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Abstract

The objective of this study was to investigate the possibility of enhancing the antioxidant properties of germinated
rice seeds cv. Kum Doi Saket, a pigmented rice variety cultivated in northern Thailand, using salinity. Rice seeds
were soaked in 0, 25, 75, 150, and 300 mM NaCl for 12 hours, sown on 0.7% agar supplemented with the same
NaCl concentrations for soaking at 28 + 2°C in the dark for 5 days. Germination percentage, growth of seedlings,
antioxidant capacities, total phenolic content, and activities of Ascorbate Peroxidase (APX) and Catalase (CAT)
were examined. The results showed that germination was not affected by 25 and 75 mM NaCl, but was significantly
reduced by 17% and 100% under 150 and 300 mM NaCl, respectively. Fresh weight was not affected by 25 mM
NaCl, whereas all NaCl concentrations significantly reduced the shoot length of germinated seeds. Root length
was significantly reduced by 150 and 300 mM NaCl. Antioxidant capacities, quantified by DPPH and ABTS radical
scavenging assays, and total phenolic content significantly increased in germinated seeds treated with 150 mM
NaCl. A high positive correlation between antioxidant capacities and total phenolic content was found. APX activities
increased with germination time, reached the highest peak on day 2 for the control, and on day 4 for salt treatments
with 150 mM NaCl showing the highest activity. CAT activities of the control reached the maximum on day 2, whereas
it showed different highest peaks for salt treatments; salinity reduced the activity of CAT during germination. These
results suggest that antioxidant properties of Kum Doi Saket germinated rice seeds are enhanced by salinity
stress of 150 mM NaCl. This is an alternative way to elevate antioxidant properties for consumption and for further

pharmaceutical application of germinated Thai rice.
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Introduction

Germinated rice has been of interest throughout Asian countries
[1] as it contains high amounts of bioactive compounds such as
y-aminobutyric acid (GABA), y-oryzanol, and dietary fiber [1-
4]. Germinated rice also contains high amounts of ferulic acid [5],
a-tocopherols [1], total phenolic [4], and total anthocyanin contents [6]
which have potent antioxidant and free radical scavenging properties
[5,7,8].

Pigmented rice (also known as colored rice) has higher antioxidant
capacity which illustrates the total ability of antioxidants to scavenge
free radicals [9], total phenolic and flavonoid contents than white
rice [10-13]. Moreover, germinated pigmented rice has higher total
anthocyanin content and antioxidant activity than those of germinated
non-pigmented rice [6]. However, little attention has been given on the
antioxidative property of germinated pigmented rice and data relevant
to this are not readily available in Thailand [6].

Salinity promotes some antioxidant compounds and antioxidant
capacity in rice. For example, Daiponmak et al. [14] reported that
antioxidant capacities, total phenolic content, and cyanidin-3-glycoside
content were significantly increased in leaves of 16-day-old seedlings of
Thai rice cultivars KDML105 and Kum Doi Saket under salinity of 60
mM NaCl for 11 days. Chutipaijit et al. [15] found that total antioxidant
capacity and the amounts of proline, anthocyanins and flavonoids
of 14-day-old seedlings of pigmented and non-pigmented Thai rice
cultivars KDML105, Pathumthanil, Sangyod, Khao Dang, Kulab
Dang, KumSakol, Kum Khonkaen1, KumKhonkaen 2, and Black Sticky
were enhanced after being grown in NB-liquid medium supplemented
with 100 mM NacCl for 4 days [16]. Ghosh et al. [17] reported that a
significant increase in total phenolic content was observed in 17-day-

old seedlings of Pokkali and Nonabokra rice varieties during exposure
to salinity of 200 mM NaCl for 48 and 72 hours.

Antioxidant enzymes such as Ascorbate Peroxidase (APX) and
Catalase (CAT), which also have a major role in scavenging Reactive
Oxygen Species (ROS), have been increased in rice under salinity.
Demiral and Turkan [18,19] found that the treatment of 120 mM NaCl
for 1 week significantly increased APX and CAT activity in leaves and
roots of 4-week-old Pokkali seedlings.

Although studies have Indicated that salinity increased the
antioxidant capacity, total phenolic compounds, and antioxidant
enzymes in rice, the experiments were conducted on seedlings aged
2 to 4 weeks [14-19]. Our objective was to evaluate the possibility of
increasing the antioxidant properties of germinated rice cv. Kum Doi
Saket, which is a local pigmented rice cultivar cultivated in northern
Thailand. It has been reported to have high efficiency as a cytotoxic to
cancer cells [20,21]. Salinity can add nutritional value to this crop.

Materials and Methods

Plant materials and treatments

Seeds of rice cv. Kum Doi Saket were obtained from the Department
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of Plant Science and Natural Resources, Faculty of Agriculture, Chiang
Mai University, Thailand. Rice seeds were dehusked with a husker (KM™
model HMF, Tokyo, Japan) and sterilized with 2.0% Clorox solution
for 20 minutes. The seeds were soaked in solutions of 0 (control), 25,
75, 150, and 300 mM NaCl for 12 hours at ambient temperature (30 +
2°C, 75 + 3% RH) before being sown on 0.7% agar added with the same
NaCl concentrations for soaking and incubated in the dark at 28 + 1°C
with a relative humidity (RH) of 80 + 2% for 5 days. Germinated seeds
were randomly sampled every day for subsequent determinations.

Seed germination and growth measurement

Germination percentages were recorded every day, and the
germination was defined when the radicle protruded at least 1 mm
[22]. Fresh weight, shoot and root lengths were recorded daily for each
treatment.

Determination of antioxidant capacity

Antioxidant capacity was determined using DPPH and ABTS
radical scavenging assays following the method of Mun’im et al.
[23] and Huang et al. [24], with slight modification. Four grams of
germinated seeds were homogenized in 10 ml of 80% ethanol by using
a mortar and pestle, and centrifuged at 16,000Xg and 4°C (refrigerated
centrifuge model IEC Multi-RF, USA) for 20 minutes. The supernatant
was collected for DPPH and ABTS radical scavenging assays.

For DPPH radical scavenging assay, 100 ul of supernatant were
mixed with 400 pl of 0.3 M acetate buffer (pH 5.5) and 2.5 ml of 0.12
mM DPPH in 95% methanol. The mixed solution was incubated in a
dark room for 30 minutes and the absorbance was measured at 517 nm
with a visible spectrophotometer (Thermo Spectronic™ model Helios
Epsilon, USA). The antioxidant capacity of the samples was calculated
by the decreasing intensity of the purple color of DPPH" as a result
of a reaction between DPPH" and the antioxidant compounds in the
samples following the equation:

DPPH radical scavenging capacity (%) = % x100
b
A, was the absorbance of the control at 30 minutes (using 80%
ethanol instead of the supernatant) and A_was the absorbance of the
supernatant at 30 minutes. Trolox was used as a standard and the results
were expressed as Trolox equivalent antioxidant capacity (TEAC; pmol
Trolox/g fresh weight).

