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INTRODUCTION

The effects on two men of an exclusive meat diet lasting 1 year
have been discussed in two preceeding papers (1,2). In the course
of these studies thirty-five
observations of their respiratory
metabolism,
both in the basal condition and after meals, were
made in the Sage calorimeter.
These observations form the basis
for the present communication.
Experimental Methods and Alcohol Checks

The methods used in the ward and the calorimeter of the
Russell Sage Institute of Pathology have been described in earlier
419
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papers (3, 4). The accuracy of the calorimeter data was controlled by frequent alcohol checks, a summary of which (Table I)
shows the average results of 3 consecutive hours for each check.
The alcohol solution used contained 91.28 per cent of alcohol by
weight. The amount burned per hour varied from 9.1 to 11.0 cc.
Complete combustion of 10 cc. of this solution should give the
following figures: O2 15.43 gm., COz 14.14 gm., Hz0 9.39 gm.,
and heat 52.39 calories. The percentage errors given in Table I
TABLE
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R.Q. is 0.667.
was not recorded.

are the variations of the measured quantities from the theoretical
amounts as calculated from the volume of alcohol burned.
The
hourly respiratory quotients of the individual checks showed an
average variation of 0.02 with the lowest variation 0.00 and the
greatest 0.05.
Experimental

Data

The studies in the calorimeter with V. S. as the subject were
thirteen in number; seven when he was in basal condition and six
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after food. K. A. underwent
eighteen observations
of which ten
were basal determinations
and eight following food. Two tests
in the basal state and two after meals were carried out with
the subject, E.F.D.B.
A summary of the data is presented in
Table II. Observations
of a similar nature have been grouped
together for purposes of comparison.

Basal Metabolism
No significant variation in the basal metabolic rates of the men
was found.
In the basal observations,
V. S. ranged between 80
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CHART I. The basal metabolic rates of the men who took the exclusive
meat diets as calculated from the Aub-Du Bois standards.
Each symbol
represents the average rate for 3 consecutive hours, 16 to 20 hours after
food.

and 91 per cent of normal according to the Sage standards, K. A.
varied from 82 to 90 per cent, and E.F.D.B. showed 91 and 97
per cent in two tests. After meat was taken for 6 weeks, the
basal metabolism of V. S. was 7 per cent above that found in the
period of mixed diet and similarly the rate of K. A. rose 5 per
cent. At the end of 10 days on the diet E.F.D.B. showed a rate
6 per cent higher than at the beginning. The basal metabolic
rates of V. S. and K. A. at the end of the year were at or below
t.hosefound at the beginning. These changes are shown graphically in Chart I.
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2.
“
“ 20, 1928

Experiment
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56.29 77.50 76.63
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18.98 73.20 69.96 500 gm. meat. Start 1 hr. after
eating
17.26 65.72 66.38 Basal. 1 mo. on meat diet
29.86 74.92 72.68 500 gm. meat. Start 2 hrs. after
eating
19.11 61.39 57.73 Basal. 1 yr. on meat diet
25.21 76.55 72.12 400 gm. meat. Start 2 hrs. after
eating

12.05 56.79 52.35 Basal on mixed diet
17.35 65.70 66.13 300 gm. meat. Start
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P 40, F 54. 2 hrs.
23.19 71.40 68.70 Breakfast, P 30, F 43;
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p.c.
P 40, F 54. 1 hr.
14.02 68.59 67.55 Basal mixed diet
21.16 81.63 59.51 Breakfast, P 46, F 75; p.c. lunch,
P 40, F 74. 1 hr.
21.39 85.01 87.36
18.30 71.10 67.76 Basal after 10 days meat diet
34.15 79.79 83.11 Breakfast, P 40, F 59; p.c. lunch,
35.46 86.66 85.10
P 46, F. 59. 1 hr.

