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ABSTRACT

The current study investigated how the preparation methods impact the nutritional composition and
estimated Glycaemic Index (eGI) of the white and brown rice samples. The analysis of proximate and
eGI was conducted after the white and brown rice were prepared through these cooking methods: (1)
cooking rice without additional coconut oil and not being refrigerated (control); (2) cooking rice without
additional coconut oil and being refrigerated (XCOR); (3) cooking rice with additional coconut oil and
not being refrigerated (COXR); and (4) cooking rice with additional coconut oil and being refrigerated
(COR). The result showed that the COR method recorded the lowest calorie for both white and brown
rice (223.93 kcal and 169.90 kcal per 100 g, respectively). Meanwhile, the COR method also recorded
the lowest eGI for both white rice (2.31, 6.36, 6.07, 4.55, 3.02, 2.22 nm/min) and brown rice (1.44,
1.92, 1.92, 1.36, 0.66, 0.27 nm/min) at 20, 30, 60, 90, 120, and 180 min, respectively. In conclusion,
consuming refrigerated rice that has been cooked with coconut oil can be used as an alternative
preparation technique to lower both calorific value and glycaemic index for the preparation of healthier

rice meals for health-conscious individuals.
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INTRODUCTION

Changing dietary habits represents one
of the most influential lifestyle factors. The
fundamental reason for obesity and overweight is
an energy imbalance between calories consumed
and calories expended, which is a positive
energy balance involving the total energy intake
exceeding the total energy expenditure (World
Health Organization (WHO) 2020). Besides,
Diabetes Mellitus (DM) is a condition disease
where the blood glucose level is surged irregularly
due to the failure of the body to generate insulin
or to use it to the fullest (Ganjifrockwala et al.
2017). It is linked with serious complications
such as stroke, ischemic heart disease, cancer and
possibly can lead to organ failure (Ng et al. 2020).
Type 2 Diabetes (T2DM) is one of the common
modern lifestyle-linked diseases associated with
the high intake of refine carbohydrates and low
consumption of Dietary Fibre (DF) (Helmyati et
al. 2020). Positive energy balance may be due to
unhealthy eating habits and an increased intake
of energy-dense foods that are high in calories
and sugars but low in DF content (Tanaka et al.

2020). This may have a significant adverse effect
on nutritional status because of the exclusion
of adequate quantities of fat, protein, and other
essential nutrients.

Most Malaysians consume cooked rice
daily as their staple food. White Rice (WR) and
Brown Rice (BR) are commonly consumed in
Malaysia. BR is a whole grain, containing all parts
of the grain: bran, germ, and endosperm, whereas
WR had the bran and germ removed (Santos
& Timoteo 2016). Thus, BR contains more DF
and provides several vitamins and minerals. A
large serving of high-calorie dishes containing
carbohydrates such as rice, bread, and pasta in the
daily diet contributes to excess energy intake and
subsequent weight gain. Consuming an excessive
amount of carbohydrates, especially with a high
glycaemic load, results in a large metabolic load
on the body, resulting in an increase in the risk
of developing several disorders, including T2DM
(Joanne 2018). Due to the excess glucose in the
blood, a quick elevation in blood glucose will put
a high demand on the beta cells of the pancreas
for insulin (Joanne 2018). This extra glucose will
then be converted to glycogen, which will be
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deposited as fat in muscles and the liver (Tanaka
et al. 2020). This condition can cause obesity
if the person does not burn the excess calories
(Tanaka et al. 2020).

Starches are one of the dietary
carbohydrates that are made of two different
polymers: amylose (essentially linear) and
amylopectin (branched) (Arik Kibar et al. 2013).
Starches can be divided into two types, which are
Resistant Starch (RS) and Digestible Starch (DS)
(Birt et al. 2013). An important fact is that the DS
can be converted to the RS. This may be due to
the interaction of amylose with other molecules
when it is subjected to thermal treatments. The
RS can be formed through the retrogradation
process, which involves the process of cooling
cooked starch after undergoing the cooking
process beyond its gelatinisation temperature to
form retrograded starch, RS3 (Wang et al. 2015).
Another way to increase the resistance of starch
is by developing RSS5, self-assembled starch
V-type complexes through the use of coconut oil
as an acid combined with heat-moisture treatment
during cooking (Arik Kibar et al. 2013). RS5 is
formed when the hydrocarbon tail of the lipid and
the helical cavity of amylose are joined together
(Birt et al. 2013).

