
6 - 1 Annex 6 

BIOAVAILABILITY OF IRON AND ZINC FROM HUMAN DIETS: NUTRIENT 
DELIVERY TECHNOLOGY SALT FORTIFICATION IN HUMAN NUTRITION 

N. Raghuramulu 

National Institute of Nutrition 
Indian Council of Medical Research 

Hyderabad - 500 007 (AP), India 

1. INTRODUCTION 

Iodine deficiency disorders (IDD) and iodine deficiency anaemia (IDA) are the two nutrient 
deficiency disorders which are widespread in India, affecting large segments of the population in 
almost all the states in the country. The consequences of these deficiency disorders are many and can 
be prevented easily through appropriate technologies, One such technology is the fortification of 
common salt with these nutrients i.e. iodine and iron. 

2. VEHICLE FOR NUTRIENT DELIVERY 

Several vehicles like cereals, sugar, skim milk and fish sauce were used for fortification of 
nutrients in industrialised and other countries. In our country none of these food items are universally 
consumed by all the sections of populations throughout the country. Therefore, identifying a suitable 
vehicle for fortification of nutrients becomes an important aspect of this technology Next to water, 
salt is the only item which is consumed universally in our country, Salt can be considered as the most 
suitable vehicle, since salt is consumed by all the sections of the population throughout the country, 
more or less in constant amounts. The consumption of salt in our population ranges from 10-20 g 
per day per person with an average intake of 15 g. 

3. PRODUCTION OF COMMON SALT IN THE COUNTRY 

Salt is produced in limited centres and the conditions of storage, distribution and transportation 
do not alter its integrity. Solar evaporation of sea water is the most commonly adopted technique. 

There are about 10,000 salt producers spread all over the country, producing 12.4 million 
metric tonnes of salt. Out of this 5 million metric tonnes are consumed for edible purpose and 5 
million metric tonnes are used by the industry and about 2.4 million metric tonnes are exported. 

There are about seven main varieties of solar salt which vary in chemical composition and 
crystal size. They are Kyar salt (big crystals with pinkish tinge), Reshta salt (powders), pan salt, 
baragara salt, kuppa salt, kurkutch salt and tuticorin salt [1]. 

4. IRON DEFICIENCY ANAEMIA 

Iron deficiency anaemia (IDA) is a major public health problem in many developing countries 
including India. Recent multicentric studies indicated that in the rural population of India, 60 % of 
pre-school children and 40-60% of women of child bearing age may suffer from anaemia 
(Table I) [2]. 
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5. AVAILABILITY OF DIETARY IRON 

Dietary factors seem to play an important role in the development of IDA in spite of a 
seemingly adequate intake of iron (20-30 mg) [3]. In the otology of IDA, poor absorption of dietary 
iron appears to play an important role. Factors regulating food iron absorption are primarily those 
derived from food stuff. 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 are 
phytate, tannin and some phosphorous compounds. Among the agents in the foods which enhance 
iron absorption are ascorbic acid, some amino acids and reducing agents such as 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 widi radio iron. Using these methods 
iron absorption from habitual diets was studied (Table II [3]. The iron absorption was found to range 
from 1.7 to 3.6 %. The mean iron absorption from Indian diets may be taken to be around 3 %. 

6. CONSEQUENCES OF IDA AND ITS PREVENTION 

Among the functions that are impaired in anaemia are work capacity, immune functions and 
learning ability. Severe anaemia during pregnancy increases maternal morbidity and mortality. 

Administration of therapeutic doses of iron is recommended as a short term measure to correct 
anaemia in a condition where it is necessary to raise Hb levels quickly. However, to prevent the 
development of anaemia in the population as a whole, fortification of food with iron has been 
suggested as a practical measure. This is a long term, low cost approach intended to improve iron 
balance and prevent iron deficiency in large population groups. Since the usual channels of food 
distributions are used for this purpose, it does not require any special delivery system. In many 
developing countries such as India, where iron supplementation through tablets to target groups is 
difficult because of a poorly organized health delivery system, fortification of foods may be a more 
acceptable programme to improve iron intake by the population. 

