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Abstract

In order to optimize the extraction process of flavonoids in cloves and study their
antioxidant activity, the ultrasonic assisted enzyme method will be selected in this
experiment. Based on a single factor experiment, the optimal extraction process
parameters of clove flavonoids will be determined through orthogonal experiments, and
their antioxidant activity will be measured. The orthogonal design was adopted and the
conclusion was drawn that the optimal conditions for extracting flavonoids from cloves
were a material liquid ratio of 1:25, ultrasonic temperature of 50 °C, ultrasonic power of
300W, and ethanol volume fraction of 65%. Under the above conditions, it was finally
detected that the extraction rate of flavonoids in cloves was 12.5%, the scavenging rate
of flavonoids in cloves to DPPH free radicals was 66.3%, and the scavenging rate of
flavonoids in cloves to hydroxyl radical (- OH) was73.1 %. The determination of DPPH
and - OH free radicals and reducing power showed that xanthone in cloves had certain

antioxidant activity in vitro.

Key words:Clove; Flavone; Ultrasound assisted enzymatic method; Orthogonal test

method; Antioxidant activity

v



L D 1
L1 B H R 1
1.2 R R BRI R A 1
L3 I ) o 1
L3 R T o 1
13,2 BB ) oo 2
133 By o 2
L4 B e 2
141 X RGBT E R 2
L4 2 TR I E 2
143 PR E B MIE R 3
L44 B TURIITER 3
LA S BRI 3
2 MRS 4
2 Rl 4
2 R 4
2 3 T e 4
231 A BIEEHE RIS G .o 4
2.3.2 R I B AR B R BRI 5
2.3.3 AT R T o 5
2.3.4 7T hriE R A HIE AR BRSO B 6
3 B R G . 8
3 B AR R ] 8
3 B R A R 8
3.2.1 AR T A s B PR BCR IR 8
3.2.2 M IhENT T A PRI MIRE . 9
3.2.3 BHELLRT T & s AR R BRI .. 10
3.2.4 ZEEARFA S HON T AP BRI 10
B3R L M 11



3.3 E A R 11
3.3 2 B e 12
3.4 AP EEIPU AT 12
3.4.1 %%« OH BITERRBE TIIMIAE oo 12
342 MR JRAE T SE « 13
3.43 XF DPPH « EHHHZEMIMIIE - oo 14
A R 15
B B . .. 16

VI



1 4w

1 2

1.1 IEFERERAENX

THENREIREHEY) T HOTRACE, X4 “2TH”, NARFEEN R
Wby, 2T HACMIETE HaRF LN I ha R, Wi, T HRERZ 2RE A,
TFRON HICR 5 (AR, LB SRBIAN, M2 K%, KEHEKED, M
PRI & EEEE

BURHTFER W T A th B T IS DU A Um s F - Sl T & Bl 2R
REME S 2 —, R — PR BRI AR BE TR B o 70 R AN (5 K g gt =5 32 et
el TR R SR B B RO, e 5 ) 95 4K O £ 4 2R Bl > SRR >t i o R TR R
RE G, BT AT E SR 2O, e Hpt A AE TR e T T
A SR B T R R R A — R

1.2 R RIVAT L Rias

HAET, T & B UK 2 3k B VA I R B, (H 2 HLIE S B A ik
TEOL T VL SEIA AR E, A — 5 BBk . ALK FH 75 4 BB v okt AT 42
BB A TRARRERE, EAENTITE. B, 1206 0 B 8 75 4l BB HE Bk idk 47
PEM, VO IEACREG R T, RA T H PR EEIOR P E L E T, N T B RISE
HF AL EIS KA, BEARZEE L.

