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Abstract: To investigate the efficient method of total flavonoids from Syringa oblata leaves, this paper firstly used
cellulase-assisted ultrasound method to extract flavonoids from four Syringa oblata leaves. The effects of cellulase dosage,
pH, ultrasound time, ultrasound power, liquid-material ratio, temperature and ethanol volume fraction on the extraction rate
of total flavonoids from Syringa pubescens Turcz. leaves were analyzed by single-factor experiments, and the best
extraction process was obtained by applying response surface methodology optimization. The scavenging ability of Syringa
oblata leaves flavonoids on DPPH and OH radicals was also examined in vitro as an antioxidant. The results showed that,
the optimum extraction process was enzyme addition 2%, pH5.5, sonication time 40 min, sonication power 400 W, ethanol
volume fraction 63%, temperature 56 °C, liquid to material ratio 30:1 (mL/g), and under these conditions, the Syringa
oblata flavonoids content was 32.21+0.16 mg/g, which was in proximity to the predicted value of 32.57 mg/g from the
regression model. The results of antioxidant activity showed that the scavenging ability of the four Syringa oblata leaf
flavonoids on DPPH was Syringa pubescens Turcz.>Syringa reticulata var. mamds huricq.>Syringa oblata var. affinis
lingdelsh.>Syringa oblata Linal. The scavenging ability on OH was Syringa pubescens Turcz.>Syringa reticulata var.
mamds huricq.> Syringa oblata Linal.>Syringa oblata var. affinis lingdelsh. The cellulase-assisted ultrasonication method
can efficiently extract flavonoids from Syringa oblata leaves, and the flavonoids of Syringa oblata leaves have good
antioxidant properties and have certain potential for development.

Key words: Syringa oblata leaves; cellulase-assisted ultrasound method; flavonoids; response surface methodology;
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T &I (Syringa oblata leaves) J& AR JFEF} (Olea-
ceae) | &Jm (Syringa)FHP AT, KRR T &R
YR 40 ZFh, P ETE 20 &£F0, T 200 T3
AL, ABdb . PR B PEALHb X, B, 2 HnE
T FEBELRA I EE AR . BURAIFSE R, T&H-HEA
BB TE RN ARFFFIARE S s fb™ | Prmse 5T
2, B a1 & oK RO T 1RTS, TR R o
T FN O ERA B IR TAS 25 SRS, LU T et R
BHAE 77 B 25X IR YT IR . 2k RE R I R E A
RGP . BHRT A IE, B2 T 438 Hin
100 PP A BB 51, X LL pl 43 22 LU B RS | A5 HLIR
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A, TR AR, B T & S e i 2
R B

AR, Gk aAE ) rh $R B3 B SO R S ) Tt
FIBIFFE 32 B R oGy, H R B A s TR B
15 R A FL L (Soxhlet Extraction, SE) | i
(Enzymatic hydrolysis, EH) Fl#R 7 $2H3% (Ultrasonic
Extraction, UE)4%, RAFEBEEA FHHS . AL
VHFERAFBRS N, B 0 A5 02 SR SR AR, X
T A& BESR AT 1A, (HL BT Sz i 3R BENE, il hli A vy 19 Bk
Mo AEFE RS AR R S AhssOns, A 40
ol | Ui N A S A (1] A 1 £ S M S W B R it | A S B/ )
P s 0 Mg B A $E B (Enzyme-assisted
ultrasonic extraction, EAUE) 454G 1 A8 75 £ OB
YEIPE R, ELAARERTE | 2B0R S . BEAR R BT T
RO, 2T O A TSR BT SR
fnf A0 RIS 2% H B B P SR B AR X 98 R R
TR, 1 ) B e A% S it i 2 R 7 SR BB LR fi R
R R, HEEPAS—FPidi] ACE(—Fh &8s
R IR ) I AE TR HEZ IR . ZRREENS) ds PB4 B
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0.01%, TZAF5E LT R Z BN HE R T —Fhag s
BT 5

