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Abstract

This study investigated the chemical composition of Petasites japonicus (S. et Z.) Maxim essential oil. During the period
2011~2013, P. japonicus (S. et Z.) Maxim plant was investigated for composition of the essential oil. Chemical composition
and characteristic compounds of the essential oils from the aerial parts of the plant according to the crop year studied.
The essential oils consisted of sesquiterpene compounds, which were the most abundant components. Samples collected in
2011 were found to be richer in oxygenated sesquiterpenes, while samples collected in 2012 and 2013 were richer in
diterpene alcohols and sesquiterpene hydrocarbons, respectively. Ninety-two compounds were identified in the P. japonicus
(S. et Z.) Maxim essential oil of 2011, and caryophyllene oxide (20.49%), B-caryophyllene (10.28%), [3-bisabolene (6.80%),
and alloaromadendrene (6.50%) were the major compounds. Seventy-four compounds were identified in the plant essential
oil of 2012, and phytol (17.22%), a-farnesene (15.31%), a-caryophyllene (9.93%), and [B-caryophyllene (6.12%) were the
major compounds. Ninety-two compounds were identified in the plant essential oil of 2013, and a-farnesene (22.42%), a-
caryophyllene (21.49%), pentadecane (15.35%), and germacrene (5.70%) were the major compounds. The content of most
of the chemical constituents varied significantly with different harvesting time. The content of a-caryophyllene and
caryophyllene oxide was increased significantly from 2011 to 2013. The content of a-caryophyllene and isocaryophyllene
was decreased significantly from 2011 to 2013.
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Table 1. Essential oil composition of Petasites japonicus (S. et Z.) Maxim
Retention Relative peak area percent
No. Compound name .
time 2011 2012 2013
1 4-Hydroxy-4-methyl-2-pentanone 3.565 - - 023
2 2,3-Dimethyl-3-heptene 4212 - - 0.33
3 a-Terpenene 9.827 - - 0.03
4 3,5-Octadienonl 11.074 - - 0.62
5 Nonanone 11.362 - 0.04 0.03
6 3,7-Dimethyl-1,6-octadien-3-ol 11.894 - - 0.12
7  p-Menthatriene 12.194 - - 0.03
8  Nonanol 14.148 - 0.03 -
9 Ethyl octanoate 16.382 - - 0.03
10  a-Terpineol 17.296 - - 0.02
11 3-Isopropyl-5-methyl-hex-4-en-2-one 17.970 - - 0.02
12 Epoxy-p-menthene 18.870 0.15 - -
13 5-Methyl-2-(1-methylethyl)-2-cyclohexen-1-one 20.33 - - 0.02
14 5-Hexadecenoic acid, 2-mMethoxy-methylester 20.357 - - 0.02
15 Undecanone 21.436 5.43 1.01 0.02
16  Germacrene 22.311 - - 5.70
17 Decadienal 23.131 0.05 - -
18  6-Muurolene 24.027 0.07 - -
19  a-Cubebene 247707 1.60 - -
20 2,5,5-Trimethyl-1,3,6-heptatriene 24725 - - 0.09
21 1-Formyl-2,2-dimethyl-3-trans-(3-methyl-but-2-enyl)-6-methylidene-cyclohexane ~ 25.238 - - 0.04
22 2-Undecenal 25.432 0.08 - -
23 cis-Muurola-4(14),5-diene 25.625 - - 0.12
24 Terpinylacetate 25.632 0.27 - -
25  Ylangene 26.203 0.22 - -
26 c-Muurolene 26.972 - - 0.06
27  a-Copaene 27.098 0.25 - -
28  [B-Elemene 27.213 0.48 0.11 1.30
29 a-Cubebene 27.392 - - 0.12
30  Ylangene 27.859 - - 0.05
31  B-Caryopyllene 28.899 10.28 6.12 1.30
32 (+)-Epi-bicyclosesquiphellandrene 29.324 0.10 - -
33 2,6-Dimethyl-6-(4-methyl-3-pentenyl)-bicyclo[3.1.1]hept-2-ene 29.759 0.08 - -
34 3.3,7,11-Tetramethyl-tricyclo[6.3.0.0(2,4)undec-8-ene 29.979 0.10 - -
35  Methyl 10,11-tetradecadienoate 30.507 - - 0.02
36  Copaene 30.574 0.12 - -
37  a-lonone 30.700 - - 0.15
38  a-Caryophyllene 30.744 222 9.93 21.49
39  y-Elememe 30.833 - - 0.09
40  Dodecenal 31.124 1.39 0.04 -
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Relative peak area percent

