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Abstract ; Clove ( Eugenia caryophyllata Thunb.) bud was extracted with supercritical CO, extraction (SCDE) and then refined
with molecular distillation (MD). The refined clove oil was analyzed by GC-MS. The optimum condition of SCDE for clove oil
was ; extraction temperature 45 °C, pressure 12 MPa, and separating temperature 50 C. The extaction yield was 21.04 % .
Twenty-two components in the clove oil were detected by GC-MS. The content of eugenol in clove oil refined with MD was
increased from 67.55 % to 68.75 % . Total contents of three main components (eugenol, B-caryophyllene and eugenol acetate)
obtained by SCDE-MD, hydrodistillation and organic solvent reflux methods respectively were mostly similar. The total yield of
clove 0il(19.18 % ) obtained by SCDE-MD was also higher than those by steam distillation(11.38 % ) and n-hexane extraction
(17.40 % ). SCDE-MD has many advantages over traditional methods, including shorter extraction time, low contents of
colorants and resin.
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1.2 X@WH*
1.2.1 RAAZEME LS g 2B LR 0.45 mm i 09 T Ak K, 2 A 500 mL B, i A
150 mL (281K, FEK Z8 R 2R IR % B h il AT 28 IR B4 , = WA TR W 3 1 L W v 388 B B A2 1k A
FE M ZEIRUR 29K 100 mL, FF 7548 W I A S Ak B 28 VA MR, FE I AT B 2T S TR A0 A WD S
B R KIZ SR IG FE Tk J2 N3 8 0 7K B R 60 78 40 WK, 9 P 8 40 108 22 (B0 ISR 0, 4 182G e L ' 50 °C
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1.2.3 SCDE i SR —WIEL —ZFE B — R 85 0 7 3L 25 0T B pg i, AR U A R . €O, Hif—
BHEZREGE—CO, WHE-RERE >FRESMITE SR HERLE (MEH) o PO IR FLE R 0.45 mm G (1)
TEMAK 300 g — UM AZERUE (1 L) 4 — 8 2 BUE ) FEBOR E AT R E T 280 1.5 h, NfFHT
Erh o EAAR T A, @ E s B, WS R IR B CO, AR FE BT R A BUE E (A) AEBUE S
(B) AU AT IR (C)3 AR ZE XM T F B RAZm, ik 1 Fin,
1.2.4 5 -F &4k (MD)  FIFH 5> F 2808 1% 25 76 6l B 4% 3 260~280 r/min , ZE 15 5 B 80 °C ,¥& HI il &
10 C F&F T 45 H 2818 B 25 JE 40~100 Pa, ZERF 3K 2.0 mL/min $E17 5% 2R 5> F K18 o
1.2.5 GC-MS st iR A 250 °C 4t bk 50 1,32 TR 300 °C, DURK AT IR BE 150 °C % F iR
JE 230 CL,8 A BMASR, R 0.2 uL, B FIHEA EIL L FaERE 70 eV, FHRFEF:50 C JF G LA
6 °C/min [ 38 BE FF 2 100 C Ff £ 55 2 min, 4577 L 5 °C/min 1 3£ BE F+ & 150 °C, {4+ 5 min, F LU
4 °C/min {938 B T+ 200 °C {45 5 min J5 L 5 °C/min {93 T+ % 250 C .
1.2.6 A& oar Kb SO @5 5 Hr Bt AR o 55 [ 303570 &) HP689OPLUS, kg illl % 4 FID ,
B AR 214 80 C {44F 4 min, LA 4 C/min J}Z 240 °C A4 FF 10 min, JERE SR 250 C K I 2% 76 B
250 C,FHAA (He) fE RN, H R, K 2 mL/min, YRR N 0.4 pL, i FE 7 2 i ik 301,
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Table 1 Orthogonal design and experimental results for extraction of clove oil with SCDE

A B C o "
e RWRIET R R/ Sl oo o et
extraction temp. extraction pressure separate temp. °
1 40 8 45 15.31 11.45
2 40 12 50 16.12 13. 14
3 40 16 55 14.77 12.48
4 45 8 50 13.69 10.89
5 45 12 55 19.63 15.86
6 45 16 45 16.70 14.38
7 50 8 55 6.93 6.03
8 50 12 45 17.29 13.89
9 50 16 50 20.29 16.24
k, 15.40 11.98 16.43
ky 16.67 17.68 16.70
ky 14.84 17.25 13.77
R 5.51 17.10 8.77
k/ 12.36 9.46 13.24
k) 13.71 14.30 13.42
ky 12.05 14.37 11.46
R’ 1.66 4.91 1.97

