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Abstract

The extracting technology and antioxidant activity of bioactive components from clove were studied.
The results showed that the optimal parameters of the extracting technology were as follows, the
concentration of ethanol was 60% ,the extracting temperature was 60°C , the ratio of sample to extracting
solution was 1:20 , and the extracting time was 40 min. The recovery ratio of bioactive compounds from
clove was (10480.4 +40.3) pmol/g in this extracting technology. The crude extracts obtained from this
extracting technology were proved to have strong antioxidant activity. The reducibility of the crude
extracts was weaker than those of two positive controls (BHT and VC) (P <0.01 or P <0.001). The
FRAP values and the activity of scavenging DPPH radicals of the crude extracts were weaker than those of
VC and stronger than those of BHT (P <0.05, P <0.01 or P <0.001). It was found by using the
bioassay guided method that the bioactive antioxidants of clove were mainly attributed to the ethyl acetate
fraction. The reducibility (OD 700 nm) and FRAP values (OD 593 nm) of the sample of the ethyl
acetate fraction with the concentration of 100 pg/mL were 0.634 + 0.040 and 0.433 + 0.005,
respectively. The percentage of scavenging DPPH radicals of the same sample was (85.294 +0.499) % .

The result of correlation analysis showed that the strong antioxidant activity mainly resulted from the high
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contents of the total phenols and total flavonoids.
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Tab.1 Univariate experiments of extracting antioxidants from clove

M K- BU AT P B R A% 1
Z AR TSN B % 0,20 .40 50 .60 .70 .80 .90 1: 10 BH3#E e .60°C 100 r/min 7K 35 4% % 32 B 30 min $RHL 3 1k
PRI L 1234 1:10 B EL .60% £ 60°C 100 r/min 7K ¥ 3% 3% 3£ B 30 min
LUK [H] /min 10 .20 .30 .40 .50 .60 1: 10 B H .60% Z, 1 .60°C 100 r/min K AR 342 1K 3 )k
PHGRE/C 20,30 .40 .50 .60 .70 .80 .90 1: 10 BH H .60% Z 100 /min K VA 4% % 42 B 30 min $2HL 3 %K
RHE H 1:5.1:10 1:15.1:20 ,1:30 ,1: 50 60°C .60% Z, B 100 r/min 7K 1A 95 3% 42 B 30 min 42EL 3 1k

1.3.2 EAAE
LR R R R 45 2R 9 2 5%, Bt I 3R =K
(Ly(3*)) My IE 22 5, FL B R K P sk 2 fizm, i
KA 3 U, LAY AL T PR B4R U O 25 445 45
R2 TEASALBEUHYREREZRBERKE
Tab.2 Parameters of orthogonal experiments of

extracting antioxidants from clove

KA TR PRI B2 B L & B i)
IH A/ % B/C c D/min
1 50 50 1:10 30
2 60 60 1:15 40
3 70 70 1:20 50

1.3.3 T &R AT P rBF 5T
PRI 200 g T 7 Br AR KE &l R T IE S8 56 3R 15
1 fre PR T 23R I 3 0k, 3 O A 5 R 4 Jim 1% TR

TR T A PUEALTE TR O IR ), R %R R W)
TiC il RS J5 9 B2 0 50,100,150 g/ mL BIAE &L, LAAH
[Fi) Jo 2 v B 1 BHT (2,6 — R0 T 3 % HY /gy ) 4 2f
R COVCO) MR BREXT IR, 23 3 2R 4T SUE J5t J) (FRAP
%TM%:W(;A“)'}?FH DPPH [ Hi 5& 375 B BE J1 B9 I & .

