
7 - 1 Annex 7 

ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY OF IRON 
FROM MYANMAR DIETS 

Khin-Maung-Naing1*, Myo-Khin2 

1 Nutrition Research Division, 
1 Nuclear Medicine Research Division, 

Department of Medical Research, 
5, Ziwaka Road, Yangon, Myanmar. 

* Chief Scientific Investigator 

I. IRON DEFICIENCY IN MYANMAR 

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

During 1965-71, the iron nutritional status of Myanmar was assessed by determining the 
incidence of iron-deficiency anaemia in several population groups in Myanmar totalling 4,838 subjects 
and also by measurement of non-haemoglobin iron concentration in 108 liver specimens obtained from 
sudden deaths in Yangon (Aung-Than-Batu et al 1972). 

Taking Hb concentration of 11 g/100ml arbitrarily as the cut-off point for anaemia and a serum 
iron value less than 50 /ig/100ml as deficient, the prevalence of iron-deficiency anaemia was observed 
to be 13 to 24% among pregnant women, 5-to 15% among women generally, 3 to 27% in children 
and 1 to 5% among men. There was a good positive correlation between Hb concentration and serum 
iron values. A controlled therapeutic trial showed a significant response to orally administered iron 
in anaemic individuals with deficient serum iron levels. (Aung-Than-Batu et al. 1972). 

From the autopsy material it was found that the non-haemoglobin iron concentration in the liver 
was 173 uglg wet wt in 40 adult males and 59 /tg/g wet wt in 17 adult females. Liver iron stores 
were low at birth and rose to a low plateau in adults when compared with other countries except 
Indians (Aung-Than- Batu, et al, 1972). 

Thane-Toe et al, (1982) reported that among 135 pregnant women between 22 to 28 weeks of 
pregnancy iron deficiency (ferritin level less than 10 /xg/1) was observed in 58.4 % of the pregnant 
women, compared to an incidence of 17.8% when assessed by serum iron concentration of less than 
50 ^g/dl. 

The iron nutritional status survey recently conducted among 183 children of 6-16 years age 
group in a rural area indicated that 15.1 % of children were iron deficient (serum ferritin < 10 >ig/l), 
compared to an incidence of 15.3% when assessed by serum iron concentration of less than 50 pg/dl 
(Myo-Khin, et al, 1990). 

1.1 Dietary Survey 

Dietary iron intake by duplicate meal analysis ranged from 14.7 mg to 30 mg per capita per 
day and dietary iron intake by weighment method ranged from 9 mg to 32 mg/capita per day. 
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Dietary iron contributed by foods of animal origin ranged from 2 8 to 20% of the total dietary iron 
intake by weighment method. 

Dietary survey in Myanmar carried out by the Nutrition Research Division of the Department 
of Medical Research reported that the mean animal protein intake was 11.3 g/d which is about 20% 
of total daily protein intake. Review of the original data reveals that in an upper Myanmar village 
animal protein was eaten by 13 of 28 household during the period of 1-3 day survey. In a lower 
Myanmar village, animal protein (fish) was eaten by 19 of 20 households during the survey. 

In a population such as ours, rice and vegetables are the staples but consumption of fish and 
meat is extremely variable depending upon the season and other factors. 

2. ISOTOPE-AIDED STUDIES ON BIOAVAILABILITY OF IRON FROM MYANMAR 
RICE-BASED MEALS 

Iron content of Myanmar foods and diets and also the availability, were investigated during 
1974-80. 

