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ABSTRACT

The effect of varying energy intakes on nitrogen balance was
investigated in thirieen young women aged between 21 and 32 years. The
* subjects were fed a previously determined minimum requirement of protein
{047 g/kp) at two levels of dietary energy, high enerpy intake at 48.443.70
~-keal/kg bodyweight and low energy intake of 33.842.86 keal/kg bodyweight
.. (about 20% above and below the estimaled energy requirement based on their
-energy expenditure); Nitrogen balance was determined [rom the nitrogen in
. food, urine, feces and sweat, Nitrogen balance was -8.6£5.44 mgN/kg with the
- low energy intake and increased o +10.8246.35 mgN/kg with the high energy

- intake. Regression nnalysis, showed that all subjects maintained zero nitrogen
balunce with an average energy intake of 4040.94 keal/kp/day.
= Variation in energy intake also altered the net protein utilization of the
.- habitual diet in all subjects by 1.0 to 3.5 units/keal per kg body weight. Energy
- requirement was estimated on the basis of constant body weight and the
nitrogen balance. Body weight was maintained constant at an energy intake of
- 40.844.21 keal/kg body weight.

Key 'W_drds: Energy Intake, Nirogen Balance, Young Women.

INTRODUCTION

: .-Protein requirement is coaventionally defined as the amount of protein needed when
ie reqmremf:nts for energy and other nutrients are fully met. Hence, most investigation have
‘provided liberal energy intakes that usually mainzined or increased the body weights of
“individuals in negative nitogen balance (1-2).

The sensitivity of body nitrogen metabolism to the level of adequacy of energy intake,
s well as the difficulties created by this response for airiving at reliable estimates of dietary
‘profein requirements were demonstrated by nuwmerous studies (3-6), They found that the
.-du:t:uy protein guality and N-metabolism are significantly altered by changes in energy intake
in the range above as well as below estimared maintenance needs for egg protein. Nitrogen
retcnuon incrensed when intakes were above the regunirement Jevel. (7).

~The implication is that protein requirements for maintenance may be underestimated,
un[css there is a compensatory adjustment of protein-enzrgy refationship.

1dedress correspondence to:Department of Food Science and
.Technology, University of Reading, Whiteknights, Reading RG6 2AP.
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.. The estimation of individual energy requirements is a very complex problem (8-9).
ifficulties arise in attempting to measure small changes in body composition and individuals
y alter their physical activities in response to abterations in energy intake. Therefore weight
changes with energy intake alone is not sensitive cnough to determine energy requirement
Howev. ,'some workers consider that nisragen balance is probably the most sensitive index
of'wh:t_‘,_l'_h_cr or_not enesgy requirement is met. The main aim of our investigation is to a)
elermine the effect of varying energy intake on N-balance and b) estimate the energy
requirement from the N-balance data of young Nigerian women, thus providing a data base
for:energy requirement of young woirien in Nigeria and Africa as a whole. Information is
limited ‘on_ protein and energy requirements for Africa and woimen in particular in the
FAQ/WHO/UNU technical report (10). ‘

METHODS

ects

“Thirteen female siudents of the University of Ibadan who were free of any
bnormality detectable by careful medical history, physical examination, blood analysis and
rine analysis participated in the nitrogen balance study. The ages of the subjects ranged
wccn 21 and 32 yeors. Their characteristics are shown in Table 1. All subjects continued
vith. their normal daily routines, which included (heir full ncademic schedule, but refrained
from any unusual physical activity. To minimize potential sources of error, subjects were
nlerviewed daily concerning their physical activities and they maintsined a diary-record of
| their activities. Al subjects were studied closely and lived in the female halls of residence.
They were made to understand thar strict adherence to experimental diels was very importaat.
ietary protocol
“The nitrogen balance study was made up of two dietary periods of ten days during
hich two fevels of energy intakes were provided. Protein intake was maintained throughout
the study at a level of 0.47g protein/kg bady weight which was the level predetermined as the
‘minimum protein requirement from the previous phase of the study. The levels of cnergy fed
re.33.842.86 keal/kg and 48.443.70 keal/kg body weight providing approximately 20%
low ‘and above the amount Judged to be sufficient to meet the subjects requirements
respectively. This was estimated from a carefilly monitored daily activity pattern diary of the
subjects before commencement of the study. The average estimated energy requirement was
: ‘keal/kg. The composition of the diet which was standardized based on local foods
habifually consumed is shown in Table 2.
All subjects were tested on the low energy intake followed by the high energy intake.
essentially protein free diet (11) was given on the first day of each experimental dietary
level, 50 85 to promote rapid aduptation to the diet. A three-day break period with free-choice
diet separated the two experimental periods. The metabolic collection period was scheduled
from the 6th to the 10th day of each experimental period. Meals were served in o pattern the
subjects were accustomed to, between 8-10 am for breakfast, 1-2 pm for lunch and 6-8 pm
for dinner and eaten under supervision,



