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Protein requirement of young adult Nigerian females on habitual 
Nigerian diet at the usual level of energy intake 
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A short-term N balance study was conducted in twelve healthy female adults aged 21-32 years to 
determine their protein requirement. Four dietary protein levels (0.3,0.4,0.5 and 0.6 g protein/kg per d) 
were used. Energy intake of the subjects was kept constant a t  0.18 MJ/kg per d. All subjects maintained 
their normal activity throughout the study period. N excretion was determined from the measurements 
of N in a total collection of urine, faeces, sweat and menstrual fluid for each dietary period. N balance 
during the four protein levels were - 15.15 (SD 5%), -5.53 (SD 6.71), + 615 (SD 4.76) and + 12.05 (SD 
8.63) mg N/kg per d for 0.3,0.4, 0.5 and 0.6 g protein/kg per d respectively. The calculated average N 
requirements from regression analysis was 76.0 (SD 3.37) mg N/kg per d (0.48 g protein/kg per d). The 
estimate of allowance for individual variation to cover the 975% population was 95 mg N/kg per d 
(0.6 g protein/kg per d). The net protein utilization (NPU) of the diet was 0.55. When compared with 
a similar study with men, there was a significant difference in the protein requirement between sexes. 
Thus, the unjustifiable sex difference in the protein allowance recommended by the Food and Agriculture 
Organization/World Health Organization/United Nations University (1985) Expert Consultation group 
must be reviewed. 

Protein requirements: Nitrogen balance : Nigerian diet 

There have been various reports of studies on human protein requirements for over a 
century (Munro, 1985) but the area is still under active investigation as new concepts and 
more information become available especially from developing countries. More recently 
attention has focused on protein requirements under conditions prevailing in developing 
countries where there are cultural, environmental, as well as dietary differences from 
developed or industrialized countries (United Nations University World Hunger 
Programme, 1979 ; Food and Agriculture Organization/World Health Organization/ 
United Nations University (FAO/WHO/UNU), 1985. 

The database from developing countries for setting recommended allowances for protein 
is increasing but, still, they are mostly based on studies of adult males. There is less 
extensive information available for adult females. The recent FAO/WHO/UNU (1985) 
Consultative Group had to depend on the conclusion of the Food and Agriculture 
Organization/World Health Organization (1 973) Expert Group, for values for the 
obligatory N losses of women (Bodwell et al. 1979) and results of Calloway & Kurzer 
(1982) based on N balance studies. The conclusion was reached that there was no 
justification for making a distinction between adult males and females when setting a safe 
intake of protein. Accordingly, the safe intake of good-quality, highly digestible protein 
was set at 0.75 g/kg per d for both sexes. There is the need to have more information on 
women so as to provide more material for future consultative groups on protein 
requirements. 

* Present address : Department of Biochemistry, Lagos State University, Badagry Expressway, Lagos, Nigeria. 
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Our previous attempts at estimating protein requirements for adults in Nigeria (Atinmo 
et al. 1985, 1988a, b) have been based on young men. The present study set out to 
investigate the requirement of protein in Nigerian women under prevailing environmental 
conditions. Although the short-term N balance technique has been criticized (Millward 
et al. 1989), it provides valuable information for further investigation (the long-term N 
balance evaluation). 

M A T E R I A L S  A N D  M E T H O D S  

Subjects 
Twelve young adult females whose ages ranged between 21 and 32 years were the subjects 
of the present study. They were students of the University of Ibadan who were judged 
healthy from physical examination and routine laboratory tests. No medication was taken 
and all subjects remained essentially healthy throughout the study period. Their 
characteristics are summarized in Table 1. They maintained their normal activity, which 
included their full academic schedule, and were free living but consumed their food under 
supervision. 

Daily body weights were recorded at 07.00 hours throughout the entire study period 
under standardized conditions (preprandial, post voiding and with light indoor clothing). 
The protocol was approved by the Ethical Committee of the College of Medicine and 
subjects were required to sign consent forms. 

Diet and experimental protocol 
The diet was standardized. based on foods habitually consumed from a combination of 
root-tubers, cereals, vegetables and animal products. Orange-flavoured drinks providing 
0.5 MJ/bottle were included to raise the energy level of the diet. Complete mineral and 
vitamin supplements were added to prevent any deficiencies. Components of the habitual 
diet of the subjects are shown in Table 2. 