For ABTS radical scavenging assay, 20 pl of supernatant were
mixed with 2.0 ml of 0.08 mM ABTS* solution in 80% ethanol for 10
minutes at room temperature. The absorbance was measured at 734 nm
with a visible spectrophotometer (Thermo Spectronic™ model Helios
Epsilon, USA). The antioxidant capacity of the samples was determined
by decreasing intensity of the blue-green color of ABTS** as a result
of a reaction between ABTS** and the antioxidant compounds in the
samples following the same equation with DPPH radical scavenging
capacity. The results were also expressed as Trolox equivalent
antioxidant capacity (TEAC; umol Trolox/g fresh weight).

Determination of total phenolic content

The total phenolic content was determined by the method of
Singleton and Rossi [25]. Four grams of germinated seeds were
homogenized in 10 ml of 80% ethanol by using a mortar and pestle
and then centrifuged at 16,000xg and 4°C (refrigerated centrifuge
model IEC Multi-RF, USA) for 20 minutes. Four hundred microliters
of supernatant were mixed with 2 ml of 10% Folin-Ciocalteu reagent

(V/V) for 8 minutes. Then 1.6 ml of 7.5% sodium carbonate (W/V)
was added. The tubes were incubated for 2 hours at 30°C and the
absorbance was measured at 765 nm with a visible spectrophotometer
(model Thermo Spectronic, USA). A standard curve of 0-0.01% gallic
acid (W/V) was used to quantify the total phenolic content and the
results were expressed as mg GAE/100 g fresh weight.

Determination of CAT and APX activities

Enzymes were extracted by the modified method of Sunohara
and Matsumoto [26]. One gram of germinated seeds was ground in
liquid nitrogen with a mortar and pestle. It was homogenized in 10
ml of the extracted solution containing 25 mM potassium phosphate
buffer (pH 7.8), 0.4 mM EDTA, 1 mM ascorbic acid and, 2% PVPP
(W/V). The homogenate was centrifuged at 15,000xg for 20 minutes at
4°C. The supernatant was filtrated through Whatman no. 1 filter paper
and the filtrate was collected for CAT and APX activity assays as crude
enzymes.

CAT activity was assayed based on the method of Sunohara and
Matsumoto [26]. The assay mixture (2 ml) contained 1.9 ml of 25 mM
H,0, in 50 mM potassium phosphate buffer (pH 7.0) and 0.1 ml of
crude enzyme. The absorbance was measured at 240 nm with a UV/VIS
spectrophotometer (model UV Lambda 25, USA). The enzyme activity
was defined as the amount of H,0O, decomposed per minute and mg
protein.

APX activity was assayed based on the method of Sunohara and
Matsumoto [26]. The assay mixture (2 ml)contained0.5 ml of 100 mM
potassium phosphate buffer (pH 7.0),0.5 ml of 0.4 mM EDTA, 0.5 ml
of 1 mM L-ascorbic acid, 0.02 ml of 10 mM HO,, and 0.1 ml of crude
enzyme. The absorbance was measured at 290 nm with a UV/VIS
spectrophotometer (model UV Lambda 25, USA). The enzyme activity
was defined as the amount of H,0, decomposed per minute and mg
protein.

Protein levels were assayed according to Lowry et al. [27] with
Folin-Ciocalteu reagent using 0-200 pg/ml Bovine Serum Albumin
(BSA) as a standard.
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Figure 1: The effects of NaCl on germination percentage of KumDoiSaket
rice seeds. Bars with the same letters (in each germination time) are not
significantly different at p <0.05 using Tukey test. Means and standard errors
(n=6).
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Statistical analysis

The experiments were set up in a completely randomized design
and repeated twice. The results were presented as the average of the
repeated experiments by pooling individual data. One Way ANOVA
and Tukey’s Multiple Range Tests (P<0.05) were performed to
determine significant differences among the means of the treatments
using SPSS version 16 (SPSS incorporation Chicago, IL, USA). Simple
linear regression was used to estimate the correlation between the total
phenolic content and antioxidant capacity from both DPPH and ABTS
radical scavenging assays.

Results

Effect of NaCl on germination and growth of germinated rice
seeds

The germination percentage of Kum Doi Saket rice seeds was as
high as 70% after being placed on agar without NaCl (control) for
1 day and reached the maximum at about 90% on day 2 (Figure 1).
Seeds placed on agar supplemented with 25, 75, and 150 mM NaCl
also started germinating on day 1, but the germination percentage was
significantly reduced compared to the control (Figure 1). On day 5,
the germination percentage of seeds placed on 25 and 75 mM NaCl
was not significantly different from that of the control, ranging from
84-93%, whereas this percentage was significantly reduced by 17% in

seeds germinated in 150 mM NaCl (Figure 1). The concentration of
300 mM NaCl completely inhibited the germination of Kum Doi Saket
rice seeds (Figure 1).

Fresh weight of rice seeds was not different between the treatments
after being soaked for 12 hours (day 0) with different concentrations
of NaCl (Table 1). The fresh weights of germinated rice seeds of the
control and that of the seeds grown on agar with 25 and 75 mM NaCl
significantly increased with the germination time from day 2 compared
with that of day 0. It slightly increased from day 1 to 4, but significantly
increased on day 5 for seeds germinated on 150 mM NaCl, while the
fresh weight did not significantly change for seeds germinated on
300 mM NacCl (Table 1). On day 5, the fresh weight of 25 mM NaCl
treatment was not significantly different from that of the control,
whereas it was significantly reduced by 12, 16, and 25% for 75, 150, and
300 mM NaCl treatments, respectively (Table 1).

Shoot length of germinated rice seeds of the control significantly
increased from day 2 compared with that of day 0. It significantly
increased from days 3, 4, and 5 for 25,75 and 150 mM NaCl, respectively,
while 300 mM NaCl completely inhibited the shoot length (Table 1).
The shoot length was reduced by NaCl treatments with the reduction
percentages of 39.2%, 45.3%, and 69.9% for 25, 75, and 150 mM NaCl,
respectively, as compared to that of the control on day 5. Root length of
germinated rice seeds was not significantly affected by 25 and 75 mM

Day NaCl concentration (mM) Fresh weight (mg/sprout) Shoot length (mm) Root length (mm)

0 0 34.50 + 0.62 ghi 0.0+0.0g 0.0+0.0i
25 33.49+0.62i 0.0+0.0g 0.0+0.0i
75 33.38+0.54i 00+00g 0.0+0.0i
150 33.21+0.29i 00+00g 0.0+0.0i
300 33.20+0.25i 00+00g 0.0+0.0i

