
ww.sciencedirect.com

j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 2 ( 2 0 1 4 ) 4 9 2e4 9 9
Available online at w
ScienceDirect

journal homepage: www.j fda-onl ine.com
Original Article
Extraction of water-soluble polysaccharide and the
antioxidant activity from Semen cassiae
Changjian Liu a,b, Qiu Liu b, Junde Sun a,*, Bo Jiang b, Jianfang Yan b

a College of Land and Environment, Shenyang Agricultural University, Shenyang 110161, PR China
b College of Life Science, Dalian Nationalities University, Dalian 116600, PR China
a r t i c l e i n f o

Article history:

Received 5 November 2013

Received in revised form

15 January 2014

Accepted 18 January 2014

Available online 22 May 2014

Keywords:

Antioxidant activity

Extracting condition

Polysaccharide

Semen cassiae
* Corresponding author. College of Land and
E-mail address: lcj@dlnu.edu.cn (J. Sun).

http://dx.doi.org/10.1016/j.jfda.2014.01.027

1021-9498/Copyright © 2014, Food and Drug Ad
a b s t r a c t

Water-soluble polysaccharide was isolated from Semen cassiae using water for extraction

and ethanol for deposition. The optimized conditions for polysaccharide isolation by

orthogonal experiments were a sample to liquid ratio of 1:30 at 80�C for 3.5 hours; the yield

of polysaccharide from Semen cassiae under these conditions was 5.46%. Different poly-

saccharides (SCPW-1, SCPW-2, SCPW-3, SCPW-4, SCPW-5, SCPS-1, SCPS-2) were obtained

from the extract (i.e., crude polysaccharide) by DEAE-cellulose column chromatography.

The polysaccharides obtained showed different structures by Fourier transform infrared

therein the five elected from the seven kinds separated. The antioxidant activities of the

extract were evaluated. The scavenging rates of the present extract on hydroxyl and su-

peroxide were 43.32% and 64.97%, respectively, at a concentration of polysaccharide of

94.03 mg/mL, which was better than vitamin C at the same concentration. The scavenging

rate of the present extract on 1,1-diphenyl-2-picrylhydrazyl was 13.33% at a polysaccharide

concentration of 94.03 mg/mL, which was less than vitamin C at the same concentration.

Copyright © 2014, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. Open access under CC BY-NC-ND license. 
1. Introduction

Reactive oxygen species (ROS) including superoxide anion,

hydrogen peroxide (H2O2), and hydroxyl radicals have been

implicated in the cytotoxicity and carcinogenicity of certain

chemical carcinogens, as well as in the etiology of some

human diseases such as inflammatory diseases, cancer,

aging, and other many diseases [1e7]. However, superoxide

and hydroxyl radicals are inevitably formed in almost all

aerobic organisms. Under normal metabolic conditions, the

DNA in each cell of our body is exposed to a good number of
Environment, Shenyang
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oxidative hits, leading to the formation of various oxidative

DNA lesions. In vivo, some of these ROS play a positive role

such as energy production, phagocytosis, regulation of cell

growth, and intracellular signaling. There is a balance be-

tween generation of ROS and the antioxidant system in or-

ganisms. In pathological conditions, ROS are overproduced

and result in lipid peroxidation and oxidative stress. The

imbalance between ROS and antioxidant defense mecha-

nisms leads to oxidative modification in cellular membranes

or intracellular molecules [4,8].

In almost all organisms a variety of complex defense and

repair systems have evolved to protect them against oxidative
Agricultural University, Shenyang 110161, PR China.

ished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license. 

mailto:lcj@dlnu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jfda.2014.01.027&domain=pdf
www.sciencedirect.com/science/journal/10219498
www.jfda-online.com
http://dx.doi.org/10.1016/j.jfda.2014.01.027
http://dx.doi.org/10.1016/j.jfda.2014.01.027
http://dx.doi.org/10.1016/j.jfda.2014.01.027
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


j o u r n a l o f f o o d and d ru g an a l y s i s 2 2 ( 2 0 1 4 ) 4 9 2e4 9 9 493
damage; however, these systems are insufficient to entirely

prevent the damage. Fortunately, antioxidant supplements

containing antioxidants can help the human body prevent or

reduce the oxidative damage caused by toxic radicals (Zhao

et al). Therefore, inhibition of free radical-induced oxidative

damage by supplementation of antioxidants has become an

attractive therapeutic strategy for reducing the risk of these

diseases [4,6].