Dietary modifications, including fibre-
rich food intake, decreased energy density, and
high protein intake, aid in achieving an energy
deficit to help weight loss and could be a primary
solution to overcome obesity. Involving diet
modification such as a low Glycaemic Index
(GD) diet by choosing low-GI foods may be
more effective than a high-GI diet at reducing
body weight, especially in obese people, and
controlling glucose and insulin metabolism in
T2DM patients. Consuming a low-GI diet causes
the glucose to be released slowly and steadily,
reducing the high spike in blood sugar, which
results in lowering the insulin response and then
improving insulin sensitivity (Wang et al. 2015).
The reduction in insulin secretion gives greater
access to using the fat stores to generate energy
(Birt et al. 2013).

The GI of food can be determined to
assess the ability of the carbohydrates it contains
to raise Blood Glucose Levels (BGL). Since
in vivo GI determination heavily relies on the
involvement of healthy human subjects through
the consumption of the test food and requires the
withdrawal of their blood, the in vitro estimated
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GI (eGlI) assessment is advisable to be performed
first. By performing the eGI through an enzymatic
reaction approach, the nutritionist or analyst
should be able to predict or estimate how fast the
carbohydrate (digestibility rate of the starch of the
test food in relation to the digestibility of starch
in the reference material) raises the BGL. If the
test food shows the potential to lower a GI, then
the results obtained from eGI can be confirmed or
validated further through an accurate in vivo GI
study (Demirkesen-Bicak et al. 2021). In brief,
the eGl is performed to extrapolate the percentage
of starch hydrolysed at time t (min) and the
equilibrium percentage of starch hydrolysed after
180 min (Eyinla et al. 2022).

In line with the fact that DF promotes
satiety and satiation, an increase in DF intake
was associated with better glycaemic control and
more favourable CVD risk factors (Helmyati et
al. 2021). As an alternative of starch replacement,
DS in rice with a high concentration of RS by
using coconut oil and refrigeration is proposed
because it results in lowering the GI value and
reducing energy density due to its lower calorie
content, which is 2 kcal/g (Birt et al. 2013).
Moreover, the presence of oleic acid (unsaturated
fatty acid) in coconut oil (Santos et al. 2020)
was found to be effective in decreasing starch
digestibility by forming an amylose-lipid
complex and making it resistant to enzymatic
breakdown (Birt et al. 2013). Since the rate of
starch digestibility of the test food is influenced
by the presence of DF and RS, the current study
emphasises how the preparation methods of rice
impact the Estimated Glycaemic Index (eGI).
The study aims to investigate the nutritional
composition and predict the eGI values of white
and brown rice treated with different preparation
methods.

METHODS

Design, location, and time

The study was carried out in the Food
Preparation, Nutrition, and Analytical Laboratory,
Health Campus, Universiti Sains Malaysia
(USM), Kelantan, Malaysia. The study was
carried out from November 2022 to January 2023.

Material and tools

The main materials used for this study were
WR, BR, and coconut oil. The most used WR
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rice (long-grain variety, 1 brand) and BR (long-
grain variety, 1 brand) were purchased from a
local hypermarket near to the Health Campus of
Universiti Sains Malaysia which is located in the
Kota Bharu district of Kelantan state, Malaysia.
Two different types of rice are used: WR and BR,
which are commonly consumed by Malaysians.
Meanwhile, the coconut oil was purchased from
a local hypermarket in Kubang Kerian, Kelantan.
Chemicals and reagents used in this study were:
hydrochloric acid, sulfuric acid, boric acid, red
methyl, sodium hydroxide, sodium acetate,
bromocrysol green, and methanol, from Merck,
Germany. The selenium catalyst tablet, pancreatic
enzyme, amyloglucosidase, and amylose
were made by Thermofisher Scientific, United
Kingdom. Acetic acid, ethanol, and potassium
iodide were obtained from HmbG, Germany.
Petroleum ether from JoChem Scientific &
Instruments, Malaysia. The D-glucose assay kit
was bought from Megazyme, Ireland. lodine was
purchased from Chemiz, Malaysia.

Procedures

Preparation of rice. Both WR and BR were
then cooked with different cooking methods: (1)
cooking rice without additional coconut oil and
not being refrigerated (control); (2) cooking
rice without additional coconut oil and being
refrigerated (XCOR); (3) cooking rice with
additional coconut oil and not being refrigerated
(COXR); and (4) cooking rice with additional
coconut oil and being refrigerated (COR) for 12
hours before performing further analyses. All
cooking procedures and analyses are replicated
twice.