1 0 37.64 + 0.52 defgh 1.4+0.3fg 5.5+ 0.7 fghi
25 36.35 + 0.66 efghi 05+02g 6.5 + 0.6 efgh
75 36.06 + 0.64 efghi 04+03g 4.3 + 1.1 fghi
150 35.05 + 0.51 fghi 02+01g 1.0+ 0.1hi
300 34.37 + 0.50 hi 00+00g 0.0+0.0i

2 0 40.38 + 0.91 bed 5.3+ 0.4 def 115+ 1.1de
25 38.34 + 0.86 cdef 4.0 £ 0.6 efg 13.0 £ 0.8 cde
75 37.87 + 0.30 defgh 09+05¢g 13.9+£ 1.0 cde
150 35.24 + 0.52 fghi 0.7+049g 3.5+0.7 ghi
300 34.47 +0.53 hi 00+00g 0.0+0.0i

3 0 41.15 + 0.42bcd 9.1+ 0.8 bed 13.4 £ 1.4 cde
25 40.53 + 1.66 bcd 6.7 £ 0.9 cde 14.0 £ 1.2 cde
75 37.90 + 0.44 defgh 3.0+ 0.9 efg 18.4£2.3 bc
150 35.46 + 0.56 fghi 07049 5.5+ 0.8 fghi
300 34.59 + 0.60 ghi 00+00g 0.0+0.0i

4 0 43.66 + 1.56ab 128+ 16b 17.5+2.2 bed
25 42.06 £ 0.78 bc 9.0+ 1.2 bed 18.3 £ 1.6 bed
75 38.22 + 1.18 defg 6.0+ 0.8 de 21.6+2.8ab
150 36.25 + 0.46 efghi 3.9+ 1.0efg 8.8+ 1.1 defg
300 34.69 + 0.70 fghi 00+00g 0.0+0.0i

5 0 46.88£0.94 a 199+29a 26.4+32a
25 43.33+2.24 ab 121+2.0b 23.3+1.6ab
75 41.22 +1.01 bed 10.9+1.5bc 256+28a
150 39.27 + 0.48 def 6.0+ 1.0de 9.0 + 1.4 def
300 34.94 + 1.15 fghi 00+00g 0.0£0.0i

Means £ S.E. (n=30) with the same letter within the same column are not significantly different according to Tukey’s test (p< 0.05)

Table 1: Fresh weight, shoot and root lengths of Kum Doi Saket rice during germination for 5 days with different concentrations of NaCl.
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NaCl, but significantly decreased with 150 mM NaCl by 65.9% (Table
1). As with the effect on the shoot, 300 mM NaCl completely inhibited
the growth of the roots (Table 1).

Antioxidant capacity

As shown in Figure 2, antioxidant capacities of Kum Doi Saket rice
seeds determined by DPPH and ABTS radical scavenging assays were
different among the treatments after soaking in different concentrations
of NaCl for 12 hours (day 0). The seeds soaked in NaCl concentrations
of 75, 150, and 300 mM had significantly higher antioxidant capacities
than the seeds soaked in deionized water (control) and 25 mM NaCl,
and 150 mM NaCl rendered the highest antioxidant capacity from both
assays (Figure 2). When seeds were germinated on agar supplied with
the same NaCl concentrations used for soaking, antioxidant capacities
of the control gradually increased with germination time and reached
the maximum at day 5 in which the antioxidant capacities were 1.45
and 1.79 times higher than those of day 0 for DPPH and ABTS radical
scavenging assays, respectively (Figure 2). Similarly, the antioxidant
capacities of seeds germinated on agar supplemented with NaCl
increased continuously with germination time, and day 5 provided the
highest antioxidant capacities in all NaCl concentrations as compared
to those of day 0 (Figure 2). Among the concentrations of NaCl used in
this study, 150 mM was found to be the best concentration enhancing
antioxidant capacities. It produced the highest antioxidant capacity
with significant differences in every germination time compared with
the control, and when compared with other NaCl concentrations on
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Figure 2: The effects of NaCl on antioxidant capacity of germinated rice seeds
using DPPH (a) and ABTS (b) radical scavenging assays. Bars with the same
letters (in each germination time) are not significantly different at p <0.05 using
Tukey test. Means and standard errors (n=6).

days 4 and 5 (Figure 2). Although, ABTS radical scavenging assay
showed higher values of antioxidant capacities than those of using
DPPH radical scavenging assay, these two methods showed the same
trend of results.

Total phenolic content

After being soaked in 25, 75, 150, and 300 mM NaCl for 12 hours
(day 0), total phenolic content of Kum Doi Saket rice seeds were
significantly higher than that of the control (Figure 3). Total phenolic
content of the control increased with germination time and had
the highest peak at day 5 (Figure 3), showing the same trend as the
antioxidant capacity. The total phenolic content of germinated seeds
on day 5 was 1.72 times more than day 0. Consistently, rice seeds
exposed to agar supplied with 150 mM NaCl significantly increased
total phenolic content when compared with the control and other
NaCl concentrations on days 4 and 5 (Figure 3). The amount of total
phenolic compounds increased by 1.99 times from day 0 compared
with that of the control.

APX and CAT activities

Kum Doi Saket rice seeds soaked in 0, 25, 75, and 150 mM NaCl
for 12 hours (day 0) showed the same level of APX activity, whereas
the activity of APX significantly decreased in seeds soaked in 300
mM NaCl (Figure 4). During germination on agar supplimented with
different NaCl concentrations for 5 days, APX activity of the control
seeds (0 mM NaCl) increased with germination time and reached the
maximum on day 2. APX activity of seeds germinated under NaCl stress
sharply increased with germination time and NaCl concentrations, and
reached the maximum on day 4 (Figure 4). A concentration of 150 mM
NaCl showed the highest increase in APX activity, which is 3.37 times
higher than that of the control (Figure 4).

CAT activity of Kum Doi Saket rice seeds was different among the
treatments after being soaked in NaCl concentrations for 12 hours (day
0) in which this activity in seeds soaked in 75 and 150 mM NaCl was
significantly lower than that of other concentrations (Figure 5). The
CAT activity of the control sharply increased with germination time
and reached the maximum on day 2, whereas the activity of seeds
germinated with different concentrations of NaCl had different highest
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Figure 3: The effects of NaCl on total phenolic content of germinated rice

seeds. Bars with the same letters (in each germination time) are not significantly
different at p <0.05 using Tukey test. Means and standard errors (n=6).
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peaks (Figure 5). The CAT activity of 25 and 75 mM NaCl reached a
maximum on day 2, whereas it was on day 3 and day 5 for 150 and
300 mM NaCl, respectively (Figure 5). The activity at the highest peaks
was 9.24, 8.34, 10.12, 7.04, and 3.98 times as compared to day 0 for
the control, 25, 75, 150, and 300 mM NaCl, respectively. Interestingly,
the CAT activity of rice seeds germinated on agar supplemented with
NaCl was lower than that of the control seeds on all 5 days examined
(Figure 5).