AT A8 o B PR 2R R 7 TR /N T e
SRR AR T U TR, e R T
ST XETHE. AT H. BSTHE. /N THEA
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THAEM SR ARIEMOL K2, AR db AR
FEAGTE R BRI S KRR T HF B, Fistnt
FLSR AT, Byl ot &5 FH s 25 T ARdESY (HPLC 2%, 46
JE =98%) . 1,1- " ZKIL2-=f4ILEPFH(DPPH) E
WRRM R FRA R oK B Rl EogfbFik
FIAT BRS F ; 27 4E 2 (10000 U/g) b ifg A dabkaR
B A RS F gk Bl s s £ RTA R A
Bl PURINAR  REETT B SRl AT B A S
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1.2 XWFHE
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S5, R B TS IR %2 40 kHz, THER 300 W, 875 5%
50 °C, $2EHL 40 min, 5.0 FE_LIEW, WEANFEFT
T AR TR S, a0 HH A B A e T A
Fhs,
1.2.2 TSR EC T2 AR
1.2.2.1 HEFEREGE  SHEEEU SL ik mE
ek, HEFAPRE /N T B AT 0.50 g, $2IGHIY
65% ., WOBLEE 30:1 (mL/g), 7EME A IRE 50 °C,
BT 400 W IR, $2HL 40 min, 25005 EL_E
THR . RIS A Rk AR S T
1.2.2.2 @k S350/ MBS i FatEiE, HE
HaFRE /N T LS 0.50 g, K RG], Wkl kb
30:1 (mL/g), Y45 pH 2y 5, LA BT B350 2% 1Y
LFHEZE T, B 50 °C FHEEL 40 min, B0 FH LT
W BIVSBREL NSRS -
1.2.2.3 [ BEAHRBGE  FEFRE 0.50 g /it
TFH T 50 mL L0048, 28wk 30:1 A
SRR 65% 1 LB IR, FABEIR 2% vhis W a1y
W pH R 5, INASF YL, )5, H S I
3R 40 kHz, T 300 W, #7571 50 °C, $2H¢ 40 min,
B S ISR, RIS R
1.2.3 T &M R EIAG RN E W ERE
5.70 mg T, BB, INA B, MRS I
K2 10 mL, FE2JEIE 0.57 mg/mL 7 T BrEIA R

S5 A7 UL 22 FEUS (1 T ARSI, AR
RXT RS 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 mL, & T
10 mL & 2R, it AZK = 2 mL, it A 0.6 mL
5% MV i PR 4N, $% 5] #r 6 min BT A 0.6 mL
10% HNPRER, #R5JHE 6 min, FJSHIIA 3 mL 4% 5
SEAREN, DK ZZ0BE, #8551 /570 15 min.  LAFHR R
) SRy s R IR, AR B R IRGE S 510 nm &b S
{Bo DI T BB IHE (mg/mL) R AR, OG(E A
PAALBR, 2 hlbRvERT LR, 45 [EH 5 R y=22.5%x—0.004,
R*>=0.997.

B 2 mL /P T &R BOR T 10 mL 5 &
(i RE 7 R U W R e | DALl e oy [ RS N ==Y LT 7l VL R v

Eﬁf@ﬁ%ﬂl%%(mg/g) = ﬁ ( l )

b, C T A SR U, me/g; V R
BURAARER, mL; m S T A5, g5 N R RAREL.
1.2.4 PRRIZFRSSS  MEIFRE /N T FHEY 0.50 g,
BT 50 mL &L, B 65% 2 ER BRI, $5
30:1 mL/g WkLEL, VAT pH oA S )5, A 543 5K
1% R4 R, 76 50 °C FE A T 300 W 19 4%
P FHEEC 40 min, B0 B WA, e i
VIR ER AR ER , S S AR A YE R B 0%.
1%. 1.5%. 2% Fl1 2.5%; WAL 10:1,20:1, 30: 1,
40:1 F1 50:1 (mL/g); ZEEARFUIECH 45%. 55%.