ENERGY INTAKE AND N-BALANCE 588

Table 1

Subject Characteristics

*'Subject Ape (yrs) BMI (kg/m?) Body surface” BMR (keal/kpg)
' area (m?)
E, 24 16.7 1.35 27.1
E, 28 20.5 1.43 25.0
E, 24 189 1.57 243
E, 25 21.0 1.48 24,4
E, 26 19.3 1.48 25.0
Eg 28 21.8 1.42 28.8
E, 26 2.6 1.50 24.0
E, 21 20.6 1.52 24.2
E, 30 18.8 1.57 242
E, 25 23.1 1.53 ‘ 23.6
E, 32 21.0 1.62 23.4
B,y 25 2.4 1.65 226
B, 27 224 1.74 22.5
MEAN 26.2 209 1.53 24.5
sD 2.7 2.08 0.10 1.73

.EstJmnted from body monogram (Weir IB de V, 1949. J Physio 109, 1).

! BMR (Basal mmetabolic rate) Calculuted from cquation: BMR = 14.7W + 4.96 kcal/day where
W bedy weight in kg.

‘Samples and Measurements:

ow Anthropometric measurements of weight, skinfold thickness of biceps, triceps,
ubscapulur and suprailiac regions were tuken at the start and end of each dietary period.

: Complete 24 hour urine collections were made daily throughous the study with INHC]

a5 preservative. Fecal samples were pooled on a five-day basis with the aid of carmine as

indicator. Samples of food were collected daily in phastic bags. Total nitrogen in urine, feces

‘and food samples were analyzed by the micro kjedahl method of Munro and Fleck (12).
Urinary creatinine was determined by the medification of Jaffe reaction {13} while urinary

‘urea mitrogen was estimated by the modification of Wybenga er af (14). Compleieness of the

uring collection was judged by the creatinine estimation.

~© Venous blood samples were drawn before breakfast from the antecubital Joss at the
start and end of each dietary level for various haematological and biochemical analyses.

P Nitrogen balance was calculated from the intake, fecal and urine nitrogen values, and
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anadditional 8,15 mgN/kg/day was allowed for itegumental and miscellaneous losses. These
losses have been pre-determined in earlier stdjes (15).

Statistical Analysis

wiiThe paired t-test was used to compare vilues between the high

< intakes. A 5% confidence level was chosen as significant. Repgression equati
test associations between enerpy intake and nitrogen balance,

and low energy
ons were used to

Table 2

Ingredients and Nutrienis of a Habitual Nigerian Diet

Ingredients Amouni (g)
Bread 90
Refined Cane Sugar 15
Margarine ‘ -
Pepper {dried) 4
Tomatoes (fresh) 30
Onion (fresh) 40
Palmail 53
Cassava (grated) 100
Beef 40
Vegelables 10
Rice (cooked) . 300
“Orange flavoured drinks (Loutes) (1)
Nuwients: protein (x) 2493
calories (keal) 1706.71

'-Ad_.itilsﬁm':nt in calorie for the high energy diet was with 10
-1 pack of Caloreen (400 kcal) and one additional orange
+:2505.71 keal.

-pravides 120 keal/bottle

g margarine, 15g additional sugar,
flavoured drink to give a oml of

RESULTS

“Body Weight and Anthropometric Changes

o Weight changes for each diet period are summarized in Table 3. A mean fall of
2.6£1.37% in body weight was observed with the low energy period. The fall in body weight
was significant (P<0.05). All subjects except one (E,) lost weight with {he low encrgy intake
manging from 0.5-3.0 kg with a mean value of 1.38+0.87 ke (138 kg/day).




ENERGY INTAKE AND N-BALANCE 587

‘With increase in energy to 20% above the estimated maintenance energy needs, there

‘was & positive weight change in all subjects except subject E, who maintained her weight.

