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A B S T R A C T

Glycyrrhiza uralensis is an important traditional Chinese herbal medicine. Polysaccharide is one of active com-
ponents of G. uralensis. In this paper, the extraction conditions of crude polysaccharides from G. uralensis (GPs0)
were optimized by central composite design (CCD), and Three purified polysaccharide fractions (GPs1, GPs2 and
GPs3) were studied based on physicochemical property, monosaccharide composition, molecular weight,
structures characteristics and antioxidant activities. Results showed that the yield of GPs0 reached at the
maximum of 4.23%, when the optimum extraction process was 1:13 g/mL (solid-liquid ratio), 600 W (ultrasonic
power) at 70°C for 85 min. Except for GPs2, the others (GPs0, GPs1 and GPs3) are non-reducing sugars. They
don’t contain starch. GPs0 and GPs1 contain protein. The molecular weight, monosaccharide composition and
Fourier transform infrared spectroscopy (FT-IR) assay showed that GPs1, GPs2 and GPs3 are pyran poly-
saccharides with a weight average molecular weight (Mw) of 4.513 × 103, 1.378 × 105 and 2.084 × 105 g/mol,
respectively. GPs1, GPs2 and GPs3 mainly contain glucose and galactose, respectively. Scanning electron mi-
croscope (SEM) demonstrated that GPs1, GPs2 and GPs3 are flaky with a pore structure. Atomic force micro-
scopy (AFM) displayed GPs1 and GPs2 have a large number of dispersions and a small amount of smaller
globular aggregates, while GPs3 is the opposite of the abovementioned result. Besides, the antioxidant activity
assay of these polysaccharides illustrated that GPs1 has a strong scavenging effect on DPPH radicals and su-
peroxide radical.

1. Introduction

Glycyrrhiza uralensis (G. uralensis) named ‘Gancao’, belongs to the
Leguminosae family, which has been known as a traditional Chinese
medicine to treat various diseases such as respiratory ailments, in-
flammatory disorders, heartburn, gastritis, liver problems and skin
diseases (Cheng et al., 2008; Zhang et al., 2015). Many studies have
indicated that the major bioactive ingredients of G. uralensis include
flavonoids, polysaccharides and triterpene saponins (Prabhjit et al.,
2012) Since 1969, Lentinus edodes polysaccharide with a good anti-
tumor activity was first discovered by Chihara in Japan (Chihara et al.,
1969), the studies of polysaccharides have been paid more and more
attention on the extraction, purification and bioactivity determination.
Polysaccharides formed by a number of monosaccharides (Li and Shah,
2014) have many physiological activities such as strengthening

immunity, anti-tumor, and antiviral (Rui et al., 2016; Yi et al., 2017),
and have been applied to drugs, agriculture, health-food market, cos-
metics (Patel et al., 2013) and biological materials. In our pervious
studies, we have reported that herbal polysaccharide mixed with hy-
droxyapatite (HAp), polylactic acid (PLA) or squid skin collagen as
biological material could be applied in the tissue engineering (Zhang
et al., 2013, 2016; Zhang et al., 2017), and also more and more studies
showed gelatin with the good cross linking feature could mix with
polysaccharide or metal ions (Zinatloo-Ajabshir and Salavati-Niasari,
2015, Zinatloo-Ajabshir and Salavati-Niasari, 2016a,b; Zinatloo-
Ajabshir and Salavati-Niasari, 2017, Zinatloo-Ajabshir et al., 2016a,b;
Zinatlooajabshir et al., 2018a,b), which provide a novel idea to prepare
nanoparticles biomaterial in drugs (Qazvini and Zinatloo, 2011;
Zinatloo and Qazvini, 2014, 2015).

Until now, the polysaccharides from G. uralensis (GPs) have been
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reported to have antitumor, anti-inflammatory, antiviral, im-
munomodulatory, antioxidant and antimicrobial activities (Chen et al.,
2016, 2017; Jiang et al., 2016; Maclennan et al., 2016). Yi et al. (2017)
discovered that the immune-modulating activity of glycyrrhiza poly-
saccharide can be improved significantly by encapsulated with lipo-
some.

Different extraction methods and source of G. uralensis will affect
the extraction rate, physicochemical properties, structure and bioac-
tivity of polysaccharide significantly. More and more extraction tech-
niques such as aqueous extraction, pressurized water extraction (PWE),
ultrasonic-assisted extraction (UAE), and microwave-assisted extraction
(MAE) (Feng et al., 2015; Yuan and Macquarrie, 2015) were used to
extract polysaccharides. UAE is the most useful method to replace
conventional extraction techniques for extraction of poly-
saccharides,combined with the optimal statistical experimental designs
(Shen et al., 2014). Response surface methodology (RSM) is a collection
of statistical techniques, including experiment designing, model
building, evaluation of factors, and searching for optimal conditional
factors (Ghasemzadeh et al., 2015), which has been used for optimizing
extraction conditions for extraction of polysaccharides (Aguiló-Aguayo
et al., 2017; Ji et al., 2017; Ma et al., 2016; Ren et al., 2017; Romdhane
et al., 2017; Yang et al., 2017). Until now, there have been some reports
on the extraction, isolation and characteristic analysis of polysaccharide
from G. uralensis. Polysaccharide of G. uralensis from Yanchi, Ningxia,
China was extracted by hot water reflux (HWE) with the given condi-
tion of hot water (1:9, w/v) at 80 ℃ for 1 h, and then purified to obtain
three water-soluble polysaccharides fractions (GUPs-1, GUPs-2 and
GUPs-3) for the analysis of physicochemical properties and antioxidant
activities (Zhang et al., 2015). Meanwhile, the hot water reflux ex-
traction of polysaccharide of G. uralensis from Shihezi, Xinjiang, China
with was optimized by response surface methodology, and the purified
product (GUP-II) possesses excellent antioxidant and immunological
activities (Chen et al., 2017). According to the abovementioned re-
search progress, we could find there are little published reports on the
isolation, purification, composition, structure and activity of poly-
saccharide from Minxian, Gansu, China. Especially, the optimization of
ultrasonic-assisted extraction polysaccharides from G. uralensis by RSM
have not been reported. In this study, the processing parameters for
UAE-assisted extraction of crude polysaccharides (GPs0) from G. ur-
alensis were optimized by RSM, and physicochemical property, mono-
saccharide composition, molecular weight, structures characteristics
and antioxidant properties of the purified fraction were determined by
multiple spectroscopy techniques. The study could provide a founda-
tion for illuminate the structure-activity relationships of different pur-
ified polysaccharides from G. uralensis.

