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The effects of the antioxidant activity and inhibition on LDL oxidation of

clove oil extracted by soxhelt and steam distillation methods
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Abstract: The comparison of antioxidant activity and inhibition

efficiency on LDL oxidation of two kinds of clove oil were studied
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by spectrophotometry and fluorescence analysis in this study. The
results showed as follows. The scavenging ability on DPPH radi-
cals, total reducing and antioxidant capacities, ferric reducing an-
tioxidant power of COESD were significantly stronger than those
of COESM (P<20.05 or P<C0.01). During LDL oxidation, the in-
hibition effect of COESD on tryptophan ( Trp) fluorescence
quenching, the formation of total fluorescence products and lipo-
fuscins, lysine (Lys) modification detected by MDA and UV-Vis-
ible scanning spectra were also better than those of COESM. The
results of active component content analyses showed that COESD
contained more total polyphenols and flavonoids than COESM.,
This study provided the reference for further research and devel-
opment of clove oil.

Keywords: clove oil; clove oils extracted by soxhelt methods;
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I 5 AR A B A B3 L M R IO L R SR O T
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AR FEIX 2 Pl A 4R BT 125 v 90 3 MR Al 7 2k £ LA
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LDL 3R XA~ S 450 By J7 3 A 13K P 4 B A5 310 LA
2B I 3 R O ARAE S R Lowry 350 I 5 2 11k
€ & LDL #k i 5

JHEZE B . g TR T A AR BB A BRA 7 5

FAth Ak 2350500 K 43 A Sl AR R 4
1.2 EENBEE

BEGWEG 43 66 BE 1. LS55 W, 35 [ Perkin Elmer
NI

pH 11 :PB-10 %, 3¢ 2 R Rl 2 N5 A BRA F] 5

AT L4y e B T (ROB D - TU-1901 A, 4k 3 %
Hr 38 TS A IR 52 A 7 5

HJ L4658 EE I UNIC 7200 %8, St Jé ] C_F gAY 48
BB E

i TR T BE R R AL : DFY-300 78, 3508 77 bR K AL B FR
NI
1.3 RIEHZE
1.3.1 T &4

(D KFERFEWEL S EREET WL wEE
M. FRECT &R oK 50 g, A E] 1 000 mL (5] 58 i
Jm 700 mL ZE 48K . W BB )5 TF 4R 1T B, K 25 K2R 1 4R IR
6 b, SR FH A7 T Tk DA S0 AR TR R R IR T . O K R
BT IR JE AR K 28R ZE 1 T & M (clove oils extracted by
steam distillation, COESD) , #f . #% 0 (D H- B A5 %K,
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vy KFESFBTHFMAR , mL;
vy PEBOR AR, mL,

(2) RN EOE AL Li 5 10 07 i L7 L, w1 &
B FRICT &R 50 g, T IE 4040 28 7™ 90 )5 B R IR I
axh, 400 mL A fEET 1 000 mL B GBI R R
FARWOESRER 6 b, b 1 IS JT 4R T 53 i ) L 28 T A kA
BT A, JoK B ER A TR S KA R AR T Al
(clove oils extracted by soxhelt methods, COESM) , R & ,
X (DOIHEER,

c=:—;><1oo%, 2

X

c—HE N

v R T FMAEBL mL;

v, RIUE AR mL,
1.3.2 COESD ¥ COESM #i ALt h b %
COESD J COESM [ il Jit A6 I ¥ BE » 25 B % B4 T H st
AR T Bl B BE LLAE A B Ve Fl 2, 6- 80T Sk Xt
HI iy (2, 6-Di-tert-butyl-4-methylphenol, BHT) {{ % T %
TR JEAT A TR B AR . 40 B RE SRS IR 1, 1R 32
WYL ZE F (2, 2-Diphenyl-1-picrylhydrazyl, DPPH) [ i
SERE ) BPUEALRE Ty L B R R 1 Rk B R R /ST R AL
i€ J1 (Ferric reducing ability of plasma, FRAP) 47 1 %E ,
DL AT X 2 By sk % T 7 a0 3R S 3R R 4R
b B i LDL 54k 2 8 16 4 (9 52 1

