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Abstract

This study investigates the chemical compositions of Aster koraiensis Nakai essential oils and the quantitative changes
of major terpene compounds according to various harvesting times. The essential oils obtained by hydrodistillation from
the aerial parts of Aster koraiensis Nakai are being analyzed by GC and GC-MS. The essential oil compositions of Aster
koraiensis Nakai are characterized byhigher contents of sesquiterpene compounds. Ninety-seven volatile flavor compounds
are being identified in the essential oils from Aster koraiensis Nakai harvested in 2010, and caryophyllene oxide (8.38%),
aristolene (7.08%), epiglobulol (5.57%), and ethyl furanone (4.73%) are the most abundant compounds. Ninety-five compounds
are identified in the essential oils from the plants harvested in 2011, and aristolene (11.56%), calarene (9.33%), phytol (8.28%),
ethyl furanone (7.63%), and epiglobulol (7.18%) are the most abundant compounds. Ninety-five compounds are being
identified in the essential oils from the plants harvested in 2012, and calarene (15.3%), aristolene (14.24%), ethyl furanone
(7.21%), phytol (6.98%) are the major compounds. The contents of aristolene, « -caryophyllene, @ -muurolene, « -calacorene,
aromadendrene oxide, and calarene increase significantly from 2010 to 2012. The contents of @ -cubebene, isocaryophyllene,
and diepi- @ -cedrene epoxide decrease significantly from 2010 to 2012. The quantitative changes of aristolene and calarene
according to harvesting time can be served as a quality index of the Aster koraiensis Nakai essential oils.
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Table 1. Essential oil composition of Aster koraiensis Nakai

2
=

Retention Relative peak area %
No. Compound name .
time 2010 2011 2012

1 Butanol 3.078 - 0.14 -

2 Pentanone 3.168 - 0.04 -

3 Methyl butanoate 3.232 - 0.05 -

4 Methyl-2-butenol 3.349 - 0.06 -

5 4-Hydroxy-4-methyl-2-pentanone 3.449 - 1.02 -

6  @-Myrcene 6.260 - 0.42 -

7  Ocimene 6.875 - 0.03 -

8  D-Limonene 7.105 - 0.06 -

9 7y -Terpinene 10.927 - 0.03 -
10 Linalyl acetate 19.920 0.24 0.03 0.04
11 Decanol 20.145 - 0.03 0.04
12 (E)-3,7-Dimethyl-2,6-octadienoic acid, methyl ester 21.821 - - 0.03
13 Ethyl undecanoate 22.701 - 0.02 0.03
14 (E E)-2,4-Decadienal 23.502 0.24 - -
15 & -Muurolene 23.637 0.10 0.03 0.66
16  Alloaromadendrene 24.267 - - 0.11
17  Heptyl-2-methyl butyrate 24.562 0.11 - -
18  a-Cubebene 24.682 0.84 0.77 0.17
19  Aristolene 25.327 7.08 11.56 14.24
20 Terpinyl acetate 25.382 0.25 - -
21  Ethyl furanone 25.662 473 7.63 7.21
22 Undecanol 26.423 041 0.03 1.23
23 @ -Copaene 26.658 - 0.04 0.51
24 Geranyl acetate 27.238 1.35 2.26 -
25  [3-Damascenone 27423 - 0.03 -
26  Isobornyl propionate 27.648 1.50 1.12 1.10
27 (ZE)-3,7,11-Trimethyl-1,3,6,10-dodecatetracne 28.183 - - 0.25
28 Methyl eugenol 28.539 - 0.03 0.06
29 B -Caryophyllene 29.149 3.72 3.71 5.38
30 cis- @ -Bisabolene 29.244 - - 0.97
31  [S-(R,S)]-3+(1,5-Dimethyl-4-hexenyl)-6-methylene-cyclohexene 29.424 - - 0.44
32 a-Caryophyllene 29.724 0.76 0.92 1.42
33 2-Dodecenal 30.199 091 0.12 1.71
34 [3-Selinene 30.244 1.05 - -
35 trans- @ -Bergamotene 30.534 0.18 - -
36 Linalyl isovalerate 30.634 0.12 0.93 1.30
37 Geranyl acetone 31.070 0.88 - -
38 [-Guaiene 31.105 0.26 0.47 0.15
39 (E)-4-Hepten-2-one 31.260 - 0.04 -
40  cis-Muurola-4(14),5-diene 31.330 - - 0.03
41  p-Mentha-1-en-9-ol 31.530 0.93 0.85 0.19
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Retention Relative peak area %

No. Compound name .

