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Physical, antioxidant and antibacterial properties of rice (Oryza sativa L.) 
and glutinous rice (Oryza sativa var. glutinosa) from local cultivators 

and markets of Peninsular, Malaysia

Abstract

Rice (Oryza sativa L.) is an important grain and basic food for a large population in the world, 
especially in Malaysia.  It has been reported to contain highest antioxidative and antibacterial 
properties against pathogenic bacteria such as Bacillus cereus that may cause diarrhoea and 
vomiting in human bodies.  Therefore, ten rice (Oryza sativa L.) (four of pigmented and 
six of non-pigmented) and four glutinous rice (Oryza sativa var. glutinosa) varieties (two 
of pigmented and two of non-pigmented) from local cultivators and markets of Peninsular, 
Malaysia were studied for their colour parameters, antioxidant and antibacterial properties.  
The pigmented rice samples showed the highest antioxidative properties such as total phenolic 
content (TPC) (11.12±2.49 – 104.87±3.65 mg GAE/100 mg FW), ferric reducing antioxidant 
power (FRAP) (11.87±3.49 - 72.47±3.07 mg TE/10g FW) and radical-scavenging activity 
(DPPH) (11.87±0.20 - 104.93±2.77 mg TE/100mg FW) compared with non-pigmented rice 
samples (3.76±0.88 - 11.24±1.39 mg GAE/100mg FW, 6.43±0.34 - 20.24±0.32 mg TE/10g and 
2.76±0.44 - 14.76±1.00 mg TE/100mg respectively). The higher antioxidative properties were 
determined in darker pigmented rice such as black, red and brown rice samples compared to the 
non-pigmented rice samples.  Pigmented rice samples also had the lowest minimum inhibitory 
concentrations (MIC) and minimum bacterial concentrations (MBC), where it demonstrated 
the higher antibacterial properties to reduce the growth of Bacillus cereus (ATCC® 11778™) 
compared to non-pigmented rice samples especially FPH (Black Floral glutinous) and THA 
(Thai Red).  This study demonstrated that the darker pigmented rice and glutinous rice had the 
higher antioxidative and antibacterial activities.

Introduction

Rice (Oryza sativa L.) is an essential cereal crop 
for half of the humanity, especially for the people in 
the East and South-east Asian countries (Henderson 
et al., 2012; Phonsakhan and Kong-Ngern, 2015).  
FAO (2009) stated that in Malaysia, rice is one 
of the major agricultural crops and grown in 1.8 
million hectares. The rice production systems have 
been classified into wetland or lowland and dryland 
or highland. The wetland contributes the highest 
total rice production in Malaysia compared to the 
dryland (Dano and Samonte, 2005). In Peninsular 
Malaysia, more than 90% of the rice cultivation areas 
are covered with wetland system, while in Sabah 
and Sarawak, dryland rice is mostly cultivated in 
many areas. Dryland rice either pigmented or non-
pigmented is usually cultivated in a small scale or 

area and only for home consumption by rural or 
indigenous people (Sohrabi et al., 2012). According 
to Fasahat (2012), although the white rice cultivars 
are generally consumed, pigmented genotypes 
have been traditionally consumed in East and 
South-east Asian countries such as Laos, Thailand, 
Cambodia, Vietnam, Malaysia, Indonesia, Myanmar, 
Bangladesh, India, China, Japan, Korea, Taiwan and 
the Philippines.

The pigmented rice is categorised base on the red, 
purple, black and brown colour on their bran layer. 
Anthocyanin is able to give the pigment colour to rice 
bran layer and the different bran layer among the rice 
genotypes are causes by genetic factor (Maekawa 
and Kita, 1984; Das et al., 2017). The rice bran has 
been reported to contain the highest antioxidative 
properties and beneficial effects against cancers such 
as liver, breast, leukimia, cervical and colorectal 
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(Maekawa and Kita, 1984; Canan et al., 2012; Chen 
et al., 2012; Henderson et al., 2012).  Rice bran also 
has higher antioxidative properties such as phenolic 
contents (TPC), tocochromanols and oryzanol 
especially in red and black rice compared to bright or 
white rice (Ryu et al., 1998; Ling et al., 2001; Chen 
and Bergman, 2005; Zhang et al., 2006; Walter and 
Marchesan, 2011).

In previous studies, there is increasing interest 
in plant-derived substances i.e. rice extract as 
antibacterial agents to treat the disease.  By using 
plant as ingredients in medicine, it is safer than 
synthetic or chemical compounds because it contains 
natural product. As an example, it is reported that 
rice extracts (Pumirat and Luplertlop, 2013) can 
inactivate the growth of Bacillus cereus that causes 
vomiting and diarrheal syndrome.  B. cereus is able 
to produce endospore cells and able to germinate into 
vegetative cells. It can produce emetic and diarrheal 
toxins (Ankolekar et al., 2009; Ayari et al., 2016). 
Therefore, this study was undertaken to determine 
the physical, antioxidant and antibacterial properties 
of different indigenous rice (Oryza sativa L.) and 
glutinous rice (Oryza sativa var. glutinosa) varieties 
(crude extracts) from local cultivators or markets in 
the Peninsular of Malaysia.  As for the antibacterial 
property of the rice extracts, only B. cereus was 
focused in this study, as it is the main pathogenic 
bacteria that contaminate rice. Bacillus cereus may 
cause vomiting and diarrheal syndrome and able 
to produce endospore cells and vegetative cells in 
pigmented and non-pigmented rice (Oh et al., 2012).

