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Abstract

This study investigated the volatile flavor composition of essential oils from Ligularia fischeri and Ligularia fischeri var.
spiciformis. The essential oils obtained from the plants were analyzed by gas chromatography (GC) and GC-mass spectrometry
(GC-MS). 99.63% volatile flavor compounds were identified in the essential oil from the L. fischeri. The major compounds
were (E)-3-hexenol (30.73%), longiverbenone (13.23%), viridiflorol (12.39%), y-muurolene (7.32%), limonene (6.12%), and
caryophyllene ([3-4.24%). 99.76% volatile flavor compounds were identified in the essential oil from the L. fischeri var.
spiciformis. The major compounds were ledol (42.81%), (E)-15-heptadecenoic acid (33.91%), B-bisabolol (3.23%), viridiflorol
(3.08%), and cis-a-farnesene (2.60%). Although the two plants are very similar, the chemical composition of the essential
oils was significantly different in quality and quantity. In the case of L. fischeri., it has high contents of monoterpene and
sesquiterpene. (E)-3-hexenol, longiverbenone, a-phellandrene, and a-myrcene were regarded as the characteristic odorants
of L. fischeri, but they were not identified in L. fischeri var. spiciformis. Ledo, (E)-15-heptadecenoic acid, and (3-bisabolol
were regarded as the characteristic odorants of L. fischeri var. spiciformis, but they were not identified in L. fischeri. The
ratio of limonene, y-muurolene and viridiflorol can be used as an indicator to distinguish between these two plants.
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Table 1. Essential oil composition of Ligularia fischeri and Ligularia fischeri var. spiciformis
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Compound name

Retention time

Relative peak area %

L. fischeri var.

L. fischeri spiciformis

1 4-Hydroxy-4-methyl-2-pentanone 3.559 0.25 0.26
2 (£)-2-Butenal 4.052 0.02 -

3 6-Methyl-5-methylene-2-heptanone 4.199 0.13 0.01
4 Acetic acid, hydrazide 4.766 - 0.02
5 a-Pinene 5.352 2.02 0.01
6 a-Phellandrene 6.733 3.49 -
7 a-Myrcene 6.953 3.29 -

8 {3-Pinene 7.160 0.02 -
9 Decane 7.693 1.24 -
10 3-Carene 8.073 0.06 0.01
11 a-Terpinene 8.227 0.02 0.01
12 3-Methyl-6-(1-menthylethylidene)-cyclohexene 8.307 0.02 -
13 p-Cymene 8.460 0.08 -
14 Limonene 8.580 6.12 0.01
15 (E)-3-Hexenol 8.787 30.73 -
16  Ocimene 9.194 1.51 0.01
17 [3-Phellandrene 9.800 0.05 0.01
18  Benzene acetaldehyde 10.501 0.10 -
19 3-Methyl-6-(1-methylethylidene)-cyclohexene 11.034 0.17 -
20  2-Ethenyl-1,3,3-trimethyl-cyclohexene 11.368 0.06 -
21 2-Ethenyl-6-methyl-5-hepten-1-ol 11.551 0.04 -
22 Nonanal 11.848 0.04 -
23 p-Menthatriene 12.148 0.03 -
24 3,5,5-Trimethyl-2-cyclopenten-1-one 12.375 0.02 -
25  trans-3-Caren-2-ol 12.595 0.02 -
26 E E-2,6-Dimethyl-1,3,5,7-octatetraene 12.915 0.04 -
27 B-Terpineol 13.155 0.96 0.01
28  3-Terpinen-1-ol 13.375 0.08 -
29  trans-2-Caren-4-ol 14.242 0.03 -
30  Thymol 15.989 0.02 -
31 Terpinen-4-ol 16.322 0.09 0.01
32 Dihydrocarvone 17.029 0.03 -
33 a-Terpineol 17.289 0.03 -
34  Isohydrocarveol 17.343 0.02 -
35 2,4-Nonadienal 17.656 0.03 -
36 cis-p-Mentha-2,8-dien-1-ol 18.063 0.07 -
37  cis-3-Hexenyl isovalerate 19.223 0.03 -
38 Nonanoic acid 21.844 0.02 -
39 6-Muurolene 23471 - 0.01
40  3-Methyl-6-(1-methylethylidene)-cyclohexene 24.725 - 0.01
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No. Compound name Retention time ) L. fischeri var.
L. fischeri L;piciformis

