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Abstract

This study was aimed at the extraction of total phenolic compounds, as well as, the
antioxidant activity of black glutinous rice (Oryza sativa L.). Black glutinous rice of three
varieties consists of Leum Pua, Doi Saket, and Phayao were extracted using citric acid
solvent. The influences of temperature, time and pH value on total phenolic content and
antioxidant activity (percentage of inhibition of DPPH free radical) were investigated. A
central composite design was employed to determine the optimum extraction condition to
obtain the highest total phenolic content and antioxidant activity. The regression models
of total phenolic content were significant (p<0.05) and determination coefficients values
were 0.8028, 0.8089, and 0.8603 of Leum Pua, Doi Saket, and Phayao, respectively. The

regression models of DPPH inhibition were significant (p<0.05) and determination
coefficients values were 0.8084, 0.8928, and 0.8243 of Leum Pua, Doi Saket, and Phayao,
respectively. The selected optimum conditions were 72°C, 91 mins at pH 1.44 for Leum
Pua, 72.5°C, 83 mins at pH 1.39 for Doi Saket, and 66.3°C, 75 mins at pH 1.32 for
Phayao. Under the optimum condition, total phenolic content and percentage of inhibition
of DPPH free radical of extract from Leum Pua, Doi Saket and Phayao were 0.3814 mg
GAE g' DW with 89.36%, 0.2607 mg GAE g"' DW with 73.33%, and 0.2617 mg GAE g’
' DW with 75.27%, respectively. The results showed that the total phenolic content of the
extract indicated a highly positive correlation with antioxidant activity.

1. Introduction

synthetic dyes because of their water solubility and
bright color which allows them to be added into foods

Rice (Oryza sativa L.) is being consumed as a staple
food for many countries nearly half of the world
population, particularly in the Asian country. Rice can be
classified by their colours which are white rice, brown
rice, red rice and black rice. Nowadays, pigmented rice
has been receiving more attention in commerce in
Thailand due to the consumer trend of health awareness.
Pigmented rice such as black rice, are good sources of
basic nutrients, fiber, minerals and phytochemicals (Bae
et al., 2017). In particular, pigmented rice varieties
contain a higher amount of phenolic compound; cyanidin
-3-glucoside, malvidin-3-glucose, and peonidin-3-
glucoside compare to white rice (Pedro et al., 2016; Bae
et al., 2017, Seekhaw et al., 2018). The main
anthocyanin is  cyanidin-3-glucoside, meanwhile,
peonidin-3-glucoside is the minor component (Chen et
al., 2012). In this sense, anthocyanins extracted from
plants may be suitable to be substituted instead of
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(Nontasan et al., 2012; Pedro et al., 2016). However,
there is some limitation of extraction of phytochemicals,
such as their chemical stability with respect to pH,
temperature and light (Pedro et al., 2016). For extraction
of chemical component, the most commonly used
solvents are methanol, ethanol, water acidified with an
acidic solution. Ethanol and organic acids such as citric
acid and acetic acid are desirable because they are less
toxic than methanol and hydrochloric acid (Escribano-
Baildn et al., 2004; Phetpornpaisan ef al., 2014; Shao et
al., 2014). The factor such as type of solvent, extraction
temperature, extraction time and the ratio of sample to
solvent has a significant influence on the extraction
process, therefore the combination of these factors and
determination of optimal conditions are important in
order to achieve a suitable yield of phenolic compound
and its property. To overcome this limitation, the use of
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mathematical models that describe accurately the
isolated and combined effects of different factors seem to
be the most promising approach to obtain a functional
extract from black rice. Response surface methodology
(RSM) is a method used to develop and optimize
processes and products (Pedro et al., 2016). Therefore,
the effects of input variables (extraction temperature,
time, and pH) on total phenolic content and antioxidant
activity (percentage of inhibition of DPPH free radical)
were studied on contour plots. In addition, the optimized
conditions of the independent variables to maximize
values were also reported in this research.

