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Abstract

This study investigated the chemical composition of Solidago virga-aurea var. asiatica Nakai essential oils collected using
different extraction methods. The essential oils obtained by simultaneous steam distillation extraction (SDE) and hydrodistillation
extraction (HDE) methods from the aerial parts of Solidago virga-aurea var. asiatica Nakai were analyzed by GC and
GC-MS. Ninety-nine volatile flavor compounds were identified in the essential oil produced from Solidago virga-aurea var.
asiatica Nakai using the SDE method. These compounds were classified into eight categories in terms of chemical functionality:
26 hydrocarbons, 8 aldehydes, 36 alcohols, 7 ketones, 12 esters, 5 oxides and epixides, 4 acids, and a miscellaneous one.
Spathulenol (15.66%) was the most abundant compound. Ninety-eight compounds including of 35 hydrocarbons, 6 aldehydes,
29 alcohols, 6 ketones, 10 esters, 4 oxides and epixides, 7 acids, and a miscellaneous one were identified in the essential
oil from the plant using the HDE method. Hexadecanoic acid (24.74%) was the most abundant compound. The chemical
composition of Solidago virga-aurea var. asiatica Nakai essential oils extracted by SDE and HDE methods are characterized
by high content of sesquiterpene alcohols and acids, respectively. The extraction methods may be influenced in the chemical

composition of natural plant essential oils.

Key words: Solidago virga-aurea var. asiatica Nakai, essential oil composition, simultaneous steam distillation extraction,

hydrodistillation extraction
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Table 1. Essential oil composition of Solidago virga-aurea var. asiatica Nakai by SDE and HDE methods

No. RI Compound name wiw %
(DB-5) SDE HDE

1 940 a-Pinene 1.84 -

2 979 Octanol 0.33 -

3 993 a-Myrcene 1.59 -

4 1000 2-Octen-4-ol 0.18 -

5 1014 (E,E)-2.,4-Heptadienal 0.47 -

6 1034 D-Limonene 2.92 -

7 1049 Benzeneacetaldehyde 1.22 -

8 1074 (E,E)-3,5-Octadien-2-one 0.28 -

9 1097 1-Nonen-3-ol 0.17 -
10 1102 3,7-Dimethyl-1,6-octadien-3-ol 0.32 -
11 1106 Nonanal 0.36 -
12 1113 1-Methyl cycloheptanol 1.28 -
13 1117 Phenylethyl alcohol 0.21 -
14 1125 trans-p-Mentha-2,8-dienol 0.24 -
15 1140 Camphor 0.17 -
16 1144 B-Terpineol 0.18 -
17 1150 trans-2-Caren-4-ol 0.82 -
18 1171 cis-Piperitol 0.34 -
19 1181 p-Mentha-1,5-dien-8-ol 0.20 -
20 1190 Terpinen-4-ol 0.53 -
21 1203 Myrtenol 0.24 -
22 1213 (E)-Carveol 0.32 -
23 1223 trans-3(10)-Caren-2-ol 1.04 -
24 1235 Isovornyl formate 0.27 -
25 1248 Neral 0.46 -
26 1282 Epoxy-2-nonenal 0.18 -
27 1288 Bornyl acetate 0.21 -
28 1295 Undecanone 2.97 -
29 1295 Nonadecane - 0.35
30 1295 2,4-Decadienal 0.46
31 1319 6-Elemene 0.19 0.23
32 1335 Dodecamethyl cyclohexasilosane - 0.20
33 1369 Undecanol - 0.56
34 1340 a-Cubebene 0.25 -
35 1377 Copaene 0.27 -
36 1381 (2)-3-Hexenyl hexanoate 0.18 -
37 1391 B-Elemene 0.43 -
38 1395 Isovornyl propionate 0.55 0.40
39 1407 Cadinene 1.21 0.13
40 1419 a-Amorphene 0.87 0.55

