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Hair zinc and copper in Indonesian infants
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The objective of this study was to determine the zinc and copper status in hair of a group of Indonesian infants
aged 0-5 months, a period when growth faltering in this population is known to occur, and to determine the
daily zinc and copper availability in the habitual diet. A mixed cross-sectional longitudinal design was used.
Infants 0—3 months of age were recruited in two villages on the south coast of the island of Madura, Indonesia
and followed up to the age of 5 months. All newborns during the study period were included. Hair samples were
collected between the ages of 0 and 5 months at monthly intervals. Zinc and copper concentrations were
determined by flame atomic absorption spectrophotometry and compared with a sample of Belgian controls,
recruited cross-sectionally. Zinc and copper content of the habitual diet was calculated on the results of a food
intake study previously performed in the same community. For the 42 Madurese infants recruited, 107 hair zinc
and 96 hair copper concentrations were determined. Belgian infants (15 boys, 15 girls) served as controls. One
Madurese infant died during the study and six moved from the area. Hair zinc concentrations were found to
decrease with age in both populations, while the zinc and copper values did not differ from the Belgian controls.
Hair zinc values were not correlated with growth performance. The boys had lower hair zinc values than did the
girls. Copper values among the Indonesian infants did not show a trend over time; however, the Belgian
children showed an increase towards the age of 12 months, athough this was not significant. The mean daily
zinc and copper availability in the habitual diet was less than half of the recommended daily allowance for adult
women. The situation was much worse for lactating women given that the availability of these elements
increased very little. The hair zinc and copper vaues indicate that they are not responsible for the early onset of
linear growth retardation. The lower zinc values in boys might be an indication of a marginal deficiency. The
very low zinc content of the diet consumed in this population could be an indication of a zinc and copper deficit

in the Madurese population, although this needs to be confirmed.
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Introduction

Short stature is perhaps the most prevalent nutritional prob-
lem today.l World-wide, country prevalences vary widely.
South-East Asia, with prevalences of 62% of the under 5-
month-olds being too short for their age as compared with the
National Centre for Health Statistics (NCHS) reference, is
the worst region.2 On the Indonesian island of Madura, the
infant population is characterized by a very early onset of
linear growth retardation. Compared with the NCHS refer-
ence, the mean height-for-age (H/A) Z-score at the age of 1
month, is —0.61 for boys and —0.54 for girls. The deficit
increases rapidly. By the age of 12 months the average H/A
Z-score is—2.39 for boys and — 1.9 for girls. This accumula-
tion in linear deficit takes place at a time when the weight-
for-height (W/H) indices are well above the NCHS reference
value and actually increase to reach a value of 0.5 Z-scores
for both sexes by the age of 6 months.3 The effect of mor-
bidity on growth was analyzed in the same population.
Before the age of 6 months, a clinical morbidity period had
no significant short- or long-term effect on either weight or
height increments. After the age of 6 months, illness affected
weight increments over a short period. There was, however,
no long-term effect. Iliness had no significant consequences
for linear growth during the first year of life4 The total

energy intake per kilogram of body weight of the Madurese
infants was higher for the first 6 months than has been
observed previously in North American infants.56

The very early onset of linear growth retardation, and the
fact that neither morbidity nor energy intake explained the
growth variability, could indicate a micronutrient deficiency
and/or intra-uterine factors as being responsible for affecting
linear growth during infancy in this particular population.
Zinc and copper have on numerous occasions been proposed
as growth limiting factors.”22 Although hair analysis has
been criticized as atool for identifying individuals in a state
of zinc or copper deficiency, it is considered adequate for the
study of populations.23-25 Hair concentrations also have the
characteristic of reflecting the history of availability rather
than the situation at the time of analysis.26

The objectives of this study were: (i) to determine the
zinc and copper statusin hair of agroup of Indonesian infants
in the first 6 months of life, a period when growth faltering
in this population is known to occur; (i) to determine the
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trend over time of the hair concentrations; (iii) to determine
whether any difference could be observed with a Belgian
control group; and (iv) to determine the zinc and copper
availability in the habitual diet.

