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Optimization of Extraction of Polysaccharide from Sphallerocarpus gracilis
Using Response Surface Methodology and Study on Its Antioxidant Activity
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Abstract : The aim of this study was to optimize hot-water exiraction conditions of polysaccharides from Sphallerocarpus
gracilis. On the basis of single factor test,response surface methodology was applied to optimize the main extraction con-
ditions. The result showed that the optimized conditions were : extraction duration of 5.45 h,extraction temperature of 75
C ,solid/liquid ratio of 1: 34 (g/mL) and with 3 times of extraction. Under these optimized conditions, the extraction
yield of polysaccharide was 15.52% . According to the study on DPPH - | - OH and O  radical scavenging activity,
chelating of Fe** and reducing power, S. gracilis polysaccharide exhibited excellent antioxidant ability.
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15 Temperature ( °C) X, X, 60 70 80
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Fig. 1 The effect of times of extraction (a) ,extraction duration(b) ,extraction temperature (c¢) and solid/liquid ratio (d) on the

yield of polysaccharide
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Table 2 RSM design matrix and the responses

e T B soi{i?jjlrizzid ZHIH
No. Time (h) Temperature ( °C) ratio (mL/g) Yield (%)
1 1 1 0 4.98
2 1 -1 0 7.36
3 1 1 0 10.08
4 1 1 0 9.55
5 -1 -1 0 7.29
6 1 -1 0 6.77
7 1 1 0 6.58
8 1 1 0 11.15
9 -1 -1 0 6.21
10 1 1 0 8.03
11 1 1 0 7.23
12 1 1 0 11.41
13 0 0 0 11.96
14 0 0 0 11.87
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Table 3  Regression coefficient and ANOVA test of the yield of polysaccharide

Hei A HilfE Ky P P i e
Source Quadratic Degree Mean sum F value P value Significance
sum of freedom of square
%1 Model 97.55 9 10. 84 85.76 < 0.0001 *
X, 4.35 1 4.35 34.43 0. 0006 * %
X, 22.08 1 22.08 174.69 < 0.0001 *
X, 8.14 1 8.14 64.41 0.0031 o
X; X, 2.12 1 2.12 16.75 0. 0046 * %
X, X, 6.45 1 6.45 51.05 0.0002 -
X, X, 1.39 1 1.39 11.02 0.0128 *
X3 18.61 1 18.61 147.23 < 0.0001 * %
X3 14.06 1 14.06 111.23 < 0.0001 *
X2 14.80 1 14.80 117.09 < 0.0001 o
#2% Residual 0.88 7 0.13
AL Lack of fit 0.88 3 0.29 230. 87 0.136 Not significant
4fii5: 2% Pure error 5.08 x10° 4 1.27 x10°
JUHT Cor error 98.43 16

TE:R* =0.9910,R,; =0.9795,C. V. % =3.87%, “* " HEE(P<0.05);“ " " " i i % (P <0.01),
Note:R* =0.9910,R3,; =0.9795,C. V. % =3.87%. * P <0.05;* * P <0.01.
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Fig.2 Response surface plots and contour plots showing the effects of extraction duration and solid/liquid ratio (a) ,solid/liquid

ratio and extraction temperature (b) and extraction duration and extraction temperature (c¢) on extraction yield of S. gracilis

polysaccharide

SERL R TESC IR MR BE S LN, 555 2485t DPPH -
B A —E TEBRIE T, B R 0 T, T BRAE
FHAZETN G, Y8 S 2R N 2 mg/mL ff, X
DPPH - H AR IAS] 63% .
3.2.2 #HA ST - OH A WA ey FkiEm

- OH JZ—FhiG M40 F 3, dEPEme o, 7] Al
WA, TR R A, PR A 2R
SARHEHAE A . S - OH [ th AT BR
YEF S 85 2 W00 W B E AR 5%, WL 3 (b) , 248
BLMEWE 2 mg/mL i, %F - OH [ i 3L A3 5
B35 72.3%

3.2.3 ®ASHEAREA G WA FRER
AT T A SR RN A ) —FE AR
F 3, BES | A A i o A, PR LA i 52
VBRITAE O L 55 , ™ T 1 5 NI B 52
B4R ES PR A A A —E G BRI
HI,AN1E 3 (e) Fron , B 882 22 ik B2 B30, T B
VEHZ g i, Z WA 5 mg/mL k38 A0 B
T H B EERIEER N 78.2% .
3.2.4 &R
YA R T B B B3 BRI 45 el 1 i i
B Fh R S5 e A R R, T



2122

KERT-PIBE S I R

Vol. 27

%,
S

ity (%)

1ty
S
S

DPPH [ LI ER

DPPH radical scavenging activ

0.01 0.1 1 10
WS
Contentration(mg/mL)
1007 e ve ¢
901 ==scp

Gl

Superoxidant radical

scavenging activity(%)