No. Compound name Rei;?ion

2011 2012 2013
41  &-Ocimene 31,212 - 0.77 -
42 Geranyl acetone 31.524 - 0.64 -
43 Longifolene 31.660 0.75 - -
44  Linalyl butyrate 31.820 - - 1.12
45  Isoledene 32.025 0.62 - 0.15
46  [B-Farnesene 32.100 - - 1.92
47  y-Muurolene 32.165 0.27 - -
48  Linalylisovalerate 32.390 2.71 - -
49  Isocaryophillene 32.640 0.67 1.68 343
50  Epoxy-2-undecenal 32.810 3.71 - -
51  Aromadendrene 32.891 - 5.30 0.13
52 Germacrene D 32.990 0.37 - -
53 p-Mentha-1-en-9-yl acetate 33.094 - - 0.31
54 [B-lonone 33.160 0.34 - -
55 Alloaromadendrene 33.465 6.50 - -
56  Valencene 33.571 - 0.19 0.22
57  8-Cedren-13-ol 33.705 0.12 - -
58  a-Farnesene 33.931 - 15.31 2242
59  Heptyl propyl carbonate 34.111 - 0.11 -
60  [3-Bisabolene 34.161 6.80 - 0.16
61  Pentadecane 34.366 0.21 - 15.35
62  Methyl laurate 34.581 0.09 - 2.84
63 1-Ethenyl-1-methyl-2-(1-methylethenyl)-4-(1-methylethylidene)-cyclohexane 34.648 - - 1.44
64  Bicyclogermacrene 34.876 - 0.07 -
65  Cubenol 34921 2.93 - 0.94
66  Bornyl Isovallrate 35.016 - 0.50 -
67  a-Muurolene 35.241 - 1.70 -
68  G-Cubebene 35316 0.84 1.67 0.11
69  Bergamotene 35.401 - - 5.01
70 (1S-cis)-1,2,3,5,6,8a-Hexahydro-4, 7-dimethyl-1-(1-methylethyl)-naphthalene 35.995 - - 2.71
71 Elemol 35.996 1.57 - 1.65
72 cis-Muurola-3,5-diene 36.262 - - 0.20
73 Isoaromadendrene epoxide 36.412 1.31 - 0.11
74 Sesquirosefuran 36.727 0.50 - -
75  Cadala-1(10),3,8-triene 37.037 0.09 - -
76  2,6-Dimethyl-2-trans-6-octadiene 37.062 - 0.06 -
77  Caryophyllene alcohol 37.172 0.15 1.60 0.09
78  (E)-3,7,11-Trimethyl-1,6,10-dodecatrien-3-ol 37.407 1.09 - 0.61
79  a-Calacorene 37.462 - - 0.02
80  Longipinocarvone 37.752 0.08 - -
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No. Compound name Rei;?ion

