
INTRODUCTION 
Polygonatum odoratum (Mill.) Druce (PO) is an edible 
medicinal plant that has been recorded in both the Shen 
Nong Ben Cao Jing and Ben Cao Zheng Yi, two ancient 
dictionaries of Chinese herbs [1], for hundreds of years 
as a typical Chinese herb. Currently, it is recorded in 
the pharmacopeia of the People’s Republic of China 
[2, 3]. In recent years, a series of research studies 
have reported the anti-aging effects of Polygonatum 
odoratum [4], antidiabetic effects of total saponins from 
Polygonatum odoratum [5], and effects of this planton 
hypoxia tolerance in mice [6]. There is increasing 
evidence indicating that Polygonatum odoratum 
contains a variety of ingredients such as steroidal 
saponins, flavonoids, alkaloids, polysaccharides, 
and cardiac glycosides. The polysaccharide is 
one of the main active ingredients of Polygonatum 
odoratum [7–9] and its physiological activity includes 
lowering blood pressure and blood fat and improving 
myocardial ischemia [10]. To date, there have been 
many reports on extraction, separation, purification, 
structure and pharmacology of polysaccharides from 
Polygonatum odoratum. Yong Chen et al. [11] reported 

the optimization of alkaline extraction and bioactivities 
of polysaccharides from rhizome of Polygonatum 
odoratum, and several other reports were documented 
on extraction and bioactivities of polysaccharides from 
Polygonatum odoratum in recent years. For example, 
Lan et al. applied response surface methodology 
to optimize the conditions for ultrasound-assisted 
extraction of polysaccharides from Polygonatum 
odoratum polysaccharides [12], and Jiang et al. 
reported optimal extraction parameters and liver 
protective effect of the polygonatum polysaccharides in 
vivo [13]. Furthermore, Zong [14], Li [15], Wang [16], Bu 
et al. [17] reported different production areas, varieties, 
growth years, extraction and separation methods and 
analysis conditions will affect the content, composition 
and biological activity of Polygonatum odoratum 
polysaccharides.
In this study, the dried rhizomes of the biennial 
Polygonatum odoratum (Mill.) Druce (PO) made 
in Zhejiang Province were used as material, 
polysaccharides (POPs) were extracted with hot 
water and precipitated using ethanol, and then 
purified through decolorization, and dialysis,                                                    
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ABSTRACT

The polysaccharides isolated from Polygonatum odoratum (Mill.) Druce (POPs) by water extraction, after precipitation with 
ethanol were purified through deproteinization, decolorization, dialysis, and column chromatography leading to a purified 
polysaccharide (POPs-I) content of 90.7 %. The scavenging of oxygen free radicals and inhibition of lipid peroxidation 
(LPO) by POPs-I were analyzed using a colorimetric method. The results showed that the hydroxyl radical scavenging 
ability of the polysaccharides was weaker than that of benzoic acid, but stronger than those of ascorbic acid and mannitol, 
and that the superoxide anion radical scavenging ability was inferior to those of all three. When the concentration was 
higher than 1.0 mg/mL, the POPs-I could inhibit LPO by superoxide anion radicals to a certain degree. Therefore, this work 
suggests that POPs-I are potential antioxidant agents in medicine and functional food. 
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followed by column chromatography. Finally, the 
antioxidant activities of the polysaccharides (POPs-I) 
from PO were investigated.

