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factors than to the chemical differences present in the blood­
vessels.

We are greatly indebted to Dr. M. L. Neser for her critical
reading of the manuscript.
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THE EFFECT OF FEEDING TAURINE ON THE BILE ACID CONJUGATION PATTERN
AND SERUM CHOLESTEROL CONCENTRATION IN MAN

A. S. TRUSWELL, Department of Medicine, University of Cape Town

Abstract

Conjugation of biliary bile acids with taurine appears to be
associated with low serum cholesterol levels in different animal
species and in various conditions in man. In four experiments
in 3 subjects, 1·5 G of taurine per day changed the proportion
of biliary bile acids conjugated with taurine from 19% to
56'}~. But there was no change in serum cholesterol concentra­
tion. We suggest th~t lhe availability of taurine is only rate­
limiting for cholesterol to (--7) bile acids in animals such as
the rat that cannot excrete bile acids conjugated with glycine.
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This work is published in full elsewhere.'

This work was done in the CSIR Clinical Nutrition Research
Unit of the University of Cape Town and supported by
USPHS Grant AM 03995.

REFERENCE

1. Truswell. A. S., McVeigb, 5., Mitchell, W. D. and Bronte-Stewart, B.
(1965): J. Atberoscler. Res., 5, 527.

BIOCHEMICAL EVALUATION OF THE NUTRITION STATUS OF URBAN PRIMARY
SCHOOL CHILDREN: RIBOFLAVIN STATUS

J. P. DU PLESSIS, M.Se., D. J. DE LANGE, M.Se., National Nutrition Research Institute; AND S. A. FELLI GHAM,

M.Se., National Research Institute jor Mathematical Sciences, Pretoria

Riboflavin was long known as vitamin G, the so-called
growth factor, and has proved to be one of the most
important members of the vitamin B complex. Riboflavin
deficiencies very seldom occur alone, but are often found
in conjunction with deficiency syndromes such as pellagra
and kwashiorkor. A combined deficiency of riboflavin and
protein is very often found in overpopulated countries, for
example those of the Far East, and in underdeveloped
countries such as exist in Africa and South America,
where the intake of milk and other high-quality protein
foods is low.

Although the Republic of South Africa is a highly
developed country according to African standards, the
indications are that a considerable part of the population
is adapted to sub-optimal protein intakes. Latent riboflavin
deficiency may therefore be fairly widespread, especially

among the Bantu, and it is desirable to be able to demon­
strate the existence and extent of such deficiencies so
that remedial measures can be applied where necessary.

The riboflavin determinations done in the nutrition
status survey on primary school children in Pretoria had
two objects, namely: Ca) to evaluate the suitability of
various biochemical methods for providing criteria of
riboflavin nutrition status, and Cb) to assess the ribo­
flavin nutrition status of the 4 main racial groups.

MATERIALS AND METHODS

The nutntlon status survey on White children aged 7 - 11
years was carried out during the period April - June 1962,
on a statistically representative sample drawn at random
from a population of 17,980. For various reasons, including
non-response, only 464 of the 600 children drawn were
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TABLE I. THREE-WAY ANALYSIS OF VARIANCE AND MULTIPLE
COMPAR1SON TEST FOR DIFFERENCE DUE TO RACE, SEX AND AGE*

.. P values of 5 % or less indicate a significant difference.
t w ~ White, B ~ Bantu, t ~ Indian, C ~ Coloured.

For the multiple comparisons tests. the con\'ention of underlining all groups
which did not differ significantly with a common line was followed.

and ranges alone. The results of the analysis of varianct:
tests in respect of race, age and sex and the multiple com­
parisons in respect of race are given in Table I. A 5%
level of significance was applied in all tests.

Variable
Analysis of Mulliplet Analysis of Analysis of

variance comparisons variance variance
Riboflavin/G

creatinine P<O'I% WHCl P>5% P<O'I%
Red blood cell

riboflavin P>5% WHCl P>5% P<O'I%
Total serum

riboflavin P<O'I% WECl P<O'I% P>5%
FAD P<O'l% WHCl P<O·I% P>5%

AgeSexRace

Red Blood Cell Riboflavin
The interp~etation of the red blood cell riboflavin values

obtained in these surveys is rendered difficult by the fact
that so little work has been done in this field, especially
on children.

A fairly extensive survey of red blood cell riboflavin
content has been carried out by Beal and Van Buskirk9 on
children ranging in age from 3 days to 17 years. The mean
values ranged from 34 to 21 JLg./I00 m!. red blood cells.
These figures are open to criticism in so far as the 618
determinations treated as independent observations were
carried out on only 68 children. Replicate determinations
on the same child cannot be treated as independent
observations.