non-protein R.Q. of the first 2 hours would be 0.610 if the nitrogen for the second 2 hours is used.
basal data for comparison with these observations are given in Experiment 3.
basal data for comparison with these observations are given in Experiment 9.
indicates after meals, P, protein, and F, fat.
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The metabolism of both V. S. and K. A. was at a relatively low
level but it was by no means subnormal for such well trained
subjects.
The increase in the metabolism during the early weeks
of the exclusive meat ingestion might have been caused by the
increased protein metabolism or by the ketosis which was present.
The absence of any elevation at the end of the year showed that the
diet did not result in any sustained stimulation
of the basal
metabolism.
The basal heat output of V. S. was usually between 61 and 65,
and of K. A. between 54 and 58 calories per hour. The maintenance requirement or the daily amount of food necessary to keep
the men in nutritional
equilibrium proved to be approximately
75
per cent above their basal heat production
for the 24 hours.
When V. S. took food with an energy value of 2700 calories per day,
and K. A. 2500 calories, they remained at constant weight for long
periods but when they took less they gradually lost weight.
The
activity of the men was quite constant as they slept and ate in the
ward and aside from their movements
about the ward they
walked from 3 to 5 miles daily.
SpeciJic Dynamic

Action of Food

Lean Meat-The
metabolism of each subject was studied on
three occasions after taking lean meat; first, during the periods
when they took mixed diets, second, after 2 months of eating
meat alone, and, third, at the end of the year.
The amount of
meat taken, the hours observed, the relation of the heat production to their basal output, the caloric value of each foodstuff
metabolized, and the amount of nitrogen excreted in the urine per
hour are graphically
presented in Chart II.
The observations
were started either 1 or 2 hours after the middle of the time
required to eat the meat and were all continued for 4 hours.
For purposes of comparison only the 3rd, 4th, and 5th hours after
the meal have been taken for calculating the extra heat production. Analyses of duplicate samples of the meat eaten averaged
21.3 per cent for protein and 3.0 per cent for fat.
The increase in the metabolism of K. A. after eating 300 gm. of
meat, containing 63.9 gm. of protein and 9.0 gm. of fat, averaged
17.3 per cent of his basal heat production in the first observation
and 19.0 per cent in the second.
Following a larger meal of 467
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gm. of meat in the third test the rise was 45.3 per cent. It was
unfortunate that we did not determine the effects of another meal
containing 300 gm. of meat at this time, for, although there were
indications that the specific dynamic action. was greater, the
evidence is not conclusive.
An increase of 19.2 per cent above the basal level occurred in the
first observation with V. S. and 14.6 per cent in the second test,
in each of which he took 500 gm. of lean meat. After his third
meal of 400 gm. of meat the increase was 25.0 per cent. In this
subject even the smaller meal at the end of the year caused a
greater specific dynamic effect.
The excretion of nitrogen in the urine varied from 0.95 to 1.13
gm. per hour in three of the four observations while they were on
the meat diet. In the final test K. A. excreted 2.12 gm. per hour
during the last 2 hours of the experiment.
At this high rate his
protein metabolism could account for 56.3 out of a total of 77.5
calories per hour or 72.6 per cent of his whole metabolism.
Only
21.2 calories were left to be divided between fat and carbohydrate
and the non-protein redpiratory quotient reached the low level
of 0.57.
Two explanations for these findings were considered. First,
that part of the nitrogen in the urine was actually produced from
protein metabolized in preceding periods and due to the lag of its
excretion, did not represent the protein metabolism of the same
period. Secondly, in a man whose stored glycogen has been
depleted, a portion of t’he glucose obtained from the protein
might have been stored rather than burned.
In support of the second explanation the following calculation
is presented. Lusk (5), in analyzing the metabolism
of protein
in patients with severe diabetes who had D : N ratios in the urine of
3.65, showed that under these abnormal conditions the theoretical
R.Q. for protein is 0.632 instead of 0.801, which occurs when the
McCann (6), who gave a large
protein is completely oxidized.
meal of meat to a man who had fasted for 8 days, applied this
method of calculation to his results and concluded that the glucose
which was produced from protein was stored instead of being
burned or excreted in the urine. Using the R.Q. for protein of
0.632 in our observations, we found a quotient for the metabolism
of fat and carbohydrate of 0.81 for the last 2 hours. This indi-
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cated that approximately
5.5 gm. of carbohydrate were oxidiaed
per hour. Theoretically
7.75 gm. of glucose were obtained per
hour from the protein metabolism so the remaining 2.25 gm. of
glucose must have been stored as no glucose was excreted in the
urine. If we assumed that all the glucose oxidized came from
protein, we found that 63 per cent of the total energy in this
observation was actually derived from protein and the remainder
from fat. This level of protein metabolism has only been reached
in one other observation on man as far as we know. Aub and
Du Bois (7) gave 662 gm. of meat to a dwarf weighing 41 kilos and