EXPERIMENTAL
Materials and reagents: Instruments used were as 
follows: chromatography column (100 cm × 5 cm), 
UV-240 Spectrophotometer (Shimadzu Corporation, 
Japan), NICOLET 5700 FT-IR infrared spectrometer 
(PerkinElmer, USA), 722s visible spectrophotometer 
(Shanghai Precision Scientific Instrument Co. 
Ltd.) dialysis bag (Beijing Dingguo Changsheng 
Biotechnology Co. Ltd., import sub pack, 36 DM), High-
speed centrifuge (Shanghai Anting Scientific Instrument 
Co. Ltd., TDL-5).
POD was purchased from Tongliao, Inner Mongolia 
Province, China, and authenticated by Professor  Wang 
F, Inner Mongolia University for the Nationalities, Inner 
Mongolia, China. The rhizome pieces were ground to 
a powder with a grinding machine and sieved with a 
60-mesh screen then stored at 60 °C in a drier. DEAE-
Cellulose, Sephadex G-100, thiobarbituric acid (TBA), 
nitro blue tetrazolium (NBT), and tris-(hydroxymethyl)-
amino methane were purchased from Sigma Chemical 
Co. (St. Louis, MO, USA). 
Safranine T, benzoic acid, mannitol, and ascorbic 
acid (Vc) were purchased from Shantou Guanghua 
Chemical Co. (Guangdong, China). Absolute ethanol 
(ethanol mass fraction ≥ 99.9 %) and other reagents 
were of analytical grade. Ultra-pure water was used 
throughout the experiments. Clean-grade Kunming 
mice weighing (20 ± 2) g were provided by the Inner 
Mongolia University for Nationalities Experimental 
Animal Center (Certificate of Conformity: SCXK (Jilin) 
2007-0003).
Extraction of polysaccharides and determination 
of yield: The raw PO was ground into a fine powder 
using a disintegrator. Using a water bath, 20.0 g of PO 
powder was refluxed three times in 200 mL of water at 
80 °C for 3 h. After filtration, the combined filtrates were 
evaporated and concentrated under reduced pressure 
to a volume of 45 ~ 50 mL, and then cooled to room 
temperature. 100 mL of absolute ethanol was added, 
and precipitation was allowed to occur for 24 h. The 
precipitate was filtered off, washed sequentially with 
absolute ethanol and acetone, and finally, lyophilization 
is carried out to obtain crude POPs. Afterward, the 
polysaccharide content was measured using the 
phenol-sulfuric acid method with D-glucose as the 
standard [18].
Qualitative analysis of POPs: Qualitative analysis 
of POPs was conducted from the following aspects.
Molisch reaction: At first, we carried out Molisch’s test 
for the identification of carbohydrates. A small amount 
(1.0 mL) of a 1.0 mol/L solution of POPs was placed 
in a test tube, and then two drops of Molisch’s reagent 
and 1.0 mL of concentrated sulfuric acid were added in 
turn. After the mixture was allowed to stand for several 

minutes, a purple color was observed at the interface of 
the two surfaces, indicating that the solution contained 
polysaccharides.
Ninhydrin reaction: The Ninhydrin test was used to 
detect traces of any protein in POPs. A small amount 
(1.0 mL) of a 1.0 mol/L solution of POPs was placed in 
a test tube followed by 0.5 mL of a ninhydrin solution. 
The mixture was heated at 100 °C in a water bath for 
10 min. No changes were observed in the solution, 
indicating that it did not contain proteins.
Iodine-potassium iodide reaction: The Iodine test was 
used to examine the presence of starch in a solution 
of crude POPs. A small amount (1.0 mL) of a 1.0 mol/L 
solution of POPs was placed in a test tube followed 
by two drops of iodine-potassium iodide reagent. After 
the mixture was shaken, no significant changes were 
observed, indicating that starch was not present.
Purification of POPs: H2O2 bleaching: 2 g of POPs 
were dissolved in 400 mL of distilled water in a large 
beaker. The pH of the POP solution was adjusted to     
8 ~ 9 with ammonia, and then one-tenth the volume of               
a 15 % H2O2 solution was added and the resulting 
solution was heated at 50 °C in a water bath for 1 h. 
After the solution had cooled to room temperature for 
24 h, the resulting precipitate was collected by filtration 
and the filtrate was concentrated under reduced 
pressure. After precipitation with absolute ethanol, 
filtration, washing, and drying, white powdery POPs 
were obtained.
Desalting and dialysis: The bleached POPs were 
dissolved in distilled water and placed in dialysis bags, 
and then dialysis was conducted with flowing water for 
12 h. The dialysate underwent a series of processes 
including concentration, precipitation with ethanol, 
filtration, washing, and drying to afford dried and crude 
POPs.
Purification by column chromatography: Column 
chromatography was conducted according to previously 
reported methods [19, 20]. The above crude POPs were 
dissolved in deionized water. A column with the DEAE - 
Cellulose was balanced with two volumes of a 0.1 mol/L 
NaCl solution as the eluent and deionized water at a 
flow rate of 0.5 mL/min. The POPs solution was loaded 
carefully onto the above gel column and eluted with a 
0.1 mol/L NaCl solution at a flow rate of 0.5 mL/min 
and collected automatically in 2 mL tubes. The eluate 
was monitored using the phenol-sulfuric acid method. 
The main fraction was collected and concentrated. 
After precipitation with ethanol, washing, and drying, 
white POPs-I powder was obtained. The elution 
curve is shown in Figure 1. Further purification was 
conducted by eluting with deionized water on a column 
of Sephadex G-100 molecular sieve chromatography. 
The eluate was collected and lyophilized, affording the 
purified POPs-I. The elution curve is shown in Figure 2.
Infrared and ultraviolet spectroscopy assays of 
POPs-I: Infrared spectroscopy of POPs: The test 
sample was prepared using the potassium bromide 
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tablet method and scanned in the 400 ~ 4000 cm−1 

