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Optimization of extraction conditions for phytic acid
from rice bran using response surface methodology
and its antioxidant effects
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Abstract Solid-liquid extraction of phytic acid (PA) from rice
bran was optimized by the maximization of the yield using
response surface methodology. A Box-Behnken design was
used to monitor the effects of three processing parameters of
extraction on the PA yield, including ratio of acid solution to
raw material (mL/g), hydrochloric acid concentration (mol/L),
and extraction time (h). The results showed that the optimal
conditions were acid solution/raw material of 8.5:1 (mL/g),
HCl concentration 0.62 mol/L and extraction time 5.5 h.
Validation tests indicated that the actual yield of PAwas (2.15±
0.02)% with RSD=1.92% (n=5) under the optimized con-
ditions, which was in good agreement with predicted yield.
Antioxidant assays suggested that the extracted PA had weaker
DPPH, hydroxyl and superoxide free-radical-scavenging capa-
bilities than vitamin C at the same concentration of 0.5 mg/mL.
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Introduction

Sustainable food production and waste valorization have
become important issues in modern life. Rice bran is a
byproduct frommilling and hasmany nutraceuticals, including
vegetable oils, phytic acid (PA), and phytosterol. PA, inositol

hexakisphosphate (IP6), is an organic compound containing
phosphorus. Many studies have shown that PA has a broad
spectrum of biological activities, such as antioxidant (Ahn et
al. 2003), anticancer (Norazalina et al. 2010; Schröterová et
al. 2010), neuroprotection (Xu et al. 2008), prevention of
atherosclerosis (Grases et al. 2007), and formation of renal
stone (Grases et al. 2000). Therefore, more and more
nutritionists pay attention on the amount of phytate in food
(Amaro et al. 2009). China has become the world’s largest
producer of paddy, with annual yield of over 200 million tons
(Itagi and Singh 2011). However, nearly 90% of rice bran
was directly made into animal feeds because of low
processing cost. In order to promote utilization of rice bran
and develop high-valued products, investigation of PA
extraction from rice bran was carried out in our lab.

Solid-liquid extraction using acid solutions, such as HCl
and H2SO4, is the most common method used for the
extraction of PA from rice bran (Wu et al. 2009). Preliminary
trials in our laboratory showed that three extraction con-
ditions, ratio of acid solution to raw material (mL/g),
hydrochloric acid concentration (mol/L) and extraction time
(h), might have significant influence on the yield. Response
surface methodology (RSM) is a collection of statistical and
mathematical techniques and is effective for responses that are
influenced by many factors and their interactions (Myers and
Montgomery 2002). To maximize levels of PA yield, these
extraction conditions were optimized in this study. Up to now,
it is the first study to describe the optimization of solid-liquid
extraction process of PA from rice bran using RSM.

Materials and methods

Materials Rice bran was supplied by Jiashan Industry and
Trade of Grain and Oil Food Co.,Ltd (Zhejiang Province,
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China), with 9.5% water content. After finely milled with a
muller (HX-200, Zhejiang Yongkang Xi’an Hardware
Officinal Instrument Factory, Yongkang, China) and sieved
through a 20 mesh sieve, the fine material was packed in
plastic bag and stored at −20 °C. PA (sodium salt), 95%, w/
w; 2,2-diphenyl-1-picrylhydrazyl (DPPH); deoxyribose,
97%, w/w; nicotinamide adenine dinucleotide, reduced
dipotassium salt (NADH), 96.5%, w/w; phenazine metho-
sulfate (PMS), 96%, w/w; and nitro blue tetrazolium (NBT)
chloride, 98%, w/w, were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, USA). Ion-exchange resin (AG1-
X8 of Clˉ, 200–400 mesh) was obtained from Bio-Rad
Laboratories (Richmond, USA). Qualitative filter paper was
produced by Hangzhou Xinhua Paper Industry Co.,Ltd
(Hangzhou, China). All other chemicals used in this study
were of analytical grade. The WADE reagent consisted of
0.15 g FeCl3·6H2O and 1.5 g sulphosalicylic acid in
500 mL water.

