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Abstract !
This study investigates the fortification of IGKV-R1 paddy with zinc to
enhance its nutritional value. Raw paddy samples were sourced from Indira
Gandhi Krishi Vishwavidyalaya, Raipur, and fortified using zinc oxide (ZnO) Article History

at concentrations of 0.1, 0.2, and 0.3 g/100 g of paddy. The fortification Received: 19 November
process involved soaking the paddy at temperatures of 50, 60, and 70 °C 2024

for 1, 2, and 3 hours, followed by steaming and drying. The fortified paddy Accepted: 10 April 2025
was then dehusked and polished, and various physico-chemical properties

were analyzed. Zinc retention in polished rice ranged from 10.05 to 13.89 Keyword.s
mg/100 g, with the optimal condition being 70 °C, 3 hours, and 300 mg/100 g Eggﬁ:igt?gn
of paddy. The milling quality of fortified rice showed improved head rice yield Fortified Rice;
and reduced broken yield compared to raw rice. The study also observed g’:i:élcmlﬁ”e”ts?

changes in biochemical properties post-fortification, with increases in ash
and fiber content and decreases in protein, carbohydrate, and energy values.
Statistical analysis using Response Surface Methodology (RSM) confirmed
the significant impact of soaking time, temperature, and fortificant
concentration on zinc retention. The findings suggest that zinc fortification
is an effective method to enhance the nutritional quality of rice, providing
a viable approach to addressing micronutrient deficiencies.

Introduction groups. Their widespread impact on health issues
Micronutrient Deficiencies (MNDs) are becoming a  suggests that immediate intervention is required,
major global public health issue that cut across all  regardless of the level of wealth.’

socioeconomic divides. These inadequacies

disproportionately affectwomen, children, middle-aged ~ India's population has been impacted by Hidden
adults, and the elderly, among other vulnerable = Hunger,??® a serious public health issue that primarily
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affects women and children. Its effects reverberate
across the country, making prompt action to solve
this nutritional crisis imperative.* It is impossible
to overestimate the serious consequences of
micronutrient deficiency for public health. It is
extremely important to consider when developing
strategies to fight diseases including HIV/AIDS,
malaria, TB, and chronic ilinesses linked to food.?

Food fortification is a critical and economical strategy
intended to improve the nutritional value of staple
foods and serve large populations. When executed
appropriate, fortification is a simple and effective
way to add important vitamins and minerals to diets.?
This approach is crucial for both developed and
developing countries since it guarantees that
processed meals include the necessary nutrients
that humans need to survive.'

In international agriculture, rice is a key crop,
especially in Asia, where 90% of the world's rice
production is grown and consumed. This cereal grain
is very important to diet because it accounts for 30%
of total calories consumed by most cultures on average.
Notably, this number can rise to almost 70% in low-
income nations, emphasizing the critical role that
rice plays in these diets. The names for "food" and
"rice" are frequently interchangeable among the
many languages spoken in these regions.® Important
micronutrients like iron, folic acid, B-complex
vitamins, vitamin A, and zinc can be added to its
kernels for enrichment. Some of these additions
are meant to restore the kernels' intrinsic nutritional
content before milling, while others are made
expressly for fortification.® The widespread myths
and misconceptions around FRK (Fortified Rice
Kernels) were what hindered its widespread
application.”

Long-standing public health issues persist in India,
such as the high incidence of iron deficiency
anaemia, which affects more than 50% of women
between the ages of 15 and 45 and children under
the age of five.® Moreover, 62% of Indians have
serum blood levels of essential vitamins A and D
that are insufficient, ranging from 50% to 94%.°
Stunting, increased vulnerability to infectious
diseases, physical disability, cognitive deficiencies,
visual impairment, and premature mortality are all
consequences of this micronutrient shortage.
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Recent studies have outlined a crucial window of time
for the prevention of chronic malnutrition. Insufficient
food intake, frequently combined with recurrent
infections and subpar care methods, causes stunting
(short length of growth) and deficits in critical
micronutrients throughout the course of 1,000 days,
from conception to the age of two. The child that is
stunted has not had enough nutrients to eat during
this critical developmental stage, which can lead to
micronutrient shortages. It can also be used as a tool
to determine the population-wide risk of insufficient
consumption of certain micronutrients.

