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ABSTRACT

In this study, polysaccharides from Angelica sinensis were extracted using the ultrasound-
assisted extraction method. Based on the results of single factor experiments and
orthogonal tests, three independent variables—water/raw material ratio, ultrasound time,
and ultrasound power—were selected for investigation. Then, we used response surface
methodology to optimize the extraction conditions. The experimental data were fitted to a
quadratic equation using multiple regression analysis, and the optimal conditions were as
follows: water/raw material ratio, 43.31 mlL/g; ultrasonic time, 28.06 minutes; power,
396.83 W. Under such conditions, the polysaccharide yield was 21.89 + 0.21%, which was
well matched with the predicted yield. In vitro assays, scavenging activity of superoxide
anion radicals, hydroxyl radicals, and 2,2-diphenyl-1-picry-hydrazyl radical showed that
polysaccharides had certain antioxidant activities and that hydroxyl radicals have a
remarkable scavenging capability. Therefore, these studies provide reference for further
research and rational development of A. sinensis polysaccharide.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The rhizome of Angelica sinensis Diels, which belongs to the
Umbelliferae family [1,2], is a well-known Chinese traditional
natural herbal medicine. It has many biological functions, for
example, promoting blood circulation, regulating the

Polysaccharides, a type of macromolecule carbohydrate
polymer, are found in a host of herbal plants and fungus [4—6].
Researchers found that polysaccharides extracted from
numerous plants possess effective Dbioactivities [7-9].
Furthermore, several studies have reported that A. sinensis
polysaccharides (ASPs) have antiproliferative effects [10] and
the function of healing gastric ulcer [11]. Meanwhile, research

menstruation, and lubricating the intestines [3].
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results have shown that ASP showed a strong antioxidant
activity [12]. It could improve aging and age-related diseases
by reducing intracellular free radicals [13].

Hot water extraction, enzymolysis collection, and alkaline
extraction are the traditional extraction methods for poly-
saccharides. They have many obvious shortcomings, such as
they are time-consuming and expensive, and produce low
yield. Therefore, the traditional extraction methods and con-
ditions for polysaccharides need to be improved. In recent
years, numerous studies have shown that ultrasound-assisted
extraction has many obvious superior characteristics [14], such
as reduced operating times, more economic solvent con-
sumption, and enhanced efficiency. Acoustic cavitation could
increase the motion frequency and speed of material mole-
cules by the mechanical effect and thermal effect of ultrasonic
waves [15,16]. Thus, ultrasonic-assisted extraction is an
appropriate technique for the extraction of polysaccharides.

Response surface methodology (RSM) is an effective
multivariate statistical method for optimizing complex
experimental processes. It generates a polynomial equation
and a cambered model by regression fitting of response sur-
face analysis to evaluate the polytomy variables and its
interaction, and then determine the best level. The most
important advantage of RSM is the reduced number of ex-
periments on process optimization [17,18]. Box—Behnken
design (BBD), a type of RSM, is an independent, spherical,
rotatable quadratic method that consists of three interlocking
22 factorial designs with points locating on the surface of a
sphere surrounding the center of the design. It has been suc-
cessfully used to optimize various biochemical and biotech-
nological processes [19,20].

In this study, we used the ultrasonic-assisted method to
extract ASP and then optimized the extraction condition of
using BBD of RSM. Through the results of single factor ex-
periments and orthogonal test design, the applicable variables
(water/raw material ratio, ultrasound extraction time, and
ultrasound extraction power) and levels were screened for
BBD. The measurement index of selecting extraction condi-
tions was the extraction yield of A. sinensis crude poly-
saccharide (ASP) (%). The antioxidant activities on superoxide
anion radicals, hydroxyl radicals, and 2,2-diphenyl-1-picry-
hydrazyl radical (DPPH) radicals of ASP were investigated
using in vitro assays.

2. Materials and methods
2.1. Materials

The rhizomes of A. sinensis were collected from a local market
(Xi’an, China). Pyrogallic acid, phenanthroline, and DPPH, -
(+)-ascorbic acid (Vc) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). All solvents and chemicals used in this study
were of analytical grade.

2.2.  Extraction of crude polysaccharide from A. sinensis
and determination of the yield

The dried A. sinensis were powdered by a disintegrator and
sieved through a 60-mesh screen. The powders were

recirculated three times with 95% (v/v) alcohol by an ultra-
sonic crasher (JY92-1I, 25 kHz; Ningbo Scientz Biotechnology
Co., Ltd., Zhejiang, China), and then lipids, polyphenols,
monosaccharides, oligosaccharides, and some small molecule
materials were removed, followed by filtration, and drying at
45°C for the following procedures.

