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A STUDY OF
THE NUTRITIVE VALUE OF PROTEINS FROM
DIFFERENT SOURCES IN THE FEEDING
OF AFRICAN CHILDREN 1

E. M. DeMAEYER ana Il. VANDERBORGHT

Institute for Scientific Research in Central Africa (IRSAC)f
Research Center of Lwiro, D. S. Bukavu, Belgian Congo

(Received for publication March 4, 1958)

The study of the nutritive value of new sources or com-
binations of proteins attracts more and more interest in the
world. This is especially true in underdeveloped countries
where the problem of protein malnutrition is very often acute.
With this object in mind, we have tried to estimate the sup-
plementation value to a basic diet of different protein-rich
foods. The first foods to be tested in this laboratory have
been milk, peanut and soybean flour, and a combination of
beans and peanuts. The nutritive value of milk is well known
and its protein is widely used in the treatment of protein
malnutrition, especially kwashiorkor (DeMaeyer, '54). It
has been included in this study since there is actually a
trend to use it as a reference protein. The other foods were
selected because they represent either the main sources of
proteins in this part of the country (Kivu Province, Bel-
gian Congo) or, like soya, are frequently used as supple-
mentary foods in schools or hospitals.

Several methods have already been proposed for the es-
timation of the nutritive value of proteins, and an excellent
review has recently been published by Allison (’55) on this

1This work was aided in part by a grant from the Food and Nutrition Board,

National Academy of Sciences — National Research Council of the United States.
2Institut pour la Recherche Scientifique en Afrique Centrale.
335
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subject. In our investigation, we liave used the nitrogen
balance technique and have estimated the value of the sup-
plementation by an analysis of the nitrogen retention.

SUBJECTS

The study was conducted on African children from the Bashi
tribe living around Lwiro. These people are in the habit of
coming to the dispensary of the Institute when they are sick.
Eighteen children, recovering from kwashiorkor, were selected
for the study. They are described in table 1.

TABLE 1

Sex and approximate age of children in balance experiment

CODE NO SEX AGE CODE NO SEX AGE
yrs. yrs.
D 4 boy 3% D 59 boy 51
D 8 boy 71 D 81 girl 3%
D 9 boy 5% D 83 boy 4%
D 14 girl 4 D 8 boy 41
D 17 boy 3% D 93 boy 3
D 20 girl 12 D 9 boy 4
D 22 girl 3% D 98 girl 4
D 27 girl 6 D 101 boy 5v21
D 49 girl 5% D 104 girl 3y2

1Approximately.

All except one (D 20), were children from three to 7 years
old. D 20 was first included in the experimental group on the
criterion of her weight. Later on, when her age became known,
the child was nevertheless kept in the group, since the experi-
mental data were consistent with those of the younger children.
The experimental subjects were all former cases of kwashior-
kor who had been brought to the clinical investigation center
for treatment, and these children were thus at different stages
of protein depletion. It is known that the retention of nitrogen
is very high at the beginning of the treatment and tends to
decrease thereafter (DeMaeyer and Vanderborght, '56). The
balances to be described in this paper were, therefore, never
performed before the 5th week of treatment. By that time,
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the nitrogen retention for a given protein remains fairly
constant, although slight variations caused by different levels
of protein repletion may occur.

The experimental group was hospitalized at the clinical in-
vestigation center of the Institute where it is possible to keep
the children under strict supervision. A small garden, level
with the wards, allowed some physical activity. All the chil-
dren were given a physical examination at their entrance,
including an x-ray of the chest. Malaria is seldom seen in
this part of the country; nevertheless each child was given
antimalarial drugs as he or she came in. The microscopic
examination of the feces showed the usual pattern of infesta-
tion (DeMaeyer and Vanderborght, '56), ascaris and trichiuris
being the most frequent, but hookworms were not found. No
attempt was made to worm the children. Only once was a treat-
ment applied when taenia eggs were seen, since the presence
of proglottids in the stools was a possible source of error in
the nitrogen determinations. Ascarides, when present in the
stools, were carefully removed, but they were not very often
observed.

