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Abstract

The awareness of the general public on healthy foods has been a major concern and people
are looking for the right variety of rice for diabetic patients. High amylose content rice with
low glycaemic index (GI), which is an indicator of sugar release in the blood, is beneficial for
human health. The present work was aimed to determine the physicochemical characteristics
and nutritional compositions of MR219 mutant rice, and the effects of amylose content to

Keywords blood glucose response and glycaemic index in field condition. A total of 31 M, mutant
lines (ML1 to ML31) were evaluated for physicochemical characteristics and nutritional
Mutant MR219 rice compositions in comparison with the parental variety, MR219. In glycaemic response study,
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48 female BALB/c mice were fed with glucose (a baseline), saline water, two check varieties
(MR219 and MRQ74) and four selected mutant lines with different amylose contents. The
physicochemical and proximate analysis revealed highly significant differences among the
mutant lines. Some mutant lines improved amylose content and nutritional composition. Mutant
ML3 had slightly higher amylose content than the parental variety and was recommended for
glycaemic responses. However, the field experiment results showed two mutant lines namely;
ML3 and ML30, having significantly lower glucose reading (5.49 mmol/L and 5.47 mmol/L,
respectively) as compared to the parental variety and other mutant lines. The glucose level was
found highest at 60 min after feeding but significantly dropped at 120 min. The normal glucose
reading in ML3 and ML30 also resulted in moderate GI values (65% and 66%, respectively).
As low and moderate GI foods are recommended for diabetic patients, ML3 and ML30 had
high potential for their consumption, and can be suggested for further breeding program to
develop low Gl rice.
© All Rights Reserved

Introduction

The need for rice varieties with high nutrient
content has become the main focus in new varietal
development. One of the approaches to develop rice
variety is through induced mutation. The induced
mutation has been used in rice more than in any other
crop as evidenced by the 815 rice mutant varieties
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listed in the FAO/IAEA Mutant Varieties Database
(Oladosu et al., 2016). The awareness of the general
public on healthy foods has been a major concern,
and people are looking for the right variety of rice
for diabetic patients. The prevalence of diabetes in
Malaysia has increased drastically over the years,
from 11.6% in 2006 to the current overall prevalence
of 22.9%, from which 12.1% were newly diagnosed
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(Wan Nazaimoon et al., 2013). The Star (2013)
reported that about 3.6 million adults are estimated
to be affected by diabetes in Malaysia. It has put
Malaysia as the number one country in Southeast
Asia for having the highest number of diabetic
patients. The dieticians and nutritionists nowadays
face a challenging problem to supply a sufficient
quantity of diet of the highest possible food value.

Rice is primarily composed of carbohydrate.
Carbohydrate in rice is mainly in the form of starch.
Starch is made up of long chains of glucose known as
amylose and amylopectin, and it is the most common
form of carbohydrates in foods. High-amylose
varieties of rice, the less sticky long-grain rice, have a
much lower glycaemic load, which could be beneficial
for diabetics (Ohtsubo ef al., 2016). The continuous
increase in rice consumption leads to the increase
in blood sugar levels. High blood sugar levels over
a period of time can lead to major health problems.
The end product of carbohydrate is glucose. Since
the body stores glucose in the form of fat, excessive
accumulation of fat blocks the blood vessel that leads
to different life-threatening problems such as heart
attack, stroke and circulatory crisis.

The effect of carbohydrates on blood responses
is indicated by a parameter called Glycaemic Index
(GI). The glycaemic index is a physiologically based
measure of the effect of carbohydrates on blood
glucose levels. It is a parameter of the blood glucose
change after eating a certain food as compared to
the change after eating a similar amount of glucose
(Jenkins et al., 1981; Wolever et al., 1991). Health
Care Asia (2013) stated that food with moderate
or low GI resulted in a lower blood glucose levels
when consumed. Wolever and Mehling (2002)
recommended high carbohydrate with low GI diets
for health benefits. Generally, rice is known as a high
GI food, but some varieties also have low GI value.
Previously, the GI of the most common carbohydrate
foods have been determined, and among the foods
that produced low GI values are legumes and whole
cereal grains (Jenkins et al., 1988; Foster-Powell and
Miller, 1995; Foster-Powell et al., 2002). Rice with
high amylose content gives a lower GI than the low
amylose content and waxy rice varieties (Miller et
al., 1992).

