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SUMMARY 

rTet Protein utilization of two low-cost, high protein 

foods, formulated for supplementary feeding, are determined. 

Thirty day-old albino rats are used for the determination of 

both NPU-operative and standard. Digestibility and Biological 

Value are determined simultaneously. Some practical aspects of 

the method are' considered. ' 

Both foods, in the form of biscuits, shO'N good results 

from the study, especially the coconut biscuits. Growth of the 

animals fed these foods was impressive; those on coconut biscuits 

fared even better than those on skim milk. NP~-standard: of the 

coconut tliscuits was obtained to be 73, and NPU-operative, 61. 

The NPU-standard of soya biscuits was 68. These values are 

compared to that of skim milk, whose NPU-standard was obtained 

to be 84. The important aspects of the results obtained are 

discussed. 



INTRODUCTION 

:It has been realised that the mere chemical determination 

of foods do not reveal very much the nutritive values of the 

foods. Biological evaluations have gained recognition as 

extremely useftilmeans of assessing protein quality of foods/diets. 

Methods such as Net Protein Utilization (NPU) have provided useful 

information. Workers who prefer this method claim that it is 

relatively easy and inexpensive to carry out. The determination 

of seven proteins can be tested simultaneously in 10 days, 

involving no nitrogen estimations other than on food (Miller & 

Bender, 1955). 

:In the classical method for the determination of Net Protein 

Value (N.P.V.) t Biological Value (determined by nitrogen balance) 

is multiplied by Digestibility. Bender & Miller (1953), proposed 

to leave out the laborious nitrogen balance determination, and 

employ carcass analysis for the determination of N.P.V. In a 

further modification and simplification, it was proposed (Bender 

& Miller, 1953a) ~o eliminate carcass nitrogen analysis and rely 

on a predetermined ratio of nitrogen to water in the carcass. 

Thus, in the shortened method of NPU determination (Miller & Bender, 

1955), only the water content of the carcass need be determined, 

and by the use of the said ratio, carcass nitrogen could be 

calculated. This method of NPU termination has become one of the 



most widely used methods for evaluating the nutritive value of 

proteins. 

In this presentation, results of a study of the NPU 

(determined by the method of Miller & Bender, 1955) of two low­

cost, h:1.gh protein foods are presented. Biological Value (BV) 

and Digestibility (0) were determined simultaneously. These foods, 

in the form of biscuits, have been developed by the Agricultural 

Products Utilization Division of MARDI for supplementary feeding 

purposes. 

TlHE AND PLACE OF STUDY 

The study was started in early May, 1976. The whole study 

took about 3 weeks, to include the preparation of the diets and 

determinations of body water and fecal nitrogen of the rats. Actual 

feeding of the animals was for 10 days only. Both chemical analysis 

and feeding of the animals were done at the Nutrition Research 

Institute, Unit Diponegoro, Jakarta. 

EXPERIMENTAL DIETS 

The two foods studied, coconut biscuits and soya biscuits, 

were brought into Jar..arta from Kuala Lumpur and stored in the 

refrigerator. The soya biscuits were found to be insufficient for 



both NPt1-standard and operative determinations. Hence only NPU­

standard was done for these original soya biscuits. Subsequently, 

the formula. as given by MARDI.was followed and an attempt was 

made to bake these biscuits in the laboratory. Hereafter, the 

original soya. biscuits from MARDI will be referred to as soya 

biscuits-MARDI, to distinguish it from those baked in the labora­

tory, which will be simply referred to as soya biscuits. 

Besides these biscuits, a non-protein and skim milk powder 

diet were included as control and comparison, respectively. Hence 

there are a total of 7 types of experimental diets, namely: 1. non­

protein, 2. sJdm milk, 3. coconut biscuits (NPU-operative), 4. coconut 

biscuit (NPU-standard), 5. soya biscuit (NPU-operative), 6. soya 

biscuit (NPtJ-standard), 7. soya biscuit-MARDI (NPtJ-standard). Each 

di~t:.:Waer.deterIhined in triplicate (except for soya biscu1ts-l".ARDI, 

which was done in duplicate). 

Fer NPU-operative determinations, the biscuits were simply 

pounded lightly and presented to the rats in fine particles, with 

no additions whatsoever. After a chemical determination of the 

protein content of these biscuits, suitable dilutions were made 

to lower the protein content to 10% for NPU-standard determinations. 

Composition of the diets is shown in Table I. 
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EXPERIMENTAL ANIMALS 

Albino rats from an inbred of the Lembaga Makan Rakjat strain 

from the Nutrition Research Institute, Unit Diponegoro were used. 

