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charide by response surface analysis

ZHU Yasongl"2’3’4, XU Wei*?, SHAO Rong2’3, ZHU Yuezhao', Cheng Delin*, LIAO Chuanhua'*

"School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, *School of Chemistry and Chemical Engi-
neering, Yancheng Institute of Technology, Yancheng 224051;° Jiangsu Key Laboratory of Biochemisiry and Biotechnology of Marine
Wetland, Yancheng 224051;* Yancheng Kanglinda Biotechnology Co. , Ltd. , Yancheng 224051, China

Abstract Gynura divaricata polysaccharide was extracted from Gynura divaricata with the method of microwave-
assisted extraction. Based on the results of single factor experiments, the extraction process was optimized by
response surface analysis. The results indicated that the influencing factors during extraction were: liquid-solid ra-
tio, microwave time, and microwave power, among which the influence of liquid-solid ratio was the most signifi-
cant. The optimal conditions were as follows: liquid-solid ratio of 45: 1 (mlL/g), microwave power of 390 W,
microwave time of 22 min. Under optimal extraction conditions, the extraction rate of Gynura divaricata polysac-
charide was 15. 36% , which was pretty close to the predicted result. The optimized response surface methodology
had some practical value for the process.

Key words Gynura divaricata; polysaccharide; microwave; response surface

This study was supported by the Industry-University Prospective Joint Research Project of Jiangsu Province( No. BY2015057-29) ; and
the National Spark Program of China ( No. 2015GA690049)

H1 =L, Gynura divaricata (L. ) DC, XHM  RAEGEREMHE AR =t EEY. 07
HE (ARG p B2y 2 — 1 R —FE S 2w, R R a3 = bR i

Wi HEHE 2015-12-10 “{BIE1EE Tel:13851852847 E-mail: Lch@ njtech. edu. cn
HEWE T4 2FERBEeasam B KRB (No. BY2015057-29) ; £ kit %] % 853 B (No. 2015GA690049)



360 ‘1’ @ F # X # % #i& Journal of China Pharmaceutical University 2016,47(3) :359 - 362

H4TE

FEL5 W EA T, REAT R 2 e R A R . 1
T2 AT b EEE Rz —, iR
HXIa&F%*m%J FIVFZ M 2R T, 2
B H R A =L 2 BB AT T
5%, FHIE S SE g  H T 24T T 04k, BU/NE R
DIRIE LralEEN 33 I F A U o =S
A FREE Z X 1 =L 2R ECR A, 15
IR T LR T MR R 9.01% , F
FRE K BEILPE M, AF7E 32 BORAIR PR HET ] 4
aE— ZHN 5 TP G el B 4 B T
DI B84 = W R R B, I H RO 4 e B
A, ek e B B o

T B HUR B 3 =L 20, AR SO R
SRt i B K AR B BB 12 , 3 2o B PR 2 S M e
B LSS RE I, IR WA 1A 0 AT T
Ak, o A =L 20— I R R OY
BT

1 # #

L1 254 AfaiX )

HE =L (" REAEY I REY) 5 B )
T o bl s 58 TR (25 A i)
L2 & =

XO-SMS0 75 5 il 30 20 & SO0 28 52 (R At o
RRA=PIRHCA BR2 R ) 5752 550 n] W e e it
(WA A AR AT B2 ] 5 DFY-500 45 42 2025 44
FTERLCTERA T 1 SIHUBRR & A R ) 5 AUY220
LR ( HAR AR o

2 F &

2.1 ZHARE &AL

PRIBUH 25 BEAR A 10 mg T 100 mL &),
MEB TRBBREZ L, 5, AR E N
0.1 mg/mL [ BHAR MV W o WRCIBUIC B 47 1)
7 W bR M VE W 0.2, 0.4, 0.6, 0.8, 1.0, 1.2,
1.4 mL, 23BN 8 /K 2 2 mL, ITA 5% 75}
VSR 1 mL, 3RS, FARS RS ) B S8 oI AR B
2 5 mL BA4, 5% 5 min, fUE 15 min J5,7F 40 C
7K FFINAA 10 min, FEPK/K IS H 4 20 30 min 5,
F 490 nm"" b H WU . haligk 2 mL 4 B ]
FERZR AR Sy 25 LG HR B AR AR Xy 220 0 ot it
W IE (mg/mL)  H\ARDR Y MRS RE , 45 B hR o il 4k

[ 72 .Y =16. 192 9X +0. 005 86,r =0.999 0,
22 AFZ L SIBRRIY

¥ = LeEdtad 100 i, 75—x T2 5%
P AT B R R AR, R N R R iR e, B
U8, SO I MR I S DRV, B 1 mL SRR A
BE2 100 mL, SR ]2 M- IR 125 11 380 5 W 22 W Ik
JE(H.
2.3 ¥HEER