The MR219 mutants rice were developed through
mutation techniques utilising carbon-ion beam at
National Institute of Quantum and Radiological
Science and Technology, Japan and Malaysian
Nuclear Agency, Bangi, Selangor, Malaysia (Oladosu
et al., 2015). So far, there are no data on the GI
levels recorded for this parental variety MR219 and
its derived mutant lines. Therefore, the objectives

of the present work were to determine the effects
of amylose content on blood glucose response, and
to evaluate the glycaemic responses in relation to
diabetic condition.

Materials and methods

The MR219 seeds were irradiated with a
carbon-ion beam (60 Gy) using AVF-Cyclotron in
a collaborative effort by the National Institute of
Quantum and Radiological Science and Technology,
Japan and Malaysian Nuclear Agency, Bangi,
Selangor. After several series of selection and
fixation, 31 potential lines with the required adaptive
traits were recovered at Ma generation during the
2009 - 2012 seasons (Mo - Ma4). The Ma seeds of
these 31 mutant lines were evaluated including the
parental variety MR219. Samples of rough rice
were dehulled using a dehusking machine (Motion
Smith Co., Singapore). The dehulled rice was passed
through a 500 um sieve screen on a Sample Mill
(Cyclotec 1093, Foss analytical, Sweden) to obtain
rice powder. Rice powder was used in all analyses
except for the alkaline spreading value determination.
All physicochemical and proximate analyses were
carried out in a Randomised Complete Block Design
and subjected to statistical analysis using SAS 9.4
Software.

Physicochemical characteristics
analysis

The alkaline spreading value and gel consistency
were determined following the method described by
IRRI (2013), and amylose content was determined
following the method described by Juliano (1971).
The moisture was determined following the method
described by SIRIM (1991). The ash and dietary fibre
were determined following the method described by
AOAC (2000). The protein, fat, and carbohydrate
contents were determined following the method
described by Persson (2000), FAO (1986) and Jeon
(1995), respectively.

and proximate

Evaluation of MR219 mutant lines for glycaemic
responses through in vivo study

Female BALB/c mice of 8 w old were used in
the present work and carried out in a Completely
Randomised Design with the guidelines of Research
and FEthics Committee of International Medical
University (IMU). A total of 48 mice were divided
into eight groups having six mice each. The study
started after one week of mice arrival to allow them
to adapt to the new environment. Normal diet was
given to them throughout the period of adaptation.
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Food samples preparation

A total of six rice genotypes consisting of two
check varieties and four mutant rice lines were used
in the present work. The selection of mutant rice lines
was based on their ranking in amylose content and
yield performance from the total 31 mutant rice lines
evaluated. The three highest amylose content among
the mutant lines: ML3 (23.38%), ML30 (22.70%)
and ML18 (22.70%), and the best mutant line with
great performance, ML21 (20.68%), were selected.
A high amylose content rice MRQ74 (27.00%) and
the parental variety MR219 (23.23%) were used as
check varieties. Standard glucose (D-glucose, Sigma
Aldrich) was used as a baseline, and saline water as a
control. These totalled up to eight treatment groups.
The rice samples were grounded to powder-like form
(flour). The average weight of mice for each group
was taken for food stock preparation. The maximum
dosing volume is 10 mL/kg or 2 g/kg for mice
(IACUC, 2011). Food stocks were made one day
before oral feeding by dissolving the flour samples
in distilled water.

Oral feeding and glucose monitoring of blood in
mice

After the adaptation period, the mice were fasted
(overnight fasting) for 12 h. However, distilled
water was offered ad libitum. The blood samples
were taken at time zero before given the test food
to measure the glucose level. Blood collection was
done following the standard procedure described
by TACUC (2011). Blood sample was obtained by
snipping not more than 1 mm of mice tail and gently
milking the blood from the snipped tail. One droplet
of blood was placed on a glucose test strip and was
read using a glucometer (Accu-Check glucometer).
Then the mice were given the test food samples
by force feeding using the feeding tube. The size
of the feeding tube used for feeding was 18 gauge.
The mice were restrained by grabbing them by the
scruff of their neck and grasping the skin over the
shoulders with the thumb and middle fingers during
force feeding. This extended the fore-legs to the side,
thus keeping the front feet from pushing the gavage
tube away. The blood glucose levels were determined
again at 30, 60, 90 and 120 min after feeding. Data
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were subjected to statistical analysis such as analysis
of variance (ANOVA) and mean comparisons using
SAS 9.4 Software.