2. Materials and methods

2.1. Extraction and determination of crude polysaccharides

G. uralensis purchased from De Sheng Tang Pharmacy, Minxian,
Gansu Province, China, were smashed and passed through 40 mesh
sieve. The powders were defatted using petroleum ether. The ultrasonic
assisted extraction (UAE) was used to obtain GPs according to the
central composite design (CCD), described by Ying et al. (2011) and
Prakash et al. (2013). In detail, G. uralensis powder (100 g) mixed with
an appropriate amount of distilled water in a 500mL round bottomed
flask was ultrasonic-assisted treated in an ultrasonic processor (KQ-
250DB, Kunshan Ultrasonic Instruments Co., Ltd., Jiangsu, China). The
extraction conditions such as solid-liquid ratio, extraction temperature,
extraction duration, and ultrasonic power were fixed at 1:10-1:20 g/
mL, 65–75 °C, 50–70min and 400–600W, respectively. The extracts
were purified by removing lipids, proteins and other components with
different organic solvents, respectively. Meanwhile, the supernatant
was separated, concentrated in a vacuum concentrator, and pre-
cipitated with four times volumes of 90% (v/v) ethanol for 24 h at 4 °C,

and the crude GPs0 was obtained by vacuum freeze drying (FD-1A-50,
Boyikang Instruments Co., Ltd., Beijing, China).

The content of GPs0 was determined at 485 nm (OD485) by phenol-
sulfuric method (Dubois et al., 1956), calculated with linear regression
equation (Y = 0.0607X − 0.0569, R2 = 0.9977), the linear range of
glucose concentration is 0–50 μg/mL. The yield of GPs0 could be cal-
culated as follows:

=
× ×

×
×GPs0 yield(%) C N V

W 1000
100%

where C denotes the concentration of polysaccharides (mg/mL); N de-
notes the dilution factor; V denotes the volume of extraction solution
(mL); W denotes the weight of raw materials (g).

2.2. Extraction optimization

Based on the results of single-factor experiments and design prin-
ciple of the response surface center combination experiments, four in-
dependent variables (solid-liquid ratio, extraction temperature, ultra-
sonic power, extraction duration) were used to optimize the yield of
GPs0 at three levels. The twenty-one experimental points in Table 1
represented the coded and non-coded values of the experimental vari-
ables. Five repetitions (17–21) were used to calculate the pure error.
Experimental results exhibited that response variables were fitted by a
quadratic polynomial model set, and its general form was as follows:
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where Y is the measured response associated with each factor lever
combination; β0, βi, βii and βij are the regression coefficients for in-
tercept, linear, quadratic and interaction terms, respectively; xi and xj
are the coded independent variables. DesignExpert Software (Version
8.0.5) was used to estimate the response of each experimental design
and optimize conditions. The fitness of the quadratic polynomial model
was inspected by the regression coefficient R2. F-value and P-value

Table 1
Design and Results of RSM.

No. A
(Extraction
temperature,
°C)

B
(Extraction
duration,
min)

C
(Solid-
liquid
ratio, g/
mL)

D
(Ultrasonic
power, W)

Y
(Extraction
yield, %)

1 1 (75) 1 (90) 1 (1:20) −1 (400) 3.11
2 1 (75) 1 (90) −1

(1:10)
−1 (400) 2.82

3 1 (75) −1 (70) 1 (1:20) 1 (600) 3.42
4 −1 (65) 1 (90) −1

(1:10)
1 (600) 3.36

5 1 (75) −1 (70) −1
(1:10)

1 (600) 3.24

6 −1 (65) −1 (70) 1 (1:20) −1 (400) 3.31
7 −1 (65) 1 (90) 1 (1:20) 1 (600) 3.76
8 −1 (65) −1 (70) −1

(1:10)
−1 (400) 3.21

9 −1 (65) 0 (80) 0 (1:15) 0 (500) 3.49
10 1 (75) 0 (80) 0 (1:15) 0 (500) 4.21
11 0 (70) −1 (70) 0 (1:15) 0 (500) 4.02
12 0 (70) 1 (90) 0 (1:15) 0 (500) 4.19
13 0 (70) 0 (80) −1

(1:10)
0 (500) 3.69

14 0 (70) 0 (80) 1 (1:20) 0 (500) 4.16
15 0 (70) 0 (80) 0 (1:15) −1 (400) 3.89
16 0 (70) 0 (80) 0 (1:15) 1 (600) 4.24
17 0 (70) 0 (80) 0 (1:15) 0 (500) 4.26
18 0 (70) 0 (80) 0 (1:15) 0 (500) 4.19
19 0 (70) 0 (80) 0 (1:15) 0 (500) 4.21
20 0 (70) 0 (80) 0 (1:15) 0 (500) 4.24
21 0 (70) 0 (80) 0 (1:15) 0 (500) 4.27
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were used to check the significance of the regression coefficient.

