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Abstract

This study investigated the volatile flavor composition of essential oils from Chrysanthemum zawadskii var. latilobum
Kitamura and Aster yomena Makino. The essential oils obtained by the hydrodistillation extraction method from the aerial
parts of the plants were analyzed by gas chromatography (GC) and GC-mass spectrometry (GC-MS). One hundred (95.04%)
volatile flavor compounds were identified in the essential oil from the C. zawadskii var. latilobum Kitamura. The major
compounds were valencene (10.82%), 6-cadinol (9.77%), hexadecanoic acid (8.70%), 2-methyl-4-(2,6,6-trimethylcyclohex-1-enyl)
but-2-en-1-ol (3.67%), and 2-(2,4-hexadiynylidene)-1,6-dioxaspiro[4,4]non-3-ene (3.57%). Ninety-eight (93.83%) volatile
flavor compounds were identified in the essential oil from the Aster yomena Makino. The major compounds were and
3-eicosyne (13.61%), 9,10,12-octadecatrienoic acid (7.8%), a-caryophyllene alcohol (6.83%), 9-octadecynoic acid
(6.03%), and a-caryophyllene (5.74%). Although the two plants are apparently very similar, the chemical composition of
the essential oils was significantly different in quality and quantity. In the case of C. zawadskii var. latilobum Kitamura,
the sesquiterpene, valencene was found to be 10.82%, but it was not identified in 4. yomena Makino. 6-Cadinol appeared
higher in C. zawadskii var. latilobum Kitamura than in 4. yomena Makino. A clear characteristic of 4. yomena Makino
essential oil is that it has a high content of caryophyllene derivatives. The a-caryophyllene alcohol contained in A. yomena
Makino was relatively high at 6.83%, although the compound was not identified in C. zawadskii var. latilobum Kitamura.
Also a-caryophyllene was shown to be higher in A. yomena Makino than in C. zawadskii var. latilobum Kitamura.

Key words: Chrysanthemum zawadskii var. latilobum Kitamura, Aster yomena Makino, essential oil composition, valencene,

caryophyllene derivatives

M B2 el AE 48 % kGO A gtk Fahn
AEe dFoletn Belk AL TEo| Beixo] Hiu), 2
SokaHCompositac) A1 B ATAAE 7hed] 7b ek Revt AW BO= W LR BRI TR}

A 422 2 A0, B3, B, 4940l PAUE TE  URY FBW DA e QR AYITHID Uk <
% WS, 2uh 5 TS Selbe ABTe) AE R I3 4B gBoRE Fio| ojglg Y= H4}
293 YRS TV ok ABE A AAG) AA A S AU Y, JEH o2 TPRY LRI S 5
2o, 41§ Qo WO RE U] BEET gk Selt S ArkLee TB 2003; Kim TJ 2008).

' Corresponding author: Hyang-Sook Choi, Dept. of Food Nutrition, Kyungin Women’s University, Incheon 21041, Korea. Tel:
+82-32-540-0272, Fax: +82-32-540-0275, E-mail: hschoi@kiwu.ac.kr

- 378 -



Vol. 31, No. 3(2018)

TA Z(Chrysanthemum zawadskii var. latilobum Kitamura)+=
=3} Chrysanthemum) 9] £3F= Al &2 =0]7} 50 cm W &)
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2, go] 9] 9l Qo] A BFo.E PR AT AZ, A4

Aol olgow Wy TAFYE, UEFAZ, B PAZ,
AT -Az 5o] AtiLlee TB 2003; Kim TJ 2008).

£ B 2 o|(Aster yomena Makino)= 55 o)< (Aster)o] <
Shodl, £RAl4e ojzisho] EL 3 SajiolyER
ofAlof, otzE|7l, §¥, Hotdlrt 5 A AAFHLeRE de
Byl 29 A82HEo|thKim TJ 2008). ZEAo|(srer
yomena Mikinoy= tha: 4717k 91 FolH Aok chdzz
Al 017} 30~100 cmo] iz, 7 o] Ho2 ZAA A, Al
SH oL SR olsh USR] AbololA] Lhe 2t
Folehn 5o, o}Ued LFER BiThLee TB 2003), £
Aol, MR o], A& RAol, A% Aol AR 2tA0)
HABHARE, B4 R0l BRAWo, Hes R Aol $3
o] Ex|bof| Al Alshe, Fopw2)7trt YAke] ASFAES] H=
&RAol= 1980 o] dHA A 7 old Ao At
Soll Ak Qitk. £RAYol= AE 9o ok, HolS 93f
ARg8HH, FHol A= g X &l o] & thKim TJ 2008).

