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 Recently, the interest towards phenol compounds has progressed. In this 

study, a response surface methodology (RSM) was applied to predict the 

optimum conditions for extraction of phenolic from red rice bran. Firstly, 

the effects of ethanol concentration (20–80%), added acetic acid concen-

tration (0–20%), extraction time (0–6.5 hours), temperature (25–100oC), 

number of extraction cycles (1–4) and solid–solvent ratio (1/4–1/10 w/v) 

on total polyphenolic content (TPC) of red rice bran were found. After that, 

three parameters such as solvent concentration (48–68%), added acetic 

acid concentration (10–15%) and extraction time (120–240 min) were able 

to be optimized using the Box Behnken design (BBD) with a quadratic re-

gression model built by using RSM. The experiment was designed accord-

ing to 30 runs with 2 blocks; each block consists of 3 central points and 1 

replicate. This design was set up for 3 factors to optimise the response in 

term of TPC extraction. The extracts were analyzed the TPC spectropho-

tometrically according to the Folin-Ciocalteu colorimetric assay. The op-

timal extraction conditions were determined as follows: ethanol concen-

tration of 54.5%, added acetic acid concentration of 13.1%, extraction 

time of 210 min, temperature of 40oC, 3 cycles of extraction and solid–

solvent ratio 1/6 w/v. Using these extraction conditions, the experimental 

yield of TPC was 2391.1±5.9 mg GAE/100 g dry weight (dw) that was in 

close significant agreement with predicted value (p < 0.05). The experi-

mental results were fitted to a second order quadratic polynomial model, 

and they have shown a good fit to the proposed model (R2 = 0.99). With 

these conditions, the antioxidant capacity assayed by 1,1–diphenyl–2–pic-

rylhydrazyl (DPPH) radical–scavenging activity in term of IC50 value of 

extract was 108.1±2.9 μg dw/mL. The study result indicates the suitability 

of the developed model and the success of RSM in optimizing the extraction 

conditions. 
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1 INTRODUCTION 

In many Asian countries, red rice (Oryza sativa L.) 

was considered to be a traditional staple crop (Chen 

el al., 2015). Red rice has been considered as a nu-

tritious food for weak people in traditional Chinese 

medicine (Huang and Lai, 2016) and was also gain-

ing popularity as a functional crop owing to its high 

polyphenols content (Itani and Ogawa, 2004), an-

thocyanins (Oki el al., 2002) and other nutrition 

components (Yoshida el al., 2010). Many authors 

found that the total phenolic content was four times 

higher in pigmented rice than that in non-pigmented 

varieties (Yawadio el al., 2007; de Mira el al., 

2009). Red rice varieties showed higher total phe-

nolics, flavonoids and antioxidant activity than 

those of white and brown varieties (Min el al., 2012; 

Shao el al., 2014). 

The “colored rice” is related to the accumulation of 

phytochemical compounds that  are pigment con-

taining and generally accumulate in perdicarp, testa 

or bran of the rice kernel (Lee, 2010; Muntana and 

Prasong, 2010). For this reason, rice bran is consid-

ered a rich source of phytochemicals including phe-

nolic compounds which can be used as free radical 

scavengers (Chen and Bergman, 2005; Rao el al., 

2010).  

For extraction of phenolic compounds in rice bran, 

the most commonly used solvents are methanol, eth-

anol and water acidified with acetic acid (Pereira-

Caro el al., 2013; Shao el al., 2014). Ethanol and 

organic acids are expected because they are less 

toxic than methanol (Escribano-Bailón el al., 2004). 

Other factors such as concentration and volume of 

solvent, numbers of extraction cycles, solid–liquid 

ratio, temperature and time have significant influ-

ence on the extraction process. The combination of 

these factors and the determination of optimal con-

ditions are important in order to obtain a maximum 

yield of phenolics. From a practical standpoint, re-

search using random single factor has been con-

ducted (Pedro el al., 2016) to extract phenolic com-

pounds from materials. Factors that have significant 

influence on the yield should be optimized using of 

mathematical models that describe accurately the 

isolated and combination effects of different factors. 

