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This study aimed to compare different experimental approaches for measuring antioxidant
capacities of pigmented rice varieties. Samples of red, black, and white rice varieties were
analyzed. The anti-oxidative activities of the rice samples were assessed by the 2,2-diphenyl-
1-picryl-hydrazylhydrate (DPPH) free radical and oxygen radical absorbance capacity (ORAC)
assays, respectively. The total phenolic contents and the extraction efficiencies of the
methanol and ethanol solvents were compared. Although the DPPH free radical and ORAC
assays yielded different results, the same trends were observed with regard to their
antioxidant capacities, with ranges of 1492.7-2065.8 (highest value), 713.7-1587.4, and 23.9-
92.5 ymol Trolox 100 mg'1 corresponding to red, black, and white varieties, respectively. The
most efficient extraction solvent was 1% HCI in methanol, which yielded extracts with the
highest antioxidant capacity and total phenolic content. Extraction with 1% HCI in methanol
was found to be suitable for analyzing antioxidant compounds and total phenolic contents.
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Abbreviations: AOA - antioxidant activity, CUPRC - copper reduction, DPPH - 2,2-diphenyl-1-picryl-
hydrazylhydrate, FRAP — ferric reducing ability of plasma, MES — 2-morpholino ethane sulfonic acid,
ORAC - oxygen radical absorbance capacity, TEAC — Trolox equivalent antioxidant capacity, TPC - total
phenolic content, TRAP — oxygen radical absorbing, TSPC — total soluble phenolic compounds

INTRODUCTION

Rice (Oryza sativa L.) is a fundamental food for a
great proportion of the population worldwide. In
addition to the predominant white rice, several
varieties with colors are well known, including black,
red, and green cultivars. The black and white rice
varieties have been intensively studied for their
beneficial properties, such as their antioxidant
capacity, contribution to a decreased cardiovascular
risk, aside from their protein, vitamin and mineral
content (Itani et al. 2002; Suzuki et al. 2004; Lee et al.

2008; Chen et al. 2012; Kazemzadeh et al. 2014).
Extracts from pigmented rice bran have also been
shown to inhibit allergic reactions in vitro (Choi et al.
2007). Antioxidants from plant materials can be
obtained by different techniques and solvents,
depending on the natural diversity of these
compounds and their unique distribution in plants
(Antolovich et al. 2000; Sultana et al. 2009). Extraction
by using solvents, such as acetone, methanol,
ethanol, and aqueous mixtures, is the most
frequently used technique for analyzing antioxidants
in fruits, vegetables, grains, medicinal plants and
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agricultural waste products (Bonoli et al. 2004;
Shahid et al. 2006; NIIR Board of Consultants and
Engineers 2006; Sultana et al. 2009).

Many studies have assessed the antioxidant
capacity of pigmented rice varieties by using 1% HCl
in methanol as an extraction solvent (Hu et al. 2003;
Hiemori et al. 2009). Recently, analysis of antioxidant
activities of pigmented rice varieties by mass
spectrometry-based metabolite profiling revealed
that the black and red rice seeds have higher activity
than the white rice seeds (Kim et al. 2014). However,
although several studies have compared the
antioxidant capacities of rice varieties by using
different extraction solvents and antioxidant-activity
evaluation methods, the overall number of these
reports is considered minimal (Anwar and
Przybylski 2012; Farahmandfar et al. 2015;
Ghasemzadeh et al. 2015). Moko et al. (2014)
demonstrated that colored rice varieties possess
greater antioxidant properties compared with their
non-colored counterparts by using phenolic,
flavonoid, alkaloid, steroid, triterpenoid and saponin
tests. Interestingly, the use of antioxidants has
demonstrated health benefits and the importance of
extraction methods that maximize their yield. In this
connection, comparing and assessing the antioxidant
capacities of the pigmented rice varieties would
require selection of suitable extraction solvents and
measurement methods.