2. Materials and methods
2.1 Extraction of bioactive compound from black rice

Black glutinous rice of three varieties consist of
Leum Pua, Doi Saket and Phayao were purchased from a
local market in northern Thailand. Response surface
methodology (RSM) was used to optimize the conditions
for the extraction of bioactive compound. The design of
the experiment was done using Design Expert 12 (Stat-
Ease Inc, USA). Three independent variables were
employed by central composite design (CCD). The
variables used were extraction temperature (X),
extraction time (X,) and pH (X;). The design consisted
of 20 runs including six axial experiments (levels £ a),
eight factorial experiments (levels = 1), and six replicates
in central point (0) in order to estimate pure error and to
assess the lack of fit of the propose models. The response
functions measured were total phenolic content and
antioxidant activity. When the probability value was
below 0.05, the response variable was subjected to
multiple linear regression analysis using RSM, in which
the response function (Y) was partitioned into linear,
quadratic and interactive components. Data were
modelled using Equation (1). The phenolic compounds
were extracted from the black rice using citric acid. One
gram of ground rice was added to 10 mL citric acid at
different pH. The extraction was performed in the test
tube. The tube was then transferred to a water bath at
settle temperature and time as demonstrated in Tablel.
After processing, the extract was filtered (qualitative
Whatman #1 paper). The extract was kept in dark bottle
to protect from light and stored immediately at 4 °C until
analysis.

k k
Y= po+ Z ﬁiXiz+Zﬁin£2+Z_ BiiXiX
i=1 i=j

2.2 Analysis of total phenolic content

)

Total phenolic content was determined using the
Folin-Ciocalteu method (Tsia et al., 2007) with slight
modifications. About 2 mL of extract was added with 5
mL of Folin-Ciocalteu 10% (w/v). The solution was
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stirred for 3 mins and 2 mL of a 7.5% Na,CO; solution
(w/v) was then mixed and wrapped with parafilm. The
solution was left at ambient temperature for 60 mins. The
absorbance was recorded at 765 nm using a
spectrophotometer (Helios UUA-161514, Thermo
Scientific, USA). The total phenolic content (TPC) was
determined from the standard curve of gallic acid. The
results were expressed in mg of gallic acid equivalents
per gram dry weight sample (mg GAEg™ DW).

2.3 Determination of antioxidant activity

The radical scavenging activity of the extract was
measured using the stable radical 2, 2 —diphenyl-1-
picrylhydrazyl (DPPH) in accordance with Martin et al.
(2012). Briefly, 2 mL of extract was mixed with 2 mL of
methanolic solution of 0.2 mM DPPH. The control was
obtained without extract. The mixture was vortexed
vigorously and left for 30 mins at room temperature in
the dark. The bleaching rate of a stable DPPH was
monitored at a characteristic wavelength in the presence
of the sample using a spectrophotometer (Helios UUA-
161514, Thermo Scientific, USA). In its radical form,
DPPH absorbs at 517 nm but, upon reduction by an
antioxidant or a radical compound, its absorption
decreases. The percentage inhibition values (I) were
calculated as given in Equation (2) Lopez-de-Dicastillo
etal. (2012).

I (%) = [(abs control — abs sample)/abs control] %100 (2)

3. Results and discussion
3.1 Total phenolic content and antioxidant activity

The experimental design presented twenty
combinations as tabulated in Table 1. The three factors
tested in this study were extraction temperature,
extraction time, and pH. The response variables were the
total phenolic content and antioxidant activity. For,
Leum Pua, the total phenolic content ranged from 0.3067
to 0.3398 mg GAE g' DW and DPPH inhibition ranged
from 80.08 to 88.52%. The highest total phenolic content
was 0.3398 mg GAE g"' DW (75°C, 80 mins and pH 2)
and DPPH inhibition was 88.52% (75°C, 40 mins and
pH 2); meanwhile, the lowest total phenolic content was
0.3067 mg GAE g"' DW (70°C, 60 min and pH 3) and
DPPH inhibition was 80.08% (65°C, 80 mins and pH 4).
For, Doi Saket, the total phenolic content ranged from
0.2351 to 0.2614 mg GAE g"' DW and DPPH inhibition
ranged from 49.55 to 73.33%. The highest total phenolic
content was 0.2614 mg GAE g' DW (70°C, 60 mins and
pH 1.3) and DPPH inhibition was 73.33% (65°C, 80
mins and pH 2); meanwhile, the lowest total phenolic
content was 0.2351 mg GAE g DW (75°C, 80 min and
pH 4) and DPPH inhibition was 49.55% (70°C, 60 mins
and pH 3). For, Phayao, the total phenolic content ranged
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Table 1. The responses of the parameters used in central composite design
Actual levels (Coded levels) Responses
Trials X X5 X3 Leum Pua Doi Saket Phayao
Temp (°C) Time (min) pH TPC DPPH TPC DPPH TPC DPPH

