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Response Surface Methodology for Optimizing the Ultrasonic-assisted
Extraction of Rice Bran Extract with Both High Total Phenolic Content and

Total Antioxidant Capacity
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Abstract ：Response surface methodology was employed to optimize the process conditions for the ultrasonic-assisted

extraction of rice bran extract with ethanol as the extraction solvent for achieving both high total phenolic content (TPC) and total

antioxidant capacity (TAC). The determinations of TPC and TAC were performed using Folin-Ciocalteu method and trolox

equivalent antioxidant capacity (TEAC) assay, respectively. The rice bran extract with higher showed higher TPC showed

higher TAC. However, there was no absolutely dependent relationship between the two parameters. The optimal conditions for

extracting rice bran extract with both high TPC and TAC were determined as follows: ethanol concentration, 90%; extraction

temperature 55 ℃; and extraction duration 97 min. Under these conditions, a TPC of (2.76 ± 0.17) mg GAE/g bran (n = 3) and

a TAC of (2.99 ± 0.24)μmol TEAC/g bran (n = 3) were observed.
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米糠提取物超声辅助提取工艺及抗氧化活性
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摘   要：以乙醇为提取溶剂，采用响应面法对米糠提取物的超声辅助最佳提取工艺进行探讨。米糠提取物的总酚

含量及抗氧化活性分别采用 Folin-Ciocalteu 法和 Trolox 等价抗氧化能力(TEAC)方法测定。结果表明：总抗氧化活

性随着总酚含量的增加而增大，但其活性高低并不完全取决于总酚物质。米糠提取物最佳提取工艺条件为乙醇体积

分数 90%(V/V)，提取温度 55℃，提取时间 97min。在此条件下，米糠提取物的总酚含量为(2.76 ± 0.17)mg GAE/g
米糠(n=3)，总抗氧化活性为(2.99 ± 0.24)μmol TEAC/g 米糠(n=3)。
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Phenolic antioxidants have become a research hotspot
for its potential to reduce the risk of disease, such as inhib-
iting platelet aggregation[1], reducing the risk of coronary
heart disease and cancer[2], and preventing oxidative damage
of lipid and low-density lipoprotein[3-4]. Most of the chemical
additives previously used as antioxidants in food industry
were synthetic phenolic compounds, such as butylated hy-
droxyanisole (BHA), butylated hydroxtoluene (BHT) and

propyl gallate (PG). However, because of their toxicological
aspects together with consumer preference for natural
products, some synthetic antioxidants were restricted to
permited dosage and the use of natural products is more and
more popular[5-7]. So it is necessary to investigate natural, safe
and possibly more economic and effective antioxidants with
potential to be used in foods.

Rice bran is one of the great quantity coproducts
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produced in the rice milling industry. It has traditionally been
used for compost, animal feed, or rejectamenta. In recent
years, there are many research papers on rice bran extracts.
The defatted rice bran extracts with methanol as the crude
extraction solvent and acetone as re-extraction solvent were
investigated to evaluate the antioxidant potential of extracts
by using the Schall oven test and differential scanning
calorimetry. The results showed that the extracts were effec-
tive in inhibiting lipid oxidation as assessed by peroxide value,
diene value and p-anisidine value[8]. Methanol as the extrac-
tion solvent, the rice bran extracts were researched on due to
antioxidant components, such as total phenolic and flavonoid,
gamma-oryzanol, tocopherol and tocotrienol with the contents
in the range of 2.2－ 3.2, 0.03－ 0.10, 0.56－ 1.08, 0.35－
0.77 mg/mL and 0.22 － 0.45 mg/g rice bran, respectively[9].
Therefore, Rice bran has gradually been recoginized as a
rich source of many bioactive compounds including phe-
nolic antioxidants, such as oryzanols, tocopherols and
tocotrienols, which were reported as the strongest antioxi-
dants in rice bran[10-11]. Kamal-eldin et al[12] and Ou et al[13]

reported that antioxidant compounds identified and quanti-
tated in the dry rice bran extracts are oryzanols, tocopherols,
tocotrienols, ferulic acid, tricin etc. which are known to have
a multitude of biological effects as well. However, a research
paper[8] indicated that their concentrations were far lower in
the extracts used for evaluation but their antioxidant effi-
cacy was far greater than that of the individual pure
compounds. Abdel-aal et al[14] found that antoxidant activity
of oryzanols was almost 10 times higher than that of
tocopherols, while tocotrienols had 40 － 60 times greater
antioxidant power than those of tocopherols in different bio-
logical systems. Considering the complex systems of food,
the total antioxidant activity is unequal to simple sum of
antioxidant activity of each ingredient. It may be the results
of the interaction of antioxidants. Reports on the total phe-
nolic content and total antioxidant activity of rice bran ex-
tracts are limited, especially concerning the relationship be-
tween their phenolic content and antioxidant capacity.