To determine the level of energy intake a preliminary study on the subjects was carried 
out for 2 weeks. Daily body weights of the subjects were taken and subjects kept a diary 
record of their food intakes and daily activities. The estimation of the energy required was 
determined based on basal metabolic rate (BMR) which was calculated from predictive 
equations (FAO/WHO/UNU, 1985). The energy intake was then fixed at 0.18 MJ/kg per d, 
which is about 1.75 x BMR (estimated). 

Four dietary protein levels were used for the study: 0.3, 0.4, 0.5 and 0.6 g/kg per d. All 
subjects were tested on the four graded levels of protein. The subjects were divided into two 
groups. One group was assigned to an ascending sequence of dietary protein levels and was 
designated group A. The other group, designated group D, had a descending sequence of 
dietary protein levels. Each dietary level was preceded by 1 d on a practically protein-free 
diet (Atinmo et al. 1985) to enhance adaptation, followed by 10 d on the test protein. A 
break of 3 d between the different protein levels was allowed. 

Vegetable-protein intake was maintained constant and changes in protein level were 
obtained by decreasing and increasing the beef content of the diet. Thus, the animal-protein 
content of the diet ranged between 120 and 580 g/kg. Meals were consumed in a pattern 
the subjects were accustomed to, at 07.00-08.00, 13.00-14.00 and 19.00-20.00 hours under 
supervision of the dietitian. 

Samples and analyses 
Urine samples were collected throughout on a 24 h basis in 2 litre plastic bottles, each 
containing 10 ml 1 M-HCI. After measuring volume, a portion of each urine sample was 
frozen for later analyses including total N, creatinine and urea-N. 

Faecal samples were collected with the aid of a faecal marker (carmine) as 5 d pools in 
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Table 1. Characteristics of twelve young Nigerian women who participated in the study 

A04 23 
' 4 0 ,  22 
A08 25 
A,,, 32 
A10 24 
D", 26 
Do, 24 
Do, 21 
Do, 20 
Do, 23 
Dm 23 
D, 1 25 
Mean 24.0 
SD 3.0 

1.55 
1.67 
1.57 
1.65 
1.56 
I .69 
1.66 
1.61 
1.68 
1.66 
1.71 
1.55 
I .63 
0.06 

45.0 
57.0 
49.0 
55.0 
50.0 
63.0 
57.0 
48.0 
61.0 
49.0 
50.0 
53.0 
53.1 

5.5 

4.86 18.7 
5.60 20.4 
5.10 19.9 
6.63 20.2 
5.17 20.5 
5.98 22.1 
5.60 20.7 
5.04 18.5 
5.84 21.6 
5.10 17.8 
5.17 17.1 
5.36 22.1 
5.45 20.0 
0.50 

BMR, basal metabolic rate; BMI, body mass index weight/height*. 
* Calculated by the Food and Agriculture Organization/World Health Organization (1973) method 

Table 2. Composition (g/d) of the experimental Nigerian diet 

Bread 
Refined cane sugar 
Margarine 
Pepper (dried) 
Tomatoes (fresh) 
Onion 
Palm oil 
Cassava (grated) 
Beef 
Vegetables 
Rice (cooked) 
Orange drink (bottles) 
Vitamin and mineral supplement* 
Protein 
Energy (MJ) 

90 
30 
30 
4 

80 
40 
60 

100 
10 
14 

300 
2 

15.68 
9.2 1 

* Vitamin and mineral supplement was provided in the form of a capsule prepared by Ricker Laboratories, 
Loughborough, UK and containing (mg) : retinoic acetate 5,OOOpg, pyridoxine 100.0 pg, thiamin 2.25, 
cydnocobalamin 2.0 pg, riboflavin 2.25, ascorbic acid 40, pantothenic acid 0.5, cholecalciferol300 lrg, a-tocopheryl 
acetate 2.0, copper sulphate 2.95, nicotinamide 20.0, manganese sulphate 4.0, dried ferrous sulphate 51-0, 
potassium chloride 5.6, anhydrous dibasic calcium phosphate 255.0, dried magnesium sulphate 75.0, potassium 
iodide 0.2, zinc sulphate 4.4. 