2.3. Purification of GPs

According to the abovementioned method, the GPs0 was extracted,
freeze-dried, re-dissolved in distilled water into a concentration of
20mg/mL. 1mL of the sample filtered through a DEAE-52 cellulose
chromatography column (2.6× 20 cm) was equilibrated with distilled
water. The polysaccharides were fractionated and eluted with distilled
water and various concentrations of NaCl solution (0, 0.1 and 1mol/l
NaCl). The eluate was collected at 1mL/min flow rate and each test
tube (3mL) by an automated step-by-step fraction collector and mon-
itored by the phenol-sulfuric acid method. The main fraction was fur-
ther purified through Sephadex G-100 column (2.0×30 cm), dialyzed
with the deionized water, and lyophilized for further research.

2.4. Physicochemical properties analyses of GPs

Phenol-sulfuric acid procedure (Dubois et al., 1956), iodination
reaction (Lee et al., 1994), Fehling’s test (F. Schneider, 1979), carbazole
reaction (Bitter and Muir, 1962), ninhydrin reaction (Sarin et al., 1981)
and barium chloride-gelatin method (Kawai et al., 1969) were applied
to determine the physicochemical properties of GPs, respectively.

2.5. Molecular weight of GPs

The molecular weight of GPs were evaluated by high performance
size exclusion chromatography (HPSEC, DAWN EOS, Wyatt Technology
Co., USA) with online multi-angle light scattering (MALLS). MALLS
measurements were carried out on a multi-angle laser photometer
(MALLS, DAWN®, HELEOS, Wyatt Technology Co., Santa Barbara, CA,
USA) at 690.0 nm coupled with an Ultrahydrogel™ column
(7.8×300mm, Waters, USA). An Optilab refractometer (Dawn®, Wyatt
Technology Co., Santa Barbara, CA, USA) was simultaneously con-
nected. The solvent was filtered through filter with 0.2 μm membrane
filter and degassed using an ultrasonic cleaner (KQ-250DB, Kunshan
Ultrasonic Instrument Co., Ltd., China). 50 μL GPs solution was injected
and eluted with the flow rate of 0.5mL/min. The collected data were
analyzed using the Astra Software (Version 5.3.1). The specific re-
fractive index increments (dn/dc) of the polysaccharides in distilled
water was measured at 690 nm by Optilab refractometer at room
temperature. The value of dn/dc was 0.135mL/g.

2.6. Monosaccharide and FT-IR analysis

Gas chromatography and mass spectrometry (GC–MS, Agilent
Technologies Inc., USA) was applied to determine the monosaccharide
composition according to Huang et al. (2006). Fourier transform in-
frared spectroscopy (FT-IR, FTS3000, PE, Co., Ltd., USA) analysis of the
sample was obtained by grinding the mixture of polysaccharides and
dry KBr. Spectral scanning was performed in a range of 500-4000 cm−1

with a resolution of 4 cm−1 on a Fourier transform infrared spectro-
photometer (Thermo Scientific Nicolet iN10). At least 10 scans were
performed for all spectra.

2.7. Scanning electron microscope observation

The three purified polysaccharides (GPs1, GPs2 and GPs3) were
gold-plated 160 s by coating apparatus with 10 Pa vacuum and ion
current of 15 mA, then the surface morphology of GPs was observed by
Scanning electron microscope (SEM, JSM-6701 F, Japan Electronic
Optics Co, Japan) (Jun et al., 2010).

2.8. Atomic force microscope observation

GPs1, GPs2 and GPs3 were dissolved in distilled water to a stock

solution of 0.1mg/mL, which was stirred for 2 h at 70 °C for dissolve
completely. The stock solution was then diluted into 0.1 μg/mL with
distilled water or blended with sodium dodecyl sulfate (SDS) at a ratio
of 1:1 (GPs:SDS, w/w). The diluted solutions were stirred for 6 h at
60 °C. 10 μL of sample were deposited on a cleaved mica for 10min,
rinsed with 1mL distilled water, dried with air. Atomic force micro-
scope (AFM, 5500, Agilent Technologies, USA) was used for the scan-
ning of surface topologies in the dry state under tapping mode.

2.9. Determination of bioactivities of GPs in vitro

2.9.1. Hydroxyl radical scavenging assay
Hydroxyl radical scavenging activity was determined according to

Jin et al. (1996) with appropriate modifications. Reaction mixtures
including 0.5 mL of 5.0 mM salicylic acid solution, 0.5 mL of 7.5 mM
FeSO4 solution, 0.5mL of 0.1% H2O2 solution, 0.5 mL of the poly-
saccharides solution with different concentration (0.25, 0.5, 0.75, 1.0,
1.5, 2.0, 2.5, 3.0, 3.5 and 4.0mg/mL, respectively) and 3mL distilled
water, were incubated at 37 °C for 30min, and the absorbance of which
was determined at 510 nm. The scavenging activity of hydroxyl radical
production was measured as follows:

= −
−

×Scavenging activity(%) (1 A A
A

) 100%1 2

0

where A0 denotes the absorbance of the control group in the hydroxyl
radical generation system (water instead of GPs solution), A1 denotes
the absorbance of the test group, and A2 denotes the absorbance of the
control (water instead of H2O2 solution), respectively.

