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Abstract: In order to explore the pretreatment effect of acidic electrolyzed oxidizing water (AEOW) on the extraction of total flavonoids
from plants, Sophora japonica was selected as experimental material and extracted by two-step method of AEOW pretreatment and ethanol
reflux. Based on the results of single-factor experiment, the Box-Behnken method was used to optimize the extraction process of total flavonoids
from Sophora japonica. The antioxidant activity in vitro was evaluated by measuring the ability of scavenging DPPH and hydroxyl free radicals.
The results have confirmed that the pretreatment process of AEOW can obviously improve the yield of total flavonoids, because AEOW
contains a certain amount of chlorine in oxidation state. When the available chlorine content (ACC) increased from 13.61 to 322.22 mg/L, the
flavonoid yield increased from 7.16% to 20.88%. The optimum extraction process of total flavonoids from Sophora japonica was as follows: the
ACC of AEOW was 250 mg/L, the pretreatment time was 160.53 min, the volume fraction of ethanol was 60.89%, and the ratio of
liquid-to-solid was 36.60: 1 mL/g. The yield of total flavonoids from Sophora japonica was 19.67%. The antioxidant activities in vitro showed
that the highest scavenging rates of total flavonoids from Sophora japonica on DPPH and hydroxy! free radical can reach 96.38% and 92.30%,
respectively, indicating that it has good antioxidant activity and can be used as a natural antioxidant. In this research, AEOW was applied to the
pretreatment of plant extraction for the first time, and a two-step extraction process of AEOW pretreatment and ethanol reflux was proposed,
which provided experimental support and theoretical analysis for the extraction of total flavonoids from plants.
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Fig.1 Schematic diagram of experiment procedure
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1.3.5 #r R dy iR IR It

WGP R IRIREE R, S BRAZRAE S2a e
NiAE . FIF AT Design-Expert, BEEA GRS & (A,
TALHERSTA] (B). ZEEARRM 40 (C) Akt (D)
NEAEN 4 KER 3 KRS 7 Hrscds . seadt
29 MNMABE A (B 5 MEFRE AT, KRHRS
KT LK 1.

R 1 WEE ST ERS KT
Table 1 Factors and levels used in response surface analysis

KT HHRALE T CEAR  dhik

(A(mglL)  (B)min  £4(C)% (D)/(mL/g)
1 150 30 60 20:1
0 200 120 70 30:1
1 250 210 80 40:1

1.3.6 MK FHEURIMLEAE MRS
1.3.6.1 DPPH H HEMIERREE 1 E
SR E I N LME . BUR A T3k
OTEEAREGR, ] 60% L 255 100 mL, ZRJ5 M
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(0.2 mmol/L) FLutaiEh, =i M 15 min, 520
nm Il E WG
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Table 2 Design and analysis results of response surface experiments

XIkS A B C D YHE% KEEsE A B C D Y#HE%
1 1 -1 0 0 17.07+0.04 16 0 1 1 0 17.89+0.10
2 1 -1 0 0 1695010 17 -1 0 -1 0 15524024
3 1 1 0 0 16.76+0.07 18 1 0 -1 0 19.18+0.04
4 1 1 0 0 18774010 19 -1 0 1 0 17.89+0.27
5 0 0 -1 -1 16424007 20 1 0 1 0 16344013
6 0 0 1 -1 17174027 21 0 -1 0 -1 16564017
7 0 0 -1 1 17584013 22 0 1 0 -1 16.84+0.18
8 0 0 1 1 17.25+0.07 23 0 -1 0 1 16.15+0.08
9 1 0 0 -1 17144008 24 0 1 0 1 1775012
10 1 0 0 -1 16624004 25 0 0 0 0 1871%0.10
1 1 0 0 1 15464010 26 0 0 0 0 19.04+0.14
12 1 0 0 1 18744012 27 0 0 0 0 18824012
13 0 -1 -1 0 17.724#017 28 0 0 0 0 18934027
14 0 1 -1 0 18304016 29 0 0 0 0 19.26+0.34
15 0 -1 1 0 15574014

WA 4 PR, 4 OEARTR BN 70%0, 15
AT —EIGINAES, FHE 70%m AR E. |
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Fig.5 Influence of solid-liquid ratio on the extraction yield of
total flavonoids

