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LETTER OF TRANSMITTAL.
( e 2l

7. 8. DEPARTMENT OF AGRICULTURE,
OFFICE OF EXPERIMENT STATIONS,
Washington, D), C.,October 135, 1900,

SiR: I have the honor to transmit herewith a report of six experi-
ments on the metabolism of matter and energy in the human body by
W. O. Atwater, special agent in charge of nutrition investigations,
and F. G. Benedict, expert assistant in the investigations, with the
cooperation of A. W. Smith and A. P. Bryant.

These experiments form a part of a series which are in progress at
Wesleyan University, Middletown, Conn., and were made with the
Atwater-Rosa respiration calorimeter described in previous bulletins of
this Office (44 and 63). The nlcimate object of this series of experiments
is a study of the fundamental laws of nutrition. A necessary prelimi-
nary to snch a study was the development of apparatus and methods
for the accurate measurement of the income and outgo of matter and
energy. As the experimental data obtained show, the apparatus and
method have now reached a degree of perfection which encourages the
hope that they will yield results of the highest valne when applied to
the study of sueh questions as the functions of the different classes of
nutrients, the demands of the body under different conditions, ete.

An inecidental featnre of two of the experiments reported was a
partial study of the food value of alcohol when nsed in limited quantities
in the daily diet. The study of this question was undertaken at the
instigation of the Committee of Fifty for the Investigation of the Drink
Problem for the purpose of securing more aceurate and scientific knowl-
edge of the physiological action of aleohol. TFinancial aid for this
work was furnished by the Committee of Fifty, from the Elizabeth
Thompson and Bache funds, and from private sources.

Special mention should be made of the valuable assistance rendered
by Messrs. 0. 8. Blakeslee, H. M. Burr, and O. F. Tower in the prosecu-
tion of the work here reported.

The eonnection of Prof. K. B. Rosa with the development of the
respiration calorimeter and the investigations made by its use is indi-
cated by his joint authorship with Prof. W, O. Atwater of the previous
bulletin of this series (63), which describes the apparatus in detail and
summarizes the results of two of the experiments reported in detail
in this bulletin,

The report is respectfully submitted, with the recommendation that
it be published as Bulletin No. 69 (revised) of this Office, the revision
consisting of a few minor corrections in figures and an explanation
(p. 74) of the data obtained in experiment No. 7.

Respectfully, A, C. TruE,
Director.
Hon. JAMEs WiLsoxN,

Secretary of Agriculture.
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METABOLISM OF MATTER AND ENERGY IN THE
HUMAN BODY.

INTRODUCTION.

The present report describes in detail six of a series of experi-
ments upon the metabolism of matter and energy in the human body.
These experiments were made with the respiration calorimeter de-
scribed in detail in a previous bulletin,’ which also summarized the
results of two of the six experiments here described. Four experi-
ments in which only the balance of income and outgo of matter was
determined were previously made with this apparatus, or, more accu-
rately speaking, that portion of it which is properly called a respiration
apparatus, and reported in Bulletin 44 of this Office.

The ultimate purpose of the research to which these experiments
belong is the study of some of the fundamental laws of nutrition.
The plan of the whole inquiry is based upon the principle that the
chemical and physical changes which take place within the body, and
to which the general term “metabolism” is applied, ocenr 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 body takes place in accordance with the law of the
conservation of energy. The quantitative demonstration is, however,
desirable, and an attested method for such demonstration is of funda-
mental importance for the study of the general laws of metabolism of
both matter and energy.

Accordingly the more immediate object of the present inquiry has
been to develop an apparatus and method of inguiry by which the
metabolism of both matter and energy in the body could be quanti-
tatively measured and the action of the law of the conservation of
energy demonstrated, if practicable. It was believed that if this first
object could be accomplished, at least within reasonable limits, it would
be possible to devise and carry out experiments for the satisfactory
study of a number of important questions, including among others the
functions of the several classes of nutrients of food and the demands
of the body under the different conditions.*

'U. 8. Dept. Agr., Office of Experiment Stations Bul. 63. BSee also Bul. 44 of the
same office and account of the apparatus as a calorimeter and of the results of
experiments in Storrs (Conn.) 3ta. Rpt. 1897, p. 212,

“For further statements upon this subject see U. 5. Dept. Agr., Office of Experi-
ment Stations Bul. 63, pp. 7-12, and Bul. 21 of the same office, pp. 99-135. For a

discussion of the sources of error in these experiments see Bul. 63, just mentioned,
Pp. 90-94,

b
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We need to know more than we do at present of the ways in which
the different materials are used in the body for the building or repair
of tissne or the yielding of energy. It is desirable to learn whether in
their service as fuel to supply the body with muscular power and heat
their physiological value is or is not equal to their calorimetric value.
To pat it in another way, we need to learn not only whether the total
energy of different food materials is transferred into kinetic energy in
the body, but also nnder what circumstances and to what extent the
body avails it=elf of that energy. To this end it is desirable to experi-
ment with as large a variety of materials as possible, inclading ¢om-
mon forms of proteids, fats, sugars, and starches.

The experiments here reported give data bearing upon the metabo-
lism of matter and energy, the conservation of energy, and the action
of the ordinary nutrients of food in the body. They thus bear npon all
of the subjects just indicated.

In addition to this some studies of the nutritive action of aleohol
were made at the instigation of the Committee of Fifty for the Investi-
gation of the Drink Problem. The committee wished more accurate
and scientific information concerning the physiological aetion of aleohol
than has been hitherto possible to obtain. To this end a considerable
sum has been devoted by the committee from its own treasury for the
prosecution of these experiments, This sum has been supplemented
by other gifts from private sources and also by appropriations from
the Elizabeth Thompson and Bache funds. The same laboratory
privileges which have been extended by Wesleyan University to the
general nutrition investigations conducted at that institution under
the anspices of the 1. 8. Departiment of Agriculture and the Storrs
Experiment Station have been extended to this special investigation.
By a fortunate cooperation of the several agencies named a consid-
erable amount of inguiry has been possible. Although this aleohol
investigation has been conducted with funds which were not supplied
by the Department, it is entirely fittiug that the details of the investi-
gation, so far as it is of special interest in connection with the laws of
nutrition, should be published in connection with the other metabo-
lism experiments of this series. They are, accordingly, included in
the series herewith reported. Experiments Nos. 7 and 10 are so-called
aleohol experiments—that is to say, the daily menu in each of these
experiments included a certain amount of alecohol which replaced an
isodynamie amount of fats, sugars, and starches. In some of the later
experiments, not reported here, it has likewise replaced the equivalent
sangar, starch, and fat, and in still others it has been added to the
natrients of an otherwise duplicate experiment.

GENERAL PLAN OF THE APPARATUS AND OF THE EXPERIMENTS.

The name * respiration calorimeter” as applied to the apparatus
used in these experiments is suggested by the fact that it is essentially
a respiration apparatus, with appliances for calorimetric measure
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ments. As a respiration apparatus it is similar to that of Pettenkofer,
As an instrument for measuring heat it is essentially a calorimeter,
The heat is absorbed and carried away by a current of water as rapidly
as it is generated in the chamber. It is therefore a water calorimeter.
The arrangements for the measurement of both the respiratory products
and the heat given off by the body differ in important respects from
those of any other apparatus with which we are familiar, The essen-
tial features of the apparatus are:

(1) A chamber in which the subject of the experiment—a man—lives,
eats, drinks, sleeps, and works during a period of several days and
nights. The chamber is 2.15 meters (7 feet) long, 1.22 meters (4 feet)
wide, and 1.92 meters (6 feet 4 inches) high. It is furnished with a
folding chair, table, and bed.

(2) Arrangements for ventilation by means of a current of air which
i8 drawn from out of doors and passes through the chamber. The
ventilating current of air is maintained, its volume is measured, and
samples are taken for analysis by a specially devised apparatus desig-
nated as a meter pump. The temperature of the air current is measured
and so regulated as to be the same on entering the chamber as upon
leaving it. The samples for analysis are taken before it enters and
after it leaves the chamber. The resnlts of the analyses, with the vol-
ume as measured, serve as data for computing the amounts of ecarbon
dioxid and water given off from the body throungh the lungs and skin.

(3) Arrangements for passing the food and drink into the chamber
and removing the solid and liquid exereta. Weighings and analyses
of these materials, including determinations of nitrogen, earbon, and
hydrogen, give data for calenlating the income and ontgo of nitrogen;
and, taken in connection with the determinations of carbon dioxid and
water in the respiratory produets, show the income and outgo of carbon
and hydrogen of the body. The analyses of the food and solid and
liguid excreta include also determinations of proximate ingredients, and
thus serve for determining the so-called digestibility of the food, i. e,,
the proportions of nutrients actually made available,

(4) Arrangements for measuring the heat given oftf from the body of
the man in the chamber, and the heat equivalent of the muscular work
done. The heat given off' is carried away by a current of cold water,
which passes through a series of pipes, called absorbers, inside the
chamber. By regulating the temperature of the water as it enters, and
also its rate of flow through the pipes, it is possible to carry away the
heat just as fast as it is generated, and thus maintain a constant tem-
perature inside the chamber. The amount of outgoing water and its
increase of temperature are measured, thus determining the amount of
heat carried away.

In order that the heat taken up and carried out by the cold water
passing through the absorbers shall represent exactly the amount given
off from the man’s body or otherwise produced in the chamber, it is
necessary to provide that there shall be no passage of heat through the
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walls of the calorimeter, or rather that the small quantities that pass
in and out shall exactly counterbalance each other; and that the ven-
tilating current of air shall leave the chamber at the same tempera-
ture as it enters, so that it shall carry ont neither more nor less heat
than it brings in. The special apparatus and methods for accomplish-
ing these two objects are deseribed in detail in a previous bulletin.!

The excess of water vapor in the air leaving the chamber over that
in the air entering represents the water given off from the body of the
subject, and the heat required to vaporize it mnst be added to the heat
earried off by the current of water to obtain a true measure of the total
heat given off by the subject,

The heats of combustion of the food and of the unoxidized compounds
of the feces and of the urine are determined by use of a bomb ealorim-
eter.” These data with those for heat given off in the chamber, allow-
~ance being made for temperature of food and drink passed in and excre-
tory products passed out of the chamber, serve for computing the
income and outgo of energy of the body.

CHECK EXPERIMENTS TO TEST THE ACCURACY OF THE APPARATUS
AND METHODS.

In order to test the aceuracy of the apparatus as a calorimeter and
the methods for determining the income and outgo of maftter, two
series of experiments were made. For the details of the experiments
and the explanations of the methods employed reference may be made
to the detailed description referred to above,” In the first series a
known amount of heat was generated within the chamber by means of
an eleetric current. In the second series alcohol was burned within
the chamber, thus producing not only a known amount of heat but at
the same time a known quantity of carbon dioxid and water.

THE ELECTRICAL TESTS.

The tests were made by passing an electrie enrrent through a resist-
ance coil placed within the chamber, the voltage at each end of the coil
and the eurrent passing through the coil being measured. These, with
the time duaring which the current was maintained, gave data for the
computation of the amount of total heat generated within the chamber.
The heat given off was measured in the manner already indicated by
determining the increase in temperature of a known amount of water
passing through the chamber. The agreement of these two quantities
was taken as the test of the accuracy of the apparatus as a calorimeter.
Five tests in all have been made. The resnlts are summarized in the
following table, The total heat, as measured by the water current,

'"U. 8. Dept. Agr., Office of Experiment Stations Bul. 63,

1. 8. Dept. Agr., Office of Experiment Stations Bul. 21, and Storrs (Conn.) Sta.
HEpts. 1884 and 1897.

3. 8. Dept. Agr., Office of Experiment Stations Bul. 63.
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differed from the theoretical amount (generated in the chamber) in all
cases by less than 0.5 per cent of the latter. In the average of all the
tests made the two amounts are practically identical.

TABLE 1.—Summary of electrical tests.

|

%‘:‘ Date. Durntmn.!H::';th"" Heat measured,
1897, Hours. | Calovies.| Calories. | Per cent.
T R e b SRR L S S e 13§ | 889.1 992, 9 100, 39

Co| ) e R T R R LS e e 8 | 21| G2 100
3 | March 26 i A e S~ e e £ e Tk 1.253.1| 1,250. 9 9. 75
O it e o i s e s S (i 21.5 | 2.4 B4, 54
e R L 32§ | 2,785.8 | 2,787.3 100. 06
1808, | Y T T
Lt e Sl S e b 230.5 | 229.4 09, 52
TR R et o e i s o m;i z.ms,ai 3,016.7 100. 01

THE ALCOHOL TESTS.

The eonditions in the above tests differed from those which obtain in
actual experiments with men in that there was no ventilating eurrent
of air passing through the chamber and no carbon dioxid or water was
given off within it. The crucial test of the accuracy of the apparatus
and methods must be made under cirenmstances closely similar to those
of the actual experiments.

In the burning of ethyl aleohol in air, carbon dioxid, water, and heat
are produced. If known quantities of alecohol be burned inside the
chamber while a current of air is passing through, the conditions
approach very closely to those of the experiment with man. To make
such experiments reliable as tests of the accunracy of the apparatus
and methods, the combustion of the alcohol must be complete and the
amount burned must be exactly known,

THE COMPLETE COMBUSTION OF ALCOHOL,

Previous to the selection of alcohol as the material to be burned as a
means of generating known amounts of carbon dioxid, water, and
heat, several other substances were tried, the object being to find one
which conld readily be obtained in a high state of purity, and could
without difficulty be completely oxidized in the chamber. The use of
stearine candles, so often resorted to by previous experimenters, had
been shown to be objectionable because of the incomplete oxidation of
the gases of combustion formed, if for no other reason.

Several experiments in this direction were made with benzene, ether,
and ethyl aleohol, each of which is readily obtained in sufficiently pure
form. In order to avoid the use of a wick an attempt was made to
convert the snbstances into a fine spray and thus secure the presence
of a large amount of air in the vapor undergoing combustion. It was
easy to produce a fine spray but the oxidation was incomplete, as was
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shown by the sooty flames and odors. An attempt was made to secure
a wick (ree from carbon by the use ol asbestus, but owing to the poor
capillarity of the latter a constant rate of combustion conld not be
maintained, Various modifications of the method by the use of asbestus
were tried, but without success. Either the rate of combustion could
not be regulated or the oxidation was not complete,

The method of securing the complete eombustion of ethyl alcohel,
which proved most satisfactory and was afterwards used in the aleohol
tests of the accuracy of the measurements of carbon dioxid, water,
and heat in the ealorimeter, was as follows:

The essential feature of the flame was a central draft of air. To
secure this an ordinary small kerosene lamp with an Argand burner
and chimney was found very satisfactory; that is to say, the aleohol
was used in this simple lamp in exactly the same way that kerosene
would be burned. The flame of the burning alecohol was nonlaminous,
but it still remained to show conclusively that there was no trace of
nuoxidized material in the vapors from the burning aleohol. If the
supply of oxygen is insuflicient, several products are, at least theoret-
ically, capable of being formed. Such products are earbon monoxid,
aldehyde, acetie acid, and hydrocarbons.

In order to test for these compounds, it is first necessary to free them
from the carbon dioxid and water—that is, from the products of com-
plete eombustion of the burning aleohol.  For this purpose the lamp in
which the aleohol was burning was placed under an inverted funnel,
the stem of which was sealed to a glass tube connected with a system
of tubes and solutions for the removal of different ecombustion produets
from the air. A strong suction from a water pump maintained a cur-
rent of air throngh the whole system, so that a large proportion,
assumed to be nearly all, of the produets of combustion were drawn in
and through the apparatus along with some of the air from the room.
The current thus passing in at the inverted funnel was first drawn
through bottles containing a saturated solution of caustie potash, which
sufficed for the removal of practically all the carbon dioxid and water,
a8 well as volatile liguids formed from the ineomplete combustion of the
aleohol,  Tests for sueh substances were subsequently made by another
method.  For the removal of the last traces of carbon dioxid, soda
lime contained in U-tnbes, was employed. A clear solution of barinm
hydroxid inserted in the system showed that the removal of earbon
dioxid was complete,

Gaseons hydrocarbons and carbon memnoxid that might have been
formed by incomplete oxidation of the alcohol are practically insoluble
in eaustie potash solution, and their presence in the air enrrent freed
from earbon dioxid is easily established by passing the air through a
short combustion tube containing granulated euprie oxid heated to red-
ness, and finally through a solution of barinm hydroxid. In this way
any incompletely oxidized gas would be oxidized to earbon dioxid,
which would produce a turbidity or precipitate in this latter solation.
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A preliminary test was made by drawing ordinary room air through
the apparatus in order to demonstrate the absence of any hydrocarbons
or carbon monoxid. The barium hydroxid solution remained elear.
The alcohol lamp previously deseribed was then placed under the funnel
of the apparatus and lighted. The flame of the burning alcohol was
nonluminons. - Two hundred grams of 90 per cent aleohol was burned
at the rate of about 1 gram in two minutes. At the end of this period
of nearly seven hours there was no eloudiness in the barinm hydroxid
solution, indicating that no products of incomplete combustion had
passed the potassinm hydroxid solation.

While snch a test as that just described indicates that no gaseous
products of incomplete combustion are formed when aleohol is burned
in a lamp supplied with an Argand burner, provided the flame is non-
Inminons, it is possible that a considerable amount of liquid products
might be formed, and even a trace of alecohol might be volatilized
unburned.

In order to determine whether such compounds of incomplete oxida-
tion were present, a second test was made, in which the products of
eombustion resulting from the burning of 500 grams of alcohol were
passed through two flasks surrounded by a freezing mixture of salt and
ice to condense all volatile nongaseous produets. The condensed com-
pounds, amounting to 150 cubic centimeters, were carefully tested for
aleohol and for earbonaceous matter of any kind. A very delicate and
easily applied test for small quantities of alecohol has been devised by
E. W. Davy.! A few drops of the liquid supposed to contain aleohol
is added to a solution of one part molybdic acid in ten parts of strong
salphurie acid and the whole gently warmed in a porcelain capsule.
If aleobol is present, a blue coloration appears immediately or after a
few moments, even when the solution contains no more than 0.1 per
cent of alcobol.

Before applying this test to the condensed products of the combus-
tion of aleohol the liguid was first subjected to two fractional distillations,
thereby concentrating the volatile products, if such existed, to about
15 cubie centimeters, A few drops of this distillate was tested in the
manner just indieated, but the entire absence of any blue coloration in
the molybdie solution implied the absence of alcohol. The delicacy of
the test was verified by means of a very weak alcoholic solution of
known strength. Since the test is sufficiently delicate to show the
presence of even (.1 per cent of aleohol in a solution, it is evident that
there could not have been as much as 15 milligrams of aleohol in the
condensed products of the eombustion of 500 grams of alcohol. In
other words, if any were present, there must have been less than 3 parts
in 100,000,

It remained, however, to show the absence of any organic matter in
the condensed liguid. Accordingly air freed from all traces of carbon
dioxid was passed over the remaining portion of the distillate and the

1 Allen, Commereial Organie Analyais, 2. ed., Vol. I, p.59.
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vapors passed over hot cupric oxid, as in the first test. The air was
then drawn through a tube containing barium hydroxid, but no earbon
dioxid was found.