41 1422 [B-Ionone 0.17 -




Vol. 29, No. 2(2016)

Table 1. Continued
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No. RI Compound name wiw %
(DB-5) SDE HDE
42 1430 B-Caryophyllene 0.25 0.36
43 1435 Ylangene 0.32 -
44 1451 [3-Selinene 0.18 0.23
45 1457 a-Caryophyllene 1.03 0.17
46 1457 6,10-Dimethyl-5,9-undecadien-2-one - 0.36
47 1461 (E)-7,11-Dimethyl-3-methylene-1,6,10-dodecatriene - 0.21
48 1478 Linalyl Isovaterate 0.27 0.38
49 1481 B-Guaiene 0.58 0.90
50 1486 p-Mentha-1-en-9-ol - 0.50
51 1488 Germacrene D - 0.35
52 1490 Valencene 3.12 0.15
53 1496 a-Zingiberene 0.29 0.13
54 1496 Alloaromadendrene - 0.37
55 1501 [B-Zingeberene 0.51 2.20
56 1504 Tridecanal 0.43 1.94
57 1510 Methyl laurate 0.51 0.23
58 1523 2-Methyl-5-octyn-4-ol 1.01 0.30
59 1525 a-Muurolene 0.38 1.16
60 1529 Cadinadiene 1.17 0.31
61 1544 a-Calacorene - 0.32
62 1551 a-Curcumene - 0.48
63 1553 Epiglobulol 0.59 0.41
64 1557 Caryophyllene alcohol - 0.16
65 1563 (Z)-Nerolidol - 0.14
66 1569 Hexyl octanoate 0.49 0.88
67 1574 Globulol 0.33 0.35
68 1579 Lauryl alcohol - 0.20
69 1586 Caryophyllene oxide 7.68 4.40
70 1588 Ledene oxide-(11) 0.34 0.34
71 1595 Tridecanol 0.57 0.15
72 1601 trans-Z-a-Bisabolene epoxide 0.50 1.39
73 1609 Cedrenol 0.96 0.62
74 1616 1-Butyl-3-one-yl menthol - 1.48
75 1614 1’-(Butyn-3-one-1-yl)-menthol(1S,2S,5R) 0.66 -
76 1628 a-Cubenol 0.71 0.25
77 1631 Dihydro neoclovene - 3.46
78 1634 T-Muurolol - 0.26
79 1638 Spathulenol 15.66 0.56
80 1644 3-Cubenol - 0.63
81 1646 a-Cadinol 0.65 0.14
82 1650 Tau-cadinol 0.24 0.27
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Table 1. Continued
No. RI Compound name wiw %
(DB-5) SDE HDE
83 1653 -Eudsmol 0.33 0.49
84 1657 Humulane-1,6-dien-3-ol 0.62 0.16
85 1664 [-Bisabolol 0.24 0.34
86 1665 Oxo-3-ionone - 0.16
87 1670 6-Cadinol 0.36 -
88 1674 BB-Cadinol 0.67 -
89 1675 Hexadecamethyl cyclooctasiloxane - 1.19
90 1680 Zingiberenol 0.49 0.14
91 1678 Aromadendrene epoxide 0.18 0.19
92 1689 17-Octadecynoic acid 0.19 -
93 1704 Heptadecane 0.20 0.15
94 1709 [3-Sinensal 0.25 0.83
95 1711 2-Ethylhexyl benzoate - 0.22
96 1716 Pentadecanal 0.79 1.55
97 1722 Benzyl benzoate 0.37 0.14
98 1726 Unknown 0.20 -
99 1739 4-(3-Hydroxy-6,6-dimethyl-2-methylenecyclohexyl)-3-buten-2-one 0.27 -
100 1740 3,7,11-Tremethyl-1-dodecanol - 0.15
