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Abstract

A comparison of essential oils composition of Aster tataricus L. (gaemichwi), Ligularia fischeri (gomchwi), Solidago
virga-aurea var. asiatica Nakai (miyeokchwi), and Aster scaber (chamchwi) was performed by gas chromatography and mass
spectrometry for the identification of volatile flavor characteristics in chwi-namuls. The essential oils were extracted by the
hydro distillation extraction method. One hundred volatile flavor components were identified from gaemichwi essential oil.
@ -Pinene (11.5%) was the most abundant compound, followed by myrcene (8.9%) and /3 -pinene (7.5%). Ninety-one volatile
flavor components were identified from the essential oil of gomchwi. Aromadendrene (14.8%) was the most abundant
component, followed by /3 -caryophyllene (7.6%) and 1-methyl-4-(1-methylethylidene)-cyclohexene (7.3%). Ninety-five volatile
flavor constituents were detected in the essential oil of miyeokchwi, moreover, spathulenol (15.7%) was the most abundant
component. Ninety-six volatile flavor constituents were detected in the essential oil of chamchwi. Epi-bicyclosesquiphellandrene
(21.9%) was the most abundant component, followed by 3 -caryophyllene (9.5%) and S-terpinene (8.9%). The essential oil
composition of gaemichwi was characterized by a higher contents of pinenes. The essential oil composition of gomchwi
can be easily distinguished by the percentage of aromadendrene. Spathulenol and epi-bicyclosesquiphellandrene were regarded
as the characteristic odorants of miyeokchwi and chamchwi, respectively.
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Table 1. Chemical composition of the essential oils from chwi-namuls
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No. Compound name . Retention . %_ (W/‘fl) ) )
index (DB-5) Gaemichwi Gomchwi Miyeokchwi Chamchwi
1 a@-Pinene 941 115 1.1 1.8 0.3
2 Camphene 949 1.6 - - 0.1
3 Heptenal 958 0.7 - - -
4 Octanol 978 - - 0.3 -
5  B-Pinene 979 7.5 1.3 - 03
6  2,3-Dehydro-1,8-cineol - 0.1 - -
7  Myrcene 993 89 1.3 1.6 3.8
8  Octanal 999 0.6 - - -
9  2-Octen-4-ol 1000 - - 0.2 -
10  Decane 1000 - 0.6 - 0.1
11  B-Phellandrene 1001 - - - 03
12 Ethyl hexanoate 1002 0.1 - - -
13 a-Phellandrene 1008 1.0 1.1 - 0.1
14 4-Carene 1013 04 0.5 - 0.7
15 (E)-2,4-Heptadienal 1014 - - 0.5 -
16 @ -Terpinene 1022 0.7 0.1 - 03
17  D-Limonene 1028 34 4.5 29 7.0
18  Eucalyptol 1030 03 - -
19 (£)-3-Hexenol 1032 - 0.1 - 0.5
20 3,6,6-Trimethyl-bicyclo[3.1.1]hept-2-ene 1033 0.1 - - -
21 Ocimene 1042 - 0.1 - -
22 3,7-Dimethyl-1,3,7-octatriene 1045 1.0 - - -
23 Benzene acetaldehyde 1049 - - 1.2 -