CAABT III. The hourly heat production after fat meals and during the
night.
The dotted lines represent the gm. of urinary nitrogen per hour.

they found that 64 per cent of his energy was derived from protein
in the 5th hour after the meal.
To summarize, the increased heat production for the 3rd, 4th,
and 5th hours following meals of lean meat varied from 14.6 to
45.3 per cent of the basal heat output.
The variation was due in
part to the different amounts of meat eaten but the data suggest
that the specific dynamic action of protein was greater at the end
of a year on the meat diet.
Fat-After
the period of the regular meat diet was completed
the men took diets very high in fat and during this time one
observation was made on each man after a large meal of fat (Chart
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III).
V. S. ate a meal of 40 per cent cream, butter, and beef fat,
containing 166 gm. of fat, 4 gm. of protein, and 6 gm. of carbohydrate.
His increased heat production
represented
14.5 per
cent of his basal energy output.
He had received in this period 35
gm. of carbohydrate
daily which accounted for the carbohydrate
utilised in this observation.
K. A. took 264 gm. of fat, 11 gm. of
protein, and 13 gm. of carbohydrate
furnished by 40 per cent
cream and butter.
His output of heat was 13.2 per cent above his
basal level. K. A. took only 45 gm. of protein and no extra
carbohydrate
in the period preceding this observation.

CHART IV. The hourly heat production
following protein-fat
meals.
The first test on E. F. D. B. was made while he was taking a mixed diet.
The others were made when the men were receiving meat exclusively.
The
dotted lines represent the gm. of urinary nitrogen per hour.

These figures were somewhat greater than those usually given
for the specific dynamic action of fat but they represented findings
under unusual conditions. Both men were excreting acetone
bodies in their urine-V. S., approximately 1 gm. daily and K. A.,
7 gm. If the specific dynamic action of fat is due to a plethora of
metabolites as stated by Lusk (8), then a relatively high response
could be expected as these men were receiving from 200 to 300 gm.
of fat. in their diets daily.
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Lean Meat-Fat
ConzbinationsThe
metabolism
of the men,
following mixed meals of lean and fat meat together, was studied
eight times, once after breakfast, five times after lunch, and twice
starting about midnight,
7 hours after the evening meal; V. S.
was the subject twice, K. A., four times, and E.F.D.B.,
twice.
These observations are summarized in Charts III and IV. All the
tests except the first, with E.F.D.B.,
were made while the men
were taking meat exclusively.
They received from 150 to 200 gm.
of lean meat (32.0 to 42.6 gm. of protein) and from 50 to 90 gm. of
fat in each meal of the day of the test.
The maximum heat production occurred in the 3rd or 4th hour
after the meal and the average for the 2nd to 4th hours was from
8.6 to 22.3 per cent greater than their basal metabolism.
In the
two tests at night the average increase for 4 hours was 4.8 per cent
for V. S. and 10.5 per cent for K. A. The men slept about onehalf of the time in these two observations.
Respiratory