Discussion

Our results show that the germination percentage of rice seeds
was not affected by 25 and 75 mM NaCl, and had 80% germination
under high salinity of 150 mM NaCl, but an extreme salinity of 300
mM NaCl completely inhibited all germination (Figure 1). These
results are consistent with the work of Shereen et al. [28] who reported
that germination of rice seeds was unaffected by 50 and 75 mM NaCl.

700

600 [J0 mM NaCl
025 mM NaCl
75 mM NaCl
B 150 mM NaCl
M 300 mM NaCl

500

400

300

200

100

APX activity
(nmol L- ascorbic acid decomposed/mg protein-min)

day 2 day 3 day 4
Germination time

Figure 4: The effects of NaCl on APX activity of germinated rice seeds. Bars
with the same letters (in each germination time) are not significantly different at
p <0.05 using Tukey test. Means and standard errors (n=6).

80
[J 0 mM NaCl
70 [ 25 mM NaCl
£375 mM NaCl
60 B 150 mM NaCl
M 300 mM NaCl

50

a
=

CAT activity
(umol H,0, decomposed/mg protein-min)

o HH

day 2 day 3 day 4 day
Germination time
Figure 5: The effects of NaCl on CAT activity of germinated rice seeds. Bars

with the same letters (in each germination time) are not significantly different at
p<0.05 using Tukey test. Means and standard errors (n=6).

The results are also compatible with Khan et al. [29] who found that
the germination of nine genotypes of rice (Kalijira, Shakkorkhora,
Khaskani, Pokkali, Kalobail, Ashami, IPK37008, IPK37011, and BR11)
was more than 80% in 150 mM NaCl. Similar results were reported
by Islam and Karim [30] who showed that eight genotypes of Thai
and Bangladesh rice (Awned-1, Rajbhog-2, Khorina, Soloi, Nonasail,
Patnai 23, Sadamota and Chapali) had 80-90% germinationin 160 mM
NaCl. Sohn et al. [31] reported that the germination percentage of rice
cv. Kumnam was completely inhibited at 360 mM NaCl.

Although Kum Doi Saket rice seeds germinated in 75 mM NaCl
without a significant reduction in percentage (Figure 1), the shoot
length significantly decreased with this concentration (Table 1). These
findings agree with the notion that the sensitivity of rice plants to salinity
depends on the developmental stage in which germination is relatively
tolerant, while the early seedling stage of 1-3 weeks is salt-sensitive [32-
34]. Our results agree with Khan et al. [29] who found that the average
seedling height was reduced in all levels of 50, 100, 150, and 200 mM
NaCl by approximately 20-80%. The inhibitory effect of salinity on
growth of rice is caused by the osmotic and ionic effects of NaCl [33,35].
This osmotic effect is induced by high NaCl concentrations outside
the roots, leading to the inhibitions of water uptake, cell elongation,
and leaf development. The ionic effect is induced by NaCl taken up to
the plants via the transpiration stream exceeding the ability of cells to
compartmentalize in the vacuole [33,35,36]. Yeo et al. [37] reported
that an addition of 50 mM NaCl to the culture solution stopped leaf
elongation of rice genotypes IR2153 and Pokkali due to a limitation of
water supply to the meristem caused by salinity. Similar results have
been reported by Shereen et al. [38] who found that the shoots of six
inbred rice lines of genotype IR55178 exposed to 75 mM NaCl for 2
weeks were significantly shorter than those of the control. The authors
explained that this effect resulted from an inadequate ability of the rice
plants to uptake water, and the toxic effect of sodium and chloride ions.
Interestingly, our results show that the shoot length was significantly
reduced by all concentrations of NaCl on day 5, whereas root length
was significantly reduced only by 150 and 300 mM NaCl (Table 1).
Similar results were reported by Lutts et al. [32] who found that the
reduction of growth of rice genotypes I Kong Pao, Aiwu, Tainung 67,
IR2153, IR4630, Nona Bokra, Buhra Rata, Panwell, and Pokkali under
20, 30, 40, and 50 mM NaCl for 1 week was more clearly observed
in the shoot than that of the root. The explanation is that salt stress
inhibits shoot growth more than root growth in order to increase water
absorption and preserves water in the cells [39].

Seed germination is a complex process involving biochemical
and physical activities [1,40]. Hydrolytic enzymes are activated after
the imbibition of water and decompose large molecular substances of
reserve compounds such as starch, non-starch polysaccharides, and
proteins in the endosperm, leading to increases in small molecular
compounds such as glucose, oligosaccharides and amino acids
in germinated seeds [1,2,41]. Apart from nutrition level changes,
germination also generates antioxidant compounds such as ferulic acid,
a-tocopherol, total phenolic and total anthocyanin contents [1,2,5,6].
Our results also showed that total phenolic content and antioxidant
capacity of Kum Doi Saket rice seeds increased during germination
for 5 days (Figures 2 and 3). These results correlate with Maisont and
Narkrugsa [4] and Sutharut and Sudarut [6].

Besides ionic and osmotic effects, which are the primary stresses
of salinity, high salt concentrations additionally induce secondary
stresses such as oxidative stress due to the excessive generation of
ROS [40,42,43]. To prevent oxidative damage, plants process both
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enzymatic mechanisms such as APX and CAT, and non-enzymatic
mechanisms such as phenolic compounds for ROS scavenging [7,8,43].
Our study showed that the antioxidant capacity of Kum Doi Saket
rice seeds significantly increased after being soaked in 75-300 mM
NaCl solutions for 12 hours (day 0) as compared to that of the control
(Figure 2). This suggests that salinity stress activates the antioxidative
systems after the seeds absorbed the NaCl solutions. Seeds exposed to
75 and 150 mM NaCl showed higher antioxidant capacity than that of
the control during germination for 5 days (Figure 2).This Indicates that
salinity stress increases antioxidant capacity in germinated rice seeds.
Similar results were found by Daiponmak et al. [14] and Chutipaijit et
al. [15,16].

Total phenolic content of Kum Doi Saket rice seeds increased with
germination time and significantly increased in germinated seeds in
150 mM NaCl (Figure 3). This result is consistent with Daiponmak et
al. [14], Chutipaijit et al. [15,16], and Ghosh et al. [17] who found that
total phenolic content increased in rice seedlings under salinity stress.
The antioxidant properties of phenolic compounds have been reported
by donating electrons or hydrogen atoms from their hydroxyl and
carboxyl groups, thus inactivating lipid free radicals and preventing
decomposition of hydroperoxides into free radicals [44,45]. We found
a positive correlation between total phenolic content and antioxidant
capacities by DPPH (with R?=0.808) and ABTS radical scavenging
assays (with R*=0.844) (Figure 6). This Indicates the role of phenolic
compounds as free radical scavengers in germinated Kum Doi Saket
rice seeds. Similar results were found by Sutharut and Sudarat [6] who
reported that germinated black glutinous rice cvs. Niew Dam and
Hom Nil had a positive correlation between total anthocyanin content
and Trolox Equivalent Antioxidant Capacity (TEAC). Although the
antioxidant capacity from DPPH radical scavenging assay was lower
than that of the ABTS radical scavenging assay, both methods showed
the same trend of results (Figure 2). This is due to the steric effect
inside the DPPH" molecule, resulting in difficulty for the large reactive
antioxidant compounds to react with its radical site [46]. The result is
compatible with Floegel et al. [9] who compared antioxidant capacities
of 50 popular antioxidant-rich US foods and found that antioxidant
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Antioxidant capacity (umol Trolox/g fresh weight)
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Figure 6: Correlation between total phenolic content and antioxidant capacity
of NaCl treated Kum Doi Saket germinated seeds. All values are from Figures
2 and 3.

capacities from DPPH were lower than those from the ABTS radical
scavenging assay.

