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Carbon Dioxide Supercritical Fluid Extractions of Essential
Oil from Leaves of Cinnamomum zeylanicum

Jui-chung Shieh!

[ Summary ]}

Variations in yields and components from the leaves of Cinnarmomum zeylanicum were determined
under different extraction pressure by using liquid carbon dioxide in a supercritical fluids extraction
method (SCF). Components of the essential oils were analyzed and identified by means of retention
times (RT) of gas chromatograph (GC) and gas chromatograph-mass spectrometry {GC-MS) methods.

The yields of essential oils from the leaves of C. zeylanicum under 80, 100, and 120 kglcm2
pressures of carbon dioxide extraction were 0.81, 1.12, and 1.47 mL/100 g, respectively. The yields of
essential oil increased with increasing pressure. The yields of essential oils from the SCF method were a
little lower than those obtained by using a conventional steam distillation method.

Twenty components were identified in the essential oil of C. zeylanicum leaves. The main
components were cugenol, cinnamic aldehyde, linalool, bornyl acetate, and « -phellandrene. etc. Other
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minor components, such as ¢ -pinene, camphene, B -pinene, limonene, 1,8-cineole, terpinolene,
henzaldehyde, B -caryophyllene, 4-terpineol, a -terpineol, bomneol, benzyl acetate, geraniol, 3-phenyl
propanal, and isoeugenol (Table 2), were also identified.

The major component of the essential oil of C. zeylanicum leaves from both the SCF and steam
distillation methods was eugenol. The content of eugenol under 80, 100 and 120 kg/cm? pressures from
the SCF method were 80.83, 84.87 and §7.45 mL/100 g of the total, respectively. The content of
eugenol increased with increasing pressure. By using the SCF method, the contents of eugenol (80.83%
to 87.45%) were lower than those of using conventional steam distillation method (92.26 %). There was
littie difference in the contents of each component with respect to different extraction pressures of the

SCF method.

Key words:  Supercritical fluids extraction, Cinnamomum zeylanicum, essential oil, oil content,

chemical component.
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BEAE(Cinnamonum zeylanicum Bl) Big
FBH(Lauraceae) - B—HEELEAFEY  BEET
HEYs—  EEMESERETHNERD
(Malabar) F£E; - #5044 30-40 IR - SFFAPIkEM
BEFEHIEGMEIRERS RS ER
i - EE R 43 B cinnamic aldehyde (Guenther, 1972;
Masada, 1975) TRIR KRB ERATR - aookiE#k -
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i TR 45 _E(Senanayake, 1978) + S41458
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Fig, 1. Leaves of Cinnamonum zeytanicum.

apparatus)

(2 B REEENEH NS
(Supercritical extraction screeing system)
{%3<E Autoclave Engineering, Inc.3
i& Model 08U0GGFS -

(3) RAEEHE (gas chromatograph)

R (The Netherlands ) Chrompack £)5]%Y
& The CP 9000 Gas Chromatograph, H #&
microprocessor controller #28 -

4 WMo E (integrator) § & Shimadzu
Chromatopac-EIA -

(5) RAEE-E#H (gas chromatograph-
mass spectrometry {5 GC-MS) £[H]
Hewlett-Packard #ii > 5985 TV A&
HE -

(=) BB
1. e EilE

(1) KERFEWE (steam distillation
method)

HETHME BT 5 LIRS EEK
AER - ROWERERSEE 105 CTT » #E
EE » BHMENERE Guenther K2 Hik
(Guenther, 1972) * FIFKF R H S RABWERE
T KBRS RS - Bl BN ERERE
ZFHER 0 SRS -

(2) HEER A 588 7 15 il BY ¥k (supercritical

fluid extraction method)
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HEAREERMNGHRGERET20
Carapay Z¥#(Caracay, 1981) - AEERF 65
B RS EEE SRR
ERF RS » 45 {L RS FLUBE J7 [eritical pressure
kg/em®)] B 72.8 kgfem® - EEFIBREE [critical
temperature ("C)] %% 31.0°C -

FHABEEOT

HEHUR )3 =%E- 80 » 100 » 120 kg/em?® 3
HUREE 60 C MY - {2LIETHEGSE - THEE
HIRELEHERSRE KA HEHETS
TEERAH B HE RS REY 2%  Fit
HNEERTHEEE  LERSTRL
monoterpenes RERESE 52 - BATMEERL
(Guenther, 1972) » EHEIREE - BESET
40 benzaldehyole 57%E% benzoic acid * a -pinene
B cyclofenchene - RS 3 /MBS -

