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Nitrogen Balance as Related to Caloric and Protein
Intake in Active Young Men

By Doris Howes Catroway, pH.D.,*

ing, particularly on protein utilization,

have occupied the interest of nutrition-
ists since the time of Voit and Rubner.®
Impetus for experimental investigation of the
problem has been lent, historically, by periods
of war and catastrophe when national food
supplies are critical. In recent years, this
problem has warranted the particular atten-
. tion of nutritionists in the Department of
Defense because of the recognition of situa-
tions of limited feeding capabilities ereated
by modern mobile warfare. In this category
fall troops cut off from normal supply chan-
nels, especially vietims of air and sea dis-
aster, and civilian populations of disrupted
aress. Under military support, many data
have been gathered which have not been
widely available to scientists and have not
heen consolidated with other clinical and labo-
ratory findings. As an aid in the design of a
multipurpose survival ration, the information

T uE physiologic effects of restricted feed-

relative to normal active men in the military:

age group has been compiled, emphasis being
placed on the more acute, short-term experi-
ments.

The information on nitrogen: balance in
chronic inanition has already been.critieally
reviewed by the Minnesota group,'® and that
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relating to protein-depleted man by Benditt
and co-workess.?

SeLEcTION OF DATA

Studies were chosen from the literature in
which the subjects were young men, essen-
tially normal in weight and nutritional status,
who were permitted at least sedentary ac-
tivity. Data on control groups indicate that
the men normally maintained body weight
at intakes of 3000 to 3600 ealories per day.
Estimates of ecaloric expenditure during the
restriction phase ranged between 2000 and
3500 calories daily. Omnly two representative
reports in the area of adequate caloric intake
were chosen from the wealth of material avail-
able5 1! one at a low protein level, and a
second where the protein allowance was
liberal. Included are military field trials and
laboratory studies of military personnel, col-
lege students, Civilian Public Service Camp
workers, and conscientious objectors.

It has been recognized that continued die-
tary restriction ultimately results in adapta-
tion to a lowered intake of protein'® or of
calories.”® THowever, in the caloric intake
range 1500 and above, some long-term studies
were drawn upon because of the dearth of
other information; where these investigations
had to be included, only the data from the first
two weeks were used.

Many reports were excluded from this
survey because of inadequate gquantification

of dietary intakes, questionable values for
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excretion, or simply because insufficient data
were provided. Also excluded from considera-
tion were expemmental findings in {rankly
obese individuals, in men at bed rest, and in
those fed parenterally.

If feces were not analyzed for nitrogen con-
tent, arbitrary allowances were made. Where
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TABLE I.
Nitrogen Balanee in Protein-iree Feeding
Caloric intake Nitrogen balance
Compouite Composite Number of
Range* mean Range*  mean obsgervations Referencea
Cal./day Cal./day Gm./day Gm, /day
0 [ —-7.9t0 —13.0 -12.0 87 31, 4,6, 7, 14, 22,
: 27, 39, 40
31-200 119 —9.1t0 —11.1 —10.9 17 G, 8, 40
400-500 441 —6.6t0 —0.4 -8.4 22 6, 13, 17, 22, 40
669-787 728 —7.0to —7.4 —~7.2 » 10 - 33,34
800-958 891 —6.3to —7.8 -7.2 . 34 6, 24, 25, 29, 30,
32, 35
— 1200 — 7.3 2 6
— 1443 — ~6.3 5 36
— 2400 -— —-7.4 1 38
— 28060 . — —6.8 8 7

* Range of experimental means.
t Including literature reviewed,

protein-free diets or protein-containing diets
of less than 1000 calories per day were fed,
one gram of nitrogen--the average value of
fecal analyses reported—was added to the ex-
cretion. When protein was fed and the caloric
intake was above 1000, the correction figure
of 1.28 grams was used, as suggested by Reif-
enstein, ef al?® .

A composite mean for all the experiments
within a stated range of caloric and protein
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Fig. 1. Nifrdgen balance at various levels of caloric
intake.

O Protein-free followed by Nitrogen intake, Gm./day:
N\ 1.0-1.8, X 2.4-5.0,054-7.7, @ 8.1-9.7, A 10.4-11.7,
A 12.4,{]154.

intake was derived by weighting the mean of
each experimental group for the number of
subjects observed. As the majority of reports
did not include data on daily nitrogen excre-
tions, the composite means were derived from
the average values for the periods of restrie-
tion tested. Although nitrogen excretions dur-
ing the first two days of the experimental
period refleet primarily the influence of pre-
ceding protein intake, the mass effect during
an average restriction period of ten days was
not significantly altered by the inclusion of

. this early period, inasmuch as the preceding

equilibration diet in all cases furnished a nor-
mal intake of protein. Examination of indi-
vidual studies shows wide variation among
subjects and between means of related experi-
ments. The summations should be viewed in
this light.

