heatof | heatof |=p ool energy of
A "'“. O | Heatof | Heatof | combus | combus- uﬂ.hn _ | material
Date and periosd. e ng | combus- | combus- | tionof | tion of |{iod of fut | oXidized | Heat de- Y (i)
ad tonof | tiomof | aleohol | protein ““!Hl in the | termined.
Rt feres, urine. t'lim%- [[{IEIIEI.'] fﬂ-jﬂr b':%.l}' |
: - 0nr 5 e =]
I i l-:ut:-}l—].| boat (=) :'r }-{d‘+r-ji|. =g ot
— | |= - -
| [ [
16040,
S ETRNEREL 24, Culories. | Calories. | Calorics. | Calories. | Colorics, . Cialories. | Calories. | Onlorics. | Colorics, | Per oent.
Feh, 14-15, 7a.m. to7a.m.| 2,490 106 Tl R - 4287 | 2036 2,077 | 4 41 42,10
15-16, Ta.m. to 7a. m.| 2,490 106 | { | i - 11| 186 | 2,075 | 2,100 | 35 +1.2
16-17, Ta.m.to T a. m. 2 490 106 17 B | 14 | 4216 2 a1 2 078 | -+ a8 +-2.9
Tutai..............: gl @ 385 [.......] — 8l +698 | 6,130 | 6,255 | 125 |
Average perday ... 2,490 1 s B — 20| +238 | 2,043 | 2,085 | 4 42| +2.0
Experiment No. 27, | | : | i |
| ] |
Feb. 17-18, Ta.m. to Ta. m.| 2,491 a7 111 | 70 4+ 3! 4149 2124 | 2,116 — 8 — .4
18-19,7a.m.to7a.m.| 2,491 | 97 121 5| g | 1185 | 2,114 | 2,126 | + 12| + .8
19-20, Ta.m. to7a.m.| 2,491 | 7l 140 | b — T8 | =186 2138 | 2 128 — 10 — .B
Total .--..oo..c...| 7.473| 21| 82| 18| —104| 520 | 6,376 | 6,870 | — 8 l.......
Avernge perday-...| 2,481 | ar | 124 6| — 5| 4174 | 2,125 | 2,123 2 =l
Erperviment No. 28, | | 5 | |
Feb. 20-21,7a. m. to 7 a. m.| 2,489 | 112 1L [ R = = - 47 | 4222 | 2,083 | 2,007 | + 14 AT
21—.--.?3. m.to7a.m.| 2 489 | 112 1o i) P — 2| 185 2,088 | 2,075 | — 13 — .6
22-23,Ta.m.toTam.| 2 480 | 112 | 182 ....... — 8| +217| 2081 | 2,085| 4 34| +L7
Tt et L Vo O T R 8 S 70| +624| 8,202| 6,237 | +85 [ --ane
Average perday ....| 2, I | Toa bo il — 36 2,067 + 12 + .48

112

+208

2,079
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EXPERIMENTS N05. 20-31—wWoORE. Xo. 30) WITH ALCOHOL DIET.

Nubject.—J]. F. 8., who served as the subject of the previous series of rest experiments Nos.
26-28.  His weight with underclothing was about 64.5 kilograms (142 pounds).

COecupation during experiment.—Work, 8 hours a day, upon a stationary bicyele arranged as
an ergometer, as deseribed on page 237.

Duration.—This experiment was the second of a series of 3, each of which continued 3 days.
The preliminary period continued 4 days, beginning with breakfast March 12, 1900. On the
evening of the fourth day, March 15, the subject entered the calorimeter. The first of the 3
series of experiments, No. 29, began at 7 a. m. March 16, and continued until 7 a. m. March 19,
when experiment No. 30 began and continued until 7 a. m. March 22, and in turn was followed
by experiment No. 31, which continued until 7 a. m. March 25. The subject therefore remained
in the respiration chamber 9 days and 10 nights.

Dict.—The object of this series of experiments was to study the relative replacing power of
isodynamic quantities of sugar, aleohol, and fat, when the subject was at active exercise. There
wasa hasal ration, as in the previous series, which was practically the same in the 3 experiments,
the only difference being that due to slight variations in the composition of the milk consumed.
It furnizhed, approximately, 100 grams of protein and from 2,949 to 2,934 calories of energy per
day in the different periods. To this ration was added, in experiment No. 20, 128 grams of cane
sugar per day, furnishing 507 calories of energy. Inexperiment No. 30 the supplemental ration
consisted of 72 egrams of absolute alcohol per day, furnishing 509 calories of energy. In
experiment No. 31 the supplemental ration consisted of 63.5 grams of butter per day, furnishing
1 gram of protein and 511 calories of energy.

 To 795.5 grams of water sweetened with 25 grams of sugar were added 79.5 grams of 90.6
per cent commercial aleohol containing 72 grams absolute aleohol. This aleohol mixture was
taken with and between meals in experiment No. 30 as in previous experiments. The sugar in
experiment No. 29 was likewise taken with and between meals, but the butter in experiment No.
31 was consumed with the rest of the food in approximately equal portions at breakfast, dinner,
and supper. The same amount of water was given in the drink on each day of the experiment
and amounted to 1,250 grams per day. In experiment No. 30, 803 grams of this water was
furnished by the alecohol mixture. The kinds and quantities of food served at each meal and the
quantities of drink at different periods of the day were as follows:

et in metabolism experiments Nos, 20-51.

FOOD—BARAL RATION. 4

Breakfast. Dinner. BUpper, Taotal,

Fra s, (¥ FELRIS, drrayims. [EER TN

el e e L ] T 71 1 PP f
B e e s e e R T 12 o | 12 47
LB L e B L T ey (A WY o 200 A00 | 00 00
L T e b D e T 150 i SO0
o o T e 25 25 28 )
P careals s e e e e R R b e e e 7.5 | ]
R e e e ol e i I T LR | e e 12,6 25

* Eaten on parched cereal in experiments Nos. 20 and 31; added to water and aleohol in experiment No. 30,

FOOD—SUPPLEMENTAL RATION,

Erperiment No, 29, March 16-18.—128 grams of cane sugar daily in the form of loaf sugar, taken with and between
meals.  This amount also supplemented the basal ration during the preliminary experiment March 12-15,

Erperiment No, 30, March 15-27.—72 prams absolute alcohol daily.  This rt—}.l]l]irﬁd 7.5 grams of 90.57 per cent
aleohol, which was made up to W00 grams with the addition of 25 grams sugar and the rest water.

Erpeviment No, 81, Mareh 22-24.—The additional energy during this experiment was furnished by 63.5 grams
butter.
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Diet in metalolism experiments Nos, 29-31,

DRINEK.
Ea ".;':I_'Tml Experiment ¥o, 30, HI__f:L;I]l_I’.‘I‘IT
.I - - 1 —_—
L Aleahol and |
Water. sweetened Water. Water.
water. |
(Frams. (Frams, (Frams. (Freame.
T | or L I DR E N g 150 175 i) 140
TN e e e e e e o P g e s el et 200 )] 5 200
B S e e e e T e 00 175 i) L]
e e e e e e e T (M 103 i) 1]
T e R e e 150 175 i) 150
e e e e e e S 200 100 Vi 2K
L e e L e e ] 150 iR e R e 150
T ) e S R s LI e Sl NN | 1,250 900 M7 1, 250

*Contained 308 grams water, 25 grams sugar, and 72 grams alcohol.

Daily voutine.—The general routine of the series of experiments is indicated in the following
schedule:
Daily programme—Metabolism experiments Nos, 20-31.

6508 m .. ._... Take pulze and temperature. dp.m.___..... Stop work, Drink 200 grams water.
7am..........| Pass urine, weigh seli dressed, col- | 4.15 p.m ......| Begin work. '
leet drip and weigh abzorbers, Blbp. oo Stop work. Change underclothing,

.a0am ....... Breakiast. Drink 150 grams water. | 6.2 p m...... Supper. Drink 150 grams water.
8.15a m .......| Begin work. | 8.50 p.m ...... TH]E:e pulse and temperature,
1 £ L0 Btop work., Drink 200 grams water. || T p. Maweeenun. Pass urine, weigh =elf dressed, col-
10.30 8. m ...... | Besin work. ' | lect drip and weigh absorbers.
12.30 p.m -.....| Stop work. Sp.m.........| Drink 200 grams water.
1260 p. m ...... Take pulse and temperature. I perma sy Take pulse and tem perature,
lp.m.....c.....| Pass urine, collect drip and weigh || 10.10 p. m .....| Arsange bed.

| absorbers. 10.20p.m..... Drink 150 grams water.
1.25 p.m.......| Dinner. Drink 200 grams water. (f 1030 p. m ... Retire, '
P TI Ce | Begin work. | LI B R ass urine.

Table LXXV summarizes the more important statistics in the diary kept by the subject.
The pulse rate was ohserved during periods of hoth work and rest. The observations of body
temperature could not he made as frequently as in the previous series of (rest) experiments, but
were frequent enough to afford basis of comparison between the different experiments of this
series.

Awmount of work done.—The total number of miles registered hy the eyelometer on different
days of the series of experiments and the heat equivalent of the work done each day are shown
in Table LXXVI. As has already been pointed out, the amount of work done could hardly
have been as large as would be required to propel a bicyele the number of miles recorded by the
ceyclometer. It will be observed that there was but little difference in the average amounts of
work done in different days in the different experiments of this series.
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Pulse rate

: ; i o Toempera-
Dt md timme, Weight. ujii‘[:.uril_ il
SRE T [ == |
Erperiment No. 29, ' EIAratE, o
Mar. 36, T4 T0.--.ao....] 63085 7l 97. 6
e e e B O [l oaie B
- 4 T bt Lo LA SR o B
e e e e e
JE e S e e U R
HTH 1) b i ey, 1 e s T 98, 5
T e simea e
Ty e | L e
T Lk s o e Somon | e e e
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1 e e | P e I e e
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T e e = mme T4 98, 4
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e 1 = S e B S S e e e
T A 6. 12 i 0y
T s e o S 76 s=mzee
R S e o R | SR 97.6
s e | s e i H7. 4
1T S e e | e e T [ R
10 BT TS ] SR A GE | e e 6.9
Mar 1B, 7a. m......... tid, Thi 60 a97. 3
T e e st s s st e e
L rn s o s e [ B e e
1 b R S S e (1 I P
1B e e i e e
T e 4 Q8.0
Jp m... % D e e
(T 1 [ ) S [T e s
T O 5 e e e g |
g o e SR e R S Lo o1 P S eE
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T e e e R
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i e
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B et n
[ 08, 2
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I [ e A
B s S e o R | P e
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s 1 g B i 74 98. 0
[ e e e s e i a7.4
CHT L i Se B e S 72 97. 3
Mar. 20,8553 m ....... 64, 48 Bl |t
P e e e de e 2] e e e ] o e a7. 8
ga m._... o Pl 1l B (i e R
LIRLTIES 1) B e s B e e
B ey T AR EL iy BT loeeaeannas
b el e i | T R
12onpe e [ e e e
T e N LR s 07. 4
b | o et [ S |t ] [
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Tasre LXXV.—Summary of the diary—Metabolizm experiments Nog. 25-31.
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[ Pulserate

Date and time. Weight. per l‘tﬁ%ﬁm

| | Tirute. :

Eeperiment No. 30— d, Kitograms, | oF
MAr: 20 e s e e 4. T2 87.3
Bipi o L ST o e B 1 | [T [P
B0 I Lo s e D RN
P e i iy R 4
DY pap et DEooE B e 7.2
. IOy - s | L s 7 0, 8
(| Mar. 21, 6.55 a. m A i i e 2
I B | | e P | i S | B 277
It 9a.m P [ L B S
f L0 e - NS aE e i PP
I W e EE R R R T GO T
(f s S e e e e B
" IS S e I 700 | 95.1
|| I e ] R TR 01| e
| 4p.m. ........|.____ | [ | S Eepeen
T e I | e
Bt R ar 1L I AR
i B.65 pom iols -| 64,60 | T 97.8
B s e e | 80 97,5
p N e ] oS 69 97.0
o ADi S et s L L STRAEE T A T4 97.0

Erperiment No. 81.

Mar. 22, G.0ba.m..coois 400 | [ [
FEF T | (R e e ek ] e a97. 6
I s s oo oo T
|V T T T R e S B7 |--- s
| T g B s (e U -
1 e e B |5 et
P (LS 67 97.8
dpom. i e | e A R |

4 p.m At S R A LRl S
Bopian S50 S ol TR 1| -
[ R e e e 1k i (R H
BoDi A - st et e e 3 i) (S e :
i i 1 | R R I B
i s R bezccenzies T6 7. 5
i ) T 97,0
S S | - 67 6. 5
Mar. 2308 BN 5 o PR (it a7, 6
i T B 24 [ L E L e
a.m olias i i T [eteaintass
Lo imy= ceen a2 G s L
BB T S S R B9 los St
i 3Ty e S B8 |l =y
{ LS e e e
T e | e e
A e e R L
RS s s | |
TR i o e [ s ! PO
T eI S e G4, 68 T4 a7. 6
Bp.m. T P T i 7.5
7 P v e DA 08|
1010 p.m ... sGmen |
Mar. 24, 650 p.m ______. G4, 38 [ M sttt
L B e Bl || cosoannEl
{ i [T e e o o T L] Bt
| L TR e ol et R e bt R
i L e e [l BE |sossnsss
Mt o i T e [ B8 | okt
LI o e [ R a7. 8
O I e e e e S vt B | e
P = R e e L R
| T e e I
l 6 p.m. BB (s L LI e
| T o 64. 90 6 97.4
[ L e pe e 73 a97.3
L} H;m .......... I e e L [ e
e e s e e A e 6. 9
1 {VE TR o RO S] S i PR Rl =
115 Ll S e | e 896, 7
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TapLe LXXVI.—Record of work done—Metabolizm experiments Nos, 29-81,

Dt amad time,

Cyclometer
reading.

Actual du- [
ration af
waork.,

Heat equiv-

Number of
miles. alent.

Hate,

IRLLLE

Erperiment No. 29,

Mar,18, 8.16 4. m.........
100 Ty | e
D2 s i s s e
4 p.omn
.15 p.m

e

GEassssmEEEmEEEEEE

by 1 e e e P

S e b B TR R [ e e S

12 pm....... 3 ::.::- i

e e e e R e e e e e e

L i 4 |

Wiziral b, S T AR e

L ET R L T e e e R R S
R B T | R e e oy N

T e

A SR s o o e e

Total ...--

=
=

et B i |

Wirfes,

42.0
a8,
a4

L

Minnies,

120
120
120
114

476

772.3
T95.9
813. 1
837, 8

91.2 | 116 | 85.5 54
2%, 120 37.0 63
2 : 42

53
120

434

120
120
120
120 |

Lrperiment No. 30, I |
T L | T [ e e ey e 947. 9 17.5 a6 40, 5 5b
4 R i R e e e e e 969, 2 21.3 128 85,5 | 65
e R £ REET TS I Cn e )| 986, 8 17.6 120 34.0 | 58
B e i s | 1,006.7 19.9 120 312| 5
MGt it e s s s B B 2 76. 3 YT B | 9243
Mar, 20, 1006w m. . s s Ers S I.l'ﬂf‘-.ﬂ-i 20.1 120 | 8.7 | il
1B v e e P 1,047.8 21. 0 120 3. £ i
LT e e R LR it 1,068. 3 | 20.5 120 36.2 | B2
T T o e A S AT A 1,088.3 |  20.0 120 | 38.2 | 66
T A A R e | sLs WL 252
T A b L) i T Lt P | 1, 10%. 6 | 21.3 120 | 87.4 | 4
L i e e e A S o 1,131. 4 | 21.8 120 | 36.2 | 62
IR TL oy o e e o i s S L 1,152.8 21.4 120 37.0 63
T e e e A T S AR 1,178.2 20. 4 120 | 36. 5 63
T e e R B R R 84,9 480 |.......... 252

Experiment No. 31. |

My el R e v 1,194, 4 21. 2 120 | 37.4 64
T A R e 1, 218.0 23. 6 120 98. 7 66
L Tt o e e R B e 1,240.9 22. 9 lEﬂ| 39.0 67
6,15 Palll cccasssanannann i 1,2‘62..9 22.0 120 | 37.0 63
T b Al e e oo R S S PRir e 89, 7 480 |.... L 260
MAR IS ML I o caasiansnes e i s P 1,280.7 26. 8 120 | 3r.2 (1]
12,30 p. m e S et S 1, 306. 8 17.1 120 | 37.0 63
T e e e e e e RS 1,329.9 23.1 120 | a7. 4 64
et S R SN S R 1,351.4 21.5 120 | 34.4 | 50
LT e S S TR s R T ’ 250
Mar, 24, 10.16 8.m......... x o A 1,375. 8 24.4 120  37.0 63
T L R S s e R 1,400, 7 24.9 120 | 35,7 61
e e i A S 1,423.7 23.0 104 35.7 A3
b T e L R R S R 1,447, 4 23.7 | 120 | 4.9 60
R e e = 96.0 | MR e 237
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TDhetailed statistics of income and owtgo.—The quantities of nutrients in the basal ration
which was the same except for the slight differences in the composition of the milk already
mentioned, and the guantities in the supplemental rations in the different experiments of this
series, are shown in Table LXXVIIL. The outgo of matter and energy in the feces during the
successive experiments of this series is shown in Table LXXVIIL

Tarre LXXNVII,— Weight, composition, ard heat of combustion of foords—Metalolism experiments Nos, 20-31.

| TLRTRS L . : | - : Heat of
n:'lh::!"- Foodd materind. ::'E:'{’-l‘l!::‘ Water, | Protein. Fat. "-'I':l';';':i‘ Nitmj.:eu.! Carhon. | H;‘quf“ ﬁrlTnt;::s-
Bazal rolion. Grams. | GGrams. [ {rrams. i {rrams. Franis. | ¥ raane, fFramis, frrams. | Clories,
) T 3 o e a5 da. 0 2007 | i e e mon oo | &332 1212 1.73 135
SR BRtan s s s s S R 4.3 | kR T e | .09 30.60 | 4.91 378
R B E T e 00 1061, & 5.2 G.0 | 152.4 4,50 | B87.42 | 12.90 | 879
3181 | Ginger SNAPS . .cuveeaeesns| (1 3.1 4.7 G, 2 59. 9 LT | 38,24 4. 86 335
8193 | Parched cereal............ |5 i 9. 0 1.1 e0.4| 144 s2ipel| Tiige 315
Blgars oo ST R R L R o S TS b | PR e | 10.52 | 1.52 et
580 155.0 | 63.2| 55.6| 297.7 | 10.10 | 205.94 | 30.84 | 2,138
| Exreriuest No. 249, [ I | | | |
2159 ! Al whole. oo aacoiiin. | 900 | 760.5 36. 9 0.4 45.0 5.04 | ¥3.80 | 11.34 | 541

Total basal ration. . i A ) 915.5 | 100.1 | 106.0 | 342.7 | 16.04 | 270.74 | 42,18 i 2, 980

Supplemental ration. | , _ |
|t e A To S Ol 1 Tl e e 128.0 | ________ | 53.80 H.E"I}F a07

Total ration, 1 day.. 1, 608 915.5 | 100.1 106.0 470.7 | 16.04 333.628 50.47 3, 487

I ExrermveExT No. 30. [
1) | Milk, whole. ... ocoooooo. 800 Tha. 0 | 36, 0 45, 6 43.2 576 | V2,00 | 10.80 810

| Total basal ration...| 1,430 920.0 | 99.2 | 1042 | 340.9 | 15.86 | 277.94 i 41. 64 2,49
|

Suppdemental ration. |
I [t O (RS- 1] (WO R LR~ RSO e e s 509

Total ration, 1 day..| 1, 552 920.0 99.2  104.2 | 340.9 | 15.86 | 315.50 @ 51.03 4, 458

Exreriest No. 31, | |
3191 | Milk, whole. .. ........... | 900 760.5| 36.9| 50.4| 45.0| 5.85| 74.25 | 11.34 845

Total has=al ration. . | 1,480 215.5 | 100.1 106.0 | 342.7 | 15,95 | 280,19 | 42,18 2 984
|

Suppleniental vation, | | _ |
et b | [ A e e e |L 63.5 | 3. 8 .5 e [ 130 413 . 63 | all

Total ration, 1 |1:|_"-'..I 1,6543.56 | 921.3 | 100.9  160.8 | '342.7 | 16.08 321.53 48.81 | 3,445

Tavre LXXNIIL—Weight, composition, and heat of combustion of jeces— Metaliofism coperiment No. 29=-51.

Lah- l

| . - | : | Hent of
n:\!::r_r I Welziit. Water, Trotein. Fit. (:;ﬂ:{ﬂl"_ Nitrogen. | Carbon, Hé;:::n' l,‘:l;nt'lj:‘:;ku:e-
_— _l_—._ — _— - ————— D —— e — ——_——— ——— 1
o g v P eLr
o= L'rf”r pimien 20, 20, 3 e, Grams. | Grame | Grame | Groms | Groms. | Frini, | firamis, | Cafories,
3195 | Fecesfor 3days ......___. 177. 0 25T 15. 9 8.0 18,2 2,55 | 25.01 | AL 279
Average per day. ... afh, 41. 2 8. 3 3.0 | 8.1 L8300 B34 1.2 73
| Erpeviment No. 50, - i I |
3186 | Fecesfor S days.cnnn.n... 142.7 | 101.6 12.7 6.4 | 14.0 2.04 | 19.31 | 207 212
Average per day.. .. 47. G 33. ¢ 4.3 2T 4.7 .68 | 6.44 | .9 | 7l
Experiment No, 81, .
l Feceg for 3 days .ecenracs. 180.1 | 108.1| 15.2 - R 2 | 2.43 | 24.32 d.4 ‘ a7
Average per day.... 5.4 36.0 .1 2.5 6.0 81 &1 TR a1
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The amount and composition of the urine in this experiment is shown in Tables LXXIX and
LXXX. The statistics are shown for 6-hour periods in experiment No. 30, in which aleohol
formed a part of the diet, and for day periods in experiments Nos. 29 and and 31 without alcohol.
The heat of combustion of the urine was determined in the composite sample for each day, but
the carbon and hydrogen were determined only in a composite for the total @ days of this series
of experiments,

Tante LXXIX. —Amount, specific gravity, and witrogen of wrine by 6-howr perinds—Metabolism erpeviments Noz, 28-81.