2011 2012 2013
81  (E)-3-(4,8-Dimethyl-3,7-nonadienyl)-furan 37.882 0.12 - -
82  Caryophyllene oxide 38.402 20.49 5.79 0.88
83  (E,2)-6,10-Dimethyl-3,5,9-undecatrien-2-one 38.487 0.10 - -
84  Veridiflorol 38.652 0.28 - -
85  Aristolene epoxide 38.777 0.16 - -
86  Lauryl alconol 38.969 - 0.02
87  cis-Z-0-Bisabolene epoxide 39.013 0.24 - -
88  (1¢,3a4,74,8a0)-2,3,6,7,8,8a-exahydro-1,4,9,9-tetramethyl-1H-3a,7-methanoazulene ~ 39.208 0.35 - -
89  1,4-Dimethyl-3-(2-methyl-1-propene-1-yl)-4-vinyl-1-Cycloheptene 39.373 - 0.10 -
90  1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene 39.496 - - 0.81
91  1,3-Bis(1-methylethyl)-1,3-cyclopentadiene 39.953 - 0.43 -
92 [1R-(1R*3E,7E,11R*)]-1,5,5,8-tetramethyl-12-oxabicyclo[91.0]dodeca-3,7-diene  39.628 2.96 - -
93  Epiglobulol 39.808 0.15 - 0.02
94 Tridecanol 40.063 0.26 - 0.02
95  3,4-Dimethyl-3-cyclohexen-1-carboxaldehyde 40.213 - 0.58 -
96  Calarene epoxide 40.373 0.21 - 1.04
97  (E.E)-3,5-Nonadien-7-yn-2-ol 40.428 - 0.04 -
98  2-Methyl-3-(3-methyl-but-2-enyl)-2-(4-methyl-pent-3-enyl)-oxetane 40.638 0.64 0.04 -
99 1-Methylene-2b-hydroxymethyl-3,3-dimethyl-4b-(3-methylbut-2-enyl)-cyclohexane ~ 40.859 - 0.07 -
100 Spathulenol 40.968 0.13 0.89 0.12
101 Humulane-1,6-dien-3-ol 41.083 - - 0.02
102 1-n-Butyladamantane 41.134 - 0.06 -
103 trans-Longipinocarveol 41.153 0.33 - 0.02
104 tau.-Muurolol 41.429 0.61 493 0.21
105  (E)-6,10-Dimethyl-5,9-undecadien-2-one 41.534 - 0.08 -
106 Cubenol 41.699 0.34 - 0.34
107 10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0Jundecan-54-0l 41.754 - 0.11 -
108  Selina-6-en-4-ol 41.890 - - 0.05
109 3-Methyl-2-(3,7,11-trimethyldodecyl)-furan 41.977 - - 0.05
110 cis-Muurola-4-(14),5-diene 42.079 - 0.24 -
111 B-Eudesmol 42.099 1.47 - 0.34
112 tau.-Cadinol 42.119 - 0.99 -
113 a-Cadinol 42234 - 1.45 1.24
114 [3-Eudsmol 42.379 - 0.68 -
115  B-Caryophyllene alcohol 42.394 0.27 - -
116  4,4-Dimethyl-3-(3-methylbut-3-enylidene)-2-methylenebicyclo[4.1.0]heptane 42.494 0.23 - -
117  cis-Lanceoi 42.550 - - 0.04
118  [3-Bisabolol 43.174 2.05 - 0.16
119 Z-d-trans-Bergamotol 43.410 - 0.29 -
120  &-Bisabolol 43.664 0.06 - -
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No. Compound name Rei;?ion