(1) B )57y &

*H Llang—ff R WA B BT mL BRI
T KA 2. 5 mL 0. 2 mol/L pH {H 6. 6 #
MR 2 M W 2.5 mL 1% R EALER (K Fe(CN) () %
W, T S0C K Al 20 min J5 PR % A0, FEIA
2.5mL 10% =& BB W, UL 4 000 r/min B .0
10 min, L E¥EW 2.5 mL (KN A 2.5 mL 2848 K .
0.5 mL 0. 1% = AL BRI IR % #8 2J , # & 10 min
JEAE 700 nm R IR SGRE

(2) FRAP LU ALRE 1 9 2
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100 pLAE ] 1.0 mL FRAP TR & 357,37°C
SN 10 min J5, F ¥ K 593 nm U & W6, DU
FeSO, - TH,0 kb5 U i il b ol 2k, 4 5 19 40 4 1k
AE 7 LA 593 nm 4k (4 0% ' BE 5} FeSO, - 7H,0 &
i (umol/g) F7n . FRAP TAEW i 0. 3 mol/L pH {&
3.6 ZFRANZE W .10 mmol/L TPTZ V& Wi ( TPTZ ¥4
WK F40 mmol/L HCl {Ff# F1E &) A1 20 mmol /L =
FALBR AR 10: 1: IR A, S BLRC -

(3) DPPH [ i 3 B GE 1 A9 &

KA Lai 21 97k WA 158, 0.5 mL 3R UK
[ 1.0 mL.0. 1 mmol/L DPPH F# (753 I ES) Ik
GRS, X AE R 0.5 mL 95% £ A 1.0 mL
0. 1 mmol/L DPPH B4, & 158 % I2 i 60 min J5 T
WK S17 nm &b HE (3, L 95% 2 FEAE 3 b &,
DPPH [ oy B35 BR 508

y =24 009
= A X 0
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WA IR A Ja R IE e B BR T & K5, Z 5 Im A
— B VR R ZE IR K, 7 %l B i 2 e s 40 i)
SR IR W 50 347 38 K £ BR TR RN IE T BEAR O ZE
G FRIKAH TS 43 o 3 A AN [RIAE i 43 030 e 5 e 4
B TG R T RS O R SR AH L IE T B0 A0
KA, KR AR B B R B A B O R Wk
100 wg/mLIyFE &, DUAH [A] 5T & ¥k B2 19 BHT A1 VC
VE by BH 1 X B8 43 0] 1 47 838 i ) FRAP 341 A 4k
AEJJF1 DPPH [ |y B34 BR AE 7 i 22 , LB BR T &
Pt A AT 1 0 5 1) R TR RN AT A5 0 5 S A
1.3.5 T AHuAATE Y T 5L a0 26 2 B

J TR Ay AT T B SA AL E E  SE A X
T AN [ A R A ) T A R 22 B e R AT
SE, VT A AS [ AR 1 5 43 BF BRI ) FRAP
A LRE ) \DPPH [ f 05 BRGE T 5 A B L B
Z & Z A KR

(1) o 5 A2 1) I

K Bakar 250 5 1 W0 i AR & AL R A i
2. 25 mL ZE 4K T8 o B0, 5 mL AR AR
&, A 0.15 mL 5% NaNO,, # % 6 min, fil A
0.3 mL 10% iY AICL, -6H,0, ¥+ & 5 min, JilT A 1. 0 mL
1 mol/L NaOH , ¥R % 451 J5 T i 4 510 nm 2k bt 5,3
B, LA T b A G 0T 5 R B 2 25,50 ,100,200

400,600,800 .1 000 pg/mL 8 A HF IR bR HE 1 25 o

(2) BB amE

R Bakar 45 0 5 B SR 2 B B W
A K Folin 377 I 1 24 A BURR B 10 £, I
BRI 4 mL AR 1 mL $2BOREWCR, SRS A
5 mL 7. 5% WRRIREN A, IR 2 ) i i i 2 h e
F 765 nm Ab K. DB TR O AR R TC AT ik
ok 3.125.6.25.12.5.25.50,100,150,200 pg/mL
8 RSS2 A SO A IR 3 E A,
IR DUV MR + bRl 22 380 o
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AN, 3] 80% ~90% B J i T [ I A A] B &
50% ~T70% 1 £ B Xof 7K P R ¥ 4 o 0 2 AT ¢
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JIT B — LE BT A AR IS T W X 60°C L A TR 8K
TR G, 6 22 50,60 ,70°C 1E hy 1E 28 3 5 11 42
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PEECRE B R s W 1e iR,
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PEBCRHE R R 5 R A 1d iR,
WNZE 7R, BE 25 B2 ORI He A 12 55 1250 (1 48
b, JEBCR B WG . b R L A 1: 58] 1: 10
F 6 0 B PR, MR LG 1 10 4 2 AR 4k )
1: 500, 3% T i B 32 9l 20 o AR 3 36 3 2 B R 1L
1:10 . 1: 15 F1 1: 20 ffiFE 5850 o