Trate. Perlod, Amount, :’[::':P;' Nitrogen.
Erperiment No. 29, :
1900, (i rima. | Pereent. (irama,
1 L ] R vl B e e N e R e e e T G094, 9 | 1. 034 2.19 15. 24
1hr 2 B R TR L TN T N e e T s e Tii.2 | 1. 031 2,07 16. 11
T b B I v B e R N R e T SO0, 8 | 1.030 | 1.79 15.97
| 1 O TR W T L T T [ B 47,32
Experiment No, 30, i
e o T e T e | 247.0 1.029 1.71 4,22
i | S e S S i e R e RRL e T R SRR | R 1. 026 1.35 4.84
19-20 | 7 p. m.tn1a.m........__._--.-.....-..-..............| 1906, & 1031 2, (2 3.98
b b VT T v e T et ] S e e : 165, 2 1. 021 | 2.18 3. 60
T e e S B R ! L 5| PR e 16. 64
Ikl B COMIORIAR: &5 o v s s s m e e A | 987.3| 1029 174 16. 83
] i e B v A R e SO i e B e e B | 09,5 | L 027 | 1. 47 4.55
B e v | B e S 20,71 Lo027 L. 55 4.97
T L by v i o i R S R S R R R R 8 e i e 254.6 | 1.025 1. 80 4, b8
| | S e oy M T T B R e Rl N e 171. 8 | 1.029 | 2.15 4370
17 S S N R W S s S T | ......... 17. 80
Total by compoaibe - oo ceevccnsncneremmoanasnans 1, 0667 1.0'2?| 1. 69 17. 86
) | R e e B R R e e e 355.8 | l,l'hZ'I| 1.28 4. 556
A T i e R SR e e R e R s e e e R 409. 5 1.020 | 1.18 4.83
e e B ) e e 217.5 1. 026 | 1.89 4.11
e [ BTS00 T T - (o R e R e e e 154. 2 | 1.028 | 2,19 3.38
ST e S S N R i S e S B T T e 16. 87
Tkl by COMPORIEE - o oo oicannanainaaana) 11805 1.025 | AT 16. 70
Feperiment No, 81, |
e RN M S R ) 11 AR 1 1.98 16. 05
e DB | T B S e A e e e TH0. 5 1. 030 1.93 15, 24
b T i i g g v | T U I B L DR S O S | 5500 | 1. 030 L7l | 15. 02
ROt R e e B L R A e ey P e e e T

Lo Sell 4, 31
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TaBLE L:{x:{.-—ﬂﬂﬂy elimintion of carlon, hydrogen, and water in 1!Fﬁ:i'—"lf_el!ﬁfﬂﬁ-mr !'.r'j.l-“i‘i'filtcilifx Nos. 29=-31.

|
Heat of eombistion,

Date. Amount. Carksomn. Hydrogen. Water. =

| Per grum.i Taotal.
T T o |

1900. e, FPep cenf, | drrama. | Per cond, | drrama. | Pereent. | Grams | Calorics, | Oolories,
1L e L e TP T l}'éa‘-l.g| ........ e i Ll B L 0. 193 154
L L e e i PR i R e H LR R N | F 178 134
I sk e e R e R 3‘30.$i......_" L .00 ... .| B34.3| .150 154
Trpgle s e Brageig L S T AR o [ e e | 402
ATl L S o e o e P L B e i B | e 008.5 | .141 136
L e e B L e e S ity o [ SRR 9935 | L1834 142
ot e R e I [ s | o e e e P =l prty i (EC R 1, 076.8 | . 125 142
i 1] 1 Pl e e e e e 3, 160L 5 I ........ b P 9. 6d ;-.......2,9?9.1 ________ i 420
2228 SIRB L WG e LRI RS 755.6 | .162 132
I e SR R G DR S [ D L B SR LT B ir el | ey 736. 6 . 163 129
N B s TIRGRE BEsain |l b 826.9 | .145 128
e e e S [T e BNl 2 816, 1 |Ln R
Matallfedays oo s oo o ! &, 006, 2 1.28 10249 | 0.4 L sl W fe e 7,493 8 i ________ | S

| { | | |

The guantities of carbon dioxid and water in the ventilating air current are given in Tables
LXXXT to LXXXIIL. These statisties are given in detail for experiment No. 30 in which
alecohol was used, and summarized for the other two experiments of the series.

Tarre LXXXI —Comparizon of vesidual amounts of carbon diveid and weler in the chamber at the beginning and end
af eaeh period, and the earresponding guin ar foss— Welalwlism erperiment No, S0,

Carbon dioxid. Water,
o ‘otal S S I

Date, End of period. Total Gain (k) u;!n:i:}:nt | Gain(+] [ ;Euﬂﬁ:}; E | anll-:‘.;w.t
monnt or ]m‘,‘.( =) of Vapor i I'Lw_s,r_] | of Drip * |Eﬁinﬂ1 +3
7 .iul |=rt:::al:"11511g remaining |rr¢tu:l.:'=ri11:h' | 1‘hr’-|_:rrkn}m, ﬂhi:rull:.:m :rr:nsl égﬂ]

chamber, b in T i {4} | g nrin

peciod. chamhber, period. or loss 11_ ]j‘|- l pen;!:ld

19000, (PP, (Fraiia. GFrams, | Frams, CFrams, | Froms. (Frans,
Mar. 19 | 7 a. 1m e Ay T ] e L o R S B = (®) EXE oSt
e RS O G A e e A .G ol 8 a8, 4 +5.3 +152 140. 0 +-297. 3
LT, |G e R B 4 - 4.8 57.2 43,8 4+ 11 367.4 | -+382.2
- 1] BRI 1 e e 23.9 —60.5 52. 6 —4. 6 i 224 — 492
o L R e e e 31,9 + 8.0 5.8 | 3.8 77 | 24.3 — 56.5
A L e P Rl | e i = = + 9 a4, 1 +-373.8
I=_—_——_—_— e
0 A bt Al 76. 6 R4 T | 0.9 | +7.1 | 4162 | 170.0 | +339.1
| e e TS R T 63. 5 —13.1 | 51.3 —+. 6 — 26|  365.1 L8345
L B T | 2.2 —36.3 5l.5 | - .2 — 78 231 — 847
9| Taiecrccneeisonney 2.7 — 161 4ng| Taal = mall ol S
. i R e N R A R
o] FiT o e R e 7.8 | 446.1 53. 2 +5.9 | -a.-wsf 155.0 | +348.9
S L e S R s 0.7 1.1 52.3 — .9 + 100 359, 4 368, 5
22l la. m-.. Shes 257 45.0 47.1 —5.2 —10L | 3—1.41 — 71.8
| I e S L e e | 26. 4 L 45.2 | 1.9 —102 | 22.0 | — 8.9
157 Dr e G R PUSITE, e T e L | — 5" 5708 l +-563. 7

| |

*Including alzo the perspiration in underclothes,

"The drip was eollected and weighed bot onee a day. The volume was roughly observed at 1 p. m., 7 p. m.
and 7 a.m., and this volume taken as a rough approximation to the actual weight of drip for the different periods
The small amount of drip observed at 7 a. m. was divided equally between the two night periods,
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Taere LXXXITL—Reeord af carbon dioxid in ventifating aiv cvrvent—Metabolism experiments Nos, 28-31.

(Y] Carbom dioxid, (k)

|
| | In incoming air, (ef) e} I ) I L]
| fembddn- [ — | Taotal
Dute. | Period. |[¢;'|:?_n5¢|:m. : COTTec: | oot Iﬂ‘ci‘;ll?l of
bt of liters () el Total ¢x- | tion for AMOUNE ex-
| of wir. In ratgo- | cess inout-| nmount haled exlml,fy"l.
| Total ing air. | going alr, | remada- sul':; 1""";. g% P
Por liter, s I=a—s ing in Nk
= ; chambser. £+f
[ I = R : I
1EHMD. Experiment No. 29. Liters, M. Trims, fFrems, firams. frauis, fFrams, fGirams,
Mar. 16-17 | 7 ﬁ mto7a m.......... 110,886 |........| 65.2|1,308.7 ],EiI.E- + 0.2 | 1,241.7 338. 7
17-18 | 7To.m.to 7o m__.___.._. 110,385 |........] 65.5|1,252.7|1,187.2 | — 1.9 1,185.% | $98.3
lﬂ-ulﬁl ?n m. to 7 4. m. S 108,831 | . ... { 61.4 |1,315.2 | 1,253.8 | 4 3.0 | 1,256.8 2.7
Erperiment No., 30, : |
197 TR e TR e 25,663 | 0.57h 4.7 388.2 | 3744 | +52.8 427.2 1 118.5
i I s 0y O R 25,653 | .587 | 15.1| 442.2| 427.2| 48| 4320| mnz8
19-20 | Tp.m.tola m..._...... 27,208 | .577 15.7 | 254.6| 2389 —60.5| 178.4| 487
Ml lam toTe m .. o.. 27, 2R LT 15. 6 151. 6 136.0 | <4 B.0 144.0 | 39.3
Motals oo oo Pigs s e | 611 1,287.6[1,176.5 | + 5.1 | 1,181.6 | 322.3
20 | Tam ol pileeocoa:on- 25,453 | 676 | 14.8 | 377.0 | 3622 | +44.7| 406.9 i 111.0
0 Lpem. 40 T, s 27, 8 . 088 15. 8 439, 5 | 485.7 | —18.1 | 410 6 | 112.0
20-21 | Tpmtolam. - . 27, 208 . D63 15. 3 247.9 232.6 | —36.3 | 196.3 | 53.5
2l | bam to T a . .eeeea....| 27,208 LAT78 15. 7 149.6 | 1339 | — 1.5 132 4 | 36. 1
T e e R Y07 277 |- e 61.6 | 1,214.0 | 1,152.4 | — 6.2 | 1,146.2 | 3126
2l |7am tolpm..........| 26,480 | .587 | 15.5| 380.2| 373.7|+46.1| 4198 1145
2l | lpmtof pom.......... 26, 430 . a8l 13. & 445. 5 430.2 | — 1.1 420. 1 117.0
=8 | oo tor LA me oo 27. 985 . it 15. 9 232.5 216. G | —44. (0 171. & 46. 8
220 e mo o T m. L 27, 985 T 16, 1 145. 6 132, 5 I=E 07 | 133.2 36,3
T N 108,830 |........| 62.8|1,215.8 |1,158.0 | + 0.7 [ 1,158.7 | 8148
s ——— | R e e
Erperiment No, 31, | |
2203 | Famtoram. . ..ou.a: 106, 497 |o-- ... 617 [ 1,210.2 | 1,148.5 | - 07| 1,147.8 313.1
20 | Fam.toTa.m. . _____..| 108,051 |........ | 61.8 | 1,223.6 | 1,161.8 | .O | 1,180.8 316, 6
225 | TamtoTR.m.. ... .| 108,830 |__......0 B23|1,2%45|1,1822| 4+ 2.0 | 1,165.1 317.8
| 1 |

TasLe LXXXTIL — Record of water in ventifating oir cnrrent— Metabolism cxperiments Nog. 29-31,

|
Water in incomi = . [ | ] i
| L) aler “4::.i]1'!.“ CRI T Water in outgoing alr. ”':I | L] LE)
—— : " Taotal
| Corned-
Date, Foriod. ll.::rl':“E::':;u- )y {e) el (e} (S} L:{'%m-.}-ﬁﬁ:r | :!nltlr!'q;; “r-l.“-sl'pei'z;[
berof liters A T I8 t ot i i viom and
“-f:l’_ ll.:i'rf‘h' Per Total, 1_-11I1II|:II:::::,~11 T|4'I|:1‘:,':l11|1|- Tidtal, golng :}Ir | o “ ;) p"‘t?nl:{m"
liter. i b, in demsed in| o + e A l;,hnmlu.r .
freczers, | freczors, | | i
1900, B {':‘rj.l.-'rnm'ul' No. 29. Liters, Ay, Frams, Frants, (Frnis. e e, fFraus, (P ramna.
Mar, 16-17 | Va. m. to Ta. m.-| 110,338 |....... 89.8 | 1,020.5 176. 7 I...*'IJ'.. 2 1,112. 4 (45551 | 1,0667.5
17=13  7a.m. to Vo m_. 110,885 1....... 9.1 092.5 | 170.4 | 1,171.9 | 1,080. 8 |-+358. 6 | 1, 439. 4
18-19 | Ta. m. to ¥ a. m.. 108 831 |__..... 928  1.083.9 175, 6 I.:EI'EJ,Fn 1,116. 7 -(4+-619.8 | 1. 736.5
Erperiment No_ 30,
19 | Ta.m. tol p.m.., 250653 | 0.970 24.9 239.5 +.58 283, 8 258, 9 m. 3 5o, 2
19 (1p.m.to7 p.m.. 250683 | .96 24.9 257.1 40, 1 207,32 2-2‘. 3 |4-383.2 B 5
19=-20 | ¥ p.m.to 1 a. m... 27,308 .50 25,6 256. 5 45. 5 302.0 .!.'lh’- 4 i -HI 2 2272
2 | lam.to7a m..| 27 208 LBVD 23.8 a63. 7 S8 T | 28204 268, G | ali. 2121
Total ...... LG T | e 9a 2 | 1,004, 8 168.6 | 1,175.4 | 1,076. 2 [+-973. 8§ | 1,650.0
20| 7s.mntolpm..) 25,653 .917| 25.1|-20.6| s1.8| 20004| 273|301 aoeid
N Tpomoto T pom.f 27,908 | 292 24.3 200.5 42, 6 dl 1 288,08 4354 5 G235, 5
2081 | Tp.om.tola m..! 27,208 R4 et | 256. 1 4a. 2 301, 3 2.2 |— M. T bl
21 | Ta.mato T a mod 27,208 . 751 21.2 261. 8 3.7 M), 5 275.3 6, 2 2121
Total - - VELOTRRET, |t s 92,7 1 1,030.0 | 167.3 | 1,206.3 | 1,113.6 |--552.7 | 1,666.3
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Tabre LXXXIIL—Record of water in ventilating air current—Metabolism experiments Nos. 29-32—Continned.

() | Water “;1':1“:'““"1" | Water in ontzoing air. L) L0 T ()
' |
-— [ 3 Total
| | v | COTTEC- :
Date. Period. t.""‘:‘“ﬁ“"' | (b} @ | @ | (@) (f) ‘_,E_.,‘::":E.:hirj tion for ‘:&tﬁ{rf
fom. Num- | inoute | WAtEDTe-| Gunt s
| (ber of liters| Amount | Amount ing air, | OAININE | Lo
of air. et Taotal, |condensed | not con- | Total, E"":' in Hoa
liter, axh. | in |densed in d+e. | J=c. -c!mml.-r:r. iy
| fneezers. | freezers. | | | grh-
| 7 == |___ e _I o e [ R
Experiment No, 20—
Continued. | |
19010, Lilers. M. (Frama. (Frama, Grams. | Grama. fFremes, (Frims, (rrams.
Mar. 2] | 7am . tolp m.. 26,430 | .B82Z8 21.9 250. 4 39.8 200. 2 :?ﬁgu.ﬂ -5-343.!3 El’?. 2
21 | lp.m.to7 p.m._| 26,430 | .816 21. 6 268. 1 38. 8 J06. 9 285.3 | +368.5 633, 8
29122 | Tp.m.tola m__| 27,985 . 182 2120 2535, 3 43. 3 296. 6 274.7 |— TL.B 202.9
22 | la.m. toTa m..| 27985 .767 21. 5 249.9 | 37.4 287.3 265. 8 I= 81.9 188. 9
Il 108,830 |....... | 86.9 | 1,021.7 | 159.3 | 1,181.0 | 1,094.1 |+563.7 | 1,657.8
| Erperiment No. 81, [ { I
22 23 | Ta m. to7 8. m__| 106,497 Us 87.2 a4 4 156.4 | 1,150.8 | 1,063.6 |+573.8 | 1,637.4
93 94 | 7a m. to7a m.. 108,051 |.ooeo.. 90.3 | 999.0 | 160.3 | 1,159.3 | 1,069.0 |+521.1 | 1,590.1
2495 | Ta. m, to 74 m.. 108 530 i....... 88.7 | 1,015.0 | 162.6 | 1,177.6 | 1,088. 9 |-L—a613, 0| 1,654.9

Table LXXXIV summarizes the calorimetriec measurements in experiments Nos. 29 and 31,
and gives the details of these measurements in 6-hour periods during experiment No. 30.

Tasre LXXXIV.—Summary of calovimetric measurements—Metabolism experiments Nos, 29-81.

Date.

Period.

1
|
1900, |
Mar. 16-17
17-18

1519

21
5]
21-22

I'!I

‘U.l .l"'
9524

24-75

Erperiment Ne. &,

Ta.m.to7 am
Ta.m.to7 am
Ta.mto7 am

Experiment No., 20,

| 7am.tol p.m
{1 p.m. to 7 p.om
Tpméola m. ...

la.m.to7 a.m

i ek =

— =

et Bt Bt |

a.m.tol p.om
p.m. to 7 pom
p.oon. to 1 a.m
a.m. to 7 a.

m

Totels: oo

amtol p.m....
pom.to T opom
p-m.tol a.m...
am.to7 am

Taotal

--------

--------

f‘:_r]w_'rllun_'uf No. 81,

a.m. to 7 4. m
A. M. to 7oA. m
g.m. to 7 a4, m

()

@ |

| (=@ () (e} (g (7
Water g
) | YApOrize
H .| o { | capacity | Correction 1s total | Heat used
ured in. | temperatare| correction | 90¢ 10 tem | S5 L iy Vaporiza. | Total heat
terms of of calori- | of calori- ‘“E}mdungﬂ [exhaled less tioniod water, = 2Ty e
Cange | meter. | meter, b G0 dishes |amount con-|  ex 0592 !
: densed in
| chamber.
I
Calaries, Dégrees. Calories, Cielorics. I3 Fame, Calorics, Calaries.
2,007.4 —-—l] 13 4 T.80 -0, 43 1,112, 8 Ga58. 7 3, 669. 3
2, 783. + 540 +3.52 1 1,078.4 638, 4 3,430.3
| 2,088.0 | < ‘*{! | +12. 00 +6.00 | 1,120.1 663.0 | 3,669.5
[ ! !
| 1, 060, 4 + .03 | + 1.80 4940 | 264 2 136. 4 1,2258.0
| 1,114 7 + .01 -+ LBL =2 0 276.1 | 163, 4 1,276.5
449. 5 4+ .00| 4+ 80| =15 2718 |  160.9 ¢ 612. 3
241. 6 4 .02 5 () 1| EREIEEpRs 264. 5 | 156. 8 599, 6
| 2,866.0| + .07| +4.20| +8.70| 1,076.9 637.5 | 3,516.4
1,029, 1 .02, + 1.20 +6.35 | 274.4 162. 4 1,199.0
1os9.0| +.01| + ‘0| +.81| 2see| 12| 1288
410, 0 + .01 | + .60 i 279.4 | 165, 4 aye. 7
245, 7 R (N T, FEL ) Tl e R 274.1| 162.3 409, 2
2 773.8 06 s.60| -+7.86| 1,112.1| 658.3| SlddEIG
1,067.1 | .01 60| +7.81| 2i4.2| 1633 1,268
1 09449 .01 | + .60 —8.17 | 2584, 4 | 168, 4 1,2556.8
4068, 5 + .41 -+ .00 244 | 268, & 158. b A6, 3
236. 6 + .0 i A e et | 283.9 156. 2 393, 4
2802.4| 4 .02 - 1.20 =208 | 1,082.0 G464 3,452.1
|
Al el e e [ 207 | 1,063.8 G248, G 3,420.3
!,TH’I, 9 + .4 2,40 -3.33 | 1,069.0 6328 3,28
2 7622 4 .01 .60 +8.30 | 1,081.6 fidii. 1 3,417.2
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The alcohol, or reducing material equivalent to aleohol, was determined in the urine and freezer
water of each day of experiment No. 30, and on the 3 days of the preceding and following
experiments, Nos. 20 and 31, respectively. The amount of reducing material in the air current
on each day of the ¥ days of this series of experiments was also determined. Table LXXXYV
summarizes these determinations. The determinations of the reducinge material in the urine on
the first day of experiment No. 20 was lost, so that we can only estimate the total reducing
material on that day. It was, however. probably not far different from the second and third
days of this experiment. The average elimination of reducing material per day from all sources
in experiments Nos. 29 and 31 amounted to the equivalent of (.32 gram of alcohol. In the
third from the last column of Table LXXXY is given the total outgo of aleohol in experiment
No. 80, which amounts to 0.76 gram per day. This value is obtained by subtracting from the
1.09.grams of total aleohol and reducing material equivalent to alcohol the 0.33 gram of reducing
material determined during the experiments in which aleohol did not form a part of the diet.
The total alcohol metabolized in the body was 95.9 per cent of that ingested.

Tasre LXXXV.—Adleadiod i!t:}:'ﬂfef anid evereted—Wetabolizm cxperiment Nos, 28-31,

Aleohol exereted, including other reducing material I
caleulated as aleohol.
: SECT | Aleohol .
Dain. Aleohol excreted, [ Alcobol membolized
ingested. T mirlse | -1 dxd In fm'a.vrl 2 unoxi- in by,
| (il | (distgl- | water (Inaivemr) gy | diseds
i late). . late), Yate), |
< 1900, | [ |
; I
Erperiment No, 25, .
| Frames. (rrama. (Frams, frrams, | Grams, Frams fFrams, GGrams. | Fer cemd,

L e b e R G e S e B e Trace. I e R T e O Sl
17=18...... o i e ke g S | e 0. 02 0. 01 (. 011 .83 1 1 R e B A f e
e PRSI S R e e 02 Trace. .35 . 7 SRS, s Sl ) [l

Erperiment No. 30,

e e R L {750 .05 002 95| L08| 07| 7.3| 99.0
B s me 2.0 | . (6 ol .0 1. 00 1.11 .18 712 68.9
s S LT T e e | 2.0 (&5 L1 [ 1. () 1. 11 T T2 | G95.9

R e | 218.0 | 17 12 4 .95 3.28 efn i s b ] e

Average per day .....-..... | ¥2.0 | 06 LM 01 98 1.09 .76 7.2 05.9
Erperiment No. 31,

.02 i ﬂl . 30 B et Boioe

.01 .01 § Trac .25 | I SRR S del e B e T

02 Eierll B R ol e s

nals total reducing material exereted less 0.33 gram of reducing material not aleohol, the av umge for the days
on wl:n no aleohol was consumed.
b Not determined.
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Bualance of ineome and outgo of matter and energy.—The income and outgo of nitrogen,
carbon, hydrogen, and energy in the different experiments of this series ave shown in Tables
LXXXVI to LXXXTX.

TapLe LXXN VL. —Tncone and oulgo of nitrogen and eavton—Medabolism experiments Nos. 25-31.

—— = —

Nitrogen, Carbon.
— : Sk :
L (4 () () (£} L} | ik 1) k)
Date and period.
Gain (+) In respira- (In alcohol| S0 {+)
In food. |Infeces. | Inorineorloss(— )| In food. | In feees, In urine. | tory prod- | eliming- 05, )
a—{b+c). | uets. e, +h+£]£.'
— - |
|
1900,
Exrperiment No. 23, I ._
Grams, | Grams, | Grams | Grame. Framg. | Grams | Froms Grams. | Groms, | Groms.