Materials and Methods

Rice samples and chemicals
Forty-two samples were used and collected 

from the local cultivators or markets of Peninsular 
Malaysia.  They can be divided into two groups such 
as pigmented and non-pigmented rice and glutinous 
rice.  The pigmented rice samples that were from 
UKM (Universiti Kebangsaan Malaysia) was RC9 
(Red (UKMRC9), from five different supermarkets 
were PHC (Black (glutinous)), THA (Thai Red), 
FPH (Black: Floral (glutinous)), SBN (Sun Brown 
Jasmine) and MR7 (Brown Organic: MRQ-74).  As 
for the non-pigmented rice samples from MARDI, 
Tanjung Karang, Selangor were MR9 (MR269) and 
MR3 (MR263) and from six different supermarkets 
were SMP (Sri Mutiara (glutinous)), PSS (Super 
Special Mosque), TAJ (Taj Mahal Herba Faiza), FPP 
(Floral (glutinous)), MUT (Naga Mutiara (fragrant)) 
and SU5 (Jasmine Super5).

All of the chemicals and reagents used were of 

analytical grade such as Folin–Ciocalteu phenol 
reagent: ferric chloride (FeCl3•6H2O) and HCl were 
obtained from Merck (Darmstadt, Germany). The 
DPPH (2,2-diphenyl-1-picrylhydrazyl), gallic acid, 
TPTZ (2,4,6-tris(2-pyridyl)-s-triazine), Trolox and 
sodium acetate trihydrate were purchased from 
Sigma (Missouri, USA).  Sodium carbonate was 
purchased from Riedel-de Haën® (RDH) (Darmstadt, 
Germany), while glacial acetic acid was from 
Mallinckrodt Baker (Missouri, USA).

Rice samples preparation and extraction
Rice samples were pulverized into 0.5 mm size 

using rotor speed-mill (Fritsch Pulverisette 19, 
Sydney, Australia) and kept in airtight containers 
at chilled temperature (4oC). The method of Musa 
et al. (2011) was adopted with slight modification. 
The extraction procedure was conducted with 2 g of 
dried samples and 200 mL of 70% acetone (Merck, 
Germany), in order to achieve concentration of 
10mg/ mL (Min et al. 2014; Tang et al., 2016). The 
extraction was done for 24 hr in room temperature.  
All the extraction samples were centrifuged using a 
centrifuge (Kubota, Japan) for 10 minutes at 14,800 
rpm.  The supernatants were collected for further 
analysis.

Colour of rice grain
Colour of rice grain was determined by using 

Minolta spectrophotometer CR-400 colorimeter 
(Minolta Co., Ltd., Osaka, Japan).  Each rice sample 
was placed in petri dishes and the colour parameters 
(L*: lightness, a*:+ (redness) - (greenness), and 
b*: + (yellowness) – (blueness)) were then read.  
Three replicates for each sample were determined 
(Yodmanee et al., 2015).

Measurement of total phenolic content (TPC)
The method of Slinkard and Singleton (1977) 

was adopted with slight modification.  Rice extract 
(0.1 mL), gallic acid (standard calibration) and 
extracting solvent were placed in 2 mL deep well 
collection plates, followed by the addition of 400 
μL of distilled water and 500 μL of diluted Folin–
Ciocalteu reagent (10%; yellow colour). The mixtures 
were homogenized by pipetting and letting them to 
stand for 5 minutes, followed by the addition of 1 
mL of 7.5% (w/v) of sodium carbonate [0.075 g of 
sodium carbonate (white crystals) mixed with 0.925 
mL of distilled water].  The solutions (blue colour) 
were allowed to stand for 2 hr at room temperature 
and the absorbance was read at 765 nm wavelength 
by using spectrophotometer (SPECTROstarNano, 
Offenburg, Germany). The results were expressed 
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as mg of gallic acid equivalents per 100 mg of fresh 
sample (mg GAE/100 mg of FW).  Three replicates 
for each sample were determined.

Determination of ferric reducing/ antioxidant power 
(FRAP)

The method of Benzie and Strain (1996) was 
adopted with slight modification.  Fresh FRAP 
reagent was prepared by using 300 mM acetate 
buffer, pH 3.6 [3.1 g sodium acetate trihydrate, plus 
16mL glacial acetic acid, made up to 1L with distilled 
water], 10 mM TPTZ (2,4,6-tri(2-pyridyl)-striazine) 
[0.031 g TPTZ] in 10 mL of 40 mM hydrochloric 
acid (HCl) [1.46 mL concentrated HCl made up to 
1 L with distilled water] and 20 mM FeCl3 6H2O 
[0.054 g of FeCl3 6H2O mixed with 10ml of distilled 
water] in the ratio of 10:1:1 to give the working 
reagent.  FRAP reagent (light brown colour) of 3,900 
μL were freshly prepared and warmed at 37°C, was 
mixed with 100μL of the extracted sample, standards 
(Trolox), or extraction solvent (70% acetone) as 
blank reagent. After 30 minutes, the absorbance was 
read at 595 nm wavelength. The result was expressed 
as mg of Trolox equivalents per 10 g of fresh sample 
(mg TE/10 g of FW).  All samples were done in three 
replications.