1.3 TEUKZERS
1.3.1 R HAERST

THEPEEERERS, HERMEZER NIX UMY R B—: o
KALEY), tnesdsFIRE s 2B N TR S Y, WEE. B, B =
FFETAEY): . HEREY. BIUBARAEYI . 5 R R S A

UL A EARKIIK R 752 Bl EEREE A RTETEREN R T A
R R SR, TR fEARK M T, 1A RS R DU SR



e vG [ B e 52 2 e Bl 8 S
RGO R o T 7 8 W R 2 U R Ul 2R . T Al
BB . LT T E A
1.3.2 =ERAE B 57

TEE SR B WD o EEBA M, M 5 MRy il A AR 2R, R0 B i
FAEY) B AEERLHALE P LAy Jy s A e s i AP BEZ 3 AL B o iR
R LA s AR AT B e I s KR BEZ C PR AR FE T AR B R B SR & 4
H AT T & AR SR B R KSR )& B2 LEBD 1, K2R SR T
WERE T Rt MR TOER, MR

133 EEXEm sy

b R 2= b AR S, NIERRE SR R 2] TR 2 ME Rk 5 AR A drig
MAHTHEENRR KBFEEE T FHH Feu Ca. Mg, Zn. Mn %% 18 Fifil
BICHRIAT TR e &0, IR 7RI T 4T & Fe. Ca. Mg. Zn.
Mn TR & BRI G W FOIEERY] 75T A AT Re 20t et Lo TR T A 1R KRR
FERIE AR . BRULZ b, R ML B VRS« B TE AR

1.4 H=ERAY1ER
1.4.1 FhbMERGBM1ER

L 5 A 5 A O [ e o v I g 2 3 UM B 2 | IR ANE
NI Y11 N= G 2N TG RE2Y = AT s R L G 7/ N S (9 B i et =iafeng =8
8 ML AR A R T LRI, I 3t 2 k2> — 16 o A e i 1 A A R T A
T 51 R AR R A . 2 WL S ERRE R B an Lo . MR iR =+
PRV IR R . KR AR | # AT s B —E
ok AR ), 24 1 A8 B 2 A 2 SR o sl vl DA B BAME S el — 85 1)
KA.

1.4.2 BB HO1E AR

PR R AARARAE AR AR IR AL, Be 1k AR AR, S UM AR AE 1 J
IR Z M LEan D i) A e A AR 8 A . S sr BRI IR R . KEH



1 4518
IR H UM B AR, R HL AR W IR . R SRR R A 2 AR
BEXW . BATME RN BT —NEHEEE A,
143 A BRENIER

AR T e 45 T SR 2 B A 20 B3 T A T R UL RS 7
USRI IR0 A ) R P, R R T 58 1 e S B M T el
TR I FOE 8 . S W T B R 50— S 1 ) e R T ik S A
R B A T AL S b S R R B R A R 1 o
SE, 3 ELR RTINS R AL, R R SR G A A
Pt A — 2 U2 RIS,

LAARE. AR

PNE A — PR SN, RNURNS SR ARG LN i T AR B R
AN BRSSP, 74 TR A R 3 EDNA. BAREE R
TSR LRI, PHAERIE. O ME SR WSS 2 M — R 5 BIRE .
FIT LA AL 1 47 ik PR ) el i B A O PG TR T i MR R R
oz 1 S AR TR AR BV T v B 08 R 2 0 12k PRI R OR 4 40 A A ) K 7
TR IE T RAERI AL, FAF FABLEE Dy il 1 P24 P9 1) 32 22 2RE R 740 TNF
IL6. INS ZFEHRAER T, If HFERIR A 24 NO & &, i iNOS A1
COX-2 M#RiE, 1FHTHIEAE ST EARE, UMHIEES. L8,
e 9 P IB B S AR S B AL OB, AT B i BAT — SRR A PRGOS kD
AL RSB i LIZ s 0 S F

1.4.5 RFIFHI1ER

T AETCVEARG BT NSRRI, = 3 BUFF AV IR, Toikadt AT A it
Fe, W FEPIRN A IS NSRS ZoCEZAEM, AT A5 o i
fF—SEE IR, AT — B2 ids, X LeE IR U AN ae g A Ry AR i
T ERT AR i A, — B st SEHS A RIR N AR L)
I, AR R AN G M E . SRS o BT A R AT AR s ) O 1 0O, 2 82
FEORYT 1IN, AT MRS A2 A, (R 1 AP A