FaifAREGT 100 B EE =1 2.5 g, 50l
FEANEBOE LG 1@&%1@%&&1@%5**{%
WEPRICR I FE o & B R 2 KOF O B0k 201 1,
30:1,40:1,50:1,60: 1 (mL/g) ; {4 T2 200,300,
400,500,600 W ; 3 i it ] 10, 15,20,25,30 min,
B IATINAE 3 IR, W B - 24 1E .
2.4 v R E R ARAL SR T

TE B S I S A b, RS TR ER R BE L
3 AN KPR AT w0 T S 8 U7 S . MR S Box-
Behnken SZ56 1% 11 L, AT =1 2B LECR
(Y, % ) Ry RiAE, Bt = &R =K (L
1) RO R B KR I E 3 =L 2 T

20, AT B K 0 2 B OR

Table 1 Factors and levels of response surface methodology

Level
-1 0 1

Factors

X,/(mL/g) 30:1 40: 1 50: 1
X,/W 300 400 500
X5/min 15 20 25

X, : Liquid-solid ratio; X, : Power; X5 ; Time

3 ZER5iTE

3.1 MEKHBMARBROFTZLEBUERNEZ LR
%R

Bl 25 VRO E 3G 0, 22 5 1 42 B0 Al A B 3
TN 336 AR B FHE 45 SR PR ok D0 i D /K R A 1
TR LI AR, U 2 MK A
FMTFEE =P 20e i, S8R LK T 4011
(mL/g) B, 3RBCR I K i T2, % 18 34
FEAR R R S BEROR L 400 1 (mL/g) S e
PEBUK

HE =L 2 PR SRR R A Y2 5N 52 5%
S 0N RS XA RE R B TR i 2
21 it B SRR B IR, AR T 2 AT R, B
TR Aol 700 B4 B R X 2 A R R R



55 47 553 1 SR , 4 BT DR 17 =L SRR T 2 361

TE—EFE B m 7 2R BCE, X 5 Thirug- (X)) 3 MRZRHFTW N BT, L AE =L 28
nanasambandham 25 F GG A BN IR BRI 20 M4RECT 2, 45 0 b 3 2 I 3,
PRI SR BCR WA — 2 MR Taple2  Results of response surface experiment

400 W s, Z2 48 1Y 1 03 0] i 2 T 2% 174 3 S T D Run X, X, X, Y/%

A T BSOS AR5 K, B BR A i S - 0 .38
LI 4o AR O R R S v, S B 2 ! -1 0 13.83
53, M TR S RS IR AR 250 % 1, it ; . 1 . o
'f%%*f&ﬂyljj$j‘j 400 Wo 5 -1 0 -1 11.59
BB /N 20 min B, 2200 (1) 3 HOR B 6 1 0 -1 14.05
B ] 1 8 LG40 20 min LI L 2B 1O 7 -1 0 1 12.58
SRICRR P4 S A , TT AE 2 B A 0 1 3 : . oo o
A1, SR L B B SR A BT BN (L 2 3 TR o . 1 p o
B AR ] Bt 2 o 4 BT A4 0L 3 364 i, DT i 1 0 -1 I 13.57
TR KRR K, 25 AT o L MR TR 2 0 ! | 12.89
ST R B FR T SO DR L T 13 0 ’ . o
kT 2 M I XHRBCR BB — 50, % R . . L0 e
PR AN EE RN 2R, e AR B BT[] 24 20 min, 16 0 0 0 15. 18
3.2 v @A LRy 4R 17 0 0 0 15.29
SHBOREH (X, ) B0 T2 (X, ) 0 B ]
Table 3 Variance analysis of regression model
Source Sum of squares df Mean square F P Significant
Model 34.61 9 3.85 114.28 <0.0001
X, 11.93 1 11.93 354. 54 <0.0001
X, 0.71 1 0.71 21.04 0.002 5
X5 1.85 1 1. 85 55.06 0.000 1
X; X, 0. 000 1 0. 000 0. 000 1. 000 -
X, X; 0. 000 625 1 0. 000 625 0.019 0.895 4 -
X, X5 0. 026 1 0. 026 0.76 0.412 0 -
Xl2 5.13 1 5.13 152. 42 <0.000 1
Xz2 11.55 1 11.55 343.21 <0.000 1
X,? 1. 64 1 1. 64 48. 68 0. 000 2
Residual 0.24 7 0.034 - - -
Lack of Fit 0.011 3 0.003 792 0. 068 0.974 2 -
Pure Error 0.22 4 0. 056 - - -
Cor Total 34.85 16 - - - -

**P<0.0001;"P<0.05
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Figure 1 Response surface plot on the rate of polysaccharide extraction
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