Estimation of Glycaemic Index
The percentage of GI was calculated using the
formula prescribed by FAO-WHO (1998):

GI = [area under curve (test food) / area under
curve (glucose)] x 100

where the area under curve was calculated based on
Trapezoid technique in MS Excel to reflect the total
rise of blood glucose levels after eating test foods.

Results and discussion

Physicochemical characteristics and proximate
analysis

ANOVA for physicochemical characteristics
and nutritional compositions (Table 1) showed that
all traits (alkaline spreading value, gel consistency,
amylose, moisture, ash, protein, fat, dietary fibre,
carbohydrate, and energy) had high significant
differences (p < 0.01) among the mutant lines. This
result revealed that there was a high level of genetic
differences among the mutant lines which could be
exploited through the genotypic selection.

Mean comparisons of physicochemical
characteristics and nutritional compositions among
the mutant lines

Table 2 shows the mean values of all the
physicochemical characteristics. Ten mutant lines
namely; ML17, ML19, ML20, ML21, ML22, ML23,
ML24, ML25, ML26 and ML29 were categorised
as intermediate gelatinisation temperature group
with alkaline spreading value of 3.00. Meanwhile,
the parental line (MR219) and the remaining 21
mutant lines were categorised in low gelatinisation
temperature group with the alkaline spreading
value of 2.00. Yu and Wang (2007) found that the
mutant Zhenong 1 had low alkaline spreading value
which represented high gelatinisation temperature.
However, the previous study by Wu et al. (2002)
showed that there were no changes in gelatinisation
temperature among irradiated rice cultivars. Starch

Table 1. Mean squares of ANOVA for physicochemical characteristics and nutritional compositions.

SO prendng comssncy AT MOS0 Protein g D Comlae (R
value (mm) (g/100 g) 2)
Lines 31 0.854%* 225.415%*  4.804**  0.856**  0.031**  0.500%* 0.668** 10.251** 3.109%* 68.34%*
Replications 3 0.010 1068.208** 1.510 0.007* 0.002 0.012 0.004 0.006 0.011 2.950
Error 93 0.032 80.660 2.091 0.003 0.001 0.007 0.004 0.004 0.016 1.118

Notes: **, * - Highly significant at p < 0.01 and significant at p < 0.05, respectively.
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is a polymer of glucose which contains a mixture
of amylose and amylopectin. Rice starch has a
semi-crystalline structure in its native state which
is disrupted by cooking, transforming the starch
into an edible, softer, gel-like material. Because it
is correlated with the cooking time and texture of
cooked rice, the temperature at which rice starch
gelatinises is an important component of rice eating
quality (Manifigat and Juliano, 1979). Cooking
time of the rice depends on the coarseness of the
grains. The intermediate alkaline spreading value
indicated the medium disintegration and classified
as intermediate gelatinisation temperature which
is highly desirable for quality grain (Bansal et al.,
2006). The gel consistency test showed obvious
variation in all lines. According to the mean, ML12,
ML18 and ML26 had the highest value of 85 mm
gel consistency, while ML30 had the lowest gel
consistency of 61.5 mm. The gel consistency value
for MR219 was 65.5 mm. Thus, those mutants and
parental lines were categorised as soft rice. Soft
and medium gel consistencies are preferable by
consumers (Rohilla et al., 2000).

With regards to amylose content, the highest
was found in ML3 (23.38%) while the lowest in
ML9 (19.60%). However, the amylose content of
the parental variety MR219 (23.23%) was slightly
different from ML3. In another study on Pakistani
mutant rice varieties, Shadab, Shua-92, Khushboo-95
and Sarshar had higher percentage of amylose content
as compared to their parental varieties (Baloch et
al., 2006). Conversely, according to Khin (2006),
Manawthuka mutant (MNTK4-10) had a lower
percentage of amylose content (22.42%) as compared
to their parental variety (25.82%). Amylose content
is an important index for appraising the quality of
rice. It provides important scientific data for putting
rice resources to rational use as well as selecting and
breeding rice variety.