Mar. 16=17, 7a. m. to7a. m. 160 0.9 15. 4 0.3 |© 3338 .3 10, 8 s F R |
17-18, Ta.m.toTa.m. 161 sl 1.0/ asacy| CEidl] Eioa|DNigogis|ias | —inid4
15-19, 7 a. m.to T a. m. 16. 0 ) 162 | —1.1 S 6 8.3 11.¢ e f P B —2B.7

Mobalie: o] D agia[ T 28| dre| —2idT| 1000090 25507 e s [ TonD T | —62.3
Average 1 day......| 16.0| .8 160| — 8| 86| 83| 12| sseef..i | —20.8
Experiment No. 30, | I | :

Mar. 19-20, 7a. m. to7 4. m. 15.9 if ! 16.8 | —1.6 | 315.5 6. 4 11.5 3223 .4 | —2o.4
20-21,7a. m. to ¢ a. m. 15. 8 6| 18 0 2.8 | 15. 5 6.5 12, & 3126 .4 ! —16. 6
21-22,Ta. m. to ¢ a. m. 15.9 ¥ | 17.1 —1.9 | 15. 5 6.4 11. % 314.6 .4 —17.8

e e e e 47. 6 0 | al. 9| —6.3 6.5 | 193 6.3 449, 5 | 1.2 i —a8. 8
Average 1 day...... 50| .7 s —z1| 85| 64| 121 3sle5)| 4| —19.9
Experiment No. 21. i

Mar. 22-23, Ta.m.to7a.m.| 161 .5 18.3 | —1.0 321. 5 Bl L LR e | —1L0
28-24 Ta.m.toiam.| 160 .8 15.4 [ — .2 321.6 8.1 108 JI6E | asitaE | —13.9
24-95 Ta.m.toTa.m. 16.1 8| asie| .1 sens| A1 1piel Siisic it —15.0

IRl e e as.2| 24| 49| —11| e6re| 243 827 | o475 ool =g0g
Average 1day.____. | 16.1 8 15.8| — .83 2216 E1 10.9 | 3158 | —13.3
| | | i
= Nitrogen in perspiration, 0.2 gram per day, is included in this eolumn.
TapLe LX XX VII.—Tcome and outgo of waler and hydrogen— Melabolizm experiments Nos. 28=31.
' Water. Hydrogen,
{a) (b (e} {af} () L () ] i (1) 13 (F) [ty | {nt)
Drate and period. | Inrespi- | Appar- I als .'kppr;r- 'Tinlal
In In In i LA s In In cohol | B0 from |E8i0i+)
In fodd. | qrink, | feees. | urine, | |;T ::'j L.:'+F:F_J food. | feces. | nrine. 11_.;1[:&1& as—n[]ﬂh h;l;t. | {ci:f'ﬁ_
gy 4| sk || i,
1900, | .
f‘.‘.r’jl.l’.:'fuh nd Na, 29, I
! |
Mar. 16=17, 7 a. m. | Grame. | Grome | Grame| Groms, | Grams, | Grams, | Grams.| Grams,| Groms, Grams)| Groms,| Grond,| Grams
to7a.m.| 915.51,250.00 41.2 641.01,667.5 1842 50.5 12 29......0 464 20.5 -+25.9
17-18, 7 a. m. | |
iy 7 8. 1, 915,50, 250.0 41,3 72051, 439, 4 30,51 o0 "‘ll L3 0 e |46, 3 38 +42.4
18-19, 7 a, m. ' ]
to Ta.m.| 91551,250.0 41.2) 834.8]1,736.5 446.5 505 1.2 S0...... 46,3 49.6 — 3.8
Al 8 e St 2, 746. 53, 750. 0| 123, 7|2, 195. 64, 843. 4| 666, 2] 151. 5 e e e b [ 1590/ 7400 -+65.0
Average 1 day.. 1a.0(1, 250,00 41,2 7311, 614, 5] 225.1] oo i

=
L=
=
=

...... 46. 3 246 4-21.7
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Tasre LXXXIX. — facome e et e HI.I"-'H-'.l'y.u—.'I-J'J'J'rn"ml'i'.wn eperiments Nos, 25-51.

fia] () (&) {1} (ef} (3] | (3] (e} Heat determined

[ greater (4 ) or less
Egtimated| |Estimated | (=) than estinted.
Heat of Heat of | Heat of {!H!:Il'l;.litlllf . m;:;:;fllr him::r“{l;iﬂ tl“t-f“: Lir' b ~
- I (8 ik L} i JNRE- | (R0 L LEE muaterin o | 3
Drate: auned period. x-u11|lL‘r:1:-'1lnrl1 combus- | combns- | tonof tionof | combus- | oxidized IH'.‘:}; |
of food | tionof tionof | aleohol | protein tion of in the mimed ) ()
caten. | feees urine. elimi- pained fat gained| body, 7
| mated. | {+)or () o | 0=(l 0 | f=m R
| | lost'(—). | lost{—}. m-i-r.i-l--c:l,:
LS00, | !
| |
Experiment No. 28, ' I ' '
Colories. | Calories. | Colories, | Colories. | Culorics, | Cofories. | Colorice, | Caloriee, | Colories. | Calories,
Mar. 16-17, Ta.m.to7a. m. 3, 487 o3 TR ISR | | S | B | 3,662 | 3 + 107 | + 3.0
17=18, Ta. m.to7a.m., 3,487 03 g R — 3| — 76| 3,371 | 3430 | 4+ &%) -+ L.
18=19, Ta. m. to 7 a. m. 3, 487 93 LT (VT -39 - 314 3,613 | 3,668 | + 06| + 1.5
d B D S Sttt 111, 46l 279 | CLi ke R S iz &5 | — 681 | 10,546 | 10, 768 : -] IR
Average 1 day .___. 3, 487 93 i s T P e — 28| — 227 | 5,615 | 5,089 | 4 Ti [ 21
ﬂ:r‘pr_‘rl'.urru.f No. S0 | | |
Mar.19-20,7a. m.to7a.m., 3,458 i | 136 | 5 | 57 | — =62 | 2,605 | 3,516 | = uan =S
H-21, Ta. m. to7a. m. 3, 408 70 | 142 h o — 92 3,432 348+ 11| 4+ .3
21-22, Ta. m. to7a.m. 3, 458 il | 142 | G 67 - 144 3,450 | 3,452 | - 214+ .1
Motal et e 10, 374 212 420 | 16 P 488 | 10, 437 | 10, 411 | S o e
Average lday _.... 3. 458 il 140 5 74 163 | 3,470 | 3,470 | — 9] — .3
f'.:J'_!.lEr"F-rnr'rr-f No. 81. 1 | | I I
Mar. 22-23, 7Ta.m.to7a.m.| 3,485 | 91 Tkl e simai 35| — 96| 3;408 | 3,429 | 1 =g (T
23-24. Ta.m. to7a. m. 3, 495 a0 1o | e e e T — 165 | 3,448 ) 3,418 | — 3| — 1.0
24-25, Ta.m. to7a. m. 3, 495 a1 1 b | e 3 192 | 3,465 | 3,417 | — 48| — 1.4
Tabal:oousosac s 10, 455 272 k] : ________ — - o 454 l 10, 316 | 10, 259 - a7 T
Average 1 day..... 3, 485 a1 1290 cecatns - 13 - 161 | 3,439 | 3,420 19 | — .8

EXPERIMEXNTS 08, 32-34—woRK. ¥0. 33 WITH ALCOHOL DIET.

Nubject.—J. F. S., the same as in experiments of the two previous series, Nos. 26-31. His
weight with underclothing was about 66.5 kilograms (1454 pounds).

Clecupation during ceperiment.—Work, 83 hours a day. upon a stationary bicyele, as in the
previous series of experiments,

Lhuration.—This experiment was the second of a series of 8, each of which continued 3 days.
A preliminary period of 4 days preceded the first. The series was intended to be as nearly as
possible a repetition of the previous series, Nos. 20-31, with the exception that the order in which
the supplemental materials were added to the basal ration was butter, alcohol. sugar, while in
the previous series the order was sugar, butter, aleohol. The preliminary period began with
breakfast April 16, 1900, and the subject entered the respiration chamber on the evening of April
19, The first experiment of the series, No. 32, began at 7 a. m. April 20; the second. No. 83, at
T a. m. April 23, and the third, No. 34, at 7 a. m. April 26. The subject thus spent 9 days and
10 nights within the respiration chamber.

Driet.—As has already been indieated, this series was a duplicate in reverse order of the
previous series.  There was a basal ration differing slightly in the different experiments on
account of differences in the composition of the milk. This ration furnished approximately 100
grams of protein and 2,950 calovies of energy, or practically the same as in the previous series.
To thi= basal ration were added: In No. 32, 63.5 grams of butter per day, furnishing 1 gram of
protein and 508 calories of energy: in No. 33, T9.5 grams of 90.6 per cent aleohol, furnishing 72
grams of absolute aleohol and 509 calories of energy per day, and in No. 34, 1283 grams of cane
sugar, furnishing 507 ealories of energy.  The total ration therefore in this series of experiments
furnished 100 grams of protein and 3,490 calories of energy per day. The alcohol was taken in
6 doses, as usual, and the sugar was also taken at frequent intervals, but the butter was consumed
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in about equal portions at breakfast, dinner, and supper. The total amount of water in the drink
on each day of the series of experiments amounted to 1,250 grams. The kinds and quantities of
food served at each meal and the quantities of drink at different periods of the day were as
follows:

Ligt inewnetalbolizm cxperiments Nog, 32-34.

FOOD—BASAL RATION.,

BEreak fust, Dinner. Eupper, | Total,

{irams, Franes. Frama. (Frims,
s s g meen D s e e DR P e e D e S A a8
7 L o P A S S R Uy N M o) = LA a.0 17 9.0 | a5
e e R e s e e T .0 150 5.0 200
D e e o e P e 25.0 25 25.0 b

T er ek veapel o e G T e e e e Al T e 87.5 i
T e o e R o e e e B e P T e ety et A e 2 i o PRt 17. 5 35
SRR e S T e e e i R e e B e R T 0,0 340 340. 0 1,020

|

*Eaten on parched cereal in experiments Nos. 32 and 34; mostly added to water and aleohol in experiment No. 33,

FOOD—SUPPLEMEXNTAL RATION.

Erperiment No. 32, April 20-22.—8ixty-two grams butter added to basal ration. This amount also supplemented
the ration during the preliminary period.
Erperiment No, 83, April 23-25.—Beventy-two grams absolute alcohol daily.  This was supplied in 79.5 grams of
90,57 per cent alcohol, which was made up to 900 grams with the addition of 25 grams sugar and the rest water.
Erperiment No. 84, April 26-28.—The basal ration was increased by the addition of 128 grams of cane sugar.

DREINEK.
: I
E"g‘*;gﬂ.‘}_““w Experiment No. 33, | EXperiment
Time. o |- T e | AT
| Aleshol and
Water. sweetened Water. Water,
Wwhler, s
. (Frams. I 0. i (Fraans, (Frims,
T e e e M Tt B e e = A e el o e 150 175 5 150
T T 0 o S e et b s e i s S gl ol i e A P e S il 0 2000 100 75 200
B T e T L o T e S 2000 175 V) 20
B e L L e S e e 200 | 10 7h 200
e o e 150 175 70 150
e 200 100 i 200
e i e e e e 150 i i e 150
Ll T e T e e e L el P | 1, 250 900 | 447 1, 250
]

"Contained 803 grams water, 25 grames sugar, and 72 grams aleohal.

Diaily voutine.—The general plan of the series of experiments was identical with that of the
previous series, and is shown in the following schedule:

Lheeily programse.— Mefabolism ecperinents Nos, 32-34.

6.0 4. m .......| Take pulse and temperature. 4p.m.___.___. Btop work, drink 200 grams water.
[ e A SR Pass urine, weigh self dressed, collect || 416 p.m ...... Begin work.

drip, and weigh absorbers, 6.15 p.m ...... Stop work, change underclothing.
i N E o e Breakfast, drink 150 grams water. 6.20 p. m ......| SBupper, drink 150 grams water.
Slbomy SoT Begin work. 6.30p.m ... Take pulse and temperature.
10,15 a. m ...... Stop work, drink 200 grams water. B 1 TR S S Pazs urine, weigh =eli dressed, collect
10,80 a. m ...... Begin work. | drip, and weigh absorbers.
1230 p. m ......! Stop work., P e Drink 200 grams water.
1250 p.m ...... Take pulze and temperature. | 10p.m.._._._. Take pnlse and temperatore.
2 1 1 e e Pass urine, collect drip, and weigh ab- | 1010 p.m .. ___ Arrange bed,

sorhers, 1020 pem ... Dirink 150 grams water.
1.25 p.m ....... Dinner, drink 200 grams water, 1030 pim . ... Retire,

L e Begin work. lam.........| Passurine
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The more important statistics in the diary kept by the subject are summarized in Table XC.
Frequent determinations of both pulse rate and body temperature were taken.

TasLe XC.—Summary of diary—Melabolism ecperiments Nos. $2=34.

Weight Pulse rate Temper- . Weight Pulserate Teisa
Date and time, (']:I.ii:-. mi%iﬁc. ATaTe. Date and time, el:::]:ﬂ.ﬁ P SETe
1900, 1900,
Erperiment No. 32, Eeperiment No. S5—C"t'd.
Kilpgrams, e Kilogrrams. 2F.

- gk | BT o v PR (SRS i e [ T R A e e e Y
[ | P s [+ 1 SR 7. 8 S s s e e 1)} B R
T S S el e S e Bl i U T TR ) e 102:0 e T R T
e Bl foasisis m T el st
A e e o BT e T F s ey (S EE T (L B
IBmE el e o e R e S T 65, 74 76 ar. 7
R ) 1 e St p e e iy eE S aaE BPETI e 2 SRl R 74 97.5
Ll v et el e e 97,7 D 75 | 97. 2
A T e PR e o 1030 m s S e e R 72| 7.0
e et e L Apy, 2L B0 m oo i diiiiloiiis [ B o
Spnancio S cro | Fleeaadtiaae: Tome I e AT S ' 97.8
T | P g S Vi 5o B s I T e e e 1090 e omasas
T e S fo 2 1 el B0aiancy oo i TR 108 e sisizans
P ETIEEEE s B, 95 72 7.8 LI G0 R e B e e
Bpeane:ccooa . s (B i T e T e o

----------------------

Iy R TR S e
Apr. 21,6.55a. m

(R || e e

[ e e i) TP

1B T e ] e

_____________________

mrsmmmazaas]

L
R e e e
9

B e R R
ey, oot 8 ol e ey

L i REEn ) T P B e

Apr.22 Boaam ... - | _____ . |

----------

I s B e e e
A e s R R
b
4 p.
ap.
G .
Tp.
L e
SNt
1010 p.m. . ...

f_':.r"f.lr'i'.l-.lm'uf .‘l'r-. .t |

Apr 23,6008 M e ncen o
(5 B | e R
Ha.m

-------------------

__________

__________

..........

i oo cie s Sl
20 pom......
i 8y i v e
e 1 o P e e
P

---------------------

R v e S o 63. 69 T

Hipin. o= R 7L
LT | e o
9.04 p.m. Gl R S i
WA pom: - oo i |
§LE T L e B e P S

APr 2, By MM ceece ol

it [ e 50 ) IR e
Daian, oo C S el 109
[ 1F | SR 102
11 Ty Rl |10 101
120 2 smon s ca e 100
1y e e D e T

| T v o SRR 102
I S o 112
dpianE s 107
S | TR BT B 104
[ e e T R 105
a1 1 e e s 65, 47 i

R e e R S 7

Y e e

Eepe 34

AP 26, B0 A M e e it
TR | e e i L O
Sa.m e e 1065

10a.m_ ..
lla.m....
| [ | AR R e e

102

b
a7
66

PSR T S S e
Jp.m. i . Lt
5 LF AR e el a7
T (R S - 48
B pEan e e a7
T e T 5. 44 iv
o) R S o e T
U VRN DR L e T8
VENR R i L e i B e it
| Apes 2T Bchoiaam- _me o A ee e e i

----------

b - =l =]
==l =] =]
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Tasre XC.—Summary of dicry—Meatabolism experinents Nos, 32-34—Continued,

Weight rI"l:lm.'rlll:d:i Tonn
+ v TN
Dte nnd time, vI:tih!;!u. |. = ;:]Eh-. NI
BRI |
Eirperiment No, 34—t
Kilograms, apF,
B L T o]t | e uy. 6
B e e e e i A e
Wi ra s s AR i
A | e R, e lﬂ[f}!._.__
LS S i e e L PR
oG e R R B vl | 08, 3
SE Ty B e e A e
BT e e e T 11 R S
I e (L i R
[ ) = e e o 1 [ S -
DA s s s e
M ey i, 54 ] 977
T e lnnmme o i3 097.5 ||
i o S e 71 | 97.5
Ty e el m m = i = G5 97. 3
A 28 B A L K| (e e
G008 | ... 97.9

?a.m.“......._|

Aweornt qf work done.—The total number
heat equivalent of the work done each day are shown in Table XCI.
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Fonf ¥ "
Diate and timse, “frliﬂ:‘ I u"::}:mo' Temper-
| elothes, minute, | ature.
IRLLT
|| Ereperiment No. 34—C"t"d,
Il Kilograms, | N
f| Apr S8 lE e s e I
| LT e O i B ... .
[ b e iy B 1| I e
[ B R o S P e LM CE s e le e
T S B PR e R it 7.8
[ b s Sio o g (1 Bl e
i el i e e (e R L] s
I e e e 102 e een
a1 i e e PR e 8o |. S
L T R e P L e
i T IR ia, 47 i3 87.0
| ol T e e e i 97.5
L R A S 67 07. 4
| L I0pim. oo o (5:1] 097.3
(et Bl v T T e ] P il e e o
| (8T 1 RS (R O S 97.7

of miles registered by the cyclometer

Tasre XCL—Record of work done—Metabolism coperiments Nos, $2-84,

and the

o Numiser Actuil
X = Cvelomets

Dhites el Uimnee, ::'.mlu_.-:'g-‘:r | ru?lw:. ﬂi‘mﬁi‘iﬂ Rate, 1.*.11I1"il\?:'|l..ent,

|

1901. :

|

Erperiment No, 82, ' £ ‘
H | Minutes, . | Winhts, Calarics,

T e T ) T T S e e S S R 4 IR 1 R | et e AR | LR Lo
e e e e 1, 5272 16. 8 120 18. 8 32
R R T L e e N e e e 1, 5465 19.3 120 21.0 a6
ST e S e s e B 1,562, 8 16. 3 120 16. 7 2
e S TR S S e Mt SR R e 1,579, 1 16.3 120 17.4 a0
e P ey = 2| e e 68,7 | =) i s 127
Apr B ey g 1,599.2 | 20.1 120 21.0 36
N P e e o i e et 1, 626.0 26. 8 120 5.8 14
I e e e L S R e 1, 654.0 28.0 120 a0, 5 a2
L e S e e e Oy 1,681 7 2.7 1) 0.6 al
I e R S e ey e e e e 1026 480 |... A4 1583
.{pr. e L I Lo e LT S 1,71l. 6 29.9 b | | 36. 2 G2
L R S R AT TR R o 1, T4 6 33.0 | 120 47. 4 81
e T RS e S A R SR T R (B T 29.9 | 120 | 38.1 65
f"r.15p.lll.................“....._‘_______..___.| 1, SiMi. 1 31.8 | IEI:II 40, 1 [
T e A I e R e R T TR e 277

Erperiment No, 53, i
A.pr. L BUELE R e e e e R e e R S e H s 1,835. 3 19.2 | 1240 G 35
Lt i e S AR e e e 1,854, 1 | 25.8 | 120 | 23.9 41
e e S o D R e R R S o e LS e 1,880, 8 | 26. 7 120 26, 6 46
B L i R s e "1, M8, 2 27, 4 120 275 | 47
Total 102.1 | 4510 169
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TanLe XOL—Record of work done—MWetabolism experiments Nos. 52-33—Continued,

e —— e ——

| Number Actual
; fvelomete : He
Date and time. | : ;-‘.H.'fi_.m;_t ) |I|.:iI|IL"~i. :'1'#5:_'11_‘&[} Eate. L'l:lu:iT;IllE."]'lt.
e | 5
1801, {
Frperiment No. Sa—Clontinued. | P Weitts i
7.1 e 0 {11 | 0 S WUV PR £1 - (5l o1y [ 1,985.9 7.7 120 | 5g.2 |
| B | T | 1 (e e R e O T e e e | 1, 5, 2 208 120 | 31.2 54
i R s SN S R e 28. 6 120 | 30. 5 52
B s s s e S e e 2,021.6 27.8 130 | 0.5 52
R e P S o 480°) 52 TERS 203
|
ST e TR (D0 [ 6 s R S S S s 14 2,049, 3 | 2% 7 120 | 20. 6 51
D e S e T e L e e R e 2,078, 2 29. 9 120 | 333 hT
] ) L g e 2, 108. 1 25. 8 120 31,6 it
S e A e R R e e e e S 2,138.0 29.8 120 337 h&
U e e R Y S CR e | 116.4 A8 | o 220
Experiment No. 34 I
£ [ o e L s 2, 166. 9 28.9 120 | 34.3 59
e T 1 e e P o P e e 2,196.7 | 208 12{!i 35. 4 B0
b e e R e i S S R e 2 236.1 29. 4 120 343 50
Bl e S R S S R R e e 2,254.1 250 120 33. 7 58
T AIOSRE DE Ry, ROn S 1 s i, el 16,4 | 4By S | 236
| | | |
T L e e e e 2, 2R3 8 | 2007 120 35.7 | G1
L T 1 T LN P 2,31B.7 | ad. o 120 6.8 | [i%
b T e ey 2,347.5 28, 8 120 851 | [i5]
T O e iyt e e A e S L I SO Y 2,379.0 | 1.5 120 8.7 | 66
T e R Sl o ol MRS SO SR DN o RSP 124.9 | a8 .. o loanie ! 255
| |
L L e v e e | 2, 408 6 S 6| 120 ar.4 fid
L e B e SR e e G e e 2 441, 5 31.9 | 120 35.1 | 5
T e e R P T s s e e ) 2,4?‘.’.ﬁ| 31.1 120 | 35,1 fi5
GBI te s S AR UNETE s e st ol e el :-1].2| 120 | 38.1 | 65
Tc-ta1| ]2-1.H| 480 ||, o eI ; 259
| I

Detailed statistics of ¥ncome and outgo.—The quantities of nutrients in the basal ration and
the quantities in the supplemental rations for the different experiments arve shown in Table XCII.
The outgo of matter and energy in the feces during the different experiments is shown in
Table XCIII.

Tapre XCII.— Weight, compozifion, and heat r;_-r' combatation af foods— Malabolisie erperiments Nos, 32=84.

e RPN —— e .
Labuora- it | | . e | 5 Heat of
t}é’f} ! Food materinl. | I‘::':_'fl‘lilzl Water. | Protein. Fat, fs:mi':-" : Hitrﬂuun.! Carbon., Hg!l:\'.-:"'-" unﬁ?jl;:.-u-
ol e R SRS N e B G -
I Bogal vation, [ | | | |
¥, LEFETT Froms., | Frawme. | Groms. Frmes, Grams, | Giranes. e, Calaories,
R L e s S D it 37.4| 186 1 IR R S A R T LT 1. 54 120
So00: Buakter: i o s 35 2.9 | 4 T | R R .07 | 22,95 3.63 | 287
L S T R S0 113. 4 2.8 | T2h 1494 I 4. 14 =4, 51 12,90 | L |
3207 | GInger BNAPS «vouveeeennn. | 79 | 28 4.1 | 5.4 61,2 | . bl 3290 840 | 333
3193 | Parched cereal . ... oo ooo... Th Bl 9.4 | 1.1 604 | L.4d4 | 3204 4. 73 L3158
o T o e S e R i ] P Frematiin] L e S 14. 74 2.27 139
AT | 150.6 | BT.O | 46.3 | 306, 0 9,29 | 198.20 | 30,47 2, 053
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Table XCIV shows the quantity of urine eliminated on different days, and the guantity of
urine and nitrogen in the urine for each 6-hour period of experiment No. 33. The heat of
combustion of the urine was determined in the composite sample for each day and the carbon
and hydrogen in the composite for the total 9 days of the series.

TapLe XCIV. —dmounds, specific gravily, and nitrogen of wreine—Melabolism experiments Nos, 32-3.4.