Micronutrient deficiency, which includes vitamins and
vital trace elements, is regarded as a silent epidemic
and a major global health concern.™ It is the reason
behind the demise of a large number of poor
children, especially in emerging nations.' In terms
of the micronutrients required by humans, zinc (Zn)
is ranked second only to iron, and a zinc deficiency
is considered important.' Lack of zinc suppresses
the immune system, making a person more prone
to infections, limits growth in babies, limits a number
of other outcomes in adults, and affects women
after giving birth."* Foods derived from animals
are regarded as foods high in zinc when it comes
to human nutrition. It is stated that omnivores
consume more zinc on average than vegetarians
do. Zinc is mostly obtained in developing nations
from dietary grains like cereals and legumes.™
However, consumption of zinc is inadequate, and
zinc insufficiency is common in developing nations.®
About 0.4 million people die each year in South
Asia alone due to zinc deficiency, which affects
about 95% of the population.'” Various approaches
are implemented to mitigate zinc deficiency in low-
income communities. These consist of bio-fortification
of basic food crops, supplementation, fortification
of staple foods and beverages,'®'920 and dietary
plan modifications. Nevertheless, the processes
of supplementing, dietary modification, and bio-
fortification are expensive and time-consuming.?'

In order to address the pervasive deficiency of
micronutrients in the general population, fortifying
rice presents a promising approach to increase
the consumption of vital vitamins and minerals.??
Choosing the right food vehicle—one that is routinely
consumed, reasonably priced, aesthetically pleasing,
and culturally acceptable—is critical to the success
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of fortification programs. Additionally, under local
storage and usage conditions, fortified foods must
retain their natural qualities and appearance while
guaranteeing the stability of added nutrients.?®
Since rice is widely consumed, reasonably priced,
and readily available, it is an excellent choice for
fortification. Technological developments in recent
times have made it possible to produce fortified rice
that is nearly identical to its unfortified cousin, which
could increase the rice's acceptability.

Fortification has been incorporated as a comple-
mentary strategy within the policy framework of the
Government of India (Gol) and various key healthcare
programs and policies, such as Anaemia Mukt
Bharat and POSHAN Abhiyaan 2.0, as evidenced
by the National Nutrition Strategy of 2017. Among
staple food fortification initiatives, rice fortification
has the most potential because it is consumed by
70% of the population and plays a significant part
in government safety net programmes like PM
POSHAN, AWS, and PDS. The standard dosage for
fortifying rice and other food items is outlined in the
"Food Safety and Standards (Fortification of Foods)
Regulation, 2018". Despite the existence of these
standards, India's rice fortification programme is
still not at its best. A major stride forward was taken
by the Indian government with the approval of the
Centrally Sponsored Pilot Scheme on "Fortification
of Rice & its Distribution under Public Distribution
System." This programme is a proactive step in
treating nutritional inadequacies in the nation, with a
significant financial allocation of Rs 174.64 Cr (USD
$21,248,780.49).

