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Abstract

Purpose: To optimize the extraction technology of polysaccharides from Cynomorium songaricum Rupr
by ultrasonic-assisted extraction (UAE).

Methods: Four parameters including ultrasonic power, ratio of raw material to water, extraction
temperature, and extraction time were optimized by orthogonal design. The effects of the factors on the
yield of polysaccharides were also studied. The hydroxyl and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging activities were determined in vitro by spectrophotometry.

Results: The optimal conditions were as follows: 1:30 as ratio of raw material to water, extraction for 70
min at 80 °C with ultrasonic power being 420 W. Under these conditions, the yield of polysaccharides
was up to 4.51 %, which was significantly higher than that obtained under the initial conditions (3.82 %).
DPPH radical scavenging activity reached 64.82 % at 0.012 mg/mL, while hydroxyl radical scavenging
activity was 18.36 % at 0.5 mg/mL.

Conclusion: Ultrasonic-assisted extraction technology is a useful tool for the extraction of bioactive
components from biological materials.

Keywords: Cynomorium songaricum, Polysaccharide, Ulfrasonic-assisted extraction, Orthogonal
design
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INTRODUCTION

Cynomorium songaricum Rupr. (Cynomoriaceae)
is an achlorophyllous holoparasite  with
distribution in northwestern China. Among its
chemical constituents, steroids, triterpenes,
flavonoids and lignans have been reported
previously [1,2]. Stems of Cynomorium
songaricum Rupr. are known as suo-yang in
China. According to the ancient Chinese medical
literature, C. songaricum is effective in regulating
endocrinopathy and heightening sexual function

and anti-aging such as dementia [3,4]. Because
it works usually together with other Chinese
herbs, its individual bioactivity has been scarcely
studied.

Polysaccharide is one of common ingredients in
many fruits with formidable health care functions

in anti-tumor [5,6], antioxidation [7,8], anti-
inflammatory [9] and human immunity
improvement [10]. The research which

emphases on the modern medicine and
functionalized food chemistry mainly focuses on
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the physiological activities and structures of
polysaccharides. So far, a large number of
researches on extraction technologies of various
polysaccharides have been reported, including
solvent extraction [11], biological enzymatic
method [12] and ultrasonic extraction [13,14].

The aim of this study was to apply ultrasonic-
assisted extraction (UAE) to isolate
polysaccharides from C. songaricum, and to
optimize the extraction parameters using
orthogonal design which is an effective method
to evaluate the effects of multiple factors and
their interaction on one or more response
variables.

EXPERIMENTAL

Material and reagents

Cynomorium songaricum Rupr. (Cynomoriaceae)
used in this study was provided by Yide
biological Technology Co, Ltd (Guazhou, PR
China). One hundred grams of C. songaricum
was dried, ground to powder and then sieved
through a mesh screen with size of aperture 370
pm. All solvents were analytical grade and
obtained from Beijing Solarbio Co, Ltd (Beijing,
P.R China).

determination of

Extraction and

polysaccharide

Polysaccharide was extracted from the dried
samples (1.0 g) by ultrasonic-assisted treatment
in an ultrasonic processor (KQ-250DB, Kunshan
Ultrasonic Instruments Co, Ltd, Jiangsu, China).
Then, impurity proteins, vitamins, lipids and other
pulp components were separated by
centrifugation in a 50 mL centrifuge tube. The
supernatant was collected and concentrated in a
vacuum concentrator and precipitated with 80 %
ethanol, and then the precipitate was washed
sufficiently with ethanol, and suspended by 100
mL of water. The solution was filtered later. The
content of polysaccharide extracted from C.
songaricum was measured by phenol-sulfuric
acid method using glucose as standard [15]. The
optical density of reaction solution was measured
at 485 nm. The content of polysaccharide in this
study was calculated according to the equation of
linear regression (Y = 12.6308x - 0.0144, R? =
0.9997) based on the standard curve of which
horizontal coordinate and vertical coordinate
denoted the concentration of glucose (mg/mL)
and 0ODA485, respectively. The vyield of
polysaccharide could be calculated as in Eq 1.

Polysaccharide yield (%) = (CNV)/1000W)1000 ..... (1)

where C is the concentration of polysaccharide
calculated by the calibrated regression equation
(mg/mL), N is the dilution factor, V is the total
volume of extraction solution (mL) and W is the
weight of raw material (g).