Antioxidant capacity is routinely determined by
two methods: electron transfer reaction and
hydrogen atom transfer reaction assays. The electron
transfer reaction assays include the Trolox equivalent
antioxidant capacity (TEAC), the ferric reducing
ability of plasma (FRAP), the 1,1-diphenyl-2-
picrylhydrazyl (DPPH), and the copper reduction
(CUPRC) assays. The oxygen radical absorbing
(TRAP) and the oxygen radical absorbing capacity
(ORAC) assays are hydrogen atom transfer reaction
methods. The assessment of the antioxidant
capacities of phenolic compounds in beverages such
as green tea, orange juice, vegetable juice and apple
juice has been demonstrated by previous studies that
utilized the DPPH, ORAC and TEAC methods
(Natella et al. 2002).

As regards the assessment of the phenolic
compounds in rice, the data reported in the literature
indicate that notably DPPH and ORAC are the
methods selected for the evaluation of the total
antioxidant capacity (Qiu et al. 2009; Min et al. 2011).
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In the present study, DPPH and ORAC assays were
chosen for the comparative analysis of the
antioxidant capacities in various rice varieties. This
choice was derived from earlier studies indicating
that the different varieties of pigmented rice contain
distinct antioxidant capacities, possibly due to the
contribution of several environmental factors, such as
sunshine and temperature (Jun et al. 2012).
Interestingly, black rice has a higher phenolic
content, compared with red rice (Chen et al. 2012).
Thus, the present study aimed (1) to compare the
extraction efficiencies of methanol and ethanol
solvents in terms of the antioxidant capacities and
the total phenolic content of pigmented rice varieties,
and (2) to assess the contributions of light and culture
environment as factors in the synthesis of total
phenolic content in the rice varieties.

MATERIALS AND METHODS

Materials

The red rice varieties used in this study were
Tsukushiakamochi (glutinous) and Beniroman (non-
glutinous), and the black rice varieties were
Asamurasaki (glutinous) and Okunomurasaki (non-
glutinous). The white rice variety was solely the
Koshihikari (non-glutinous) variety. The rice plants
were cultivated in the experimental fields of the
Faculty of Life and Environmental Sciences, at the
Prefectural University of Hiroshima during the
period 2005-2011. Planting and harvesting were
done in the same calendar year. Seeds were stored at
5 °C and dehulled before use.

AAPH (2,2-azobis2-amidino-propanedi-
hydrochloride), Folin-Ciocalteu’s reagent, Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carbonsaure),
and DPPH (1,1-diphenyl-2-picrylhydrazyl) were
obtained from Sigma Chemicals (St. Louis, MO,
USA). MES [2-(N-morpholino) ethane-sulfonic acid]
was purchased from Nacalai Tesque Inc. (Nacalai
Tesque, Kyoto, Japan). Gallic acid was purchased
from Biomedicals (Illkirch, France). The other
chemicals used in this study were of the highest
grade available and were purchased from Wako Pure
Chemical Industries Ltd. (Hiroshima, Japan).

Sample Preparation

The hulled grains (caryopsis) were randomly
selected in each variety and were milled with an
ultracentrifuge I mill (Iwatani, Japan). The milled rice
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powder (0.2 g) was soaked in 50 mL of the following
solvents: 1% HCI in methanol, 80% ethanol and 100%
methanol (Wako Pure Chemical Industries Ltd.,
Hiroshima, Japan). The powder was sequentially
extracted for 24 h at room temperature with
continuous shaking. The total volume of the
extraction was adjusted to 10 mL with additions of
the extraction solvent (1% HCIl in methanol, 80%
ethanol and 100% methanol). The resulting extracts
were used for the measurement of the phenolic
content and the DPPH assay. The extracts that were
obtained with 1% HCI in methanol were also used
for the oxygen radical absorbing capacity (ORAC)
assay. All extracts were stored at —20 °C until further
use.

Climate Indexes

The climate indexes were obtained from the
Hiroshima Prefecture Bureau of Meteorology,
Syobara City, Japan in December 2012 (Table 1). The
cumulative actual sunshine hours and average
temperatures were recorded between the heading of
each variety and 30 d later.

Color Measurements

The color of the hulled rice was determined by the
Hunters reflected color method (McGuire 1992). The
hulled rice grains were placed in plastic bags (0.04
mm thick), and the Hunter L*, a* and b* reflected
color values were measured, with 10 repetitions,
using a colorimeter (CR-221, Minolta Co. Ltd., Osaka,
Japan).

