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Optimization of Extraction Process of Polysaccharide from Sophora japonica
by Compound Enzyme Method and Its Antioxidant Activity

REN Xiaoli', YANG Lu, QIAO Peng, MIAO Yikai, YANG Yi'ang, DAI Qiuhong, ZHANG Xiande

(Department of Environment and Safety Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract: Objective: Sophora japonica polysaccharides were extracted by compound enzyme method, and the extraction
process was optimized. The antioxidant activity in vitro was evaluated. Methods: The effects of addition amount of
compound enzyme, pH, proportion of compound enzyme and enzymatic hydrolysis time on the extraction yield were
investigated by single factor experiment. On the basic of single factor experiment, response surface method was used to
determine the optimal extraction parameters of Sophora japonica polysaccharide. Compared with V., the antioxidant
activity of Sophora japonica polysaccharides was investigated by measuring the scavenging rate of DPPH- and ABTS" and
the total reducing power. Results: The optimal extraction parameters of Sophora japonica polysaccharides were as follows:
The addition amount of compound enzyme was 23.8 mg/g, pH4.8, and the ratio of pectinase to cellulase was 0.912:1.
Under this process, the yield of Sophora japonica polysaccharides was 10.71%, and the extracted polysaccharide showed
good scavenging ability for DPPH- and ABTS". When the concentration of the polysaccharide solution was 2.8 mg/mL, the
scavenging rate of DPPH- and ABTS"- reached 94.19% and 99.79% of V. at the same concentration, respectively, and the
total reducing power reached 75.99% of V.. Conclution: Sophora japonica polysaccharide could be effectively extracted by
compound enzymatic method and its antioxidant activity could be improved, which provided a theoretical reference for the
development of functional food of Sophora japonica polysaccharide .
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Fig.1 Extraction process of Sophora japonica polysaccharides
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AR E] 60 min, BEFRIREE 45 °C, W& L 2511, ik
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Table 1 Factors and levels of response surface experiment
K
-1 0 +1
ARGAS i (mg/g) 15 20 25
B pH 4.4 4.8 52
CHiE L 0.33 0.50 0.67

1.2.4 MAEZPEBUEILTEEVTSY Bl — R E
(0.1,02.04,.08,1.2,1.6.2.0,2.4, 2.8 mgmL)
WRAE ZWHAWR, 4350 2 HoXT DPPH-Fil ABTS - 1975
BRFFEIRIT T, 5 Ve X

1.2.4.1 DPPH-IERZERME H5lldH — RINASE
WL Vo FIRRAE Z AU, 2 BIEOCHR [22-23] #9707
EVEATINE , ARPFE A (2) IR EE T DPPH- 13

A-A W @))

BHEE %) = (1 - )x 100

A A SHMRAEZBE/V - TEIRWOGIE; A, X HE
W SEIE; A, as FIEWSEIE .
1.2.42 ABTS"-JH%  Hl#] 7.6 mmol/L ) ABTS
fiti 5 W, M BERAE 734 nm WOG(E S 0.700+0.020, 1
ST AE W, 2 B8 SC R [24-26] B9 7 s BEAT N 2,
ABTS™ BIEBRRITE S B (2),
1.2.43 B JEJME = MEICHER [27-29] B9 E
Jridie
1.3 HIELIE

T SIS E S 3 IR, SIS R - B b

WE2E 3o, PAR R SIS AN S A S 98 s 2 2R
Microsoft Office Excel 2019 434788 3 Fnse:
B g T G 2P SR FH Design expert 12 {3
AT R AR AT ANOVA 53HT .
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2.1 BERIE

2.1.1 BEESInEXERRRE Nl 2 PR, E4 0
Whnia AN 5 me/g FhE 2 15 me/g B, 28515 R
5.95% HEMAE] 9.59%, #2151 3.64%; 45 BN
ik E| 20 mg/g, BIRIKEEFILT4EZE 4 10 mg/g, 2
BISFE THaE, 1538 9.73%, X 15 HH M BG4
AT, & A HFEAHXT TIRYIA L ; 55 20 mg/g BT, JiE
YL O a A iBlfg, M N ShgE, BN A
AFNFIEEBUTE . 28 DA, Yo e Gl
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B4 E IR S5 C—3
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Fig.2 Effect of addition amount of compound enzyme on the
yield of Sophora japonica polysaccharides

2.1.2 pH X9ZFAysEm  iE 3 Pz, pH M 3.6 7t
= E 4.8 B, ZHEAS AR 2 I Y e, pH4.8 B,
BRIKF R KAE 9.76%, Z It FRITURREAR, S i 5
KA REJ& pH4.8 B, &2 & Fg M1 MEA =, A TRl
A6 P 18 SR RN AT 2k 22 E A T I A, B Z HE 00 s

