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Optimization of Ultrasonic and Enzyme-assisted Extraction of
Polysaccharides from Cyclocarya paliurus by Plackett-Burman
and Box-Behnken Experiment and Analysis of Its Structure

HU Wen-bing, YANG Zhan-wei, CHEN Hui, XIONG Lei,PENG Jun, WANG Wen-jun "
Key Lab for Agro-product Processing and Quality Control of Nanchang City ,College of Food Science and
Engineering , Jiangxi Agricultural University , Nanchang 330045 , China

Abstract ; To develop the resource of Cyclocarya paliurus polysaccharides (CPP) ,ultrasonic and enzyme-assisted extrac-
tion of CPP was optimized and its structure was preliminarily studied. Firstly, the optimum range of each single factor was
identified by single factor experiment. Then,the key factors affecting the yield of CPP were screened with Plackett-Bur-
man design,and the extraction of CPP was optimized with Box-Behnken experiment. Finally, UV, FTIR spectra and gas
chromatograms were employed to preliminarily identify the structure of CPP. Results indicated that the key factors were
pH, amount of mixed enzyme, enzymatic time and ultrasonic power. In addition, the optimal extraction conditions were pH
of 6. 11 ,amount of mixed enzyme of 4. 81% ,enzymatic time of 1. 685 h,ultrasonic power of 96.9 W solid to liquid ratio
of 1: 20, and ultrasonic time of 30 min. Under these conditions, the extraction yield of CPP was 7. 18% . CPP was a typi-
cal polysaccharide and the monosaccharide composition was consisted of rhamnose , arabinose , xylose , mannose , glucose,,
galactose , with a molar ratio of 1.00:7.03:2.06:2.11:5.25:12.06.
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Table 1  Factors and levels of Plackett-Burman experimental design
5ES ity RARF(-) R +)
Factors Coding Low level High level
5 A RN Amount of mixed enzyme (% ) X, 3% 5%
BHA L Ratio of solid to liquid (g/mL) X, 1:15 1:25
i pH Enzymatic pH X, 5 7
R 1] Enzymatic time (h) X, 1.0 2.0
#H A IR Ultrasonic power (W) Xs 60 120
B ] Ultrasonic time (min) X, 30 50
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Table 2  Factors and levels of Box-Behnken experiment

JKF Levels

[KZ Factors

-1 0 1
HAHHR N Amount of mixed enzyme (% ) 3% 4% 5%
fifi it pH Enzymatic pH 5 6 7
it % st 1] Enzymatic time (h) 1.0 1.5 2.0
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Fig. 1 The effects of enzymatic pH( A) , amount of mixed enzyme (B) ,solid to liquid ratio (C) , enzymatic time (D), ultrasonic

power (E) and ultrasonic time (F) on yield of CPP
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L KW R T R A R, 2R T B AR A S A
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FRORIREI R K, A BN 2 AR B . 1
s [1] F4 76 7 A FH AT i 2 (8 3 2 Wl 7 D 5 1)
[ Fh 2 388 N REAE , ST LA KR 75 15 ) BE 5 7F 20 ~ 40 min
PoNER
2.2 XEERENHTE

K1 Minitab 17 #00Fx$ 36 3 %R HE17T £ 00
] U= 20 AT, A5 380 5 S A0 2 0 A5 23 A ) 17 (L 1) e 8 7
FEH:Y = 5.618 -0.317 X, + 0.547X,- 0. 078X, +
0.298X,- 0.472 X,- 0.070X, , H 15 % % H Z 3w 1T
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Table 3 Experimental design and response values of Plackett-Burman

: 52 A IR TN L i : N 7 )R e B [
B it pH SR FHH i e B )R L ] e
Qb= . Amount of mixed Ratio of L Ultrasonic Ultrasonic ;
Enzymatic pH . Lo Enzymatic time . Yield
No. (X)) enzyme solid to liquid (X)) power time (% .7)
‘ (X) (X;) ) (X5) (Xs) o
1 1 -1 1 -1 -1 -1 4.91
2 1 1 -1 1 -1 -1 6.94
3 -1 1 1 -1 1 -1 5.75
4 1 1 1 1 1 1 5.49
5 1 1 1 1 1 -1 5.65
6 1 1 1 -1 1 1 5.30
7 -1 1 1 1 -1 1 6.76
8 -1 1 1 1 1 -1 5.03
9 -1 1 1 1 1 1 5.63
10 1 1 1 -1 1 1 3.52
11 -1 1 1 1 1 1 6.59
12 -1 1 1 1 1 -1 5.85
F 4 Plackett-Burman {38 1% i+ & B R BT
Table 4 Effect evaluations of each factor under Plackett-Burman test design
ES B 4 FRAE R R T{H P {H B
Factors Effect Coefficient Standard error T value P value Significance
W 5.618 0.114 49.42 0. 000
X, -0.633 0.317 0.114 2.79 0.039 *
X, 1.093 0.547 0.114 4.81 0.005 % %
X -0.157 -0.078 0.114 0.69 0.521
Xy 0.597 0.298 0.114 2.62 0.047 *
Xs -0.943 0.472 0.114 4.15 0.009 % %
X 0. 140 -0.070 0.114 0.62 0.565

()R =91.78% ,Adj. B> =81.92% ;(2) " F/RZEFBFE(P<0.05), " " FREFWMBE (P <0.01),
Note; (1)R* =91.78% ,Adj. R* =81.92% ; (2) “and * * representedsignificant difference at P <0.05 andP <0. 01, respectively.
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2.3 mEESHRL