2. BERERREERS
(1) AT (gas chromatograph) 5347

RAEE R S REERER carbowax 20
m Z fused silica capiliary column  [4}Z(0D) 0.35
mm - KEID) 0.25 mm, &5 50 m] S
BER 65 C Rik 4 8- ABUSAF 3 C
LHE] 210°C » tgHI35(detector) F FID (flame
ionization detector) - FRY S & BHIEZARS
HEFFEHEE 9%k (area normalization method )
Bs3 -

(2) BHIE WABIGHT- 258 (capillary gas
chromatograph-mass spectrometry) 43
i

GC-MS #RBHFaT

(D Mass spectrometry {R{EH]F
Mode: ET

Ion voltage: 70 eV
Ion source temp.: 250 C
@ Capillary gas chromatograph fgf:
A. Column: Fused sillica carbowax 20 m
G0m E)
B. Carrier gas: He
(a) Split ratio; 1:90
Column carrier gas #HE&H 1
mL/min
(b} Makeup gas = 39 mL/min
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{c) Sample purge F 5 mL/min
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10 FHEVEREFIR Table 1 - HIFHEHEERLE
ARl 081 + 112 & 1.47mL/100g - &K
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column 3 iR#IT4E RIS B AT B RS R0
Fig. 2 fim » FTARMEESKBRERGE
(retention time - fBifE Rt) tEBHER - HETH 25
WA ERRRS (EINE RS AR - 2
{ii:43) 5t& peak1 : q-pinene (6.8) » peak2 :
camphene (7.5) » peak 3 ' A -pinene (8.3) + peak
4 @ @ -phellandrene (9.93) * peak 5 : limonene
(10.68): peak6: 1 » 8-cineole (10.93) peak 7 :
terpinolene (13.03) » peak 8 benzaldehyde
(21.9) > peak 9 : linalool (24.35) + peak 10 :
bornyl acetate (26.1} + peak 11 : B -caryophyllene
(26.4)» peak 12 : 4-terpineol (28) * peak 13 : a

-terpineol (29.3)+ peak 14 : borneol (30.75) » peak
15 : benzyl acetate (32.5) > peak 16 @ geraniol
(36) > peak 17 @ 3-pheny! propanoal (39) - peak
18 ' cinnamic aldehyde (42.5) peak 19 : eugenol
(45.9)> B peak 20 : isoeugenol (48.7)% 20 {Bgk
Syoktrfpeak a ¥ air 2 peak RFEHE-f Fig.
2 MBS WABERPIEBCERS S
eugenol ' B Table 3 R4 AAERREER
B A i E R M PR R
K195 eugenol SETFE 80.83%~ 92.26% &2
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Table 1. Variation of contents of essential oil from
leaves of Cinnamomum zeylanicum
between steam distillation and super

critical fluid extraction methods.

SCFY (kg/cm?)

Extraction Steam
No. distillation 80 100 120

1 1.802 1302 150 1.90
2 245 1.20 1.45 2.00
3 1.55 0.70 0.90 1.30
4 2.10 0.90 1.30 1.50
5 1.90 0.60 0.75 1.10
6 2.40 0.55 0.85 1.20
7 1.30 0.80 1.10 1.40
8 1,40 0.70 1.23 1.60
9 1.30 0.80 1.40 1.70
10 1.20 0.50 0.70 1.00

Range of 2.45~ 0.5~ 0.7~  1.00~

essential 1.20 1.30 1.45 2.00

oil contents

Average

essential 1.74 0.81 1.12 1.47

oil contents

Y SCF: super critical fluid extraction method

B The yield of essential oils was calculated from
100 g dry leaves (units: ml/100 g) by steam
distillation and SCF methods.
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Fig. 2. GC chromatogram of essential oil from leaves of Clunamonum zeylanicum analyzed by GC-MS.

Table 3. Variation of contents(%) of essential oil components from the leaves of Cinnamomum zeylanicum
between conventional steam distillation and super critical fluid extraction methods.