Many antioxidant compounds, naturally occurring in

several traditional Chinese medicines, have been identified as

free radical or active oxygen scavengers [9e11]. Recently, in-

terest has increased considerably in finding naturally occur-

ring antioxidants for use in foods or medicinal materials, to

replace synthetic antioxidants, which are being restricted due

to side effects such as carcinogenicity [1,8,12e14].

Semen cassiae, a well-known traditional Chinese medicine,

is the dry and mature seed of Cassia obtusifolia L. or Cassia tora

L. belonging to the Cassia genus of Leguminosae. Semen cassiae

was used for preventing and curing diseases for centenaries; it

was recorded in the Compendium of Materia Medica that

Semen cassiae had the functions of clearing the liver, improving

vision, and relaxing the bowel. It could cure conjunctival

congestion, pain in the eye, photophobia, hyperdacryosis,

headache, dizziness, constipation, etc. [15,16]. Recent

research indicated that Semen cassiae had the function of

strengthening immunity and had antiaging properties.

Research on Semen cassiae was focused on the chrysophanol,

rheum emodin, and anthraquinone components [16e23].

In this study, the aim was to obtain the optimized condi-

tions for isolation of water-soluble polysaccharides from

Semen cassiae, and to determine and compare their chemical

structures and antioxidant activities, including scavenging

effects on the hydroxyl radical, superoxide anion radical, and

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical.
2. Materials and methods

All reagents were of analytical-reagent grade, unless other-

wise stated. DPPH was purchased from Johnson Matthey

Company. Diethylaminoethyl-celluose (DEAE-cellulose) was

from Sigma. The IRprestige-21 Fourier transform infrared

(FTIR) spectrophotometer was from Shimadzu, Japan. The

instrument parameter was resolution 4.0, range

400e4000 cm�1.
2.1. Water-soluble polysaccharide extraction

Semen cassiae, which was purchased from a drugstore in China

Dalian City, was dried at 70�C and comminuted into powder,

then sieved through a sieve of 80 mesh size.

About 2 g of the prepared sample powder was disposed

with water for extracting the water soluble polysaccharide,

filtered, and about a five-fold volume of ethanol was added

into the filtrate for polysaccharide precipitation; the solution

was then placed in a refrigerator at 4�C for 24 hours, and the

polysaccharide precipitate was obtained.

The orthogonalmatrixmethodwas used for optimizing the

extracting conditions [24]. The polysaccharide concentration
was determined with the phenol-sulfuric acid method at

481 nm [24]. The process route is as shown below.

Polysaccharide content in the extract (%, w/

w) ¼ (concentration � diluted times � sample volume)/(the

extract sample weight) � 100%.

Polysaccharide yield (%, w/w) ¼ (polysaccharide

content � the total weight of the extract)/(Semen cassiae sam-

ple weight) � 100%.

2.2. Purification of crude polysaccharide

The crude polysaccharide sample was purified by gel column

chromatography. DEAE-cellulose (60 g)was soaked in deionized

water and dumped the clarity supernatant liquid. The cellulose

was soaked in 1000 mL of 0.5 mol/L NaOH for 30 minutes,

bathing the cellulose with water until neutral; it was then

soaked in another 1000 mL of 0.5 mol/L HCl for 30 minute,

bathing the cellulose with water until neutral, and the process

repeateda third time;nowtheDEAE-cellulosewasready foruse.