Such tests seemed to show conclusively that there could be no produets
of incomplete combustion in the burning of alcohol according to this
method.

As a final check on the acenracy and delicacy of these methods, one
drop of 90 per cent alcohol, or about one-twentieth cubic centimeter,
was mixed with 400 cubic centimeters of water and the whole placed
in a freezing mixture until all but about 30 ¢ubic centimeters had solidi-
fied. This liquid was then poured off and tested for alecohol by means
of the molybdic-acid solution above deseribed. A very distinet blue
eoloration was obtained. A part of the remainder of this extremely
dilute alecohol solution was then tested for earbon in the same manner
as was employed with the condensed vapors from the burning aleohol,
namely, by passing a current of the carbon dioxid-free air over it and
throngh the combustion tube with hot cuprie acid, and finally through
barium hydroxid solntion. There was a marked clondiness and white
precipitate in the tube containing barium hydroxid. This shows
that approximately 1 part of alecohol in 8,000 parts of water can be
detected. and it is probable that aleohol and other organi¢c compounds
could be detected in a still more dilute solution.

That is to say, a solution of one drop, or about 50 milligrams of alco-
hol in 400 enbic centimeters of water was frozen until only 30 eubie cen-
timeters remained in liquid form. A portion of this unfrozen liquid
revealed the presence of alecohol by the molybdic-acid test. The
remainder of this liguid was evaporated in a enrrent of earbon-dioxid-
free air which was passed over copper oxid in a combustion tube and
then through a barinm hydroxid solution. The precipitate in the latter
solution showed the presence of organic material in the lignid. This
test indicated that the method could be used as a test for minute quan-
tities of aleohol in a liquid. The inference is that any other organic
compound, such as acetic acid or aldehyde, that might be contained in
the liquid evaporated in the eurrent of air would have been oxidized in
the combuostion tube, and that its carbon would have appeared as barium
carbonate in the barinm hydroxid solution.

The products of combustion of aleohol in the lamp were cooled by a
gimilar freezing mixture. The resulting liquid was concentrated to a
small bulk by fractional distillation. A portion of this distillate was
tested by molybdie acid solution, but gave no reaction for alcohol. The
remainder was evaporated in a current of ecarbon-dioxid-free air and
passed over heated copper oxid and through barium hydroxid solution,
but gave no reaction for carbon. This negative test, taken in connec-
tion with the previous one for the presence of gaseous products of
incomplete combustion of aleohol, which was also negative, implied the
absence of any considerable amount of incompletely oxidized products
of combustion when the alcohol was burned in the lamp.
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These tests appear to prove that, if the combustion of aleohol in this
form of lamp is not complete, the products of incomplete combustion are
s0 extremely small that they would affeet the results, when alcohol is
burned in the calorimeter for the production of a known amount of
earbon dioxid, water, and heat, by less than 0.01 per cent, a value far
within the limits of experimental error.

THE RESULTS OF ALCOHOL TEST EXPERIMENTS.

In the detailed deseription of these experiments in the previous bul-
letin it was explained that ethyl aleohol of about 90 per cent was used.
The theoretical quantities of carbon dioxid and water which would be
produced by its combustion were computed from the known composi-
tion of ethyl alcohol and water and the amounts of these materials in
the alcohol actually used. The heat of combustion was determined by
‘burning specimens of the alcohol with oxygen in the bomb calorimeter
above referred to. Different determinations of the heat of combunstion
made by this apparatus agreed with tolerable closeness. The aver-
age of the results was not far from that obtained by Berthelot. We
can hardly believe that the heats of combustion as thus determined
were very far out of the way.'

In the test experiments the aleohol was burned inside the respiration
chamber by use of the lamp above described. The general method of
econducting the experiments was the same as followed in the metabolism
experiments with a man inside the chamber.

These tests were made from time to time during the progress of the
metabolism experiments desecribed beyond. Table 2 summarizes the
final results of nine experiments thus made.

TABLE 2.—Summary of nine alcohol lest experiments with respiration calorimeter,

| ! ' Carbon dioxid.
g Date. | Duration. ‘gﬁ:,::ﬁ] : ! :Ilt:ntg&:tf
3 * |Required. Found. |fonnd to
= amount
- | _ required.
R : = - e
1897, I-.E’:r.:. min, Gromas. | Grams. | Grams. | Per cend.
L e e R e L ot - || 955.4 | 1,657.2 | 1,857.8 1040. 0
e L e e e i . s o o 20 56 T8, B 1,385. 6 1,384, 4 80,0
| e e SR PR B S S e R T R L 505, 4 31'5.'?: BaT. & 101. 3
TR EL PR T R S g I I 3 33 797.7| 1,384.8B | 11,3357 [96. 5]
5 | November 2-3........ b 0 88,2 | 1,365.1 l.a'a'ﬁ,‘?i 100, B
L T P e e e 11 39 245.2 423.1 417. 6 98. 6

i 1208,

T R AL L i e -t e o s a2 e o m L b &0 112.2 193.5 | 193.5 100. 0
BT el ey e R S | 77T 57| L607.8| 2,784.4| 2,760.7 89,5
R R e e s e o 6007 1,206.9 | 1,198.9 09. 4
Tﬂtu.'l-u]l BT . e 9,802.5 | 0,886.2 9.9

a Omitting the carbon dioxid and water in test No. 4 and the water in test No. 3.

—

! For detailed resnlts see U. 8, Dept. Agr., Office of Experiment Stations Bul. 63.
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TaBLE 2. —Summary of nine alcohol test experiments with respiration ealorimeter—Cont’d,

f Water.

: ' A Looked Ratio of
- Diate, Duration. burned amonnt
-é | | - |Required.| Found. |fonnd to
= | [ nmnlu.ur.
& | | . required.

1897, Hrs.min.| Grams. | Grame. | Grams. | Per cent.
1| APTHET-E oo ceeecnesoiracnorasnanness) B2 S1 A 0N 3NN TN 1| 2 10T |0 R0

% | May 1001 covensinceiairtansanasennrsraeaas| 30 S8 TREE L L ERLE L RIRD L L 10060

AE T T B N - Y 1 M e T

& OCtODEr 2728 oo 33 TOLT 9257 LOVIO | [108.8]

5 WOVOMbErBB......cccveemmmresennnsceeenes| 35 00| TEEB| BIRE|" SELE] 000

CR iy T R SRR N R R | [ | [ G- 283, 7 287.5 101.3

1808, |

B RRRRRE R oo il wiiatinss sl s 5 5| uaz{ Jm8| i3] 10L2

T T I S 77 57| 1,607.8 | 1,860.8| 1,88L6| 1011

b L e e S R - 35 55| 698.7| 809.3| B0T.0 99.8

. 2o gl s Wl R e et b g B m| ________ 6,026.8 | 6,083.8 | 100.6

J .

| Heat.

; i | Ratio of
2 Daie. Duration ﬁ";lml amount
: ' Raqutmd,q Found. | found to
- amount
P | required.

T3 [}

. 1897, Hrs.min. Grams. COalories. | Calories. | Per cent.
T b o et ek e o b 52 381 955.4  6,120.0 | 6,077.1 90. 15
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'Omitting the carbon dioxid and water in test No. 4 and the water in test No. 3.

These experiments include all which were carried on up to the close
of those with man tabulated beyond, with the exception of one or two
which were so vitiated by aceident as not to be completed.

The first of the tests reported was made the latter part of April,
1897, immediately before metabolisin experiment No. 5. Immediately
preceding experiment No, 6 a second alcohol test was made, and pre-
ceding No. 7 the third test was carried on. This ended the experiment-
ing until the fall of 1897, when test No. 4 was made. The determinations
of earbon dioxid and water in this latter test were not satisfactory,
and a fifth test was made, in which the agreement of the determinations
of carbon dioxid, water, and heat actually measured, with the theo-
retical quantities produced by the combustion of the aleohol, was very
satisfactory. Metabolism experiment No, 8 immediately followed this
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test. The sixth alcohol test experiment was made in the early part of
December, 1897, but as the plans for the following metabolism experi-
ment were delayed, another test of short duaration, No. 7, was carried
on immediately preceding metabolism experiment No. 9. The agreement
of theoretical quantities with those actnally found was again very sat-
isfactory. . In the latter part of January, 1898, the eighth alcohol test
experiment was made, following which came metabolism experiments
Nos. 10, 11, and 12, with no intervening alcohol check experiments.

Between metabolism experiments Nos. 10 and 11, however, that
portion of the heat-measuring apparatus which has to do with pre-
venting any loss or gain of heat by its passage through the metal
walls of the chamber was tested to insure its accuracy. In this test
there was no current of water flowing through the absorbers, nor was
the ventilating air eurrent maintained. The thermal junection circuit
between the copper and zine walls was kept constant, i. e., at zero
deflection, by regulating the temperature of the air immediately sur-
rounding the enter (zine) wall in the usnal way,! The temperature of
the interior of the chamber under these circumstances remained con-
stant during the whole period, six hours, of the test. This implies that
the variations in the temperature of the air of the room outside the
calorimeter were withont effect npon the temperature of the interior of
the chamber. This is equivalent to saying that no more heat passed
through the walls in one direction than in the other. In order that this
should be the case the mean temperature of the copper and zine walls
must have been the same. The zero deflection corresponds to this
equality of temperature. The inference is, therefore, that the thermal
cireuit was in good order. The alecohol test experiment No. 9, after
metabolism experiment No. 12, gave results closely agreeing with the
theoretical, thus showing the apparatus to be in good order. Since,
therefore, the whole apparatus was in good order before metabolism
experiment No. 10 and after metabolism experiment No. 12, and the
special test between Nos. 10 and 11 implied that the thermal junctions
were in order, it seems fair to assume that the results of experiments
Nos. 10, 11, and 12 are reliable so far as the condition of the apparatus
was concerned,

These individual test experiments continued from five to seventy-
eight hours each. The total time was three hundred and seventeen
hours. The rate of the burning of the alecohol ranged from 10 to 27
grams per hour, and the strength of the alcohol from 90.21 to 90.63 per
cent absolute. The determinations of water in tests Nos. 3 and 4 were
not satisfactory. In test No.3 this discrepancy is apparently accounted
for by the fact that the air in the apparatus was much dryer at the
close of the experiment than at the beginning, and it is not impos-
sible that the excess of water found may be due to the evaporation of

'For detailed description of this part of the apparatus, see U. 3. Dept. Agr.,
Office of Experiment Stations Bul. 63, pp. 19-21.
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moistare from the surface of the absorbers during the experiment. In
the metabolism experiments the man within the chamber can weigh
the absorbers, and thus the differences in amounts of water condensed
nupon their surfaces ean be determined, but in the alcohol test experi-
ments this is impossible. The endeavor was made to have the conditions
inside the apparatus, especially of temperature and moisture, the same
at the beginning and the end of the tests. In view of the difficulty of
making these conditions actually the same, and the considerable
amount of water that may adhere to the surface of the condensers, it
is not strange that discrepancies should at times be found in the
determination of water in the alcohol test experiments. In actual
experiments with man it has not been nneommon to find variations in
the weights of absorbers of 100 grams or more between the beginning
and the end of the six-hour experimental periods. The reason for the
discrepancy in test No, 4 is not so apparent, nor was there any appar-
ent eanse for the small proportion of carbon dioxid found. The deter-
minations of heat were, however, very close to the theoretical values,
and the test is included in the table with the others. As mentioned
above, however, another test was made before the beginning of the
next metabolism experiment, in which the results were very close to
the theoretical. Omitting the determination of water in tests Nos, 3
and 4, the maximum difference between the amounts of water actually
found and the theoretical was 1.2 per cent, and the average difference
only 0.6 per cent. Omitting the determination of carbon dioxid in test
No. 4, the maximum variation was 1.3 per cent from the theoretical
amount, and the average only 0.1 per cent. In test No. 7 the propor-
tion of heat measured is larger than usunal. It will be observed,
however, that this test continued only through one period of six
hours, Some time is required to get the apparatus into equilibrium,
and the heat measurements of the first experimental period are accord-
ingly sometimes incorrect. It is, perhaps, bardly fair to include this
test with the others, though the period was so short and the quantities
involved so small that it does not materially affect the total averages.
If it be excluded from the averages the maximum difference between
the theoretical and experimental amounts of heat is 0.8 per cent, and
the average variation less than 0.1 per cent. In either case, the average
variation is only 0.1 per cent.

HUMMARY.

The accuracy of apparatus and methods for the determination of
carbon dioxid, water, and heat, which have been previonsly described
and which were used in the metabolism experiments here reported, was
tested with an eleetrical enrrent by which known amounts of heat were
produced in the chamber of the apparatus, and by burning alechol in
the chamber and thus producing known amounts of carbon dioxid,
water, and heat,
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The amounts of heat produced by the electric current and the
‘amounts actually measured by the calorimeter agreed almost exaetly;
the differences averaged scarcely one ten-thousandth of the whole,

In the tests by the burning of aleohol the differences between the
theoretical quantities and those actually found were likewise very
small, and averaged: For carbon dioxid one-thousandth, water six-
‘thonsandths, and for heat one-thousandth of the whole. To state the
¢ase in another way, the determinations of carbon, hydrogen, and heats

' of combustion of alcohol by the respiration calorimeter are as accurate
. as are ordinarily obtained by the usunal methods of combustion with
the combustion furnace ani the bomb calorimeter.

These resnlts seem to indicate that the methods of determining the
;gmuunts of carbon dioxid, water, and heat given off within the cham-

are reasonably accurate and that the respiration calorimeter may
I.]:ge regarded as an instrument of precision.

EXPERIMENTS WITH MEN.
PLAN OF THE EXFERIMENTS.

The plan of the metabolism experiments may be briefly outlined as
follows:

- A man is selected who is in good health, has apparently normal
."ﬂigestion, and who does not find the confinement in the chamber
ancomfortable. A diet is selected which provides materials as pala-
Ph]a and in as much variety as is consistent with convenient prepa-
rvg;pt.iun and with accurate sampling and analysis. The guantity and
eomposition of the diet are generally such as to maintain the body
nearly in nitrogen and carbon equilibrinm under the conditions of the
experiment, whether of work or of rest. In order that the subject
may become accostomed to this diet and reach approximate nitrogen
equilibrinm with it before the experiment proper begins, a preliminary
digestion experiment of four days or more immediately precedes the
metabolism experiment. Any change found desirable is made, and the
imaliminarj' experiment is continued uutil nitrogen equilibrinm is sap-

to be reached. In most eases no change has been found neces-
gary and the preliminary experiment has continued four days. Durmg
the period of the preliminary feeding the subjeet is in general engaged
in his customary occupation, but he conforms his muscular activity
more or less to that of the coming experiment. Thus, if this is to be
a “‘work” experiment, he rides on a bicycle or walks a considerable
distance each day. If it is to be a *‘rest” experiment, he avoids all
unlecessary exercise.

For supper on the last day (usually the fourth) of this preliminary
digestion experiment, about 0.7 gram of lampblack is taken with the
food, in order to facilitate the separation of the feees of the preliminary
experiment from those of the metabolism experiment proper (see p. 21).
The subject enters the chamber on the evening preceding the beginning
of the experiment, which commences at 7 a. m.

12388—No. 69—02—2
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It is assumed that when the subject has essentially the same activity
from day to day, sleeps regularly at night, and takes his meals regu-
larly, the honr just before breakfast will be the one at which the body
will be most nearly in uniform condition from day to day. That is to
say, it is believed that at this hour there will be the smallest amount of
material in the alimentary canal, and that the quantity of glycogen in
the museles and elsewhere will be most nearly the same. Furthermore,
during the period of rest at night the evolution of heat, carbon dioxid,
and water within the ehamber is very nearly constant, and the amount
of moisture adhering to the surface of the walls of the calorimeter and
to the absorbers is probably less than at any other time.

All the determinations begin at 7 a. m. on the day after the subject
enters the chamber, and from this time to the close of the experiment
record is kept of all observations which furnish data for computing
the income and outgo of matter and energy. The experimental day
thus begins at 7 a.m. In the experiments here reported the day is
divided into four periods of six hours each.

INCOME OF MATTER AND ENERGY—FOOD AND DRINK.

The income of’ oxygen furnished by the air was not measured in these
experiments, and only the income in food and drink are considered.
The drink consisted of water and of “coffee.” This coffee infusion is
counted as water, since it was found in two tests that it contained no
appreciable amount of nitrogen or organie matter. The food materials
included lean beef freed from fat, dried beef, deviled ham, eggs, milk,
butter, bread and other cereal products, beans, sugar, fruit, and
occasionally alcohol,

PREEPARATION AND SAMPLING OF FOOD.

Considerable diffienlty is experienced in preparing the food in snch a
manner and in such variety as to provide both for accuracy of sam-
pling and palatability, Upon the accuracy in sampling depends the
accuracy of the whole experiment, for unless the sample represents the
exact composition of the food consunmed by the subject the measure-
ments of the income and outgo of both matter and energy are vitiated.
In the earlier experiments, Nos. 5-8, the food was prepared fresh each
day, and the effort was made to take the samples in such a manner as
to insure as great accuracy as possible. The beef was finely chopped in
a meat cutter, made into balls of equal weight, and fried, one-half of]
each ball being given to the subject and the other half reserved for
analysis. In entting the bread alternate slices were taken for food and
tor analysis. In experiments in which canned fruit was served aj
sample can was taken for analysis, as it was found to be impracti-
cable to sample the fruit and liguor acenrately. The eggs were all of as
nearly the same size and appearance as could be found, and each tim
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eggs were eaten one was taken for asample. All the other food mate.
rials were sampled by taking aliquot portions at each serving. At the
end of the experiment the separate samples of each material were
united in a composite sample, which was analyzed in the nsual manner,

Experience showed this method of preparing and sampling the food
to be open to several objections. It was not certain that the meat taken
for analysis did not lose an appreciable amount of water while the por-
tion to be eaten was being weighed. If there were such loss the por-
tion weighed last would be the drier. Even if the weights of meat
taken for eating and for analysis from day to day are the same, it does
not necessarily follow that the composite sample for analysis will have
exactly the same composition as the meat eaten. Amnother uncertainty
has to do with the slight errors which oecur if the sample of bread for
analysis contained more or less crust than the bread eaten. Still more
uncertain is the similarity of composition of two cans of fruit, even
though put up by the same firm. While it is probable that the boiled
eggs taken for analysis and those eaten were very nearly alike, weight
for weight, exaet agreement in composition is neither proven nor prob-
able. Similar uncertainties as to the identity of composition of the
portions taken for analysis and those eaten might be suggested for the
other food materials.