Units: %6
GC PEak  Identified Steam SCF)(kg/cm?)
No. components distillation

80 100 120
1 o -pinene trace 1.22 0.13 0.46
2 camphene trace 0.44 0.13 0.14
3 B -pinene trace 0.45 trace 0.18
4 o -pheliandrene trace 3.13 0.46 1.41
5 limonene trace 0.31 0.27 0.14
6 1.8-cineole 0.22 0.53 0.19 0.43
7 terpinolene trace 0.60 0.29 0.81
8 benzaldehyde trace 0.30 0.16 0.11
9 linalool 0.08 1.73 2.05 1.79
1¢ bornyl acetate 1.69 1.89 1.21 1.81
12 4-terpineol 0.34 0.43 0.30 0.35
13 o -terpineol 0.20 0.40 0.43 0.31
14 borneol 0.20 0.60 0.56 0.12
15 benzyl acetate trace 0.28 0.16 0.09
16 geraniol trace 0.31 L17 trace
17 3-pheny! propanal 0.28 0.30 0.23 045
18 cinnamic aldehyde 2.90 2.13 3.23 1.94
19 _ eugenol 92.26 80.83 84.37 87.45
20 isoeugenol 0.11 . 0.10 0.19 0.12

) SCF: super critical fluid extraction method.

2 Counted by dlgltal integrator: the method of area normahzatlon was used in the quantification of each volatile
component in essential oils of Cinnamomum zeyianicum leaves.

(2) FHEEF-EEE (GC-MS)IR
FREET--E#E (GS-MS) Z capillary
carbowax 20 m column S3EEEME LS » B0
HEEEEAETE (Fig. )EERE (peak) &
20 8 - HEEBEZ 29 BB eE—Hiks
BB (mass spectrum)Z2HE MRS RETEH
(Heller and Milne, 1980; Masada, 1975; Yukawa,

197N R BAESL EES + IS EL R RIS E (mass
spectrum) FERIFERE - MFEBHBIMACIE
o e EAERIRhEEEHERSC R
B AFE A7 EEBEh e EEE(base
peak) B L BB F(main fragments) 34 & 51 7
Table 2 + K EERFRIERN 2 AEEEME
FERFTIH - '
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Table2. Volatile compounds identified in the essential oil of Cinnamomum zeylanicum leaves by capillary

gas chromatograph-mass spectremetry.

Peak Identified M.wt" Base Main®

No. compound peak fragments, m/z
1 o -pinene 136 C H 93 91,92,77,79,136,121,105
2 camphene 136 C,Hy 93 121,79,136,107,41
3 B -pinene 136 C,H 93 41,69,91,69,77,79
4 o -phellandrene 136 C H 93 91,77,92,136
5 limonene 136 Cc.H 68 67,93,79,136,121,53,107
6 1,8-cineole 154 C,oH; 0 43 81,71,108,154,111,84,139,55
7 terpinolene 136 CoHyg 121 93,136,91,77,79
8 benzaldehyde 106 C,H.O 106 105,77,51,50,78
9 linalool 154 C,oH;s0 71 41,43,55,93
10 bornyl acetate 196 C,H,,0, 43 05,41,93,121,136,154
11 B -caryophyllene 204 C,H,, 41 69,93,133,79
12 4-terpineol 154 C,H,,0 71 93,43.111
13 o -terpineol 154 C H. O 59 93,43,121,136
14 borneol 154 CoH,;s0 95 41,110,139
15 benzyl acetate 150 CH, 0, 108 43,91,90,79,150,77
i6 geraniol 154 C,,H,;0 69 41,93
17 3-phenyl propanal 134 CH,,0 91 134,92,78,105,51
18 cinnamic aldehyde 132 CHO 51 131,103,77,50
19 eugenol 164 C,H,,0, 164 149,139,103,77,55
20 isoeugenol 164 CH,,0, 164 43.149,91,77,103

D M.wt: Molecular weight.
2 M.f: Molecular formula,

3 Main fragments in order of decreasing intensity and number indicates relative percentages of base peaks,

Z0JF 50 #E A T AR M B A I o B0 B R B (maass
spectrum) EEH 20 HFHRS - SHEARER
7o MR 23 2 A L I B B [ (retention time, 8
B Rty Z LR —8E » [ Tables 2-3 o
AR EAWERAEE DR EREEEE
ERSTENS -

