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a  b  s  t  r  a  c  t

The  response  surface  methodology  was  employed  to study  the  extraction  of  polysaccharides  from  Scutel-
laria  barbata  D. Don.  The  quantitative  effects  of  extraction  temperature,  time,  number  and  ratio  of  water
to raw  material  on yield  of  polysaccharides  were  investigated  with  Box–Behnken  design.  The experi-
mental  data  were  fitted  to a second-order  polynomial  equation  using  multiple  regression  analysis  and
eywords:
cutellaria barbata
olysaccharides
ntioxidant activity
esponse surface methodology

also  analyzed  using  the  appropriate  statistical  methods.  By  solving  the  regression  equation  and  analyzing
3D plots,  the  optimum  condition  was  at extraction  temperature  70 ◦C,  time  3 h, numbers  3  and  ratio  of
water  to  raw  material  18.5  mL/g.  Under  these  conditions,  the experimental  polysaccharides  yield  was
2.43  ± 0.11%,  which  was  in  good  agreement  with  the  predicted  value.  The  antioxidant  activities  of the
polysaccharides  were  evaluated  in  vitro.  A potential  antioxidant  activity  of S.  barbata  polysaccharides
provides  a scientific  basis  for  the  use  of this  herb  in traditional  medicine  as an  antioxidant.
. Introduction

Scutellaria barbata D. Don is a perennial herb which is natively
istributed throughout Korea and southern China. This herb is
nown in traditional Chinese medicine as Ban-Zhi-Lian and tradi-
ional Korean medicine as Banjiryun, respectively, and has been
sed as an anti-inflammatory and antitumor agent (Rugo et al.,
007; Suh et al., 2007; Wong, Lau, Yamasaki, & Teel, 1993). S.
arbata is known to contain a large number of flavonoids and
olysaccharides (Zheng, Wei, & Long, 2010). In the past several
ears, S. barbata flavonoids have been widely studied for their
hemical properties and biological activities (Hu et al., 2008; Kim
t al., 2005; Lee et al., 2004; Sato et al., 2000; Shi et al., 2011; Wang
t al., 2010). Whereas, little attention was devoted to the extraction
f the S. barbata polysaccharides (SBP), therefore, we reported the
ptimization of extracting parameters for the production of SBP.

Response surface methodology (RSM) is an effective statistical
echnique for optimizing complex processes. The main advantage
f RSM is the reduced number of experimental trials needed to
valuate multiple parameters and their interactions. Therefore,
t is less laborious and time-consuming than other approaches
equired to optimize a process (Giovanni, 1983). Recently, it has

een widely used to develop, to improve, or to optimize a prod-
ct or process in many cases (Gan, Abdul Manaf, & Latiff, 2010;
an & Latiff, 2011; Karacabey & Mazza, 2010; Paucar-Menacho,
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Berhow, Mandarino, de Mejia, & Chang, 2010; Sun, Liu, & Kennedy,
2010; Zhong & Wang, 2009). As a very popular class of designs
for fitting a response surface, Box–Behnken design (BBD) pro-
vides efficient solutions compared with a three-level full-factorial
design, reducing the number of required experiments by confound-
ing higher-order interactions, which becomes more significant as
the number of factors increases (Borkowski, 1995; White, Willis,
Keshav, & Dutton, 2001).