41 a-Cubebene 24.685 0.03 0.02
42 Ethyl undecanoate 25.112 - 0.01
43 Undecanol 25.852 - 0.01
44 3-Copaene 27.332 0.02 0.01
45 a-Bourbonene 27.826 0.04 0.01
46 {3-Elemene 28.246 0.45 0.38
47  [-Caryophyllene 30.020 424 0.01
48 cis-Muurola-4(14),5-diene 30.647 0.04 -
49 a-Gurjunene 30.907 0.02 -
50 cis-a-Farnesene 32.054 0.21 2.60
51 [lf_- r(nl ;f ;(tf 1(11:17_ (ilr,lziirall] -octahydro-4-methyl-8-methylene-7-(1-methylethyl)- 31507 ) 0.02
52 a-Caryophyllene 32.194 0.23 0.28
53 5,7-Diethyl-5,6-decadien-3-yne 32.627 0.02 0.02
54 epi-Bicyclosesguiphellandrene 32.654 0.02 0.02
55 Aromadendrene 33.521 0.54 0.03
56 y-Muurolene 33.768 7.32 1.27
57 2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalene 33.934 - 0.14
58 [B-Guaiene 34.141 0.42 -
59 (ZE)-3,7,11-Trimethyl-1,3,6,10-dodecatetraene 34.368 0.62 -
60 ¢-Elemene 34.608 0.84 -
61 a-Copaene 34.801 0.09 -
62 Germacrene D 35.168 1.68 -
63 a-Farnesene 35.321 0.08 0.45
64 Methyl laurate 35.668 0.06 -
65 Bicyclogermacrene 35.942 0.27 0.65
66  Ylangene 36.268 0.02 0.20
67 a-Muurolene 36.588 0.90 0.29
68  Nerolidol 37.022 0.33 -
69 exo-2,10-Bornanediol 37.029 - 1.04
70  Caryophyllene alcohol 37.976 0.06 -
71 [s-(Z 2)]-a,0,4,8-Tetramethyl-3,7-cyclodecadiene- 1-methanol 37.989 - 0.20
72 3,7,11-Trimethyl-3-hydroxy-6,10-dodecadien-1-yl acetate 38.596 - 0.07
73 2,4,4-Trimethyl-3-hydroxymethyl-5a-(3-methyl-but-2-enyl)-cyclohexene 38.956 - 0.04
74 Hexyl octanoate 39.476 0.31 -
75 1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadecadiene 39.489 - 0.26
76 Spathulenol 39.583 0.09 0.60
77  Caryophyllene oxide 39.783 0.73 0.03
78  Farnesene epoxide 40.956 - 0.02
79  Linalyl isobutyrate 41.403 - 0.04
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No. Compound name Retention time L fischeri L ij;‘ ;cclj::n ;;ar.
80  Dehydro carveol 41.423 0.03 -
81 Hexadecane 41.623 0.06 -
82  Guaiol 41.637 - 0.34
83 Humulane-1,6-dien-3-ol 42.570 0.70 0.01
84  [3-Bisabolol 42.610 - 3.23
85 7-epi-a-Selinene 42.890 0.05 0.24
86  Selina-3,7(11)-diene 42917 - 0.31
87  tau.-Cadinol 43.257 0.05 -
88 tau.-Muurolol 43.404 0.05 -
89  Bicyclo[7,7,0]hexadec-1(9)-ene 43.324 - 0.04
90  Isobornyl acetate 43.417 - 0.02
91 3-Methyl-4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3- buten-2-ol 43.457 - 0.01
92 4-epi-Cubedol 43.617 - 0.04
93 Memantine 43.904 0.54 1.88
94 a-Cadinol 44.044 0.16 0.09
95  [B-Eudesmol 44.224 0.03 0.02
96  Selina-6-en-4-ol 44351 - 0.05
97  Viridiflorol 44.571 12.39 3.08
98  Ledol 44731 - 42.81
99  (3E,SE,7E)-6-Methyl-8-(2,6,6-trimethyl-1-cyclohexenyl)-3,5,7-octatrien-2-one 44.764 0.08 -
100  Longipinocarvone 44.924 0.05 -
101 4-(3,5-Dimethyl-2-benzofuranyl)-2-butanone 44.931 - 0.02
102 10-epi-c-Eudesmol 45.058 0.03 0.01
103 T-Muurolol 45.084 - 0.01
104  Cubenol 45.618 - 0.01
105  3a,4a-Epoxymurolan-9(11)-en-10-ol 45.658 - 0.01
106  2-Ethylhexyl benzoate 45.771 0.08 -
107 1-Formyl-2,2-dimethyl-3-trans-(3-methyl-but-2-enyl)-6-methylidene-cyclohexane 45.791 - 0.64
108  Benzyl benzoate 46.105 - 0.01
109  Bornyl benzoate 46.165 - 0.01
110 2,6-Dimethyl-2,4-heptadiene 48.359 0.04 -
111 1,1-Dimethyl-2-(2-methyl-1-propenyl)-cyclopropane 48.399 - 0.20
112 5-Ethyl-5-methyl-3-heptyne 48.832 0.07 -
113 1-Formyl-2,2,6-trimethyl-3-(3-methyl-but-2-enyl)-6-cyclohexene 48.845 - 0.56
114 Thymol 49.092 - 0.03
115 (2)-3,4,4-Trimethyl-5-ox0-2-hexenoic acid 50.132 - 0.02
116  2-Ethylbutyric acid, 5-methyl-2-methoxyphenyl ester 50.252 - 0.01
117 1,2-Cyclohexane-dicarboxaldehyde 50.292 - 0.01
118  (E)-15-Heptadecenoic acid 51.139 - 33.90
119  Longiverbenone 50.993 13.23 -
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120  (Z)-Longipinane 51.520 0.03 -