The gain in weight was about 1.6+1.32% accountin g for 0.6940.66 kg body weight (69 g/day).
=io'Data from the two levels of energy intake for each subject were examined for

relationship between weight change and energy intake. The pooled individual equation

-obtained was

Y =0, 4T4H0. 159X (1=0.7534 P<0.03)

where Y=weight change (kg) and X=Energy Intake (kcal/kg/day). From the equation, it is

- expected that an energy intake of about 40.8+4.21 keal/kg body weight at the predetermined
mean protein intake should maintain body weight constant in the subjects,

“iis Measurermnents of waist circumference, total skinfeld thickness, midarm circumference

ond % bodyfat were influenced significantly with diet (P<0.05). Also, the changes in all

anthropometric measurements between the two energy levels differed significantly (P<0.05)
(Table 3).

TABLE 3

Mean Anthropometric changes with Energy Intake"

Before . Afier Difference % Dilfercnce

- Low Energy

- Bodyweight (kg) 527 513 14 268
163 159 108 +1.37

" 'Waist circumference (cm) 70.5 68.4 21 3.0

- +59 +6.0 1.6 122

' Total Skinfold thickness {mm) 725 68.4 4.1 57
= 1145 #1333 135 +4.78

: _Md-m muscle circum{crence 255 250 0.5 2.0
- (em) £18 +1.5 106 £2.23

' % body fat 23.0 22 08 3.38
g 135 +312 0.7 +3.40

. High Energy

‘Body weight (kg) 516 522 0.69 L6%
o 6.0 +59 +0.66 132

- Waist circumference (cm) 68.7 69.5 0.8 124
. 455 154 $1,0 £1.54

. Tolal skinfold thickness (i) 69.2 72.1 29 424

o £117 336 38 45.5

_ " Mid-wm muscle circumference 252 25.4 0.2 o8y
{cm) L5 %15 104 143

" % body fnl 224 23.0 0.6 2.64
v 129 +33 0.8 43,60

T Vilats T given a8 maan TSDor T3 SUDECTS
TP<0.05 compared 1o values of low energy infake,
- Y P05 compared to values at the begining of a dictary pesiod,
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Usinary Qutput

“w The stability of total urinary N excretion is often used ns o measure of metabolic
adaptation to specific N intakes. Fig 1 illustrates the means of all the individuals’ responses
‘. of urinary nitrogen excretion at the two levels of energy intake with time. The slope of the
. graph from days 6 to 10 was not statistically different from zero indicating that an equilibrium
‘had been reached in N-balance. Thus the average individual values from the last five days
were calculated, as shown in Table 4 for the purpose of nitrogen balance estimation. The 33%
reduction in total urinary nitrogen observed with the increase in energy intake was significant,
"The urine nitrogen excretion was 79.97% of total dietary nitrogen ot the low energy intake and
‘only 54.39% at the high energy intake. This shows that utinary nitrogen excretion was
inversely related to dietary energy intake.

" The pooled individual equations relatin
oo Y=111.2-1.43X(n=13, r=-0.73, P<0.05)
‘where Y=urinary nitrogen in mgN/kg and X=~cnergy intake in keal/kg.

s Urinary urea nitrogen excretion accounted for 63.46% of the urinary nitrogen excretion
-8t the low energy intake {Table 4). This value fell significandy to 55.78% with increase in
“dietary energy intake, thus suggesting less efficient wtilisation of dietary nitrogen at the lower
Aevel of energy intake. Urca excretion also showed an inverse relationship with dietary energy
~intake. A significant negative correlation was obtained,
o Y=62.24-0.74X (n=13, r=-0.63, P<0.01)

where Y=urinary urea nitrogen (mgN/kg) and X=cnergy intake (kcal/kg/day).

7+ Urinary creatinine excretion was essentially unaffected by dietary energy intake. Tts
-excretion value was used to menitor the completeness of urine collection,

g energy intake to urinary nitrogen is thus
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“Fecal Nitrogen Qutput

. There was no significant effect of dietary energy on fecal nitrogen excretion. The
verall mean values of 16.243.06 and 16.44£3.61 mpN/kg observed for the low and high
energy intakes respectively were not different (P>0.05). Thus indicating that equal amount of
irogen was absorbed at both levels of energy inlake, since dietary protein (nitrogen) was
ept constant (Table 4). The estimated apparent digestibility did not show any significant
diffnrcnce with energy intake.

Table 4

Mcan Dum on Energy and Nitrogen Intake, Urinary and Fecal Nitrogen, Urea Nitrogen
: Excretion and Apparent Nitrogen Digestibility.