PR ] B R IR 25 R & Te iR, M
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Fig.1 Results of univariate experiments for extracting antioxidants from clove
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AR B TR 2 3 30 A 1) P DR 3R =K 9 1 58
AR 3 Pron. mizRAT LA HERT HFH R
AT P T 3 BOCR 11 DRRNR B/ HE P AR O &

B
W

P FR A B0 CRFIR L | 45 IS (] 70 2 BRI BE , e £E 1 B
T2 N A, B, C; 1 D,, Bl 60% £ B $2& B
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Tab.3 Orthogonal experiments of extracting antioxidants from clove

i s A B c D PUA AT P AR B3/ ol - g ™
1 1 1 1 1 7943.9 £67.2
2 1 2 2 2 9558.9 +40.3
3 1 3 3 3 9910.4 £134. 4
4 2 1 2 3 9558.9 £40.3
5 2 2 3 1 10423.4 £161.2
6 2 3 1 2 9093.4 £214.9
7 3 1 3 2 8048.4 +£26.9
8 3 2 1 3 7107.9 £67.2
9 3 3 2 1 6281.4 £214.9
ky 9137.733 8517.067 8048. 4 8216.233
ky 9691.9 9 030. 067 8 466. 4 8900. 233
ks 7145.9 8428. 4 9 460. 733 8 859. 067
R 2546 601. 666 7 1412.333 684

IERCIR I 2o g Rk 4 s, mizknl
DA IEZ R 4 NMHEEMEZEWHKEHEKT
0.001, [ I 4 A P 2 %k 06 1 Jik 20 45 L 0 L AT i
SR . R T T 3 AT IR IE
R, 5 S5 W A A 45 5 (10 4804 £40.3) pmol/g,
A G E Bz I SR B T S8 o ml 58, v LU B AR
ISR SN N OF 7Y & S L
2.3 TEHERYRELEHNNELERS S

Jeong 2617 SR N SE S A JE J) FRAP B4 AL
HE J1 F1 DPPH [ (h 2L 35 B 68 1 45 J5 v I 22 5 B 1) 7t
EAIE IS T BAFIORFIESE R A SCRAL L
3R E T T AR PR RE T .

x4 TEREUYRRBREIREFTENN
Tab.4 Analysis of variance of orthogonal experiments for

extracting antioxidants from clove

; I
He FaIR HEE B F b
K
BIEALR 0.085(a) 8 0.011 232.304  0.000
IR 3.330 1 3.330 72389.570  0.000
A 0. 060 2 0. 030 647.755  0.000
B 0. 004 2 0. 002 38. 121 0. 000
c 0.017 2 0. 009 190.179  0.000
D 0. 005 2 0. 002 53.161 0. 000
5% 2% 0. 000 9  4.60x107°
S 3.416 18
KIERM  0.086 17

TE 8 Ji ) i 45 R (3%05),50,100 Al
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150 pg/mlL JFT LR Y R N T & FLER P 26 9% 1 700 nm
Ab (5 OD {H 4> B 5 ik 0. 153 +0. 009 ,0. 299 + 0. 005
H10.439 £0.014 5, 45 76 M0 5 & V& 3 3 [ oy H:
A 5 T3 35 AN B AH TR) 5T o e B2 1 BH 1 6 B BHT i VC
(P <0.001 8¢ P<0.01) {HT FHHEMETE RS
Yy, I T 0 A T L ER 22 T BH P X B8 43 A 4l
R o G JRE 7 i o G R — 2 AR 0 3 R ) B A
Hopi SR8 M 215 20 i .