Tiate, Poriod, Amout, :g:':'#:" Xitpogen,
———| = e e S |
1500, J'..':!'IN"J‘JIJIIN‘H! No. 38 | iFranes. FPer pend, Frdnis,
A e T E T L T e e s S S s S o s e s s 2 s s s o e 1,237.6 1.021 1.28 15. 80
R T L R L | 1, 4879 | 1.018 1.01 14,94
e T L T e s S e e 1, 1041 1. 024 1. 38 15, 20
Totalls as s i e e ] ey (e S, | i g 46. 04
Erperiment No. 35, I
I e A T L e e e e e e e e 256, T 1. 025 1. 59 4.08
B A i s S mm camn s e S m S m R S S S ne A 425, 4 1. 014 1.10 4. 6B
A L R R - Ao s mim - o B Smmm e o e Bo S e a s S e 239.6 | L. 025 177 4.24
la. m to7a m........ S . 167. 4 1. 026 T=E 3.33
Al el B e e e e e e | [ 1 I e S s 16. 33
Ry T T R e e 1, 0891 1.024 | 1. 50 16. 34
Apr. 24-25______ T Y X e e e 328, 1 1. 022 1. 28 4,20
| T paam: tof poim- ottt Ee— S 7.6 1. 0223 1. 40 4. 87
I Wipmetolia meoi-oioaio.. S S b 319.2 1. 021 1. 41 4. 82
L T (S S e e e S SeEE s 151. 0 1028 | 2117 5. 28
‘ 1T ey e | E b R e e e i 17.17
| A R e D Bl e s e s e e e e 1, 145. 9 | 1. 024 1. 51 17. 30
|
e R R i T v L v 11 e P e e e e P 262, 5 1.025 1. 66 4, 56
T ) e -| 337. 2 | 1. 024 1. 48 4.99
IEmprmited a s s io R R T e e S e ] T 1.91 4. 62
| T R T e e e o o oy e e e | 147. 8 1,080 | 2,85 3.33
| ] e e e e = e e e AR e e R 17. 30
| Total by composite .......ooooniioiiaaaaao..| 0806 | 1.0%6 | 1.75 17. 82
| Erperiment No, 34, i | i %
Anr, 2027 _.___ T T A L e e e | 851, 4 1. 030 2,00 17. 02
S7-28. .. ... Mo bou e e s e e H s S 909.0 1. 026 1.74 15. 86
R0 .- FEELT T AT B s S e e e e e e s e A R L 1.024 1. 46 16. 04
I e et s s s e s s " 48.92
TasrLe NOV.—Daily elimination of carbon, hydrogen, and water in wrine—Melabolism experiments Nog. $2-34.
Heat of combustion.
Tate. Amount, Carkson, Hydlrogen, Water,
| Per gpram.| Total.
= = 1= P — |
I | | |
1900: | ¥ ranis, Pereend, | Grams, | Percend, | Grams. ! Per eent, Grams. | Cofories. | Calories,
Ly | e S R e S e [y (SRR 1 [ H | S = 0 8] PR 1 r® ot IS P ) 129
e e i e et [ R P S L L A S 1, 433. 4 I 076 115
s Sit e e L 1 800 1..aueen 1,M8.7 | 105 116
1 E R R e e LR | FEREiE e A P | 358
L L B e R B P B (R |8 T P 3.22| ........ 1,029.6 | .115 125
A e e e i el I e T I (pedme o | 12,26 e 1,083.3 | .113 129
R R e S W T | AR Wi s N € T 926.6 | 184 133
| |
131 e S R o BN T BT IR T TR i SR
A B e TN S 8514 |, T o P [ BT T 780.4 | .164 131
L R S A S RO S ([ 1) PR | ey 1 ol s 851.2 137 125
DR e T y 17T TS 11. 45 A (IS T R T 123
| ! = i
115 e T L I [ N e s [BREIWEE lg=- 1) 579
Total 9'days. ... o.... 9. 910. O 1.05 | 104, 0f 99 2874 | 964 ... |- 112y 1,124
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Tables XCVI to XCVIII show the results of carbon dioxid and water in the ventilating air

current.

part of the diet, and summarized for the other 2 experiments of the series.
of the heat measurements are given in Table XCIX.

These statistics are given in detail for experiment No. 33, in which aleohol formed a

Similar statistics

Tapre XOVI.—Chmparizon of eesidual amonntz of carbon diocid and wrater in the chamber al the beginning and end of
vael period, and the corvesponding gain or loss— Wetabalizm eaxperiment No, 33,

Carhon diooacid, Water.
| o ; Taotal
- . ; : " Taotal S : Change in
D End of peio, o Sain Crlor, o (GainCejor, SRS | L | emoomt
",'i"'"""']“,i" i preceding | VAPSTTE | preseding .r',"hr”ﬂ"."m" | abeorbers. | or lost (=)
cuimber. | - period. 'f_'.':l'lrl':':lt‘,rm |} pared, [TELLE :!I“' [ during the
| : ol G-t | perind.
1500, fFratma, P, frrime, {Fraud. frrerme, fFrama, fFreraes,
Apr. T e e e LT [ PR A e e e e e e
) T S e S 8. 8 {-Bd. 8 5d. 3 6. & =147 1717 | 1-325. 2
M T pmio. . = 80.2 — a0 52.1 | =11 — .9 424.9 | +414.8
At 1) B e S S 29.5 —5. 7 45.5 | —3.6 — 74 3L 0 — 46, 6
it L P T T TS T S 28.5 — 1.0 48.1 | - .4 - 73 | 310 — 42. 4
Ty, et ety A Ot or s I Sl (R L 9| 658.6| +65.0
24 [1poma.. s 8.4 L5b. 8 | 5.5 | -+t 4 172 263, 4 +441. 8
e Ty L e R RN B8 — 3.6 | 52.3 —2.2 — 2§ 434. 5 A0, 1
25 | la.m . At 28.9 -51. 9 | 48.8 | —3. 8 76 18. 0 — 60.5
T By e s e R R 27.0 - 1.8 46. 4 2.4 | 76 19. 0 - 5. 4
! Total L B N b Al i -1.7 ! — g 785.7 | +726.0
%5 [1pm..... 85,7 58.7 | SLT | +5:3 L166 241.0 | 4415.3
e T S e [ ¥ R B30 | 1.7 - 4| 4710 465, 3
et 2 i B 1 i g IR 27. 6 HE. 1 | -I'EJ.H-| 32 B2 24,0 = Hl.2
b L T o e e e 26. 0 — 1.6 | 46. 0 | —:'1.3! - B2 | 4.0 — G1.8
iy b S RSl NS W) M — 4| — 2 7m.0| +757. 8
) E 1
TanLe XCVIL—Record of carbon dioeid in ventilating air covvent— Metabolisin exrperiments Nos, 32-34.
{ex] Carbon dioxid, (M)
In incoming air, () (&) iy ) "I‘-;j.u;i
Drate. Pariod. Vintilation, | T ¢ = welght
Number of (h (e} Total exoess | t!::;nf.ﬁr Corroctield "L‘J',":l"
lieers of air, In outgoing | in outgoing | amount | Amount |axjaled
P it Total air. :ur. rg.mnitn- he;};&l“ﬂl XA "
er liter. o d—e. | ingin s subject,
axih Il'.'llll-I:gI:I.hL'l'. : e+
1900 periment No, 32. ' |
o St i, 8 Liters, M. R Frans. Frme, | Frans. fFrame. | Grams,
Apr. 20-21 [Fam.to¥a.m........ 107 378 e e e aa fifi. 1 1,145.8 | 1,079.7 | 4 .6| 1,080.3 | 294.6
222 | TamtoTam........ 108,042 .. _.....) 66.2| 1,273.4( 1,207.2 | 4 2.8 | 1,210.0 | 320.9
2- 1 Tamtofam........ 106, 320 |........] B35.4 1,359.1 1,295.7 | — 3.4 | 1,292.3 | 352.4
Eeperiment No. 45, |
2-M I Vamtol pomce.eeaaas 25,052 | 0.583 | 15.1 383, 8 o687 | 508 [ 435 ) 115.8
1lp.m.to7 p.m........ &, 175 | .503 14. 9 462. 9 448.0 | — 26| 44b.4 | 121.5
7Tpmtolam._ .| 26430 | .609| 16.1 258. 9 242.8 | —50.7 | 192.1| 52.3
LRGP R T | e 26, 430 1 . GO 15.9 158.5 142.6 | — 1.0 141. 6 35.6
1| ¥ Sl e P 104, 987 |. -==| 82.0 1,264.1 | £,202.1 | -+ 1.5 | 1,203. 6 | 328.2
-2 | Tambolpm........ 25. 175 | .098 15. 1 406 & 291.5 | +55.9 447.4 | 1220
Lp.m.toFpm. ... .. 26,730 | .558 14. 9 7.0 482.7 | — 3.6 459. 1 125. 2
Tpmtolam........ 27, 208 | . h&l 15. 8 248. 7 2329 | —51.9 181.0 44, 4
la.m.toda m.__..._. 27, 208 . 642 17.5 154. 1 136.6 | — 1.9 134.7 6.7
Eotal- ... 106;3200. _.._..| 63.8| 1.28%.0| 1,228.7 | — 1.5 ],ﬂﬂi-ﬂl 433, 3

* Abzorbers not weighed between 7
between the two periods.

Vol. 8—No. 6——10

p. m. and 7 a.

m. The change in weight during this time iz divided equoally
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TapLe XCVIL.—Record of carbon dioxid in ventilating air current—Melabolism experiments Nos. 32=-84—Continned.

) Carbon dioxid, [ Ky
: In incoming air, (4 (£} {r (4] | T?.L?Ilt
Date., Period. Ventilation, | C i e
| Number of (L] {ch | Total excess “ﬂ]ﬁ; Corrected | of car-
| Titers of air. | Inoutgoing |in oulgning | amount ani lexhaled,
| | Total, LGN e remaii- hfigﬂ;:'gt 754y
Per Iitm'.i aseh. | =, t‘i::]r[’;.ll;;r, et |
|
| |
1600, Exrperiment No. 55—C'td. '
Lifera, Jfﬂ, | Grams, (rremE, | (Frama. T PmE. (T reme, Frome.
Apr. 25-26 | Tam.tolpm........] 2592 | 0.687 15.2 410.0 394.8 | =587 453.5 | 123.7
lpmtoTpm___--__2] 25173 B 14.5 | 478, 7 i e 464.2 | 126.6
Tp.mtol Wl | srinns . 380 16. 2 253. 9 246.7 | —58.1 188.6 | 5l1.4
lamtofam........| 27,965 | .601| 16.8| 153.2 136.4 | — 1.6 | 134.8 | 36.8
L {107,097 |........ B2, 7 | 1,304. 8 | 1,242.1 | — 1.0 | 1,241.1 | 338.5
Erperiment No. 84. . |
26-27 | TA.M.to T A.M .oooune. 108,654 |-2cenn-- 640 | 1,305.0 | 1,241.0 |+ .2 (1,242 | 3385
2798 | 7am.to7am_.......| 114,084 L2777 66.1 | 1,358.1 | 1,23;.&‘ — .1|2l%s6.6| 350.9
28-29 [ Fam.-to Ta.m . --.....] 114,372 (. ... 67.0 | 1,339.7 L2727 | — .7 |1,2720| 3469
] - - - ! . . - - -
TagLe XOVIIL.—Record of water in ventilating air currémt—Matabolisin experiments Nog, 32-34.
{a) Water i:l:jir?‘-"-‘l“i’”!{ Water in outgeing air. (@) (4) [
: [ Tatal ¢ Folsl
Date. Period. Ventilation. () (e} Lo ] e 1) () LEFS -.mtfzr' L;g:":‘,:{gf ‘r';;;f[:_'
Numher o | imout-
liters of air. Total, A?‘;.:I_nt I :1:?::“;;: Total, m}ntnir.l :ﬂeémﬂ;ﬂ’} L a'lll:_
Per liter. | a:xb. |densedin |densed in d+e a4+
freezers. | ireezers.
et : i —_— = .
1900. | Experiment No. 32, |
Lilera. M. fFranes. G ranis. fFrams, | Frams, Frame, (Frms, T,
Apr. 20-21 | Ta. mto7am..| 107,275 |...____. 100.9 | B94.0 | 1710 1,065.0 | 9641 |+ 232.8) 1,196.9
21-22 | Ta.m.to7am..| 105,542 | ______. 100.1 | 917.2 | 181.2 |1,098.4 | 998.3 + 612.1| 1,610.4
a2 o3 | Ta m.to7a.m..| 106,320 |._...__. 110-2 | 994.8 | 176.6 i 171.4 1,061.2 +-1,083.1! 2,004 3
| {
| Erperiment No. 33. [ :
23 | Ta.m.tolp.m.. 25952 1.040| 27.0| 235.3| 43.5| 278.8, 251.8 + 325.2| 57i.0
Bl 1lpmtofp.m..| 25175 L1537 28.6 | 238.6 43.1 ( 281.7 | 253.1 + 41+ 8) G674
23-24 | Tp.m.tola m.. 26430 1. 030 22 | 2352 437 275.9 | 248.7 '— 466 202.1
24| la.mto?a m..] 26 330 B0 246 ) 241.3 4003 281.6 | 25r. 00— 430 214 6
Total......| 103,987 |........| 107.4 | 948.4 [ 169.6 1,118.0 1,010.6 + 6510 1,6616
24 | Ta.m.tolp.m..| 25175 | 1.088 | 27.4| 236.1| 44.3 | 2804 230 + H1.8 6048
Ml lpmto7pm..| 26730 1.033 276 | 250.0 43.9 ( 293.9 | 266.3 4 4040 EFDE
24-25 | Tp.m.to 1l . m.. 27, 208 L2325 243.9 43. 1 2587.0 261.9 — 605 200.4
23 | lamtoTam.., 27,208 . B55 23.3 | 246.8 39.0 | 285.8 | 262.5 |— o84 206, 1
. Total ... - 106, 881 |- 2oe - 103.4 | 976.8 | 170.3 1,147.1 1,043.7 |+ 726.0) 1,760.7
[ { d
5 | Tamtol pom..| 25 053 951 24.7 | 188.9 44,0 | 2.9 | 2052 415.3| 6235
25 | 1p.om.to7 p. m.. o5, 175 972 4.5 253. 5 41.7 | 295.2 , 270.7 |+ 465.3 T36.0
25-26 | T pom. to 1l a.m..| 27,8985 ! 24 4 | 243.8 45,9 | 289.7 | 265.3 |— G61.Z2Y 304
2G| lamtofam..] 2785 753 21.9 | 253.1 of. 6 | 291.7 | 269.8 — 61.8| 208.0
- Total._ .| 07007 .o I 95.5 | 030.3| 170.2 |1,108.5 [1,014.0 |+ 757.6/| 1,771.6
i EJT’.H."J‘-IIH!J'.IJ-f No. 8. |
2827 | Tam toTam..| 108,854 |........ | 95.6 | 995.9 | 166.6 1,162.5 1,066.9 - TO0B.9 1,775.8
B7-28 | Tam. to7am..| 114,004 oo 100.5 [1,0%6.2| 173.8 11,200, 0 1,099.5 [+ 724.8 | 1,824.3
2524 i Tam to7am..| 14972 . ....... | 105.1 1,021.8 | 180.5 (1,202.3 (1,007.2 |4~ 710.4| 1,807.6
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TapLe XOIX. —=Summary of celorimetric ipu‘{tﬂ:rtr.r;m"rrf.ﬁ—,1&]‘!]31(1“#!" erperiments Nos. 82-34.
L 7

| (@ m | @ | w R ()

[ [
Wiler vap- |

| | s
Change of |(Capacity cor- Correction ""m'mmmh'ﬂmﬂ used in

g . ; = | g e Lo tem- 1 : Total h
i e Hrod i~ |temperature) rection of | QURILICSE ERaTo Jesy YAPOTELON qCCormineq
s of G TR | TR | e fugommt e it | Enevea
| | chambser, I
e Sl _—* i | ! e e
1500, Experiment No. 22. Ciborics, | Degrees. Cielarics. Cilirries. (rama. Calories. Calarfes.

Apr. 20-21 (FamtoTam........| Z2,666.3 40, 32 +19.2| — 6.0 968. 2 | 573.2 8,262.7
21-22 [ FTamtoTa.m..ccauaa| 2,9589.4 4- 07| -+ 4.2 — 6.8 1,004.6 MM, T 3,605
20-23 | 7a.m.to7am........ 3,275.2 |.ooiciaeaifiniaaiieas|  —12.4| 1,068.5 | 626.7 | 3,888.6

Experiment No. 88, __i |
23-M | Yamtolpm........ 1, 088. 8 4= 07 -+ 4, 3 — 3.3 | 258, 3 152.9 | 1,242. 4
|1pm.to7p m.eeeaaa| 1,207.8 4= 01| - ﬂ.h’-l —14. 4 | 252.0 149.2 1,343.0
i ey v o T ) i e o e SR | WS i L | 245. 1 145. 1 G602, 0
Fam.to Ta.m ..o .. 268. 3 e e ) R D (T i SR 256. 6 151.9 , 421.8
Total............| 3,02.2| +.09| +54| —165| 1,020 &80.1| 5,000.2
2425 | 7a.m.tolpm........| 1,158.8| — .04| — 24| — 51| 29.4| 153.5| 1,299.8
L pomto 7 P, ..eeea-s 1,186.9 — 2 e ) e k| 264.1 156. 3 1,829.7
Tp-m.tolam........ | C bl W LSS R e ke || I ) 258. 4 153. 0 a91. 5
la.m.to 7 o.M .ca...-. 248.4 ol + 0.6 RS 260, 1 154. 0 403, 0
Total.............| 8,020.2| —.06| —30| —19.0| 1,020| we16.8| 36240
25-26 | 7amtolpm._.......] 1,180.4| — .04 | — 2.4 — 25| 218.5 128.2 1,308. 7
lpmtoTpm... ... S e ) RS i [ cieas|  —10.4 | 260.0 159.2 1,575. 6
i e TR e SR R T ) PR et (R « + 23| 2621 155. 2 HEG. 7
lamitoTam._....__| 239.9 | 4 .M i) 3 RS 266, 0 157.5 J98. 0

|
Total..coc.ocee--| 3,076.3| — .03 — 1.8 | --10.6| 1,013.6| 600.1 3, G4 0
Erperiment No. 3. I |
26-27 | Tam.toTa.m...c.....|] 20487 | — .07 | =42 — 7.7 | 1,067.1 | 631. 7 3, 568. 5
27-28 | Tam.foTam........| 2 080.9 — 11| . — 661 —0.7| 1,088.3 650, 2 3,632.8
2829 | TamtoTam........ 20241 —=.01| — 0.6 —11.4 | 1,085.7 G48. 6 1 3,560. 7
- | ' !

* Including 4.5 calories during each day period generated by the electric current used to magnetize the fields of

the dynamo.

The alcohol, or reducing material equivalent to aleohol, given off from the body in different

WAVs was
correction

determined in the usual manner, and the result appear in Table C. The usual
is made for the total amount of reducing material in the urine, drip, freezer water,

and air current, as found in experiments Nos. 32 and 34, in which alcohol did not form a part of

the diet.

It will he ohserved that about one-third of the total reducing material in experiment

No. 33 must be considered as due to other compounds than the unoxidized aleohol. As in the
previous series of experiments, there was no indication of a lag in the elimination of unoxidized

alcohol.
TanLk C.—leohol ingested and eavcreled—Metalolisin experiments Nos. 32-34.
! Aleohol exercted, including other reducing
materinl enleulatsd as aleohol, |
| Nt SN (0N ____| Alechol |
Date. | Aleohal 1] excreted | Alcohol metnbolized
i ingested. | py yrine | In drip in; ::?:a;er o :l:iruﬁl; in hody.
[dlig- 1dis- {dis- CUTTEnt Total. e
tillate). | ullate). | siiavey. | © ' i
1900. | |
Erperiment No. 52, |
(Frama. (Frims, Franis. fFrams. | Groms. | Groms fFrams. fFrams.  Per cent.
J’Lpr.gﬂ-‘.’l _____________________ i 0. 02 0.01 | 0.41 L e
] b R e o SR S e .01 0.02 | Trace. .30 | i oL el PR et i
e L Ik PR CIPIEEY (R Y G .01 <20 | ,251. TR My W T T

* Equals total reducing material excreted less 0.32 gram of reducing material not aleohol, the average for the
davs on which no aleohol was consumed.
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TapLe C.—Aleofiol ingested and exereted—Wetabolism experiments Nos, 32-34—Continued.

i Aleohol exereted, ineluding other reducing

| materinl calenlated g aleshol, P

| coho
Date Alrohol e | excereted | Aleohol metabolized

- ingested. 5 In [[ppmr| Unoxi- in body.
In urine | Imdrip |~ 0000 Insin i s
dis- idis- | {dis- | corrent. | ‘Total |
tillmie). | tillate). tillate). |
1900, |
f_':.r_jn; riment No. 23 |
LT £ P, drrama. (Frins. (irams, | Grams, (Frirme, Grames, | Per ent,
1 o SR Pl e I B R K8 ) R VT R T 3 T 1 71.3 99, 0
e L R e T [ 1] .06 0.22 e R 1907 .7h 71.3 49.0
PSS s St e R 72.0 . 05 .02 L3 1.07 .70 1.2 98,9
Wotale ool i 216.0( .16 22| .os| 2| sie| Zao omElnEE
Averapge, Tiday. - - oo oo 2.0 81 T L B2 B T1.3 99,0
Experiment No, 34. | | ! :
|

R e 04 -01 ) .32 I T e | oo
s s o i .02 04 EaE . 26 300 oo e R
e S e e e . 01 .01 i 200 e e | R

. ]u_|lml‘- n,.n] e rlm sing material excreted less 0.32 gram of reducing material not nlmlml the average for the
davs on which no aleohol was consumed.,

Balance of income and outgo of matter and energy.—From the preceding statistics are
computed the income and outgo of nitrogen, carbon, hydrogen, and energy on the different
day= of each of this series of experiments, The results of these computations are shown in
Tables CI-CILV.

TarLe Cl.—Facome and outgo of wilvogen and carbon—Metabolism cxeperiments Nos, 32-34.

Nitrogen. Carbon.
P | [} [ '_. ’ 7 [ ] ! | h k W
Tt il yeeioa: (a) i) (e , .“ | : () .r) gy | W (61} .l. )
Tk in respi- {In wleohol S350
In food. | In feces. (In urine.= I- TJ n— | Infood. | Infeces. | Inurine | ratory elimi- e
(bebe). products.| nated, +g+h+}f
1600,
Erperiment No. 82,
Grams. | Grams. Grans. | Graos. Grame. GFrams. (e, Grante, | Groms. Girams.
Apr. 20-21 7a.m.to7a. m.| 16.1 152 16.3 | —1.4 320, 0 12.6 1.8 | 2846 |- 4+ 1.h
21-22 7a.m. toTa.m.| 16.2 | 1.2 15.3] — .3 320, 0 12. 6 R B o T e — 33.2
22-23,Ta.m.to7a.m.| 16.1 1.2| 15.6| —.7| 320.0| 12.6| 10.9| 8524 ... .0i. — 55.9
Iy S 48, 4 3.6 47.2 | —2.4 960.0 |  37.8 b R e R — 87.8
Average.1 day ....| 16.1 1.2 157 | =58 320.0 | 12,6 1 ) I8 i 29,2
Frperiment Na, 33, |
Apr.23-24 Tam.toTa.m.| 16.0 1.2| 16.7| —1.9| 319.6| 11.4| 11.7| 328.2 0.3 | — 32.0
24-25,7a. m. to7a. m. 16. 0 I 17.6 | —2.8 319.6 11. 4 12.35 | 333.3 4| — 37.8
25-26,7a. m.toTa.m.| 16.0 1.2 17.7 | —=2.9 319.6 11. 4 12.3 | 338.5 .4 | — 45.0
Patalts = oo . 48. 0 3.6 a2 0| —=7.6 : 955, 8 4.2 6.3 (1,000.0 1.1 | —112. 8
Average,1 day ....] 16.0 1.2 17.8 | —2.8 | 319.6 | 11.4 | 12.1( 3353 4| — 37.6
E.r'lilk‘r'-"rrlr:n! No. 54 | | I
Apr. 26-27,7a. m. to7a.m.| 16.0| 1.2 17.4 | —2.6 | 335.7 | 1L6 | szl samisd T N | — 26,6
..a-'h A m. to7a. m, 16, 0 1.2 16. 5 | 1.5 | Jan. B 11. 5 | ) Bt s L I (ST = 47.9
25-29.7a, m. to7a. m. 1. O 1.2 16.4 (| —1.6| 235.7 | 11.4 1.4 6.9 | e can ] — BT
Dol e S 45.0 .6 601 | —b.7 | 1,007. 2 347 | 4.9 1,036.3 [|.ccuunaa — 887
Average, 1 day .... 16, 0 1.2 18.7| —1.9| 885.7 11. 6 11.6 | 3464 |.......] — 82,8

1

E \.Jtm,-.-u_n in pemumtmn (). 4 grams pf,r day, iz included in thiz Lu:ulumu
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TasLe CLITL.—Gain or loss of protein (N X6.25), fol, and water—Metalolism experiments Nos. 32-34.