FAZe} KR oo B A& B|nA FAtge]
FEo v}t FHE= L FES A EEZ G S A= &
TR o] = A 9] AEQ] linarind} acacetin®] X 1% 9] 37 (Hsu
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< v} gl &Aool Be AL A9 olFolxx) Yoke
of, Kim 5(000)0] JEFH2 AT Y ZrAole
Wt 52 2 G| Ae) 2E2A) B2 Belns
T L WA Bo] 4 WSS R Yol o] T AE
2 o2 Gof ST, LR ) fAISHo] Lukelol
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T4 Z(Chrysanthemum zawadskii var. latilobum Kitamura)2}
5 o|(Aster yomena Makino)= 7875 EFFAof $1AI%
7134 AEHollA 2012¢ 1090 $E5to] it £7]E5 Al
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TEOIA 797 A ARAZ F B HES FEshgn
717184 B 3 7] A& EAS 919) Sigma-Aldrich
Co.(St. Louis, USA), PolyScience Co.(IL, USA), AccuStandard Inc.
(CT, USA), Theta Co.(PA, USA), Wako Pure Chemical Industries
(Osaka, Japan), Bolak Co., Ltd.(Osan, Korea) & French-Korean
Aromatics(Youngin, Korea) &2 X&FEZS AFESIATH
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G718ufo] 93t 2F-& A5t Y3l hydro distillation ex-
traction(HDE) W& ARE-3Hth AI=2E 4413 &<t Cleven-
ger-type apparatus(Hanil Lab Tech Ltd., Seoul, Korea)E A3}
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SIS, A LT T0COA 287 §AF F 23007 B
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velocity= 22 cm/secZ 3tFTH A{E= 1 uULeE FYsHE L,
split ratiox= 50 : 12 3}t GC-MS EX o AFH GC ¢
BA ZAL 99 FYsE o, MSE= IMS-600W MS(JEOL
Ld. Tokyo, Japan)& AH&SFTE 7171842 33] Algetol
B#gke At

A4 AES &9135}7] Y38l JEOL mass spectrometero]] A
A% Wiley library ¥ NIST Mass Spectral Search Program
(ChemSW Inc., NIST Database) 2] fjo]g A|AHo] Q&= 7| &
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231 7} A-FAAE Q] linear retention indices(R)E 1312
W, ol2 A4AE F40l Lesc
Zat o nE
1. TR0 BR M2 24

AR ol we A=
WA AR PN AT 71 B
THZE AEZ AMESIATE AF AES 35317 $J3) HDE
HIH 0 2 4A|17F 275191, T4 H A S-S GC 2@ GC-MSE
A3t RS BASEYETH & 10029 3H3HE(95.04%)

Ho| 35ta B Wo|S Hasls)
Aol A 2 Fet

=
o] AfrolA EAEHULL ZHAA EEH Yes &A=
Z Aol digt ddiAQl vl&9] peak area %= A|A|BFS
TH(Table 1).

FAz A G| A= valencene?] H]-E&©0] 10.82%= 71 =
Qk1, &-cadinol(9.77%), hexadecanoic acid(8.70%), 2-methyl-4-
(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-01(3.67%)°| 1 FHE
o] 21t} Valencene(CisHay)-2 Al 27 H| 2 Bl(sesquiterpene) 2. 2
iAo} @A 2R HwA 44 4 5= ok o] ItE
£ %2 citus AY 7] F7]0] WA, famesyl pyro-
phosphate 2 58] YA Eth 3 259 F2 F7|4d=<
nootkatone®] ALAZE L&A QlthFurusawa 5 2005).

