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results showed that maize was the staple diet and was
more often mentioned alone than in combination with
other foods. The commonest combinations during the
winter and summer periods were respectively maize and
vegetables and maize and meat.

GENERAL co CLUSIONS

Although the proportion of doctors who cooperated in
the present survey was very small, valuable information
has nevertheless been obtained about the incidence of mal­
nutrition in South Africa's Bantu and Coloured popula­
tions. If it is assumed, however (and there is good reason
to do so), that many early and subclinical cases of mal­
nutrition are not seen by a doctor, it follows that the
actual incidence of the various diseases is considerably
higher than is suggested by the figures reported.

The value of the survey should not be judged merely in
terms of the information provided with regard to the
incidence of malnutrition in South Africa. The response
to the questionnaires was so small that very little
definite information applicable to the country as a whole
can be said to have been obtained. It must be emphasized
that the percentages given in the tables of patients suffering
from specific diseases do not represent the incidence in the
total population, but only the incidence among patients
who sought medical attention.

The real importance of the present survey lies in its
value as a pilot study, the first of its kind to be attempted
on a nation-wide basis. As such it has revealed the many
pitfalls that await the research worker. It has also served
to make our doctors more 'nutrition conscious'. A number
remarked that they would give special attention to nutri­
tional diseases in the future. The fact that information
was volunteered which had not been specifically sought

may be looked upon as evidence of a real interest in the
problem and a desire to cooperate in its investigation.

SUMMARY

A questionnaire on the incidence of malnutrition was sent out
in 1960 to all registered medical practitioners in South Africa.
From the 375 replies received it was evident that malnutrition
is extremely prevalent among the Bantu and Coloured popu­
lations, and that their access to milk and other protective
foods is often very restricted.

Detailed analysis of the figures submitted by the doctors
indicated that the most important nutritional diseases in South
Africa are kwashiorkor, marasmus and pellagra. Rickets,
pellagra and scurvy are apparently found only in the Bantu,
and the incidence of kwashiorkor is higher among Bantu than
among Coloured children. The incidence of kwashiorkor as
estimated from the questionnaires is very much higher than
the incidence according to cases notified, suggesting that only
a fraction of all kwashiorkor cases are notified.

The total incidence of nutritional diseases (kwashiorkor,
marasmus, pellagra, rickets and scurvy) is not much lower
than the incidence of gastroenteritis, but the incidence of
tuberculosis is nearly twice as high as that of kwashiorkor.

It is concluded that the survey has contributed valuable
information on the incidence of malnutrition in South Africa,
but that its real importance lies in its value as a pilot study.

Sincere thanks are due to the doctors who collected the
information on which this report is based.
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BIOCHEMICAL INVESTIGATION OF THE NUTRITION STATUS OF URBAN SCHOOL
CHILDREN AGED 12 -15 YEARS: PROTEIN STATUS

J. P. DU PLESSIS, D. J. DE LANGE, National Nutrition Research Institute; AND S. A. FELLlNGHAM, Ncuional Research
Institute for Mathematical Sciences, Pretoria

The National Nutrition Research Institute (NNRI)' con­
cluded in 1959 that there was no over-all shortage of
protein in the total food supplies of the Republic of
South Africa. Deficiencies might nevertheless exist through
maldistribution of food supplies, and it is desirable that
we should be able to recognize both actual and latent
protein deficiency so that preventive measures may be
instituted where necessary.

With the dual object of evaluating biochemical methods
for the assessment of protein nutrition status and assessing
the protein nutrition status of the 4 main racial groups in
Pretoria, the NNRI carried out nutrition status surveys
on the following population groups:

(a) White children aged 7 - 11 years (April - June 1962).
(b) Bantu children aged 7 - 15 years (April- June 1963).
(c) Coloured and Indian children aged 7 - 15 years

(April- June 1964).
(d) White children aged 12 - 15 years (April - May

1965).

6

Since the survey on the older White children was carried
out 3 years later than that on the younger children, it
would not have been strictly correct from the point of
view of ·the statistical analysis to treat the data for the 2
surveys as an unbroken sequence of observations. It was
therefore decided to analyse the results of the age-groups
7 - II years and 12 - 15 years separately. The results for
the younger age-group have already been published.' The
present paper deals with the age-group 12 - 15 years.