One cup of rice (220 g) was rinsed and
added to a predetermined quantity of water. For
white rice, 1.5 cups of water are added, whereas
for brown rice, 2 cups of water are added. In
methods 3 and 4, 1 tablespoon of coconut oil was
mixed with rice. Each type of rice was cooked
and cooled. Rice in methods 1 and 3 was left at
room temperature for 30 min, whereas rice in
methods 2 and 4 was cooled for 30 min before
being refrigerated (4—5°C) for 12 hours.

Analysis of proximate composition.
Proximate parameters (composition of moisture,
ash, protein, fat, and dietary fibre) were
determined according to the AOAC methods
(AOAC 2020). Meanwhile, the carbohydrate
content was calculated as a hundred minus
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the total percentage of moisture, ash, crude
protein, and fat (by-difference method). The
carbohydrate content of samples was determined
by calculating the percent remaining after all the
other components have been measured:

% Carlohydrates = 100~ (% Moisture — % Protein — % Lipid - % Ash)

Determination of amylose content. The
amylose content of BR was determined by a
colorimetric method with a blue amylose-iodine
complex based on the method described by Jain
etal (2012).

Calorific value. The calorie content of
the rice samples was calculated using a formula
obtained from the U.S. Department of Agriculture
(USDA) (2010):

Energy (keal) =4 X Protein+9X Fat+ 4 X Carbohydrate

In-vitro starch digestibility. eGl was
determined using an assay kit GOPOD-format
K-GLUC by spectrophotometry at a wavelength
of 510 nm based on the method explained by
Demirkesen-Bicak et al. (2021). One g of the
sample was mixed with 5 ml of deionised water.
After that, 10 ml of pepsin-guar gum solution was
added, and the sample was incubated at 37°C at
175 strokes/min in a shaking water bath for 30 min.
Then, 5 ml of 0.5 M sodium acetate was added,
and the pH was adjusted to between 5 and 5.25. An
enzyme solution of the mixture of pancreatin and
amyloglucosidase (13.4 U/ml) was added, and
the volume was adjusted to 50 ml using deionised
water. After that, the sample was incubated for
180 min in a shaking water bath. Between the
periods of incubation, 0.5 ml samples were taken
at 20, 30, 60, 90, 120, and 180 min and placed in
separate falcon tubes. Then the tubes were placed
in a boiling water bath for 5 min to denature
the enzyme. After that, the final volume of the
samples was adjusted to 5 ml using deionised
water and centrifuged for 5 min at 4,000X g.
The eGI was calculated from the Hydrolysis
Index (HI) value of each sample. The HI value
was obtained through calculation by dividing the
area under the hydrolysis curve with the white
bread area. The eGI was then calculated using the
formula below (Demirkesen-Bicak e al. 2021):

GI=39.71 + 0549 X HI

Data analysis
The results were evaluated for statistical
significance using the IBM Statistical Package
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for Social Sciences (SPSS) Statistics Data
Editor Version 26. The results were conveyed as
meanststandard deviation. A p-value of less than
0.05 was deemed significant. The differences
between the means were analysed for significance
using a one-way analysis of variance (ANOVA)
test by employing the post-hoc Tukey test.

RESULTS AND DISCUSSION

Moisture content. Moisture content
in food can be defined as water left within the
food, indicating an index of its nutrient content
(Kim & Lee 2013). The moisture contents of
the WR were 62.07, 62.74, 67.00, and 68.46%,
respectively, whereas the moisture contents of
the BR were 61.57, 63.54, 66.91, and 69.28%
respectively (Table 1). These results showed that
the WR had a relatively higher moisture content

than the BR in preparation methods 1 and 3.
Since the BR has a high-fibre bran, more water
i1s needed to cook BR, and it is demonstrated
that the bran layer inhibits moisture absorption
(Chapagai et al. 2020). Plus, it may be due to
the drying effects of the exothermic reaction of
the dehusking procedure (Kim & Lee 2013). On
the other hand, in preparation methods 2 and 4,
BR shows that it has a relatively higher moisture
content than WR. A previous study stated that
the moisture content had little effect on the
amylose recrystallisation (Ding et al. 2019).
Thus, BR, which already contains more amylose
concentration, has a higher moisture content to
undergo amylose recrystallization during the
retrogradation process.