Subjects and methods

Hair zinc and copper

The study took place in the regency of Sampang on the south
coast of the island of Madura, Indonesia. The entire popula-
tion is Muslim. Agriculture and both sea and inland farming
are the main occupations of males. Women farm, sell fish and
repair fishing nets. The main staple foods are rice and maize,
complemented by fish and to a lesser degree, pulses. All
infants are breastfed as well as being force-fed with amashed
rice-banana mixture from as early as the first week of life.

From 26 September 1993 until 8 October 1993, infants
below 3 months of age were recruited for the study from two
villages. Newborns entered the study up to 27 December
1993. The infants were followed at monthly intervals for up
to 5 months. The study ended on 1 January 1994. The pur-
pose of the study was explained to each family and consent
obtained. At each visit the weight and the height of the chil-
dren were measured and a hair sample was collected. Hair of
the occipital areawas cut with apair of scissors near the scalp
and kept in a sealed plastic bag. Hair samples were analyzed
in Belgium.

A group of 30 Belgian children (15 boys, 15 girls) who
visited the outpatient clinic of the Children's University
Hospital ‘Reine Fabiola' in Brussels, served as controls. The
children came from middle-class families and had no history
of severeillness (chronic or acute). They al visited the hos-
pital for minor illnesses. The age of the control infantsranged
from 3 to 12 months. Younger infants were omitted due to the
difficulty of obtaining sufficiently large hair samples.

Hair samples were washed with a non-ionic detergent
(Triton 1%) for 30 minutes and rinsed five times with de-ion-
ized water. After overnight drying in the oven, hair sasmples
wereweighed (+ 5 mg) and transferred to plastic tubes. Hairs
were digested by adding 0.1 mL of HNO; (6N) and keeping
the samples overnight in the oven at 80°C. Samples were
diluted with de-ionized water, and the zinc and copper con-
tent determined by flame atomic absorption spectrophotome-
try. Results were expressed as microgram per gram dry
weight.

Zinc and copper content of habitual diet

Accurate food consumption data are very time-consuming to
obtain and, therefore, a very expensive exercise. In order to
calculate the zinc and copper content of the habitual diet in
the study population, we decided to use available information
on dietary intake of the same village population. During the
East Java Pregnancy Study Phase I, which ran from January
1987 to December 1989 in the same two villages, food intake
data were gathered.6.27 Field workers stayed in the homes of
pregnant and |actating women for 48 hours while they were
cooking and eating. All edible raw food to be cooked for the
family was weighed on food scales (with 5 kg capacity and
50 g divisions, or 1 kg capacity and 10 g divisions, depend-
ing on the amounts to be weighed). The staple food and the
side dishes were weighed again after cooking. The conver-
sion factors of cooked raw foods were calculated from these

two figures. The food eaten by the women was weighed
every mealtime.28 Variance ratio analyses for energy and pro-
tein intake within and between individuals confirmed that the
customary mean intake could be measured with relatively
high precision with two replicates for each women.2°

The zinc and copper content of the foods have been cal-
culated using food composition tables.30-32 The concentra-
tion of dried fish was calculated by assuming that the entire
water content would be eliminated with no loss in minerals.
These values have also been used for fermented fish.

Statistical analysis

Data were entered and checked in Data-Ease (DataEase
International Inc., Essex, UK). Anthropometric indices were
calculated with Epi6 (Centre for Disease Control (CDC),
USA). Preliminary data management and statistical analyses
were performed with the SAS system Release 6.09 for Unix
(SAS Institute Inc, Cary, NC, USA).

Age was rounded to the nearest haf-month and the
derived variable was used in all subsequent analyses. The
distributions of raw data within age-groups for zinc and, less
markedly, for copper showed an asymmetry in a preliminary
analysis (quantile plots). Logarithmic concentrations, In[Zn]
and In[Cu], gave a more symmetrical distribution and were
subsequently used as response variablesin al of the analyses.

