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a  b  s  t  r  a  c  t

Response  surface  methodology  along  with  Box-Behnken  design  was  firstly  applied  to optimize  the  extrac-
tion conditions  for  the  polysaccharides  from  the  roots  of  Isatis  tinctoria  L. The  experimental  data  obtained
were  fitted  to  a  second-order  polynomial  equation  using  multiple  regression  analysis.  The  3-D  response
surface  and  the  contour  plots  derived  from  the  mathematical  models  were  applied  to determine  the
optimal  conditions.  The  optimal  conditions  were  extraction  temperature  (X1) 99.5 ◦C, extraction  time
(X2)  3.75  h  and  ratio of  water  to raw  material  (X3)  11.84  (v/w).  Under  these  conditions,  the  maximal
observed  value  extraction  yield  of Isatis  root polysaccharides  (IRPSs)  was  (11.19  ±  0.04)%,  which  was
esponse surface methodology
olysaccharides
satis tinctoria L.
ptimization
xtraction
ree radicals scavenging activities
hicken lymphocytes

agreed  with  predicted  value  11.17%.  Pharmacological  experiments  indicated  that  IRPS have an  appre-
ciable  ABTS  radical  scavenging  ability  in  vitro  and  could  increase  IL-4  and  IFN-�  mRNA  expression  in
chicken  lymphocytes  obtaining  maximum  promoted  effects  of 70%  and  115%,  respectively.  This  study
may  facilitate  a deeper  understanding  of  IRPS  to  provide  theoretical  references.

© 2011 Elsevier Ltd. All rights reserved.
. Introduction

Isatis tinctoria L. (woad, Brassicaceae) has a long and well doc-
mented history as an indigo dye plant in temperate climates
Oberthür, Graf, & Hamburger, 2004). In China, I. tinctoria L. is a
nown traditional Chinese herb that comes from the roots of woad.
t is also known as Radix isatidis (Condurso et al., 2006; Malcolm

 Bruce, 1971). The herb also named as Ban Lan Gen in Chinese
as been used for its medicinal properties in traditional Chinese
edicine (TCM) for over several thousand years (Hamburger, 2002;

iau, Jong, Lee, & Chen, 2007). It is described in detail in the Chi-
ese Materia Medica classics, Shen Nong Ben Cao Jing (Kong, Zhao,
han, Xiao, & Guo, 2008; Peng, Fan, & Wu,  2005). This herb is culti-
ated in various regions of northern China, namely Hebei, Beijing,

eilongjiang, Henan, Jiangsu, and Gansu (Malcolm & Bruce, 1971;
in et al., 2001). The root harvested during the autumn and dried is
rocessed into granules, which are most commonly consumed dis-

∗ Corresponding author. Tel.: +86 15122530454; fax: +86 15122530454.
E-mail address: zhangld0808@yahoo.com.cn (L. Zhang).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.06.036
solved in hot water or tea (Sun, Tong, & Bi, 2002). The product, called
Banlangen Keli, is very popular throughout China, and used as an
herbal antibiotic, antiseptic and anti-viral (Cen, Zhou, & Li, 2008;
Chang, Luan, & Li, 2008; Qin et al., 2001; Sun et al., 2002; Wu  & Xie,
2006). It is also used for pharyngitis, laryngitis, erysipelas, and car-
buncle, and to prevent hepatitis A, epidemic meningitis, cancer and
inflammation (Chen, 2009; Cui, Xue, Yang, & Hao, 2001). In some
cases, it is an effective alternative to Western prescription antibi-
otics (Chen, 2009; Cui et al., 2001; Liu, Ding, & Lin, 2001; Liu, Luo, Li,
& Xiong, 2001; Yang, Yang, & Xia, 2008). Also, Ban Lan Gen Instant
Beverage (Isatis Tea Beverage) is the suitable tea for people in fever
that is most popular beverage in China (Liu et al., 2001a,b).

Studies have shown that polysaccharides from roots are the
main bioactivital components of I. tinctoria L. (Qiu et al., 2007; Xu &
Lu, 1991). Isatis root polysaccharides (IRPSs) significantly increased
the weight of spleen and number of white blood cells in peripheral
blood in normal ICR mice, and antagonized the immunosuppres-

sive actions of hydrocortisone. Also, the result indicates that IRPS
is capable of increasing humoral and cellular immune functions and
enhancing the functions of reticuloendothelial system, and might
be a good immunopotentiator (Xu & Lu, 1991). Besides, IRPS have

dx.doi.org/10.1016/j.carbpol.2011.06.036
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:zhangld0808@yahoo.com.cn
dx.doi.org/10.1016/j.carbpol.2011.06.036
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Table 1
Factors and levels.