2.9.2. Superoxide radical scavenging assay
Superoxide radical scavenging activity of GPs1, GPs2 and GPs3 were

measured according to Yuan and Gao (1997) with necessary mod-
ifications. Firstly, the polysaccharides were diluted to different con-
centration (0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mg/mL).
Secondly, GPs in Tris-HCl buffer (pH 8.2) were incubated at 25 °C for
20min, and then pyrogallol were added into the mixture and kept at
25 °C for 4min. The reaction was terminated by addition of 1mL 10M
HCl. The absorbance of the mixture was determined at 325 nm, and
50mM phosphate buffer (pH 7.2) was used as the control. The
scavenging activity of superoxide radical was computed by the fol-
lowing formula:

= − ×( )Scavenging activity(%) 1 A
A 100%1

0

where A0 represents the absorbency variation of the control in the
surperoxide radical generation system and A1 represents the absorbance
change of the treatment group.

2.9.3. Effect of scavenging of (DPPH) radicals
The DPPH scavenging assay was based on the method of Shimada

et al. (1992). The solution of 0.2mM DPPH in 60% ethanol was pre-
pared before UV measurements. Then, the solution including 2.0 mL of
the polysaccharides and 2.0 mL DPPH was kept at room temperature for
30min in the dark, the absorbance of which at 525 nm was measured.
Ascorbic acid was used as the positive controls. The scavenging activity
of DPPH radical (%) was calculated as follows:

= −
−

×Scavenging activity(%) (1
A A

A
) 100%i j

0

where A0 denotes the absorbance of DPPH solution without sample; Ai

denotes the absorbance of the test sample mixed with DPPH solution,
and Aj denotes the absorbance of the sample without DPPH solution.

2.9.4. Total reduce power assay
The total reduce power assay was carried out according to Deng

et al. (2011). The reaction mixture containing 1mL of phosphate buffer
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(pH 6.6, 0.2 M), 1mL of potassium ferricyanide (1%, w/v), and PNEP
solution was incubated at 50 °C for 20min. The reaction was terminated
by addition of 1mL of trichloroacetic acid (10%, w/v) to the mixture.
After addition of 4mL deionized water and 1mL of FeCl3 solution
(0.1%, w/v), the solution was incubated at room temperature for
10min, the absorbance of which was measured at 700 nm. Ascorbic
acid was used as the positive control.

2.10. Statistical analysis

All data were based on mean values of triplicate. The difference was
deemed to be significant when P < 0.05. The Origin Pro Software
Package 8.5 (Origin Lab. Corp.) and Design Expert Software Version
8.0.5 (Stat-Ease Inc.) were applied to the statistical analysis.

3. Results and discussions

3.1. Optimization of extraction conditions

3.1.1. Establishment of regression model and analysis of variance
(ANOVA)

The values of yield of polysaccharides to different levels combina-
tions of the variables were given in Table 1. Based on multiple re-
gression analysis of the experimental data, the response variables and
the test variables were related by the following second-order poly-
nomial equation:

= − + − × + × − ×

+ × − × + ×

+ × + × = × − ×

− × − ×

− ×

− − −

− − −

− − − −

− −

−

Y A B C D
AB AC AD

BC BD CD A
B C
D

26.72 1.06 9.26 10 1.81 10 1.91 10
1.16 10 1.0 10 4.17 10

1.025 10 4.9125 10 4.75 10 7.72 10
1.09 10 8.57 10
2.19 10

3 2 3

4 4 5

3 4 5 3 2

3 2 3 2

5 2

Where Y is the polysaccharides yield; A, B, C, and D are extraction
temperature, extraction duration, ratio of water to raw materials, ul-
trasonic power, respectively.

The value of the determination coefficient (R2 = 0.9969) from the
ANOVA of the quadratic regression model indicated that it is a high
correlation between the observed and predicted value. The model could
be used to optimize the conditions of the GPs0 extraction. The analysis
of variance suggested that the independent variables (A, C and D),
quadratic terms (A2, C2 and D2) and interaction terms (BD) significantly
affected the polysaccharides yield (P < 0.01, F≈135.7391) as shown
in Table 2, which exhibited that the extraction temperature is the most
significant factor influenced GPs0 yield followed by solid-liquid ratio,
ultrasonic power and extraction duration.

3.1.2. Interaction analysis of regression model
The effect of various factors on the yield of GPs0 and the interaction

among various factors were shown in Figs. 1and Figure 2. In order to
assess the effects of the four parameters (extraction temperature, ex-
traction duration, solid-liquid ratio and ultrasonic power) on the yield
of GPs0, two variables within the experimental range were described in
a 3D surface plots while the other two variables remained unchanged at
zero level. As shown in Fig. 1, the response surface opening down in-
dicates the response value increases with the increasing of each factor,
and then decreases, which indicates the model is stable and the sta-
tionary point is a maximum. The shapes of the contour plots shown
whether the interactions among variables were significant (Wang et al.,
2015). Six independent response surface plots were shown in Figs. 1
and 2.

