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Introduction
Rice is important food crop and is consumed all over the world 

and for more than half of world’s population it is a staple food. 
More than 90% of rice produced is consumed in Asia pacific; where 
60% of world population resides [1]. Due to its high consumption 
in developing countries it results in severe kind of micronutrient 
deficiency. Among micronutrients iron and zinc are more deficient 
in rice profile. Iron has acquires great importance for human health 
because of its significant role in different metabolic process. It 
also participates in a variety of functionalities for example oxygen 
transport to brain and other parts of body, substrate oxidation 
reactions, electron transfer, DNA replication, hormone synthesis, 
cell cycle control and repair of damaged cells [2]. Zinc also has a key 
role in different body functions because it is involved in stabilization 
of DNA. Zinc deficiency results in depressed immunity which 
makes susceptible to different infectious diseases [3]. To address 
this kind of non-functionalities; different fortification techniques 
are used which are parboiling, dusting and extrusion technology. 
Parboiling is a hydrothermal treatment which involves three steps; 
soaking, steaming and drying. On worldwide basis more than 15% 
of rice produce is parboiled. Parboiled rice is preferred all over  

 
the world because of its peculiar taste and aroma [4]. Ohtsubo et 
al. [5] showed that in dusting technology minerals blended with 
corn starch powder is sprinkled or coated over rice surface and 
subsequently which were dried. Extrusion technology use is most 
prevalent in developed countries. Extrusion technology is a most 
prevalent technology which has been being introduced in present 
era to eradicate the ailment of micronutrient deficiency. According 
to Liu et al. [6] present nutrient deficiency has become a maximum 
for existing researcher because it has no clinical signs or symptoms. 
In this technology rice are grinded into floor and micronutrients 
are mixed. Then, rice dough is passed through extruder which 
expels the dough through dye by applying high pressure [7]. 

Materials And Methods
De-husking and milling of rice

The paddy rice was taken from market and was de-husked 
by yielding brown rice and husk. Then brown rice was milled to 
remove aleurone layer to produce white rice. After this, rice was 
sifted to remove dust, dirt and other extraneous material [8].
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Parboiling

Paddy rice was cleaned to remove straws, chaff, sand, metal 
particles and dust. The iron and zinc salts were dissolved in distilled 
water and paddy was soaked in that water solution for 24-36hrs at 
ambient temperature. When rice endosperm absorbs water then 
minerals were also absorbed [9]. After soaking, steaming of rice was 
performed which leads to gelatinization of starch granules. Then, 
steamed rice was dried under shade and hardening of gelatinized 
starch occurs. Therefore, parboiling results in texture’s hardening 
of rice [10].

Dusting

Brown (unpolished) rice was taken and cleaned properly to 
remove extraneous matter. The salts for iron and zinc were mixed 
with corn starch powder to facilitate equal distribution of minerals 
on rice surface. Then, paste of salts containing corn starch powder 
was made. After this, rice was soaked in water for about quarter an 
hour to soften rice surface. Soaking also resulted in easy sticking 
of corn starch paste on rice surface. At last cornstarch premix was 
applied on rice surface and rice was dried under shade [1].

Extrusion technology

Extrusion technology is being used all over the world. Rice 
was grinded into floor and micronutrient salts were mixed in it 
and dough was made. Then, dough was passed through the dye 
of extruder under pressure. The dye converts the dough into rice 
shaped kernels and they were dried to attain hard structure [5]. 

Determination of minerals

0.5g of sample was taken in digestion flask and 10ml of Nitric 
(HNO3) and Perchloric acid (HClO4) in ratio of (7:3) was added in 
it. The sample and acids mixture were heated at 180-200 0C until 
contents in flask become transparent. Then, the digested content 
was diluted to 100 ml with distilled water. Finally, the samples were 
run on Atomic Absorption Spectrophotometer (AAS) to determine 
increase in iron and zinc content of fortified rice [11]. 

Results and Discussion
The present research was conducted to fortify rice with vital 

minerals especially iron and zinc to provide nation a valuable product 
with respect to nutrition. Two rice varieties i.e. Super Kainaat and 
IRRI-6 were subjected to three different fortification techniques 
namely, parboiling, dusting technology and extrusion technology. 
The initial mineral content of both these two varieties was 
determined as shown in Figures 1& 2. The mean value for sodium, 
potassium, magnesium, zinc and iron content of Super Kainaat was 
348.63mg, 4.62mg, 91.34mg, 7.42mg and 2.15mg/100g of sample 
respectively. The mean value for sodium, potassium, magnesium, 
zinc and iron content of IRRI-6 was 327.59mg, 3.59mg, 91.76mg, 
5.88mg and 2.18mg/100g of sample was respectively. After this 
these two rice varieties were subjected to fortification techniques 