(1) DPPH A 1 278 BR E F1 - R AL AR 4R 550 (9 7
P R . B 0.5 mL AS [ ¥ B RE K (6.250 0,12.500 0,
25.000 0 pg/mL) A 0.100 mmol/L. DPPH % & 1.0 mL
(A BO A 5, 7€ 30 CK I H [ i 60 min, #£
517 nm AW WG AE L LR EE AR B R TR L B AE P
WA . 2 O R DA TR) A5 AR I R R R B PR A T A T
FF . B X B2 40 31 A A Rk B Ve A BHT AR R R
FTAH RS0 0 R 30 v B fL RE S iR . DPPH B
L B R4 (DI

Y = X 100% (3

K.

Y— Mk, %

A 25 LN BEAE 517 nm WG AA 5

B ANTFI A BE AR 517 nm IOGAE

(2) BREH R ALEESET Wk A K.
A 7] ¥ BE #F (50,000, 100. 000, 200.000 pg/mL)
0.500 mL il A4 KA 1.250 mL pH 6.6 @R
2% 7P (0.200 mol/L) I 1.250 mL 8 &AL # W (1%) .
50 ‘C/KIE 20 min J5 Hs & 41, BRI 1040 =4 £ R
TR 1.250 mL,ZEME K 4.25 mL.0.1% = & 1k 4 1% |
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0.85 mL,JZ % ¥ 4] 5 & & 10 min, ££ 700 nm T k8 )
FE S WO AR B PTG R ) R

(3) MPLEALRE S R AT AR S0 1 )5 vk L I 1B
B, BOR R e BERE R (100,150,200 pg/mL) i AGR 45
PRI 2 BE 0.600 mol/L 2 . 28.000 mmol/L B2 # Al
4.000 mmol/L $HR IR B W 4 mL. IRGH 5T 95 C
IRV I 90 min, BCH 5 18 20 F =R 4F 695 nm 4b P 1%
A

(4) FRAP L HT AL AE 1 R X8 2 500 19 O i
W VEM B, B 100 L AS[RMREE (12.5,25.0,50.0 pg/mL)
HW 5 FRAPIRG W IR % 957,37 “C B 40 min J5 , 7E
B 593 nm W M OE . FRAP WE & W B 6 7 2 4%
pH 3.6 Z 1 4 22 vp ¥ (0. 300 mol/L). 10.000 mmol/L
TPTZ %W A1 20.000 mmol/L = 4 4k %k #ie A FUEL 10 :
1: 13RS, MAME. TPTZ % W % A 40.000 mmol/L
R HCL ¥ 0V R 2 45
1.3.3 il LDL 4 fL &M fg

(1) LDL &4k thifs & : LDL Ak & ik 25
H3CHRL16J(LDL B 2% Ffr sl 70 ok B2 3 R & R R g 4
WwRED, T & o FE A 4l B 4.9 mL LDL & W
(500 pg/mL) Al CuSO, « 5H, O ¥ ¥ (1.25 pmol/L)
50 pL, 435000 50 pL 1 pg/mL AN[EFE .37 CHEIRET
48 h J5 e LR 48 AR DAL ER 2 Rl xE LDL A A6 A& i
IR

(2) PHIE LDL 468 i b F i 8 2082 (Trp) 26
KR Chen 07073k 3 1.3.3(D Ik W T - 72 &
K (Ex)295 nm /& ¥4 (Em) 330 nm &b 72 2¢ 5% 38 fF
A BG A i 25

(3) BHIE LDL AL i 7= 4 e 4 3R B8 77 - R ] Yang
FUT Rk M 1.3.3() AW E . 7 Ex 350 nm /
Em 460 nm &b I 2 5% 558 B DL LA il 08 .