Determination of radical-scavenging activity 
(DPPH)

This assay was based on the method of Musa et al. 
(2011).  Briefly, the decrease of the absorbance at 516 
nm wavelength of the DPPH solution was measured 
by using spectrophotometer (SPECTROstarNano, 
Offenburg, Germany) after the addition of the blank or 
sample extract. An aliquot (3,900 μL) of methanolic 
DPPH solution (24 mg/L) (purple colour) was mixed 
with 100μL of extracted sample solution (10 mg/mL).  
The absorption was read at the beginning and after 
30 minutes. The percentage of DPPH scavenging 
activity (%) was recorded and calculated using the 
following equation:

Radical scavenging activity = [Abs 516 nm (t = 0) - 
Abs516 nm (t = t΄) x 10] /Abs 516 nm (t = 0).

The result was expressed as mg of Trolox 
equivalents per mg of fresh sample (mg TE/100mg 
of FW). All samples were done in triplicates.

Inoculum preparation
Bacillus cereus (ATCC® 11778TM) was chosen 

as the bacterial strain to determine the antibacterial 
property of the rice samples in this study.  It is 
because B. cereus is a pathogenic bacterium that 

is associated with vomiting and diarrheal illness 
and frequently contaminates rice. To prepare the 
inoculum, the culture was streaked on Tryptic soy 
agar (TSA, Merck) plates and incubated at 30oC 
for 18 hr. Three to five well-isolated colonies of the 
same morphological type from the agar plates were 
selected. By using sterile collection swab, the top 
of each colony was touched and transferred to a test 
tube containing 5 mL of sterile distilled water. The 
density of the organism suspensions was adjusted to 
equal to the 0.5 McFarland standard (equivalent to 
108 cfu/ mL) (Maregesi et al., 2013).

The minimal inhibitory concentration (MIC): broth 
macro-dilution

The minimal inhibitory concentration (MIC) was 
determined by using broth macro-dilution method, 
using final inocula of 105 cfu/ mL. Six different 
concentrations of rice extracts were prepared to 
obtain concentrations ranging from 3.125 to 100 mg/
mL and tested against B. cereus (ATCC® 11778TM). 
As refer to Rankin (2005), the inoculums suspension 
(108 cfu/ mL = 0.5 McFarland) were diluted by using 
three subsequent serial 1:10 dilutions to reach the final 
density of organism suspensions. One mL volumes 
of 105 cfu/ mL bacterial suspension were transferred 
into each test tube that contained each concentration 
of rice extract. The contents in the test tubes were 
mixed thoroughly and incubated at 37°C for 18hr. 
The MIC endpoint is the lowest concentration of rice 
extract at which there is no visible growth in the test 
tubes.  All samples were done in triplicates and sterile 
distilled water was used as a negative control.

Minimal bactericidal concentration (MBC)
After MIC determination of the rice extract 

tested, an aliquot of 100 μL from all tubes in which 
no visible bacterial growth was observed were 
seeded in Mueller Hinton agar (MHA, Merck) plates. 
The plates were then incubated for 18hr at 37°C. The 
MBC endpoint is defined as the lowest concentration 
of antibacterial agent that kills >99.9% of the initial 
B. cereus (ATCC® 11778TM) population where 
no visible growth of the bacteria was observed on 
the MHA plates (Petrus et al., 2011; Pumirat and 
Luplertlop, 2013).

Susceptibility test: disc diffusion
Rice extract was screened for antibacterial 

property using the standard paper disc diffusion 
assay as described by the Clinical and Laboratory 
Standards Institute (Ortez, 2005). The bacterial strain 
was streaked on MHA plates with sterile collection 
swab. Sterile filter paper discs (6 mm, Mastdiscs), 
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were loaded with 100 μL of 1 mg/ mL (w/v) rice 
extract. Sterile distilled water was used as negative 
control. The MHA plates were incubated at 37oC for 
18 hr.  Evidence of clear zone (including the disc 
diameter) was measured in millimeter (mm) unit.  All 
rice samples were done in triplicates and the discs for 
each rice extracts were in duplicates.

Statistical analysis
All obtained data were done in triplicates and 

statistically analyzed by using SPSS program version 
22 (SPSS Inc, Chicago, USA).  Determination of 
comparison among the rice samples were determined 
by one-way ANOVA followed by Duncan’s multiple 
Range tests at the significance level of p<0.05.