The values obtained in the Pretoria surveys (Fig. 1) are
much lower than those obtained by Beal and Van Buskirk;
the grand mean for these surveys being 13·16 JLg. f1 00 m!.
red blood cells. At this stage no explanation can be found
for this difference.

The analysis of variance showed a significant influence
of age, but not of sex or race, on the red blood cell ribo­
flavin values. There is reason to believe, e.g. on the basis
of dietary evidence,'o,,, that a considerable difference exists
between the riboflavin nutrition status of the White
children and that of the other 3 racial groups. The fact
that the red blood cell riboflavin values did not serve to
show up any differences between the 4 racial groups
suggests that this variable is not suitable for use as a
criterion of riboflavin nutrition status.

In the early work on the riboflavin content of blood
there was either no variation found, owing to the use of
insensitive methods,' or the changes found could not be
related to the riboflavin intake: The development of
methods which could differentiate between free riboflavin,
riboflavin mononucleotide (FMN) and riboflavin adenine
dinucleotide (FAD) opened up a new field of investigation.
According to Burch et al.' the total riboflavin content of
the red blood cells is the most sensitive criterion of the
ribcflavin nutrition status of the individual.

RESULTS AND DISCUSSION

The biochemical results are given in the form of frequency
distribution curves (Figs. 1, 2, 3 and 5). The 5th, 10th,
90th and 95th percentiles are also given. This type of
presentation gives much more information than the means

actually included in the survey. The number of children
finally included in each age-sex group varied from 42 to
54 of the 60 actually drawn.

The survey on Bantu children done from April to June
1963 was based on a statistically representative sample of
400 children drawn at random from a population of
18,098. Only 322 children were actually included in this
survey, the number in each age-sex group varying from
27 to 38 of the 40 actually drawn.

The surveys on Coloured and Indian children, completed
during April to June 1964, were based on 2 randomly
drawn samples of 250 children each, representing 1,153
Coloured and 1,224 Indian children respectively. There
were 228 Coloured children and 206 Indian children
actually included in these surveys. The number of children
in each age-sex group varied from 21 to 25 in the case of
the Coloured children and from 17 to 25 in the case of
the Indian children (30 actually drawn in each group).

The following biochemical determinations were carried
out for the assessment of riboflavin nutrition status:

1. Urinary riboflavin excretion was determined by a
composite method derived from that of the Association of
Official Agricultural Chemists' and that of Jansen.' This
composite method, extensively modified in our laboratory,
has proved to be very reliable. It is based on the conver­
sioa of riboflavin into lumiflavin by ultraviolet irradiation
in an alkaline medium. The lumiflavin is measured fluori­
metrically. A description of the method will be published
shortly.

2. The determination of red blood cell riboflavin, total
serum riboflavin and serum flavin adenine dinucleotide
(FAD) was done according to the method of Burch et al.'

3. Urinary creatinine was determined according to the
alkaline picrate method of Peters:

The purpose of the statistical analysis which was em­
ployed was to test whether children of different age, sex
and racial groups came from the same statistical popula­
tion in respect of the biochemical entities recorded and,
if not, to demonstrate between which age, sex and racial
groups the differences lay.

For this purpose, a 3-way analysis of variance. without
the assumption of additivity, was applied to the data. This
analysis tests the null-hypothesis of zero main effects, i.e.
the hypothesis that all age, sex and racial groups are
similar. without making the assumption that there is no
interaction between the main effects of age, sex and race.
This form of analysis presents special problems which are
discussed by Scheffe' for the 2-way lay-out. The extension
to the 4-way lay-out was contributed by Laubscher." ,

Comparisons between combinations of all possible pairs
of groups (each group consisting of children of the same
age, sex and race) were further carried out according to
the multiple comparison technique as discussed by Scheffe:

Calculations were done on the IBM 704 computer of
the National Research Institute for Mathematical Sciences
of the Council for Scientific and Industrial Research.
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Fig. 2. Frequency distribution of the total serum riboflavin
values in Pretoria children of 7 - 11 years.
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riboflavin and for serum FAD agree very well with the
ranges for normal adults found by Burch et af.' and
Suvarnakich el al." The ranges for the Bantu children are
higher than those for any other racial group, although
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Total Serum Riboflavin, Serum FAD and Serum Free
Riboflavin plus FMN