Response surface methodology (RSM) is a powerful 

mathematical technique based on regression analy-

sis used to develop and optimize products and pro-

cesses that have two or more factors that influence 

the response (Baş and Boyacı, 2007; Granato el al., 

2010; Bassani el al., 2014). It can be used to deter-

mine the best conditions for the extraction of chem-

ical compounds from natural products (Granato el 

al., 2014a; Granato el al., 2014b). Thus, this study 

was aimed at extracting and modeling, through 

RSM, the total phenolic content of red rice and to 

determine antioxidant activity of red rice bran cor-

responding to the optimum extraction conditions.  

2 MATERIALS AND METHODS 

2.1 Red rice bran 

Red rice (Huyet rong) variety was supplied from 

Vinh Hung district, Long An province, Vietnam. 

The crude rice bran was collected from Long An 

Rice Processing Factory. Crude rice bran was blown 

through the sieve for impurities and shred husks re-

moving. To maintain the antioxidant compounds as 

well as antioxidant activity, rice bran was dried at 

45–50oC to reduce the  moisture content down to 

10–12%. The rice bran oil was extracted using pe-

troleum ether by the Soxhlet extraction. Defatted red 

rice bran samples were kept in polyethylene bag and 

stored at 0–4oC for one week, i.e. until analyses (Iq-

bal el al., 2005; Do el al., 2014; Huang and Lai, 

2016).    

2.2 Experimental design 

Single factors of extration process such as ethanol 

concentration (20–80%), added acetic acid concen-

tration (0–20%), time (0–6.5 hours), temperature 

(25–100oC), number of extraction cycles (1–4) and 

solid– solvent ratio (1/4–1/10 w/v) were studied se-

riatim on total polyphenolic content (TPC) of red 

rice bran extracts. Three parameters, solvent con-

centration (48–68%), added acetic acid concentra-

tion (10–15%) and extraction time (120–240 min), 

were able to be optimized using the Box Behnken 

design (BBD) with a quadratic regression model 

built by using RSM. The experiment was carried out 

according to 30 runs 3 independent variables with 2 

blocks including of 3 central points and 1 replicate 

for each to optimise the TPC extraction. 

2.3 Determination of TPC 

The TPC was determined by Folin-Ciocalteu 

method (Rao el al., 2010). The TPC of samples was 

expressed as milligrams garlic acid equivalents per 

100 gram of dry matter (mg GAE/100 g). 

2.4 Determination of total 

anthocyanin content (TAC)  

The TAC was determined by using pH differential 

method (Sripakdee el al., 2017). A spectrophotom-

eter was used for the spectral measurements at 210 

nm and 750 nm. TAC was calculated as follows: 

TAC (mg CGE/ 100 g) = (A × M × DF × 

100)/(ε × 1).  

Where, A= (Absorbance λ vis‐max‐A750) Ph 1.0‐ 
(Absorbance λ vis‐max‐A750) pH 4.5. M was mo-

lecular weight of anthocyanin (cyd‐3‐glu) = 449 
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(g/mol), Extraction coefficient (ε) = 29,600 

L/(mol.cm), DF=Diluted factor. 

2.5 Determination of antioxidant activity 

Antioxidant activity of the phytochemicals ex-

tracted from rice bran was assessed by measuring 

their radical scavenging activity that was measured 

by the bleaching of the purple-colored methanol so-

lution of 2,2-diphenyl-1-picrylhydrazyl (DPPH). 

The stable DPPH radical as a reagent was used for 

this spectrophotometric assay. The DPPH radical 

scavenging activity was evaluated from the differ-

ence in peak area decrease of the DPPH radical de-

tected at 517 nm between a blank and a sample (Rao 

el al., 2010). Percentage of radical scavenging ac-

tivity was plotted against the corresponding concen-

tration of the extract (μg/ml)  to obtain IC50 value 

in mg/ml. 