Free radicals, chemical reactions and several redox reactions of
various compounds may  cause protein oxidation, DNA damage and
lipid peroxidation in living cells (Kil et al., 2009; Sahreen, Khan, &
Khan, 2010). In order to reduce damage to the human body and
prolong the storage stability of foods, antioxidants are often used
for industrial processing. There are two  basic categories of antioxi-
dants: synthetic and natural. The use of synthetic antioxidants is
restricted because of their carcinogenicity (Guyton et al., 1991;
Kimmel, Kimmel, & Frankos, 1986). Thus, there has been increasing
interest in finding natural, effective, and safe antioxidants, since
they can protect the human body from free radicals and retard
the progress of many chronic diseases (Kinsella, Frankel, German,
& Kanner, 1993; Nandita & Rajini, 2004). Published data indicate
that polysaccharides isolated from plants have certain antioxidant
activity on free radicals and can be explored as novel poten-
tial antioxidants (Chen, Zhang, Jiang, Mu,  & Miao, 2012; Capek,
Machová, & Turjan, 2009; Luo et al., 2010).
The purpose of the present study was  to optimize the process
for production of polysaccharides from S. barbata, using response
surface methodology (RSM) to study the effects of extraction tem-
perature, extraction time, number of extraction, and ratio of water

dx.doi.org/10.1016/j.carbpol.2012.03.084
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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Table 1
Independent variables and their levels used in the response surface design.

Independent variables Symbol Factor level

−1 0 1

Extraction temperature (◦C) X1 50 60 70
Extraction time (h) X2 1 2 3
Extraction number X 1 2 3
132 C.-L. Ye, Q. Huang / Carbohydr

o raw material on the extraction yield of SBP, and the antioxidant
ctivities on superoxide, DPPH radicals and hydroxyl radicals were
valuated.

. Materials and methods

.1. Materials

S. barbata were purchased from Bozhou, Anhui Province, China.
,1-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Fluka
iochemika AG (Buchs, Switzerland) and ascorbic acid (Vc) was
urchased from Sigma (St. Louis, MO,  USA). All other chemicals
ere of analytical grade.

.2. Extraction of crude polysaccharides

Dried S. barbata (30.0 g) were ground in a high speed disintegra-
or (Model SF-2000, Chinese Traditional Medicine Machine Works,
hanghai, China) to obtain a fine powder, then were extracted in

 Soxhlet apparatus with aether (20–40 ◦C), and pretreated with
0% aether twice to remove some colored materials, oligosaccha-
ides and some small molecule materials. The organic solvent was
olatilized and pretreated dry powder was obtained, as described
reviously (Yang, Qu, & Cheng, 2004; Zykwinska, Rondeau-Mouro,
arnier, Thibault, & Ralet, 2006). The pretreated dry powder (30.0 g)
as extracted with deionized water (water-material (mL/g) rang-

ng from 15:1 to 25:1) at pH 6.5–7.5 (adjusting the suspension pH
y 0.1 mol/L NaOH or HCl), while the temperature of the water bath
as kept steady for a given temperature (within ±1.0 ◦C, extraction

emperature ranging from 50 to 70 ◦C). The water-material slurry
n a 2.0 L stainless steel boiler in the water bath was  stirred with
n electric mixing paddle for a given time (extraction time ranging
rom 1 to 3 h) during the entire extraction process. The extracted
lurry was centrifuged at 4200 rpm/min for 20 min  to collect the
upernatant, and the insoluble residue was treated again (extrac-
ion times ranging from 1 to 3) as mentioned above.

The supernatant was incorporated and concentrated to one-fifth
f initial volume using a rotary evaporator (Senco Technology and
cience Inc., Shanghai, China) at 55 ◦C under vacuum. The result-
ng solution was  mixed with four volumes of dehydrated ethanol
ethanol final concentration, 80%) and kept overnight at 4 ◦C. Then
he solution was centrifuged at 4200 rpm/min for 20 min, washed
ix times with dehydrated ethanol, and the precipitate was col-
ected as crude extract. The extract was air-dried at 50 ◦C until
ts weight was constant, and then was weighted with a balance
BS2202S, SARTORIUS, Germany). The percentage polysaccharides
ield (%) is calculated as follows:

olysaccharides yield (%,  w/w) = dried crude extraction weight
powder weight (30 g)