The crude polysaccharide sample was dissolved in deion-

ized water and centrifuged, and the supernatant was loaded

onto a DEAE-cellulose column (50� 2.5 cm, internal diameter),

which was eluted with deionized water and 0.1 M NaCl solu-

tion in order. The elution (3 mL) was collected and carbohy-

drate content determined based on the phenol-sulfuric acid

method at 481 nm absorbance [24]. The polysaccharides were

divided into seven fractions, which were then freeze-dried;

they were named as SCPW-1, SCPW-2, SCPW-3, SCPW-4,

SCPW-5, SCPS-1, and SCPS-2, respectively.

2.3. FTIR analysis

FTIR spectra of the polysaccharide fractions (in KBr pellets)

were measured using an FTIR spectrophotometer operating

from 400 cm�1 to 4000 cm�1 at 4 cm�1 resolution. Because

SCPW-1, SCPW-2, SCPW-3, and SCPS-1were themain fractions,

they and SCPS-2 were selected for infrared spectrum analysis.

2.4. Determination of antioxidant activities of the
extract

The scavenging capacities of the extract on hydroxyl radical,

superoxide radical, and DPPH radical were evaluated and

compared with those of vitamin C. The concentration of the

extract was signified by the concentration of the poly-

saccharide in the extract in the experiment; all the experi-

ments were performed in triplicate and the results were

averaged. The scavenging activity of the hydroxyl radical was

generated by using Fenton's reaction [24]. The reaction con-

tained 1.5 mL of sodium phosphate buffer (0.15 mol, pH 7.4),

0.2 mL of safranin T (260 mg/mL), 0.7 mL of EDTA-Na2-Fe
2þ

(2 mmol), 1 mL of the sample and 0.8 mL of 3% H2O2 (v/v). The

solution was incubated at 37�C for 30minutes. In the essential

control, sample and EDTA-Na2-Fe
2þ solutions were replaced

by 3% H2O2 (v/v), and in blanks, deionized water was used as a

substitute for the sample. The antioxidant activity of the

sample was evaluated with clearance rate, E% ¼ [(AeA0)/

(AeeA0)] � 100%, where A is the absorbance of the sample, A0

is the absorbance of the blank, and Ae is the absorbance of the

essential control.
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Table 1 e Factor and level of the orthogonal experiment.

Level A
Sample-to-liquid

ratio (w/v)

B
Temperature (�C)

C
Time (h)

1 1 (1:20) 1 (70) 1 (2.5)

2 2 (1:30) 2 (80) 2 (3.0)

3 3 (1:40) 3 (90) 3 (3.5)

Note: A, B and C were factors.

Fig. 1 e Elution curve of the extract by DEAE-cellulose

column chromatography eluted by water.
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The scavenging activity of the extract on DPPH was deter-

mined [24]. Two milliliters of the sample was placed in a

cuvette, and 2 mL of ethanol solution of 0.16 mmol DPPH was

added. The solutionwas incubated at 25�C for 15minutes, and

determined at 525 nm. The antioxidant activity of the sample

was evaluated with clearance rate, E% ¼ [(1eA/A0)] � 100%,

where A is the absorbance of the sample and A0 is the

absorbance of the DPPH solution.

The scavenging activity of the extract on superoxide radi-

cals was determined by the pyrogallic acid method [24]. Vol-

umes of 4.5 mL Tris-HCl buffer (0.05 mol, pH 8.2), 1 mL of

sample solution, and 0.4 mL pyrogallic acid (3.0 mmol) were

added together; the solution was incubated at 25�C for 15 mi-

nutes, 0.5 mL of thick hydrochloric acid was added for

termination the reaction, and it was determined at 525 nm.

The antioxidant activity of the sample was evaluated with

clearance rate, E% ¼ [(1eA/A0)] � 100%, where A is the

absorbance of the sample and A0 the absorbance of the blank.
3. Results and discussion

3.1. Extraction

The design of three levels orthogonal experiment was

employed for electing the optimum conditions of poly-

saccharide. Sample-to-liquid ratio, extracting temperature,
Table 2 e Results of the orthogonal experiment L9(3
3).