MATERIAL Al'.'D METHODS

The survey on the Bantu children was carried out on a
statistically representative sample drawn at random from a
population of 10,723. For various reasons, including non­
response, only 263 of the 320 children drawn were actually
included in the survey. The number of children surveyed in
each age-sex group varied from 28 - 39 out of the 40 actually
drawn.

The surveys on the Coloured and Indian children were done
concurrently and were based on 2 randomly-drawn samples of
200 children each, representing a population of 544 Coloured
and 944 Indian children. The numbers actually surveyed were
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CONCENTRATION OF TOTAL SERUM PROTEIN (GRAMS PER 100 ML.)

TABLE 11. DISTRIBUTION OF TOTAL SERUM PROTEIN VALUES ACCORDING
TO THE ICNND CATEGORIES

Fig. I. Frequency distribution of total serum protein
values in Pretoria children of 12 - 15 years.
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Deficient
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6·00-6·39 G/lOO m!. 0 0 0·6 0
Acceptable
6·40-6,99 G/lOO m!. 6·0 3·0 6·9 3-4
High
2.7·00 G/lOO m!. 94·0 96·6 92·5 96·6

departmental Committee on Nutrition for National De­
fen se) classification.' In the age-group 12 - 15 years only
one child (a Bantu) fell into the 'deficient' range and only
one (an Indian child) into the 'Iow' range (Table H). The

analysis of variance showed a significant influence of
race (P<O·1 %) but not of sex or age on the total serum
protein values. The multiple comparisons technique used
to test for significant differences between all pairs of
races showed that all races differed significantly from each
other (at a 5% level of significance) with the exception of
Coloureds and Indians.
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Variablp Race Sex Age

Analysis Analysis Analysis
DJ kJulriplet DJ DJ

mriance comparisons variance variance
Total protein P<O'I% WBIC P>5% P>5%
Albumin P<O-I%[i:.W~C lP>5% l P>5/~
Albumin as % of

total protein. ,1 P<O-I % IWBC P>5% P>5%
Total globulin P<O'I% BCIW P>5% [P>5%

a-globulin P<O-I/o WBCI P>5% P>5%
l3-globulin P<O'I ~o WBCT P>5% P>5%
y-gIobuIin P<O-I% W HCI P<5% P>5/~

y-globulin as % of lotal
P<O-I% P<5%protein WBCI P>5%

Urea/creatinine ratio P<O'I% WEeI P<I% P<5%

174 Coloured and 160 Indian children. The number of
Coloured children surveyed in each age-sex group varied from
19 - 25 and of Indian children from 19 - 21 out of the 25
actually drawn.

The survey on the White children was based on a statis­
tically representative sample of 280 children drawn at random
from a population of 15,451. Only 248 children were actually
surveyed, the number in each age-sex group varying from
28 - 33 out of the 35 actually drawn.

The statistical planning of these surveys and the sampling
procedure used have been fully described by Fellingham.'

The following biochemical determinations were done for
the assessment of protein nutrition status:

I. Serum proteins were determined by the fractional salting
out of the different protein fractions. Details of the
method were given in an earlier paper.'

2. Urea was determined according to the calorimetric
method of Coulombe and Favreau' on 2-hour urine
specimens collected from 9 to II a.m.

3. Urinary creatinine was determined according to the alka­
line picrate method of Peters.'

The purpose of the statistical analysis was to determine
whether children of different age, sex and racial groups came
from the same (statistical) population in respect of the
different variables and, if not, to determine between what age,
sex and racial groups the differences lay. A 5% level of
significance was applied in all statistical tests. The statistical
methods used for this purpose are given by Du Plessis e/ al.'

RESULTS AND DISCUSSION

The biochemical results are illustrated by frequency distri­
bution curves (Figs. 1 - 9). The 5th, 10th, 50th, 90th and
95th percentiles are also given. The results of the analysis
of variance and of the multiple comparisons in respect of
race are given in Table I.

TABLE L THREE-WAY A 'ALYSIS OF VARJANCE AND MULTIPLE
COMPARISONS TESTS FOR DIFFERENCES DUE TO RACE, SEX AND

AGE'

*p values of 5% or less indicate a significant difference.
tW = White, B=Bantu, I=lndian, C=Coloured. For the multiple comparisons

test the convention of underlining with a common line all groups which did not
differ significantly was followed.