In conclusion, rice fortification represents a glimmer
of hope in the fight against micronutrient deficit.
Itis a proactive step towards improving the nutritional
value of basic foods, which could have an effect on
millions of people's health and wellbeing in India.
With further impetus behind this program, the future
seems bright, with fortified rice playing a critical role
in improving public health and reducing the subtle
but widespread effects of Hidden Hunger. There are
various methods for fortification of micronutrients in
paddy. But in this study the soaking method was used
as it is cheap and liable. The research addresses
this gap by exploring an innovative method for zinc
fortification of rice through soaking, which could
offer a cost-effective and scalable solution without
compromising the quality of rice. The main aim of this
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study was to fortify IGKV-R1 paddy with zinc using
a soaking method that avoids starch gelatinization,
and to evaluate its impact on zinc uptake, milling
quality, and physico-chemical properties of the
fortified rice. The paper demonstrates a clear
understanding of existing gaps in the current
knowledge. It acknowledges that despite efforts like
bio fortification and supplementation, zinc deficiency
remains widespread, especially in low-income
countries. The research addresses this gap by
exploring an innovative method for zinc fortification
of rice through soaking, which could offer a cost-
effective and scalable solution without compromising
the quality of rice.

Materials and Methods

Procurement of Raw Material

A raw paddy sample of the IGKV-R1 variety was
chosen and obtained from the Indira Gandhi Krishi
Vishwavidyalaya, Raipur (C.G.), University Research
Cum Instructional Farm. Due to its widespread
consumption among Chhattisgarh residents, this
cultivar is appropriate for fortification. Chemicals
of analytical grade were employed in the analysis. To
store the fortified rice, polypropylene (PP) packing
material was purchased from the Raipur local
market.

Experimental Procedure for Fortification in
Paddy with Zinc

Higher soaking temperatures and longer soaking
times cause the rice grain to cook or the starch to
gelatinize. According to preliminary experiments,
soaking grains for longer than three hours (above
70°C) causes them to cook or gelatinize. Therefore,
to prevent the starch from gelatinizing, the maximum
soaking temperature and duration were set at 70°C
and 3 hours, respectively. In order to prevent zinc
toxicity and achieve the daily requirement for zinc
fortification as per the RDA suggested by ICMR-
NIN 2021, the concentration of fortificants was also
restricted to 300 mg/100 g of paddy.As a result,
three soaking temperatures—50, 60, and 70°C—and
three soaking durations—1, 2, and 3 hours—were
used in the trials. To fortify raw paddy, soaking water
containing three different concentration levels of
zinc oxide (ZnO) (100, 200, and 300 mg/100 g) was
employed; the ratio of paddy to water was 1:2. For 10
minutes, every sample was subjected to a constant
temperature of 120°C during steaming. Fig. 1
illustrates the experimental process utilized to fortify
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zinc in paddy. Fortification of zinc in paddy was done
by soaking method. On fortified rice, the effects of
various soaking temperatures, times, and chemical
concentrations of zinc were investigated. Following
cleaning, two to three tap water washes, and arinse
with distilled deionized water were performed on
IGKV-R1 raw paddy samples. Following washing,
the rice grains were soaked for 1, 2, and 3 hours,
respectively, at three different soaking temperatures
of 50, 60, and 70 °C, in distilled water containing
ZnO at concentrations of 0.1, 0.2, and 0.3 g/100 g of
paddy. Based on filler trails, study found that above
mentioned three independent has significant effect
on the fortification and quality of fortified rice. So,
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above three independent parameters was finalized.
The ratio of paddy to water at the time of soaking
was 1:2. Soaking was done in the lab using a water
bath. Following soaking, the products were dried
off and placed in a tabletop autoclave to steam for
10 minutes at 120 °C. After being soaked and steamed
to a moisture content of around 12 % (db), the paddy
was dried in a hot air oven at 40 °C for 12 to 14 hours
before being used for a further processing. optimization
was done based on only one dependent parameter
i.e., Zinc uptake as given in Table 1. After that
validation of the model, milling efficiency and other
quality parameters for validated condition was done.