S, I, 4B pH Ry 4.4, 4.8, 5.2 PEATIR Y T

11

. (%)

Wk U Y 9 o O
T T T T T
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K3 pH XHRLAEZHEISAAE
Fig.3 Effect of pH on the yield of Sophora japonica
polysaccharides
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2.1.3 WEHCOIXIASRAGEEI P 4 TR, SRR
Rk 2 RE A AT IUBE 2T 2k 2RISR (1 50, A2 E
R RO IRE P B 25, HR s RRAE M th
e, TR T H R RGR IA 14953 85, AR SCrp 2 L ity
LT AR R LA 121 I, XoF TRRAE S M R IS ik
AR, BTy 9.77%, isE s, I, %
HUR WA LT AE L WE LA 1:2 101, 221 FEAT0R
TR, g T 5 4 17 TR A BN ST, 196 L 5 ek
S R PSR IR i o7 2 £ g B bt FL T2, BIY 0.33 0.50

F10.67,
1:3 1:2 1:1 2:1 3:1

it L 151

K4 i IR RRAE TS 3R
Fig.4 Effect of enzyme ratio on the yield of Sophora japonica
polysaccharides
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2.1.4 [FEf@a XS SR a g aniEl s PR, MR
B TE] AN 30 min 35 HN1E)] 60 min B, #AE 22 BH15- 3 A
6.65% R R E E 9.77%, It P-4 0 B s 1a], 45
R EFERIAE, 24 120 min 5, 5254 10.21%; 150 min
st #5530 10.31%, A TRE . X T HE& D i
SRS ) a J, 7 RREAF SR AL TR A S0, 2007 4
FEsH, AR SCIAH 150 min B HLESSE 4. DRI E
JitfEEstE] >k 150 mins
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10 |
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Fig.5 Effect of enzymatic hydrolysis time on the yield of
Sophora japonica polysaccharides

2.2 MRz ERIE

AR B R R LI 45 I, S5 BT e i a6 A —
K2 =K, 43510 pH(4.4, 4.8, 5.2) ., BFES &
(15, 20. 25 mg/g) A ELF1(0.33. 0.50. 0.67), HifffiE
A E]EHE 150 min, IR EEIR DLER 2, [RIUSATR Jy 2545
Hres R 3,
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Table 2 Results of response surface experiment

KIS ABERINE(mgle)  BpH  CEELHI 18R (%)
1 20 4.8 0.50 10.38
2 25 4.8 0.33 9.52
3 20 4.8 0.50 10.17
4 20 4.4 0.33 8.43
5 20 5.2 0.67 7.07
6 20 4.8 0.50 10.57
7 20 4.8 0.50 10.26
8 15 4.4 0.50 8.41
9 25 52 0.50 9.68
10 20 5.2 0.33 7.73
11 20 44 0.67 7.47
12 15 52 0.50 7.00
13 20 4.8 0.50 10.47
14 15 4.8 0.67 7.07
15 25 44 0.50 9.53
16 25 4.8 0.67 8.57
17 15 4.8 0.33 8.54

3 AR 20 b

Table 3 Regression model analysis of variance

FRARME IR A B Y7 FIH Pl
x| 26.30 9 2.92 50.74 <0.0001
A 4.93 1 4.93 85.59 <0.0001
B 0.6962 1 0.6962 12.09 0.0103
C 2.04 1 2.04 35.42 0.0006
AB 0.6084 1 0.6084 10.56 0.0141
AC 0.0676 1 0.0676 1.17 0.3146
BC 0.0225 1 0.0225  0.3906 0.5518
A? 0.9802 1 0.9802 17.02 0.0044
B2 6.40 1 6.40 111.04  <0.0001
c? 9.01 1 9.01 15635  <0.0001
k2 0.4032 7 0.0576
AU 0.3010 3 0.1003 3.93 0.1097
alifR 2z 0.1022 4 0.0256
S 26.71 16
R? 0.9849 THEER>  0.9655 Temi R 0.8137

LRI P<0.01 R HATE 0.01 BY7KF | [0 )9 W 3%,
A.B.C., AB. A’ B>, CC 2B FE WS (P<
0.05), AC Fil BC J& A I & A A 244 (P>0.05), HH
FAE R, SRR Z BS9SRI/ IMRIR R A TilFgs
i, C EEERf) . B pHe JSHUIH P=0.1097>0.05, it
BHICHIAS I 35, IR e B2 B . M 7R .
Y=-162.70-0.08347A+68.76B+39.28C+0.195AB+
0.1529AC+1.1029BC—0.0193A>—7.7B*-50.61C?,

