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Dietitians of the Division of Home Economics and
Dietetics of the Department of Agricultural Technical
Services investigated ways and means of utilizing the sup
plement in more sophisticated dishes designed for use
mainly by town dwellers of all races. The bases of the
meals evolved were well-tried recipes such as had been
supplied to thrifty housewives tor many years to enable
them to make tasty, nutritious food at rel.atively low cost.
It was found that it was possible to replace all or part of
the meat or other main protein material by a smaller
quantity of the supplement and still obtain fully accept
able dishes. These dietitians maintain that PVM can be
used in virtually all types of traditional dishes of all
South African races. However, due to its content of de
hydrated egg, it should not be made into a watery mix
ture and heated unless some thickening material, such as
a starch or flour, is present. In the absence of such mate
rial the product curdles and precipitates.

The acceptability of any product is greatly affected by
the manner of its presentation to the purchaser. It is,
therefore, important that when PVM is marketed or dis
tributed it should not appear cheap or inferior. An inex
pensive polythene bag offers adequate protection against
deterioration and such a bag can be made attractive. The
purpose of the product should be clearly stated on the
package in type that can be readily seen. In multilingual
South Africa it may be desirable to have more than one
type of package, giving usage recommendations and
recipes, as well as the conditions under which its use is re
commended, in several of our common languages. It is
suggested that manufacturers should experiment with
various flavouring materials to increase palatability. We
have .found spices to be promising flavourings and most of
the products we tested had proportions of added curry

powder. There is, however, ample scope for the ingenuity
of the food technologist.

Parents should not show anxiety or doubt when first
feeding food containing the supplement to their children.
Tenseness or uncertainty on the part of the parents can
cause resistance by the cluldren to any change of diet
even to the extent of causing psychological vomiting.

SUMMARY

Existing and former schemes designed to improve the nutrition
status of the population of various countries are examined to
determine the causes of their success or failure. The reasons
for developing the NNRI food mixture (PVM) as a concen
trated food supplement for the heterogeneous population of
South Africa are discussed and the advantages of this approach
to the problem are expounded. Results of acceptability tests
carried out are discussed. Recommended usage procedures for
use in children's meals -are given. Recipes showing the versa
tility of the NNRI food mixture are mentioned.

The staff of the Physiology Division of the NNRI arranged
the preparation and dispatch of the samples for trial at the
various centres.
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THE SERUM PROTEINS OF PEDI SCHOOLCHILDREN*
P. M. LEARY, M.D. (CAPE TOWN), D.C.H. (R.C.P. & S., ENG.), D.A. (R.C.P. & S., ENG.), D.OBST. R.C.O.G., Depart
ment of Child Health, University of Cape Town and the Red Cross War Memorial Children's Hospital, Cape Town

Numerous studies of the serum-protein patterns of the
Bantu have been reported over the past 20 years. Notable
are the papers by Arens and Brock,' Powell,17 and Carr
and Gelfand: Interracial studies have been conducted by
Bronte-Stewart et al! and Joubert et al.,'" and in newborn
infants by Bersohn and Wayburne! These authors have
shown that the majority of apparently healthy Bantu have
a protein pattern which is distinctive. The total-protein
and the gammaglobulin levels are higher, and the albumin
level lower, than the usually accepted norm for healthy
Whites. When Bantu receive a diet which is adequate in
terms of daily protein requirements, the serum total
protein and the serum-albumin levels approximate more
closely the levels for Whites. The gammaglobulin level,
however, remains a point of difference.

The studies cited above have been confined to adults
and the newborn. Only recently have studies of Bantu
schoolchildren been reported. In his thesis'" Walker lists
mean figures from a small series of teenage children.
Figures for younger girls and boys are not presented. He

"Date received: 3 September 1968.

has commented23 on the general trend, over the last 15
years, for the Bantu serum-protein pattern to approximate
that of the Whites. Du Plessis et al.··· have published
serum-protein figures from schoolchildren of the 4 main
racial groups examined in the course of nutrition status
surveys conducted in Pretoria between 1962 and 1965.
Their data from urban children are of considerable value.
It is clear that similar data should be available from groups
of rural schoolchildren.

During August and September 1965, anthropometrical
and dinical examinations were conducted on 301 Pedi
schoolchildren living in the Kgolokoe's location area of the
Bantu Reserve of Sekhukhuniland in the north-eastern
Transvaal. The geographical and cultural backgrounds of
the children have already been described, as has the
statistical method in which a representative sample was
selected from the more than 6,000 children attending
schools in the area."

