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The Variation of the Major Compounds of Artemisia princeps var. orientalis (Pampan)
Hara Essential Oil by Harvest Year
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Dept. of Food Nutrition, Kyungin Women's University, Incheon 407-740, Korea

Abstract

This study investigated the chemical composition of Artemisia princeps var. orientalis (Pampan) Hara (ssuk in Korea)
essential oil and the quantitative changes of major terpene compounds according to the time of harvest. The essential oils
obtained by hydrodistillation extraction from the aerial parts of ssuk were analyzed by GC and GC-MS. The essential oil
composition of ssuk was characterized by higher contents of mono- and sesqui- terpene compounds. Ninety-nine volatile
flavor compounds were identified in the essential oil from ssuk harvested in 2010, with camphor (11.9%), B-caryophyllene
(9.11%), dehydrocarveol (8.51%), and borneol (7.72%) being the most abundant compounds. Eighty-three compounds were
identified in the essential oil from the plant harvested in 2011, with borneol (12.36%), caryophyllene oxide (12.29%), B
-caryophyllene (10.24%), camphor (9.13%), and thujone (8.4%) being the most abundant compounds. Eighty-four compounds
were identified in the essential oil from the plant harvested in 2012, with [B-caryophyllene (20.25%), caryophyllene oxide
(14.63%), and thujone (11.55%) being the major compounds. Eighty-nine compounds were identified in the essential oil
from the plant harvested in 2013, with thujone (23.11%), alloaromadendrene oxide (12.3%), and [3-caryophyllene (11.48%)
being the most abundant compounds. Thujone and aromadendrene oxide contents increased significantly from 2010 to 2013,
while camphor and dehydrocarveol contents decreased significantly during those 4 years. The quantitative changes in these
4 compounds according to the time of harvest can served as a quality index for ssuk essential oil. The ecological responses
to recent climate changes may be reflected in the chemical components of natural plant essential oils.
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Table 1. Essential oil composition of Artemisia princeps var. orientalis (Pampan) Hara

Harvesting time (w/'w %)