Results and Discussion

Colour of rice grain
Table 1 shows the colour parameters (L*, a* and 

b*) of the ten varieties of rice and four varieties of 
glutinous rice grains. L* values, which expresses 
the lightness, were in the range of 40.95-107.97. 
The values of a* (+ redness; - greeness) and b* (+ 
yellowness; - blueness) were in the range of -12.11-
13.72 and -3.26-16.16 respectively. The L* values 
of non-pigmented rice samples (MR9, MR3, SMP, 
PSS, TAJ, FPP, MUT and SU5) were significatly 
higher than those of the red, black and brown rice 
samples at p<0.05. This results indicated that the 
non-pigmented rice samples had higher lightness 
than the red, black and brown rice samples. The a* 

values for all pigmented rice samples (RC9, PHC, 
THA, MR7, FPH and SBN) were significantly higher 
than the non-pigmented rice samples at p<0.05.  As 
for the the b* values in pigmented samples (RC9, 
THA, MR7 and SBN), they varied more than those 
in the non-pigmented rice samples, except for PHC 
(Black glutinous) and FPH (Black glutinous) that 
had lower b* values compared to the non-pigmented 
rice samples.  According to Escribano- Bailón et al. 
(2004), Yawadio et al. (2007) and Yodmanee et al. 
(2011), the differences in grain colour could depend 
on the form of anthocyanins and rice genotypes. 
The pigment generally found in pigmented rice and 
glutinous rice played an important role in reducing 
the risk of cancer and other chronic diseases. It is 
because of their free radicals scavenging capacities.

Antioxidant properties
The TPC (Total phenolic content), FRAP 

(Ferric Reducing/ Antioxidant Power) and DPPH 
(Radical-Scavenging Activity) of rice and glutinous 
rice extracts were shown in Table 1. The phenolic 

compounds may directly contribute to antioxidant 
properties of rice; therefore, TPC in rice and 
glutinous rice grains were measured. The TPC was 
expressed as miligrams of gallic acid equivalents 
(FW) per 100 miligrams of samples.  TPC ranged 
from 3.76 to 104.87 mg GAE/100 mg extract. Black 
glutinous rice (FPH, and PHC) and red rice (THA 
and RC9) had significantly highest TPC compared 
to brown rice (MR7 and SBN) samples and non-
pigmented rice samples at p<0.05. Moreover, FPH 
black glutinous rice extract contained the highest 
TPC (104.87±3.65 mg GAE/100mg extract) which 
was 9 times greater than SBN (Sun Brown Jasmine) 
brown rice (11.12±2.49 mg GAE/100mg extract) 
and 28 times higher than SMP (Sri Mutiara) white 
glutinous rice (3.76±0.88 mg GAE/100mg extract). 
It was similar to the previous studies that pigmented 
rice like black, red and brown rice tend to have higher 
TPC than non-pigmented rice (Ratanachithawat 
et al., 2010; Chen et al., 2012; Jun et al., 2012; 
Thitipramote et al., 2016).  Zhang et al. (2015) also 
showed that the TPC of black rice was significantly 
higher than the other pigmented rice and white rice, 
which was also confirmed by this study.  Similarly, 
Muntana and Prasong (2010) found that the red rice 
had the highest TPC than the black rice and white 
rice. They also showed that the Thai Red rice samples 
contained TPC (122.39 mg GAE/100mg extract) that 
was higher than in this study (92.62 mg GAE/100mg 
extract).

For DPPH radical scavenging activity ranged 
from 6.43-72.47 mg GAE/100mg FW extract. For 
pigmented rice samples, the DPPH scavenging assay 
were ranged from 11.87-72.47 mg GAE/100mg FW 
extract and the highest DPPH scavenging assay 
was FPH black glutinous rice (72.47±3.07 mg 
GAE/100mg FW extract).  FPH had 6 times higher 
DPPH scavenging assay than SBN (Sun Brown 
Jasmine) brown rice (11.87±3.4 mg GAE/100mg 
FW extract). Among the non-pigmented rice samples 
(MR9, MR3, SMP, PSS, TAJ, FPP, MUT and SU5), 
TAJ (Taj Mahal Herba Faiza) white rice had the 
highest DPPH scavenging assay (20.24±0.32 mg 
GAE/100mg FW extract) and 3 times higher than 
SMP (Sri Mutiara) white glutinous rice (6.43±0.34 mg 
GAE/100mg FW extract).  Anggraini et al. (2015) had 
shown that there is correlation of colour parameters 
with the antioxidant property of pigmented rice, i.e. 
the darker the rice, the higher antioxidant properties 
such as DPPH scavenging assay than the brightness 
of rice especially in white rice.

The FRAP (Ferric Reducing/ Antioxidant Power) 
assay in pigmented rice samples had higher range 
(11.87-104.93 mg TE/10g FW extract) than the non-
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pigmented rice samples (2.76-14.76 mg TE/10g FW 
extract). The FPH black glutinous rice (104.93±2.77 
mg TE/10g FW extract) had 9 times higher FRAP 
than the MRQ-74 organic brown rice (11.87±0.20 
mg TE/10g FW extract) and 38 times higher than 
the SMP (Sri Mutiara) white glutinous rice extract 
(2.76±0.44 mg TE/10g FW extract). FPH also had 
the highest FRAP assay than all the fourteen varieties 
of rice samples. As expected, the pigmented rice 
like black rice, red rice and brown rice had higher 
antioxidant properties as determined by FRAP assay 
(Chunthaburee et al., 2015). TAJ (Taj Mahal Herba 
Faiza) white rice (14.76±1.00 mg GAE/100mg 
extract) had higher FRAP assay than the other non-
pigmented rice samples. It also had 5 times higher 
FRAP assay than SMP (Sri Mutiara) white glutinous 
rice.  SMP had the lowest FRAP assay with only 
2.76±0.44mg TE/10g FW compared to all the rice 
samples in this study.  The correlation between colour 
parameter (L*, a* and b*) and antioxidant properties 
(TPC, DPPH and FRAP) were shown in Table 2.  
Generally, the correlation between L* and antioxidant 