BELAUY RN 0.9849, Ui BH IZIMIME 15 THI(E = 18]
FLA BT AR A B, AR AT F T T AR A8 22 pE 32
B, JEFE R*A 0.9655, ISR 96.55% HYZAE F 47
FAEFFRAG—IRI . YRIT, A8 B IR, HE
AR AL A 3.45% AN RE A ROk R e L TR
R>>h 0.8137, FIPHEE R22Z 257K 0.1518, /T 0.2, A
FREAL T P E Y

AR PE AR AC ZBERY 3D i b 1 [ an & 6
PR o
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Fig.6 3D surface of Sophora japonica polysaccharides by
enzymatic extraction
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VER B W38, a5 538 3 v 1 11 19 7 25 53 BT 4
2,

FETRY TN Py B AR S HOCR : BRI EE: 23.8 mg/
g, pH4.8, Sl LF 42 0.912:1, AEASLAY T
A PR BCARAE F BEA T ISR 6, TR S W, BOFY
B, IASBEAE Z 5793 10.71%, S5 A5 (59 B
{8 10.72% 4335,

2.3 BRESTENImELENE

2.3.1 MRAEZHEXT DPPH-VEKREES) B 7 HHiEL
BEF Ve X DPPH- Y B A B4y m i BRae J1, I
FRAE Z2 W WA BE (385 I T 385 0m o MV Wk BE oy
0.4 mg/mL B}, Vo %} DPPH- %5 %1k 2] 85%, #EAE
ZhEIRE] 80%, MIEWRH)E "~ 2.8 mg/mL B, Vi X
DPPH - 75 BRRIAF 94%, MiAE ML E] 88%, Uit

R MRAE WA WD IR S MR 53 % DPPH -V IR
RORBH R . 281133, BAEZ RN DPPH 11 1Cs, {H-N
0.053 mg/mL, 3CHk [8] HRAZHHKLE N 5 mg/mL
sFXF DPPH -5 [%: R A 89.24%, % [ DPPH- Y 1Cs,
1H-% 1.09 mg/mL,

100

90

80r

-+ V¢

0 —~— Bl L hE
60

DPPH- 15 (%)

50t

4(()).0 04 08 12 16 20 24 28 32
e (mg/mL)
7 MAEZBER V. X DPPH-TEERAE S
Fig.7 DPPH scavenging ability of Sophora japonica
polysaccharides and V.

2.3.2 MRAEZBEXT ABTS-ISEERBES) & 8 FhlfE
ZHEXT ABTS - 1i R AR 7 Bl 1 5 3 inmi s K, 76
FARAIHEEE 0.1 mg/mL T, MFEZ 5T ABTS - (37
523584 N 53.9%, B G W E M35 0, XF ABTS 15 kR
SR, 24355 1.6 mg/mL Bf, ABTS'-J5BR%Fik
F 96.5%, 5 0.1 mg/mL B V. W XT ABTS 75 Bk
3 96.91% LbiHzr, Xik%] 2.8 mg/mL B}, 1L 2
BEAN Vo X ABTS 15 BRF453518 99.38% Fi1 99.59%,
o BER, TEAAR SR SR A A B PRH ARRA E 2R
X ABTS™ EAARGRIIEREE ST . 210, ML Z0E
Bk ABTS™ 1) 1Cs, fH M 0.101 mg/mL. 3Ciik [8]
AL Z MR B Sl 5 mg/mL B, %7 ABTS" 1 % %< Ky
98.5%, %5 ABTS' 1Y ICs, fH°~ 1.39 mg/mL.
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K8 MAEZHER V. X ABTS %Rk fE
Fig.8 ABTS" scavenging ability of Sophora japonica
polysaccharides and V.

ABTS" 5 5:% (%)

2.3.3 MR SAE)R T K9 RS ERIEZ PRI
JEM 0.1 mg/mL _EFH#E] 2.8 mg/mL B}, &34 5 7 A
0.236 F1| 0.693, $&= T 193.64%, V. M ELIE I 7 M
0.523 ] 0.912, #2555 T 74.38%., 4¥kE K 2.8 mg/mL
i, MRAE B BG5S Ve 19 75.99%, i3 T8¢
= KA o SCHR [8] AR AE Z BEH BE S 5 mg/mL
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Fig.9 Total reducing power of Sophora japonica
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