preweighed plastic containers. Collections were frozen before being homogenized in a 
blender. Menstrual fluids were collected on sanitary pads and tampons, which were 
immediately frozen after use. The tampons and pads from each menstrual period per 
individual were soaked for 24 h in a measured volume of 0.1 M-HCl to elute the N. Sweat 
N was collected for 2 d during each balance period on nine of the subjects. The mean value 
for each period was used in N balance calculations. The collection method was similar to 
that described by Sirbu et al. (1967) and Spence et al. (1972). 

The N content of the diets, urine, faeces, sweat and menstrual collections were 
determined by the microKjeldah1 method as modified by Munro & Fleck (1969). Creatinine 
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and urea-N were determined by the automated method (Technicon Corp., Irvine, CA, 
USA), modifications of the Jaffe reaction (Bonsnes & Taussky, 1945) and the carbamino- 
diacetyl reaction (Wybenga et al. I97 1) respectively. Possible changes in body composition 
were determined by anthropometric measurements at the beginning and end of each dietary 
period. These measurements included mid-arm circumference, waist circumference and 
skinfold thickness at the triceps, biceps, subscapular and suprailiac regions. 

Data analysis 
N balance was calculated from N intake, faecal, urine and miscellaneous losses. The linear 
regression analysis equation relating N intake to N balance was used to estimate individual 
N requirements (Rand et at. 1977). The average requirement that can cover 97.5 YO of the 
population studied taking individual variation into consideration was determined. The 
protein-quality indices, net protein utilization (NPU), biological value (BV) and true and 
apparent digestibilities, were calculated by the conventional method (United Nations 
World Hunger Programme, 1979). 

Two-way analysis of variance (ANOVA) was used to test for changes in data obtained 
at the different dietary protein levels. A change is considered significant at P < 0.05. 
Conversion of the N values to protein was done by multiplying by the factor 6.25. 
Comparison between sexes was done by the Student's t test. 

RESULTS 

Subject characteristics 
Body-weight and anthropometric changes of the subjects are presented in Table 3. The 
mean changes were not statistically different. Five subjects maintained stable body weights 
while weights fluctuated slightly but not significantly in other subjects. Anthropometric 
changes also varied among subjects. Differences were not statistically significant ( P  > 0.5). 

Urinary output 
Table 4 shows the mean values of urinary output for the last 5 d for each dietary period. 
Urinary N was found to increase significantly with increasing protein intake for the group 
as a whole ( P  < 0.001) and also among individuals (41,33 3.74, P < 0.05). Urinary urea-N 
excretion accounted for a larger percentage of the total urinary N when protein intake was 
raised. The percentage increased significantly (P < 0.001) from 53 to about 72 with the 
0.3-0.6 g protein/kg per d intake. Urinary creatinine, which was used to judge the 
completeness of urine collection, increased slightly but did not change with the level of 
protein intake ( P  > 0.05). 

Nitrogen balance and requirements 
Details of N balance data are shown in Table 5. Urinary N was the mean value for the last 
5 d for each dietary level. Faecal N was the pooled faecal N for the 5 d collection period 
and it did not change significantly with changing protein intake, using two-way ANOVA 
(f& 2.5, P > 0.05). Loss of N through menstrual flow was found to be 1.5 (SD 0.38) mg 
N/kg per d as the mean of all subjects for the entire experimental study period. Loss of N 
through the skin (sweat) was found to vary significantly with protein intake; the mean 
values for nine subjects were 5.45 (SD 0.79), 6.36 (SD 0.70), 6.65 (SD 0.73) and 7.10 (SD 0.87) 
mg N/kg per d for 0.3, 0.4, 0.5 and 0.6 g protein intake/kg per d respectively. The mean 
values were used in the calculations of balance at each level respectively. 

