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Table 1 Factors and levels
K

ESNE
1 2 3 4 5 6 7 8 9 10 11 12
ity T
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Table 2 Uniform design scheme and experimental results

- ity R 7 7K LTJA
5 e
X X, X X, Y RIRAFH %

1 7 5 3 3.46
2 3 3 3 6 243
3 6 9 1 2 275
4 5 12 3 4 327
5 10 3 8 2 2.65
6 8 4 2 4 242
7 6 2 5 5 272
8 7 1 4 2 242
9 12 2 1 3 238
10 2 1 6 4 2.19
11 4 6 8 3 2.78
12 11 5 6 6 325
13 8 12 6 1 3.05
14 7 10 8 6 223
15 4 7 1 6 2.08
16 5 4 7 1 272
17 1 8 7 5 225
18 2 10 4 3 2.79
19 3 11 5 2 2.86
20 10 11 2 5 2.78
21 9 6 4 5 3.12
22 11 8 3 1 345
23 1 5 2 1 242
24 12 9 7 4 3.52

I X BRI, W X0 BB, ming X NHgRHEE, mL/g s Xaoh
20K pH (i, T,
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FIH] SAS #AFF) RSREG #EAJ} 3 2 R H &
TR I AR
Y=0.212844+3.82x10X;+0.292740X,+0.0776 1 1.X;+
0.525257X+2.44x107X,*+1.8255%107° X, X~
0.011782X,>+2.3681x10°X,.X5-0.002182.X, X5~
0.001672X:*+5.7433x10°X,.X,~0.024488 X, X+
0.001880X:X,-0.119966.X,
A, YRR, %; X AWM, W X A4
WA, ming X3 AWOEHL, mL/g.
XS BEAT B 20 #r s BB Sk oF I W3 PR
WA 3, JFESHTIE 4.

x3 SHHITREZMHEE

Table 3 Parameter estimation and significance test

ol T brifEis i P BN
i 0.212844 0930744 023 0.8242
X 0.000382 0.002351  0.16  0.8744
X 0.292740 0.104546  2.80  0.0207 *
X 0.077611 0031713 245  0.0369 *

Xy 0.525257 0.470469 1.12 0.2931
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X 0.000000244  0.000002001  0.12  0.9057

XXy 0.000018255  0.000097191  0.19  0.8552

X 0.011782 0.005153 229 0.0481 *
XiX; 0.000023681  0.000027648  0.86  0.4139

XoX; 0.002182 0.001623 1.34 02117

X3 0.001672 0.000500 334 0.0086 ok
XXy 0.000057433 0.000387 0.15  0.8852

XoXy 0.024488 0.021355 1.15  0.2811

X3Xy 0.001880 0.005594 034 0.7445

X2 0.119966 0.088838 135  0.2099

T #RORGTT AR 3 (P<0.01), *RRGETH AR B (P<0.05)

x4 HENHER
Table 4 Analysis of variance (ANOVA)
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LRI 4 2.146755  0.5099 9.69  0.0025 o
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2 H I 6 0.244145  0.0580 073  0.6347

A 14 3.712178 0.8816 479  0.0116 *
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Table 5 Canonical analysis

FEEL FHAEF it
Xi X5 X3 Xy
0.025177 0992244 -0.007195 0.108932  0.059449
0143254 -0.073787  -0.433194  0.161234  0.883687
20347799 0.025196 0776004  -0.429799  0.460929
20571569 -0.096813 0.458377 0.881709  0.055745

I Y%

B 1 RIRFFF S Mok sh F A3 18] 6 o6 5 & B
Fig.1 Response surface plot of pectin yield(¥/%) as function of
microwave power(X;/W) and extraction time(X,/min)
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Table 6 Ridge analysis

75 FEL %7 *%ﬁg T7J<qz
%ﬁ% H%)?xﬁ?i b
¥ % X » o -

0.0 3.187904 0.156399 525.000000 6.500000 22.500000 2.250000
0.1 3.235834 0.155739 548.000113 6.753446 22.754593 2.217650
0.2 3.282699 0.154056 572.426524 6.962219 22.943610 2.186850
0.3 3.328900 0.151565 597.805866 7.136173 23.101173 2.158579
0.4 3.374704 0.148646 623.844070 7.282875 23.244697 2.133166
0.5 3.420298 0.145886 650.348556 7.407974 23.383060 2.110610
0.6 3.465819 0.144105 677.187873 7.515707 23.520781 2.090754
0.7 3.511369 0.144345 704269673 7.609297 23.660114 2.073373
0.8 3.557027 0.147772 731.527798 7.691228 23.802117 2.058226
0.9 3.602856 0.155471 758.914182 7.763446 23.947210 2.045077
1.0 3.648906 0.168221 786.393547 7.827493 24.095477 2.033710
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Fig.2 Effect of microwave power on pectin yield

tE 2 g, SR B DR O =, i
WIRIEF] 600 W I, RIAFHN 3.59%, UIba bk
DN R A e A 2. BRIk, Bk Th ] ik
FE 600 W, AV ILAKF 43 21 1 JR e 1526 5 ] YA A 80 )
1l 3.65% A e, 1 HonJ K Hh PR AICREAE
2.5 EEREEAMRNELER

B T A4, BRI I% 600 W, $EHUHS (1]
8 min, WEILL 24 Img/L, $EHGE pH H 2.0 NHEHCEIH
TR R (A T s 5 R 7. SRR, Tl
AR ) o R R R A s A s T 7%, BT
re AR BE TR, L 2 U 1 T 1t 3 4= 65% 5 T-16 ik
H<12%, HikF] T GB 25533—2010 [IhsvfE, (NBAE
ROy R B (=1%) o 546, pHAE A 2.84, F4
APk ARUE QB 2484—2000 75y A I SIS pH AR f#) b v
(2.6~3.0)0 (A GB 25533—2010 G B pH {iAxvE,
AR EATTYS FH QB 2484—2000 R KE pH tARYE) o

R HERRBREXMER

Table 7 Basic characteristics of wampee pectin
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Optimization of process parameters for microwave-assisted extraction of
pectin from wampee pulp

Zhang Shuai, Dong Ji, Huang Zhiming, Liang Qiaorong
(College of Chemistry and Chemical Engineering, Zhaoqing University, Zhaoging 526061, China)

Abstract: For optimization of process for microwave-assisted extraction of pectin from wampee pulp, the effects of four
factors including microwave power, extraction time, liquid-to-solid ratio and pH of extraction solution on pectin yield
were researched using uniform design method. Model fitting and regression analysis of experimental data were made by
SAS, and two significant factors which influence pectin yield, i.e. extraction time and liquid-to-solid ratio, were
determined. The optimum process parameters of pectin extraction were obtained finally, of which the microwave powder
was 600 W, extraction time was 8 min, liquid-to-solid ratio was 24:1mg/L and pH value of extraction solution was 2.0.
Under these conditions, the experimental value of pectin yield was 3.59%, which was in close agreement with the
predictive value of 3.65%. The quality of pectin extracted under optimum conditions was basically conform to the
national standard by determination and analysis of basic characteristics of pectin. The results can provide a reference for
industrialization of extraction of pectin from wampee.

Key words: extraction, models, optimization, pectin, wampee