Table 1. Essential oil composition of Chrysanthemum zawadskii var. latilobum Kitamura and Aster yomena Makino

Relative peak area percent

No. Compound name Retention time C anadskii A yomena
1 a-Pinene 9.39 023
2 Camphene 9.55 0.57
3 Octanol 9.77 0.22
4 Limonene 10.29 0.43
5 Eucalyptol 10.36 0.22
6 Nonanal 11.05 0.10
7 trans-2-Caren-4-ol 11.50 1.04
8 Borneol 11.70 0.17
9 6-Elemene 13.39 0.13 0.25
10 a-Cabebene 13.51 0.24
11 Undecanol 13.67 0.18
12 Ylangene 13.76 0.17
13 Copaene 13.77 0.28
14 Bourbonene 13.85 0.11
15 Isobrnyl propionale 13.89 0.24
16 [B-Elemenl 13.92 0.76
17 Isobornylpropionate 13.94 1.24
18 B-Bourbonene 14.18 2.01
19 B-Caryophyllene 14.22 1.74
20 Ylangene 14.30 0.14
21 B-Selinene 14.34 0.40
22 trans-a-Bergamotene 14.36 0.19
23 -Farnesenl 14.45 0.09
24 a-Caryophyllene 14.54 0.46 5.74
25 B-Caryophyllene 14.59 1.28
26 Dodecenal 14.61 1.48
27 6-Humalene 14.70 0.13
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Table 1. Continued
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Relative peak area percent

No. Compound name Retention time C anadskii A yomena
28 Linalyl isovalerale 14.77 0.40
29 B-Guaiene 14.80 1.39
30 6-Menth-1-en-9-ol 14.84 0.31
31 4-(2,6,6-Trimethyl-1-cyclohexen-1-yl-3-buten-2-one 14.87 0.29
32 Valencene 14.91 10.82
33 B-Ionone 14.92 0.22
34 Bisabolene 14.99 0.93 0.92
35 Alloaromadendrene 14.99 0.89
36 a-Zingiberene 15.00 0.93 1.04
37 Tridecanal 15.03 0.24
38 B-Zingeberene 15.03 0.37
39 Methyl laurate 15.07 0.13
40 (Z E)-3,7,11-Trimethyl-1,3,6,10-Dodecatetraene 15.09 0.33
41 Methyl laurate 15.13 0.67
42 Bicyclogermacnene 15.15 0.13
43 Isocaryophyllene 15.17 0.45
44 2-Methyl-5-octyl-4-ol 15.24 0.78
45 &-Muurolene 15.26 0.11
46 a-Muurolene 15.28 0.95
47 Cadinadiene 15.33 0.30
48 Cadinene 15.40 0.14
49 a-Calacorene 15.43 0.13
50 6-Curcumene 15.52 0.21
51 Epiglobulol 15.54 0.28
52 a-Caryophyllene alcohol 15.58 6.88
53 Spathulenol 15.59 0.37 0.73
54 Nerolilol 15.68 0.20 0.18
55 Hexyl octanoate 15.72 0.29 0.22
56 Globulol 15.77 0.18
57 Caryophyllene oxide 15.86 2.82 3.08
58 Isoaromadendrene epoxide 15.87 0.09
59 Alloaromadendrene oxide-(2) 15.88 0.95
60 Tridecanol 15.94 0.43 0.12
61 Hexadecanone 15.97 0.88 0.39
62 Hexadecane 15.99 0.25
63 Cedrenol 16.04 0.23
64 Geranyl isovallrale 16.09 443
65 (1S,2S,5R)-1’~(Butyn-3-one-1-yl)menthol 16.12 0.53
66 Calarene epoxide 16.12 1.55
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No. Compound name Retention time C anadskii A yomena
67 Ledene oxide-(11) 16.18 0.72

68 Cubenol 16.21 0.13

69 trans-Z-a-Bisabolene epoxide 16.24 0.28
70 Citronellyl valerate 16.27 0.36

71 1-Hydroxy-1,7-dimethy-4-isopropyl-2,7-cyclodecadiene 16.28 0.55
72 Cubenol 16.32 0.32 0.16
73 B-Caryophyllene alcohol 16.41 0.80
74 a-Cadinol 16.42 331

75 a-Guaiene 16.47 0.14
76 tau-Cadinol 16.50 1.93 0.13
77 3-Eudesmol 16.55 0.76
78 [3-Bisabolol 16.63 0.46
79 (Z,2,2)-9,12,15-Octadecatrien-1-ol 16.68 0.16
80 2-Methyl-4-(2,6,6-trimethy-1-cyclohexen-1-yl)-2-butenal 16.74 0.98
81 6-Cadinol 16.71 9.77 0.23
82 Zingiberenol 16.79 0.12 0.19
83 Aromadendrene epoxide 16.83 0.69