The polysaccharide was extracted from a suitable amount
of pretreated dry powders in a designated water/raw material
ratio, ultrasound extraction time, and ultrasound extraction
power. The supernatants were separated by centrifugation at
4000 rev/min for 10 minutes and concentrated under reducing
pressure. Four volumes of 95% ethanol were added to the
condensed solution to precipitate the polysaccharide. The
precipitates were collected by centrifugation and dissolved by
distilled water, then dialyzed and lyophilized to obtain water-
soluble crude polysaccharide defined as ASP. The content of
ASP was measured using the phenol—sulfuric acid method,
which used p-glucose as a standard. The percentage of
extraction ASP yield (%) was calculated as follows:

Mase(8)
Mas(g)

where Musp is the dried ASP mass and Mys is the dried powder
of A. sinensis mass.

Yield of ASP(%) = x 100%, )

2.3.  Experimental design

2.3.1. Single factor experiments

Single factor experiments mainly studied the effects of water/
raw material ratio, ultrasound extraction time, ultrasound
extraction power, and ultrasonic radiation method on the
extraction yield of ASP. Among these factors, the water/raw
material ratio ranged from 10 mL/g to 50 mL/g, the ultrasound
extraction time ranged from 20 to 40 minutes, the ultrasound
extraction power ranged from 200 W to 600 W, and the ul-
trasonic radiation method ranged from 5:10 to 25:30 (ultra-
sonic treatment time/intermission). One variable was studied
at each experiment while the other factors were kept
constant.

2.3.2. Orthogonal test design and analysis

The orthogonal experimental design referenced the results of
single factor experiments, an Ly (3*) orthogonal test design
with three levels was constructed, and four main factors were
used (water/raw material ratio, 30—50 mlL/g; ultrasound
extraction time, 20—30 minutes; ultrasound extraction power,
300—500 W; ultrasonic radiation method range, 5:10—15:20).
The subscript 9 indicated the number of experiments, which
was much lower than the possible number of experiments.
Each experiment was repeated three times [21,22].

2.3.3. Optimization of extraction conditions by BBD and
statistical analysis

The extraction parameters of BBD with three factors at three
levels based on orthogonal experimental design were opti-
mized using RSM. The three main factors (water/raw material
ratio, ultrasound extraction time, and ultrasound extraction
power) were investigated, and the optimal conditions were
determined to the maximal yield of ASP via a statistical
analysis of RSM. Each independent variable was coded at
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three levels between —1 (low), O (center), and +1 (high). The
variables were coded according to the following equation [23]:

X; —Xo
N ETAX

i=1,2,3, ()

where x; is the dimensionless value of an independent vari-
able; X; is the actual value of an independent variable; X, is the
actual value of an independent variable at the center point;
and AX; is the step change of the actual value [24].

In the Box—Behnken method, the whole design matrix
comprised 17 experiments in random order. The design of
experiments is given in Table 1. For the three variables, the
experimental data of the system was fitted to the following
quadratic equation [25]:

3 3 2 3
Y= Z Bo + Zﬁixi + Z BiX? + Z Z B;XiXj, ®3)
-1 i3 i1 j-it1
where Y is the dependent variable and X;, X; are the inde-
pendent variables; go, 6, 6, and g; are the regression co-
efficients of the independent variables that were estimated by
the model for intercept, linear, quadratic, and interaction
terms, respectively. Design-Expert 8.0.5.0 was used for sta-
tistical analysis of variance for each response and predicting
the optimal conditions for the extraction of ASP [26,27].

2.4. Antioxidant activity of polysaccharide from A.
sinensis

2.4.1. Superoxide anion radicals scavenging assay

The assay was carried out on the basis of the methods
described by Tahmouzi [28] with several modifications.
Briefly, 0.4 mL of the polysaccharide sample solution was
mixed with 4.5 mL of 0.05M Tris—HCI buffer (pH 8.2) that was
kept in a water bath at 25°C for 20 minutes. Then, 0.1 mL of
2.5mM pyrogallic acid was added and incubated at 25°C for 5

Table 1 — Box—Behnken experimental design and the
results for extraction yield of ASP.

Run number Coded levels Yield of ASP (%)
X1 X X3
1 =l 0 = 18.40
2 =il 0 1 17.87
3 -1 1 0 18.93
4 0 0 0 21.29
5 0 1 —1 19.43
6 1 0 1 17.85
7 0 =il 1 17.72
8 1 =il 20.29
9 0 0 0 21.65
10 0 =il =il 19.00
11 1 —1 0 19.04
12 (o 1 1 20.83
13 —1 —1 0 18.43
14 0 0 0 21.37
15 0 0 0 21.98
16 1 1 0 21.44
17 0 0 0 21.90

ASP = Angelica sinensis polysaccharide.

minutes after obtaining uniformity. Next, 0.1 mL of 10M HCl
solution was added to terminate the reaction. The absorbance
of the reaction mixture was detected at 325 nm. The super-
oxide radical scavenging activity was calculated using the
following equation:

Superoxide scavenging activity(%) = % x 100(%), (4)
C

where A, is the As,s absorbance of the superoxide radical so-

lution without sample and A is the absorbance of the ASP

sample.