The children were trained to the discipline of the balance
technique during the initial period of their hospitalization.
No use was made of any kind of metabolic bed, since we feared
this device might put a psychological stress upon the children,
inconsistent with physiological processes. It was possible to
teach the subjects to urinate and to pass stools in different
pans in order to get complete 24-hour collections of urine and
stools. The children were thus kept in an environment similar
to the one prevailing in their ordinary life and were able to
continue a reasonable amount of physical activity.

Each balance period lasted 5 days, beginning on a Monday
morning and ending at the same time on the following Satur-
day. With each change of diet the subjects were first kept
for 9 days on the diet, and it was only on the morning of the
10th day that the balance really began. At that time the
children emptied the bladder as completely as possible and
passed a stool. The latter was quite easy, as they usually
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have from three to 4 bowel movements per day. These
specimens were discarded and the collection started after-
wards. The same procedure was repeated each day at the
same hour (usually 8 a.m.), the stools and urine being added
this time to the collection of the preceding day in order to
complete the 24-hour samples. The procedure was followed
with special care on the Saturday morning at the end of the
balance period.

The 24-hour collections of stools and urine were kept in
the refrigerator, the former mixed with 0.1 N HC1 and the
latter under a layer of toluene.

ANALYSES

Nitrogen in food. A sample of each food was taken every
day for analysis. However, when the food was bought in lots,
as in the case of milk, soya or peanut flour, the analysis was
repeated only with each change of lot.

Nitrogen in urine and stools. Nitrogen determinations were
made on each 24-hour sample. The urine analysis was per-
formed on a 5 or 10ml aliquot, according to the expected
nitrogen content. The stools were first homogenized in a
Waring Blendor in presence of 0.1 N HC1 to secure a semi-
liquid paste. A 5-gm sample of this mixture was then used
for the determination.

Ashing of foods, urine and stools was performed in the
presence of concentrated sulfuric acid and a catalyst mixture
composed of potassium sulfate and mercuric sulfate (Hiller
et al.,, '48). When it was completed, the acid residues were
brought to a predetermined volume (usually 500 ml) of which
an aliqguot was taken for the determination of the ammonia
(Keys, '40; Ma and Zuazaga, '42).

THE DIET

The diet was mixed. It was composed of a basic portion,
which remained almost constant throughout the experiment,
and of avariable part which was formed by the supplementary
food. The experimental foods were skim milk, a combination



NUTRITIVE VALUE OP SOME PROTEINS 339

of beans and peanuts, peanut flour and soybean flour. The
composition of the basic diet is shown in table 2. In addition,
each child received a daily dose of a vitamin and mineral
mixture 3 and a weekly dose of 50,000 LIT. of vitamin A.
The basic diet provided each child with an average of 8 gm
of proteins per day or between 0.44 and 0.57 gm of proteins
per kilogram of body weight per day.

The foods to be tested were fed in varying amounts, at
least two and very often three different levels of intake
being used on each child. The diet (basic portion plus sup-
plement) was designed to provide a minimal Caloric intake
of 75 Cal./kg body wt./day. Very often it reached a level of
110 Cal./kg/day.

The foods tested were prepared in the following manner:
skim milk (spray dried) was brought into solution by the
addition of water and homogenized in a Waring Blendor;
beans (bought in a local market) were cooked for one to two
hours in an open pan. Small additions of water were made
from time to time in order to prevent burning. The final
preparation was almost dry and no juice was left in the pan;
peanuts (bought in a local market) were first slightly roasted
and then ground in a mortar. The resulting paste was cooked
for a short time with water; peanut flour 4 was cooked for a
few minutes with water; soybean flour 5was cooked for about
10 minutes with water. The weight of the preparation was
usually three to 4 times that of the dry flour.