% JH Design-Expert 8. 0.5 X}3% 5 i) 250 8045
HEAT 2205 10, 15 21 7 B 22 8]0 B A5 2650
M 4 3D M) oy T T (DI 2) |, ISR AS T BRI AR %0
(y) XS pH (x, ) S GBS N & (x, ) TR ) (8]
(25) AL A D)8 (g ) 1 IR Z IR H 7 72

y = 6. 59200 + 0. 29250x, + 1. 16833x, +
0. 30500%, + 0. 58917x,-0. 065000%, x,-0. 025000, x, -

0. 17750%,x, + 0. 21750x,%, + 0. 22750x,x,-7. SO000E-
003x,,-0. 79308x,°-0. 85183x,°-0. 32683x,-1. 60058x, (2 )

2% AR RS 4T J7 22 93, 45 R WK 6,
17 6 AT, LB P <0. 0001 (HL %) , 24
Wi P =0.4287 >0.05 (A3 ) , BEHT 2 [l 5 45 AL A]
AT H RN 2RI, S50 AT
EFRBR =0.924 BEALA TR R AF B OE e &
$Ad). R =0. 867, 45 1 Ly {8 5 52 PR B A 1o
AR DG . PRt Rl A SR AT 1 60 3 Rl 2 i A
RHAT AT, AR B A R — R x|y
FI I URITE G X 7 AR M 22 A5 3R 110 B2 i3k 1) 4 K
(P <0.05) 1M o, vy 2, RLJ 2, T R S 2k
(P <0.01), %, 5 HI 6,0, 2,05 X, 2, \Xy05
X%, Xax, YT RER W, H x) xy a0 x, B W E M
K5 Plackett-Burman 256 45 58 2 —3 .

Hi Design-Expert 8. 0. 5 ZCf4-Xf [m] Y458 B 54741
A5 T B T BRI S R B AR S50 < Tl pH
H6. 11, B AN A 4. 81% , f I [A] A 1. 685
h BH DA 96.9 W FERCAR AT, Uil T 45 20 (1)
M 2 R A RN 7. 26%

&5 Box-Behnken iIXI§iZIT RER

Table 5 Design and results of Box-Behnken experiment

b ik pH %ﬁfﬁfi{ﬁ EHEE(ZU R 7 m
No. Enzymatic pH enzyme Enzymatic time Ultrasonicpower (% 3)
(x1) () (x3) (%)
1 -1 -1 0 0 3.77
2 1 -1 0 0 4.51
3 -1 1 0 0 5.8
4 1 1 0 0 6.28
5 0 0 -1 1 3.90
6 0 0 1 1 4.39
7 0 0 -1 1 5.24
8 0 0 1 1 5.70
9 1 0 0 1 3.09
10 1 0 0 -1 4.2
11 1 0 0 1 4.96
12 1 0 0 1 5.36
13 0 -1 -1 0 4.06
14 0 1 -1 0 6.43
15 0 1 1 0 4.37
16 0 1 1 0 7.61
17 -1 0 -1 0 4.60
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wms i ol ol i ok -
No. Enzymatic pH enzyme Enzymatic time Ultrasonicpower (% .v)
(1) (%,) (23) (%4)
18 1 0 -1 0 5.04
19 -1 0 1 0 5.26
20 1 0 1 0 5.60
21 0 -1 0 -1 2.52
22 0 1 0 -1 4.37
23 0 -1 0 1 2.76
24 0 1 0 1 5.52
25 0 0 0 0 6.64
26 0 0 0 0 6.53
27 0 0 0 0 6.56
28 0 0 0 0 7.21
29 0 0 0 0 6.02
x6 MARBFESNER
Table 6 ANOVA for response surface quadratic model
J5 22U Fl i B 7 A ¥J5 (MS) F1H PfH BN
Variance sources DF Sum of squares Mean squares F value P value significance
X 1 1.03 1.03 4.70 0.0480 *
%y 1 16.38 16.38 74.93 <0.0001 R
X3 1 1.12 1.12 5.11 0.0403 *
Xy 1 4.17 4.17 19.06 0. 0006 S
%2 1 4.08 4.08 18.66 0. 0007 ®
X3 1 4.71 4.71 21.53 0. 0004 .
132 1 0.69 0.69 3.17 0.0967
x42 1 16.62 16.62 76.02 <0.0001 *
X%, 1 0.017 0.017 0.077 0.7850
X)X 1 2.500E-003 2.500E-003 0.011 0.9164
LR 1 0.13 0.13 0.58 0.4603
XpX3 1 0.19 0.19 0.87 0.3679
Xy 1 0.21 0.21 0.95 0.3470
X3X, 1 2.250E-004 2.250E-004 1.092E-003 0.9749
el 14 43.10 3.08 14.08 < 0.0001 ® %
2= 14 3.06 0.22
Eiet 10 2.34 0.23 1.31 0.4278 FNTES
iRz 4 0.72 0.18
A 28 46.16

FE:(1)R* =0.934,Adj. R* =0.867;(2) * FmEFBH(P<0.05), " " FREFMBFE (P <0.01),
Note: (1) R? =0.934,Adj. R> =0.867; (2) * and * * represented significant difference at P <0.05 and P <0. 01 , respectively.
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