properties for TPC, DPPH and FRAP were lowest 
compared to other colour parameter. It showed that 
the higher the lightness (L*) value of the samples, the 
lower the value of antioxidant properties (Dutta et 
al., 2012). On the other hand, the correlation between 
antioxidant properties (TPC, DPPH and FRAP) with 
antibacterial properties (MIC and MBC) were lower 
(negative value) than the inhibition zone (Table 3). It 
showed that the higher the antioxidant properties, the 
lower the concentration of MIC and MBC.

Antibacterial properties of rice extracts
Determination of the potential antibacterial 

properties of rice and glutinous rice samples against 
pathogenic bacteria-causing diarrhea and vomiting in 
human bodies was done in this study. The antibacterial 
effects of forty-two rice samples extracts on the 
control strain of B. cereus (ATCC® 11778TM) were 
shown in Table 3 and Figure 1.  As referred to Table 3, 
the average MICs of the pigmented rice (RC9, PHC, 
THA, MR7, FPH and SBN) samples’ extracts against 
B. cereus were 11.46 mg, which were significantly 

Table 1.  Colour determination, total phenolic content (TPC), DPPH scavenging assay 
and Ferric reducing antioxidant power (FRAP) assay of rice and glutinous rice samples

a-h: Different alphabet at same column show significant different at (p<0.05);
± : standard deviation at min (colour parameters and antioxidant activities) for 3 replication test (n=3) 
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(p<0.05) lower than the non-pigmented (MR9, MR3, 
SMP, PSS, TAJ, FPP, MUT and SU5) rice samples 
at an average of 53.13 mg.  Among the rice samples, 
THA red rice (Thai Red) and FPH black glutinous 
rice (Floral) had MICs at the lowest concentration of 
3.125 mg. Both of the rice samples also had MICs 
2 times lower than RC9 red rice (UKMRC9) and 
PHC black glutinous rice, 8 times lower than MR7 
brown organic rice (MRQ-74), SBN brown rice 
(Sun Brown Jasmine), PSS white rice (Super Special 
Mosque), TAJ white rice (Taj Mahal Herba Faiza) 
and SU5 white rice (Jasmine Super5), 16 lower than 
MR9 white rice (MR269), SMP white glutinous rice 
(Sri Mutiara) and MUT white rice (Naga Mutiara 
(fragrant)), and 32 times lower than MR3 white rice 
(MR263) and FPP white glutinous rice (Floral).

The MBCs for pigmented rice samples also 
showed the lowest average concentration at only 
22.92 mg which was 3 times lower than the non-
pigmented rice samples (64.29 mg). The lowest 
MBCs among all samples were THA red rice (Thai 
Red) and FPH black glutinous rice (Floral) at 6.25 
mg and >16 times lowest than MR3 white rice 
(MR263).  It showed that the pigmented rice samples 
with highest antioxidative properties were able to 
reduce the growth and prevalence of B. cereus in rice 
and glutinous rice at low concentration.

Figure 1 showed the susceptibility test results 
by using disc diffusion and measuring the zone 
of inhibition on MHA agar.  At concentration of 1 
mg, the pigmented rice samples were able to reduce 
B. cereus at a range of 1.60 - 7.73 mm compared 
to the non-pigmented rice samples for only at 0 - 
1.40mm. FPH black glutinous rice had the highest 
zone of inhibition at 7.73 mm and based from the 
antioxidative properties (TPC, DPPH and FRAP), it 

also showed the highest concentration compared to 
the other rice samples. This demonstrated the fact 
that the higher the antioxidative properties of the 
rice samples, the stronger were they against bacterial 
growth (antibacterial properties).  The results were 
supported by previous studies of Chakuton et al. 
(2012), Kim et al. (2012), Deng et al. (2013), 
Gonzalez et al. (2013) and Pumirat and Luplertlop 
(2013), where pigmented rice (Oryza sativa L.) was 
able to be a potential natural antibacterial agent.  The 

