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I. INTRODUCTION 
Iron is the most versatile and important of all biologically active metals in the body. It has different roles for e.g. 
it acts as a O2 carrier, key component of different enzymes & helps in energy production.[1]  
Iron deficiency is the most common nutritional deficiency disorder in the world which leads to Anaemia, a 
public Health Problem in developing countries, including India. [2][3]  
Globally, Anaemia threatens 1.62 billion people which corresponds to 24.8% of the population and the highest 
prevalence is in Pre-school age children (47.4%) as well as Pregnant women (41.8%). Whereas, it is estimated 
that about 20%-40% of maternal death is due to anaemia in India. One in every two Indian women suffers 
(56%) from anaemia. India has the highest numbers of cases of anaemia in the world according to NFHS III 
undertaken in 2005-2006. [4] 
To combat this situation the three way strategic principles may be-Dietary Modification, Supplementation and 
Food Fortification. A few previous studies referred iron as most important mineral. In the history of fortification 
many significant fortification procedures has performed to enhance the native iron bioavailability. 
Iron is fortified with wheat based food and invitro bioavailability is performed to estimate the changes in 
absorption in the body. [5]  
Another previous study establishes an increase in iron absorption after fortify it with rice and different iron 
promoters such as- FeSO4, EDTA, SHMP, FeFum (Ferrus fumerate), FeBis (Ferrus bisglycinate). [6]  
Previous study also gives an evidence of a double fortification of salt with iron and iodine both for simultaneous 
prevention of iron deficiency anaemia and iodine deficiency disorders. [7]  
Where in another investigation, Finger millet flour was explored for its suitability as a vehicle for fortification 
with iron and Ferrus fumerate as well as Ferric pyrophosphate both were found to be equally effective. [8] 
Green gram dhal belongs to pulses & legumes food group. It is the most important and popular crop in India and 
consumed by most of the Indians as approx. 20 million tones/year produces. [9]. A few studies establishes that 
green gram dhal can be a better carrier of iron in iron fortification. It is observed that the dhal contains 25% of 
protein almost 3 times of cereal and also it is a drought resistant crop, have good storage quality and suitable for 
dry land farming [10][11]. 
The present study is concerned with developing food fortification strategy with a new vehicle pulse specially 
green gram dhal flour with or without iron and it’s absorption promoters-ascorbic acid,EDTA and a stabilizer-
SHMP to assess the invitro iron bioavailability.This study was performed to support the daily requirement of 
every person according to RDA and to evolve a technology of food preparation with fortified green gram dhal 
flour which can be a contribution to prevent and fight against anaemia, one of the major health challenge of 
today’s world. 
 

II. MATERIALS & METHODS 
The study was designed to evaluate invitro bioavailability from green gram dhal flour fortified with Iron and 
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Iron absorption promoters. The methodologies adopted for the same here- 
 Preparation of Iron Fortified Green Gram Dhal Flour[5] 
 Estimation of Total Iron (Wong’s Method) [12] 
 Estimation of Ionizable Iron (Invitro Iron Bioavailability) [5] 

A)Preparation Iron fortified Green gram dhal flour : 
 Processing of Green gram dhal : A single batch of 10 kg green gram dhal or mung bean was 

purchased locally. The extent of Iron contamination was checked from washed and unwashed dhal 
sample. Due to minimal difference the whole procedure is performed by unwashed green gram dhal 
powdered in a mill.

 Preparation of premix :5 times concentrated premix were prepared by using supplied chemicals and 
green gram dhal flour in 1:1 molar ratio.They are- L-ascorbic acid or Vitamin C,Ethylene diamine 
tetraacetic acid(EDTA),Sodium hexameta phosphate(SHMP) and Ferrous sulphate heptahydrate 

(FeSO4,7H2O).Green gram dhal flour was added to the individual fortificants in small aliquots and 
mixed thoroughly with hand.

Preparation of Biscuits: Biscuits were prepared with all types of fortified Green gram dhal flour separately 
using glass distilled water under identical conditions. Care was taken to avoid Iron contamination during 
preparation. 
CEstimation of Ionizable Iron : 8 different types of baked snacks (biscuit) was prepared with 8 different 
fortified green gram dhal flour.With these baked foods invitro bioavailability of iron was studied by the 
method of Narasinaga Rao & Prabhavati Devi (1978) [13]. 
Statistical Analysis : Since the study design contains more than two groups, One-Way Analysis of Variance 
has been used to find out the mean difference between the groups. A “p” Value of 0.001 is considered as 
significant. 

III. RESULT 

Comparative outputs of Total Iron and Invitro bioavailability of Iron ( Ionizable Iron) from each type of 

combinations at different pH 
Serial 

No. 