Figs. 1a and Figure 2a demonstrated the effects of extraction tem-
perature (A) and extraction duration (B) on the yield of GPs0. The yield
increased to stable by the increase of temperature gradually. Compared
with extraction duration, the effect of extraction temperature was more
significant, but the effect of their interaction was not significant. This

result was consistent with Wang et al. (2015). The effects of extraction
temperature (A) and solid-liquid ratio (C) on the yield of GPs0 was
shown in Figs. 1b and Figure 2b, which indicated that extraction tem-
perature could affect the yield obviously. The interaction between ex-
traction temperature (A) and ultrasonic power (D) exhibited non-sig-
nificant on the yield of GPs0 as shown in Figs. 1c and Figure 2c. The
effects of extraction duration (B) and solid-liquid ratio (C) on the pro-
duction of GPs0 significantly as displayed in Figs. 1d and Figure 2d.
However, both ultrasonic power (D) and extraction duration (B) has a
negative effect on the yield of GPs0, the yield decreased with the in-
crease of ultrasonic power and extraction duration in Figs. 1e and
Figure 2e. And the results in Figs. 1f and Figure 2f displayed the in-
teraction between solid-liquid ratio (C) and ultrasonic power (D) also
cannot significantly affect the yield of GPs0. Among the four extraction
parameters, extraction temperature was the most important factor af-
fecting the yield of GPs0, followed by solid-liquid ratio, ultrasonic
power and extraction duration. The optimal extraction conditions of
GPs0 were obtained as follows: 1:12.85 g/mL (solid-liquid ratio),
564.08W (ultrasonic power), 69.45 °C (extraction temperature), and
85.53min (extraction duration), a maximum yield predicted of the
GPs0 was 4.40%.

3.1.3. Validation of the models
Taking the error from the actual operation into consideration, the

optimal extraction conditions was revised as follows: the samples with
solid-liquid ratio of 1:13 g/mL were incubated at 70 °C under 600W for
85min A verification experiment was carried out to validate the ade-
quacy of the model under the revised optimal conditions, the yields of
GPs0 was (4.23 ± 0.01)%. Compared with the theoretical prediction
value (4.40%), the relative error was about 3.86%, which demonstrated
that the extraction parameters obtained by the model are accurate,
reliable and practical.

3.2. Purification of polysaccharides and physicochemical property analysis

The GPs0 solution was separated and purified by anion exchange
chromatography on a DEAE-52 cellulose column, three independent
elution peaks were obtained by phenol-sulfuric acid assay (Fig. 3). The
acidic polysaccharide GPs1, GPs2 and GPs3 were eluted with a higher
salt concentration. The three fractions were collected, concentrated and

Table 2
Analysis of variance for fitted quadratic polynomial model.

Source SS DF MS F-value P-value Significance

Model 4.519227 14 0.322802 135.7391 <0.0001 **
A 0.2592 1 0.2592 108.9943 <0.0001 **
B 0.00045 1 0.00045 0.189226 0.6788
C 0.13225 1 0.13225 55.6115 0.0003 **
D 0.06125 1 0.06125 25.7558 0.0023 **
AB 0.000123 1 0.000123 0.051512 0.828
AC 0.000113 1 0.000113 0.047307 0.835
AD 0.001563 1 0.001563 0.657036 0.4486
BC 0.021013 1 0.021013 8.835816 0.0249 *
BD 0.386123 1 0.386123 162.3656 <0.0001 **
CD 0.004513 1 0.004513 1.897519 0.2175
A2 0.481366 1 0.481366 202.4158 <0.0001 **
B2 0.030462 1 0.030462 12.80921 0.0117 *
C2 0.117168 1 0.117168 49.26937 0.0004 **
D2 0.122701 1 0.122701 51.59599 0.0004 **
Residual 0.014269 6 0.002378
Lack of fit 0.009749 2 0.004874 4.313553 0.1003
Pure error 0.00452 4 0.00,113
Cor. total 4.533495 20

R2=0.9969, R2
Adj= 0.9895, “**” very significant (P < 0.01), “*” significant

(0.01 < P < 0.05).
Note: SS denotes sum of squares; DF denotes degree of freedom; MS denotes
mean square.
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purified by gel filtration chromatography with the Sephadex G-100.
Three single elution peaks (GPs1, GPs2 and GPs3) were obtained, re-
spectively. According to the Supplementary Table S1, crude poly-
saccharide from Yanchi, Ningxia, China extracted by hot water reflux
was purified with the same method and three fractions (GUPs-1, GUPs-
2 and GUPs-3) were obtained (Zhang et al., 2015). However, five
fractions of crude GUP of G. uralensis from Shihezi, Xinjiang, China
were obtained by the purified technology with DEAE cellulose-32 (Chen
et al., 2017).

The analysis results of physicochemical properties of GPs0, GPs1,
GPs2 and GPs3 indicated that except for GPs2, the others are non-re-
ducing sugars. They don’t contain starch, while GPs0 and GPs1 contain

protein. The uronic acid contents of four polysaccharides were de-
termined according to carbazole reaction. The uronic acid contents of
GPs0 and GPs3 were 4.08% and 18.62%, respectively. No uronic acid
existed in GPs1 and GPs2. The sulfate contents of four polysaccharides
followed the order: GPs0 (3.85%), GPs2 (3.67%), GPs3 (3.42%) and
GPs1 (1.58%), respectively. This result proved GPs0, GPs1, GPs2 and
GPs3 are acidic polysaccharides. Many studies displayed the crude and
purified polysaccharides of G. uralensis from different regions showed
significant difference in the physicochemical properties by different
extraction and purification technology as shown in Supplementary
Table S1.