Test no. Factor Polysaccharide yield %

A B C

1 1 1 1 3.04

2 2 1 2 3.93

3 3 1 3 4.77

4 3 2 1 4.51

5 2 2 3 5.46

6 1 2 2 1.92

7 1 3 3 4.14

8 2 3 1 4.17

9 3 3 2 3.56

K1 9.10 11.74 11.72

K2 13.56 11.89 9.41

K3 12.84 11.87 14.27

k1 3.03 3.91 3.91

k2 4.52 3.96 3.13

k3 4.28 3.95 4.76

R 1.49 0.05 0.85

R order A > C > B

Best level A2 B2 C3
and extracting hours were chosen as the primary factors for

the orthogonal experiment (Table 1). The results of the yield

of the polysaccharide from Cassia torae seeds are shown in

Table 2.

In Table 2, the K1 value represented three mixed values of

polysaccharide yield under the first level, with the same for K2

and K3. The k1 value represented the dividing value of K1 by

test times under the same level, with the same for k2 and k3.

The R value represented the extreme difference of extraction

yield of the three factors of the k value. The results indicated

that the largest R value was factor C, then factor A; the

smallest was factor B, i.e., the main factor was sample to

liquid ratio, then time, and then temperature. The optimum

condition was A2B2C3, which was a sample to liquid ratio of

1:30, at 80�C for 3.5 hours; the yield of polysaccharide from

Semen cassiae under these condition was 5.46%.
3.2. Polysaccharide content determination

Glucose was used as the standard for polysaccharide deter-

mination; the linear equation was y ¼ 0.0904x � 0.019 with a

correlation coefficient of 0.9986.
3.3. Purification of crude polysaccharide

The crude polysaccharide (the extract) sample isolated from

Semen cassiae was fractionated on a DEAE-cellulose column.
Fig. 2 e Elution curve of the extract by DEAE-cellulose

column chromatography eluted by 0.1 M NaCl.
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Fig. 3 e Fourier transform infrared (FTIR) spectra of SCPW-1, SCPW-2, SCPW-3, and SCPS-1, SCPS-2.

Fig. 4 e Fourier transform infrared (FTIR) spectra of SCPW-1 with wave number.

Fig. 5 e Fourier transform infrared (FTIR) spectra of SCPW-2 with wave number.

j o u r n a l o f f o o d and d ru g an a l y s i s 2 2 ( 2 0 1 4 ) 4 9 2e4 9 9 495

http://dx.doi.org/10.1016/j.jfda.2014.01.027
http://dx.doi.org/10.1016/j.jfda.2014.01.027


Fig. 6 e Fourier transform infrared (FTIR) spectra of SCPW-3 with wave number.
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Seven fractions were then obtained and named SCPW-1,

SCPW-2, SCPW-3, SCPW-4, SCPW-5, SCPS-1, and SCPS-2.

SCPW (SCPW-1, SCPW-2, SCPW-3, SCPW-4, and SCPW-5) was

from thewater elute fraction (Fig. 1), SCPS (SCPS-1 and SCPS-2)

was from the 0.1 M NaCl elute fraction (Fig. 2).

3.4. FTIR analysis

FTIR spectroscopy is typically used for the qualitative analysis

of organic functional groups. The FTIR spectra of SCPW-1,

SCPW-2, SCPW-3, SCPS-1, SCPS-2 and the crude
Table 3 e Wave numbers and peaks belonging to the Fourier t

Wave number (cm�1)