WK 5 Frn, 24W0RHE 10:1 mL/g 284k 5] 30:1 mL/g
I, FFFRIZETHR, HAEMORIEE Y 30:1 mL/g ik 3|
BRI 18.44% . FFEESERHC L A A&, 1558 M
IR XA I R AR A 7 IR Y

Ky BOKGHAES 70 ) sk 22 e B 35 K

IR 800 7 A2 792, BT DAY B SR & B
HLE g, (E2 R EIAE) 30:1 mL/g Ja, K
KER SR EAHS DR BUA RN 2, BEATE
FIARES, IR RIGREIE N, (8 EAVA i 27
R B R R AR, 1R T A

2.2 N HELBRER S

221 EEAFEGES

AR 2 Wil IR ERIKT,  DACK S RIS %
YY) NmRAE, AEREEFASEASE (A, Tk
HIE (B)y LEABU S (O Wik (D), K
i BBD SEES B AT R BT SEER L5 RN 2
FivRe SHEREATS R 5 EIRE . AL, 282
PR BOROR G 2 (8 VR I 58 REAT R 43 HT . 19
FEHJ7FE: Y=18.95+0.56A+0.50B-0.19C+0.18D+
0.53AB-1.30AC+0.95AD+0.50BC+0.33BD-0.27CD-
0.81A%-0.86B%-0.80C?-1.16D?, it Y A HHRAF R 1T
L=
2.2.2 WA FAZEISIE

WNER 3 fon, X R EEJTREHAT T 7 22T
5. HEIAE, B p<0.0001, Jf HUE &AL
R?=0.9543, R%=0.9086, iM%t R . R,
SFAUTA R (p=0.1266>0.05), fESiit2 FAE L.
A AR S SE PR U R L W AR, ]
FT M i S AT 2 b PR AR A R 5 K = e TR«

DUAN PR 256 S 15 R B ma ) 2 e Rl LB F
IR BIBATHIE: A CARESE) >B (Fikt

213



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.5

A >C (LEARSED >D Gk . Hp R
% A. B, ZHAEHTI AB. AC. AD Fil ki A%, B2,

C*. D SHRIHEARA BB F R (p<0.01), ZH
% 3 EVIERHE S
Table 3 Variance analysis of regression model

TERIT BC Xl & 15
IS EAR RN AN B2

iy (p<0.05), HAIXF

 ERR P Aa R0 7% F1& P& BEM
AEA 35.28 14 252 16.48 <0.0001 *x
3.76 1 3.76 24.61 <0.0001 *x
B 3.19 1 3.19 20.88 0.0002 *x
0.53 1 0.53 3.43 0.0720
D 0.43 1 0.43 2.83 0.0914
AB 1.18 1 1.18 7.70 0.0083 *x
AC 6.79 1 6.79 44.38 <0.0001 *x
AD 3.61 1 3.61 23.61 <0.0001 *x
BC 0.76 1 0.76 4.95 0.0118 *
BD 0.44 1 0.44 2.85 0.0781
CD 0.35 1 0.35 2.28 0.1421
A2 4.26 1 4.26 27.84 <0.0001 *x
B2 4.40 1 4.40 28.80 <0.0001 *x
c2 4,01 1 401 26.24 <0.0001 *x
D2 9.03 1 9.03 59.08 <0.0001 *x
EE 1.69 14 0.12
KR 151 10 0.15 3.37 0.1266
iRt 0.18 4 0.045
B Fa 36.90 28
R°=09543 R®.;;=0.9086

E: *RTEREFE, p<0.05; *RTEFMEF, p<0.0l.
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Fig.6 Effects of available chlorine concentration and
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Fig.10 Effects of pretreatment time and liquid-solid ratio on the
extraction yield of total flavonoids
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224 RI4ERINE

MR LT P BEA R 25 B, A9 BIEREURK
SRR T2 ARG 250.00 mg/L, FHiAbEE
i8] 161.70 min, ZEFABI7>% 60.93%, WEHEL
36.63:1 mL/g, TEMLIRAT FHOK GBI 5, 7l
1% 20.00%. [Eitf i T2 A REHKE 250.00
mg/L, FAbFERIE] 162 min, ZBEARS%L 61%, W
BHEE 37:1 mL/g, 7ERCIRAF T EHEEZAT 3 ik, 45
®H, ERREBTZAMT, HEFHEEN
19.67%, SfHMMEAHZE 0.33%, i AR AT SRS
s AT AU B S SR S kA, HLI50 )
THAAS 2 HER o