time 2010 2011 2012
42 Germacrene D 32.525 0.57 0.07 -
43 Valencene 32.715 1.04 0.65 297
44  a@-Zingiberene 32.845 0.90 0.10 0.72
45 Tridecanal 32.985 1.29 0.43 0.83
46  (1S-cis)-1,2,3,5,6,8a-Hexahydro-4,7-dimethyl-1-(1-methylethyl)-naphthalene ~ 33.040 - - 0.74
47 Methyl laurate 33.516 0.65 0.39 -
48  Isocaryophyllene 33.751 3.52 0.10 -
49  a-Muurolene 33.901 0.16 1.21 2.17
50  Epiglobulol 34.076 5.57 7.18 2.80
51  a-Farnesene 34.186 0.16 0.11 -
52 a-Calacorene 34.431 0.28 4.72 4.88
53 6 -Cadinene 34.606 - 0.07 0.17
54 1,3-Bis-(2-cyclopropyl,2-methylcyclopropyl)-but-2-en-1-one 34.861 - 1.09 0.05
55 Elemene 35.071 - - 0.25
56 Calarene 35.266 0.14 9.33 15.30
57 (E)-6,7,11-Trimethyl-1,6,10-dodececatrien-3-ol 35.726 - - 0.31
58  4-Epi-cubenol 36.182 - - 0.34
59  Nerolidol 36.232 0.46 0.05 0.04
60 7 -Cadinene 36.397 - 0.05 0.06
61 Elemol 36.732 0.25 0.04 0.05
62  Geranyl butyrate 36917 - 0.03 0.47
63  a-Curcumene 36.952 - 0.06 0.09
64 Germacrene B 37.497 0.13 - -
65 Hexyl acetae 37.552 0.13 - -
66 Hexyl octanoate 38.002 - 0.04 0.05
67 Isopropyl benzoate 38.127 - 0.11 0.05
68 Caryophyllene oxide 38.383 8.38 0.24 291
69 (F)-3,7,11-Trimethyl-1,6,10-dodecatriene 38.487 0.54 - -
70  Guaiol 38.978 - - 0.06
71  Cedrenol 39.103 0.12 - -
72 Dehydrocarveol 39.418 - 0.04 0.15
73  Hexadecanone 39.513 3.87 0.05 -
74  Tridecanol 39.563 - 0.20 0.62
75  Globulol 39.773 1.16 -
76 Isoaromadendene epoxide 39.828 - 0.46 0.20
77  2,5,5-Trimethyl-1,3,6-heptatriene 40.013 - 0.20 0.09
78  7-Metylene-bicyclo[4.1.0]heptane 40.118 - 0.04 0.72
79  Geranyl isovalerate 40.198 0.12 - -
80 Epoxy- /3 -ionone 40.298 0.20 - -
81 Humulane-1.6-dien-3-ol 40.503 1.64 0.15 0.41
82  cis-Lanceol 40.693 1.39 0.05 0.21




