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a b s t r a c t

Ultrasonic assisted-extraction technique was applied to extract the polysaccharide from Zagros oak (Quer-
cus brantii Lindl). The effects of four independent factors (ultrasonic power (X1: 150–300 W), extraction
temperature (X2: 50–90 ◦C), extraction time (X3: 30–90 min), and the ratio of water to raw material
(X4: 15–45)) on the extraction yield of polysaccharide from the leaves of Q. brantii Lindl (QBLP) were
optimized using response surface methodology. The experimental data obtained were fitted to a second-
eywords:
uercus brantii
olysaccharide
ptimization
ntioxidant
ntimicrobial

order polynomial equation. The optimal extraction conditions for QBLP were determined as follows: X1:
205.8 W, X2: 81.9 ◦C, X3: 55.6 min and X4: 23.4. Under these optimal conditions, the experimental yield
was 19.42 ± 0.53%, which was well matched with the value predicted by the model 19.61%. The results
indicated that polysaccharide has strong scavenging activities in vitro on DPPH and hydroxyl radicals. In
addition, the QBLP showed good antimicrobial activity at 1.5–2.5 mg/mL.

© 2014 Elsevier Ltd. All rights reserved.
. Introduction

A variety of extraction techniques have been employed for
he separation of valuable compounds from the plant materials.
onventionally, polysaccharides are extracted by heating reflux
xtraction. Nowadays, various novel extraction techniques have
een developed for the extraction of polysaccharides from nat-
ral plants. Compared with other advanced extraction methods
uch as supercritical fluid extraction, ion-pair extraction, enzy-
atic extraction and microwave-assisted extraction, the ultrasonic

xtraction is rapid, cheaper, and its operation is much easier (Chen
t al., 2008; Li, Chen, & Yao, 2005; Wang & Weller, 2006). The
rinciples of ultrasonic treatment include thermal and mechan-

cal effects and cavitation, which greatly facilitate mass transfer
etween immiscible phases through a super agitation (Vinatoru
t al., 1997).

Quercus brantii, commonly known as oaks, belongs to the

amily Fagaceae. It is regarded as being a species well adapted
o dry and low-temperature climates and is found in the mixed
ine-oak forests in Zagros, Iran (Luna-José, Montalvo-Espinosa, &
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Rendón-Aguilar, 2003). Oaks have spirally arranged leaves, with
lobate margins in many species. Q. brantii extract has been reported
to have great hepatoprotective, anti-tumor and anti-aging activity,
may be related to the antioxidant capacity of their constituents
and effect on expression of CYP2E1 (Rivas-Arreola et al., 2011;
Rocha-Guzmán et al., 2009). It has been also reported to have
anti-inflammatory activity after oral or topical administration
(Almeida, Fernandes, Lima, Costa, & Bahia, 2008).

Polysaccharides are polymeric carbohydrate molecules that can
be extracted under appropriate conditions (Lin & Lai, 2009). Isolated
polysaccharides from plentiful of plants are utilized to great extent
in food processing, as: thickening or gel-setting agents; stabilizers
for emulsions and dispersions; film-forming, coating substances
to protect sensitive food from undesired change; and inert fillers
to increase the proportion of indigestible ballast substances in a
diet (Lai & Lin, 2004; Salazar-Montoya, Ramos-Ramirez, & Delgado-
Reyes, 2002).

In recent years, ultrasonic-assisted extraction technique has
been developed for the extraction of polysaccharides from natural
plants (Zhong & Wang, 2010).

Some diseases such as cancer, atherosclerosis and rheumatoid,
can be directly induced by oxygen-derived free radicals (•OH),

while the radical scavenging activity is one of the important func-
tional properties for bioactive compounds (Yang, Zhao, Shi, & Yang,
2008). The radical scavenging activity and inhibition zone for-
mation are often used to evaluate the capacity of antioxidant
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Table 1
Independent variables and their levels used in the response surface design (BBD).