APX is an enzyme that catalyzes the reduction of H,O, to water by
using the reducing power of ascorbate [8]. APX activity of Kum Doi
Saket seeds germinated on agar without NaCl increased and had the
highest activity on day 2 of germination time (Figure 4). This agrees
with Yi et al. [47] who reported that APX activity of radish seeds
increased with germination time and reached the highest peak on day 3
during germination. Huang and Song [48] also found that APX activity
of maize embryos from germinating seeds increased with germination
time and reached the highest peak at 60 hours after imbibition. The
different times for the highest peaks of APX activities depends on the
species of plant. We found that APX activity of seeds germinated under
NaCl stress increased with germination time with the maximum on day
4, and a concentration of 150 mM NaCl showed the highest increase in
APX activity (Figure 4). These results are consistent with Lee et al. [49]
who reported a significant increase in the APX activity in leaves of rice
cv. Dongjin with 150 mM NaCl stress for 3 days. Similar results were
reported by Demiral and Turkan [18] in leaves of 4-week-old seedlings
of rice cvs. Pokkali and IR28 treated with 120 mM NaCl for 1 week.
Our results show that APX activity was downregulated during day 1-2,
but elevated in day 3-5 by salinity (Figure 4). The possible explanation
is that germinating rice seeds under salinity required a few days to
increase the APX activity. This result is compatible with the work of
Lopez et al. [50] who showed that APX activity in leaves of 10-day-old
radish seedlings transferred to 100 mM NaCl was lower than that of the
control in day 1-2, and became slightly higher in day 3.

In addition to APX, CAT is also an enzyme that catalyzes the
reduction of H,O, to water. This enzyme does not require a reducing
power and has a low affinity for H,0,, thereby mainly removing the
high concentration of H,O, [8]. In our study, CAT activity of NaCl
treated germinated seeds was lower than that of the control since
day 1. This reduction is caused by an increasing in some metabolites
generated by salinity stress that can inhibit catalase activity, such as
superoxide radicals [51] and hydroxyl radicals [52]. The highest activity
of CAT on day 2 of the control suggested that during the first 2 days,
the germinated rice seeds produced high amounts of H,O, which was
reduced by catalase. High concentrations of NaCl at 75, 150, and 300
mM significantly inhibited the activity of this enzyme (Figure 5). The
inhibitory effect of salinity on CAT activity is consistent with the results
of Lee et al. [49] who also found that CAT in leaves of rice cv. Dongjin
seedlings was severely inhibited during 150 mM NaCl stress for 3 days.
The over-production of H,0, under CAT deactivation caused by high
salinity resulted in high activity of APX. The decrease in CAT activity
with an increase in APX activity under NaCl stress occurred in our
study (Figures 4 and 5) and was also reported by Demiral and Turkan
[18] who studied in rice cv. IR28.

Conclusions

Our results showed that the antioxidant properties of Kum Doi
Saket germinated rice seeds significantly increased by salinity stress
with 150 mM NaCl, although germination and growth were reduced.
The increase of antioxidant properties activated by salinity correlates
with an increase in the total phenolic content. We proposed that salinity
treatments may be an alternative way to add nutritional value for
consumption and for further pharmaceutical application of Kum Doi
Saket germinated rice seeds. However, further studies about the effects
of NaCl on the amount of other bioactive compounds in germinated
rice, such as GABA, y-oryzanol, and dietary fiber should be conducted.

J Rice Res
ISSN: JRR, an open access journal

Volume 1+ Issue 1+ 1000103


http://dx.doi.org/10.4172/jrr.1000103

Citation: Umnajkitikorn K, Faiyue B, Saengnil K (2013) Enhancing Antioxidant Properties of Germinated Thai rice (Oryza sativa L.) cv. Kum Doi Saket

with Salinity. J Rice Res 1: 103. doi: 10.4172/jrr.1000103

Page 7 of 8

Acknowledgment

A part of this research was supported by Faculty of Science, Chiang Mai

University, Chiang Mai, Thailand. We thank Dr. J. F. Maxwell of the Department of
Biology, Faculty of Science, Chiang Mai University for proof reading this manuscript.

References

1.

Moongngarm A, Saetung N (2010) Comparison of chemical compositions and
bioactive compounds of germinated rough rice and brown rice. Food Chem122:
782-788.

Ohtsubo K, Suzuki K, Yasui Y, Kasumi T (2005) Bio-functional components
in the processed pre-germinated brown rice by a twin-screw extruder. J Food
Comp Anal 18: 303-316.

Jannoey P, Niamsup H, Lumyong S. Tajima S, Nomura M, et al. (2010)
y-aminobutyric acid (GABA) accumulations in rice during germination. Chiang
Mai J Sci 37: 124-133.

Maisont S, Narkrugsa W (2010) Theeffect of germination on GABA content,
chemical composition, total phenolics content and antioxidant capacity of Thai
waxy paddy rice. Kasetsart J (Nat Sci) 44: 912-923.

Tian S, Nakamura K, Kayahara H (2004) Analysis of phenolic compounds in
white rice, brown rice, and germinated brown rice. J Agric Food Chem 52:
4808-4813.

Sutharut J, Sudarat J (2012) Total anthocyanin content and antioxidant activity
of germinated colored rice. Int Food Res J 19: 215-221.

Mittler R (2002) Oxidative stress, antioxidants and stress tolerance. Trends
Plant Sci 7: 405-410.

Gill SS, Tuteja N (2010) Reactive oxygen species and antioxidant machinery in
abiotic stress tolerance in crop plants. Plant PhysiolBioch 48: 909-930.

Floegel A, Kim D, Chung S, Koo S, Chun O (2011) Comparison of ABTS/DPPH
assays to measure antioxidant capacity in popular antioxidant-rich US foods. J
Food Compost Anal 24: 1043-1048.

10. Finocchiaro F, Ferrari B, Gianinetti A, Dall’asta C, Galaverna G, et al. (2007)

Characterization of antioxidant compounds of red and white rice and changes
in total antioxidant capacity during processing. Mol Nutr Food Res 51: 1006-1019.