Single-factor test

Effect of ultrasonic power on the yield of
polysaccharide

The ultrasonic power was set at 240, 360, 480
and 600 W, respectively, meanwhile, ratio of raw
material to water, extraction temperature,
extraction times and extraction duration were
fixed at 1;30, 80 °C, twice and 60 min. Under
these conditions, the content of polysaccharide
extracted was determined by phenol-sulfuric acid
method and calculated.

Effect of ratio of raw material to water on the
yield of polysaccharide

The ultrasonic power, extraction temperature,
extraction duration and extraction times were
fixed at 480 W, 70 °C, 60 min and twice; in
addition, the ratio of raw material to water was
set at 1:6, 1:10, 1:20, 1:30, 1:40 and 1:50 g/mL,
respectively. Under these conditions, the content
of polysaccharide extracted was determined by
phenol-sulfuric acid method and calculated
according to equation (1).

Effect of extraction temperature on the yield
of polysaccharide

The extraction temperature was set at 60, 70, 80,
and 90 °C, with the ratio of raw material to water,
ultrasonic power, extraction times, and extraction
duration at 1:30, 480 W, twice and 60 min,
respectively. The content of polysaccharide
extracted was determined by phenol-sulfuric acid
method and calculated as in Eq 1 above.

Effect of extraction time on the yield of
polysaccharide

The extraction duration was set at 30, 50, 70 and
90 min, respectively, and ratio of raw material to
water, ultrasonic power, extraction times, and
extraction temperature were fixed at 1:30, 480
W, twice and 80 °C. The content of
polysaccharide extracted was determined by
phenol-sulfuric acid method and calculated as in
Eq 1 above.
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Optimization of extraction conditions by
orthogonal design

According to the results of the single factor
experiment, orthogonal array (L9(3*) with four
factors at three levels was chosen to seek the
optimum conditions for the maximal yield of
polysaccharide extracted from C. songaricum.
Factors and its levels of orthogonal design were
shown in Table 1 and the results of orthogonal
test are shown in Table 2 and Table 3. Each of
the 9 experiments was performed in triplicate.

Analysis of variance

Analysis of variance (ANOVA) is one of the most
important statistical tools, which is used to
uncover the main factor and interaction effects of
variables. It is also used to identify the procedure
parameters that are statistically significant. In
ANOVA, F ratio is employed to recognize these
significant parameters from others. F value is the
ratio of the variance estimation of the treatment
effect to the variance estimation of the error. The
large value of F ratio means that the selected
parameter has a significant effect on the
evaluation index compared with the error
variation. The sum of squares and degrees of
freedom corresponding to the eliminated terms
are added into the residual sum of squares and
degree of freedom.

Determination of antioxidant activity in vitro
Scavenging of DPPH radical assay

The DPPH scavenging assay was performed
according to the method of Shimada et al [16].
0.2 mM DPPH in 60 % ethanol was prepared
before UV measurements. Then, 3.0 mL of
polysaccharide extracted from Cynomorium
songaricum Rupr (0.002, 0.004, 0.008 and 0.012
mg/mL) was added into 1.0 mL DPPH, and kept
at room temperature for 30 min in the dark. The
absorbance of the solution was measured at 525
nm later. Ascorbic acid (0.002, 0.004, 0.008 and
0.012 mg/mL) was used as positive controls.

The scavenging activity of DPPH radical (%) was

calculated according to the method of Shimada
et al [16].

Table 1: Orthogonal factors and levels

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity was
measured according to the method of Jin et al
[17]. 10 mL reaction mixture is inclusive of 2 mL
of 200 mM sodium phosphate buffer (pH 7.4), 1.5
mL of 5.0 mM 1, 10-phenanthroline aqueous
solution, 1.0 mL of 7.5 mM FeSO, aqueous
solution, 1.0 mL of 0.1 % H,O, aqueous solution,
0.1 mL of the polysaccharide aqueous solution
with different concentrations (0.2, 0.30, 0.40 and
0.50 mg/mL) and 4.4 mL of distilled water. After
incubated at 37 °C for 1 h, the absorbance of the
mixture was measured at 510 nm. The
scavenging activity of hydroxyl radical production
was calculated according to the method of Jin et
al [17].