× 100

.3. Experimental design and statistical analysis

A four-variable, three-level Box–Behnken design (BBD)
Ravikumar, Pakshirajan, Swaminathan, & Balu, 2005; Wang,
un, Cao, Tian, & Li, 2008) was employed in this optimization study
ased on the results of preliminary experiments. Extraction tem-
erature (◦C, X1), extraction time (h, X2), extraction number (X3),
nd ratio of water to raw material (mL/g, X4) were the independent

ariables selected to be optimized for the extraction of S. barbata
olysaccharides. Each variable set at the three levels. Extraction
ield (Y) was taken as the response of the design experiments. The
oded and uncoded (actual) levels of the independent variables
3

Ratio of water to raw material (mL/g) X4 15 20 25

are given in Table 1. Twenty-seven experiments were augmented
with three times and carried out at the center points to evaluate
the pure error.

A second-order polynomial regression model was used to
express the yield as a function of the independent variables as
follows:

Y = ˛0 +
4∑

i=1

˛iXi +
4∑

i=1

˛iiX
2
i +

3∑

i=1

4∑

j=i+1

˛ijXiXj (1)

where Y represents the response variables, ˛0 is a constant, ˛i, ˛ii
and ˛ij are the linear, quadratic and interactive coefficients, respec-
tively. Xi and Xj are the levels of the independent variables.

The fitted polynomial equation is expressed as surface plots in
order to visualize the relationship between the response and exper-
imental levels of each factor and to deduce the optimum conditions
(Lu, Engelmann, Lila, & Erdman, 2008). The analysis of variance
tables was  generated, and the effect and regression coefficients of
individual linear, quadratic and interaction terms were determined.
The regression coefficients were then used to make statistical calcu-
lation to generate dimensional maps from the regression models.
Design-Expert 8.0.5b (Trial Version, State-Ease Inc., Minneapolis,
MN,  USA) software package was used to analyze the experimental
data. P-values of less than 0.05 were considered to be statistically
significant.

2.4. Total phenolics determination

Total phenolic content was determined using Folin-Ciocalteu
reagent and gallic acid as the standard (Lin & Tang, 2007). The con-
tent of total phenols was  calculated on the basis of the calibration
curve of gallic acid and expressed as g/100 g of a dry weight of SBP.

2.5. Superoxide anion radical scavenging activity

Superoxide radicals were generated by pyrogallic acid method
(Jiang, Zhang, Liu, Wang, & Fan, 2010), and the method was inno-
vated slightly. The system contained 2.5 mL  of PBS buffer (0.1 M, pH
8.2), 4 mL  of sample solution, 2.5 mL of pyrogallic acid (6.0 mM),  and
0.5 mL  of thick hydrochloric acid for termination the reaction. The
solution was  incubated at 25 ◦C and determined at 299 nm. Vc was
used as a reference material. All tests were performed in triplicate.
The scavenging activity was calculated as follows:

scavenging activity (%) = A0 − (As − Ac)
A0

× 100

where As, with the presence of pyrogallic acid and test polysac-
charides; A0, with the presence of pyrogallic acid but without test
polysaccharides; and Ac, with the presence of test polysaccharides
but without pyrogallic acid.
2.6. Radical scavenging activities on DPPH

The free radical scavenging activity of the prepared polysac-
charides was measured using DPPH by the method of Blois
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Table 2
BBD with the experimental values and predicted values for extraction yield of SBP.

No. X1 X2 X3 X4 Extraction
yield (%)

Predicted
yield (%)