1 65 (-1) 40 (-1) 2 (-1) 0.3205£0.00 85.09+0.00 0.2358+0.00 62.33+0.20 0.2455+0.00 74.40+0.24
2 65 (-1) 40 (-1) 4 (+1) 0.3087+0.00 85.36+0.06 0.2429+0.00 69.74+0.06 0.2399+0.00 65.72+0.06
3 65 (-1) 80 (+1) 2(-1) 0.3287+0.00 84.22+0.06 0.2409+0.00 73.33+0.15 0.2490+0.00 75.27+0.19
4 65 (-1) 80 (+1) 4 (+1) 0.3192+0.00 80.08+0.06 0.2375+0.00 72.23+0.06 0.2348+0.00 71.40+0.28
5 75 (+1) 40 (-1) 2(-1) 0.3336+£0.00 88.52+0.10 0.2527+0.00 66.55+0.24 0.2534+0.00 63.71+0.30
6 75 (+1) 40 (-1) 4 (+1) 0.322940.00 84.89+0.06 0.2484+0.00 63.12+0.15 0.2410+£0.00 61.10+0.11
7 75 (+1) 80 (+1)  2(-1) 0.3398+0.00 84.18+0.06 0.2586+0.00 67.77£0.20 0.2588+0.00 63.63+0.06
8 75 (+1) 80 (+1) 4 (+1) 0.3114+0.00 82.92+0.20 0.2351+0.00 62.80+0.06 0.2419+0.00 59.33+0.11
9 61.5 (-0) 60 (0) 3(0) 0.3195+0.00 80.43+0.11 0.2453+£0.00 70.97+0.06 0.2480+0.00 69.63+0.11
10 784 (+a) 60 (0) 3(0) 0.3334+£0.00 85.52+0.06 0.2385+0.00 72.15+£0.15 0.2521+£0.00 60.36+0.10
11 70 (0) 263 (-a) 3(0) 0.3101+0.00 85.33+0.26 0.2516+0.00 61.74+0.11 0.2383+0.00 58.82+0.17
12 70 (0)  93.6(+ta) 3(0) 0.3389+0.00 87.18+0.06 0.2569+0.00 49.66+0.06 0.2521£0.00 56.45+0.10
13 70 (0) 60 (0) 1.3 (-a) 0.3785+0.00 84.06+0.06 0.2614+£0.00 68.17+0.19 0.2672+0.00 66.55+0.06
14 70 (0) 60 (0) 4.6 (+ta) 0.3070+0.00 82.56+0.15 0.2392+0.00 50.84+0.28 0.2455+0.00 61.66+0.33
15 70 (0) 60 (0) 3(0) 0.3077£0.00 80.51+£0.06 0.2570+0.00 49.82+0.00 0.2505+0.00 60.39+0.06
16 70 (0) 60 (0) 3(0) 0.3067+0.00 80.83+0.10 0.2585+0.00 49.55+0.11 0.2499+0.00 60.55+0.15
17 70 (0) 60 (0) 3(0) 0.3067+0.00 80.71+0.17 0.2576+0.00 49.70+0.00 0.2494+0.00 60.87+0.06
18 70 (0) 60 (0) 3(0) 0.3097+0.00 80.47+0.10 0.2585+0.00 49.90+0.15 0.2499+0.00 60.83+0.10
19 70 (0) 60 (0) 3(0) 0.3074+0.00 80.39+0.06 0.2571+0.00 49.55+0.20 0.2499+0.00 60.75+0.06
20 70 (0) 60 (0) 3(0) 0.3067+0.00 80.79+0.06 0.2575+0.00 49.65+0.10 0.2504+0.00 60.28+0.06

from 0.2348 to 0.2672 mg GAE g' DW and DPPH
inhibition ranged from 56.45 to 75.27%. The highest
total phenolic content was 0.2672 mg GAE g DW (70°
C, 60 mins and pH 1.3) and DPPH inhibition was
75.27% (65°C, 80 mins and pH 2); meanwhile, the
lowest total phenolic content was 0.2348 mg GAE g
DW (65°C, 80 mins and pH 2) and DPPH inhibition was
56.45% (70°C, 93.6 mins and pH 3). The statistical
comparative study on total phenolic content (TPC) and
DPPH inhibition of the extract were examined using
RSM and the effects of the independent variables to the
responses are discussed in the next section.