Quotients

The basal respiratory quotients during the meat and the high
fat diets averaged 0.775 for V. S. in four observations and 0.760
for K. A. in eight determinations.
The average basal quotient
for the two men was 0.765. Following food the quotients were
lower, V. S. in five experiments had a quotient of 0.756 and K. A.
in seven observations, 0.742, while the average for both was 0.748.
The non-protein R.Q. was 0.751 when the men were in basal
condition and 0.721 following food. The difference was due to the
greater protein metabolism after meals as shown by the nitrogen in
the urine.
When the hourly quotients obtained after meals were considered with regard to the time elapsed after taking the food, the
average quotient for both men was 0.74 during the 2nd, 3rd, and
4th hours after the meal and 0.76 for the 5th and 6th hours. The
influence of digestion with the production of an acid secretion in
the stomach has been considered as a possible explanation for the
slightly lower level of the R.Q. during the earlier hours after the
meal. Dodds and his coworkers (9-11) found that the carbon
dioxide content of alveolar air and blood rose during the 1st hour
following meals and that it fell below the normal level in the 2nd
and 3rd hours. The rise they associated with gastric digestion
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and the fall with digestion in the duodenum.
Chanutin (12)
reported that the alkaline reserve of a dog, as measured by the
carbon dioxide-combining
power of the blood plasma, was materially increased after the ingestion of meat. No observations have
been found in the literature where the carbon dioxide of alveolar
air and blood, the gastric acidity, and the R.Q. have been determined at the same time. However, the studies reported suggested to us that a retention of carbon dioxide in the body occurred
while hydrochloric acid was being secreted in the stomach and
that this might last for 2,3, or possibly 4 hours after a meal of lean
meat accounting in part for the lower level of the R.Q. at this time.
Then, later, as the acid was reabsorbed, carbon dioxide would be
released, which would explain the higher level of the quotient in
the 5th and 6th hours. Another explanation is the possibility
that the storage of glucose during the time when the protein
metabolism was at its height might have caused a slightly lower
quotient at this time.
The constancy of the level of the R.Q. both in basal condition
and after food, was striking.
When the average for each experiment was taken, the levels for all observations fell between 0.72
and 0.78 during the time when the subjects were living on meat
alone. This uniformity in the level of the R.Q. occurred in several
men, previously reported (13), who derived nearly all their
energy from protein and fat. A thorough discussion of the various faotors which affect the R.Q. has recently been presented
by Richardson (14).
Nature and Source of Foods&$‘s Metabolized

The amount of protein metabolized during the observations in
t.he calorimeter was calculated from the nitrogen in the urine and
the division of the non-protein calories between fat and carbohydrate was determined from the modified Zuntz-Schumburg
tables (Lusk 15). When the men were in basal condition they
derived from 25 to 35 per cent of their energy from protein, from
60 to 70 per cent from fat, and from 5 to 10 per cent from carbohydrate.
Following food the protein provided from 30 to 45
per cent (in one experiment with K. A. 63 per cent) of the energy
output; fat, from 55 to 65 per cent; and carbohydrate, from 2 to 8
per cent.
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The diet adequately provided all the protein and the fat utilized.
It contained at most 50 calories of carbohydrate per day in the
form of glycogen, which represented between 1 and 2 per cent of
the energy intake.
In the basal observations which were made
16 to 20 hours after the last meal, the calculations indicated that
about 10 per cent of the metabolism
(5 to 6 calories per hour)
was obtained by the utilization
of carbohydrate.
In the determinations made after meals the men derived only 3 to 5 per cent
of their energy from carbohydrate.
The influence of the meals
practically lasted through the entire 24 hours. This is shown by
the fact that 10 hours after the evening meal the men had not
reached the level of their basal heat output.
Therefore with only
14 hours intervening between their supper and breakfast they
were in basal condition not more than 2 or 3 hours in the whole
day. The observations after meals of lean meat suggested that
some of the glucose which was derived from protein was stored
during the time when the protein was being utilized.
This stored
glucose may have been the carbohydrate which provided a small
portion of the energy when the men were in basal condition.
In considering other possible sources of the carbohydrate
which might be available during the basal observations, the
influence of fecal nitrogen was studied.
If the fecal nitrogen were
included with the urinary nitrogen it would not change the
findings by more than 0.5 per cent. Some might suspect that
stolen food provided extra carbohydrate, but this is extremely
unlikely as the levels were t,he same in all three subjects and they
were under observation 24 hours daily during the intensive
studies. Continued depletion of the glycogen of the body could
not be a source as the R.Q. remained constant after the 1st week.
A small error in the theoretical R.Q. for protein or for fat is not at.
all impossible.
In spite of the excellent alcohol checks we doubt
if any metabolic apparatus gives respiratory quotients closer than
0.01 or 0.02 and we realize that practically all work in respiratory
metabolism may show an error of at least 1 per cent.
Assuming that the men were in the absorptive state 22 hours per
day and in basal condition only 2 hours and assuming that the
theoretical
calculation
and actual respiratory
quotients
are
absolutely accurate, we had indications of oxidation of 34 gm. of
carbohydrate per day in excess of the amount consumed in t.he
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food. This is a small but significant discrepancy.
Support for
the suggestion that the theoretical R.Q. for fat may be higher than
0.707 under the special conditions of our observation was found
in the work of Krzywanek (16) who noted that the elementary
analysis of mutton fat resulted in an R.Q. of 0.721 and that the
R.Q.
of other animal fats varied from 0.710 to 0.723. As our
subjects used mutton fat in considerable quantities, a recalculation of our data with a modified Zuntz-Schumburg
table based on
an R.Q. of fat as 0.721, reduced the discrepancy in the carbohydrate balance from 34 to 12 gm. per day. Such errors could be
detected only in prolonged experiments of this kind and there are
very few of them in the literature.
TABLE