For further analyses of ash, protein, and fat
contents, each rice sample was ground first before
being analysed; the results showed that there are

Table 1. The proximate composition of WR and BR prepared with different methods

Nutritional Concentration (%)

composition Control 2 (XCOR) 3 (COXR) 4 (COR)
Moisture

WR 62.07+0.11 62.74+0.13 67.00+0.10 68.46+0.08

BR 61.57+0.12 63.54+0.12 66.00+0.09 69.28+0.10
Ash

WR 0.24+0.01° 0.28+0.02° 0.29+0.09° 0.24+0.04°

BR 1.17+0.02 1.13£0.01 1.17+£0.07 1.08+0.06
Fat

WR 0.50+0.02° 0.20+0.02° 4.1040.09° 3.80+0.04°

BR 2.47+0.03 1.91+0.03 5.78+0.08 5.37+0.06
Protein

WR 9.46+0.11 9.45+0.09 8.86+0.11 8.58+0.11

BR 8.91+1.12° 8.85+0.08* 8.63£0.10a 8.16+0.10*
Carbohydrate

WR 27.73+£0.18 27.33+0.11 19.73+0.14 18.88+0.12

BR 25.88+0.13% 24.58+0.132 17.52+0.08" 16.10+0.11°
TDF

WR 2.90+0.01° 2.93+0.02° 4.00+0.07° 6.20+0.05°

BR 4.90+0.02 4.82+0.03 5.60+0.05 8.01+0.09
Calorie (kcal/100 g)

WR 344.72+1.10° 285.61£1.15° 248.00+1.10° 223.93+0.09°

BR 350.50+1.12° 267.85+1.13° 195.67+0.09° 169.91+0.15°

**Mean+SD with different superscript letters within the same row indicate a significant difference (p<0.05)

WR: White Rice; BR: Brown Rice; TDF: Total Dietary Fibre

1 (Control): Rice cooked without additional of coconut oil and not being refrigerated

2 (XCOR): Rice cooked without additional of coconut oil and being refrigerated

3 (COXR): Rice cooked with additional of coconut oil and not being refrigerated

4 (COR): Rice cooked with additional of coconut oil and being refrigerated
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different trends in analysing ash, protein, and fat
content in the cooked rice.

Ash content. The ash content refers to the
essential mineral residue remaining from burning
organic matter at high temperatures. The higher
the ash content of the food, the more mineral
elements it contains. The ash content in the BR
varied between 1.080—1.173% and the WR was
between 0.239-0.290%. The result shows that the
ash content was higher in the BR than in the WR.
WR contains less ash content because the milling
processes it undergoes, such as bran removal,
have affected its mineral content (Helmyati et
al. 2020). On the other hand, the result in Table
1 also shows that there is a decreasing pattern
of ash content for both types of rice, WR and
BR, that undergo refrigeration. According to
the previous study by Helmyati et al. (2020), it
demonstrated that a decrease in ash content in
food may be due to the susceptibility of ash to
storage conditions. It also might be caused by the
physiological activities of the mineral, possibly
due to the respiration process that subsequently
decreases the mineral content in the rice samples
(Nur Shafinaz et al. 2022). However, some
minerals can be volatilized or reduced when
heated at high temperatures during the drying
process, particularly vitamins B and C (Chapagai
et al. 2020). This study shows that the storage
temperatures indirectly promote the physiological
process and affect the ash content of rice samples.

Protein content. The protein content for
the WR ranged from 8.58% to 9.46%, while
the BR evaluated ranged from 8.16% to 8.91%.
According to the Malaysian Food Composition
Database (MyFCD 1997), domestic white rice
contains a lower protein content with a value of
7.1 g/100 g while BR of Jasmine's production
contains 8 g/100 g. Generally, WR has a higher
protein concentration than BR in all preparation
methods (Table 1). A previous study demonstrated
that more pigmented rice tends to have reduced
protein digestibility (Yuliana & Akhbar 2020).
This supports our study’s result which shows
BR has a lower protein concentration than WR.
Protein availability depends on several factors
such as heat, the presence of moisture, reducing
substances, and the duration of heating (Helmyati
et al. 2021). The amino group of protein is
attached to the carboxyl group through peptide
bonds due to the loss of water molecules during
the dehydration process (Schmeing 2013).
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However, this peptide bond can also be broken
down to release the amino group through the
hydrolysis process. This may happen during the
cooking process of rice samples (Chapagai et
al. 2020). The prolonged cooking may cause the
physical structure of the protein to denature and
no longer function (Sanfelice & Temussi 2016).
Proteins are highly sensitive to temperature, both
cold and hot, which may alter the structure of the
protein, denature it, and make it non-functional
(Sanfelice & Temussi 2016). Protein denaturation
is not strong enough to disrupt the peptide bonds
in the primary structure of the protein, but it can
affect the secondary and tertiary structures of the
protein (Amagliani et al. 2017). As the protein
in rice samples is the secondary structure of the
protein, the peptide bonds may easily be broken
down.