Levels Variables

Ultrasonic
power (W)

Temperature
(◦C)

Extraction
time (min)

Ratio of water
to raw material

−1 150 50 30 15

2.4.1. Assay of hydroxyl radicals scavenging activity
The hydroxyl radical-scavenging activity of QBLP was measured

by the method of Xiao et al. (2012). Polysaccharides were dis-
solved in deionized water to form final concentrations of 0.5, 1,

Table 2
Experimental results of the response surface methodology.

Trial X1 (W) X2 (◦C) X3 (min) X4 Extraction yield (%)

Experimental Predicted

1 225 70 60 30 19.08 19.38
2 150 70 60 15 16.43 16.57
3 225 70 30 15 13.67 13.8
4 150 70 60 45 9.56 9.87
5 150 70 30 30 12.96 12.82
6 225 70 90 45 8.65 8.53
7 150 70 90 30 9.14 9.23
8 300 90 60 30 19.08 19.22
9 225 70 60 30 19.40 19.43

10 225 50 90 30 6.44 6.55
11 225 50 30 30 6.70 6.93
12 225 50 60 15 9.56 9.73
13 300 70 90 30 17.66 17.54
14 225 90 90 30 12.12 12.3
15 300 70 60 15 18.45 18.54
16 300 50 60 30 13.12 13.14
17 225 70 90 15 9.64 9.56
18 300 70 30 30 16.38 16.32
19 225 90 60 15 18.18 18.1
20 150 50 60 30 8.34 8.2
21 300 70 60 45 16.08 16.14
22 225 70 30 45 9.73 9.88
23 225 70 60 30 18.65 18.89
24 150 90 60 30 15.32 15.18
25 225 70 60 30 19.35 19.43
S. Tahmouzi / Carbohydrat

nd antimicrobial compounds, respectively (Prior & Cao, 1999).
ecent studies demonstrated many plant polysaccharides have
reat antioxidant activities and should be paid more attention
o exploring them as novel potential antioxidants (Ramarahnam,
sawa, Ochi, & Kawaishi, 1995; Wang, Chen, Jia, Tang, & Ma, 2012;
u et al., 2009).

Response surface methodology (RSM) is a collection of empiri-
al and mathematical techniques used to evaluate the interactions
etween multiple parameters and optimize processes (Zhong, Lin,
ang, & Zhou, 2012). This procedure reduces the number of exper-

mental trials and overall cost (Myers & Montgomery, 2002).
To the best of our knowledge, there were no reports available

n the literature regarding the optimization of ultrasonic-assisted
xtraction of polysaccharide from the leaves of Q. brantii by
esponse surface methodology. In this work, the ultrasonic-assisted
xtraction variables (ultrasonic power, extraction temperature,
xtraction time and ratio of water to raw material) of polysaccha-
ide (QBLP) (%) from the leaves of Q. brantii was firstly investigated
nd optimized using a BBD (4 factors and 3 levels). Antioxidant
nd antimicrobial activities of QBLP were investigated by various
n vitro assays.

. Materials and methods

.1. Materials

The leaves of Q. brantii were collected from Kermanshah
rovince, Iran, washed, freeze-dried, and powdered for this study.
ll other chemicals and solvents used were of analytical grade and
btained from Merck Co., Germany.

.2. Ultrasonic extraction of crude polysaccharides from Q.
rantii leaves

The extraction of polysaccharides from Q. brantii leaf was con-
ucted by the method of Pan et al. (2010) with some modifications.
he powder of Q. brantii leaf was firstly extracted with 80% ethanol
t 60 ◦C in a water bath to deactivate the endogenous enzymes
nd remove interference components, including free sugars, amino
cids and polyphenols in the sample. The protein contaminations
ere removed as described previously (Matthaei, Jones, Martin,
Nirenberg, 1962). Protein content in crude polysaccharide was

etermined according to the method of Bradford. It was lower
han 0.8 g/100 g crude (SD = 0.03). Therefore, the interference of
rotein on the experiment was inconsiderable. The ethanolic mix-
ure extract was centrifuged (7000 × g, 15 min at 20 ◦C) (PM180R,
LC International, Milan, Italy). The ethanol extraction was washed
y precipitation using 85% ethanol and acetone, respectively. The
ombined extract was collected and freeze-dried (MCFD5505, SIM,
ewark, DE, USA), and it was suspended in the water and sonicated
ith ultrasonic bath at the temperature of 50–90 ◦C, the ratio of
ater to raw material 15–45 and ultrasound power of 150–300 W

or 30–90 min. The QBLP were weighted with a balance (AUY 220,
himadzu, Japan). The percentage polysaccharide yield (%) is cal-
ulated as follows:

BLP extraction yield % (w/w) = S0

S
(1)

So (g) is the dried QBLP weight; S (g) is the dried powder of Q.
rantii leaf weight.

.3. Experimental design
To determine the effect of ultrasonic power, extraction temper-
ture, extraction time, and the ratio of water to raw material on the
xtraction yield of polysaccharide from the leaves of Q. brantii Lindl,
0 225 70 60 30
+1 300 90 90 45

response surface methodology was applied with a BBD design. This
design led to studying the effects of four factors in a single block
of 29 sets of test conditions (Tables 1 and 2). Statistical analysis
was performed with the software package ‘Design-Expert version
7.0.’ Quadratic polynomial model was defined to fit the response
(polysaccharide yield %):

Y = ˇ0 + ˇ1X1 + ˇ2X2 + ˇ3X3 + ˇ4X4 + ˇ11X2
1 + ˇ22X2

2 + ˇ33X2
3

+ ˇ44X2
4 + ˇ12X1X2 + ˇ13X1X3 + ˇ14X1X4 + ˇ23X2X3

+ ˇ24X2X4 + ˇ34X3X4 (2)

where ˇ0 is a constant coefficient of the models. The regression
coefficients (ˇ1, ˇ2, ˇ3 and ˇ4), (ˇ11, ˇ22, ˇ33 and ˇ44) and (ˇ12,
ˇ13, ˇ14, ˇ23, ˇ24 and ˇ34) respectively represent linear, quadratic
and interaction effects of the model estimated by multiple regres-
sion analysis. X1 (ultrasonic power), X2 (extraction temperature),
X3 (extraction time) and X4 (the ratio of water to raw material) are
coded variables ranging from −1 to +1.

2.4. Antioxidant activities
26 225 50 60 45 8.43 8.7
27 225 90 30 30 14.37 14.01
28 225 90 60 45 13.18 13.15
29 225 70 60 30 18.69 18.88
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.5, 2, 2.5 and 3 mg/mL, respectively.1 ml of sample solution was
ixed with 2 ml 0.05 M reaction buffer (pH 7.4), 1.5 mL 5 mM 1,10-

henanthroline, 1 mL 7.5 mM FeSO4 and 1 ml H (0.1%) were added
nto a tube. After incubation at room temperature for 20 min, the
bsorbance of the mixture was measured at 536 nm, vitamin C as
positive control. The scavenging activity of hydroxyl radicals was
xpressed as following:

cavenging ability (%) = A0 − A1

A0
× 100 (%) (3)

0 and A1 are the absorbance of control (without sample) and QBLP,
espectively.

.4.2. Assay of DPPH radical scavenging activity
The DPPH radical scavenging activity of QBLP was investigated

ccording to the method based on Lai, Wen, Li, Wu, and Li (2010).
riefly, different volumes of the QBLP solution with different con-
entrations (0.5, 1, 1.5, 2, 2.5 and 3 mg/mL) were added to 2 ml DPPH
olution and the final reaction volume was made up to 4 mL with
0% ethanol. After shaking vigorously, the mixture was incubated
t 25 ◦C in the dark for 30 min. The absorbance was measured at
17 nm by ultraviolet–visible spectrometer. The same procedure
as repeated with the synthetic antioxidant, butylated hydroxy-

oluene (BHT), as a positive control. The lower absorbance of the
eaction mixture indicates higher free radical scavenging activity.
he ability to scavenge the DPPH radical was calculated according
o the following equation:

cavenging effect (%) = B0 − B1

B0
× 100 (%) (4)