1 −1 −1 0 0 0.36 0.33
2 1 −1 0 0 1.75 1.60
3  −1 1 0 0 0.44 0.54
4 1 1 0 0 2.10 2.07
5  0 0 −1 −1 0.57 0.55
6 0 0 1 −1 1.27 1.20
7 0 0 −1 1 0.74 0.76
8 0 0 1 1 1.15 1.12
9 −1 0 0 −1 0.37 0.34
10 1 0 0 −1 1.65 1.71
11 −1 0 0 1 0.39 0.38
12 1 0 0 1 1.73 1.81
13 0 −1 −1 0 0.54 0.67
14 0 1 −1 0 0.88 0.79
15 0 −1 1 0 0.83 0.96
16 0 1 1 0 1.61 1.52
17 −1 0 −1 0 0.28 0.24
18 1 0 −1 0 1.53 1.53
19 −1 0 1 0 0.62 0.63
20 1 0 1 0 2.09 2.14
21 0 −1 0 −1 0.68 0.67
22 0 1 0 −1 0.99 1.07
23 0 −1 0 1 0.88 0.80
24 0 1 0 1  1.06 1.08
25 0 0 0 0 1.03 1.05
C.-L. Ye, Q. Huang / Carbohydr

1958).  A 0.1 mM  solution of DPPH in methanol was  prepared
nd 1 mL  of this solution was added to 3 mL  of various con-
entrations (0.2–1.0 mg/mL) of sample dissolved in methanol to
e tested. After 30 min, absorbance was measured at 517 nm.
c was used as a reference material. All tests were per-

ormed in triplicate. The scavenging activity was calculated as
ollows:

cavenging activity (%) = A0 − (As − Ac)
A0

× 100

here As is the absorbance of the test sample mixed with DPPH
olution (3 mL  sample + 1 mL  DPPH); A0 is the absorbance of DPPH
olution without sample (1 mL  DPPH + 3 mL  methanol) and Ac, is
he absorbance of the sample without DPPH solution (3 mL  sam-
le + 1 mL  methanol).

.7. Hydroxyl radical-scavenging activity

Hydroxyl radical-scavenging activity was measured accord-
ng to Smirnoff’s work (Smirnoff & Cumbes, 1989). 0.5 mL  FeSO4
1.5 mM)  was mixed with 0.35 mL  H2O2 (6 mM),  0.15 mL  sodium
alicylate (20 mM)  and 1 mL  sample (0.2-1.0 mg/mL), then incu-
ated for 1 h at 37 ◦C. The absorbance of the hydroxylated salicylate
omplex was measured at 562 nm.  Ascorbic acid was used as the
ositive control. The antioxidant activity was calculated with the
ollowing equation:

cavenging effect (%) = 1 − (Asample − Ablank)
Acontrol

× 100

here Asample was the absorbance of the test (sample or ascorbic
cid), Acontrol was the absorbance of the solvent control, and Ablank
as the absorbance of the reagent blank without sodium salicylate.

.8. Statistical analysis

Data are reported as the mean ± SD of three measurements. The
cientific statistic software GraphPad Prism 3.03 was  used to eval-
ate the significance of differences between groups. Comparisons
etween groups were done using Kruskal–Wallis test followed by
unn’s post hoc test. P < 0.05 was regarded as significant. The IC50

the concentration of antioxidant at which 50% of the reaction was
nhibited) was determined using the statistics program SPSS for

indows, version 13.0.

. Results and discussion

.1. Statistical analysis and the model fitting

The effects of four process variables (i.e. temperature (X1), time
X2), number (X3) and ratio of water to raw material (X4)) were
tudied during experimentation. The results of 27 runs using BBD
esign are presented in Table 2 that include the design, experimen-
al values and the predicted values, where the predicted values of
he responses were obtained from quadratic model fitting tech-
iques by the software mentioned above. BBD with four factors
nd three levels, including three replicates at the center point, was
sed to fit a second-order response surface in order to optimize the
xtraction conditions. The three center point runs were carried out
o measure the process stability and inherent variability. Maximum
xtraction yield of SBP (2.09%) was recorded under the experimen-

al conditions of extraction temperature of 70 ◦C, extraction time
f 2 h, number of extraction of 3, and ratio of water to raw mate-
ial of 20. The polysaccharides yield was taken as the response Y.
redicted responses Y could be expressed by the following second
26 0 0 0 0 1.05 1.05
27 0 0 0 0 1.06 1.05

order polynomial equations:

Y = 1.05 + 0.70 × X1 + 0.17 × X2 + 0.25 × X3 + 0.035 × X4

+ 0.067 × X1 × X2 + 0.055 × X1 × X3 + 0.015 × X1 × X4

+0.11 × X2 × X3 − 0.032 × X2 × X4 − 0.073 × X3 × X4 + 0.12

×X1 × X1 − 0.03 × X2 × X2 − 0.031 × X3 × X3 − 0.11 × X4 × X4

(2)

where X1 denotes extraction temperature, ◦C; X2 denotes extrac-
tion time, h; X3 denotes number of extraction; X4 denotes ratio of
water to raw material, mL/g.

The analysis of variance (ANOVA) result of the model is shown
in Table 3 including a good model performance with the correla-
tion coefficient (R2) value of 0.9838. The calculated model was able
to explain 98.38% of the result in the case of the polysaccharides
extraction ratio. Generally, exploration and optimization fitted
response surface may  mislead results, unless the model exhibits
a good fit, which makes checking the model adequacy essential
(Wang, Yang, Du, & Yi, 2008). The statistical analysis gave high sig-
nificant level (P < 0.0001), attesting the goodness of fit of the model
in case of the polysaccharides extraction rate. The value of coef-
ficient of variation (C.V.) was 9.78%, suggested that the model is
reproducible (Wanasundara & Shahidi, 1996). The results indicated
that the model could work well for the prediction of polysaccha-
rides extract from S. barbata.

3.2. Optimization of extraction conditions of SBP

The best way  of expressing the effect of any independent
variables on the polysaccharides extraction yield is to generate
surface response plots of the model, which were done by varying
two variables within the experimental range under investigation

and holding the other two  variables at its ‘0’ level. The 3D plot
in Fig. 1a showed the effects of extraction temperature (X1) and
extraction time (X2) on polysaccharides yield (Y). There was a rapid
rise in extraction yield with increase in extraction temperature
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Table  3
Estimated regression coefficients for the quadratic polynomial model and the analysis of variance (ANOVA) for the experimental results.

Parametera Estimated coefficients Standard error DFb Sum of squares F-value Prob > F

Intercept
˛0 1.05 0.058 1

Linear
X1 0.70 0.029 1 5.87 584.85 <0.0001
X2 0.17 0.029 1 0.35 34.58 <0.0001
X3 0.25 0.029 1 0.77 76.28 <0.0001
X4 0.035 0.029 1 0.015 1.47 <0.0001

Quadratic
X1 × X1 0.12 0.043 1 0.076 7.55 0.0177
X2 × X2 −0.030 0.043 1 4.668E−003 0.47 0.5081
X3 × X3 −0.031 0.043 1 5.070E−003 0.51 0.4907
X4 × X4 −0.11 0.043 1 0.064 6.39 0.0266

Interaction
X1 × X2 0.067 0.050 1 0.018 1.82 0.2026
X1 × X3 0.055 0.050 1 0.012 1.21 0.2936
X1 × X4 0.015 0.050 1 9.000E−004 0.090 0.7696
X2 × X3 0.11 0.050 1 0.048 4.83 0.0484
X2 × X4 −0.032 0.050 1 4.225E−003 0.42 0.5285
X3 × X4 −0.073 0.050 1 0.021 2.10 0.1733

Model 14 7.32 52.15 <0.0001
Lack  of fit 10 0.12 51.38 0.0192
Pure  error 2 4.667E−004
R2 0.9838 Adjusted R2 0.9649
C.V.% 9.78

a Coefficients refer to the general model.
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b Degree of freedom.