CxVxN

65%. 75% F 85%; S T3k 100, 200, 300. 400
1 500 W B A EFE] A 20, 30, 40, 50 F160 min; pH
M4, 45,555 F 6; IREEN 20, 30, 40, 50, 60 Fl
70 °C B /N T A B A B SR AT A

1.2.5 MR EEOEACEREC T2 AR R R 2 S8
ZEAL, AR TR | IR T L EEAARER SO /N T e
BN EAS SR R, WO S DR (A) L IR (B)
AR F(C) S A AR R LT & B 2 R H B
15 A WA, 31t = 2 =K1 Box-Beheken
Design 4w, I K2 57Kk 1 Bk,

1 WE A KT

Table 1 Box-Beheken design
K p— — — —
ABREIIR (W) BIREE(C)  CLEHRRSE (%)
-1 300 40 55
0 400 50 65
500 60 75

1.2.6 T Fh SRS MR TR ISR R
AR T 24504 FHRECT A nt BLEHR, HEFL 78 R HEI
W TCIERR, BN T 0 SR AR 9, L DPPH H
FHAELFN OH [ HH B35 BR 2 S FR ARl e P W i AR 4
PrEAL LG . IRl 1C, [EXT [ LW R T
HHT -

1.2.6.1 T&HFMHEEIX DPPH M HIEMTERE =
AR W S0 1 7 RSV RAS T, F /N T A e R
B PR B S 1. 0.75. 0.5, 0.25 F1 0.125 mg/
mL AYEEEOR . A 4H: A5 1 mL FREURE, B4 5000
A 0.04 mg/mL /) DPPH H FH3EA W 2 mL, B 2H: %%
B 1 mL $2BOR, F-550m A Je/K 2 s W 2 mL,
Ag: B 1 mL ZE/K, FILA 0.04 mg/mL (1)) DPPH H
FHILAW 2 mL. A ZH. B 4H. A, #3630 min
J& ., 7E 517 nm ZAAMIGEWSGIE A, B, Ay, 4T 3 K,
TEERE ., DPPH H H B WA B H . LA
Ve RHBHPEXTEE . DPPH H H3LERRRITE AT
1-(A,-B,)

0

DPPH H H 75 R (%) = [ ] x 100

1.2.6.2 T &MEEIXT OH [ HIEMTER %14
HRAREERO { I IR L, B /Nt T 3 i P A
PRGN M E M 1. 0.75., 0.5, 0.25, 0.125 mg/mL [
PRI o A ZH - £ HC 1 mL 38 O, #5453 50 A
1.5 mmol/L iy FeSO, 7H,O ¥ ¥ 2 mL F1 3 mmol/L
B KA R - LB 1 mL, FIIA 0.1% H,0, IF i
1 mL JS 8N B 4: #4580 1 mL $2HGE, #1535
A 1.5 mmol/L Y FeSO,-7H,0 ¥ 2 mL F1 3 mmol/L
HI7K AR - B 1 mL, FINAZEIE/K 1 mL J53)
SR o Ay: B 1 mL ZE1R 7K, AT A 1.5 mmol/L 1Y
FeSO,-7H,0 ¥ 2 mL Fl1 3 mmol/L /KA IR - P
W1 mL, A 1 ml 0.1% H,O, mL )W, A 2.
B 2H. Ay ¥JTE 37 °C 1HIR/K¥ 30 min J5, 7E 510 nm
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LA Ve ABEPEXTER . OH A HAHEERFH AT

1-(A-B)

OHH HEE B (%) =[ N

]XIOO

1.3 HuEIE

P SER A AT 3 IR, BR n R B A1y
AN B EARMEZE o SEEEE AL FE 5 SR 4K
{424 Origin 2023 F1 Design Expert 13 Trial, %X
£ SPSS Statistics 26 HE1T 77 2553, P<0.01 3R/R 22
SR 2, P<0.05 FoR2E M
2 FR57Hh
2.1 [ERERATFIE

Shy it R R B T e RS SR e = 1) T A IR A
BLIGET /M TH. B THCETHENIA TR
4 BT A SR A PR ERASR, S5 IR 1, 4 FPT
T b s ] i B R A A i 35 25 55 (P<<0.05) /)Mt
T A SR R R B R i 2 v A =R (P<0.05),
(5 W e OB SN L B RN S S s sy T P53 s 2
i BRI /N T />R U T />3 T /> T
L O[S i W v 0 N Ll i ) iy 5 1,77 O

SR PEIRATEE (mg/g)
—_ — [\*) [\l (o8] (98]
S w» O wn O W

w
T

(=)