At this stage the available evidence on the value of total
serum riboflavin, serum FAD and the serum-free ribo­
flavin plus FMN as criteria of riboflavin nutrition is very
contradictory. According to Suvarnakich et al.," the FAD
values provide the best criterion of human riboflavin
nutrition status. The serum FAD and the serum-free ribo­
flavin plus FMN values are unaffected by recent ribo­
flavin intake and by the nitrogen balance of the individual,
which do affect the urinary riboflavin excretion. Suvarna­
kich et al. do not consider free riboflavin plus FMN to be
a practical criterion of riboflavin nutrition status as the
determination is difficult to perform, and the results show
a skew distribution. This skew distribution of the free
riboflavin plus FMN values also affects the total serum
riboflavin values as the variations in the total serum ribo­
flavin concentration are mainly due to variations in the
serum-free riboflavin fraction:
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Fig. 3. Frequency distribution of serum FAD values in
Pretoria children of 7 - 11 years.
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Fig. 1. Frequency distribution of red blood cell riboflavin
values in Pretoria children of 7 - 11 years.
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The work of Burch et al.' has shown that the serum FAD
concentrations remain fairly constant, the differences due
to a decreased riboflavin intake being not very pro­
nounced.

In view of the disagreement among various authors on
the merits of the different serum riboflavin fractions as
criteria for riboflavin nutrition status, it was decided to
determine total serum riboflavin and serum FAD in the
Pretoria surveys with the intention of assessing the relative
merit of each fraction. The results are given in Figs. 2
and 3.

The results of the statistical tests are exactly the same
for the total serum riboflavin as for the serum FAD values.
The analysis of variance showed a significant effect (P<
0·1%) of race and sex, but not of age (P>5%) in the case
of both variables. The multiple comparison test in re­
spect of the 4 races showed a significant difference (at the
5% level) between all combinations of pairs except
Coloured and Indian children.

From the percentiles on the frequency distribution
curves, the ranges between which 80"(, of the values lie can
easily be determined. The ranges both for total serum

still within the ranges found by Suvarnakich et al." This
anomaly, that the Bantu children with a lower riboflavin
intake than the White children have the higher total serum
riboflavin and serum FAD values, disqualifies these two
variables as criteria of riboflavin nutrition status. There
does not seem to be any relationship between riboflavin
intake and the serum concentrations of these two variables.

Urinary Riboflavin
The urinary excretion of riboflavin was determined by

means of fluorimetric techniques on 2-hour urine specimens
taken from 9 to 11 a.m.-a diuresis having been induced
with water. According to Tucker et al.," diuresis does not
influence urinary riboflavin excretion. We tested the rela­
tionship between urinary riboflavin excretion in 2 hours
and that in 24 hours in 12 individuals, the results in both
cases being expressed as flg. riboflavin/ G creatinine. No
significant difference was found between the two sets of
results (unpublished data). The employment of such a
short collection period is open to criticism,"'" but from the
wOik of Hegsted et al." it would appear that 2-hour urine
specimens serve a useful purpose provided that the sample
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Fig. 4. Comparison of two methods for riboflavin determi­
ration.

together with the 95 00 confidence limits. If the 2 method
were identical, one would expect the values to be scattered
about the line y = x. The regression line which best fitted
the data wa y = 1·2488 + 0·9955x.

On application of the t-test. the constant term (I ·2488)
did not differ significantly from zero (P>30%), nor did
the regression coefficient (0-9955) differ significantly from
1 (P>90~0). The regression line is almost identical with the
expected one and provides no justification for concluding
that the two methods give different results.

When urinary riboflavin excretion is used as a criterion
of riboflavin nutrition status, great caution must be exer­
cised in the interpretation of the results. as there are
various factors which influence the extent of urinary
excretion. The state of nitrogen balance is one of the most
important. Oldham et al."'" found that in experiments
with adult women, a highly significant negative correlation
between riboflavin excretion and daily nitrogen balance
could be demonstrated. Pollack and Bookman'" found that
a positive nitrogen balance was associated with an excre­
tion of less than half, and a negative balance with an
excretion of more than half of the riboflavin intake. In
the interpretation of the riboflavin status of adults, the
state of nitrogen balance should therefore be considered, as
this may change from day to day. In the case of children.
however, the effect of the nitrogen balance can safely be
discounted, as only under exceptional circumstances will a
negative nitrogen balance be found in healthy children.

Tucker et al." found that sleep and short periods of
heavy physical work decreased riboflavin excretion. In
contrast, starvation for short periods (7 days), heat stress
and enforced bed rest increased riboflavin excretion. These
factors are, however, unlikely to have been operative in
the Pretoria surveys.