3.2 Model selection and verification of total phenolic
content and antioxidant activity

The collected data were analyzed using software
Design Expert 12. All the responses were analyzed using
analysis of variance (ANOVA) and regression analysis
for model fitting to evaluate the significance of the
coefficient terms. The results are tabulated in Table 2. A
higher value of regression coefficients can be directly
translated to a greater effect of the independent variables
on the responses (Chen et al., 2014). For Leum Pua, the
effect of extraction temperature (X;), extraction time
(X3), using the linear model and the quadratic effect
temperature, led to an increase in the phenolic content.
The effect of pH (X3) using the linear model, interaction
between X X,, X ;X3 and X,X3, in linear model, tended to
significantly decrease in phenolic content. In addition,
the effect of temperature (X,) also showed an increase in
DPPH inhibition. Meanwhile, the other effects tended to
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decrease DPPH inhibition. The effect of extraction
temperature showed a significant and positive effect on
increasing the total phenolic content and antioxidant
activity. These results are in line with a study by Pedro
et al. (2016), where they found that anthocyanins content
and total phenolic content increased with increasing
extraction temperature. Raising the temperature increases
the diffusion coefficient and the solubility of the
compounds increases (Cacace and Mazza, 2003; Pedro et
al., 2016). For Doi Saket, the effect of extraction
temperature (X;), and extraction time (X;), using the
linear model, led to an increase in the phenolic content.
Meanwhile, the other effects showed the decrease DPPH
inhibition but the effect of extraction temperature X;,
X2, led to decrease of DPPH inhibition. For Phayao, the
effect of extraction temperature (X;) showed positively
increase on phenolic content but decrease in DPPH
inhibition. The effect of extraction time (X;) presented in
both total phenolic content and DPPH inhibition.
Whereas, the effect of pH led to a decrease in both total
phenolic content and DPPH inhibition. The effect of pH
showed negative on increasing the total phenolic content
and DPPH inhibition in all varieties. Normally, acidified
organic solvents are suitable solutions for extraction of
the phenolic compound like anthocyanin from plant
materials (Naczk and Shahidi, 2006) due to acidified
solvent systems can destroy the cell membrane of plant
materials and anthocyanin is then dissolved. Therefore,
increasing in pH of solvent (or lower acidity) decreases
the ability of the solvent to destroy cell membrane then
resulting negative effect on extraction. In addition,
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extracted anthocyanins are most stable at low pH which
is a strong acidic solution (pH less than 3) and are
relatively unstable to a weak acidic solution to neutral
pH values of several foods (Cabrita et al., 2000).

Table 2. Regression coefficients for response variables

TPC DPPH
Factor Coefficient p 1 pcyie, Coefficient p ooy iey
estimate estimate
Leum Pua
Intercept 0.3078 - 80.61 -
X;-temp 0.0034 0.2707 1.05 0.0318
X,-time 0.0037 0.2291 -0.6833 0.1352
X;5-pH -0.0127 0.0015 -0.8262 0.0778
XX -0.0022 0.5818 -0.02 0.9717
Xi1X;3 -0.0037 0.3593 -0.1275 0.8212
X2X3 -0.0028 0.4882 -0.255 0.6525
X’ 0.005 0.111 0.8377  0.0679
X, 0.0043 0.1627 2 0.0006
X3 0.0107 0.036 0.9561 0.0416
Doi Saket
Intercept 0.258 - 49.63 -
X;-temp 0.0023 0.1631 -1.13 0.34
X,-time 0.0005 0.7574 -0.4339 0.708
X;-pH -0.0049 0.0101 -1.35 0.2569
XX -0.0015 0.4653 -1.57 0.3098
Xi1X3 -0.0033 0.1378 -1.84 0.2397
X2X3 -0.003 0.1637 -1.26 0.4131
X,? -0.0067 0.0013 8.33 <0.0001
X, -0.0023 0.1584 2.72 0.0324
X2 -0.0037 0.0343 5.41 0.0006
Phayao
Intercept 0.2502 - 60.44 -
X -temp 0.0024 0.0389 -4 0.0007
X,-time 0.002 0.0733 0.0523 0.9508
X;3-pH -0.0063 0.0001 -2.03 0.0341
XX 0.001 0.4778 -1.05 0.3538
Xi1X; -0.0012 0.3922 0.705 0.5285
X2X;3 -0.0016 0.2461 0.39 0.7255
X,? -0.001 0.317 2.5 0.0111
X, -0.0027 0.0192 -0.0981 0.9054
X5 0.0012 0.2567 2.19 0.0215

