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Abstract 

A study was conducted to determine the dietary intakes and serum levels of 
iron and zinc in twenty apparently healthy Myanmar adults (10 males and 10 
females), using atomic absorption spectrophotometry. The mean iron intake 
of females was found to be lo wer than the FA O/WHO recommended alio wance 
whereas for men it was found to be adequate. The mean serum iron 
concentration in females was found to be significantly lower than in males (p 
< 0.05). It was observed that zinc intakes of males was significantly higher 
than in females (p < 0.01) but there was no significant difference in serum 
zinc level between the two groups. The dietary zinc intakes of both groups 
were found to be low. There was a weak positive correlation between dietary 
intake and serum concentrations of these minerals. Laboratory scale 
production of iron-fortified salt containing 1 mg of Fe/g salt was conducted by 
mixing 5g of FeS04.7H20, and 5g of sodium-hexa-metaphosphate thoroughly 
and then the mixture was again mixed with 1 kg of salt. This was done in July 
1992. The stability of iron-fortified salt (i.e. change in colour of salt) as well 
as ferrous and ferric iron content of iron-fortified salt, were determined at 
monthly intervals. The iron-fortified salt was found to be stable up to the time 
of report writing, i.e 3rd week of October, 1992. The ferrous iron content of 
salt was found to range between 0.95 to 0.98 mg Fe/g salt. Bioavailability 
studies of iron from two types of standard meals, one containing staple rice, 
32 g of fish, water cress, watery fish paste and cucumber, and another 
containing boiled peas in place of fish, were conducted on two groups of male 
subjects using 59Fe as an extrinsic tag. Bioavailability studies of iron from the 
above two types of meals cooked with iron-fortified salt (1 mg/g salt) were also 
conducted on the same groups of subjects using S9Fe as an extrinsic tag. 
Reference dose absorption of iron will be conducted. This work is in progress. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Like many other developing countries, iron deficiency anaemia is one of the most 
important nutritional problems in Myanmar. 

Studies conducted during 1965-1971 reported that the prevalence of iron deficiency 
was 13 to 24% among pregnant women, 5 to 15% among women generally, 3 to 27% 
in children and 1 to 5% among men when assessed by Hb concentration of less than 
11 g/dL and serum iron concentration of less than 50 pg/6L \^). 
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Thane-Toe and Them-Than. 1982 |2) reported that among 135 pregnant women 
between 22 to 28 weeks of pregnancy iron deficiency (ferritin level less than 10 pg/L) was 
observed in 58.4% of pregnant women compared to an incidence of 17.8% when 
assessed by serum iron concentration of less th«n 50 yvg/dl. 

The iron nutritional status survey recently conducted among 183 children of 6-16 
years age group in a rural community indicated that 15.1 % of children were iron deficient 
(serum ferritin < 10 j /g / l ) . compared to an incidence of 15.3% when assessed by se rum 
iron concentration of less than 50 //g/dl [31. 

1.1. Dietary Survey 

Dietary iron intake by duplicate meal analysis ranged from 14.7 to 30 mg per capita 
per day and dietary iron contributed by foods of animal origin ranged from 2.8 to 2 0 % of 
the total dietary iron intake. The mean animal protein intake was 11.3 g/d. which is about 
20% of total daily protein intake. In a population such as ours, nre and vegetables are the 
staples but consumption of fish and meat is extremely variable depending upon the season 
and other factors. 

1.2. Isotope-aided studies of the bioavailability of iron from Myanmar rice-based meals 

Non-hem» iron absorption from Myanmar meals was measured using the method of 
adding the extrinsic radio-iron tracer to label the non-heme iron in the whole meal. Non-
heme iron absorption from a basal meal of rice, vegetable and spices containing 7.6 mg 
of total iron was 1.4%. Addition of 40g of fish to the basal meal ir.rrroased the iron 
absorption to 6 .4% in men and 11.9% in women 141. Non-heme iron absorption from 
Southeast Asian diet similar to Myanmar rice and vegetable diet would be insufficient to 
maintain iron balance but consumption of fish and meat at various intervals will increase 
the iron absorption on these occasions to a level which probably has helped to maintain 
a precarious iron balance over the years in a majority of people 14). 

Studies were also conducted on the effect of certain foods on bioavailability of iron 
from Myanmar meals. It wa > reported that coconut milk is an important inhibitor of non-
heme food iron absorption, .he mean °' decrease in absorption being 37% |5|. 

The overall aim of the present study is to reduce iron deficiency in the country by 
increasing the iron intake through salt fortification with iron and promotion of dietary 
eating habits to increase iron absorption. 

The primary research objectives are: 

(1) To establish method of fortifying generally consumed local food (common salt) with 
iron and to test the bioavailability of iron-fortified salt with standard meals 

• to find an iron compound, that is stable and having a good bioavailability and 
that is highly compatible with the candidate food vehicle even after a storage 
of about 6 months 

• to find out the appropriate level of fortification required. 

