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SUMMARY

Net Protein Utilization of two low=cost, high protein
foods, formulated for supplementary feeding, are determined.
Thirty day-o0ld albino rats are used for the determination of
both NPU~cperative and standard. Digestibility and Blological
Value ate determined simultaneously. Some practlcal aspects of
the method are ¢onsldered,

Both foods, in the form of biscuits, show good results
from the study, especilally the coconut biscuits. Growth of the
animals fed these foods was lmpressive; those on coconut biscuits
fared even better than those on skim milk. NPU-standard: of the
coconut biscults was obtained to be 73, and NPUwoperative, 61.
The NPU=-standard of soya biscults 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. Blological evaluations have gained recognition as
extremely useful means 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 1is
relatively easy and inexpensive to carry outs 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.), Blological 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 ratlo, 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, high protein foods are presented. Biological Value (BV)
and Digestibility (D) 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.

TIME AND PLACE OF STUDY

The study was started in early May, 1976, The whole study
toock about 3 weeks, to include the preparation of the dlets 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 Nutritlon Research

Institute, Unit Diponegoro, Jakarta.

EXPERIMENTAL DIETS

The two foods studied, coconut biscuits and soya biscuits,
were brought into Jakarta from Kuala Lumpur and stored in the

refrigerator, The soya biscuits were found to be insufficient for



both NPU~standard and operative determinations. Hence only NPU=-
standard was done for these original soya biscults. Subsequently,
the formula as glven by MARDI was followed and an attempt was
made to bake thase biscuits in the laboratory. Hereafter, the
original soya giscuits from MARDI will be referred to as soya
biscults~MARDI, to distinguish it from those baked in the labora-
tory, which will be simply referred to as soya biscults.

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. none
protein, 2. skim milk, 3. coconut biscuits (NPU-operative), 4. coconut
biscult (NPU=-standard), 5. soya biscult (NPU—operative), 6. soya
biscult {NPU-standard), 7. soya biscult-MARDI {NPU-standard). Each
diet:wasrdetermined in triplicate (except for soya biscults-MARDI,
which was dane in duplicate).

Fer NPU-operative determinations, the biscults were simply
pounded lightly and presented to the rats in fine particles, with
no additions whatsocever. After a chemlcal determination of the
protein content of these biscuits, sultable 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 dlet 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, BV AND D DETERMINATIONS

Each experimental cage housed 4 rats fed on a particular
diet. It was ensured that the group welght 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
welght of the rats was taken daily, and weight change recorded.

Food and water were glven ad libltum. The total amount
of food prepared was welghed and kept in properly marked jars.
The focd was presented to the rats in pots designed tc minimise
spillage. Each day, these pots were fillled up with fresh food.
The water pots were cleaned and fresh water given.

Each experimental cage had a tray at the bottcm, contain-
ing about 1 cm of sawedust and 2 pleces of paper on top of the

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



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 welghed.

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
pleces of papers, folded into small boxes, were used to absorb
the fat), drled in the oven at 70°C, until constant weight (4 days).
Water loss was determined,

The remalning food in the jars was welghed. All spilt food
for the 3 collections were added to this., The remaining focd 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 10=day perlod.

All feces collected for the 3 collections were pooled,

weighed and ground. Fecal nitrogen was determined.

CHEMICAL ANALYSES OF DIETS AND FECES

Protein, fat, molsture and ash were determined for those
diets whose NDpCal % were to be calculated. Protein was determined
for all the dlets. Procedures fodlowed were standard methods,

with modifications as made by the Unit Diponegoro.

Fecal nitrogen wgs determined by Kjeldahl method,



CALCULATICNS

From carcass water content, body nitrogen content was
calculated using the formula of Miller & Zender (1955). Net
Protein Utilization values were then calculated by applying
the equation of Bender & Miller (1953),

Digestibility was calculated using the formula as given
by Miller & Bender (1955), Blological Value is then obtaired
from the relationship i

ﬁPU-standaxd

BY a X 100
D

Net Dietary Protein Calorie % (NDpCal %) values of the
biscults were calculated thus 3

NPU=operative x protein content of diet x 4

NDpCal % ==

To¥al calories per 100 g diet

RESULTS
Percentage dally 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 welght. By the end of the feeding,

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

the coconut biscults, both operative and standard, were the steep-—

est and run close to each others, Those for the soya biscults
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Fig. 1 . Average percentapge daily weight change
of young weanling albino rats fed on
various diets.
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(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 dailly decline of body weight. 3y the end
of the ten days, they had lost 14% of the welght at start of the
experiment.

The NPU, BV and D, and NDpCal % obtained for the biscults
are presented in Table III, These are compared with that for

skim milk.