X1); however, extraction yield (Y) was found to rise slightly with
xtraction time (X2) varying from 1 to 3 h. In Fig. 1b, there was  an
psurge in extraction yield (Y) with increase in extraction temper-
ture (X1), but extraction yield (Y) showed a slight escalating trend
ith increase in number of extraction (X3). Similarly, Fig. 1c shows

hat extraction yield (Y) soared rapidly with increase in extraction
emperature (X1), but rose gently with increase in ratio of water to
aw material (X4). Interestingly, Fig. 1a–c commonly demonstrates
hat extraction temperature was the major factor among the four
actors causing significant effects on extraction yield. This finding
as consistent with the previous literatures on polysaccharides

Hou, Lin, Lu, Fang, & Chen, 2006; Jiang, Qiao, & Zhang, 2005).
olysaccharides yield (Y) affected by varying extraction time (X2)
nd number of extraction (X3) was shown in Fig. 1d. It could be
een that contributions of extraction time (X2) and number of
xtraction (X3) to the effects on extraction yield (Y) were almost
imilar, demonstrating that extraction time (X2) had a similar
ffect on extraction yield (Y) as number of extraction (X3). Fig. 1e
ndicates that extraction time (X2) was the major factor affecting
xtraction yield (Y). The longer extraction time (X2), the higher
xtraction yield (Y). Nevertheless, extraction yield (Y) was found to
ise slightly with ratio of water to raw material (X4) varying from
5 to 25. In a trend similar to Fig. 1e and f shows that the increase

n number of extraction (X3) led to a rapid rise to extraction yield
Y), whereas extraction yield (Y) showed a slight escalating trend
ith increase in ratio of water to raw material (X4).

.3. Verification of predictive model

The suitability of the model equations for predicting optimum
esponse values was tested under the conditions: extraction
emperature of 70 ◦C, extraction time of 3 h, number of extraction
f 3, and ratio of water to raw material of 18.5 mL/g. This set of

onditions was determined to be optimum by the RSM optimiza-
ion approach and was also used to validate experimentally and
redict the values of the responses using the model equation. A
ean value of 2.43 ± 0.11% (n = 3), obtained from real experiments,
demonstrated the validation of the RSM model, indicating that the
model was adequate for the extraction process (Table 4).

3.4. Total phenolic content in SBP

The antioxidant activity except of polysaccharides is responsible
phenolics as well. Therefore, the phenolic content in polysaccha-
rides sample was  determined. The total phenol content of SBP was
0.3 ± 0.1 g/100 g of a dry weight of SBP (n = 3). The result indicated
that the phenolic content in SBP was  relatively low and the antiox-
idant activity of SBP mainly resulted from polysaccharides.

3.5. Superoxide anion radical scavenging activity

The superoxide radical is a highly toxic species can be generated
by numerous biological and photochemical reactions. In addition
to directly attacking important biological molecules, superoxide
radical may  also decompose to form singlet oxygen and hydroxyl
radicals, which may  increase local oxidative stress and initiate cel-
lular damage or lipid peroxidation and pathological incidents such
as arthritis and Alzheimer’s disease (Liu, Wang, Pang, Yao, & Gao,
2010).

As shown in Fig. 2, superoxide scavenging activities of SBP and
ascorbic acid increased with increasing concentrations, and the
superoxide radical scavenging rate of SBP and ascorbic acid at
1.0 mg/mL  was  67.1% and 90.2%, respectively. The IC50 value of SBP
and ascorbic acid for eliminating superoxide radicals was  about
0.17 and 0.19 mg/mL, respectively, which indicated that both the
polysaccharides and ascorbic acid had significant superoxide radi-
cal scavenging activity.

3.6. DPPH radical scavenging activity
DPPH is one of the compounds that possessed a proton free
radical with a characteristic absorption, which decreases signifi-
cantly on exposure to proton radical scavenger (Song, Zhang, Zhang,
& Wang, 2010). On interacting with DPPH, antioxidants transfer
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Fig. 1. Response surface (3D) showing the effect of the extraction temperature, ext

ither an electron or a hydrogen atom to DPPH, thus neutralizing

ts free radical character (Naik et al., 2003).

