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Effect of germination of finger millet on nutritional value of foods and effect of food
supplement on nutrition and anaemia status in Tanzanian children
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Abstract: Inadequate dietary intake, often combined with an infection can lead to malnutrition that often manifest as growth
failure or deficiency of essentials nutrients including iron leading to iron deficiency anaemia. In an effort to investigate diet in
relation to nutrition status of children, diet and dietary intake were investigated in rural Tanzania. The effect of germination
of finger millet based food recipe on its nutritional value was evaluated. The food consisted of finger millet flour, kidney
beans, ground peanuts and dried mangoes at predetermined proportions of 75:10:10:5 respectively. Dietary habits of young
children were investigated and effects of a fortified food supplement and the cereal based recipe on nutrition status of
children were investigated. The two diets were then supplemented to children for 6 months and changes on anaemia and
anthropometrical indices of children were evaluated at follow up periods. To assess anaemia and iron status, haemoglobin
(Hb), haematocrit (Hct), erythrocyte protoporphyrin (EP) and serum ferritin (SF); and weights and heights were measured
to assess growth. A significant improvement in nutrient density was noted in processed cereals. Bioavailability of iron
in cereal based diet increased from 0.75+18 to 1.25+41mg/100g (P=008), viscosity was significantly raised by 12% and
phytate concentration was reduced from 4.5+0.5 to 4.1+0.5mg/ g (P=0.03). Significantly lower intake of iron was observed
in schoolchildren with Hb<11.5 g/dl) compared to those who were normal. Total iron intake was 22+7 and 27+13 mg/ day,
respectively (P<0.05). There was a significant correlation between iron intake and serum ferritin (r=0.233, P<0.05). After six
months of supplementing children with the fortified beverage a significantly larger increase in haemoglobin concentration was
shown in the fortified group than in the non-fortified group (a difference of 6.2 versus 3.2 g/ dl respectively). Supplementing
infants with the germinated cereal based food supplement showed a general improvement on Hb status and growth that
was not significantly different to that in the control group (P>0.05). In conclusion, consumption of foods with low iron
bioavailability is a major cause of anaemia. Germination improves the nutritional value of foods however there is need to
fortify such processed foods for infant feeding.
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Introduction

Encouraging timely introduction of weaning
foods that either enhance iron absorption or
have been fortified with iron (DeMaeyer et
al., 1985) has a potential of improving the iron
nutrition status by its influence on bioavailability.
Increasing intake of iron absorption enhancers
such as ascorbic acid and meat increases iron
absorption and have an impact on iron nutrition.
The dietary factors influencing bioavailability
include dietary iron content and type (haem or
nonhaem), physico-chemical form of the food,
other dietary constituents and food-processing
techniques (Fairweather-Tait, 1995). Iron dose
is inversely related to absorbed iron both with
dietary iron and iron supplements provided the
iron is in an assimilable form (Bothwell, 2000).
Presence or absence of inhibitors in
the consumed meal influences absorption of
nonhaem iron. Cereals exhibit inhibition of
dietary iron absorption due to the endogenous
phytate contained in their outer coats. During
food processing (e.g. fermentation, germination,

baking) and to a limited extent with the action
of endogenous phytases in some cereals, phytic
acid is dephosphorylated to yield lower inositol
phosphates such as myoinositol bis-, tris-, and
penta-phosphates (Torre et al., 1991). Removal of
the phytate in bran by different methods increases
iron absorption by approximately 3.5 times
(Hallberg et al., 1987). Phytate in whole-grain
cereals beans (legumes), nuts, and seeds reduce
iron absorption in dose dependent manner, due
to the formation of insoluble and / or indigestible
complexes between iron, phytate, and proteins
(Hallberg, 1981; Brune et al., 1992).