Table 1: Independent parameters and their coded and actual values and dependent
variable employed for zinc fortification

Parameters Coded Dependent
variables variable
-1 0 +1 Zinc
Soaking time (h) A 1 2 3 uptake
Soaking temperature (°C) B 50 60 70
Concentration of fortificant, mg/100 g of paddy C 100 200 300

100 g raw paddy
(IGKV R1I)

: 2

Water: Paddy (2:1)

ZnO: 100, 200 and 300 mg/100 gof paddy

: 2

Soaking at different temperature (50,
60 and 70°C) for different times (1,2
and 3 h)

: 2

Milling up to 5%
degree of polishing

. 2

Zinc fortified rice

(Partial gelatinization)

Fig. 1: Overview of experimental design

Dehusking and Polishing

After being weighed on a digital balance, 100 g of
treated paddy was shelled using the rice testing
mill (Lab model — PZA-1/DTA). After physically
removing the residual paddy, the brown rice was
reshelled. Using the same rice testing mill, the
brown rice that had been dehusked was weighed
and polished to a 5% degree. When polishing, the
bran was automatically separated using the same
rice testing mill. After the cleaned polished rice was
obtained from the rice testing mill, it was graded and
separated into fractions of head rice (which included
whole grains and brokens larger than or equal to
3/4 length of the whole kernel) and brokens (which
included less than 3/4 length of the whole kernel) by
using a laboratory rice grader. The following formulas
were used to calculate the total yield, head rice yield
percentage, and percent of brokens.?

Weight of total polished rice

Total yield, % = - x 100 ...(1)
Weight of paddy

Degree of polishing,

0 — Wt.of brown rice — Wt. of milled rice % 100 ..(2)

Weight of paddy
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Weight of head rice

Head yield, % = Weight of paddy < 100 ...(3)

Weight of brokens
Weight of total polished rice

Broken yield, o = X 100

()

Biochemical Analysis of Raw and Processed
Samples

Determination of Physico-Chemical Properties
To determine various properties of rice, different
methods were employed. Axial dimensions (length,
width, and thickness) were measured using digital
vernier calipers with 0.01 mm sensitivity. Moisture
content was assessed by drying a 5 g sample in a
hot air oven at 105+2°C for 24 hours and weighing
before and after.?6 Ash content was determined by
burning a 2 g sample in a muffle furnace at 550°C for
6 hours.? Protein content was measured using the
Micro Kjeldahl method,?® converting nitrogen content
to protein by multiplying by 5.95.28 Carbohydrate
content was determined via acid hydrolysis followed
by spectrophotometric analysis at 630 nm.?® Fat
content was assessed using Soxhlet extraction with
petroleum ether.?® Fiber content was estimated by
sequential acid and alkali washes, followed by drying
and ashing.?® The total energy value was calculated
using the formula:?®

Energy (kcal/100g) =4 x (protein, g + carbohydrate, g)
+ 9 x (fat, g).

Determination of Zinc Content

For Zn analysis of rice, the wet digestion method was
used, involving a 9:4 mixture of HNO, and HCIO,.
A 1 g rice sample was placed in digestion tubes
with 10 mL of the acid mixture and left overnight for
pre-digestion. The next day, the tubes were heated
to 100°C on a hot plate and then to 260°C until the
red NO, fumes ceased and the volume reduced to
3-5mL. Once the liquid became colorless, indicating
complete digestion, it was cooled, and 20 mL of
deionized water was added. The solution was filtered
into a 100 mL volumetric flask and diluted to volume.
Aliquots of this solution were used to determine
Zn using atomic absorption spectroscopy (AAS).
Standard concentrations were prepared to calibrate
the AAS for zinc content.

Zinc (mg/100 g) = AAS reading (ppm) x dilution factor
x 1/10 ..(5)

1000

Statistical Analysis

Statistical analysis of all the experimental data was
carried out by following standard procedures. Box
-Behnken design (BBD) was used and the effect of
different independent variables on the dependent
variables was analyzed. Graphical analysis was done
by using Microsoft Excel. Optimization of process
parameters has been analyzed with the Design Expert
software (10.0.5 version). Design Expert numerical
optimization will maximize, minimize or target a single
response or combination of two or more responses.