24 2,6-Dimethyl-2,6-octadiene 1049 0.3 - - -
25  3,7-Dimethyl-1,3,6-octatriene 1047 - - - 2.2
26  [-Phellandrene 1056 0.9 0.2 - 0.1
27  (EE)-3,5-Octedien-2-one 1074 - - 0.3 -
28  trans-p-Mentha-2,8-dienol 1080 0.1 - 0.2 -
29 ¢ -Terpinene 1084 1.5 0.3 - 8.9
30  1-Methyl-4-(1-methylethylidene)-cyclohexene 1097 - 7.3 - -
31  Nonene-3-ol - - 0.2 -
32 3,7-Dimetyl-1,6-octadien-3-ol 1097 2.0 - 0.3 0.5
33 Nonanal 1100 0.9 0.1 0.4 0.2
34 3-Ethenyl-1,2-dimethyl-1,4-cyclohexadiene 1106 - - - 0.1
35  Methyl cycloheptanol 1113 - - 1.3 -
36  a-Terpineol 1117 0.1 0.3 - 0.3
37  Phenylethyl alcohol 1117 - - 0.2 -
38 2,2,4-Trimethyl-3-cyclopentene 1123 0.8 - - -
39 (EE)-2,6-Dimethyl-1,3,5,7-octatetraene 1130 0.1 - - 0.1
40  trans-1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol 1134 0.1 - - -
41  Isopinocarveol 1137 09 - - -
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Table 1. Continued
No. Compound name . Retention . %_ (W/‘fl) ) )
index (DB-5) Gaemichwi Gomchwi Miyeokchwi Chamchwi
42 Camphor 1142 0.2 0.2 0.2 0.2
43 B-Terpineol 1144 0.2 t! 0.2 -
44 p- @ -Menthen-1-ol 1147 0.2 - - -
45  trans-3-Caren-2-ol 1148 - - 1.0 0.1
46  trans-2-Caren-4-ol 1150 - - 0.8 -
47  Nonanol 1157 0.3 - - -
48  2(10)-Pinen-3-one 1160 0.7 - - -
49  Borneol 1161 - 0.2 - -
50  p-Mentha-1,5-dien-8-ol 1166 0.6 - 0.2 0.1
51  Piperitol 1171 - t 0.3 -
52 Terpinen-4-ol 1175 1.3 0.5 0.5 0.2
53 Thymol 1181 - 0.6 - -
54  Dimethyl octadienal 1183 0.5 - - -
55 Dihydro carveol 1185 - 0.2 - -
56 Dihydro carvone 1190 - 0.1 - -
57  2,6-Dimethyl-5,7-octadiene 1188 0.3 - - -
58  Mpyrtenal 1192 0.6 - - -
59  @-Decanal 1199 0.2 - - 0.1
60  Myrtenol 1203 - - 0.2 -
61  §-Decenal 1204 0.1 - - -
62  (E)-Carveol 1213 - - 0.3 -
63 2,6,6-Trimethyl-1-cyclohene-1-carboxaldehyde 1213 - - - 0.1
64  Nonadienal 1216 0.2 - - -
65 Isohydrocarveol 1216 - 0.1 - -
66 Isobornyl formate 1235 - - 0.3 -
67  2-Methyl-3-phenyl-propanal 1235 0.2 - - -
68  2-Methyl-5-(1-methylethenyl)-2-cyclohexen-1-one 1240 0.1 - - -
69  Neral 1248 - - 0.5 -
70  Nonanoic acid 1269 0.2 0.1 - -
71 Bornyl acetate 1280 0.2 - 0.2 0.2
72 epoxy-2-Nonenal 1283 - - 0.2 0.1
73 Undecanone 1295 - - 3.0 -
74 2,4-Decadienal 1295 - - 0.5 -
75  Tymol 1298 0.2 - - -
76  3,7-Dimethyl-2,6-octadienoate 1315 - - - 0.1
77 ¢ -Elemene 1326 - - 0.2 0.1
78 & -Muurolene 1327 - 0.1 - -
79  a-Cubebene 1340 - 0.2 0.3 0.2
80  Terpinyl acetate 1358 0.1 - - 0.1
81  (2)-3,7-Dimethyl-2,6-octadien-1-ol, acetate 1359 0.2 - - -
82  Neryl acetate 1360 - - - 0.1
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No. Compound name . Retention . %_ (W/‘fl) ) )
index (DB-5) Gaemichwi Gomchwi Miyeokchwi Chamchwi
83  Copaene 1366 - 0.5 0.3 0.2