range. The infrared (IR) absorption spectrum of the 
POPs-I is shown in Figure 3.
Ultraviolet spectroscopy of POPs-I:  The POPs-I were 
dissolved in distilled water and the ultraviolet (UV) 
absorption spectrum in the 200 ~ 400 nm range was 
obtained. The obtained UV spectrum of the POPs-I is 
shown in Figure 4.
Lipid peroxidation inhibition and removal of 
oxygen free radicals by POPs-I: Preparation of test 
solution and standard solutions: The POPs-I, ascorbic 
acid (Vc), mannitol, and benzoic acid were dissolved 
in deionized water, and these solutions were diluted to 
various concentrations as required before use. They 
were 0.28, 0.64, 1.00, 1.36, 1.82, and 2.08 mg/mL for 
the POPs-I, Vc, and mannitol standard solutions and 
0.32, 0.50, 0.68, 0.86, and 1.04 mg/mL for the benzoic 
acid standard solution.
Assay for hydroxyl radical scavenging activity: This 
assay was conducted according to the method reported 
by Cheng et al. [21]. ·OH was generated from an 
ethylenediaminetetraacetate (EDTA)-2Na-Fe(II)-H2O2 
system. Since ·OH can cause safranine T to fade, ·OH 
content can be measured according to the degree of 
fading. The reaction system was a mixture of 1.5 mL of 
a 0.05 mol/L sodium phosphate buffer (pH = 7.4), 0.2 
mL of a 520 μg/mL safranine T solution, 0.7 mL of a 
2.0 mmol/L EDTA-2Na-Fe(II) solution, and 0.4 mL of a 
6 % H2O2 solution. After 1.0 mL of the sample solution 
was added, the mixture was incubated at 37 °C for 1 h. 
The absorbance at 510 nm was measured. Deionized 
water was used as blank control. Benzoic acid [22], Vc 
[22, 23] which are substances with strong antioxidant 
effects and mannitol [22, 24] which is polyhydric alcohol 
with a certain degree of reducibility, are used as positive 
controls. The ·OH scavenging activity was calculated 
using the following equation:

100%
AA
AA(%)activity  Scavenging

23

21 ×
−
−

=

where A1 is the absorbance of the test sample mixed 
with the reaction solution, A2 is the absorbance when 
the sample was replaced with deionized water, and     
A3 is the absorbance when H2O2 and the sample were 
replaced with deionized water.  
Assay for superoxide anion radical scavenging activity: 
Superoxide anion radicals were generated using the 
pyrogallol autoxidation system under alkalescent 
conditions. The method for measuring superoxide 
anion radical (·O2

−) scavenging activity was described 
in a previous report [18]. In a test tube was placed 2.5 
mL of a 0.1 mol/L Tris-HCl buffer (pH = 8.2), which was 
preheated at 25 °C in a water bath for 20 min. Then, 
0.2 mL of sample solution with different concentrations 
was added, followed by 0.6 mL of a 0.98 mmol/L NBT 
solution and 0.3 mL of a 10 mmol/L pyrogallol solution. 
The reaction proceeded in a water bath at 25 °C for 