Results

Optimization of Process Parameters

Zinc uptake in polished rice ranged from 10.05 to
13.89 mg/100 g of paddy, according to the data shown
in Table 1. The condition at 60°C - 3 h - 300 mg/100
g of paddy showed the higher uptake of zinc in
polished rice (13.89 mg/100 g of rice). The condition
at 60°C - 1 h - 100 mg/100 g of paddy yielded the
lowest zinc uptake in polished rice (10.05 mg/100
g of rice). The ideal conditions for zinc-fortified rice
were 300 mg/100 g ofrice, 3 hours, and 70°C. Table 3.
displayed the response and desire levels for the
optimum condition.

Based on the response of 17 treatments as shown in
Table 1, one optimized condition was selected based
on the uptake of zinc in polished grain recommended
dietary allowances (RDA) value of zinc by Design
Expert software as shown in Table 2. There was
a significant variation of zinc uptake among the
17 treatments. At optimized condition it was found
that, there was small changes in physico-chemical
properties like viz., Ash, protein, carbohydrates and
fiber of zinc fortified rice as compared to raw rice.
The results revealed that there was increase in ash
content and fiber content and decrease in protein
and carbohydrate content of rice after fortification.

Analysis of variance (ANOVA) was used to assess
the effect of dependent process parameters on the
response variable. Analysis of variance showing
the effect of soaking time, soaking temperature
and concentration of fortificants on zinc uptake
through polished rice were presented in Table 4.
The significant F-value (40.45) at p<0.0001 and
significant lack of fit indicated that the model for
zinc uptake in polished rice was fitted and reliable.
The value of coefficient of determination of model
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and Adj-R2 value for the zinc uptake were 0.9604
and 0.9367, respectively, indicating the adequacy,
good fit and high significance of the model. The
Pred.-R? (0.8428) was in reasonable agreement
with the Adj-R2. The high Adeq. Precision value (>4)
again supported the significance of the model for
zinc uptake. The small value of coefficient of variation
(2.70%) for zinc uptake explained that the experi-
mental results were precise and reliable.

Milling Quality of Fortified Rice

For both raw and zinc-fortified paddy samples,
milling was done, and repeated observations were
recorded and averaged. For the IGKV-R1 variety,
milling parameters such as milling yield, degree of
polishing, head rice yield, and broken rice yield of raw
and zinc-fortified rice were noted. For both raw and
fortified samples, the reported head rice yield ranged
from 59.41 to 71.29%, the percentage of brokens
from 6.93 to 19.22%, and the milling yield from
73.54 to 77.00%. At optimum conditions (70°C - 3
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h - 300 mg/100 g of paddy), the zinc uptake in rice
bran and husk was 21.99 mg/100 g of rice bran and
28.15 mg/100 g of husk, respectively.

Discussion

Zinc penetration increased with increases in soaking
time, soaking temperature, and fortificant content, as
shownin Table 2. The effects of fortificant concentration
were found to be more important in terms of zinc
uptake than those of soaking temperature and
duration. When paddy was fortified with ZnO during
soaking process, zinc efficiently absorbed by the
husk layers of the paddy and its penetration into the
rice grain increased when fortificant concentrations
were raised. During the initial phase of soaking, the
additional iron fortificants quickly absorbed, but
after that, the rate of absorption reduced. Soaking
temperature and soaking durations not effectively
affect the uptake of zinc as compared to concentration
of fortificants.

Table 2: Zinc fortification in paddy at different soaking time, soaking temperature and
concentration of zinc

Std Run Soaking Soaking Concentration of fortificant, Zinc uptake,
time, h temperature, °C mg/100 g of paddy mg/100 g