These and similar considerations suggested by the experience in
experiments Nos. 5-8 persuaded us that an improvement in the method
of preparation and sampling of the food materials was desirable. To
this end a diet was selected which was intended to be (1) as simple as
possible, (2) subject to little probability of variation from day to day,
(3) easily prepared,and at the same time (4) as palatable and agree-
able to the subject as practicable. Quantities of each material suffi-
cient for the whole experiment, with allowance for analysis and for loss,
were sealed in glass jars, each containing the amount for one meal,
before the beginning of the experiment. The perishable materials were
sterilized. The only material not thus treated was milk, This was pur-
- chased fresh each day and an aliquot sample taken and preserved with
formalin. These daily aliquots were united and the composite sample
analyzed. In this way the food for each meal was, with the exception
of the milk, put in cans and held ready to be passed into the chamber
when wanted. This method, it is believed, avoids a large proportion
of the errors involved in the ordinary sampling of the food. Since the
different food materials were all prepared and canned at the same time
from the same lot of material, the contents of one jar or ean could not
vary greatly in composition from the contents of another jar of the
same material. Several jars of each material were taken for analysis,
and it is believed that these samples represent very closely the food
eaten by the subject, and that the food from day to day would contain
very nearly the same quantity of each element and compound.
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TEMPERATURE OF MATERIALS INTREODUCED INTO AND REMOVED
FROM THE RESPIRATION CHAMBER.

To insure the greatest accuracy in measurements of ineome and outgo
of energy, the temperature of the food and drink as introduced into the
chamber, as well as that of solid and liquid excreta as removed, should
be known. The errors invelved by introducing or removing snch
materials at temperatures varying but little from that of the chamber,
which is usunally about 20° C., are but slight, and would, perhaps, in the
course of an experiment nearly counterbalance each other. The follow-
ing precautions, however, were taken. The temperatures of the coffee,
milk, and water were measured by inserting a thermometer in the
liquid immediately before its introduction into the respiration chamber.
Temperatures were read to tenths of degrees centigrade. Beef canned
in glass jars was warmed in an ordinary water bath for one hour before
use, and the temperature of the air in the water bath taken immediately
before the beef was to be used. The bread, butter, eereal produncts, ete.,
were placed in a water oven at a temperature of about 20° C,, the exact
temperature being noted immediately before use. In later experiments
the use of the water bath at the ordinary temperature was discarded,
the materials being placed on a shelt against the wall of the room and
the temperature of the air observed. The variations above or below
20° multiplied by the specific heat of the substance gives a measure of
the heat introdoced in hot materials or the heat taken up by cool
materials,

The urine and feces were usually allowed to remain in the chamber
until they attained the temperature of the latter. In some cases where
the urine was removed shortly after it was voided its temperature was
taken and the proper correction applied.

ANALYEER OF FOOI.

The methods of analysis were mainly those adopted by the Associa-
tion of Official Agrienltural Chemists, but such modifications and
changes have been made as experience has shown to be necessary or
desirable.’

OUTGO OF MATTER AND ENERGY—EXCRETORY AND RESFIRA-
TORY PRODUCTS AND RADIATED HEAT.

INTESTINAL EXCRETA.

The outgo of matter in the feces includes both undigested material
and metabolic produets, In the experiments no attempt has been made
to distingnish beiween these, and the feces are taken as representing
matter and energy unavailable for use in the body.?

'Bes disenssion of this subject and description of methods of sampling and of anal-
yuis in U. 8. Dept, Agr., Office of Experiment Stations Bul. 44,

‘For further discussion of this subject see Storrs (Conn.) Sta. Rpts. 1896, p. 153,
and 1897, p. 163.
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Sampling and analysis.—Various methods for the separation of the
feces from a given diet from that of the preceding or succeeding diet
have been adopted by different experimenters. The method used in
these experiments consists in administering a small amount of lamp-
black or powdered charcoal in gelatin capsules with the meal immedi-
ately preceding or succeeding the diet under investigation. For exam-
ple, if it is desired to begin with a given diet at breakfast the lamp-
black will be taken with the supper on the night previons., It has
been found fhat the feces resulting from a meal of bread and milk pos-
sess a distinctively characteristic consistency and facilitate to a
marked degree the separation of the feces of a mixed diet. It has
therefore been our custom to have a considerable amount of bread and
milk in the meal with which the lampblack is taken. While this is
not as essential as was formerly supposed, it makes the separation
more positive and certain. At the same time considerable other food
besides bread can be added to the meal without materially altering the
consistency of the feces, provided a fairly large amount of milk be
included. Experiments have been tried with the use of subnitrate of
bismuth. This reagent is colored black in the feces, owing to the for-
mation of bismuth sulphid. While under certain conditions this
method of separation may give very excellent results, it is not consid-
ered as reliable by any means as the lampblack method.

For the collection of the feces eopper eans 16 centimeters long, 11 een-
timeters wide, and 64 centimeters deep, of an elliptical cross section,
and provided with close-fitting covers, were used. The cans were
weighed before being passed into the respiration chamber and the
increase of weight on their removal taken as the weight ot the fresh
feces. The feces after weighing were placed in shallow dishes and
dried in a water oven for three or four days, after which they were
analyzed according to the usual method.

Loss of nitrogen in drying.—Various experimenters have found a
greater or less loss of nitrogen in drying feces from different animals.
In the experiments here reported no attempt was made to determine
this loss of nitrogen, sinee preliminary experiments had indicated that,
as the drying is actually condueted in this laboratory, the loss is quite
small. A later and somewhat extended series of experiments in this
laboratory confirmed the previous results, and indicated that the total
amonnt of nitrogen lost in drying the feces from a four-day experiment
for twenty-four hours in air in a drying oven at about 96° C. does not
exceed half a gram.

TURINE.

With the exception of the comparatively small amount of unavailable
nitrogen rejected in the feces practically all the nitrogen of the food is
eliminated in the urine in the form of urea, uric acid, creatin and erea-
tinin, and allied nitrogenous compounds. The nitrogen in the urine is
taken as a measure of the amount of protein compounds metabolized.
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While this is thecommon usage in metabolism experiments, it isof course
incorrect in so far as the urine contains ereatinin and allied compounds
which were in the food. The error thus introduced, however, is not
large. The carbon and hydrogen in organic combination in the urine
represent partially oxidized compounds, and the heat of combustion of
the dried residue of the urine is a measure of the amount of energy which
is earried away from the body in these partially oxidized compounds.

Sampling and analysis.—The urine of six-hour periods, beginning with
the experimental day at 7 a. m., was collected in glass jars, tightly
sealed, and, after remaining in the chamber for about three hours in
order to come to the temperature of the apparatus, was passed out
through the food aperture. It was then weighed and its specific gravity
taken, after which an aliguot portion, nsually one-half, was reserved to
make a part of a composite sample for the day, and the remainder was
nsed for the determination of nitrogen and other constituents. The
nitrogen was determined in the fresh urine by the Kjeldahl method.
Portions of 100 or 200 grams of the composite sample for the whole
experiment were evaporated to dryness in a partial vacuum, and deter-
minations of carbon and hydrogen were made in this dried residue.

Loss of urea in drying.—Even when urine is dried in a vacuum at com-
paratively low temperature there is danger of some decomposition by
which nitrogen may be lost, in the form either of ammonia or, more prob
ably, of ammoninm carbonate. The process of drying is also tedious.
For this reason in the latter experiments an attempt was made to dry
the urine at 1002 ., and to determine the loss of nitrogen during this
drying.

In order to estimate the amount of this loss of nitrogen several
samples were dried in a flask over a water bath or caleinm chlorid
bath giving a temperature of from 100 to 105° C. A current of air
was forced through the fask by means of a water blast. This air was
freed from carbon dioxid by passing it over soda-lime before it reached
the flask. The air as it came from the flask was passed through a
known amount of a standard solution of acid in another flask, after
which it was dried by passing through sulphuriec acid and the carbon-
dioxid removed by soda-lime. After the nrine had been brought nearly
to dryness in the first flask, the standard acid in the second flask was
titrated and the amount of nitrogen in the ammonia which had been
absorbed by the acid was caleulated. The increase in weight of the
soda-lime tube and the sulphuric-acid tube immediately following it
gave the amount of carbon dioxid that had been given off from the
urine. In two experiments the proportions of nitrogen and of earbon
dioxid given ofl corresponded quite nearly to the proportions in ammo-
ninm carbonate. The natural inference was that it would be within
the limits of error to assume that all the nitrogen and carbon lost in
drying were in ammoninm carbonate. Of course this conld not be
exactly true, becanse there is a certain amount of free carbon dioXid
in the urine,
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In experiments Nos. 5, 6, 7, and 8 the urine was dried in a partial
vacuum at room temperature, and from the results of several special
experiments in which the amount of ammonia given off was determined
it was assumed that the loss of nitrogen in the drying wag so small
that it might be left out of account. In experiment No. 9 and those
following, instead of drying the urine in a partial vacunm, as was done
in experiments Nos. 53-8, 200 grams of fresh urine was evaporated in a
dish over a water bath. The nitrogen was determined in the fresh
urine and in the dried residune. The difference between the calculated
weights of nitrogen in the 200 grams of fresh urine and in the dried
residue was assumed to be due to nitrogen carried away in combina-
tion with carbon in the form of ammonium carbonate, and the corre-
sponding loss of carbon was calculated. The loss of hydrogen was so
small that it was left out of account.

Heat of combustion of wrine.—The heat of combustion of the solid
constitnents of urine has been determined by two methods, each of
which has given, in general, fairly satistactory results. The most satis-
factory method is that described by Kellner.! This consists in satun-
rating a cellulose “absorption bloek™ of kunown weight and known heat
of combustion with a known amount of urine, drying in an oven at
about 602 C., and burning in the bomb calorimeter. The total heat of
combustion of absorption block and dried residne of urine, less that
of the absorption block, gives the heat of combustion of the urine,
The other method consists in drying the urine in a partial vacuum at
ordinary room temperature, or over a water bath, as deseribed above,
and burning the dried residue in the bomb calorimeter. As a matter
of fact, the dried residue which was prepared for determination of car-
bon and hydrogen was used for the determinations of heats of combus-
tion. In the few cases in which this method was followed allowance
was made for the heat of combustion of the urea estimated to be lost
as ammonium carbonate.

The heats of combustion were determined in the urine of the four
days of the actual metabolism experiment in each case, but not in that
of the four days of the preliminary digestion experiment. The deter-
winations were made in separate samples of the urine of each day and
in composite samples of that of the four days. The heats of combus-
tion were determined, both in the separate day samples and in the
composite four-day samples, by the Kellner method. For the determi-
nations in the dried residues, when made, only the composite samples
were used. The results are given in the tables, for eomparison with
those obtained by the Kellner method. In the computations of energy
of outgo the results from the individunal day samples are used.

The nitrogen lag*—As was stated above, the urine in these experi-
ments is collected from 7 a. m. on the beginning of the experimental
day until 7 a. m. the next day in periods of six hours. One purpose of
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' Landw. Vers. Stat., 47 (1896), p. 297,
1. 8. Dept. Agr., Office of Experiment Statious Bul. 44, pp. 35, 36.
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thiz division into periods is to obtain information, if practieable, regard-
ing the nitrogen lag, i. e., the interval of time during which the excre-
tion of nitrogen lags behind the metabolism in the body. We have
found comparatively few data for determining the exact duration of
this lag. It is not known, for instance, at what time the nitrogen of
the food eaten for breakfast begins to appear in the urine, nor when the
nitrogen of the food eaten for supper of any given day is all metabolized
and excreted. Still less do we know how long a period intervenes
between the metabolism of nitrogen of tissue and its exeretion. It is
believed by some experimenters that, under ordinary conditions, the
aetual nitrogen consumed in the food is soon excreted. In previous
experiments’ of this series a lag of six honrs is assumed in one case
and twelve hours in another. OUne advantage in making the diet uni-
form for the four days preceding the metabolism experiments, as has
been done in the cases here reported, is that during this time the sub-
jeet will reach approximate nitrogen equilibrinm and that for the pur-
pose of the experiment the *nitrogen day,” i. e., the twenty-four hours
during which the nitrogen is exereted may be taken as coincident with
the experimental day, thus allowing for no lag. This probably gives
results as nearly correet as would be obtained by any such arbitrary
assumption. The data are, however, given in the tables by which the
caleulations can be revised to allow for a nitrogen lag of six, twelve, or,
in some cases, twenty-four hours’ daration, For this purpose the nitro-
gen in the urine is determined for periods of from six to twenty-four
hours after the end of each experiment.

PERSPIRATION PRODUCTS—ELIMINATION OF NITREOGEN.

The amount of matter eliminated in the perspiration is not large,
During several of the rest experiments it was found that the nitrogen
thus eliminated amounted to less than 25 milligrams per day. In work
experiments, on the other hand, as much as 0.2 gram of nitrogen was
eliminated by the skin in a day.

The nitrogen of perspiration was determined as follows: The subject
took an ordinary bath and afterward rinsed his body with distilled
water before entering the chamber. His underelothing, which was of
medinm weight, was carefully rinsed with distilled water after the nsunal
washing. He had a clean suit of underclothes every night to replace
the snit worn during the day. 'The latter suit was washed with dis-
tilled water, which was then evaporated nearly to dryness and the
nitrogen in the residue was determined by the Kjeldahl method. The
nitrogen of the products of perspiration was thus determined in rest
experiments Nos. 5 and 7, and in all the work experiments.

RESPIRATION PRODUCTS— CARBON AND HYDROGEN,

In all the experiments the only respiratory produets determined were
carbon dioxid and water. From these the carbon and hydrogen were

'U. 8. Dept. Agr., Office of Experiment Stations Bul. 44, pp. 49, 52, 61.
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calenlated. The amounts of intestinal gases, as methane, and of other
volatile organie products given off from the body ol the subject, were
believed to be very small and are here left out of account." We hope,
however, to find means later for determining these substances, and also
for determining the amount of oxygen used from the air current.

The method of measuring, sampling, and analyzing the air of the ven-
tilating current was described in detail in a previous bulletin.®  In brief,
the volume is now measured by a meter pump of special construction,
which serves the threefold purpose of maintaining the current, measur-
ing and recording the volume automatically, and delivering aliquot
samples of one-hundredths of the whole amount for analysis. In the
experiments here recorded, however, samples drawn by aspirators were
used for analysis. The aspirators, also described in the bulletin just
referred to, are arranged to take samples of both the incoming and ount-
going air. The samples are drawn continuously during the six-hour
periods. Each sample represents not far from one one-hundred-and-
gixtieth of the total current.

These analyses of both incoming and outgoing air were made in
duplicate, save that in the earlier experiments, Nos. 5, 6, and 7, the
analyses of the incoming air were not duplicated. The justification for
omitting the duplicates is found in the fact that the carbon dioxid varies
but little from day to day, and still less from six-hour period to six-hour
period, and that the water is frozen out of the incoming air current
before the sample is taken, so that the amount remaining in this current
a8 actually analyzed is extremely small and quite constant. On this
supposition, the analyses of the air of the four six-hour periods serve
in a sense the purpose of duplication. In the later experiments, how-
ever, duplicate samples of the incoming as well as the outgoing air were
taken by the aspirators and analyzed. In still later experiments not
yet deseribed, samples of the outgoing air were taken by aid of the
meter pumps and analyzed, so that the analysis of the outgoing air was
made in quadruplicate.

The samples of incoming and outgoing air were taken by the aspira-
tors from the current immediately before and immediately after it left
the chamber of the calorimeter. The water in both the incoming and
ontgoing air was mostly removed by couvlers before the samples were
taken. This cooling was accomplished by passing the air through a
‘“freezer” cousisting of copper pipes immersed in cold brine, so that the
temperature was reduced to not far from —20° C. The freezers in which
the outgoing air current was cooled were specially adapted for weighing.
In this way the larger portion of the water of respiration and perspira-
tion was condensed, and its amount dmectl_'f determmed After pnwmg

18ee Billings, Mitchell, and B-ergﬂ-'r on the Cumpuﬂltlun of Expirm! Air and its
Effécts upon Animal Life, Washington, Smithsonian Institution, 1895; and Bergey,
Methods for the Determination of Organiec Matter in Air, Washington, Smithsonian
Institution, 1896.

2. 8. Dept. Agr., Office of Experiment Stations Bul. 63.
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the freezer the air was sampled, and the carbon dioxid and the remain-
ing water were determined. The determination of water was made by
passing the sample through a U-tube containing pumice stone saturated
with sulphuric acid. The carbon dioxid was removed by soda lime
contained in other U-tubes. The exact arrangement of tubes and
details of calenlations have been referred to in the previous bulletins
above cited.

THE DETERMINATION OF ALCOHOL ELIMINATED THROUGH THE
KIDNEYS, LUNGS, AND SKIN.

Since a portion of the alcohol ingested may be excreted through the
kidneys, lungs, and skin it is essential, in experiments on the metab-
olisin of matter and energy in which alcohol makes part of the diet,
to determine the amount of aleohol which thus escapes oxidation.! It
becomes necessary, therefore, to examine the urine, outgoing air cur-
rent, freezer water, and drip water for the presence of aleohol. In the
last two we should expect to find so much of the alcohol eliminated
from the lungs and skin as was condensed with the water either on the
absorbers or in the freezers. The remainder of the aleohol from the
lnngs and skin would be in the air current.* The urine and the drip
and freezer waters were subjected to fractional distillation to separate
the alcohol, which was finally determined by oxidation with chromic
acid by the method described by Bodlinder." Amn aligunot sample of
the main air eurrent was drawn through bulbs containing coneentrated
sulphuric acid where all the alcohol vapor was absorbed. The aleohol
thus retained was determined, as before, by oxidation with ¢hromic
acid. The amount of aleohol thus estimated to be given off from the
body unoxidized was in each case very small., The figures for the
amounts thus determined in experiment No. 7 are given in Table 41.
Similar determinations in experiment No. 10, as made by the modified
method deseribed beyond, are shown in Table 83. The highest amount,
somewhat over 4 per cent of the amount ingested, was observed on a
single day in experiment No. 7.

We have found, however, that these figures are not correct. The
method used for the determination of the aleohol in experiment No. 7
involves at least two errors, both of which make the amount as deter-
mined too large.  One error oceurs in the determination of alechol by
the ehromate method. The other is due to the presence of reducing
material, other than aleohol, in the air. This latter error also applies
to the determinations in experiment No. 10. Both of these sources of

"t is hers assomed that the fices would contain no considerabls amount of the
aleohol ingested, though they might contain an appreciable amount of alcohol as a
product of fermentation.  See Bodlinder in Arch. Physiol. [ Plliiger], 32, (1883), p. 424.

‘1t is here assumed that no considerable amount of aleohol would be absorbed and
retained by the elothing.