The analysis of variance showed no influence of age on
any of the serum protein fractions. Since this was also the
case in the age-group 7 - 11 years,' the findings for the
Pretoria surveys fully substantiate the work of Oberman
et al.,' who found that after the age of 3 years the serum
protein fractions were not influenced by age.

Total Serum Protein

The values for total serum protein concentration ob­
tained in the age-group 12 - 15 years were similar to those
found in the age-group 7 - II years in so far as more than
90% of the values for each race in both age-groups fell
into the 'high' ran~e as judged by the ICNND (Inter-

The findings for total serum protein on the whole con­
firm the conclusion of Du Plessis et al.' that total serum
protein has limited value as a criterion for protein nutri­
tion status.

Serum Albumin

The albumin values for the 4 racial groups differed less
from one another in the age-group 12 - 15 years than in
the age-group 7 - 11 years.' This was due to a decrease of
0-42G /100 m!. in the mean albumin value (Table HI) for
the White children of 12 - 15 years as compared with the
value obtained for the younger children. The mean albu­
min values for the 2 age-groups did not differ by more
than 0·02 G /100 m!. in the 3 non-White races (Table IH).
The analysis of variance showed no effect of age in either
age-group.
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The method used for the determination of albumin was
tested against a reference serum at regular intervals and
yielded consistently accurate results throughout the 4
surveys. The difference between the albumin values for
the 2 White age-groups is therefore a real one and pro­
bably reflects a change which took place in the protein
nutrition status of the children during the interval between
the 2 surveys. The sharp increase in the price of meat
towards the end of 1964 and the beginning of 1965 may
have influenced the albumin values in the latter survey.

TABLE Ill. MEAN SERUM ALBUMI VALUES FOR THE AGE GROUPS
7-11 A '0 12-15 YEARS

The analysis of variance howed a significant influence
of race, but not of sex or age, upon the albumin values.
The multiple comparisons test showed significant differ­
ences (at a 5% level) between all pairs of races with the
exception of Bantu and Indians and Bantu and Coloureds.

Albumin as a Percentage of Total Serum Protein

To eliminate the influence of factors such as haemo­
concentration and oedema, Oberman et al." proposed that
the serum albumin concentration be expressed as a per­
centage of the total serum protein concentration. These
authors considered the normal range to be from 50 - 65°6.

TABLE IV. DISTRIBUTIO OF SERUM ALBUMIN VALUES ACCORDING TO
THE ICNN06 CATEGORIES

Fig. 2. Frequency distribution of serum albumin values in
Pretoria children of 12 - 15 years.
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The present results for White children support this view,
since the mean values for albumin as a percentage of
total serum protein were 58·9~6 for the children of 7 - 11
years and 52·8°{, for those of 12 - 15' (Fig. 3).

The range for normal values suggested by Oberman6

could not be applied to the other 3 racial groups because.
although their albumin concentrations were lower than
those of the White children, there was virtually no differ­
ence in the total serum protein concentrations of the
White and non-White groups. This was due to an increase
in lX- and y-globulin concentration in the 3 non-White
g:-oups, which raised their total serum protein values by
5 - 9°6. Since the increase in lX- and 'I-globulin is not
necessarily related to the protein nutrition status of these
groups, Du Plessis, et al.' suggested that, to allow for this
difference, a figure of 46% instead of 50% be adopted as
the lower limit of normal for albumin percentage in the
case of the Bantu, Coloured and Indian children.

After further consideration, we have decided that the
application of separate criteria for different races is not an
altogether satisfactory procedure. We therefore now sug­
gest that the lower limit for the normal albumin percent­
age be adjusted in accordance with they-globulin concen­
tration and progressively decreased according to the cale
given in Table V as the 'I-globulin increase~ above 1·3 G /
100 m\.

When this new procedure was applied to the re ult
obtained for the 12 - 15-year-old children. it was found
that 19-4, 20,9, 17-2 and 6.3 % of the White, Bantu.