Traditional food processing methods not
only improves iron bioavailability, but also gives
the nutritional quality of food that is an essential
nutritional synergy. Nutritional synergism
effects of nutrients have been demonstrated
by an effective reduction of the prevalence of
anaemia when a combined iron and vitamin
A supplementation is done than with iron
supplementation alone (Suharno & Mubhilal,
1996; Suharno et al., 1993).
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Low dietary iron intake has been an
attributed cause of iron deficiency and anaemia
in many parts of the developing world (WHO,
1992; De Maeyer, 1985). In infants and children,
iron deficiency is associated with impaired
psychomotor development, decreased cognitive
function, and negative behavioural changes.
These impairments have in the long run a
serious adverse developmental and economic
implication (Bosta, 1979). In developing countries
intake of dietary iron appear to be high but most
of this is of non-haem in origin (Salas et al.,
1990; Monsen, 1988). The absolute amount of
dietary iron in these situations is therefore less
important than its availability in the type of meal
in which it is found. When body iron stores are
low, the absorption of non-haem iron increases,
but this usually does not exceed 20% even when
there is a concomitant ingestion of enhancers
such as vitamin C and meat proteins (Monsen,
1988). Food absorption studies in humans have
revealed that the absorption of haem iron is
relatively unaffected by other dietary factors.
Haem iron from animal products is absorbed
at 15-35% of intake (Hallberg, 1981). However,
enhancers as well as inhibitors of absorption
influence to a larger extent the non-haem
iron whose absorption is between 2 and 20%
(Hallberg, 1981). Dependence on plant based
foods for iron nutrition may thus result into a
high prevalence of iron deficiency, particularly
in populations that are at risk like children
and pregnant women who have higher needs
(Cook et al., 1976; Yip 1988). There is therefore
a need in understanding how dietary factors,
including iron availability and intake, influence
iron status.

Studies in Tanzania have indicated that
there is a high amount of iron in cereals and
vegetables consumed. However, this type of
iron is usually of low bioavailability (Tatala et al.,
1998; Lorri & Svanberg, 1995). Our knowledge
is limited on how the food consumption
pattern in Tanzania is related to the prevalence
of iron deficiency and anaemia. Hence, the
objective of this study was to determine the
impact of germination on improvement of the
nutritional value of food and also to elucidate
the relationship between foods or supplement
intake on iron status among a sample of anaemic
children in Tanzania.

Methods and Methods

Study area and Subjects

The study was conducted in rural settlements
of Mpwapwa and Kilosa Districts in central
Tanzania. In Mpwapwa the enrolment of school
aged children (7 to 12 years) and follow up
was from March to August 1996. In Mpwapwa
apart from the use of the locally available
foods children from 101 households were also
randomly allocated to receive either a fortified or
non fortified beverage 200ml daily for the follow
up period. The fortified beverage contained iron,
zinc, and iodine, and A, C, E and B-vitamins
at physiological doses. In Kilosa, 300 infants
recruited at the age of 6 months were enrolled
and followed up from February to December
2001. These infants were also allocated into two
groups randomly to receive processed finger
millet based porridge or the unprocessed. The
children under studies completed baseline
measurements before the dietary intake data
were collected. Final measurements were taken
at the end of the follow up period for all children.
Informed consent was obtained from parents and
children to participate in the study. A structured
profile questionnaire was used to collect nutrition
particulars of children before the dietary survey.
The studies were part of main studies being
conducted in these areas (Latham ef al., 2001;
Mamiro et al., 2004).

Study design and data collection

Two designs were employed for this study; the
use of randomised controlled trials for the impact
study and experimental design for data collected
in a dietary survey. A pre-tested, food frequency
questionnaire (FFQ) was used for interviews in
households on food intake and availability. The
FFQ had alist of 35 food items identified from the
community after market and household surveys.
The FFQ included a list of food items (cereal
staples) used for breakfast, lunch and dinner,
and additional foods or snacks taken daily. The
questions addressed were the number of days
in a week the particular food was eaten in that
household and the portion that was consumed
by the index child per day.

Nutritionist trained to estimate food
portion sizes using familiar utensils to the
community under study were used to collect
food intake data. The estimated portion sizes
were then measured to determine the weights or
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volumes they translate to enable assessment of
food intake. The FFQ was administered during
personal interview with the mother or guardian.
Food items/ meals consumed in schools and
away from homes (snacks, seasonal fruits/
cassava pieces) were also enquired and recorded.
Information on seasonal foods was obtained
to assist in explaining a possible variation in
intake. Food samples commonly consumed in
households were collected in sealed plastic bags
and stored frozen at —20°C until analysed for total
iron and iron solubility by an in vitro method.

