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ABSTRACT: AIM To optimize the microwave-assisted enzyme extraction process for the total flavonoids from
Xanthoceras sorbifolia Bunge leaves, and to investigate their antioxidant, bacteriostasis activities. METHODS
With microwave power, microwave time and ethanol concentration as influencing factors, the extraction rate of total
flavonoids as an evaluation index, the extraction process was optimized by response surface method on the basis of
single factor test. Subsequently, the antioxidant activity and inhibitory effects on Staphylococcus aureus, Escherichia
coli, Bacillus subtilis were detected. RESULTS  The optimal conditions were determined to be 0.20% for
cellulase consumption, 1 : 20 for solid-liquid ratio, 600 W for microwave power, 6 min for microwave time, and
70% for ethanol concentration, the extraction rate was 9.90%. The IC,, values of total flavonoids on DPPH - |
ABTS - were 12. 23, 14. 59 pg/mL, respectively, which were slightly lower than those of vitamin C, but obviously
higher than those of rutin; this component demonstrated the strongest inhibitory effect on Escherichia coli, whose
antibacterial circle diameter was bigger than that of tea polyphenol and 95% ethanol. CONCLUSION This stable
and reliable method can be used for the microwave-assisted enzyme extraction of the total flavonoids having good an-
tioxidant and bacteriostasis activities from X. sorbifolia leaves.
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ER: Xanthoceras sorbifolia Bunge A JC 8 1B}
SO EARA T /N ARSHEA, i PR E AL
W, SRR R R, Al 200 4, B
AR LB ME ™S, Horb bt & 4 K B
k&, BHar, XSCERAHE FEETET
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RAFR/F, DPPH -  ABTS - g [ 2£[H Sigma 24
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2.1 BB R B A SOE R
M ke, T 60 HE, FRELO0.5 ¢ MR T
50 mL BB, A 3 mL B8 B £h 2% bl
(pH=4.5) FIif & £F 4k i, 55 °C T /K% it

60 min/5 kK KRG, A 10 min, JIALE &
FIRRUL 0.5 h, S 4REL, 2 000 /min B0
10 min, W EEHEWR, VRKEAITUEWR, Mg, W
45, RIASHEEY) .
2.2 XEFEBAHETME
2.2.1 MR FREZE LIOGE NG bR
(A), WP EE AR (X)) #EATRIE, 15
JE N A=8.517 0X+0.006 2 (R*=0.999 2), 1&
0~70 pg/mL JEFEINZMEC R BRI
2.2.2 fRECRNE AKX NRBCR= (EEAH
/B RE) x100% .
2.2.3 EAEMRAKR " EH o1 mg/ml, T X i
MR, T 0, 2, 4, 6, 8, 10 h MEWOEE,
15 H RSD 4 0.198% , RINZHLEREERLE,
2.2.4 KEHEERE HO. 1 mg/L T WA ST
SN G 6 Yk, MIFSE RSD by 0.346% , #
AN oHG 5 LA
2.2.5 mAEECRRE B 0. 050 6 mg/L $HUK
10 mL, 3t 9 iy, & F 50 mL &P, A
0.063 2. 0.050 6, 0.042 2 mg/L /2 T X% FR 5 iAW
10 mL, 334y, 75% CBEESS, MEWLE, HHE
JEERIBCR . 255, 3 i DSR4y 3114 98. 7% |
99.5% . 101.0% , RSD K 1.58% .
2.3 FRERKE
2.3.1 (Y% EERGSB R 0.5 g, 474k
R 0.15% , LEEARFUME60% , BHELE 1 -
10, o0 32 R 1R] 3 min, 3% £ 50k 2 R 400,
500, 600, 700, 800 W, #& “2.1” i | J5 it
PEHL,
2.3.2 (USRS EERES KRR 0.5 ¢,
SFYERBE & 0. 15% , ZBERFL 8 60% , Bk
Fb1:10, fIEhE 600 W, EEEfkmimE 1, 3,
5.7.9min, F& “2.17 TR IEHRE,
2.3.3 K& BEERESHARHEO0.5 g, 4R
& 0.15% , & BEARFR 7 %0 60% , fa I 2 %
600 W, fHi 4B A] 5 min, EERIMEL 12 10,
1:15,1:20, 1:25,1:30, & “2.1” WK
BARE,
2.3.4 AR B BERESHARE 0.5 ¢,
YR 0.15% , BRELE 12 20, D600 W,
ol 45 CR 18] S5 min, BE £ £ BE AR R 2 5L 50% |
60% . 70% . 80% . 90% , & “2.17 T T JyEHiit,
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2.3.5 SFHEREHE FEFESNBARHEO.S ¢,
R BL A8 70% , B 12 20, Bk o R
600 W, T 4= BUEA] 5 min, 398 £ 2 4k K i &
0.05% . 0.10% . 0.15% . 0.20% . 0.25%, %
“2.17 TRy IRIREL,