4 1 3 70 200 12.41

14 2 2 60 200 10.44

12 3 2 70 300 13.46

9 4 2 50 100 10.39

17 5 2 60 200 10.33

2 6 3 50 200 11.8

15 7 2 60 200 10.43

8 8 3 60 300 13.89

3 9 1 70 200 11.47

13 10 2 60 200 10.46

5 1 1 60 100 10.05

7 12 1 60 300 12.52

1 13 1 50 200 10.15

10 14 2 70 100 12.41

1 15 2 50 300 12.38

6 16 3 60 100 1.5

16 17 2 60 200 10.45

The linear effects of soaking time, temperature and
concentration of fortificant were found positively
significant at p<0.001, on zinc uptake in polished

rice. Similarly, the quadratic effects of soaking time,
temperature and concentration of fortificant were
also found positively significant at p<0.001, on zinc
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uptake in polished rice. The derived model giving
the empirical relationship between the zinc uptake
and the test variables in coded units was obtained
as under given in equation 6.

1002

Zinc uptake (mg/100g of polished rice) =
10.42 + 0.6763A + 0.6288B + 0.9875C + 0.4328A2
+0.6028B? + 1.14C? ...(6)

Table 3: Optimized condition for zinc fortified rice

Treatment Optimum condition

Desirability Response values

IGKV — R1 Soaking time : 3 h
Soaking temperature : 70 °C
Concentration of fortificants :

300 mg/100 g of paddy

0.928 15.18 mg/100 g of rice

Table 4: Analysis of variance (ANOVA) showing the effect of soaking time, soaking temperature
and concentration of fortificants on zinc fortified rice.

Source Sum of df Mean F-value p-value
Squares square
Model 23.09 6 3.85 40.45 < 0.0001 significant
A-Soaking time 3.66 1 3.66 38.45 0.0001
B-Soaking temperature 3.16 1 3.16 33.24 0.0002
C-Concentration of fortificant  7.80 1 7.80 82.00 < 0.0001
A2 0.7885 1 0.7885 8.29 0.0164
B2 1.53 1 1.53 16.08 0.0025
C2 5.43 1 5.43 57.04 < 0.0001
Residual 09514 10 0.0951
Lack of fit 0.9403 6 0.1567 56.58 0.0008 significant
Pure Error 0.0111 4 0.0028
Cor total 24.04 16
Fit Statistics
Sr.no. Particulars Values Sr. no. Particulars Values
1 Standard Deviation 0.3084 5 R? 0.9604
2 Mean 11.44 6 Adjusted R? 0.9367
3 CV. % 2.70 7 Predicated R? 0.8428
4 PRESS 3.78 8 Adeq Precision 18.3087

Milling Quality of Fortified Rice

The amount of polishing that was done on both raw
and fortified paddy was increased after 60 seconds,
which decreased the amount of zinc retained in the
fortified rice kernels. When comparing head rice
recovery values for raw rice and zinc-fortified rice,
the former showed higher results. The findings

showed that following fortification, rice milling quality
increased. Because the soaking process led to the
loosening of the paddy husk that was adhered to the
rice, soaking and steaming therefore boosted the
head rice production for fortified rice.® The amounts
of zinc in raw paddy were considerably raised via
fortification. It was established how much zinc was
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present in bran from fortified polished rice and in
both raw and zinc fortified paddy husk. Paddy husk
that had been fortified showed higher levels of zinc
absorption. Paddy husk comprises 9-20 % lignin,
which, when soaked in fortificants, has the ability to
both absorb and attract zinc.3® Zinc content is higher
in fortified rice bran than in fortified rice kernels.
The zinc level dropped as the degree of polishing
increased, possibly as a result of the zinc being lost
from the rice kernel's bran layers.

Effect of Fortification on Physico-Chemical
Properties

For this variety of paddy, fortification resulted in
slight modifications to grain dimensions. The fortified
paddy showed a little increase in both width and
length when compared to the raw paddy. However,
the thickness of the raw and fortified paddy did not
significantly alter, suggesting that the starch granules
do not swell throughout the soaking process. The
length to breadth ratio of the raw and zinc-fortified
paddy did not significantly change, indicating that
starch does not gelatinize throughout the soaking
and steaming procedure.* According to,* there was
no discernible change between the physical
characteristics of the fortified and unfortified paddy.