*Arch. Physiol. [ Plliiger], 32, (1883}, p. 398,

1See Benedict and Norris on “The Determination of Small Quantities of Aleohol,”
Jour. Amer, Chem. Soe., 20 (1898), p. 299,

e .
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lerror have been made the subject of especial investigation in this
laboratory.
An account of the investigations upon the chromate method has
lalready been published.! From this it appears that in the method
idescribed by Bodlinder the end reaction is not sharp and, in our
experience, the results obtained are too large. In view of the necessity
a8 accurate measurements as possible of small quantities of alcohol,
a modification of this method was devised and has been described.'
This consists essentially in collecting the aleohol in concentrated sul-
phurie aecid, oxidizing it with potassium bichromate in excess, redncing
the remainder of the chromic acid by a slight excess of a solution of
ferrous ammoninm sulphate and determining the excess of ferrous iron
by titration with potassinm permanganate solution. The accuracy of
this modified method was tested by a considerable number of exper-
liments in which known and very small amounts of aleohol were added
to water, to urine, and to a current of air. The results obtained in all
these tests were reasonably accurate. In no instance did the error
exceed a small percentage of even the very small amount of alcohol
used. The details are given in the article referred to.

The quantities of reducing matter in the air were studied by experi-
ments of several kinds. A current of ordinary air drawn through a
golution of potassinm bichromate in snlphuric acid showed more or less
reduction even after passing through tubes packed with cotton. The
use of a moistened air filter, as suggested by Remsen,” is in these -
‘experiments objectionable, becaunse it is desirable to use the same air
‘eurrent, for both moisture and alecohol determinations. In several
‘experiments in which the man had no alcohol the quantity of reducing
imaterial in the air was determined by the modified method for the
determination of aleohol just mentioned; that is to say, the sample
of the outgoing air current was drawn through sulphuric acid and the
reducing matter determined—as in the case of the alcohol experiments—
‘by the use of chromie acid, ferrous ammoninm sulphate, and potassinm
‘permanganate solutions. In every case the reduction was consider-
{able, thongh there were slight variations in the amounts on different
ida}'s and in different experiments. The amount of reduction in these
‘experiments without aleohol was such as to correspond to from 0.96
‘gram to 1.20 grams of alcohol in the air from the echamber during a
,perm-ﬂ of twenty-four hours. The amount of reduction found in the
‘experiments in which alcohol formed a part of the diet ranged from
0.71 gram to 1.05 grams in twenty-four hours. In other words, the
‘amount of reducing material in these particnlar experiments appears
'to be very nearly the same without as with alcohol in the diet. The
natural inference would be that what was called aleohol in the outgoing
‘eurrent of air consisted of other reducing substances, We should,
however, be unwilling to make any such positive assertion without

12 Benedict and Nuﬁis on * The Determination of Small Quantities of Alcohol,”
Jour. Amer. Chem. Soc., 20 (1898), p. 293.
?Natl. Bd. Health Bul., Washington, 1 (1879-80), p. 233; 2 (1880-81), p. 517.
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further experiment. Meanwhile we may add that confirmation of the
at least approximate correctness of this method of determining the dif-
ferences in the quantity of reducing matter in the air current and
detecting the addition of small quantities of alcohol to the air in the
chamber were found in some incidental observations connected with
the experiments. In one case, as stated elsewhere, a small amount of

i

coffee containing aleohol was accidentally spilled npon the copper foor
of the chamber. As the amount was known, approximately, a corre-

sponding quantity was given to the subject to make up the regular
daily ration. The alcohol thus spilled naturally evaporated and was
earried out in the air current. The amount of aleohol found for this
day in the outgoing air current exceeded the usual amount by very

nearly the amount spilled. In an experiment made since those here
described alcohol in the form of whisky was taken with sugar and
water. The mixing was generally done ountside the ehamber, but in
one case the materials were passed into the chamber separately and
there mixed. In the mixing the whisky was poured into a eup and the

sugar and water were added later. Opportunity was thus given for an

evaporation of a small amount of the alcohol of the whisky. Larger
amonnts of aleohol were found in the air eurrent than in the other

days when the mixing was done outside.

These observations seem to warrant the following inferences: (1) The

modified method, as above deseribed, gives a very nearly accurate meas-
ure of the small amounts of aleohol and other reducing material in the
air current, in the urine, and in the drip water and freezer water; (2)

in the determination of aleohol in the air current an allowance should

be made for other reducing materials. It seems to us not improbable
that allowances should also be made for the small amounts of redue-
ing material other than aleohol in the urine and the freezer and drip
waters, The need of further investigation of the subject is evident,
and such investigation is now being made. Meanwhile it seems proper
to state the amounts as actually found without making corrections,
() Under the circumstances of these experiments, in which approxi-
mately 72 grams of alcohol was administered daily in six doses, the
quantity of alcohol eliminated could not have been more than 14 grams
per day, or about 2 per cent of the whole. If an allowance for redue-
ing material other than aleohol in the air current was based upon the
determinationd thus far made, there wounld be practically no aleohol
remaining which could have been excreted through the lungs and skin,
and the total amount which could have been eliminated daily in the
urine and otherwise would be inconsiderable.

The details of the determinations of alcohol and other reducing
matters are not reported in this bulletin,

It is theoretically possible that products of the partial oxidation of
aleohol, sneh as aldehyde and acetie acid, may have been eliminated by
the kidneys, lungs, or skin in these experiments, but we are not aware
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of any evidence which would lead us to expect such elimination to any
_considerable extent. Efforts were made to find evidence of aldehyde
and acetic acid in the urine, drip and freezer waters, and ontgoing air
eurrents, but not even traces were detected. The tests, however, were
not sufficiently delicate to warrant the affirmation that no traces of
‘these substances were present and the time at our disposal did not
guffice for devising tests which would be econecluzive.

MEASUREMENT OF HEAT RADIATED FROM THE BODY.

The details of the method of measuring the heat given off by the
subject were described in the bulletin referred to above. These meas-
urements were made from the time the subject entered the chamber on
‘the evening preceding the commencement until the close of the experi-
‘ment, at 7 a. m. on the fourth day following. The measurements for
‘the experiment proper began at 7 a m.

DESCRIPTION OF EXPERIMENTS WITH MEN.

In planning a metabolism experiment for the study of a given gues-
tion, as stated above, the diet should be arranged to fulfill three condi-
tions: (1) It should be palatable and of such variety that the subjeet
will not tire of it during the experiment: (2) it should furnish the
‘amounts of nitrogen (protein) and energy desired for the purpose of the
experiment; and (3) the food materials should be in such forms as to
cadmit of acenrate sampling,

In the description of each experiment the menu or ration for each
day is shown. A daily programme is made out which serves as a
guide both for the subject and for those conducting the experiment. It
‘shows the hours at which the subject is expected to rise and retire, the
hours at which he shall receive his meals, and when he shall weigh
himself and the system of absorbers inside the apparatus. This pro-
gramme follows the menn in the description of each experiment.

During each experiment the subject keeps a diary, or record, showing
the results of all determinations of weights and temperatures made by
‘himself in the chamber of the calorimeter. A summary of this diary
follows the programme in the description of each experiment.

The subject of experiments Nos. 5 to 10 here deseribed was Mr. E.
Osterberg, who was also the subject of experiments Nos, 1 and 2, and
of a number of later experiments. He was 31 years of age, 5 feet 8
‘inches (1,87 meters) in height, and weighed about 130 pounds (68 kilo-
‘grams). He was in excellent health and accustomed, as laboratory
janitor and chemical assistant, to moderate muscular labor,

COMFOSITION OF FOOD MATERIALS, ETC., OF EXPERIMENTS
NOS. 5-10.

The composition of all the food materials used in the experiments
described in this bulletin is given in Table 3, page 30. The methods of
analysis were referred to on page 20, Attention is called to the fact
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that the protein is in all cases computed by multiplying the total nitro-
gen by the factor 6.25.

In cases where the amount of earhuhydmteu
is so small as to be neglected, as in meats, the sum of the percantages*

of water, protein, fat, and ash may be more than 100,!

TABLE 3.—Composition of food materials and feces in melabolism experiments Nos. 5-10.
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TABLE 3.—Composition of food materials and feces in metabolism experimenis Nos. i-10—
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1 aa-d. in all tha upﬁrlmﬁma
DETAILS OF METABOLISM EXPERIMENT NO. 5.

A general description of the routine of the experiments and an expla-
nation of the results as tabulated can best be given in conneetion with
the details of one of the experiments. Number 5, the first of the series
here described, will suffice for this purpose, although this, like others
of the earlier experiments, is less satisfactory than those made after
experience had been gained.

This experiment began May 4, 1897, and continued four days. The
preliminary period, which is usually four days, was increased in this
case to eight days, as unexpected cirenmstances delayed the starting
of the experiment proper. The subject entered the calorimeter at about
9 o'clock on the evening of May 3. During the night the usual meas-
urements of heat were made and the temperatures of the interior of the
chamber—i. e., (1) the air inside, (2) the incoming and outgoing air cur-
rents, (3) the two metal walls of the chamber, and (4) the air immedi-
ately surrounding the chamber, were brought as near together as
practicable; the temperature and rate of flow of the water current were
regulated so as to earry out the heat as rapidly as it was given ofl’ by
the subjeet, and other details of manipulation were arranged so that
when the experiment began at 7 a. m., May 4, everything was in satis-
factory condition. The bed and bedding, chair, table, etc., were weighed
before and after the experiments, but no appreciable changes in weight
were observed. The diet was more varied than that of some of the
later experiments. The methods of sampling were not satisfactory,
which may accountin pa,rr for the utmsual]y wide discrepancies between

1Exper1menla Nos.1 to 4 were reported in Hullatm 44 of this Office. In Iheau H].H
metabolism of matter only was studied.
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the theoretical values for income and those actually found for outgo of
energy. The daily menn in this experiment was as follows:

TaBLE 4.—Daily menn—Metabolism erperiment No. 5.

Menu. . Grams. !l Menmn. Grams.
HREAKFAST, DNNER—continwed.
3T BT e LR 85 || Baked Dapai: vax v e onn e shns - e 125
e e T 15 : Canned [PBRTR. -2 - . ssmses p st tonss mndeunn 150
| S e S P S e e . ‘.'EHJI BT . - s o i o o i i 10
1A | LR IIJ'I:I'I Ll T R L i s A D 200
BOEAT: cesrnnmssssnmnannnanasusnnan snamnn 15 | SUPPEER.
'.-.:'Llﬁl.‘l‘ --------------------------- sssmmsEms Eﬁﬂ'_ Tiried hﬂﬂf ____________________ soprieod 25
IMNNER. . Babar - e e e e 10
PR o o e R . 120 :i Mk oo e L M R L ] 500
e e 10 || Rya bread........... e B 125
I e e = e e DG | O I e e i e i o e e B o 10
T I e L o e e e e 100 (| e o e 30C

The beef was cooked in the form of “Hamburg steak;” i. e., finely
chopped in a meat cutter and fried. A little onion was added to make
the meat palatable to the subject. The eggs were ‘“hard boiled” and
were eaten with salt and pepper. The quantity of pepper was too
small to take into account in computing the income of organic matter.
The dried beef was eaten cold without preparation other than eutting
in thin slices. Ordinary creamery butter was used; it was kept in a
refrigerator, together with the baked beans, the canned pears, and the
milk. The milk was procured fresh each day, as was the bread, which
was obtained from a local bakery, Three hundred grams of warm coffee
infusion was served with each meal; it was prepared in the usunal way.

The following is the daily programme for this experiment, although,
owing to lack of experience, it was not followed as closely as in the
later experiments:

TaABLE 5.—Daily programme—Melabolism experiment No. 5.

| 6,30 p.m ..| Supper.

7.00 . m .. Rise, pass urine, weizh self dressed,

collect drip, weigh absorbers. T.00 p.m ..| Pass urine, collect drip, weigh ab-
7.30 o, m .. DBreakfast. | sorbera.
100 p.om . .| Passa wrine, collect drip, weigh ab- |l 10,00 p. m .| Paas urine, drink "ll'liil‘.-'ll"ﬂihlﬂf
surhers. | dresaesd, retire.

L.30 p.om . I IMmmer. | 1.00 a.m ..| Pasa urine.
3.30 p.m ..| Drink water. |




The diary of the subject was begun the second day.

rized in Table 6.
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TABLE 6.—Summary of diary—Metabolism experiment No. 5.
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2.0 |

20. 8
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2.1
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The subject weighed himself on a platform scale sensitive to 10 grams
with a weight of 75 kilograms and capable of weighing 100 kilograms.
~ In this experiment the weight of the subject without clothes was not
taken. Inasmuch, however, as it was a rest experiment and the sub-
ject did not perspire greatly and the clothes were the same at the dif-
ferent weighings, the figures are probably not far out of the way as
_indications of the changes of body weight. The body temperature
was taken by the subject with a registered clinical thermometer.

12388—No. (9—02—3
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EXPERIMENTAL DATA OF INCOME,

The experimental data may be divided into two groups—(1) those
pertaining to matter and energy of income and (2) the same factors of
outgo. The results of the determinations of income are shown in
Table 7. These data include the determinations of nitrogen, earbon,
hydrogen, and water, and of protein, fats, carbohydrates, and mineral
matters in the food. The weights of food materials used each day are
shown in the table, and the weights of the different elements and com-
pounds are calculated by means of the figures for the percentage
composition shown in Table 3.

TABLE T.— Weight, composition, and heats of combuslion of foods— Metabolism experi-
ment No. 5.

Lab. w | Carbo- | o H Eﬂa:ltlfuuni-‘
':é'a‘ Food material. m{;ht 1"1""‘|‘-*"3"'I t-ain Fat. m!;{;a éﬂqﬂ Carbon. E:nr:l- ﬂ;_é‘l}:r-
2 mined).
Grames. | Grams. Grams. Grams.| Grams. ﬁ‘rams.l trrams.| Grams. Calories,
o782 | Beaf, fried ......| 120 77.0 H.4 | ) = 5.5l 22, 80 3.23 253
2783 | Beef, dried ...... 25 15. O 6.1 118 i P .08 4.30 .56 51
2781 | 10 e L 5] 70. 8 12.0 1.5 |aoanneaa|  LE2| 115 2.17 169
2785 | Buiter.......... a5 2.8 A o B Y RS L06 | 2330 5. 66 SRa
2TRL | Milke....cconcc-- e | 6810 | 27.9 418 4E.0 4.50 | 58.75 8.83 G20
2802 | Dread, THB cuuuna a25 143.0 .8 Lo 148. 2 4.45 | E2.99 11. 60 786
2784 | Boger...oac.en-. BE |ecmmmoan oo mm e e e | R T T IRy [ 139
2780 | Beans, baked . .. 125 B6.0| 9.0 T 25.8 1.57 | 16.11 2.33 163
79 | Pears, canngd. .. 150 | 118.3 | 3 1.3 I2B.5 L6 | 1147 1.77 117
b e | R 1,174. 0 i 118.1 04.7 i 275.56 | 19.05 | 24889 l 36.42 2 655

EXPERIMENTAL DATA OF OUTGO.

The data of outgoe are given in Tables 8 to 12. Table 8 shows the
weight of fresh feces and of the elements and compounds determined.
I'hese weights are caleulated from the figures for percentage of eomposi-
tion shown in Table 3 and the total weight of fresh feces. Inasmuch as
the feces from the food of one day can not readily be separated from
those of the preceding or following day, we can de nothing else than
assume that the undigested residue and metabolie products of which
they are composed are essentially uniform from day to day. Even if
there were irregularities from day to day, they wounld hardly be large
enough to affect materially the results for each day, nor can they at all
affect the average for the whole experiment.

TaBLE B.— Weight, composition, and heats of combustion of fresh feces—Metabolism
experiment No. 5.

Lab- . ' | Carbo S

O y v s . | Mitro- Hydro-

tﬁq | Welght.| V nur| tuin Fat dr.:: | “igen. Carbon. en. 'lﬁ:ﬂm}
L ! mined),

‘ Grams, | Grams.| Gra :ml Girams.| Grame, Grams. Grams., Grams.| Calories,
2800 Tn'.ltﬂ.l.hll.fn.....l G02 | 302.6 | 42| 22.6 5.6 | 6.58 ) 565.07 | 7.38 57
Average, 1 day ..| 126 B8. 2 10.3 i 5.7 6.4 1.65 | 1877 | L& 143
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Table 9 shows the amount, speeific gravity, and percentage eomposi-
tion of the urine in six-hour periods for the time of the experiment and
the twenty-four hours subsequent. From these data are calculated the
weights of nitrogen, carbon, hydrogen, and water eliminated in the
urine. The nitrogen is determined in the fresh urine for each period
and also in the composite sample of urine for each day and in the com-
posite sample for the four days of the experiment. It hasbeen assumed
that any differences in the quantities of nitrogen as determined in the
sample for each six-hour period and in the composite sample for the
day wounld be due rather to small errors of sampling than to errors of
analysis. For this reason the figures for the determinations by six-hour
periods are used for the computations taken rather than those for the
composite for the day or for the whole experiment, where discrepancies
OCeur.

It is hardly practicable to dry samples of fresh urine each day for the
determination of earbon, hydrogen, and heats of combustion. Aeccord-
ingly, a composite sample representing the urine of the four days of
each experiment was dried and used for determinations of earbon and
hydrogen and heat of eombustion. The heat of combustion was also
determined in ecomposite samples of the fresh urine each day as
explained above, page 23. The precautions taken to avoid error
through loss of nitrogen and carbon during the drying of the urine
have also been described on page 22,

The data thus obtained show the quantities of nitrogen in the urine
for each day and for the four days of the experiment, while those for
the quantities of earbon, hydrogen, and water-free substance are
obtained for the four days and must be computed for the individual

‘days of the experiment. 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 four days. Thus
' the amount of nitrogen in the urine of the first day of this experiment
was 20,25 grams, and that for the whole experiment 72,25 grams. The
carbon for the whole four days was 46.52 grams. The computations for
the amount of earbon in the urine for the first day would then be as
follows: 72.25: 46,52:: 20.25: x (=13.04). This method for computing
the daily quantities of carbon exereted in the urine differs from that
employed in the case of the feces, in which latter the amounts of both
nitrogen and carbon were taken as the same from day to day. The
reason for this is simple. We know that the quantities of nitrogen and
e¢arbon in the urine vary from day to day, and have means for telling
approximately the amounts thus excreted. We do not know, nor have
we any means for learning exactly how much of the nitrogen, or earbon,
or other element of the food for each day is absorbed on that or any
ther day, but there seems to be good reason for believing that the
bsorption is nearly uniform from day to day so long as food, exercise,
Jand other conditions remain the same. Even if the last assumption,




namely, the uniform absorption of food in the alimentary canal, is not
correct, we have no means whatever for determining the variations and
there is nothing else to do but assume the regularity. But we have
the aetual data for ealeulating the quantities of nitrogen, earbon, hydro-
cen, and water-free substance excreted in the urine each day and,
making the assumption regarding nitrogen lag mentioned above, the
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method of caleulation here used seems logical.