2.4.2. Hydroxyl radicals scavenging assay

Briefly, 1 mL of the polysaccharide sample was mixed with
1.5 mL of 0.2M sodium phosphate buffer (pH = 7.4) and then
mixed with 1 mL of 7.5mM FeSO,, 1 mL of 0.1% H,0,, and
1.5 mL of 5mM phenanthroline. The reaction mixture was
incubated at 37°C for 1 hour, and the absorbance was deter-
mined at 510 nm. The scavenging activity of the hydroxyl
radical was calculated as follows:

As — Asb

C

Hydroxyl scavenging activity(%) =1 — x 100(%),

©)

where A. is the absorbance of the hydroxyl radical solution
without sample, A is the absorbance of ASP mixed with the
hydroxyl radical solution, and Ag, is the absorbance of the
sample only.

2.4.3. DPPH scavenging assay

The assay was carried out based on methods described by Do
et al [29] and Sharma et al [30] with several modifications. The
DPPH free radical scavenging activity of ASP was determined
using the procedures. In brief, 1 mL of polysaccharide solution
was mixed with 2 mL of 0.1M DPPH solution. The mixture was
shaken and left in the dark at room temperature for 60 mi-
nutes. The absorbance of the reaction mixture was measured
at 517 nm. The DPPH radical scavenging activity was calcu-
lated using the following equation:

DPPH scavenging activity(%) = # x 100(%), (6)

C
where A. and Ag are the As,; absorbance of the DPPH radical
solution and the ASP sample mixed with the DPPH solution,
respectively.

3. Results and discussion
3.1.  Single factor experiments of ASP

The water/raw material ratio, ultrasonic power, ultrasonic
time, and ultrasound radiation method for the polysaccharide
extraction of A. sinensis are described in Figure 1.

As shown in Figure 1A, the influence of the different ratio
of water to raw material on the yield of ASP, and the ratio of
water to raw material of the extraction process was carried
out at 10 mL/g, 20 mL/g, 30 mL/g, 40 mL/g, and 50 mL/g,
whereas the other three variables were set as follows: ultra-
sound power, 400 W; ultrasound extraction time, 25 minutes;
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Figure 1 — Effects of (A) water/raw material ratio, (B) ultrasound extraction time, (C) ultrasound extraction power, and (D)
ultrasound radiation method on the extraction yield of ASP (%). Values are means + SD (n = 3). ASP = Angelica sinensis

polysaccharide; SD = standard deviation.

ultrasound radiation method, 10:15. It showed that the yield of
ASP increased clearly as the water/raw material ratio was
increased from 10 mL/g to 40 mL/g, and then declined from
40 mL/g to 50 mL/g. A previous study showed that a higher
water/raw material ratio leads to lower density and viscosity
of the extraction solvent, which facilitates the dissolution of
more polysaccharide molecules in the water [31]. The
maximum yield of ASP was 20.24 + 0.39% when it was 40 mL/g.
So, the water/raw material ratio of 40 mL/g was selected, and a
similar result was obtained in the extraction of poly-
saccharides from Zagros oak leaf [28].

Ultrasonic time is also an important factor to affect the
extraction yield of ASP. Briefly, 20 minutes, 25 minutes, 30
minutes, 35 minutes, and 40 minutes of ultrasound time were
used in the extraction of ASP when the water/raw material
ratio, ultrasound power, and ultrasound radiation method
were held at 40 mL/g, 400 W, and 10:15, respectively. Figure 1B
indicates that the tendency of ultrasound time was to increase
first and then decline. The yield of ASP increased linearly
when the ultrasonic time ranged from 20 minutes to 25 mi-
nutes, and the maximum was 21.66 + 0.09%. When ultrasound
time exceeded 25 minutes, the yield of ASP no longer
increased. This might be attributable to the long extraction
time, which leads to the thermal instability and degradation

of polysaccharides [32]. The ultrasound time of 25 minutes
was deemed appropriate for the experiment.

The effect of ultrasonic power (200 W, 300 W, 400 W, 500 W,
and 600 W) on the extraction yield of ASP is displayed in
Figure 1C. The water/raw material ratio, ultrasound time, and
ultrasound radiation method were maintained at 40 mL/g, 25
minutes, and 10:15, respectively. In Figure 1C, the yield of ASP
shows an escalating trend when ultrasonic power ranged
from 200 W to 400 W. The ASP yield was highest when the
ultrasonic power was 400 W and the quantitative value was
20.81 +0.15%. This might be because the high ultrasonic
power could increase the motion frequency and speed of
material molecules. But the ASP yield decreased after the ul-
trasonic power of 400 W. This result indicated that a too high
ultrasonic power would lead to the hydrolyzation and
decomposition of polysaccharides [31—33].