84 9-lsopropyl-1-methyl-2-methylene-5-oxatricyclo[5.4.0.0 (3,8)Jundecane 16.86 0.09
85 (E)-2-Dodecen-1-ol 16.88 0.83

86 2,5-Dicyclopentylidene-cyclopentanone 16.91 0.11
87 BB-Caryophyllene alcohol 16.96 1.86 0.13
88 Heptadecane 17.00 0.35 0.08
89 B-Sinensal 17.02 0.11 0.23
90 Pentadecanal 17.14 0.49 0.18
91 (E)-Farnesol 17.22 0.70 0.57
92 Benzyl bonzoate 17.25 0.14 0.19
93 Isoaromadendrene epoxide 17.30 0.18

94 2-Methylene-6,8,8-trimethyl-Tricyclo[5.2.2.0(1,6) Jundecan-3-ol 17.32 0.21
95 7-Ethyl-1,4-dimethyl-azulene 17.35 0.34

96 4-Methylene-1-methyl-2-(2-methyl-1-propen-1-yl)-1- vinyl-cycloheptane 17.39 0.13

97 Longipinocarvone 17.47 0.49 0.17
98 Shyobunone 17.44 0.44

99 Trimethylphenyl butanone 17.55 0.54

100 2-Methyl-4-(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-ol 17.63 0.49
101 7R,8R-8-Hydroxy-4-isopropylidene-7-methylbicyclo[5.3.1]Jundec-1-ene 17.66 0.28
102 Tetradecanoic acid 17.69 1.07
103 2-Methyl-4-(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-ol 17.76 3.67

104  Hexadecanal 17.79 0.10
105  2-Methyl-9-(prop-1-en-3-ol-2-yl)-bicyclo[4.4.0]dec-2-ene-4-ol 17.80 1.01
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Table 1. Continued
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Relative peak area percent

No. Compound name Retention time
C. zawadskii ~ A. yomena

106  4-(1,5-Dihydroxy-2,6,6-trimethylcycolhex-2-enyl)but-3-en-2-one 17.83 0.73

107 3,5,9-Trimethyl-deca-2,4,8-trien-1-ol 17.87 0.43

108  Octadecane 17.89 0.39

109  Hexadecanone 17.99 0.13

110 Octadecane 18.04 0.41

111 8S-14-Cedran-diol 18.09 0.19

112 12-Octadecenal 18.16 0.10
113 3-t-Butyl-7-7-dimethyl-Oct-3-ene-1,5-diyne 18.18 0.13

114 3-Eicosyne 18.43 13.61
115 2-Methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-butenal 18.47 1.30

116  6,10,14-Trimethyl-2-Pentadecanone 18.48 1.23 2.63
117  3a,9b-Dimethyl-1,2,3a,4,5,9b-hexahydrocyclopenta[a]naphthalene-3-one 18.60 0.11

118  6-(1-Hydroxymethylvinyl)-4,8a-dimethyl-3,5,3,7,8,8a-hexahydro-1H-naphthalen-2-one 18.62 0.13

119  Pentadecanoic aicd 18.70 0.17
120 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 18.81 0.09
121 (2)-9,17-Octadecadienal 18.86 0.16
122 2-(2,4-Hexadiynylidene)-1,6-Dioxaspiro[4.4]ono-3-ene 18.87 0.90

123 9,12,15-Octadecatrienal 18.92 0.23
124 2-(2,4-Hexadiynylidene)-1,6-Dioxaspiro[4.4]non-3-ene 18.95 3.57

125  cis,cis,cis-7,10,13-Hexadecatrienal 18.99 0.31

126  5,8,11-Heptadecatriynoic acid, methyl ester 19.05 0.30

127 2-Methyl-4-(2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-ol 19.12 0.16

128  (E E)-6,10,14-Trimethyl-,5,9,13-Pentadecatrien-2-one 19.19 0.80
129 5,8,11-Heptadecatriynoic acid, methyl ester 19.26 0.30

130  4-Dimethyl-7-(1-methylethyl)-azulen-2-ol 19.29 0.25

131  2-Decenoic acid, methyl ester 19.31 0.24

132 3,5,11,15-Tetramethyl-1-Hexadecen-3-ol, 19.48 0.46
133 2,6-Ddimethoxy-4-(2-propenyl)-Phenol 19.51 0.17
134 5,8,11-Heptadecatriynoic acid, methyl ester 19.61 2.12