Factors Symbol Coded levels

−1 0 1

Temperature (◦C) X 80 90 100
J. Han et al. / Carbohydrate

he effects on T subpopulations of piglets in the immune response
o porcine reproductive and respiratory syndrome attenuated virus
accine. IPRS could improve the proportion of CD3+ and CD8+ in
he piglets peripheral blood and boost the production of special
ntibody (Zhang et al., 2007).

However, to the author’s knowledge, there are almost no pre-
ious reports regarding the extraction process of IRPS. Hot water
echnology is the main and most conventional extraction method
or polysaccharides mentioned in recent studies (Yan et al., 2011).
herefore, efficient extraction conditions for IRPS are needed to
e optimum. However, so far there is no published information
n the optimization of extraction conditions of IRPS for further
pplication. Response surface methodology (RSM) is a collection
f statistical and mathematical techniques useful for developing,
mproving and optimizing processes (Gan & Latiff, 2011a,b; Gan,
bdul Manaf, & Latiff, 2010; Myers, Montgomery, & Anderson-
ook, 2009; Paucar-Menacho, Berhow, Mandarino, de Mejia, &
hang, 2010; Sun, Liu, & Kennedy, 2010; Zhong & Wang, 2009).
he main idea of RSM is to use a sequence of designed experiments
o obtain an optimal response, and the experiments will be more
asily arranged and interpreted using this efficient (Gan & Latiff,
011a,b; Sun et al., 2010).

The objectives of this study were to optimize the conditions for
he extraction of IRPS. It may  facilitate a deeper understanding of
he process of polysaccharide extraction from the roots of I. tinctoria
. to provide theoretical references. Besides, enhancing effect of
RPS on chicken peripheral blood lymphocytes and their in vitro
ree radicals scavenging activities were investigated.

. Materials and methods

.1. Materials

The samples of I. tinctoria L. were collected in Tianjin (2010),
n China. All the collected I. tinctoria L. were immediately dried at
0 ◦C and stored in a dry and dark place. Samples were ground and
ieved using a grinder and were passed through a 40-mesh sieve to
btain pretreated samples. All used solvents and chemicals were of
nalytical grade.

.2. Extraction of IRPS

Each pretreated sample was extracted by hot deionized water,
hich was filtered with a vacuum pump (Division of Millipore,
aters, USA) and a filter (HA-0.45, Division of Milli-pore, Waters,

SA) before use, in designed extraction temperatures, extraction
imes, and ratio of water to raw material. The extract was  left to
ool at room temperature, filtered, and then precipitated using
50 ml  of 95% ethanol, 100% ethanol and acetone, respectively. After
eing left overnight at 4 ◦C, the precipitates were collected by cen-
rifugation at 3000 rpm for 20 min, redissolved in deionized water
nd dialyzed in a dialysis tube (MWCO  3500 Da, USA) and then
reeze-dried to obtain IRPS. The polysaccharide extraction yield (%)
s calculated as follows:

xtraction yield (%)

= weight of dried crude polysaccharide extraction (g)
weight of powders (g)

× 100

(1)
.3. Experimental design

Response surface methodology (RSM) is an empirical statisti-
al technique employed for multiple regression analysis by using
1

Time (h) X2 1 2.5 4
Ratio (mL/g) X3 5 10 15

quantitative data obtained from properly designed experiments to
solve multivariate equations simultaneously (Ahmed, Rico, Martin-
Diana, & Barry-Ryan, 2011; Fernández-Silva, Sanmartín, Silva,
Moldes, & Prieto, 2011; You, Regenstein, & Liu, 2010). Box-Behnken,
a spherical and revolving design, has been applied in optimisation
of chemical and physical processes (Li et al., 2011; Maiti, Rathore,
Srivastava, Shekhawat, & Srivastava, 2011) because of its reasoning
design and excellent outcomes. The purpose of the center points is
to estimate the pure error and curvature.