On the basis of the test and equipment, the ultrasound ra-
diation method in extraction of ASP was defined as 5:10, 10:15,
15:20, 20:25, and 25:30, and other parameters were as follows:
water/raw material ratio, 40 mL/g; ultrasound power, 400 W,
ultrasound extraction time, 25 minutes. As shown in Figure 1D,
the maximum yield of ASP was 19.89 + 0.04% when the ultra-
sound radiation method was 10:15, and the minimum was
19.34 + 0.06% when the ultrasound radiation method was
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15:20. The difference between the maximum and minimum
levels was small. We inferred that this factor was not the
important one for extracting ASP. Moreover, the other three
factors (water/raw material ratio, ultrasonic power, and ultra-
sonic time) were found to have a more significant impact on
the yield of ASP.

3.2. Orthogonal analysis of ultrasound-assisted
extraction

The results of ASP extraction are listed in Table 2. Table 2 shows
thattheyield of ASP ranged from 19.60% t0 21.48%.K;; (j = 1, 2, 3)
is the mean value of the test results with the same level of k in
the i column of the table; R; is the range of Kj; (R; = max(Ky) —
min(Kj)). For each factor, the impact is different. And a bigger
mean value (Kj) indicated the greater impact of the factor on
the yield of ASP, and the best level for each factor can be
determined based on the largest mean value (K;) of the
extraction condition [34]. Thus, the optimized conditions for
ASP extraction were obtained as follows: water/raw material
ratio, 40 mL/g (21.24%); ultrasound time, 25 minutes (20.85%);
ultrasound power, 300 W (20.78%); ultrasound radiation
method, 10:15 (20.69%). The best optimal portfolio was
A,B,C,D, of the extraction of ASP. Because the R; of X4 (ultra-
sound radiation method) was the smallest (0.096) factor, the
other three factors were selected for the following experiments.

3.3.  BBD analysis

A group of 17 experiments were performed using RSM of BBD
to observe the combined effects of water/raw material ratio
(mL/g), ultrasound extraction time (minutes), and ultrasound
extraction power (W) on ASP extraction. The ASP yield ranged
from 17.72% to 21.98%, whereas the extraction parameters are
different as shown in Table 1.

3.3.1. Fitting of second-order polynomial equation and
statistical analysis

A quadratic equation was used to establish a statistical model
to confirm the optimum conditions and the response of the
combined factors. By using multiple regression analysis on
the experimental data, the yield of ASP was obtained using the
following quadratic equation:

Y = 21.64 + 0.62X; + 0.81X, — 0.74X; + 0.47X; X, — 0.48X, X3
+0.67X,X3 — 1.41X% — 0.77X5 — 1.63X3
)

The results of the regression analysis and analysis of
variance were used for fitting the model given in Table 3. The p
value was used to test the significance of the coefficient. The
corresponding variables become more effective when the p
value becomes smaller, and the p value can be used to check
the interaction strength of the combined factors [28]. The R?,
R3g;, and coefficient of variation (CV %) were calculated to
check the model adequacy.

According to Table 3, the p value of the model is p (0.0007) <
0.001, which suggests that the predicted quadratic response
surface model was fitted significantly. The independent vari-
able of the water/raw material ratio (X,), ultrasound time (X,),

Table 2 — Orthogonal test design and the results for
extraction yield of ASP.

Run Coded levels Yield of
number X, X, X5 X, ASP (%)
1 30 20 300 5:10 19.60
2 30 25 400 10:15 19.70
3 30 30 500 15:20 19.71
4 40 25 300 15:20 21.48
5 40 30 400 5:10 21.11
6 40 20 500 10:15 21.13
7 50 30 300 10:15 21.25
8 50 20 400 15:20 20.60

© 50 25 500 5:10 21.36
Ki1 19.670 20.443 20.777 20.690

Ki» 21.240 20.847 20.470 20.693

Kis 21.070 20.690 20.733 20.597

R; 1.570 0.404 0.307 0.096

R; refers to the result of extreme analysis.
ASP = Angelica sinensis polysaccharide.

the quadratic term of the water/raw material ratio (X3), ul-
trasound time (X3), ultrasound power (X3), and interaction
term (X,Xs) proved that the variables had a significant effect
on the yield of ASP because its p value was less than 0.05. The
ultrasound power (X3) and the interaction term (X;X5), (X1X3)
were not significant. The p value of the lack of fit was 0.0754,
implying that the lack of fit was not significant relative to the
pure error of the model. The determination coefficient (R?) and
the adjusted determination coefficient (R34;) were 0.9534 and
0.8935, respectively, verifying that the model was markedly
significant and reasonable. A low CV value (2.57) clearly in-
dicates that the model is reproducible and reliable [35].
Therefore, the regression model is satisfactory.