11. Shen 'Y, Jin L, Xiao P, Lu Y, Bao J (2009) Total phenolics, flavonoids, antioxidant

capacity in rice grain and their relations to grain color, size and weight. J Cereal
Sci 49: 106-111.

12.Muntana N, Prasong S (2010) Study on total phenolic contents and their

antioxidant activities of Thai white, red and black rice bran extracts. Pak J
BiolSci 13: 170-174.

3. Vichapong J, Sookserm M, Srijesdaruk V, Swatsitang P, Srijaranai S (2010)

High performance liquid chromatographic analysis of phenolic compounds and
their antioxidant activities in rice varieties. LWT-Food SciTechnol 43: 1325-1330.

14. Daiponmak W, Theerakulpisut P, Thanonkao P, Vanavichit A, Prathepha P

(2010) Changes of anthocyanin cyanidin-3-glucoside content and antioxidant
activity in Thai rice varieties under salinity stress. ScienceAsia 36: 286-291.

15. Chutipaijit S, Cha-um S, Sompornpailin K (2009) Differential accumulations of

proline and flavonoids in Indica rice varieties against salinity. Pak J Bot 41:
2497-2506.

16. Sutee C, Suriyan C, Kanokporn S (2011) High contents of proline and

anthocyanin increase protective response to salinity in ‘Oryza sativa’ L. spp.
‘Indica’. Aust J Crop Sci 5: 1191-1198.

17. Ghosh SK, Missra A, Gilmour DS (2011) Negative elongation factor accelerates

the rate at which heat shock genes are shut off by facilitating dissociation of
heat shock factor. Mol Cell Biol 31: 4232-4243.

18. Demiral T, Turkan | (2004) Does exogenous glycinebetaine affect antioxidative

system of rice seedlings under NaCl treatment? J Plant Physiol 161: 1089-1100.

19. Demiral T, Turkan | (2005) Comparative lipid peroxidation, antioxidant defense

20.

systems and proline content in roots of two rice cultivars differing in salt
tolerance. Environ Exper Bot 53: 247-257.

Punyatong M, Pongpiachan P, Pongpiachan P, Karladee D, Mankhetkorn S
(2008) Cytotoxicity of crude proanthocyanidinextract from purple glutinous rice
bran (Oryza sativa L.) (KumDoiSaket) compared with cyanidin 3-glucoside on
X63 Myeloma cancer cell lines. Kasetsart J (Nat Sci) 42: 676-681.

2

=

22.

23.

24,

2

(&

26.

27.

28

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

-

42.

4

w

44,

45.

. Singleton VL, Rossi

. Tananuwong K, Tewaruth W (2010) Extraction and application of antioxidants

from black glutinous rice. LWT - Food SciTechnol 43: 476-481.

Kayahara H, Tsukahara K, Tatai T (2001) Flavor, health and nutritional quality
of pre-germinated brown rice. Food Flavors and Chemistry: Advances of the
New Millennium.

Mun’im A, Negishi O, Ozawa T (2003) Antioxidative compounds from Crotalaria
sessili-flora. Biosci Biotechnol Biochem 67: 410-414.

Huang D, Ou B, Prior RL (2005) The chemistry behind antioxidant capacity
assays. J Agric Food Chem 53: 1841-1856.

JR (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am J EnolViticult 16: 144-157.

Sunohara Y, Matsumoto H (2004) Oxidative injury induced by the herbicide
quinclorac on Echinochloaoryzicola Vasing and the involvement of antioxidative
ability in its highly selective action in grass species. Plant Sci 167: 597-606.

Lowry OH, Rosebrough NJ, Far AL, Randall RJ (1951) Protein measurement
with the folin phenol reagent. J BiolChem 193: 265-275.

. Shereen A, Ansari R, Raza S, Mumtaz S, Khan MA (2011) Salinity induced

metabolic changes in rice (Oryza sativa L.) seeds during germination. Pak J
Bot 43: 1659-1661.

Khan MSA, Hamid A, Karim MA (1997) Effect of sodium chloride on germination
and seedling characters of different types of rice (Oryza sativa L.). J Agron Crop
Sci 179: 163-169.

Islam MM, Karim MA (2010) Evaluation of Rice (Oryza sativa L.) Genotypes
at germination and early seedling stage for their tolerance to salinity. The
Agriculturists 8: 57-65.

. SohnY, Lee B, Kang K, Lee J (2005) Effects of NaCl Stress on germination,

antioxidant responses, and prolinecontent in two rice cultivars. J Plant Biol 48:
201-208.

Lutts S, Kinet JM, Bouharmont J (1995) Changes in plant response to NaCl
during development of rice (Oryza sativa L.) varieties differing in salinity
resistance. J Exp Bot 46: 1843-1852.

Singh RK and Flowers TJ (2011) Physiology and molecular biology of the
effects of salinity on rice. Handbook of plant and crop stress.(3rdedn), Taylor &
Francis CRC Press.

Faiyue B, Al-Azzawi MJ, Flowers TJ (2012) A new screening technique for
salinity resistance in rice (Oryza sativa L.) seedlings using bypass flow. Plant
Cell Environ 35: 1099-1108.

Horie T, Karahara |, KatsuharaM (2012) Salinity tolerance mechanisms in
glycophytes: An overview with the central focus on rice plants. Rice 5: 11.

Munns R, Tester M (2008) Mechanisms of salinity tolerance. Annu Rev Plant
Biol 59: 651-681.

Yeo AR, Lee K, Izard P, Boursier PJ, Flowers TJ (1991) Short- and long-term
effects of salinity on leaf growth in rice (Oryza sativa L.). J Exp Bot 42: 881-889.

Shereen A, Mumtaz S, Raza S, Khan MA, Solangi S (2005) Salinity effects on
seedling growth and yield components of different inbred rice lines. Pak J Bot
37:131-139.

Moud AM, Maghsoudi K (2008) Salt stress effects on respiration and growth
of germinated seeds of different wheat ( Triticumaestivum L.) cultivars. World J
Agric Sci 4: 351-358.

XuX, FanR, Zheng R, Li C, Yu D (2011) Proteomic analysis of seed germination
under salt stress in soybeans. J Zhejiang Univ-Sci B (Biomed & Biotechnol) 12:
507-517.

. Saman P, Vazquez J, Pandiella SS (2008) Controlled germination to enhance

the functional properties of rice. Process Biochem 43: 1377-1382.

Zhu J (2001) Plant salt tolerance. Trends Plant Sci 6: 66-71.

. Vaidyanathan H, Sivakumar P, Chakrabarty R, Thomas G (2003) Scavenging

of reactive oxygen species in NaCl-stressed rice (Oryza sativa L.)-differential
response in salt-tolerant and sensitive varieties. Plant Sci 165: 1411-1418.