In a very well-controlled study, Horwitt et al.'" found
that for subjects on a riboflavin depletion diet, the amount
excreted in the urine was related to the riboflavin content
of the diet and to the length of time that the diet had been
taken. The amount of riboflavin excreted in the urine by
individuals on diets containing riboflavin surpluses of
varying extent differed considerably, but when the ribo­
flavin intake was decreased these variations became
smaller, and at very low levels of intake excretions were
uniform. They found that no clinical signs of riboflavin
deficiency occurred in male adults when the urinary ribo­
flavin excretion was more than 40 !J.g.(24 hours, corre­
sponding to 20 - 30 !J.g.(G creatinine.

It can be seen from the frequency distribution curve
in Fig. 5 that the riboflavin excretions of the White
children studied in the Pretoria surveys were considerably
higher than those of the other 3 races. This finding is
confirmed by the data for the dietary intake of riboflavin
on the different racial groups.

The analysis of variance showed a significant influence
of race and age (P<O·I%) but not of sex (P>5%) on the
urinary riboflavin values. The multiple comparisons tests
in respect of race showed a significant difference between
all combinations of pairs except Coloureds and Indians.

The Interdepartmental Committee on utrition for
National Defense (lCN D)" has used riboflavin excretion(
G creatinine as a means of judging riboflavin nutrition
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Fig. 5. Frequency distribution of urinary riboflavin values
in Pretoria children of 7 - 11 years.
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size is large enough. This view is supported by our own
work on 2- and 24-hour urine specimens. Plough and
Consolazio" found that in large surveys the determination
of riboflavin excretion per gram of creatinine in random
urine specimens gave a satisfactory indication of ribo­
flavin nutrition status.

As already indicated, the method we used for the deter­
mination of urinary riboflavin was a combination of those
of the Association of Official Agricultural Chemists' and
of Jansen.' This composite method (method I) was used
for the survey on the White children in 1962. It was
subsequently modified (method II) for the surveys on the
Bantu, Coloured and Indian children. The query then
arose whether the results obtained by these 2 methods
were comparable. To investigate this aspect, the ribo­
flavin contents of 3I two-hour urine specimens were deter­
mined according to both methods.

A linear regression line was fitted to the data. The
values obtained with method II were taken as the inde­
pendent variable and those obtained with method I as the
dependent variable. The regression line is shown in Fig. 4
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TABLE Ill. DISTRIBUTION OF URINARY RlBOfLAVIN VALUES ACCORDING
TO THE STANDARDS SUGGESTED BY PEARSON"

riboflavin intakes occur in all 4 races, but are particularly
prevalent in the non-White children.

TABLE 11. A TENTATIVE GUIDE SUGGESTED BY PEARSO FOR THE
INTERPRETATION OF RIBOFLAVIN EXCRETION 1 p.g'/GRAM CREATI 'INE

BY CHILDRE

status in many populations. Unfortunately the standards
used by the ICNND are applicable to adults only, and
Pearson" has therefore suggested a tentative guide for
the interpretation of urinary riboflavin excretions of
children in f-lg./ G creatinine, which takes the age of the
child into account (Table I1).

1. Association of Official Agricultural Chemists (1949): J. Assoc. Off.
Agric. Chem.. 32, 10.

2. Jansen, A. P. (1950): Rec. Trav. chim. Pays-Bas, 69, 1275.
3. Burch. H. B.. Be"ey, O. A. and Lowry, O. H. (1948): J. BioI. Chem.,

175, 457.
4. Peters. J. H. (1942): ibid., 146, 179.
5. Scheffe, H. (1959): Allalysis of Variance. New York: Wiley & Sons.
6. Laubscher. N. F. (1965): Tydskrif vir Naruurwetenskappe (in the press).
7. Czaczkes, J. W. and Guggenheim. K. (1946): J. BioI. Chem., 162, 267.
8. Murray, A. Z., Greenstein, L. M. and Sherman, H. C. (1946): Ibid.,

165, 9 I.
9. Beal. v. G. and Van Buskirk, J. J. (1960): Amer. J. Clin. Nutr.,

8. 841.
10. OUdkerk, A. C. F. (1965): Personal communication.
I I. Lubbe, A. M. (1965): Personal communication.
12. Suvarnakich, K., Mann, G. V. and Stare, F. J. (1952): J. Nutr., 47,

105.
13. Tucker, R. G., Mickelsen, O. and Keys, A. (1960): Ibid., 72, 251.
14. Johnson. R. E .. Henderson, C., RObinson, P. F. and Consolazio.