using two salts combinations to fortify rice. The salts utilized for 
iron fortification were FeSO4 and NaFeEDTA and for zinc ZnSO4 
and ZnO were used. For each salts four levels of applications were 
designed to fortify rice. In parboiling process there was considerable 
increase in zinc concentration; the maximum mean value was 
44.531mg, 41.4643mg/kg at level of 350mg/kg respectively in 
Super Kainaat and IRRI-6 respectively. Similarly, iron uptake in 
parboiling process was maximum at level of 350mg/kg of FeSO4 

with reading of 38.542mg and 24.153mg/100g for Super Kainaat 
and IRRI-6 respectively. In second technique dusting technology 
the amount of zinc uptake was 43.171mg and 48.348mg/100g at 
level of 350mg/kg of Super Kainaat and IRRI-6 respectively. In case 
of iron salts, maximum absorbance was observed at 350mg/kg of 
FeSO4 and values for iron absorption for Super Kainaat and IRRI-6 
were 50.873mg and 43.004mg/kg respectively. In case of extrusion 
technology the zinc and iron uptake for Super Kainaat and IRRI-6 
was 167.696mg, 157.21mg/100g and 32.549mg, 39.297mg/100g 
respectively. This maximum mineral absorption was observed 
at the level of 350mg/kg of FeSO4 and ZnO. So, it can be inferred 
from above mentioned results that optimum salts for iron and 
zinc fortification are FeSO4 and ZnO. The comparison of difference 
between two rice varieties is shown in Figures 3&4.

Figure 1: Mean values for mineral content of Super 6 
Kainaat before fortification.

Figure 2: Mean values for mineral content of IRRI- before 
fortification.
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Figure 3: Mean values for Iron content by comparing two 
rice varieties and three fortification techniques.

Figure 4: Mean values for Zinc content by comparing two 
rice varieties and three fortification techniques.

Table 1: Mean values for Iron and Zinc uptake by two rice varieties.

Variety Fortificant Salt Level of Fortification Parboiling Dusting 
Technology Extrusion Technology

Super Kainaat
FeSO4 350mg/kg 38.542mg/kg 50.873mg/kg 32.549mg/kg

ZnO 300mg/kg 44.531mg/kg 43.171mg/kg 167.696mg/kg

IRRI-6
NaFeEDTA 350mg/kg 24.153mg/kg 43.004mg/kg 39.297mg/kg

ZnSO4 300mg/kg 41.4643mg/kg 48.348mg/kg 157.21mg/kg

Some of the physical properties of rice were significantly 
affected at higher level of salts concentration. In dusting technology 
color and aroma of rice at level of 450mg/kg of NaFeEDTA was badly 
affected and at this level rice become hygroscopic in nature, become 
moist and dull greenish color was observed. After two weeks at 
above mentioned level of salt concentration rice’s surface become 
rough and corrodible. In extrusion technology at higher level of 
NaFeEDTA foaming, fuzziness and slight green blackish color was 
observed. In parboiling process no significant alteration in physical 
properties of rice was under consideration. After application of zinc 
salts in dusting technology, light brownish color was developed 
at higher level of ZnSO4 application. Same trend was noted in 
extrusion technology but characteristics of parboiled rice remain 
unchanged. The NaFeEDTA and ZnSO4 were found non-significant 
in increasing mineral content of rice. The uptake of minerals was 
very high by rice as compared to FeSO4 and ZnO. The NaFeEDTA and 
ZnSO4 also badly affect colour, grain shape, aroma, taste and overall 
acceptability was affected badly. Sensory evaluation of iron and zinc 
fortified rice showed that there were significant differences in rice 
grain color, whiteness, grain shape and aroma. The rice fortified 
with iron and zinc was found acceptable at level of 300mg/kg of 
FeSO4 and ZnO. But higher doses of salts results in distortions of 

different physical properties of rice like color, aroma, taste, grain 
shape and grain length. Mean values for iron and zinc uptake is 
described under Table 1. 

Conclusion
 The physical and sensory properties of rice were affected at 

higher level of salt applications. It was observed that at higher 
concentrations of NaFeEDTA, the color and odour of rice was affected 
badly. Similarly, colour and aroma of rice was affected by ZnSO4 to 
lesser extent as compared to NaFeEDTA. The appearance, color, 
aroma and sensory properties were least affected at higher level of 
applications of FeSO4 and ZnO. The optimum level for fortification 
of Iron and Zinc was 350mg/kg and 300mg/kg respectively. 
The best suitable technique for iron and zinc fortification was 
parboiling because organoleptic properties of rice was not affected. 
At higher level of salt application sensory attributes of rice were 
badly affected. Iron salt NaFeEDTA at higher concentration of 
450mg/kg results in dull greenish colour of rice and off odour. But, 
at lower level than 450mg/kg of NaFeEDTA application there was 
no significant difference in sensory attributes. Grain shape was also 
badly affected by NaFeEDTA at higher level and rice surface became 
rough. The zinc salt ZnSO4 resulted in light yellowish colour of rice 
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at 300mg/kg of rice but grain length, aroma, shape and taste was 
not affected. So, it can be concluded that best suitable salt for iron 
and zinc fortification are FeSO4 and ZnO respectively.
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