Because the same children were followed over consecu-
tive months, the repeated measurements structure of the data
had to be accounted for. The results of a fixed-effects general
linear model are only valid under the hypothesis of indepen-
dence between observations. To take the auto-correlations
between measurements made on the same subject at different
ages into account, the data are analysed with a general linear
mixed model.33 Several models for the within-subject covari-
ance matrix were tested: diagonal (independence hypothe-
sis), compound symmetry, first-order autoregressive and
other types of time-dependent structures. The choice of the
auto-correlation structure was assessed by likelihood-based
statistics such as the likelihood ratio test, and Akaike and
Schwartz criteria.34

All of the mixed models fitted to assess the In[Zn]—age
relationship and the In[Cu]—age relationship included a cate-
gorical child random effect together with age. Models with
age, sex and interaction age* sex were also fitted to assess the
modifying effect of sex on the linear part of the relationship.

In order to compare the slope of the linear part of the
In[Zn]—age relationship observed among Indonesian children
to that of the Belgian children, we fitted a mixed model with
age, country and interaction age* country as fixed effects, and
child as a random effect. As above, different models for the
auto-covariance matrix were fitted.

In al of the models, the fixed effects (polynomial of age,
sex, sex*age interaction, country*age interaction) were
assessed by F-test, taking into account the covariance struc-
ture chosen. These models were implemented with the Proc
Mixed procedure of the SAS system using the REML algo-
rithm and the repeated statement to estimate covariance
parameters.3>

Hair concentrations for zinc and copper at birth were cor-
related with weight and length velocities 1 month later. Pear-
son’s correlation coefficients were used.
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The study was approved by the ethical committee of the  given for information: the F does not test the hypothesis that

Ingtitute of Tropical Medicine Antwerp. these coefficients are zero in the population.)
The results clearly show that the main trend for the
Results In[Zn]—age relationship is a decreasing linear trend and that

For the 42 recruited infants there were 193 observations. On  there is no obvious link between age and In[Cu] (Table 3). It
27 occasions either no hair sample could be obtained or the  isto be noted that overall, these results were observed, with
parents refused. One Madurese infant died and six relocated ~ Mminor differences for al of the aternative choices of covari-
during the study. Of the remaining hair samples, 32 weretoo ~ ance structures. The In[Zn]—age and In[Cu]—age relationships
small to be weighed. A total of 27 of the zinc readingsand 38~ Were thus modelled as a linear function of age, with a first-
of the copper readings were discarded for analysis. They order autoregressive error-structure. The results are given in
showed zero absorbency or excessively high readings. Upon  Fig- 1ab.

checking, however, the calibration standards read normal.
Newborns have very little hair and what they do have is thin,
such that the manipulation of 5mL, which is only a few
strands of hair, can give variationsin concentration. Below 3
months of age the sampl es often were too small to give a con-
fident analysis. Therefore, only readings that gave a confi-
dent result were used. This resulted in 107 data values for
zinc and 96 for copper. Table 1 shows the number of mea-
surements per child. Hair zinc and copper values are shown
in Table 2.

Effect of sex on hair concentrations and the link with age
A model wasfitted to see whether the decreasing linear trend
in hair zinc differed between boys and girls.

The model featured sex, age, the interaction sex* age, and
In[Zn] and In[Cu] as dependent variables (still with the
autoregressive error-structure). The hypothesis of equality of
slopes could not be regjected for In[Zn] (T(103) =-0.15, P =
0.88) nor for In[Cu] (T(92) =-1.18, P =0.24), suggesting
that the linear part of the In[Zn]—age and In[Cu]—relationship
does not depend on sex. Since there was no sex* age interac-
tion, asimpler model could be fitted to compare hair zinc and
copper values between boys and girls adjusted for age (Table
age ) 4). Overdl log hair concentrations of Zn are lower for boys.
The first model fitted to the data, In[Zn] and In[Cu] respec-  This s not the case for Cu. It is to be noted that due to the
tively, was a mixed model including a third degree polyno-  gmilar age means in each sex, age-adjusted means are very
mial of age, taking into account the repeated measurements.  gse to the raw means (particularly for In[Cu] as it was

From the eight different types of covariance structures that  shown above not to depend on age). The age distribution is
were fitted to the data, the first-order autoregressive onewas  relatively similar among boys and girls.