0 and B1 are the absorbance of control (without sample) and QBLP,
espectively.
.5. Antimicrobial activity

Antimicrobial activity of QBLP was measured by the filter
isk diffusion plate method with a few modification (Xie et al.,

Fig. 1. Effects of ultrasonic power (a), extraction temperature (b), extraction time (c), an
mers 106 (2014) 238–246

2012). Bacteria (Salmonella typhi and Staphylococcus aureus), yeast
(Candida albicans) and fungi (Penicillium citri) were purchased as
test organisms. After the inoculum solution (100 �L) of each test
organism containing 106 cells/mL was added to the medium, filters
(5 mm in diameter and 1.5 mm thick) containing samples (0.5, 1,
1.5, 2, 2.5 and 3 mg/ml) were placed in the center of the plate after
the top agar had solidified. Nutrient agar served as a control. Bac-
terial plates were incubated at 37 ◦C for 24 h, while yeast and fungi
plates were incubated at 28 ◦C for 48 h. The antimicrobial activity
was assayed with calipers and expressed by the diameter (mm) of
the inhibition zones.

2.6. Statistical analysis

All the data were shown as the means ± standard deviations of
three parallel measurements and the data of RSM were analyzed
using SAS (SAS Institute Inc., Cary, NC, USA). Results were evalu-
ated by ANOVA, p-values of less than 0.05 were considered to be
statistically significant.

3. Results and discussion

3.1. Extraction yield of QBLP

3.1.1. Effect of ultrasonic power on extraction yield of QBLP
To investigate the influence of different ultrasonic powers on

extraction yield of QBLP, extraction process was carried out using
the different powers of 100, 125, 150, 175, 200, 225, 250, 275 and
300 W (Fig. 1a). The extraction temperature, extraction time and
the ratio of water to the raw material were fixed at 70 ◦C, 60 min
and 30, respectively. As shown in Fig. 1a, the maximum extraction
yield of QBLP was observed when the ultrasonic power was 300 W.
This was agreed closely with reports of other authors in extracting

polysaccharides (Yan et al., 2011). Although the extraction yield
of polysaccharides was also high at 300 W, increasing ultrasound
power will bring about the increase in cost for the extraction pro-
cess from the industrialization point of view. Therefore, 100–300 W

d the ratio of water to raw material (d) on the extraction yield of Q. brantii leaf (%).
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as considered in the present study. The increase of the polysac-
harides diffusion coefficient and the enhanced solubility of the
olysaccharides in the extracting solvent at higher powers caused
he increase of the polysaccharides mass going out from the oak
eaves into the solution. The extraction coefficient increased with
ncreasing the ultrasonic power due to the increase of the polysac-
harides solubility.

.1.2. Effect of extraction temperature on extraction yield of QBLP
Extraction temperature is one of the important variables affect-

ng the extraction yield of QBLP and it is necessary to select an
ptimum extraction temperature to assure the maximum extrac-
ion of QBLP by ultrasonic-assisted extraction; other factors were
et as follows: ultrasonic power 225 W, extraction time 70 min and
he ratio of water to the raw material 30. From the results, it is
bserved that, the extraction yield was increased and reached the
aximum until 90 ◦C and then declined (Fig. 1b). Similar results
ere observed in the extraction of polyphenols from orange peel

Luengo, Álvarez, & Raso, 2013). Therefore, extraction temperature
f 50–90 ◦C was investigated in the present work.

.1.3. Effect of extraction time on extraction yield of QBLP
Different extraction time was set at 20, 30, 40, 50, 60, 70, 80, 90

nd 100 min to evaluate the effect of extraction time on the extrac-
ion yield of QBLP when the other extraction conditions were set as
ollows: ultrasonic power 225 W, extraction temperature 70 ◦C and
he ratio of water to the raw material 30 (Fig. 1c). Fig. 1c indicates
hat the extraction yield of QBLP was correlated with the increase
f extraction time, and it reached 17.48 ± 0.5% when the extraction
ime was 90 min (Eskilsson, Davidsson, & Mathiasson, 2002). When

xtraction time was higher than 90 min, the yield declined with the
urther increase of time. These data suggest that applying a higher
xtraction time may lead to degradation of the QBLP. Therefore,
xtraction time of 90 min was adopted in the present study.

able 3
NOVA for response surface quadratic model analysis of variance.