42'5 450 4705 500 52-5 55()

CONCENTRATION OF ALBUMIN AS PERCENTAGE OF TOTAL PROTEIN

Fig. 3. Frequency distribution of serum albumin values
expressed as a percentage of total serum protein in Pre­
toria children of 12 - 15 years.
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Mean serum albumin concemrarion (G/lOO ml.)

Age-groups

7-11 years
12-15 years

ICNND %of total % of total %of toral %o{total
categories White Bantu Indian Coloured

children children children children
Deficient
«2'80 G/l00 m!.) 0 0·4 0 0
Low
(2'80-3'52 G/IOO m!.) 6·9 11·8 5·6 12·1
Acceptable
(3'53-4'20 G/IOO m!.) 67·7 77-2 80·6 79·9
High
(>4·20 G/l00 m!.) 25·4 10·6 13·8 8·0

When the IC NO classification for albumin va1.ues'
was applied to the results obtained for the children of
12 - 15 years, it was found that only 04% of the Bantu
children and none from the other races fell into the
'deficient' range, while 6·9, 11·8, 5·6 and 12·1 % of the
White, Bantu, Indian and Coloured children respectively
fell into the 'Iow' range. From 88 to 94°{, of children of
all races were therefore in the 'acceptable' and 'high'
ranges. The diffe~ence in albumin values between the
White children of 7 - 11 years (Table IV) and those of 12­
15 years' was evident in the fact that 82·9~6 of the former
fell in the 'high' range while for the latter the figure wa~

only 25·4%.
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TABLE V. SUGGESTED LOWER LIMITS FOR ALBUMIN CONCENTRATION
AS A % OF TOTAL PROTEIN

Coloured and Indian children respectively had albumin
percentages which did not meet the required standards. At
this stage no explanation is available of the fact that such
a large proportion (19-4%) of the White children had low
albumin percentages despite the relatively high mean value.
(The albumin and total serum protein values of the White
children were, however, somewhat more widely dispersed
about the mean than those of the Indian children). The
grading for the 3 non-White races agree reasonably well
with that based on the serum albumin values and with
that obtained for the Bantu, Coloured and Indian children
of 7 - 11 years by the original procedure.'
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Application of the multiple comparisons test showed that
all races differed significantly from each other except
(a) White and Indian and (b) Coloured and Bantu.

Serum Globulin
The findings for total serum globulin and the a-, f3- and

y-globulin fractions are given in Figs. 4 - 8.

Albumin concentration as
%of total protein

50
49
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46

y-globulin concenTration
G/lOO ml. serum
<1·30

1·30--1-34
1,35-1,39
1·40--1·44

>1-45

The analysis of variance showed a significant influence
of race but not of sex or age upon the values for serum
albumin expressed as a percentage of total serum protein.
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CONCENTRATION OF BETA GLOBULIN (GRAMS PER 100 ML. SERUM)

Fig. 6. Frequency distribution of serum [3-globulin values
in Pretoria children of 12 - 15 years.
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Fig. 7. Frequency distribution of serum y-globulin values
in Pretoria children of 12 - IS years.
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Fig. 4. Frequency distribution of total serum globulin
values in Pretoria children of 12 - 15 years.

Fig. 5. Frequency distribution of serum a-globulin values
in Pretoria children of 12 - IS years.
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Fig. 8. Frequency distribution of serum y-globuIin values
expressed as a percentage of total serum protein in Pre­
toria children of 12 - 15 years.
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on these children. The implications of the urea/creatinine
ratio had therefore to be rea essed.

The level of urea excretion is dependent on 3 main
factors. viz.:

(a) The quantity of protein fed. Urinary urea e.xcre­
tion increases (i) when the intake of a protem of
100°0 assimilability increases beyond the optimal
I equirements and (ii) with an increase in inta~e at
all levels wher: the a similability of the protems I

less than 100"0. The latter situation always applies
under norJ:1al dietary conditions.

(b) The quality of the protein. The lower the. quality
of the protein the greater is the non-assimIlable
fraction. This fraction is metabolized and most
of the nitrogen excreted via the urea cycle.

(c) Calorie intake. Prote;n is metabolized to furni£h
energy when the non-protein calorie intake is too
low to meet the requirements.