DPPH Assay

DPPH scavenging activity was evaluated as
described previously (Oki et al. 2001). Briefly, 150 pL
of the aforementioned sample (see ‘Sample
preparation’) were mixed with 50 pL of 100%
ethanol, 50 uL of 2-morpholinoethanesulfonic acid
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(MES) buffer (pH 6.0, 0.2 M), and 20% of ethanol in a
96-well microplate. The reaction was initiated by the
addition of 50 uL of 800 uM mL"' DPPH in ethanol.
The reaction mixture was vortexed and incubated at
room temperature for 20 min in the dark. Finally, the
absorbance was measured by spectrophotometry at
510 nm, using a dual-wavelength flying spot
scanning densitometer (CS9300PC, Shimadzu Co.,
Ltd., Kyoto, Japan). The DPPH radical-scavenging
activity was estimated by the decrease in absorbance
at 510 nm, and is expressed in Trolox equivalent per
100 mg of sample, using a Trolox standard curve.

ORAC Assay

Assessment of the ORAC assay was carried out using
a Lab systems Fluoroskan Ascent FL plate reader
(Sigma Chemical Co.), according to a procedure
described by Wu et al. (2004). The compound 2,2-
Azobis (2-amidinopropane) dihydrochloride (AAPH)
was used as the peroxyl radical generator, the
compound Trolox as the standard, and the
compound fluorescein as the fluorescent probe. An
excitation wavelength of 485 nm was selected using
appropriate filters, and the fluorescence emission
was measured at 520 nm every 2 min over a 90-min
period. The measurements were carried out in
triplicate.

The final ORAC results were standardized
compared with the Trolox. The fluorescence analysis
system automatically generated a Trolox standard
curve using a net fluorescence (background-
subtracted values) value. The relative Trolox
equivalent ORAC value was calculated as follows:

Relative ORAC value = (Area under the curve
(AUC) sample - AUC blank) micromoles of Trolox
equivalent per gram of dry weight/(AUC Trolox -
AUC blank) micromoles of Trolox equivalent per
gram of dry weight.

Table 1. Climate index between heading and following 30 d.

Mean Daily Temperature (°C)

Total Sunshine/h

Variety

2005 2007 2011 2005 2007 2011

White rice

Koshihikari 22.22+0.5 23.82+£0.7 2452 £0.9 111922 159.0+5.8 127.8+45
Red rice

Tsukushiakamochi 23.08+0.4 22.60+1.0 21.97 £ 0.8 120.1+£1.6 155.2+2.3 157.6 £4.8
Beniroman 22.07 £0.7 21.26+0.5 2177 £0.7 1279124 1477 £3.2 160.6 £ 2.1
Black rice

Asamurasaki 245+0.6 23.82+0.8 248405 108.7 £ 2.3 153.6 £2.3 137.8+1.9
Okunomurasaki 24.5+0.6 23.82 £0.8 24.84 £ 0.5 108.7 £ 2.3 153.6 £2.3 137.8+1.9
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Measurement of Total Phenolic Content (TPC)

TPC was determined by the Folin-Ciocalteu method
as described previously (Zhang et al. 2010). A
standard curve was constructed using a stock
concentration of 1 mg/mL of gallic acid dissolved in
80% methanol. The aliquots were prepared at a
volume range of 0.025, 0.05, 0.10, 0.20, 0.4 and 0.6 mL
of the stock solution and were mixed with 1.25 mL of
Folin-Ciocalteu’s reagent and 3.75 mL of 20% NaxCOs
solution. The resulting solution was transferred to
cuvettes and was incubated at 30 °C for 2 h in the
dark.

The absorbance of each sample was measured at
760 nm (JascoUbest-30 spectrophotometer, Tokyo,
Japan) for the determination of the total phenolic
content, while a solution without gallic acid
monohydrate was used as negative control. The
Folin-Ciocalteu assay relies on the electron transfer in
alkaline medium from phenol compounds to
phosphotungstic acid complexes that are determined
spectrophotometrically at 760 nm (Ainsworth and
Gillespie 2007).