The objective of this study was to optimize the extrac-
tion conditions of rice bran extracts to determine the total
phenolic content and to evaluate the total antioxidant activ-
ity of rice bran extracts for their utilization as natural
antioxidants.

1 Materials and Methods

1.1 Materials, reagents and instruments

Rice bran, passed through a 0.5 mm sieve, was obtained
from a milling plant, Panyu Cereals and Oils processing Ltd.
in Huainan, China; All samples tested were defatted with
hexane (1:5 m/V, 10 min, three times) by magnetic stirring at
ambient temperature; Defatted rice bran samples were dried
in vacuum and kept in a sealed plastic bag and stored at
room temperature (25 ℃) until use; ABTS and Folin-Ciocalteu
reagent were purchased from Shanghai DoBio Biotech Co.
Ltd; Gallic acid was purchased from Shanghai Tauto Biotech
Co. Ltd. All other chemicals were of analytical grade.

Ultrasonic cleaning bath (JP300 type, Wuhan Jiapeng
Electronics Co. Ltd.China); UV-vis spectrophotometer
(Model SP-754, Shanghai Spectrum Instruments Co. Ltd.,
Shanghai, China).
1.2 Extraction of phenolic compounds

The total phenolic compounds of rice bran were per-
formed in an ultrasonic cleaning bath with a volume of 6 L
(internal dimensions: 280 × 150 × 150 mm) in accordance
with the method described by Wang et al[15] with slight
modifications. 5 g of samples were placed into a conical flask
(100 mL), made up to 100 mL of volume with the extracting
solvent and sonicated for 30 － 150 min at the required tem-
perature of 20－70 ℃ controlled by circulating external water
from a thermostated water bath. The extracting solvents were
selected with five separate solvents, namely methanol,
ethanol, acetone, water and petroleum ether, the equipment
worked at working frequency of 28 kHz. After the extraction,
the conical flask was removed from the bath and cooled to
room temperature by cooling water. The crude extracts were
filtered through quantitative filter paper under vacuum and
used for determination of total phenolic content (TPC) and
measurement of total antioxidant activity (TAA) through
various chemical assays. Each extraction and all analysis
were carried out in triplicate.
1.3 Determination of total phenolic content (TPC)

Total phenolic content (TPC) of the rice bran extracts was
determined according to Folin-Ciocalter (FC) procedure[16]

modified by Thoo et al[17] using gallic acid as standard.
Absorbance was measured at 765 nm using UV-vis
spectrophotometer. TPC values was expressed as milligram
of gallic acid equivalents (GAE) per gram of dry rice bran
weight.
1.4 Measurement of total antioxidant activity (TAA)

TAA values were estimated by the Trolox equivalent
antioxidant capacity (TEAC) assay according to Surveswaran
et al[18] and Tawaha et al[19] with minor modification. Briefly,
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ABTS radical solution was prepared by reacting 10 mL of 7
mmol/L ABTS and 10 mL of 2.45 mmol/L potassium persulfate
at room temperature (25 ℃) in the dark for 12 － 15 h. The
ABTS radical solution was adjusted with ethanol to an ab-
sorbance of (0.700±0.040) at 734 nm before usage. 30  μL of
each crude extract or ethanol (as control) was mixed with 3
mL of ABTS radical solution to react for 6 min. And the ab-
sorbance at 734 nm was immediately recorded against a blank
(ethanol). The total antioxidant activity (TAA) of samples
were measured against a Trolox standard and expressed as
micromoles of trolox equivalents antioxidant capacity (TEAC)
per gram of dry rice bran weight.
1.5 Test design

Based on the single factor experiments, a three-factor
and three-level experiment design has been developed to
optimize the extraction conditions by Box-Benhnken design.
The independent variables, namely ethanol concentration
(X1, %, V/V), extraction temperature (X2, ℃) and extraction
time (X3, min), and the response variable including TPC and
TAA were represented in Table 1. The experiments were per-
formed in randomized order according to the run number as
arranged by the software of SAS 9.1. The variables xi were
coded as Xi according to the following equation[15]:

　　 Xi － X0

Xi=—————                                                              (1)
　　   ΔX

Where Xi is a coded value of an independent variable;
xi the actual value of an independent variable; x0 the actual
value of an independent variable xi at the center point; and Δx
the step change of variable. The factors and the levels with
coded values were listed in Table 1. Experiments arranged in
Table 2 were done in triplicate and the average total phenolic
content and total antioxidant activity were taken as the
resonse Y1 and Y2, respectively.