INTERRELATIONSHIPS OF PROTEIN anD Caronic
: Limirarion

To establish a baseline for determination of
nitrogen utilization, consideration must first be
given to the excretion of nitrogen when none is
fed. These data are presented in Table T and
are shown graphieally in Figure 1. Nitrogen
losses amounted to 12 grams daily in fasting,
and the protein deficit was maximally reduced
by supplying approximately 700 protein-iree
calories. Increasing the caloric intake to 2800
was without further advantage in the sparing
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of body protein, the negativity of nitrogen
balance remaining approximately 7 grams
throughout.

From Table II and Figure 1 it is apparent
that feeding nitrogem to the highest level
tested, 6.9 grams daily, was of little benefit
when only 400 to 600 calories were supplied.
The mean daily negative balance of 7.0 grams
of nitrogen falls well within the range of
means obtained when no protein was fed. It
is apparent that protein fed under these cir-
cumstanees iz largely burned as an energy
source, producing a concomitant rise In uri-
nary nitrogen excretion.

An intake of approximately 900 calories was
the lowest level at whieh the addition of pro-
tein to the diet produced noticeably less nega-
tive nitrogen balance than the same number of
protein-free calories. At this calorie level the
same reduction in negativity of nitrogen bal-
ance occurred with 3 grams as with 6 grams of
nitrogen fed. When dietary nitrogen was
limited to 3 grams per day, maximum nitro-
gen retention was attained at approximately
900 calories, and increasing the caloric intake
to 1800 did not further reduce the 5 grams of
negative balance.

Increasing the energy value of the diet from
900 to 1600 calories when 6 grams or more of
nitrogen were fed resulted in improved nitro-
gen retention. A plateau at 1.8-2.4 grams of
negative nitrogen ‘balance was reached at ap-
proximately 1600 calories, which persisted
through approximately 2300 calories. The
plateauing trend over a wide range of both

nitrogen and caloric intakes suggests that in’

this range of 50 to 75 per cent of normal calorie
requirement, adjustment of energy expendi-
ture to intake may have taken place so that
a relatively constant fraction of actual re-
quirement was met. ' :
On the basis of the 7 grams of total nitrogen
excretion which was the baseline for protein-
free feeding, it is logical to assume that no in-
crease in the energy content of the diet could
promote nitrogen balance when the nitrogen
intake is below this amount. The lowest nitro-
gen intake tested at adequate caloric intake
in subjects defined here was 8.5 grams of nitro-
gen daily; at this intake, nitrogen equilibrium

Nilrogen olunce, gm/day

was obtained, At nitrogen intakes of 11 to 12
grams daily, calories were limiting through
2500. These data are in good agreement with
the critical value for protein utilization of
1500 calories/ M2 surface area/day derived for
protein-depleted men by Benditt and co-
workers,?2 and the 3540 calories/Kg. estab-
lished in severely undernourished subjects by
Beattie ef al! Beyond this range, these au-
thors state, the nitrogen intake determines the
sign and”magnitude of nitrogen balance.

The effect of caloric intake on nitrogen bal-
ance may then be deseribed by Figure 1, in
which the slope of the line is determined by
caloric limitation with plateaus related to ni-
trogen deficit. ,

In Figure 2, the data are graphed to show
the effect of variation in nitrogen intake on
nitrogen balance. It is apparent, as previously
discussed, that at calorie levels of 400-600,
dietary nitrogen is without appreciable benefit.
When the caloric intake is approximately 1000,
3 grams of nitrogen may be used to good ad-
vantage, but further increase is without bene-
fit. At calorie levels of 1400-2300, 7-9 grams
of nitrogen result in essentially the same spar-
ing of body protein as intakes to 12 grams.
Between 2300 and 3300 calories, data are in-
sufficient to permit analysis, but the slope of
the line indicates that equilibrium might be
attained at the 2000-2500 calorie level if the

-‘Fli%lllillllli
5 & 7 8

9 o 11 J2 13 M 15 18

o] 1 2 3 4 T
Nittogen iataka, gm./ddy

Tig. 2. Nitrogen balance at various levels of nitrogen
intake.

Calorie intake cal./day: O 400-575, X 750~1100,
\1200-1850, @ 1400-1650, @ 1800-1975, A 2025-2350,
A 2530, 3 3350.
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nitrogen intake were increased to approxi-
mately 24 grams. Sargent and Johnson®® in
a preliminary oral report of recent studies
stated that positive nitrogen balance was ap-
proached in a subject fed 2000 calories and 24
grams of nitrogen.