Source CEa SSb DFc SEd

Model 19.20 516.53 14 0.40
X1 2.42 70.23 1 0.26
X2 3.23 124.87 1 0.26
X3 −0.78 7.25 1 0.26
X4 −1.61 31.07 1 0.26
X12 −0.22 0.20 1 0.45
X13 1.20 5.78 1 0.45
X14 1.08 4.62 1 0.45
X23 −0.33 0.44 1 0.45
X24 −0.98 3.84 1 0.45
X34 0.54 1.18 1 0.45
X2

1 −0.64 2.67 1 0.35
X2

2 −4.09 108.34 1 0.35
X2

3 −5.14 171.66 1 0.35
X2

4 −3.26 68.80 1 0.35
Residual 11.18 14
Lack of fit 9.76 10
Pure error 0.34 4
Cor total 527.71 28
SD 0.89 R2

Mean 13.77 Adj-R2

C.V. (%) 6.49 Pred-R
Press 62.99 Adequ

s: not significant.
a Coefficient estimate.
b Sum of squares.
c Degree of freedom.
d Standard error.
e Mean square.
mers 106 (2014) 238–246 241

3.1.4. Effect of the ratio of water to the raw material on
extraction yield of QBLP

The effect of the ratio of water to the raw material (10, 20,
30, 40 and 50) on the extraction yield of QBLP were investigated
when the other three factors (ultrasound power, extraction time
and extraction temperature) were fixed at 225 W, 60 min and 70 ◦C.
Fig. 1d shows the ratio of water to the raw material had a significant
effect on the extraction yield of QBLP. When the ratio was increased
from 10 to 50, the extraction yield of QBLP increased significantly.
The result implied the extraction yield of QBLP was significantly
increased to the value (18.32%) at the ratio of 40. In this study, the
extraction yield of QBLP decreased after the ratio of water to the raw
material 45. Thus, 45 was chosen as the optimum ratio of water to
the raw material.

According to the single-parameter study, it was adjusted
ultrasound power 150–300 W, extraction temperature 50–90 ◦C,
extraction time 30–90 min and the ratio of water to the raw mate-
rial 15–45 for response surface methodology experiments.

3.2. Model fitting and adequacy checking

The influences of four ultrasonic-assisted extraction conditions,
including ultrasonic power, extraction temperature, extraction
time, and the ratio of water to raw material on the yield of QBLP
were evaluated using Box–Behnken design (Table 2). A second
order polynomial equation was applied to build a mathematical
model to find the optimum conditions that maximize the extrac-
tion yield of QBLP and study the combined relationships between
the independent variables and the response. The developed second-
order model in term of coded variable is given below:

Y = 19.20 + 2.42X1 + 3.23X2 − 0.78X3 − 1.61X4 + 1.20X1X3

2 2 2
+ 1.08X1X4 − 0.98X2X4 − 4.09X2 − 5.14X3 − 3.26X4 (5)

where X1 is ultrasonic power (W), X2 extraction temperature (◦C),
X3 extraction time (min), X4 the ratio of water to raw material and
Y yield of QBLP (%), respectively.

MSe F value p-value

36.90 46.19 <0.0001
70.23 87.93 <0.0001

124.87 156.34 <0.0001
7.25 9.08 0.0093

31.07 38.90 <0.0001
0.20 0.25 0.6224 ns
5.78 7.24 0.0176
4.62 5.79 0.0305
0.44 0.55 0.4691 ns
3.84 4.81 0.0457
1.18 1.47 0.2448 ns
2.67 3.35 0.0888 ns

108.34 135.64 <0.0001
171.66 214.92 <0.0001

68.80 86.14 <0.0001
0.80
1.08 12.88 0.056
0.084

0.978
0.957

2 0.880
ate precision 21.14
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Table 3 summarized the results of the ANOVA for the exper-
mental results of the BBD. The analyses of variance were used
o determine the coefficient of determination, lack of fit and the
ignificance of the linear, quadratic and interaction effects of the
ndependent variables on the response.