Table 2.  Pearson’s correlation coefficients of antioxidant properties with antibacterial 
properties and colour parameter of pigmented and non-pigmented rice samples

a-e: Different alphabet at rice samples show significant different 
at (p<0.05);
Error bar : standard deviation at min (inhibition zone) for 3 
replication test (n=3)
RC9 = Red (UKMRC9); PHC = Black (glutinous); THA = Thai 
Red; MR7 = Brown Organic (MRQ-74); FPH = Black: Floral 
(glutinous); SBN = Sun Brown Jasmine; MR9 = MR269; MR3 
= MR263; SMP = Sri Mutiara (glutinous); PSS = Super Special 
Mosque; TAJ = Taj Mahal Herba Faiza; FPP = Floral (glutinous); 
MUT = Naga Mutiara (fragrant); SU5 = Jasmine Super5.
Figure 1.  Inhibition zone (mm) for raw rice samples 
against control strain of Bacillus cereus (ATCC® 11778™)
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pigmented rice like black, red and brown contain a 
variety of bioactive constituents such as amino acids, 
anthocyanins, essential oils, flavones, phenolics, 
tannin, tocols, sterols, and γ-oryzanols (Chakuton et 
al.,2012, Kim et al., 2012, Deng et al., 2013, Gonzalez 
et al., 2013, Pumirat and Luplertlop, 2013).  A study 
by Huang et al. (2012) has shown that glutinous rice 
was able to reduce the growth of pathogenic bacteria 
like B. cereus and treat stomach upset symptom such 
as diarrhoea and nausea.

The correlation (Table 2) between antibacterial 
properties (MIC, MBC and inhibition zone) with 
colour parameters and antioxidant properties showed 
that a* for both MIC and MBC was the lowest 
(negative value) compared to the Inhibition zone. It 
showed that the pigmented rice had higher antioxidant 
properties and able to inhibit the growth of B. cereus 
with lower MIC and MBC concentrations.  

Conclusions

Rice and glutinous rice contain pigments which are 
one of the good sources of antioxidative compounds, 
including phenolic. As far as antioxidant and their 
activities are concern, it was found that pigmented 
rice samples contained higher antioxidative 
properties than the non-pigmented samples. In 
addition, the darker pigmented rice has the highest 
antioxidative properties compared to brighter rice. 
However, if compared with the colour, the black rice 
(FPH; glutinous) had higher antioxidative properties 
such as TPC, DPPH and FRAP than the red and 
brown rice.  FPH black glutinous rice and THA 

red rice both showed the lowest MICs and MBCs 
compared to all other rice samples. It demonstrated 
that the pigmented rice samples were able to reduce 
the growth and prevalence of B. cereus (ATCC® 

11778TM) much better than the non-pigmented rice.

Acknowledgments

The authors would like to acknowledge the 
Ministry of Education for the financial support of the 
Fundamental Research Grant Scheme (FRGS/1/2014/
STWN03/UKM/02/1) and the MyBrain PhD, as 
well as the Universiti Kebangsaan Malaysia for the 
Dana Impak Perdana (DIP-2014-007) and facilities 
provided throughout the research process.  The 
contributions of the rice samples from MARDI and 
UKM were greatly appreciated.

References

Anggraini, T., Novelina, Limber, U. and Amelia, R. 2015. 
Antioxidant activities of some red, black, and white 
rice cultivar from West Sumatra, Indonesia. Pakistan 
Journal of Nutrition 14(2): 112-117.

Ankolekar, C., Rahmati, T. and Labbé, R. G. 2009. 
Detection of toxigenic Bacillus cereus and Bacillus 
thuringiensis endospores in U.S. rice. International 
Journal of Food Microbiology 128: 460–466.

Ayari, S., Dussault, D., Hamdi, M. and Lacroix, M. 2016. 
Growth and toxigenic potential of Bacillus cereus 
during storage temperature abuse in cooked irradiated 
chicken rice in combination with nisin and carvacrol. 
LWT - Food Science and Technology 72: 19-25.

Benzie, I. F. and Strain, J. J. 1996. The ferric reducing 
ability of plasma (FRAP) as a measure of “antioxidant 

Table 3.  Minimum inhibitory concentration (MIC) and minimum bacterial concentration 
(MBC) breakpoints for pigmented and non- pigmented rice samples against control strain 

of Bacillus cereus (ATCC® 11778™)



2335  Abdullah Sani et al./IFRJ 25(6): 2328-2336

power”: the FRAP assay. Analytical Biochemistry 
239(1): 70-76.

Canan, C., Delaroza, F., Casagrande, R., Baracat, M. M., 
Shimokomaki, M. and Ida, E. I. 2012. Antioxidant 
capacity of phytic acid purified from rice bran. Acta 
Scientiarum 34: 457–463.

Chakuton, K., Puangpronpitag, D. and Nakornriab, M. 
2012. Phytochemical content and antioxidant property 
of colored and non-colored Thai rice cultivars.  Asian 
Journal of Plant Sciences 11: 285-293.

Chen, M. H. and Bergman, C. J. 2005. A rapid procedure 
for analysing rice bram tocopherol, tocotrienol and 
oryzanol contents. Journal of Food Composition and 
Analysis 18: 319-331.

Chen, M. H., Choi, S. H., Kozukue, N., Kim, H. J. and 
Friedman, M. 2012. Growth-inhibitory effects of 
pigmented rice bran extracts and three red bran 
fractions against human cancer cells: relationships 
with composition and antioxidative activities. Journal 
of Agricultural and Food Chemistry 60: 9151–9161.

Chen, X. Q., Nagao, N., Itani, T. and Irifune, K. 2012. 
Anti-oxidative analysis, and identification and 
quantification of anthocyanin pigments in different 
coloured rice. Food Chemistry 135(4): 2783-2788.