Extraction of PA About 5.0 g of pretreated rice bran was
put into a 200 mL beaker and extracted under different
conditions at room temperature. The ranges of three
variables were listed in Table 1. After extraction, the
extract was filtered through filter paper, and deionized
water was added to bring the final volume of the filtrate to
100 mL.

Determination of PA yield PA content of the sample extract
was determined by the spectrophotometric method of Latta
and Eskin (1980) with some modifications. A chromato-
graphic column (1.5×30 cm) was filtered with 2 g of AG1-
X8 anion-exchange resin and washed with 60 mL of
1.62 mol/L HCl followed by 80 mL deionized water. About
40 mL of the extract were poured through the column
followed by 60 mL of 0.1 mol/L NaCl and the eluant was
discarded. The 60 mL of 0.7 mol/L NaCl was added to the
column. The eluting solution was collected, which the final
volume was made up to 100 mL. 1 mL of the WADE
reagent was added to 3 mL of the purified extract and the
absorbance was read at 500 nm (Hitachi UV-3000, Japan).
PA (sodium salt) was used to prepare the standard curve
which was used to calculate the actual PA content in the
extract.

The extraction yield of PA was calculated by the
following equation:

Extraction yieldð%Þ ¼ C

3�W � V
� 106 ð1Þ

where C is the concentration of PA in the purified extract,
g/mL; W is the amount of rice bran, g; V is the volume of
the unpurified extract, mL.

Experimental design Box-Behnken design (BBD) was
employed to statistically optimize the formulation parameters
and evaluate main effects, interaction effects and quadratic
effects of the formulation ingredients on the extraction yields
of PA (Ajay et al. 2010; Mahajan et al. 2010). According to
the principle of BBD, acid solution/raw material, HCl
concentration and extraction time were taken as the variables
tested in a 17-run experiment. As shown in Table 1, three
factors chosen for this study were designated as X1, X2, and
X3, and were prescribed into three levels, coded +1, 0, –1 for
high, intermediate, low value, respectively. Test variables
were coded according to the following equation:

xi ¼ ðXi� X0Þ=ΔX ð2Þ
where xi is the coded value of an independent variable; Xi is
the actual value of an independent variable; X0 is the actual
value of an independent variable at central point; and ΔX is
the step change value of an independent variable. All
experiments were performed in triplicate and the averages
of PA yield were taken as response.

For predicting the optimal point, a second-order poly-
nomial model was fitted to correlate relationship between
independent variables and response (PA yield). For the three
factors, the equation was

Y ¼ A0 þ
X3
i¼1

AiXi þ
X3
i¼1

AiiXi
2 þ

X2
i¼1

X3
j¼iþ1

AijXiXj ð3Þ

where Y is the response variables (PA yields in real values).
A0, Ai, Aj and Aij are the regression coefficients of variables
for intercept, linear, quadratic and interaction terms,
respectively. Xi and Xj are independent variables (i≠ j).

Analysis of the experimental design and data were
carried out using Design-Expert (Version 7.1.3). The

Table 1 Code and level of
independent variable chosen
for Box-Behnken design

Variables Symbol Levels

Coded Uncoded −1 0 −1

Acid solvent/raw material (mL/g) x1 X1 6:1 8:1 10:1

HCl concentration (mol/L) x2 X2 0.4 0.6 0.8

Extraction time (h) x3 X3 4 5 6
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models were predicted through statistical analysis and
regression analysis (ANOVA), and the fitness of the
polynomial model equation was expressed by the coeffi-
cient of determination R2. Models and regression coeffi-
cients were considered significant when p-values were
lower than 0.05. The optimal extraction conditions of acid
solution/raw material, HCl concentration and extraction
time were calculated by the software MATLAB (Version
7.0.1) (Shampine and Thompson 2001).