The dietary survey"'" showed that the animal protein
intake of the 3 Coloured races was considerably lower
than that of the White children. The protein intake of the
Bantu Coloured and Indian children was made up largely
of pr~tein of vegetable origin. Since the bivlogical value
of vegetable pro:ein is invariably lower than that of
animal origin, this factor would tend to raise the ureal
creatinine ratios of the r.on-Vv'hite children and would
account, in part at any rate, for the apparently contra­
dictory results obtained. Calorie deficiency in some indi­
viduals may also have helped to increase the figures for
urea excretion in the 3 Coloured races. In additio;l, intakes
of protein relative to the requirement were probably
lower in the White children of the 1965 survey than in the
younger White children, as judged by the difference in
serum albumin concentration.' These factors probably
account for the lower urea/creatinine ratios found for
the White than for the Bantu, Coloured and Indian
children of 12 - 15 years.

The above considerations indicate that in populations
where the basic dietary habits differ v/idely (as is the case
among the 4 racial groups in Pretoria) the ratio of urea to
creatinine excretion cannot be used as "- criterion of pro­
tein nutrition status. There is, E8wever, a possibility that
this ratio may prove useful in popul~;.;ons that are homo-

Since very little is known about the nutritional implica­
tions of the serum globulins in latent protein deficiency.
no attempt will be made to evaluate the findings for the
serum globulin fractions in terms of protein nutrition
status. In a previous article, however, Du Plessis et (If ..
discussed the possible 3ignificance of variations in the
albumin and globulin fractions.

From Figs. 5, 7 and 8 it is clear that the (Y- and y'
globulin concentrations \:ere higher in the Bantu, Coloured
and Indian groups than in the White children. The analy·
sis of variance showed a significant influence of race
(P<O·1 %) on all the globulin fractions but no influence of
sex or age except in the case of y-globulin. where a
significant influence of sex (P<5°o) was found.

Urea/Creatinine RaTio
The possibility that urea output could be used to assess

the quantity and quality of the pro~ein intake has long
been appreciated: On the basis of a publicatIOn by
Arrovave ,. Du Plessis eT aI.' suggested that children of
7 - 11 yea'rs excreting urea and creatinine in a ratio of less
than 18: I be considered to exhibit sub-optimal protein
nutrition. At that stage no data for White children were
available* and the results obtained by the application of
this criterion to the non-White children seemed very
promising.

When the survey on White children of 12 - 15 years was
completed in 1965, comparable results in another age range
became available for all 4 racial groups. The statistical
analysis of these results showed that the urea/creatinine
ratios of White children differed significantly (at a 5%
level) from those of the other 3 racial groups but that the
Bantu, Coloured and Indian groups did not differ signi·
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Fig. 9. Frequency distribution of urinary urea/creatinine
values in Pretoria children of 12 - 15 yean.

ficantly from one another. A significant influence of sex
(P<1 %) as well as of age (P<5%) was found.

It is clear from Fig. 9 that the urea/creatinine ratios of
the White children we:'e substantially lower than those of
the Bantu, Coloured and Indian children. If this finding
is an indication of sub-optimal protein nutrition, it directly
contradicts the results of the dietary survey"'" conducted

o 22'Otr~I 20Cr
~ 18·0 r-
~ Lrs 1&0
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12"O'-------'--------~--
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AGE IN 'r'E~S
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*'The method for the determination of urinary urea was not yet in use in
our laboratories in 1962 when the White children of 7 . 11 were surveyed.

Fig. 10. The relationship between age and mean urea
crealinine ratio's in Pretoria children of 7 - 15 ye::, .
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geneous in respect of their dietary habits. If it is used, the
influence of age and sex should be taken into account.
The influence of age on the present findings is shown in
Fig. 10. The influence of sex is evident from the mean
values, viz. 22-4 for boys and 2068 for girls of 7 - 11 years.
and 16·66 for boys and 15·44 for girls of 12 - 15 years.

CO 'ClUSION AND SUMMARY

it would appear that serum albumin concentration and the
percentage of albumin in the total serum protein still consti­
tute the most effective criteria for recognizing latent protein
deficiency in a population. The ratio of urea to creatinine in
the urine proved unsuitable for application to the Pretoria
population because of the wide differences in the dietary
habits of its 4 racial groups. This parameter may. however.
have value in a more homogeneous population.