Statistical analysis

The values are expressed as means * standard
deviation. Statistical analysis was done by Origin
Lab software (version 8.0). ANOVA was used to
analyze significant differences among the trails in
the orthogonal design. The criterion for statistical
significance was p < 0.05, and extreme
significance was p < 0.01.

RESULTS

Effect of ultrasonic power on yield of
polysaccharides

The effects of different ultrasonic powers on the
yield of polysaccharides were investigated in the
.commended study. As shown in Figure 1a, the
extraction yield increased as the increase of
ultrasonic power ranged from 240 W to 480 W,
and reached the maximum value at 480 W.

Effect of ratio of raw material to water on
yield of polysaccharides

The effects of different ratios of raw material to
water, on the vyield of polysaccharides were
studied. As shown in Figure 1b, the extraction
yield continued to increase evidently with the
growth in the ratio of raw material to water until
reaching at 1:30 g/mL.

Level Factors
A (Ultrasonic B (ratio of raw material to C (extraction D (extraction time
power W) water g/mL) Temperature °() min)
1 420 1:25 75 60
2 480 1:30 80 70
3 540 1:35 85 80
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Effect of extraction temperature on yield of
polysaccharides

The effects of different extraction temperature on
the yield of polysaccharides were evaluated in
this research. As was indicated in Figure 1c, the
yield of polysaccharides was increasing all the
time with the increase of extraction temperature
range of 60~80 °C and reached the peak value at
80 °C. The yield of polysaccharides decreased
when the extraction temperature exceeded 80
o

C.

Effect of extraction time on extraction yield of
polysaccharides

The effect of extraction time on vyield of
polysaccharides from C. songaricum was shown
in Figure 1d. It could be found that the extraction
yield increased as extraction time ascended from
30 to 70 min, peaked at 70 min, and then

Optimization of extraction conditions of
polysaccharides

Orthogonal array (L9(34)) was used to optimize
the extraction parameters of polysaccharides.
Results were shown in Table 2 and Table 3.
There were nine experiments corresponding to
the nine rows and four columns. Each
experiment was repeated three times under the
same conditions to eliminate the effects of noise
sources in the process. The responses of all
tests were given in Table 2. The significance of
the factors was studied by ANOVA. The ANOVA
summary was shown in Table 3. The F-value
was used for qualitative analysis of whether
effective factors existed. Factors A and C are
significant for the polysaccharide yield from C.
songaricum at 99 % confidence level.
Meanwhile, factors B and D show less effect on
the polysaccharide yield from C. songaricum at
the 90 % confidence level.

decreased.
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Figure 1: Effects of different factors on extraction yield of polysaccharide: ultrasound power (a), ratio of raw

material to water (b), extraction temperature (c), and extraction time (d). All data were mean values of triplicate.
The vertical error bars represented the standard deviation of each data point (P < 0.05)
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Table 2: Results of orthogonal experiment

No. A (Ultrasonic B (ratio of raw C (extraction D (extraction Yield (%, n=
power W) material to water Temperature °C) time min) 3)
g/mL)
1 1 1 1 1 3.84
2 1 2 2 2 4.37
3 1 3 3 3 3.73
4 2 1 2 3 3.88
5 2 2 3 1 3.67
6 2 3 1 2 3.95
7 3 1 3 2 3.08
8 3 2 1 3 3.34
9 3 3 2 1 4.01
k1 3.980 3.600 3.710 3.840
k2 3.831 3.792 4.087 3.798
k3 3.479 3.898 3.493 3.652
R 0.501 0.298 0.594 0.188
Table 3: ANOVA data of the orthogonal experiment
Factor SS Df MS F-value P-value
A (ultrasonic power) 1.192 2 0.596 7.584 0.004
B (ratio of raw material to water) 0.410 2 0.205 2.610 0.101
C (extraction temperature) 1.623 2 0.811 10.323 0.001
D (extraction time) 0.175 2 0.087 1.111 0.351
Error (%) 1.415 18 0.079
Note: SS = sum of squares; DF = degree of freedom; MS = mean square
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Figure 2: Antioxidant activities of polysaccharide from C. songaricum. (a) Scavenging activity of DPPH radical.
(b) Scavenging ability of hydroxyl radicals. Data were shown as mean value of three parallel tests. The vertical
bars represented the standard deviation of each data point (p < 0.05)

The results indicated that factor C was the most
significant factor contributing to the extraction
efficiency of polysaccharides, followed by factor
A, factor B, and factor D. The optimum condition
was obtained by orthogonal design, and was
recommended as follows: ultrasonic power 420
W, ratio of raw material to water 1:30 g/ml,
extraction temperature 80 °C, and extraction time
70 min. To test the reliability of the commended
method, The polysaccharides was extracted for
five times under above conditions, and results
showed that experimental value 4.51 % (n = 5,

RSD = 1.98 %) was consistent with the predictive
values.