7. FORTIFICATION OF COMMON SALT WITH IRON 

Fortification of common salt with iron has been suggested as a practical and an effective method 
for preventing IDA. An important consideration in the fortification of salt with iron is me selection 
of a suitable iron compound. Iron salt selected for this purpose should satisfy the following criteria: 
a) it should be stable; b) it should not impart colour to the salt; c) bioavailability should be 
satisfactory when ingested with food. The suitability of several iron sources along with various 
absorption promoters and stabilisers were investigated (Table III) [2,5,6]. The formula 4 which was 
recently developed was found to be very satisfactory with regards to its keep-up quality, 
bioavailability, acceptability, stability and cost. (28) 

The efficacy of iron fortified salt was studied in residential schools [7] as well as in the field 
areas located in different parts of the country [2]. Hb levels and prevalence of anaemia was assessed 
before and 6 months, 1 year and 1 '/i years after introduction of iron fortified salt (Tables IV & V). 
A significant improvement in the Hb levels and a significant reduction in the incidence of anaemia 
in all the tested areas and in all age groups was observed with the introduction of iron fortified salt. 
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8. FIELD KIT FOR IRON TESTING 

Effective implementation of a programme for production and distribution of iron fortified salt 
requires regular monitoring of edible malt for iron, particularly at the retail and household level. A 
simple field kit has been developed by our institute for this purpose. It is possible to detect iron 
levels as low as SO ppm using this kit. 

9. IODINE DEFICIENCY DISORDERS 

Iodine deficiency is a major nutritional problem in our country. While its most common and 
visible manifestation is the enlargement of thyroid gland leading to goitre. Iodine deficiency also 
causes stunting of growth in children and renders them deaf and dumb. Lack of adequate iodine 
intake during pregnancy is known to result in physically crippled and mentally retarded babies. 
Approximately 800 million people in developing countries live in an iodine deficient environment. 
Over 190 million suffer from goitre, more than 3 million are overt cretins and many more suffer from 
intellectual deficit secondary to iodine deficiency. Endemic goitre and cretinism are widely prevalent 
in India [8-11]. The Indian goitre belt covers the entire sub-Himalayan region and includes Jammu 
and Kashmir, Himachal Pradesh,, Punjab, Haryana, Delhi, Uttar Pradesh, Bihar, West Bengal, 
Sikkim, Assam, Arunachal Pradesh, Nagaland, Mizoram, Manipur, Meghalay, Tripura, parts of 
Madhya Pradesh, Gujarat, Maharashtra, Andhra Pradesh, Kerala and Tamil Nadu (Map 1), it is 
estimated that ISO million people in India are at risk from iodine deficiency disorders of which 54 
million have goitre, 2.2. million are cretins and 6.6 million have milder neurological deficiencies. 
The total number of still-births and neonatal deaths attributable to iodine deficiency is over 
90,000(12]. 

10. ROLE OF IODINE 

Iodine which belongs to the halogen family is an essential trace element and micronutrient. The 
average daily requirement for adult is around 150 micrograms. This minute quantity of iodine is 
required by the thyroid gland for the synthesis of the hormone thyroxine. This hormone plays a 
critical role in the development of human brain from the early embryonic to the adult stage. 
Thyroxine deficiency during early life leads to permanent and irreversible damage as 90 % of the 
growth and development of the human brain in completed by the second year of life [13]. Hence, 
mere arises the urgent need to avoid iodine deficiency. 

11. FOOD AND IODINE 

The daily requirement of iodine is met mainly from food and water. The richest sources of 
iodine are seaweed and the marine-fish that feed on it. Vegetables, fruits, milk, cereals and legumes 
also supply iodine [14]. Cereals, pulses, vegetables and fruits grown in iodine depleted soil are 
deficient in iodine [15]. Frequent floods and rivers changing their course due to deforestation are the 
major causes of iodine depletion of the soil. As the environment is continuously degraded of iodine, 
it is absolutely necessary to supplement dietary iodine. The iodine content in water and food in 
endemic and non endemic areas in shown in Table VI. 