Bt A% U J7 ph1 8 MPa 2 25 5] 12 MPa, 151 3 1 T 7 By 45 39 200 T 5, 3 J2 i T A U 380,
TR I S S 00 85 B 38K G S P A B B R T T B TR D B, A HL R LB = 4, A e
BRI T — e v s S R e R R T R BB R T F L LB T F A
B— A P R S s AR M R R GRS TR R E 16 MPa, T B AR A A T, T A5
N RIBLT B S, 5 B S0 8 A BUE T (16 MPa) 78 48 785 T 7 15 15 256 14 [ B A5 Sk 7 38 2 6, 36 R
PER MY T A5 5O0F R W 42 85, SRR L A JRUE /7 12 MPa,

ST E N 45 °C FHEE 2 50 °C A8 R A T A W 45 AR WA T X R R 7 S0 P T 2 E )
AT AP I ZE AR A9 5.1 MPa, R 3 608 T, A0MR B9 7 TR 46 7 Ok, THIEE CO, ¥ A J3E 1) T i X L b 2
CO, 5 J3E P AR JIT ¥ 0 ¥ e 82 o, DRI AR 8 T A5 R . Ak R i W 3 8 55 °C, — T R 7 T
Br4e b CO, AR IEE | 95 — ) TRT 650w 9 5L B A T A3 BG4 2% P i 458 2K S0E it P A 280 43 F1) e 9 T
75 9 T W, A5 R S A
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3 e 55 VA BT 00 U R R/ o L TS R R Bk T SRR B s AT

E AR B 23 A7 45 SR R SCDE e AE T2 408 R HURE 45 °C AEHUE F7 12 MPa f##7 iJ% 50 C.,
TE ML 4500 F 64T 7 90 IE 5250, SEB 75 SCDE 175l =ik 5] 21.04 % , /5 T & i 2k 3 6, 45 5%
WA IR 7 T & 0k, B BRI, A X 85 3 2 1,040 1,
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1. a— 5 humulene; 2. G 1TH caryophyllene; 3. T eugenol; 4. Z 3L T & H} eugenol acetate

E1 SCDE(a)fn SCDE-MD(b)ERTERHNEEFRERE
Fig.1 Total ion currents chromatograms of clove oil extracted by SCDE (a)and SCDE-MD (b)
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Table 2 Comparison of clove oils extracted by different methods

Y . T AW/ % B-CTi/ % LT EB/ %
Jr ik % ?f(‘ﬁjif v-”vi:{)l&)/ eugenol B-caryophyllene eugenol acetate R R
extraction il yield R N0 Goalt Mk GCAR ME  GCAM MR sensory qualities
methods ’ GC content yield  GC content yield GC content yield
P o6 8 01 IR 5 00 T 3
PRt ke R A
steam distil- 11.39 1.0392 80.71 9.19 10.34 1.18 5.63 0.64 E‘m*,@ﬂqﬂf;{f& .
lation transparent oil, characteristic
clove odor, low viscosity
I B BARROHIFEN T &K,
STACI R o
n-hexane 17.40 1.0517 75.00 13.05 11.33 1.97 9.40 1.64 s . .
X brown thickness ointment, clove
extraction
smell
BRSO, AREMN T ET
2y B B 25 A1
SCDE 21.04 1.0401 67.56 14.21 19.93 4.19 7.95 1.67 ?W*,?ﬁ*ﬂ’;-&ﬂ(‘
pale yellow oil, strong clove
smell, rather low viscosity
TG 33 WK, VR AR i T A O
o [ g
SCDE-MD 19.18 1.0312 68.75 13.19 19.84 3.81 7.18 1.38 UK, BB LB A

transparent oil, very strong clove

smell, extra low viscosity

SCDE 3k # #5 3ih A £z 5 , 15 B 21.04 % , H Yk O3 SCDE-MD % (19. 18 % ) , /K 78 U8 18 3k 15 9l R
(11.39 % ) fe i, i H e A K5 i vh T 7 By GC 35 i (80. 71 % ) By, ik S B ol T /K 28 U2 1k o v 4
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