Non-haem iron absorption from three Myanmar meals was measured using the method of 
adding extrinsic radio-iron tracer to label the non-haem iron in the whole meals. 31 healthy Myanmar 
subjects were divided into 3 groups, each of which were given one type of meal. Absorption of 
reference ferrous ascorbate was also measured in all subjects and used to calibrate the observed 
absorption values when comparing different groups. Non-haem iron absorption from the basal meal 
of rice, vegetables and spices containing 7.6 mg of total iron was 1.4% . Addition of 40 g of fish 
to the basal meal increased absorption to 6.4% in men and 11.9% in women. Relative absorption 
from the third type of meal, consisting of different proportions of rice and vegetable and less fish was 
also higher than from the basal meal. Non-haem iron absorption from a South-east Asian diet similar 
to the Myanmar rice and vegetable diet would be insufficient to maintain iron balance. But it is 
improbable that such diet is eaten all the time.(Aung-Than-Batu, et. al, 1976) 

It was speculated that consumption of meat and fish at various intervals will increase iron 
absorption in these occasions to a level which probably has helped to maintain a precarious iron 
balance over years in the majority (Aung-Than-Batu et al, 1976). 

Studies were also conducted on the effect of certain foods on bioavailability of iron from 
Myanmar meals. 

Four healthy Myanmar subjects were given a Myanmar meal extrinsically tagged with ^Feclj 
on two occasions first without coconut milk and the second time with added coconut milk. Iron 
absorption was determined from the increase in total blood radioactivity 14 days after the respective 
meals according to the published method. The findings suggest that the coconut milk is an important 
inhibitor of non-haem food iron absorption, the mean % decrease in absorption being 37% 
(Thein-Than et al, 1975). 

In another study, tea was given as a plain infusion, immediately after a meal which is 
customary in Myanmar. Sour dish (common side-dish) was prepared with pulps of tamarind 
(Tamarindus indica) and cooked with Impomoea Aquatica in a traditional manner. Double isotope 
labelling was used to measure iron absorption from Myanmar meals. A decrease in iron absorption 
was found with tea and an increase with sour dish in 7 out of 9 and 6 out of 8 subjects, the mean 
changes being -38% and +51% respectively (Thane-Toe et al, 1979). 

In another study it was observed that isocaloric replacement of rice with bread in the standard 
meal produced a decrease in iron absorption ranging from -25% to 75% (Thane-Toe et al 1979). 
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3. RESEARCH PROTOCOL ON "ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY 
OF IRON FROM MYANMAR DIETS 

The overall aim of the study is to reduce iron deficiency in targeted groups in the country by 
increasing the iron intake of the population at risk through food fortification with iron and promotion 
of dietary eating habits. 

The primary research objectives are: 

(a) To establish methods of fortifying generally consumed local food (common salt) with 
iron and to test the bioavailability of fortified salt with standard meals. (1st year) 

(i) to find an iron compound having a good bioavailability that is highly compatible 
with candidate vehicle even after storage of about 6 months 

(ii) to find out the appropriate level of fortification required. 

(b) to monitor the effectiveness of salt fortification with iron in school children and women 
(2nd year) 

(c) to make a systematic study of dietary factors influencing the bioavailability of iron from 
a typical standard rice based meal (2nd year) 

4. WORK PLAN 

For establishment of methods of fortifying common salt with iron, Fe S 0 4 7H 2 0 and Sodium 
hexametaphosphate or other suitable iron compounds will be examined as potential sources for iron 
fortification. Preliminary tests will be carried out to determine the feasibility of adding supplementary 
iron to common salt. It is intended to fortify common salt at a level of 1 mg Fe/g salt (1000 ppm). 
Average salt intake in Myanmar is about 10 g per day per adult. This would provide about 10 mg 
of Fe per day from fortified salt. The fortificant will be labelled with "Fe and the native iron in food 
with extrinsic 55FeCI, tag. The doubly labelled food (1 pCi of "Fe and 3 /xCi of 5 5Fe) will be served 
to healthy adult volunteers (IS male and IS female) with standard meals to determine the 
bioavailability. The age range of the subjects will be 20 to 45 years and female subjects will be 
non-pregnant and non-lactating. After two weeks blood samples will be collected to measure 
radioactivity by liquid scintillation counting using the modification of Eakins and Brown(1966). 