DPPH Free Radical scavenging activity The free radical
scavenging activity of the extracted solution was measured by
DPPH test according to the method of Shimada et al. (1992)
with some modifications. The 0.2 mM solution of DPPH in
ethanol was prepared daily before UV measurements. 1 mL
of the purified extract with a concentration of 0.5 mg/mL PA
was thoroughly mixed with 2 mL of freshly prepared DPPH
and 2 mL of ethanol. The mixture was shaken well, allowed
to stand for 30 min in the dark, and the absorbance was

then measured at 517 nm against a blank. Lower
absorbance of the reaction mixture indicated higher free
radical scavenging activity, which was analyzed from
the graph plotted of inhibition percentage against
compound concentration. Vitamin C (Vc) was used as
positive control. The experiments were carried out in triplicate
and averaged. The capability to scavenge the DPPH radical
was calculated using the following equation:

Scavenging effect ð%Þ ¼ A0 � ðA� AbÞ
A0

� �
� 100 ð4Þ

where A0 was the absorbance of DPPH solution without
sample solution; A was the absorbance of the test sample
mixed with DPPH solution and Ab was the absorbance of the
sample without DPPH solution.

Hydroxyl free radical scavenging activity The hydroxyl
radical assay was carried out using the method of Ghiselli

Table 2 BBD and the response
values for the PA yields Run X1 (Acid solution/

raw material, mL/g)
X2 (HCl
concentration, mol/L)

X3

(Extraction time, h)
Response
(PA yield, %)

1 −1 −1 0 1.86

2 0 −1 1 2.11

3 −1 1 0 1.94

4 0 0 0 2.14

5 −1 0 −1 1.92

6 1 0 −1 2.01

7 0 0 0 2.13

8 1 −1 0 2.01

9 0 1 −1 2.04

10 0 0 0 2.13

11 1 1 0 2.09

12 0 1 1 2.06

13 0 0 0 2.14

14 0 −1 −1 1.94

15 0 0 0 2.14

16 1 0 1 2.05

17 −1 0 1 2.01
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Fig. 1 Response surface plots for the effects of (a) acid solution/raw material and HCl concentration; (b) acid solution/raw material and extraction
time; (c) HCl concentration and extraction time on the PA yield
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et al. (1998) with some modifications. 0.1 mL of the
purified extract (0.5 mg/mL PA) was mixed with 0.6 mL of
reaction buffer [20 mM phosphate buffer (pH 7.4),
2.67 mM deoxyribose, and 100 μM EDTA], 0.2 mL of
0.4 mM ferrous ammonium sulfate, 0.05 mL of 2.0 mM Vc,
and 0.05 mL of 10 mM H2O2 was then added to the
reaction solution. The reaction solution was incubated for
15 min at 37 °C, and then 1 mL of 1% thiobarbituric acid
(TBA) and 1 mL of 2% trichloroacetic acid (TCA) were
added to terminate the reaction. The mixture was boiled for
15 min and cooled to room temperature. The absorbance of
the mixture was measured at 532 nm against blank. The
capability of scavenge hydroxyl radical was calculated
according to the following equation:

Scavenging effect ð%Þ ¼ 1� A

A0

� �
� 100 ð5Þ

where A0 was the absorbance of mixture solution without
sample; Awas the absorbance of the test sample mixed with
reaction solution.

Superoxide free radical scavenging activity The superoxide
radical scavenging assay was assessed according to the
method of Qi et al. (2005). Superoxide radicals were
generated in a PMS/NADH system for being assayed in
the reduction of NBT. The reaction mixture, containing the
purified extract with 0.5 mg/mL PA, Tris-HCl (16 mM,

pH 8.0), NADH (338 μM), NBT (72 μM) and PMS
(30 μM) was incubated at room temperature for 5 min
and the absorbance was read at 560 nm. The capability
of scavenging superoxide radical was also calculated
using the Eq. 5.

Results and discussion

Extraction model and statistical analysis There were a total
of 17 runs for optimizing the three individual parameters in
the current BBD which was applied to the production of PA
from rice bran. The response values at different experimen-
tal combination for coded variables were listed in Table 2.
The PA yields ranged from 1.86% to 2.14%. By applying
multiple regression analysis on the experimental data, the
response variable and the test variables were related by the
following second-order polynomial equation:

Y ¼ 2:14þ 0:054� X1 þ 0:026� X2þ 0:04� X3

�0:012� X1 � X3 � 0:037� X2 � X3 � 0:1� X1
2

�0:06� X2
2 � 0:038� X3

2

ð6Þ

The ANOVA of the quadratic regression model showed
that the values of the determination coefficient (R2) and the
adjusted determination coefficient (Adj. R2) were 0.9539
and 0.8946, respectively, which indicated that a high degree
of correlation between the observed and predicted values.
Moreover, a low value of coefficient of the variation (CV=
1.40%) indicated a high degree of precision and a good deal
of reliability of the experimental values (Garg and Singh
2010).