SCPW-1 SCPW-2 SCPW-3

3425.58 3427.51 3429.43 Stretching vibration of sacc

2924.09 2924.08 2924.09 eCH2, CeH asymmetric stre

d d 2854.65 eCH2, CeH symmetrical str

2162.20 2179.56 d NeH stretching vibration

d 1653.60 Aldehyde, C]O stretching

1631.78 d 1631.78 b-diketone, C]O stretching

d 1456.26 d CH3eOe, symmetrical defo

1404.18 1404.18 1402.25 OeH, deformation vibration

1307.74 d d Aldehyde, CeCHO skeleton

1263.37 1253.73 d CeOeC, stretching vibratio

1215.15 d d CeN stretching vibration

1149.57 1147.65 1143.79 CeO, stretching vibration; O

1083.99 1089.78 1082.07 CeOeC, unsymmetrical str

1028.06 1026.12 1029.99 Aldehyde, CeCHO skeleton

896.90 d d b-anomerism, CeH transfer

873.75 875.68 873.75 CeOeC skeleton vibration

813.96 813.96 812.03 a-D-galactopyranose

767.67 d d a-D-xylopyranose

669.30 d d OeH, out-of-plane deforma

615.29 617.22 d Region of 1500e400 cm�1 is

vibration and XeH deforma

changes in chemical constr

d d 597.93

d d 551.64

522.71 520.78 d

470.63 468.70 468.70
polysaccharides (SCP) are illustrated in Fig. 3 for comparisons.

There were certain differences in the FTIR of the five poly-

saccharides. The FTIR spectra of SCPW-1, SCPW-2, and SCPW-

3 with wave numbers are illustrated in Figs. 4e6, respectively.

The wave numbers and the peaks of the FTIR spectra of the

polysaccharides are shown in Table 3. The FTIR spectra of

SCPS-1 and SCPS-2 with wave numbers are illustrated in Figs.

7 and 8, respectively. The wave numbers and the peaks

belonging to the FTIR spectra of the polysaccharides are

shown in Table 4. Thus, carbohydrates were preliminarily

identified from the infrared spectra, and significant
ransform infrared (FTIR) spectra of the polysaccharides.

The peak belonging [25]

harides OeH and NeH

tching vibration

etching vibration

vibration

vibration

rmation vibration

in plane

vibration

n, ring formation

eH, deformation vibration Pyranose configurations

etching vibration

vibration

angular vibrations b-D-staphylo-pyranose

Asymmetric stretching vibration of

hydroxylfuran ring

Symmetric stretching vibration of

hydroxylfuran ring

Symmetric stretching vibration of

pyranoid ring

tion vibration

the region of XeY stretching

tion vibration. Any tiny

uction can be perceived in this region.
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Fig. 7 e Fourier transform infrared (FTIR) spectra of SCPS-1 with wave number.
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differences were seen in the FTIR of the five polysaccharides

(Tables 3 and 4).

3.5. Antioxidant activity

3.5.1. Antioxidant activity on hydroxyl radical
The results of scavenging activity of the extract on the hy-

droxyl radical are shown in Fig. 9 with five polysaccharide

concentrations of the extract; the clearance effect on the hy-

droxyl radical was better than vitamin C at the same con-

centration with polysaccharide. The extract gave a clearance

rate of 9.41% at a concentration of polysaccharide of 18.81 mg/

mL in the extract. At a higher concentration, the clearance

rate was much better and reached 43.32% at a concentration

of polysaccharide of 94.03 mg/mL, better than vitamin C (Fig. 9).

This may be better than extracts containing polysaccharide

from other plants, except Ginkgo biloba leaves. Herba hout-

tuynia, Sarcandra glabra, and fructus lycii, which are kinds of

traditional Chinese medicine, were able to scavenge the hy-

droxyl radical [24,26]. The scavenging rate of the poly-

saccharide from herba houttuynia was 15.9% at a

concentration of polysaccharide of 2 mg/mL. The scavenging
Fig. 8 e Fourier transform infrared (FTIR) s
rate of the polysaccharide from Sarcandra glabra was 60% at

2 mg/mL. The scavenging rate of the polysaccharide from

fructus lycii was 48.1% at 229.5 mg/mL. However, the scav-

enging effect of polysaccharide from Semen cassiae on the

hydroxyl radical was less than that from Ginkgo biloba leaves.

3.5.2. Antioxidant activity on DPPH
Fig. 10 shows the results of the scavenging activity of the

extract on the DPPH radical; the clearance effect on DPPH was

less than that of vitamin C.