121  p-Hydroethylbenzene 51.713 0.02 -

122 a-Calacorene 52.053 0.02 -

123 3,3,5,5-Tetramethylcyclopentene 52.080 - 0.02

124 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 52.827 0.04 -

125 Phytol 52.953 - 0.05

126  Hexadecanal 53.087 0.28 -

127 3-Cyclopentylpropionic acid, 4-methyoxyphenyl ester 53.133 - 2.36

128 2-Methyl-4-(2,6,6-trimethyl-1-cyclohexenyl)butanal 53.327 - 0.02

129 6,10-Dimethyl-2-undecanone 53.367 - 0.06

130 Ceryl alcohol 53.394 0.04 -

131  Methyl-4-(4-hydroxyheptyl)benzoate 53.987 - 0.12

132 Palmitaldehyde 54.187 - 0.17

133 Methyl-9,10-epoxyoctadecanoate 54.307 - 0.06

134 Isophytol 54.360 - 0.08

135  Nonadecane 54.480 - 0.04

136 Unknown 55.774 0.73 -

137 Tetracosenoic acid, 2-[(trimethylsilyl)oxy]-methyl ester 56.568 - 0.01

138 Hydroxyacetic acid, hydrazide 56.641 - 0.01

139  Ingol 12-acetate 57.088 - 0.01

140  Olean-12-ene 59.002 - 0.02

141  Dibutyl phthalate 59.362 0.02 0.02

142 Hexadecamethyl-heptasiloxane 73.533 0.02 -

143 Hentriacontane 73.713 0.02 -

144 Tetradecamethyl-hexasiloxane 78.641 0.02 -

145  Silicic acid, diethyl bis(trimethylsilyl)ester 79.781 - 0.01

146 Hexadecamethyl-heptasiloxane 83.529 0.05 -

147  Methyl-Z-11-tetradecenoate 85.703 0.01 -

Total 99.63 99.79
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