When the full caloric requirement was met,
8.5 grams of nitrogen were sufficient to promote
balance, and increasing the intake to 15.4
grams resulted in retention of only an addi-
tional gram of nitrogen. Cuthbertson and
Munro? have reported that the addition of 780
calories to a diet adequate for maintenance
reduced urinary nitregen excretion by 2 grams.
A luxus consumption, then, of either protein
or calories resuited in more positive nitrogen
balance, just as an inadequate intake of either
produced a negative balance,

To the general prineiples set forth—that on
a fixed adequate protein intake, energy level
is the deciding factor in nitrogen balance and
that with a fixed adequate caloric intake, pro-
tein level is the determinant—may be added
a corollary. That is, at each fixed inadequate
protein intake there is an individual limiting
energy level beyond which increasing calories
without protein or protein without caleries is
without benefit. Why 600-800 dietary cal-
ories should maximally reduce the destruction
of body protein but not permit the utilization
of dietary protein, or why 3 grams of dietary
nitrogen should be most efficiently used at
1000 calories, or 6 grams at 1600, are intrigu-
ing questions for which there are no ready
answers.

APPLICATION

The findings reviewed here provide a basis
for the development of a protein-containing
military survival ration and the conclusions
apply equally to short-term civilian emergency
feeding. However, the most critical situation
to be considered is that in which water supply
is curtailed and the weight or space available
for emergency food highly restricted, as in
survival at sea or in the desert. Under these
conditions provision of about 100 grams of
carbohydrate, as suggested by Gamble,'® is
physiologically most desirable. It was shown
that the benefits to be derived are several:
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Fig. 3. Calculated alteration in obligatery urine vol-
ume compared with nitrogen deficit at varying intakes
of protein and calories.
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prevention of ketosis, conservation of body
fluid and protein with extension of survival ex-
pectancy beyond that of fasting, and a large
contribution to morale. Inclusion of protein
in such a restricted ration is contraindicated
from-the standpoint of water balance. The
two effects of increasing dietary protein when
energy levels are inadequate are demonstrated
in Figure 3: a small decrease in nitrogen de-
ficit accomplished at the cost of increasing
urinary nitrogen excretion and obligatory
urine volume., Assuming maximum renal con-
centration, the excretion of one gram of urea
nitrogen requires 40 to 60 cc. of water.?” The
inclusion, then, of 6 grams of dietary nitrogen
in a 500-calorie diet increases the volume re-
quired for renal excretion by 250 ce. per day—
50 cc. more than fasting requirements.

The relationships between protein and ca-
loric intake seen in Figures 1 and 2 suggest
the formulation of a versatile food unit of 500
calories, 7 to 8 per cent of which are derived
4rom protein. Such a unit could then be con-
sumed in any multiple number with maximum
benefit from the protein at each energy level.
The effieacy of this scheme is illustrated in
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Figure 3; it is apparent that increasing the pro-
tein intake beyond the suggested unit level
results in little or no additional sparing of
body tissue protein.

The composition of the diet is apparently
not critical. Schwimmers? reported that a 30
per cent fat diet was more effective in promot-
ing nitrogen utilization than one containing
10 per cent. The results of the many studies
included here do not support this conclusion.
Munro,?® in an exhaustive review of the litera-
ture, concluded that there is essentially no dif-
ference between carbohydrate and fat in this
regard. Sufficient carbohydrate should be pro-
vided to prevent ketosis and the amount of fat
determined by considerations of ealoric den-
sity and palatability. The diet should be of
uniform composition to achieve maximum
benefit of the protein fed in view of the time
factor in utilization,1®

The unit system offers distinet advantage
over a set ration allowance in that it may be
readily adjusted in consideration of: (1) the
level of energy expenditure, (2) the number
of people to be fed from the supply available,
and (3) the length of time before resupply
may be effected,

SuMMaRryY

Based on an intensive review of published
observations on protein intake in the presence
of a reduced caloric intake, certain conclusions
seem clear.

For young, essentially normal active men,

when no protein is fed the protein deficit-

(negative nitrogen balance) can be maximally
reduced by supplying about 700 nonprotein
calories. No significant protein-sparing is
achieved by intake as high as 2800 calories in
the absence of protein. When the calorie in-
take is approximately 1000, 3 Gm. of nitro-
gen will produce as much protein sparing as
higher quantities of nitrogen. When full
caloric requirement is met, 8.5 Gm. of nitro-
gen promotes balance and little additional
storage results even from much larger protein
intakes.

These findings, plus others cited from the
literature, suggest that a versatile food unit of
500 calories (7 to 8 per cent of which are

derived from protein) would be most practical
and physiclogical in the development of a
military survival ration, or a short-term civil-
ian emergency feeding.
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ResumMEN

El equilibrio nitrogenado en relacién con el
cansumo calorico iy proteico en jovenes activos

Parece que ciertas conclusiones bastante