METHODS

On the day when each child underwent anthropometrical
and physical examination a specimen of venous blood was
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TABLE It. 1EA ER M-PROTEI

Age Total
(years) protein

7 6·98
(0'74)-

8 7·02
(0,5 )

9 7·04
(0'53)

10 6· I
(0·69)

11 6·77
(0·22)

12 7·10
(0·65)

13 7·06
(0'77)

14 7·19
(0'74)

IS 7·09
(0·68)

Fig. J. See text.
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Serum-albumin levels were determined on era from
145 girls and 156 boys. A trend towards higher value in
older children was again observed. The mean value for
boys was 3·79 G / lOO ml. and for girls 3·87 G /lOO ml.
both values within the 'adequate' range according to
le D classification. The over-all mean was 3·83 G /
100 ml.

girls, placing them in the 'deficient' category according to
the classification of the Interdepartmental ommittee on
Nutrition for ational Defense (l D)"'" (Fig. I).

*Figures in parenthesis indicate standard deviation.

Age Total
(years) protein Albumin Globulin

7 6·95 HI 3·15
(0'78)* (0'32) (0·74)

8 6·99 3-60 HO
(0'89) (0'55) (0'36)

9 7·12 3·70 3·39
(0·70) (0·60) (0·82)

10 6·99 3·66 3·33
(0·63) (0·62) (0'92)

11 7·05 HO 3·25
(0'55) (0'58) (0·70)

12 7·16 3·78 3·38
(0·69) (0·53) (0·78)

13 7·27 HO 3047
(0·79) (0·59) (0'88)

14 7·12 4·01 3·01
(0·76) (0'47) (0'82)

IS 7·16 3·97 3-25
(0'71) (v·51 ) (0·52)

-Figures in parenthesis indicate standard deviation.

TABLE I. MEAN SERUM-PROTEIN VALVES IN BOYS (G/lOO ML.)

RESULTS

The results are tabulated in Tables I and 11. Total serum
proteins were determined on sera from 143 girls and 154
boys. Mean total-protein levels were very similar in all
age-groups, with a slight increase in the older children.
The mean value for boys was 7·09 G/lOO m!. and for
gir!s 7·01 G /100 ml.-an over-all mean total-protein level
of 7'05 G/lOO ml. Total-protein levels of less than 6 G/
100 m\. were found in 7'2% of the boys and 7'7% of the

Albumin Method
To 1·9 m\. 26·86% sodium sulphate solution in a centrifuge

tube were added 0·1 ml. of serum and I m!. of ether. The
mixture was shaken for 60 seconds and then centrifuged for a
few minutes. An aliquot of 1 ml. was transferred from the
bottom aqueous layer to a test-tube. To this aliquot were
added 3·0 m\. 0·2N NaOH solution and 1 ml. Weichselbaum
reagent. A blank was prepared with I ml. 26·86% sodium
sulphate solution, 3·0 m!. 0·2N NaOH solution and I m!.
Weichselbaum reagent. After both had stood for 30 minutes,
the test was read against the blank at 540 m!'. Concentrations
of total protein and albumin were read from a standard curve.

The accuracy of the method was tested on a number of
occasions by means of control deterrninations, using a
commercial preparation (Versatoi)" with known protein
concentrations. The greatest error demonstrated in these
test determinations was 1%.

Total Protein Method
To 1·9 ml. of distilled water was added 0·1 ml. of serum.

An aliquot of I m!. was transferred to a second test-tube, and
to this 3·0 m!. of 0·2N NaOH solution and I ml. Weichselbaum
reagent were added. A blank was prepared by taking I m!.
distilled water, 3·0 ml. 0·2N NaOH solution and I ml. Weich
selbaum reagent. These mixtures were allowed to stand for
30 minutes at room temperature. Colour intensities of the test
against the blank at 540 m!' were then read, using a Gallen
kamp colorimeter.

drawn from the median cubital vein. A sample of this
blood was allowed to clot. The serum was then separated
and placed in tl~e deep-freeze section of a refrigerator
until protein determinations could be performed. The
method used was a modification suggested by Du Plessis'
of the method of Woolfson et al.'6 based on the method
of Weichselbaum."
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TABLE 11. MEA SERUM-PROTEI