As a core programme, bioavailability of iron from the same standard meal "Farina" flour and 
from six different types of main meals that are typical of target population groups will also be studied. 

To study the absorption of dietary iron from a standard meal and the effects of dietary factors 
influencing iron bioavailability, absorption will be measured on two consecutive days on adult 
volunteers. The standard test meal will be labelled on the first occasion with 1 pCi "Fe and on the 
second with 3 fid 5 5Fe (with inhibitor or enhancer). The relative absorption of 2 isotopes will then 
be calculated from blood radioactivity after 14 days. This approach will allow for comparison of iron 
absorption from the standard meal and from the standard meal plus inhibitor/enhancer component. 
A reference absorption dose of 3 mg FeSo, with 1 /xCi w F e and 30 mg ascorbic acid will be given 
at the end of food iron absorption study to allow for intersubject comparison. 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, sp. (Acacia Spp) and Sorrel 
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(Hibiscus Sabdriffa) which are usually consumed as soup together with rice-based meals in Myanmar 
will be tested for enhancing effect. Each type of food will be tested on 10 subjects. 

For monitoring the effectiveness of iron fortification of salt on iron status, children 6-12 years 
of age and women in a community will be tested before and after consumption of iron fortified salt. 
Fasting venous blood samples will be taken and measurements made on Hb/PCV, SI/TIBC and serum 
ferritin. At the end of 1 year, a new haematological evaluation will be done, and effectiveness of salt 
fortification evaluated. Control groups will also be included in the study. 200 subjects will be 
included in the study each experimental and control group will consist of SO subjects each. 

This will serve as a pilot study 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 HAEMATOLOGICAL CHARACTERISTICS OF THE SUBJECTS STUDIED 

Group Sex No. of 
Subjects 

Age 
(Yr) 

Ht 
(cm) 

Wt 
(kg) 

Hb 
(g/lOOml) 

PCV 
(%) 

SI 
Gig/100ml) 

TIBC 
Gtg/lOOml) 

1. Male 6 26" 
(25-27) 

167 
(160-173) 

51 
(41-57) 

15.0 
(13.6-16.0) 

41 
(38-43) 

84 
(63-100) 

351 
(275-426) 

Male 9 26 
(24-31) 

166 
(160-172) 

55 
(50-67) 

15.3 
(12.4-17.9) 

47 
(42-56) 

165 
(75-200) 

306 
(248-400) 

Female 11 25 
(23-27) 

158 
(155-160) 

47 
(40-54) 

12.7 
(13.5-15.6) 

40 
(35-42) 

115 
(62-162) 

347 
(300-400) 

Male 5 30 
(20-48) 

166 
(156-168) 

49 
(42-57) 

14.6 44 
(38-48) 

87 
(62-124) 

300 
(276-326) 

* Mean values: ranges are shown in parentheses 

Ref : Aung-Than-Batu et al. Am. J. Clin. Nutr. 29 (1976) 219-225 
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TABLE II 

COMPOSITION OF MEALS 

ITEM 
Amount (g) 

ITEM 
Standard 
Meal I 

Standard 
Meal 2 

Standard 
Meal 3 

Boiled polished rice 200 200 50 

Fish (Cat fish) 40 15 

Vegetable (Water spinach) 40 40 20 

Fish paste 8 8 10 

Beans (Dolichos lablab) 25 25 

Onion 2 4 2 

Garlic 0.33 0.16 

Chili 1.11 0.55 

Ginger 2.22 1.11 

Salt 0.9 1.96 0.81 

Groundnut oil 3 13.15 6 

Total 278.90 335.77 105.63 

Aung-Than-Batu et al. Iron absorption from Southeast Asian 
rice-based meals. Am. J. Clin. Nutr. 29 (1976) 219-225. 
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TABLE III 

NUTRIENT CONTENT OF MEALS 

Items Iron (nig) Protein 
(g) 

Calories 
(kcal) 