By Fig. 2 K Tables 2-3 FHHBIHREET
B AR ARABERBE R R TR -
EHSrE95 eugenol + S EEHGE 80.83%~ 92.96%
20 - REESCRRECE, (Senanayake, 1978) £5FRMA
fEZE{H(Cinnamon leaf oi) 435 eugenol S &
70.1% » BETATSCHSRMT Senanayake Z(1978)
IR S -

HY Table 3 F[FEHER TS cugenol SMEHE
4 A& BRELZEER o -phellandrene, linalool,

bornyl acetate, cinnamic aldehyde, & FEHR ST =

EETBIKFR Figs. 34,56 £ 7 % &%
ER S BRI SRGT  BEREHERS
H(H Table2) «-pinene, camphene, B -pinene,
limonene, 1,8-cineole, terpinolene, benzaldehyde,
B -caryophyllene, 4-terpineol, ¢ -terpineol, borneol,
benzyl acetate, geraniol, 3-phenyl propanal, B
isoeugenol % 15 A4 - & Fig. 2 & Table 3
o A] B, o -pinene FE437E SCF f{FA 80 kg/om?
Bh#tiEadh 1.22% HEEH(100 & 120
kg/em?E & BEL - HLEL RSN HELE
& - B Ep T BEE DA FEE (Mass spectrum)
I R E & KSHEARR ST EE A ER &
TE o AE——F -
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Flg 4, Mass spectrum of linaleol in the essentlal
oil of Cinnamonum zeylanicum leaves,
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Fig. 5. Mass spectrum of bornyl acetate in the
essential oil of Cinnamonum zeylanicum

leaves.
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Fig. 6. Mass spectrum of cinnamic aldehyde in

the essential oil of Cinnamonum
zeylanicum leaves.
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Fig, 7. Mass spectrum of eugenol in the essential
oil of Cinnamonum zeylanicum leaves.
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1978 # Senanayake HFYCH A9 I
{cinnamon leaf oil} » $FiHZRAER TR AT (Bush
Boake Allen, Ltd.) it - TR TIHM AL
M H o -cymene, safrole, acetyl eugenol,
cinnamyl acetate, § benzyl benzoate 2E4>E gk
o3 - A EEE A fused silica capillary column 4347
FHECRHAETERS - LRHH LW 5 &8
EAFERFEEEAEERSmHD - EalgeEs
EFNAEESERS S AR MR - HtELRE
FIEMEERE - FILIEREELR 5 ERORET
EFEHEAEEERD -

Fig. 3 i AEERHEEEINE (Fi. 2)
thZ W% 4(peak 4), m/z 93 5 base peak, 5
monoterpene hydrocarbons ~ BEEMLAMEE » &
TRt F(parent ion ) JZIE m/z 136 {RBIEE - TSI
{LEYoFER 136 - 2FRER CH, ' A
m/z 121 #8758 » T4E a -phellandrene » HEFY
fl «-phellandrene EzZE (Masada, 1973) Hh&
SE2fRA - fEF «-phellandrene ¥ AR5
B (GO ZiZE R [retention time f5FE
(R1E 9.93 S 486 BELEBHTIEE
Bk 4B a-phellandrene o

Fig. 4 HEPEESHRAHEETE (Fig 2)
thiz g 9 ZEEE (mass spectrum) - FEELL
&1 (alcohols) 4> —F1§—F(parent ion) —iF{R /N
(Silverstein, 1963) * {(HfERH[M-H,O1'"¥ A EEE
R Alkm/z 136R]§E% [M-H,O1"R¢ A + iRt
{k&WaTEER 154 5 FEERC,H,;0 ' i
base peak m/z 71 Elinalool RYHEME » miz 121 B
[M-H,0-CH, IR, m/z 93 F[M-C,H,I" RS} 3
Bt E (Yukawa, 1979) F1 linaloo! SRS
BHERFE2ER + H#k linalool FR¥EM L FFENF
Al (Rt) 2435 573 » Mk BRI FERE ST 9
& linalool -

Fig. 5 Ryl mEERMEERE (Fig. 2)
g 10 ZEFEE - m/z 196 Rsr FREF (parent
ion) » AfRHALEWAFER 196 + miz 154 &
[M-42]* BEFr - m/z 136 R EM-42-1H,0]" =
BEF + mfz 121 BRE M-42-CH;-H,0] © ZB&
Froomiz 43 FRE (CH 2R o [ base
peak m/iz 95 K m/z 43 ¥iR54, 5 bornyl acetate [
i S EFEEMN bornyl acetate B3
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Bt RE2EE (Heller, 1980; Yukawa
1979} - Lh#k bornyl acctate 2 2 #H SR (RY)
B 261 AR 10 E2HR - &0 SHEEG
10 & bornyl acetate -