2.6 Data analysis 

The response variables were fitted to a general form 

of quadratic polynomial model that was showed in 

equation (1):  

Y = βo  + ∑βixi  + ∑βiixi
2 + ∑βijxixj  (1) 

Where, Y represents the predicted responses; βo, βi, 

βii  and βij  are the coefficients of intercept, linear, 

squared and interaction; xi and xj are the independ-

ent variables. Portable Statgraphics Centurion soft-

ware was used to estimate the response of each set 

of experimental design and optimized conditions. 

The fit of the models was inspected by the regres-

sion coefficient R2. 

3 RESULTS AND DISCUSSION 

3.1 Effect of single factors from extraction 

process on TPC  

Effect of ethanol concentration on TPC content of 

the extracts 

The relationship between ethanol concentration and 

TPC in the rice bran extracts was shown in Figure 1 

and obeyed the quadratic equation (R2 = 0.99) as fol-

lows: 

TPC = –0.621 (EtOH)2 + 71.68 (EtOH) – 10.76       

(2) 

Where, (EtOH) is ethanol concentration (%). 

When the ethanol concentration increased from 20% 

to about 60%, the total phenolic content of the ex-

tracts increased. In addition, that the ethanol con-

centration reached 80% resulted in the decrease in 

the TPC of the extracts (Figure 1). In general, the 

polarity of the ethanol-water mixture increased con-

tinuously with the addition of water to the ethanol. 

More polar phenolic compounds may be extracted 

according to the “like dissolves like” principle 

(Tabaraki and Nateghi, 2011). In this study, the ef-

fective range of ethanol concentration on TPC of the 

extract was about 48–68%. The estimated maximum 

value of TPC was 2,061 mg GAE/100 g correspond-

ing to ethanol concentration of 57.8%. A similar re-

sult was reported in the extraction of phenolic anti-

oxidants from rice bran and brown rice using etha-

nol 60% as solvent (Tabaraki and Nateghi, 2011; 

Chooklin, 2013). 

 

Figure 1: Effect of ethanol concentration on TPC 

Effect of acetic acid concentration on TPC of the 

extract 

Many authors reported that the pH variation could 

have a positive or a negative effect on extraction of 

flavonoids and polyphenols, depending on the inter-

action of the polyphenols with other constituents of 

each plant (Pinelo el al., 2004; Michiels el al., 2012; 

Boeing el al., 2014). Acetic acid added to ethanol 
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solution increased TPC of rice bran extract. The cor-

relation of two variables was displayed in Figure 2 

and followed quadratic equation: 

TPC = –0.92 (Ac.A)2 + 22.97 (Ac.A) + 1993 (3) 

Where, (Ac.A) is acetic acid concentration (%). 

The estimated maximum value of TPC was 2,136.4 

mg GAE/100 g corresponding to acetic acid concen-

tration of 12.5%.  

 

Figure 2: Effect of acetic acid concentration on TPC 

Effect of extraction time on TPC of the extracts 

Extraction time is one of important factors of extrac-

tion process (Pedro el al., 2016). The extraction time 

affected markedly TPC of rice bran extracts, and the 

correlation of two variables was shown in Figure 3. 

The regression (R2=0.99) representing the depend-

ence of TPC on extraction time is shown as: 

TPC = –48.48 (τ)2 + 278.5 (τ) + 1748    (4) 

Where, (τ) is extraction time (hours)

 

Figure 3: Effect of extraction time on TPC 

It has been observed that with the prolongation of 

the extraction time up to 3 hours, the output of pol-

yphenols increased significantly but there was a sig-

nificant decrease in TPC with the prolongation of 

extraction time up to 6 hours. These phenomena 

could be explained by the Fick’s second law of dif-

fusion, predicting that a final equilibrium between 

the solute concentrations in the solid matrix and in 

the solvent might be reached after a certain time 

(Silva el al., 2007). In this study, the effective range 

of extraction time was 2–4 hours (120–240 minutes) 

and the estimated maximum value of TPC was 

2,148 mg GAE/100 g corresponding to extraction 

time of 2.87 hours. 