Chunthaburee, S., Sanitchon, J., Pattanagul, W., and 
Theerakulpisut, P.  2015. Effects of salt stress after 
late booting stage on yield and antioxidant capacity 
in pigmented rice grains and alleviation of the salt-
induced yield reduction by exogenous spermidine. 
Plant Production Science 18(1): 32-42.

Dano, E. C. and Samonte, E. D.  2005. Public sector 
intervention in the rice industry in Malaysia. In State 
intervention in the rice sector in the rice sector in 
selected countries: Implications for the Philippines. 
Quezon City, Philippines: Southeast Asia Regional 
Initiatives for Community Empowerment: Rice Watch 
and Action Network.

Das, A. B., Vaibhav, V. G and Das, C. 2017. Extraction of 
phenolic compounds and anthocyanin from black and 
purple rice bran (Oryza sativa L.) using ultrasound: 
A comparative analysis and phytochemical profiling. 
Industrial Crops and Products 95: 332-341.

Deng, G. F., Xu, X. R., Zhang, Y., Li, D., Gan, R. Y. and Li, 
H. B. 2013. Phenolic compounds and bioactivities of 
pigmented rice. Critical Reviews in Food Science and 
Nutrition 53(3): 296-306.

Dutta, A. K., Gope, P. S., Banik, S., Makhnoon, S., 
Siddiquee, M. A. and Kabir, Y. 2012. Antioxidant 
properties of ten high yielding rice varieties of 
Bangladesh. Asian Pacific Journal of Tropical 
Biomedicine 2(1): 99-103. 

Escribano-BailÓn, M. T., Santos-Buelga, C. and Rivas- 
Gonzalo, C. 2004. Anthocyanins in cereals. Journal of 
Chromatography A 1054 (1-2): 129-141.

Fasahat, P., Muhammad, K. Abdullah, A. and Ratnam, 
W. 2012. Proximate nutritional composition and 
antioxidant properties of Oryza rufipogon, a wild rice 
collected from Malaysia compared to cultivated rice, 
MR219. Australian Journal of Crop Science 6: 1502-
1507.

Food and Agriculture Organization (FAO). 2009. FAO 
Rice Market Monitor. Trade and market division. 
Food and Agriculture Organization of the United 
States 12(1): 1-38.

Gonzalez, N., Sevillano, D., Alou, L., Cafini, F., 
Gimenez, M. J., Gomez-Lus, M. L. and Aguilar, 
L. 2013. Influence of the MBC/MIC ratio on the 
antibacterial activity of vancomycin versus linezolid 
against methicillin-resistant Staphylococcus aureus 
isolates in a pharmacodynamic model simulating 
serum and soft tissue interstitial fluid concentrations 
reported in diabetic patients. Journal of Antimicrobial 
Chemotherapy 68: 2291-2295.

Henderson, A. J., Ollila, C. A., Kumar, A., Borresen, E. 
C., Raina, K., Agarwal, R. and Ryan, E. P. 2012. 
Chemopreventive properties of dietary rice bran: 
Current status and future prospects. Advances in 
Nutrition: An International Review Journal 3: 643– 
653.

Huang, X., Kurata, N., Wei, X., Xuan-Wang, Z., Wang, A., 
Zhao, Q., Zhao, Y., Liu, K., Lu, H., Li, W., Guo, Y., 
Lu, Y., Zhou, C., Fan, D., Weng, Q., Zhu, C., Huang, 
T., Zhang, L., Wang, Y., Feng, L., Furuumi, H., Kubo, 
T., Miyabayashi, T., Yuan, X., Xu, Q., Dong, G., Zhan, 
Q., Li, C., Fujiyama, A., Toyoda, A., Lu, T., Feng, 
Q., Qian, Q., Li, J. and Han, B. 2012. A map of rice 
genome variation reveals the origin of cultivated rice. 
Nature 490(7421): 497-501.

Jun, H. I., Song, G. S., Yang, E. I., Youn, Y. and Kim, Y. S. 
2012. Antioxidant activities and phenolic compounds 
of pigmented rice bran extracts. Journal of Food 
Science 77(7): C759-C764.

Kim, S. P., Kang, M. Y., Park, J. C., Nam, S. H. and 
Friedman, M. 2012. Rice hull smoke extract inactivates 
Salmonella Typhimurium in laboratory media and 
protects infected mice against mortality. Journal of 
Food Science 77(1): M80-85.

Ling, W. H., Cheng, Q. X., Ma, J. and Wang, T. 2001. 
Red and black rice decrease atherosclerotic plaque 
formation and increase antioxidant status in rabbits. 
Journal of Nutrition 131: 1421-1426.

Maekawa, M. and Kita, T. 1984. The spectral characteristic 
of extraction pigment of the genetic colouring grain 
in rice plants.  Hotsukaido University Agricultural 
Faculty. Farm Research Report 23: 11-21.

