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1. INTRODUCTION 

The commonest cause of nutritional anaemia in the Sri Lankan population is iron deficiency. 
The diets of the population belonging to the lower socio-economic groups contain little food of animal 
origin. Thus, their diets are deficient in easily absorbable (haem) iron; and are also heavily cereal-
based. Therefore interference in the absorption of dietary iron also occurs. Iron-deficiency anaemia 
is not restricted to the so-called "vulnerable groups" in Sri Lanka, however, their greater demands 
make the problem not only commoner but also more severe. Among pregnant and lactating women 
anaemia is often associated with folate deficiency. It must also be noted that the low availability of 
dietary iron is compounded in large population groups. Malaria, presently raging on an epidemic 
scale is also a major contributory factor tc the incidence of anaemia. 

1.1. Anaemia in pregnancy 

The main sources of information on the prevalence of anaemia amongst women in Sri lankan 
are the MCH clinics. At least 20-24% of the total population are women of reproductive age. 
Maternal mortality is 0.6 per 1000 live births with at least 450 reported maternal deaths per year. 
Postpartum haemorrhage with anaemia as an underlying or associated cause and sepsis are the most 
frequent causes of maternal deaths. Anaemia and hypertensive disorders o+' pregnancy in addition to 
their effect on maternal mortality also cause high rates of foetal death, and low birth weight. The 
high level (30%) of newborns of low birth weight is related to maternal morbidity and malnutrition 
including anaemia. There are inordinately high levels of anaemia among pregnant mothers with 
circulating haemoglobin levels below 50% of the standard in 60-70% of pregnant women. The 
reported prevalence rates amongst pregnant and lactating women range from 60-80%. 

1.2. Studies on iron deficiency in Sri Lanka 

An island-wide study in 1978 of the prevalence of iron deficiency revealed a prevalence of 39% 
in men, 68% in women, 70% in primary school girls and 52% in preschool children. There are only 
a few studies done on measurement of iron status in Sri Lankan subjects. De Mel and Sood examined 
2794 pregnant women in all health districts of Sri Lanka in the late 1960's and early 1970's. In their 
study iron status was assessed only by the measurement of Haemoglobin concentration. Haemoglobin 
concentration was found to be less than 1 lg/dl, in 73.7% of the pregnant women examined. Thus 
iron deficiency anaemia was identified as a major health problem and pregnancy in further studies 
were recommended. 

Then Atukorala and co-workers in (1986) carried out another study on iron status, including 
thirty one males and thirty one females randomly selected in the age group 60-94 years, living in a 
home for the elders in Colombo. The iron status of these subjects was assessed haematologicallv, by 
measuring the haemoglobin concentration (Hb), packed cell volume (PCV) and the mean corpuscular 
haemoglobin concentration (MCHC) and biochemically by determining the serum iron (SI) total iron 
binding capacity (TIBC) and transferrin saturation (TS). Using these parameters together with the 
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measurement of dietary iron intakes, they showed that a much higher proportion of females were 
severely deficient in iron than males. The dietary intake of iron of the elderly females studied was 
far below the recommended daily requirement. These studies also revealed low mean plasma ascorbic 
acid levels in both males and females. 

In 1088 Silva and Atukorala indicated that, the women in late stage of pregnancy, had 
significantly lower (p 0.0001 > mean haemoglobin concentrations than women in early stages of 
pregnancy and non-pregnant women. Further, women in late stages of pregnancy had a lower (p 
0.05) serum iron concentration and a higher TIBC with markedly decreased (P 0.001) percentage 
transferrin saturation when compared to the other two groups of women. Further a high proportion 
of post-menopausal women also had a lower mean haemoglobin concentration (10.34+1.41 g/dl) and 
percentage transferrin saturation (24.11 +5.76) 

In a recent study conducted by the same workers it has been reported that die incidence of 
anaemia was very high among pregnant women in the plantation sector with a very low wt gain <0.2 
kg/week and decreased arm incumference. However, no such iron status studies have been carried 
out among preschool children. Therefore, under this research programme it was planned to study:-

firstly, the iron status of the pre school children, 

secondly, the iron status of pregnant women and establish the normal levels of biochemical 
indices at different trimesters 

thirdly, the effect of iron supplementation during pregnancy and 

fourthly, the bioavailability of iron from weaning foods and commonly used adult diets. 