: Energy N intake Total Urinary % Urca Feeal N Apparcal

intake meN&e/d  urinary N uren N Ninioinl  mpN&e/d  digestibility
kealkp/d mgN&e/d  wpN&keg/d  urine N

L 338 78.8 62.7 KUAY 63.5 16.3 79.0
S {2.86) 6.4 {590} (5.20} {2.00} {3.06) (5.2
48.4 77.3 419 2357 5587 16.41 78.6!
(3.7 (8.60) (520 (4.7 (5.60) .11} (4.50)

Fgurcs in parenthesis are  standard deviation of 13 subjects.
Compamon with paired (-1est between levels of intake is significant at P<0.05
! Comparison with paired t-test berween levels of intke is not significant at P>0.05

~Nitropen Batance and Enersy Tntake

i Table 5 shows the individual daily nitrogen balance data with the low and high energy
mlu!u: Nitrogen balance was -8.6315.44 mgN/kp/day with  the low energy intake. When
cncrgy_mtnke was increased to 48.4 keal/kg/duy which was about 43% increase, nitrogen
balance was positive in all the subjects and the group mean was +10.82+6.35. The difference
 nitrogen balance with increase in energy intake was significant (P<0.05).

- Individual equations relating energy intake to nitrogen balance was given ns

L Y=53.8+1.34X (r=0.953, P,0.01)

here Y=nitrogen balance (mgN/kg/day) and X=energy intake (kcal/kyg/day).

The subjects studied required 39 to 42 keal/kg body weight of energy intake 0 achieve
N- bn]:mcc at the level of N intake investigated. The average encigy requirement was estimated
at 40.3+1.41 keal/kp/day. Bulance was observed to improve by 1344348 mgN/100keat of
energy intake.

Nitrogen Utilization and Energy Tntake.

.+ The net protein utilization (NPU) wid biological value (BV) were significantly affected
by_the change in energy intake. The NPU and BV were cilculated by the conventional method
using total obligatory nitrogen losees as 40.0 mpN/kg/day which was estimated earlier {16).
BV of the diet at the low energy intake was 37.6 and this unproved significanlly to
64.7 with increase in energy intake. This indicated that increase in enargy intake improved thc
mtrogcn n:lcntmn The increase is about 71.5% (Table 6).
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Table 5

Individual Daily Nitrogen Patn with Energy Intuke of Young Nigerian Women.

SLHJ_m:l Energy imake N intake Urinary N Fecal N Total N lot" N balanez

keaaltpfd meNkeid
| LOW ENERGY
R 0.5 1023 724 176 92 +3.10
: Is1 363 819 618 1.7 897 180
E, 34.1 79.8 56 212 B63 65
I, 338 .0 610 173 #6.5 15
E, ' 363 B4.4 0.4 IR 1.4 6.6
; E, 34.8 814 6.2 13.8 90.2 8.8
£ 128 763 585 17.5 B2 15
R 41 798 598 - 191 872 3
“E, 325 760 541 128 85.3 3.3
T Ea 118 767 63.6 112 819 22
By 113 72 574 17.4 34 T
B, 300 654 554 116 B2 -158
: By 292 61.8 56.8 V6 4.6 -20.8
MIAN 132 THE L7 16.3 872 863
SD 2.486 014 59 3.06 4.65 544
* HIGH ENERGY
E 551 Y7.3 453 16.1 69.6 b
E‘:‘ 333 LERY 52.7 E3.0 734 PLa -
.E_'. 49.1 7B.2 36l 237 GR.12 . 2
g, 4. 793 a7 E5.8 677 11
B 511 814 463 134 679 136
R 50.1 704 6.4 174 620 17.3
E, 417 76.0 403 17 66.1 94
B 487 75 160 17 669 106
E 471 760 15.6 155 69.3 6.7
F 467 741 455 13.4 67,1 12
1, 456 ' 725 405 205 .2 13
' 42.4 643 6.2 147 5.1 532
417 63.3 353 14.1 51.6 5.7
4B 4 713 41y 16.4% a5 10,82
Yl 170 R.58 .17 ERD| 5.05 635

3 Total nilmgen loss includes miscellsueous pitrogen lass Inken ar R.LSmghNkpfday
! Significant difference from low energy intnke (P<0.05)
-} No significant difference between levels of energy inluke (P>0.05)
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Talile f