Variable Code
Coded levels

Δx
－ 1 0 +1

x1 Ethanol concentration/ %(V/V) X1 65 80 95 15
x2 Extraction temperature /℃ X2 40 50 60 10

x3 Extraction time /min X3 70 90 110 20

Table 1   Variables and their levels arranged in a Box-Benhnken design
for optimization of rice bran extracts

interaction terms, respectively. Xi and Xj are the independent
variables.

Data from the experiments were analyzed by regression
analysis to fit a second-order polynomial model as following:

Y=b0+ Σ biXi+ Σ biiXi2+ ΣΣ bijXiXj                        (2)
Where Y is the response variable, b0, bi, bii, bij are the

regression coefficients for intercept, linear, quadratic and

Test
X 1 X 2 X 3

Y1, TPC/(mg Y2, TAA/(μmol
set  GAE/g bran) TEAC/g bran)
1 － 1 － 1 0 1.74 ± 0.07 2.11 ± 0.08
2 － 1 1 0 2.37 ± 0.12 2.84 ± 0.12
3 1 － 1  0 2.58 ± 0.09 2.95 ± 0.03
4 1 1 0 2.76 ± 0.05 2.87 ± 0.05
5 0 － 1 － 1 1.96 ± 0.12 2.06 ± 0.41
6 0 － 1 1 2.09 ± 0.34 2.45 ± 0.11
7 0 1 － 1 1.85 ± 0.21 2.21 ± 0.47
8 0 1 1 2.77 ± 0.35 3.08 ± 0.12
9 － 1 0 － 1 1.46 ± 0.32 1.87 ± 0.09

10 1 0 － 1 2.65 ± 0.27 2.65 ± 0.31
11 － 1 0 1 2.42 ± 0.14 2.92 ± 0.28
12 1 0 1 2.38 ± 0.07 2.75 ± 0.05
13 0 0 0 2.72 ± 0.33 2.91 ± 0.16
14 0 0 0 2.58 ± 0.21 2.72 ± 0.05
15 0 0 0 2.62 ± 0.04 2.84 ± 0.13

Table 2   Test design and the results of three-level, three-variable Box-
Benhnken design

3

i=1

3

i=1

2

i=1

3

j=i+1

The regression coefficients for intercept, linear, qua-
dratic and interaction terms of the second polynomial model
were obtained by SAS 9.1. The quality of the polynomial
model equation fitted was shown by the coefficient of deter-
mination R2. The significances of the regression coefficient
were tested by a t-test and the statistical significance was
verified by F-test.
1.6 Statistical analysis

The charts in bar form were performed using Microsoft
Excel. Response surface methodology was employed to ana-
lyze the data from designed experiments using SAS version
9.1. Analysis of variance and regression analysis were per-
formed using PROC REG. The data values were expressed as
mean ± standard deviation (n=3).

2 Results and Discussion

2.1 Effect of extraction solvent on TAA and on TPC of
rice bran extracts

Five solvents, namely 80% (V/V) methanol, 80% (V/V)
ethanol, 80% (V/V) acetone, water and petroleum ether were
used to extract the total phenolic compounds at ultrasonic
extraction time 60 min and ultrasonic extraction temperature
40 ℃. The results are shown in Fig.1a. TPC (mg GAE/g bran)
and TAA (μmol TEAC/g bran) observed from Fig.1a is
different in rice bran extracts. 80% (V/V) ethanol was the best
solvent for extracting phenolic compounds, followed by 80%
(V/V) methanol then water and then petroleum ether, where
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(2.61±0.06), (2.57±0.06), (2.23±0.09), (92.17±0.14) mg
GAE/g bran and (1.07 ± 0.09) mg GAE/g bran of total phe-
nolic compounds were obtained, respectively. It indicates
that the polar solvents have more higher ability in extracting
the phenolic compounds compared to the lower polarity sol-
vents[20]. Results (Fig.1a) clearly showes that total antioxidant
activity of all extracts as follows: Methanol ＞ Ethanol ＞
Acetone ＞ Water ＞ Petroleum ether.  Fig.1b indicated that
the antioxidant activity of the extracts (methanol and ethanol)
varied depending on the total phenolic compounds. And
the high antioxidant activity was partially associated with
higher amounts of total phenolic compounds (R2=0.8871).
Several researches had descibed that antioxidant activity of
plant extracts is mainly ascribed to the concentration of the
phenolic compounds in the plants[21]. In addition, nonsignifi-
cant (P ＜ 0.05) difference between methanol and ethanol
extracts was observed in this study and methanol is a toxic
chemical, therefore, 80% (V/V) ethanol were selected as an
extraction solvent.