retained as it provided a good overall fit for the models used

throughout the analysis process. Table 3 gives the resultsfor  Comparison of Indonesian and Belgian children

the third degree polynomials fitted on the In[Zn] and In[Cu] The comparison of the In[Zn]—age and In[Cu]—age relation-
data: the F-tests are sequential and assess the supplementary  ship between the two child populations focused on a com-
information taking into account the preceding effects. (The  parison of the slopes of the regression lines and the
estimates of the coefficients of the variablesin the model are  age-adjusted means. The age range of the sampled Belgian
and Indonesian infants is quite different (Table 5). Interpret-
ing the results of the analyses needs, therefore, to be done
with extra caution. For the same reason, comparing raw mean

Hair zinc and copper concentration and relationship with

Table 1. Number of sample results by age group

Copper Zinc values between countries did not make much sense.

No. of times No. Data No. Data The results of the mixed models, including age, country,
child is present children  values children  values age*country as dependent variables and as featuring an
1 1 1 1 1 autoregressive error-structure, are given in Table 6 and Fig.
2 14 28 12 24 1c,d.

3 6 18 9 27 For In[Zn] as well as In[Cu] the observed data did not
4 6 24 S 20 challenge the hypothesis of equality of slopes, which sug-
> 3 15 5 25 gests that the two populations exhibit the same trend over
Total 40 96 42 107

time even if they are estimated for different age ranges.

Table 2. Hair concentration for zinc and copper by age groups. Concentrations are in micrograms per gram dry weight

Agein months 0 0.5 1 15 2 25 3 35 4 45 5 55 6
Zinc
Mean 220 2296 2589 2395 2001 2730 2021 1724 2755 2882 1900 1809 107.7
SD 186 68.8 46.2 62.4 62.3 73.8 55.9 320 1388 411 1070 — 194
n 8 7 14 8 16 5 14 8 1 3 9 1 3
Copper
Mean 1.2 9.9 124 11.8 10.1 14.6 12.0 12.9 12.3 11.8 10.3 8.6 9.1
SD 6.4 5.9 8.1 55 5.3 1.7 5.9 7.9 8.6 — 7.1 — 45

n 8 6 14 8 15 4 13 8 8 1 8 1 2
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Figure 1. (a) Lnzinc. Agerelationship in Madurese infants: first degree
polynomia (n=107; Lzn = 5.487-0.061*age). (b) Lncopper. Age rela
tionship in Madurese infants: first degree polynomial (n=96; Lcu=
2.291-0.0054* age). (c) Lnzinc. Age relationship by country. (#), Indo-
nesia, Lzn=5.48-0.061*age; (®), Belgium, Lzn=5.30-0.035*age.
(d) Lncopper. Age relationship by country. (#), Indonesia, Lcu=
2.29-0.054* age; (@), Belgium, Lcu = 2.03-0.063*age. (a,c) Top: box
plots of age; right: box plots of Inzinc; Lnzn: natural logarithm of zinc;
(b,d) top: box plots of age; right: box plots of Incopper; Lncu: natural
logarithm of copper.

Table 3. Results of athird degree polynomial fitted on hair
In[Zn] and In[Cu] values in relation to age, age2 and age?
(cubic mode!)

Cubic model for In[Zn] Cubic model for In[Cu]
Param. Estimate Fj,3 Pr > F Estimae F;q Pr>F

Age -0.121 10.27 0.0018 0.017 0.02 0.89

Age? 0049 189 017 00070 025 062
Ages 00077 136 025 -00022 003 087
a()pat r=016 P=001 r=014 P =003

Given thisresult, it was appropriate to fit amodel featuring a
common slope for the two countries (Table 7). For the
Indonesian popul ation a one, there was a significant trend for
In[Zn] but not for IN[Cu]. In this latter model the test of
equality of intercepts (null hypothesis of equality of the age-
adjusted means between the two countries) was made: with
all due caution it suggested no difference of overall In[Zn]
and In[Cu] levels, and that the decreasing trend in zinc is a
physiologic phenomenon.