3.5.3. Antioxidant activity on superoxide radical
Fig. 11 shows the results of scavenging activity of the extract

on superoxide radical; the clearance effect on superoxide

radical was better than that of vitamin C. The clearance rate

was 57.91% at a concentration of polysaccharide of 18.81 mg/

mL in the extract; the clearance rate reached 64.97% at a

concentration of polysaccharide of 94.03 mg/mL, better than

vitamin C (Fig. 11). Previous studies indicated that the

scavenging rate of the polysaccharide from plantain, a type

of traditional Chinese medicine, was 50% at a concentration

of polysaccharide of 172.85 mg/L [27]. The scavenging rate of
pectra of SCPS-2 with wave number.
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Table 4 e Wave numbers and peaks belonging of the
Fourier transform infrared (FTIR) spectra of the
polysaccharides.

Wave number, cm�1 The peak belonging [25]

SCPS-1 SCPS-2

3466.08 3448.72 Stretching vibration of saccharides

OeH and NeH

2272.15 2277.93 eN]C]O, asymmetric stretching

vibration

1680.00 d C¼O stretching vibration

1637.56 1637.56 b-diketone, C]O stretching

vibration

1458.18 1450.47

1132.21 1149.57 CeO, stretching vibration; OeH,

deformation vibration

d 1074.35 CeOeC, unsymmetrical stretching

vibration

d 1049.28 Aldehyde, CeCHO skeleton vibration

1035.77 d CeN stretching vibration and eNH

deformation vibration of secondary amide

981.77 d CeO stretching vibration

871.82 873.75 Epoxide ethers

848.68 844.82 a-Anomerism saccharous pyranoid ring

798.53 d CeH, deformation vibration

d 678.94 OeH, out-of-plane deformation vibration

651.94 d OCN deformation vibration of amide

d 624.94

599.86 d

Fig. 9 e Scavenging effects of the extract and vitamin C on

hydroxyl radical.

Fig. 10 e Scavenging effects of the extract and vitamin C on

1,1-diphenyl-2-picrylhydrazyl (DPPH).

Fig. 11 e Scavenging effects of the extract and vitamin C on

superoxide radical.
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the polysaccharide from fructus lycii was 13.5% at 229.5 mg/

mL [26].
4. Conclusion

The optimum extraction condition of polysaccharide from

Semen cassiae was performed through an orthogonal experi-

ment. The optimum conditions were sample to liquid ratio of

1:30 at 80�C for 3.5 hours; the yield of polysaccharide from

Semen cassiae under these conditions was 5.46%. Poly-

saccharides obtained from the extract by DEAE-cellulose col-

umn chromatography showed different structures by FTIR.

The results of scavenging activity showed that the extract

from Semen cassiaewas a better inhibitor against hydroxyl and

superoxide radicals than vitamin C, except on DPPH, and the

antioxidant activity on the superoxide radical was better than

on the hydroxyl radical. Our results indicated that the present

extract seemed to be a good antioxidant and could probably

prevent the oxidative deterioration of food or provide a basic

reference for pharmacology research on traditional Chinese

medicine.
Conflicts of interest

All authors declare no conflicts of interest.

Acknowledgments

This work was supported by the National Science Foundation

of China (21276047), the Fundamental Research Funds for the

Central Universities (DC120101034).
r e f e r e n c e s

[1] Bidchol AM, Wilfred A, Abhijna P, et al. Free radical
scavenging activity of aqueous and ethanolic extract of
Brassica oleracea L. var. italic. Food Bioprocess Technol
2011;4:1137e43.

http://refhub.elsevier.com/S1021-9498(14)00052-0/sref1
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref1
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref1
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref1
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref1
http://dx.doi.org/10.1016/j.jfda.2014.01.027
http://dx.doi.org/10.1016/j.jfda.2014.01.027


j o u r n a l o f f o o d and d ru g an a l y s i s 2 2 ( 2 0 1 4 ) 4 9 2e4 9 9 499
[2] Johnson OE, Ryan KC, Maroney MJ, et al. Spectroscopic and
computational investigation of three Cys-to-Ser mutants of
nickel superoxide dismutase: insight into the roles played by
the Cys2 and Cys6 active-site residues. J Biol Inorg Chem
2010;15:777e93.

[3] Obata T, Chiueh CC. In vivo trapping of hydroxyl free radicals
in the striatum utilizing intracranial microdialysis perfusion
of salicylate: effects of MPTP, MPDPþ, and MPPþ. J Neural
Transm 1992;89:139e45.