135 3-(4,8,12)-Trimethyltridecyl)furan 19.67 0.20
136  Dibutyl phthalate 19.68 0.1 0.49
137  Hexadecamerhyl-heptasiloxane 19.85 0.57
138 Z-8-Methyl-9-tetradecenoic acid 19.94 0.81
139 Pentadecanoic acid 19.97 3.20

140  n-Hexadecanoic acid 20.20 8.70 4.42
141  Octadecanal 20.24 0.17

142 5,8,11,14-Eicosatetraynoic acid 20.26 0.21

143 (E,E)-3,7,11,15-Tetramethyl-1,6,10,14-hexadecatetraen-3-ol 20.32 0.11




384 EY

Table 1. Continued

[e)

Ul

HERES

of
o

35

Relative peak area percent

No. Compound name Retention time C anadskii A yomena

144 2-(1,5-Dimethyl-hexyl)-cyclobutanone 20.60 0.09

145 8,9-Dehydro-9-formyl-cycloisolongifolene 20.67 0.51

146 Heneicosane 21.01 0.30

147 (£Z22)-9,12,15-Octadecatrienoic acid, methyl ester 21.02 0.19

148 3,7,11,15-Tetramethyl-1-hexadecyn-3-ol 21.10 0.16 0.29

149 1,2,15,16-Diepoxyhexadecane 21.19 1.39

150  Phytol 21.21 0.70

151 2,6,10-Trimethyl-Tetradecane 21.28 2.15

152 Unknown 21.40 0.18

153 17-Octadecynoic acid 21.48 0.19

154 9-Octadecynoic acid 21.49 6.03

155 9,10,12-Octadecatrienoic acid 21.56 7.80

156  (Z2)-9,12-Octadecadienoic acid,enthyl ester 21.67 3.20

157 (Z,7,7)-9,12,15-Octadecatrienoic acid 21.74 2.20 0.12

158  2-(2-Hydroxyethoxyl) ethyl octadecanoate 21.87 0.24

159 cis-13-Eicosenoic acid 22.11 0.14

160 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 22.21 0.21

161  Octadecanal 22.28 0.23

162 Tricosane 23.00 0.17

163 4,8,12,16-Tetramethylheptadecan-4-olide 23.64 0.10

164  (E)-3-Pentadecen-2-ol 23.94 0.14

165 Octadecanal 24.59 0.27

166  Pentacosane 25.00 0.27 0.27

167  bis(2-Ethylhexyl) phthalate 25.46 0.09

168  2-Methyl-nonadecane 26.88 0.30

169  2-Methyl-octadecane 26.86 0.20 0.20

170  (Z)-2-Octadecen-1-ol 26.90 4.04
Total 95.04 93.83

H2Hlco] Ef= o] 2ZJ(CsHy) S92 o] Fo7] &3t
a0t o ZERE fEH IFE, GHl3|E, AE FY I
== Toket, gEE AEAY AR Sl FRE e,
1 - | 2l (monoterpene) X N AHEH 2HFI} A9 37|
o 292544 7] BHHKim S 2005). 5-Cadinol(CisHag0)2-
o8 AEERE JAEHE= AAFHESH GFE2A torreyol,
sesquigoyol, pilgerol, cedrelanol, lambertol S0 2% Bt}
(Herout & Sykora 1958). N|AFE|EAFL Ao U] &
Aste AAEEE AEAY F7lof 719=7} &2 &
2 7] AdolAlE Al S8 IAA HthZhou F

2016). Zhou 5-2016)-2 farnesyl diphosphateE- 7|2 2 3}o] &-
cadinol A A4 of 9J3) S-cadinolo] U|FEZEE A 7=
o= FEsH T AlAFAHEZA R 4 - 28 2 FAE 9
o= g, AEEE 5 T AP0l &8 =7 =2
A1, o= o= IFEY A 7]sAdol Tiol
Z713ka Qlth Kumar 5(2017)2 Combretum albidum G.Er+=
Al B4 FET AR7E FAE 9 FH AT} Hojds B
2SI, ol 7154e] Uelo] AAAH 2N RS
T3k v} 9t} Hexadecanoic acid(CH3(CH,)4COOH)= T2
d @ & f7HEEC FREC] Sle AReE, AFAE
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Ye] soli BAlolth. BulEso R Yo deid SRHER
AP Aoz 2 PAYE ATL Hu 4%
At Qo= AlA 9 SHEE A T B o8 Ee
A B o]t (Fremy E 1842; Jensen 5 1978). 2-Methyl-4-(2,6,6-
trimethylcyclohex-1-enyl)but-2-en-1-01(C4H40)2 boronal 2
9, 23 4 3AFS He E22 <A Utk(https:/
products.symrise.com/aroma-molecules/product-search/boronal).