3.0

2.5

2.0

1.5

1.0

0.5

TAA

TA
A

/(μ
m

ol
 T

EA
C

/g
 b

ra
n)

TP
C

/(m
g 

G
A

E/
g 

br
an

)

Solvent

ME ET AC WR PE

TPC a

2.2 Effect of extraction temperature on TPC and TAA of
rice bran extracts

The influence of extraction temperature on TPC and
TAA of rice bran extracts were studied in the range from 20
to 70 ℃. On the conditions of 80% (V/V) ethanol as extraction
solvent and extraction time 60 min, results (Fig. 2) showed

that the higher extraction temperature the greater was the
total phenolic compounds. TPC reached a maximum value of
(2.74±0.07) mg GAE/g bran when temperature added to 70 ℃.
Beause increased temperature enhanced the solubility of
polyphenol content and diffusion coefficients of extraction
solvent[22-23]. TAA of rice bran extracts depending on extraction
temperature was shown in Fig. 2. It was observed that TAA
trended to an increase from 20 to 40 ℃ then a slight decrease
from 40 to 60 ℃ and finally a rising. Although increased
temperature could improve the extraction rate of total phenolic
compounds, the total antioxidant activity was not high, due
to the diverse chemical structure of phenolic compounds
having different antioxidant capacity which not solely in
proportion to the total phenolic compounds[24]. Otherwise, the
higher temperature would make unstable antioxidants
decompose. Comparing the total antioxidant activity with
total phenolic compounds, 50 ℃ was chosen as a suitable
extraction temperature.
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Fig.2   TPC and TAA of rice bran extracts varying with extraction
temperature

2.3 Effect of extraction time on TAA and on TPC of rice
bran extracts

Extraction time ranged from 30 to 150 min was studied to
affect on the total phenolic content of rice bran extracts with
80% (V/V) ethanol as extraction solvent and ultrasonic
extraction temperature 50 ℃. Extraction time is critical in sol-
vent extraction for phenolic compounds because of TPC gov-
erned by the equilibrium concentrations when TPC reached
before their corresponding apparent decrease[25]. Experimen-
tal results (Fig. 3) showed that TPC was increased with ex-
traction time and reached a maximum at 90 min, then followed
decrease in excess extraction time. Mean TEAC values per
rice bran are also shown in Fig. 3. TEAC values decreased
then increased as extraction time varied from 30 to 150 min.
An exception was the maximum of (2.75±0.04) μmol TEAC/
g bran at 150 min followed by (2.73 ± 0.03) μmol TEAC/g
bran at 90 min. TAA at 60 min lower than that at 30 min and 90

a.ME=Methanol, ET=Ethanol, AC=Acetone, WR=Water, PE= Petroleum ether;
b.The linear correlation of TAA and TPC: y= 0.327x+1.273 (R2=0.8871). Ultra-
sonic extraction conditions: 60 min of extraction time, 40 ℃ of extraction temperature.

Fig.1   TAA , TPC of rice bran extracts and their correlation with
diverse extraction solven
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min might be due to the interference of dissloved matter from
rice bran. It was also observed that TAA was not solely
ascending with extraction time and the estimation of ABTS
radical-scavenging capacities were not exclusively
dependent on a single group of antioxidant compounds.
Actually it is based on the ability of any compounds present
that could scavenge ABTS radicals[17,26]. Considering the
optimum TPC and TEAC values, 90 min was selected as an
appropriate extraction time.
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Fig.3   TPC (a) and TAA (b) of rice bran extracts at different
extraction time

2.4 Optimization of extraction conditions
A three-level and three-factor in coded and uncoded

values (Table 1) for Box-Benhnken design was employed to
optimize the extraction conditions based on the single factor
experiments. And the experimental design employed and the
data for TPC and TAA of rice bran extracts examined were
observed in Table 2. The total phenolic compounds and total
antioxidant activity of rice bran extracts ranged from (1.46 ±