Maregesi, S. M., Nyamwisenda, N. T., Mwangomo, D. and 
Kidukuli, A. 2013. In vitro antimicrobial properties and 
determination of essential metal and ash value contents 
of Trichodesmazeylanicum.  International Journal of 
Research in Pharmacology and Pharmatherapeutics 
2(3): 418-424.

Min, B., McClung, A. and Chen, M. 2014. Effects of 
hydrothermal processes on antioxidants in brown, 
purple and red bran whole grain rice (Oryza sativa L.). 
Food Chemistry 159: 106-115.

Muntana, N. and Prasong, S. 2010. Study on total phenolic 
contents and their antioxidant activities of Thai white, 
red and black rice bran extract. Pakistan Journal of 
Biological Sciences 13(4): 170-174.

Musa, K. H., Abdullah, A., Jusoh, K. and Subramaniam, 



 Abdullah Sani et al./IFRJ 25(6): 2328-2336 2336

V. 2011. Antioxidant activity of pink-flesh guava 
(Psidium Guajava L.): effect of extraction techniques 
and solvents. Food Analysis Methods 4: 100–107.

Oh, M. H., Ham, J. S. and Cox, J. M. 2012. Diversity and 
toxigenicity among members of the Bacillus cereus 
group. International Journal of Food Microbiology 
152: 1–8.

Ortez, J. H. 2005. Manual of Antimicrobial Susceptibility 
Testing.  American Society for Microbiology. In Coyle, 
B. (Eds.), Test methods: Disc Diffusion Testing, p.39-
48. Washington: American Society for Microbiology.

Petrus, E. M., Tinakumari, S., Chai, L. C., Ubong, A., 
Tunung, R., Elexson, N., Chai, L. F. and Son, R. 2011. 
A study on the minimum inhibitory concentration and 
minimum bactericidal concentration of nano colloidal 
silver on food-borne pathogens. International Food 
Research Journal 18: 55-66.

Phonsakhan, W. and Kong-Ngern, K. 2015. A comparative 
proteomic study of white and black glutinous rice 
leaves. Electronic Journal of Biotechnology 18: 29–
34.

Pumirat, P. and Luplertlop, N. 2013. The In-vitro 
antibacterial effect of colored rice crude extracts 
against Staphylococcus aureus associated with skin 
and soft-tissue infection. Journal of Agricultural 
Science 5(11): 102-109.

Rankin, I. D. 2005. Manual of Antimicrobial Susceptibility 
Testing.  American Society for Microbiology. In 
Coyle, B. (Eds.), Test methods: MIC Testing, p. 53-
56. Washington: American Society for Microbiology.

Rattanachittahawat, S., Suwannalert, P., Riengrojpitak, 
S., Chaiyasut, C. and Puntuwatana, S. 2010. Phenolic 
content and antioxidant activities in red unpolished 
Thai rice prevent oxidative stress in rats. Journal of 
Medicinal Plants Research 4(9): 796-801.

Ryu, S. N., Park, S. Z. and Ho, C. T. 1998. High 
performance liquid chromatographic determination of 
anthocyanin pigments in some varieties of black rice. 
Journal of Food and Drug Analysis 6: 729-736.

Slinkard, K. and Singleton, V. 1977. Total phenol analysis; 
automation and comparison with manual methods. 
American Journal of Enology and Viticulture 28: 
49–55.

Sohrabi, M., Rafii, M. Y., Hanafi, M. M., Siti Nor Akmar, 
A. and Latif, M. A. 2012. Genetic diversity of upland 
rice germplasm in Malaysia based on quantitative 
traits. The Scientific World Journal 2012: 1-9.

Tang, Y., Cai, W. and Xu, B. 2016. From rice bag to 
table: Fate of phenolic chemical compositions and 
antioxidant activities in waxy and non-waxy black rice 
during home cooking. Food Chemistry 191:  81–90.

Thitipramote, N., Pradmeeteekul, P. and Nimkamnerd, J. 
2016. Bioactive compounds and antioxidant activities 
of red (Brown Red Jasmine) and black (Kam Leum 
Pua) native pigmented rice. International Food 
Research Journal 23(1):  410-414.

Walter, M. and Marchesan, E. 2011. Phenolic compounds 
and antioxidant activity of rice. Brazilian Archives of 
Biology and Technology 54: 371-377.

Yawadio, R., Tanimori, S. and Morita, N. 2007. 

Identification of phenolic compounds isolated from 
pigmented rices and their aldose reductase inhibitory 
activities. Food Chemistry 101 (4): 1616-1625. 

Yodmanee, S., Karrila, T.T. and Pakdeechanuan, P. 
2011. Physical, chemical and antioxidant activity 
of pigmented rice grown in Southern Thailand. 
International Food Research Journal 18(3): 901-906.

Zhang, H., Shao, Y., Bao, J. and Beta, T. 2015. Phenolic 
compounds and antioxidant property of breeding lines 
between the white and black rice. Food Chemistry, 
172, 630–639.

Zhang, M. W., Guo, B. J., Zhang, R. F., Chi, J. W., Wei, Z. 
C., Xu, Z. H., Zhang, Y. and Tang, J. 2006. Separation, 
purification and identification of antioxidant 
compositions in black rice. Agricultural Sciences in 
China 5: 431-440.