2011 2012 2013
121  Pentadecanal 43.839 0.24 0.93 -
122 1-{2-[3-(2-Acetyloxiran-2-yl)-1,1-dimethylpropyl|cycloprop-2-enyl } ethanone 43.995 0.31 - -
123 10-(Acetylmethyl)-(+)-3-carene 44.000 - 0.24 -
124 2R-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten-1-yl)-1t-cyclohexanol 44211 - - 0.08
125  (E)-4-Tridecen-6-yne 44.345 - 0.24 -
126  10,10-Dimethyl-4-acetyl-tricyclo[5,2,1,0(1,5)]decane 44.424 - - 0.04
127  Aromadendrene epoxide 44.470 0.08 - 0.14
128  trans-p-Mentha-1(7),8-dien-2-ol 44.610 - 0.14 -
129  [3-Sinensal 44.680 - 0.03 -
130  (E)-Farnesene epoxide 44.684 - - 0.02
131  (E)-2-Dodecen-1-ol 45.231 - - 0.02
132 a-Caryophyllene alcohol 45.460 0.05 - 0.02
133 3,7,11-Trimethyl-dodeca-2,4,6,10-tetracnal 45.995 0.56 - -
134 1-{2-[3-Methyl-3-(5-methyl-furan-2-yl)-butyl]-oxiran-2-yl } -ethanone 46.200 0.05 - -
135 4,6,6-Trimethyl-2-(3-methyl-1,3-dienyl)-3-oxatricyclo[5.1.0.0(2,4)]octane 46.491 0.06 - -
136  3,7,11-Trimethyl-6,10-dodecadien-1-yn-3-ol 46.851 0.50 - 0.17
137 10,12-Tricosadiynoic acid, methyl ester 46.756 - 1.21 -
138  Aristolene epoxide 47.031 0.06 - 0.02
139  Benzyl benzoate 47.541 - 1.22 -
140 Viridiflorol 47.781 0.27 - 0.03
141 Methyl furaneol 48.131 0.11 - 0.49
142 Aristolene epoxide 48.487 - 0.08 -
143 E-2-Tetradecen-1-ol 49.567 0.16 - 0.02
144 Hexadecanone 50.117 0.14 - 0.02
145 2,6,8-Trimethylbicyclo[4.2.0]oct-2-ene-1,8-diol 50.237 0.08 - -
146  (3E,SE,7E)-6-Methyl-8-(2,6,6-trimethyl-1-cyclohexenyl)-3,5,7-octatrien-2-one 50.627 - 0.07 -
147  4-Methoxy phenol acetate 50.843 - 0.26 -
148  Pentadecanal 51.588 0.34 - -
149 6,10.14-Trimethyl-2-Pentadecanone 51.938 221 2.17 0.04
150  1-(1,3a,4,5,6,7-Hexahydro-4-hydroxy-3,8-dimethyl-5-azulenyl)-ethanone, 1 50.859 - - 0.02
151 Boldenone 52.260 - - 0.02
152 6-Octen-1-ol, 3,7-dimethyl-, formate 52.763 - 0.62 -
153 Phytol 52.803 0.34 17.22 0.07
154 7-Tetracyclo[6.2.1.0(3.8)0(3.9)Jundecanol44,11,11-tetramethyl] 53.108 0.05 - -
155  9-Eicosyne 53.638 0.56 - -
156 E; irl;( ; i)t?;f;ﬁ;ﬁi 2(1)(’11,7bd)-decahydro- 1,1,4,6-tetramethyl-1H- 54779 013 ) )
157 3,7,11,15-Tetramethyl-2-hexadecen-3-ol 54.960 - 0.04
158  (E,E)-6,10,14-Trimethyl-5,9,13-pentadecatrien-2-one 55.444 0.08 - -
159  6,6-Dimethyl-10-methylene-1-oxaspiro[4,5]dec-3-ene 56.334 - - 0.07
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No. Compound name Rﬁi;?ﬁon