The result of DPPH free radical-scavenging ability of
he polysaccharides is shown in Fig. 3 and compared with

able 4
redicted and experimental values of the responses at optimum conditions.

Optimum condition 

Extraction temperature Extraction time Extraction number 

70 ◦C 3 h 3 

a Mean ± standard deviation (n = 3).
n time, number of extraction and ratio of water to raw material on the response Y.

ascorbic acid as control standards. As can be seen from Fig. 3, the

DPPH radical scavenging increased from 28.4% to 60.3%, when
the concentration of the polysaccharides increased from 0.2 to
1.0 mg/mL. The IC50 of the polysaccharide and Vc were 0.57 and

Extraction yield of SBP (%)

Ratio of water to raw material Experimentala Predicted

18.5 mL/g 2.43 ± 0.11 2.47
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Fig. 2. Inhibition effects of the polysaccharides and ascorbic acid (Vc) on superox-
ide  radical. Data are mean ± SD for three measurements. *P < 0.05 compared with
control (% inhibition by control = 0%; Kruskal–Wallis test followed by Dunn’s post
hoc  test).

Fig. 3. Inhibition effects of the polysaccharides and ascorbic acid (Vc) on DPPH rad-
i
(

0
t
p
2

F
r
t
t

cal.  Data are mean ± SD for three measurements. *P < 0.05 compared with control
%  inhibition by control = 0%; Kruskal–Wallis test followed by Dunn’s post hoc test).

.26 mg/mL, respectively. The scavenging ability was  lower than
hat of ascorbic acid. Similar results have been reported in other
lant polysaccharides (Yuan, Zhang, Fan, & Yang, 2008; Zha et al.,

009).

ig. 4. Inhibition effects of the polysaccharides and ascorbic acid (Vc) on hydroxyl
adical. Data are mean ± SD for three measurements. *P < 0.05 compared with con-
rol  (% inhibition by control = 0%; Kruskal–Wallis test followed by Dunn’s post hoc
est).
lymers 89 (2012) 1131– 1137

3.7. Scavenging activity on hydroxyl radical

Except for superoxide radical, hydroxyl radical is considered to
be a highly potent oxidant, which can react with all biomacro-
molecules functioning in living cells (Gülç in, 2006). The result
of hydroxyl free radical-scavenging ability of the polysaccharides
is shown in Fig. 4 and compared with that of ascorbic acid.
The hydroxyl radical scavenging rate of SBP and ascorbic acid at
1.0 mg/mL  was  74.5% and 92.1%, respectively. The IC50 value of SBP
and ascorbic acid for eliminating hydroxyl radicals was about 0.3
and 0.28 mg/mL, respectively, which indicated that the scavenging
activity of SBP against hydroxyl radical was slightly higher than
that of ascorbic acid.

4. Conclusion

The extraction conditions have significant effects on the yield of
SBP. Using the surface plots in RSM was effective for estimating the
effect of four independent variables (extraction temperature, ◦C;
extraction time, h; number of extraction and ratio of water to raw
material, mL/g). The optimum parameters were: extraction tem-
perature 70 ◦C, extraction time 3 h, number of extraction 3 and ratio
of water to raw material 18.5 mL/g. This set of optimum parameters
gives maximum predicted value of the responses (polysaccharide
yield 2.47%). Meanwhile, under these conditions, the mean exper-
imental value (polysaccharide yield 2.43 ± 0.11%) corresponded
well with the predicted value. Additionally, the results of scav-
enging activity showed that the polysaccharides had significant
antioxidant activity and free radical-scavenging activity. The free
radical-scavenging property may  be one of the mechanisms by
which this drug is useful as a health food as well as a traditional
Chinese medicine. Further investigation of its antioxidant activities
in vivo and antioxidant mechanisms will be performed in future
studies.
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