It also shows that there is a decreasing trend
in protein concentration with the preparation
method. Protein unfolding may also be due to cold
denaturation when proteins at room temperature
are cooled to lower values (Sanfelice & Temussi
2016). Nonpolar groups of proteins tend to avoid
contact with water to engage in hydrophobic
interactions because, at low temperatures, the
entropic advantage of the water molecule in
folding non-polar groups of the protein inward
is lessened (Taborsky 1979). This produces an
endothermic reaction with low kinetic energy that
may alter the protein concentration of refrigerated
rice samples.

Fat content. All rice is made up primarily
of carbohydrates, with small amounts of protein
and practically low-fat content (Chapagai et al.
2020). Brown rice contains a good source of
linoleic acid and essential fatty acids and does not
contain cholesterol (Chapagai et al. 2020). Table
1 shows that the fat concentration of WR ranged
between 0.20% and 4.12%, whereas that of BR
ranged between 1.91% and 5.78%. Overall,
low fat content was recorded in the WR variety
(0.20%), significantly lower than the BR variety.
As BR is categorised as a whole grain, the germ
part contains fatty acids, making it contain more
fat from the essential oil. It also shows that rice
that was refrigerated had a lower fat concentration
than rice that was not refrigerated. This result may
be due to the formation of a starch-lipid complex
in a starch-water system during the retrogradation
process (Arik Kibar et al. 2013). A previous
study stated that the more the amylose-fatty acid
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complex forms, the more unsaturated fatty acids
are introduced to the amylose of starch (Arik
Kibar et al. 2013). However, with the addition
of the coconut oil during cooking (samples 3
and 4), the fat percentage in the rice samples
increased by approximately 3 times that of the
control sample. The crude fat content of coconut
oil was higher in relation to the fat content of
rice. However, even though coconut oil is highly
saturated, its predominance of medium-chain
fatty acids causes it to have a different metabolic
behaviour (Santos et al. 2020).

Carbohydrate  content. Carbohydrate
content in food, including organic acids, polyols,
and dietary fibre, contributes to the energy
content, and it is important to provide the energy
required by humans (Santos & Timoteo 2016).
For carbohydrate content, the values shown in
Table 1 were in the range of 18.88% to 27.73%
for WR and in the range of 16.10% to 25.88%
for BR. According to the MyFCD (1997), white
rice contains a lower carbohydrate content with
a value of 79 g/100 g, while brown rice from
Jasmine's products contains 74 g/100 g. This
result is consistent with the results obtained
from our study, showing that BR has a lower
carbohydrate concentration compared to WR.
During the cooking process, the excess sugars
from the starch may be separated from the rice
and then converted into gelatinous liquid in
the upper inner lid. This will produce rice with
less carbohydrate content (Lauben 2022). Table
1 also shows that the carbohydrate content is
decreasing with the refrigeration of rice samples
for both rice types. Many factors influence
carbohydrate digestion, including the type
of starch and the type of preparation. During
refrigeration, the retrogradation process occurs,
and amylose is involved in this process. Amylose
is a starch that accounts for approximately 20%
of the dietary carbohydrate (Dworken et al.
2020). The high concentration of carbohydrates
resulted in an increase in amylase activity to
break down carbohydrates into simple sugar.
This means that, in this study, carbohydrate,
which is supposedly higher in amylopectin than
amylose concentration, was rearranged to have
more amylose concentration than amylopectin,
thus having a lower carbohydrate content than
usual (Ding et al. 2019). Low-carb foods tend to
break down slowly during digestion. Thus, it is
considered a low-GI food (Kaur ef al. 2016). The
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addition of coconut oil during the cooking process
showed that the use of coconut oil does not
contribute to the carbohydrate concentration in
the rice because it does not contain carbohydrates.