(4) FHIE LDL &A1~ 4k 8569 -k il Com-
inacini 219 By e, # 1.3.3 (1) WM EH., &
Ex 360 nm/Em 430 nm &b ] % %¢ 56 58 & DL Lk % 30 il

(5) LDL Jig Bt 404k 7 #y 18 i 481 2 IR (Lys) Bk e %¢
54k R Picard 25500 (07 i, 1 1.3.3(D LM H 1
Ex 390 nm/ Em (410~550) nm N34, I & 2¢ % 6 i
ARG 3 i 5 R

(6) i 22 Hh AT L 4 I T il b B A RCR R
Esterbauer ZeUPY 7 e JIEAE B . ¥ 1.3.3(D) F LM E
SR F S AEPE K 200~750 nm P 4 H DA S e o) 5R
2250 .

1.3.4 COESD }; COESM #i & Ab A UK 4 & 5 1 L3

(D BZm& R R AT HEESEP Mg — JLEDT
T W VE B B, 4 Folin i35 J5 I K 7 B 10 £, L il

EEHE - ZRENEKZSEBRBNTHEFHAALRMSE LDL SHE KM

FRAE G & F B VE 4> B4 150,000, 100.000, 50,000,
25.000,12.500,6.250,3.125,0.000 pg/mL 8 ™FEW. B
i B J5 1 Folin 37 2.250 mL, Bl A 0.5 mL /R[] i i 1%
B FBR A 100.000 pg/mL 2 Fp T &, K5 I A 6%
Na,CO; % 2.25 mL ¥R % ¥ 5. 76 35 CAREHIHE
90 min J5 F 765 nm BEC ARG U 5 WO B E 2 18] A AH
Fe kR ERRMEM L RN Y =0.012 4X —0.015 (R* =
0.998 8),

PUT A AR I F IR BRA T A [R]85 4 0 s L 4 22 1y
o

(2) B W& & R T AR AR 00 Ok L e AR (&
W FEARAE TG B R 43 53 2 1.000.000,800.000,
600.000, 400. 000, 200. 000, 100. 000, 50, 000, 0.000 pg/mL
8 ANFEMR . HUZEEF 7K 2.25 mL M A0.5 mL AS[m] it 4 ¥
BE (AR HE & 2 T %O 4 000,000 png/mL 2 BT A i, 4%
JEhmA 10% AICL; « 6H, O ¥ #0.3 mL. R % ¥ 5 . B &
5 min Ji » il 1.000 mol/L NaOH % & 1.000 mL, &% ¥ 5]
JEHE 510 nm BEH, # AR HE I 2k 5 R R Y =0.001 1X —
0.021 (R*=0.999 3),

VAT A A 1 T AT A [ 458 VR DU 2 T 2 &
1.3.5  Hdiaby SR DPS 7.05 BEAT 7 22507 o
2 HR G
2.1 COESD & COESM 8 Z iy Lk &

HIE 1.2 A WL, COESD Ah (o 3 52 B B . 1B R N
17.79% . Wi COESM 4h W % N k2 48 (6, 15 F 4
20.30% . T BE S A i Pk 22 42 IO A 14 [R) Akt Sl Hh e
B4 F 0 3 AF o L R OkSY . Guan N FEIRECT
it & 3 COESD 13 %L F COESM, H. COESM
BEREE A,

2.2 COESD K COESM i Gk &E ATt &
2.2.1 DPPH AW EEREEIMILE HE 3T,

COESD i1 COESM 15 [ 38 Fifi 25 ¥ B 38 Jin 1 34 5, 2 30
R E & . Hih ,COESD Wi % ¥ & F COESM

COESM
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Figure 1
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iy (P<C0.01 g P<C0.05), ¥k B F & F 25.000 pg/mL
. COESD Y # B % ¥ ik (83.520+0.100) % . B & & T
COESM (81.278+0.057) % (P<C0.01), 2 Fft T 7 il 7% B
R TP X B BHT (P<<0.01), 4 5 30 M 7 38
M RREE T . EEM S RBT FH i EE RS T F B
FAHBRIL A B - H. R 5 DPPH « X i AT &
WX DPPH A th 56 2 30 H AR R S BREE ) .