Age Total
(years) protein

7 6·98
(0'74)*

8 7·02
(0'58)

9 7·04
(0'53)

10 6·81
(0·69)

11 6·77
(0'22)

12 7·10
(0·65)

13 7·06
(0·77)

14 7·19
(0'74)

15 7·09
(0·68)
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Serum-albumin levels were determined on sera from
145 girls and 156 boys. A trend towards higher values in
older children was again observed. The mean value for
boys was 3'79 G /lOO ml. and for girls 3·87 G /100 m!.
both values within the 'adequate' range according to
IC D classification. The over-all mean was 3·83 G /
100 ml.

*Figures in parenthesis indicate standard deviation.

girls, placing them in the 'deficient' category according to
the classification of the Interdepartmental Committee on
Nutrition for National Defense (ICNND)"'>: (Fig. I).

Age Total
(years) protein Albumin Globulin

7 6·95 3-81 3·15
(0·78)* (0'32) (0·74)

8 6·99 3-60 3-40
(0·89) (0'55) (0'36)

9 7·12 3·70 3·39
(0·70) (0·60) (0·82)

10 6·99 3·66 3·33
(0·63) (0·62) (0·92)

11 7·05 3-80 3·25
(0·55) (0'58) (0'70)

12 7·16 3·78 3·38
(0·69) (0'53) (0·78)

13 7·27 3-80 3·47
(0'79) (0·59) (0·88)

14 7·12 4·01 3·01
(0·76) (0'47) (0·82)

15 7·16 3·97 3·25
(0·71) (0·51) (0·52)

*Figures in parenthesis indicate standard deviation.

RESULTS

The results are tabulated in Tables I and 11. Total serum
proteins were determined on sera from 143 girls and 154
boys. Mean total-protein levels were very similar in all
age-groups, with a slight increase in the older children.
The mean value for boys was 7·09 G /100 rnl. and for
gir~s 7·01 G /lOO ml.-an over-all mean total-protein level
of 7·05 G /lOO ml. Total-protein levels of less than 6 G /
100 m!' were found in 7'2% of the boys and 7'7% of the

TABLE I. MEAN SERUM-PROTEIN VALUES IN BOYS (G /100 Ml.)

Total Protein Method
To 1·9 ml. of distilled water was added 0·1 ml. of serum.

An aliquot of 1 ml. was transferred to a second test-tube, and
to this 3·0 m!' of 0·2N NaOH solution and 1 ml. Weichselbaum
reagent were added. A blank was prepared by taking 1 ml.
distilled water, 3·0 inl. 0·2N NaOH solution and I m!. Weich
selbaum reagent. These mixtures were allowed to stand for
30 minutes at room temperature. Colour intensities of the test
against the blank at 540 m!' were then read, using a Gallen
kamp colorimeter.

Albumin Method
To 1·9 m!' 26·86% sodium sulphate solution in a centrifuge

tube were added -0·1 ml. of serum and 1 ml. of ether. The
mixture was shaken for 60 seconds and then centrifuged for a
few minutes. An aliquot of 1 ml. was transferred from the
bottom aqueous layer to a test-tube. To this aliquot were
added 3·0 m!' 0·2N NaOH solution and I ml. Weichselbaum
reagent. A blank was prepared with 1 m!' 26·86% sodium
sulphate solution, 3·0 ml. 0·2N NaOH solution and 1 ml.
Weichselbaum reagent. After both had stood for 30 minutes,
the test was read against the blank at 540 m!'. Concentrations
of total protein and albumin were read from a standard curve.

The accuracy of the method was tested on a number of
occasions by means of control determinations, using a
commercial preparation (Versatol)21 with known protein
concentrations. The greatest error demonstrated in these
test determinations was 7%.

drawn from the median cubital vein. A sample of this
blood was allowed to clot. The serum was then separated
and placed in tl}e deep-freeze section of a refrigerator
until protein determinations could be performed. The
method used was a modification suggested by Du Plessis'
of the method of Woolfson et al:6 based on the method
of Weichselbaum."
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In the case of 5'1 % of boys and 2·1 % of girls, values
were in the 'deficient' range and 22'4% of boys and 24'1 %
of girls had values in the 'low' range of the ICNND
classification (Fig. 2).