-

{) (1) (e ] (£} f) {7} (e} LU [ i}
b 3 Carbon | o0 Hydro! gegro (Hydroge
Nitro- 'F“?l”:5‘| Totalear- | 10 I:? in I'::I:rtEl Fut T 'L"'g:";:jn gn’:}n TI:':I.- | in \11].[{‘# Water
Date and period. B | 15y oc | bon gl ee, | gained | hydrogen|FTUICH st | ete, ined
Hae !‘-'I":":" gained | BIRET | gained | (+)or t:'uinul g+}€m gained | gained | {4} or
(Hror) lost | fpyer | GEXOT ) Cayor | lost (=), | t+yor [YEXOT] (4yor | ()or Incsr,t—}.
tLN-ZEI { ‘-}]:;_ 108t {—). _h} logt (=), e+0.761. | lost (=). [”Ei lost {1 | lost r_-I;, b
B |Mc 1 byoss. | €% lascouy, [ /<0118 | g—(k+t)
1900. | |
|
Experiment No. 32, | - |
gfrmurs Grams. | Grams | Grams | Grams | Grams. | Grams. |Grams.| Graws. | Groms. (Frima,

Apr.20-21,7a.m.toTa.m.| —1.4— 8.7 + L5 — 4.6 + 6.1 + &0 +26.1 —0.6 + 0.9 -25.8) +232.2
31—‘:“2?3 Moo Ta | — . 3l— 1.9 — seioli—qigl —goial - gaa gl deonl — .1 — 5.0] —42.0) —386.1
22—23,? a.m to7a.m.| — .7— 4.4 — 55.9 — 2.3 —53.6| — 70.4| —59.0 — .3 — 8.3 —50.4 —453.6

L R e R 2. 4/—15.0, — 87.6| — '?.'EII —7.7 —14.7| —80.9 —1.0] —12.4| —67.5 —607.5
Average, 1 day_____. — .8— 5.0 — 3030 28 268l — 319 2600 — 3 =l
Erperiment No. 33. ' | I . : l |
| {

Apr.23-24, Ta.mto 7a.m.| —1.9—11. ! — 32.0 — E..‘i! —25.7 — 33.8 — 5.2 — .8 — 4.0 — .4 — 36
2425 TamtoTam. | —2 8—17.5/ — 37.8 — 0.3 —28.5 — 37.5 —23.4 —1. 2: — 4.4 —17.8 —160.2
25-26,7 a.m to 7 a.m -E.Ui-—lﬂ. li — -13.'Ell — 9, ﬁi —33.4) —43.9) — 6.1 —L.3 — & 2! + 4+ 3.8

L e P —T.EE—-I?.E —112.8] —35. ‘.’-‘F —87.6) —115.3 —34.7) —3.3) —13.6) —17.8 —160.2
Average, 1 day...... —2.5|—15 8 — 37.6) — 8.4 —24. 2! — 38.4) —=11.5] —1.1 — 4.5| — 5.9 — 53.1
Erperiment No, 34. i | ' [ | | [ | |
| | | | |

Apr. 2627, Ta.m. to Ta.m.| —2.6/—16.3) — 26.6 — 8.6 —18.0; — 23.7| + 7.5 —1.1) — 3.8 +11.1':E —+102. 6
2728 Ta.m.toVa.m.| =1.5— 9:4f — 87.8 — 6.0 —32.9 — 43.27 — 4.4 — 7| — 5.1 | 1o
28=-29. Ta.m. to Ta.m. —I.H!—-ICI'.D - 34.2 — 5.3 —28.9 — 38.0 —23.3 — .7 — 4.8 —18 li —162.9

L —5. 75—35.? — 98.7 —15.9 —V0.8 —14. % —20.2 —2.5 -12.4 — 5.3 — 47.7
Average, 1 day...... —1.8—11.8 — 32.9 — 6.3 —26.6) — 35.0) — 'H-.Ti — .8 — 41 — 1.8 — 15.9
I i . :
TapLe CIV.—lncome and oulgo of energu— Metobolism ecperiments Nog. 82-34.
@ | ® () (m) () (e} | @ | Heatacterminea
| j,'lnl'al.'cr [+ or
|Estimated! Estimated |[Estimated e28 (—) than
Heaton. | Heatot || Heavor | combas. | coabin | chombis: | matmat -
: eat o - | - 0
Date and period. combustion| combus- | combus- | tion of tion of | tionof | oxidized :II:I:;;- 1
of food tion of | tiomol | aleohol | protein | - fat in the | ooed | W (£
eaten. feces, urine. 1.'1|.||I|‘1l- | _IE!':P:;H‘.J‘*J EE*II_I.I:IH::::'I‘ btgté |
o | Toat {_rp, lost (=). m-gE.I-}-cJE:IE l e fesf.
1900. . | |
] T ™ _|
Experiment No. 32. Calorics. | Colories. | Clories. | Calorics. | Calories. | Calorics. | Calorics. | Culorics. | Culories. | Per cent.:

Apr. 20-21, Ta.m.fo Ta.m. 3, 487 142 [ s — 35 |+ 77| 3,174 | 3,263 | ;T8 L35
21-22 Ta.m.to7a.m. 3, 487 141 R e o8 + 3 |— 404 | 3,634 | 3,551 — 83 —2.3
22-2% Ta.m.to7a.m. 3, 457 142 116 jooae--| — 11— G72| 3,912 3,500 — 22 — .3

o BT v | e Rt 10, 461 | 425 7] — 43 |— ‘599 | 10, 720 - 10,69 | — 26 |.eeecenn
Average, 1 day ....| 3,487 142 hi]2 I s — 14 |— 333 | 8,578 | &, G5 | — 8 — .2
Erperiment No, 55, | | | |

Apr.23-24 Ta.m.to7am._| 3,486 125 | 125 5| — b4 |— 332 | 3,607 | 3,609 | 4 2 .0
24-25 To.m. to7a.m. 3, 486 125 | 129 5 — 86 |— 357 | 3,670 | 3,624 — 45 =1.3
25-26, Ta.m.toTa.m.| 3,486 125 | 133 g — 80 |— 419 ( 3,732 | 3,664 | — 68 —1.8

Motals e s S 10, 458 b ] | 387 | 15 —230 |=—1,088 | 11,009 | 10, 897 =112 |ciuiies
Average, 1 day ... 3, 486 125 129 | 5 — 76 |— 366 H 669 | 3,682 | — 3T —1.0
Erperiment No. 84, | | I [ é |

Apr. 26-27 Ta.m. to Ta.m. 3,493 126 Tik B SR =l 296 | 3, 541 3, 568 | -+ 27 o e
97-28. Ta.m. toTa.m. 3,493 125 125 | ________ — 40 |— 413 3, 606 | 3,683 | — 63 —1.7
2829 Va.m. toTa.m. 3, 4493 126 | ekl s R — 43 [— 8363 | 3,650 | 3,561 — BB —2.4

Tolal:-o o sl s o 10, 479 ST L ) R =162 (—1,002 | 10,887 | 10,762 | —12% |.___....
Average, 1 1la} ....| 3, 493 126 | Bl i IS 8 — 54 |— 334 | 3,629 | 3, 68T — 42 =1.1

stk bl e -
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STATISTICAL DETAILS OF DIGESTION EXPERIMENTS.

As has already been explained, each metabolism experiment or series of experiments was
preceded by a digestion experimeént and each metabolism experiment includes a digestion
experiment.  The results of those digestion experiments in which alcohol formed a part of the
diet are detailed herewith. Those of the corresponding experiments without alecohol are given
in connection with the description of the latter, as elsewhere published.® The results of the
digestion experiments with and without alecohol are summarized beyond.

The weights of the different food materials, as shown in the first column of Tables CV-CVIII,
together with the figures for percentage, composition, and heat of combustion, as shown in
Tables I-111 above, suffice for the computations of the nutrients and energy in the food and feces.
In computing the protein from the nitrogen, the factor 6.25 has been used for all animal foods
and 5.70 for the vegetable foods used in the experiments.” The total organic matter as shown
in the tables is the sum of the organic constituents—protein, fat, carbohydrates, and aleohol.

DETAILS OF DIGESTION EXPERIMENT X0. 41.

Thiz was preliminary to metabolism e\[mrlment No. 7, began with breakfast June 3, 1897, and
continued 5 days. The diet was the same in kind and practically the same in the l'elutnenmuunts
of the different ingredients as in the following metabolism experiment. The subject was E. O.,
the laboratory assistant who served in a large number of the experiments here recorded.
His weight at the beginning of the experiment was not recorded: at the end it was without
clothing, 66.7 L[]ﬂgmmq {1-1-. pounds), He was occupied in his usual duties about the laboratory,
but did as ]ltﬂE musenlar work as practicable, in order that the conditions of exercise should not
differ greatly from those in the following rest experiment in the respiration apparatus. The
results of the experiment are shown in Table CV,

DETAILS OF DIGESTION EXPERIMENT NO. 43,

This experiment followed immediately after No, 41 and formed a part of metabolism experi-
ment No. 7. It began with breakfast June 8, 1898, and continued 4 days. The subject, E. O.,
weighed without (‘|l}l‘hln<=‘ 66.7 kilograms {14. pounds) at the beginning and 66 kilograms
(1454 pounds) at the end of the .-tud}'. The -uh_11:vt had as little musculm activity as was
practicable during the experiment. The details are given in Table CVL.

TasLe OV.—Details of digestion experiment No. 41 ( preliminary to metabolism experiment No. 7).

i Heat of
I'Eb‘“?' Witight | Totalor- learbohve | combus-
‘.L-T.': | of : ganic  Nitrogen. Protein. Fal. i '1!n|.l.4.'-=} Aleohol. Ash. | 1lliu“
e erial, T, = | (deter-
.“mp]e.: mMAaleria martier | 1“1 ;t-\:;l]r
Frans, 0T rians {Fraues, (R rimia. (Frains. Frans, fFrams, firams. | Oalories.
2705 | Beef, Iried . .c.vnecananasas =50 274 347 217 Y e L E R DR 11 1, 709
2796 | Beef, dried .. ............. [ 125 R 4.8 L o e e 8 199
2798 | Egpe boiled. ... ccanooo- .. [ 722 138 11.5 72 i Ay e R et | G 1,028
e R e T O e AR R S 7h 5 =2 1 $=I=|. b 3 | 895
N B e 2 875 34l 162 101 138 15 8 et | 23 2,133
2804 | Bread, vye . ..ol { 750 420 101 58 4 Jb8 oo 12 1, 562
"?F-H I Tl et L | 225 T ] B e e Lt I te o [ 861
2797 | Beans, baked. ... ......._.. 625 1659 6.2 i fi L R { 12 TEG
Pears, canmned . ............ 7 145 - 2 + oyt S (e e { Z LT
TN e e S T ISR BT i (R SRER LS | 2,566
| A 7,360 2,184 24 520 3 058 | 362.5 | 76 | 12,348
I
DHOD |“Feees .oo--ocoooooooooo] 404 W 7.7 18 22 . e 19 632
| Aleohol excreted nnoxi- |
[ B B R S S P SRS 1| R e e bt R Bk i P e 106
Amountavailable....|........| 2,073 76.34 472 321 052 | 347.5 ar | 11,018
Per oot | Per oenl, | Pereent, | Percend. | Per ool | Per cenl. Per 'I'I'Jrr- aer cenl,
Coefficients of availability.. -....... 94.9 | 90.8 90:8 | 93.6| 97.3 95. 9 D | 84.2
" Eee page M1.

b See discussion of nitrogen factor for protein.  ATwarter and Bryaxt, Rept. Storrs (Conn. ) Expt. Sta., 1899, p. 76.
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Tasre OVI.—Datails af digeation eoperiment No. 42 (part of metabolizm ecperiment No. 7).
i i | Heat of
Labora. Weight | Totalor- - Catbohs crmbe
Lory of ganic | Nitrogen.| Protein, Fat, "ir J?,":" Aleohal. Ash, tion
m;".']:‘]t { material. | matter, ; | b . {qm‘?drj
1 EIin .
| e | |
I GFrams, (Frenmig, (Frame, (F e (Frams. {Frams. {Frams. : {Frin s, Calaries,
2795 | Beei. fried ... Gia | 217 27. 9 172 L I Sl [Feeri= ".:_'F 1,357
S706: |- Beek idried o000 el | 1040 27 3.8 24 3 St el ared i 1640
2708 | Egme, boiled. .. .ccccnenn.. H4 | 108 9.1 87 | s 4 Fu L
SE01 FBatter s it e s : (1] 52 o i e e 2 476
L B | e e e 2 300 | 281 13 51 110 Ll | 18 1, 707
2804 | Bread, rye ool Gd) | 336 bl 46 4 280 |ciiaiik { 10 1, 450
e | a1y ) e e = S S A =T T T s e 180 |oasaodis B 713
2797 | Beans, baked___________ ... 00 | 155 i il I A e e . 10 628
Pears, cammned ___ .. ........ GO0 116 it 2 | 3| 111 (Bt [ 1 451
R e 2090 | 290 comlama ot Baban oo Sk DAl SR 2,050
| Motaliz oo oot ao tos b, 869 11, 742 66,9 | 414 272 768 | 240 61 9. 845
S gy LR PP ) I i 22 T W T 10 303
Aleohol  exereted unoxi- | [
[ AT o s e e et s ) e 11.9 e e R 54
|1 o | e B e e T Sl R T 490
Amountavailable. . __|_ ... __.|1,683.1 G 4 303 | 26 7ol | 2781 a2l | B, 968
1 Peroend, | Per os rlr Fer canl, m Per cenl, | Per ceal, .]"4 r eenl. | H:‘F cent.
Coefficients of availability .. -....... 96.6 | 948 | 547 | 963 | 98.1| 95.9|" E5.6 81.1
DETAILE OF DIGESTION EXPERIMESNT NoO. 47.
This experiment began with breakfast Febrouary 11, 1898, and continued 4 days. The diet

wis the same in kind and practically the same inamount as in metabolism experiment No. 10, which

immediately followed and of which this experiment formed the preliminary period.
E. O.. weighed without clothing 67.4 kilograms (148} pounds) at the close of the study.
weight at the beginning was not rvecorded. He was engaged about the laboratory in his usual

oceupation, but avoided muscular exertion =o far as practicable.

The subject,
His

Table CVII gives the details.

DETAILS OF DIGESTION EXPERIMEXNT X0O. 45,

This experiment, which formed a part of metabolism experiment No. 10, began with break-

fast February 135, 1895, and continued 4

days.

The subject, E. O., weighed without clothing

67.4 kilograms at the beginning and 67.6 kilograms (149 pounds) at the end of the experimental

period.

Lak,
N,

sample.

2839
2843
2845
2844
2842
2540
2841

2847

Table CVIIT gives detailed results.
TapLe CVIL—Details of digestion experiment No. 47 ( preliminary to metabolisn experiment No. 10).
I Wizl Total | Hﬁﬂﬁg
1 ezt ‘HH_ e - B Carbohy- & N
f punic | Nitrogen. | Protein. Fut. " | Alcohol. | Ash. tion

llLlI::'Till]. 1:::&{[11:'# Tiiss:s i z crans : (deter-

| mined ).

| frri g, l'}r:ruux.-- Crrimie, Crawa, | Grames, Trr:l g, Frames. rrams. | Calories.
| e L S 1, (=00 329.0 46, 9 203 T S el e 21 1, il
Bhilers ot einn oo 60 LR S e L B e e e 1 479
Milk, skimmed ... ........ 3,000 | 261.0 | 14.9 | a3 | : 185 |22 m e 24 | 1,208
Br(-_a.t] ..................... Al 285.0 | G.7 | 38 | 1 L L e e T 1,277
Maize breakfast food. . ... .. 200 | 187.0 | 3.8 23 | 16 148 |ooiniais 3 887
Wheat breakfast food ... ... 200 | 182.0 | 3.8 | 20 3 p G e e 4 810
GAINEer BNADS . cov v vinanns 240 | 223.0 2.9 13 | 15 L [ e e T 1,019
D) e 2800 CFRNEN sk S on s Sk e bt i e 1, 109
P T ) R S e 0 it B ] (R S e e N I o By e 2, 060
Total ....... el B, 850 (2,0085.0 8.0 4800 127 | 1,196 | 280.0 67 | 10,798
T e ST B 257 50.0 | 4.0 a5 10 o o I ' 12 | 360
| Aleoholexereted unoxidized | ... .. 4.4 s e e e i F B B et | 3l
B e e e e e b o e { 5649
Amount available....|........ 20206 74.0 455 117 | 1,172 | 285.8 55 | 9,838

_ : T Fer cent, | Per ox Jr}.- Per eead, | Per cend, | Per cenl, | Frrocenl. { Prereenl. | Per cond
Coeflicients of availability . .|........ 7. 0 .0 o8 892.1 98,0 | 9B. 5 | 82,1 .1
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TapLe CVITL —Details of digestion experiment No. 48 ( paet of metabolism crpeviment No, 10),

Heat of
Welzh otnl : comkns-
l{ﬂ’ ln.ll." : u'n!;;ur:i:- | Witrogen, | Protein, Fat. : :;:::1'":" Alohiol, Asl, :Ii:.:|l

snmnple. material. | matter, d {detir-

| mmaimedd ),

¥ PaRavs, d¥ ratag, L FH L TR i raans. I PaRiig, o rermig, farines Cntariea,

RA EBeal oo S e e R ORO 320.0 46, 9 293 | o] R B B L 21 1, 961
SRR | -Babber o ool i niilil o i WA AL T2 R SRR L BT R R ! 1 479
2848 | Milk, slimmed ... ... oaans | 3,000 | 264.0 15. 8 a4 3 1[ e e 24 1,242
v o B o R e L e M | 2BR.0 6.7 a8 1 O e 7 1, 277
25842 | Maize breakiast food. ____.. 200 | 187.0 3.8 23 1 1 L e 3 857
2840  Wheat breakfast food .. .... | 200 | 182.0 3.5 20 3 111 e ‘ 4 B10
2841 | Ginger snaps ....c...c.co--| 240 | 223.0 23 13 | 15 I} J e e T 1,019
T Y e e N R | Bie T (A1 A SRR e e P = T B SRR el | iy
FR | L P | 200 L e e e o SO0 | 2, 050

' L e e 8, 550 (2, 006.0 78. 9 456 127 | 1,193 290, 0 LiT) 10, 534
4

e B e S S 351 5.0 | o 34 15 R e 17 a07
| Aleohol excereted unoxidized | . _____. - 1) e | e ommed e I R 31
| i s e e RO e Pl R ke SR [ R s S A L e | e R G5
Amount available. .. . ....... 2, 006, 6 13- D 453 112 | 1,157 | 285.6 | 0, 731

o : . FPer eead. | Per oend. Per oeml, | Fercenl. | Pereent. | Per eenl. | Peroeent. | Perocent,
Coeflicients of availabilityv ... .......  95.7 493, 1 93. [ 88.2 7. 0 8. 5 4.6 B8

DETAILS OF DIGESTION EXPERIMENT NoO. 51.

This study was preliminary to metabolism experiment No. 12, with the same kinds and
amounts of the different food materials.  The subject, E. O., was engaged in his usual lahoratory
work, but in addition took considerable muscular exercise on the hicyele and otherwise, in order
to make the conditions of musecular activity not greatly different from those in the following
metaholism experiment.  The study began with breakfast April 8, 1898, and continued 4 days.
The subject weighed, without clothing, 70.5 kilograms (155.4 pounds) at the beginning and 70,1
kilograms (154.5 pounds) at the end of the study,

DETAILS OF DIGESTION EXPERIMEXT NO. 52,

This experiment, which formed a part of metabolism experiment No. 12, began with
breakfast April 12, 1595, and continued 4 days. The subject, E. O., weighed, without clothing,
T0.9 kilograms (156.3 pounds) at the beginning and 70.3 kilograms (155 pounds) at the end of
the study. He worked 8 hours a day upon a stationary bicyele within the chamber of the
calorimeter.

TasLe CIX.—Details of digestion experiment No. 51 (preliminary to metabolizm experiment No. 12).

