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1. INTRODUCTION 

Iron deficiency anaemia is a major public health problem in many developing countries 
including India. Recent multicentric studies indicated that in rural population of India, 60% of 
preschool children and 40-60% of women of child bearing age may suffer from anaemia [I]. Studies 
by Sood et al [2] indicated that iron stores are generally lower in our population as compared to 
populations in other countries. It is therefore possible that prelatent iron deficiency may be even 
higher who look otherwise healthy and adequately nourished. Dietary factors seem to play important 
role in the development of iron deficiency anaemia (IDA) in spite of seemingly adequate intake of iron 
of 20-30 mg [3]. In the etiology of IDA, poor absorption of dietary iron appears to play an important 
role. Factors regulating food iron absorption are primarily those derived from food stuffs. Both 
inhibitors and promoters of iron absorption are present in foods, the former predominating in most 
vegetable foods. Among the factors that inhibit iron absorption phytates and tannins play important 
role. Among the agents in foods which enhance iron absorption are ascorbic acid, some amino acids, 
reducing agents like cysteine, fructose and glutathione [4]. 

Iron absorption from habitual diets of Indians has been determined in the past by the chemical 
balance methods. Iron absorption determined by this method may be a gross over estimate. A more 
reliable estimate of iron absorption from composite meals can be obtained by the radio isotopic 
methods in which foods are extrinsically or intrinsically tagged with radio iron (55Fe or ''Fe). Using 
these methods iron absorption from a few habitual diets was studied [3]. The iron absorption was 
four.;] .o be around 3 percent. Even at this level of absorption, increasing the dietary iron intake by 
10 to IS mg would ensure the iron balance. One such measure is the fortification of common salt. 
A formula for fortification of salt with iron has been successfully developed at our Institute (5,6]. 
The fortification was at the level of 1 mg elemental iron per gram of common salt, and with an 
average intake of salt being IS g/day/person would ensure an additional intake of IS mg elemental 
iron per day. This additional iron along with food iron would ensure an intake of > 1 mg of iron 
which is close to RDA for iron. However, the effective implementation of this programme is still 
not ensured, some alternate strategies are to be worked out. 

Iron and zinc tend to move together through the food chain, therefore if one is deficient it is 
quiet possible that the other will also be deficient. However, there is no description of any specific 
clinical symptom in Zn deficiency. The known effects of Zn deficiency though not very specific to 
Zn deficiency include, stunting (short stature with normal Wt/Ht), reduced cognitive performance, 
reduced immune function, increased probability of poor out-come of pregnancy, hypogonadism in 
male and poor reproductive performance in female. 

Over 80 Zn metallo enzymes have been identified so far [7], All key metabolic pathways have 
Zn metallo enzymes. One would thus Axpect the signs of Zn deficiency to be extremely extensive, 
yet there is no single reliable and specific clinical or biochemical criterion for diagnosis of Zn 
deficiency. 
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The release of zinc from food and its absorption and metabolism follow a pattern similar to that 
of essential cationic elements. 

One or more factors in food limit the amount of Zn available for intestinal absorption. Hence 
chemical determination of the total content of Zn in a food does not always indicate the amount of 
Zn that is available to meet physiological requirements. The expert committee of WHO [8] on trace 
elements, found it necessary to recommend varying intakes of Zn depending on its bioavailability in 
different diets. Some reports on bioavailability of Zn in man from both single foods 19,10] and a few 
from composite meals (11,12] are available. 

A number of methods both in vivo and in vitro have been used to determine Zn bioavailability. 
Biological availability of Zn is estimated by serial determination of changes in circulating Zn 
concentration, following the ingestion of a standard dose with or without the test food [9]. However, 
this method was not found to be satisfactory, since the amount of Zn absorbed was found not to 
correlate well with change in circulating Zn. 

Direct measurement of the absorption of food Zn in animals and humans generally involve 
ingestion of test food along with labelled intrinsically or extrinsically with either radio active MZn or 
a stable isotope of Zn, followed by the measurement of the unabsorbed label in the faeces or its 
appearance in body tissues [12-14]. 

In vitro methods offer an appealing alternative to human and animal studies. They can be 
simple, rapid and inexpensive. However, in vitro measurement of Zn availability may be relative 
rather than an absolute indication of availability. An in vitro method for estimating Zn availability 
from simple or complex foods and meals is now well established in our Institute [14]. The results 
of in vitro bioavailability was compared with the in vivo methods and a fair amount of agreement was 
found between the two methods. There is a large potential for using isotopes to study Zn absorption 
and availability from food in a similar way to what has already been done with Fe. 

SUMMARY OF THE PROPOSED RESEARCH: 

The present knowledge with regard to dietary availability of zinc and iron from various foods 
and meals is not adequate. With the aid of radioactive elements and using an efficient whole body 
counter and other counters one can get better information on the bioavailability. Information on Fe 
and Zn bioavailability can be obtained in meals of various regions and in foods made with various 
processing and also in various commercial infant foods. The climatic and soil conditions on Fe, Zn, 
phytate and tannin content in foods will also be studied. 

2. PRELIMINARY WORK ALREADY DONE: 
Our Institute is actively engaged in the programme of eradicating nutrition deficiency disorders. 