101 1745 2-Methyl-1-hexadecanol - 0.15
102 1758 1,1'-(1,5-Pentanediyl)bis-cyclohexne - 0.18
103 1766 Aromadendrene oxide 0.22 -
104 1770 Tetradecanoic acid 0.35 0.47
105 1775 1,4-Dimethyl-7-(1-methylethyl)-azulene - 0.25
106 1783 4,6,6-Trimethyl-2-(3-methylbuta-1,3-dienyl)-3-oxatricyclo[5.1.0.0(2,4)] octane - 0.19
107 1790 4-Ethyl-undecane - 0.45
108 1805 Octadecanal - 0.18
109 1818 17-Chloro-7-heptadecyne - 0.21
110 1835 Octadecamethyl-cyclononasiloxane - 0.26
111 1841 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 0.77 1.87
112 1847 6,10,14-Trimethyl-2-pentadecanone 0.42 1.83
113 1868 Pentadecanoic acid - 0.30
114 1883 trans-9-Hexadecen-1-ol 0.63 0.55
115 1888 (2)-9,17-Octadecadienal - 0.14
116 1903 2-Nonadecanone - 0.30
117 1920 (E,E)-6,10,14-Trimethyl-5,9,13-pentadecatrien-2-one 0.45 1.32
118 1950 3,5,11,15-Tetramethyl-1-hexadecen-3-ol - 0.23
119 1965 Dibutyl phthalate 0.20 -
120 1981 n-Hexadecanoic acid 6.28 24.74
121 2012 n-Octadecanoic acid - 0.23
122 2029 Isopropyl palmitate - 0.40
123 2072 1.3-Bis-(2-cyclopropyl,2-methylcyclopropyl)-but-2-en-1-one - 0.13
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Table 1. Continued
No. RI Compound name wiw %
(DB-5) SDE HDE
124 2080 7,11-Hexadecadienal - 0.33
125 2086 10-Heneicosene 0.22 -
126 2101 9,12,15-Octadecatrienoate 0.25 -
127 2102 Phenylmethyl-6,9,12-octadecatrienoate - 0.18
128 2102 (227)-9,12,15-Octadecatrienoic acid - 0.35
129 2109 3,7,11,15-Tetramethyl-1-hexadecyn-3-ol - 0.19
130 2115 Phytol 1.37 3.72
131 2131 2,6,10,15-Tetramethyl-heptadecane - 1.20
132 2139 2-(3-acetoxy-4,4,14-Trimethylandrost-8-en-17-yl)-propanoic acid - 0.58
133 2139 1-Heptatriacotanol 0.33 -
134 2144 2-Methyl-2-undecanethiol - 0.94
135 2146 9,12,15-Octadecatrienoic acid 0.26 -
136 2149 1,1-Dimethylethyl hexadecanoate - 1.03
137 2300 Tricosane 0.49 0.44
138 2417 2-Methyl-nonadecane - 0.41
139 2420 Bis(2-ethylhexyl)hexanedioate 227 -
140 2482 2-Ethyl hexadecyl hexanoate - 0.26
141 2502 Pentacosane 2.24 2.58
142 2549 Decyl-2-ethylhexyl ester phthalic acid - 0.23
143 2600 Hexacosane - 0.38
144 2600 Bis(2-ethylhexyl)phthalate 1.29 -
145 2606 9-Octyl-heptadecane - 1.35
146 2689 2-Methyl octadecane 0.63 -
147 2689 2-Methyl eicosane 0.98 0.81
148 2712 Heptacosane 0.39 -
Total 88.55 84.98