[4] Qian ZJ, Ryu BM, Kim MM, et al. Free radical and reactive
oxygen species scavenging activities of the extracts from
seahorse, Hippocampus kuda Bleeler. Biotechnol Bioprocess
Eng 2008;13:705e15.

[5] Obata T. Environmental estrogen-like chemicals and
hydroxyl radicals induced by MPTP in the striatum: a review.
Neurochem Res 2002;27:423e31.

[6] Wei QY, Jiang H, Zhang JX, et al. Synthesis of N-
hydroxycinnamoyl amino acid ester analogues and their free
radical scavenging and antioxidative activities. Med Chem
Res 2012;21:1905e11.

[7] Zhang L, Yang Q, Luo XS, et al. Knockout of crtB or crtI gene
blocks the carotenoid biosynthetic pathway in Deinococcus
radiodurans R1 and influences its resistance to oxidative
DNA-damaging agents due to change of free radicals
scavenging ability. Arch Microbiol 2007;188:411e9.

[8] Zhao L, Zhao GH, DuM, et al. Effect of selenium on increasing
free radical scavenging activities of polysaccharide extracts
from a Se-enriched mushroom species of the genus
Ganoderma. Eur Food Res Technol 2008;226:499e505.

[9] Chiu YW, Lo HJ, Huang HY, et al. The antioxidant and
cytoprotective activity of Ocimum gratissimum extracts
against hydrogen peroxide-induced toxicity in human HepG2
cells. J Food Drug Anal 2013;21:253e60.

[10] Wen YL, Yan LP, Chen CS. Effects of fermentation treatment
on antioxidant and antimicrobial activities of four common
Chinese herbal medicinal residues by Aspergillus oryzae. J
Food Drug Anal 2013;21:219e26.

[11] Jin H, Zhang YJ, Jiang JX, et al. Studies on the extraction of
pumpkin components and their biological effects on blood
glucose of diabetic mice. J Food Drug Anal 2013;21:184e9.

[12] Pekal A, Biesaga M, Pyrzynska K. Interaction of quercetin
with copper ions: complexation, oxidation and reactivity
towards radicals. Biometals 2011;24:41e9.

[13] Vasiliki L, Metin G, Ozan G. In vitro antioxidant/free radical
scavenging and antibacterial properties of endemic oregano
and thyme extracts from Greece. Food Sci Biotechnol
2011;20:1487e93.

[14] Sendra JM, Sentandreu E, Navarro JL. Reduction kinetics of
the free stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH�)
for determination of the antiradical activity of citrus juices.
Eur Food Res Technol 2006;223:615e24.

[15] Li SZ (1518-1593, Ming dynasty). Compendium of materia
medica. 2nd ed. Beijing: People's Medical Publishing House;
2005. pp. 1056e8 [In Chinese].

[16] Liu F, Chen JW. Quantitative analysis of total
chrysophanol in the processed seeds of Cassia obtusifolia
by HPLC. Chin Trad Pat Med 2005;27:549e51 [In Chinese,
English abstract].

[17] Huang XP, Zhong GY, Zhang XM, et al. Determination of
aurantio-obtusin and chrysophanol in Cassiae Semen by
HPLC. China J Chin Mater Med 2010;35:2065e7 [In Chinese,
English abstract].

[18] Li HB, Fang KY, Li XE. Study on determination methods of
anthraquinones component of Cassia tora L. Food Sci
2007;28:427e9 [In Chinese, English abstract].

[19] Li L, Zhang C, Xiao YQ, et al. Glycosides of roasted seeds of
Cassia obtusifolia. China J Chin Mater Med 2010;35:1566e8 [In
Chinese, English abstract].

[20] Liao H, Zhou JY, He CH, et al. Extraction and determination of
emodin and chrysophanol contents in Semen cassiae.
Lishizhen Med Mater Med Res 2007;18:1332e3 [In Chinese,
English abstract].