The significance of coefficient was tested using the p-value in
able 3. The corresponding variables become more effective as
he p-value becomes smaller. Also, the p-value can be employed
o check the interaction strength between independent factors
Muralidhar, Chirumamilla, Ramachandran, Marchant, & Nigam,
001). The R2

adj and R2 for Eq. (5) were 0.957 and 0.978 respectively,
ndicating a better degree of correlation between experimental and
heoretical values of the QBLP yield (Zhong & Wang, 2010). Low
alues of coefficient of variance (6.49) clearly indicated that the
odel was reproducible and reliable (Mason, Gunst, & Hess, 1989;

rakash Maran, Mekala, & Manikandan, 2013). From the analysis,
he F-value of 46.19 and p-value <0.0001 indicates the response
urface quadratic model was significant. Furthermore, results of
he ANOVA indicated that the lack of fit was insignificant.

.3. Optimization of extraction conditions of QBLP

Independent variables were optimized by RSM using BBD to
btain the maximum extraction yield of QBLP (Prakash Maran,
anikandan, Vigna Nivetha, & Dinesh, 2013). The aim of optimiza-

ion was to find out the ultrasonic-assisted extraction conditions
hich give the maximum predicted yield of QBLP (Table 4).

In Fig. 2a, when the plots were developed for the extraction yield
f QBLP with different ultrasonic power and extraction tempera-
ure at fixed extraction time 60 min and the ratio of water to the
aw material 30. The yield of QBLP was increasing evidently as the
ncreasing of ultrasonic power and extraction temperature. Max-
mum yield of QBLP can be achieved when ultrasonic power and
xtraction temperature were around 222 W and 68 ◦C, respectively.

In Fig. 2b, when the plots were developed for the extraction of
BLP with varying ultrasonic power and extraction time at fixed
xtraction time 70 ◦C and the ratio of water to the raw mate-
ial 30, it can be seen that maximum recovery of QBLP can be
chieved when ultrasonic power and extraction time were 295 W
nd 60 min, respectively. Fig. 2c shows the effect of the ultrasonic
ower and the ratio of water to the raw material on the extrac-
ion yield of QBLP at a fixed extraction temperature of 70 ◦C and
xtraction time of 60 min.

The plots in Fig. 3d, which give the extraction yield of QBLP as
function of extraction temperature and extraction time at fixed
ltrasonic power 225 W and the ratio of water to raw material 30,

ndicated that the extraction yield of QBLP increased rapidly with
he increasing of the extraction temperature from 70 to 90 ◦C, and
he extraction yield of QBLP was found to increase with the increase
f extraction time from 75 to 90 min.

Fig. 3e shows the plots at a different extraction temperature and
he ratio of water to raw material at fixed extraction time 60 min
nd ultrasonic power 225 W. The extraction yield of QBLP increased
apidly within the extraction temperature from 80 to 90 ◦C, and the

ield extraction of QBLP increased with the increase of the ratio of
ater to raw material from 37 to 45.

Fig. 3f showed the plots at varying extraction time and the ratio
f water to raw material at a fixed extraction temperature 70 ◦C and

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

Optimum condition

Ultrasonic power (W) Temperature (◦C) Extraction time (min) Ratio

205.8 81.9 55.6 23.4
mers 106 (2014) 238–246

ultrasonic power 225 W. It can be observed that maximum extrac-
tion yield of QBLP could be achieved when the extraction time and
the ratio of water to raw material were 70 min and 30, respectively.