On the basis of the single factor experimental results, three
major influence factors and the ranges of each factors were con-
firmed as extraction temperature 80–100 ◦C, extraction time 1–4 h
and ratio of water to raw material 5–15 mL/g, and then Box-
Behnken Design (BBD) was  conducted to design experimental
project. The experiments with different extraction temperature
(X1), extraction time (X2) and ratio of water to raw material (X3),
were employed simultaneously covering the spectrum of variables
for the percentage extraction of IRPS in the BBD. In order to describe
the effects of extraction temperature (X1), extraction time (X2) and
ratio of water to raw material (X3) on percentage of IRPS extraction,
batch experiments were conducted.

As shown in Table 1, the three factors chosen for this study were
designated as X1, X2, and X3 prescribed into three levels, coded
+1, 0, −1 for high, intermediate and low value, respectively. The
coded values of the extraction parameters were determined by the
following equation:

Xi = xi − x0

�x
, i = 1, 2, 3 (2)

where Xi is the coded value; xi is the corresponding actual value; x0
is the actual value of the independent variable at the center point;
and �x  is the step change of the variable.

The complete quadratic equation used is as follows:

Y = ˇ0 +
3∑

i=1

ˇiXi +
3∑

i=0

ˇiiX
2
i +

2∑

i=0

3∑

j=i+1

ˇijXiXj (3)

where Y is the predicted response; Xi and Xj are the coded inde-
pendent variables; ˇ0 is the intercept coefficient; ˇi is the linear
coefficient; ˇii is the squared coefficient; and ˇij is the interaction
coefficient. Analysis of the experimental design data and calcula-
tion of predicted responses were carried out using Design Expert
software (version 8.0, Stat-Ease, Inc., Minneapolis, USA). And a
statistical program in Design Expert software 8.0 was used for
regression analysis of the data obtained and to estimate the coeffi-
cient of the regression equation. The equations were validated by
the statistical tests called the ANOVA analysis. The significance of
each term in the equation is to estimate the goodness of fit in each
case. Response surfaces were drawn to determine the individual
and interactive effects of test variable on the response. Additional
confirmation experiments were subsequently conducted to verify
the validity of the statistical experimental design.
2.4. ABTS radicals scavenging assay

The radical scavenging activity of IRPS against ABTS was mea-
sured using the method with some modifications (Luo, Fan, & Luo,
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Table 2
Box-Behnken design matrix (in coded level of three variables) and response values
for  the extraction yield of IRPS.

Run Coded variable levels Extraction yield (%)

X1 (temperature) X2 (time) X3 (ratio) Experimental values

1 −1 −1 0 6.22
2 1 −1 0 8.30
3  −1 1 0 8.31
4 1  1 0 11.16
5  −1 0 −1 7.20
6  1 0 −1 9.35
7  −1 0 1 7.96
8 1 0 1 10.65
9 0 −1 −1 6.23

10  0 1 −1 8.44
11  0 −1 1 7.39
12  0 1 1 9.81
13  0 0 0 8.59
14  0 0 0 8.62
15  0 0 0 8.65

to the pure error.
The total determination coefficient (R2) was  0.9981, indicating

a reasonable fit of the model to the experimental data. In addition
322 J. Han et al. / Carbohydrate

011; Zhou et al., 2011). ABTS was dissolved in 0.01 M PBS (pH 7.4)
o a 7 mM concentration. ABTS+ was produced by reacting the ABTS
tock solution with 2.45 mmol/L potassium persulfate (final con-
entration) and allowing the mixture to stand in the dark at room
emperature for 12–16 h before use. The ABTS radical cation solu-
ion was diluted to an absorbance of 0.70 (±0.02) at 734 nm and
quilibrated at 30 ◦C for 30 min. Each sample (0.2 ml)  with various
oncentrations (0.0125, 0.0500, 0.1000, 0.2000, and 0.3000 mg/mL)
as mixed with 2.0 ml  of diluted ABTS radical cation solution. After

eaction at room temperature for 20 min, the absorbance at 734 nm
as measured immediately and recorded. Vitamin C was used as

tandard. Each sample was measured in triplicate and averaged.
his activity is given as percentage ABTS+ scavenging that is calcu-
ated by the following formula:

BTS scavenging effect (%) = A0 − (As − Ab)
A0

× 100 (4)

here A0: A734 of ABTS without sample, As: A734 of sample and ABTS
nd Ab: A734 of sample without ABTS.