All subjects showed negative N balance when dietary protein intake was 0.3 g protein/kg 
per d while only one subject was in positive balance at 0.4 g/kg per d. When dietary protein 
was raised to 0.5 and 0.6 g/kg per d all subjects had attained positive N balance. N balance 
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Table 3. Anthropometric changes in twelve young Nigerian women who participated in the 

Subject Body wt (kg) 

Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 
Change 
Initial 

Change 
(SD) 

@ED) 

40 
0 

57.5 
+ 0.5 
49.0 
+ 1.0 
54.5 
0 

51.5 
- 1.0 
63.0 
- 1.0 
55.0 
0 

47.5 
0 

59.0 
0 

49.0 
- 0.5 
48.0 
+ 1.0 
52.5 
- 0.5 
52.2 
6.1 

- 0.04 
0.19 

study* 

Waist 
(4 

57.0 
- 0.5 
72.5 
- 1.0 
67.0 
+ 2.5 
68.5 
+ 0.5 
75.5 

+ 0.5 
71.5 
- 2.0 
695  
- 2.0 
62.5 
- 1.0 
69.5 
0 

64.5 
0 

65.5 
- 1.5 
72.0 
- 3.5 
67.96 

5.05 
- 0.67 

0.45 

Mid-arm 
Total muscle 

(mm) (mm) Body fat 
skinfold circumference % 

3 5.0 
- 0.3 
92.6 

0 
69.0 
+ 3.6 
76.0 
+ 1.2 
84.4 
- 2.6 
80.7 
- 7.5 
55.8 

+ 2.4 
61.0 
- 1.2 
51.6 

0 
56.8 

+ 4.4 
38.8 
- 0.2 
86.4 
+ 2.7 
65.68 
18.85 

+ 0.2 1 
1.07 

207.4 
0 

246.8 
+ 0.02 
240.6 
+ 4.2 
253.8 
- 0.3 
246.8 
+ 0.2 
270.0 
- 8.2 
251.6 
+ 5.8 
235.8 
-4.8 
253.8 
- 6.4 
226.0 
+ 4.4 
228.2 
- 5.6 
243.2 
+ 4.4 
242.0 

16.0 
- 0.5 

1 -4 

12.8 1 
-0.11 
26.97 
0 

22.60 
+ 0.74 
24.0 1 
+ 0.22 
25.58 
- 0.5 
24.9 1 
- 1.52 
19.49 

20.77 
- 0.27 
18.40 
0 

19.75 
+ 1.09 
14-27 

25.93 
+ 0.46 
21.29 
4.57 

+ 0.05 
0.19 

+ 0.6 

- 0.08 

* For details of subjects and diets, see Tables 1 and 2 and p. 440. 

Table 4. Urinary nitrogen, creatinine and urea-nitrogen excretion in young Nigerian 
women given diferent levels of protein? 

(Values are means with their pooled standard deviations for twelve subjects over 5 d) 

Urea N 
Urinary N Creatinine Urea N in urinary N 

(mg/kg per d) (mg/kg per d) (mg/kg per d) ( Y O )  

Protein intake 
(g/kg per d) Mean SD Mean SD Mean SD Mean SD 

0.3 41.41 4.73 18.4 0.39 22.3 3.22 53.8 3.5 
0.4 47.0 3.77 18.8 0.90 29.4 3.20 62.4 3.05 
0.5 53.6 5.73 19.0 0.70 36.3 4.74 67.6 2.89 
0.6 64.9* 4.45 19.2 1.0 46.6* 4.40 71.8* 2.48 

F (df3.33) 66.20 2.36 79.3 85.78 
Significance P < 0.001 P > 0.05 P < 0.001 P < 0.01 
of comparison 

Mean values were significantly different from those at other levels of protein intake (two-way ANOVA); 

t For details of subjects and diets, see Tables 1 and 2 and p. 440. 
* P < 0.05. 