2.4 raREERA TERLR R AR L, B
TR (A) . SIS (B) . ZBEARFL
¥ o(C) fERmERMTIAR, FHEKFENEL,

F1 E&RERKE

Tab.1 Factors and levels

K ATETIZE/W B R )/ min € ZBE/%
-1 500 2 60
0 600 6 70
1 700 10 80

2.5 HAAFHNZ

2.5.1 ZHIRECH] K A4 AR B A SRR AE
50~55 C FH4E % 2.01 mg/mL, 75% Z BEHC IR H
FEZ 5.00, 10.00, 15.00, 20.00, 25.00 wg/mL,
FEECHI AR R B VR AR R CL P T IR X
M, e

2.5.2 X} DPPH - fWEERAE ™ AR NIEK
1= (A-A)

% 1 x100% , oA A RS AL (HEHL
0

WA+DPPH ) WO, A, WAERRTEK CBEAR
B DPPH ¥R I X R WO, A, WS RTZE
IRAR AR Y 25 OB

2.5.3  XF ABTS - HIEBRAE ST (XSCHk [20] FEFEM
) K% FRIL 0.040 g ABTS I A 1.0 mg/mL
K,S,04 i W 8.0 mL, % HESL/ N 16 h, & T
250 mL B, A 32 mL £8 K, 95% 2
SER, B 10 h, YEM ABTS TAER, R, WBH
WO [ B e v PSR DO (B T, 4EAE R
£ 0.50 mL, filA 0.80 mL ABTS TAEW, HINA
2.70 mL 80% LB, JZJV 6 min J57E 734 nm AL
MEWIERE , SN 75% L5 TCK W (1 :
1) IBEW, % “2.5.27 W FARIE,

2.6 IHFENE

2.6.1 PR KE
AR

2.6.2 MWL CREREURTK “2.5.17 BWF
PR fE , FIR T BT 50% £ R i S 2
LY, 2% 2 My (b, 24 W T i vk B 4300
8.56, 4.28 . 2.14 mg/mL, JEATH 2 )k
Y. RN, Jridkomig R 3R IEAE 37 C1E
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of total flavonoids

3.1.3 RN 3 R, BEERNE L LB



2020 52 A ok % February 2020
BAE FH2H Chinese Traditional Patent Medicine Vol. 42 No. 2
AN, ST, BRIBCRE W (5 65
. . ) _ 64
Hoadm ey, B2 PR AR B - 3500 o e iR 63Ff %
T, OB 1 ¢ 20, 801
6.6 %E 2_3 L iﬂ”’fi }
6.5} el
* i‘g 59F * /
6.4+ 571
S 6Ff
§63 [ 25 1 1 1 1 1 ]
. 0 005 010 0.5 020 025 030
g E\\\ S 4 2%
ol } ¥ B5 FERMAENRERERRNHMN
6.0 */ Fig. 5 Effect of cellulase consumption on the
591 extraction rate of total flavonoids
58 . ; : ; .
1:10 1:15 ﬂ.[g;([);h 1:25 1:30 %2 ii\‘,%i&i‘i"—ﬁéﬁ%