(2) To monitor the effectiveness of iron-fortified salt among children and women in a 
community. 

(3) To make a systematic study of dietary factors influencing the bioavailability of iron 
from a typical rice based meal (inhibitor/enhancer effect). 
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2. EXPERIMENTAL METHODS 

2.1 Dietary intakes and serum levels of iron and zinc of some Myanmar adults. 

A study was conducted to determine the dietary intakes and serum levels of iron and 
zinc from 20 apparently healthy Myanmar adults (10 males and 10 females). The subjects 
are staff of the Department of Medical Research, ages ranging from 24-40 years. 
Individual food intake surveys were conducted for 3 consecutive days and duplicate meals 
were collected on each day in acid-washed plastic coi'tainers. Samples were homogenized 
before dry ashing. Iron and zinc content of diets were analysed by atomic absorption 
spectrophotometer. Venous blood sample was drawn about 4 hours after breakfast from 
the same subject on the third day of the study. Care was taken to avoid mineral element 
contamination during sample collection and preparation. Serum iron and zinc 
concentrations were determined using atomic absorption spectrophotometry. 

2.2. Laboratory scale production of iron-fortified salt and testing of stability 

Laboratory scale production of iron-fortified salt containing 1 mg of Fe/g of salt was 
conducted by mixing 5g of FeS0 4.7H 20 and 5g of sodium-hexa-metaphosphate thoroughly 
and then the mixture was again mixed with 1 kg of salt according to the method of NIN, 
Hyderabad. This was done in first week of July, 1992. The stability of iron-fortified salt 
(i.e. change in colour of salt) as well as ferrous and ferric iron content of this salt were 
also determined at monthly intervals. The iron-fortified salt was found to be stable up to 
the time of report writing, i.e. the 3rd week of October, 1992. 

2.3. Isotope-aided studies of the bioavailability of iron from Myanmar diets cooked with 
ordinary salt and iron-fortified salt 

All subjects were apparently healthy Myanmar adult males with no hematological, 
alimentary or other disorders which may affect iron absorption. The subjects were divided 
into groups 1 and 2, each group consisting of 6 subjects (Table I), who were given 
standard Myanmar meals 1 and 2 respectively each extrinsically tagged with 2 j/Ci 5 9FeCI 3 . 
The sequence of the experiment was as follows. 

a) Blood collection for determination of Hb, PCV and ferritin and background 
radioactivity one day before feeding experiment. Subjects with normal Hb and PCV 
were included in the feeding experiment. 

b) Feeding of standard meal (1 or 2) cooked with ordinary salt tagging the cooked rice 
with 5 9Fe to the subjects after a 10 hr fast. 

c) Collection of blood samples 14 days after the first feeding experiment to measure 
radioactivity for determination of iron bioavailability from standard meals cooked with 
ordinary salt (day 14). 

d) Feeding of standard meal cooked with iron-fortified salt (1 mg Fe/g salt) extrinsically 
labelled with 6 9Fe to cooked rice after blood collection on day 14. 

e) Collection of blood 14 days after the second feeding experiment to measure iron 
bioavailability of meal cooked with iron-fortified salt after making necessary 
correction for residual radioactivity from the first meal (day 28). 

f) Oral administration of reference dose of 5 9Fe with ferrous sulphate in 0.1N HCI and 
ascorbic acid with 40 ml water after an overnight fast (day 28V 
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g) Collection of blood 14 days after administration the reference dose to measure 
absorption of the reference dose (day 42). 

2.4. Preparation and composition of meals 

Two Standard Myanmar meals were prepared (Table II). Meal 1 consisted of: 

(a) Boiled polished rice 
(b) Fish curry (carp, edible portion) - cooked with palm oil, salt, turmerc, tomato and 

chili paste (made up of dried chilies, red onions, ginger and garlic) 
(c) Water spinach (Ipomea aquatica) - shallow fried with garlic-flavored oil 
(d) Watery fish paste (fermented) - boiled with water to give a salty fluid. 
(e) Raw cucumber. 

Meal 2 consisted of boiled peas fried with oil and onion in place of fish curry, the 
other dishes being the same. The foods were cooked in aluminum pots and the whole 
meal was served on plastic plates. As is customary tn Myanmar, the different dishes were 
eaten together with rice at the same time, and noc in courses one after another. The meal 
was served at 10 a.m. after an overnight fast of 10 hr and no food or drink was allowed 
for 3 hr after the meal exceot water. It was ensured that all the food served was 
consumed and none left on the plates. 

A duplicate meal sample of the whole meal was homogenized and frozen for the 
chemical analysis of total iron, ascorbic acid and phytate content. 