F. C. (1945): ibid., 30, 89.
15. Hegsted, D. M .. Gershoff, S. N., Trulson, M. F. and Jolly, D. H

(1956): Ibid., 60, 581.
16. Plough, 1. C. and Consolazio, F. C. (1959): Ibid., 69, 365.
17. O:dham. H., Lounds. E. and Porter. T. (1946): Fed. Proc., 5, 237.
18. Idem (1947): J. Nutr.. 34, 69.
19. Pollack, H. and Bookman, J. J. (1951): J. Lab. Clin. Med., 38, 561.
20. Horwitt. M. K.. Harvey, C. c., Hills, O. W. and Liebert. E. (1950):

J. 'utr., 41, 247.
21. Interdeoartmental Committee on Nutrition for Tational Defense (1960):

Pub!. H1th Rep. (Wash.), 75, 687.
22. Pearson. W. N. (1962): Amer. J. Clin. utr., 11, 462.

REFERE CES

As far as the riboflavin nutrition status of the 4 racial groups
is concerned, it can be concluded on the basis of Table II that
respectively 0·2, 15·2 and O·5~b of the White, Bantu and Indian
children were in a deficient range, but no Coloured children.
Among the Coloured children 57·1% fell in a low range,
however, as did 16·2, 52·4 and 35·9% respectively of the White,
Bantu and Indian children. It is therefore probable that in the
age group 7 - 11 years between 16 and 68°{, of Pretoria children
in the various racial groups would benefit from a higher ribo­
flavin intake. This unsatisfactory riboflavin nutrition status is,
in the non-White groups at any rate, probably due to a very
low intake of milk in particular as well as of other high­
quality protein foods.

SUMMARY

In nutrition status surveys conducted on Pretoria primary
school children of 7 - 11 years it was found that of the different
methods tested only riboflavin excretion per gram of creatinine
in 2-hour urine specimens provided a satisfactory criterion of
the riboflavin nutrition status of the different population
groups.

Only in Bantu children did a significant proportion (15·2%)
of the children have excretions falling into a deficient range.
However, in 16·2% of the White children and 35·9 - 57·1 % of
the non-White children the excretions fell into a low range, and
it is concluded that a substantial proportion of Pretoria
children from all racial groups, but particularly the non-White
groups, would benefit from a higher riboflavin intake.

High
>500
>400

% of rotal
Coloured
children

0·0
57·1
37·3
5·7

Acceptable
270-500
200-400

% of total
Indian

children
0·5

35·9
44·6
18·9

LolV
85-269
70-199

% of toral
BanTu

children
15·2
52-4
25·8
6·5

% of roral
White

children
0·2

16·2
25·2
58·5

Age group (yrs.) DeficienT
7-9 <85

10-15 <70

Caregory

Multiple comparison tests in respect of age were
applied to the data obtained in the Pretoria surveys in
order to discover between which age groups the differences
lay. These tests showed that no significant differences
existed between the 7-. 8- and 9-year-old children nor
between the 10- and 11-year-old children. A significant
difference (at a 5°~ level) was found when values for
7-year-old children were compa:-ed with those for children
of 10 and 11 years of age. These findings therefore confirm
the validity of the age grouping used by Pearson" in his
tentative guide.

Pearson's tentative guide was applied to the urinary
riboflavin values obtained in the Pretoria surveys, and the
results are shown in Table Ill. It would appear that low

Deficient
Low
Acceptable
High

CONCLUSIONS

In this study it was confinned that riboflavin excretion/G of
creatinine in 2-hour urine specimens provides a good criterion
of riboflavin nutrition status in a population group. Red blood
cell and serum riboflavin contents and serum FAD content
proved unsatisfactory as the results obtained for these variables
bore no relation to the riboflavin intakes of the different
population groups.
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Abstract

Dean' suggested that the diarrhoea in kwashiorkor is produced
by sugars. Studies have been undertaken to clarify this clinical
impression. Twenty-seven children with kwashiorkor or nUlri­
tional marasmus were divided into two groups. One group was
fed initially on a carbohydrate-free diet and then on milk. The
results of this dietary manipulation were assessed by means of
stool weights and stool lactic acid content. Chromatography
of stools for sugars was also performed.

Subsequently oral carbohydrate absorption tests were done
on some of these children to determine what sugars were
responsible for the diarrhoea. This was done by comparing
blood sugar increments after comparable loading doses of lac­
tose and its constituent monosaccharides. Bacteriologic exami­
nation of the stools of all patients was perfonned.

Thi.' results of this study demonstrated that severe diarrhoea
(60~o of cases) was promptly controlled by the removal of