Lah, | Weigh Total | ' g
5 ight nta & | i1l .
K, | Lf:fl arganic 'Nitmmm.! Protein. Fat., 'l.'.‘;r'lmhg.- Alcohol. | Ash. tﬂtimz"
sl materinl, | matter. | FR1Es. {deter-
| I mined).
: i-!?m‘m#. | Girame, | Frames, I {r‘rmr;x._ Gmma._ | firams. | firams. ! (Frams. (murif:
AL B T L 0 | 2310 3.7 | 192 3‘.‘Ili ................ ! 15 r

T T R 380 | 830.0 3 2 o] e SE [TRR RS A 8| 3,004
L [ S e R 3,600 | 482.0) 190 119 180 | 1583 |esmaiit 25 3. 114
L AT T B S 1,200 | 7O2.0) 18.1 105 12 | . (e 13 3, 196
2842 | Maize breakfast food. ... .. 240 | 2240| 4.5 27 20 T (R EE e | 4 1,065
2858 | Deviled ham:, ... ... 200 | 110.0 5.9 37 iy | e | B B Ri3
e L e L i T e e T SRR IRV i cemeneas| 280N llll....... 1,108
| Aleobiol-_oliooiiloocia| 200 | 20000 [oliiiiioiiiiialpicsedidlesscii o000 il 2050
| Total ...............| 6,800 2,649.0| 78.5| 480 | 652 1,227 | 290.0 76 15,811
bl e e s T B v (R 45 38 g e 27 791
| Aleoholexcretedunoxidized |........0 &0 . s e R g | L 42
HET T B R et B et Sl Dol et MU SR SRS TERON ] [Rie ] NED ARl P | ........ S
Amountavailable____|.._._...2,523.0| 71.3| 435| 614| 1,190 | 284.0 49 | 14,434

" i £5s | Percent. | Per cent. | Per cent. | Percent, | Per cent. | Pereent. | Per cenl. | Per vent,
Coefficients of availability..|........| 95.2] 90.8| 90.6| 9.2 | 7.0 97.9| 645 913
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TasLe CX.— Details of digestion experiment No. 52 (part of mefabolizin experiment No. 12).
' | weigne | Total |- 3 e
Laty. g 0 : combins-
I_\;Irt._ | Lu:i : (l-!']lﬁ‘[li.ir_' | Kitrogen. | Protein, Fat. (‘::::::::I:l:. Alcohal. | Ash, tion ;
sample. | material, | matier. | 7 [deter-
| | mined).
GPams. : Gronte. (i rmms. e, 13 s, ! (G FLRLE, [Frame. trrame. | Cafories.
T L e e 700 | 231.0 307 192 R e e 18 1, 400
el B e 380 | 330.0 0.3 2 b e A e o 8 3, 004
et I, TR R el [ S 1, (8 17.9 112 162 | i e 25 2,873
opsg | Bread - o0 oo lolotllo) TR20000 F02.0 18.1 103 | 12 087 o 13 3, 196
2842 | Maize breakinst food....._.| 240 | 224.0| 4.5 epll o e 4| 1,085
2858 | Deviled ham - .o --- 200 | 110.0 | 5.8 a7 | R | s 8 873
[ i R S S o e e et oo s e e e e 1, 108
(R LSRR S MR R (h I T RSt BRI EIERIRE |\ et VI BERE RS 2, 050
| T e e 6,500 [2,592.0 | 74| 47| esa[ L1es| 20| 76 15500
9863 | Foce..-o-coooocooiooioa| 370 P800 5.0 ST el P | e R T 545
Aleoholexeretedunoxidized |........ B e e e e G 42
T e e e S SR S A e R e S [ | b P e 553
Amonnt available....|........12,507.0 | 72.4 442 | 608 | 1,173 | 284.0 60 | 14,430
| Per cent. | Percenl, | Per cend. : Per cont, | Per ecnl. | Per eenk. Fer cent. | Per cenl.
; Cocflicients of m‘ai]ah'l]ir::__l S e [N Tl ST ] 93.4 | 5.9 §5.2 97.9 78.49 92.7

DETAILS OR DIGESTION EXPERIMENT Xo0. S0,

This experiment formed the preliminary period to the series of metabolism experiments Nos.
15-17. It began with breakfast January 12, 1899, and continued 4 days. The subject, E. O., as
in previous experiments here reported, was engaged in very light work about the laboratory.
His weight at the end of the study, without clothing, was 70.9 kilograms (156 pounds). The
alcohol during this period was taken in the form of commereial alcohol in sweetened cotfee infusion,
as in metabolism experiment No. 15. In metabolism experiment No. 16 the alcohol was taken in
the form of whisky, and in No. 17 in the form of brandy.

DETAILS OF DIGESTION EXPERIMENT %o0. 51,

This experiment, which formed a part of the series of metabolism experiments Nos. 15, 16,
and 17, began with breakfast January 16, 1899, and continued 6 days. The subject, E. O.,
weighed, without clothing, 70.9 kilograms at the beginning and 70.1 kilograms (154.5 pounds) at
the end of the experiment.

TapLe CXI.—IDtails of digestion experim-at No. 80 (preliminary to metabolism experiment No. 15).

Latora- | Weight | Total | Carbolyy i;?‘lgi?;-
ot of argenie | Nitrogen. | Protein. Fat. drates | Aleohol. | Ash. tinn
"'-II.I:I'I.[.I.lE' | material. | matter. | =4 (deter-
; : | I | mimed]).

i Grams. | Groma. G Pains., (s, (T (Fraaies, (3 reLaies, Girame, | Cilories.
T R e R G40 | 184 26. 7 167 e e e 14 1,076
SIS Batber s st 120 | 104 | .2 1 ) e | 3 §55
005 | Milk, skimmed ... __..... 3,450 | 334 22.1 | 135 3 R (SR B a1 1,611
3004 | Parched cereal -...........| 120| 111 | 2.2 13 1 47 '| 2 487
08 | Bread ..........o-ooooood| 2,240| 707 15. 7 50 3| 588 [aeeasd B REE
i ot | e e s e S 204 | 204 e b e e P e e e e HR
L] 1T e e S e e | 2010 200 '...-----!.._.......-...........-l----.._‘; 200 = S 2,256
T ot S | PR S 66.9| 408| 159 | 1,097 | 200 | 66| 10,558
I 1 NP BN 185 5 & 20 20 13 | P L S 14 383
2007 | Aleshol exeretedunoxidized | ..... b S ey [ Fimmmsimit s | et | R e e 48
BT S e e AR | NS [ B eSO AR D e T 485
Amountavailable...|._.._._.[1,872.2 | 63.7| 88| 146| 1,055| 283.2| 52| 9,637
sl | Per eent, | Per cont, | Per cent. - Fer eent, | Per cend. | Per cond. | Per eenl, | Ter cent.

Coefficients of availability..|..cccaaa| 96,8 | 95.2 95. 1

EI'LH-j b | oy, 6 78.8 9l.4
| i

g BTN LR
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TasLe CXIL—Ddails of digestion experinemt No. 81 (part of metabolism expeviments Nos. 15, 16, and 17).

Hent of

Labora. Welel T i | - | coml n

1\-::—: "” _" ..,,}:E;h; Nitrogen. | Protein, Fat. (‘L‘I:L"[:'t" | Aleohol, Azh, :“uﬂu

sampie. material. | matter. r:;::l.i.rﬂ
— — —_— ——e S — S— i. e A e ]

g | fFrenmes, I Frama, Frams. | Geoma. | Grame. | Grams. {Frama, i, Calaries,
L B e 960 | 275 40.0 250 T A A [ pid | 1,615
G008 1Bater . e 180 ) 157 | .3 | & LI ot meatee e | & 1, 433
8008 | Milk, skimmed ............| 5,700 | 563 | 87.5| 234 | Al e | 46| 2,667
3004 | Parched cereal ... _.__... 180 | 1686 | 8. 2 | 18 1 147 ‘| 3 T30
2088 | Bread - _._._........._.._.| 1,860 1,060 23.5 | 1534 a2 Bid oo { 24 5, (M0

B e e B e [ o L1 P e L
(I R e N R e [ o R ST ERa i Mol IRERBRRR B REs SRR
! T oot 9,657 2,988 | 104.5| 638| 239| 1,676 | 435 | 99| 15,914

T B R S (R T ] (R T o [ T 18 i R 520
Aleohol exeretedunoxidized ... ... B b e e s e S I ) B st T3
R PPN Bt 759
e { e

| Amount :l".':lﬂll.]'.ﬂl'....! ________ 2,901, 7 99. 5 | BOT biald | 1,649 | 424.7 76 | 14,553

| —_—
| sy : e Per cend, | Per ooenl, | Per coent., | Fer cent. | Per et | Per cenf, | Per cenf. | Per cent.
| Coeflicients of availability..|....._..|] 871 85. 2 | 95.2 92. 5 98. 4 497. 6 7.8 91.5

DETAILS OF DIGESTION EXPERIMENT NO. 52,

This experiment was preliminary to and formed a part of metabolism experiments Nos.
18-21. The subject was A. W, 5., a physicist. He was engaged in the investigations of which
this experiment forms a part. The study began with breakfast February 2, 1899, and continued 4
days outside the apparatus. During the following 9 days, beginning with February 6, the subject
was inside the respiration chamber. It was the intention to subdivide the 13 days covered by this
digestion experiment into three separate experiments, comprising the 4 preliminary days previous
to the time when the subject entered the respiration calorimeter; the 6 days in the calorimeter
in which alcohol formed a part of the diet, either as commereial alecohol, whisky, or brandy: and
the 3 days of experiment No. 21 in which alcohol was omitted from the diet. Unfortunately no
satisfactory separation of the feces was obtained between the preliminary period and the end of
the experiment No. 21. The whole time is therefore included in one digestion experiment. The
hody weight of the subject at the beginning of the period was 72.4 kilograms, and at the end 72.7
kilograms (160.3 pounds). During the preliminary days very little muscular work was done,
and during the sojourn in the apparatus practically no exercise was taken. The kinds and daily
amounts of foods were the same during the 4 preliminary days, and the 6 days of metabolism
experiments Nos. 15-20, except that alcohol was taken in the form of commercial ethy] aleohol in
the preliminary period and in No. 15, whisky in No. 19, brandy in No. 20. In experiment No.
21 the aleohol was owitted from the diet.
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TapLe OXTIE—Ditails of digestion experiment No. 82 ( preliminary to and part of metabolism experiments Nos. 15-21).

Labora- Welrhi of Total or- Carh J:I)EI;:EE
LOTY elehi o - — . 2 . HARITIS y _ | = '
N material,|  Sanic Nitrogen. | Protein, Fat. hydrates, Aleohol, Ash. t|.n{|

sarmpli: Ll nl:l‘::_l.ll_:ilri

5 (Frame. :,;,-;;,q_:, Frame, 3 F L, (Froms, (FIIRIE, LRI (Fraims. ('n!'r.nr;r':-ﬁ.

LT Lo 8 T R R e Lt T S U 039 A5l D L o 43 3, 800

I T A SR i1 S 4 BA7 |Er RS 10| 3,148

R ] o e s 9, 750 (1,232 49. 6 310 430 L 8 7, 058

00 Parchedcereal .. .. ... -- 3090|360 i 41 2 e b R fi 1,582

HER Bl st e S mr e S 4,080 |2, 297 . 200 | 113 L Rl a2 10, 921

[T A T, e [ LI i R e TR e i1 e EE R G

A paRallers s LR S o iy R L T PR e e oo e [Eiecsoie i S T | (IR |

Motal; - cisissa st 17 950 6, 174 201, 3 1, 326 | AT | 3, 288 25 159 | 34, 757

i | e e T e R R 13.5 84 | =e| poiarE s 39| 1,807
Alcohol exereted unoxidized | ... .. .. Oyl £ 28 S Sl e A e el ol R D Ty S 173
i B e e e s Lt
Amount available._..| 17,118 |5,961.5 | 187.8 | 1,142 | 883 | 3,286 | 700.6 | 150 | 31,850

= Tr vacarl. | Pereent, | Pereent. | Pereent. | Perocend, | Per cent, | Per cent. | Per eenl.

Coefficients of availability.. ...c.. .. . G 92.8 03. 2 I 9. 4 95, 4 96. 6 9.4 91. 6

DETAILS OF DIGESTION EXPERIMENT XN0O. 53,

This experiment began with brealkfast March 9, 1899, and continued 4 days. It was
preliminary to the series of metabolism experiments Nos. 22-24, and was made with the same
subject, E. O., who served in the majority of the digestion experiments here described. The
diet during the first 3 days contained no alcohol.  On the last day 72.5 grams of absolute aleohol
were added in the form of commercial ethyl aleohol. The subject was engaged in his usual work
about the laboratory and performed very little manual labor. His weight, without clothing,
was 72.4 kilograms (139.6 pounds) at the close of the experiment.

DETAILS OF DIGESTION EXPERIMENT X0, 54

The experiment began with breakfast March 13, 1899, and continved 6 days, forming a part
of metabolism experiment Nos. 22 and 23, details of which are given above. Aleohol formed
a part of the diet on the first 3 days (metabolism experiment No. 22) while on the last 3 days
(metaholism experiment No. 23) only the basal ration was eaten. The subject, E. 0., weighed,
without clothing, at the heginning of the experiment 72.4 kilograms and at the end 72.7 kilo-
arams (160.3 pounds). He had as little musenlar activity during the series of experiments as was
practicable.

Tapre CXIV.—Details of digestion cxperiment No. 83 ( prelinginary 1o metalolism experiment No. 22).

Labora- i ; Heat of
Lary Weirht Tixtal o 3 v 5 Carbohy- comlis.
il of organic | Nitrogen.| Frotein, Fat. Arages, | Alechol.|  Ash, tion

"-.Ilrl'lilll.l'. muterial, | matter. | é?:;ﬂr}-

fGrams | Grams | Grams, | Grome, | Grame | Gromps, | Grome, | Gramg | Calories

Tl P e T O L TG BT 209 oy s Pl 6| 1,580
et (BN LTh o ] e S A S 220 1463, O Ei = L e i1 1, 766
2031 | Milk, skimmed.__.._....... 4,520 | 384.0 24. 1 163 4| L2 | ISR S a6 1, 349
2004 | Cereal, parched. . ......._.. 180 | 166.0 3.2 18 1| 12 T R S 3 T30
L B T N e 1,240 ' 723.0 15.7 L 42 Y e 16 4, 483

o T e e P RN et R s B e S S e e st B0 e £l e 3
LA e b s s i e e e B B | e : TR ] s A%

3060 | Horse-radish . .._.......... 45 9.0 9 i BT Bieai ey 1| 37
POHAL - ooneeoennnne] 7,080 (1, 858.0] 78:9 452 275 | 1,124 | 720 68| 10,588

. —_— e — — e e

Py T oy TR e e 267 4. 0 4.6 | 29 15 | L R ' 14 417
Aleohol excretedunoxidized ... .. A e P i e |ismmiaa e | 2.2 | -------- 16

T P T (B e e e e e e R s A66
Amount available....l........ 1 S86.8 ¥4 3 455 200 | 1,104 | £9.8 49 f1, HED

; Pev eent, | Pereent, | Pereent. | Percenl. | Per o H-_f. Per cenl. | Per ecnf, | Per cend,
Coeflicients of availability ..|........] 96,8 04,2 O 4.5 | #8.2| 9.0 721 . 5
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TasLe CX V. —Defeeile of digestion experiment No. 84 { et af i forlralizn Erperients Nos. 22 and 23).
| Weigl Total HI‘I“It i
velght | i 3 e i kriis-
| .1- | omganic  Nitrogen. Frotein. Fat. {'I:!::;'::\!:‘ Aleahal. Ash. i tL!I|-:|
materinl.| matter et | {deter-
| | miiread .
{Frapinig, {F P InE, TFFilmE, Crrimes. rFelmig, rFiimie, dfraiined. fr vl e, Calaries,
CH g e S e 900 | 369.0 al. 2 314 i T HSEEim ot P et L 2,370
Brbap: sty s e 330 200. 0 A + oo A e AR ! 8 2, 649
Milk, skimmed............| 6780 576.0 39.0 44 7 T i 2.773
Cereal, parched............ 50| 249.0 5.0 28 1 L | AR PES 4 1,085
Bread. o..cccciccomeanannes] 1860 {1,084 0 23.5 | 134 G3 L[ S| | 24 | B,225
R s et e T s R | L N T b s e e e e R ] (e 50
Alaohiol it ! i T B R R e e e M SR (R 1 T A |
Horse-radish .- .......... 90| ~ 80 3 ) 22 7l i
| =
15 e 10, 686 (3, 082.0 | 118.6 | 725 412 | 1,679 | 216 100 | 16,622
o et AR R ) T 42 29 [T AR 30| 686
Alcoholexereted unoxidized ... ..., e ] i e T [T S 2l ek - e 47
Whe-e el s o e e e e e el e | 854
Amonnt available. ...\ ... .. 2, 025, 4 111. 9 BES S50 1, 643 k 209, 4 70 | 15, 055

Coefficients of availalality. .

—_— e m— —I___
| Per eond, | Per eend, | Per cend, | Pereoend, | Per ool | Per cend, | Per eeal, | Fer eend,

o6, 5

4. 4

94. 2

1L Mg 97.9 a7,

700
|

. 5

DETAILS OF

DIGESTION EXPERIMEXT XO.

151.

This experiment formed a part of metabolism experiment No. 27 in =eries 26-28, studyving
the comparative effects of fat, alcohol, and sagar in the diet. The subjeet, .J. . 8., was a chemist
His weight, in underclothing, was 64,1 kilograms at

engaged in the investigation here reported,

the beginning and 63.7 kilograms (140.4 pounds) at the end of the study.

with breakfast February 17, 1900, and continued 3 days.

The experiment began

TarLe CXVI.—Iktails of digestion experiment No. 151 (part of metabolism experiment No. 27).

Heat of
Labotn: Weight | Total | _ sk | | combus-
}hn:: :nutT'E'iu] 4‘-:1':.:#::}‘-' Nitrogen. | Protein. Fat, Ararecal Aleoknl, Ash, | {ﬂT:x;L
mmptu.i ; & ! | mined;.
| T, frrimie, frreame, F PO, fFraimng, | firame, fFrama, dFrama, i Calfovica,
k] [ e e R P | 250 93, 0 13. 8 S [ s S 3|
i Tl [ 2 e e B0 8.0 . B 1 g o) B T sy 2 720
3179 | Milk, skimmed. ... ........| 3, 000 276, 0 LU | 126 [ 4 ]I 3 1) B s 24 1, 386G
3180 | 1t I e T GO0 | 3560 B5 49 | 10 207 1< i 8 | 1,682
3181 | Ginger BOAPS - .. ... -.oo--. 150 | 170.0 1.8 10 | 14 45 . 3 e
3168 | Parched ceveal . _........ .. 150 [ 140.0 2.8 16 3 11 bl e 3 G0
EBnpans s sos s 45 Iy ) () A e S ] ] (L I 178
Afpalinl fimmitan it T e ST T R FR SR RgE SR 2 | ) i SRl 1,528
ol s 4,586 [1,874.0 | 47.2 288 121 | 749 | 216.0 | 42 | 7,470 -
T [ R Tt R Tl T 3. 21[ L G A 15 202
Aleohol exereted nnoxidized |. ... .. .. e T e T e e s | | | 19
i T e S e S b e T o e e e a3
Amount available. . __|...._._. 1,333.3 43.8 267 l 115 | 728 | 218.5 t 24 6, 825
3 . ) Per cenl, | Per cent. | Per cend. i' Fer cenl. | Per eenl. | Per eenl. Per ceul, Per cent.
Coethicients of availability . .| ... ... 96. 3 R 02,7 [ g5.0 | 97.2 | 98,7 57,1 1. 4

DETAILS OF DIGESTION EXPERIMENT Xo0. 155,

This experiment formed a part of metabolism experiment No. 30, the second of the series of
experiments Nos. 20-31 for the purpose-of studying the relative effect of sugar, alcohol. and fat
in the diet during periods of work. It began with breakfast March 19, 1900, and continued 3
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The subject was J. F. 8. His weight, in underclothing, was 646 kilograms at the
beginning and 64.1 kilograms (141.3 pounds) at the end of the experiment.
TapLe ONVIT.—Details of digestion experiment No. 155 (part of metabolism experiment No. 50).

| ‘Weight | Total | | S

We L L | Be

| "OF | ongmnie |Nitrogen.| Protein. | Fat. Carhoh¥- | Aleohol. | Ash. | “Hon

material. | matter. | [ | ] | (deter-

1 | | | | mimed ).

1 | |

1' Grams. (Franms, {Franmes, Grams, | Grams. Frams. fFrams. Girame, | Calories,
Bl oo vz | 17a| e7.0|, 1000 62 | | s e 2 405
Biltar s e v o ie ST v | 14| 1240 .8 2 190 | Dncmats [y 5 1,135
| e S S SR R e | 2,700 384.0| 17.3 108 146 | 22 2,430
Breadesct- v S o2 { G900 | 560.0 1 13.5 rir| 18 g | 12 2,637
| Ginger snaps - _............ | 225 | 215.0 2.3 13 | 19 143 I e 4 998
Parched cereal -_____.._... | 235 2110 | 4.3 78] MR 1 - M 5 945
e L S S e e i { T fibl | s e : N R e e e 297
Aleohol i st e ane ! LR H 1 T T (el et [ e e 1 et | e 1, 526
T B R TN IR T |1,an 0| 47.7 987 313 | 1,084 | 216. 0 50 | 10,373
|y R 143 | 33.0 2 | 13 | 6| (A 8 213
Alcohol excreted nnoxidized - ... ___ Chi ] (s -| o R e 16
L e e e e | e e e P P CEEEE T 343
Amoiint available....|._..._.. 8147 45.7| 274 07| 1,020] 2187 42| 9,801

Per pent. | Per eent. | Per cent. | Percenl. . Per cent. | Per eenf. | Per cent. | Per cent.
Coefficients of availability.. ........ 98.1 95. 8 95.5 98,1 B8, 6 98. 9 84 4. 5

DETAILS OF DIGESTION EXPERIMENT xo. 159,

This experiment, which began with breakfast. April 23, 1900, and continued 3 days, formed
a part of the series of metabolism experiments Nos. 32-34, studying the relative effect of fat,
alcohol, and sugar in the diet during periods of work. The subject was the same as in the two

preceding experiments here described.

beginning and 64,9 kilograms (143.1 pounds) at the end of the investigation.

TapLe CXVIIL—Details of digestion experiment No. 158 (port of metabolizm experiment No, 53).

His weight, in underclothing, was 65.2 kilograms at the

B | ]

. | il el |
alb, | | Weight of otal | %, 2 Crrloliy- : | 02
m'r:‘;;:if.i |I:II:-I:::.;NIT l:;fllll:j: Ihnlr:h;l:un._ Protein. | Fat. 11|r-n1:u:h Aleahol, Ash, {Jigner-
| [ | mined]).

| Grams, | Gramg, | Graoms. | Groms. | Grams, | Groms. I (T rains, I Giramis.. | Calaries.
b I LT e S Y e 174 G1. 0 8.9 | 56 | B Sale e 2 atl
T e G TV S 6 ) s e 862
AL T (e R e B 1 R L 20, 2 126 159 AR A ' 24 2 766
8908 | Bread o s iceiiiaiis 900 | 548.0 | 12.4 7o o ] R e | 12| 2582
3307 | Ginger BNAPS -« cccvvceen-- 285 | 2120 2.0 11 16 1B e | 7 995
3193 | Parched cereal . ... .. ... 2250 2110k | 4.3 25 | 3 5 a M5
[ Bugar. ol s 106 | | ARG e b bes S st fade s it el i e s = 416
Aleobol i e 216 | 216.0 |. T Sra e e : RN - [ e 1, 36
Total oo onovooccand 9010 (L8780 48. 0 290 | 208 | 1,074 | 216.00| 51 | 10, 456

Eeoew = oo 259 | 59.0 3.5 22 13 | 2 s 16 375

Alechol excreted, unoxi- : |

R e it (R |2 S R | ol sl : E.Ei-....... 16

| K e e e e RS e ol | e 5 | e e e e 335

| |

| Amount available. . .| ... ... 1, 816.8 445 268 | 285 | 1,080 | 218.3 | 30 4, 70

! : Per eenl, | Per eenl, | Pereend. | Pereend. | Percent. | Per oenl. | Pevocent. | Per oot
Coefficients of availability..|........| 96.7| 92.7| 92.4| 9.6| 9.8 | 9.0| 686 .1
LIERANNDE T (L8 ar IS Sl RN 2l B MR "




TABULAR SUMMARIES OF RESULTS OF THE EXPERIMENTS.

The following tables summarize the more important results of the experiments.

II&'ICGME AND OUTGO OF NITROGEN AND GAIN

OR LOSs OF

PROTEIN AND FAT.

The data which bear immediately upon the nitrogen and carbon balance, and the gains and
losses of protein and fat, with and without alcohol in the ration, are hrought together in Table
CXIX. The method of grouping was explained above, page —.

TaprLe CXIX.—Tncome and outgo of witrogen and carbon and gain or loss of profein and fol, in experiments with and
wil et aleafiol.