“Calealated Biological Yalue (BV), Net Prentetin Utiliztion (NPU) and True mud Apparent Digestibility of the Dict at Two
BRI Levels ol Encrgy Intake,

Digestibility

Energy intake nv NPU
keab/kp/day Apparent True
3376 37.60 Jjo.ng 78.97 9599
32.86 1+3.73 +3.71 5.23 +4.09
48.40 64,65 61.93 7R8.57 95.88
41,70 +4.58" 211" +4.45! £4.04

Values are mean £50 (n=13)
“ Significantly different from the low cnergy inlake (P<0.01)
! No signilicam differenee Tetwetn lovels ol intake (P>0.05)

However, both apparent and true digestibilities of the diet were not affected by the energy
evels,
© Individual equations (pooled) reluting average net protein utilization (NPU) values to
aloric intake is thus:
0 Y=-24.09418.05X (1=0.79, P<0.01)
: where Y=NPU and X is energy intake (kealfkg/fday).

. The NPU of the diet improved by 1.8 for every one keal/kg change in energy intke,

DISCUSSION

In our study we observed a considerable influence of energy intake on body weight.
There was a total change of about 69g per day in body weight throughout the course of the
experiment from the low energy intake to the high energy intake, The energy intake required
1o maintain body weight with 0.47¢ proteinfkg body -weight of the habital diet was
etermined at 40.8 keal/kg/day, a figure that is slighily higher than the recomniendation of the
FAO/WHO (16) and latest FAQ/WHO/UNU (10) for young women which is about 38
-keal/kg/day.

- The fall observed in urinary nitrogen excretion with increase in energy intake in our
tudy was accounted for as a reduction in urea nitropen excretion. Urea nitrogen accounted
for 56% of total urinary nitrogen when the diet contained 3.9% protein energy which was at
-the high energy level. This value increased to 63.5% when dictary protein was providing
:5.85% of the total energy thus suggesting less efficient utilization of dietary nitrogen at the
“lower level of energy intake, Also Inoue e af (4) have shown that the achministration of a low
protein diet with a maintenance level or an excess of encrgy, resulted in a rapid decrease in
the rate of excretion of urinary nitrogen 10 1 low and relatively steady state. They found the
loss of nitrogen in their group on excess energy (o be less.

5 Dietary energy intake did not have any etfect on fecal nitrogen excretion, suggesting
that variations between samples [or a given subject simply reflect fecal overflow. Many
studies have also found that fecal nitrogen output usually is unaffected by dietary nitrogen or
energy (4-6). Thus differences in N-balance can be ascribed solely to differences in N-
utilization in urinary N-excretion.



G. EGUN and T. ATINMO

- From the studies of Calloway (3) and Garza e af (6), they found that energy intnke
had a more profound effect on N-balance than did proiein intake. Balance was aliered by as
much as g 15% change in energy intake as by increasing dietary protein 40%. In our study,
:we observed also that energy intake had a consideralle effect on N-balance, Fhe balance was
- improved by 1.3 mgN/keal between the low and high energy intake. Scrimshaw ef af (18) also
bserved an improvement of balance of 0,94 mgN/keal/kg and 0.84 mgN/keal/kg with gluten
and lysine respectively when energy intake changed from 42 to 53 keal/kg,
~icAn energy intake of 40.8 keal/kg/day was found to maintain zero nitrogen balance on
the estimated protein intnke (0.47g protein/kg/day) in our study,
<. With regards to the availability and biological value of proteins in the habitual diet
-consumed, our study showed that the availability of absorbed nitrogen improved as welt as
with excess energy intake, The increase observed in NPU and BV wit
intake indicated that the absorbed nitrogen was better wilized when eaten
“energy.
-Our data also provided an opportunity to assess the effects of calorie intake on the
efficiency of protein utilization. The slope describing the relationship between NPU and
energy intake (keal/kg) was 1.8 units indicating that [or the level of N-intake studied, n change
- of 1 keal/kg altered values by an average of 1.840.62 (1 .0-3.5) units. This result is comparuble
“to the study of Garza ef al (6} who observed a change of 2-4 units in NPU for egg protein
with changes in 1 kcal/kg of energy intake.
“iw:. This value is quite close to our value for the habiw
cquul effective usage of dietary nitrogen with changes in energy intake. Thus our estimated
‘protein intake of 0.47 g/kg/day, on an avernge energy intake of about 40 kenlkg/day should
be adequnte, for the purpose of estimating requirements,

h increase in energy
together with excess

al diet, thus suggesting an almost
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