.5. Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was extracted from chicken lymphocytes frozen at
0 ◦C, and RNA concentration was determined by spectropho-
ometer. Five micrograms of RNA were reverse-transcribed into
DNA using oligo (dT) primers. PCR products were obtained
y amplification cDNA from normal chicken lymphocytes using
pecific primers as follows: IL-4 (305 bp), 5′-TACTTACAGCTCTCA
TG-3′ and 5′-TTGGTGGAAGAAGGTACGT-3′; IFN-� (317 bp), 5′-
CTGACGGTGGACCTAT T-3′ and 5′-TCCTCTGAGACTGGCTCCTT-3′;
-actin (280 bp) internal control, 5′-ACCTCGCA CTGGATTTCG-3′

nd 5′-TGTCAGCAAT GCCAGGGT-3′. PCR was carried out under the
ollowing conditions: 5 min  at 95 ◦C, 1 min  denaturation at 95 ◦C,

 min  annealing at 60 ◦C, 1 min  extension at 72 ◦C for 40 cycles, with
n additional 10 min  extension for the last cycle. Relative levels of
L-4 and IFN-� expression were expressed using the optical den-
ity ratio (IL-4/�-actin and IFN-�/�-actin), as determined by the
io-Image Analysis system (Bio-Profil Celbio, Milan, Italy).

.6. Statistical analyses

Statistical analysis was performed using Design-Expert (Version
.0, Stat-Ease) and SPSS (Version 17.0) statistical software. Sig-
ificance of difference between two groups was evaluated using
tudent’s t-test. For multiple comparisons, one-way analysis of
ariance (ANOVA) was used.

. Result and discussion

.1. Statistical analysis and the model fitting

The design matrix and the corresponding results of RSM exper-
ments to determine the effects of the three independent variables
ncluding extraction temperature (X1), extraction time (X2), and
atio of water to raw material (X3) are shown in Table 2. By apply-
ng multiple regression analysis on the experimental data, the
redicted model was obtained by the following second-order poly-
omial function:

xtraction yield =  8.61 + 1.22X1 + 1.20X2 + 0.57X3 + 0.19X1X2

+ 0.14X X + 0.052X X + 0.36X2 − 0.47X2 − 0.17X2 (5)
1 3 2 3 1 2 3

The above model can be used to predict the extraction yield
ithin the limits of the experimental factors. Fig. 1 shows that
16  0 0 0 8.65
17  0 0 0 8.51

the actual response values agree well with the predicted response
values.

The significance of each coefficient was determined using the
F-test and p-value in Table 3. The ANOVA of the quadratic regres-
sion model demonstrated that the model was  highly significant,
as was evident from the F-test with a very low probability value
(p < 0.0001). The corresponding variables would be more significant
if the absolute F-value becomes greater and the p-value becomes
smaller (Gan & Latiff, 2011a,b; Qiu et al., 2010). The data in Table 3
indicated that the variables with the largest effect were the lin-
ear terms of extraction temperature (X1), extraction time (X2),
and ratio of water to raw material (X3) and the quadratic term
of extraction temperature (X1 × X1), and extraction time (X2 × X2)
(p < 0.001). Besides, the interaction effects of extraction temper-
ature and extraction time (X1 × X2) and the quadratic term of
ratio of water to raw material (X3 × X3) were also found signif-
icant (p < 0.01). Meanwhile, the extraction temperature (X1) was
the major factor affecting the yield. The lack of fit test measures
the failure of the model to represent data in experimental domain
at points which are not included in the regression. The “lack of fit
F-value” of 4.164 implied the lack of fit was  not significant relative
Fig. 1. Predicted response versus actual value.
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Table  3
ANOVA for response surface quadratic model.

Variables Sum of squares DF Mean square F value p-Value Prob. > F

Model 27.801 9 3.089 412.690 <0.0001a

X1-temperature 11.923 1 11.923 1592.944 <0.0001a

X2-time 11.488 1 11.488 1534.801 <0.0001a

X3-ratio 2.631 1 2.631 351.513 <0.0001a

X1 × X2 0.150 1 0.150 20.066 0.0029b

X1 × X3 0.075 1 0.075 10.026 0.0158
X2 × X3 0.011 1 0.011 1.434 0.2701
X1 × X1 0.539 1 0.539 71.984 <0.0001a

X2 × X2 0.918 1 0.918 122.706 <0.0001a

X3 × X3 0.126 1 0.126 16.807 0.0046b

Residual 0.052 7 0.007
Lack of fit 0.040 3 0.013 4.164 0.1009c

Pure error 0.013 4 0.003

Cor total 27.854 16
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a Means significance (p < 0.001).
b Means significance (p < 0.01).
c Not significant.

he adjusted coefficient of determination (R2
Adj = 0.9957) and the

oefficient of variation (C.V.% = 1.02%) are shown in Table 4. These
alues indicated that the accuracy and the general availability of
he polynomial model were adequate, and the R2

Pred of 0.9765 was
n reasonable agreement with the R2

Adj. The “Adeq. precision” of
3.2957 indicated that this model could be used to navigate the
esign space.

