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I.  Introduction 

Nutritional iron deficiency is a public health problem in developing countries including India. Globally anemia 

threatens 1.6 billion people. The prevalence of anaemia is highest (47.4%) among preschool children but over 

40% of pregnant women, 30% of non pregnant women, 25% school children are also affected .A no of strategies 

are followed worldwide to combat iron deficiency anaemia among the vulnerable groups. Only food fortification 

with iron is the proven way for alleviation of anaemia as it is the most economical and more convenient approach. 

[1][2] 

For successful food fortification selection of proper food vehicle and fortificant are most important steps. The 

food vehicle selected should reach the entire population, consuming on a regular basis and iron compound 

selected should be bioavailable, stable, low cost and must not cause unacceptable changes to the sensory 

properties of the food vehicle. In the history of fortification many food vehicle and different iron compounds have 

been used. However selection of appropriate iron fortificant for fortification of flour is a challenge due to storage 

stability, organoleptic changes, bioavailability and cost. [3]  

A few studies establish that green gram dhal can be a better carrier of iron in iron fortification. Green gram dhal 

or mung bean scientifically known as Vigna radiata which is the most important and popular crop in India 

belongs to pulses and legumes food groups consumed by most of the Indians as approx 20 million tons/year 

produces.[4] 

Green gram dhal flour was taken as a new vehicle for fortification with ferrous sulphate and its absorption 

promoters which showed a trend of enhancing the invitro bioavailability in both  pH 1.35 ad 7.5 [5]  

One of the important aspects on food fortification is the safety and the acceptance of the product by consumer. 

Earlier it has been reported that water soluble fortificant like ferrous sulphate though have highest bioavailability 

sometimes causes rancidity and unacceptable changes to the fortified product [6]. Minor changes in organoleptic 

properties of the food will result in consumer’s rejection and if the product is rejected then the whole fortification 

programme will become unsuccessful. [6] 

The present study is concerned with the evaluation of sensory attributes, organoleptic properties and storage 

capacity of green gram dhal flour fortified with or without FeSO4 along with Ascorbic acid/ SHMP/EDTA for 

adopting green gram dhal as an ideal vehicle for iron fortification to eradicate iron deficiency anaemia from India. 

 

II.  Materials and Methods  

The study was designed to evaluate the organoleptic properties and storage capacity of green gram dhal flour 

fortified with iron and iron absorption promoters. The methodologies adopted for the same here:- 

Abstract: Fortification of Green Gram Dhal with iron might be beneficial in combating Iron Deficiency 

anaemia. In the present study baked snacks (biscuits) are prepared from green gram dhal flour fortified 

with or without iron (FeSO4, 7H2O) and Ascorbic acid, Ethylene diamine tetraacetic acid(EDTA), Sodium 

hexameta phosphate(SHMP) in 1:1 molar ratio, stored up to 60 day. Sensory evaluation was carried out by 

an institutional panel using 5 point Hedonic scale. Storage stability was measured by estimating moisture 

content and peroxide value of the samples. The result showed that ferrous sulphate (FeSO4) did not cause 

any significant unacceptable changes to the sensory characteristics of the samples. All the samples were 

well accepted and can be positively stored up to 60 days without formation of any rancid odour.Dhal flour 

fortified with ascorbic acid with or without FeSO4 showed best result in all the experiments. 
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A) Preparation of Iron fortified Green gram dhal flour: A single batch of 5 kg green gram dhal was purchased 

locally, Checked for iron contamination and this unwashed dhal is powdered in a mill. 5 times concentrated 

premix were prepared using L-Ascorbic acid, EDTA, SHMP and Ferrous sulphate with dhal flour in 1:1 molar 

ratio. [5] 

B) Preparation of baked snacks (biscuit): biscuits are prepared with all types of fortified flour separately using 

glass distilled water under identical condition [5] and the following parameters were observed:- 

1. Determination of Organoleptic Characteristics: 

 Sensory Evaluation: organoleptic properties (aroma, colour, taste, after taste, overall quality) of the 

coded samples were assessed after 1 week and after 2 months using 5 point rating Hedonic scale suggested by 

Land and Shepherd [7]. This scale had numerical score 1-5 corresponding to a range of no difference (score 5) to 

very different (score 1) from given reference samples. An institutional panel of 5 males and 5 females who were 

same through the study were constituted. This test was performed in a ventilated room under daylight. Drinking 

water was provided to the panelist during evaluation. 