Corn:
No. of
subjects

wison

No. of
observe
tions

of Indirect

Direct

Calorimetry
hiki$Zl

Calories

Time
~~

III

and

Indirect

Direct

f rozeyhdect

Nature
of
observations

hrs.

3

18
6
2
2
6

53
24
8
8
18

3208.50
1752.17
539.40
529.30
1326.02

3275.94
1689.58
520.22
532.05
1305.53

+2.1
-3.6
-3.6
+0.5
-1.5

Basal
Meat
Fat
Night
Mixed

34

111

7355.39

7323.32

-0.4

Total

runs
meals

Some might on first thought consider this discrepancy as
evidence for the formation of carbohydrate from fat. A little
calculation, however, will show that the formation of carbohydrate
from fat would lower the theoretical R.Q. thus leaving a higher
proportion of the observed R.Q. to be accounted for by carbohydrate from some other source. This would bring us back to just
where we started.
The only way for the adherents of this theory
to prove their point from our observations would be to show that our
subjects formed carbohydrate from fat while they were outside
the calorimeter and then began to oxidize this carbohydrate as
soon as they were in the respiration apparatus,
At first this
seemed a possibility but we felt that we ruled it out by observing
the subjects at all hours of the day and night, awake and asleep,
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fasting and after meals. It was unfortunate that we could not
observe their metabolism during exercise but we are not acquainted
with any work which shows that carbohydrate derived from fat is
stored during exercise.
Comparison

of the Indirect and the Direct Methods of Heat
Measurement

The heat production, as measured by direct calorimetry
for
thirty-four observations with a total of 111 hours, was 0.4 per cent
less than that determined by the indirect method.
These comparisons made for groups of experiments of the same nature are
presented in the Table III.
They indicate that there was no
significant error in the technique of these two calculations even in
the presence of a continued mild ketosis.
SUMMARY

AND

CONCLUSIONS

1. The respiratory metabolism of three men was studied before
and after meals during the day and night in a calorimeter which
was demonstrated to be as accurate as any respiratory apparatus
yet employed.
Methods of direct and indirect calorimetry agreed
within 0.4 per cent. When the men were taking the exclusive
meat diets, the R.Q. remained between 0.72 and 0.78 at all timea
during the 24 hours they were observed.
2. The basal metabolic rates for two men varied between 80
and 91 per cent of normal.
The meat diet caused no significant
elevation of their metabolism.
3. The excretion of nitrogen in the urine varied from 0.5 to 0.8
gm. per hour when the men were in basal condition.
For three of
the tests following lean meat it was between 0.95 and 1.13 gm.
hourly and in the last 2 hours of one test it reached the high rate of
2.12 gm. per hour.
4. Lean meat in meals of 300 to 500 gm. induced extra heat from
the 3rd to 5th hours inclusive which ranged from 14.6 to 25.0
per cent of the basal heat production.
In one test the increase
was 45.3 per cent and the subject derived 63 per cent of his energy
from protein.
5. With use of the standard figures for the theoretical R.Q. of
protein and fat, the calculated foodstuffs oxidized did not agree
exactly with the composition of the diet. The standard calcula-
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Cons indicated that approximately
34 gm. of carbohydrate
were
utilized per day in excess of that contained in the diet. This
discrepancy may be due to small errors in the theoretical respiratory quotients for fat or protein or both.
Our subjects derived
about 75 per cent of the energy from beef or mutton fat. A
recalculation, with a respiratory
quotient for fat of 0.721, reduced
the discrepancy
in the carbohydrate
balance to 12 gm. per day.
It is evident that a significant error in the metabolic balances for
carbohydrate
may be possible, even with the best of our modern
technique, if we employ the customary
standard
methods of
calculation.
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