Vitamin 
C 

(me) 

Items 

Analyzed From Table 

Protein 
(g) 

Calories 
(kcal) 

Vitamin 
C 

(me) 

STANDARD MEAL 1 

Boiled polished rice 
Vegetable dish 
Fish paste 
Beans dish 

1.2 
1.08 
2.24 
0.75 

5.6 
3.0 
1.6 
3.0 

150 
28 
8 

44 

TOTAL 7.6 5.27 11.0 322 18.0 

STANDARD MEAL 2 

Boiled polished rice 
1 Vegetable dish 
| Fish paste 
| Beans dish 

1.2 
1.2 
1.08 
2.24 
0.75 

5.6 
8.0 
3.0 
1.6 
3.0 

250 
22 
28 
8 

44 

TOTAL 8.8 6.47 19.0 342 18.0" 

STANDARD MEAL 3 

1 Boiled polished rice 
Vegetable dish 
Fish paste 
Beans dish 

0.3 
0.45 
0.52 
2.80 

1.4 
2.0 
1.5 
2.0 

62 
11 
14 
10 

TOTAL 4.9 4.07 8.9 107 9.0* j 

" Actual analysis k > By calculation from analytical result of meal 2 

Ref: Aung-Than-Batu et al. Am. J. Clin. Nutr. 29 (1976) 219-225. 



TABLE IV 

IRON ABSORPTION VALUES 

Standard 
Meal 

Sex No.of 
Subject 

In intuke(mg) Non-haem iron absorption Reference 
iron 

absorption 
(%) 

Standard 
Meal 

Sex No.of 
Subject 

Total Non-haem* absolute(mg) % 

Reference 
iron 

absorption 
(%) 

1. Male 6 Mean 
Range 
SE 

7.6 7.6 O.U 1.4 
0.07 - 2.4 

0.04 

46 
25-98 

22.9 

Male 9 Mean 
Range 
SE 

8.8 7.6 0.49 6.4 
3.2- 11.3 

1.5 

36 
21 -74 

14.6 

2. Female n Mean 
Range 
SE 

8.8 7.6 0.9 11.9 
2.0 - 34.0 

23.4 

71 
32-98 

23.4 

3. Male 5 Mean 
Range 
SE 

4.9 4.55 0.36 8.0 
4.0- 10.7 

1.1 

79 
54-97 

15.6 

Ref: Aung-Than-Bafj et al. Am. J. Clin. Nutr. 29 (1976) 219-225. 
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TABLE V: 

COMPARISON OF NON-HAEM IRON ABSORPTION FROM 
THREE STANDARD BURMESE MEALS 

Standard 
Meal 

Sex % mean non-haem iron 
absorption 

Total non-haem iron 
absorption 

(nig) 

Standard 
Meal 

Sex 

Observed Calibrated* Observed Calibrated* 

1. Male 1.4 2.0 0.11 0.15 

2. Male 6.4 13.2 0.49 1.00 

Female 11.9 10.8 0.49 0.82 

3. Male 8.0 5.8 0.36 0.26 

* The calibration of iron absorption was made by 
multiplying the observed absorption data by the 
ratio A/B, where A is the composite mean 
absorption of the reference iron ascorbate dose of 
all individuals and B is the mean absorption of 
the reference iron ascorbate for the given meal. 

Ref : Aung-Than-Batu et al. Am. J. Clin. Nutr. 29 (1976) 219-225. 

TABLE VI 
INHIBITION OF IRON ABSORPTION BY COCONUT MILK 

% Iron % Iron % 
absorption absorption from decrease 

from Burmese Burmese meal in 
meal + coconut milk absorption 

6.0 2.0 63 
6.0 2.9 50 
7.1 6.0 16 
3.1 2.4 20 

Mean 5.5 3.3 37 

Ref: Thein-Than et al. Am. J. Clin. Nutr. 28 (1977) 1348. 