4 min. Then, 0.1 mL of an 8 mol/L hydrochloric acid 
solution was used to terminate the reaction. The 
absorbance at 530 nm was measured. Benzoic acid, 
Vc, and mannitol were used as reference materials. 
The superoxide anion radical scavenging activity was 
calculated using the following equation:

%100(%)activity  Scavenging ×
−

=
B

sB

A
AA

where As is the absorbance of the sample and AB is 
the absorbance when the sample was replaced with 
distilled water.
Assay for lipid peroxidation inhibition activity:
In the lipid peroxidation (LPO) reaction, ·OH reacts 
with unsaturated fatty acids in liver homogenates and 
the final product is malondialdehyde (MDA). In the 
presence of acetic acid, the reaction between TBA and 
MDA results in coloration, and the relative concentration 
of MDA can be calculated from the degree of coloration. 
The reaction system contained 0.5 mL of a 10 % liver 
homogenate solution [18], 1.0 mL of a phosphate 
buffer (pH = 7.4), 2.0 mL of a 2 mmol/L EDTA-2Na-
Fe(II) solution, 1.0 mL of a 3 % H2O2 solution, and 10 
mL of sample solutions with different concentrations. 
Each mixture was mixed uniformly and heated in a 
water bath at 37 °C for 30 min and then cooled to room 
temperature. A small amount of the mixture (0.3 mL) 
was drawn and placed in a small test tube, and then 
0.6 mL of 5 % TBA and 1.2 mL of 20 % acetic acid were 
added. The tubes were heated in a water bath at 95 °C 
for 1 h and then cooled to 25 °C. The absorbance at 530 
nm was measured. An equal volume of distilled water 
instead of test solution was used as a blank control.
The LPO inhibition activity was calculated using the 
following equation:

where As is the absorbance of the sample and A0 is the 
absorbance of the blank control (distilled water instead 
of samples).

RESULTS AND DISCUSSION
Polysaccharide concentration: The crude 
polysaccharide (POPs) content was measured using 
the phenol-sulfuric acid method to be 54.6 %, the 
purified POPs-I content was 90.7 %. Using glucose 
as the standard, the following regression equation 
was obtained: y = 8.2355x − 0.0216 (R2 = 0.9976, y is 
the absorbance and x is the concentration). This was 
similar to the result obtained by Xie et al. [25] that the 
average content of polysaccharides extracted from 
Polygonatum odoratum under the optimal conditions 
was 86.02 % by orthogonal  test. 
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Purification polysaccharide: At present, the main 
method to separate and purify the polysaccharides is 
column chromatography, and there are also methods 
using ethanol fractional precipitation or quaternary 
ammonium salt precipitation [14]. Sun Ping et al. [27] 
used semi-permeable membrane and Sephadex G-75 
gel column chromatography to separate the water-
soluble polysaccharides of Polygonatum odoratum. 
Wang Qiang et al. [26] isolated and purified neutral 
polysaccharide from Polygonatum odoratum by 
DEAE-cellulose ion-exchange chromatography and 
Sepharose CL-6B molecular sieve chromatography. 
In this paper, the crude polysaccharide was purified 
through decolorization, dialysis, then using the DEAE-
Cellulose column chromatography to separate POPs-I, 
and eluted with 0.1 mol/L NaCl solution. The elution 
curve is shown in Figure.1. 

Further purification was conducted by eluting with 
deionized water on a column of Sephadex G-100 
molecular sieve chromatography. The elution curve is 
shown in Figure 2.  
IR and UV spectra of the POPs: Fourier transform 
infrared (FT-IR) spectroscopy and UV spectroscopy 
were used to investigate the functional group structure 
and purity of the purified polysaccharides. 
Infrared spectral analysis: The IR spectrum of the 
POPs-I is shown in Figure 3. The broad bands at 
3440.1 cm−1 were assigned to the ν(O–H) stretching 
vibrations of hydrogen-bonded and free hydroxyl 
groups [28], and the signal at 2921.7 cm−1 was 
attributed to ν(C–H) stretching of CH2 groups [14, 

29], at 1631.8 cm−1 corresponded to the absorption of 
the carboxylate anions was (O=C–O) of nonesterified 
groups in pectins [28], and near the signal at 1378.8 
cm−1 was COO− symmetric stretching vibration. 