In iy Fowmld, Nitrogen. | ] Carksomn. {m)
| | = s
I @w|lwm|l@| @ L | »vo|w| o l wm| o | L
= | & ilg |5 | B8
Classification, serinl numbrs, - 1 B4 g | E =z | of
and  subjects of experi- | : Eé — | B L E-"F Sg
MmEnts, g | F| == E g_,g i | =
= g2 | £= @ | d5 | B oo
= =2 | Lt = al = .:Ij iy, Ay E - "‘; | B T
£l s 2l gl 22|25l 8 i |E|E|E |6 | 37 | Be
Blel.|2l2l BlE[&al8|2l8 [RE BB e | B b EE
AE|&|8|3|a|als|s|8 |E |a|a|sfals |& [&
Experiments  with  and ' l [
awithowt  aleohol more [ | (
atricily comparable. | [
|
Resr EXPERIMENTS. | |
1 | 1
GROUP A, i | | [ |
Ir. | Gis, frmg |Oims, (Gme [ Cals, |(Gms. (rms. (8. | (ing, . ims, | Gms (s | Gos |(Gos | Goig. | G, {7
No. 8, E. 0., ordinary | | s | .

(o Tl e S e BV 41119 689 3421 ...03, 71719, 1] 1.3/18.4 —0.6/— 3. 6261, 613. 4 12, i 223. 6/4-12.0/+18. 2
No. 10, E. ., aleohol : (& i

1 T e S R | 4123 32| 2077252, HI‘:F|I‘E! B 1.4{19.5 —1. 1j— 6. Eiﬂﬁﬂ,ﬁl].ﬁlﬂ.ﬁi 0.5214. 912, §|+21. 2

| = t {
GROUP B. | [ !
Xo. 24, E. 0., ordinary | [P | | . :

digt_ .. ... |24 oW d08 R 06119 8 1318 2 3= 1. 7299, 71005 11, 8). . . 230, 446, 5 +50. T
No. 22, E. 0., alcobol | | i | | | 1 | .

diet- ... oo o 3024 69 2767203, 4419, 8! 1, 1118.5(4- .24+ 1.41270. 210,311, 8 1. 2207, 8i-=-48, T|-+62. 7

1 , |
GROUPS A—D. ' .
Average, 9, 24, ordinary ! | [ | |

] o] i e e Til21) 6 375l .[2, 888119 4] 1.318.3— . 2— l.l.'lr.’ﬂllFIl.E].IE‘.ﬂ.",ELE.'r'_ Jit=2G, Jl==58.10
Average, 10, 22, aleohol | | | . [Rexd | i i

i e R R i 12‘1"}.. 5l 28872 32 87719 8] 1. illﬁl_ﬂ— 'il— 2 8266.611. 112, 7| . 8211 4/+30. 6+42.0

| | | | | |

GROUP ©, | | | I

| | | |

No. 26, J. .8, ordinary | | | I | ; | | | i

i [ e 3100 95 ‘74? |2 49015.9) 1.1{15.4 — . 6/— 3.5233.2) 9. 411.0....| 196, 1416, 7 + 24, 4
No. 28, 1. F. 8., ordinary | | | g I ! ! '

Bl el e e LA 3 40 H?-":j..__.-, 480915, 8| 1.2]15. 3 JRisy 4, 51245 8110, 010, 9]. . . .}210. 7{+4-14. 2, 4-21. 8
Average, 26, 36 _._____. | 6] 900 68 311).._.2,49015.9/ 1.2]15.3— .6 — 4.0229.5) 9. 7111, 0. ...|203. 4 +15. 4 +23. 1
NﬂE"JlfS.almhul|| %] | |t . ;

[ T2 PR e e 3 o 4 2 48116, 8] 1.1]15. 7I—1.0}— 6.0:229.5] 8. 9{11. 3 . 5198, 3+-10. +-15. 3

387
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Tarre CXNIX, —Meome and oulge of nitrogen and carlon and grin or loes of protein and fat, ete.—Continued,

In daily food. Hitrogen. (e] Carbon {m)

| L) | @ | e | @ é, n @ mwmimlw| o |l
i ' T s 12 |2 T. | 2
Classification, serial numbers, | — . | =4 i —a EE
and subjects of experi- e | T = §,+ ==
ments. £ - Ry [ B | &= = ...i

o = = = =

E S0 e |2 |22 | 5% | &L
= . { - oL i g 5 z %' ;E i

= = wmo i RS (s L) RS = ] M= R e =l S
SEEBlE B e | e5 3|2 |anll

= = =] = = = £ = = = = | iz =T =

s E IR EEELS = & =l B ieis | a2 = =

|

Experiments  with  ared

widthout  alealiof  more
strictly  comparalili— . , |
Continued. [ |

SRR ———

- |
Rest EXPERIMENTE— :
Continued. | | | .

|

GROUPE A=, | |
I, e, (Gs, (Gme, Gars, | Ciels, | Gos, o, Gaes, | Geme, | e, | G, [Gns (Fms (Gmg, | s, {7z, (Faies,

Average, 9, 24, 26— 28 |

ordinary diet.......:- 13114 69 354)....12, 75618, 3 1. 317. 3 —0.8|— 2 01266 911. X11. 8__. 1219, 8|--24, B|-+38. 7
Average, 10, 22, 27 aleo- | I
o] e bt T S ST 100115 47| 27372 2\2, 748/18. 5| 1. 2117, %H— .6} H.ﬂf."}-i.:!'.lll.ﬂlﬂ.f 0. 71207, 024, 0j-+34. 1

Work EXPERIMENTS,

[ [
| | |
GROUFP T I ‘

¥o. 11, E. 0., ordinary |
i | 1] P e R e . 124 129) 485(.__.|3, 86219, 8 2.2n8.1)
Mo, 12 E. O, ﬂ.lltlh{ll

| |
—  Si— 3.0873.520. 212.7]....]872. 6|—382.0/—39. 7

| | 1 |
3 L T 41121| 150) 29672, 4(3, 891(19. 3| 1. 3]18.2/— .2 — 1.0544. §12.1112.3( . 8344 7|—25,11—32.2
| | 1 | |
GROUF E. | i ’ i
No. 29, J. F. 8., ordinary | I | : .
i Ty e s . 3100 106] 471(____ 3, 487/16.0, .86 0— 85— 5 0333, 6/ 8 311, 3. ..|334. 9 —20, 5|—25. 8
No. 31, i o ur{lman . | | | ' !
itk .o .o iooaaaao.]| 3I000| 161 343.. |3, 496/16. 1 .Hllﬁ.li.— .dl 2.8321.5 8.110.9....1315.8—13. §|—15. 9
Average, 20, 31 ...__....| 6100 134/ 407/-.._[3.481/16.0 .8/15.8— .6l— 3.7327.6 8.211 1| - |35 4l—17.1|—19.0
No. 80, J. F. 8., alcohol ; sl |
diet. ... .._..| 399 104 3417208, 458/15. 9 T =21 —=13. l:'l]-'i-. -'i-t 6.4512.] 316, 5 —19.9/—17.0
| | |
GROUP F. , : L . [ - o
KNo. 32, J. F. B., ordinary | | |
diet. iemmmeees=o| (3101 162 354 . __[3, 287(16. 1 I.Eil."). = .ﬂ— . 03.‘3‘] 012, 610,00 .| 325, 6|—29.2(—34. 9
No. 34, JF.§ 1}r{h:mn ; | | 1
IIH,-"T_,._.._,,._,.._,.,.,.,. 3100 99 478 .../% 49316, 0 1. EIG.F---I.H‘ =11, 9335, 711, 611, 6[____ 345. 4 —32.9—35.0
.g"..'l.Lrﬁf_l'_1 [ T e e B100 126 416,...5 400016, 00 1. 2116, 2 —1. 4]— 8. 5827, 812, 111.3[....1335.5/—21.1—35.0
No. 33, J. F. 5., alcohaol

rhet ................. riluni i 'i’ﬁ?.:‘.t].i 486160 1. 2117.3)—2. 51—15. 8.319. 6(11. 412. 1 . 41333, 3/—37.6/—88. 4

GROUPS BE-F. | | | |

|
Avernge, 20--31, 3234, ' Levd|ta] |
ordinary diet......._. 1201000 130y 412 .. 3, 490 16. l'.iI 1. 016 0—1. 0|— 6. 11327, 7|10, 211, 2. ... 330, 4 —24, 1| —27. 5
Average, 30, 35, alcohal = | [ { { { | -
i | e e et e I 1 L, lllﬂi B4872. 003, 47216.0) 1. 017. 3 —2. 3(—14. 5(317. 6| 2.912.1| .4324.9—28. 7|—=27. 7

|
1 1
GROUFS D=F, | | | | !

Average, 11, 20+ 31, 32 {ea] | - |
34, ordinary diet ... 16 108 1300 436 ... 3, 61417.3) 1. -|1F“ fie L8— 5.1/343. 013, 5(11. 7| .. |544. 5| —26. T|—81.5
Averagre, 12,30, 33, aleo- | | | | | |
hol diet..............10107 21{ 831 T2, 23,6111 7. 11 1, 1 7. ﬁ —1. 6l=10. 0i326. 6110. 012. 21 . 51331. b|—27. 5l —20.2
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INCOME AND OUTGO OF MATERIAL AND ENERGY.

Table CXX compares the available protein and energy, the gain or loss of body protein and
body fat, and the energy of material oxidized in the body and that measured as heat and muscular
work in the various groups of experiments with and without aleohol. The available protein is
the difference between the protein in the food and that in the feces, while the available energy
represents the energy of the food less the energy of the feces and (dry matter of) urine. The
energy of the material oxidized in the body represents what may be called the net income, while
the energy measured as heat and museular work may be called the net outgo.

Tarre CXX.—Material and energy supplied and metabolized in experiments with and without aleohol.

[Quantities per day.]

ﬁg}nﬁs} i i1 Ensrgyof] | Enemy mesuicalie
Classifidation, serial numbers, and subject of Available Available = Exﬁzﬁ;a-l - —
cxperiments, protein. | energy. in the
| Protein. |  Fat. body. | Hear, M:'f:;ﬂ_“ Total.
Erperiments with and withow! aleohol more
atrictly comparable,
LRest ExXPERIMENTS.
GROUF A.
GFrams. L‘t‘r-l'uraea (. Grame. | Calories. | Cualories. | Cofories. | Colordes.
No.9,E.O.,ordinary dief .ccoueveocccanana. 112 | 2,428 | — 3.6 | +18.2 ) 2277 | 2,309 |L__c._.. 2, 309
No. 10, E. 0., aleohol digt oconvcaccncann.. 115 2, 4927 | — 6.9 | +21.2/| 2,288 | 2,283 |- ---- 2,283
GROUF B.
No.24, E. Q. ordinary diet . ..o ccoooonno-- 115 | 2,809 | +- 1.7 | +59.7| 2,288 | 2,872 | .- D272
No. 22, E. (., alcohol diet «.cocecmceuacaa.-- 17| 2,777 | == 1.4 | =-682.7 | 2,180 | 2,258 |.c__oo 2, 258
GROUFS A AND B,
Average 9, 24, E. O, ordinary diet _......... 114 | 2,618 [ — 1.0 | +36.0 | 2,858 | 2,891 |..__....] 2,280
Average 10, 22, E. cl aleohol diet. ... ... 06| a0e i — Eral ] A ] s e | ey | N 2 270
GROUF C.
No.26,J. F. 8., ordinary diet ...__.......... 03 | 2,256 | — 8.5 | +24.4| 2,043 | 2,085 |..-ec.-. 2, 085
No.28,J.F. 8., ordinary diet . .. ... .__..... a1 | 2,249 45| +21.8 | 2,067 | 2,079 |.ceaao-c] 25009
:L'l.'erage 26, 28 . e L 92 *’ 258 | — 40| +23.1 | 2080 | 2082 ... 2,082
No.27, . E.5., aleohol diet. . ... _—......] 92 | 2,:-"{14 — lj.lllli 418: 2| 2 125 | FimemEan 2,123
1
GROUPE A, B, AND C. | i |
Aversge 9, 24. 96-195, ordinary diet.........| 108 298| — 2.0| 47| 2100 2221 [0 | 99m
Average 10,22, 27, alcohol diet ... ..._.... 105 | 2489 | — 3.8 | =84.1| 2,191 | 2,221 |c-cooiof 23l
Work ExXPERIMENTS
GROUF I | | ';
No.11, E. O., oxdinary diet................| 110| 8,510 — 8.0 | —80.7 | 8901 | 3,746 | 1286 8082
No.12, E. O, alecohol'diet .- _.-coo..-. 113 | 3,614 | — 1.0 | =—32.2 ] 3,922 | 3,727 200 3, 927
1 | It
GROUP E. ' |
: 1 |
KNoa. E§i§ Fo BB ordinaTy diet oo e 05 | 3,260 | — b0 | —23.8 | 3,015 3,334 | 255 3, bRY
No. 31, ). F. 8., ordinary diet ..,,,,,-.---.._i Wl 3275 — 23| =159 3439 3,171 249 | 5,420
"L\l'n:lj.l* 29, 51 . 9% | 3,268 | — 3.7|—19.9| 3,477 | 3,253 | 252 | 3::05
Ko 30, J. F. Ihuhu| A s e 05| 3242 | =135.1 17.0 | 3,479 | 3,321 0 | 3,470
| |
GROUP F. | | | f
No.32, 1. F.B., ordinary diet .. ...ciaaeaias 9% | 3,228 | — 5.0 | —234.9 | 3,573 | 3,360 | ]'?ﬁ 5, 665
No.34, J.F.B.,ordinary diet . . _............ 02| Z o841 —11.9| —35.0/| 3,620 3. 337 | 250 | 3, 087
Ayorape il B s ol 93| 3,234 | — 8.5 3.0 | 3,601 3, 305 223 3,076
No. 83, J.F. 5., alcohol diet. ... coceemana... g2 | 8,227 | —15.8 | —38.4 | 3,669 | 35,45 197 3, 632
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TasLe CXX.—Materiol and energy supplicd and metabolized in erperimenta widh amed writhout alrofiol—Continned.

Classifiention, serinl numbers, and subject of Avaflable (Avallable| | g:’"t:hﬁ s -
experiments, protein. | encrgy. | e

Protein. | Fat. | body. | Hear |MUWATl qou

|
!
Erperiments with and withowt aleohol more |
grictly eomparabfe—Continned. |
Rest ExrErmvests—Continued,
GROUFS E AND F.
Grams. | Calories. | fFrama, frams. | Cialorics, | Calorics. | Calorice. | Calorics.
Average 29--31, 52--34, ordinary diet....... 95| 3,251 | — 6.1 | —27.5 | 3,530 | 3,303 238 3,541
Average 30,33, alcohol diet ..o ooaaas 94| 3,235 | —14.56 | =27.7| 3,674 | 3,328 223 3,551
GROUPS D, E, AXD F. ' . | {
Average 11, 2031, 32-+-34, ordinary diet ... 100 | 8,337 | — 5.1 | —31.5 ! 3,660 | 3,451 220 3,871
Average 12, 30, 33, alcohol diet ............. 100 | 3,361 | —=10.0 | —20.2 | 3,600 | 3,461 25 3,676
GROUPS A TO F. |
1 |
Average 9, 24, 2628, 11, 20--31, 32+, ! ;

PR D 20 o o om s b oim s { 108l 2917| —3.5]|+ 11| 295 | 2,8% 110 | 2,946
Average 10, 22, 27,12, 30, 33, alcohol diet .... 104 | 2,935 | — 6.9+ 2.4 | 2,M1 | 2,84 108 2,149
Erperiments with and withowt alcohol [ess

atrictly comparable.
Hest EXPERIMENTS.
GROUF G,
No.13, E.O.,ordinary diet ... .............. 110 | 2,295 | —11.7 | +26.9 | 2,112 | 2,151 |......-..] IL,1bl
No.14,E. O, ordinary diet . ................ 80| 2,280 | —12.4 | +24.4 | 2,131 | 2,193
Average 15,13 ..o meeniicicncanaaa 100 | 2,204 ) —12.0 | +35.7 | 2,121 2,172
¥o.T. B 0. aleoholdiet - .. coovocsonnoncns o0 | 2,230 ) —12.0 | —14.3 | 2,434 2,3
GROUP H.
No.5, E.Q.,,ordinary diet .. ... cooceinaaaa. 109 | 2,884 | — 4.2 | = 7.8 | 2,482 | 23 |.......] Z3m3
%0.15, E. 0., alcohol diet ..cceeeeeeeeennans 14 | 2,496 | -+~ 6.0 | 4 3.8 | 2,357 | 2,362 |........ 2
No.16, E. O.,aleohol diet ..cccccvicannvanas 104 | 2,424 7.2 | 4+ 50| 2.8%61 2,332 | _......] 2332
No. 17, E. 0., alechol diet - ... ........ 104 | 2,427 | + 60 | +11.0 | 2,280 | 2,276 |........ 2 276
Average 15, 10,17 - ccunaaivasinnsias 104 | 2,426 | + 6.4 | + 6.6 | 2,327 | 2,323 --.---_.E 2,323
GROTP 1. ' | | {
No.21,A. W.S., ordinary diet .............. 90| 2088 | — 56| —24.9| 2,304 | 2,279 ... 2,979
No.18, A. W. 8, alcohol diet................ 90 | 2,532 | —12.2 | +25.1| 2,367 | 2,488 |........ | 2,488
No.19, A. W. 8. alcohol diet. . cccovceaaaaca 0| 2,55 O 485,71 | 28| 2,379 ... {2,279
No. 20, A. W. 8., alecoholdiet. . ... ...-_._.] 90 | 2,549 ( 4 2.2 | +21.1 | 2,339 | 2,308 |........ 2,303
Average 18,18, 20 .- ... .. ... 0| 254 | —3.3 | 4271 2,300 | 2,357 |.....-.. | 2,357
GROUPS G, H, AND I |
Average 13+14, 5, 21, ordinary diet ......... 100 | 2,239 | — 7.8 | — 2.3 | 2,302 ) 2,977 | ... 2277
Average 7,15 to 17, 18 to 20, aleohol diet .. .. o8| 2,400 | — 3.0 |+ 65| 2,36 2,158 |........ =
GROUPS A TO 1.
Average 9, 24, 26-+28, 11, 2031, 32434, I -

13--14,5,21, ordinary diet ....ceeeeennuas 102 | 2,601 | —4.8| — _1| 2717 | 2,650 73 2,723
Ave 10, 22, 27,12, 30, 33, 7, 15 to 17,18 to | | i

L B P L R, SR 102 | 2,750 = 7.1 |+ 3.8| 2,746 | 2,680 72 2,722

1 e
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PROPORTIONS OF ALCOHOL OXIDIZED AND UNOXIDIZED.

In the experiments in which aleohol formed part of the diet the urine, drip. and freezer
waters and outgoing air current were examined for the presence of alcohol, or the products of
incomplete oxidation of aleohol, aceording to the method discussed on page 258. The determina- .
tions were made by the amount of reduction of a standard sulphuric-acid solution of chromie acid.
The materials thus found were called reducing materials. and the total amounts were caleulated
as alcohol.

In 6 of the later experiments in which aleohol did not form part of the diet the same tests
were made in the exceretory and respiratory products as indicated above, and considerable
quantities of reducing material were found. These were likewise calculated as aleohol. The
average daily amount eliminated in each of these experiments and the average of the results of
all 6 are shown in Table CXXT.

Tapre CXXI.—Average daily eliminalion of veducing watevial by lungs and Fdveys in erperiments in which aleohol did
iot form o por of the digt.

[Quantities expressed in aleohol equivalent. ]

Reducing material exereted, calen-
lated as aleohol.
Experiment No. T T T
. | In
In urine. | respiratory Total.
| prdiocts,

3 Grraima, frramts, GFrams,
e e o st S Thr < e e P 0.02 z | 0. 38
L e e e e R e e 02 .24 i
e L e E T 2 s T e P .01 .35 | .36
e nyes N M Pl P e e S R . 2 . 28 . ol

T O e e .02 . 30 .32
I

In the average of all 6 experiments the reducing material determined was found equivalent
to 0.32 of a gram of alcohol per day. Accordingly, from the total amount of reducing material
determined in the aleohol experiments, 0.3 gram was subtracted in estimating the amount of
aleohol exereted unoxidized. This is shown in Table CXXITI, which summarizes the data for
the exeretion of unoxidized aleohol in the different experiments. The ficures in column o show
the total amount of reducing material, caleulated as aleohol, which was found in the distillates
from the urine and the water condensed in the chamber and the freezers, and more especially in
the air current. From each of the values in column o 0.3 gram is subtracted. as explained above,
to obtain the values in column e, which represent the amount of aleohol excreted unoxidized. The
difference hetween the alecohol ingested, column «, and that excreted, column e, represents the
amount actually metabolized, column #. The latter amount divided by the amount ingested
shows the per cent metabolized. column a.

It will be noticed that the values for aleohol metabolized in the body in experiments T to 22
are slichtly larger in Table CXXII than they are in the tables giving the details of these experi-
ments on preceding pages.  This is due to the faet that in the detail tables the total amount of
reducing material. as found in the experiments, was taken as the measure of the alcohol excreted
in the experiments specified. whereas in the summary table the average amount of reducing
material found has been deducted from the total reducing material in all the experiments alike.
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TaeLe CXXIL—Comparizon of amounts of aleohol consumed and exeveted unoridized in éxperiments in which it formed a
part of the diet,

{a) = | Alcohol -.-mr:-t:-fl. inclnding T Alcohot ae
| I :;::l:l;trlff.amh“lm]w[“m. = : tuk"lu.“t]l!z‘:_-ﬂ_ly
| Aleohol = BT I L 'ﬂ'-“]:"-'l e W
E:anl“ﬂl Ko fl'!l'::'h'l(‘dl- Ly (el {d) IL;L-D;::ii.:l‘d. iri | el
I In Total d-03. | s
| urliz'lre. ﬂ‘::‘41:1'*:-[-'"'- o X &% | s
| products.| T
1
z | Frams, fFrams, firama, irrama. GFrama (Fronms, i.Pc.r cenf,
bt SR i e e e e N | 725 0.22| 27| 29 27| eag| 9063
|| PR S A T s e e B i e e e | 72.5 .12 .08 1. 10 8 717 98. 9
l? R P e e e s & e 2.4 . L5 1. 49 1.2| 7TL2Z2 88. 3
MR s e A e e 2.9 e 1. 40 1.54 1.2 71.3 98.3
TR e ol gy [y | 19| Lso| 2o L8| 7.7| 975
L A R R R I B B s 06| 143 1.49 1.2| 713 98.3
1. p et = e REL & .14 1.83 | 1.97 1.7 70.8 97.7
L e A S S g R B e e Bl | e .12 L. 42 | 1. 54 12 1.3 98. 3
‘_’ﬂ“_“.““__..“.._“._...__‘______........--.i 729 .14 1. 6% | 1. 53 1.5 L0 97.9
e e L et nm s ma e et ] | ) b 1. 67 2.19 | 1.9 0.1 974
ISR T AR e R i | T 1| 09| 1.20 | gl -y 98,7
ol e s TR N R ST e || . 06 1.03 1.09 | 8 71.2 45,49
R e G A s e e e s e L e 2.0 05 1. 00 1.05 | o 713 99,0
C T S e e e P T I e B T S ) e e B 881
Averspe 0F Noe. 27-33. ... ... ... aoceaifoia i et | ........ i e 98.9
i | i

YARIATIONS IN DAILY EXCRETION OF NITROGEN.