TDF content. There were significant
differences (p<0.05) in the TDF content of WR
and BR cooked with different methods. The
presence of TDF in the diet is essential to increase
the bulk of faeces because it has a laxative effect
on the gut (Kaur ef al. 2016). Generally, the
BR samples have more TDF composition as
compared to WR samples. The composition of
TDF for WR treated with COXR and COR (4.0%
and 6.2%) was significantly (p<0.05) lower than
for BR treated with COXR and COR (5.6% and
8.0%), respectively. BR is known to be a good
source of dietary fibre, and it was the highest in
this study. The finding indicates that the BR has
a higher TDF content than the WR. It is because
BR is a whole-grain food containing bran and
germ (Santos & Timoteo 2016). These parts
specifically provide more fibre, vitamins, and
minerals for those who consume BR. This also
putatively elicits differential effects on satiety
that are very advantageous in the regulation of
energy intake as well as body weight (Sanfelice
& Temussi 2016). In a comparison of methods
3 (COXR) and 4 (COR), there is an increasing
pattern in the TDF concentration with the
refrigeration method. During the refrigeration
process, starch retrogradation occurs, resulting in
an increase in TDF content. It happens when the
available and digestible starches are converted
into resistant starches, which are also considered
dietary fibres because they are not broken down
into glucose (Kaur et al. 2016). Refrigerated
rice contains more Resistant Starch (RS) than
unrefrigerated rice (Sanfelice & Temussi 2016).
The use of coconut oil in this study also showed
that coconut oil increases the TDF content of rice.
It is because more amylose-lipid complexes are
formed during the cooking process, producing
RS type 5 (Birt et al. 2013).

In our present study, a positive correlation
was observed in Table 2, wherein rice samples
had a higher amylose content corresponding
with the preparation methods. BR has a higher
amylose concentration approximately 10 times
(ranging between 91.39% and 113.3%) than WR
(ranging between 3.94% and 9.43%). The higher
the amylose content in the rice sample, the higher
the starch retrogradation in the rice sample,
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Table 2. The amylose concentration in WR and BR with different preparation methods

Amylose concentration (%)

Control 2 (XCOR) 3 (COXR) 4 (COR)
Moisture
WR 3.94+0.08 4.21£0.12 8.59+0.03 9.43+0.09
BR 91.39+3.87 97.50+1.87 100.73+1.20 113.53+£2.95

WR: White Rice; BR: Brown Rice

1 (Control): Rice cooked without additional of coconut oil and not being refrigerated
2 (XCOR): Rice cooked without additional of coconut oil and being refrigerated
3 (COXR): Rice cooked with additional of coconut oil and not being refrigerated

4 (COR): Rice cooked with additional of coconut oil and being refrigerated

which will subsequently increase the RS content
(Helmyati et al. 2020). The increase in RS content
in food lowers the eGI and calories of the food.

Energy value. Energy value measures
the available amount of energy obtained from
food via cellular respiration. In this study, Table
1 shows that BR with preparation method 1
(350.50 kcal) has the highest energy per 100 g
among all samples analysed compared to the WR
(344.71 kcal). According to the MyFCD (2003),
medium-grain WR contains approximately 343
kcal, whereas the BR of Jasmine SunBrown's
production contains 353 kcal. Even though BR
1S more nutritious, it contains more calories than
WR. It is because the calorie content of food is
determined by the fat, protein, and carbohydrate
in the food (Rondanelli er al. 2019). As BR is
wholegrain food, it has the germ and bran intact.
Rice germ contains high levels of protein, fatty
acids, and fibre, which are likely to contribute to
the total calorie content of the food (Rondanelli
et al. 2019). For this reason, the WR sample has
fatty acid-rich germ removed during the milling
process and contains fewer calories than the BR.

Above that, rice that has been refrigerated
and rice with additional coconut oil have fewer
calories because the DS is being converted into
RS during starch retrogradation (Wang et al.
2015). RS contains fewer calories (2 kcal/g) than
DS (4 kcal) (Maya et al. 2020). This can lower
the calories consumed with the same food volume
in each food intake. However, the rice sample of
BR with preparation method 4 also has the lowest
total energy per 100 g (169.91 kcal) than the WR
(223.93 kcal).