Statistical Analysis

Descriptive statistics was used for the analysis. The
differences between the three groups of rice varieties
were examined using one-way analysis of variance
(one-way ANOVA) with regard to the determination
of antioxidant capacity and climate index. The data
are presented as the mean + SD and the statistical
analysis was carried out using SPSS statistics
software 22.0 (SPSS Inc. Chicago, IL). A P-value of <
0.05 was considered statistically significant.
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RESULTS AND DISCUSSION

Physical Properties of Hulled Rice Grains in
Different Varieties

The hulled rice grains were examined for their colors
using a colorimeter (Table 2). The white rice had the
highest L* value, followed by the red and black
varieties. The red rice grains showed the highest a*
value, and the white rice the lowest. The b* value was
greater for the red rice varieties, with the exception of
the Beniroman variety. The white rice variety
exhibited a greater b* value compared with the
Beniroman variety and the black rice variety. The red
rice Tsukushiakamochi had the greatest c* value, as
evaluated by Metricchroma, followed by the white
and black varieties.

The analysis by the Metric hue angle yielded the
greater h* value for the white rice, followed by the
red and black rice varieties. Interestingly, the value of
each a* b* c*, and L* parameter, respectively, was
significantly different between the red and black rice
varieties; the white varieties exhibited greater L*
color value, followed by the red and the black
varieties. With regard to the a* color value, the black
and white varieties showed comparable efficacies,
whereas the red variety indicated the greatest a*
value.

The hue of the pigmented rice was not correlated
with the sunshine and the temperature (as indicated
by the climatic index shown in Table 1). For example,
there was no significant difference in Asamurasaki’s
color properties between 2005 (sunshine 108.7 h, L*
17.2) and 2007 (sunshine 153.6 h, L* 17.9). Thus, it is

Table 2. Hunters-reflected color values of hulled grains; L* = lightness, a* = bluish- green/red — purple hue component,
b* = yellow/blue hue component; metric chroma: c* = \ [(a*)* + (b*)?]; metric hue angle: h* = arc tan (b*/a*).

Hunters-Reflected Color (Mean * Standard Deviation)

Variety L* a* b* c* h*
White rice
Koshihikari 2005 62.67 £2.74 4.39 £ 0.59 24.75 £ 1.01 25.1 251.1
2007 63.64 +£2.10 4.41 +£0.71 25.13 +1.58 25.5 2515
2011 62.62 £2.30 4.46 £ 0.54 24.55 £ 0.76 25.0 250.4
Red rice
Tsukushiakamochi 2005 41.97 £2.43 19.07 £ 0.72 29.03 £ 0.69 34.7 178.1
2007 41.19+3.12 17.19+0.92 27.70 £ 1.39 32.6 182.8
2011 44.54 £ 2.96 14.39 £ 145 27.39 £ 1.26 30.9 195.7
Beniroman 2005 34.68 + 1.50 13.50 £ 1.37 19.75+ 1.68 23.9 174.8
2007 34.62 +1.80 15.53 £ 0.81 20.93 £ 0.90 26.1 167.8
2011 38.12+2.78 13.24 £ 0.66 21.74 £1.12 25.5 184.3
Black rice
Asamurasaki 2005 1717 £2.36 4.06 £ 1.56 1.09 £ 0.65 4.2 47.2
2007 17.88 £ 2.51 413 +£1.55 1.28 £ 0.51 4.3 54.1
2011 18.34 £ 2.14 410 +1.67 1.95+2.48 4.5 79.9
Okunomurasaki 2005 18.16 £ 2.11 5.30 £ 1.37 2.75 +1.59 6.0 86.2
2007 17.01 £ 2.07 3.23+0.57 0.97 £0.54 3.4 52.5
2011 18.37 £ 2.31 4.77 £1.07 2.42 +1.32 5.3 84.5
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reasonable to assume that the rice color is
determined mainly by the genetic background, rather
than by the environment. However, the general
appearance of the rice may be a cumulative effect of
the hue and the various defects that may contribute
to the color.

Smut was shown to impart a gray hue to rice
grains, whereas heat damage may have caused a
color change. Furthermore, the color may indicate
other features such as rice quality. It has been shown
that brown rice and white rice have different
amounts of protein content that in turn affects their
hepatic lipid content and weight gain (Zhang et al.
2011). In addition, the composition of rice in terms of
protein, carbohydrate and nitrate levels is affected by
the environment and growth conditions such as
nutrient solution, CO: level and photosynthetic
photon flux (McKeehen et al. 1996).