They were weaned on the 25th day and put on a stock diet for 5 

days prior to the commencement of the actual feeding study. Hence 

at the start of the experiment, they were all 30 days old. 

METHOD 

NPU, PN AND D DETER11INATIONS 

Each experimental cage housed 4 rats fed on a particular 

diet. It was ensured that the group weight of the rats totalled 

the same. correct within 2 grams. This initial group weight of 

the 4 rats on each diet was recorded. Subsequently, the grpup 

weight of the rats was taken daily, and ...,eight change recorded. 

Food and water were given ad libitum. The total amount 

of food prepared was weighed and kept in properly marked jars. 

The food was presented to the rats in pots designed to minimise 

spillage. Each day, these pots were filled up with fresh food. 

The water pots were cleaned and fresh water given. 

Each experimental cage had a tray at the bottom, contain­

ing about '1 em of saw-dust and 2 pieces of paper on top of the 

latter to absorb the urine and spilt water. Feces and spilt food 



-6­

were collected on the papers. Every 3 days, these trays were 

changed for clean trays, papers and saw-dust. The feces and spilt 

fOod were weighed. 

on the 10th day, all the rats, after weighing, were killed 

using ethyl ether. Incisions were made into the skull, thoracic 

and body cavities. The carcasses were placed on papers (about 10 

pieces of papers, folded into small boxes, were used to absorb 

the fat), dried in the oven at 70oC, until constant weight (4 days). 

water loss was determined. 

The remaining food in the jars was weighed. All spilt food 

for the 3 collections were added to this. The remaining food in 

the pots on the day of the killing was also noted. The original 

amount of food in the jars, less these weights gave the amount 

of food taken by the rats for the 1Q-day period. 

All feces collected for the 3 collections were pooled, 

weighed and ground. Fecal nitrogen was determined. 

CHEMICAL ANALYSES OF DIETS AND FECES. 
Protein, fat, moisture and ash were determined for those 

diets whose NDpCal % were to be calculated. ProteL.., was determined 

for all the diets. Procedures fO&lowed were standard methods, 

with modifications as made by the Unit Diponegoro. 

Fecal nitrogen VIeIs determined by Kjeldahl method. 



- 7­

CALCULATIONS 

From carcass water content, body nitrogen content Has 

calcu1ated using the formula of Miller &. BEmder (1955). r~et 

Protein Utilization values were then calculated by applyii"1g 

the eqqation of 'Bender & Miller (1953). 

Digestibility was calculated using the formula as given 

by Miller & Bender (1955). Biological Value is then obtained 

from the relationship I 

NPU-starxiard 
X 100 

D 

Net Dietary Protein Calorie % (OOpCal 'to) values of the 

biscuits were calculated thus I 

~~U-operativa x protein content of diet x 4 
NDpCal % .. -------------------­

t~ calories per 100 g diet 

RESULTS 

Percentage daily weight change of the animals during 

the experiment is given in Table II, and a graph plotted, as 

shown in figure 1. All animals, except those on non-protein diet, 

showed sharp increases in body weight. By the end of the feeding, 

all had gained over 40% of the original weight. The graphs for 

the coconut biscuits, both operative and standard, were the steep­

est and run close to each other. Those for the soya biscuits 



TA
B

LE
 

I
I
 

A
V

ER
A

G
E 

PE
R

C
EN

TA
G

E 
D

A
IL

Y
 

i'l
E

IG
H

T
 C

H
A

N
G

E 
O

F 
YO

UN
G 

~
T
E
A
N
L
I
N
G
 

A
LB

IN
O

 
RA

TS
 

FE
D 

ON
 V

A
R

IO
U

S 
D

IE
TS

 
,. 

1 

~di
e
t 

n
o

n
­

-1
.2

·p
ro

te
in

r 

sk
im

 m
il

k
 

B
.1

 

co
co

n
u

t 
b

is
c
u

it
 

(o
p)

 
)7

.1
 

C
oc

on
ut

 
b

is
c
u

it
 

1
2

.4
 

(s
td

) 

S
oy

a 
b

ia
­

cu
it

(o
p

) 
7

.5
 

S
oy

a 
b

ia
­

cu
it

(s
td

) 
11

.3
 

S
oy

a 
b
l
s
.
~
i
t
 

9
.8

 
(M

A
RD

I) 
(s

td
) 

-

2 
! 