N U T  70 
16 
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Table 5. Nitrogen baiance values (mg N / k g  per d) in twelve young Nigerian women 
__ 

0.3 g protein/kg per d 0.4 g protein/kg per d 

Subject N1 UN F N  NB NI U N  F N  NB 

62.72 42.85 
43.63 38.37 
51.20 46.79 
46.03 36.82 
48.72 41.80 
40.46 39.90 
46.03 35.43 
52.82 39.66 
43.63 62.45 
49.19 39.73 
50.18 38.50 
47.34 44.65 
48.50 41.41 

5.70 4.73 

20.75 -7.83 
15.34 - 17.03 
12.92 - 15.46 
18.39 -16.13 
15.05 - 15.08 
11.31 -17.69 
14.08 -10.43 
13.95 -7.74 
14.82 -30.59 
17.61 -15.10 
17.14 -12.41 
11-99 -1625 
15.30 -15.15 
277 5.95 

0 5  g protein/kg per d 

Subject NI U N  F N  NB 

109.0 
77.54 
86.75 
81.13 
85.90 
71.23 
79.65 
92.23 
74.25 
87.62 
81.62 
81.13 
84.50 
9.83 

67.20 
48.72 
57.08 
51.84 
51.58 
52.04 
46.16 
53.78 
52.43 
55.88 
47.20 
58.83 
53.56 

5.73 

18.70 
18.64 
13.98 
20.08 
17.63 
10.10 
15.22 
20.40 
13.73 
14.79 
22.74 
11.55 
16.46 
3.83 

+ 15.47 
+ 2.03 
+ 7.54 
+ 1.06 
+ 8.54 
+ 0.94 

+ 10.12 
+ 9.9 1 
+ 0.22 
+ 8.80 
+ 6.53 
+ 2.60 
+6.15 

476  

84.46 
60.5 5 
68.42 
63.35 
65.79 
55.62 
6 1.09 
72.02 
58.98 
68.42 
68.42 
64.54 
65.97 
7.47 

51.32 17.60 +7.92 
43.26 19.67 - 10.24 
51.98 12.34 -3.82 
47.48 19.34 -11.33 
47.30 18'37 -7.74 
42.98 12.55 -5.76 
42.04 14.98 -3.79 
45.02 20.82 - 1.68 
48.66 20.42 - 19.96 
49.16 13.01 -2.79 
42'40 19.51 -1.35 
52.05 10.50 -5.87 
46.97 16.59 -5.53 

3.77 3.68 6 7  1 

0.6 g protein/kg per d 

NI UN F N  N B  

130.72 
93.37 

106.7 1 
97.74 

10055 
81.70 
95.07 

1 10.08 
88.62 

106.71 
108.93 
99.60 

101.55 
12.5 1 

72.08 19.18 
57.26 11.93 
63.84 14.26 
62.60 20.97 
64.34 15.20 
59.65 11.90 
68.14 16.19 
70.23 17.31 
67.06 10.44 
65.68 17.28 
60.14 22.06 
67.46 10.50 
64.87 16.10 
4.45 3.82 

+ 30.86 
+ 9.58 

+ 20.01 
+ 5.27 

+ 12.41 
+ 1.55 
+2.14 

+ 13-94 
+ 2.52 

+ 15.16 
+ 18.13 
+ 13.04 
+ 12.05 

8.63 

NI, N intake; UN, total urinary N (mean of last 5 d); FN,  faecal N ;  NB, N balance (assuming 5.45, 6.36, 6.56 
and 7.1 mg N/kg per d for sweat N for 0.3, 0.4, 0.5 and 0.6 g protein/kg per d respectively, and 1.5 mg N/kg  per 
d for menstrual loss). 

showed a significant ( P  < 0.001, F3, 35 126.95) increase with increasing N intake. Increasing 
N intake improved the N balance by 32-78.5 YO for every 100 mg N/kg rise in N intake 
(Table 6). 

Individual regression analysis was used to calculate the maintenance N requirement 
(Table 6). The mean N requirement was 75.77 (SD 3.37) mg N/kg per d (0.4 g protein/kg 
per d). Estimates of allowances for individual variation to cover 97.5 YO population as 2 s ~  
or 25 Yo of mean requirement was calculated as 95.0 mg N/kg per d (0.6 g protein/kg per 
d). When compared with the value obtained for young Nigerian men of 110.25 (SD 27.9) mg 
N/kg per d, the difference in requirement was significant at P < 0.001 ( t  4.05, df 25). The 

mean N requirement expressed on a lean mass (YO difference between body weight and body 
fat) basis was estimated at 122.8 mg N/kg lean body weight per d (0.77 g protein/kg lean 
body weight per d) for the subjects. 
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Table 6. Linear regression equations relating nitrogen balance to nitrogen intake for  
twelve young Nigerian women* 