Comparison of the Antioxidant Capacities of the
Different Rice Varieties using the DPPH Method

The DPPH scavenging effects of the different rice
varieties were assessed using various extraction
solvents (Table 3). The antioxidant capacities of the
rice varieties that were examined in the present study
were significantly different. The greatest values were
obtained for the red varieties (1492.7-2065.8 pmol
Trolox 100 mg™?), followed by the black (713.7-1587.4
pmol Trolox 100 mg?) and the white (23.9-92.5 umol
Trolox 100 mg™") varieties. Yao et al. (2010) compared
the red, black, and purple rice varieties and reported
a more pronounced radical scavenging activity in the
black rice, compared with the red rice by the DPPH
method. Similar results were reported by
Laokuldilok et al. (2011) in terms of antioxidant
activity. These findings corroborate the data
published by Oki et al. (2002) and Chen et al. (2012)
which indicated that the DPPH radical scavenging
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activity and the oxygen radical absorbing capacity
(ORAC) of the red rice is greater than that of either
the black or the white rice varieties.

The antioxidant capacities of the extracts from all
five rice varieties were significantly lower with the
100% methanol-extraction method, compared with
the 80% ethanol- or the 1% HCl/methanol-extraction
method. The extracts obtained using the 1% HCl/
methanol extraction method exhibited the greatest
DPPH scavenging activity, compared with the 80%
ethanol- and the 100% methanol-extraction solvent
method. The DPPH scavenging activity that was
obtained by using 100% methanol and 80% ethanol
as extraction solvents did not reveal a statistically
significant difference. An antioxidant capacity of
2065.8 pmol Trolox 100 mg?' was obtained for the
Tsukushiakamochi (red rice) variety when the 1%
HCl/methanol extraction method was used, whereas
1562.3 and 1505.8 pmol Trolox 100 mg?! were
obtained for the 80% ethanol- and the 100% methanol-
extraction method, respectively. Similarly, the DPPH
values for the Asamurasaki (black rice) variety
indicated significant variations depending on the
extraction solvent that was used.

The use of 1% HCI in methanol yielded greater
antioxidant capacity (1383.8 pumol Trolox 100 mg™)
compared with the use of 80% ethanol (955.9 umol
Trolox 100 mg') and 100% methanol (748.3 pmol
Trolox 100 mg) (Table 3). These findings corroborate
previous data reported by the study of Anwar and
Przybylski (2012) in flaxseeds. Their study used four
different solvents (80% ethanol, 100% methanol, 80%
methanol and 100% ethanol solvents) and the
greatest antioxidant capacity was noted for the 80%
ethanol solvent, followed by the 100% methanol
solvent, as demonstrated by the DPPH method
(Anwar and Przybylski 2012). Furthermore, Zhao et
al. (2006) reported that the extraction solvent

Table 3. Antioxidant capacity in five rice varieties planted in 2007, as determined by the 2,2-diphenyl-1-picryl-
hydrazylhydrate (DPPH) assay following extraction with different solvents.

pmol Trolox 100 mg”

Variety 80% Ethanol 100% Methanol 1% HCI in Methanol
White rice
Koshihikari 76.8 +1.1%C 23.9+1.2° 92.5 +21.1%¢
Red rice
Tsukushiakamochi 1562.3 + 285.5°* 1505.8 + 26.7°* 2065.8 + 240.3%
Beniroman 1492.7 + 75.4%" 1633.5 + 239.4%* 1740.3 + 195.3%8
Black rice
Asamurasaki 955.9 + 93.9°8 748.3 + 57.2"8 1383.8 + 239.8%°
Okunomurasaki 1023.6 + 272.8°8 713.7 + 95.2°8 1587.4 + 417.1%8

Values are indicative of the mean * standard deviation of three measurements. Identical superscript capital letters denote no significant difference of the
variety using the same extraction solvent. Identical superscript small letters denote no significant difference of the extraction solvent in the same variety.
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significantly affects the DPPH scavenging activity,
based on their assessment of barley extraction with
acetone, 80% ethanol and 80% methanol. The study
by Zhao et al. (2006) reported that 80% acetone
extract contained highest levels of (-)-catechin, and
ferulic, caffeic, vanillicc and coumaric acids, while
80% methanol extract had the highest levels of (-)-
epicatechin and syringic acid. The water extracts
exhibited the greatest levels of protocatechuic and
gallic acids (Zhao et al. 2006). The use of acetone as
an extraction solvent was found to selectively
enhance the yield of catechin and proanthocyanidin
(Bonoli et al. 2004; Bonoli et al. 2004).