The peak at 1262.7 cm−1 was ν(C-O), and the 
absorption bands analysis of the spectrum in the 
1092.6 cm−1, 1026.3 cm−1 regions showed specific 
bands typical for a pyranose ring vibration [28, 29]. 
The peak at 868.7 cm−1 indicated the presence of 
β-glycosidic linkage in the molecular structure of the 
polysaccharides [14, 28].
UV assay: In the UV spectrum (Figure 4), there are 
no significant absorption peaks at 260 and 280 nm, 
indicating that no nucleic acids or proteins were present 
in the purified POPs-I [11], which is consistent with the 
results of the qualitative analysis. 

Removal of oxygen free radicals and lipid 
peroxidation inhibition by the polysaccharides:
·OH scavenging ability of the POPs-I: 
Benzoic acid, Vc, and mannitol were used as standard 
materials, and the scavenging ability of the POPs of 
hydroxyl free radicals was evaluated. 
The results are shown in Figure 5. The figure shows that 
the scavenging abilities of the samples and standard 
materials were dose dependent. 
The scavenging ability of the POPs-I of hydroxyl 
free radicals was inferior to that of benzoic acid 
but superior to those of Vc and mannitol. Zong, et 
al. [14] reported that the scavenging capacity for 
hydroxyl radicals of Polysaccharides (POA, POA-70S, 
POA-70P) separated from Polygonatum by ethanol 

Fig. 1. DEAE-cellulose column chromatogram of POPs.

Fig. 2. Sephadex G-100 molecular sieve column 
           chromatogram of POPs-I.

Fig.  3.  IR spectrum of the POPs-I.

Fig.  4.  UV spectrum of the POPs-I.
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fractionation precipitation method was apparently 
lower than ascorbic acid (Vc). Chen et al. extracted 
the alkaline soluble polysaccharides from Polygonatum 
odoratum, which scavenging capacity was also lower 
than ascorbic acid, it was indicated that during the 
processing method, NaOH might change the chemical 
structure of polysaccharides [11].

Superoxide anion radical scavenging activity of the 
POPs-I: Benzoic acid, Vc, and mannitol were used 
as positive controls, and the results obtained for the 
·O2− scavenging activities of the polysaccharides and 
reference materials are shown in Figure 6.
Figure 6 shows that the ·O2− scavenging ability of the 
POPs-I was inferior to those of the three reference 
materials. The scavenging abilities of the POPs-I and 
reference materials were dose dependent.
Lipid peroxidation inhibition by the POPs-I: MDA is 
one of the end products of the unsaturated fatty acid 
peroxidation in phospholipids, and has been widely 
used as a marker of oxidative stress [12, 30]. 

The data listed in Table 1 show that there is no LPO 
inhibition effect at low POPs-I concentrations. However, 
when the concentration was higher than 1.0 mg/mL, the 
POPs-I showed some LPO inhibition ability, which was 
dose dependent. This was similar to research results of 
Lan et al. [12].

Table 1.  Lipid peroxidation inhibition ability of the POPs-I
(n = 5)

CONCLUSION  
The results showed that the POPs-I had different 
scavenging abilities for ·OH and ·O2

−. At equal 
concentrations, the scavenging ability of the POPs-I for 
·OH was superior to that for ·O2

−. At low concentrations, 
the POPs-I showed no inhibition activity in the 
production of MDA through lipid peroxidation. When the 
concentration was higher than 1.0 mg/mL, the POPs-I 
showed some LPO inhibition. The results indicated 
that the POPs exhibit concentration-dependent 
antioxidant activities and suggested that Polygonatum 
odoratum (Mill.) Druce extracts are potential suitable 
natural antioxidants and functional medicines for the 
treatments of certain diseases.
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