B3 Rkt B EIRREE R0
Fig.3 Effect of solid-liquid ratio on the extraction

rate of total flavonoids
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Fig. 4 Effect of ethanol concentration on the extraction

rate of total flavonoids

3.1.5 S4eERBHHED B S5 BoR, M4 R
HEEAE 0. 05% ~0. 20% Z [a) i, fifi 25 SCoef S -4 g
BERG MR, B R, AR IOR
B30 7E 0. 20% ~ 0. 25% Z [A] i, 4 BURH7E
TR, TR A A IR A R S 4 i S T
WCHfh 2 21 4k R W R 0. 20%

3.2 vm @ EMLA d#lid Design-Expert 8. 0.5 3K
fF, DR ERBCR AN iR AR (Y) TRk,
GERLULZR 2, WA A Y=9.86-0. 144+0. 46B-
0.065C - 0. 167AB + 0. 34AC - 0. 063BC - 0. 214* -
0.28B%-0.21C*,

Tab.2 Design and results of tests

T Bmg ?Z% Y BT

PRI ] IRFS L FEHUR/%
1 0 0 0 9.916
2 0 1 -1 7.582
3 0 -1 -1 6.734
4 1 0 1 6.912
5 0 0 0 9.914
6 1 -1 0 5.020
7 0 0 0 9.895
8 1 1 0 5.892
9 0 0 0 9.892
10 0 1 1 7.802
11 1 0 -1 6.564
12 0 -1 1 6.731
13 0 0 0 9.834
14 -1 1 0 6. 281
15 -1 0 -1 7.175
16 -1 -1 0 5.222
17 -1 0 1 6.723

TG L 3, FULATA, BRI P<0.000 1,
FRARIRL I 2, I P>0.05, AR R I 3k
ANEE; R4 0.999 6, FKUIEA [ B2, HE
JER; Ry, 0.999 0, REEEEIR IR 54 R
ZIAIFHOCEE RS R CV ALK 0.72% , FRBARIRI ] 52
P AR F (5 AR X ) R e A OE L
WS DR 225 e 2 B AR R A B i AR BT ) (B > T
B (A) >CEEBRGE (C), 5HRERRAR
SGEIR—F; R AR T AR R R BRI AC S
BC>AB., Wel 3 THI 43 H7 WLIEL 6.,

3.3 BiERX®E LT ZENFAHERBEHE
0.20% , ZFERFLS>%L 70.10% , R 1 : 20
TR 597,19 W, HEHUAE] 6. 49 min, &L E
PEHUCE N 9.92% , 45 A bRl =i AE, KB IE
FHIE T 600 W, HREUSE] 6 min, BRI
B70% , HAb KA, SRIE, #1473 #ERIER
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Fig. 6 Response surface plots for various factors

R3 AESW

Tab.3 Analysis of variance

K BT M B E Yo7 F1H P1{E
AR 47.15 9 5.24 1755.79 <0.000 1
A 0.13 1 0.13 42.99  0.000 3
B 1.85 1 1.85 621.00 <0.000 1
[ 1.60x1073 1 1.60x1073 0.53 0.4883
AB 8.74x1073 1 8.74x1073 2.93  0.1307
AC 0.16 1 0.16 53.63  0.000 2
BC 0.012 1 0. 026 4.17 0.0806
A2 22.81 1 22.81 7 645.67 <0.000 1
B? 16.16 1 16.16 5415.04 <0.000 1
c? 2.18 1 2.18 729.76 <0.000 1
k2 0.021 7 2.98x1073 — —
Elcs 0.016 3 5.50x1073 4.97 0.0777
gl 2 4.42 4 1.10x1073 — —
JEvi| 47.17x1073 16 — — —
CV/% 0.72 — — — —

R? 0.999 6 — — — —
R 0.999 0 — — — —
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B, WA SR T S B R R 9.90% , 423 T
185 9.92% , FEABITIHIEE R4,