The estimated models built for the phenolic content
and DPPH inhibition methods are represented in terms of
the coded values. Where Y is the predicted response; X
is extraction temperature; X, is extraction time; and X3 is
pH value. For phenolic content of Leum Pua, Doi Saket
and Phayao the model equation are as follows:

Y =0.3078 +0.0034X, + 0.0037X,- 0.0127X; -
0.0022X,X; - 0.0037X,X; - 0.0028X,X;5+ 0.0050X ;> +
0.0043X,” + 0.0107X;5”

Y =0.2580 + 0.0023X, + 0.0005X; - 0.0049X; -
0.0015X,X; - 0.0033X;X; - 0.0030X,X; - 0.0067X, -
0.0023X,% - 0.0037X5>

Y =0.2502 + 0.0024X, + 0.0002X, - 0.0063X; -
0.0010X,X; - 0.0012X,X; - 0.0016X,X; - 0.001X,% -
0.0027X,> + 0.0012X5>

(€))

“

&)
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For DPPH inhibition of Leum Pua, Doi Saket and
Phayao the model equation are as follows:

Y =80.61 +1.05X; - 0.6833X,- 0.8262X5 - 0.02X,X; -

0.1275X,X5- 0.255X,X5+ 0.8377X,* + 2.00X,* + (6)
0.9561X5°

Y =49.63 - 1.13X, - 0.4339X, - 1.35X5 - 1.57X, X, -
184X, X - 1.26X,X; + 8.33X,% + 2.72X, +5.41X,> ™
Y =60.44 — 4.00X; + 0.0523X, - 2.03X; - 1.05X, X, + ®

0.705X,X;5 + 0.39X,X;5 + 2.50X,% - 0.0981X, + 2.19X5?

The regression models of total phenolic content were
significant (p<0.05) and determination coefficients
values were 0.8028, 0.8089, and 0.8603 of Leum Pua,
Doi Saket, and Phayao, respectively. The regression
models of DPPH inhibition were significant (p<0.05) and
determination coefficients values were 0.8084, 0.8928,
and 0.8243 of Leum Pua, Doi Saket, and Phayao,
respectively.

3.3 Analysis of response surfaces

The contour plots of the combined effects of the
independent variables of extraction temperature,
extraction time, and pH on DPPH inhibition is shown in
Figure 1. In this study, contour plots were obtained by
keeping one of the variables constants at a zero level
while varying the other two variables.

Figure 1 demonstrates that extraction temperature
showed a positive effect on increasing the antioxidant
activity of the extract from Leum Pua (Figure 1A) but
decreased antioxidant activity of the extract from Phayao
(Figure 1C). Moreover, the result also presented the
negative effect of extraction time and pH on antioxidant
activity. Generally, raising the temperature increases the
diffusion coefficient and the solubility of the compounds
increases (Cacace and Mazza, 2003; Pedro et al., 2016).
However, temperature above 50°C may degrade
anthocyanins (Cacae and Mazza, 2003), therefore, the
antioxidant activity of extract from some varieties
declined. The polarity of solvent was one of the most
important factors that affect to extract antioxidant
bioactive compounds, particularly in anthocyanin
content. At low pH of extraction, the solvent can protect
the oxidation of phenolic compounds and it can soluble
and stabilize anthocyanins contents (Ruenroengklin et
al., 2008).