Serum-globulin levels for each child were obtained by
subtracting the serum-albumin level from the total serum
protein level. The mean level for boys was 3'29 G / 100 ml.
and for girls 3·14 G/l00 ml. The over-all mean figure was
3'22 G/lOO ml. (Fig. 3).

z
~ 10

o
.... 9
j'
U

......b 7

....
a
'""~ .
z
'"ua
~ 7

CONCENTRATION 01 TOTAL SERUM GlOBULIN

Fig. 3. See text.

DISCUSSION

Serum-Protein Patterns in Relation to Nutritional
Environment

In frank protein malnutrition, the total-protein level is
low and the serum-albumin level is depressed to a very
low figure. This is well shown in the syndrome of kwashior
kor. The effect of a balanced diet may be gauged by the
rise in the serum-albumin level, and clinical recovery is
associated with a serum-protein figure which lies within
the normal range. Subsequent severe protein deprivation
may lead to clinical relapse, when the serum-albumin level
will again be very low. This association is well known and
accepted in clinical paediatrics.

Brock' has reasoned that a low serum-albumin level
may be accepted as evidence of dietary protein deficiency
when a diet of good protein content produces a rise in
that serum-albumin level. Schendel et a/.19 have used the
serum-albumin concentration as a biochemical index of the
protein sufficiency of the diet, and have defined 3 ranges
of levels. They regard the marginal range 2·78 - 3·52 G /
100 ml. as evidence of dietary protein deficiency in the
absence of other pathology. The serum-protein ranges of
the ICNND"·12 categories are very similar.

When comparing serum-protein results, allowance must
be made for differences due to laboratory technique. Mean
total-protein values for all age-groups in the present Pedi
survey lie in the 'acceptable' or 'high' ICNND categories.
Mean albumin levels all lie in the range of the 'acceptable'
category. Mean total-globulin levels, obtained by subtrac
tion, lie within an accepted Caucasian normal range,'" but
tend towards the upper limit of normality.

Pedi Albumin Pattern
Of more significance than the mean total-protein and

mean albumin levels in this S\lfVey, is the number of
children with serum-albumin levels in the 'low' or 'defi
cient' category. Values below 3·52 G /100 ml. were found
in 27% of children. If the serum-albumin level is taken as
a biochemical index of the protein sufficiency of the diet,
it would appear that at least one-fifth of the children
attending schools in Sekhukhuniland suffer from protein
deficiency. As the serum-albumin level falls only when
protein deficiency is well advanced: the percentage whose
diet is suboptimal in terms of protein content is probably
much higher. This finding correlates well with the finding
that 33·2% of the children had height measurements, and
39·5% had weight measurements, which lay below the
Boston 3rd percentile.'" This association between hypo
albuminaemia and low weight has been noted by Witt
mann and Hansen.'"

It is also shown in this survey that the serum-albumin
levels confirm the somatometric findings in demonstrating
the inadequacy of the children's diet.

An increase in the protein content of the diet of the
Pedi children should produce a general rise in the mean
albumin levels and a reduction in the number of children
whose serum-albumin level lies below the lower limit of
the. 'acceptable' category. A corresponding decrease in the
number of children with height and weight measurements
below the Boston 3rd percentiles should also occur.

Bronte-Stewart et al.' showed that once a certain level
of dietary protein intake is reached, further increases in the
serum-albumin level do not occur. If this 'luxus' consump
tion level is maintained throughout the growing period,
and the diet is adequate in other respects, it can be antici
pated that the mean height and weight findings of the
children will approximate the Boston 50th percentile.

Pedi Globulin Pattern
Studies in a number of places have demonstrated

differences between Bantu and White serum-protein pat
terns..···'··" A feature of the Bantu pattern is the high total
globulin level usually found. Electrophoresis shows that
this is due to an increase in the gammaglobulin fraction.
This increase is presumed to be due to the high incidence
of infective disease in Bantu communities. However, an
increased globulin fraction is found among American
negroes,'··18 and among West Africans who have lived in
England for many years,"" as well as among healthy well
nourished Bantu in Southern Africa" Bersohn and Way
bume' have found that the serum-protein patterns of
Bantu and White newborn infants differ only in the
slightly higher gammaglobulin levels found in the Bantu.
These findings have led to speculation whether the Bantu
pattern might be genetically determined.