[21] Su HJ, Wang ZJ, Tang LY. Simultaneous determination of 4
major components in Semen cassiae obtusifoline by HPLC.
China J Chin Mater Med 2011;36:1327e9 [In Chinese, English
abstract].

[22] Zhang XM, Yang RP, Li N, et al. Determination of the content
of anthraquinones in Semen cassiae by ultraviolet
spectrophotometry. Lishizhen Med Mater Med Res
2007;18:97e8 [In Chinese, English abstract].

[23] Zheng WJ, Chen XG, Jia W, et al. Determination of emodin
and aloe-emodin in Semen cassiae and its tea preparations by
high efficiency capillary chromatography. Chin Trad Herb
Drugs 2004;35:874e6 [In Chinese, English abstract].

[24] Jiang B, Zhang HY, Liu CJ, et al. Extraction of water-soluble
polysaccharide and the antioxidant activity from Ginkgo
biloba leaves. Med Chem Res 2010;19:262e70.

[25] Zhang WJ. Glycoconjugates biochemical research
techniques. 2nd ed. Zhejiang: Zhejiang University Press;
1999. pp. 193e8 [in Chinese].

[26] Liu CJ, Jiang B, Liu L, et al. Optimization of the extraction
technology and antioxidative activity of polysaccharide from
Fructus Lycii. Lishizhen Med Mater Med Res 2009;20:661e3
[In Chinese, English abstract].

[27] Xiao HQ, Li YZ. Studies on extraction and antioxidation of
soluble polysaccharide from plantain. Amino Acids Biotic
Resour 2009;31:59e61 [In Chinese, English abstract].

http://refhub.elsevier.com/S1021-9498(14)00052-0/sref2
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref2
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref2
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref2
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref2
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref2
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref3
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref4
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref4
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref4
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref4
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref4
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref5
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref5
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref5
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref5
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref6
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref6
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref6
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref6
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref6
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref7
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref7
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref7
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref7
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref7
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref7
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref8
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref8
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref8
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref8
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref8
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref9
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref9
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref9
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref9
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref9
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref10
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref10
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref10
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref10
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref10
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref11
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref11
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref11
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref11
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref12
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref12
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref12
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref12
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref13
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref13
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref13
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref13
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref13
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref14
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref14
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref14
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref14
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref14
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref14
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref15
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref15
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref15
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref15
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref16
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref16
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref16
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref16
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref16
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref17
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref17
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref17
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref17
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref17
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref18
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref18
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref18
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref18
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref19
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref19
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref19
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref19
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref20
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref20
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref20
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref20
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref20
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref21
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref21
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref21
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref21
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref21
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref22
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref22
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref22
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref22
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref22
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref23
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref23
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref23
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref23
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref23
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref24
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref24
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref24
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref24
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref25
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref25
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref25
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref25
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref26
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref26
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref26
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref26
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref26
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref27
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref27
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref27
http://refhub.elsevier.com/S1021-9498(14)00052-0/sref27
http://dx.doi.org/10.1016/j.jfda.2014.01.027
http://dx.doi.org/10.1016/j.jfda.2014.01.027

	Extraction of water-soluble polysaccharide and the antioxidant activity from Semen cassiae
	1. Introduction
	2. Materials and methods
	2.1. Water-soluble polysaccharide extraction
	2.2. Purification of crude polysaccharide
	2.3. FTIR analysis
	2.4. Determination of antioxidant activities of the extract

	3. Results and discussion
	3.1. Extraction
	3.2. Polysaccharide content determination
	3.3. Purification of crude polysaccharide
	3.4. FTIR analysis
	3.5. Antioxidant activity
	3.5.1. Antioxidant activity on hydroxyl radical
	3.5.2. Antioxidant activity on DPPH
	3.5.3. Antioxidant activity on superoxide radical


	4. Conclusion
	Conflicts of interest
	Acknowledgments
	References