It has been possible to study the above aspects excepting the bioavailability of iron from the 
adult diets. The findings of these investigations are presented separately in the above order. 

2. PREVALENCE OF IRON DEFICIENCY ANAEMIA IN A RURAL POPULATION OF 
PRESCHOOL CHILDREN. 

Anaemia was assessed by a combination of best single indicators of iron deficiency, such as 
serum ferritin level, Hb concentration, haematocrit and measurements of serum iron, transferrin 
saturation and, iron binding capacity. The objective of this part of the study was to assess the exact 
iron status of the preschool children and, find out the relative sensitivity of traditional methods used 
in the diagnosis of anaemia. 

2.1. Subjects and methods 

The study population was drawn from few villages in the Galle District. It comprised of 200 
children of 9-24 months and another 200 of 25-60 months. 

The blood samples (3 ml) were collected for measurements of serum iron, total iron binding 
capacity, serum ferritin haemoglobin and haematocrit. Haemoglobin concentration was determined 
by the cynomethaemoglobin method, serum ferritin was measured with a Immuno Radiometric Assay 
ferritin kit from Diagnostic Products Corporation Los Angeles. 

Measurements of serum iron and TIBC we^ made spectrophotome'rically, with Test 
Combination kit for Iron and TIBC from Boehringer Diagnostica. 
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A dietary survey was conducted by the three day recall method in all the subjects. The 
information on the quality and quantity of food given to the child were obtained from the mother by 
four trained village volunteers at each day of the three day survey. 

2.2. Results 

A total of 400 subjects were included in the study: 37 infants aged 9-12 months, 163 children 
aged 13-24 months and 200 children of 25-60 months. Most of these children were from low-income 
or middle income groups, only 11% were from the higher income group. 

The distribution of Hb levels of infants and children are shown in figures 1 and 2. 55% of 
children below 24 months and 62% of 25-60 months were anaemic according to WHO standards. 
There were 16% of children below 24 months and 23% of 25-60 months with Hb level less than 
8.4 fe/dl. 

The distribution of haematological variables in the population studied is illustrated in Table I. 
It appears that relatively a less proportion of children had below normal values for haematocrit. 

Table II shows the iron status of the two groups subjects. In both groups the mean transferrin 
saturation was below the lower limit of normality( 16%). The mean serum ferritin of these children 
was slightly higher than the lower limit of normality (lOg/ml). 

The distribution of serum ferritin values for children of the two groups are depicted in Figures 
3 and 4. It is clearly seen that 70% of the children in the lower age group and 78% in the upper age 
group are with serum ferritin levels below lOng, which is the lower limit of the normal range for 
these age groups. 

Table III summarizes the prevalence figures for anaemia and iron deficiency in the study 
population. It appears that serum ferritin and serum iron are more sensitive indicators in detecting 
iron deficiency anaemia and former is the best indicator. 

From the dietary survey conducted it was revealed that the total iron intake was marginal and 
. »e cereals provide a substantial quantity of iron to the diet of these children. The percentage of total 
iron contributed by this source is presented in Table IV along with total iron intakes. 

It is also shown in the table the number of children consuming > 14mg iron per day, which is 
the minimum level recommended by the FAOAVHO expert group in 1987. It was found that the use 
of infant cereals provide a substantial quantity of iron to the diet of infants. Most of the infants did 
not receive solids before one year of age. During the period of 9-12 months the sources of iron are 
iron fortified formulae, cereal gruels and infant cereal preparations available in the market. 

2.3 Discussion 
The results of this study show that 54.5% of the total study population were clearly anaemic. 

Of the remaining subjects who were not anaemic 42.9% had evidence of iron depletion as indicated 
by serum ferritin values. Therefore (54.5+19.5) there were 74.0% of the children with iron 
deficiency and anaemia in the study sample. A substantial proportion of subjects showed reduced 
transferrin saturation and serum iron levels. 