RESULTS

No allowance has been made in the computation of the
results for the loss of nitrogen through sweat, since this is a
temperate climate where the average temperature is about
22°C.

sThe vitamin and mineral mixture was formed of aneurin, 5 mg; lactoflavin,
2 mg; niacin, 20 mg; adermin, 2 mg; Oa pantothenate 3 mg; folic acid, 5 mg;
ascorbic aeid, 5 mg; vitamin B!2 30 ng\ Ca gluconate, 10 gm.

4The peanut flour was given by UNICEF. It was produced by Unilever Company
in England and bears the UNICEF Code PF-4.

5The soybean flour was purchased from British Soya Products, London.



‘swi| Jo sbueldo duo Jo BINCE
‘uoinydod 3jqips aylr jo ybiapn,
anoj} eAos snid 1aIp dIseqg 8yl Yy 8yl pue inojy inuead
snid 181p oIseq 8yl pJiyl 8yl sinuead pue suesq JO uolleUIqWOd B Snid 181p JISeq 8yl PU0IBS BYL H|1W snid 13Ip d1seq 8yl PaAIsdas dnoab Isay Byl T

2! Beez8ors ¢
Srg £ B¢ 10

Wuaﬁ oo T B

8w Zo @mﬁﬁno

x=8eg

BL &
£ ofE B

8% z 8 B R = =H

¢ o8 3 8 Ee6E s
< It 4 < o EEEEEQ
<3 A A oo |,

Neo ~ “FH 3
o BB 58T % B gil >

181p Jeiuawiiadxs syl jo uoinaod oiseq ayr jo uonisodwod arewixoaddy



NUTRITIVE VALUE OP SOME PROTEINS 341

All the figures shown in the tables are means calculated
from the data collected each day during the 5-day balance
periods. The following formulas have been used in the pre-
sentation of the results:

(1) Nitrogen absorbed = Nitrogen Intake— Peeal Nitrogen

(2) Balance or retention =
Nitrogen Intake — (Urinary Nitrogen -j- Fecal Nitrogen)

. Nitrogen Intake — Fecal Nitrogen
(3) Absorption m % = - gen Tntake —recal MU 298" % 100

Nitrogen Intake

(4) Corrected absorption in % =
Nitrogen Intake — (Fecal Nitrogen — Endogenous Fecal Nitrogen)

Nitrogen Intake

The endogenous fecal nitrogen has been determined on a
group of children of the same age fed a protein-free diet
(providing less than 8 mg of nitrogen/kg/24hr.). The average
value was found to be 42 mg/kg/24hr. The regression equa-
tions have been calculated by the method of least squares.

The experimental scheme included 4 groups that differed
according to the supplementary food introduced into the diet.
The first group received milk. Twenty-eight balances were
performed or_11 children. The nitrogen supplied by the milk
ranged from 64.2 to 88.5% of the total intake; the second
group received a combination of beans and peanuts. Twenty-
five balances were performed on 7 children. The percentage
of nitrogen supplied by the combination of beans and peanuts
ranged from 60 to 92%. Peanuts and beans were always
provided in a 1/1 ratio (dry weight). In one instance how-
ever (last balance of D 49), the child could eat only 75gm
of peanuts for 100 gm of beans. Since the experimental data
were consistent with those gained previously, the balance was
included in the analysis.

The third group received peanut flour. Ten balances were
performed on 4 children. The peanut flour supplied from
68.9 to 82.7% of the total nitrogen intake; the 4th group
received soybean flour. Thirty-two balances were performed
on 14 children. The soybean flour supplied from 66.8 to 86.7%
of the total nitrogen intake.
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The results of the balances are listed in tables 3, 4, 5 and 6.
The regression equations of the nitrogen retention to the
absorbed nitrogen and to the nitrogen intake have been cal-
culated for each group. They are as follows:

Nitrogen retention/nitrogen absorbed: for milk: y = —106
+ 0.782x; for beans + peanuts: y = —128 + 0.716x; for pea-
nut flour; y= —103 -f- 0.653x and for soybean flour: y =

-106 + 0.619x.

