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Optimization of Extraction of Pectin Polysaccharide from Broccoli Stalks by Response Surface
Methodology Combined with Microwave—assisted Acid Method
FENG Li—yuan"?,LIU Jing-lun'?, YANG Mei—fu', Al Wei'?, WANG Yu-jie'?
(1. School of Resources and Environment Sciences , Baoshan University , Baoshan 678000, Yunnan, China;
2. Key Laboratory of High—value Conversion and Utilization of Biomass Resources in Nujiang River Valley for
Colleges and Universities of Yunnan Province , Baoshan 678000, Yunnan , China )

Abstract: The effects of solid —liquid ratio, extraction solvent pH, microwave time,and microwave power on
pectin polysaccharide yield from broccoli stalks were investigated using the microwave—assisted acid method. In
addition, the extraction conditions were optimized by performing single factor experiments and response surface
analysis (RSM )based on Box—Behnken design. The results showed that the four factors had significant effects on
pectin polysaccharide yield,with the extraction solvent pH and microwave power being the most significant fac—
tors. The order of factors influencing pectin polysaccharide yield was extraction solvent pH>microwave power>sol—
id-liquid ratio>microwave time. The RSM was reliable, and the optimal extraction conditions were as follows: sol—
id-liquid ratio of 1:21 (g/mL.),extraction solvent pH of 1.7, microwave time of 7.0 min, and microwave power of
900 W. Pectin polysaccharide yield was (4.88 + 0.00)% under the optimal extraction conditions, with a relative er—
ror of 0.03% when compared with the predicted value. The present study provided an experimental basis for the
comprehensive utilization of broccoli by products and the exploitation of high—quality pectin sources in China.

Key words:broccoli stalk; pectin polysaccharide; response surface; microwave acid method; extraction optimization
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Table 1 Design of response surface test

K- HZ

A X, BN/ (g/ml) XopH X O THZ/W X, % 7 /min
-1 1:15 1.0 800 6.0
0 120 L5 900 7.0
1 1:25 2.0 1 000 8.0

1.7 Hdskb e

SEIRBUA VP ERE2E RN, bRt 2276 ]
IR 2228 R0R ;18 H] Design—Expert V8.0.6 3 {Fi 17
W 1o T 358 31 1 223 MT , Origin 2018 {4 Fl1 SPSS 23
AR A T2 B B BAIR G 43 AT

2 GRS
21 BHERBL R
201 BRSP4 2 B R
FEl 1A RHI R TG 22 7 25 R R I R

BHRH/ (g/ml)
ANNF RN s 2 A B 22 57 (p<0.05) o
E1 BRI A= ERRZEEENZMN
Fig.1 Effects of solid-liquid ratio on the yield of pectin

polysaccharide from broccoli stalk
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Fig.2 Effects of pH value of extraction solution on the yield of

pectin polysaccharide from broccoli stalk
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Fig.3 Effects of microwave power on the yield of pectin

polysaccharide from broccoli stalk
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Table 2 Response surface scheme and results
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6 0 0 1 -1 4.42
7 0 0 -1 1 434
8 0 0 1 1 4.62
9 -1 0 0 -1 3.89
10 1 0 0 -1 4.03
11 -1 0 0 1 3.92
12 0 0 1 4.62
13 -1 -1 0 342
14 1 -1 0 4.46
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Continue table 2 Response surface scheme and results

e X X X 0E X B EvEZi
B pHME IR i i) 133/%
15 0 -1 1 0 3.98
16 0 1 1 0 4.21
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23 0 -1 0 1 4.11
24 0 1 0 1 4.36
25 0 0 0 0 4.76
26 0 0 0 0 4.64
27 0 0 0 0 4.83
28 0 0 0 0 4.90
29 0 0 0 0 4.84
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Table 3 Analysis of variance

FRKUE CFOPR A ¥ FE P BEYE
TR 6.13 14 044 137 <0.0001 %
X CBH& L) 0.23 1 023 727 00174 *
X(pH {H) 1.87 1 1.87 5856 <0.0001
X;(ETh#) 036 1 036 1128 0.0047  **
X (OsEED) - 022 1 022 692 00197 *
XX, 0.06 1 0060 1.88 01922
XX, 0078 1 0078 245 01397
XX, 0.02 1 0020 061 04467
XoX; 0.16 1 0.16 513 00399  *
XX, 0.18 1 0.18 578 00306  *
XX, 0027 1 0027 085 03718
XP 2.03 1 203 63.50 <0.0001 %
X7 1.15 1 1.15 3591 <0.0001 **
X2 0.71 1 071 2219 00003 %
X2 0.18 1 0.18 549 00344 =
B 2% 045 14 0.032
AU 0.41 10 0.041 413  0.0920
Al 0.04 4 0.009
S 6.58 28

T FORZEFMLE (p<0.01)3* FIRZER B (p<0.05),

P22 R 2 A R [ H Ty 72 . Y% =4.79 +
0.14X,+0.39X,+0.17X;+0.14X,+0.12X X, -0. 14X X, +

0.07X.X,—0.20X,X;-0.21X,X, —0.082X X, —0.56X 2 -
0.42X,-0.33X 2-0.16X %,

SyRTEE 3 AT W S T [T A 137,38
F| W 5K (p<0.000 1), FIHZAI B % i FA{E
pNANES IS E SO S IE 2 T RO up AN 5 )
PRI pH 8 (X,)> G0 D128 (X5) > BHE L (X)) > 3%
] (X,), H33oh 2 R P 3R BOR pH (A R0
DIESSATE LSS OO0 O O D G TE SN 6N
X2 X7 M B 2 2 (p<0.000 1), BEHA LA | & 2 K
ESIETERSERCE A v E R IR G ETA R
SRR RPIUA B 3 (p=0.092 0>0.05) , A 5& R 4L
R?=0.932 0 AL IE 78X R%,=0.863 9, KHIZAAIIA
ROR BT, 86.39% 11 SR Z2 A 380 AH T 38 o0 28
RUfRE , BRI b Sz G T 4 52 e R 3R 5500 (L
) AR AR L1 A8 5 RO 4.27%<15% , 15 Wt
11.838%>4% , F W IZ BRI 1R 22/, AT Ak
223 ZHAEMHT

AR IE PR 258 TLAE FH 75 25 A6 25 SR e 22 WA
FE, SEREE 4 NIRRT WA R EZE K
-, FEA T AR A B R B8 B, 2 g i TR 3
JEE RGN , AR PR RS M A, R Z S /N

K 5 SRR LE 5 52 B0 pH E A2 A X R IR Z
WEFR R A

5.0

o 45

EE 4.0

% 3.5

»Jg(:

® 3.0

2.0 1:25

121 D
119 (™

} 17 e
1.071:15 ﬁ**\&

5 Bl SRNE pH EXEEA
Fig.5 The interaction between solid-liquid ratio and pH of the

extraction solution
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Fig.6 The interaction between solid-liquid ratio and microwave
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Fig.7 The interaction between solid-liquid ratio and microwave

time
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Fig.8 The interaction between pH of the extraction solution and

microwave power
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Fig.9 The interaction between pH of the extraction solution and

microwave time
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Fig.10 The interaction between microwave power and microwave

time
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