Biochemical markers delineate three stages of iron deficiency. In the first stage, Hb, SI and 
TIBC are normal, but SF is decreased. Serum ferritin and SI are low in the 2nd stage while IBC is 
elevated and Hb is normal. In the 3rd stage of iron deficiency with anaemia IBC is elevated and SI, 
SF and Hb are decreased. In most health care setups in Sri Lanka anaemia is routinely diagnosed 
based on a low Hb, hypochromia and microcytosis. Practically all laboratories report these end stage 
changes, but these values do not help in the prevention or early diagnosis of iron depletion. 
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The data on dietary and haematologicai assessment revealed no relationship between level of 
dietary iron intake and any one of the measured parameters of iron status. Undoubtedly there are 
factors other than total iron in the diet that place children in a precarious state of iron nutrition. An 
important consideration is the bioavailability of the dietary iron sources. As some iron sources and 
other dietary components have been shown to enhance or depress total iron absorption. 

In summary, the data from this investigation show that iron depletion and anaemia is an 
extensive problem among children and. much effort will be required to prevent consequences of iron 
deficiency anaemia in the child population in Sri Lanka. 

3. STUDY ON PREGNANT MOTHERS 

3.1. Investigation on iron status 

In the second part of the iron status study a sample of pregnant women from the rural sector 
in the Southern Region was selected and the iron status was measured using the same indicators. 

The study subjects were selected fro..i the pregnant women attending the university antenatal 
clinics during the period of Jan-March 1991. In addition to the clinical examination, a detailed 
obstetric history and the socioeconomic status and level of education were obtained. 

3.1.1. Results and discussion 

The Hb concentration in the 431 pregnant women ranged from 6.4 to 14.6 g/dl with a mean 
and SD of 11.05 (+ 1.85) g/dl respectively (Table V). It is seen that 54% pregnant women had Hb 
less than 1 Ig/dl and another 36% had less than 12g/dl. Of the total number of subjects 64% had 
received iron supplements in varying doses and for varying durations, and the rest had not received 
any haematinic prior to collection of blood samples. 

The mean serum ferritin level (Table VI) of the pregnant women was 12.39 ng/ml with 57% 
subjects having values less than 10 ng/ml and another 12% less than 12 ng/ml. It appears that mere 
is a higher percentage (69%) of subjects with depleted iron stores although not indicated by the 
haemoglobin concentration. 

When the subjects were divided in to groups according to their para number, it appeared that 
there was an increase in the percentage of subjects with depleted iron stores as the para number 
increases (Table VII). 

The incidence of clinical manifestations of anaemia noted at the survey are presented in 
Tables VIII and IX. 

The clinical detection of anaemia is influenced by many variables such as skin thickness and 
pigmentation. Betel chewing also masked the natural colour of the tongue. 

3.2. Case control study 

To study the effect of iron supplementation, a control study was subsequently conducted by 
taking 100 pregnant women attending the university antenatal clinic. The subjects were selected 
randomly from the pregnant women attending the clinic for the first time (those in 1st and early 2nd 
trimester) during the period of April to May 1991. 
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The selected pregnant women were first examined ciinicaiiy, Obtained a biood sample for the 
biochemical analysis from them and, the iron therapy was given after obtaining a detailed obstetric 
history and also information on socioeconomic and educational levels. 

The study subjects were followed during the course of pregnancy, by recording the weight gain 
and providing with haematinics regularly. Another blood sample was obtained from them at the 37th 
week of pregnancy to assess the iron status. The patient's compliance on iron therapy was also 
obtained at the same time. The outcome of pregnancy was then assued by the birth weight of the 
newborns. 

The laboratory analysis of iron status studies in the pregnant women was just completed and 
as such a detailed statistical analysis has not yet been done. However, it appears in Figure 5 that 
there is no marked difference in the haemoglobin levels between before and after supplementation. 
However an elevated ferritin levels were seen in some women, but a marked increase in the iron 
stores is not seen (Figure 6). 

The outcome of pregnancy in the study population is indicated in Table X. The mean bird) 
weight of the whole group was 2.75 kg and the incidence of low birth weight (< 2.5kg) was seen in 
32% of the newborns. 