Biscuit Samples Average Total 

Iron(mg/100g) 

pH 1.35 p 

Value 

pH 7.5 p 

Value Ionizable 

Iron(mg/100g) 

% of 

Total Iron 

Ionizable 

Iron(mg/100g) 

% of Total 

Iron 

Mean±SD Mean±SD Mean±SD Mean±SD 

1 Green gram Flour 4 1.55±0.009 38.9±0.61  

 

 

 

 

< 

0.0001 

0.64±0.94 16.12±2.37  

 

 

 

 

< 

0.0001 

2 Green gram 

Flour+SHMP 

4.6 1.84±0.045 40.2±1.16 0.86±0.11 18.7±2.39 

3 Green gram 

Flour+Ascorbic acid 

4.6 2.15±0.095 46.9±2.14 1.69±0.13 36.8±3.01 

4 Green gram 

Flour+EDTA 

4.3 2.07±0.209 43.3±5.68 1.59±0.11 37.24±2.75 

5 Green gram Flour+ 

FeSO4 

9 4.53±0.63 50.4±6.93 1.43±0.57 15.9±0.63 

6 Green gram 

Flour+SHMP+FeSO4 

11 5.48±0.56 49.9±5.02 2.51±0.10 22.9±0.82 

7 Green gram 

Flour+Ascorbic acid+ 
FeSO4 

10 6.38±1.29 63.8±12.98 2.38±0.87 23.8±0.87 

8 Green gram 

Flour+EDTA+ FeSO4 

9.8 3.46±1.18 35.4±11.92 2.85±0.07 29.1±0.72 

N=6,p<0.001=very strong evidence against the null hypothesis in favor of the alternatives 
 

IV. DISCUSSION 

Pulse is being tried to be fortified with many Iron absorption promoters or Iron compound to increase it’s 

intrinsic ionizable iron and through this in pulse consumption population it will be very easy to take control the 

iron deficiency disorders.Ligands which can bind iron to keep it in solution with good stability at neutral or 

alkaline pH of small intestine, can serve as useful absorption promoters of dietary iron. Ascorbic acid, EDTA 

and SHMP are strong enhancers of non-heme iron absorption.[14] 

Preparation: A five times concentrated premix of 8 combinations with iron and iron absorption promoters were 

prepared. Ferrous sulphate heptahydrate(FeSO4,7H2O), a cost effective compound,  is chosen as an iron source 

because- it is a compound of high relative bioavailability in human subjects. 

Levels of Fortification: The level of fortification tested here,was based on 

 The daily intake of green gram dhal per head in India  i.e. 60g/cu/day. 

 RDA of iron for an adult male is 17mg/day and adult female is 20mg/day 

Iron content of the Green gram dhal tested in the present study was around 4.0mg/100g. The value is similar to 

that reported earlier. A two stage dry mix method was used for Green gram dhal flour fortification.The Iron 

fortification was done at 5.5mg/100g of green gram dhal flour which was found to satisfy 1/3
rd

 of the RDA of 

iron for Indian adult man  and woman. [15] 
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Effect on Ionizable Iron: Ionizable iron was measured by the method of Nayak & Nair, 2003 [5]. The method 

follows a simulation of the condition as in digestive system especially in stomach (pH 1.35) and small intestine 

(pH 7.5). It is assumed that at gastric pH of 1.35,most of the iron will be in ionizable form. During the transmit 

of iron to the duodenal pH of 7.5,most of the iron becomes insoluble unless chelated by dietary components that 

enhance iron absorption. 

In the present study at pH 1.35 iron fortified sample with ascorbic acid have given the highest value and green 

gram dhal flour which is fortified with SHMP have also given a good result. 

In pH 7.5 the significant effect was seen in the sample which is fortified with EDTA. A noticeable result also 

has given by green gram dhal flour sample fortified with ascorbic acid. 

Predicting Iron Bioavailability In Humans: An in vitro method for predicting the bioavailability of iron from 

foods was reported by Narasinga Rao & Prabhavathi (1978)[13]. They correlated the physiological availability 

of iron in humans with the ionizable iron at pH 7.5. Based on this correlation a prediction equation on iron 

absorption was formulated. 

        The prediction equation is :  Y = 0.4827 + 0.4707X 

Where,   Y – is the % of iron absorption in adult  

               X – is the % of ionizable iron at pH 7.5 

The predicted bioavailability of iron from green gram dhal flour biscuit fortified with ascorbic acid(17.8%) and 

EDTA(18.01%) was found to be twice higher than with green gram dhal alone(8.07%)or with 

SHMP(9.28%)and FeSO4,7H2O(7.96%).And other combinations such as-green gram dhal fortified with FeSO4 

& SHMP(11.26%)or ascorbic acid & FeSO4(11.68%)or EDTA & FeSO4(14.18%) also shows an increased 

predicted result respectively. 

From the in vitro studies it can be predicted that green gram dhal flour fortified with ascorbic acid or EDTA 

with or without iron at a molar ratio of 1:1 enhances the absorption of both native and added iron in humans. 
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