2.2.2 RIEFEIIm . diE 4 A, 7E 50.000~
200 pg/mL i} ,COESD 5 COESM 2 8 1R & i M3t A
1677, ¥ 8% F PH M X BHT (P<C0.05 % P<C0.01);
COESD 4%tk 1 B % i F COESM (P<C0.05 f P<<
0.0, Rt g 2.2.1 MEMILEE R, HKER
50.000 pg/mL B, COESD 7£ 700 nm W ) (0.296 +
0.003) HEBEE T VY (0.289+0.002) (P<C0.05), 4
W A 200,000 pg/mL i, COESD W Y6 {H (0.952 £
0.006) [t COESM (0.848+0.009) & H} 0.104, Jf: 77 4E L 3%
P2 F (P<C0.01), X 7] G & COESD Jir & if J& i =
COESM H i J5 il 1 i
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(b) FEEhHE S5 B IFE 7 Z A A b
AR S F 8RR 200 pg/mL A FIAE i 22 18] 1) & 18 Ji g
JIHA W M2 5 (P<<0.01) 5 R[] /NG 8 7R Wk BE 43 i 4E
50,100 pg/mL AN R RE i 2 [0 14 8 08 L RE ) BA i 35k 22 5 (P<<
0.05)

B4 BZRALK

Figure 4 The Comparison of total reducing powers
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A A S5 L R BIF T 40 S BT SAL AL B 7 B R B LR vk
FE5 OD oo WO BEAH 75 Hh 5 BEAH G, R 35 0,989, F A&
R 45 R AL
2.2.3 RyrAMREI M ILE K’ 5G] %, COESD #
COESM W' {5 4 4% 3 i F BHE X B BHT # Ve (P<<
0.01) , BAHIIX 2 Fir T qih 35 52 B0 1L A 5 58 09 S B A AL TR
P COD695 fH B = 2P0 A AL BE ) . COESD 4% ik Ji&
WY S A 4 % B 2% 3 F COESM (P<C0.01), ik N
200.000 pg/mL B ,COESD W6l g5k (1.424+0.009) .
[t COESM M6 AR (1.30440.010) & i 9.2%,

] 5(b) g 7 A5 R R S BRI D R
BIAFIZ M C R RP B EF 0.98 L |, COESM £ 5 19 4
KRBR Fik 1.0, WIRIE T A 56 I 52 45 5 1 m] 554k
SRIG S FEBR I T RPE B 2 BB A AL AR T i s 2 B
B U B HE OD o5 WL BE 1 52 30 H B 09 14 e 32 AR 0 ¢4 , 75
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Figure 5 The Comparison of total antioxidant activity

2.2.4 FRAP %A ke hm ks MK 6 () a4, 1
g5 ByTE LB S AL MR EEAE 12.5~50.0 pg/mL 1,
COESD J}¢ COESM . 7t 4E & 58 i 91 4046 1 » OD sy 1%
HEEEY B m T WA X IR Vefn BHT., 2 # T &
JHAE G, COESD ) OD sy, . COESM 1  (P<C0.01),
P 6 Cb) T, 45 K f VR BE 5 ODsos WG BB /Rt B
WAL PESE R VR 1 >>0.98, B3Ik T i 56 45 U1 % Al SE 4k,
Olszowy %™ ¥E 0 53 A ARG il 9 FRAP $it S84k ik 77 i
RIHFE TS ODsos W' B A B8 & BEAH G, R 8
J7 0.8~1.0,
2.3 COESD K COESM #l1#l LDL & 8¢ A9 bb 8
LDL A b5 AS [ BB . R AR P A AL
FEH ] LDL &AL T BE AS R OGO i 45 5% Hh B A
BN, RIS SRR WL e 2 BB O AR T
A o, COESD () 4t 4 ke 71 Ltk COESM Hi g, DL Trp
BOETE K W R N 7 BT  Lys 58 5k 5 6 A8
R4 K O IE 0 46 AR, 3 — 25 X COESD R
COESM #ifil LDL &AL f8 S #E 4T Lb BRI .
2.3.1  XI LDL 446 72 i Trp 55 3 58 6V K BOR B L
BOmE 7 BT &l BHT J5, Trp 5252650
VK A5 3 2 H (P<<0.05) ., COESD 1y Trp 5% #7976
WRAEF (135.638) 7 T COESM () (133.155), 5 BHT #£i)