In preparation of the processed
supplementary food finger millet and kidney
beans were initially soaked for 3 and 8 hours,
respectively and then left to germinate for 48
hours at 30°C and 80% relative humidity, washed
and then solar dried for three days. The solar
dried sprouts were then milled into fine flour
and mixed in proportions with ground roasted
peanuts, kidney beans and solar dried mashed
mango puree. The mixtures were mixed in
proportions of 75% finger millet, 10% peanuts,
10% kidney beans and 5% mango (on a dry
weight basis). The beverage supplements used
by school age children were industrially prepared
and provided by Procter & Gamble Co. USA.

The collected staple foods and mixtures
of commonly used foods were analysed by an in
vitro method that estimates iron bioavailability.
The in vitro method is a physiologically simulated
peptic-pancreatin digestion for soluble iron.
Iron measurements were made on an atomic
absorption spectrometer (PU 9100 X; Philips,
Cambridge, UK). Total iron was determined
after acid combustion in a microwave oven
before it was analysed with HPLC (Waters, 600
S Controller). All samples were analysed in
duplicate.

Total phenol was determined by Prussian
Blue method (Price & Butler 1977). A weighed
sample (500 mg) was extracted in 10 ml acidified
methanol (1 vol% conc. HCI in methanol) for 1
h under continuous stirring. This was followed
by centrifugation at 3500 rpm for 10 min and the
clear supernatant was collected and thereafter
analysed spectrophotometrically (Hitachi, U-
1100). The extract (0.1 ml) was diluted with 4.9
ml water followed by the addition of 0.3ml1 0.1M
FeCl, in 0.1IM HCl and addition of 0.3 m1 0.008M
K., Fe(CN),. The absorbance was read at 720nm
after 10min. Catechin was used as standard

(0.05, 0.075, 0.1, 0.125 and 0.150mg/ml). The
standard solutions (0.1ml) were also diluted with
4.9 ml H,O followed by in the same amounts as
above.

To analyse phytate content HPLC method
was used (Sandberg & Ahderinne 1986). A finely
ground sample of 0.5 g was accurately weighed
in a plastic container and then 10 ml of 0.5M HCl
was added. The contents were then extracted at
room temperature while stirring for at least three
hours. Then the sample was centrifuged at 3500
rpm for 10 min and supernatant separated before
freezing. Analysis was made on HPLC (Waters,
600S Controller) after filtration and dilution.

A colorimetric method was used to
determine L- Ascorbic acid in flour samples.
A finely ground sample of 2g was accurately
weighed in a tube and approximately 5 ml
meta-phosphoric acid was added. The tube was
then shaken until a homogenous dispersion was
obtained. More meta-phosphoric acid was added
so the tube finally contained 10 ml solution.
Then the sample was mixed for 90 seconds, and
centrifuged before the supernatant was filtered.
The clear solution was immediately used for
the assay avoiding precipitation of starch in the
system. Then to 0.1 ml of the sample solution
were added, 1.5 ml water and 1 ml of a solution
mixture of sodium phosphate/citrate buffer,
pH 3.5, MTT [3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide], stabilisers)
warmed up to 37°C added to two cuvettes. The
mixture was then blended and then incubated
for 6 min at 37°C. While incubating a sample of
blank cuvette were mixed with ascorbate oxidase
spatula for 5 seconds every 2 min. After 6min
the spatula was removed and the absorbance was
read and noted for both the sample and sample
blank. Thereafter 0.1 ml of 5-methylphenazinium
methosulphate was added and cuvettes mixed
thoroughly and incubated at 37°C for 15 min
in the dark. MTT-formazan was then measured
spectrophotometrically. Immediately after the
last incubation absorbance of the sample and
sample blank were read.