84  (E)-2-Undecenal 1368 - - - t
85  Decanoic acid 1374 - - - 0.1
86 @ -Bourbonene 1374 - 0.1 - 2.1
87  (E)-3,7-Dimethyl-2,6-octadien-1-ol, acetate 1379 1.0 - - -
88  (2)-3-Hexenyl hexanoate 1381 - - 0.2 -
89 /A -Elemene 1383 - 0.6 0.4 -
90 Isobornyl propionate 1390 - t 0.6 0.1
91  «-Bisabolol 1397 0.2 - - -
92  Cadinene 1407 - - 1.2 -
93  [B-Caryophyllene 1409 1.3 7.6 0.3 9.5
94 @-Amorphene 1418 - - 0.9 0.2
95  a@-Gurjunene 1418 - 0.2 - -
96  trans- a -Bergamotene 1426 - - - 0.2
97  a-lonone 1430 - 0.1 - -
98  Ylangene 1433 - 0.2 0.3 0.1
99  a-Caryophyllene 1445 1.3 1.3 1.0 33
100  6,10-Dimethyl-5,9-undecadien-2-one 1447 0.1 - - -
101 A -Selinene 1451 0.2 0.1 0.2 -
102 (E)-7,11-Dimethyl-1,6,10-dodecatriene 1452 - 1.1 - -
103 2-Dodecenal 1457 0.1 - - -
104 Linalyl isovalerate 1475 3.6 - 0.3 -
105 (E)-4-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-3-buten-2-one 1480 0.6 - - -
106  Aromadendrene 1483 - 14.8 - -
107  epi-Bicyclosesquiphellandrene 1484 - - - 21.9
108 7 -Muurolene 1484 - 0.4 - -
109  GermacreneD 1487 - - - 0.2
110 A-Guaiene 1487 - 0.2 0.6 -
111 (ZE)-3,7,11-Triemthyl-1,3,6,10-dodecatetraene 1488 0.8 - - -
112 a-Zingiberene 1491 0.2 - 0.8 1.5
113 p-Mentha-1-en-9-ol 1492 - - - 43
114 & -Elemene 1493 - 44 - -
115 Valencene 1498 - 0.1 3.1 -
116 3 -Ionone 1499 - t 0.2 -
117  a-Famesene 1499 0.3 29 - 0.3
118 Methyl laurate 1503 0.6 1.4 0.5 2.0
119  Isocaryophyllene 1514 1.3 - - -
120  Tridecanal 1519 0.3 - 0.4 0.4
121 Bicyclogermacrene 1521 - 3.7 - 4.5
122 2-Methyl-5-octyn-4-ol 1523 - - 1.0 -
123 Epiglobulol 1527 0.1 - - -
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Table 1. Continued
No. Compound name . Retention . %_ (W/‘fl) ) )
index (DB-5) Gaemichwi Gomchwi Miyeokchwi Chamchwi
124  Bornyl isovalerate 1528 - - - 0.4
125 Cadinadiene 1529 - - 1.2 -
126  a-Muurolene 1530 - 0.3 0.4 0.9
127  Alloaromadendrene oxide 1541 - - - 0.1
128  (E)-Nerolidol 1544 0.4 - - 0.2
129  Epiglobulol 1547 - 0.1 0.6 -
130  Elemol 1550 0.6 - - t
131 Hexyl octanoate 1556 - t 0.5 -
132 Germacrene B 1557 0.6 1.2 - -
133 (Z)-Nerolidol 164 1.0 5.6 - -
134 Spathulenol 1577 7.0 0.1 15.7 0.6
135  Globulol 1577 - 1.2 0.3 0.3
136 Hexadecanone 1580 0.5 - - -
137  Veridiflorol 1583 - 0.2 - -
138  3,7-Dimethyl-1,6-octadien-3-ol 1585 - - - t
139  Leden oxide 1588 - - 0.3 -
140 Guaiol 1590 - - - 0.5
141 Caryophyllene oxide 1590 0.2 2.3 7.7 1.1
142 @ -Famesenel 1592 - 0.1 - -
143 (E)-Farnesene epoxide 1592 0.4 - - -
144  Isoaromadendrene epoxide 1595 - - - 0.2
145  Tridecanol 1600 - - 0.6 0.1
146 Hexadecane 1600 - 1.3 - -
147 Cedrenol 1601 1.5 - 1.0 -
148 Bisabolene epoxie 1603 - t 0.5 -