.2. Optimization of the process

In this study, the aim of optimization was to find the conditions
hich give the maximum extraction yield of polysaccharides. 3D

esponse surface and 2D contour plots were the graphical represen-
ations of regression function. The optimal values of the selected
ariables were obtained by solving the regression equation using
he Design-Expert software. They showed the type of interac-
ions between two tested variables and the relationship between
esponses and experiment levels of each variable. Two  variables
ithin the experimental range are depicted in 3D surface plots
hen the third variable is kept constant at zero level and differ-

nt shapes of the contour plots indicated different interactions
etween the variables. Fig. 2a and a′ shows the 3D surface plot
nd the contour plot of the effect of extraction temperature (X1)
nd extraction time (X2) on extraction yield. It can be seen that the
xtraction temperature (X1) demonstrated an exponential increase
t a range of 80–100 ◦C on extraction yield. This occurrence might
ue to the induced cell wall disruption and solubilisation of cell
all materials at higher temperature (Guo, Zou, & Sun, 2010; Luo

 Chen, 2010). The effect of extraction time (X2) also displayed an
ncrease on the response at a range of 1–4 h. It is generally believed
hat the high extraction yield for polysaccharides is due mainly
o the high extraction temperature and the long extraction time
Basedow & Ebert, 1977; Cui, Xu, Shu, Xu, & Tao, 2006; Lorimer,

ason, Cuthbert, & Brookfield, 1995; Ouyang, Zhang, Wang, &
eng, 2004; Shen, Zhu, & Zhang, 2004; Sun, Gu, & Ding, 2006).

ig. 2b and b′ depicts the effect of extraction temperature (X1) and
atio of water to raw material (X3) on the extraction yield. It was
bserved that extraction yield increased with the increase in ratio
f water to raw material (X3). This steady increase in the extraction

able 4
nalysis of variance for the fitted quadratic polynomial model of extraction yield.

Item Std. dev. Mean C.V.% Press 

Value 0.0865 8.47 1.02 0.65 
yield with increasing ratio of water to raw material could be due
to the addition of increasing amounts of solvent molecules to the
blend which may  affect the extent of polysaccharides gelatiniza-
tion and thus the rheological properties of the raw material (Liang,
2008). Fig. 3c and c′ shows the effect of extraction time (X2) and
ratio of water to raw material (X3) on the extraction yield. It was
observed that extraction yield increased with the increase in ratio
of water to raw material (X3). Also, extraction yield increased with
the increase in ratio of water to raw material (X3). By analyzing the
plots, the predicted maximum value (11.17%) of the tested variables
for extraction yield, lied in the following condition: extracting tem-
perature (X1) 99.5 ◦C, extracting time (X2) 3.75 h, and ratio of water
to raw material (X3) 11.84. In the optimal conditions, the experi-
mental yield was (11.19 ± 0.04)%, which agreed with the predicted
value. Therefore, it confirmed that these conditions were optimal
for extraction yield.

3.3. Effect of scavenging ABTS radicals

The ABTS radical cation decoloration assay, which employs a
specific absorbance (734 nm)  at a wavelength well separated from
the visible-light range and requires only a short reaction time, has
been widely applied to evaluating the total antioxidative activ-
ity in both lipophilic and hydrophilic samples (Wu et al., 2006).
As shown in Fig. 3, the ABTS radical was scavenged by IRPS in
a concentration dependant manner with the maximum percent-
age of inhibition 64.3%, closed to that of vitamin C, observed at
0.3 mg/ml. This method, used for the screening of antioxidant activ-
ity, is applicable to both lipophilic and hydrophilic antioxidants
(Long, Kwee, & Halliwell, 2000). Compared with the results of
Shirwaikar, Shirwaikar, Rajendran, and Punitha (2006),  the results
in Fig. 3 imply that the activity of IRPS may  have an appreciable
scavenging power on hydroxyl ABTS radicals.