B 7 FE B 5 65

2 WS

2.1 EEHR
2.1 RS
ZE vl I
T (kD ZRSA R
RRa IR AR 24 7
LT 4t % R SRR L) 28
OH. DPPH ¥ R AR AR A A
SR SHCE. TR I AR A PR A 7
vC I e BB Z5Mb AT BR > 7]

2.2 TN

<22 SLEFERIEE

SEIAN A SR X VA
UV-1100 B4 AT W73 066 it AEHTE A 8 A A A 7
KQ2200DB Al 75 i i L as B L1 P AN R A )
MH-500 7] 3 H AERCRME A A FR A A
YP10002 BT KF bR RL AR A B
FW-100 =53 /7 Bk AL AERCRME A A FR A A
MS2000 JiEiH % % X WU 33 BR 2 )

2.3 KW
2.3.1 B FBNEE AR B RER 1L A

BT EFIEV S, TR E, 7R ENZ) 2.00 g 19T &8, T 20 mg
oI Yk BRI A1 G NN 50 mL 60% VAW )E, 2RJG F 1 mol/L A E LN
PLE 10% ) ESEFR¥: PH R T 2 4.5, SRIETCE T 50 CARBSNBEME 30 %80, ¥

4



2 Mk 771k

HEER B B VAL T A IR 300 W, BRI 60 CRI%IE TR A HREL
0 7r%h, HIEUEH BiRTTE, BREHTIRILZ G, AR5 R I R4S B i I AT

HIF, AR E] 1000 mL 2 ) EH

232 BAERMEEAEN R R RXW

(1) BEEEXNTEPEEVERENFN

BEHIAFE A RE: 30°C, 40°C. 50°C. 60°C. 70 °C, #RJ5 [l e R L
N1 200 EBAEDIFEAN 300 W, LEERFAECN 60%, AEEEIUT F K 2.00 g, N

B4 RNG, GRS 2.3.1 I EREHMTIRECT & IR, EA
[ (P ) T 2 R B R B A R W R e, AR SR IR Rk £ — A & 1 )l A IR
i
(2) BENENTEPERVERENFN

P AR [ A8 75 T #2150 200+ 250+ 300+ 350 W, 2R )5 &l SE#E iR E N 60 °C.
CIEAEFR B 60% BHRLE A 10 20 mg/mL, 7£LL B4 MR G R S BT &
¥r 2.00g, MA—ERNLTLERM, k2LH 2.3.1 H I EREAT ST 7 v 1) 3
Wi, 2% REAS [ (P A5 DR T A h B AR BOR A R I, f R i i — > Eid
i 75 T %
(3) RLEEEXT T HHh R ERNF

PRI R EE: 12100 1215, 1:204 1:25. 1:30, R/GHEEBFIER
JEN 60 C. HAEDIZFN 300 W. LEEARDEN 60%, 1ELL BT TG R
T K 2.00g, IIAFHECE LT 4ER B, SRIEAREEH 2.3.1 BT RIFATHEICT
BB, A R RRR L T & B R P IR A R IR, B ik R
—NEIERRIR L .
(4) ZEEAFRAN X T &P AR

BRI F I BRI E: 55% 60%. 65% 70%- 75%, FRJ5 [ 52 7 I
[EH 60 C. BN 1 220, EADIFE N300 W, FELL EFAF TREERT &
2.00g, MONAHIFEI AT 4E g, 4RSEH 2.3.1 BRI T BRI T A T B B,
THH A E ) ZBEAARFR5r Boor T 7 h 3B (3R R A R S, IRk — &
& ) S BEAR AR 74
233 EERREAYIL T



e 76 s i 5 e Bl 8 SC
CURE A IR . SRR 80, RRR L A ThAR X VYA PR 3R . T IEASVRBETT
—ANYRER S =P RSESS,  RIEEUR SRR AR .
23 EXRWRITEESKE
G BAIRE EAIIR S RREH

K
0% (T qp) (g/mL)
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