Mutant ML17 had significantly the highest
moisture percentage (11.49%) as compared to the
parent variety (10.33%). The mutant line ML31
had the highest ash percentage (1.80%), while the
lowest was in ML20 and ML30 (1.40%). The ash of
a foodstuff is the inorganic residue remaining after
the foodstuff is ignited until it is carbon free (i.e. after
the organic matter has been completely burnt off),
usually at a temperature not exceeding red heat. The
ash obtained is not necessarily of exactly the same
composition as a mineral matter present in the original
food as there may be losses due to volatilisation or
some other interaction between constituents. Ash
can be regarded as a general measure of quality and
often is a useful indication of inorganic residue. The

highest crude protein was observed in ML31 (8.80%)
while the lowest was in ML17 and ML18 (7.30%).
Meanwhile, the lowest fat content was recorded in
two mutant lines namely; ML18 and ML19, with
value of 1.70%. ML28 was observed to have the
highest fat content which was 3.50%. The fat content
in the parental line MR219 was 2.60%.

The dietary fibre was high in ML10 and low
in ML26 with the values of 8.20 and 1.60 g/100 g,
respectively. The dietary fibre content was 4.35 g/100
g in MR219. Other than that, ML31 had the lowest
carbohydrate content which was 76.02%, while the
highest content was recorded in ML 19 with the value
of 78.92%. The total carbohydrate content for the
parental line was 77.88%. The energy content was
highest in ML13 with the value of 383.62 kcal as
compared to other mutant lines, while the lowest
energy content was recorded in ML18 with the value
0f 366.42 kcal.

The evaluation of nutritional composition showed
significant difference (p <0.01) in all traits; moisture,
ash, protein, fat, dietary fibre, carbohydrate and
energy. The moisture content of all samples ranged
from 9.48 to 11.49%. The moisture content of paddy
rice should be 12 t0o14% to minimise grain fissures
(Patindol, 2000). More than half tested mutant lines
showed improvement in protein content as compared
to parental variety MR219. The increased percentage
of protein content was also found in Pakistani mutant
rice variety namely; Shadab, Shua-92 and Sarshar
as compared to their parents (Baloch et al., 2006).
Increased protein content is one of the major breeding
objectives around the world. However, lowering
protein content has become one of the breeding
objectives in Japan for kidney troubled patients.
The mutant rice LGC-1 had low protein content and
tested on patient with kidney disease, and was found
to be very effective on the patients (Nishimura et al.,
2000). Research on mutant rice nutrition is mostly
focusing on their protein content. So far, no extensive
study has been conducted on ash, fat, dietary fibre,
carbohydrate and energy content in mutant rice.

Mean comparisons and blood glucose response
among the treatments

The ANOVA revealed highly significant
differences among the treatments, sampling time and
also in the interaction of treatments with sampling
time. Most of blood sugar level of food samples
reached its maximum reading at 60 min after feeding
and significantly dropped at 120 min (Table 3). The
mice were recorded to have the highest blood glucose
level at this particular time where the carbohydrates
of the food were fully digested and reacted in blood
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glucose change. The extent and duration of the blood
glucose response depend on the absorption rate which
in turn depends on factors such as gastric emptying
as well as the rate of hydrolysis and diffusion of
nutrients in the gut (FAO-WHO, 1998).

Table 3. Glucose readings after given test samples.

Sampling time (minutes) Mean (glucose reading, mmol/L)

0 4.97
30 5.99
60 6.41
90 6.37
120 5.78

Least Significance Difference (a = 0.05) = 0.21.

Table 4 shows the mean values for glucose reading
among the treatments. Based on the results, the highest
blood glucose reading was recorded in mice fed with
standard glucose (8.11 mmol/L). Three food samples
namely; ML18, ML21, and the parental line MR219
caused a pre-diagnosis of diabetes on the BALB/c
mice. The glucose reading of the blood collected from
mice fed with those three food samples were 5.96,
6.34 and 6.21 mmol/L, respectively. Meanwhile,
two food samples namely; ML3 and ML30 showed
normal glucose level with the values of 5.47 and 5.49
mmol/L, respectively. The low glucose reading was
observed in blood collected from mice that were fed
with the check variety MRQ74 and saline water (4.87
and 4.78 mmol/L, respectively).