Fig. 1. Response surface plots for the mutual effects of (a) Temperature and time; (b) Temperature and solid-liquid ratio; (c) Temperature and power; (d) Time and
solid-liquid ratio; (e) Time and power; (f) Solid-liquid ratio and power on the yield of GPs0.
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Fig. 2. Contour plots for the mutual effects of (a) Temperature and time; (b) Temperature and.
solid-liquid ratio; (c) Temperature and power; (d) Time and solid-liquid ratio; (e) Time and power; (f) Solid-liquid ratio and power on the yield of GPs0.
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3.3. Molecular weight

Natural polysaccharides have different chemical composition, molar
mass and chain conformation, and have significant influence on their

end-use of structure property relationship (Wang et al., 2010). The
molecular weight and chain conformation of the purified GPs1, GPs2
and GPs3 determined by HPSEC-MALLS were shown in Fig. 4. The
chromatograms of GPs1, GPs2 and GPs3 didn’t exhibit a single peak,
implying that there were aggregation and the inhomogeneity of the
purified samples. The values of number-average molecular weight
(Mn), weight average molecular weight (Mw), polydispersity indexes
(PD, Mw/Mn) of three purified fractions (GPs1, GPs2 and GPs3) were

Fig. 3. Elution curve of GPs0 by DEAE-52 cellulose column.

Fig. 4. HPSEC-MALLS chromatograms of GPs1, GPs2 and GPs3.

Table 3
Molecular characterization of three purified fractions (GPs1, GPs2 and GPs3) by
HPSEC-MALLS.

Sample Fractions Mn Mw Mw/Mn

GPs1 Peak 1 1.267× 103 4.513×103 3.561
Peak 2 3.998× 102 8.349×102 2.088

GPs2 Peak 1 1.077× 105 1.378×105 1.279
Peak 2 4.299× 103 8.559×103 1.991
Peak 3 2.696× 102 2.871×102 1.065

GPs3 Peak 1 1.592× 105 2.084×105 1.309
Peak 2 3.554× 103 1.092×104 3.073
Peak 3 2.247× 102 2.606×102 1.160

Note: Mn represents number-average molecular weight, Mw is weight-average
molecular weight.
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shown in Table 3, indicating that GPs1, GPs2 and GPs3 exhibited two
peaks, three peaks and three peaks, respectively. The Mw of each peak
for GPs1 was defined to be 4.513×103 g/mol and 8.349×102 g/mol,
the Mw of each peak for GPs2 was 1.378×105 g/mol, 8.559×103 g/
mol and 2.871×102 g/mol, respectively, and the Mw of each peak for
GPs3 was defined to be 2.084×105 g/mol, 1.092× 104 g/mol, and
2.606× 102 g/mol, respectively. The molecular weight distribution of
polysaccharide is affected by the mode and factors of polymerization.
PD is used as a tool to show the distribution of molecular weight. The
molecular weight distribution is wide and the PD value is large. The PD
value is closer to 1 and the distribution of the molecular weight is
narrower. In Table 3, the value of PD (Mw/Mn) indicated that GPs1 was
mainly consisted of the polymers with two different molecular weights,
and two components of molar mass of Peak 1 and Peak 2 distribution
were inhomogeneous. On the other hand, GPs2 and GPs3 were mainly
consisted of the polymers with three different molecular weights, and
two components of molar mass of Peak 1 and Peak 3 distribution were
more homogeneous than Peak 2. The molecular weigth distribution of
also exhibited more difference between the G. uralensis of different
scourers as shown in Supplementary Table S1. The purified GUPs-1,
GUPs-2 and GUPs-3 of polysaccharides from Yanchi, Xining, China were
10 160, 11 680 and 13 360 Da, receptively (Zhang et al., 2015), which
was significantly different due to the different extraction technology
and material scources. Meanwhile, five kinds of purified poly-
saccharides from Shihezi, Xinjiang, China were obtained, but not be
determined for the molecular weight analysis (Chen et al., 2017).

3.4. Monosaccharide composition and FT-IR spectroscopy

GC–MS analysis of monosaccharide composition of GPs1, GPs2 and
GPs3 (Table 4) showed that GPs chromatographic component was re-
latively simple. GPs1, GPs2 and GPs3 contained glucose and galactose.
In addition, GPs2 and GPs3 also contained arabinose. These results
were the same as Sun and Zhang (2006) who confirmed that GPs was
consisted of glucose, arabinose and galactose, and maybe glucose or
galactose was the main chain. However, Zhang et al. reported the three
purified fractions of crude G. uralensis polysaccharides from Yanchi,
Ningxia, China were made up of glucose, galactose, arabinose, rham-
nose and mannose (Zhang et al., 2015). And the similar mono-
saccharide compositions of G. uralensis polysaccharides from Shihezi,
Xinjiang, China were reported by Chen et al. (2017) as shown in Sup-
plementary Table S1, in which the differences were due to distinct
varieties and distributions.