3.4 Optimization of the experiments

Response surface methodology (RSM) was used to
optimize the conditions for the extraction of bioactive
compound from black glutinous rice. The design of the
experiment was carried out using Design Expert 12. In
the optimization selection, there were three factors for a
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Figure 1. Response surfaces plots of the combined effects of the independent variables on DPPH inhibition of extract from (A)

Leum Pua; (B) Doi Saket and (C) Phayao

goal to construct desirability indices: extraction
temperature, extraction time, and pH value. The goal for
both total phenolic content and DPPH inhibition was the
highest values from the experimental results obtained.
The optimization of the responses is displayed in Table
3. The acceptable values of the desirability function were
the values close to one (100%).

In this study, the antioxidant property of phenolic
compound extracted from black glutinous rice including
Leum Pua, Doi Saket and Phayao compromised with
optimum conditions as shown in Table 3 had 100, 98.50,
and 94.10% desirability, respectively.

In addition, this study demonstrated that under the
optimum condition the highest responses of total
phenolic content and DPPH inhibition were found in
Leum Pua extract compared to Doi Saket and Phayao.

eISSN: 2550-2166

Similarly, Pramai and Jiamyangyuen (2016) studied the
phenolic contents and antioxidant activity thirteen
varieties of black rice and reported that Leum Pua
presented a higher content of total phenolic and
antioxidant activity in term of DPPH scavenging ability
than Doi Saket and Phayao. The colour of extract from
black glutinous rice under optimum condition present in
Figure 2. The result showed the dark red of Leum Pua
extract and the bright red of Doi Saket and Phayao
extract. It could be related to a higher amount of
anthocyanin in Leum Pua. In general, the anthocyanins
derive from the flavylium cation and contain one or more
hydroxyl substituents including other functional groups
such as sugars (Pedro et al., 2016). The presence of
hydroxyl groups contributes antioxidant properties by
donating hydrogen atoms to reactive species then form
stable products. Thus, the higher the anthocyanin

© 2020 The Authors. Published by Rynnye Lyan Resources
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Table 3. Optimum condition of the independent variables and the responses of the extraction of bioactive compound from black

glutinous rice

Predicted values

Cultivar 1 CTPCTAWIS p e (min)  pH TPC DPPH inhibition Desirability
(°C) (GAE g DW) (%)
Leum Pua 72 91 1.44 0.3814 89.36 1
Doi Saket 72.5 83 1.39 0.2607 73.33 0.985
Phayao 66.3 75 1.32 0.2617 75.27 0.941
content, the higher the antioxidant activity (Zhang ef a/., Acknowledgement

2015; Pedro et al., 2016).

DOi Saket

Figure 2. The extract from three varieties of black glutinous
rice under the optimum condition

4. Conclusion

The effect of extraction temperature, time and pH on
total phenolic content and antioxidant activity of the
extract from three black glutinous rice including Leum
Pua, Doi Saket and Phayao was investigated. The
extraction temperature showed the positive effect on
total phenolic content of the rice extracted from three
varieties but provided negative effect on antioxidant
activity of the extract of Phayao. The similar results were
found in time affecting. The extraction time presented
the positive effect on total phenolic content but a
negative effect on antioxidant of the extract of Leum Pua
and Doi Saket. Meanwhile, pH values provide a negative
effect on both total phenolic content and antioxidant
activity, Therefore, the optimum condition was studied
by response surface methodology (RSM). The selected
optimum conditions were 72°C, 91 mins at pH 1.44 for
Leum Pua, 72.5°C, 83 mins at pH 1.39 for Doi Saket,
and 66.3°C, 75 mins at pH 1.32 for Phayao. Under the
optimum condition, total phenolic content and
percentage of inhibition of DPPH free radical of extract
from Leum Pua, Doi Saket and Phayao were 0.3814 mg
GAE g"' DW with 89.37% DPPH inhibition, 0.2607 mg
GAE g' DW with 73.33% DPPH inhibition, and 0.2617
mg GAE g' DW with 75.27% DPPH inhibition,
respectively. From the result can be concluded that under
the optimum condition of extraction, Leum Pua glutinous
black rice provided the highest amount of total phenolic
content and showed the highest efficiency compared
with other varieties. The extraction of the bioactive
compound using organic acid like citric acid under
optimum condition can be desirable for non-toxic
process and safety for application in food products and
others.
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