The maximum yield of QBLP and the optimum extraction con-
ditions were obtained from desirability function approach was
ultrasonic power of 205.8 W, extraction temperature of 81.9 ◦C,
extraction time of 55.6 min, ratio of water to raw material was 23.4
and the model predicted a maximum response of 19.61% with a
desirability value of 0.982.

3.4. Validation of the model

To validate the adequacy of the model equation, six confirma-
tion experiments were conducted under the optimized conditions
(ultrasonic power of 205.8 W, extraction temperature of 81.9 ◦C,
extraction time of 55.6 min, ratio of water to raw material was 23.4),
and then responses were measured. Extraction yield of QBLP was
obtained as 19.42 ± 0.53% (which is the same as that predicted using
RSM (19.61)). This value is very close to the corresponding pre-
dicted value (Table 4). The results indicated that the RSM approach
was effective for optimizing the conditions for the extraction of
QBLP from Zagros oak, and also suggested that the regression model
was accurate and adequate for the extraction of QBLP.

3.5. Antioxidant activity

3.5.1. Scavenging activity of hydroxyl radicals
Hydroxyl radicals are the highly toxic species, can react with

almost all the biological molecules by setting of free radical chain
reactions (Rollet-Labelle et al., 1998). These radicals are very dan-
gerous to organisms. Therefore, the removal of hydroxyl radical is
important for antioxidant defense in cell or food systems. Polysac-
charides from leaves represent one of the most promising classes
of antioxidants for inhibiting oxidative reaction in foods and living
systems due to their wide availability and low toxicity. Some stud-
ies have explained that polysaccharides isolated from the oak have
considerable bioactivities, such as anticoagulant and hydroxyl rad-
ical scavenging abilities. Their activities are closely related to the
presence of polyanionic charges (Rivas-Arreola et al., 2011; Xiao
et al., 2012). The antioxidant activity not only depended on the
plant origin but also on the molecular weight, chemical structure
and arrangement of the active polysaccharide. Complicated car-
bohydrates, such as polysaccharide–peptide combinations, have
also shown a potent antioxidant capacity (Li et al., 2012). QBLP
was found to have the ability to scavenge hydroxyl radicals at
concentrations between 0.5 mg/mL and 3 mg/mL. As shown in
Fig. 4a, the scavenging activity of QBLP on hydroxyl radicals was
in a concentration-dependent manner. The scavenging capacity of
QBLP on hydroxyl groups was higher than positive control vitamin
C. The scavenging ability of QBLP is strong at higher concentration,
with 93% at the concentration of 2.8 mg/mL, but decline quickly
with lower concentration. For hydroxyl radical scavenging of QBLP,
there are two models of antioxidation mechanisms: one suppresses
the generation of hydroxyl radical, and the other scavenges the

hydroxyl radicals produced (Qi et al., 2006). Finally, antioxidant
value was expressed as IC50, the amount of sample extracted
into 1 ml solution necessary to decrease by 50% the initial radical
concentration IC50 was derived from the % disappearance versus

Extraction yield (%)

of water to raw material Experimental Predicted Desirability

19.42 ± 0.53 19.61 0.982
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Fig. 2. Effect of (a) ultrasonic power and extraction temperature, (b) ultrasonic power and extraction time and (c) ultrasonic power and the ratio of water to raw material on
e

c
f
t
g
r

3

w
c
r
t

xtraction yield of Q. brantii leaf.

oncentration plot. Half-effective inhibition concentrations of QBLP
or scavenging of hydroxyl radical was lower (0.52 ± 0.01 mg/mL)
han vitamin C (0.89 ± 0.09 mg/mL) as positive control. Results sug-
est that QBLP has an excellent scavenging capacity on hydroxyl
adicals.