12. PUBLIC HEALTH PROBLEM 

In a recent study, of 208 districts from 25 states surveyed showed endemic goitre and iodine 
deficiency disorders in 182 districts (Table VII). In the remaining unsurveyed districts, iodine 
deficiency has been reported by local medical colleges. Amongst the seven Union Territories, iodine 
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deficiency is prevalent in high proportions in Delhi and Chandigarl; [16,17]. Therefore, iodine 
deficiency is a major public health problem all over India. 

13. VEHICLE FOR IODINE SUPPLEMENTATION 

Common salt in the most suitable vehicle for providing physiological amounts of iodine. 
Therefore, the simplest and cheapest approach to overcome iodine deficiency in the population is 
through the distribution of iodinated salt. 

14. IODINATION OF SALT 

The technology involves addition of potassium iodide or potassium iodate to common salt by 
dry-mixing or spray-mixing or by submersion technique. The level of iodine as described under the 
Prevention of Food Adulteration (PFA) Act is not less than 30 parts per million (ppm) at the 
production point and not less than 15 ppm at the consumer level [18]. A new technology developed 
at our Institute is now available to improve the stability of iodine in iodinated salt [19,20]. The 
iodinated salt thus prepared looks, smells and tastes exactly like the ordinary common salt. 

15. FIELD KIT FOR TESTING IODISED SALT 

An easy to handle kit has been developed by our Institute to monitor iodised salt. Iodine levels 
from 0 to 40 ppm can be easily detected by this kit. 

16. NATIONAL GOITRE CONTROL PROGRAMME 

The National Goitre Control Programme (NGCP) of India was initiated in 1953. After a 
promising start, the programme encountered several logistic problems which impeded its effective 
implementation. The Nutrition Foundation of India (NFI) carried out an independent assessment of 
the NGCP and identified its several short-comings which prompted an immediate review of the NGCP 
[21,22]. Consequently, a Working Group under the Chairmanship of the Salt Commissioner was 
appointed in 1984. The working Group recommended inter alia universal iodisation of common salt. 
The main reasons for the recommendation are (1) the administrative difficulty of keeping the 
non-iodised salt away from the endemic areas; (2) the prevalence of goitre and iodine deficiency dis
orders throughout the country and its recognition as a national health problem; and (3) the lack of 
ill-effects when iodised salt is used by normal healthy individuals. 

The Government of India accepted the recommendations and made the historic decision to 
iodinate all edible salt in the country in a phased manner by 1992 [23]. The programme has been 
included in the 7th Five year Plan with an outlay of Rs. 210 million. Tne plan involves the iodisation 
of 5.2 million tonnes of salt by 1992, one of the biggest health care programmes ever undertaken in 
the world. 

17. EFFICACY OF IODINE PROPHYLAXIS 

The efficacy of iodinated common salt as a prophylactic measure was established during the 
1920s in USA and Switzerland. In India, a prospective study was organised in 1954 in the Kangra 
Valley of Himachal Pradesh which confirmed the efficacy of iodinated salt in controlling iodine 
deficiency disorders [24,25]. During the last 30 years of the study, no side effects or adverse 
reactions of iodine prophylaxis have been observed in this population. 
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18. IODIDIZED SALT AND SKIN ALLERGY 

Iodised salt in the past, was often blamed for skin rashes and the problem of acne but now such 
reports are extremely rare. From 1935 to 1974, among 20,000 children in the United States of 
America suffering from aitergy, not a single case of hypersensitivity to iodine in food was reported. 
A request for notification of allergy to iodine was published in the Annals of Allergy in 1974, but did 
not elicit even a single report [26]. 