2011 2012 2013
160  1-Cyclohexyl-3-methyl-butane-1,1-dicarbonitrile 56.780 - 0.13 -
161 Dibutyl phthalate 57.525 0.16 - 0.04
162  n-Hexadecanoic acid 57.805 0.30 - 0.03
163 Phthalic acid, cyclobutyl isobutyl ester 58.201 - 0.05 -
164  Hydrazinecarboxylic acid, ethyl ester 58.246 - 0.07 -
165 n-Decanoic acid 58911 - 0.45 -
166  Decahydro-1,1,4,7-tetramethyl-4aH-cycloprop[e]azulen-4a-ol 58.970 0.10 - -
167  1,4-Diacetoxybicyclo[2.2.2]oct-2-ene 59.126 - 0.30 -
168  Octadecanal 59.816 - 0.04 -
169  Octadecanaldehyde 60.071 - 0.06 -
170  Hexanoic acid, 5-oxo-, ethyl ester 63.438 - 0.04 -
171  17-Octadecynoic acid 65.999 - 0.04 -
172 Tetradecamethyl hexasiloxane 67.974 - 0.04 -
173 3-Methyl-2-butenoic acid, cyclobutyl ester 68.660 - 0.09 -
174 (ZZ7)-9,12,15-Octadecatrienoic acid 68.730 - 0.08 -
175  Docosane 68.879 0.84 - -
176  Octadecanoic acid 69.165 - 0.22 -
177  O-Dichloroacetyl-O'-(3-methylbut-2-enoyl)-1,2-benzenediol 69.840 - 0.07 -
178  Phytol acetate 71.564 - - 0.32
179 Tricosane 72.061 0.06 - -
180  Octadecamethy cyclonona siloxane 73.251 - 0.26 -
181  1-(1,2-Dimethylpropyl)-1-methyl-2-nonyl cyclopropane 74.802 - 0.05 -
182 4,8,12,16-Tetramethyl heptadecan-4-olide 74.942 - 0.05 -
183  Hexadecyl-oxirane 75.707 0.14 - -
184  Octadecanoic acid, 2-methylpropyl ester 77.283 - 0.94 -
185  1-Hexadecen-3-0l,3,5,11,15-tetramethyl- 77.287 - - 0.03
186 9-Octyl-heptade 71.707 - - 0.02
187  2,5,9-Trimethyl decane 77.968 - 0.05 -
188  Hexadecamethyl hepta siloxane 78.013 - 0.04 -
189  5a-Cholestane-34,44,6a,8,153,164,26- heptol 79.014 - 0.04 -
190  2-Methyl-eicosane 79.804 0.07 - -
191  4-(1-Hydroperoxy-2,2-dimethyl-6-methylene-cyclohexy)-pent-3-en-2-one 81.095 - 0.04 -
192 Pentacosane 81.684 0.34 - 0.13
193 9-Hexadecanoic acid 81.785 - 4.09 -
194  Hexacosane 81.980 0.09 0.25 -
195  Heptacosane 88.137 0.11 - 0.13
196  5-Acetyl-8,8-dimethyl-bicyclo[2,2,2,]octan-2-one 83.182 - - 0.41
197 Trimethylsiyl-di(timethylsiloxy)-silane 84.329 - - 0.02
198  Octacosane 96.005 1.39 - -
Total 96.10 95.57 100
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&2 #] THOh & Whang 2003). ©] &2 A & 273t
AlES HEStY] ot v AR AR Rel= de &
Ashe o= AlFET o), v, 3, WA Sl
dg] ARgEh 22 Kim & Shin(2009), Amiel 5 (2012)¢] 2]
3 UG Alatel it Fas, FASaY, TTAEZF o
Aza7p Hag o]F thekdt 7154 A77F 3 EHL ok