Michalak A (2006) Phenolic compounds and their antioxidant activity in plants
growing under heavy metal stress. Polish J Environ Stud 15: 523-530.

Ksouri R, Megdiche W, Debez A, Falleh H, Grignon C, et al. (2007) Salinity

J Rice Res
ISSN: JRR, an open access journal

Volume 1+ Issue 1+ 1000103


http://dx.doi.org/10.4172/jrr.1000103
http://www.sciencedirect.com/science/article/pii/S0308814610003274
http://www.sciencedirect.com/science/article/pii/S0308814610003274
http://www.sciencedirect.com/science/article/pii/S0308814610003274
http://www.sciencedirect.com/science/article/pii/S0889157504001656
http://www.sciencedirect.com/science/article/pii/S0889157504001656
http://www.sciencedirect.com/science/article/pii/S0889157504001656
http://it.science.cmu.ac.th/ejournal/journalDetail.php?journal_id=169
http://it.science.cmu.ac.th/ejournal/journalDetail.php?journal_id=169
http://it.science.cmu.ac.th/ejournal/journalDetail.php?journal_id=169
http://kasetsartjournal.ku.ac.th/kuj_files/2010/a1010081828406686.pdf
http://kasetsartjournal.ku.ac.th/kuj_files/2010/a1010081828406686.pdf
http://kasetsartjournal.ku.ac.th/kuj_files/2010/a1010081828406686.pdf
http://www.aseanfood.info/Articles/11018882.pdf
http://www.aseanfood.info/Articles/11018882.pdf
http://www.aseanfood.info/Articles/11018882.pdf
http://www.ifrj.upm.edu.my/19%20(01)%202011/(28)IFRJ-2011-060%20Sudarat.pdf
http://www.ifrj.upm.edu.my/19%20(01)%202011/(28)IFRJ-2011-060%20Sudarat.pdf
http://www.sciencedirect.com/science/article/pii/S1360138502023129
http://www.sciencedirect.com/science/article/pii/S1360138502023129
http://www.plantstress.com/articles/up_oxidative_files/Antioxidants%20and%20stress%20tolerance%202010.pdf
http://www.plantstress.com/articles/up_oxidative_files/Antioxidants%20and%20stress%20tolerance%202010.pdf
http://www.sciencedirect.com/science/article/pii/S088915751100038X
http://www.sciencedirect.com/science/article/pii/S088915751100038X
http://www.sciencedirect.com/science/article/pii/S088915751100038X
http://www.ncbi.nlm.nih.gov/pubmed/17639995
http://www.ncbi.nlm.nih.gov/pubmed/17639995
http://www.ncbi.nlm.nih.gov/pubmed/17639995
http://www.sciencedirect.com/science/article/pii/S0733521008001331
http://www.sciencedirect.com/science/article/pii/S0733521008001331
http://www.sciencedirect.com/science/article/pii/S0733521008001331
http://202.28.32.132/sciqa/data/05-2/30.pdf
http://202.28.32.132/sciqa/data/05-2/30.pdf
http://202.28.32.132/sciqa/data/05-2/30.pdf
http://www.deepdyve.com/lp/elsevier/high-performance-liquid-chromatographic-analysis-of-phenolic-compounds-zyU40VNMVh
http://www.deepdyve.com/lp/elsevier/high-performance-liquid-chromatographic-analysis-of-phenolic-compounds-zyU40VNMVh
http://www.deepdyve.com/lp/elsevier/high-performance-liquid-chromatographic-analysis-of-phenolic-compounds-zyU40VNMVh
http://scienceasia.org/2010.36.n4/scias36_286.pdf
http://scienceasia.org/2010.36.n4/scias36_286.pdf
http://scienceasia.org/2010.36.n4/scias36_286.pdf
http://www.pakbs.org/pjbot/PDFs/41(5)/PJB41(5)2497.pdf
http://www.pakbs.org/pjbot/PDFs/41(5)/PJB41(5)2497.pdf
http://www.pakbs.org/pjbot/PDFs/41(5)/PJB41(5)2497.pdf
http://search.informit.com.au/documentSummary;dn=746208527906618;res=IELHSS
http://search.informit.com.au/documentSummary;dn=746208527906618;res=IELHSS
http://search.informit.com.au/documentSummary;dn=746208527906618;res=IELHSS
http://mcb.asm.org/content/31/20/4232.full.pdf
http://mcb.asm.org/content/31/20/4232.full.pdf
http://mcb.asm.org/content/31/20/4232.full.pdf
http://www.sciencedirect.com/science/article/pii/S0176161704001075
http://www.sciencedirect.com/science/article/pii/S0176161704001075
http://www.sciencedirect.com/science/article/pii/S0098847204000553
http://www.sciencedirect.com/science/article/pii/S0098847204000553
http://www.sciencedirect.com/science/article/pii/S0098847204000553
http://www.cab.kps.ku.ac.th/db_cab/reports/paper/06-06-09-000034.pdf
http://www.cab.kps.ku.ac.th/db_cab/reports/paper/06-06-09-000034.pdf
http://www.cab.kps.ku.ac.th/db_cab/reports/paper/06-06-09-000034.pdf
http://www.cab.kps.ku.ac.th/db_cab/reports/paper/06-06-09-000034.pdf
http://www.sciencedirect.com/science/article/pii/S0023643809002746
http://www.sciencedirect.com/science/article/pii/S0023643809002746
http://pubs.rsc.org/en/content/chapter/bk9780854048755-00546/978-1-84755-085-9
http://pubs.rsc.org/en/content/chapter/bk9780854048755-00546/978-1-84755-085-9
http://pubs.rsc.org/en/content/chapter/bk9780854048755-00546/978-1-84755-085-9
http://www.ncbi.nlm.nih.gov/pubmed/12729010
http://www.ncbi.nlm.nih.gov/pubmed/12729010
http://pubs.acs.org/doi/abs/10.1021/jf030723c
http://pubs.acs.org/doi/abs/10.1021/jf030723c
http://ajevonline.org/content/16/3/144.full.pdf
http://ajevonline.org/content/16/3/144.full.pdf
http://www.sciencedirect.com/science/article/pii/S0168945204002080
http://www.sciencedirect.com/science/article/pii/S0168945204002080
http://www.sciencedirect.com/science/article/pii/S0168945204002080
http://www.jbc.org/content/193/1/265.full.pdf
http://www.jbc.org/content/193/1/265.full.pdf
http://www.pakbs.org/pjbot/PDFs/43(3)/PJB43(3)1659.pdf
http://www.pakbs.org/pjbot/PDFs/43(3)/PJB43(3)1659.pdf
http://www.pakbs.org/pjbot/PDFs/43(3)/PJB43(3)1659.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.1997.tb00512.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.1997.tb00512.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.1997.tb00512.x/pdf
http://link.springer.com/content/pdf/10.1007%2FBF03030409.pdf
http://link.springer.com/content/pdf/10.1007%2FBF03030409.pdf
http://link.springer.com/content/pdf/10.1007%2FBF03030409.pdf
http://jxb.oxfordjournals.org/content/46/12/1843.full.pdf+html
http://jxb.oxfordjournals.org/content/46/12/1843.full.pdf+html
http://jxb.oxfordjournals.org/content/46/12/1843.full.pdf+html
http://www.crcnetbase.com/doi/pdf/10.1201/b10329-44
http://www.crcnetbase.com/doi/pdf/10.1201/b10329-44
http://www.crcnetbase.com/doi/pdf/10.1201/b10329-44
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2011.02475.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2011.02475.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2011.02475.x/pdf
http://www.thericejournal.com/content/5/1/11
http://www.thericejournal.com/content/5/1/11
http://www.plantstress.com/Articles/up_salinity_files/salt%20tolerance%20munns_tester%202008.pdf
http://www.plantstress.com/Articles/up_salinity_files/salt%20tolerance%20munns_tester%202008.pdf
http://jxb.oxfordjournals.org/content/42/7/881.full.pdf
http://jxb.oxfordjournals.org/content/42/7/881.full.pdf
http://www.pakbs.org/pjbot/PDFs/37(1)/PJB37(1)131.pdf
http://www.pakbs.org/pjbot/PDFs/37(1)/PJB37(1)131.pdf
http://www.pakbs.org/pjbot/PDFs/37(1)/PJB37(1)131.pdf
http://www.idosi.org/wjas/wjas4(3)/12.pdf
http://www.idosi.org/wjas/wjas4(3)/12.pdf
http://www.idosi.org/wjas/wjas4(3)/12.pdf
http://link.springer.com/article/10.1631%2Fjzus.B1100061
http://link.springer.com/article/10.1631%2Fjzus.B1100061
http://link.springer.com/article/10.1631%2Fjzus.B1100061
http://www.sciencedirect.com/science/article/pii/S1359511308002717
http://www.sciencedirect.com/science/article/pii/S1359511308002717
http://www.sciencedirect.com/science/article/pii/S1360138500018380
http://www.sciencedirect.com/science/article/pii/S0168945203003704
http://www.sciencedirect.com/science/article/pii/S0168945203003704
http://www.sciencedirect.com/science/article/pii/S0168945203003704
http://www.pjoes.com/pdf/15.4/523-530.pdf
http://www.pjoes.com/pdf/15.4/523-530.pdf
http://www.sciencedirect.com/science/article/pii/S0981942807000186