For citric acid analysis, a finely ground
sample of about 0.5 g is accurately weighed in
a plastic container and 10 ml of H,O (milliq)
is added. Then the contents were extracted at
room temperature while stirring for at least three
hours. The sample was then centrifuged at 3500
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rpm and the supernatant was analysed by HPLC
(Dionex, series 4599i) (Mollering, 1989).
Haemoglobin concentration (Hb) was
determined by a HemoCue haemoglobinometer
(HemoCue AB, Angelholm, Sweden) and zinc
protoporphyrin levels were measured on site
with an AVIV haematofluorometer (AVIV
Biomedical Inc., Lakewood, NJ, USA) using
finger prick blood samples. Hb measurement
was done at an accuracy of +0.003g/dl. Serum
ferritin (SF) concentration was determined
by the Elegance Amplified Enzyme Linked
Immuno Sorbent Assay (ELISA) system (Bioclone
Australia Pty. Ltd). Serum C-reactive protein
(CRP) concentration was also determined by the
ELISA system. The analyses for SF and CRP were
performed at a precision with a coefficient of
variation of <10%. All analyses were performed
within one month of collection (Tietz, 1995).

Stool and urine samples were screened
microscopically for helminthic ova. Stool
examination was done by the Kato-Katz method.
Samples were examined on the same day of
collection. Children found with helminthic
infections were treated with 400mg albendazole.
Children with schistosomiasis were treated
with praziquantel (40mg/kg body weight).
All children with splenomegaly and or history
suggestive of malaria, and severe anaemia were
referred for diagnosis and treatment in the nearby
health centre (WHO, 1992).

Weight and height were measured with
children in light clothing to the nearest 0.1 unit.
A Seca electronic scale (standing or hanging,
calibrated in kg) and a fixed base portable
stadiometer (in cm.) or length board respectively
were used for the measurements. Age was
calculated from the birth date on school records
or was obtained from birth certificates. A medical
doctor conducted clinical examinations.

Data analysis

Data were entered using Excel and were
managed and analyzed by SYSTAT statistical
package (SYSTAT Inc.1997). Means and standard
deviations (SD) of all measured intakes for the
total group of children with anaemia and without

anaemia were compared using the Student’s t-
test. Correlation between iron intake, iron status
and the measured variables were considered
significant when the level was P-value of < 0.05.
The cut off level of iron intake used to categorise
the different groups was 23mg/ day which is
recommended for children in the age between
6 and 12 years on diet with an estimated low
bioavailability (5%). Means of continuous
variables were compared using Student’s ¢ test.
Nutrient intake data was analysed manually and
by using the Microsoft Excel computer software
programme. The FAO Food composition table
for use in Africa was used to calculate nutrient
intakes. Recommended dietary intakes (RDI) by
age and sex were compared to those of FAO/
WHO (1988) to assess the adequacy of diets and
individual’s nutrient intakes. Percentage iron
solubility was obtained by calculating the ratio
of soluble iron after digestion to the total iron in
the respective foods.

Ethical consideration

Communal or parental consent was obtained
in meetings with the District Officials, village
councils, schoolteachers and parents. The
purpose and details of the studies were explained
to the relevant parties. Research and Ethics
Committee of the Tanzania Food and Nutrition
Centre approved the studies.

Results

The mean daily energy and nutrient intakes
were found to be within the acceptable range
for this group of children (Table 1). Mean iron
intake for boys was 27+11 mg/day and 24+10
mg/ day for girls. The iron intake was above the
recommended intake of 15 mg/day for children
in the age range but 50% of schoolchildren had
iron intake below the RDI for FAO/WHO of 23
mg/ day for low bioavailability (5%) diets. Energy
intake was higher in boys than in girls (P=0.08).
Similarly, a significantly (P<0.05) higher intake
of vitamin C was reported in boys compared to
that in girls.
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Table 1: Daily mean (+SD) nutrient intake of schoolchildren in Mpwapwa District grouped by sex

Nutrients Boys (n=40) Girls (n=61) All children (n=101)
Iron (mg) % below cutoff! 27+11 (47.5) 24+10 (54.1) 25+11 (51.5)