FRAP 408 L BE 1 (LA 593 nm 4b Ay OD i %
AN I E G RRW (R 5), T Ayt B AR
PP EACRE J) o 7E 50,100 F1 150 wg/mL (1) Jit & ¥k
JEE S B 3 593 nm 4b 9 OD B 43 1] = ik 0. 208 +
0.012.,0.362 +0.012 Fl 0.429 +0.001,150 pg/mL

F1hy B St vk R o R ] 5 Sk vk Y VC A R
HEMEZS (P <0.001), 4 T W EESO pg/mL
1100 wg/mL i LIRS B2 (B A B & PEAR T VC (P <
0.001) , {H 34 #) 1 2 ¥ & T FH 2 X B BHT (P <
0.001) . FHULZE ] W T 7 A 52 4 i 2 bt A Ak I
PEARE] T i — L BE

DPPH [ i 505 BRI e 45 R (£ 5)
J B W BE Sl 50,100 1 150 pe/mL T KL 4R 9 (19
B % 4 3k (66.118 + 0.332)% . (79.647 +
0.832) % Fl1 (83.294 +0.666) % , )45 i %ML F
VC,{H 8K & F 100 pwg/mL Fl 150 wg/mL [ BHT
(P<0.01 #1 P <0.001), A UL T #FHHIEY H AR
SR A BR AR

x5 THEHRYAESLENHUNESER

Tab.5 Antioxidant activities of the crude extracts from clove

JOT i e B o B iy BE
. oAb

/jug+mL BHT TH MY ve K
50 0.291 +0. 004" 0.153 £0.009¢ 0.417 £0. 005* P <0.001
100 J=8%Y Wil 0.518 £0. 006" 0.299 +0.005°¢ 0.695 +0. 043" P <0.001
150 0. 602 +0. 034" 0.439 £0.015" 0.913 0. 080" P <0.001
50 0. 144 £0.014°¢ 0.208 £0.012" 0.444 £0.011* P <0.001
100 FRAP 340 A 1L Ak 0.234 0. 008¢ 0.362 £0.012" 0.472 0. 023" P <0.001
150 0.273 0. 006" 0.429 £0.001" 0.473 0. 024" P <0.001
50 65.765 +1.165" 66.118 +0.332" 84.353 +0. 166" P <0.05
100 DPPH [ i 3L 75 bR 2/ % 66.353 +0.499¢ 79. 647 +0. 832" 94.706 +1.165* P <0.01
150 68.353 +0. 665 83.294 +0. 666" 95.294 +0. 333" P <0.001

2.4 £EYEHERETERELEFENFR

TER BT BRI W) B BOm e S A T T i il
b R AW R B B R T A A A B R AT T
PEIBER, DUE 7 T & b A4 iG e  Bok 8 1 W4~
W HEER 43 o LAAR ) BT 4 e B2 19 BHT A1 VC Jy BH %
XFRCR AT 1304 W R T & 3 DA A AR
PEFR A3 ( LFR L TRAH VIE T B AH K AH) 43 51 2E 17 Bt
AAIEPE CEGR R ) (FRAP 33t A fk 58 J) #l DPPH
B B AL B AE ) W3, 8 0 AS R4 P 8 A i AR b
AE 71 55 15 201 MEB R i 45 R .

AN RIRR AR 0 Ao i Dy I s 25 SR R BT (R 6)
THEDUAACTE YY) BT AR T R 1 R S TR
4y, H 700 nm [ 0% 96 B B3 0. 634 £ 0. 040, i 2%
PR T A PG A AR M T B 1Y IE T AH (0. 066 =
0.009) 1 7K AH&B 4> (0. 142 £0.005) (P <0.001) .
[F] B, 2R TR A 1Y 38 J5t g A 8 T PR X B BHT
(P<0.001) , REERETF VC(0.695 £0.043) ,{H T
WEMEZER(P>0.001), MILATIWT & OB P
FHEA R BT AALRE T, T & LA L) i £ %
KA Tz, TEARBAET S FRAP T A i

NEFRFWI (3R 6) 16 T B A R 43 0 B it
5L 18 T AR BT A AT P fe s, HAAE 593 nm b 1)
OD fH =ik 0.433 £0. 005, ¥y & & M T 15 T BE
FH(0.117 £0.018) FIZK 4 (0.192 £0.011) (P <
0.001) , [F] Bt 8 25 P &5 F BH P X7 B8 BHT (P <
0.001), AT VO, H LR FMEES (P>
0.001), FULATIL, T & M5 b A A0 76 ok 9 it £ 22
K AT LRSS T 3 — L KIE