Table 3 — ANOVA for response surface quadratic model.

Source Sumof df Mean F p
squares square Prob > F

Model 37.20 9 4.13 15.91 0.00072

X1 3.11 1 3.11 11.98 0.0105%

X5 5.18 1 5.18 19.95 0.0029%

X3 1.02 1 1.02 3.91 0.0886¢

X1Xo 0.90 1 0.90 3.47 0.1046¢

X1X3 0.91 1 0.91 3.51 0.1031°¢

XoX3 1.80 1 1.80 6.91 0.03402

b%C] 8.37 1 8.37 32.23 0.0008*

Y& 2.48 1 2.48 9.55 0.01752

b5 11.12 1 11.12 42.81 0.0003?

Residual 1.82 7 0.26

Lack of fit 1.44 3 0.48 5.07 0.0754¢

Pure error 0.38 4 0.095

Cor total 39.02 16

R? 0.9534

R2 0.8935

Adeq precision 10.805

CV % 2.57

@ Significant at p < 0.05.

€ Not significant.

ANOVA = analysis of variance; CV = coefficient of variation;
df = degrees of freedom.
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3.3.2. Optimization of extraction conditions of ASP
The optimal values of the variables were obtained by the
regression equation. The three-dimensional response surface
figures were acquired using Design-Expert 8.0.5.0. The influ-
ence on ASP yield by the water/raw material ratio, ultrasound
power, and ultrasound time is displayed in Figure 2. In the
response surface figures, the yield of ASP was acquired using
the two continuous variables whereas the other variable was
kept in 0 levels.

In Figure 2A, the extraction yield of ASP was obtained with
a different water/raw material ratio and ultrasonic time at
ultrasonic power of 0 levels and increased with the increase in
water/raw material ratio and ultrasonic time; the maximum
value of ASP yield was 21.65%. Figure 2B shows that the in-
cremental tendency of the water/raw material ratio was more
obvious than that of ultrasonic power. It attested that the
water/raw material ratio exerts a far greater impact on ASP
yield than ultrasonic power. Figure 2C displays the response
surface figures of the ASP yield at diverse ultrasonic time and
ultrasonic power. It was clear that the yield of ASP increased
with the increase in ultrasonic time and ultrasonic power in
the beginning, but when ultrasound power was increased
further, the yield of ASP reduced visibly. It was consistent with
single factor tests.

3.3.3.  Model adequacy diagnostics

Model adequacy diagnostics is necessary to check the appli-
cability of the model to the real system. Four diagnostics di-
agrams for model adequacy are shown in Figure 2. Figure 2D
shows the predicted and the actual experimental values. The
spots of the predicted and actual values showed normal dis-
tribution and are close to the 45° line, attesting that the model
has a good adaptation. Figure 2E shows a normal % probability
plot of residuals for the normality assumption; the residual
plot that approached a straight line proved that the normality
assumption was appropriate. The internally studentized re-
siduals versus predicted values are displayed in Figure 2F. The
plots of the internally studentized residuals dispersed
randomly showed that the original variance was constant for
all values [35]. The internally studentized residuals versus
experimental run numbers are shown in Figure 2G, and all the
points are located within a limited range. All data indicated
that the response surface model was applied to the ASP
extraction, and the model was significant and accurate.

3.3.4. Validation of the model

The optimum extraction conditions for the extraction of ASP
consisted of a water/raw material ratio of 43.31 mL/g, an ul-
trasonic time of 28.06 minutes, and an ultrasonic power
396.83 W, which were calculated using the second-order
quadratic equation of the model by solving the regression
equation and analyzing the response surface. The maximum
predicted value of ASP yield was 21.99%.

In order to validate the predicted value of ASP yield and the
applicability of the model, three parallel tests were imple-
mented under the aforementioned optimum extraction con-
ditions. The yield of ASP was 21.89 +0.21% (n = 3), which
approached the predicted value of 21.99%. The results indi-
cated that the RSM was appropriate for optimizing the con-
ditions for ASP extraction, and the regression model was

accurate and applicable for extracting ASP. The investigation
showed that the extraction yield was less than 6% when hot
water extraction was used and only 15.2% when the
microwave-assisted extraction method was used [1,27,36].

3.4.  Antioxidant activity of polysaccharide

Oxidation is a chemical reaction that transfers electrons from
oxide atoms to oxidants and can engender harmful com-
pounds (radicals). Radicals can damage the tissues and cells,
and resultin chronic diseases and aging effects. Many kinds of
polysaccharides have antioxidant activity, such as POJ-Ula of
Ophiopogon japonicus [37], polysaccharides of Schisandra sphe-
nanthera [38], and polysaccharides of Cyclocarya paliurus
(Batal.) Iljinskaja [24]. In this study, the scavenging activity of
ASP at 25 pg/mL, 50 pg/mL, 100 pg/mL, 200 pg/mL, 400 pg/mL,
and 800 ug/mL against superoxide anion radicals, hydroxyl
radicals, and DPPH with ascorbic acid (Vc) as a positive control
are shown in Figure 3. ASP was the Angelica sinensis poly-
saccharide in optimal extraction parameters.