In the present study, extraction with 1% HCI in
methanol yielded the highest antioxidant capacity,
followed by extraction with 80% ethanol. Methanol
(100%) was a less favorable extraction solvent, since it
yielded the extract with the lowest antioxidant
capacity. The differences in the extraction efficiencies
of various solvents can be attributed to the
differences in their properties. Therefore, it is
speculated that the use of a strong polar solvent may
promote the extraction of antioxidant compounds.
Consequently, the present study confirms the use of
selected solvents in order to obtain a greater yield of
antioxidant compounds.

Antioxidant Capacities of Different Rice Varieties
using the ORAC Assay

Plants cultivated in 2007 were selected for assessing
the antioxidant capacities of the various rice varieties
using the ORAC assay (Fig. 1A). The year 2007 was
selected as the mid time-point of the experimental
setting, which is likely to yield representative data.
The samples were extracted with 1% HCl in
methanol, and the antioxidant capacity was
evaluated by using the DPPH assay. Although the
same trends were obtained for the antioxidant
capacities between the DPPH and the ORAC assays,
the values were significantly lower in the ORAC
assay compared with the DPPH method. The
Tsukushiakamochi variety showed an antioxidant
capacity of 286.1 pumol Trolox g m? in the ORAC
assay, which was 70-fold lower than the value
obtained in the DPPH assay (20658 pmol Trolox g
m™). Similar results were obtained for the other
varieties tested. However, a significant positive pair-
wise correlation was noted between the data derived
from the DPPH and the ORAC assays R?= 0.0974
(Fig. 1B). Natella et al. (2002) reported that the crocin
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Fig. 1. A: Evaluation of the antioxidant capacities by
the ORAC assay in five rice varieties planted in
2007. The letters a, b, ¢ and d indicate statistical
significance (P< 0.05). B: The correlation
between DPPH and ORAC in the five rice
varieties planted in 2007. Identical superscript
letters denote no significant difference at P< 0.01.
(DPPH — 2,2-diphenyl-1-picryl-hydrazylhydrate,
ORAC - oxygen radical absorbance capacity).

test that utilizes the same peroxy radical generator
(AAPH) and the same antioxidant standard (Trolox)
as the ORAC assay was more efficient in the
determination of the antioxidant activities of tea and
other beverages compared with the TRAP test
(Natella et al. 2002).

In the present study, the difference observed in
the correlation coefficient between the ORAC and
DPPH assays might have been caused by the sample
composition differences, including the phenolic
compound types and ratios. In addition, it is
plausible that the differences observed between the
DPPH and ORAC values resulted from the distinct
reaction conditions. For example, DPPH is an
electron reaction, whereas the ORAC is based on
hydrogen atom transfer. Thus, the various analysis
methods should be examined to determine the rice
varieties with the strongest antioxidant capacity.
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Effect of Planting Year on Antioxidant Capacities of
Different Rice Varieties

The DPPH assay was used to evaluate the
antioxidant capacities of different rice varieties
harvested in 2005, 2007, and 2011 (Table 4). No
statistically ~significant difference was obtained
among the values for the planting years examined.
However, the Beniroman variety was an exception to
this trend, showing a significant difference between
the years 2005 and 2007 (Table 4). The mean value of
the antioxidant capacity of the Okunomurasaki
variety was greater for the year 2007, compared with
the year 2005, although the results were not
statistically significant (Table 4). Taken together, these
results indicate that antioxidant capacities differ
among rice varieties.