B-Bisabolene> &2, 2|7HeF H|RT o7 A& EA
St AR Aoz o7 A SEY AR SA 0l
frole AEH7HER $AENUeH o, B- E y-bisabolene
o] 3tk

20124 5ol FY Aol AHFTE HAY AfolM= F
743%(95.57%) 2] AJEo] E21= %1, phytol(17.22%), a-famesene
(1531%), a-caryophyllene(9.93%), Bcaryophyllene(6,12%), caryophyllene
oxide(5.79%), aromadendrene(5.30%), tau-muurolol(4.93%)2] ¢t
2ol &8tk

Phytol-2 diterpene alcohol2A] 2012 =AF ™ 9]2] A-G-of
A 17.22% SIS o] 3RS AEA WollA =4S W
= 2RE2YY 44 R, HIER E9F Ko M Al A
TFAZ o]-§Frh Phoenix 5(1989)2 phytolo] AW 2|24k}
£ AANHE B, Lee 5(1999) phytol & 3¢t A
FEddo] anE At o] o] YAIEZS] DNA 3
1L JATS FHsHAT

20123 =] =23t H 9] 9] HFoll A= a-famesene 2] o
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Fig. 1. Gas chromatogram of essential oil from Petasites
Jjaponicus (S. et Z.) Maxim (top: 2011, middle: 2012, bottom:
2013).

o] A dof H|ste] 148 S7FstGATh o] 2E-2 (ZE)3,7,11-
trimethyl-1,3,6,10-dodecatetraene . 2 E&]+= sesquiterpene 3}t
=2A, AdA = 4719 o] FA7E AR ©] F (EE)-
a-fameseneo] 71 ARFAQl o] A QlH], o] JE- o7 T
Aol gElo] Qe REE AHY EAFQL )=l
o stel. (E E)-a-farnesene perilla oilof| A 2% gl=d), 4]
EAoA ZF& Fshe 2o & A IrkSobomik
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S 2008). a-Caryophyllene’= F3 SR +=H, o] A&
hop(Humulus lupulushunulene) | Al 222 Q1% 0 A] humulene
ojgta Bt o] &2 W Ao Fa%t PSS
Koo, oheket WaFd Mgl £33tk =2 Bcaryophyllene
I} A EAsHE 737 Bk a-Caryophyllene>- Al 0] %|(Salvia
offcinalis), ginseng % ginger 459] Ao} ‘Ae] ZAgrcBoujaj S
= 2013).

2013 5ol FY FaolA AT WL FRolA=
Z 022(100%) 9] AEo] &% 9lal, a-farnesene(22.42%),
a-caryophyllene (21.49%), pentadecane(15.35%), germacrene(5.70%),
bergamotene(5.01%), isocaryophyllene(3.43%)2] &aFo] &=ttt

Germacrene< 1,7-dimethyl-4-(1-methylethyl)cyclodecane &2
E, AAA o) 2] £t sesquiterpene &2 A S
Adh o] AE2 e A2 719l 7195}, germacrene
A%t D7} AAA A AISHA EAFTH Arctander 1969).
Bergamotene S A] sesquiterpene 2 2, ©] AJE-L Bergamot, kumquat
Y CirusA A& Aol =] UTHChoi HS 2004).

T ME MYl 79 F2 sEE = vl

o Sjete] 4B Wk 713 @ $8A7]0] WA

X o N
tlo o

3 Hh=TH(Heath HB 1986). A A G w}E& w92 &}
st JE HolE Fagslr] Yol AAEE A 7|1F
AL A EHUY 9] FYS Faof A 2011~20131 5¥€ F&of 5

shet 19hg ALgSkiT Msle] S el TgA e 9
= % F=E HESY X S AR dig 7144l
SR 7| A Table 20, £ A9 712, 35 U
AL AdsE 59 71F84% Table 30 YeRHSITH
vlwd Wejel g7l Fa3% 19% &3-E(undecanone, B
-caryophyllene, a-caryophyllene, isocaryophyllene, [3-bisabolene,

Table 2. Information of the observation station

Station Pohang
Lat. (N) 36" 01"
Long. (E) 129° 22"

H (m) 23
Hb (m) 2.7
Ht (m) 1.6
Ha (m) 154
Hr (m) 0.6

H: Height of observation field above mean sea level.
Hb: Height of barometer above mean sea level.

Ht: Height of thermometer above the ground.

Ha: Height of anemometer above the ground.

Hr: Height of raingauge above the ground.