A certain number of superoxide anion radicals exist in the
human body, and when they combine with hydroxyl radicals
the result can damage the cell DNA and destroy the function
of the human body [39]. Figure 3A displays the scavenging
activity of superoxide anion radicals. The scavenging activity
of superoxide radicals is dependent on the concentration of
polysaccharides. The minimum scavenging activity of super-
oxide anion radicals was 7.53% at 25 png/mL, and the maximum
was 23.74% at 800 pg/mL. The increase of scavenging effect on
hydroxyl radicals increased slightly. Therefore, the result
suggested that ASP has potential scavenging activity of su-
peroxide radicals.

Hydroxyl radical is known as an important reactive oxygen
species with a strong ability of oxidizability and can kill red
blood cells, and degrade DNA and cell membranes [40]. The
scavenging effect of hydroxyl radicals is shown in Figure 3B.
The scavenging activity of hydroxyl radicals increased as the
concentration of polysaccharides increased, and the incre-
ment was conspicuous. The scavenging activity was 10.18% at
25 pg/mL and 11.22% at 50 pg/mL. But when the concentration
of polysaccharides was 400 pg/mL, the scavenging activity of
hydroxyl radicals in ASP was 48.36% and increased dramati-
cally. When the concentration of polysaccharides was
increased to 800 nug/mL, the scavenging activity of hydroxyl
radicals in ASP was close to that of ascorbic acid (81.34%), and
the highest scavenging activity was 61.45%. This proved that
ASP has a remarkable scavenging capability of superoxide
radicals in high concentration.

DPPH is a stable radical that centers on nitrogen and shows
a maximum absorption at 517 nm in methanol [38,40].
Figure 3C shows the DPPH radical scavenging activity of
different concentrations of polysaccharides. The scavenging
activity of DPPH was similar to that of superoxide anion rad-
icals, which rose indistinctly as the polysaccharides’ con-
centration increased. The scavenging activity of DPPH was
lower than that of superoxide anion radicals at a different
concentration. The DPPH radical scavenging activity
increased from 4.40% to 19.26% when the concentration of
ASP increased from 25 pg/mL to 800 pg/mL. When the con-
centration of ASP was 200 pg/mL, the scavenging activity was
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Figure 3 — Scavenging activity of (A) ASP on superoxide anion radicals, (B) hydroxyl radicals, and (C) DPPH. Values are
means + SD (n = 3). ASP = Angelica sinensis polysaccharide; DPPH = 2,2-diphenyl-1-picry-hydrazyl; SD = standard

deviation.

only 10.17%, and it was less than the scavenging activity of
superoxide anion radicals and hydroxyl radicals, whose
scavenging activity exceeded 11% at 50 pg/mL. The results
indicated that the scavenging activity of DPPH in ASP was low
compared with that of ascorbic acid.

4, Conclusion

The optimal polysaccharide extraction conditions of water/
raw material ratio (43.31 mlL/g), ultrasound time (28.06 mi-
nutes), and ultrasound power (396.83 W) were obtained using
the RSM of BBD based on single factor experiments and
orthogonal test. The maximum extraction vyield was
21.89+0.21% under the optimum extraction conditions,
which is close to the predicted yield of 21.99%. The RSM of BBD
was able to successfully optimize the extraction conditions of
ASP, and the regression model was applicable for extracting
ASP. The antioxidant activity of superoxide anion radicals,
hydroxyl radicals, and DPPH in vitro assays indicated that ASP
has antioxidant activities that increased with the increasing
concentration of the polysaccharide solution. Thus, these re-
sults suggested that polysaccharide from A. sinensis should be
explored as a novel and potential natural antioxidant for use
in functional or medicinal medicine. Further studies on

purification and structure identification are in progress to
study the polysaccharide thoroughly.

Conflicts of interest

All authors declare no conflicts of interest.

Acknowledgments

The work was supported by the Grant No. 21402114 and
11544009 from the National Natural Science Foundation of
China; Natural Science Basic Research Plan in Shaanxi Prov-
ince of China (No. 2016]JM2010); Fundamental Research Funds
for the Central Universities by Grant No. GK201603026.

REFERENCES

[1] AiST, Fan XD, Fan LF, Sun Q, Liu Y, Tao XF, Dai KR. Extraction
and chemical characterization of Angelica sinensis
polysaccharides and its antioxidant activity. Carbohydr
Polym 2013;94:731—6.