T AN AR5 DPPH [ i B IE R R 45 R R
B (£ 6) o 163 AR AER /A7 LA £ B £ T Al
TH PR3 5 (85.294 £0.499) % , i) 2 35 1% & T 1
T M (64.941 + 0.666)% F1 7K # (22.000 *
2.163)% (P <0.001) X4 Z B2 L BE AU BR AL T
VC(94.706 + 1.165)% , {4 {5 & 2 ¥ & F BHT
(68.353 +0.499)% (P <0.001), FHULAE[ 0L, T %
WS A p S5 3 R BE 70 04 0 o BE ik 32 B b 55
PRI 2,12 2 18 A T 5T Bk Jiang %" #0 Chen 45"
R AR A 40 1 P 3 B 1 B 5 A R SR AT AL iR
PU A T T S5t S R 3 R P A 0 A B AR AR T
YR EEOR A TN SR O HRH .
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Tab.6 Antioxidant activities of the different fractions from clove

¥ i (100 wg/mL)

oA AT -
1E T A KA R TRA BHT Ve
SRR 0.066 +0.009°¢ 0. 142 +0.005°¢ 0.634 +0. 040" 0.518 0. 006" 0.695 +0. 043"
FRAP 40 A fLhe ) 0.117 £0.018¢ 0.192 £0.011° 0.433 +0. 005" 0.234 0. 008" 0.472 0. 023"

DPPH [ i 315 %%/ % 64.941 +0. 666° 22.000 +2. 163" 85.294 +0. 499" 68.353 +0.499°¢ 94.706 +1.165*

T < 1A — 47 AN [ 5 Bk 22 7 4% B i 2 () 7 7E i 35 PR 22 5 (P <0..001) ¢

2.5 TEREWFUHYREMBE S

KT 2B A T B R B AR AL S PR Y B
i, X T 7 % S [ B P 4 B R R A 2 B A
AT TIE O E SR T R, kAT
W, TH ORI B B 2 W5 BB & &,
Ay 5k B (522.690 +9.415) mg/g F1 (258.586 =
30. 168) mg/g, 34 & 3 M & T 3L A B A B M S 43
(P <0.05), A[EHR RS> 5 2 B F0 S B & i 5
SR JE T FRAP 341 A 4L B8 J7 i) BEAH ¢, 5 DPPH
FI BT B AE Dt AR S, R 23 0.994 1

il Fhy 2% e 5 9 22 W R R I 5K . Jiang
SR S AL I O 3 % 7 A SR A T R AT F T
I e B 2 PR TS P R A T LR
i ¥ 2, 252 B0 ) B R Al 2 o R A R
22 W P DO, FEA [R) AR PR 9 2> FRAP 3k T L fiE
TR T T 5 R 2 R R A A O R RO
4 0.979 6.0.980 0 1 0.976 8.,0.982 4, /i T4
R 2R WAL & ) B9 R ARAF A28 A W 2, T
BT O P A AL RE 1 FEAS AR LA L B 26 A &
PrsET T PR, SR AR M BR B R TR 2R L

0.9753.,0.762 8 #10.987 8.0.9637.0.790 9, it
AP, T A GUAATE TR £ Y BOR IR T R £ i
A 1M £ R £ 43 58 AL AR T R T B

KT TEARARMBLSEESH CENSERNEUETHEESEEXXER

Tab.7 Contents of the total phenols and flavonoids and the correlation between the

P 0 0 I St Ko B4 T A A8 AT B G 3 2 i — 2
P T A A

reducibility and the antioxidant activity of clove

T 5 b /mg g ! JGY 5 k5 B0 A R 2 TR A AR 5 O AR

Wiy
LR TR A 1E T EEAH TR AR BT FRAP 408 fLREJ1 DPPH [ i JEW5 BRAE )
MZE  522.690 +9. 415 5.870 = 1.058¢ 18.1+0.2309" R?=0.994 1 R*=0.9753 R* =0.7628
BHEA 258.586 £30. 168%  53.283 +13.080%  50.168 +10. 895" R*=0.9878 R* =0.963 7 R* =0.7909

VI < 1A — 47 AN [ B 3 7R 4% B i 2 ) 7 7 i 3 PR 22 53 (P < 0..05) ¢
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