198 7 = P=AFIE3EA
Table 1. Continued
Retention Relative peak area %
No. Compound name .
time 2010 2011 2012
83 (E)-Longipinane 40.828 1.42 - -
84  7,8-Dehydro-8a-hydroxy-isolongifolene 40.944 0.10 0.11 0.21
85 Citronellyl valerate 41.184 0.20 0.03 0.27
86  Cubenol 41.359 0.47 0.46 0.46
87 Ledene oxide 41.569 0.49 0.03 0.32
88 Humlene oxide 41.699 0.51 0.07 0.55
89  tau.-Muurolol 41.719 - 0.04 0.15
90 Ledene oxide(IT) 42.039 - - 0.35
91 Geranyl valarate 42.189 1.37 0.06 -
92 B-Eudesmol 42.284 0.13 0.34 0.37
93  Butyl-6,9,12-hexadecatrienoate 42.564 - 0.06 1.49
94  Cadina-1,4-dien-3-ol 42.829 0.73 0.33 0.59
95  «a-Bisabolol 42.999 1.08 0.46 1.11
96  Spathulenol 43.295 0.62 1.52 0.99
97 Butyl laurate 43.429 1.07 - -
98 ¢ -Cadinol 43.655 0.74 - -
99  a-Cadinol 43.724 1.02 0.03 0.08
100 Diepi- @ -cedrene epoxide 43.990 2.01 0.42 0.05
101  Zingiberenol 44.235 - 2.06 2.09
102 8-Cedren-13-ol 44475 - 0.03 0.04
103 (£)-2-Dodecen-1-ol 44.580 0.24 - -
104  a-Caryophyllene alcohol 45.005 0.79 0.03 0.05
105 Heptadecane 45.085 3.85 0.07 -
106 Aromadendrene oxide 45.190 0.39 1.58 1.77
107 /3 -Sinensal 45.380 0.31 0.03 0.13
108 Pentadecanal 45.460 0.27 0.13 0.14
109 (E)-Farnesol 45.715 3.18 0.08 0.61
110 Benzyl benzoate 45.821 - 222 1.72
111 (E)-1,3,3-Trimethyl-2-(3-methyl-2-methylene-3-butenylidene)cyclohexanol 46.010 - - 0.03
112 Octadecanal 46.356 0.51 0.35 0.52
113 2-Methylene-6,8,8,-trimethyl-tricyclo[5.2.2.0(1,6) Jundecan-3-ol 46.611 1.47 - -
114 Aristolene epoxide 46.981 - 0.26 0.29
115 Diepicedrene-1-oxide 47.006 412 - -
116 3,7,11-Trimethyl-dodeca-2,4,6,10-tetracnal 47.066 0.51 - -
117 trans-Longipinocarveol 47.456 0.69 0.05 0.03
118 Shyobunone 47.676 0.11 - -
119 Tetramethylphenyl butenone 47.891 0.63 - -
120 Calarene epoxide 48.306 0.26 - 0.12
121 Methyl-9,12-octadecadiynoate 48.456 0.19 - -
122 (4 a.5a .8 @)-4,4a,5,8 Tetrahydro-5,8-dimethyl-5,8-epoxy-3H-2-benzopyran ~ 48.992 0.27 - -
123 10-Epi- 7 -eudesmol 49.012 - 0.09 0.23
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Retention Relative peak area %
No. Compound name .
time 2010 2011 2012
124 (Z,72,7)-9,12,15-Octadecatrienoic acid 49.312 0.16 0.03 0.13
125  3,5,9-Trimethyl-deca-2,4,8-trien-1-ol 49.647 0.21 - -
126 1,7-Dimethyl-4ii-isopropenyl-bicyclo[4.4.0]dec-6-en-9ii-ol 49.952 0.11 - -
127 Sclareol oxide 50.122 0.24 - -
128 [S~(2)]-3,7,11-Trimethyl-1,6,10-dodecatrien-3-ol 50.267 - - 0.03
129 Octadecane 50.327 0.12 0.11 0.05
130 1,3,3-Trimethyl-2-oxabicyclo[2.2.2]octan-6-o0l 50.707 0.45 - 0.15
131 Diethyl-2-hydroxyglutarate 51.628 0.10 - -
132 6,10,14-Trimethyl-2-pentadecanone 52.363 - 0.55 0.10
133 Methyl tetrahydroionol 52.553 2.71 - -
134 6,10,14-Trimethyl-2-pentadecanone 52.763 0.29 - -
135  13-Tetradece-11-yn-1-ol 52.803 - - 0.03
136 Pentadecanoic acid 53.869 0.10 - -
137 1-Octadecyne 54.414 0.14 - -
138  8-Methyl-1-undecene 54.474 - - 0.03
139  (£)-9,17-Octadecadienal 54.699 0.12 - -
140 (E,E)-1-Phenyl-1,4,9-decatriene 54.964 0.84 - 1.72
141 cis,cis, cis-7,10,13-Hexadecatrienal 54.986 0.10 - -
142 Dibutyl phthalate 55.919 - - 0.11
143 (E,E)-6,10,14-Trimethyl-5,9,13-pentadecatrien-2-one 56.320 0.13 0.16 -
144 (Z)-3-Hexenyl octanoate 58.200 - 0.03 -
145  4,8,12-trimethyltridecyl furan 58.465 0.15 - -
146 n-Hexadecanoic acid 60.907 1.61 0.03 0.21
147 (ZE)-2,9-Heptadecadiene-4,6-diyn-8-ol 62.117 0.34 - 0.42
148  Phytol 64.758 0.66 8.28 6.98
149  cis-3-Undecene-1,5-diyne 66.033 - - 0.06
150 trans-3-Undecene-1,5-diyne 66.494 - - 0.07
151 Falcarinol 68.294 0.20 - -
152 cis,cis, trans-3,3,6,6,9,9-Hexamethyl-tetracyclo[6.1.0.0(2,4).0(5,7) nonane 70.795 - - 0.06
153  Tetratriacontane 71.406 - 0.03 -
154 Methyl-5,8,11-heptadecatriynoate 72.426 0.10 - -
155 1,2-Benzenedicarboxylic acid, diisooctylester 78.148 - 0.03 -
156 Tetracosamethyl cyclododecasiloxane 84.271 - 0.02 -
Total 97.02 79.94 99.89
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Table 2. Quantitative changes of major compounds from
Aster koraiensis Nakai essential oil by harvesting time

Harvesting time

Compound 2010" 2011 2012
@ -Cubebene 0.84° 0.77° 0.17°
Aristolene 7.08" 11.56° 14.24°
Ethyl furanone 473" 7.63° 7.21°
B -Caryophyllene 3.72° 3.71° 5.38°
a@-Caryophyllene 0.76* 0.92° 1.42°
Valencene 1.04° 0.65° 2.97°
Epiglobulol 557 7.18° 2.80°
@ -Muurolene 0.16* 121° 2.17°
@ -Calacorene 0.28° 472 4.88°
Cubenol 0.47° 0.46° 0.46°
a -Bisabolol 1.08* 0.46° 1.11°
Spathulenol 0.62* 1.52° 0.99°
Caryophyllene oxide 8.38" 0.24° 2.91°
Isocaryophyllene 3.52° 0.10° -
Diepi- @ -cedrene epoxide 2.01° 0.42° 0.05°
Aromadendrene oxide 0.39° 1.58 1.77°
Calarene 0.14* 9.33° 15.30°
Farnesol 3.18° 0.08° 0.61°
Phytol 0.66" 8.28" 6.98°
Total 44.63" 60.82° 71.41°

D Choi HS (2012)
Means with the same letter in a row are not significantly different

by Duncan's multiple range test.
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