Vitamin C (mg) 514312 324270 39+36
Carbohydrates (g) 2954922 249+100° 290+100

Fat (g) 94450 77460 84160

Protein (g) 73£33 62+29 67430

% below cutoff! 10.0 (21.0) 16.9

Energy (Kcal) 2150+770 1830+895 1960+860

% below cutoff! 40.0 62.3 53.5

Fibre (g) 23+142 17+9° 20+13

Below FAO / WHO recommended daily intake; Means followed by different letters are significantly different at P< 0.05

Table 2: Daily mean (+SD) nutrient intake of schoolchildren of Mpwapwa grouped by their iron status

Nutrient Serum ferritin Erythrocyte protoporphyrin Haemoglobin
Intake (ug/L) (umol/mol haem) (g/dD)

Low! Normal High? Normal Anaemic® Normal

(n=30) (n=50) (n=20) (n=60) (n=38) (n=42)
Iron (mg) 23+8° 2610 22+8° 2611 22477 27+12
Vitamin C (mg) 29+21 41+29 30+16 39+16 40+29 37+27
Carbohydrate(g) 228472 282196 225165 279496 255491 290+103
Fat (g) 7740 96162 64+48 98+59 78444 89167
Protein (g) 61+23 69+34 47+18 74431 61+27 73431
Energy (kcal) 176445712 161245607 1891+675° 21594956
Dietary fibre (g) 18+12 2076832199 14+8 21058502110 18+10 19411

@ Correlated significantly with iron status indicators: (P< 0.05);  SF <20ug/L; 2 EP > 125umol/mol haem; *Hb <11.5g/dl

Schoolchildren with anaemia (low Hb) had a
significantly lower iron intake than those without
anaemia (22+7 versus 27+12 mg/day) (P<0.05)
(Table 2). A similar finding was for erythrocyte
protoporphyrin (EP) in which significantly lower
iron intake was found in children with abnormal
EP, but not for serum ferritin (SF). There was also

a significantly (P<0.05) higher energy intake in
children with normal Hb compared with those
with low Hb (21594956 vs. 1891+675 kcal / day),
as well as in children with normal compared with
those with abnormal EP (21054850 vs. 16124560
kcal/ day respectively).
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Table 3: Food iron content and in vitro iron solubility from foods regularly consumed by children

in the study areas’

Food item Total iron Iron solubility’

(mg /100 g d.m.) (mg/100 g d.m.) (%)
Cereals
Finger millet 3.1 0.43£0.03 12.6
Maize porridge 14.4 0.17+0.05 1.2
Sorghum porridge 6.0 0.16+0.06 2.6
Legumes
Kidney beans 7.9 2.25+0.05 27.9
Mung beans 5.7 1.17+0.05 20.5
Cowpeas 59 1.64+0.01 28.0
Vegetables
Cowpea leaves 48.8 5.10+0.02 13.0
Amaranth leaves 72.6 4.81+0.05 6.6
Cassava leaves 6.2 0.3740.01 6.0
Meal Mix (80:20)*
Maize+amaranth 23.1 1.17+0.09 5.1
Maize+kidney beans 13.1 0.37+0.01 2.8
Maize+mung beans 12.6 0.31+0.02 2.7
Maize+cowpeas 19.6 0.83+0.01 42

"Mean of replicate samples analysed in duplicates; ?Dry weight ratio of cooked mixture

In vitro iron solubility in foods consumed by
these children ranged from 0.16 in cereals to 5.1
mg/100g dm in vegetables and the percentage
solubility ranged from 1.2% in cereals to 28% in
legumes (Table 3). When composite diets of maize
gruel and legumes were analysed in the way they
are consumed the highest in vitro iron solubility
was about 5%. Nutritional value of unprocessed
food was significantly lower than for processed
cereals (Table 4). Phytate concentration in the
complementary food was significantly reduced

from 4.510.5 to 4.1+0.5 mg/ g (P=0.03) and raising
soluble iron, viscosity and protein digestibility
(P<0.05).

The dietary sources of iron showed
that plant based-foods including cereals and
vegetables were contributing to 85% of the
dietary iron in the children. The proportion of
foods containing nuts and seeds appeared to
be higher in the non-anaemic group compared
to anaemic group but the difference was not
significant (P=0.174).