 Evaluation of Colour Formation: periodically visual comparison of colour formation in fortified samples 

was tested colorimetrically at 400 nm during the storage of 60 days. [8] 

2. Determination of storage stability: All the fortified samples were stored in 500gm air tight sealed polythene 

bags kept in room temperature in the dark. Moisture content and peroxide value of 8 types of samples were done 

initially and after 60 days of fortification by AOAC standard methods. [9] [10] 

Statistical analysis: since the study design contains more than two groups one way Analysis of Variance has 

been used to find out mean differences between the groups. A “p” value less than 0.05 was considered as 

significant. 

III. Results 

Table 1 : Sensory evaluation of fortified green gram dhal flour snacks (in adults) after 1 week 

 

 

Table 2: Sensory evaluation of fortified green gram dhal flour snacks (in adults) after 2 months 
Characteristic Dhal 

Flour 

Dhal 

Flour 

+ 

SHMP 

Dhal 

Flour + 

Ascorbic 

Acid 

Dhal 

Flour + 

EDTA 

Dhal Flour 

+ FeSO4 

Dhal 

Flour + 

FeSO4+ 

SHMP 

Dhal Flour 

+ FeSO4+ 

Ascorbic 

Acid 

Dhal Flour + 

FeSO4 + EDTA 

 1 2 3 4 5 6 7 8 

Colour 

3.9 4 3.9 4 3.9 3.5 3.9 3.5 

± 0.70 ± 0.77 ± 0.70 ± 0.77 ± 0.70 ± 0.50 ± 0.70 ± 0.50 

Aroma 

3.8 3.7 3.8 3.7 3.3 3.5 3.3 3.5 

± 0.40 ± 0.45 ± 0.74 ± 0.45 ± 0.45 ± 0.50 ± 0.45 ± 0.50 

Taste 

3.8 3.8 3.8 3.8 3.1 3.4 3.1 3.4 

± 0.60 ± 0.74 ± 0.60 ± 0.74 ± 0.30 ± 0.48 ± 0.30 ± 0.48 

After Taste 

3.5 3.9 3.5 3.9 2.9 3.3 2.9 3.3 

± 0.50 ± 0.70 ± 0.50 ± 0.70 ± 0.30 ± 0.45 ± 0.30 ± 0.45 

Overall Quality 

3.9 4 3.9 4 3.1 3.5 3.1 3.5 

± 0.53 ± 0.63 ± 0.53 ± 0.63 ± 0.30 ± 0.50 ± 0.30 ± 0.50 

N=10, values are mean ±SD ,none of the parameter tested were statistically significant at p<0.05 by one way ANOVA 

Characteristic Dhal 

Flour 

Dhal 

four + 

SHMP 

Dhal 

Flour + 

Ascorbic 

Acid 

Dhal 

Flour + 

EDTA 

Dhal 

Flour + 

FeSO4, 

Dhal 

Flour + 

FeSO4 + 

SHMP 

Dhal Flour 

+ FeSO4 + 

Ascorbic 

Acid 

Dhal Flour + 

FeSO4 + EDTA 

        