ATH BOTH METH
TR AR

B PR T At b S s R S R
Fig.1 Extraction rates of total flavonoids from four types of
Syringa oblata leaves

T MR R 22 A B35 (P>0.05), AFEFHFRIR 2257
2 (P<0.05); K 2~ 8 [F],

22 AEHRERIZLEEE

A 38 HA /NI T A I B B R AR R HU T, 4R
I TS PRRGE | WL | B B S PR EGE 3 BT
XTI T A A R O SR R, 5 2R UL
R 20 P B A PRGSO T A i S B 2 H
A5 30e THR  SR BRI AR PR, A s, 15 i
BIEPEAE . A2 5 AR s B B AR P PRI | Tl
TR A PEIBEE XS P 1 BB E TP, 25 R
PitEe B P S HBGR B BA R IBCR Y 15.56%, £F4EZR
Pt HR 1 1 B AR SR GRS 14.10%, B A SR EOE iy it
FRIPCFN 13.05%, BB B A PR BOR B E
T EA PEBCECR R LA, 2T IESS & T B L —
P S SE AR AN B SR I (R A
s, BB pg N AT S, S HARGE 4 o ) P B
(i

Table 2 Comparison of flavonoids content in different
extraction methods

SARFH 4 R SE] SRR R

it 87 D R 7 B 65 30:1 40 31.97+0.38°
it ki 0 30:1 40 22.68+1.21°
AR IRL 65 30:1 40 28.60+0.87°

2.3 BRERZRIHLER

2.3.1 ETHERBFRYESINE XS /N T i S B R S
R & 2 L YER B USRS T AR
B PE AR AL o 2T 24F 2 T LR A 1
TR AR RE I R, (RS TT A Ay
YA AR, AR T T it a e B PR
B 2% LU, 2N T 75 i S B i g S 3
it T Pt ek ) 1 T 2 R = (P<0.05), YA I A
L 2% B, SEER A PRI R TR, 22 s B
(P>0.05) . XIS BEE A B ITER B30, BT/
T 2 BE AR BE i, { /N T AR
Bl HH I, WS S RS N A IR 1) 2B
WIFNET HE 2R AP SO R AR, 52 2 AR AN
AN TR R B R AP B, N T R e
BOAGAREER . HASINE 2% B, T3 S Sl
PRI b, SO PRLTAE MR By 2% 1528
S YW=

33

a ab
3 \}
314 b
30 4 ¢
294 g
= ¥

18 28

FFE ISR (mg/g)

27

010 le 1j5 2j0 2j5
A (%)
P2 il o S BT B IR 5 )
Fig.2 Effect of enzyme dosage on total flavonoid
extraction rate

2.3.2 WOBHEEXF /NI T A R A B 22 1) 5

& 3 BEARERCR X BB IR SR A T . 2
WOBHEE 30: 1 (mL/g) Hp/INat T3 i S s il 1) 1 A
Z e, TEWCEHEE 10:1~30: 1 (mL/g) 2z ], BEE R
FU A 38 R, /0N T A I e R A o5 S R
(P<0.05), RLEIG IR EL, S 25 T P B S S5 0 T R
G HZE S EAR B3 (P>0.05) . FIHAE—ET0 N, 14
TR EASEAS T B RS 5 BB TR Rz fh i g e,
i /INip T A R B R B s PR S ot e v
30:1 (mL/g) )&, Ak bVE 28— fHAS, 1]
BB PIBEAE 2= BT H P2, BRI T A b v B 2l e
WA=, 1 HLidk iAa ML TR 2% LA B hn s Salifh
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TP AR BCRE PR EE A 3021 (mL/g) #E47
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—

a\ab
/ s
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B3 ok e A B TR R B R A 5 )
Fig.3 Effect of liquid-solid ratio on total flavonoid
extraction rate
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2.3.3 LSRR SR EO /N T i R TR A B R
FUsZm & 4 2N A B FR S 806 S e I PR B
SRIWHEIR . X4 LEARBUNBUINT 65% 1), /NE T 2
P B R i A R B 4 WA RS- B ) 3 i i . 5
171 (P<0.05), kSRR AR, /N T b
TR HE IS 2R 2 AR B B B I T REAIR, L
Z5 AR E(P>0.05) . XL E R E T 4
B WASFT B S0 L, 65% et 5
N T O R B R AR P, /N T A I A e e e
AR HE P, MAARER B0 T 65% B, At 2
SERG, 5/ T A I A A R ) TR A
i A B ERAS R RN T AR ER SO0 S
PREUAS R FE MRS, SRR BN 55%~75%
MY L EEAT e sase ittt