Table 4: Nutritional content of the supplementary food by comparing the processed and

unprocessed germinated finger millet

Nutrient/anti-nutrient Unprocessed Processed P-value
Total iron (mg/100g) 16.317.9 21.1£11.1 Ns
Soluble iron (mg/100g) 0.75+0.18 1.25+0.41 0.008
Total phenol (mgCE/100g 321458 322444 Ns
Phytate (mg/g) 4.5+0.5 4.1+0.5 0.03
Ascorbic acid (mg/100g) 0.04+0.04 0.02+0.03 Ns
Citric acid (mg/g) 9.310.3 7.310.1 0.03
Viscosity (%) 1043 2244 <0.05
Protein digestibility (%) 65+4 7617 <0.05

P<0.05 significant differences between the processed and unprocessed finger millet based complementary food
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A screening for intestinal helminths showed
positive findings in 2.6% of the children with
no significant difference between the anaemic
and non-anaemic groups. Stunting was present
in 48% of the investigated school aged children
(n=101) and in 59% of those who were anaemic
(n=42). Mean HAZ and body mass index were
not significantly different between children in
the anaemic and non-anaemic groups. There was
a significant improvement in Hb and anaemia
status in schoolchildren taking the fortified
beverage after 6 months of supplementation
(Table 5). However, in the trial whereby infants
were receiving the processed complementary
food no significant differences was observed
between the groups at the end of the follow up
period.

poisoning is not prevalent in these rural areas
(Yip et al., 1983). The most significant predictor
of haemoglobin status for these children was the
daily iron intake as indicated by the stepwise
multiple regression analysis. This finding
supports the nutritional contribution to the
anaemia aetiology in this community. This has
also been reported in Lindi (Tatala et al., 1998)
and Zanzibar (Stoltzfus et al., 1997) studies.

A high intake of vitamin C reported in
this study was expected to improve the iron
availability from the diet. However, the foods
containing vitamin C tended to be taken outside
the main meal times, thus not providing the
expected effect of enhancing iron absorption
(Hallberg et al., 1986). The reported high mean
intake of ascorbic acid is explained by the high

Table 5: Change in haemoglobin and anaemia status between baseline and follow up at 6 months
for schoolchildren on micronutrient supplementation

Haemoglobin status (g/dl)

Anaemia status (%)

Non fortified Fortified Non fortified Fortified
Baseline 11.97+1.21 11.9241.30 19.1 18.5
Follow up! 11.29+1.30 11.60+1.22 35.6 26.3
Change noted -6.7£1.00 -3.2£1.00 16.5 7.8

'The findings at follow up were showing significant differences between the Non fortified and Fortified groups

Discussion

The study showed that iron deficiency is a
serious problem among Tanzanian children, an
observation that has also been reported by other
studies (Stoltzfus et al,. 1997; Crompton, 1986).
Iron intake was significantly lower in children
who had anaemia, implying that iron intake
was marginal in them. Although the iron intake
was high compared with the recommendation
for a diet with intermediate iron bioavailability,
the high prevalence of anaemia might thus be
a result of consumption of a diet with low iron
bioavailability. In fact, half of these children
had iron intake below the RDI by FAO/WHO
of 23 mg/d for children on diet with low iron
bioavailability. A lower iron intake was also
found in children with abnormal (high) levels of
EP. EP is a measure of adequacy of iron nutrition
in the functional compartment of the body
where Hb is being utilised. Though an elevated
EP concentration could also be associated with
chronic inflammation or lead poisoning, lead

consumption of locally growing vitamin C-rich
fruits which were in season. Measurement of in
vitro iron availability in the commonly consumed
foodstuff showed that solubility (a measure of
bioavailability) ranged from 1.2% in cereals to
28% in legumes, but when composite diets were
analysed, the meal with highest in vitro iron
solubility contributed only 5% of the available
iron. This finding was also shown in the Lindi
study in Tanzania where similar foods are
consumed (Tatala et al., 1998). In in vitro studies
done on Tanzanian food sources have shown
that the staple foods for most Tanzanians have
a low percentage of available iron (Svanberg et
al., 1993).