3. RESULTS 

3 .1 . Dietary intakes and serum levels of iron and zinc of some Myanmar adults 

The results are summarized in Table III. The mean iron intake of females was found 
to be lower than the WHO recommended allowance [6], whereas for men it was found to 
be adequate. The mean serum iron concentration of females was significantly lower than 
in the male, p < 0.05 (Table IV). It was found that zinc intake of males was significantly 
higher than in females (p < 0.01) but there was no significant difference in serum zinc 
level between the two groups. The dietary zinc intakes of both groups were found to be 
low. A weak positive correlation between dietary intakes and serum concentrations of 
these minerals was observed (for iron r = +0.25 and for zinc r = +0.03). 

3.2. Laboratory scale preparation of iron-fortified salt and testing of stability 

The iron fortified salt was found to be stable at the time of report writing, i.e. the 3rd 
week of October, 1992. No change in colour was ohoerved. Ferrous iron content of iron 
fortified salt ranged between 0.95 to 0.98 g/kg salt. 
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4. FUTURE WORK PLANS 

Isotope-aided studies of the bioavailability of iron from Myanmar standard meals 
cooked with ordinary salt and iron-fortified salt will be conducted on non-pregnant non-
lactating females and also on women of reproductive age who are not likely to be 
pregnant. 5 9Fe will be used as an extrinsic tag and the procedures will be the same as 
previously described for males. The level of fortificant will also vary as required. 

The effect of dietary factors affecting the bioavailability of dietary iron from a 
standard meal will also be studied (inhibitor or enhancer effect). The degree of inhibiting 
effect of pickled tea with fried onion and peanut, occasionally eaten after meals by 
Myanmar, will be tested. The inhibiting effect of soya bean product eaten by some 
national groups in Myanmar will also be tested. Two types of commonly eaten fermented 
vegetables and two types of green leafy vegetables with high citric acid content, namely 
Acacia and Sorrel, which are consumed as soup together with rice based meals in 
Myanmar, will be tested for enhancing effect on food iron absorption. 

For monitoring the effectiveness of iron fortification of salt on iron status, children 
and women of reproductive age in a community will be tested before, 6 months and 1 year 
after consumption of iron-fortified salt. Fasting venous blood samples will be taken and 
measurements made on Hb, PCV, SI and serum ferritin. At the end of 6 months and 1 
year a new haematological evaluation will be conducted, and the effectiveness of salt 
fortification will be evaluated. A control group will also be included in the study and each 
experimental and control group will consist of 75 subjects. 

This will serve as a pilot experiment for the "Feasibility study of Iron Fortification 
Programme in Myanmar", which is planned to be conducted in the near future. 
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TABLE I. PHYSICAL AND HEMATOLOGICAL CHARACTERISTICS OF THE SUBJECTS 
STUDIED 

Group Sex No. of 
Subjects 

Age 
<yr) 

Ht 
(err.) 

Wt Hb 
(kg) (g/lOOml) 

PCV 
<*> 

1 Male 6 33 163.75 51.05 16.32 46.5 

2 Male 6 33 162.6 51.12 15.44 43.3 

TABLE II. COMPOSITION OF MEALS 

Items Amount (g) 

Standard meal 1 Standard meal 2 

Boiled polished rice 
Fish (Carp, E.P) 
Boiled peas, fried 
Vegetable (water spinach) 
Fish Paste (watery) 
Cucumber 
Garlic 
Onion 
Chili,dry 
Palm oil 
Tomato 
Ginger 
Salt 

300 
32 

50 
10 
25 
4.5 
7.5 
3.0 
30.0 
33.0 
1.5 
2.2 

300 

95 
50 
10 
25 
5.0 
15.0 
1.5 
37.0 

2.0 
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TABLE III. MEAN DAILY INTAKE OF IRON AND ZINC OF SOME MYANMA* 
ADULTS 

Iron 
Sex Intake 

mg/d 
RDA 

mg/d 
% of 
RDA 

Zinc 
Intake 
mg/d 

RDA* 
mg/d 

% of RDA 

Male 25.5 + 1.59 9 283 
Female 21.01+ 1.63 28 75 

9.79*+ 0.62 11 - 22 89-44.5 
7.51 + 0.39 il - 22 68-34 

RDA for iron with animal foods below 10% of calories, WHO(1973) 
* Zn intake is significantly higher in male (p < 0.01) 
** Lower value applies when available Zn is 20% and higher value when 10% 
is available, WHO (1973). 

TABLE IV. SERUM IRON AND ZINC CONCENTRATIONS OF MYANMAR ADULTS 
(MEAN + S.E) 

Serum 
Mineral Men Women 

Normal Value 
Harper (1990) 

Iron mg/L 
Zinc mg/L 

1.47*+ 0.13 
1.19 + 0.06 

1.05 + 0.13 
1.34 + 0.12 

0.5 - 1.75 
0.5 - 1.5 

Serum iron concentration is significantly higher in male than female 
(p < 0.05). 