Number of programmes are in operation at the community level to alleviate the iron deficiency 
anaemia. Food iron absorption in humans were carried using 5 9Fe and 55Fe using whole body counter 
and liquid scintillation counter [3,5]. We have successfully contributed in developing a formula for 
the fortification of salt with iron. Bioavailability of iron from this formula was tested using ^Fe and 
"Fe [6,1]. Furthermore, we have developed successfully a formula for the simultaneous fortification 
of common salt with iron and iodine, and the bioavailability of iron and iodine from this double 
fortified salt was found to be satisfactory. The impact of the double fortified salt in population is 
being tested in community trials. We have developed monkey as an animal model to test the 
bioavailability of iron and zinc. 
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Techniques for the testing of bioavailability of iron and zinc by in vitro procedure and its 
validation to in vivo procedure has been standardised [14,15]. ELISA techniques for ferritin 
estimation is also standardised. 

3. LIST OF IMPORTANT PUBLICATIONS: 

List of publications attached. 

4. DETAILED RESEARCH PLAN: 

Iron and Zinc bioavailability will be investigated using intrinsic and extrinsic tag method. The 
radioactive isotope of iron ("Fe and "Fe) and radioactive isotope of zinc ("Zn) will be used in the 
investigations. 

The bioavailability of Fe and Zn will be studied by in vitro as well as in vivo methods. Iron, 
zinc, phytate and tannin content will be estimated in food stuffs. 

4.1. Fe and Zn availability in regional diets: 

Actual ready to eat cooked diet samples, beverages and water will be collected from five 
different centres in the country. The five centres will be: 

1. Hyderabad 
2. Chandigarh 
3. Calcutta 
4. Bombay 
5. Lucknow 

Ten samples each from the rural areas of the above centres in the form of breakfast, lunch and 
dinner will be collected. The uncooked food items in the proportions used for cooking will also be 
collected for each cooked diet sample. 

Total iron, Zn, phytate and tannin contents will be analyzed. Bioavailability of Fe and Zn will 
be assessed using in vitro method. 

4.2. Zn and Fe availability in food stuffs: 

Food items collected from the above centres will be used to prepare the cooked meal. By 
extrinsic labelling the bioavailability of Fe and Zn will be tested in normal adult volunteers using 
these diets. 

4.3. Relationship of soil Zn and Fe on food crops: 

Some samples from the above centres will also be collected for the estimation of Zn and Fe. 
The soil content of these nutrients will be correlated with the food stuffs grown on those soils. 

4.4. Fe and Zn absorption in infants and young children: 

Iron and Zn absorption in infants and young children will be studied using stable isotopes of 
iron (*Fe) and Zn (wZn). A Mass spectrometer available at St. Johns Hospital, Bangalore will be 
used for this study. Use of stable isotopes in infants and children is safe. Stable isotopes will be 
administered as salts for availability studies and compare the same salts when given along with the 
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feed (Dr. Shetty's help will be taken for these studies). These studies, though difficult to carry out, 
yields very useful information which is not available in the literature so far. 

4.5. Zn and Fe availability in infant milk formulae and in weaning foods: 

Some of the commercial milk formulae and weaning foods available in the market will be 
studied for Fe and Zn bioavailability using in vitro methods. 

4.6. Nutrient interactions on their bioavailability: 

The interactions of nutrients on the absorption of one another will be studied, using in vitro and 
in vivo methods. The interactions of one another on the absorption will be studied for Fe, Zn, I and 
Ca. In vivo studies will be carried out in animal experiments using monkey as the model. 

4.7. Effect of spices and condiments on Fe and Zn absorption: 

Specific condiments and spices will be studied for their role in Fe and Zn bioavailability. This 
will be carried out using in vitro methods. 

4.8. Food processing on Fe and Zn bioavailability: 

Effect of various processes like sp...ting, baking, fermentation, pressure cooking etc. of various 
food stuffs on Fe and Zn bioavailability will be studied. 

4.9. Intrinsic labelling of food stuffs: 

Intrinsic labelling of some food stuffs like wheat, rice and vegetables will be carried out using 
radioactive iron and zinc. Bioavailability studies will be carried out using in vivo and in vitro 
methods (Standard methods are available in the literature for intrinsic labelling). This method of 
study would be more realistic and yields very useful information. 

5. FACILITIES IN EQUIPMENT ETC: 

We have very well equipped isotope laboratory. We are also conducting training courses for 
the safe handling of radioactive isotopes. We have excellent biochemical and clinical laboratories 
with sophisticated equipments. We have a beta counter (LKB-Rack beta-1219) and a gamma-counter 
(ECIL, Packard Auto gamma-500) and also steel room whole body monitor facility (Nuclear 
Enterprises, U.K.). 

BUDGET REQUIREMENTS: 

Personnel: Research Assistant $ 1500 p.a. 
Laboratory Assistant $ 1300 p.a. 

Total $ 2800 p.a. 

Contingencies: Recurring: 

1st Year 2nd year 3rd year 4th year Total 
$6,200 $1,200 $1,200 $200 $8,800 

Non-recurring: NIL 
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