Tavre S —Amounis and composition af urine— Metabolism experiment No. 5,

Data, | Pariod. Amount. gﬁ:ﬂ?ﬁ Nitrogen. Carbon
| {
1897, Girams. | Per cend.| (frams. | Percent.| Grama,
May 4-5 | Tam ol P cccacnacaneans 207.8 | 1. 026 1.52 ll 00 6 | A Tl s oo o
lp.mto TP m..coceninnnna- A71.2 | 1.011 AT [ iy B MOEF - SO ENIUE O -
| TP 0] B XM avnenns mmimmin GOE.D . 1.011 .81 B e e 5
i 1n.m.tllTa,m._..----_a.._. m,] | ],nlg Lﬁ! 3,35- sasa cEEESS ++r|""‘"r'.'rl.
! st SIS LI BRI LR e S S T 15. 04
| Total by composite....| 2,088.1 1. 017 T o 1T R SRR SR T
58 | Ta.m. tol ]1.m.........“...i 345.5 1015 o1 | CY 7Y R .......".-:
| 1p.m.to 7 p. m: 795.7 | 1.011 .75 ey gl PR SRR
Tpm ol fameccecaacsaaael 9320  1.00B . 58 LA T SR R e
1o o7 Rl cosssscrasinn 218.7 1.01% 1.32 5 b R BT R O ;
] -
b | | (e B e B e e 17.41 |. 5y 11. 21
Total by composite....| 2,202 8 1.013 78 | aty 51 b (B ..........'_
BT 17 0 10 001 Pt eciciomnncnnaa| | DIBE| LD N R e
1 p.m. t T . |
bl i ot L4645 | 1o12| .88 s
i pemtol a.m.] | | |
[ 1m0 T8 M.sesseniasnnnn 245.5 | 1.016 | 1.29 ATl et B o et
Ay =) R S e e e e st 1 (FEERREER ¢ 1105
Total by composite....| 2.2¢2.8| 1od| 77| amefeccciidin....s
7.8 | 7a.m. to 1 T e 405, T 1016 | 06 P eSS A EEUEREE
i T | T Te7.2 1.010 | .65 FE 5 I
Fpmteldm...iuiinei 014, 0 1.010 | 8T i b (R e e R SR
lamboTam...... i i 4540, 2 1. 000 . Bl - B SR OR R S
b T | PR ] e [ [ S L AFlaE] LRLEE T 11.
Total by composito. ... 2,407.1 1.011 | .70 Ty 27T 1 1T B P -
Total for 4 days, by SrthtL | VAT bl 1
I":\'ril-.l-ﬂ llllllllllllll [r'| 1ml“a RN - I. - - LR sz LR R R E R R N
Componrite for 4 days..| %1208 |.......... : LT 72,43 oM 46.52
——— el e — e —y——— ——— —-r-g
B0 | Tam o] Pl e eeennnas] a6, 4 1.022 By - PR R T
1pmtoT . ..... ..-..l 250, 0 1.027 | 1.0 | I.E e s sl
Tpem o] W ...... Earsns ! 264.1 1016 1.09 i E R R (et
lnmto7am..ues gy 441.8 l.D121_ 1. 06 i Bl ks el e el
‘I-IFI.I-II"'""'F‘F‘l-f""r‘ 1|3UT-I - ]B‘ﬂ EE R al ;
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TABLE 9. —Amounts and composition of urine—Metabolism exrperiment No. f—Cont'd.

Lrane. | Period.

Hydrogen.

1887,
May 4-5 | Ta.m o] p.m caicces iaane.

10 Mt T M. ceeeneanss

Tpmtolam
lamto7am......

Total.......

EamEEw

Tamiol pimMeceeceanan:na-
1 p.m. to T p.om

lam toT 8.mM cevens

Total.......
Total by composite. ...

Toamtol pPmM.csrccssnnnnss
lp.m.m'?p.m}

Tpmtolaml ™77
lamtoTam........

6-T7

R e
Total by composite. .
7-8

,,,,,,,,,,,,,,

PRl e e e

Total for 4 days, by

Composite for 4 days. .

&8 | Tamtol pm
lpm.to7 p.m.....
TPMi0]l A snsreannnanss

ST T () R ——
Total....

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

Water. |

| Par gram. |

Per un:.i Grame. | Percent.| Grams. | Calories. | Calories.

Heats of combustion

Total.

e o T P == seslerrresnmnn
smsfasamnmss aEEEENiraRE e R |;; . - EE CE T
sEEEamm [y — e salspemena .I: ....................
|
& o Emmmm e mmm . silsessmmnsss|ssamnn - -
i —_—

mmmes

Total by composite....|..

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

Tpmitolmm. . cccasnaafonnns

P == @ YL haswas sranmesnsfresssstsinge
| -
1 i
o o | D DTy -
—_ T —
.............................. P slamamrrsnmrfomnmmmnmwn
sssEs| sassnEEnEE | nEE - sEEeEE s = - - mmw
2rszclssmscssans|renmnmmm B L E R == mm
.......... sessssscasfraanssnnnsfsmnnns GEssssssEs|ssEEE s EE
I

FEEEEmE S

ssflssssnasana

,,,,,,,,,, P P R .
i - P T
e e o o b sasssams
|
— R
2,174, 3
| S . P . (Y Fr——

Total by composite. . ..|.

iy | e S | RSP Sealip .055 128
| |

e WO T T LR W | RG] e e

oI | ey g | R ARARA] R e B 040 122

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

0.16 | 14.50 | 9684

-----------

SEE s B S.

B T T LT

o

= |a-----

slgssrssarnifansnnvns .,I

|sssmsssanafmmannns

e | o — —
B R ] ) m
mmam e szalgszm -m
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.79

e

1 Total heat of combustion as determined in dried urine givea 556 calories (see p. 23).

As the dried

sample did not suffice for a repetition of this determination we have no explanation to offer for the
discrepancy between the determinations by the two methods.

The determinations of earbon dioxid and water exhaled by the sub-

jeet are given in Tables 10 and 11,

The methods of calenlation are

explained by the small letters above the headings of each column.
Table 10 shows the amount of air which was drawn through the cham-
ber of the ealorimeter during each six-hoar period, and the milligrams
per liter of carbon dioxid in the incoming air and in the ontgoing air.
These values are shown in columns a, b, and ¢
the last two gives the excess of carbon dioxid in the outgoing air current,

The difference between
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which, multiplied by the total number of liters of air in the ventilating
current gives the total weight of carbon dioxid exhaled, as shown in
column ¢. Column f shows the weight of carbon in the carbon dioxid
exhaled. In Table 11 are similar data for the water given off by the
subject, The plan of this table differs from that of Table 10 in that the
major part of the water is condensed in the freezers. The amount not
s0 condensed is determined the same way as the total amount of carbon
dioxid exhaled and is shown in column d, while column f gives the total
amount of water exhaled.

TABLE 10.—Record of carbon diorid in ventilating air current— Melabolism erperiment

LT " 5l
(@) Carbon diexid per liter— & i

B b, = . BasE

- e °E3 (b) ie) {d) §E'&‘ EEE F
i i g e3E | & b |%gms| 82x [BEsSa

= g =B = i E"f- -
25= | &3 | 52 |3zl ges @23e>
CS- =5 -8 |HeB2 £=z% P"SEE-‘:‘.
- [=ha - = =] =

1897, Lilers Mys. Miys, Mgs. Grams, | Grams
May 45| 78.m.t01 P.M.eeeresrensen.] 25,936 | o0.001| 10.510| 0809 ( 250.7 0.0
1pmto7 Pom...ceesrencs.| 26,203 81| 10144 |  9.368 |  245.9 67.1
TPpmtol M. eeeeansn, 26, 307 - B0 R 8. 007 2352 64,1
IR0 T Tl T— R L 034 5. 737 5. 108 133.5 364
il IR e e p 11, [t 1 PR ] R A 871.3 237. 0
56| 70.mt01 Pomeceeeseannnns 55, 158 671 | o0.037| &.208| 218.8 50,6
[ 1pm.to? p.mm.eeeeccan.....| 26,885 - 816 10. 363 9, 647 256. 7 T0. 0
iy VR B R e e 27, 110 | . 620 9. BGB 9. M8 280. 7 68 4
J1amtoT M. cinnancncaas| 206,702 L TOG 5. 733 5. 024 1.5 36,7
' , 7 RN W TS R R e LT 24,7
67 | TA MmOl Puliecnenncracnces| 26,428 704 | 8781 | 8.077| 213.4 58,2
lpm.to7 p.M.c:cascsnncsas o, BB1 i | i, 358 &, BOT 56,0 645
TPpm.tol 8 M.csscucenrase) 27,278 578 &, 761 8. 183 22,2 0. 9
 10.mt07 &M ccvinnnncens 26, 100 894 | 6.833| 40| 1289 5.1
. 1 R—————— L 1 R SR T o i 0 | SRR B02. 1 218.7
7-8 | Tamtol pom..c......ocl| 25,677  .628| 0.200| 6.002| 2205 60, 4
1P 0T Poteeererananeas:] 26 045 .73 1. 464 0. 733 253.5 69,1
Tpmiol &am...covvunamuins 26, 240 . B5T 10, 313 1, 856 258.4 6.1
p B TR T 26, i L B05 5, 650 5, M5 185.9 .1
Tnm-'r'rr-'r--'!'rlrrr'rr'rr 1“‘.&“;' I T R RN RAIEE R RN E X XIER TR RR L E m!a m1
e . —|————
Total for 4 days....... AEB, ABE [eunsmaamm o] nninm o mn | nie o ee| &, 3084 026.7
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TaBLE 11.—Record of water in ventilating air current—Metabolism experiment No, 5.

(a) atar pez Miar b aad orons ] iy
|
£l | @ | @ | . SR i
= g - & Lz | &
2 o | % | 82| 4
E'.: ™ i 'E o= g ;E 8.
Dute. Period. Sz | = - N, 2 A A B
L =] =] o ik e E= a5 L
e = =] 2 | o] == =
s E = 8= = - S & B+
£ | ¢ ol en pie | vy | 38| "=
FE = o = i T2
E E 2 O £q | 3
= | B
B - A GO O T (- I - =
A Liters. | Mgs. | Mgs. | Mgz 'ﬂm:ml.{{?mml. Frams.| Gramas,
May 4-6 Tamiclpm.......| 25,836 1.171 | 1.328 | 0.158 e ) - B ) R R
1p.m.to7 p.M.......| 26,263 1.050( 1210 .160 3| mre| el
Tp.m. to] A mo...... 26,507 | 1038 | 120| .102| 51| 2621 |— 48|........
lamtoTam......| 26154 .g7¢| 1006| .193| 4| 226 |—TLO|eo....
7 100, 750 |- coreeluanmoandfeerneens] 16,8 | 046.7| 118.6|1,062.1
56| Tamtolpm.......| 26,158 L022| L18| .006| 25 20.8[.......[.......
1pmto?pm.......| 26,885 | .o02| 1284| .2e2| 78| 2840 50T e
Tpmtolam.......;, 27,110 Lol Lo1s | .20 AT o (R B R
loamioTam.......| 26,702| .94 L1768| .24 6.8 | 200.8| 50.9|..-cc...
Total..........| 106,945 |.ocveee)erneeena]uannaad] 2207 | o50.5| 168.8 | 1,148.0
6-7 | Tamtol p.m....... ?QT:ETEITH -Tﬁ§.| .13 | 46| 2222 ATER S
. 1p.m.to7 p.m....... 26,861 | 023 | 1134 212 | 57| B4 267 |.......
7pm.tolam.......| 27,278 | .s5| L116| .20| 60| 2RO 65.9........
lamto7am....... 96,100 | 786 | .ee1| .155| 40| 1963 |—s528).......
S AN T ] PR E | 20.3| 891.5| 49.8| 96L6
T8 | Toamtolpm....... %;ﬁ_ﬁTis}‘i' . 301 |_m?7|_*.ia&.ﬁ TR 3| L A
lpmtoTpm.......] 26,045 _808| 1064 | 166 43 80| 175 |.......
Tpmtolam....... 20,240 | .g18| 1.074| .261| 60| 2721| 2| ...
lamtoT8.m.cceaus o, 38 18] 9’2‘?| LT B.3| 294, 3 o ] e
Total.-.......-| 104,8007........ vessesasleaceeess] 25,3 010.0| 108.9 | 1,063.1
Total ford daye.| 428,156 |..oooooforernrsooeen| 8.0 37007 | MT.1 1,330.8
|

—e e =

1 Upon the surface of the absorbers, see p. 53 under description of experiment No. 6,

The details of the calorimetric measurements in these experiments
are far too extensive to be given here. Their nature is explained and
illustrations are given in another publication.! The fundamental data
are given in Table 12. This shows in colnmn a the amount of heat
measured in calories by the current of water at the average range of
temperature of the water currents shown in column 4. In column d
this heat is corrected to calories at 20° C,, the temperature to which
all the measurements are rednced. Columns ¢ to g show the corree-
tions for the heat capacity of the apparatus and for the temperature
of food and dishes, Column h shows the quantity of water vaporized
in the calorimeter and column i gives the amount of heat calenlated as
having been used to vaporize this water and thus carried out with the

11, 8. Dept. Agr., Office of Experiment Stations Bul, 63,
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ﬂTJ,BI.E 12, —Summary of calorimetric measurements—Metabolism experiment No. 5—
| Continued.
0 i
¥ oy | @ | (k) (i) (k).
oE | &= | k= o ol
] :-"" E‘E I'ﬂ 5 EE: Eg g
g8 |3z [aes | B |
1 8% | S8 [csa; | &3 £
- Gy Ee | &5 fm | Z | £
— | = o | 2= E : - - r
pf | 855 P23 | 3E | B3
2f | 228 332 .| Es ot
2= EZE ZZREE w= E
=1 SHER I E= l:: 5o o == =
O S = == =
18807, Calories. Calories. | Grame. | Calorics. | Calories.
e e R S G R .-21.:1i 237.9 140. 8 g91. 8
ey e 2 T R P L +39 | —IT.5| 2414 142.9 662. 1
g B s i L —18 | — lﬂ.ﬂi 257.2 152, 3 645.2
Lim: to7 B i vecancinannnnas —2d liecssszeas 237.0 134. 4 376.5
L ) MR P ) +15| —d0.4| 063.5 570.4 |  2,375.6
O [ BN TS SRR S SR Y [ T 132.1 | 660.4
LA e el i Pl s S +45| — 9.68| 2527 149.58 | Tdd1
i o o i LSRR RS RS 280, § 166. 2 611.9
AT e L T R o (R | R 216. 6 124, 2 435.2
A D b il et bl | —16 | — 424 7. 2 376, 1 | 2,451.8
B el am ol p il 21| —13.80 2968 154.3 | 632, 4
o TR R [t [ PR 251.1 148.6 721 4
: T W O L% Wenananirnsunsninees| —43| — 158 ] 0 578.4
E LR T | e S S =51 P 200, 3 | 118. 6 410. 6
I e o i i i e i = + 0| — 421 'Eill.SlI LR 2 3428
| LAl T A 0 LD M ecmnenamencnean] . 42| —17.8 | 2103 | 124.5|  635.8
1T e e e Sl +18 | — 4.0 el 131.6 659, 8
g doi] e £ L0000 S Qe g8 |5 —15:% 279.0 | 165.2 633, 1
T P a8 aemd { 137,7 419.5
1 SR R T T B I 2,346, 2
X Total for 4 days ............. +Tli —]'lﬁl 3.792T|_2’._2;5.3 il Eﬁﬁ

COMPUTED DATA OF INCOME AND OUTGO.

- From the experimental data just recorded the income and outgo of
‘nitrogen, carbon, and hydrogen, protein, fat, and energy are computed.
‘Table 13 shows the computed income and outgo of nitrogen and earbon
‘in metabolism experiment No. 5. The values in columns a, b, and ¢ are
taken from Tables 7, 8, and 9, respectively.

The quantities in colnmn d represent the gain or loss of nitrogen for
‘each day and for the whole experiment. Since the subjeet had been upon
‘the same diet for four days previous to the commencement of the experi-
ment, it was to be expected that he would be in approximate nitrogen
‘equilibrium. This expectation was realized, as the figures show. There
‘was a slight loss of nitrogen, 2.8 grams, the first day; the remaining
three days there was almost exact equilibrinm. We find it often the
case that the loss of nitrogen is greater or the gain less on the first than®
on the sncceeding days. Assuming that the nitrogen lag is short, this
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may perhaps be connected with the slight mental excitement which
accompanies the accommodating of the subject to the conditions of lifi
in the echamber, The average for the four days shows a loss of 0.7 o
a gram of nitrogen per day.

The data for income and outgo of carbon are likewise obtained from
previous tables, and the values in column k show the computed loss o
carbon for each day and during the whole experiment. It will be seen
that the subject was nearly in carbon as well as nitrogen equilibrinm,.

TasLe 13,—Income and oulgo of nitrogen and carbon—Melabolism experiment Neo. 5.

Nitrogen. Carbon.
(a) ib} J (e} () (#) {r) (g) ] (k)
Date. Period. 8 & gg g %
T e 4 |BE [ziE
i 2| & (SRl E L2 =t
g P 5 |2E]| & | & 5| _88|83%
o PR o T I - N sl
1897, Grame, !Grq:ms. :ﬂmms. Grame, Grams. |Grame. | Grome. | Groms. Frans.
May 45| Tamto7am.| 19.1| 16| 20.38| —2.8] 289| 18| 130| 207.6| —156
) [ AR 19.0 L7 14| —.1| H8.9| 137| 1L2| 33.7| —10.9
[ 5 I A0 19. 1 16| 12| +.3| 2489| 13.8| M.1| 218.7| + 5.3
[ ) IAREer TSR 90| 17| 174 —.1| 80| 138 mo| 57| —11.8
| Total,4 days...]| 78.2| 6.6| 72.3| —=2.7| 9956| 551 | 46.56| 820.7| —o2.7
| Average,1day.] 19.1 1.7 ‘ 18.1 I_ — .7 | 248.9 13.8| 1.é| %1.7| — &2
| |

In this experiment the subject was allowed drinking water whenever
and in such quantities as he desired. The coffee infusion, as already
stated, contained practically no nitrogen, the amount per lifer being
found by analysis to be less than 0.05 gram. This quantity, amount-
ing to less than 0.2 gram of nitrogen for the whole experiment, has
been ignored, and the coffee infusion has been considered simply as so
much water, The amounts of coffee infusion and of water consnmed
on the different days of this expériment are as follows:

Record of water and coffee consumed— Metabolism experiment No, 5.

Date. infasion. | W | drink.

Grams. | Grams. | Gramas.
Hn}'{._____.,,_,...+......._..._.........-..............1..“."1.-....1...uu gz, 3 870, 6 1."32-“
i LR L R e i e e B e S T L BiD.8 | 1, T4T.4
S e W N A e T e U T R 665.0 | 1,561.0

a..
O a4 s d s e Bk e i h b £ e b AE LU S RS N N I
PORR).. o iesianisamun s snsmiase sennmmnes o b dbmsinnens sab ittt SRR R S R ETIE

At each meal a vessel containing 300 grams of unsweetened coffee
infusion was passed in to the subject. The amount actually consumed
depended upon the carefulness with which the vessel was drained. 1t
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was determined by weighing the vessel when it was passed in and
when it was taken out, the difference between these weights being the
amount consnmed.