HAT, CHRIERHBHREBARG B AR ik
IR, Forh, ok PR R P A R BUREK B

Wi, 192 ZBHRE 70%, URFE 25 C, AR HEH A
35 min, BHELE 1:40 g/mL I ERIGAIE, T2
PR BRI 15.47% . 1R FH N ¥ 7 R
%, BRI L2 RIE 130 °C, RhR L 1:40 g/mL,
fFE] 20 min, ZEEAFS %0 50%, JE77 0.4 MPa, i)
KBRS 19.40%. P4 A5l IE e segh it
VAL T BERE . P AR BRI SR =P s LR
BOMCK S B  T.2, R T2 T %05k
10.40%. 2.49%F1 8.18%. AT HIFRMESE M EfE
IKTAL - 2 B R P ARG, BRI T Hb 3 e
TR, T8 W 2. 54h, %
EATEALT AR . RS RFRIGES, PbdiE
fajep, AR, HOUR S SRR SRR —
ANHT B

23 MARKBEBGAMEEN LR

2.3.1 DPPH B d K& AR o0 47

TR P DAL 75 DPPH H Hi2E45 &
TE R —Flfa e PRGN 73, FEM% DPPH F HI2EM 5
B, gk 4 B Tr A, SRERH R SRR R
DPPH H HIZEMITERR R R IEA IR R AESRBGR
HEHA R E N 2.36 mg/mL I, 375 R Sk B 5 K E
96.38%:0.48%. RIf§y FEFEAKE] 0.47 mg/mL, FHR[
MR AIA H 91.86%:+0.32%. Jun X 25 st T 7 PSE
FAF AR B PIMOK SRR 6 DPPH [ SRR AR
F, UFSEHIREE SIERRR BB A, SRRk
FEr 0.1 mg/mL EFHE] 0.9 mg/mL B, JEBRFEM
29.56%:+2.48% 1 N F| 90.5%+2.92% ., 5 A 45 BAH
I, T B ARK S R E BT A T TR ORI S A B
232 HEHHEFREE oM

FEA R —MSMEAR. RREMIRA
SEAAREIIERR IR, TERRERIE I e AR
(7 A m] DU RS m AT A R . 3 4 HdER
B, BEETRHGR P S TR G0, XA A
ESRRIZETE, SRR BT, HIRETAR
2.36 mg/mL B, JEBRFREIL 92.30%+0.24%, H 4k
FERT 0.40 mg/mL i, Hx 238 5 i EE SRR R II1E
85% L4 L. 25 # S5 7t A BUMCK SR EGAZE 1 mg/mL
(R TR ) B B 1T % 20 89.00%, X 5B
PR BB LA BN RIF PR AR

x4 KRB ETRIRE N ENE
Table 4 Determination of the antioxidant activity of total flavonoids in Sophora japonica L
B EIRAE/(mg/mL) 0.0 0.47 0.94 1.42 1.89 2.36
DPPH g e iiiFh%/% 0 91.86+0.32 92.25+055 93.15+0.80 95.48+0.80 96.38+0.48
7R R FREY 0 8524+0.16 87.35+0.15 89.52+0.29 90.61+0.15 92.30+0.24
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161.70 min, ZEHAFASEL 60.93%, WKL 36.63:1
mL/g, EHTZEFEEAN 19.67%, SHRFIIHEL
7% 0.33%, UFSE Vi L2047, SRR A
filt7k (AR S B ACC=205.40 mg/L) LS HETIR
BTN, TEAFZIET, Hhecibrxf i 4.84
B, YT PR B . BN, MR R EEE R
DPPH [ HHAE AR IE [ Fh 2R (1) R B R B 1) b
R, MIEERR LT 2.36 mg/mL K, R DPPH
H B2 50k [ R R B T 4 )ik 96.38% Al
92.30%, XK BFLK B ARG ELA RAF P a s
Yo A FULE RN R S R R R A — N
DU RS, AR RIS T AR AR .
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