3.4 RAMNFEME

3.4.1 X DPPH - f¥5kraE S K7WIR, &HE
XF DPPH - (35 BRAE TR M AEAE FR C> BB > P
T, IFIAE R T v B L TR 2 RAF IR MG R
R* 7£ 0.959 6 ~0.982 2 Z i), IC, 45K 3.82,
12.23, 49.36 wg/mL, Hh4irb % ¢, MEEER
fi8 77 BBt o 0 e B T R AR, T T A2
M) A XE B /g 5 Ah, EEER BT & W OB R
15. 00 pg/mLENEERAE I8/, FIBESE R T 9050 1
2R, TAEH I,

3.4.2 X} ABTS - BIEBREES)  KI8WI/R, &+
B 25 HL BB v B T 4) ABTS - Y15 R AE S Lkt
e H SR R AR R N 54 R R C R
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Fig. 7 Scavenging abilities of various samples on DPPH -
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EFRC, (RIS = Rl D O v R VR P = R AT
HILPESE R, R* 160.9720~0.984 8 i), 1C,, 53
H1.59, 14.59, 42.90 wg/mL, ‘5 DPPH - L4,
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3.5 WwHEM F4 WK, BEW, K23
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Fig.8 Scavenging abilities of various samples on ABTS -

ZEF0LRT BR, HL Hp R B R R M Ol 8.56., 4.28,
2.14 mg/mL BB R4 A 2B KT
1.12, 0.38, 0.06 mm, [t 95% LB KT 0.42,
1.04, 0.80 mm; X4 2 {0 58 45 BR A (140 i/ FH AR
XFARES, AT R A 8. 56 mg/mL A 1 B L
RILAZ WK 0.30 mm, {HEEK FAE 95% 4
0 FEFE L 8. 56 mg/mL I XA L ZE AT R Y
MEIVEFH LA Z Bos, MiTE 8.56, 4.28 mg/mL T
PR T 95% B,

R4 BEGRMEBEENEER (rs)

Tab.4 Results of bacteriostasis activity determination of various samples (x=s)

. s B 0T B B A%/ mm
i PRI/ (gl ™) KGR S L] How S
SR 8.56 7.72+0. 43 6.70+0. 24 6. 60=0. 39
4.28 6.48=0.28 5.80+0. 19 5.50+0. 20
2. 14 5.90+0. 11 5.08+0. 15 5.06+0. 14
KEW 8.56 6. 60+0. 21 6. 40+0. 31 6.22+0.28
4.28 6.10=0. 16 6.02+0. 18 5.58+0.22
2.14 5.84=0. 13 5.44+0. 07 5.04=0. 16
95% Z. 1 8.56 7.30+0. 35 6. 62+0.23 6.10+0. 33
4.28 5.44+0. 16 5.52+0. 18 5.24+0. 15
2.14 5.10+0. 10 5.04x0. 07 5.06=0. 13
8.56 — — —
2 H 4.28 — — —
2.14 — — —
4 it FEMUR R K AT T > 4 B €600 70 26 B AT T >y 2 2 10

ARSI 6 T A o I S e R A I e O A
T2 BRI (pH=4.5) 3 mL, £F4EK
FH0.20% , LBERBSE 70% , BHE I 1 - 20,
T TI% 600 W, $2HUET ] 6 min, L H2 R
K9.90% , Hir T WOMAE, FBH T2 HER T 5,
R AR A RGE A R R T 2. 44 %, BT
PEBURXT DPPH - (ABTS - ¥4 550 G BREE ST,
XIRTEER R, BRI T4EER C, B RS
FAT X3 R R BGRMEIEN, 2

RIS E RO N 78 SR NOE N R I A R 2
Wy, X A AR X A58

Zi LR, SO B BB AE BA BRI
AACRE S, A E RIFAA R s (JEHE X R
AT B, SRV AT AR R R AR BT A AL 70 A T
N T bl RS SFATAE, JFARTS R

S

ThE S v R 2 ) R B
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