TPC Values Obtained with Various Extraction
Methods in Different Rice Varieties

Several solvents were used to extract the total
phenolic compounds in the different rice varieties.
There were significant differences in the TPC values
depending on the extraction solvent used. The
greatest TPC was obtained with 1% HCl/methanol,
followed by the 100% methanol and the 80% ethanol
solvent extraction methods (Table 5). This trend was
the same in all the varieties tested. Zhao et al. (2006)
reported the following decreasing ranking order for
the TPC values in the solvent extraction of the same
barley variety: 80% acetone, 80% ethanol, 80%
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methanol, and water. In another study, the TPC
value in flax seed was the greatest with the 80%
ethanol-extraction method (3260 mg 100 g7,
followed by the 100% methanol-extraction (2700 mg
100 g') and the 80% methanol-extraction method
(2020 mg 100 g') (Anwar and Przybylski 2012).
Similarly, Sultana et al. (2007) reported that the 80%
aqueous ethanol extraction method was the most
effective solvent for the total phenolic components
from the bark of some plants. A study by Walter et al.
(2013) showed that the total soluble phenolic
compounds (TSPC) and the antioxidant activities
(AOA) of the rice grains with the brown, the red, and
the black pericarps were significantly different, and
the greatest values were obtained in the red and
black rice varieties (Walter et al. 2013). Furthermore,
a positive significant correlation between TSPC
concentrations and AOA was demonstrated,
although the different extraction methods were not
taken into account (Walter et al. 2013).

In the present study, it was shown that the TPC
values vary according to the extraction solvents. The
1% HCl/methanol solvent extraction method yielded
the greatest values followed by the 100% methanol
and the 80% ethanol solvent extraction methods. The
TPC values in the white rice were 43.2, 12.7, and 11.3
mg/100 g, respectively, when 1% HCl/methanol,
100% methanol and 80% ethanol were used. These
values were significantly lower than the
corresponding levels noted for the black and the red

Table 4. Antioxidant capacity and total phenolic content in five rice varieties planted in different years, as
determined by the 2,2-diphenyl-1-picryl-hydrazylhydrate (DPPH) method and the extraction method of 1% HCI/

methanol, respectively.

pmol Trolox 100 mg”

Test Analysis Variety

2005 2007 2011
White rice
Koshihikari 85.8 + 21.8%¢ 92.5 +21.1%¢ 95.67 + 12.2%¢
Red rice
Antioxidant Tsukushiakamochi 1806.2 + 340.6** 2065.8 + 240.3% 2145.1 + 186.3%
capacity Beniroman 1442.1 + 11748 1740.3 + 195.3%8 1722.6 + 52.7%*
Black rice
Asamurasaki 1411.3 £ 10.4%® 1383.8 + 239.8%° 1703.4 + 118.4**
Okunomurasaki 1324.9 + 86.1%8 1587.4 + 417.1%® 1384.8 + 65.128
Total phenolic content
White rice
Koshihikari 36.7 +1.2°° 43.3 £ 0.6 48.9 +0.7%°
Red rice
Tsukushiakamochi 240.7 + 14 416.5 + 3.5 500.6 + 22°
Beniroman
Black rice 337.2+0.6°® 404.2 +11.2%8 389.8 +4.0%
Asamurasaki
Okunomurasaki 509.1 + 5.5 4775 +11.2°* 534.6 + 12.1%*

305.4 + 11.7°8

403.2 +4.1%®

2957 +1.7°°

Values are mean * standard deviation of three independent measurements. Identical superscript capital letters denote no significant difference with the
variety using the same extraction solvent. Identical superscript small letters denote no significant difference with the extraction solvent in the same

variety.
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Table 5. Total phenolic content, as measured by UV spectrophotometry following extraction with different solvents in

five rice varieties planted in 2007.

Vari mg/100 g
ariety -
80% Ethanol 100% Methanol 1% HCI in Methanol

White rice

Koshihikari 11.3+1.2%° 12.7 +0.8°¢ 43.2 +0.6°
Red rice

Tsukushiakamochi 186.4 + 13.1°8 251.2 + 4.1°* 416.5 + 3.6°°

Beniroman 231.7 +5.2% 2954 +11.3"* 404.2 +1.0°
Black rice

Asamurasaki 130.5 + 3.4°C 127.2 £ 17.9°® 477.5 + 0.8

Okunomurasaki 101.3 + 12.1°° 128.9 + 7.5 403.2 +4.1%8

Values are indicative of the mean + standard deviation of three measurements. Identical superscript capital letters denote no significant difference
among the different varieties using the same extraction solvent. Identical superscript small letters denote no significant difference within the same variety

when different extraction solvents were used.

rice varieties. However, no significant difference in
the TPC contents was noted between the black and
the red rice varieties using 1% HCl/methanol as the
extraction solvent. The results of the present study
corroborated the findings of Sompong et al. (2011)
and Chen et al. (2012) that demonstrated greater TPC
contents in the black and the red rice varieties
compared with the white rice. Thus, the use of a
strong polar solvent for extraction results in a greater
TPC value, due to the high solubility of the phenolic
compounds.