Methods of food processing such as
refrigeration affect the RS content of the food.
According to the American Chemical Society
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(ACS 2015), the cooling process is essential
because amylose from starch leaves the granules
during gelatinisation to form hydrogen bonds
between the amylose molecules outside the
granule, so that it becomes resistant to the
digestive enzyme (Wang et al. 2015). That is how
RS is formed. WR, which is primarily known as
a high-GI food, swaps to rice with a lower GI
because of the starch retrogradation involving
amylose reorganisation, which has changed the
starch into RS or fibre (Ding et al. 2019).

The addition of coconut oil during the
cooking process makes the oil enter the starch
granules, and adding a layer to the starch makes
it resistant to the digestive enzyme (Birt et al.
2013). The formation of amylose-lipid complexes
restricts the swelling of the starch granules and
the hydrolysis of the enzyme (Birt et al. 2013).
Thus, in this situation, the starch granules have
been converted into thermally stable RS type
5, which is formed through cross-linking of
amylose-lipid.

The eGI. The GI of food is determined
by its ability to raise blood glucose (Wang et al.
2015). The graph in Figure 1 shows that the eGI
of BR is lower than the WR. This indicates the
lower postprandial phase of hunger. It may be
due to the lesser and slower breakdown of the
BR than the WR. This difference appears to be
influenced by the bran layer of the BR, which
inhibits gastric acid absorption and slows gastric
emptying, which manifests in the consequential
state of satiety (Kaur et al. 2016). Besides, the
higher the Resistant Starch (RS) contained in the
rice sample, the lower the eGI it has. The higher
RS content decreased its available carbohydrate
content because RS is classified as an unavailable
carbohydrate as it cannot be digested and
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w1: White rice cooked without addition of coconut oil and not
being refrigerated (control)

w4: White rice cooked without addition of coconut oil and being
refrigerated

b1: Brown rice cooked with addition of coconut oil and not being
refrigerated

b4: Brown rice cooked with addition of coconut oil and being

refrigerated

Figure 1. The eGI of total starch in WR and BR
cooked with different preparation
methods

absorbed in the SI (Wang et al. 2015). Unlike
the DS, RS is not broken down in the SI, where
the carbohydrates are normally metabolised into
glucose to be absorbed into the bloodstream.
Thus, reducing the higher peak of blood glucose
after a meal.

Since data is normally distributed, the
Pearson correlation test was used to measure
the strength and direction of the association
between amylose concentration and eGI. The
result showed a significant reduction in the eGI
with the addition of amylose. Therefore, there
is a significant relationship between amylose
concentration and eGI. The result from simple
linear regression analysis has shown that there
is a significant, very strong, and negative linear
relationship between amylose concentration and
eGI (Table 3), tested using Pearson’s correlation
test (p<0.001, r =-0.935).

Since data is not normally distributed,
Spearman’s rank correlation test was used
to measure the strength and direction of the
association between amylose concentration and
calories (Table 3). The result showed a significant
reduction in calories with the addition of amylose
concentration. Thus, there is a significant
relationship between amylose concentration and
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Table 3. The relationship between eGI and
calories with different amylose

concentrations
eGI Calories
n T p n r P
Amylose_ 4 -0935 <0.001° 4 -0.634 <0.001¢
concentration

a: Pearson Correlation; eGI: estimated Glycaemic Index

calories. The result from simple linear regression
analysis has shown that there is a significant,
strong, and negative linear relationship between
amylose concentration and calories, tested using
Spearman’s rank correlation test (p<0.001, r=-
0.634).

CONCLUSION

The methods of cooking rice with the
addition of coconut oil and/or refrigerated
rice were some of the alternative preparation
techniques to lower both the calorific value and
glycaemic index for the preparation of healthier
rice meals. Additionally, the favourable effects
on lowering calories and glycaemic index
may be due to the increase in resistant starch
(RS3 and RS5) contained in the cooked rice.
Consuming refrigerated rice that has been cooked
with coconut oil can be used as an alternative
preparation technique to lower both the calorific
value and the glycaemic index for the preparation
of healthier rice meals for health-conscious
individuals. In conclusion, the rice cooked with
additional of coconut oil and being refrigerated
(COR) method can be recommended to produce
the lowest eGI for both WR and BR. Alternatively,
the consumers may apply this COR method to
cook BR to produce healthy rice not only with
low in eGI and caloric value but also high in DF.
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