774

JOURNAL OF FOOD AND DRUG ANALYSIS 25 (2017) 766—775

(2]

3

(4]

[5

6

[7

8

[9

[10]

(11]

(12]

(13]

[14]

[15]

[16]

[17]

(18]

Ji P, Wei YM, Xue WX, Hua YL, Zhang M, Sun HG, Song ZX,
Zhang L, Li JX, Zhao HF, Zhang WQ. Characterization and
antioxidative activities of polysaccharide in Chinese angelica
and its processed products. Int J Biol Macromol
2014,67:195-200.

Jiang ], Guo Y], Niu AJ. Extraction, characterization of Angelica
sinensis polysaccharides and modulatory effect of the
polysaccharides and Tai Chi exercise on oxidative injury in
middle-aged women subjects. Carbohydr Polym
2009;77:384—8.

Le K, Chiu F, Ng K. Identification and quantification of
antioxidants in Fructus lycii. Food Chem 2007;105:353—63.
Palacios I, Garcia-Lafuente A, Guillamén E, Villares A. Novel
isolation of water-soluble polysaccharides from the fruiting
bodies of Pleurotus ostreatus mushrooms. Carbohydr Res
2012;358:72—7.

Tian LM, Zhao Y, Guo C, Yang XB. A comparative study on
the antioxidant activities of an acidic polysaccharide and
various solvent extracts derived from herbal Houttuynia
cordata. Carbohydr Polym 2011;83:537—44.

Johnson MH, Lucius A, Meyer T, Mejia EG. Cultivar evaluation
and effect of fermentation on antioxidant capacity and

in vitro inhibition of a-amylase and «-glucosidase by
Highbush Blueberry (Vaccinium corombosum). J Agric Food
Chem 2011;59:8923—-30.

Gupta S, Raychaudhuri B, Banerjee S, Das B,
Mukhopadhaya S, Datta SC. Momordicatin purified from
fruits of Momordica charantia is effective to act as a potent
antileishmania agent. Parasitol Int 2010;59:192—7.

Ma LS, Chen HX, Zhang Y, Zhang N, Fu LL. Chemical
modification and antioxidant activities of polysaccharide
from mushroom Inonotus obliquus. Carbohydr Polym
2012;89:371-8.

Kan WLT, Cho CH, Rudd JA, Lin G. Study of the anti-
proliferative effects and synergy of phthalides from Angelica
sinensis on colon cancer cells. ] Ethnopharmacol
2008;120:36—43.

Ye YN, So HL, Liu ESL, Shin VY, Cho CH. Effect of
polysaccharides from Angelica sinensis on gastric ulcer
healing. Life Sci 2003;72:925—32.

Zhang S, He B, Ge JB, Li HB, Luo XY, Zhang H, Li YH, Zhai CL,
Liu PG, Liu X, Fei XT. Extraction, chemical analysis of Angelica
sinensis polysaccharides and antioxidant activity of the
polysaccharides in ischemia—reperfusion rats. Int J Biol
Macromol 2010;47:546—50.

Balaban RS, Nemoto S, Finkel T. Mitochondria, oxidants, and
aging. Cell 2005;120:483—95.

Esclapez MD, Garcia-Pérez JV, Mulet A, Carcel JA. Ultrasound-
assisted extraction of natural products. Food Eng Rev
2011;3:108-20.

Gonzalez-Centeno MR, Knoerzer K, Sabarez H, Simal S,
Rosselld C, Femenia A. Effect of acoustic frequency and
power density on the aqueous ultrasonic-assisted extraction
of grape pomace (Vitis vinifera L.)—a response surface
approach. Ultrason Sonochem 2014;21:2176—84.
Gonzalez-Centeno MR, Comas-Serra F, Femenia A,

Rossell6 C, Simal S. Effect of power ultrasound application on
aqueous extraction of phenolic compounds and antioxidant
capacity from grape pomace (Vitis vinifera L.): experimental
kinetics and modeling. Ultrason Sonochem 2015;22:506—14.
Maran JP, Sivakumar V, Sridhar R, Immanuel VP.
Development of model for mechanical properties of
tapioca starch based edible films. Ind Crop Prod
2013;42:159-68.

Zhao ZY, Zhang Q, Li YF, Dong LL, Liu SL. Optimization of
ultrasound extraction of Alisma orientalis polysaccharides by
response surface methodology and their antioxidant
activities. Carbohydr Polym 2015;119:101-9.

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

Maran JP, Manikandan S. Response surface modeling and
optimization of process parameters for aqueous extraction
of pigments from prickly pear(Opuntia ficus-indica) fruit. Dyes
Pigments 2012;95:465—72.

Yang S, Jin L, Ren XD, Lu JH, Meng QF. Optimization of
fermentation process of Cordyceps militaris and antitumor
activities of polysaccharides in vitro. ] Food Drug Anal
2014,22:468—76.

Shi M, Yang YN, Hu XS, Zhang ZY. Effect of ultrasonic
extraction conditions on antioxidative and
immunomodulatory activities of a Ganoderma lucidum
polysaccharide originated from fermented soybean curd
residue. Food Chem 2014;155:50—6.