A A P

0.01 0.1 1 10
W

Contentration(mg/mL)

A LR

Hydroxyl radical scavenging activity(%)

i)

Absorbance at 700nm(%)

0.01 0.1 1 10
e
Contentration(mg/mL)

001 0.1 1 10
s

Contentration(mg/mL)

B3 #EZSEZWES Ve DPPH - BHE(a), - OH BHE(b) REBEAHE(c) WFRENREFRE N (d) L
Fig. 3 Comparison of DPPH radical scavenging ability (a) ,hydroxyl radical scavenging ability (b) ,super radical scavenging ability

(¢) and reducing power (d) of S. gracilis polysaccharide and Ve

A 3 I A S R A T AR T PR A RN e DU
3()ATLAFEH, 5 Ve ML, B2 200 I R
55, BEHE B2 WU BE A0, S0 e ) S 28
R, AR b S B — i Ak B A

4 WS

ZHE X FR 22 R LA N — R 2 A TG
YRI5, Fh— 7 g 22 Fof B S e A R R I8, )
ZAHE TS Y RS A LA, SRR EH
Jit AR — R B A A M v R R 4 AR R
ST . BURBRSEIE I R A £ Rl T
FITIRE , AnBT4A AL BT TR ST  HUBE L | U |
TPETTE . T IR BRI L Ak A
PR A PRI BT LA A 2 A 2 BRI ST R
PETEPERL T PROT , 4 R R W BOKIE TR 2 1 Z B TR
TG PRI o BRRERIIR B 2 HEXE NS 20 8
ZHERMITC ZHERIBT IS rh L, NS 20 B2
FIMIACZ B A S 1 16 PR R 2 R A S
SO LS A ELAT B AR

ARSOR ARSI BOL e U 2 208, 18 i
DR R S A AR B T R I T A R AR
T LSRG H MR UL O 2 2R R 3R 507
TERBUT 246 9 - HIA) 5. 45 h G5 ES 75 °C RN
Feoh 1034 (g/mL) , ZHEFFACON 12.52% o %07k
AR, 2R S WS 2R 5

BT A 320 78 I AR 7 5 R0, 7R —
SHSE S T ARRR S SCBL, RRASBE) 2 VA, i HLR
R WE A R . JF o % 55 2 2T
DPPH - | - OH 1 0;" A H 3L TH BR AR J1 LA B
BT EATERME RS ER 45/ %KW, w52
BEEA KRBT RIS v, X IR AR ST 4L T
—E R BRIE SR

S 0k

1 Yu RT(THi¥%) ,Zhu PCOARMEFE) , Tao Y (FFFHE) , et al.
Sulfuric acid-phenol method for Sphallerocarpus gracilis poly-
saccharide content measurement. Chin J Anal Lab( /3 #1856
%) ,2008,27.222-224.

2 Yang CH(##E4E) , Gu LN (JHUBKEE) . The identification of
Codonopsis pilosula and Sphallerocarpus gracilis. Chin J Hosp
Phar ( F[E £ e 2272 75) ,2004 ,24 .789-790.

3 Jia HXCBEMOE) L Chu Q4B | Ye XQ( AT ). Study
on distribution and content of trace elements of Shandan
Huangshen. Acta Botan Boreali-Occidentalia Sin ( P§tAHY)
“4%) ,2001,21 :188-190.

4 Xue GY (F#PHTE) . The research on Chinese components and
biological activity of Shandan Huang. Lanzhou; Lanzhou Uni-
versity of Technology,MSc. 2011.

5 Di DL(BZL &), Huang XY (E#H ). Chin Patent ( th
4 #]) :200710307289. 1,2009.

6 Qu YH(HiBLLT) , Liu ZD(RZEZ) , Chen SS(FRFEME).

Study on antioxidant activity of Octopamine and its deriva-



Vol. 27

TRIZ A M R TR DAL B 2 2R I SR IR T2 R HAR S ML S A

2123

10

11

12

13

14

15

tives. Nat Prod Res Dev( FIRF=HIWos 5 %) ,2015,27 .
255-258.

Cheng XY (i =), Cui X (#2), Liu CC(XNFE) , et
al. Recent advances of antioxidant activity of Chinese herbal
meidical. Nat Prod Res Dev( KER=Wiift5¢ 5 %) ,2006,
18:514-518.

Zhao BT, Zhang J, Guo X, et al. Microwave-assisted extrac-
tion , chemical characterization of polysaccharides from Lilium
davidii var. unicolor Salisb and its antioxidant activities eval-
uation. Food hydrocolloids 2013 ,31 :346-356.