Citation: Umnajkitikorn K, Faiyue B, Saengnil K (2013) Enhancing Antioxidant Properties of Germinated Thai rice (Oryza sativa L.) cv. Kum Doi Saket

with Salinity. J Rice Res 1: 103. doi: 10.4172/jrr.1000103

Page 8 of 8

effects on polyphenol content and antioxidant activities in leaves of the

halophyte Cakile maritima. Plant Physiol Biochem 45: 244-249.
46.

Food Chem 53: 4290-4302.
47.
Biol 40: 279-287.
48.

relation to oxidative process. Plant Physiol Biochem 68: 61-70.

Citation: Umnajkitikorn K, Faiyue B, Saengnil K (2013) Enhancing Antioxidant
Properties of Germinated Thai rice (Oryza sativa L.) cv. Kum Doi Saket with
Salinity. J Rice Res 1: 103. doi: 10.4172/jrr.1000103

Prior RL, Wu X, Schaich K (2005) Standardized methods for the determination
of antioxidant capacity and phenolics in foods and dietary supplements. J Agric

Yi K, Hong Y, Jin C (1997) Regulation of ascorbateperoxidase activity in dark-
grown radish cotyledons by a catalase inhibitor, 3-amino-1,2,4-triazole. J Plant

Huang H, Song S (2013) Change in desiccation tolerance of maize embryos
during development and germination at different water potential PEG-6000 in

49. Lee D, Kim Y, Lee C (2001) The inductive responses of the antioxidant enzymes

by salt stress in the rice (Oryza sativa L.). J Plant Physiol 158: 737-745.

50. Lopez F, Vansuyt G, Casse-Delbart F, Fourcroy P (1996) Ascorbate peroxidase

activity, not the mRNA level, is enhanced in salt-stressed Raphanussativus
plants. Physiol Plant 97: 13-20.

51. Shimizu N, Kobayashis K, Hayashi K (1984) Thereaction of superoxide radical

with catalase. J BiolChem 259: 4414-4418.

52. Peraza L, Hansberg W (2002) Neurospora crassa catalases, singlet oxygen

and cell differentiation. Biol Chem 383: 569-575.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:

User friendly /feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
*  Digital articles to share and explore

Special features:

200 Open Access Journals
15,000 editorial team
* 21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission/

J Rice Res
ISSN: JRR, an open access journal

Volume 1+ Issue 1+ 1000103


http://dx.doi.org/10.4172/jrr.1000103
http://www.sciencedirect.com/science/article/pii/S0981942807000186
http://www.sciencedirect.com/science/article/pii/S0981942807000186
http://www.orac-info-portal.de/_upload/presse/jf0502698-1.pdf
http://www.orac-info-portal.de/_upload/presse/jf0502698-1.pdf
http://www.orac-info-portal.de/_upload/presse/jf0502698-1.pdf
http://link.springer.com/content/pdf/10.1007%2FBF03030461.pdf
http://link.springer.com/content/pdf/10.1007%2FBF03030461.pdf
http://link.springer.com/content/pdf/10.1007%2FBF03030461.pdf
http://www.sciencedirect.com/science/article/pii/S0981942813000910
http://www.sciencedirect.com/science/article/pii/S0981942813000910
http://www.sciencedirect.com/science/article/pii/S0981942813000910
http://www.sciencedirect.com/science/article/pii/S0176161704700917
http://www.sciencedirect.com/science/article/pii/S0176161704700917
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1996.tb00472.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1996.tb00472.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1996.tb00472.x/pdf
http://www.jbc.org/content/259/7/4414.full.pdf
http://www.jbc.org/content/259/7/4414.full.pdf
http://www.degruyter.com/view/j/bchm.2002.383.issue-3-4/bc.2002.058/bc.2002.058.xml
http://www.degruyter.com/view/j/bchm.2002.383.issue-3-4/bc.2002.058/bc.2002.058.xml
http://dx.doi.org/10.4172/jrr.1000103

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Plant materials and treatments 
	Seed germination and growth measurement 
	Determination of antioxidant capacity  
	Determination of total phenolic content 
	Determination of CAT and APX activities 
	Statistical analysis 

	Results
	Effect of NaCl on germination and growth of germinated rice seeds 
	Antioxidant capacity 
	Total phenolic content 
	APX and CAT activities 

	Discussion
	Conclusions
	Acknowledgment
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References