The moisture content of IGKV-R1 paddy rice was
found to be 12.17% (db) for raw rice and 12.35%
(db) for zinc-fortified rice. Raw rice had an average
ash concentration of 0.80 and zinc-fortified rice
had an average ash content of 1.38%. The findings
demonstrated that the ash level increased following
fortification, indicating an increase in the mineral
content of the fortified samples. Vani (2021)3¢
have also noted an increase in the ash content
of fortified rice.

The results of this study are consistent with those
of,%”% who reported that nutrients loss may be
attributed to the leaching of soluble nitrogen, mineral,
and other nutrients into fortification solution during
soaking process. The protein content of IGKV-R1
decreased from raw to zinc fortified rice and values
were 8.29 to 6.89%, respectively. Additionally, Ebuehi
and Oyewole (2007)* demonstrated that because
of some soluble protein, there was a modest
decrease in the amount of protein during the soaking
procedure. As per the findings of Scherz et al.
(2000) and Juliano et al. (1985)41 the milled rice's
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protein level in commercial rice varied between
6.3% and 7.3%.

It has been demonstrated that rice, whether raw
or zinc-fortified, has a significant carbohydrate
content. The percentage of carbohydrates in raw
rice and rice fortified with zinc was 84.15 and
76.94%, respectively. The findings show how the
carbohydrate contents of raw and fortified rice
differed. When compared to raw rice, samples that
had been fortified with zinc had a somewhat different
carbohydrate composition. According to research by
Kale et al. (2015),%? there were notable variations
in the amount of carbohydrates in soaked and raw
rice. The reason for the decrease in the amount of
carbohydrates after soaking could have been due
to amylose leaching during the process of water
heating, as suggested by.*®

In raw rice and rice fortified with zinc, the average fat
level was 0.87 and 0.82%, respectively. The findings
demonstrated that fortification has no effect on the fat
content of raw or zinc-fortified rice. According to a,*
the soaking technique had no effect on the amount
of fat in rice. The estimated fat content values were
in close agreement with the values for other varieties
of rice published by.* The percentage of fibre in raw
rice and rice enriched with zinc was 1.23 and 2.36%,
respectively. The findings showed that following the
soaking process, the fibre content increased. Similar
findings were reported by,*? who hypothesized that
additional rice ingredients leached to the soaking
solution as a result of the rice being soaked at a
high temperature.

Both raw and zinc-fortified rice had a total energy
content of 377.63 and 342.7 kcal/100 g, respectively.
There was decrease in energy value of fortified rice,
it causes due to decreased protein, carbohydrates
and fat content of fortified rice as mentioned above.

Conclusion

The study successfully developed a zinc fortification
method for IGKV-R1 paddy rice, achieving optimal
zinc uptake through precise control of soaking
temperature, time, and zinc oxide concentration. The
ideal conditions identified were soaking at 70°C for
3 hours with 300 mg/100 g of zinc oxide, resulting
in a zinc uptake of 15.18 mg/100 g in polished rice.
Analysis showed that higher zinc concentrations
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significantly improved uptake compared to soaking
temperature and duration. Zinc-fortified rice
demonstrated improved milling quality, with head
rice yields increasing due to the loosening of the
paddy husk during soaking and steaming. Physico-
chemical properties of the fortified rice indicated
slight changes; ash and fiber content increased,
while protein and carbohydrate content decreased.
The fortified rice's moisture content remained stable,
and the overall energy value decreased due to
lower protein, carbohydrate, and fat levels. These
results are consistent with existing literature, which
attributes nutrient loss to leaching during the soaking
process. The findings highlight the potential of zinc
fortification to enhance the nutritional profile of rice,
making it a viable strategy to address zinc deficiency
in populations reliant on rice as a staple food. Future
research should explore long-term storage stability
and bioavailability of zinc in fortified rice to fully
understand its benefits.
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