Nitrogen retention/nitrogen intake: for milk: y = —144 4-
0.709n; for beans + peanuts: y = —159 -j- 0.595x%; for peanut
flour:y = —121 -)- 0.533x and for soybean flour:y = —129 -
0.528x.

Fig. 1 The regression lines of the nitrogen retention versus the nitrogen ab-
sorbed for the different types of supplementation.

M. = Basie diet plus skim milk
B. -f- P. = Basic diet plus combination of beans and peanuts
P.F. = Basie diet plus peanut flour
S.F. = Basic diet plus soybean flour
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These regression equations have been illustrated in figures
land 2

The apparent and corrected absorptions and the percentages
of nitrogen retained at different levels of intake are listed
in table 7. The percentages of nitrogen retained have been
illustrated in figure 3.

N. INTAKE in mg./Kg./24h.

Pig. 2 The regression lines of the nitrogen retention versus the nitrogen intake
for the different types of supplementation.
M. = Basic diet plus skim milk

B. -j- P. = Basic diet plus combination of beans and peanuts
P.P. = Basic diet plus peanut flour
S.P. = Basic diet plus soybean flour

DISCUSSION

Absorption. The absorption figures found in this experi-
ment are lower than those usually found in white children.
According to reports from Macy’s laboratory, the fecal ni-
trogen does not normally exceed 10% of the nitrogen intake.
High fecal values in African children have, however, been
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found by Bray ('53) and in African adults by Holmes et al.
('54). The elevation may be caused to a certain extent by a
bigh level of endogenous nitrogen. An investigation that we
have made on a group of 9 children of approximately the
same age, fed a protein-free diet, gave an average value of
42 mg/kg/24hr. for the endogenous fecal nitrogen.6 Using
this value of 42 mg in order to correct the figures for fecal

VA

Fig. 3 The percentage of nitrogen retained at different levels of nitrogen
intake.

M. = Basic diet plus skim milk
B. + P. = Basic diet plus combination of beans and peanuts
P.F. = Basic diet plus peanut flour
S.F. = Basic diet plus soybean flour

nitrogen, we find that the percentages of absorption neverthe-
less remain lower than normal. It seems thus that a slight
defect of the absorption process does exist, caused either by
a digestive failure or by a primary lack of absorption through
the intestinal wall, or by both. A failure of the pancreatic
secretion in cases of kwashiorkor has already been described
by Thompson and Trowell ('52), and it is highly probable

"DeMaeyer and Vanderborght, unpublished data.
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that a deficiency of that sort is partially responsible for the
high fecal values which have been found in this experiment.

The degree of absorption varies with the nature of the
proteins fed. A diet supplemented with milk is significantly
better absorbed than one containing proteins from purely
vegetable sources. The lowest absorption occurs when a com-
bination of beans and peanuts is introduced into the diet.
This is not surprising, since beans have a high content of
cellulose. The significance of the differences of absorption
between the various diets has been calculated with the follow-
ing results (“ t test” of Student) :

n

DIFFERENCE 03* P
ABSORPTION t (E:I';‘::e's;’f
Milk vs. soybean flour 4.15 2.286 0.02-0.05 60
Milk vs. peanut flour 6.39 2.465 001 002 38
Milk vs. beans and peanuts 9.07 5.102 < 0001 53

Retention. The nitrogen retention has been correlated with
the nitrogen absorbed and with the nitrogen intake as shown
in figures 1 and 2. A first-degree equation or a straight line
expresses the experimental data perfectly, and there is no
indication that another mathematical expression would be
more suitable. This means that between the experimental
limits, the ratio of increase of the nitrogen retention to the
nitrogen either absorbed or ingested remains precisely the
same. The relative depletion of the protein stores pos