Effect of the Cultivation Year on TPC Values in
Different Rice Varieties

The TPC of the different rice varieties was estimated
in the samples from the corresponding cultivation
years following the extraction with 1% HCl/
methanol. The red rice cultivar Tsukushiakamochi
planted in 2005, 2007, and 2011 showed TPC values
of 240.7, 416.5 and 500.6 mg 100 g7, respectively
(Table 4), indicating that the TPC values in 2011 were
2-fold greater than those obtained in 2005. The black
rice cultivar Okunomurasaki exhibited TPC of 305.4,
403.2, and 295.7 mg 100 g7, respectively, in 2005,
2007, and 2011. These data indicate that the TPC is
further affected by meteorological and cultivation
conditions.

Meteorological Conditions Affect TPC

Sunshine hours had a positive effect on the TPC in
the black and the red rice. For example, in the
Tsukushiakamochi variety, the TPC was 240.7, 416.5,
and 500.6 mg 100 g', respectively, during 120.1,
155.2, and 157.6 h of exposure to sunshine (Tables 1
and 4). Similarly, Okunomurasaki showed a TPC
value of 403.2 mg 100 g!following 153.6 h of
exposure to sunshine, which was 97 mg 100 g?!
greater than that obtained by 108.7 h of exposure to
sunshine (3054 mg 100 g'). In contrast to these

The Philippine Agricultural Scientist Vol. 100 No. 2 (June 2017)

observations, the daily temperature increase
negatively affected the TPC. For example, the TPC
value obtained in the Beniroman variety was 337.2,
404.2, and 389.8 mg 100 g1, respectively, at a
temperature of 22.07, 21.26 and 21.77 °C (Tables 1 and
5). Thus, exposure to sunshine apparently promotes
the synthesis of phenolics, while their accumulation
is hampered by higher temperatures. These findings
further =~ demonstrated that the cultivation
environment of rice plants is important
determining their antioxidant capacity.

in

TPC Correlates with Antioxidant Capacity

A high correlation was previously reported between
the content of total phenolic compounds and the
antioxidant capacity in bayberry (Zhou et al. 2009)
and rice (Walter et al. 2013). Despite the evidence
presented in the latter reports, a study by Chen et al.
(2012) demonstrated that there is little correlation
between the TPC and the antioxidant capacity in the
black and the red rice varieties, which is in
agreement with our results (Chen et al. 2012). For
example, the TPC value in the Tsukushiakamochi
variety (416.5 mg 100 g') was 61 mg 100 g'! lower
than that noted in the Asamurasaki variety (477.5 mg
100 g), although the corresponding DPPH value was
682.0 pumol Trolox 100 mg! greater in the same
extract (Table 4). In contrast to these observations, a
significant positive correlation in the same variety
between the TPC and the antioxidant capacity was
observed. For example, the Tsukushiakamochi
variety planted in 2011 showed a higher TPC value
(500.6 mg 100 g!') and a more pronounced
antioxidant capacity (2145.1 pmol Trolox 100 mg™)
compared with the rice planted in 2005. The
antioxidant capacity of the latter was 240.7 mg 100 g
and 1806.2 umol Trolox 100 mg, respectively (Table
4).
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SUMMARY AND CONCLUSION

The present study revealed significant differences in
the TPC and the antioxidant capacity of rice cultivars
depending on the extraction solvent that was used in
the method. Using polar extraction solvents was
found to be most suitable for analyzing the
antioxidant compounds and the TPC. Furthermore,
there was a significant positive correlation between
the ORAC and DPPH methods regarding
measurement of their antioxidant capacity, thus
indicating that both assays are equally suitable for
determining the antioxidant capacity.
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