3.4. Effect of IRPS with various concentration on IL-4 and IFN-�
mRNA expression in chicken lymphocytes
IL-4 is a cytokine that induces differentiation of naive helper T
cells (Th0 cells) to Th2 cells. Upon activation by IL-4, Th2 cells sub-
sequently produce additional IL-4 (Sokol, Barton, Farr, & Medzhitov,

R2 R2
Adj

R2
Pred

Adeq. precision

0.9981 0.9957 0.9765 73.2957
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Fig. 2. Response surface plots (a–c) and contour plots (a′–c′) showing the effect of extraction temperature (X1), extraction time (X2) and ratio of water to raw material (X3)
on  the extraction yield of IRPS.

Table 5
Effect of IRPS with various concentration on IL-4 and IFN-� mRNA expression in chicken lymphocytes.

Content (�g/mL) Relative level of IL-4 mRNA
expression (IL-4/�-actin)

Promoted effect (%) Relative level of IFN-� mRNA
expression (IFN-�/�-actin)

Promoted effect (%)

0 0.110 ± 0.017 – 0.092 ± 0.010 –
50 0.157 ± 0.024a 43 0.149 ± 0.022a 62

100  0.187 ± 0.028a 70 0.198 ± 0.030a 115
200  0.171 ± 0.026a 55 0.196 ± 0.029a 113
300 0.143 ± 0.021a 30 0.165 ± 0.025a 79
400  0.113 ± 0.017b 3 0.134 ± 0.020a 46

a Means significance (p < 0.01) compared with the control group.
b Not significant (p > 0.05) compared with the control group.
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Malcolm, C. E., & Bruce, B. S. (1971). Distribution and variation of indole glucosino-
ig. 3. The scavenging effect of IRPS on ABTS radicals. Results are presented as
eans ± standard deviations (n = 3). Differences are considered to be statistically

ignificant if p < 0.05 when compared to control.

008). And it has many biological roles, including the stimulation
f activated B-cell and T-cell proliferation, and the differentiation
f CD4+ T-cells into Th2 cells. It is a key regulator in humoral and
daptive immunity (Hershey, Friedrich, Esswein, Thomas, & Chatila,
997). IFN-� is a dimerized soluble cytokine that is the only mem-
er of the type II class of interferons, which is secreted by Th1
ells, Tc cells and NK cells (Gray & Goeddel, 1982). The impor-
ance of IFN-� in the immune system stems in part from its ability
o inhibit viral replication directly, and most importantly from its
mmunostimulatory and immunomodulatory effects (Schoenborn

 Wilson, 2007). In the experiments, chicken lymphocytes were
ncubated with different concentrations of IRPS (50, 100, 200, 300
nd 400 �g/mL) to find out the optimal concentration and the opti-
al  promoted effect. As seen in Table 5, IRPS concentration of

00 �g/mL induced both IL-4 and IFN-� expression peaks in a sim-
lar manner, where there were 0.187 ± 0.028 of IL-4/�-actin with
0% of promoted effect of IL-4 mRNA expression, and 0.198 ± 0.030
f IFN-�/�-actin with 115% of promoted effect of IFN-� mRNA
xpression. Besides, Table 5 shows that IRPS could increase IL-4
nd IFN-� mRNA levels in response to concentrations of 50, 100,
00 and 300 �g/mL as determined with RT-PCR (p < 0.01).

. Conclusion

RSM was used to determine the optimum process parameters
hat gave a high extraction yield. The coefficient of determina-
ion (R2) for the model equation was 0.9981. And the probability
alue (p < 0.0001) demonstrated a very high significance for the
egression models for predicting the responses. By analyzing the
econd-order polynomial model, a maximum extraction yield
1.17% was obtained under the following condition: extraction
emperature of 99.5 ◦C, extraction time of 3.75 h, and ratio of water
o raw material of 11.84. Under this condition, the mean exper-
mental value extraction yield (11.19 ± 0.04)% corresponded well

ith the predicted value. Free radicals scavenging activities in vitro
ndicated that IRPS have appreciable radical scavenging effects on
BTS radical. On the other hand, IRPS could increase IL-4 and IFN-�
RNA expression in chicken lymphocytes in vitro.
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