EEHE - ZRENEKZSEBRBNTHEFHAALRMSE LDL SHE KM

1.2r EBHT M WDOEO 72 SEOEO B3V,
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7 08
m g
L= 06
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FE SR
Sample concentration/(j. g * mL™)
(a) FRAPHUSAALAE
121" & BHT ¥=0.022 4x—0.095 0
| = COESD R’=0.999 9
LOF 4 coEsm y=0.021 9x-0.132 3
Z gl *Ve R’=0.994 9
P g y=0.018 3x-0.096 5
V= 06f R=0.9810
= E ¥=0.013 5x-0.059 5
OE 0.4F R*=0.998 1
0.2+
0.0 ‘ ‘
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SRR

Sample concentration/(jL g * mL™)
(b) FahH B SFRAPHLALAE ] ARG
IR G B Fe - Wk BE 43 4 12.5,25.0,50.0 pg/mL A 6] BE
Z [a] i FRAP $T 4 Ak BE 3 B oA A8 I 25 4 22 57 (P<<0.01)
B 6 FRAP %4 B ALat 7 69 kit
Figure 6 The Comparison of FRAP antioxidant activity
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PEOERRE (136.105) o i 25 5. X vl B T A i i
S AL B33 2o B 1E apoB-100 Hr Trp 5% 1) &0 46 1 52 30 %)
LDL A iyl . A& — JLEN W& BT & B 2 B #2
Yx LDL Ak #2 o Trp 5% 5200 1 K B A AR 47 g
AR .
2.3.2 X LDL %Ak i 72 v iE 46 3 ™ A 30 il ROR 19 L 88
B 8 AT LA %8 498 %58 B IR AR (R A AL
Db e . UL B LDL Ak i i A b = AR B 2 R
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W E . TE T A M B PR X A T BHT 41 i 48 R )™ 4 &
&2 CUIGIR R 132.739) , HikJg COESMBEG R B
130.787) , COESD = A fit f5r /0 (B G BE Ry 124.975) , i
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Figure 8 The comparison of inhibition efficiency on lipo-
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LDL b Fe b, 25 B 98 e i Je k. R T & &
BHT R J5 2 8 1Y 7= A4 43 80 50 il . COESD K&
COESM 11 S 563 1 2 AL F B 4 B BHT, 875 1R
A IO R . g, COESD 2758 3 Xy 170.967,
BEMT COESM MY (179.991) (P<C0.01), 55 T
FA M6 BEBHTT , AT 60T 7 3 BB 7 250 b 410 o 6 5 5% 7= 1 1

2001 A
C B T
180F ] D

PGIREE

Fluorescence intensity

E

40
20+
0 .

25 COESM COESD BHT {24
NG

Different samples
ANFRE FBE RS A FAE 2 0] 858 67 9 28 i LA ) 2
22 F (P<<0.01)
B9 3 LDL &fbtsihdfed &L 7HAE KRG
Fp ) s dx

THe comparison of inhibition effects on fluo-

Figure 9
rescent products generation during oxidation

of LDL
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P A4, COESM (179, 991) %¢ J¢ 3 J¥ 3 T COESD
(170.967) (P<<0.01), BB COESD 11 ] 2. 5% 3¢ 7= ¥ 4= 1
BIRE SR, Fmi i &0 & B T F R B b A
A N4 R FE DG

2.3.4 X LDL g i Ak = W& i Lys 5% 598 06748t iy
MRSCR B B 10 AT, FE 410 ~550 nm A, f2 4
A iR E, HyOmER®R. HE &5 oA
R & RES AL . 7 COESD.COESM ) BHT ki J5 %%
JH R B A5 T R L 3% B K B R R AU Rl MDA 4k
&M Lys 583, R4 COESM 4 il 55 - A B COESD,
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