SRAo|ZRE 22 AR F 9850 HBO38
%)0] A-FollA BEXE 3L, 3-eicosyne(13.61%)2] H]-&o| 714+
E=3ko ™, 9,10,12-octadecatrienoic acid(7.8%), a-caryophyllene
alcohol(6.88%), 9-octadecynoic acid(6.03%), a-caryophyllene(5.74
%)o] L FE o]t 3-Eicosyne(CyoHzs) EX 3} BFdlg=4
T2 =4 o) d FRE ARolth gutAe s w©ale
25 I AATE o= AE AAG FE Fofsts 982 &
T Yok Flof gt 7= 22, 3-eicosyned}t
AT 7o Hiet 7| =7} W& A E0]tHOh & Whang
2003). Caryophyllene(CisHy)-> AIAFH|EH O R -2]fato]
AP st GHHA QL AbfFoll de] R-E o] BlwA] 7t 3

d& Fofshs S- oItk Choi HS 2015). Z|Z o] &8¢
1 FEs 2, FEAES AAa Foll g d+
7t @A o] Foi ol wat o] EHE TR ARl
it F4Jo] F71ska QIthKim & Shin 2009; Amiel 5 2012).
&20] B gol A o B3} FeIske] a-caryophyllene al-
cohol3} a-caryophyllene, caryophyllene oxide”} #+H = it a-
Caryophyllene alcohol> 233t 5| H3kS W= 2= o7t
HEFE AU ok o] 22 #AFEFS d o 294
(Arctander S 1969). o] B4 22 Hol GAE T} AZF
RS He Aoz d8A Sledl, AR 22E 327
Ago &A= AJEo|tHArctander S 1969). 9-Octadecynoic
acid:= 9-stearolic acid @ 2= E&]&= WAL Z Berry $(1991)
of o3 o] E22 DNA 23t F2o] &+t itst 59 7%
4 anpet #o] glo] BaH ol FEE= etk

A

ot N,

i

H

3. TE=9 K019 EF 4F Hlu

TAzE o] F3&| &3, HEAole =ok%
SHAo] Ko S o] F HES ThE Hol AN
Ao s w9 fAfste] dukQle] E5dhe R 4
olty. AHYFE HARE L Aol Al4E o 2o &
T A= Addol 8% Fujalo] "Hrh o] F A
g4

AAFERE ZREEe #2359 A RS
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N - BASHTh SBAOR SAE TARe ARl
BE) 253 340 ok JRo) 2L AT AolE B
k. FAZOAE 10052] 4Ho], Z3Aolo] 4k 9852
Bl FelEgth 5 ANFREE 25T 4948 %
©]+= valencene, S-cadinol, hexadecanoic acid 2-methyl-4-(2,6,6-
trimethylcyclohex-1-enyl)but-2-en-1-ol, 2-(2,4-hexadiynylidene)-
1,6-dioxaspiro[4.4]non-3-ene, 3-eicosyne, 9,10,12-octadecatrienoic
acid, a-caryophyllene alcohol, 9-octadecynoic acid, a-caryophyllene,
caryophyllene oxide, geranyl isovalerate, pentadecanoic acid, (2)-
2-octadecen-1-ol& H|we o) F=FFHh 2EAx 59 F
% Al2&FAH =372 viaencened| FFo] XpA|Sh= H|E0]
AHo R & W, TN SUHA EUth 6-
Cadinol:> T8 2 A-FollA 2HA|St= Bl&©] 9.77%0°]| o,
2x oo A= AA H2 023%S FA|5H= A= yE
ot Hexadecanoic acide= &30 HfolA X ¢ &2
H&2 559 A3, 2-methyl-4-(2,6,6-trimethylcyclohex-1-
enyl)but-2-en-1-ol, 2-(2,4-hexadiynylidene)-1,6-dioxaspiro[4.4]
non-3-ene, pentadecanoic acid= F&8Z Aol AT &1 =]
1, #3740] BgelNE SelEA) i