Effect of temperature on TPC of the extracts 

Along with the time, temperature is also an im-

portant factor of the process of extraction (Pedro el 

y = -0,920x2 + 22,97x + 1993,

R² = 0,998
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al., 2016). The change in TPC with the variation of 

extraction temperature was displayed in Table 1. 

The results indicated a significant increase in the ex-

traction of total phenolics when increasing the tem-

perature from 25 to 100°C. According to Abad-

García el al. (2007), denaturation of membranes and 

a possible degradation of polyphenolic compounds 

caused by hydrolysis, internal redox reactions and 

polymerizations which are detrimental to the extrac-

tion yield may happen and influence quantification 

of bioactive compounds. Cacace and Mazza (2003b) 

reported that flavonoid families, mainly anthocya-

nin are heat sensible, hence an upper limit must be 

respected to avoid degradation of the thermo-sensi-

tive phenolic compounds. For these reasons, TAC of 

extracts was determined to find out the suitable tem-

perature for extraction process of rice bran. The data 

were shown in Table 1. The regression equation ex-

pressed the relation of extraction temperature and 

TAC is as follows:  

TAC = –0.0257 (T)2 + 2.0949 (T) + 78.361 (5) 

Where, T is extraction temperature (oC).

 Table 1: Effect of extraction temperature on TPC and TAC 

Temperature (oC) TPC (mg GAE/100 g) TAC (mg CGE/100 g) 

25 

35 

45 

65 

75 

85 

100 

1,784.3±9.0 

1,932.0±12.3 

2,130.8±9.0 

2,155.1±5.9 

2,175.0±9.1 

2,190.8±9.0 

2,487.7±3.4 

114.7±1.4 

118.1±1.5 

123.9±1.4 

105.1±1.1 

94.7±1.3 

65.5±0.3 

33.4±0.4 

Values represent the means ± standard deviation, (n=3). 

The estimated maximum value of TAC was 121.1 

mg CGE/100 g corresponding to extraction temper-

ature of 40.7oC. Abad-García el al. (2007) reported 

that temperatures above 40◦C produced a decrease 

in TAC extraction yield. The temperature for TPC 

extraction from red rice bran was selected as 40oC 

and the extraction temperature can not be optimized 

using of mathematical models. 

Effect of extraction cycle numbers on TPC of rice 

bran extract 

Table 2: Effect of extraction cycle numbers on 

TPC  

Extraction cycle numbers TPC (mg GAE/100g) 

1 

2 

3 

4 

1,772.4±3.5c 

2,138.8±6.0b 

2,342.8±5.9a 

2,344.8±3.4a 

Values represent the means ± standard deviation, (n=3). 

Values in a column with different superscripts were sig-

nificantly different (p < 0.05). 

Multiple–step extraction is an important method to 

improve the extraction yield of polyphenols (Chen 

el al., 2013). The statistical data of TPC correspond-

ing to different numbers of extraction cycles were 

shown in Table 2. Three cycles of extraction showed 

significant (p < 0.05) higher yield of TPC than that 

of using two cycles of extraction. However, four cy-

cles of extraction could not improve the yield of 

TPC. Similarly, Duong el al. (2015) showed three 

cycles of extraction is suitable for extraction TPC 

and TFC from soybean. 