Subject 
Regression 
equationt 

Y =  -40.40+0.537X 
Y =  -42.09+0.550X 
Y =  -47'77+0'637X 
Y= -37'56+0'449X 
Y =  -43.22+0.570X 
Y =  -34.67+0.437X 
Y =  -22.83+0.317X 
Y =  -29.15f0.400X 
Y =  - 63.60 + 0.785X 
Y =  -40.12+0,530X 
Y= - 37.37 +0.509X 
Y =  -41.95f0.553X 

Maintenance 
requirement 

(mg/kg Per d) 

75.24 
75.80 
75.02 
83.66 
76.05 
73.33 
72.00 
72.78 
80.96 
75.14 
73.44 
75436 
75.77 

3.37 

r 

0.987 
0,994 
0.999 
0,982 
0.986 
0,955 
0.777 
0,988 
0.966 
0,991 
0.998 
0,999 

Y,  N balance (mg/kg per d); X, N intake (mg/kg per d). 
* For details of subjects and diets, see Tables 1 and 2 and p. 440. 
t Intercept ( Y  = 0) is N intake for the maintenance of N equilibrium. 

Table 7. Biological value (BV), net protein utilization (NPV)  and true and apparent 
digestibilities of the experimental diet at diflerent levels of protein intake for  young Nigerian 
women? 

(Mean values and standard deviations for twelve subjects) 

Digestibility 

Level of 
protein intake 
( g / k  per d) 

0.3 
0.4 
0.5 
0.6 

F (df,, 38) 

BV 

Mean SD 

0.57 0.055 
0.56 0.058 
0.55 0.028 
0.53* 0.039 

297 

NPU Apparent True 

Mean SD Mean SD Mean SD 

0.56 0.054 68.6 9.58 99.9 5.53 
0.55 0.065 74.7 6.01 98.7 5.57 
0.54 0.028 80.5 4.03 98.7 467  
0.52* 0.034 89.2* 3.27 99.3 3.86 

2.94 3.21 0.44 

Mean values were significantly different from those at other levels of protein intake (two-way ANOVA): * P 

t For details of subjects and diets, see Tables 1 and 2 and p. 440. 
< 0.05. 

Protein utilization and digestibility 
The BV, NPU and the true and apparent digestibilities for the habitual diet at different N 
intake levels in the young women studied are presented in Table 7. Obligatory N loses were 
calculated from the mean of individual regression equations relating N intake (NI) to 
urinary (UNE), faecal (FNE) and sweat (SNE) N losses. 

and 

UNE = 20.62 + 0.414N1, 
FNE = 15~18+O.O11NI, 
SNE = 4.12 + 0.03NI. 

16-2 
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Thus, the obligatory N losses for urine, faeces and sweat were 2062, 15.18 and 4.12 mg 
N/kg per d respectively. The BV and NPU were significantly reduced (P < 0.05) with 
increase in protein intake. The apparent digestibility of the experimental diet increased 
significantly (P < 0.05) with increasing protein intake but the true digestibility did not 
change with changing level of protein intake. 

D I S C U S S I O N  

In the report of FAO/WHO/UNU (1985) there was insufficient data to justify setting a 
different allowance for adult females. The data considered were those of Caucasians in 
privileged countries (Bodwell et al. 1979; Calloway & Kurzer, 1982). Since the variation in 
protein requirement is the result of the modifying effect of environment on the expression 
of that potential, it is, therefore, necessary to determine what the appropriate estimates are 
for protein among women for various populations. Thus, there was a need to obtain such 
data for Nigeria with her populations living under conditions prevailing in developing 
countries and consuming diets differing in characteristics. Our subjects were homogeneous 
in their living arrangements and academic activities. The choice of university women was 
mainly to compare our results with those of our earlier study on young men (Atinmo et al. 
19886). Our young women had a constant level of energy intake which was judged 
adequate at 0.18 MJ/kg per d for the short period of 11 d studied, as there were no 
significant changes in body anthropometric measurements such as total skinfold thickness, 
waist circumferences, mid-arm circumference and percentage body fat. 