Tang Y, Liu YZ, Han L, Zhao YQ. Optimization of smashing
tissue extraction technology of Schisandra chinensis fruits by
orthogonal test. Chin Herbal Med 2012;4:259—62.

Maran JP, Manikandan S, Thirugnanasambandhama K,
Nivethaa CV, Dinesh R. Box—Behnken design based
statistical modeling for ultrasound-assisted extraction of
corn silk polysaccharide. Carbohydr Polym 2013;92:604—11.
Xie JH, Shen MY, Xie MY, Nie SP, Chen Y, Li C, Huang DF,
Wang YX. Ultrasonic-assisted extraction, antimicrobial and
antioxidant activities of Cyclocarya paliurus (Batal.) Iljinskaja
polysaccharides. Carbohydr Polym 2012;89:177—84.

Qiao DL, Hu B, Gan D, Sun Y, Ye H, Zeng XX. Extraction
optimized by using response surface methodology,
purification and preliminary characterization of
polysaccharides from Hyriopsis cumingii. Carbohydr Polym
2009;76:422-9.

Balavigneswaran CK, Kumar TS]J, Packiaraj RM, Veeraraj A,
Prakash S. Anti-oxidant activity of polysaccharides extracted
from Isocrysis galbana using RSM optimized conditions. Int J
Biol Macromol 2013;60:100—8.

Yu F, Li H, Meng Y, Yang D. Extraction optimization of
Angelica sinensis polysaccharides and its antioxidant activity
in vivo. Carbohydr Polym 2013;94:114—9.

Tahmouzi S. Optimization of polysaccharides from Zagros
oak leaf using RSM: antioxidant and antimicrobial activities.
Carbohydr Polym 2014;106:238—46.

Do QD, Angkawijaya AE, Tran-Nguyen PL, Huynh LH,
Soetaredjo FE, Ismadji S, Ju YH. Effect of extraction solvent
on total phenol content, total flavonoid content, and
antioxidant activity of Limnophila aromatica. ] Food Drug Anal
2014;22:296—302.

Sharma K, Ko EY, Assefa AD, Ha S, Nile SH, Lee ET, Park SW.
Temperature-dependent studies on the total phenolics,
flavonoids, antioxidant activities, and sugar content in six
onion varieties. ] Food Drug Anal 2015;23:243—-52.

Chen C, You LJ, Abbasi AM, Fu X, Liu RH. Optimization for
ultrasound extraction of polysaccharides from mulberry
fruits with antioxidant and hyperglycemic activity in vitro.
Carbohydr Polym 2015;130:122—32.

Liu Y, Qiang ML, Sun ZG, Du YQ. Optimization of ultrasonic
extraction of polysaccharides from Hovenia dulcis peduncles
and their antioxidant potential. Int J Biol Macromol
2015;80:350—7.

Contamine RF, Wilhelm A, Berlan J, Delmas H. Power
measurement in sonochemistry. Ultrason Sonochem
1995;2:543—7.

Wang BH, Jin Y, Luo YG. Parametric optimization of
EQ6110HEV hybrid electric bus based on orthogonal
experiment design. Int J Auto Tech-kor 2010;11:119—-25.
Thangam R, Suresh V, Kannan S. Optimized extraction of
polysaccharides from Cymbopogon citratus and its biological
activities. Int J Biol Macromol 2014;65:415—23.

Gong SZ, Yang ZR, Zeng HY. Optimization of microwave-
assisted extraction for Angelica sinensis polysaccharides. Food
Ferment Ind 2004;30:125—8.



JOURNAL OF FOOD AND DRUG ANALYSIS 25 (2017) 766—775

775

(37]

(38]

Wang XM, Sun RG, Zhang J, Chen YY, Liu NN. Structure and
antioxidant activity of polysaccharide POJ-Ula extracted by
ultrasound from Ophiopogon japonicus. Fitoterapia
2012;83:1576—84.

Zhao T, Mao GH, Feng WW, Mao RW, Gu XY, Li T, Li Q,

Bao YT, Yang LQ, Wu XY. Isolation, characterization and
antioxidant activity of polysaccharide from Schisandra
sphenanthera. Carbohydr Polym 2014;105:26—33.

(39]

(40]

Amarowicz R, Pegg RB, Rahimi-Moghaddam P, Barl B,

Weil JA. Free-radical scavenging capacity and antioxidant
activity of selected plant species from the Canadian prairies.
Food Chem 2004;84:551—62.

Ke CL, Qiao DL, Gan D, Sun Y, Ye H, Zeng XX. Antioxidant
activity in vitro and in vivo of the capsule polysaccharides
from Streptococcus equi subsp. Zooepidemicus. Carbohydr
Polym 2009;75:677—82.