341
) a ab
o, b
B A
& 28t
2 2
=
B A0 g
Ry}
20 L— s s s :
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4 ZEARTRABO B R S ZR 0 5

Fig.4 Effect of ethanol volume fraction on total flavonoid
extraction rate

2.3.4 DA /NI TR I R B P R A SRR ) 5
ma o E S SRS EIEE A TR T I A R R H
TSR] o /NI T I R 2 ] () P HRUA S 5 B e
DISEAIE I HE =, M TIERIA 400 W T, $2HUS
TR, ARSI R 7S D38, /Nt T A i S e ] i
BRIUR TR, PRI B 2= 5E(P<0.05) ., UiEH
B AVE P AR AN AR a2, et T /e T
ST s Y RS DR nT AR/ N T
Bl 25 44 1 BB IR, A WG M Bt — 2 W, dE T

JINHE T I S R PR B SRR, USSRk PR
300~500 W [R5 DRt I eisEe .

a
S RN
E 30t
= 28F c

m
Tg%”'
261 d
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extraction rate
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Fig.8 Effect of temperature on total flavonoid extraction rate
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Table 3 Scheme and results of central combinatorial

optimization
TS ARSI BIRE COBHATUME SEEEERIE A (mg/g)
1 0 0 31.64+0.13
2 -1 0 1 25.91+0.08
3 0 1 1 30.71+0.08
4 -1 1 0 31.36+0.16
5 0 0 0 31.52+0.25
6 -1 0 ! 28.82+0.06
7 0 1 -1 30.61+0.03
8 1 1 1 27.56+0.25
9 1 0 26.06+0.04
10 0 ! -1 28.22+0.17
11 1 -1 0 27.84+0.31
12 0 0 0 32.28+0.06
13 0 -1 1 25.14£0.16
14 1 0 0 32.29+0.08
15 -1 -1 0 25.68+0.53
16 0 0 0 32.44+0.03
17 1 0 -1 26.78+0.14

FH 32 4 T4, P<0.01, FSERAY 25 54K 8 3, 1%
BIRI B it 22/ ., RBIIin P{EN 0.3093>
0.05, 22 BV 2, UEIHIZAR R GERI A A0 X T
Fr i RS B SR T, XSG as SRt
ax i

F 4 waRL LA IR 2 AR
Table 4 Response surface fitted regression equation analysis of
variance results

Heils AlE  FHA ¥y FfH Pd
FE 9 109.16 12.13 53.38 <0.0001"
A 1 1.56 1.56 6.87 0.0344"
B 1 2225 2225 97.94 <0.0001""
C 1 5.47 5.47 24.06 0.0017"
AB 1 8.90 8.90 39.17 0.0004"
AC 1 1.20 1.20 5.27 0.0553
BC 1 2.52 2.52 11.10 0.0126"
A 1 34.29 34.29 150.89  <0.0001"
B? 1 4.85 4.85 21.36 0.0024"
c 1 22.09 22.09 97.20 <0.0001"
FR2: 7 1.59 0.2272
FA I 3 0.8843 0.2948 1.67 0.3093
R 4 0.7062 0.1766
At 16 110.75

T *FOR 257 3 (P<0.05), IR 25041 .3 (P<0.01)

P AB /Y P {H.<0.01, 2B AGHE 7 13 fl
B B X o 7 R it B A 3R 09 52 ) A S 5 5 A R
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AC [ P {EH>0.05, ] AGEFSIIR) 1 C(LEEARR
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BHZ R 2= X S g 25 sz ik o . O F B /AT
B>C>A, Ut B (IR ) X BLFE TR 1 4 B2 (1 52 i)
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Fig.9 Response surface 3D and contour plots of ultrasound
power and ethanol volume fraction
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