 
1 2 3 4 5 6 7 8 

Colour 

3.9 4 4.1 4 4 3.9 4.3 4.5 

± 0.7 ± 0.63 ± 0.83 ± 0.77 ± 0.63 ± 0.70 ± 0.64 ± 0.67 

Aroma 

3.8 3.6 3.8 3.7 3.6 3.4 4 3.8 

± 0.4 ± 1.15 ± 0.74 ± 0.45 ± 0.66 ± 0.48 ± 0.63 ± 0.87 

Taste 

3.8 4 3.9 3.8 3.4 3.8 4.2 4.3 

± 0.6 ± 0.89 ± 0.83 ± 0.74 ± 2.03 ± 0.74 ± 0.60 ± 0.64 

After Taste 

3.5 3.9 3.9 3.9 3.8 3.6 4.1 4 

± 0.5 ± 0.83 ± 0.53 ± 0.70 ± 0.60 ± 0.66 ± 0.70 ± 0.63 

Overall Quality 

3.9 4.1 4.2 4 4.3 4 4.4 4.5 

± 0.53 ± 0.83 ± 0.60 ± 0.63 ± 0.45 ± 0.63 ± 0.48 ± 0.50 

N=10, values are mean ±SD ,none of the parameter tested were statistically significant at p<0.05 by one way ANOVA 
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Table 3:  Colour Formation (OD values) During Storage in Fortified Dhal flour samples 
Time Period Dhal 

Flour 

Dhal 

Flour + 

SHMP 

Dhal 

Flour + 

Ascorbic 

Acid 

Dhal 

Flour + 

EDTA 

Dhal 

Flour + 

FeSO4, 

Dhal 

Flour + 

FeSO4 + 

SHMP 

Dhal 

Flour + 

FeSO4+ 

Ascorbic 

Acid 

Dhal 

Flour + 

FeSO4, + 

EDTA 

 1 2 3 4 5 6 7 8 

After 15 days 0.06 0.052 0.049 0.053 0.052 0.053 0.05 0.055 

After 30 days 0.057 0.056 0.052 0.055 0.052 0.054 0.052 0.055 

After 1.5 Months 0.056 0.058 0.056 0.056 0.051 0.054 0.052 0.056 

After 2 Months 0.055 0.054 0.054 0.053 0.053 0.055 0.052 0.055 

Mean 0.057 0.055 0.053 0.054 0.052 0.054 0.051 0.055 

± S.D ±0.0019 ±0.0026 ±0.0030 ±0.0015 ±0.0008 ±0.0008 ±0.0010 ±0.0005 

N=4,mean of OD at 400 nm at 4times point were considered for colour formation during storage, means given in the column are 
statistically significant at p<0.05 by one way ANOVA 

 

 

Table 4:  Moisture Content of unwashed, washed and Milled Green Gram Dhal  

Serial no Green gram dhal flour sample Moisture content % (Mean ± SD) p value 

1 unwashed green gram dhal 16.8±0.10 

<0.0001 2 Washed green gram Dhal 38.3±0.90 

3 Milled green gram dhal 10.2±0.07 

 
N=5, values are mean ±SD , values given in the column are extremely statistically significant at p<0.05 by one way ANOVA 

 

Table 5:  Comparative analysis of moisture content of each type of combination initially and after 2 

months  
Serial No. Dhal Flour Samples Initial Moisture content  Moisture content after 2 months 

Mean±SD P value Mean ±SD P value 

1 Green gram Flour 10.2±0.070  10.2±0.070  

2 Green gram Flour+SHMP 10±0.066  10.6±0.0653  

3 Greengram Flour+ Ascorbic acid 10±0.066  10±0.066  

4 Greengram Flour+ EDTA 10±0.066 <0.0001 10±0.066 <0.0001 

5 Greengram Flour+FeSO4 10.57±0.044  10.6±0.212  

6 GreengramFlour +SHMP +FeSO4 10.79±0.054  10.8±0.212  

7 Greengram Flour+ Ascorbic acid+FeSO4 10.79±0.054  10.8±0.212  

8 Greengram Flour+ EDTA+ FeSO4 10.79±0.054  10.8±0.212  

N=5, values are mean ±SD. Values given in the column are extremely statistically significant at p<0.05 by one way ANOVA. There is no 

significant difference between initial and final (after 2 months) moisture content of each sample except for sample no 2. 