149  Geranyl isovalerate 1605 0.3 - - -
150 Humulane-1,6-dien-3-ol 1608 - 0.8 0.6 0.1
151 Levomenol 1608 0.3 - - -
152 1-(Butyn-3-one-1-yl)menthol(1S,2S,5R) 1614 - - 0.7 -
153 Citronellyl valerate 1614 0.2 - - -
154 Cubenol 1618 - 0.3 0.7 0.2
155  10-12-Pentacosadiynoic acid 1621 - 0.1 - -
156 (E)-Longipinane 1623 0.4 - - -
157  2,5-Octadecadiynoic acid, methyl ester 1626 - 0.1 - -
158  Aromadendrene oxide 1627 1.0 - 0.2 -
159  4,5,6,7-Tetramethy phthalide 1635 0.7 - - -
160 Humulene oxide 1636 - - - 0.3
161  tau-Muurolol 1640 0.4 2.8 - 14
162 3-Caryophyllene alcohol 1644 - 0.5 - -
163 Geranyl valerate 1648 0.1 - - -
164 @ -Cadinol 1658 1.7 6.5 1.4 1.9
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No. Compound name . Retention . %_ (W/‘fl) ) )
index (DB-5) Gaemichwi Gomchwi Miyeokchwi Chamchwi
165  tau-Cadinol 1650 - - 0.2 -
166 ¢ -Eudsmol 1658 0.1 - - -
167  /3-Bisabolol 1661 - - 0.2 0.1
168  [3-Eudesmol 1665 - 1.4 0.3 0.2
169 6 -Cadinol 1670 0.3 - 0.4 t
170  3-oxo- @-lonone 1671 - 0.1 - -
171 Aromadendrene epoxide 1678 - - 0.2 -
172 trans-Longipinocarveol 1679 - 0.3 - -
173 Zingiberenol 1681 - - 0.5 0.2
174  (E)-2-Dodecen-1-ol 1683 0.2 - - -
175 Longiverbenone 1689 - 1.3 - -
176  2-Ethylhexyl benzoate 1701 - 4.0 - t
177 Heptadecane 1704 - - 0.2 -
178  Tetrakis(1-methylethylidene)cyclobutane 1704 0.4 - - -
179 /3 -Sinensal 1709 - - 0.3 -
180  3,7,11-Trimethyl-dodeca-2,4,6,10-tetraenal 1717 - 0.1 - -
181  (E)-Farnesol 1723 - 0.1 -
182 Benzyl benzoate 1727 - 0.1 0.4 0.1
183 Petadecanal 1729 0.3 - 0.8 0.1
184  4-(3-Hydroxy-6,6-dimethyl-2-methylenecyclohexyl)-3-buten-2-one 1739 - - 0.3 -
185  2-Methyl-9-(prop-1-en-3-ol-2-yl)-Bicyclo[4.4.0]dec-2-ene-4-ol 1755 - - - t
186 Longipinocarvone 1756 0.3 0.8 - 0.1
187  Viridiflorol 1759 - 0.1 - -
188  Trimethylphenyl butenone 1761 0.9 - - -
189 Methyl furaneol 1762 t - - -
190 Calarene epoxide 1763 0.2 - - -
191 Tetradecanoic acid 1770 - - 0.4 -
192 Hexadecanone 1791 - 0.5 - -
193 Octadecane 1800 - t - -
194 Hexadecanal 1826 0.1 - - 0.5
195 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1827 1.2 - 0.8 6.5
196  6,10,14-Trimethyl-2-pentadecanone 1833 2.8 0.2 0.4 0.3
197 Hexadecyl oxirane 1839 2.5 - - -
198  Phthalic acid, isobutyl nonyl ester 1853 - - - 0.1
199  17-Octadecynoic acid 1857 - 0.1 0.2 -
200 cis-Z- a -Bisabolene epoxide 1858 - - - 0.1
201 (£)-9,17-Octadecadienal 1870 - - - 0.1
202 Phthalic acid, butyl isohexyl ester 1871 0.2 - - -
203 Pentadecyne 1872 - 0.1 - -
204 9-Eicosyne 1875 0.6 - - 0.2
205  cis,cis, cis-7,10,13-hexadecatrienal 1876 - - - 0.1
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206  trans-9-Hexadecen-1-ol 1883 - - 0.6 -