2 &Q1= itk Caryophyllene?] AFSHE¢l caryophyllene oxide
€ 9 ZUT 3834 48D BA5l 2E Po 2o
HS 2015), SDE Hhl o2 2&3 u]od3 HoolHs 7.68%,
HDE Whes 32 xg% 4% 440% BREll st
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3}th(Arctander S 1969). Dihydro neoclovene2 SDE HIHH o 2
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Phytol(CoHy0)2 TIE| 28 AFE2 A EA YollA =44
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Table 2. Constitution of functional groups of essential oil
composition from Solidago virga-aurea var. asiatica Nakai
by SDE and HDE methods

) Total No. wiw %
Functional group
SDE HDE SDE HDE
Aliphatics 7 17 515 11.57
Hydrocarbons Monoterpenes 3 - 6.35 -
Sesquiterpenes 16 18 11.05 11.70
Aliphatics 6 5 345 414
Aldehydes
Terpenes 2 1 0.71 0.83
Aliphatics 10 11 5.61 544
Monoterpenes 12 2 551 198
Alcohols )
Sesquiterpenes 12 15 2123 492
Diterpenes 2 1 1.70  3.72
Ketones 7 6 4.73  3.13
Esters 12 10 6.86 4.12
Oxides and epoxides 5 4 892 6.32
Acids 4 7.08 26.90
Miscellareous 1 1 020 0.21
Total 99 98 8855 84.98

o] DNA §4 TS

AAFe=N F % il
(Lee 5 1999), A 2AZE vlaaz] AAASHE RiEFo=
A8} T3 Phoenix 5 1989)= oju] & <HA v} gik

WY Aol e ErHzEd 9 ALFHEAFE
Fatstel goF aE B|Este] ket Aol e
2 FT o] #otAAL Sl A oIeKGould MN 1997; Zhang
E 2005; Al-Massarani SM 2014). 2122] §7]o] g3t 7| =
suold HzH geeanros A58 gHEa7) o
F717F FHIFER PV FEoME o5 BE=Tt
o 2} &, B2 wekhaRRs o5 s, o
&, AL, 011’\51]‘3 3 SARo|E FE7E AFAGIAM
293 H)|2S A5t Ao Hol E}(Oh & Whang 2003).
SDEE %23 Ago|A= HDEZ 223 ggo|Anr} &
7] Al B +8440] B2 HEA geleaio] Aotd
Fe7} gol 22HAh

F&ol met 499 ARl Zo]7h Holm, )2 )
B5H B4R hErha B 4 Qo wehi A0 A%
AN F2T AFdES B8 Alolle & S =t 2%

We 2Esks o] HiYT Aoz Bk

k0
12
a
b
T

uledz B4o) 85t Q8- £4517] 98] SDE 9 HDE

-og:

= A=A E YA
YU BHAES FE5H] GC W GCMSE BT 2,
Z}z}F 99% 9 98%9] sighEo] E9l= Qi) SDE HhHe g &

7}
&3 1939 Aol spathulenol ] gHFo] 15.66%2 7}
A =9ko ™, caryophyllene oxide(7.68%), valencene(3.12%),
undecanone(2.97%), limonene(2.92%) |31t HDE #AX] 2
Z=Z3}o] B A8t A3}, hexadecanoic acid2] ko] 24.74%=

7% &=9k31, caryophyllene oxide(4.40%), phytol(3.72%), dihydro

neoclovene(3 46%), pentacosane(2.58%)2] 0|1t} SDE Hd
25 Agol4 BIE 9709 4R F FTEFH} 36

7H§ 34. OS%E Z}A) 3} tE HDE AR 2 225 A-gofA 7}
2 o SRS RSl AAELS ALEZ T7)2] ARE T 26.90%
£ A 5HE A eSsleaiol 471 35702 7 E©9kaL, 23.27%
£ AA|3H9ck. SDE W02 F&% 3fol AL HDE ¥4
o8 253 AFEY 7] Aol B §-840] ¥2 HE
A whalafo) AkekE e Wol 229tk web 4]
FAY] HBN 25T ARALS BEY A F 54
of we 22uHe gesh Aol uigAE Aow Bl

o] =2 20109% WS Ado 2 d=a+
Ao A Yg ol +3H 712 AFAFI(2010-0021285)0]
olo HAIEHY .
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