2RA0] HGARY EHE PARINE BelEx] e
3-eicosyne, 9,10,12-octadecatrienoic acid, 9-octadecynoic acid,
geranyl isovalerate, (Z)-2-octadecen-1-ol, a-caryophyllene alcohol
o WAtk T Aolth Ee &3Aole] FEHT
7] £4& FAx0 Hlste] AlAFH 2 {FQ caryophyllene
A E29] stFo] =th= Ao|r} a-Caryophyllene alcohol-2
&R olof| A 6.88%= H|uLF T2 o] FHEE ] e,
FAZAA L SIEA] gtek. a-Caryophyllene 78 xo
At &8A0] gelAl Axsk Aehal vlge] oF 130
A7t o] A B F) Caryophyllene oxide® 52 o]0
N &Y RS Aoz yepg

ool AFE EGIE FAx A5 EAAQ terpenoid
marker AJE-& valencene, §-cadinol, hexadecanoic acid2}x? &
= A HRAo| 9] HL-o= 3-eicosyne©] 7HF F L7
terpenoid maker2 X o] X]™, 9,10,12-octadecatrienoic acid, a-
caryophyllene alcohol, 9-octadecynoic acid, a-caryophyllene & A
|33t terpenoid makerZ X ] FHTh Choi(2012)+= Y¥Hlo]
537 4 FAUEFE terpencid £4E F8 FIAEE
A AR, ol& F3l AwF, &5, vdH R
MEL 257 7FsdS AARE HE iok o] 4" 429 ERe
FESHA A 7% Stofl o] Fo x| ARk, oAt AR A 1
AES Fshe A & HE 3RkEY iAol AE
o] sfeHE ol F-83 Wio] 2 4 QUth & AFoAE ¢
W FARE FE2e} KR0S HARAEY eHE H=

2 AEZ s HRY 4 9 AoE Hoh
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%ol Tt Sk B Ul 4
oft}. olof & AFAE T AR HHaR
Zotol Py WHBE BATORA o F A
7] 549 Aolg Bt} stednh. FAZ ol
Z 100% 9] 315HE(95.04%)0] &21= %131, valencene®]
0] 10.82%= 7} &=9kt}. §-Cadinol(9.77%), hexadecanoic
acid(8.70%), 2-methyl-4-(2,6,6-trimethylcyclohex-1-enyl)but-2-
en-1-0l(3.67%)°] 1 F& °|ch &KFAYo|2RY FE3 A
ol e & 9852 2HehE(93.83%)°] Bl 1L, 3-eicosyne
(13.61%) 9] 3stgFo] 713 @Wekom, 9,10,12-octadecatrienoic
acid(7.8%), a-caryophyllene alcohol(6.88%), 9-octadecynoic acid
(6.03%), a-caryophyllene(5.74%)°] 1 F& o[t} &AL
2 AR PRz 4Ao|2RY 238 A9l He
e R4 D RHon ATt Ajo|g Btk FE
TFHz ZF B ALFAE 237 viaencene©]
A Aot v Eo] AP w2 W, £EAo] Hfox= &
A=A e3kaL, S-cadinol FEZ2A 9.77%, &5 oo A
0.23%= FHZ29] HfrollA A2 Hl&o] oF 42uf #4 U
Bt &5 A0 ARAEe FE8d E4& 3-cicosyne©]
13.61%=% 433 B2 Fol FFH Ao, FEzqA
= A Gtk A AT H 23721 caryophyllene
A8 249 FqFol £FAYol oA wrh= Aol a-
Caryophyllene alcohol-2 ZEA oo A A& H]E0] 6.88%
2 Hnd g4 FHE Ao, FERgAE EEHA
28ttt a-Caryophyllene2 -4 Zof| A Hr} &LEA oo 4] 4F
2 B]&o] oF 138 A&7t o w4 HoFh o} At
5 B2 FEx A8 EAAFQ terpenoid marker AJE-L
valencene, §-cadinol, hexadecanoic acidg}al & 4= QI At &
HAYo] o] 7-L-of = 3-cicosyne, 9,10,12-octadecatrienoic acid, a-
caryophyllene alcohol, 9-octadecynoic acid, a-caryophyllene©]
9 5335t terpenoid maker2 H o] FTh

>
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ZIAe| 2
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