Fig. 6 BHBFAEERHEEENTE (Fig. 2)
thz i 18 ZH#E - B Fig. 6 TR m/z 131
B omiz 132 R5% BEELEYREE - mez 131
R base peak, ARAFRIER 132 - m/z 103 B
[M-CHOT" » lbBF RS T BETAE B
(aldehyde group) FFIEHCERF - AT RILIESTER
BELaeY - miz 77 B%H [M-CH=CHCHO}"
BER - m/z51 B [M-77-C,H1* ZBEE » (i base
peak m/z 131 8 m/z 103 & cinnamic aldehyde
ZEEREE S ERBA  cirnamic
aldehyde B 3E L& 25t 2 BE (Masada, 1975;
Heller, 1980) - L& cinnamic aldehyde #I#ES, -
HRFERD By 42.5 SR IE(peak) 18 #HE « &
A EE 18 B cinnamic aldehyde -

Fig. 7 Bi5MmEEREhAEEIE (Fe. 2)
i (peak)19 ZEEE B Fig 7 MR m/z
164 ¥ base peak - HALEWHTEESR 164 -
my/z 149 BRE [M-CHJ" B+ miz 131 85
[M-CH,-H,01" B} il m/z 164 & base peak X
RSy TUEF 0 JER eugenol BYRRME - b &WE
FEEFI eugnol B FE LB #E S AH [l (Heller, 1980;
Yukawa, 1979} » S2{# B eugnol ST AFIEE
i ME R RIR) S 459 SHIFEE (peak) 19
oA - ST iR 19 5 eugenol -

2.0 R R I R R D T

R $ R NS iR = R

KA AR F S A 7E 80, 100
B 120 kg/em® RIS F MELES B PUHEBEFR 1545
R 7K 2 B PR AT S R IR AR R AT T -
oS ERE R R0 Table 3 - AR
EHEE 80, 100. & 120 kg/em® F = SALIRAT
i Z E R4 eugenol EEMER 80.83%,
84.87%, K 87.45% - FANTHEUEE ST A RS
SEAEMCEE  BEMKBEREEERS
eugenol & 92.26% L& - AR —B HE
SHEARBEI THE - S RERTKEHE -

TEB M REEZE LR cugenol - [ISEEE A
¥ 4% cinnamic aldehyde (SERGE - 1985;

Senanayake, 1978) > o] FjfABE5% cinnamic aldehyde
NEEFEMTE  ARTHR(EEREREE » B
MERREHEN - KBS _EAHE F (Guenther,
1972; SR#EBE » 1980) - BIEEEHAEET S
eugenol i - RIS eugenol RYEEREEH

T AREREERCARRE - BUETETE

BRZBER - CHEEREDBRIT - TR
AR B L S EERRE -

M~ Hiaw

(—) SGEAEEMBERESEARESTEH
WEBEHEN, BRMHEENGRAERENT
-HRBREESEREE 20 EEhES
BB eugeno, FTEHK ST a-
phellandrene, linalool, bormyl acetate, Fr
cinmamic aldehyde 245 - HEMEH
BRI @ -pinine 15 BHERER
4> a

(=) # SCF A ERTHEES - —S b
EVS5 R P EE R I » BRI S i il
FHIEHRZER - 1F SCF Ayl
£ 0.81-1.47 mL/100 g 2R - Fok g
fIE: 1.74 mL/100 g BSA> -

(=) FERSEBITEFER SCF BRAKFERE
Bk - FRAE eugenol 7 SCF ik
T B EE ST eugenol HEEHH
- HERSEER#{tEZRTK -

%
B

B

FRZ GC-MS SHTRSER T HMICFT
FERERGEA G - REFEEASRBREYE
RFFAM R R ERRREIE T R HREE - &
FIRFRGLUBFIFER - FrIEEH -

5| FISZRR

RiEH 1980 RRmAEH - AR TERRR
FFie 58-72H -

HEE - PEN 1985 HEHEABRHZIR
fREEATEE - SRR EHARRAREE
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