& =4 EFIYEIA

Table 3. Climate information of Pohang

2011 2012 2013

Ave. temp” 143 14.1 149
Max temp? 35.1 36.8 37.6
Min temp® -127 -115 -123
pHY 182.8 186.6 204.4
Precipitation” 90.8 111.1 75.5
RH? 63.3 64.6 60.0

" Average temperature.

? The maximum temperature.
% The minimum temperature.
9 Daylight hours.

% The amount of rainfall.

% Relative humidity.

cubenol, [3-bisabolol, [3-ionone, aromadendrene, tau.-muurolol,
pentadecane, bergamotene, germacrene, alloaromadendrene, a
-farnesene, caryophyllene oxide, spathulenol, 6,10,14-trimethyl-
2-pentadecanone, phytol)2] & =R 20119 60.75%0)|4] 2012
70.35%, 20139 = 77.29%2 YEFFI, £3] a-caryophyllene,
isocaryophyllene, a-farnesene &&FQ] £717F oldog L&
HH k. E3} undecanone, [-caryophyllene, caryophyllene oxide,
6,10,14-trimethyl-2-pentadecanone @] &2 {0 oz ZhA
3}tk Phytolo] T2 2012W ko] =83t W Qo)A 713+
=7 Ho]F 11, B-ionone, alloaromadendrene-2 20113 x| &=
2kt H ol At Z1= It Pentadecane, bergamotene, gremacrene
2 2013 o] 2Rt H ol ATt SISk

£ A= W9 AR 5H AE B4 3 7] 3ste)
o2 o AR Hate] dis AT o & s 34
25U a5 S]] mi9)E Satste] Bajel 4t
Fakith A% F1 sl UE 4B o] WeE 57
ZAGO R T HBAAL FY AE G0 $-83 A=
7 228 Aolrk. +8klwo] wet g o) AE Wsh =
AollA] 71 FE R 2Fo] -2 caryophyllene 9] 3k Hslo]
t}. =, B-caryophyllene} caryophyllene oxide®] 3+ 7442} a
-caryophyllene, isocaryophyllene &FeFo] Z7}o|t}. L 7|$W
o} 2L A A 35 BAR dFET glone Sokis
of me A% A4l e JR WalE Fagomn
AlEAHEY] 4 A& Yol Zad Aow Helrh

™

o =

o] 9] terpene T B4 43} dmo] E Fa
B eokiEe] Wt Fol2 2ABAT 011HE T A
el A 9275, 20129 L 20139 =] 4345 A =ef Ak 2
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7 % W 2% FgEol FAHU wge ot
sesquiterpene®] o] B3] wh=H, ol F2 o, b
caryophyllene, caryophyllene oxide, farnesene, [3-bisabolene, ger-
macrene, alloaromadendrene 5-2] =& EaFof 7]Qlsl= A
2 Vet 20119 Sgof| A3 M9 frollkl= caryophyllene
oxide®] ¥Fo] 2049%= 71 =9tow, B-caryophyllene
(10.28%), B-bisabolene(6.80%), alloaromadendrene(6.50%) <=0
Siet. 20124 59l T 2] HGolHE phytol(17.22%)
a-farnesene(15.31%), a-caryophyllene(9.93%), [-caryophyllene
(6.12%)9] o] &3ttt 20139 5Hof FU oA AHH
3t HYJo] A-FoA= a-farnesene(22.42%), a-caryophyllene
(21.49%), pentadecane(15.35%)2] o] =kt o] AL,
T8 Axof wa}t B-caryophyllene™} caryophyllene oxide2] &
¥ 7449} a-caryophyllene, isocaryophyllene $HaF9] £7}17} 7}
A R BHolnR, o5 AREo] vig] B4l 4 7]

2 =gl gdolH Fasttin &+ YA
ZAe| 2

o] =i 20109 % WSHe7|ef o Ado= d=aT
Ao 2| de ot +3E 712 A7AEA(2010-0021285) 0]
olo AA=EHY T
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