In Table 14 the income and outgo of water and hydrogen are com-
puted. Column @ shows the amount of water in the food materials
consumed each day, and column b the amount consumed as drink, either
a8 water or in the form of coffee. The values in columns ¢, d, and ¢
are taken from previous tables and serve in the ealculations of the
apparent loss of water shown in colnmmn f. The quantities in this
column are always negative, since the water given off in the respira-
tory produets is derived not only from water taken into the system in
food and drink, but also from the oxidation of hydrogen of organie
compounds, The quantities in column g, h, and i represent the amounts
of hydrogen in organie combination in the food, feces, and urine, and
the values in column ! show the apparent gains of hydrogen. The
quantities in this column are always positive, owing to the fact that
the most of the hydrogen in organic combination in the food is elimi-
nated, not in organie combination in the feces and urine, but in the
form of water in the urine or respiratory products. The gain or loss
of hydrogen for the experiment is caleulated by adding together the
hydrogen apparently lost as water (column /) and the hydrogen in
organic combination apparently gained (column [). This total gain
or loss of hydrogen is shown in column #. There was thus a small cal-
culated loss of hydrogen during the experiment, which wounld correspond
to about 135 grams of water per day. These estimates of quantities of
hydrogen here and elsewhere in the present bulletin are given for what
they are worth. We hope to be able later to study this and other
details bearing upon the correction of the estimates,

TaBLE 14.—Income and ouigo of water and hydrogen— Metabolism experiment No. 5,
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TABLE 15.—Gain or loss of protein (N x 6.25), fal, and water— Metabolism experimeni
No. i—Continned,

S = e

(@) (h) EOR ok oy l U
I A e e " u — —_—
g ETT | &#°="| BTT | E]
: e AN ] =
Date, Period. ET { o A+x | &%, 3 .
= gE® . gra | g/ | e
5 | §838 | EgT | B8sf | &2
-~z e e ]
= EE o L HE g~ T
£ ['EBES | LY. | BEEL [ @&
& |m i ) =
1897, fFrams, : Girama i rame (Frams. | (Frams.
May 45 TamtoTam..cceneeninn.. T —112! —1.0 + 1.5 | + 1556
T R TR SR R SRR L S —1.6 —34| —mes
[ "o gt 2R T -:H..'s| | S —35.1| —g5.0
78 |.....: R ST SRR T 0| —1.8 —2.2| —25.8
Total for 4 days. ....... —B2.1 =18 | —3.7 =2 —604. 8
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Making certain arbitrary assumptions, the total carbon gained or
lost less the carbon in protein gained or lost gives the amount of car-
bon gained or lost in the form of fat. It is probable that the amount
of glycogen in the body at the time of rising, 7 a. m., is nearly the
same from day to day, so that this assumption probably involves no
serious error. It is assumed that average body fat contains 76.05 per
cent of earbon, and the amount of fat gained or lost is consequently
computed by dividing the carbon gained or lost in fat by 7608, as
shown in column /. Assuming that fat contains 11.5 per cent ot hydro-
gen, the ameunt of hydrogen gained or lost in the form of fat is com-
puted and results are given in eolumn i. The difference between the
total hydrogen gained or lost and that in the protein and fat gained
or lost is here taken as representing the hydrogen gained or lost in the
form of water. The gains and losses of hydrogen and water as thus
calenlated are shown in columns &k and [ of the table,

So far from saying that these assumptions and the calenlations based
upon them are correct, we are persnaded that they must be more or
less erroneous. To us one of the principal points of interest in con-
nection with the caleulations of the amount of water gained or lost is
that they emphasize so clearly the nncertainties of this method of cal-
culation and the need of direct determinations of oxygen, sulphur,
and other elements of both income and outgo. Ewven with this com-
plete balance of income and ontgo of elements there wounld still remain
a number of uncertainties, as, for instance, the amounts of material in
the alimentary canal and the amount of oxygen stored in the organism
at different times and under apparently like conditions.’

! Disenssion of the methods of compnting the different factors of income and ontgo
of matter and energy is reserved for a future publication. See page 112,



46

Table 16 shows the computed income and outgo of energy in this
experiment.

TABLE 16.—Income and outgo of energy—Metabolism experiment No. 5.
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Columns a, b, and ¢ of the table represent the heats of combustion of
the food, feces, and urine as taken from Tables 7, 8, and 9, respectively.
If the body remains in exact nitrogen and carbon equilibrinm the dif-
ference between the heat of combustion of the food eaten and the
sum of that of the urine and feces will, in accordance with the above
assumptions, be taken as representing the heat of combustion of the
material actually oxidized in the body. If, however, the body gains or
loses either protein or fat, it will have a correspondingly larger or
smaller store of energy. In this experiment the subject lost both pro-
tein and fat, and the energy of this protein and fat was used by the
body in addition to that of the food eaten. Inasmuch as the heat of
combustion of the body material thus consumed can not be determined
directly, it must be assumed from the average heat of combustion of
ordinary body protein and body fat. The heat of combustionof 1 gram
of protein is taken as 5.65" ealories and that of fat 9.54 calories per gram.
The estimated energy of materials actually oxidized in the body is
found by subtracting (rom the heat of combuastion of the food eaten the
sum of that of the urine, feces, and protein and fat gained by the
body. This is done in calenlating the values given in column £, It is
to be noted that as the protein and fat are lost, the corresponding
values used in the calenlations are negative. In column g in the table

'In the previons publication above referred to, U, 8. Dept. Agr., Office of Experi-
ment Stations Bul, 63, the factor 5.5 was used, bot 5.65 secma to be more nearly cor-
rect. Considerable attention has been given to the study of the heats of combustion

of food materials and exerctory produets in this laboratory, but the results of the
investigation have not yet been publishea.
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the heat actually determined—i. e., the amount measured (see Table
12)—is given for comparison. Taking the estimated energy of material
actually oxidized in the body as 100, the amount of heat given off from
the body and measured is 95.8; that is to say,in this experiment there
is a discrepancy of 4.2 per cent between the theoretical energy of income
and the measured energy of outgo. '

A diserepancy of this size makes the experiments unsatistactory.
It is to be considered, however, that this is the first experiment made
with the apparatus after it had reached a stage of development which
geemed to warrant its use as a calorimeter. The experiments are com-
plicated and the possibilities of error numerous. It is not unusual, in
the development of apparatus and methods even for the simpler quan-
titative determinations in the laboratory, that the first results are
inaccurate. The sources of error have to be discovered and the proper
methods of manipulation learned by experience before aceurate and
reliable results are obtained. It is not strange that with an apparatus
and methods as complicated as these, and with the sources of physi-
ological error and uncertainty superadded to those of chemical and
physical manipulation, the results of the earlier experiments should be
more or less erroneous, This particular subject will be referred to later.
It will be seen that, as the sources of error revealed by experience have
been at least partially eliminated in the later experiments, the agree-
ment of estimated income and measured outgo of energy is reasonably
close,

DETAILS OF METABOLISM EXPERIMENT NO. 6.

In this experiment the subject was engaged in active muscular work.
This was accomplished by a stationary bicycle connected with a small
dynamo. The energy of the external muscular work done was assumed
to be entirely transformed into heat within the chamber. The larger
part was first transformed into electrical energy by the dynamo which
was belted to the wheel of the bicycle, and was then transformed into
heat by an electric lamp through which the current passed. A small
portion was transformed into heat by the friction of the bieyele dy-
namo. The latter thus served as an ergometer. The heat thus pro-
dueed was measured with that given off from the body. The exercise
was continued for about eight hours per day, and the heat equivalent
of the external muscular work was estimated to be not far from 250
calories per day. The measurements of electrical friction and external
muscular work were not as accurate as desirable, so a special ergometer
is now being constructed for this purpose. A eyclometer was attached
to the bicycle in such a way as to show the number of miles that would
bave been traveled with the same number of revolutions of the pedals
in ordinary riding.

The results of this experiment are summarized and some of the details
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TavrLe 22— Amounts and composition of wrine—Melabolism experiment No. 6—Cont'd.

o -

'Heataof combustion

Hyilrogen. Water,

|
Date. | Poriod. |
ale BTl i ;P“grm‘ Total.

1807 | Per cent.| Grame. | Per cent.| Grams. | Calories. | Calories.
May 18-18 | Ta.m.fo ] puin....eea.... OO I WS SRR e e -
1 p. m. lu'i"|}.111“..“......'....--...-. -
Tpmiol A Mecercannnns -.---..,.-. .

RO R R S s (S e ..........].......... ................. T

Total by compoaite. . |ceeeaeeessarenaniacalinacansaaslanasanncan 0. 094 127

- |
R T B L ,...--....l-,....,... =
| lp.m e T M. ceeerssnnnsfsomnaanmnslamananmnn e e T e
| 4-11, R e N e s e e e o | i e .......-...I...... anfaremamnmm - mma
I S TN TR T TN s i i e i o o e e R e B T e e e
| L e e et AL G860 || LOBTO Lo
| Total by composite. . [..ccccvmeslancannanns oy v PR [ T L1189 132
W= | R T O L P T oo o wwmimn i o o o mm e e e ar 'I,,“,hu- T gt e el e
B 0 T e A T (A g ol et st - o e i
Tpmtolam.. ....ccocnefommmmncansjonnnansnns ..........1.... e e i
G TP Ry i SRR KR e e
| e ] e e & 00 |iasscnaas i R e Y
Total by composite. ! .......... e RS 116 119
| el s
21=22 | T MWl pM.ccicarccaasfannnn i e e . T T ST P e
1 p.m. ln'-'|h.|||.-.---.-----| T I ETTT T R e T S —
Tpmtola. M., oo fisanssscccfianssnsins)nsnannrsasfssnmessnnsfomnnnnnnns SRS
= |
1a m, to7 n.m--.---.,....!.. e | Y el B e | e il e
R e e e ma F: ) -1 1 N PR O ——
Total by cOmMPOBite. .{.caeeerenslosccccrnnsanecsssnnelannnmnsnns 04 123

Total fur 4 days, by |
s 117 | PRGNS S (e AN, By B 0 Pt o el | e 801
Composite furida}'a' 0. 32 15. 35 .08 | 4,513.8 . 105 154

Tam ol paM.accccacannnsfsnscannnnalasmncnnansfanannnse ............l ...... e e SEE

-
1 I'- m. Loy I.-!..'!'r'rr'rlrllr'r'r R R R Y I

| Tpom.tol m........,,..i...-...... ..................................................

B W TR R | e e, SRt e e R L L PR o S e R [ S

2 e C e e e 5 | I (R — 1 . BEG 103

= ———— e T

S0 L T RO L T o o o e e erns|asssansanslssnsnnannns|esnnsnnans
1 b M. to 7 PeMccccssonannc|osnannscas|aasasnssss T e T

ITotal heat of combustion as determined in dried urine also gives 504 calories (seo p. 23).

It was soon found that when the subject was engaged in active exer-
cise on the biecycle the chamber temperature rose enough to canse some
discomfort. To avoid this the outer clothing was removed during the
working periods and the subject wore only his underclothes. These were
changed each day after the work was done, and the amount of water
absorbed by them was determined. In the description of the work,
experiments on page 24, it was explained that the underelothing was
carefully washed in distilled water, dried, and weighed before being
passed into the chamber for use,  The underclothes were again weighed
as soon as removed from the chamber and the increase in weight recorded
as water, the amount of solid material absorbed in the perspiration being
regarded as too small to take into account. The clothes were passed into

—— il i o e i o
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the chamber before use and taken out after use in a tightly closed
copper can, in which they wereweighed. The quantity ofnitrogenin the
products of perspiration was, however, determined by extracting the
clothes with distilled water, evaporating and determining the nitrogen
in the concentrated residue by the Kjeldahl process as already stated.
The quantities of water and nitrogen removed in the underclothes are
shown in Table 23,

TABLE 23.— IWater removed from chamber in underclothes— Metabolism experiment No. 6.

| Weight | Gain
| of can {water, e
Pariod. Date. andl ato,, ab- Remarks.
clothes. | sorbed).
1897. Frams. Frams.
11 511 (e May 17 | 1,673.0
B L T May 18 | 1,704.0 | :
= 31.0 | Contained 0. 28 gram nitrogen.
B o it el i My 1 | ST 84LI5
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e — 23.3 | Contained 0. 23 gram nitrogen,
|
1 p e S ——— T T RIS W .
3 e SR Ll L May 20| 1,620 : . .
i 26.0 | Contained 0, 20 gram nitrogen.
o sl slerperaiciiiode | May 90 18R |
G May 21 | 1,847.0 |
——| 28 3 | Contained 0.17 gram nilrogen.
S e e LT e Tl e e DR ey i e ....l 102, 6

With the large exhalation of water from the body which accompanied
the rather intense muscular exertion, the subject required more drink-
ing water than usual. He drank ad libitnm on the first day. The
amount was recorded and he received the same quantities on each of
the succeeding days.

RESIDUAL CARBON DIOXID AND WATER—DRIP WATER, OR DRIP.

These terms, which are used in the descriptions and tables of this
and succeeding experiments, demand a word of explanation. The dif-
ference between the guantity of carbon dioxid and water in the incom-
ing and that in the outgoing air current for a given period, as six
hours, does not represent exactly the amount of carbon dioxid and
water imparted to the air in the chamber by the subject during the
period, because the quantities remaining in the chamber at the end
may not be the same as were there at the beginning of the period. For
instance, if a change from rest to work is made during the period the
quantities of carbon dioxid and water will be inereased, and the air
remaining in the chamber at the end of the period will have a larger
percentage of these products than was present in the air of the eham-
ber at the beginning. Furthermore, with the increased water content
of the air consequent upon the increased muscular work the amount of
water accumulated by condensation upon the absorbers and upon and
in the shields may be gradually increased. Indeed, the amount of
water thus condensed in the periods of active work is apt to be so large
that a portion gradually drips from the shields into the “drip flasks”
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snspended at the ends of the shields, This last is ealled drip water, or
drip. On the other hand, with a change from work to rest the earbon
dioxid and water given off by the subject will be diminished, and the
weights of these in the air of the ehamber and the weight of water con-
densed upon the surfaces of the absorbers and shields will be less at
the end than at the beginning.

[t is therefore necessary to determine the gain or loss of ecarbon
dioxid and water in the air of the chamber and of water on the surfaces
of the absorbers and shields during each experimental period in order
to learn exactly how much of each is given oftf by the subject during
the period. To this end special samples of the air are drawn from the
chamber at the beginning and the end of each period, and the quanti-
ties of carbon dioxid and water are determined. If the drip water has
accnmulated in the flasks it is either passed out of the chamber and
weighed or, it the quantity is small, its volume is measured inside the
chamber. The system of absorbers and shields is weighed at the
beginning, middle, and end of each of the day periods; that is, at 7 a.
m., 1 p. m., and 7 p. m. The samples of residual air are drawn by a
small aspirator and passed over sulphurie acid and soda-lime as in the
determination of these materials in the ventilating air current. The
methods employed for taking the samples, determining the earbon
dioxid and water, and applying the corrections are described in the
publication already referred to.'

QUANTITIES OF WATER ADHERING TO THE COPPER WALLS OF THE
CHAMBER.

The quantities of water which are condensed npon the inner surface
of the copper walls of the calorimeter vary with the amonnts in the air
of the chamber and the temperature of the latter, A series of special
experiments made for the purpose of testing this question has per-
sunaded us that the quantities thus adhering to smooth sheet copper are
gmall and that differences under the conditions of the metabolism
experiment are so slight that they would not materially affect the
results. The experiments for determining the qnantities of water con-
densed on the surface of copper were made as follows: A rectangular
sheet of copper presenting approximately 2 square meters of surface
was rolled into the form of a spiral and suspended in a4 wooden box by a
wire which passed through a small hole in the top of the box and was
attached to the arm of a balance sensitive to centigrams. By appro-
priate devices the temperature and water content of the air in the box
were caused to vary through ranges similar to those which obtain in
the ehamber of the calorimeter in different experiments. The sheet of
copper was allowed to remain for a considerable time, from twelve to
twenty-four honrs, in the atmosphere of the box, in order that the water
condensed upon its surface might accommodate itself to the condition
of moisture and temperature. The differences in weight were assumed
to represent differences in the amounts of water condensed upon the
surface, The extreme differences found in these experiments smounted

U, 8. Dept. Agr., Oflice of Experiment Stations Bul. 63, pp. 37, 60,
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% less than 3 eentigrams per square meter of surface. This would
_ pond to 0.54 gram for the whole 18 square meters of the inner
‘surface of the chamber.
It seems to us extremely improbable that such variations in the
‘amounts of water condensed upon the whole interior surface of the
‘respiration chamber and air pipes between the points where samples
‘were taken for amalysis would be sufficient to affect materially the
It may, however, become necessary to

‘results of the experiments.

take these variationsinto account in future efforts to secure more acen-
‘rate determinations of water and hydrogen, but at present we consider
‘the errors here involved as less than the unavoidable errors in the
‘determinations of water and hydrogen in the food and excretory

products,

The results of the measurements of the residnal earbon dioxid and
water are summarized in the following table:

TaBLE 24.—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—Metabo-
lism experiment No. 6.
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The records of carbon dioxid and water vapor in the ventilating
current have been given in detail in the account of this experiment i
the previous publication already referred to.! The results in dai
periods are summarized in Table 25, These have been ecorrected for th
amonnts of residual earbon dioxid and water, drip, ete., and show th
total amount of carbon dioxid and water exhaled by the subject durin
each day of the experiment. For the details by six-hour periods refer-
ence may be made to Tables 25 and 27, pages 79 and 81 of Bulleti
No. 63,

TavrLe 25, —Summary of carbon diorid and water in ventilating air currenti—Melabol
experiment No. 6.

£ | OCarbon dioxid. o Water,
- LE ﬂ:g':
7Y | = : 3 :
J g g 0 SN
= i =a =0 E"' g E.E =
= ] g,‘?. =2 g E =
g E= A= ! 2 g2 =1 £ o : E 3
Date. Period. 4 B | g5 | B8 | 25 |28 &3 =
5% | B | a2 | o5 | Ba | B2f = | e8|
W= 2a o -
P |o |88 A Bl ;E :
= = 2 o == Lo
= é aE iy g'ﬂ g g g g
- =1 o = = o =
1807, Tdters. | Grams. ﬁmuurﬂmmn GFrams. Jﬂmnm o, Grams. | (Frams,
Mayi8-19 | Ta.m.toTam. | 01,273 1,384.9 —o. :1 154, :‘ 3640, 20,7 1,080.9] 1,473 812, 583,
10-20 |0 oeenennen| 4,260, 1,255.8 —1. 4} 1,954.4| 8421 32,5 1,100.3] 1,083. 6 2,235,
21 |oeweodO cooooen.o. 91,058 1,260.5 5.2 1,2685.7] B45.1 40.7) 1.099.9) 1,165, 2| 2, 305.
2122 [..... - R 95, 889, 1,215.1 —1.1' 1,208.0 320.5 250 1,125.8) 022.0] 2,074
Total, 4 days....| #73, 380 5,006.3 —3. & 5, 062.6| 1,780.7| 128.5( 4, 415. 0| 4, G45.0 9, 189,
Avuragu.lf]uy..| aa,miul‘ 1,266.6) 845.3...... e g

"The value given in Bulletin 63 for thie water oxhaled was 2,613.4 grams. This did not include 70
grams **drip.”