207  a-Calacorene 1885 - 2.6 - -

208  3-Methyl-2-(3,7,11-trimethyldodeyl)-furan 1904 - 0.1 - -

209 5,8,11-Heptadecatrien-1-ol 1906 0.2 - - -

210 (E E)-6,10,14-Trimethyl-5,9,13-pentadecatriene 1930 0.2 - 0.5 0.2

211 Isophytol 1933 - t - -

212 Dibutyl phthalate 1972 0.3 0.3 0.2 0.6

213 2,6,10,14-Tetramethyl hexadecenal 1976 - - - t

214  E-14-Hexadecenal 1976 - - - t

215 10-Heneicosene 2086 - - 0.2 -

216 n-Hexadecanoic acid 2107 1.1 0.9 6.3 1.1

217 Phytol 2115 - - 1.4 -

218 9-Octadecynoic acid 2124 - - - 0.1

219 (Z£,2)-9,12-Octadecadienoic acid 2125 - 0.1 - -

220 (Z£7,2)-9,12,15-Octadecatrienoic acid 2132 - 0.2 0.6 0.2

221 Heptatriacotanol 2139 - - 0.3 -

222 Tricosane 2300 - 0.2 0.5 -

223  Tetracosane 2400 - - - t

224  Bis(2-ethylhexyl)hexanediate 2420 - - 2.3 -

225 Pentacosane 2500 - - 22 0.3

226  Bis(2-Ethylhexyl)phthalate 2521 - - 1.3 0.1

227 Hexacosane 2600 0.2 - - -

228 2-Methyl octadecane 2689 - - 0.6 -

229 2-Methyl eicosane 2689 - - 1.0 -

230 Heptacosane 2700 0.1 - 0.4 0.2

231 2-Methyl eicosane 2762 - 0.1 - 0.1
Total 93.6 98.2 97.1 98.4

D t: % detected less than 0.05 (w/w)
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Table 2. Characteristic odor components of chwi-namuls

AERY Pl EEY 939

Gaemichwi Gomchwi Miyeokchwi Chamchwi

a-Pnene 115 1.1 1.8 0.3
/3 -Pinene 7.5 1.3 - 0.3
Myrcene 8.9 1.3 1.6 3.8
Limonene 34 4.5 29 7.0
a -Caryophyllene 1.3 1.3 1.0 33
B -Caryophyllene 1.3 7.6 0.3 9.5
Caryophyllene oxide 0.2 23 7.7 1.1
Sphathulenol 7.0 0.1 15.7 0.6
Valencene - 0.1 3.1 -

a -Cadinol 1.7 6.5 1.4 1.9
a -Farnesene 0.3 29 - 0.3
Aromadendrene - 14.8 - -

Bicyclogermacrene - 37 - 45
0 -Terpinene 1.5 0.3 - 89
epi-Bicyclosesquiphellandrene - - - 21.9
Linalyl isovalerate 3.6 - 0.3 -

(Z)-Nerolidol 1.0 5.6 - -

3,7,11,15-Tetramethyl-2-hexadecen-1-ol 12 - 0.8 6.5

UE 5119 @71 7]ofske Aoz Az ol2gt =
SRR 24 HnE F8 SielA A8 e =R
7] BE ABE F5T 5 90w, 3% gas chromatography-
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