The results indicate that iron deficiency anaemia is highly prevalent in spite of the population 
studied attending antenatal clinics. Even in the group of women who had a history of iron intake the 
prevalence remained high. It was also found a very poor compliance on iron therapy among die 
pregnant women. 46% of the sample did not take the iron tablet regularly. Of diose who were taking 
regularly 89% consumed the iron tablet just after the dinner, 23% with a plain cup of tea and the rest 
with water. 

Therefore, nutrition education appears very necessary with iron therapy in the existing 
supplementary programme, to improve the iron status of the pregnant women. 

4. MEASUREMENT OF EXCHANGEABLE (AVAILABLE) IRON IN RICE BASED LOW-
COST WEANING FOODS IN SRI LANKA. 

Rice is the stable food for a great proportion of the world population. The prevalence of iron 
deficiency is especially high in many of the countries where there is high dietary rice intake. There 
may be many reasons for this; such as low iron intake, concomitant low intake of food enhancing iron 
absorption or high intakes of food inhibiting iron absorption. In evaluation of causes of iron 
deficiency anaemia the determination of bioavailability of dietary iron is therefore important. 

The most reliable method for determining bioavailability of iron from diets is to measure iron 
absorption in humans using the extrinsic tag method. An alternate animal model to determine iron 
availability from human diets has also been proposed. While the in-vivo methods are accurate they 
are however, time consuming and expensive for screening large numbers of food material. An in-
vitro method thus has several advantages for rapid screening and testing of availability of iron from 
diets and suggests improvements so as to increase availability of iron from them. 

The in-vitro method described by Hal I berg and Rasmussen in 1981 to measure the amount of 
exchangeable iron with an inorganic radioiron tracer is sufficiently precise and accurate that it can 
be used to measure the bioavailability of iron from different types of meals despite iron 
contamination. The principle is that an inorganic radioiron tracer added to a meal completely and 
rapidly exchanges with the native non-heme iron compounds in the foods. The amount of non heme 
iron in a food that is not exchangeable, does not enter the common non heme iron pool from which 
iron is thought to be absorbed. Thus the amount of non heme iron that does not exchange with a 
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tracer is considered as not available for absorption. Although exchangeability ana bioavailability are 
two different concepts and good exchangeability does not necessarily imply good bioavailability, it 
has been proved that a complete exchange with an extrinsic tracer in-vitro in certain foods with native 
non heme iron shows an almost complete isotopic exchange in-vitro. 

The availability of iron from the Sri Lankan meats and weaning foods have never before been 
thoroughly examined. Therefore an investigation was conducted to determine the exchangeability of 
iron in some commonly used low cost weaning roods in Sri Lanka using this in-vitro method. 

Several mothers in the urban areas of Sri Lanka use industrially processed weaning foods based 
on milk and cereals to supplement breast feo infants. The majority of mothers however, because of 
economic reasons, can not afford such expensive weaning foods. The use of cheap home made gruels 
as weaning foods have therefore become popular in many rural and semi-urban areas. The most 
commonly used are rice gruel and leaf gruels and also some other home made food mixes such as 
potato and carrot, powdered rice and green gram, potato and egg etc. In this investigation, different 
types of leaf gruels made by using some common and uncommon varieties of edible green leaves and, 
the other commonly used home made weaning food mixes, as well as the industrially processed 
weaning foods were analyzed by the proposed in-vitro method for iron availability. 

4.1 Methodology 

The traditional procedures at village level were adopted to laboratory conditions in the 
preparation of gruels. For each meal of a gruel 35g of leaves 35g of rice and 20g coconut kernel 
were taken as raw materials. All the quantities were taken according to the estimations given by the 
mothers at the survey on weaning foods. 

The prepared meals were freeze died and ground to a powder in a porcelain motor. Weighed 
amounts were analyzed for total iron, phytate and tannin spectrophotometrically. The exchangeable 
iron was measured by an in-vitro method described by Hallberg 1981, incorporating a radioiron tracer 
**Fe into the sample of meal. 