The details of the calorimetric observations by six-hour periods a
given in Table 29, page 82 of Bulletin No. 63, They are summariz
for individual days in Table 26 herewith.

TaBLE 26,—Summary of calorimetric measurements—Metabolism experiment No, 6
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'U. 8, Dept. Agr., Office of Experiment Stations Bul. 63, pp. 79, 81.
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The computed income and outgo of energy is given in the following
table:

TABLE 30, —Income and vutgo of energy—Melabolism erperiment Nv. 6,

- —— [ L
(a) ® | fe (d) () 4] @ (h (i)
o (- e O P aE, g
5 [ |® |EzmleEBEs £5 | 15
8- 12 1§ |Zz=llEuiec i I vt
amm = =1 T e -_ e
g |8 |E |22 |S=alEmE]| § =.,I“I“ =15
Date, Perjod. S= | Sg | &g ghg EEJ.- |€8+| 8 Zxm | Ex=
S | B2 | BE |S°%| 2% Egi § ggg Eiz
SRR | e e e I
o |l o 25% .E-.E-E Bin 'aul"EE
=% |5 | 2R |EEc ERg| 3 |3l
$ |3 | [32E|32%|gEE| & |3tE|as
H | |m |4 B A .| H |H™ W .
% Cale. | Cale- | Cale- | Cale- | Cale- | Cale Calo- | Calo- Fer
ek n'.v.:. ries. | ries. | ries Tk, ries riex, | TFies. eant.
Muy 1519 | Ta.m.to Taam.] 3,078 Tae L 12T + A= GHT | 4,077 | B, 0970 —107 =0
19-20 |..... 1 || st | 3,678 135 132 4= 45 e 423 | 5,795 | 8,668 | —127 —3. 4
o991 |..... ' [ 3, 78 139 119 4 78 |— 500 3 B2 3,710 | —I42 —3. 4
S | e esaaesa] BT 15390 193 | 4 80 |— 267 | 3,644 | 3,667 | — 87 —24
Total, 4 days.. | 18,712 | 656, 501 4155 |—1,B857 | 15,858 |/ 008°|" —is3 [:20008
Average, 1 day ! B, G55 139 125 + 89 |— =II.H| 3,850 | 8,72 | —110| —2.0

The theoretieal income of energy in this experiment averaged 3,839
eilories per day and the measured outgo 3,726, or 97.1 per cent of the
theoretical income, thus making a discrepancy of 2.9 per cent. While
this agreement is closer than that found in the preceding experiment,
it is still far from satisfactory. There are various errors of experi-
ment which may serve in part to account for the discrepancy. One,
the sampling of food materials, has already been referred to and
appears in the preceding and in the two following experiments, as
well as in this experiment—that is, in the first four of the series. One
gsource of uncertainty in this experiment, however, was due to the
muscular work performed by the sunbject, which was at times rather
gevere. Heat was developed within the apparatus at a rapid rate, and
the changes in temperature inside the chamber were considerable. We
are inclined to think that the heat measurements under these circum-
stances were less acenrate than usual, and that minor modifications in
apparatus and manipulation, which have been provided for in later
experiments, have helped and will help to diminish them.

DETAILS OF METABOLISM EXFERIMENT NO. 7.

This was a so-called aleohol experiment. The object is ontlined on
page 6. A portion of the usnal diet was replaced by an isodynamie
quantity of ethyl alcohol. The diet furnished 104 grams of protein
and somewhat less than 2,000 calories of energy aside from that in the
aleohol which it was calenlated would furnish a little over 500 calories
of energy per day. The subject was “ at rest; ” that is to say, he had
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a8 little musenlar exercise as was consistent with convenience and
somfort. The total amount of protein and energy in the diet was snch
a8 had been found sufficient to maintain the body nearly in nitrogen
and carbon equilibrinm. Opportunity was thus given to test the com-
pleteness of the oxidation of the aleohol in the body, the agreement of
he amount of kinetic energy produced by such oxidation with the
potential energy of the same amount of alcohol as measured by its
heat of combustion in the bomb ealorimeter, and also the action of the
alcohol in protecting protein and fat from oxidation. The usual pre-
iminary period of four days was spent outside the chamber with the
same diet as in the experiment proper.

The subject entered the chamber on the evening of June 7, 1807,
The experiment proper began at 7 a. m. the following morning. The
subject spent the time not required for the routine observations ealled
for by the daily programme in reading, writing, and sleeping. The-
alcohol was administered in the form of high-grade commercial spirits
gontaining 90.6 per cent of ethyl hydroxid, as it was thought desirable
n this case to test the effect of ethyl alecohol as such rather than inthe
prm of whisky, brandy, or other ordinary alcoholic beverage. The
amount was such as to furnish 72.5 grams of ethyl hydroxid per day.
To this amount of alecohol and 45 grams of sugar were added an
amount of coffee infusion sufficient to make 1,000 grams per day. The
alcohol was thus administered in six doses, three larger ones with the
meals and three smaller between meals. The proportions at the
different times were: With breakfast, 150 cubic eentimeters (11.5 grams
alcohol); at 10.30 a. m., 100 cubic centimeters (7.6 grams alcohol); for
dinner, 250 cubic centimeters (19.1 grams alcohol); at 3.30 p. m,
100 cubic centimeters (7.6 grams aleohol); at supper, 250 cubic
centimeters (19.1 grams aleohol); before retiring, the remainder (not
far from 100 cubic centimeters, containing 7.6 grams alcohol). The
gquantities of alcohol were not large as compared with those which
moderate drinkers are accustomed to consume. The total amount,
2.5 grams, or 2} ounces, is about as much as would be contained in a
bottle of ordinary Rhine wine or claret with 10 per cent absolute alco-
10l and a little less than would be furnished in three ordinary glasses of
rhisky each containing 2 ounces of 45 per cent aleohol.! The reason
for taking the alcoliol in these small doses was to avoid appreciable
effect upon the nerves, as the purpose was to get light upon the action
of alecohel under normal bodily conditions, As will be seen from Table
33, the pulse and body temperature did not differ materially from those
of other experiments and the subject was not conscious of any mental
r physical disturbance or other special effect of the alcohol except
possibly a slight sense of dullness at times. The subject was a Swede,
and had come to this country after reaching maturity. He had been
accustomed from boyhood to occasional use of malt and distilled

! Bee computations in The Century Magazine, May, 18388, pp. 138, 139,
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Tapre 41.—Adlcohol excreted by the Lidueys and by the skin and Tungs—Melabolism ex-

periment No. 7.

Aleohol —
Found in respivatory prod-
I ; odl. ta.
- el e e A= W ol Total | Total | Used in
X Tn NI Wi excreted. | income. | body.
freczors. P+ | eurrent.
1847, Grams, | Grams, | Grams. | Grams. | Groms. | Grams. | Grams.
June 5| Tamto7 gm..... it e R (I | Py e P o [ e 4 ] (R
B e i 118 R 1 S ettt EEPPELRES FEPERe SR
i Eie i [ et ] 1 fej ) Fa e ) Pt e 2R o (D e
e T o .'|u'i} _]'3_]_ B T T 0. 73
) [ - gl Mo ! .28 | ; | 2w 2905 | 7254 69, 50
o B e ol et B e e | i 37| mE 68. 52
Fh e I i A A s .08 | o9 | 2,08 2,42 72 54 70,12
LN e | Pt e s e
13 |..-..dn .“......“..| Trace. I _....‘_.L! o T L e et
Total for June B, i e “|
9,10, and 11 ..., .1 .30 | .08 B 05 11, 00 200, 18 278,268
| |

| By an accident gome of the coffer and aleohol, sufficient to contain 2.18 grams absolote aleoliol, was
gpilled npon the floor of the chamber and an eguivalent amonnt was passed in for consumption by the ]
subject. The actoal amoont of aleohiol found in the air corrent during the day was 4.80 grams, of
which it is assumed that 2.18 grama came from the aleohol spilled and the remainder (2.62 grame)
from aleohol eliminated from the longe and skin.

The figures in Table 41 demand a word of comment. The aleohol in
the respiratory products, i. e., that excreted by the lungs and skin, was
found mostly in the air current after it had passed the freezer. But
little was retained with the ice in the freezer and still less was collected
in the drip water. The determinations of this elimination of aleohol
were made according to the first of the methods deseribed above, pp.
26-29, and they doubtless give too high resunlts, but are of value as
indicating that the amount of exeretion is relatively small. The total
amount as thus measured for the four days was only 12 grams as com-
pared with 290 grams consumed in the food, or about 4 per cent. Later
experiments (see pp. 27, 109) lead us to doubt whether the actual
amount of aleohol eliminated from the body could have been much
more than half that found by the method in this experiment.

It shounld be added that quantitative tests gave no evidence of the
presence of aldehyde or other prodnets of the partial oxidation of alco-
hol in either urine or air current,
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drinking water served the first day proved to be insufficient for the
satisfying of the subject’s thirst, so larger amounts were served on the
following days.

TasrLe 43.—Income and outgo of waler and hydrogen— Metabolism experiment No. 7.

Water.
{a) (] ie) (d) (e} (i
P @ =
Date. Period 5- =3
A
= & 2= 58
c E g2 g
E : B PR al
= L= - F = ﬁl+
o o o A g <s
1887, Grams. Grams. Frams. Gramas. Frams. Frams.
June B-9 | Ta mtoTam.. 1,016.6 1,182.5 35,1 1,382.0 1,201.2 — 4192
o [ ] e R e 1,016.6 1,382, 5 35.2 2,134.2 1,182.8 — 0953.1
1V | g P, R A o 1,016.6 | 21, 409.0 35.1 1,437.2 1,21.0 | — 258.8
11-12 |..... i Frpee e 1,016.6 1,382 5 5.2 1,311.4 1,176. 2 - 12T
Total, -idl.;"ﬂ-”.i 4, 0GE. 4 5, 356. 5 140.6 6, 264. 8 47721 —1,7T4.8
Average, lﬂql 1,018.6 1,338, 1 B5.2 1, 566, 2 1,183, 0 — 43B.7
Hydrogen.
(g {h) (£} ik} [} {mi) {7}
= - [ ] 8=
Dato. Period. ,-;E &% g $§_
] 33 | 2% & | §=
- = g -ﬂg Ei: §+ 'E”
& £ = C E:L § §.§
- a o a8 -
1897. Grams, | Grams. | Grams. | Grams | Grams. | Groms. | Grams.
June B-8 | Tamto7am.. B6.3 | 0.8 | 4.0 04| + 3L1 ah. 8 —15.
DTl el s v 36.3 : 9 3.6 Al i 105, 9 —T74.5
10-11 |..... ;[ S 6. 3 | .9 3.3 i) + 3.6 28.7 + 2.8
y L R PR EE iR 96.8 | 9| 3.5 8| + 8L.e 13.7 +17.9
Total, 4 days...| 145.2 55| 1kd 1.6 | +125.7| 194.9| —69.2
Average, 1 day. a0 3 .8 a8 l o | + 31.4 48.7 —17.8

pclading 23 prams of water iv perspiraton.
ncluding 26.5 grams water in coffee spilled in ehamber.

It will be observed (Tables 42 and 45) that in experiment No., 7
the available nitrogen, i. e., that of the food less that of the feces,
was 15.8 grams, and the available energy, i. e., that of the food less
that of the feces and urine, was 2,251 calories per day. In experiment
No. 5, with the same subject, I, O., the corresponding figures, as shown
in Tables 13 and 16, are 17.4 grams of nitrogen and 2,384 calories.
Accordingly, in experiment No. 7 the available nitrogen was less by 1.6
grams and the available energy less by 133 calories than in No. 5. The
other conditions of the two experiments were similar except that part
of the fats and carbohydrates of the diet in experiment No. 5 were
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replaced by an isodynamic amount of aleohol in experiment No, 7, In
‘No. 5 there was (Table 13) a daily loss of nitrogen, amounting to 0.7
gram, and in No. 7 (Table 42) a corresponding loss of 1.9 grams, The
loss of fat in No. 5 (Table 15) was 7.8 grams and in No. 7 (Table 44)
14.5 grams. In other words, comparing the two experiments with the
same subject and under conditions as to exercise essentially similar,
but with the diet in No. 7 furnishing 1.6 grams less available nitrogen
and 133 calories less available energy, the loss of nitrogen in No, 7
was 1.2 grams more and that of fat 6.5 grams more than in No.5. The
energy of the excess of protein and of fat lost in No. 7 would be 108
calories; that is to say, the losses of protein and energy were greater
in No. 7 than in No. 5, but not large enough to be equivalent to the
diminution of nitrogen and energy in the diet of No. 7 as compared
with No. 5. This statement is made in the present edition because the
figures of Table 44 have been interpreted as indicating that the loss of
nitrogen in experiment No. T was due to the aleohol of the diet, This
interpretation takes no account of the amounts of nitrogen and energy
in the food.

TABLE 44.—Gain or loss of protein (N x E:‘.E{}, Sat, and water— Metabolism experiment

)

() l (b} (] f {d) (e} ()
T. |25 |28 [g%s | g5 | %
BB ol 8o B8 g ifn T
35 | 8= | =% | 8EX | .4%1 | 35
Date. Period. =l == sl -t () MR
8] =l el == -—=.--\. -E'.-
nE | S a7 =T | 22 E.-,
o5 | £52 | 353 g55 | 853 | &l
- — | i: =
=% | Bte | ShE | ShE | Smd | =2
gz~ | A = S E ] g
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Jung -9 | Tamto Ta8 M .. .cvvaanne | —3.8 -2 B —14. 2 —128]1 —18 e
Pl R TR ST SRR BN Y ST SRR e R
I i e = m mo mm m m me —_ . d — 2.5 —20.1 — 1.3 —18.8 —24.7
1-18 ... o Wl e R fe | =], 5 = P4 —157 — 5.0 —16.T —J&1
Total, 4 d&ys ............ 77| —sse2| —ee.7| —25.6| —&1| —68.0
Average, 1day.........] —Lo| —12o| —ams| —ed| —mo| —15
() (A} (i) k) (4]
g | a || w
st - T 2t+= -
Date. Teriod. e~ | 8% Evé e °=5 T=
=< | il ge= | Jwe= [ &l
"=':-—|- ﬁhtm %ﬂ I n: = | =
333 | 65, | &3 | T3z | &%
=15 i=z= s kg =
= ] m m (925
1807, Grams. Grams. G rams Grams Gramas.
Jupe B9 | 78.mM.t0 T 8 M. cucnruncnans —18.5 —1.7 N _12.6 —12%. 4
I | N, o e s = —Td. 5 -_ .0 | =g —T71.8 —Bii. 4
b PR | G § 1S C S + 2.9 —.2 —2.9 & 6.0 + 540
T PR | P e PR e T e R +17.9 - | -1.7 +20.2 -+18L.B
Total, 4 da¥S ..ccvueunes =4, 2 =3.4 —4.B =508.0 —531. 0
Average, 1 day ....cu... —17.8 —_ .8 =17 —14.8 —132.8
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TABLE 45.—Tncome and outgo of energy— Metabolizm experiment No. 7.

@ | | @ | | @ e e s ()
-2t et 2 s - e - Bk
g (| Va8 R SR 3% |5
- e = |gY 8% |8 E., E,
s | % |2 |3 |25 |85 |=2s £ |8
2 g - 52 |26k |%§ byt o e ==
Diate. S = = s = Biw | g e B T
£ 5 = 22 | 25 |28 |#8 |EBe=t| B [El:|ELS
25 | 2 | 88 | & |23 |Be | BEE i T Bed
gw z Tk £F E::..L EE'.' EEI E_’a s
S v 2 a =
o G o =& |28 [8°. |82 g =53 cEE |
- - = - Eg-‘ Eg;:’ By = -ra | eTE
(§ | 3 |F |3 |35 |g2E|3Rl| § |3%E |8 |
| = m|e (m® |A = & | |B A
| | | :
1897, | Cato- | Caio- | Calo- | Oalo- | Calo- | Calo- | Calo- | Calo- | Calo-| Per |
Juue &9, T a. m. | ries. l riee. | vies. | wien. | riew ries. | ries. | wiee | wvien. | cend. |
toTam........| 2462; 75 150 20| —134 | — 20| 2,371 2,388| 4 17 <+0.8
June 8-10, 7 a. m. | |
oA .l 2, 462 76 126 | — 71| —163| 247 | 2,435 | —48| —19
June 10-11, 7 a. m. - | |
to7am........| 2462 76 134 2| — 14| —26 o456 481 = | —n¥
June 11-12, 7 a. m. [ [ | |
toTam .coaven.| 2 462 76 | 128 | 17| — 53| —1i4 o478 | o.303 (| — o4 —3.9
Total, 4 days...| 9,848 303 | 538 B 272 553 0748 | 9,378 | 172 BEDE
Avernge, 1 day. 2, 402 70 | 134 I 21 | — 8 | —138 | 2436 2,004 | — 43 | —1.7

In this experiment the average daily income of energy, i. e., the
estimated heat of combustion of material actnally oxidized in the body,
averaged 2,436 calories per day; and the outgo, i. e., the heat given
off from the body and measured, was 2,394 ealories. This measured
outgo was thus 95,3 per cent of the theoretical income. This diserep-
ancy of 1.7 per cent was smaller than that of either of the two preced-
ing or the next sncceeding experiments.

DETAILS OF METAEOLISM EXFERIMENT NO. 8.

The subject entered the chamber of the calorimeter on the evening of
November 7, 1807, and the experiment proper commenced as usnal at 7
a. m. the following morning. The experiment was a so-called rest experi-
ment—that is, the subject engaged in no museunlar work other than that
required in the regular routine of observations outlined in the daily
programme. The diet contained no aleohol, but water was supplied at
regular intervals during the day, so that the total amount of drink was
about the same as that in No. 7, when aleohol was taken in successive
portions. The amount of water vapor in the chamber was not sufficient
to canse an appreciable amount of drip. The explanation of the small
amonnt of drip here as compared with the larger amount in experiment
No. 7, also a rest experiment, is doubtless to be found in the higher
temperature of the water as it entered the absorbers in this experiment,
As in previous experiments, the furniture and bedding were weighed at |
the beginning and end of the experiment, but no appreciable change in
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TarLe 48.—Summary of diary—Metabolism experiment No, 8—Continned.

Weight of aubject. Hygrometer.