The serum albumin concentrations and the vdlues for serum
albumin as a percentage of total serum protein indicate that

from 5 to 20 0
;, of children of all racial groups In Pretoria.

would benefit from a higher protein intake.
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NEPHROCALCINOSIS IN THE WHITE RAT
1. THE NEPHROCALCINOGE 'IC DIET OF GILBERT A 'D GILLMA '

D. B. 0 BRL-,', M.Se., Nmional tu/ri/ion Research Ins/irltle, Preroria

Gilbert and GiUman' found that the supplementation of
maize meal with soy-bean meal alone was not sufficient to
support optimal growth and ensure survival in rats. To
overcome the inadequacies of the soya-maize meal mixture,
these authors found it necessary to add sources of fat- and
water-soluble vitamins as well as a Steenbock 40 mineral
mixture.' It was observed, however, that the additions of
the mineral mixture to the soya-maize meal dietary setting
not only seriously interfered with reproduction, but al 0

precipitated kidney lesions (nephrocalcinosis).
In a National Nutrition Research Institute publication'

on the supplementation of cereal diets it is recommended
th8.t further work should be done on the development of
suitable soya foods to combat malnutrition. In this respect,
the findings of Gilbert and Gillman' are of great impor­
tance and warrant further investigation. Wise and Kark'
reported that kidney and bladder stones very seldom occur
among our indigenous population groups, whose staple
diet is mainly maize. Curative and preventive measures
employed to combat malnutrition, such as those which
entail the addition to the maize diet of so-called 'supple­
ments'. therefore need very careful scrutiny. to ensure that

the incidence of nephrocalcinosis remains at its present
low level.

Unfortunately the information published by Gilbert and
Gillman' does not reveal the true cause of the kidney
lesions observed. It is not possible to decide on the basis
of the data presented whether the stones were formed as
a result of the inclusio!1 of the soy-beans or whether stone
formation was due to the influence of those dietary factors
known to cause kidney stones, e.g. (i) high magnesium.
high phosphorus and low calcium intakes;5 (ii) low mag­
nesium, low phosphorus and high calcium intakes;' (iii)
low magnesium, high phosphorus and high calcium in­
takes;' (iv) excessive intake of vitamin D;6 (v) excessive
intake of vitamin C ;7 (vi) inadequate intake of pyridoxine;
S,9 and (vii) inadequate intake of vitamin A,1O

In view of the practical imp·ortance of the problem and
the lack of clear-cut information regarding the mechanisms
involved, it was decided to conduct a series of experiments
in an attempt to reveal the cause of the nephrocalcinosis
observed.

In the present paper the results are reported of a com­
parison of the nephrocalcinogenic effects of the diet used

TABLE I. CO:-lSTlTUENTS OF EXPERIMENTAL DIETS

Weighr ill G/loo G, of air-dry dier

COlls/itl/ellt Din Die/ Die; Diet Diet Die/ Diet Die/
I 11 TII IV V VI Vll Vlll

r,~aize meal porridge 69·5 69·5 69·5 69·5 69·5 69·5 12·0 69·3
Soy-bean meal (cooked, hexane-extracted) 18·5 18·5 18·5 18·5 18·5 18·5 19,2 18·5
Food veast .. 4·6 4·6 4·6 4·6 4·6 4·6 4·8
VitamIn mi;.tur:: 2·0
Cod-liver oil 2·0 2·0 20 2·0 20 2·0 2·0 2·0
V:hcat-germ oil 0·5 0·5 0·5 0·5 0·5 0·5 0·5 0·5
I:>.o:xtrin 1·9 4·6 3·5 4·0 2·9
SteenbJc:, '0 mineral r,-,i.\turc 3·0 3·0 3·0 3·0
CaCG. 1·9 1·37 1·37
YH,PO, 0·57 0·57
NaCI .. · 0·3 0·3 0·3 0·3
Total calcium (mg.). 273 974 50 600 50 600 440 437
Ictal phosphoru- (mg.) 680 696 347 346 484 469 630 554
_'a: P ratio 1:2'- 1:0,7 1:6·9 1:0·6 1:9'7 1:0·78 I: 1-43 1:1·27