The food samples were first incubated with pepsin in HC1 and 1ml of lu curie 59 Fe for 1 hour 
at 37°C and then with trypsin in NaHCO, for another 2 hours at 37*C. The iron fraction was 
separated by centrifuging with chloroform first and again with bathophenantroline and isoamyl 
alcohol. The supernatant was then taken for measurements 59 Fe activity. 

4.2 Results and discussion 

The total iron, exchangeable iron and % of total iron available in the weaning foods are 
illustrated in Table XI. It appears that the expression of total iron content i.s not a good index as this 
does not reflect the available iron. In terms of the percentage of total iron available, the weaning 
mixtures made out of potato + carrot and, rice dal, pumpkin, carrot, tomatoes and Boerhavia leaves 
would take first position and the leaf gruel with Boerhavia also shows a very high value. 

Out of the other foods, the ginger biscuits and a popular brand of local biscuits also show a 
higher percentage (48 and 47%) of available iron. Nestum and Cerelac have also shown a low 
availability where as Thriposha has a very poor availability of iron. The actual amount of available 
iron in one meal of some of the weaning foods are listed in table XII. 

It appears that the iron availability of most of the analyzed home made weaning foods is so poor 
that it is not po.s.sible to meet the estimated requirement of the ab.sorbed iron (l . lmg and 0.6mg for 
infants and children of 1-5 yrs respectively) through these weaning foods, unless some modifications 
are made to increase the iron availability. 
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It is quite evident (Table XIII) that there is a marked decrease in the absorption of iron when 
more brown rice is included in the meal. There is also a two fold difference in absorption between 
the gruels made out highly polished and lightly polished brown rice. The high phytate content in the 
brown rice may be attributing to this. According to Hallberg et al 1989, even 2 mgs of phytate can 
inhibit iron absorption by 18%, 25 mg by 64% and 250 mg by 82%. Therefore the lightly milled 
brown rice commonly used by the Sri Lankans seem to decrease the iron absorption to a great extent. 

It has been proved that there is a statistically significant decrease in iron absorption when the 
polyphenals, mainly tannin are present even by 5mg/meal, by Bruen et al (1989). In this study too 
it appears that there are very high amounts of polyphenols (tannin and catechin) present in some of 
the weaning preparations and that it could also be a contributory factor for the low bioavailability of 
iron from them. 

The effect of ascorbic acid on iron absorption was emphasised some time ago, but the exact 
amount of ascorbic acid needed to enhance iron absorption was not determined until recently. It 
appears in these weaning foods also the percentage exchangeability is increased 2-3 times with 50 
or lOOmg ascorbic acid (Table XIV). 

This was also evident in an in-vivo study conducted among 10 healthy aduks fed with Centilla 
gruel with or without ascorbic acid by the extrinsic tag method using 55 Fe and 59 Fe. The basis for 
the method adopted was the pool concept as described by Hallberg 1980 and Rosander 1985. An 
increase of iron absorption by 2.67 times was indicated in this study with addition of 50 mg ascorbic 
acid into the meal. 

It can be seen that certain green leafy vegetables contain substantia] amount of available iron. 
One of the reasons could be the high ascorbic acid content in them than in the other varieties. The 
effect of other organic acids in the green leaves have been found to be minimal when compared with 
the effects of phytate and polyphenols on iron absorption. However one can overcome this problem 
by supplementing with ascorbic acid rich food items. 

Therefore if the consumption of such green leaves and the home made weaning foods are 
encouraged and popularized, it will ensure in minimizing the risk of iron deficiency by modifying 
them and providing with other nutrients such as ascorbic acid and folic acid. 
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TABLE I 

DISTRIBUTION OF HAEMATOLOGICAL VARIABLES IN THE 
POPULATION STUDIED 

Variable Children 9-24 Children 25^0 
months n=200 months n=200 

% % % % 
below above below above 
normal normal normal normal 

Haemoglobin 55 45 54 46 
Haematocrit 39 61 43 57 

TABLE II 

IRON STATUS IN THE TWO GROUPS OF SUBJECTS:MEAN (+) VALUES 

Variable Children 9-24 
months n=200 

Serum ferritin 
(ng/ml) 
Arith.mean 13.07 + 1.5 
Geom. mean 6.7 
Serum iron 
(mg/dl) 31.16 + 37.3 
Transferrin 
saturation (%) 12.2 + 2.1 