In the course of these experiments it bas been found very difficult to obtain a uniform
excretion of nitrogen in the urine from day to day. even with uniform conditions of food, rest,
and work. In studying the effect of alcohol upon nitrogen metabolism these variations should
be considered. Table CXXIII shows the daily nitrogen content in the urine in experiments with
and without alcohol. It also shows the elimination of nitrogen on the days of the preliminary
period which always preceded an experiment in the calorimeter, and during which the subject
had very nearly the same diet as in the following experimental period. In many cases the amount
of mitrogen in the urine varied greatly from dayv to day, this variation being especially marked
in the preliminary period. This may possibly be due in part to differences in amounts of external
muscular work performed on different days, but the general results of experiments on the effects
of musecular activity upon nitrogen metabolism imply that when the work is not severe and the
supply of energy is suflicient the output of nitrogen is not greatly increased. It seems more
probable that the cause may be in part psvchic. We have had occasion to note an increase of
nitrogen excretion after mental excitement, and not infrequently such inerease has occurred on
the day before or the day after the subject entered the respiration chamber for an experiment.
This was especially the case with E. O.. with whom there was a notable inerease in the exeretion
of nitrogen on the day hefore entering the chamber in experiments 5, 6, 7, 12, 13, and 14, and on
the day after in experiments 10, 11, 15, and 22, Something of the same kind appears with
A. W. S, in experiment 18, with the exception that the increase was observed on the second day of
the preliminary period, continued for a few days, and, with the exception of a slight rise on the
day after entering the calorimeter. greatly decreased in amount during experiments 18 to 20.
With J. F. S., on the other hand, there was as a rule comparatively little difference in the
nitrogen eliminated ondifferent days of the preliminary period, and a very slight. although regular,
increase on the day following his entrance into the calorimeter.

The figures in the last four columns of ‘the table show the average elimination of nitrogen
during different periods with and without alecohol as part of the diet. The pronounced difference
in some experiments between the elimination of nitrogen in the preliminary period and the ecalo-
rimeter period is of interest as indicating that these unexplained variations are much greater than
any which may be brought about by the addition of alcohol to the diet. This is one of the facts
which lead us to hesitate to attribute to the alcohol any definite and uniform effect upon the
metabolism of nitrogen.
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One thing has impressed us, not only in these experiments but inothers, the results of which
we have studied. It is that the daily nitrogen balance is a much less reliable indication of the
effects of diet, or of drugs, or of muscular work, or of medical treatment than is commonly
supposed.® ;

Tapre CX XTI —Comparison of daily cimination of ?ir'!?iugfri in the wrine when aleohol did and did not form a part of
the diel.

[Figures in bold face indicate days in which aleohol formed a part of the dict.]

h"?{‘ﬁ:}:&,mg&!’”' Nitrogen in urine, calorimeter period. ' F““‘EE:&E‘*“‘-‘-
| - { | I ! g Calorimeter
Experimentand | £ [ o period.
subject. [ = |f s ; e . o : B
= e e e 2lslglsls|l2lsle £ 22| 8
| = = - —_ - = =] Lo = = | 2
O = - O
| £z | E|B|E| g | E|B|5|z|5|E|5|2]| = |32|=E]a48
= = E = 2 E| = = E = w B R LS E == | =g | =
BBl &6 | & | & &| 8| E|l@|&|B|B| & |6 |BE|E
' | | 7]
E. ().
| Gans | Gma. | Gms. | Gms. | Gme. | Gme. Gme | Gme. | Gme | Gme, | Goms, | Goms, | Gne,| Gng, Gms. | Gms. | Gue. | Gms
Experiment Nos. | l
13and 14..... 16.9) 15.3 16.0§ 17.2 20,2 20.2 17.4] 16.9 16.5]..... SR ) R SRR i T S )
Exp&riment No. l I i | | |
............. 16.7.....1 18| 15.9) 18.5] 19.6] 17.8 162 17.3|.ccccliceccloeafonasf-naal PT.B0 BT oo} AT.T
Exp-e-rlment No. | |
e 197 174 22 1] 20, 1) 0T 18, 7] 18.8 183 AN Ol | feea cenel 19,4 18. 41 184 -
E.‘-up-ermleﬂt N ! ! ' i ' | |
1Rt S 19.8 17.6 20.5 12.%3 14.2) 19.7 20.6 19.4 18.1|._ ... i oot Al et | it veuol 18.2) 195 ... 19.5
Experiment No. ! | | | |
] e e 19.9 12.5 11.7| 13.46) 13. 8 17.5 17.1] 18.3| 19.4___.. T (] e, SN B B8+ B |2 | | | I
Experiment No. [ ' | ! | | EJ
1 | 193 101 15.4) 13.8| 18.3] L7.8) 2181 15.8] 1T T|ooo-o|ameoa|aacilea-s .sse 144 180 ____| 182
Experlment No. | I | | |
............. 10.1) 17.21 17.6] 14.2) 23. 81 20. 3 17. 4 17.2] 17. 4. .| - |..-|----f=---] L8. 5 18 ITHA4-C "o
E\:perimenr‘\w | | | | : | | |
1 B B R 17.4 11.6 160 13.9 10.4 151 16.2 152 157 157 15.6.-...1..../-a--| 13.0| 158 .... 15.8
Average 13 and | ' | ! | WA
14, 9,11, 5____; 18 8 15.6 16.9 16.3 18,9 19.2 177 5.7 AV. 8- ... lommais P O 81 L Bz b T L
Average 7, 10, | | |
12, 15-17...... 1%.3 13.1| 17.8| 14.0/ 154 18.1) 19.0) 16.7| 17.2|.....|-ccvc|eu-- RPN PP U0 I P 1 [ B L
E\:'m:nment‘k 08, | |
LI 15.5 17.3| 18.8 14.6 18.7| 18.7| 18.8) 17.8) 158.8| 19.6) 18.5/19. 418.1117. 3 16.1) 18,5/ 158. 6/ 18.4
1
BWIE. | | ; |
Experiment No. ! . EJ
da-de_ ___...-. 15. 3] 15.0f 15. 6| 14.3| 14. 4| 14.6{ 14.1} 13.1] 13.7| 12.6 ]Lﬁ:li-ilﬂ.llll.? 14.8| 12.0, 13. 0. . ..
Experiment Nos. : 3]
Rl S lﬁ.ﬁl 12.2 16.0 18.0) 16.4 17.4 154 147 li-ﬂi 13,8 14.2]14. 516.215. 4 15.9 15. ﬂi 15. 4 15.0
J.F. 8 { |
Experiment Nos, ! | |
) o 15. 'H' 16. ﬁ 15.9 15.7 16.0{ 16,6/ 15.1) 14.4] 14.6) 15.5] 16.8/15. 915.214. 7| 16.0 15.4} 15.3| 156.8
Experiment Nos. | ' g
N e 16. lI'I 13.9) 15.5/ 15.0| 14. 8| 15. 4| 16.3| 16.2 16.8| 18.0| 17.116. 315.415.2) 14.8 16.3 15.8 17.3
Experiment Nos. | | | - !
oo e 18. 1] -'":.{JI 15.5) 15.6] 15.1| 16.3| 15. 3| 15.6] 16.7| 17.6 l?.?ll?.rllﬁ-.3|ﬁ.‘i 15.3 16.6 16.2| 17.8
Average 26-34. . 1 16, []l .Z| 15.8| 15.4| 15.3| 16.1| 15. 6 15.4{ 16.0; 17.0 IT,Eilﬁ. 515, 615. 4] 15. 4! 16. li 15.8 16.7
|

* My own confidence in thl:' results of the EKI!E'I‘JIIIEI:IL‘- of afew t'lm's duration as indications of the influence of
any such agencies upon nitrogen metabolism was much shaken by the experience of Dr. C. F. Laxewortay and
my=elf in collating and comparing the results of experiments on these subjects in the course of the preparation by
ourselves of Bulletin 45 of the Office of Experiment Stations of the United States Department of Agriculture, A
Diigest of Metabolism Fx}nerum nts in which the Balanece of Income and Outgo was observed. The tables of this
voluine include summaries of 2,200 experiments with men and 1,362 with animals, in which the nitrogen balance

was stndied,  The very elear impression left upon my own mind is that a not inconsiderable share of the concluzions
reached by the authors of this very large amount of painstaking inquiry must be held subject to revision in the
light of inquiries in which the experimental periods will be longer and the determinations more detailed.—W. 0. A,

e i s i 5
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Table CXXIV compares the coeflicients of availability of protein, fat. carbohydrates. and
energy in experiments in which aleohol did and did not form a part of the diet.
are compared according as the ordinary diet and alcohol diet were more or less comparable, and
according to the character of the experiment, whether rest or work.

These experiments

Taere CXXIV.—Coefficients of availability of nutrients and energy in dief with and without aleohol.

, -
e Lot b o lioh Tiae
en:lg?:l- EI:"E?| Classifiention, serinl numbers, and subjects of experiments, I:::.L“"| m | Fat. dEiBﬁ. Jl;!uclm E".’f"‘
Ko. | No. | J
I imends with and withou! aleohol more strictly comparable. |
| L i [
' Best EXPERIMENTS. l
Tt | Dags. | Perct. | Peret. | Per | Per i) Por ek
9 T e B g T e e, Sl S 4925|939 965 |......] 8.7
10 T R s TR I | e e B LT R S R B 4| 93.1|88.2 | 97.0 | 98, £9.8
GROUF B |
T B B BT e e | 89082937 |98.9| ... 91.6
22 & | E O, aleohol'diet . ........... L e I e 3.4 | M7 97.9 (96,9 90.5
GROUPS A AND B. |
| |
Average Noa. D, 24, ordinary diet ___ ... . coreniian cannnal 7934|988 |97.7 ... 00T
| Average Nos, 10,22, alealund (Rt o e R e e R e T | ¥ |93.8 |95 | 97. 97.7 | 90.2
, GROUP C, :
o e e TR S 3j9es1|one|ons|.....| o1
L N T T S T B T | 32| el | el 1.1
.ﬁx‘emge e e R e R R R S e i 6| 027|937 | 980 |l 81.1
27| 151 | J.F.B, AT R B e ey S 3 925)9.0)97.2|98.7| 9.4
GROUPE & TO i,
Average Nos. 9, 24, 26128, ordinary diet. . ccceeceninnnenn. 13 i 03.1 | 93.8 | 97.8 l ...... 090, 8
Average "i TR i T T e I R R e 10 : 93.4 | 92.6 | 97.4 F 95.0 | .6
Worg ExrerivexTs. I I
|
GROUP D, I |
11 T T e e e 4| BE.7|93.0 975 |..c.m. 00. 9
12 5‘3'E.'I}.,almhuldiet--------...-..---..................“‘ul 4/93.5|95.9 98.2|97.9| 9.7
GROUF E. ,'
R N T B T S L O 3/9L6|97.2 | 087 |...... 04.1
81 | 156 | J.F.5., ordinary diet ............... e B T s
o ot e T e A s LT s S 6|08 |97.8 985 | 841
- B T B T I T e e e e I L S R 3958 98.1 | 08.6|98.0| 8L5
GEROTE F | |
[T A R R e e T e RO B SRR e e S e 3|928|97.1|97.4|...... 82.7
84 | 160 | J.F. H LN AEE R s =2 T R o - s i 31927 195.0|98.4|......] 93.2
RN A RS e e s G e | ©8|9.8|9.2|97.9|...c...] %50
3| 159 i J. F. &, aleohol SRR e oAl R S T G el L | 392.7 | 95.6|97.8|9.0| 931
' GROUPS E AND F.
| Average Nos. 29,31, 32, 34, ordinary diet...oo...............| 12 |95.8|96.9 es 2| .. . 93. 5
| Averape Noa. 30,33, aleobol diet . ... oo cmiiiiiioiiaas 6 | 04.3 | 96.9 | 2 99.0| 93.8
GROUPE D TO F. |
[ Average 11,29-1-51, 32-L 34, ordinary diet. A PR R [ B SRR 2
Average 12,30, 33, aleohol diet_. ... .. . ..._______| 10| 94.0| 065|982 (956 934
GROUFS A TO F.
| Average Nos. 9, 11, 24, 264-28, 20-+-31, 321 34, ordinary diet...| 29 | 92.6 | 94.9 | 97.9 |...... 91.9
| Average Nos. 10, 12, 23 37, HG,BE alcobol diet ... ..ooeoonnn. 20 | 93.7 | 0.6 | 97.8 | 98.3 | 92.0
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TanLe CXXIV.—Coufficients of availability of nutrients and energy in died with m:d wilhout aleahol—Continned.

!-I]{:tnh—. Diges- IC& bch
m | tion ex- | Car
L%E;?ij- I}:{{ﬁ-:c Clpssification, serial numbers, and subjects of experiments. ?ilg:ﬂ' le l Fat. |d ‘;‘:IEI“' E:;Il"
No, Xin I
| Experiments with and without alcohol less strictly comparable.
' Rest EXPERIMENTS.
MG Iy, | Per oof. |Pr.r ef, |P4:n:: Per ¢f, | Per el
13 i L e B T e T e e 3940 |93.2 980 | . 0.
14 e R e e S e e e e s e e e 4958 958 BBT Lt 91.9
L o LR B W e S e e T193.9 043 | 084 o 91.0
T L T B R e 1 T e s e g e e 4 | 948 | 96.3 | 95.1 | 95.9 | 91.1
GROUP H. |
i [P [ DR e s bl 1 o e e P e SRR 4191.8(93.9|97.7|......|] 89.8
15-17 Rl AR el pohnl i e ns s i e S A 6 |95.2 | 92,5 | B8.4 | 97.6 | 9.5
. GROUPS G AND H.
Average Nos. 13-+14, 5, ordinary [T A P L L 11 1 92.6 | 94.1 | 98.1 |...... 0. 3
Average Nos, T, 1617, alcoholidiet ser o w0 il iine SREas 10| 95.0 | 94. 4 | 5‘3 3| 96.8 | 9.3
\ GROUPS A TO H.
Average all e:{periments with ordinary diet, Nos., 9424, |
2608 11, 20431 32+ . 18 -0, B .o iioiiiicaoan- 40 | 92 ¢ D D R 91. 5
Average all e'iperlmente with alechol diet, Nos. 10--22, e 5
| 7RG U T U R e R R B Y ' 94.7 | 97.9 | 97.8 | 91.8

Table CXXV summarizes the results of experiments with the same subject and the same diet
before and after entering the calorimeter and averages the results for all the experiments.

Tasre OXXV.—Chmparizon of gaing or losses of nitrogen, and of coefficients
oulside the calorimeter and the experinental periods inside.

[Quantities per day.]

Metab-| 5. |
trliu?n :;lpgf]:‘_-it_
exXper ment
et | %o |
|

== |

|

|

|

= I 37
Th o8
43

= { 44

g | 45
N 46
13 [ 76
=W T
{ 78
45 79
ox |J 147
& | 148
an ] 128
6 150

. [ 89
T

| 49

HR
s 1158
=110 154
L) 107
=N 158

of availability in (he preliminary periods

&

Witrogen. I Coefficients of availability.
Dura- |- Gain | ;
[} o, I In. In +jor| Pro- pAL Aleo= | En-
En!uﬂ. feces. | urine. ':I;EEIT ! teim, L d].:l:;ﬁs. hol. | ergy.
T [ |
Erperiments with ordinary oiet.
L Daye, | Grame, | Grams., | r.rur:-m Frame, | l Pc.r' e\_{. | Peret.| Perct.| Perct.| Peret.
Preliminary pericd ... ......... 19.2 | 1.4 | 18.2 | —0.4 | 02,7 | 8400 | 98.0 oo 90. 0
| Calorimeter period - ............ ER i o ] (R R ] |— o1. .:". 98,9 | 0T oo 89.6
Preliminary period ..c.c...oouas 42001 | 1.8 | 142 |—-I L [P91.3 | 9dod | OF. < oot 59.9
Calorimeter period ............. 41 20:8 | 1.2 | 195 EErTrs 04,0 | 95.6 | 98.2 ..., 90. 8
Preliminary period .......oo.. o 4189 | 1.7 | 19.4 |—2.2 90.9 | 92.1 | 95.8 ... 88,5
Calorimeter period .._..__.._ ... 4|19.1 | 1.3 |18.4 |—0.6 | 93.5 | 95.9 | 9B.5 (......| BO.T
FPreliminary period ... .. ..... 412011 0.8]18.1 |41.2 | 96.7 96.3 | 98.9 |- 31
Calorimeter period . _-._.......| 3[18.7| 1.1|19.5|—1.9|94.0 |93.2 | 98.1 | ____ - 90.0
Preliminary period ............. 31151 1.2 | 16.7 |—2.8 | 92.3 | 93.4 | 95.5 | .- _coo ) i
Calorimeter period ...c.ccveveee| 4151 | 0.9 ] 16.2 |-—-2.0 ‘ 93.8 | 95.3 I LS | 91.9
Preliminary period - ... ...... o I8 e R Bt (B e | 94.2 | 96.8 | 97.7 [eeanns 91. 8
Calorimeter period ............- 3(17.7 | 1.0 | 16.4 |+0.3 ! 94.5 | B7. 4 | ﬂi-_l ....... 91.8
Preliminary period ... ......._. 4 | 16,9 | 1.7 | 160 |--1.ﬁ | 89.0 9}1 [ ﬂg,.r |
Calorimeter period ... ... ...._. 3/15.9| 1.1|15.4 |—0.6 [ 93.1|97.2|97.3 |.....C g1.1
Average preliminary periods ... ... .. 18.1 1.4 | 17.0 |—0.3 | 92,4 | 84,4 | 97.4 | So 804
Average calorimeter periods. ... ...... 8.1 | 1.2 |17.7 |—0.8 | 93.5 | 95.2 | 97.7 | ._._.| ‘8O.¥
Wark CEPET imentls, ;
Preliminary period . ............ 4181 | 18| 128 |=4.4 | 90.1 | 5.3 | 976 |- -] 8ACE
Calorimeter period ... ___. 4 191 1.5 | 16,5 |--1.1 | 92.0 | 95.9 | 98.3 |....-.| B
Preliminary period . ... ...o.. 4119.9| 1.9 12,9 5.1 | 90.6 | 93.2 | 97.8 |_..... 9. 4
Calorimeter ||{'|‘in|] _____________ 4 14, = 2.2-1 181 ;- -1, 5 | B, 7| 93.0 ‘:'T.-’: |=amaaa 0. 9
Preliminary period .......o.--.. 4 159 0.9 14,8 \4+0.2 | 945 | 96. 4 | 8.7 |.... 3. 5
Calorimeter period .....oeeoeo-. 31160 0.8|16.0|—08|94.6|97.2 | BE.T ..o .1
Preliminary period ... .......... 4 | 15.9 1.5 | 15.0 |—0.6 | 90.6 | 95.7 | 96.8 [...... 91. 5
Calorimeter period . ... ........ 31161 1.2 | 15.7.|—0.8 | 82.8 | 97.1 | 97.4 |......| BT
Average preliminary periods -......... 17.7 | 1.5 [18.8 |+2.8 | 915 |#s.2 | on.7 .. - 920
Average ealorimeter periods ... ...  17.7 | L4 | 16.6 [—0.3 | 92,0 | B6.1 | 98.0 |._.... 92 6
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Tase CXXV.—Comparison of gaing or losses of nitrogen, and coefficients’of availability in the preliminary peviods outside
g the ealorimeter and the experimental periods inside—Continued.

— = - - = — S

l Xitrogon Coefficients of avallability
el | Diges| i 1SS PRMER R L e
experi- ux;:len-l Dura- | | Galn IE A
ment | MOt tion. | In In In_|{+)ord Pro- | oo, | IH:;:;-‘r Alco- | En-
Mo, et l foodl, | feces, | urine. tlm;t tein. * ,dmd,_*_l hal. eTEY.
[ [ I
Eeperiments with wleohol i, ‘ '
REST EXPERIMENTS. ,
Daye, | Grame.| Grams. Grams.| Groms,| Perel. | Peret, | Perof. | Percl. | Perct
- | 41 | Preliminary period ............. 5168 | 1.5)|17.8 |—2.5 | 90.8 | 93.6 | 97.3 | 95.9 | 89.2
: { 42 | Calorimeter period ............. 4167 | 09| 17.7 |—1.9 | 94.8 | 96.53 | 98.1 [ 95.9 | 01.1
10 f 47 | Preliminary period __ZII000000 41905 | 10| 16,1 42,4 | 949 | 921 98.0 | 98.5 | 9L1
48 | Calorimeter period ... ........-. 4/19.8| 1.4]19.5|—1.1 ) 93.1 | 88.2 | 97.0 | 98.5 | BO.8
15 80 | Preliminary period ... __.... 4|16.7| 0.8|13.0 |4-2.9 | 9.2 | 91.8 | 8.0 [ 97.6 | 01.4
81 | Calorimeter period ... ........ 2117.4| 0.8 |15.6 |+1.0  95.2 | 82.F | 88.4 | 97.6 ] 9L &
99 || 83 | Preliminary period ............. 4|19.7| 1.2 |16.1 [+2.4 | 94.2 | 94.5 | 98.2 | 97.0 | 90.5
84 | Calorimeter period ............. 3(19.8| 1.1 |18.4(|+0.3 | 94.4|94.7|97.9|97.0| 90.5
Average preliminary periods __._|_. ... 18.2 | 1.1 |15.8 |4+1.3 | 93.8 | 93.0 | 97.9 | 97.2 | 90.8
Average calorimeter periods.....|...... 15.4 | 1.0 | 17.8 |[—0.4 I 4.4 | 92,9 | 07.9 | 97.2 | 90.7
Work experiments. |
12 51 | Preliminary period ... ......... 4(19.6| 1.8 (144 +5.4 | 90.5 | 94.2 | 97.0 | 97.9 | 91.3
= 52 | Calorimeter perfod _............ 4|19.3| 1.3|18.2 |—0.2 | 93.5 | 95.9 | 98.2 | 97.9 | 92.7
Average préliminary periods in | |
: all above experiments with | |
! ordinary diet_ ... .. _.._..... ceneea| 18.0 | 1.4 | 15.9 [40.7 | 92,1 | 4.7 | 97.5 |...... §1.0
Average calorimeter periods in :
all above experiments with | | [
DT T S e e e ) R 17.9| 1.3 | 173 |—0.6 | 92.9 | 95.5 | 97.8 |_.....| 914
Average preliminary periods in | |
all above experiments with | |
R B RS B R e e [18.56 | 17| 15.56 |4+1.7 | 93.2 | 93.2 | 97.7 | B7.4 | .7
Average calorimeter periods in | '
; all above experiments with |
aleoholdiet ..o ooeeee oo | 1806 ] 1.1 | 17.8 |[—0.3 | 94.2 | 88.5 | 97.9 | 97.4 | 91.1

The figures for the availability of aleohol in the preliminary period are based upon the
assumption that the excretion of unoxidized alecohol was the same during the preliminary period
as during the following period when the subject was within the chamber of the respiration
calorimeter. It will be observed that while the diet was practically the same in the preliminary
as in the calorimeter period. the coeflicients of availability are quite different. Sometimes the
subject appeared to digest the food more thoroughly during the preliminary period and some-
times more thoroughly during the period spent within the respiration chamber. In both the
rest and work experiments without aleohol the availability of the nutrients and energy of the
diet was slightly less in the preliminary period than in the subsequent experiment in which
the subject was within the respiration chamber. In the rest experiments in which alcohol formed
a part of the diet there was no pronounced difference in the coeflicients in the two cases, but in
the one instance in which there was preliminary and ealorimeter period with work the coeflicients
of availability in the former period were noticeably less than in the latter.

Taking all the experiments into consideration it would seem that there was, as a rule, a
quite noticeable difference in the proportions of the food which were actually made available for
use in the body in the preliminary as compared with the calorimeter periods, a difference which
was not noticeably affected by the presence or absence of alcohol in the diet.

Yol. 8—No. 6—12
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