 

Table 6:  Comparative analysis of peroxide value of each type of combination initially and after 2 months 
Serial No. Dhal Flour Samples Initial peroxide value Peroxide value after 2 months 

Mean±SD P value Mean ±SD P value 

1 Green gram Flour 10.2±0.070  10.2±0.070  

2 Green gram Flour+SHMP 10±0.066  10.6±0.0653  

3 Greengram Flour+ Ascorbic acid 10±0.066  10±0.066  

4 Greengram Flour+ EDTA 10±0.066 <0.0001 10±0.066 <0.0001 

5 Greengram Flour+FeSO4 10.57±0.044  10.6±0.212  

6 GreengramFlour +SHMP +FeSO4 10.79±0.054  10.8±0.212  

7 Greengram Flour+ Ascorbic acid+FeSO4 10.79±0.054  10.8±0.212  

8 Greengram Flour+ EDTA+ FeSO4 10.79±0.054  10.8±0.212  

N=5, values are mean ±SD. Values given in the column are extremely statistically significant at p<0.05 by one way ANOVA. There is no 

significant difference between initial and final (after 2 months) peroxide value of each sample. 

 

IV. Discussion 

It is already established that wheat flour fortified with iron and its absorption promoters have shown improvement 

in invitro iron bioavailability without changing its organoleptic properties than unfortified samples. [11][12]. 

Green gram dhal is being tried to be fortified with iron compounds and iron absorption promoters to increase its 
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intrinsic ionisable iron bioavailability. As it has low level of iron compared to other pulses and protein content is 

very high, protein is known to be one of the iron absorption promoters. So it will be easy for the vegetarian 

community to get low cost protein from fortified dhal and to control iron deficiency anaemia [5].  

FeSO4, 7H2O was chosen as iron fortificant in the present study because of low cost and highest bioavailability in 

human. Studies stated that FeSO4 tend to produce undesirable sensory changes to the food vehicle [6].  

In the present study the result of sensory evaluation shows that organoleptic properties of 8 fortified samples did 

not differ significantly even after the storage of 2 months. All the samples give satisfactory result and well 

accepted to the panelist. From this observation it can be suggested that ferrous sulphate as iron fortificant (1:1 

molar ratio) did not cause any unacceptable change to the sensory properties of green gram dhal flour up to 2 

months. This present output was also supported by the work of R. Watanapaisantrakul et.al in Thailand who 

stated that FeSO4 did not affect the sensory quality of soya sauce over 3 months. [13].  

Among all fortified samples iron fortified dhal flour with ascorbic acid showed significantly low colour formation 

during storage possibly due to antioxidant properties of ascorbic acid which prevent oxidation of fat in dhal flour 

and cause lowest colour formation.  

Moisture content of washed green gram dhal is significantly higher than unwashed dhal possibly due to washing 

it retains too much moisture that cannot be stored as there will be a chance of microbial growth and deterioration. 

Milled unwashed dhal was found to have same moisture value as reported in Nutritive value of Indian foods 

published by NIN, ICMR.[14] But it was found that during storage period of 2 months four iron fortified samples 

had shown significantly higher moisture content than unfortified samples but there was no significant difference 

between initial and final moisture content (after 2 months) of each sample.  

Although the peroxide value of all the fortified samples were significantly increased than unfortified dhal flour 

sample after 2 months of storage but the initial and final peroxide value (after 2 months) of each sample was not 

significantly different. Peroxide values were below detectable limit in the fortified samples during storage period. 

FeSO4 has long been known to promote fat oxidation and cause unacceptable changes when added to cereals. [15] 

However at this level of fortification (1:1 molar ratio) there was no endogenous fat oxidation as reflected by low 

peroxide content in the combination used. It was noticed that green gram dhal flour with ascorbic acid with or 

without FeSO4 showed comparatively lower peroxide value. It is possible that ascorbic acid as an antioxidant 

prevent ferrous sulphate from producing unacceptable peroxide in iron fortified dhal flour samples. 

From the above observation it can be concluded that green gram dhal flour fortified with iron and its absorption 

promoters are well accepted, have good organoleptic properties, shelf life, keeping quality and can be positively 

stored up to 2 months without formation of any rancid or bad odor. 
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