Children 25-60 
months n=200 

16.26 + 21.7 
9.39 

44.78 + 20.50 

14.4 + 8.6 
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TABLE III 

PREVALENCE OF ANAEMIA AND IRON DEFICIENCY IN THE 
POPULATION STUDIED, PERCENTAGE OF SUBJECTS 

Variable Children 9-24 
months n=20 

Haemoglobin < 1 Ig/dl SS 
Serumferritin < lOng/ml 70 
Serum iron < 37 ng/dl 62 
Transferrin saturation < 16% 58 

Childrer 125-60 
months n=200 

54 
78 
58 
64 

TABLE IV 

MEAN DAILY IRON INTAKES WITH STANDARD DEVIATIONS IN 
THE TWO AGE GROUPS 

Iron intakes Children 9-24 Children 25-60 

months n=200 months n=200 

Total (mg) 11.0 + 7.6 13.2 + 8.4 

From cereal (% of intake) 76 63 

> 14 mg/day (No.of infants) 47 68 
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TABLE V 

DISTRIBUTION OF HAEMOGLOBIN CONCENTRATIONS IN 
PREGNANT WOMEN 

Hb gm/dl 

<8 
8.1-10.99 
11.0-12.99 

> 

No.of % 
mothers 

31 7.01 
205 47.40 
154 36.00 
41 9.51 

431 99.92 

TABLE VI 

DISTRIBUTION OF FERRITIN LEVELS IN 
PREGNANT WOMEN 

Ferritin No. of % 
level ng/ml mothers 

<10 — 246 J7 .07 
10.1-12 = 54 12.5 
12.1-30 = 100 23.2 
30.1-60 = 18 4.2 

>60 = 12 -LQ 
430 99.97 
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TABLE VII 

HAEMOGLOBIN CONCENTRATIONS AND FERRITIN 
LEVELS IN PREGNANT WOMEN WITH PARA NUMBER 

Parity Total No. Mean Mean 
of mothers Hb g/dl Ferritin ng/dl 

Para 1 237 10.87 13.02 
Para 2 84 10.70 12.88 
Para 3 53 10.41 10.50 
Para 4 30 10.33 10.38 
Para >5 Jl 10.11 7.03 

431 

TABLE VIII 

MEAN HAEMOGLOBIN CONCENTRATIONS AND FERRITIN 
LEVELS IN PREGNANT WOMEN WITH THE GESTATIONAL PERIOD 

Trimester No.of Mean Mean 
mothers Hb g/dl Ferritin ng/ml 

T, 30 11.06 9.24 
T a 273 10.64 11.41 
T, 107 10.8 14.87 
NK 21 10.69 14.05 

* ferritin estimation was not done in one subject 
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TABLE IX 

CLINICAL MANIFESTATIONS OF ANAEMIA AMONG 
PREGNANT WOMEN 

Pallor of tongue 47.4 
Pallor of conjunctiva 65.S 
Easy fatiguability 63.5 

TABLE X 

OUTCOME OF PREGNANCY IN THE STUDY POPULATION 

kg 

Mean birth weight of all 2.75 + 0.44 
Mean birth weight of <2.5 kg 2.18 + 0.16 
Abortions 
Stillbirths 
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TABLE XI 

TOTAL IRON AVAILABLE IRON AND THE PERCENTAGE OF TOTAL IRON AVAILABLE IN 
SOME WEANING FOODS 

Weaning food Total iron 
mg % 

available 
(exchangeable) 