Table 4. Mean glucose reading and glycaemic index of
treatments.

Rice line / control Mean (glucose reading, mmol/L)

Glucose 8.11(D)
Saline water 4.87 (N)

MRQ74 4.78 (N)

MR219 6.21 (PD)
ML3 5.47 (N)

MLI18 5.96 (PD)
ML21 6.34 (PD)
ML30 5.49 (N)

Least Significance Difference (a = 0.05) = 0.27.

Glucose reading: (D) Diagnosis of diabetes = > 7.0 mmol/L, (PD) Pre-
diabetic condition = 6.0 — 6.9 mmol/L, (N) Normal glucose level = <
5.9 mmol/L (ADA, 2012). Glycemic Index: 0 - 55 = low (L), 56 - 69
= moderate (M), 70 or more = high (H) (Brand-Miller ez al., 2002).

The blood glucose response curve as shown in
Figure 1 illustrates the interaction of glucose reading
for every treatment with sampling time in every food
samples.

Asma Ilyani et al /IFRJ 26(5) : 1477-1484
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Figure 1. Blood glucose response curves of tested foods at
30 minutes intervals.

Glycaemic index

The glycaemic index (GI) is the incremental
area under the blood glucose response curve, and is
shown in Table 3. The higher the amylose content
of each food samples, the incremental of the area
under curve became smaller and resulted in a low
GI. Although the relationship between rice starch
and GI is complex, amylose content is generally
accepted as being the principal determinant of
GI in rice (Larsen et al., 2000). Here, ML3 and
ML30 both had moderate GI rating with a value of
65.00% and 66.00%, respectively. Amylose content
of ML3 was the highest among other mutant lines
and parental variety, resulted in low GI as compared
to others. Meanwhile, ML21 had the highest GI
value (75.00%) because of its low amylose content
(20.70%). Amylose is a tightly packed structure.
Thus, it is more resistant to digestion. It breaks down
more slowly, releasing glucose more gradually into
the bloodstream and lowers the insulin demand.
High amylose rice is less sticky, and have a much
lower glycaemic load, which could be beneficial
for diabetic patients. As a conclusion, high amylose
content food should have a low GI and vice versa.
Some researchers reported that low amylose
content rice has high GI than intermediate and high
amylose content rice (Panlasigui, 1989; Juliano
et al., 1989a; 1989b). However, in the present
work, the parental variety MR219 amylose content
was higher than ML30 but it had high GI value as
compared to ML30. This scenario might be due to
different response of some variety or rice mutant
lines crossed the sampling time or due to a delayed
enzymatic hydrolysis as mentioned by O'dea et al.
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(1980). Parvin et al. (2008) found that high amylose
(29.00%) rice lower plasma glucose response and GI
values as compared to low amylose (13.00%) rice
in type 2 diabetic patients. In contrast, Miller et al.
(1992) found high GI in a number of Australian rice
varieties. These discrepancies could be due to the
differences in the physicochemical characteristics,
processing or cooking time.

Conclusion

Ion beam irradiation at 60 Gy significantly
induced the genetic variability in physicochemical
characteristics and nutritional compositions. The gel
consistency test showed that all mutant lines had soft
texture. One mutant line (ML3) was found to have
the highest amylose content but not significantly
different from the parent MR219. Some mutant rice
lines such as ML10, ML18, ML19, ML21, ML22,
and ML31 showed improvement in some particular
nutrients. The estimation of glycaemic index revealed
that two mutant lines could be consumed by diabetic
patients. The two mutant lines (ML3 and ML30)
were recorded to have normal glucose reading
which was identified to have a moderate GI of 65
and 66, respectively. As low and moderate GI foods
are recommended for diabetic patients, these two
mutants (ML3 and ML30) have a high potential for
their consumption. The findings also raise the value
of knowing the GI in our food for awareness. Further
study should be carried out on ML3 and ML30 by
testing these mutant lines on diabetic patients.
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