Hair copper and zinc and growth

The linear growth of the infants showed a marked decrease
from the first months onwards with a decrease in the length-
for-age Z-score of 0.3 standard deviation (SD) per month. At
the age of 5 months, children have lost 1.5 SD for length-for-
age. Weight-for-height concomitantly increases with 0.8 SD
from the first month to 4-5 months of age. The zinc and cop-
per values were correlated with Z-scores for weight-for-
height and length-for-age 1, 2 and 3 months later. For zinc,
the correlations with length-for-age were 0.003, —-0.13 and
—1.16 after 1, 2 and 3 months, respectively, and —0.17, 0.06
and —0.16 for weight-for-height over the sameintervals. Hair
copper concentrations correlated with length-for-age with
0.07,-0.15 and —0.16 at one, two and three months, and with
weight-for-height the respective values were 0.05, —0.06 and
—0.01. At no time were the correlations significant.

Zinc, copper and food intake

Tables 8 and 9 show the calculated concentrations of zinc and
copper in the habitual diet. The National Research Council’s
recommended dietary allowances for zinc amount to 12 mg
per day for adult women, 15 mg per day in pregnancy.36 Dur-
ing lactation, an extra 7 mg per day is suggested. For copper,
the recommendations are 1.5-3 mg per day.

Even with alarge margin of error, the average daily intake
in Madura is well below the recommendations. The zinc
availability is less than half of the recommended dietary
allowance (RDA). The availability of copper is between 65
and 33% of the RDA according to the cut-off value used.

Discussion

Hair analysis as an indicator of mineral status has great
potential for the obvious reason that a sample can be taken
without trauma to the child. A number of elements can, how-
ever, affect the results of the hair analyses.17.2537 Bleaching
and dyeing, environmental contamination, the place of sam-
pling, and seasonal variation can al affect the mineral con-
centration. The values are also age and sex specific.
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Table 4. Mean log hair zinc and copper concentrations adjusted for sex

In[Zn] In[Zn] Age Age In[Cu] In[Cu] Age Age

Sex n adj. mean mean mean SD n adj. mean mean mean SD

Boys 63 5.27 5.29 245 1.60 53 2.36 2.36 2.35 155

Girls 44 5.44 5.42 2.63 1.61 43 2.17 2.18 2.45 1.60

Boys-Girls -0.17 2.52 1.60 0.19 2.40 157

T(103) =—2.91 T(93) = 1.47
Pr> |T| =0.0045 Pr> |T| =0.14
In[Zn], log zinc; In[Cu] = log copper.
Table 5. Hair zinc and copper concentrations of Madurese and Belgian infants
Zinc In[Zn] Age (months)

Country n Mean SD Mean SD Mean SD Min Max
Indonesia 107 222.3 79.2 5.35 0.34 2.52 1.60 0 6
Belgium 30 176.7 825 5.06 0.52 7.23 314 2 145

Total 137 212.3 81.9 5.28 0.40 3.56 281 0 145

Copper In[Cu] Age (months)

Country n Mean SD Mean SD Mean SD Min Max
Indonesia 96 11.50 6.65 2.27 0.60 2.40 157 0 6
Belgium 30 15.57 12.63 248 0.74 7.23 3.14 2 145

Total 126 12.47 8.58 233 0.64 3.55 2.90 0 145

Table 6. Results of the mixed model analysis with age, country age* country as dependent variables

In[Zn] In[Cu]

Country Parameter n Estimate n Estimate

Indonesia I ntercept 107 5.48 T(133) =-0.94 96 2.29 T(122) =-0.81

Belgium 30 5.30 Pr>|T|=0.35 30 2.03 Pr>[T|=042

Indonesia Slope 107 -0.061 T(133)=0.84 96 -0.0054 T(122) = 1.19

Belgium 30 -0.035 Pr> [T|=0.40 30 0.063 Pr>|T|=0.24

Table 7. Linear model fitting to hair zinc and copper concentrations using a common slope for the two populations

In[Zn] In[Cu]