I 
i 

6 
9

t 
3 

4 
5 

7 
8

I 

-4
.0

 
-4

.1
 

-5
.2

 
-7

.0
 

-8
.4

 
-9

.4
 

-1
1

.. 0
 

-1
2

.9
 

1
1

.7
 

IB
.4

 
22

.8
 

26
.6

 
31

.0
 

34
.6

 
39

.6
 

41
.3

 

15
.3

 
19

.7
 

27
.6

 
33

.5
 

38
.3

 
47

.3
 

54
 ..0

 
57

.B
 

I 
17

.2
 

23
.0

 
I 

2
8

.7
 

34
.6

 
39

.6
 

45
.8

 
51

.B
 

55
.0

 

11
.4

 
17

.6
 

22
.5

 
26

.6
 

3
1

.0
 

36
.3

 
4

0
.9

 
44

.7
 

1
3

.0
 

17
.6

 
19

.3
 

25
.1

 
28

.1
 

31
.8

 
35

.6
 

40
.8

 
"-

--
_

.....
. 
--­

-_
.•.

 ­
-
-
-
-
­
_....

 _
._

.­
._

--
-­

-
--­

I-
­

16
.2

 
17

.4
 

16
.3

 
25

.4
 

29
.4

 
31

.6
 

35
.6

 
43

.4
 

J
I 

-
-
-
-
-
-
~
-
-
~
-

_._
._-

-•. 
, 

--
­

10
 

-1
4

.3
 

4
6

.7
 

65
.4

 

58
.7

 

4
8

.7
 

4
1

.5
 

40
.6

 



/"
/ 

70 

60 

50 

~ 
tw 
;:::: 
cO 40 
.l: 
0 

+.> 
.c 
bJ.... 
III 30~;: 

~ 
,....; 
orl 
cO 
'0 

III 
t:J 20 
(1< 

+.> 
c 
C) 

0 
~" 
(l) 
~~ 

(j) 10
W 
q< 
~. 
(j) 
po 

.cr! 

0 

-10 

-20 

/,/"--r~ 
/ 

Q 

/. 

///
/ 

/ 
I 

r.f :/
/~

I ~ 

/~ 
A/ /,'*' ' 	 Q 9- non protejn 

41- _~ skim milk f)rrl;& 	 ~ )( coconut (op)/, 1// ' 
-&-~ coconut(atd)

t/ -!---b soya. (op)
iii

I. 0 0 r30ya (std) 
1__..1" ..\ ._.._.... I_- I 	 \ I 

3 .( 5 6 7 8 9 io 

. 

Fig. 1 • 	Avera.ge percentaGe daily weight change 
of young weanling albino rats fed on 
vnriol1s diets. 

http:Avera.ge


-10 ­

(operative and standard) were considerably lower and run close 

to the skim milk curve. The animals on the non-protein diet, on 

the other hand, showed daily decline of body weight. 3y the end 

of the ten days,. they had lost 14% of the weight at start of the 

experiment. 

The NPU, BV and D, and NOpCal % obtained for the biscuits 

are presented in Table III. These are compared I;.rith that for 

skim milk. 

DISCUSSION 

DIGESTmn.I'I'Y' AND BIOLOGICAL VALUE 

Digestihility is obtained by determirrl.ng the proportion 

of the total nitrogen intake that is absorbed by the body. D values 

for sJdm milk, coconut biscuit and sc:Jya biscuit-MARDI are similar. 

The efficacy of absorption of these three foods may be said to be 

similar. The approximately 90% of D values obtained is close to 

absorption values of animal proteins. However, it does not mean 

that the quaUty of these three proteins nrc the sa.r.1e (further 

discussion below). 

Soya biscuits and soya biscuits~Vu\RDI are essentinlly the 

same, as explained in Experimental Diets. It is interesting to 

note, however, that the D values obtained for the former is 

slightly lower. The reason for this is not clear. It could be 

that the baking of the soya biscuits in the laboratory had altered 

http:determirrl.ng


TABlJ!~ H' 

NPU, BV, .D AND NDpCAL %OBTAINED I,'OR 'l'HE BISCUITS t 
____"" __________h __ .... ........... ~ .....- ....._.' ...... ~•• ~. __ ... _ 


COMPARED TO ~1AT Fon &10£1 MILK 
--~..-.-..-- .----..-.....-..... 