Radicals scavenging activity
Scavenging activity of DPPH radicals

The scavenging ability on DPPH radicals for
polysaccharide extracted from C. songaricum
and ascorbic acid were measured respectively,
the results were shown in Figure 2a. With the
concentration of polysaccharide increasing from
0.002 mg/mL to 0.012 mg/mL, the DPPH radical
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scavenging activity increased all the time until
reached to 64.82 %, and the maximum
scavenging rate of ascorbic acid could reach
88.61 % at 0.008 mg/mL. This manifested that
the polysaccharide from C. songaricum had a
strong scavenging ability on DPPH radicals.

Scavenging activity of hydroxyl radicals

The result of hydroxyl radical scavenging
activities of the polysaccharide was given in
Figure 2b, which showed the difference of
scavenging activity between the polysaccharide
and ascorbic acid. Ascorbic acid was used as

positive control. The scavenging activity
increased significantly in a concentration-
dependent way with polysaccharide

concentration range of 0.2 - 0.5 mg/mL, and
achieved maximum value of 18.36 % at 0.5
mg/mL, however the maximum scavenging
activity of ascorbic acid was 91.71 % at 0.5
mg/mL, which indicated that hydroxyl radicals
scavenging activities of polysaccharide were not
obvious compared with the ascorbic acid.

DISCUSSION

extraction methods
Soxhlet extraction,

Instead of conventional
including fluid extraction,
supercritical or subcritical extraction and
pressurized liquid extraction, polysaccharides
were extracted from C. songaricum Rupr using
ultrasonic-assisted extraction in this study.
Because ultrasonic extraction could obtain higher
efficiency of extraction and more healthy
extractive by reducing the handling time and use
of solvent; meanwhile, its low operated
temperatures can reduce the heat loss caused
by high temperatures; in addition, it also prevents
the vaporization of solvent during boiling and
preserves bioactive substance. It is very useful
for the extraction of thermolabile compounds
[18,19]. In the present study, the best extraction
technological parameters for polysaccharides
from C. songaricum using ultrasonic-assisted
extraction procedure is being reported for the first
time. The ultrasound-assisted extraction
parameters were optimized (ultrasonic power,
extraction temperature, extraction time, and ratio
of raw material to water) for increase extraction
efficiency of the polysaccharides from C.
songaricum by orthogonal experimental design.
We found that the ultrasonic power and
extraction temperature were significant for the
polysaccharide extraction from C. songaricum at
the 99 % confidence level. While Ajaz Ahmad
[19] found that the extraction temperature was an
important factor for extraction efficiency of the

polysaccharide at the 95 % confidence level in
optimal  conditions of  ultrasonic-assisted
extraction of polysaccharides from Paeonia
emodi. The p-value was used as evaluation
index to check the significance of each
coefficient and the interaction strength between
variables [20].

Polysaccharides have been studied profoundly
as additives in food and pharmaceutical
applications due to their unique bioactivity
[21,22]. We just determined the scavenging ablity
on hydroxyl and DPPH radicals in vitro. Several
studies have also reported that polysaccharides
obtained by ultrasound treatment have different
antioxidant activities depending on the extraction
conditions (e.g., ultrasound power, extraction
time, and extraction temperature) [23]. Some
reports indicated that polysaccharide extracted
by ultrasonic-assisted extraction had higher
antioxidant activities than those polysaccharide
extracted by enzyme-assisted extraction [24]. But
the extraction technology of polysaccharides
from C. songaricum and its bioactivities need to
be further studied.

CONCLUSION

The four parameters (ultrasonic power, ratio of
raw material to water, extraction temperature,
and extraction time) tested in UAE were
optimized by orthogonal design. The yield of
polysaccharides was as high as 4.51 % under
the optimized extraction conditions as follows:
1:30 as ratio of raw material to water, extraction
for 70 min at 80 °C with ultrasonic power being
420 W. The polysaccharides extracted from C.

songaricum showed significant antioxidant
activity.
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