19. NORMAL SUBJECTS AND EXCESS IODINE 

The minimum recommended daily level of iodine supplementation is 150 micrograms per person 
to prevent the onset of iodine deficiency disorders. The average daily intake of iodine in Japan has 
been reported to be 3000 micrograms which is 20 times more than the recommended intake of iodine 
in India. Studies on normal Japanese subjects have not shown any changes either clinically or 
biochemically in spite of the ingestion of large amounts of iodine. Their thyroid hormone values are 
not different from those elsewhere, thereby indicating that normal subjects can adapt to excess iodine 
intake. There is no evidence to prove that the incidence of thyroid disease in Japan is higher than 
the incidence in other countries [27]. The existence of such adaptation has also been confirmed by 
animal experiments. Thus, consumption of iodised salt is totally safe even for people who do not live 
in iodine deficient areas. 

20. ALTERNATE STRATEGIES 

20.1. Iodized oil * an interim measure 

The use of iodised oil has been recommended for the control of iodine deficiency disorders in 
hyperendemic areas [27]. The administration can be either through injections or through oral 
dose. Administration of iodised oil as a public health measure offers a satisfactory interim 
method for prophylaxis until an iodised salt programme can be effectively implemented. 

20.2. Iron fortified iodized salt (DFS) 

Fortification of salt with iron has been proved to be an effective method to combat iron 
deficiency anaemia. As the Government of India has decided to go in for universal iodisation 
of salt in the country by 1992, it is desirable to fortify iodised salt with iron since iron 
deficiency anaemia is common in our population. Recently, a technology has been developed 
at our Institute for the fortification of iodised salt with iron (Table VIII). Laboratory and 
clinical studies have demonstrated to be satisfactory with regard to the stability, bioavailability 
and consumer acceptability of the double fortified salt. Presently large scale community trials 
are going on. This salt would be useful to combat the twin disorders of iodine deficiency and 
iron deficiency in the population. 

As in the case of iron fortified salt and iodinated salt, the two field kits developed by our 
Institute can be used to check the iron and iodine in the DFS. 

It is well known that salt played a significant role in the freedom movement of our country. 
Its potential in delivering the needed nutrients to the population to overcome nutrient deficiencies has 
been shown by the research studies in the country. A spoonful of fortified salt per day will drive 
away the iron and iodine deficiency problems in the country. 
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21. ZINC, MAGNESIUM, COPPER AND CHROMIUM IN HUMAN NUTRITION 

The trace metal nutriture in population particularly the vegetarian population is of concern to 
dieticians, nutritionist and health professionals because in addition to the marginal intake of some 
essential elements, mineral availability may be substantially reduced because of high phytate and fibre 
characteristics of the vegetarian diets. Cultural values and cooking practices are the key components 
in determining the daily intake of trace elements. 

Therefore a systematic investigation was carried out at our Institute to obtain information on 
the intake of some essential trace elements. Some selected trace element content of self selected 
habitual Indian diets as consumed by adult males belonging to an upper (U) and lower (L) income 
groups of ten each were estimated by the duplicate portion technique. Comparison of these diets with 
a balanced diet for an adult male formulated on the basis of the recommendations of the expert group 
of the Indian Council of Medical Research (ICMR) were also made. 

The trace elements were estimated in the wet ashed meal were determined by Atomic 
Absorption Spectroscopy (AAS, Varian Techtron, Model 1000). The intakes of the trace elements 
are given in Table IX. 

All the trace mineral intakes were grossly inadequate in both upper and lower income groups 
as compared to ICMR balanced diet. The intakes of lower income groups were also lower than that 
of the higher income group. 

22. IN VITRO BIOAVAILABILITY OF FOOD ZINC 

An in vitro bioavailability test has been developed for predicting the relative biological availability 
of dietary zinc. In vitro methods offer an appealing alternative to human and animal studies. This 
method is simple, rapid and inexpensive. However, in vivo studies are always more meaningful than 
in vitro studies. In the in vivo situation, the digestion, absorption and utilization processes are 
controlled by many highly complex factors. Hence, in vitro measurement of nutrient availability must 
be relative rather than an absolute indication of availability. 