Effect of solid–solvent ratio on TPC of rice bran ex-

tracts 

Solid–solvent ratio may also influence the extrac-

tion of phenolic compounds from plant materials 

(Dai and Mumper, 2010). In this study, this influ-

ence was displayed in Table 3. Solid–solvent ratio 

of 1:6 (w/v) showed high amount of TPC. A further 

increase in solid–solvent ratio from 1:6 to 1:10 did 

not significantly (p> 0.05) increase TPC. According 

Tan el al. (2011), a high solid to solvent ratio was 

found to be favorable in extraction of phenolic com-

pounds. This high ratio increases concentration gra-

dient, resulting in an increase of diffusion rate that 

allows greater extraction of solids by solvent 

(Cacace and Mazza, 2003a). However, active com-

ponent yields will not continue to increase once 

equilibrium is reached (Herodež el al., 2003). 

Duong el al. (2015) obtained a maximum TPC using 

solid-solvent ratio (1:6, w/v) for soybean extraction. 

Table 3: Effect of solid– solvent ratio on TPC  

Solid– solvent ratio TPC (mg GAE/100g) 

1:4 

1:5 

1:6 

1:10 

1568.7±3.8c 

1770.1±6.6b 

2344.6±5.9a 

2350.7±7.6a 

Values represent the means ± standard deviation, (n=3). 

Values in a column with different superscripts were sig-

nificantly different (p < 0.05). 
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3.2 Optimization of extraction conditions 

Three parameters: X1, ethanol concentration (48–

68%); X2, added acetic acid concentration (10–

15%) and X3, extraction time (120–240 min), were 

able to be optimized using the BBD. The experi-

mental design presented thirty combinations (Table 

4), including 3 replicates of the central point in order 

to estimate pure error and to assess the lack of fit of 

the proposed models. The multiple regression anal-

ysis showed that the model (6) was statistically sig-

nificant (p < 0.001) and adequately adjusted the ex-

perimental data, presenting p lack of fit = 0.22 and 

R2 = 0.99, which means that the proposed multiple 

regression model was able and suitable to explain 

99% of the variance.  

Y = – 7802.67 + 210.059 X1 + 575.763 X2 + 6.77677 

X3 – 1.53312 X1
2 – 2.5125 X1X2 – 0.0480208 X1X3 

– 16.728 X2
2 – 0.00975 X3

2 
 (6) 

Where, Y: TPC (mg GAE/100g) 

The linear and quadratic terms of all variables sig-

nificantly influenced the polynomial model for TPC 

assay (Equation 6). The high values of regression 

coefficient β2 indicated that the acetic acid concen-

tration had the major influence or importance in the 

model. The positive values of regression coefficient 

in the model indicated that an increase of factors 

tends to increase the response values; on the other 

hand, negative values indicated that an increase of 

independent variable tends to decrease the response 

(Montgomery, 2001). The significance of quadratic 

term for all variables, which showed negative value, 

indicated that an increase in these variables for val-

ues beyond the studied range tends to decrease the 

responses or TPC in the extract. 

Table 4: The BBD with experimental data for the extraction of TPC from red rice bran 

X1 X2 X3 
Y (TPC, mg GAE/100g) 