Country Parameter n Estimate n Estimate

Indonesia I ntercept 107 5.45 T(134) = 0.45 9% 2.20 T(123) = 0.23

Belgium 30 5.40 Pr> |T|=0.65 30 2.24 Pr> [T|=0.82

Both Slope 137 -0.047 T(134) =-3.0 126 0.034 T(123) = 1.20

Pr > [T| = 0.003 Pr>|T|=0.23

Bleaching and dyeing of hair could not have affected our
results since it is not practised in young children. The place
of sampling was controlled in the study; all samples came
from the occipital area. Analytical procedures can give vari-
aionsin results. We have, therefore, chosen to limit our com-
parison to our own control group. All the samples were
analysed in the same laboratory and by the same person.
Detergents, athough they can affect hair mineral concentra-
tions, do not affect copper and zinc concentrations.2> Envi-
ronmental contamination can affect hair copper con-
centration. This was demonstrated by analysing hair samples
at different distances on the scalp. All the Belgian infants,
however, had short hair and only the first centimetres were
used. Seasonal variations have aso been reported, but the
findings of different studies are not consistent.10

An additional problem of this study was the specimen
sizeitself. It wasindeed difficult to obtain a hair sample large
enough to give a confident result and which was also accept-

ablefor the parents of the younger infants. It was for thisrea-
son that the Belgian controls, taken at alater date, were from
infants 3 months of age and older.

The hair zinc analysis indicates that the trend with age is
identical in Madura and in Belgium. The concentrations were
dlightly higher for girls. The comparison of the regression
lines of the Belgian and the Madurese children show that
there is no inherent difference in the two populations. The
decreasing hair zinc concentrations would appear to be anor-
mal physiological phenomenon at this age. Friel et al., who
reported a comparable downward trend in hair zinc concen-
tration in full-term newborns during the first year of life, sug-
gested that this decline, because it was not seen in breastfed
children, was associated with low intakes of readily available
zinc.38:39 Although comparison with other studies are diffi-
cult because they report concentrations on different age
groups and with different analyses,10.14,23.24,37,40-43 the magj or-
ity describe a downward trend at young ages, indicating a
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Table 8. Average food consumption and intake of zinc and
copper of 301 adult women of Madura

Average consumption  Concentration in

per day 100 g product
Grams Znmg Cumg Znmg Cumg
Rice 350.8 175 0.53 0.5 0.15
Maize 108.2 2.70 0.17 25 0.16
Coco ail 4.3 0.00 0.00 trace trace
Fresh fish 20.6 0.10 0.07 05 0.32
Dried fish 9.5 0.16 0.10 17 1.09
Eggs 39 0.05 0.00 135 0.1
Freshcassava 30.0 0.48 0.12 16 0.4
Coco milk 13 0.01 0.00 0.1 0.04
Shrimps 1.9 0.04 0.00 231 0.24
Spinach 0.9 0.00 0.00 05 0.12
Sugar 0.7 0.00 0.00 0.0 0.0
Shell Fish 15 0.03 0.01 2.0 1.0
Gourd 12 0.00 0.00 0.28 0.09
Total 5.32 1.00

Table 9. Average food consumption and intake of zinc and
copper of 375 lactating women of Madura

Average consumption  Concentration in

per day 100 g product
Grams Znmg Cumg Znmg Cumg
Rice 297.0 1.49 0.45 0.5 0.15
Maize 123.2 3.08 0.20 25 0.16
Coco ail 45 0.00 0.00 trace trace
Dried fish 16.2 0.28 0.18 17 1.09
Fresh fish 15.2 0.06 0.05 0.5 0.32
Coco milk 45 0.02 0.01 0.1 0.04
Freshcassava 31.1 0.50 0.12 1.6 0.40
Fermented fish 3.1 0.05 0.03 1.7 0.09
Sugar 3.0 0.00 0.00 0.0 0.0
Tahu 21 0.01 0.00 0.7 0.2
Gourd 42 0.01 0.00 0.28 0.09
Eggs 17 0.02 0.00 1.35 0.1
Glutinousrice 9.2 0.05 0.01 0.5 0.15
Total 5.57 1.05

normal physiological observation. Zinc values aso did not
correlate with linear growth performance, an indication that
zinc is probably not relevant in explaining the early onset of
linear growth retardation. Boys in Madura were found to
have lower zinc values than girls. Zinc supplementation stud-
ies found that boys have a greater response in linear growth
than do girls, or that they are the only ones to respond to a
zinc supplement.™2244 Previous growth studies in the same
population also showed that the linear deficit in boysin rela
tively more important than in girls, compared with the NCHS
reference.3 Thus it appears that, although an overal zinc
deficit responsible for the early onset of linear growth retar-
dation is unlikely, the possibility of amarginal zinc deficit in
boys remains.