In order to elucidate the structures of GPs1, GPs2 and GPs3, FT-IR
were performed and the results were presented in Fig. 5. The fractions
in GC chromatogram showed that: a broadly-stretched intense peak at
3600-3200 cm−1 characteristic of hydroxyl groups (Ge et al., 2009); a
broad band at 3440 cm−1 is due to the stretching vibration of hydroxyl
group; a weak CeH band at around 2390 cm−1; the relatively strong
absorption peak at around 1600-1650 cm−1 indicated the characteristic
of C]O (Jia et al., 2014), meanwhile, the existence of C]O indicates
polysaccharides contain amide bond or carboxylic acid. The absorption

band from 1300 cm−1 to 800 cm−1, called “finger print” region, is
related to conformation and surface structure of molecule. In addition,
the region ranging from 950 cm−1 to 1200 cm−1 suggests the presence
of CeOeC, CeOeH link bonds and hydroxyl of pyranose ring, and it
demonstrates the presence of pyranose (Jing et al., 2016; Wang et al.,
2015); GPs1, GPs2 and GPs3 have these characteristic link bands of
polysaccharides. Of course, there were little differences among the
spectra of three fractions. A peak at 881 cm−1 showed that GPs3 has a
β-glycosidic bond, and peaks at 696 cm−1 or 648 cm−1 may be the
characteristic peak of rhamnose (Wei et al., 2017). The FT-IR results
were consisted with the physicochemical property of GPs1, GPs2 and
GPs3.

3.5. SEM observation

The structures of GPs1, GPs2 and GPs3 were studied by SEM
(Fig. 6). As shown in Fig. 6a, GPs1 was flaky with a pore structure. GPs2
was flaky or clastic with a rough surface and a pore structure (Fig. 6b).
While, the structure of GPs3 was different from GPs1 and GPs2, which
was irregular with a rough surface and a pore structure (Fig. 6c). Pore
structure shows that intermolecular repulsion is existed polysaccharide
molecules (Jun et al., 2010), and a pore structure from large to small
could be listed as follows: GPs2, GPs1 and GPs3, which was opposite
with Qi et al. (2012) who discovered lycium barbarum polysaccharide
(LBP3-I) has a high branch structure and sugar chains tangled together
into rings. Even if magnification didn’t obtain the microscopic mor-
phology information of polysaccharide aggregates, the structure of
polysaccharides need to be further analyzed.

Table 4
Monosaccharide compositions of the polysaccharide fractions (GPs1, GPs2 and
GPs3) from G. uralensis.

Sample Area (%)

Rha Ara Xyl Man Glu Gal

GPs1 Nd Nd Nd Nd 56.08 23.97
GPs2 Nd 16.6 Nd Nd 66.42 19.12
GPs3 Nd 0.48 Nd Nd 48.88 19.89

Note: The data are presented as mole ratios for each sugar. Individual compo-
nents were identified and quantified based on elution of known standards. Nd,
not detected.

Fig. 5. Infrared absorption spectra of GPs1, GPs2 and GPs3.
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3.6. AFM observation

Atomic force microscopy (AFM) is a novel material structure ana-
lysis method developed on the basis of scanning tunneling microscope.
AFM allows the biological macromolecule sample directly to observe
under close physiological condition. AFM can provide tridimensional
information of biological macromolecules in nano/submicron, and it is
suitable for the study of visualization and function of biological mac-
romolecules. Therefore, it has been widely used to study the surface
morphology or structure of biomacromolecules. AFM has also been
applied successfully on imaging of polysaccharides (Wei et al., 2016).

The molecular morphology of GPs1, GPs2 and GPs3 were depicted
in detail by AFM (Fig. 7). Fig. 7a, c, and e depicted the molecular
morphology (scanned at 10×10 μm) of them, respectively. Fig. 7a and
c showed that GPs1 and GPs2 were closely arranged and varied in size.
There were a large number of dispersions and a small amount of smaller
globular aggregates. While Fig. 7e showed that GPs3 was contrary to
the result above mentioned, indicating GPs3 has a greater viscosity of
the solution than GPs1 and GPs2. Unlike the Oat β-glucan reported by
Wu et al. (2006), of which the spherical aggregates were dispersed into
discrete and extended polymer chains with SDS, three purified poly-
saccharides (GPs1, GPs2 and GPs3) appeared still as spherical chains
after dispersion with SDS.

Fig. 7b, d and f showed a tridimensional structure of GPs1, GPs2 and
GPs3, respectively, which represented that the height of the aggrega-
tion of three purified fractions in the solution. Surface topography of

them are rugged and likely composed of many high sharp ends and
many irregular protrusions. It also suggested that the structure units of
GPs1, GPs2 and GPs3 might be branched and entangled with each
other. The results were the same as Li et al. (2017). These directly
confirmed that the chemical structure of polysaccharides with highly
branched molecules.

3.7. Determination of bioactivities in vitro of GPs

3.7.1. Hydroxyl radical scavenging assay
Hydroxyl radical is an extremely reactive chemical species which

can react with any biological molecule and their damaging action is the
strongest among free radical species (Jiang et al., 2010). Hydroxyl ra-
dical (OH−) can easily cross cell membranes and react readily with
most biomolecules including carbohydrates, proteins, lipids, and DNA
in cells to cause tissue damage even cell death (Yuan et al., 2012).
Removing HO− and superoxide radical is important for the protection
of living systems. Hydroxyl radicals were generated in an H2O2-FeSO4

system and assayed by the oxidation of salicylic acid. The results in
Fig. 8a showed hydroxyl radical scavenging assay of GPs0, GPs1, GPs2
and GPs3 at different concentrations with ascorbic acid (Vc) as the
positive control. The hydroxyl radical scavenging activities were en-
hanced with increased concentration. HO− scavenging activity of Vc
was the highest. The highest scavenging activity was 83.10% for Vc
(2.5 mg/mL) while those of the remainder of GPs from large to small
could be listed as follows: GPs1, GPs0, GPs2, and GPs3.