In our study there was a significantly
higher energy intake in boys than in girls (P<0.05)
and also a high intake of dietary fibre, showing
a possible high food intake by boys. A high
intake of fibre in vegetable based diets has also
been observed in a study among vegetarians
elsewhere (Alexander et al., 1994). Vegetarians
with similar eating habits to the subjects reported
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in this study also had a high mean iron intake
than omnivores. In the vegetarian studies, like in
our study a significantly high iron intake in male
subjects than in female was observed (Alexander
et al., 1994)

Plant-based foods including cereals and
vegetables have an influence on energy and
iron intake in children as observed in our study.
From these findings there is an indication that
low dietary iron availability is a major factor
in anaemia causation, a finding that has been
supported by in vitro studies on iron availability
from their foods. The follow up study that
looked into the nutritional value of infants food
sources showed that cereal staples commonly
used by most Tanzanians contain iron absorption
inhibitors particularly tannins and phytate, that
can be reduced by several traditional methods
of food processing (Svanberg & Lorri, 1993).
Optimization and use of germination in the
traditional way have shown an increase the
percentage of available iron. These findings
together with the observation that dietary iron
availability is a problem, gives this community
a sustainable option to reduce the problem of
anaemia.

It is important for this community to
embark on to a dietary approach in the control
of childhood anaemia. Increasing intake of iron
absorption enhancers such as ascorbic acid
and meat will increase iron absorption and
reduce anaemia. As noted in the tested fortified
beverage there was a significant improvement
in the Hb status of the school aged children.
It is not expected that, poor rural people and
especially the at risk group, whom iron deficiency
is most prevalent, will increase significantly in
the near future. However, dietary modification
is important and small animal husbandry or
poultry farming could be useful.

Germination has been shown by this study
to improve iron accessibility. However, when this
food preparation was supplemented to infants,
reduction of the anaemia was not significantly
different from that observed in the control
group who were not receiving the optimized
supplement. Absorption studies elsewhere have
shown that an increase of iron uptake from 2.4 to
6.3% occurs after dehulling brown sorghum and
addition of ascorbic acid to the meals (Hallberg
et al., 1986). Soaking, germination and lactic acid

fermentation may create optimal conditions for
endogenous phytase in cereals. Phytases that
hydrolyse phytate into lower inositol phosphates
are present in most cereals and are activated
during fermentation and germination. The
fermentation and germination processes improve
the amount of soluble iron and increase food
iron bioavailability from low to the intermediate
level (Cook et al,. 1986). Our findings indicate
that improving dietary iron bioavailability will
reduce iron deficiency and could reduce anaemia.
This strategy combined with others such as
food fortification and control of blood depleting
diseases will effectively improve the nutrition
status of these rural children.

The FFQ method used in our study may
have exaggerated intakes in some individuals
and underestimated in others, resulting in
an overestimate of the proportion of children
whose intakes fall below the recommended
nutrient intakes, thus misclassifying individuals
with low intakes or otherwise. However, the
group intake data has helped in explaining the
association between dietary iron intake and
iron status of the sampled schoolchildren. FFQs
allow assessment of long term or usual food
intake over a month or year. This way it reduces
errors introduced by estimating usual intake
from the day to day variability in 24-h recalls.
The FFQ used was designed based on food
consumption in this Tanzanian community. To
avoid miscommunication the designing took
into consideration the cultural background of
the community.

It may therefore be concluded from this
study that iron intake contributes to the iron
deficiency anaemia among Tanzanian children. It
is therefore recommended that increased intake
of bioavailable iron should be one of the strategies
for the prevention of iron deficiency anaemia. To
achieve this, the options are improvement of
household food processing methods including
germination and fermentation to enhance iron
absorption from foods. Food fortification and
deliberate addition of iron to enrich cereal
staple foods used in child feeding should also
be considered. People should be educated on the
usefulness of traditional methods of processing
foods in improving iron nutrition and nutrition
status.
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