The interpretation of the copper results are less straight-
forward. The data suggest that there is an increase in hair
copper concentrations in Belgian children, whereas no trend
with age was observed in the Madurese infants. Neverthel ess,
the test of equality of slopes suggests that the linear trend of
the In[Cu]—age relationship is the same in the two popula

tions. The small sample size may account for this result.
Because the slopes are estimated for different age ranges of
Belgian and Indonesian infants, this differencein mean ageis
also likely to influence the results.

Thetest of equality of interceptsisthat of equality of age-
adjusted In[Cu] means, based on a common slope estimate.
Thus, although the raw mean hair copper concentration of the
Madurese infantsis lower than that of the Belgian infantsand
there is no evolution over time, the mixed model cannot
demonstrate asignificant difference. The results are therefore
not entirely conclusive. The possibility remains that Belgian
children are increasing their hair copper concentration,
whereas Madurese infants are not. Data on hair zinc and cop-
per status of Belgian infantsis not available.

Trace element metabolism can be influenced by a quanti-
tatively insufficient intake, reduced bio-availability,
increased losses, increased requirements, a disturbed hand-
ling of the element by organisms, or possibly by separate
metabolic pools at the cellular or sub-cellular level .45-51

Increased losses and requirements are unlikely to have
been causes in our population, because they relate to patho-
logical situations such as urinary protein loss exudation of
skin, etc. All infants received breastmilk. Minerals in breast-
milk have a high bio-availability.5! Hair mineral content
could, however, aso reflect fetal availability and hence,
intake of the mother. Thisin turn can a so be reflected in min-
eral content of breastmilk.5253 No direct information, how-
ever, is available on these parameters.

The intake of minerals is dependent upon the content of
these elements in foods, which in turn are dependent up to a
degree on the soil content of the element. The island of
Madura is a limestone area which contains only minute con-
centrations of zinc and copper. Other factors can also influ-
ence trace element concentrations in food. These are
humidity, texture of the soil, pH, and the presence and con-
tent of organic material which determine the geo-biological
transport of trace elements.>* The soil content of mineralsis,
therefore, only indicative of mineral status in animals.ss

The dietary analysis must be regarded as a means to
gather additional information on intake of micronutrients in
the population. Because these are only rough estimates, with
the problems of such studies as enumerated below, they
should be looked at with due caution. As shown in Tables 7
and 8, the type of diet consumed in Madura is based pre-
dominantly on non-animal food sources. The main staple
foods are rice and maize. Although fishisavailable, it is con-
sumed in limited amounts. The total amount of zinc and cop-
per available in the habitual diet is exceedingly poor. The diet
is also rich in fibres and phytates, two potent inhibitors of
bio-availability of minerals.>1.5657 The biological availability
will be even less in this condition. In Nepal, the traditional
diet isrichin fiber and phytate, and contains equal or higher
zinc and copper amounts than the American diet.58 Indices of
zinc and copper were, however, found to indicate a defi-
ciency. The type of soil in Madura, the low zinc and copper
content of the diet, and the likely presence of inhibitory fac-
tors make it very likely that there is an important deficit of
both zinc and copper in this community. Although the food
intake data are of an earlier date, the observations made of
the study area from that time up until the present indicate that
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the diet has not changed. Even if minor changes had
occurred, a deficit is still very likely given its magnitude.
Although the trace element content of the Madurese diet
issurprisingly low, the results should only be taken asindica-
tive. Local food composition tables for minerals were not
available and those from other regions were used. As men-
tioned earlier, mineral food content can vary widely from
region to region. On the other hand, RDA also alow for a

large margin of safety. The differences, therefore, do not
automatically entail physiological effects. The results do
warrant, however, further investigations on micronutrient
intake in this and other populations. Re-analysing existing
food intake data might even provide an insight into the mag-
nitude of micronutrient deficiencies.
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