Pedi mean globulin figures approach the upper limit of
the normal Caucasian range. The mean value is, however,
lower than that found in Pretoria:'· and in other reported
African studies. Sekhukhuniland enjoys a healthy climate
and is free of tropical disease. Clinical examination shows
that the incidence of infection' among schoolchildren is
low. The lower globulin levels may reflect a lower uicidence
of infection among the children than prevails elsewhere.

SUMMARY

Serum-protein levels were determined on sera from 301 Pedi
schoolchildren living in a rural Bantu Reserve. Mean levels for
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total protein, albumin and globulin are presented. Twenty
seven percent of the children had serum-albumin levels below
3·52 G/lOO ml. The findings are discussed in relation to dietary
protein content and the incidence of infection.
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THE CAUSE OF THE MYOCARDIAL 'HYALINE DEGENERATION' INDUCED IN RATS
FED PREDOMINANTLY MAIZE DffiTS SUPPLEMENTED WITH EITHER THE NNRI FOOD

FORMULAE OR SKIMMED-MILK POWDER.
D. B. DU BRUYN, National Nutrition Research Institute, CSIR, Pretoria

A long-term investigation carried out recently at this
Institute' into the question of the mineral efficiency of
the Institute's high-protein food formulae and of skim
med-milk powder in a predominantly maize dietary con
text, has revealed that, in spite of attempts at making the
experimental diets 'complete' in respect of those vitamins
known to be required by the experimental animals
(albino rats), the animals developed a lesion designated at
that time as 'myocardial hyaline degeneration'. Since
hyalinization of muscular tissue had previously been as
sociated with vitamin-E deficiency, the possibility of the
above phenomenon being due to a deficiency of this
vitamin was considered; but as the experimental diets
contained vitamin-E bearing ingredients, such as wheat
germ oil and low-extraction grade maize meal, it did not
appear that vitamin-E deficiency could have been the
cause of the tissue changes observed.

It was nevertheless considered necessary to reinvestigate
this matter, particularly in the light of the possibility of
destruction of the vitamin-E contents of the diets under
the prevailing experimental conditions.

The stability of vitamin E in foods depends very much
on the absence of factors which promote rancidity,' such
as unchelated pro-oxidants (iron, copper and manganese)
and adverse temperatures and humidities. It is therefore
possible that part of the vitamin E in the diets tested was
oxidized, the experiment having been conducted in an
environment in which the room temperature was 28°C
and relative humidity 50%.

It has also been observed' that when a diet low in vita
min-E content is supplemented with cod-liver oil, as was
done in the study under consideration, there is a prepon
derance among the experimental animals towards develop
ing signs of vitamin-E deficiency. According to Brown,'
Who has tested a number of fish oils, such oils do contain
vitamin E, but they also contain a number of higWy-un-

'Date received: 11 December 1968.

saturated fatty acids which are capable of inducing
vitamin-E deficiency symptoms; Witting and Horwitt'
have shown that the creatinuria of the vitamin-E deficient
rat is inversely related to the degree of saturation of the
dietary fat. It is conceivable that, in view of the proneness
of unsaturated fatty acids to peroxidize, the condition
prevailing in diets high in unsaturated fatty acid are
conducive to the destruction of vitamin E.

Another factor which has been associated with the
utilization of vitamin E is the selenium content of the
diet. Having reviewed the subject, Witting· concluded
that tissue damage caused by peroxidized lipids may
possibly be minimized by several non-lipid factor such as
selenium and sulphur-containing amino acids. Desai and
Scott' have established that selenium acts as a carrier of
vitamin E and may thus function in the absorption and
retention of the vitamin, in prevention of its destruction
and perhaps also in the transfer across membranes,
thereby enhancing the biological activity of this vitamin.
However, according to the results of Nesheim and Scott,'
it appears that, at least as far as its growth effects
are concerned, selenium is not effective in diets containing
vitamin E, unless these diets are high in Torula yeast
content.

In the study to be reported here I have investigated the
effect of a number of materials, each of which could
directly or indirectly be associated with the de truction
and/or utilization of dietary vitamin E, on the incidence
of 'hyaline degeneration' of the type observed in my
previous study.

MATERIALS AND METHODS

The general plan of the experiment entailed the feeding
of 5 groups of 10 young rats each (5 males and 5 female
per group) for 140 days with a diet consisting of cooked
and dried maize meal and fixed proportions of fat and
NNRI Food Formula V, treatment of the rat varying