The N loss in urine was observed to increase linearly with increases in protein intake as 
observed by many workers in this area (Young & Scrimshaw, 1968; Calloway & Margen, 
1971). The increases observed in total urinary N with increased protein intake were 
attributed largely to increases in urea N excretion. The percentage of the urinary N that was 
made up of urea varied from 54 with the lowest protein intake to 72 with the highest protein 
intake. 

Daily urinary creatinine in our subjects did not fluctuate with changing levels of protein 
intake. Although urinary creatinine was used to monitor the completeness of urine 
collection, it can also be used to determine the muscle mass of subjects (Chinn, 1967). 
Similar results were obtained by other workers (Young et al. 1973; Huang & Lin, 1982) 
with different levels of protein intake derived from egg protein and customary diets 
respectively. 

Our extrapolated obligatory total N loss was about 40 mg N/kg per d for the habitual 
diets. This value is much less than the estimated obligatory losses obtained for our men 
(Atinmo et al. 1985). However, the value was close to the actually determined losses 
reported by Bodwell et al. (1979) and Scrimshaw et al. (1976) for young and elderly women. 

Individual regression analysis relating N intake to N balance in the present study gave 
a mean daily protein requirement for the habitual diet of 0.47 g protein/kg per d. To derive 
the safe level of protein intake from the mean requirement, an allowance covering 
individual variation has to be estimated. Mean requirement plus 2SD is usually considered 
to be able to satisfy the need for nearly all (97.5 "/o) the population (0.6 g protein/kg per d). 
Our result, however, is similar to the results obtained by Calloway & Kurzer (1982) with 
egg-white protein and by Hussein (1984) for Egyptian women on their customary diet (73 
and 77.4 mgN/kg per d respectively). However, the value for Indian women (Pasricha 
et al. 1965) was 94.0 mg N/kg per d. 

When we compared our findings on a per kg body-weight basis with those of our 
previous study on young men we found that the requirements differed significantly. Our 
young men had a mean requirement of 110 mg N/kg per d. However, we observed a similar 
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slope in the data for both sexes indicating similar utilization of protein. The major 
difference was in the obligatory N loss. This may be due to differences in the body 
composition of both groups. When N requirement was expressed on lean body mass basis 
the values obtained for our female subjects of 122.8 mg N/kg lean body weight per d was 
similar to the 130.3 mg N/kg lean body weight per d obtained for our male subjects. Thus, 
the difference in protein requirement between the sexes may be attributed in part to the fact 
that lean body mass of our female subjects is only about 70% of the value for our male 
subjects. However, the influence of hormonal regulation on N balance cannot be 
overlooked as a possible factor for the difference observed (Calloway & Kurzer, 1982). 

The NPU value of 0 5 5  obtained for the habitual diet is similar to the NPU value 
obtained in our earlier study (Atinmo et al. 1988b) for young men on a similar diet. This 
is comparable also with the results of Japanese young men (0.50455; Kishi et al. 1978) and 
Chinese men (0.55-0.58; Huang & Lin, 1982) on their mixed customary diet. 

Thus, we observe a good utilization of the dietary protein by our subjects. We can 
assume, therefore, that, for a habitual diet containing mixed dietary proteins, there could 
be a complementary pattern of amino acids, so that specific essential amino acid deficiency 
is unlikely to occur in adults at adequate protein intake. Thus, utilization of the protein 
would be expected to compare favourably with standard reference proteins like eggs. We 
observed significant and obvious reductions in the BV and NPU values at the highest 
protein intake as in our young men. This is an indication of reduced utilization of protein 
at higher protein intakes. Studies of Calloway & Margen (1971) and Inoue et al. (1973) also 
found that the utilization of egg protein in adult subjects was consistently lower at levels 
above that just sufficient to maintain balance. 

Although a longer-term N balance study is needed to confirm our findings in terms of 
protein requirement, it might be advisable at this stage that the requirements for women 
be given more attention by the future Expert Consultative Committees. 

The authors hereby acknowledge the support of the United Nations University and 
University of Ibadan Research Grants for providing the grants for this study; the advice 
and critical evaluation of the manuscript by Professor D. H. Calloway; and the full 
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