The P values are used to check the significance of
each coefficient, which in turn may indicate the pattern
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Fig. 2 Contour plots for the effects of (a) acid solution/raw material and HCl concentration; (b) acid solution/raw material and extraction time; (c)
HCl concentration and extraction time on the PA yield

Table 3 Antioxidant effect of PA from rice bran and Vc at 0.5 mg/mL

Sample PA Vc

DPPH·(%) 25.8±2.32 46.6±2.05

·OH–(%) 15.9±1.85 37.1±1.46

·O2
–(%) 5.9±1.39 100
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of the interaction between the variables. The coefficient
estimate for the parameter optimization suggested that
three independent variables (X1, X2, and X3), one
interaction term (X2X3), and all quadratic terms (X1X1,
X2X2, X3X3) had significant effect on the PA yield (P<0.05).
The results of the study showed that acid solution/raw
material was the most significant single factor which
influenced the PA yield followed by extraction time and
HCl concentration.

Optimization of the procedure by RSM Eq. 6 allowed the
prediction of the effects of the three factors on the PA yield.
Three independent response surface plots and their respective
contour plots were shown in Figs. 1 and 2. Two variables
within the experimental range were depicted in 3D surface
plots while the other variable was kept constant at zero level.
The shapes of the contour plots, circular or elliptical
indicated whether the mutual interactions between the
variables were significant or not (Liang et al. 2010;
Muralidhar et al. 2001).

As shown in Figs. 1 and 2, the increased ratio of acid
solution/raw material (X1) and HCl concentration (X2) up to
a threshold level led to increased PA yield (see Figs. 1a, b,
2a and b). Beyond this level, the PA yield slightly
decreased, which indicated that a greater yield could be
achieved if the moderate acid solution/raw material and
HCl concentration were selected. Meanwhile, extraction
time (X3) had a positive impact on the PA production. There
is an increase in the PA yield with an increase in extraction
time (see Figs. 1c and 2c).

Therefore, it could be concluded that the optimal
conditions for solid-liquid extraction of PA from rice bran
were acid solution/raw material 8.5:1, HCl concentration
0.62 mol/L, and extraction time 5.5 h.

Validation of the model In order to validate the adequacy of
the model Eq. 6, a verification experiment was carried out
under the optimized conditions mentioned above. Under the
optimal conditions, the model predicted a maximum
response of 2.16%. A mean value of (2.15±0.02)% with
RSD=1.92% (n=5), obtained from actual experiments,
demonstrated the validation of the optimized extraction
model. The good correlation between these results un-
doubtedly confirmed that the model was adequate for
reflecting the predicted optimization.

Antioxidant activity analysis Table 3 showed the antioxi-
dant capabilities of the extracted PA from rice bran
compared with those of Vc at the same concentration of
0.5 mg/mL. The DPPH, hydroxyl and superoxide free-
radical-scavenging effects of PA were 25.81%, 15.93%,
5.90%, respectively, which indicated PA extracted from rice
bran had weaker antioxidant activities than Vc.

Conclusions

An efficient process of solid-liquid extraction had been
developed for the PA extraction from rice bran. BBD was
successfully employed to optimize extraction parameters in
this work. Results indicated that acid solution/raw material
8.5:1, HCl concentration 0.62 mol/L and extraction time
5.5 h were the best conditions to extract PA from rice bran.
The maximum PA yield was (2.15±0.02)% (n=5) under
these optimal conditions. Antioxidant assays showed that
PA had weaker DPPH, hydroxyl and superoxide free-
radical-scavenging activities than Vc at the same concen-
tration of 0.5 mg/mL. This study can be useful to the
development of industrial extraction of PA from rice bran,
including further studies concerning the optimal number of
sequential steps to enhance the efficacy of a large-scale
extraction system.
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