iron mg % 

% total 
iron 

available 

1. Rice gruel witb lightly milled 
brown rice(oriyza sativa) 

1.627 0.043 2.64 

2. Rice gruel witb highly milled brown rice 1.493 0.070 4.69 

3. Leaf cruel witb centilla asiatica 2.29 0.114 4.978 

4. Leaf cruel with celosia arceniea 2.799 0.705 25.19 

5. Leaf gruel witb cardiosnerm helicabruin 1.566 0.258 16.47 

6. Leaf cruel with Boerhavia diffusa 1.713 

1.797 

0.707 

0.496 

41.27 

7. Leaf cruel with Amaranth 

1.713 

1.797 

0.707 

0.496 27.60 

8. Leaf cruel with Ervthrina veriecata 2.173 0.176 8.10 

9. Leaf cruel witb Alternanthera sessilis 1.444 0.127 8.80 

10. Leaf cruel with vernomia cinerea 0.589 0.032 5.433 

11. Potato + carrot 0.571 0.286 50.08 

12. Potato + carrot + egg 1.182 0.190 16.07 

13. Rice + greengram 1:1 4.374 1.264 28.90 

14. Rice + greengram 2:1 2.633 0.900 34.18 

15. Rice + potato + fish + carrot 1.58 0.193 12.2: 

16. Rice + dal + Pumpkin + Carrot 1.03 0.042 4.07 

17. Rice+dal+pumpkin+carrot + tomato 0.77 0.203 26.36 

18. -do- + Spinach 0.098 10.65 

19. -do- + Boerhavia 0.82" 0.41 50.0 

20. Potatoes + Spinach 2.03 0.278 13.69 

Biscuits 

21. Cream crackers 3.0 0.873 29.1 

22. Marie 1.893 0.674 35.60 

23. Rusks 3.9 1.251 32.07 

24. Ginger 3.347 1.610 48.10 

25. Angili 4.312 2.035 47.19 

Commercial weaning foods 

26. Nestum 28.96 3.94 13.60 

27. Cerelac 10.764 3.09 28.70 

Sunpl ements 

28. Thriposha (local preparation) 20.15 1.451 7.20 
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TABLE XII 

AMOUNT OF AVAILABLE IRON IN ONE MEAL OF WEANING FOODS 

Weaning food Amount available 
iron from one meal(mg) 

1. 50g Thriposha 0.726 

2. 50g Cerelac 1.545 

3. 50g Nestum 1.97 

4. 15g rice + 15g greengram 0.5056 

5. 20g rice + lOg greengram 0.36 

6. 50g potato + 25g carrot 0.166 

7. 50g potato + 25g egg 0.190 

8. 35g Rice + 30g Potato + 15g Carrot + 30g Fish 0.270 

9. Rice + dii + pumpkin + carrot 0.050 

10. Rice + dal + pumpkin + carrot + tomatoes 0.272 

11. Rice,dal,pumpkin,carrot + boerh; avia 0.627 

12. Cemilla gruel 0.067 

13. Vernone. gruel 0.054 

14. Alternant nera gruel 0.091 

15. Boerhava gruel 0.453 

* Requirement of absorbed iron per day for children 
0-12 months 1.1 mg 
13-60 months 0.6 mg 
(FAO/WHO 1987) 
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TABLE XIII 

PHYTATE AND POLYPHENOLS (TANNIN AND CATECHIN) IN 
WEANING FOODS 

Weaning food Phytate 
ir.g/meal 

Tannin 
mg/meal 

Catechin 
mg/meal 

15g Rice + 15g greengram 56.6 20.0 16.0 

20g Rice + lOg greengram 58.8 32.0 28.0 

Potato + Carrot 0 0 0 

Potato + egg 0 0 0 

Rice + Potato + Carrot + Fish 31.4 0 0 

Rice + dal + pumpkin + Carrot 39.6 0 0 

Centilla gruel 24.7 0 30 

Alternanthera eruel 53.04 0 0 

Boerhavia gruel 39.36 0 30 

Centilla gruel with lQg greengram 91.12 23.5 43 

Celosla gruel 50.35 0 60 

TABLE XIV 

EFFECT OF ASCORBIC ACID ON IRON AVAILABILITY 

Weaning food Percentage exchangeability of iron • 
without with with 

ascorbic acid ascorbic acid - lime juice 
25mg 50mg lOOmg (04ml) 

Centilla gruel 5.4 10.4 15.1 20.5 6.6 

Celosia gruel 25.4 53.9 52.5 55.1 32.1 

Cardiosperm gruel 8.55 32.1 43.7 57.1 20.8 

Boerhavia gruel 41.3 59.1 62.3 64.1 43.9 

Amaranth gruel 27.1 45.4 50.2 56.9 32.2 
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