Block 1 Block 2 

58 

48 

48 

58 

48 

68 

58 

48 

58 

58 

58 

58 

68 

68 

68 

15 

15 

10 

12.5 

12.5 

12.5 

12.5 

12.5 

10 

10 

15 

12.5 

10 

15 

12.5 

120 

180 

180 

180 

240 

120 

180 

120 

120 

240 

240 

180 

180 

180 

240 

2231.5 

2296.6 

2107.4 

2367.5 

2308.4 

2131.0 

2385.2 

2213.8 

2184.2 

2243.4 

2284.7 

2373.4 

2066.0 

2012.8 

2101.5 

2219.7 

2302.5 

2107.4 

2385.2 

2302.5 

2125.1 

2379.3 

2213.8 

2178.3 

2255.2 

2296.6 

2367.5 

2060.1 

1995.1 

2107.4 

The response surfaces for ethanol concentration and 

acetic acid concentration variables versus the ex-

traction time were shown in Figure 4. According to 

the results, all surface responses showed a concave 

characteristic, which is in agreement with the signif-

icance of quadratic. Additionally, it can be observed 

from Figure 4 that maximum values of responses 

were found between the ethanol concentration of 

52–56%, acetic acid concentraion of 12.5–3.5% and 

extraction time of 200–220 min. This probably oc-

curred due to solubility of polyphenol compounds in 

the mixture solution of water and ethanol since the 

antioxidant extraction depends of the solvent polar-

ity (Tan el al., 2013). These results shared similari-

ties with the results reported by Chooklin (2014), 

which evaluated the extraction of phenolic com-

pounds from brown rice extract from Sung Yod 

Phatthalung, using mixture solution of water and 

ethanol with pH adjustment as solvent. 
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Figure 4: Response surface plot of ethanol concentration and acetic acid concentration versus the ex-

traction time on the TPC in the extract 

The optimum level of TPC was showed in Table 5. 

The extraction conditions were as follows: ethanol 

concentration of 54.5%, added acetic acid concen-

tration of 13% and extraction time of 210 min. A 

triplicate experiment was set up to validate the opti-

mized conditions. As shown in Table 5, the experi-

mental TPC of red rice bran was 2,391.1±5.9 mg 

GAE/100 g and was in good agreement with the pre-

dicted value. Goffman and Bergman (2004) ana-

lysed TPC of rice bran from 10 red rice varieties and 

reported that the TPC were in ranges of 2,600–4,390 

mg GAE/100 g. While, Zhang el al. (2010) declared 

the result with great fluctuation that total phenolic 

contents of bran samples from 12 diverse varieties 

of black rice ranged from 2,365 to 7,367 mg 

GAE/100 g of dry weight. The composition of rice 

bran (including phenolic compounds) widely varies 

depending on the source of bran (cultivars), the mill-

ing degrees, the used stabilization techniques, and 

the basis of grain size: long, medium, or short grain 

(Lloyd el al., 2000). Besides, the growth period as 

well as other environmental factors, i.e. humidity, 

soil texture, quality and quantity of water, etc. have 

significant effect on its composition and antioxidant 

properties (Iqbal el al., 2005). 

Table 5: Optimum extraction conditions and the values of TPC 

Factors Optimum conditions 

Ethanol concentration (%) 

Acetic acid concentration (%) 

Extraction time (min) 

54.5 

13.1 

210 

TPC (Predicted) (mg GAE/100g) 

TPC (Experiment1) 

2,399.6a 

2,391.1a±5.9 

(1): Data are presented as mean from triplicate of experimental run ± SD. The same letters within row indicate not sig-

nificant difference by t’ test from hypothesis for mean at 5 % level.   

The verification value for TPC obtained are not sig-

nificantly different with predicted values (Table 5) 

which clearly showed that the model fitted the ex-

perimental data very well and therefore optimized 

the phenolic extraction efficiently within the speci-

fied range of process parameters.  

Using optimized conditions for phenolic extraction, 

the antioxidant activity of extract was determined as 

108.1±2.9 (µg/mL). The IC50 value of this study is 

in agreement with the result from the research of 

(Jun el al., 2012) on antioxidant activitie of red rice 

bran in term of IC50 value which was 112.6 μg/mL.  

4 CONCLUSIONS 

Based on the experiment that had been done, the ex-

perimental value agreed with the predicted one. The 

optimal TPC was determined at ethanol with con-

centration of 54.5%, added acetic acid concentration 

of 13.1%, extraction time of 210 min at 40oC, the 

solid–solvent ratio 1:6 (w/v) and three cycles of ex-

traction. Optimization of the extraction procedure 

using RSM showed data adjusted to the statistic 

models. The extract of red rice bran exhibited high 

TPC and antioxidant activity. Therefore, is might 

act as a potential natural antioxidant source. 
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