Fig. 6. The microscopic structure of GPs1, GPs2 and GPs3 by SEM (20 KV, ×500, 50 μm).
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3.7.2. Superoxide radical scavenging assay
Superoxide radical is a highly toxic species generated by numerous

biological and photochemical reactions (Banerjee et al., 2005). The
scavenging superoxide radical effects of GPs0, GPs1, GPs2, GPs3 and Vc
were shown in Fig. 8b. The highest superoxide radical scavenging ratio

(64.25%) of GPs was achieved at the concentration of 4.0 mg/mL,
which was lower compared with that of ascorbic acid (93.67%). As
expected, all the GPs samples in this study possess superoxide radical
scavenging activities, especially GPs1 shown relatively the strongest
activities. The scavenging effects of the specimens on superoxide

Fig. 7. The microscopic molecular morphology of GPs1, GPs2 and GPs3 by AFM (a, b, c, d: Scan size 10 μm; e, f: Scan size 2.0 μm).
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radical was in the order of large to small: Vc, GPs1, GPs2, GPs0, and
GPs3 within the experimental concentration in the range of
1.0–4.0 mg/mL. These results indicated that GPs1 really has a good
scavenging activity of superoxide radicals, and it might be helpful to
prevent the damage induced by superoxide radicals under pathological
conditions (Zhang et al., 2015).

3.7.3. DPPH radicals scavenging assay
The model of scavenging the stable DPPH radical is a widely used

method to evaluate the free radical scavenging ability of natural com-
pounds and the DPPH free radicals are stable and commercially avail-
able organic nitrogen radicals which can accept an electron or hy-
drogen radical to become a stable molecule (Chen et al., 2008). An
alcoholic solution of DPPH has a UV–vis absorption maximum at

517 nm (Li and Shah, 2014; Raza et al., 2017). The scavenging activity
of GPs and Vc on the DPPH radicals were shown in Fig. 8c. The highest
scavenging ratio of DPPH radicals of GPs1 (68.23%) was observed at
4.0 mg/mL, which was weaker than that of ascorbic acid (84.63%). The
results indicated that the ability of GPs1 to transfer electrons or hy-
drogen atoms was stronger than that of GPs0, GPs2 and GPs3. From the
figure, the scavenging ability of GPs1 on DPPH radicals was con-
centration dependent, which was consistent with Chen et al. (2017) and
Zhang et al. (2015).

3.7.4. Total reduce power assay
The reducing power of a compound may serve as a significant in-

dicator of its potential antioxidant activity. A relationship between the
reduce power of bioactive compounds and their antioxidant activity can

Fig. 8. Antioxidant activities of GPs0, GPs1, GPs2, GPs3 and Vc: a. Scavenging activity of hydroxyl radical; b. Scavenging ability of superoxide anion; c. Scavenging
ability of DPPH radicals; d. Reducing power. Data were shown as mean (n=3). The vertical bars represented the standard deviation of each data point (P < 0.05).
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be listed as follows: stronger reduce power has higher antioxidant ac-
tivity. The value of each sample reaction after the resultant light ab-
sorption at 700 nm reflects its antioxidant activity. The value of ab-
sorption is larger and its antioxidant activity is higher. The
determination of reducing powers of GPs0, GPs1, GPs2, GPs3 and Vc
were shown in Fig. 8d. The reducing power of Vc was significantly
higher than that of GPs. GPs0 exhibited stronger reducing power than
GPs1, GPs2 and GPs3, but within the concentration ranging from 1.0 to
4.0 mg/mL, all of the GPs exhibited lower activity than Vc. The redu-
cing property is generally associated with the capacity of reacting with
certain precursors of peroxide and preventing peroxide formation (Song
et al., 2015; Raza et al., 2017). Based on this theory, compared with
GPs1, GPs2 and GPs3, GPs0 may have a better ability to donate elec-
trons and reduce peroxide.

4. Conclusion

The extraction conditions of polysaccharide were optimized based
on RSM. Polysaccharide was separated and purified from G. uralensis
through DEAE-52 and Sephadex G-100 column chromatography. The
yield of GPs0 reached at the maximum of 4.23%, when the optimum
extraction process was 1:13 g/mL (solid-liquid ratio), 600W (ultrasonic
power) at 70 °C for 85min. Except for GPs2, the others (GPs0, GPs1 and
GPs3) are non-reducing sugars. They don’t contain starch. GPs0 and
GPs1 contain protein. The molecular weight, monosaccharide compo-
sition and FT-IR spectroscopy assay showed that GPs1, GPs2 and GPs3
are pyran polysaccharides with a weight average molecular weight
(Mw) of 4.513×103, 1.378×105 and 2.084×105 g/mol, respec-
tively. GPs1, GPs2 and GPs3 mainly contain glucose and galactose,
respectively. SEM observation showed that GPs1, GPs2 and GPs3 are
flaky with a pore structure. AFM observation revealed GPs1 and GPs2
molecules both have a large number of dispersions and a small amount
of smaller globular aggregates. GPs3 is contrary to the result above
mentioned. The antioxidant activity assay of three purified poly-
saccharides illustrated that GPs1 has the strongest scavenging effect
within the test objects. Therefore, it was confirmed that GPs1 would
have wide application in the biomedical engineering and food science.
Further in vivo experiments on biological activities of polysaccharides
are in progress, and we are trying to clarify the antioxidatant me-
chanism.
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