HPU-std 1iE!!.-o12 NI~~nlY£ D BV-- -~ 

skim Ill1lk.. XP320 85 92 93 
XP321 84 90 93 
XP322 52 92 89 

Ilvernge 84 91 92 

coconu.t 
biscuit 

XP320 
XP321 

7/t 
71 

66 
56 

10.03 
8.51 

93 
93 

80 
77 

.XP322 75 61 9.27 94 80 
aver~ge 73 61 9.27 93 79 

soyn XP320 60 55 7.74 85 70 
biscuit XP321 58 55 7.74 83 70 

XP322 56 49 6.90 85 66 
average 58 53 7.46 84 69 

soya 
biscuit 
HARDT 

XP321 
XP322 

average 

67 
68 
68 

90 
90 
90 

75 
75 
75 
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the proteins somewhat. The availability of amino acids in the 

biscuits might have been lowered. It was noted during the baking 

that the biscuits 'were somewhat charred. This Q"er-hE~ati!'1g could 

be one of the reasons for the l~vered availability of the amino 

acids (FAO/WHO, 1973). 

Biological Value of a protein is a measure of the propor­

tion of the nitrogen absorbed that is retained by the body. The 

coconut biscuits gave a good BY of 79. The soya biscuits fran 

MARDI also gave a BV of the same order, although slightly los....er. 

But the D values of ski.-n milk and these two biscuits gave similar 

results. Hence, although absorption of skim milk protein and 

those of the 1:dscuits are the same, the proportion that is retained 

is considerably higher in the skim milk protein. From this, it is 

clear that D and BV alone does not give a complete picture of the 

quality of the protein. 

As discussed under Digestibility, there is again a difference 

in BY values for the soya biscuits. Similar explanations may be 

given for this. The lower BY for soya biscuits baked in th2 lab­

oratory may be due to a lowered availability of amine acids, result­

ing in lowered nitrogen retention, and hence Biological Value. 

NET PROTEIN UTILIZATION 

NPU is the percentage of the food protein (nitrogen) con­

sumed which is retained or utilized by the body. It gives an overall 
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picture of the digestibillty and the efficiency of utilization 

of the absorbed amino acids. For routine purposes, the deter­

rnination of NPU alone, without D or 'EN suffices to evaluate a 

protein. This obviates the analyses of fecal nitrogen, which 

can be quite tedious. 

NPU values obtained in the study indicate promising 

protein quality of the biscuits, especially the coconut biscuits. 

The difference in values for BV and D for the two soya biscuits 

has been discussed. This is of course reflected in their NPU 

values. One tends to accept the NPU value obtained for soya 

biscuit-MARDI since NPU-standard for soya beans alone, as obtained 

by Unit Diponegoro is SS (Lie et al, 1974). HE".nce the soya bisc:uits, 

with added egg and wheat flour should give a higher value than the 

58 given by soya biscuits baked in tre laboratory. This has shown 

how the pr1m.1tive baking in the laboratory has destroyed or lowered 

the availability of some araino acids, hence lowering its protein 

quality. 

The h~U determinations are done with ad libitum intakes 

of food. 'the total daily calorie intake is important, for if this 

is reduced below a certain level, an increasing amount of protein 

is burnt for energy purposes, and consequently, the efficiency of 

utilimtion of protein decreases. Thus Forbes and Yohe (1955) 
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reported no change in the biological value of a diet \oJhen the 

food intake of rats was reduced from 8 to 6 g per day; but a 

decrease from 99 to 69 when the food intake \"as further reduced 

to 4 g per day. 

Under conditions of calorie restriction, the protein value 

of a diet will depend upon the energy available for protein 

anabolism rather than on the concentration and the nature of the 

protein it contained. Miller & Payne (1961) give some discussion 

on this and presented an equation for the prediction of the protein 

value of diets when fed under conditlons of caloric restriction. 

These are important considerations to be borne in mind in 

the evaluation of protein quality of a food. Protein malnutrition 

in man is frequently associated with low calorie intakes of foods 

which may have an adequate protein value if consumed L'1 u!trestric­

ted amounts. 

NET DIETARY PROTEIN CALORIE % 

NDpCal % is a measure of the proportion of the calories of 

the diet that is present as utilizable protein. The proportion in 

the diet of utilizable protein should be 8.~£ of the culcric intake 

at birth. i.e. the diet should have a NDpCal % of 8.0 (Platt & 

Hiller, 1.959). During the weaning period, the proportion declines 

so trat after 1. to 2 years, the composition of an adequate diet 

is similar to that needed by the adult, i.e. about 5 % of 
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utilizable protein (Payne, 1969). Lie et al {1974 a} suggests 

that since no conclusive figure is yet available for the pre­

school children, an NDpCal % of 6.5 may be arbitrarily used as 

a rn.tnimum. 

NDpCal % of both the coconut a.nd soya. biscuits give 

respectable results, especially the former. In view of the above 

discussion that the NPU-operative obtained for the soya biscuits 

baked in the laboratory may have been falsely lowered, the NDpCal % 

might be deemed to be higher than the 7.46 obtained. 
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