DISCUSSION

DIGESTIBILITY AND BIOLOGICAL VALUE

Digestibility is obtained by determining the proportion
of the total nitrogen intake that 1s abscrbed by the body. D values
for skim milk, coconut biscult and soya biscult-MARDI are similar.
The efficacy of absorption of these three foods may be said to be
similar. The approximately 90% of D values obtalned is close to
absorption values of animal proteins. However, it does not mean
that the quality of these three proteins are the same (further
discussion below).

Soya biscults and soya blscuits—MARDI are essentially the
same, as explalined in Experimental Diets. It is interesting to
note, however, that the D values cbtained for the former is

slightly lower. The reason for this 1s not clear. It could be

that the baking of the soya biscuits in the laboratory had altered
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TABIE 1]}

NPU, BV, D AND NDpCAL % OBTAINED FOR THE BISCUITS,

———

COMPARED TO THAT FOR BSKIM MILK
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skim millk.. XP320

coconut
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soya
biscuit

soya
biscuit
MARDT

XP321
XP322

average

XP320
XP321
-XP322

average

XP320
Xp321
Xp322
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XP321
Xp322

average

HPU-std NPU-op
85 -
84
62
84
7h 66
71 56
75 61
73 61
60 55
58 55
56 49
58 53
67 -
68
68

MDpCalf

10.03
8.51
9.27

9.27
774

7.7k
5,90

7446

b

92
90
92
N

93
92

oL
93
85
83
85
8h
90
90
90

BV

93

93
89

92
80
1
80
79

70

66
69
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75
75
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the proteins somewhat. The avallability of amino acids in the
biscults might have been lowered. It was noted during the baking
that the biscults were somewhat charred. This over-heating could
be one of the reasons for the lowered availability of the amino
acids (FAO/WHO, 1973).

Bioclogical Value of a protein 1s a measure of the propore
tion of the nitrogen absorbed that 1s retained by the body. The
coconut biscults gave a good BV of 75. The soya biscults from
MARDI also gave a BV of the same order, although slightly lower,

But the D values of skim milk and these two biscuits gave simllar
results, Hence, although absorption of skim milk protein and

those of the biscults 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 glve a complete picture of the
quality of the protein.

As discussed under Digestibility, there is again a difference
in BV values for the soya biscuits, Similar explanations may be
given for this. The lower BV for soya blscuits baked in the lab-
oratory may be due to a lowered availakility of aminc 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 digestibility and the efficiency of utilization
of the absorbed amino aclds. For routine purposes, the deter-
mination of NPU alone, without D or BV suffices to evaluate a
proteins This obviates the analyses of fecal nltrogen, which
can be quite fédious.

NPU values obtained in the study indicate promising
protein quality of the biscuits, especially the coconut biscults,
The difference in values for BV and D for the two soya biscuits
has been discussed. This is of course reflected in their NPU
valuese One tends to accept the NPU value obtalned for soya
biscult-MARDI since NPU-standard for soya beans alone, as obtained
by Unit Diponegoro is 55 (Lie et al, 1974). Hence the soya biscuits,
with added egg and wheat flour should give a higher value than the
38 given by soya biscuits baked in the laboratory. This has shown
how the primitive baking in the laboratory has destroyed or lowered
the avallability of some amino aclds, hence lowering its protein
qualitye.

The NPU determinations are done with ad libitum intakes
of food., The total dally calorie intake is important, for if this
is reduced below a certain level, an increasing amount of pretein
is burnt for energy purposes, and consequently, the efficlency of

utilization of protein decreases. Thus Forbes and Yohe (1955)
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reported no change in the blological value of a dlet when the
food intake of rats was reduced from 8 to 6 ¢ per day; but a
decrease from 99 to 69 when the food intake was further reduced
to 4 g per day.

Under conditions of calorle restriction, the protein value
of a diet will depend upon the energy avallable for proteln
anabolism rather than on the concentraticn and the nature of the
protein it contained., Miller & Payne (1961) glve some discussion
on this and presented an equation for the prediction of the protein
value of diéts when fed under conditions of calorlec restriction.

These are important considerations to be borne in mind in
the evaluation of protein quality of a food. Proteln malnutrition
in man is frequently assoclated with low calorle inthkkes of foods
which may have an adequate protein value if consumed in unrestric-
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 £.0% of the calcric intake
at birth, l.e. the diet should have a NDpCal ¢ of 8.0 (Platt &
Miller, 1959). During the weaning perlod, the proportion declines
so that 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 minimume -

NDpCal % of both the coconut and scoya biscults give
respectable results, especlally the former. In view of the above
discussion that the NPU-operative obtained for the soya biscults
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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