0.32) mg GAE/g bran to (2.77 ± 0.35) mg GAE/g bran,
(1.87 ± 0.09)μmol TEAC/g bran to (3.08 ± 0.12 )μmol
TEAC/g bran, respectively. The fitted polynomial models for
TPC and TAA of rice bran extracts were generated relating
response varialbe to coded levels of the independent variables
by SAS 9.1, as following:

Y1=2.6400 ＋ 0.2975X 1 ＋ 0.1725X 2 ＋ 0.2175X3 －

0.1088X 12 － 0.1125X 1X 2 － 0.3075X 1X 3 － 0.1688X 22 ＋

0.1975X 2X 3－0.3038X32                                                      (3)
Y2=2.8233 ＋ 0.1850X 1 ＋ 0.1788X 2 ＋ 0.3013X 3 －

0.0167X 12－ 0.2025X 1X 2－ 0.2375X 1X 3－ 0.1142X 22＋

0.1200X 2X 3－0.2592X32                                                     (4)
The significance of each experimental variable was

evaluated according to P value. All the estimated coefficients
of the fitted polynomial model were significant (P ＜ 0.05)
with two exceptions of b11 for TPC (P=0.0537＞0.05) and for
TAA (P=0.6989 ＞ 0.05), which illuminated that the
correlation of each variable was not linear but quadratic

relationship. The significance of independent variable for
TPC and TAA in descending order was respectively as
following: extraction concentration (P=0.0002) ＞ extraction
time (P=0.0007) ＞extraction temperature (P=0.0020) for TPC
and extraction time (P=0.0001)＞ extraction concentration (P
＜ 0.0011)＞ extraction temperature (P=0.0013) for TAA.
Thus, ethanol concentration and extraction time contributed
significantly to the response not only for TPC but also for
TAA of rice bran extracts. Liyana-pathirana et al[27] found that
ethanol concentration plays a critical role in the extraction of
phenolic compounds from wheat using RSM.

The analysis of variance for the fitted polynomial mod-
els was performed by the software of SAS 9.1. The results
showed that lack of fit of the model for TPC (P=0.4151) and
TAA (P=0.7514) of rice bran extracts was not significant (P＞
0.05), which suggested that the model exhibited an excellent
fit. Linear, Quadratic and Cross product of the model for TPC
(P=0.0002, 0.0028 and 0.0015, respectively) and TAA
(P=0.0002, 0.0059 and 0.0021, respectively) was significant (P＜
0.05). In addition, the coefficient of determination (R2) of the
model for TPC and TAA of rice bran extracts is 0.9855 and
0.9848, respectively, which indicated that the model had
sufficiently embodied the real relationship between the parameters
chosen. Hence, the optimization of ultrasound-assisted ex-
traction for rice bran extracts with high TPC and high TAA
could be obtained by the fitted polynomial model.

2.8
2.6
2.4
2.2
2.0
1.8

a

Y1
 T

PC
/(m

g 
G

A
E/

g 
br

an
)

X2/℃

6057 54 514845 42
65

958575

X1/%(V/V)

Extraction time is constant at the zero level, 90 min. X1, X2, Y1 and Y2

 represent ethanol concentration (%, V/V), extraction temperature (℃),
TPC (mg GAE/g bran) and TAA (μmol TEAC/g bran), respectively.

Fig.4   Response surface plot showing the effect of ethanol concentra-
tion (%, V/V) and extraction temperature (℃) on TPC (a) and TAA (b)

of rice bran extracts
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according to Eq. (3) and Eq. (4). From Fig. 4, one can observe
both of TPC and TAA of rice bran extracts increased gradu-
ally with the increase of ethanol concentration at a fixed
extraction temperature and reached a peak at 95% (V/V) of
ethanol concentration. Similarly, at a constant ethanol
concentration, TPC with the ascent of extraction temperature
trends to reach a maximum in the range of 40 － 60 ℃. Fig.5
showes the influence of ethanol concentration and extrac-
tion time on TPC and TAA of rice bran extracts while keeping
the temperature constant at 50 ℃. The changes of TPC and
TAA (Fig.5) of rice bran extracts at a constant extraction
temperature 50 ℃ were toward a peak with the increase of
one variable (ethanol concentration or extraction time) when
the other variable fixed. Fig.6 illustrates TPC and TAA of rice
bran extracts displayed an increase with the ascent of extrac-
tion time when extraction temprature fixed at a constant. While
both of TPC and TAA upgraded slowly to a maximum and
then decreased slightly with the increase of extraction tem-
perature at a fixed extraction time. Therefore, there is a set of
suitable data for ethanol concentration, extraction tempera-
ture and extraction time to optimize the extraction conditions
of rice bran extracts for high TPC and TAA.