An in vitro method for estimating zinc availability from simple or complex foods and meals was 
attempted and one method has some features similar to those of several previously published in vitro 
methods [29-32J. The results of in vitro bioavailability was compared with the in vivo methods. The 
results are given in Table X. Fair amount of agreement was found between the two methods. 

23. FOOD PROCESSING ON ZINC BIOAVAILABILITY 

Restricted bioavailability of zinc from plant foods was first reported by Tucker and Salmon 
[33]. O'Dell et al. reported that phytate (inositol hexaphosphate) which is associated with protein in 
plants but not animals was responsible for the decreased zinc availability. Phytate, the major 
phosphorous compound in grains and legumes, chelated essential divalent cations such as Cu, Zn, Co, 
Mn, Fe and Ca forming insoluble complexes [35J. This effect of phytate on zinc was accentuated by 
the addition of dietary calcium to the diets of chicks and rats [36,37). 

Rats fed zinc or phytate supplemented soya product and wheat bran diets, have shown that 
phytate/zinc molar ratios can be established for various levels of Ca as indicators of Zn availability. 
Studies with soy products [38], corn, rice, sesame [34], peas [39J, legumes and whole wheat and 
white bread flours [40] led to wide acceptance that phytate, when present in diets at critical 
phytate/zinc ratios, can account for the reduced availability of zinc although fibre, protein and 
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processing may alter this to some extent. Removal of phytate from seed foods promotes the digestion 
of protein and increases the availability of minerals (Table XI) [39]. 
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TABLE I 

PERCENTAGE PREVALENCE OF ANAEMIA 

Centres/Age 1-5 years 6-14 years 15-24 years 25-44 years >45 
years 

Centres/Age 1-5 years 

Boys Girls Boys Girls Boys Girls 

>45 
years 

Hyderabad 

Calcutta 

Madras (city) 

New Delhi 

66 

95 

21 

59 

55 

96 

12 

72 

65 

98 

15 

69 

40 

90 

10 

65 

69 

97 

21 

63 

30 

90 

6 

57 

71 

97 

29 

71 

48 

93 

18 

55 

TABLE II 

IRON ABSORPTION FROM INDIAN DIETS 

Diet Iron Uptake 
(mg) 

% Fe absorption 

Diet Iron Uptake 
(mg) Extrinsic 

tag method 
Clinical 

balance method 

Rice based diet 

Wheat based diet 

Mixed cereal based diet 

Mixed cereal and meat 

Mixed cereal and fish 

30.0 

20.0 

42.0 

33.5 

28.8 

3.6 ± 0.14 

1.7 ± 0.03 

3.5 ± 0.27 

2.6 ± 0.39 

2.7 ± 0.13 

9.2 ± 1.94 

8.7 ± 2.82 

6.0 ± 0.12 

5.8 ± 0.88 

Elemental iron absorption 

Ferrous ascorbate 29.8 ± 0.09 
(3 mg Fe, 30 mg ascorbic acid) 



6 - 11 

TABLE III 

PREPARATION OF IRON FORTIFIED SALT 

Formula 1 : Common salt 1kg 
(1975) Ferric orthophosphate 3.5 g* 

Sodium acid sulphate 5.0 g 

Formula 2 : Common salt 1kg 
(1978) Ferrous sulphate 5.96 g* 

Sodium acid sulphate 4.94 g 

Formula 3 : Common salt 1kg 
(1978) Fergus sulphate 4.96 g* 

Monosodium orthophoshate 2.78 g 
Sodium acid sulphate 4.94 g 

Formula 4 : Common salt 1kg 
Ferrous sulphate 5g* 
SHMP 

* Equivalent to 1000 ppm of iron 

5 g 

TABLE IV 

MEAN CHANGES IN Hb WITH Fe 
FORTinED SALT INTAKE FOR ONE YEAR 

Age years Sex Experimental 
mg/dl 

Control 
mg/dl 

1 - 5 - 1.3-3.8 (-0.4) - (0.7) 