.5.2. DPPH scavenging activity
The DPPH free radical is a stable free radical, which has been
idely applied as a tool for measuring the free-radical scavenging
apacity of the antioxidants (Ionita, 2005). Oak extract has been
eported to have good DPPH scavenging ability, may be related
o the antioxidant activity of their constituents and influence on
expression of CYP2E1 (Rivas-Arreola et al., 2011; Rocha-Guzmán
et al., 2009). The present work revealed the DPPH scavenging capac-
ity of QBLP. Hence, the mechanism may be due to the supply of
hydrogen by polysaccharides from oak leaf, which combines with
radicals and it forms a stable radical to terminate the radical chain
reaction (Lai et al., 2010). The change of concentration of QBLP
was monitored to investigate the antioxidant effect of polysaccha-
ride through the DPPH scavenging ability test. Fig. 4b presents the

results. BHT was used as a positive control. As shown in Fig. 4b, QBLP
exhibited notable radical scavenging activity, and the DPPH scav-
enging effects were increased by increasing concentration of QBLP.
Compared with BHT, QBLP showed a higher degree of nitrogen
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Fig. 3. Effect of (d) extraction temperature and extraction time, (e) extraction temperature and the ratio of water to raw material and (f) extraction time and the ratio of
w

r
m
(
t
a
t
Q
w

ater to raw material on extraction yield of Q. brantii leaf.

adical-scavenging activity under the same conditions. The possible
echanism of QBLP might be explained to the supply of hydrogen

Lai et al., 2010). At 2.8 mg/mL concentration, QBLP was observed
o possess obviously (p < 0.05) higher (94%) free radical-scavenging

ctivity when compared to BHT (64%), suggesting and presents
hat has stronger DPPH radical-scavenging activity. In general,
BLP showed higher antioxidant activity (IC50 = 0.41 ± 0.02 mg/mL)
hen compared to BHT (IC50 = 1.15 ± 0.10 mg/mL).
3.6. Antimicrobial activity

Antimicrobial activity of QBLP against four microorganisms is
showed in Fig. 4c. Of all selected organism, the QBLP were found to

be the most effective against C. albicans, following by bacteria and
P. citri. QBLP indicated the antimicrobial activities against S. typhi,
S. aureus, C. albicans and P. citri with diameters of the inhibition
zones of 7.92 mm, 8.64 mm, 10.76 mm and 6.51 mm, respectively.
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ig. 4. scavenging effect of QBLP on (a) hydroxyl radicals and (b) DPPH radicals c
ctivity of QBLP on S. typhi, S. aureus, C. albicans and P. citri.

owever, QBLP had no inhibitory activity on C. albicans at a con-
entration of 0.5 mg/mL. The minimum inhibitory concentrations of
BLP were 1.5 (S. typhi), 1 (S. aureus), 2 (C. albicans) and 1.5 (P. citri)
g/mL. As the concentration increasing, the antimicrobial activi-

ies of QBLP increased significantly (He, Yang, Yang, & Yu, 2010). The
echanisms involved in antimicrobial activity of polysaccharide

re worthy further investigation.

. Conclusion

In this study, we had investigated an ultrasonic-assisted tech-
ique to extract polysaccharides from the oak (Q. brantii Lindl.)

eaf via response surface methodology. Extraction temperature and
ltrasonic power were the most important variables on the exper-

mental yield of polysaccharides. A second-order using polynomial
odel was used to optimize polysaccharides extraction from Q.

rantii leaf by ultrasonic-assisted method. The optimal extraction
onditions were performed as following: ultrasonic power 205.8 W,
xtraction temperature 81.9 ◦C, extraction time of 55.6 min and
he ratio of water to raw material of 23.4. Under the optimized
onditions, the experimental yield of QBLP was 19.42%, which
as closely agreed with the predicted yield (19.61%). The scav-

nging ability of QBLP was strong at higher concentration, with
3% at the concentration of 2.8 mg/mL. The DPPH scavenging
ffects of oak extract were increased by increasing concentra-
ion of QBLP. The extract of oak leaf indicated the antimicrobial
ctivities against S. typhi, S. aureus, C. albicans and P. citri with

ifferent diameters of the inhibition zones. In conclusion, polysac-
haride from Q. brantii leaf could be employed as potential natural
ntioxidant and antimicrobial in foods and drugs manufactur-
ng.
ed with that of vitamin C and butylated hydroxytoluene (BHT). (c) Antimicrobial
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