The optimal conditions obtained using the model for
high TPC of rice bran extracts were as follows: ethanol
concentration, 80.24% (V/V); extraction temperature, 58.77
℃; extraction time, 102.70 min. A maximum response of 2.79
mg GAE/g bran was predicted by the model under the opti-
mal conditions. Results of experimental rechecking performed
with the uniform conditions for TPC and TAA were obtained
and expressed as mean ± standard deviation (n=3), namely
(2.75 ± 0.03) mg GAE/g bran and (2.82 ± 0.21)μmol TEAC/
g bran, respectively. Similarly, the optimal conditions for high
TAA were obtained as following: ethanol concentration, 90.05%
(V/V); extraction temperature, 53.79 ℃; extraction time, 97.24
min with the predictive value, 2.97 μmol TEAC/g bran. The
experimental value for TAA and TPC was (2.99 ± 0.13)μmol
TEAC/g bran and (2.77 ± 0.01) mg GAE/g bran (n=3),
respectively. Comparing predictive value with experimental
value, the relative error for TPC is 1.43% and for TAA 0.67%.
It was confirmed that the response models for TPC and TAA
was sufficient to response the expected optimization. Under
two different optimal conditions, the experimental values of
TPC, (2.75 ± 0.03) mg GAE/g bran and (2.77 ± 0.01) mg GAE/
g bran, were unconspicuous (standard deviation=0.01). The
standard deviation of experimental values for TAA under
the two conditions was 0.08. Considering economic cost and

Ethanol concentration is constant at the zero level, 80% (V/V). X2, X3,
Y1 and Y2 represent extraction temperature (℃), extraction time (min),
TPC (mg GAE/g bran) and TAA (μmol TEAC/g bran), respectively.

Fig.6   Response surface plot showing the effect of extraction tempera-
ture (℃) and extraction time (min) on TPC (a) and TAA (b) of rice bran

extracts
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Three-dimensional surface plots(Fig.4 － 6), showing
the relationship between independent and dependent vari-
ables for TPC and TAA of rice bran extracts, were generated

Extraction temperature is constant at the zero level, 50 (℃). X1, X3, Y1

and Y2 represent ethanol concentration (%, V/V), extraction time (min),
TPC (mg GAE/g bran) and TAA (μmol TEAC/g bran), respectively.

Fig.5   Response surface plot showing the effect of ethanol concentra-
tion (%, V/V) and extraction time (min) on TPC (a) and TAA (b) of rice

bran extracts
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practice operation, the optimal conditions was confirmed as
following: ethanol concentration, 90% (V/V); extraction
temperature, 55 ℃; extraction time, 97 min. TPC and TAA of
rice bran extractions at the confirmed conditions were (2.76
± 0.17) mg GAE/g bran and (2.99 ± 0.24)μmol TEAC/g bran
(n=3).

Results of controlled experiments, performed at the
confirmed conditions without ultrasonic treatment, showed
that the total phenolic content was (0.63 ± 0.16) mg GAE/g
bran of rice bran extracts with the total antioxidant activity of
(1.08 ± 0.14)μmol TEAC/g bran (n=3). The controlled
experiments indicated that the application of ultrasonic to
extract the phenolic compounds from rice bran was effective,
due to the disruption of the cell walls, reduction of the par-
ticle size and the enhancement on the mass transfer of the
cell content to the solvent caused by the collapse of the
bubbles produced by cavitation[28].

3 Conclusions

Ultrasound-assisted extraction method has been pro-
moted to extract the phenolic compounds from rice bran. Based
on the single-factor experiments, response surface methodol-
ogy was employed to optimize the extraction parameters with
total phenolic content (TPC) and total antioxidant activity
(TAA) as the index. The correlation of TPC and TAA of rice
bran extracts, to some extent, was well. The total antioxidant
activity increased with the increase of the total phenolic com-
pounds but not exclusively depending on the total phenolic
compounds. The optimal extraction conditions for high TPC
and TAA was as follows: ethanol concentration, 90% (V/V);
extraction temperature, 55 ℃; extraction time, 97 min.
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