6 - 14 M 
F 

0.5 - 3.2 
0.5-3.2 

(-0.7)-(0.1) 
(-0.7)-(-0.1) 

15-24 M 
F 

0.4-2.9 
0.5-3.0 

(-0.3) - (-0.7) 
(-0.4)-(-1.0) 

25 -44 M 
F 

0.0 - 3.0 
0.3-3.0 

(-0.6)-(-1.0) 
(0.0)-(-1.0) 

45 0.01 -3.0 (-0.3) - (-0.4) 
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TABLE V 

PERCENTAGE PREVALENCE OF ANAEMIA AFTER 
Fe FORTIFIED SALT INTAKE FOR ONE YEAR 

Age years Sex Calcutta Hyderabad Madras Age years Sex 

Before After Before After Befor 
e 

After 

1 - 5 

6 - 14 

15-24 

25-44 

45 

M 
F 

M 
F 

M 
F 

96 

98 
99 

93 
98 

93 
99 

96 

40 

48 
58 

51 
58 

49 
61 

61 

66 

53 
64 

42 
74 

29 
67 

48 

28 

27 
33 

20 
51 

22 
49 

29 

19 

16 
12 

6 
22 

7 
34 

16 

9 

10 
7 

5 
9 

7 
16 

10 

TABLE VI 

IODINE IN WATER AND FOOD 

Water 
(W!/litre) 

Food 
t>g/ioog) 

Goitrous area 

Non-goitrous area 

0.1 - 15.7 

5.0-63.7 

2 - 3 6 

30- 170 
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TABLE VII 

MAGNITUDE OF IDD 

DGHS 

- 25 States and 4 UTs 
Out of 208 districts - IDD is a major public 
health problem in 182 districts 

WHO 

54.3 
8.8 

million are suffering from endemic goitre 
million mental/motor handicap 

ICMR 

9 states (14 districts) 
indicated not only sub-himalayan region 
IDD was widely prevalent in the plain, 
plateau reverines and coastal areas 

TABLE VIII 

COMPOSITION OF DOUBLE FORTinED SALT (DFS) 

Common salt 1000 g 

SHMP 10 g 

Ferrous sulphate 5g 

KIO, 67 mg 
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TABLE IX 

INTAKE OF TRACE ELEMENTS (n=30) mg/day 

Element Economic 
Status 

Mean ± SE 

Fe U 
L 

ICMR 

18.2 ± 0.77 
14 4 + 0.91 

35.8 

Zn U 
L 

ICMR 

7.4 + 0.33 
5.4 ± 0.23 
12.2 

Mn U 
L 

ICMR 

4.9 ± 0.31 
5.4 ± 0.11 
9.8 

Cu U 
L 

ICMR 

1.9 ± 0.11 
1.4 ± 0.11 
2.4 

Cr U 
L 

ICMR 

0.08 + 0.006 
0.15 + 0.020 

0.18 

From the Ph.D. thesis of Dr. Mrunalini Devi Puar 
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TABLE X 

COMPARISON IF IN VITRO AND IN VIVO 
BIOAVAILABITY OF FOOD Zn 

Meal Total Zn 
/tg/g dry meal 

In vitro 
"Zn 

In vivo 
«Zn 

% absorption 

AP 16.9 22.0 18.1 

BB 16.7 32.8 26.9 

JC 17.2 13.5 11.0 

ID 16.5 24.6 20.5 

From the Ph.D. thesis of Dr. Mrunalini Devi Puar 

TABLE XI 

BIOAVAILABITY OF Zn ON FOOD PROCESSING 

Food item Processing Result Phytate Phytase Year 

Soy beans Fermentation - - 198P 

Peas Germination 1985 

Peas Germination 1984 

Wheat Leaving - - 1973 