Song S( R H) , Zhao BT (B EL) , Yin ZX ( BRARME) , et
al. Extraction and separation of polysaccharides from uater-
melon seeds and its monosaccharide composition analysis by
GC-MS. Food Ferment Ind ({5 & EET.),2013,39.
238-245.

Yang Q,Chen H,Zhou X, et al. Optimum extraction of poly-
saccharides from Opuntia dillenit and evaluation of its antiox-
idant activities. Carbohydr Polym,2013,97:736-742.
Dalonso N, de Oliveira Petkowicz CL. Guarana powder poly-
saccharides : characterisation and evaluation of the antioxidant
activity of a pectic fraction. Food Chemi,2012,134.1804-
1812.

Wang C,Wang Y,Zhang J,et al. Optimization for the extrac-
tion of polysaccharides from Geniiana scabra Bunge and their
antioxidant in vitro and anti-tumor activity in vivo. J Taiwan
Instit Chem Eng,2013,12:802-809.

Wang S, Dong X, Tong J. Optimization of enzyme-assisted ex-
traction of polysaccharides from alfalfa and its antioxidant ac-
tivity. Int J Biol Macromole 2013 ,62 .387-396.

Wang JL, Zhang J, Wang XF, et al. A comparison study on
microwave-assisted extraction of Artemisia sphaerocephala
polysaccharides with conventional method ; Molecule structure
and antioxidant activities evaluation. Int J Biol Macromol,
2009 ,45 :483-492.

Gan C, Aishah AL. Extraction of antioxidant pectic polysac-

16

17

19

20

21

22

23

charide from mangosteen ( Garcinia mangostana) rind ; Opti-
mization using response surface methodology. Carbohyd
Polym ,2011,83 :600-607.

Yan YL, Yu CH, Chen J,et al. Ulirasonic-assisted extraction
optimized by response surface methodology, chemical compo-
sition and antioxidant activity of polysaccharides from
Tremella mesenterica. Carbohydr Polym ,2011,83.217-224.
Ma LH( ZA4E) ,Qin WD(ZE L4). Study on the antioxi-
dant and monosaccharide composition of Zingiber officinale
Roscoe polysaccharide. Food Technol Food Ind (£ Tl &}
) ,2010,7:120-124.

Xu JJC%F fiih) , Tang ZH(JEELL) ,Wang JY(EHRE).
Study on purification and antioxidant activity of polysaccha-
rides from Enteromorpha. Food Technol Food Ind (€55 Tl
Bl4%) ,2009,10:134-136.

Wu Z,Li H,Tu DW et al. Extraction optimization , prelimina-
ry characterization, and in vitro antioxidant activities of crude
polysaccharides from finger citron. Ind Crops Prod,2013 ,44 .
145-151.

Cheng HR,Feng SL, Jia XJ, et al. Structural characterization
and antioxidant activities of polysaccharides extracted from
Epimedium acuminatum. Carbohydr Polym ,2013,92 .63-68.
Sai FDABL( ZEA T BFIAHE) , Wang MJ( EH ) ,Mi KRM
(CKFEHA) , et al. Progress on antivirus and immune en-
hancement activity of polysaccharides and sulfated deriva-
tives. Nat Prod Res Dev( KIRF=HIWF5¢ 51 % ) ,2013,25;
572-575.

Cheng HR ,Feng SL,Ding CB, et al. Structure characterization
and antioxidant activities of polysaccharide extracted from Epi-
medium cuminatum. Carbohydr Polym ,2013,92 .63-68.

Chen Q(BFEEE) ,Liu JC(XIZK E ). The research advance of
Panax ginseng polysaccharides , Astragalus membranaceus poly-
saccharides and Lycium barbarum L. polysaccharides. J Huainan

Teachers Coll (WYERGIHTEREA24HR) ,2001,10:39-41.

(L34 2045 )

13

14

15

Takuya H,Hiroki N, Yuka T. Axially chiral dicarboxylic acid
catalyzed activation of quinone imine ketals: enantioselective
arylation of enecarbamates. / Am Chem Soc, 2013, 135,
16010-16013.

Huang RM, Zhou XF, Peng Y. Nucleosides from the marine
sponge Callyspongia sp.. Chem Nat Compd,2011,46:1010-
1011.

Minagawa K, Kouzuki S,Tani H,et al. Novel stachyflin deriv-

16

atives from Stachyboirys sp. RF-7260. Fermentation, isola-
tion, structure elucidation and biological activities. J Antibiot ,
2002,5:239-248.

Gamov GA, Dushina SV, Aleksandriiskii VV. Nicotinamide
solvation state in aqueous dimethyl sulfoxide. Russ Chem
Bull,2013,62:1183-1190.

Sun HH, Barrow CJ, Sedlock DM. Benzomalvins, new sub-
stance Pinhibitors from a Penicillium sp. . J Antibiot, 1994,
47.515-522.