Time. Without | With “E":I::" T’?.;":'“ D Wet

clothes. | clothes, | Mimute.| ® buth, | bulb,

1897. Hilogrames. | Kilogramas, oF, o, o,
o L T R e b e o s r 984 | 221 17.2
| B 5T T S Eem—, (EOE o | e e R 10.3
10, 10.00 p. M. . ... R R L5 O] o — Laliird e FeRall. . E
10, 1003 P Muesnsnresrnsarsnentens|aummns sunans|sesens R G4 08. B L 18.4
11, 700 A M.ooscsssssmsnssasanss L 5 1 I PR PN n s T | PIATER . OO e R SRR A
o B i 0 SRS S e P i i S 64 7.0 | 2.0 17.2
o b o 1 e e A 5 o U el g e | S Bl (R 21.2 17.0
I e e e e i PP SRR ) sanfesraanvnesfunacsvmans| Slid 16.9
VI | L TS S SRS St IS e EESEMET T il e Pl 20,5 | 184
] T N e T e e e i s 67,49 ] e o e A S A
b B | | R e P | o e o il 08. 2 22.0 18.4
o b= el e e e e 66, 48 70. 27 58 96.9 | 218 17.6

TaBLE 49.— Weight, composition, and heats of combustion

of foods—Metabolism experi-

ment No. 8.

E’ E Heats of
: i ar- -
ES | Food material. Weight Water. Protein.| Fat. | bohy- Nitro- |Carbon. Hydro- buation
g per day. dot | o gon. | Yastion
:1 mined).

Grams. | Grams.| Grams.| Grams.| Gramse.) Grams. Grams.) Grams. Calories.

2821 | Boof, fried - .cvuus 150 BO.7 47. 4 B0 0 itk 7.69 | 3243 4. 67 362
2819 | BEES .ccvinnien a5 706 1.8 1008 [.-—...-.] 1.B8| 1451 .18 170
2827 | Bubtter.......c--- a5 3.5 -5 - B LR T 09| 2228 3.5 272
2808 Hilk....,...,.,.,l 850 | T22.5 28.9 43.3 40.3 4.67 | 67.06 877 707
2816 | Bread, tye ....... 325 | 120.6 32.2 3| 166.4 5.13 | B9.86| 13.00 BY3
— BUEAr ... 1 PR PR (SRS RO | ) LT | Rl 2.59 159
2817 | Beans, baked .... 125 | £0.9 8.2 A BT 1.81 | 1490 2.12 151
2823 | Applea .......... Wﬂ. 168. 6 .4 1.0 8.4 .08 | 12.80 1.34 123
Total ....cc|caaecesaafl,206.4 | 120.4 85.7 | 307.8 | 20.75 | 270.68 | 506.21 2,887

TanLE 50.— Weight, composition, and heals of combustion of fresh feces—Metabolism
experiment No. 8.

Bk Heata of

3 Weight.| Water.| Protein| Fat. | bohy- | N0 logrhon, | HYAT0-1 4, otion
“ e drates,| 8O- gen. | qater-
A mined).
firams, | (rame. Frame,| Grome.| Grame.| Gromas.| Grome. Grame.| Calories.

2625 | Total for 4 days.. 284 | 108.0| 3L.5| 16.8| 21.9| 503 | 4£2,32| 6.79 467
Avg. for 1 day... Tl 40. 6 7.0 i.2 55 1.96 | 10,68 1. 45 17

e o o
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f TARLE 51.—Amounts and composition of urine—Metabolism experiment No. 5.

Period. Amount.| g;:ﬁt.ﬂ;‘ Nitrogen. Carbon,
|

:
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The average daily income of energy in this experiment—i. e., the esti-
mated heat of combustion of material actually oxidized in the body,
averaged 2,356 calories per day, and the outgo—i. e., the heat given off
from the body and measured, amounted to 2,286 calories. The meas-
nred ontgo was thus 97.0 per cent of the theoretical income. This dis-
crepancy of 3.0 per cent is larger than we are able to explain. We
have been at pains to repeat a large number of the analyses of the food
materials and excreta, although they had been previously made in
duplicate or triplicate. Similar repetitions were made of a considerable
number of the analyses of experiments Nos. 5, 6, and 7, but althongh
the work was done with the greatest care the results failed to give data
which would show any closer agreement of income and outgo of energy
than the figures here given. The most plaunsible explanation, it has
seemed to us, might be found in the faulty sampling of food materials,
an assumption which is favored by the muneh more satisfactory resunlts
obtained in the suceeeding experiments in which different methods of
preparation and sampling of food were adopted. These new methods
are described under the details of experiment No. 9.

DETAILS OF METABOLISHM EXPERIMENT NO. S.

Some of the details of this experiment have already been given in the
previous publication above referred to and will not be repeated in
this place. The subject entered the chamber on the evening of Jan-
uary 9, 1898, and the experiment proper began at 7 a. m. the following
morning. During the interval between this and experiment No, 8, the
method of preparation and sampling of food materials was so changed
as to enable us to obtain, we believe, more accurate samples than had
hitherto been possible. The method of sampling was that already
described, in which the food materials were put up in jars before the
beginning of the experiment (see page 19). The experiment was a rest
experiment, and very nearly a repetition of experiment No. 8, but with
a slight reduoction of the amounts of protein and energy. No alcohol
was included in the diet.

PREPARATION OF THE FOOD,

The beef was round steak, nearly freed from fat, It was passed
through a meat chopper, by which it was cut in very small pieces and
well mixed. This finely chopped meat was fried in a shallow, flat-bot-
tomed pan over a gas flame until the whole was tolerably “well done,”
and had lost the distinetly reddish eolor. The juice which escaped in
the cooking was discarded. The cooked meat was then thoroughly
mixed, and portions appropriate for individual meals were weighed off,
put in small glass jars, sterilized, and set aside in a cold place. The
contents of two or more of the jars were nsed for analysis, as described
on page 19, The others were used for the experiment. The meat kept
well, the flavor was acceptable, and on the whole the method of prepa-
ration and sampling seemed satisfactory.

The bread was purchased at a local bakery. From an appropriate
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number of loaves, weighing about 1§ pounds each, the ecrust was
trimmed off and discarded. The objeet in removing the crust was to
avoid error due to the introduetion of varying proportion of this drier
protein into the different jars., The erumb was eut into pieces small
enough to pass easily into glass jars, and well mixed. Portions of
appropriate weight were put in glass jars, sealed, sterilized, and set
aside in a cold place. The total quantity for a day’s ration was put some-
times in one jar and sometimes in two. The contents of two or more
jars were used for analysis. The bread kept well and was palatable.
Butter in sufficient amounts for the whole experiment, including sam-
ples for analysis, was purchased from a local creamery, and was put up
in small glass pomade jars in such quantities that one jar furnished
sufficient butter for one day. The specimens thus prepared were kept
in a cool place. Separator milk was used in this experiment owing to
‘the greater uniformity in the content of fat as compared with whole
milk, this varying but little from 0.1 per cent. It was purchased fresh
each day, and a composite sample made up of aliquot portions of the
milk of each day was taken for analysis. The maize and wheat break-
fast foods were purchased in guantity sufficient for several experiments
and well mixed. The amounts required for each meal were placed in
glass jars and set aside until needed. One analysis of the maize and
one of the wheat product thus served for several experiments.

Ginger snaps were purchased in sufficient quantity for one experi-
ment and in amounts appropriate for individual meals and were put in
glass jars as was done with other food materials. ¢ Granulated” sngar
was purchased in quantity sufficient for several experiments and kept
in a closed vessel. Amounts for a day were placed in glass bottles, and
the subject nsed as nearly as he conld judge the amounts indicated in
the menu for each meal. The coffee infusion was prepared as explained
in the description of experiment No. 5.

The menu, daily programme, and summary of the subject’s observa-
tions in the calorimeter are given in the following tables:

TaBLE 60.—Daily menu—Metabolism experiment No. 9.

|
Memmn. Grama. | Menu. Grams.

BREAKFAST. |! DINNER—continned.
Beel, fried. .- aneunssemceseeneecenees| 100 || Wheat breakfust f00d...eoveeers  oe. 50
A e 15 || BUZAT. .ceeee e iras i naans s aenaas 25
T S R R L | e o R e 200
L T S e 25 Wik
Majze breakfast food.................... a0
e A R SR R pg || BOtbOr e s aaee 15
T e e A e e gog || SEIm MK .o 590
Breall. .o . eeiieeinnssseriniananuuananns 25
i b || Wheat breakfast fo0d.....cceeeecannas 75
e e e 160 || GIDEBT BOADE .. vuveannernsnannmnssnnanas &
e e e e e 20 || BOEAT. . szcsssicsansananinasnsasnanmmnsns a0
O T e ] AT | A oo i e emam i i 300
B e e e n 50
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TABLE 65.—dmounis and composition of urine—Metabolism experiment No. 9,

Bpecific
Drate. Period, Amonnt. ETAVLY. Nitrogen. Carbon.!
1893, Giraing, Per cent. | Grams, | Per cent. | Gramas.
Jan. 10-11 | Tamtol p.m..c.cccaue. S | 1. 021 1.28 B e
1pm.t0 T Pcecsssnnnns 636, 5 1. 015 .85 [T s S
TRmio]l 0.0 . ccnecinenens 681, & 1. 018 . 86 ) e SRR T
lamtoTam.......... 165. 9 1.024 1.76 L] e TR, R S .
IR e e s LB6S. 3 Jeaccaannas (1. 01} a1 ) | SRS TR 12.78
Total by composite...| 1,855.3 |.......... 1.03 AR s i e L s e
— ——== 1
11-12 | Tamto L pui . cvviannanas 4705 1.018 1.15 { T e R e
lpmto7 P -.cucsacsnas 676. 8 1015 .83 LA ] e sl enssennaaall
TP b LB e rarnnsan 774.8 102 .TH L o o F
180,107 8T ccen e 146, 5 1025 174 L [T S [ il
Tuml"-“““"""""' 119'?1-'E EEASEE R LH} 1&“ EAmames e 12.”1
Total by composite...| 10776 |.......... .08 18 B8 |-t s §
12198 | TamAo 1p.m. .........| 9L FLTE|N TR T
1p.mto 7 pil.cerencannas 397.3 1. 025 1.53 L e PR
Tpmtolam..cooaaacaaas G52. 3 1. 016 . A e s s o e
lamtoTa M .ccaecnanins 148.1 1. 024 177 LT T e e et ...!
Eotal: .ok Ll 16108 |-acaecil (1. 21) 1R o 12.47
Total by composite...| 1,500.6 |iueea.... 1.19 L A ] (SRR A
13-14 | Tamtolpm...cccocooo.|  B10.1[ 1010 1.2 L R e 1
1pm 207 Pl cecsssnnsen 272. 4 1. 027 1. 68 B e L R
TPpmtol b M. cooanican. 500, 4 1. 015 1. 06 B e Fammn we
1AM 0T B cra e ninnan 168, 0 1.022 1. 68 - 42T S e e R
iy s e e L e e 1 e e (1. 32) g |2 s e e e 1221
Total by composite...| 1,358 8 |-........ 1.28 e R e et
e e —
Total for 4 days by
Ilariudﬂ—‘-—-‘--‘-——"' E'-'l-m‘ “““““ A iy Tﬂl“ LEL KRS TR R N BEE FEEETR
Composite, 4 daye ....| 67024 1. 017 107 71.72 0. 75 50, 27
14-16 | 7. m.t01 P..enreaneeens| 215.7| 1028 T T e s
Ly o 0T P Mcnicn i annns 208. 5 1. 032 1.52 A R e e e
TP-m‘t‘ﬂln‘m--“--“"‘"' 3"‘]'5 l'm 2"01 aﬁ“ LEE LA K& B8] LA R R L 2 K] L
| Ilm‘tnfn'm‘-‘l--“““ 19;!‘“ lim llm 2.% frssssSEE fts s
Mokl va i G et B98.7 |uarusiciifswanantunip i aDGUTHERINERERS i
15-16 | Tam tol pom.coecennnnn. e 1 PR 1. 54 TECT ) RS
Lpomto?pom. ..o 2620 oo 1.44 3y e R -
?pdmiml‘nml-aaa---l--lii ‘m+3 EEEEEE s e 1-5] B-m BEE LSS E S
Jlm‘tﬂTl‘m—————I‘rlII-li ma LEE R N KK N K. l'm a‘m PREEFEEFRESSIIEEEERS LE L 5
Tﬂt‘l ————— i-l--r-----r-r-r: 1.“|a ---------- TEE R e e mm LR R L E R R R R
1

" The method of drying the urine in this experiment was as explained on page 22. The urine
evaporated to dryness on o water bath; the nitrogen was determined in the fresh urine and in
dried residoe, thus giving data for caleulating the amount decomposed during the drying and gi
off as ammoniom carbonate. The caleulations are too detailed to be given here. It will sufice to say
that it was estimated that in the process of drying 0.17 gram of urea was decomposed from every 1
grams freah urine.  This nrea would contain 0,084 gram of earbon. Mﬂ]nl this ﬂlghi- of earbon
that found in the dried residue wonld make the percentage of carbon in the water-froe urine 16
instead of 18.78, as actually found. Although the correction Is minall, it ia taken into account in th

valui used for the percentage of carbon in the fresh urine.
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Table 66 shows the results of the determinations of residual earbon
dioxid and water within the apparatus and the changes in weight in
the absorbers and the drip. The amount of drip was only 70 grams for
the whole experiment, and this accumulated on the last day. In the
calenlations of the tables it has been assumed that it collected uni-
formly during the last four periods of the experiment, though it is
probable that the accumulation was less during the period of sleep
than at other times.

TaABLE 66.—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—Metabolism

erperiment No. 9.

! Carbon dioxid. Water.
| | - ﬁu . "
| = 1 |52 [1F RaEle [
- o= W-E ‘E'ﬂ - HHE
Hg § - § =k = =it~
Data. Pud of period. BE "E" EEl E. E e [l =
: Eg | 2&, |EEE Ea [|42% | BE % TE
=a o= | a |l .= e - -8
F=| + E +EE |2 2 ,E —
| 4° | 32T |75° | 3o8 |F244'% |=4z-
*E ‘gnﬁ. EE.E e R rg"é'ﬂl... = =S
B [} = (i) =] B
1868, ! Grams. | Grams. | Grame | Grams. | Grome | Gramas.| Grams.
Jan, 10-11 | TEMececcncacccncnnnme pi. 8+ T PR 40 e B ] B T
I ANt s | 0| 431/ 3L —18.5| M|l <+ 05
|Bf % FPO AR —H.Ell 4-14.9 46, 7 +15.3 o i PR +37.3
i B T .--..! 30, Ei. —14.7 40, & + 2.1 g - | P — 5.9
CR V6 e SRS SR R 27.7| — %6 42. 6 — a.b — —15.9
j 1 e IS TR SR T L +16.0
T8 3 I S PN b 3 NOC T B W I W B T ¥ 85
D Ml e vy = v = | FORAL + 5.3 45. 6 + 2.2 — L e + L2
I O e e i e e g D —12. 8 50.2 4 4.6 PR, |y [ PR - i
o R SR PR TR PR T — 5.3 40.5 =0T =l creens —18.7
1 TR (Seany MR I | —12f.oe| —24]| —10f....... =24
o T R e T 467 +1ﬂ? 44.3 e ﬁ H1B | cianan +16.8
B AL e e e e o LA + .3 44. 8 4+ &5 + d ennnnnas 4+ 4.5
| 1 [ T T 1T e - r.‘- —lﬂ.ﬂ ﬁﬁ-’ +1ﬂ-5 — ‘ EE T + ‘.5
| i s A o L M| 27.8 = 8,1 40,2 —15.1 — ieneraas =181
' ) e R e emaeiia] o o8 leamenmea|l et e SRR R
1304 | 1PMerernranneonencnnss| #8.5| +20.2| 441| +30| 4101|4176 826
T DM eennroeecnnennseess] 88| + .8) 4| +23| STIFIRE] +i0.0
s B eSS ] (R R —14.0 51.8 + 5.4 — 5| 4+17.6 $17.0
¢ R et T 5.7 -1 40.2 =11. 6 — 8 | +17.5 — .1
= DRI O Y P T R A
Total for 4 days [ ooooo| = L8 || — 47| +16 | 470 [ 4804

The tables showing the experimental data for carbon dioxid and
water vapor in the ventilating air current have already been given in
detail in a previous publication of this series,' and only the total
amounts for each day are here shown.

i1, 8. Dept. Agr., Office of Experiment Stations Bul. 63, p. 79.
















99
DETAILS OF EXPERIMENT NO. 10.

This experiment was intended to be a duplieate as nearly as practi-
eable of experiment No. 9, except that a portion of the fats and earbo-
hydrates of the diet suflicient to furnish approximately 500 calorics of
‘energy per day were replaced by an isodynamie amount of alcohol.
The amount of protein was the same as in the preceding experiment.

The subject entered the apparatus on the evening of February 14,
1898, and the experiment proper began at the usual time, 7 o'clock the
‘next morning. The alcohol was the same in kind and amount and
‘administered in the same way as in experiment No, 7 (see p. 61), and
'the experience there gained was used to advantage in improving the
arrangements for this experiment. The amount of alcohol eliminated
as such from the body was determined by the method described on
page 27, with results as shown in Table 83.

The daily menu, programme, and summary of the diary and the
determined and computed results of income and outgo are shown in
|Tables 73-83.

TABLE T3.—Daily menu—Metabolism experiment No. 10,

e — e ————

Menn, Grrams, | MMenm, Grama.
BREAKFAST. | HNNER—continmed . |
T L DO 1| T e L ' 50
el S AR T RN e s SRR o 6 || Coffee and aleohol . .cooccevevinncemnnns . b 1]
e T e e SRR, AR T 160 SUEH
| SRR R Sl e el | o
Maize broakfast food ... oovemianinnnnnn. ) Whant Tiroakfant food . ob. o s | 50
DAL - - e ccconsmscamsiaamsn s anann s 10 Bibter oo sy i e (LR __| E
offoe and alcohol .. ...occciiiiiinnnanaa 175 ATER T bl ot A .__I 790
DINNER. (S IE AT BRI e v m i o e e e I 150
O B e R CH | D e G T ) | | 15
L e L o 5 || Coffee and alcohol . ...ccccveminmmnccann. | 200
B L e . i i . m i 200

Besides the coffee and alcohol consumed at the regular meals, 125
rrams was consumed in the middle of the forenoon, 125 grams in the
middle of the afternoon, and 115 grams just before retiring.

TavLe T4.—Daily programme— Metabolism erperiment No. 10.

T.00 a.m .| Rise, pasa urine, weizh self stripped, : 3.30 p.m | Drink 125 grams alechol and cotfes.

collect drip, weigh absorbers, 6.30 p.m .| Supper (including 200 grams aleohol
745 a.m .| Breakfast (including 175 grama aleo. | anil coflze).
hol and coffes). 700 p.m . Pasa urine, collect drip, weigh ab.
W a.m ..| Drink 125 grama aleohol and coffee. sorbers.
00 p.m ..| Pasa urine, collect drip, weigh ab- | 10,00 p.m .| Drink remainder of aleohol and coffes,
sorbers. i welzh self stripped, take cap off
1.20 p.m _.| Tdinmer (including 200 grama alcohol | food apoerture, retire,
ani cofles). : 1.00 4. m .| Pass arine.





























