No Compound name
Oct. 2010 Oct. 2011 Oct. 2012 Oct. 2013

1 Heptane - 0.04 - -
2 Pentanone - 0.02 - -
3 Methyl butanoate - 0.07 - -
4 2,2,4-Trimethyl-pentane - 0.06 - -
5 4-Hydroxy-4-methyl-2-pentanone - 0.83 - -
6 Butanol - 0.03 - -
7 a-Pinene 0.24 0.06 0.05 -
8 Camphene 0.31 0.06 - 0.25
9 1-Octen-3-ol 1.14 0.70 0.43 1.60
10  [3-Pinene 0.19 - - 1.33
11 Myrcene 0.36 0.04 0.05 0.20
12 a-Phellandrene 1.96 - - -
13 8-Methyl-1,8-nonandiol - 0.03 - -
14 3,3,6-Trimethyl-1,4-heptadien-6-ol - 2.08 0.65 3.11
15  4-Terpinyl acetate - - - 0.12
16  4-Isopropyl-3-methoxymethylene-1,1-dimethyl-cyclohexane - - - 0.11
17 p-Cymene 0.42 0.28 0.10 0.37
18  D-Limonene 0.25 - - 0.33
19 1,8-Cineol 4.01 0.09 - -
20 Eucalyptol - 3.50 0.38 243
21  y-Terpinene 0.37 0.12 0.21 0.27
22 3,3,6-Trimethyl-1,5-heptadien-4-ol - - - 2.52
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Table 1. Continued
Harvesting time (w/'w %)
No Compound name
Oct. 2010 Oct. 2011 Oct. 2012 Oct. 2013
23 1-Nonen-3-ol - - - 0.08
24 Octanol 0.13 0.06 - 0.06
25  Terpinolene 1.67 0.67 - 0.20
26  3,7-Dimethyl-1,6-octadien-3-ol 0.29 - - 0.14
27  1-Methyl-4-(1-methylethylidene)-cyclohexane - - - 0.09
28  Thujone 3.56 8.40 11.55 23.11
29  Nonanal - - 0.07 -
30 1-Octen-1-0l, acetate - - - 0.11
31  4-Methyl-1-(1-methylethyl)-bicycle[3.1.0]hexan-3-one - - - 291
32 6-Camphenol - - 0.15 -
33 a-Campholenal - - - 0.06
34 1S~(1a,33,58)]-6,6-dimethyl-2-bicyclo[3.1.1]heptan-3-ol - - - 0.28
35 5-Caranol 0.15 0.04 - -
36  Benzenacetaldehyde - - - 0.08
37  trans-Limonene oxide 0.14 0.15 - 0.05
38  Camphor 11.90 9.13 5.49 -
39  p-Mentha-1(7),2-dien-8-ol - 0.05 - -
40  Isoborneol 0.14 - - -
41  2-Nonenal 0.12 0.05 - -
42 2(10)-Pinen-3-one 0.41 1.49 0.27 -
43 Verbenol - - - 3.80
44 Borneol 7.72 12.36 - -
45  2-Bornanone - - - 2.45
46  p-Mentha-1,5-dien-8-ol 419 1.89 - 0.13
47  Endo-borneol - - 2.18 2.26
48  p-Cymen-7-ol - - - 0.10
49  a-Terpineol 1.33 0.60 0.22 0.16
50  Terpinen-4-ol 0.13 0.08 - -
51 2,6-Dimethyl-5,7-octadien-2-ol 0.28 0.16 - -
52 3,3,6-Trimethyl-1,5-heptadien-4-ol - - - 1.50
53 (R)-4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol - - 0.28 0.73
54 Myrtenol 0.42 0.03 0.23 0.26
55 2,7,7-Trimethyl-bicyclo[3.1.1]hept-2-en-6-one - - - 0.12
56  7,7-Dimethyl-2-methylene-bicyclo[2,2,1] heptane - - 0.11 -
57  3-Carene - - - 0.15
58  4-(1-methylethenyl)-1-cyclohexene-1-carboxaldehyde - - 0.07 0.12
59  1,7,7-Trimethyl-(1S-endo)-bicyclo[2.2.1]heptan-2-ol, acetate - - - 0.51
60  5-Methyl-2-(1-methylethenyl)-4-hexen-1-ol, acetate - - 0.57 0.34
61  3-Methyl-6-(1-methylethylidene)-cyclohexene - - 0.11 -
62 2-Ethenyl-1,3,3-trimethyl-cyclohexene - - 0.09 -
63 Myrtenyl acetate - - - 0.35
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Table 1. Continued
Harvesting time (w/'w %)
No Compound name
Oct. 2010 Oct. 2011 Oct. 2012 Oct. 2013
64  Decanal 0.10 - - -
65  (EE)-2,4-Decadienal - - - 0.12
66  (E)-Carveol 0.18 - - -
67  trans-3(10)-Caren-2-ol 0.23 - - -
68  Isobornyl fomate 0.10 - 0.09 -
69  2-Methyl-3-phenyl propanal 0.10 - - -
70 Neral 0.10 - - -
71  Linalyl acetate 0.10 0.14 - -
72 Decanol 0.78 0.03 - -
73 Epoxy-2-nonenal 0.18 0.02 - -
74 Bornyl acetate - 223 0.42 -
75  Undecanal 0.82 - - -
76 Lavandulol acetate 0.79 0.98 0.05 -
77 Thymol 0.20 0.03 0.21 -
78  (EE)-2,4-Decadienal 0.17 0.03 - -
79  6-Murrolene 0.09 0.02 - -
80  a-Cubebene 0.10 - - 0.07
81  Eugenol - - - 0.07
82  Dehydro aromadendrene 0.10 - - -
83  (E)-2-Undecenal 0.10 - - -
84  Copaene 0.19 - - 0.27
85  (Z2)-3-Hexenylhexanoate 0.26 0.03 - -
86  a-Bourbonene 0.10 0.06 0.22 0.20
87  cis-Muurola-4(14),5-diene - - 0.10 -
88 [B-Elemene 0.28 0.02 0.50 0.77
89  B-Caryophyllene 9.11 10.24 20.25 11.48
90  2,6-Dimethyl-2,7-octadiene-1,6-diol - - - 0.08
91 2,9-Dimethyl-2,7-octadiene - - 0.08 -
92 cis-Muurola-4(14),5-diene - - 0.08 -
93 a-Caryophyllene 3.41 3.28 5.77 3.72
94 2-Dodecenal 0.51 - 0.09 -
95  p-Mentha-1-en-9-ol 2.66 1.02 9.64 -
96  Germacrene D 0.29 0.09 1.21 -
97  Valencene 0.26 - - -
98  a-Zingiberene 0.40 - - -
99  cis-a-Farnesene - - 0.80 -
100  trans-a-Farnesene 0.13 0.02 0.28 0.50
101 Geranyl isobutyrate - - 0.16 0.15
102 Cycloisolongifolene - - 0.11 -
103 c-Muurolene - - - 0.17
104  [B-Cubebene - - - 5.52
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Table 1. Continued
Harvesting time (w/'w %)
No Compound name
Oct. 2010 Oct. 2011 Oct. 2012 Oct. 2013
105  Guaia-9,11-diene - - - 0.09
106  c-Elemene - - - 0.61
107 Neryl-2-methylbutanoate - - - 0.12
108  cis-Muurola-3,5-diene - - 0.15 0.21
109  Tridecanal 0.11 - - -
110 Methyl laurate 0.28 0.03 0.59 -
111 Isocaryophillene 0.40 0.03 1.15 -
112 a-Muurolene 0.25 0.08 0.67 0.16
113 Valencene - - 0.16 -
114 Cadinadiene 0.59 0.05 0.05 -
115  Cadala-1(10),3,8-triene - - 0.11 -
116  Bornyl isovalerate 0.20 - - -
117 Epiglobulol 0.31 - - -
118  Humulane-1,6-dien-3-ol - - - 0.10
119 Nerolidol 0.11 0.43 0.71 0.44
120 Elemol 0.78 0.19 0.15 -
121 (E)-3,7,11-Trimethyl-1,6,10-dodecatrien-3-ol - - 0.67 -
122 Germacrene B 0.19 0.09 - -
123 Caryophyllene oxide 0.64 12.29 14.63 0.80
124 Isopropyl benzoate - 0.35 2.34 -
125  Aromadendrene oxide - - 0.12 -
126  Vridiflorol - - 0.44 -
127 3,12-Diethyl-2,5,9-tetradecatriene - 0.02 0.07 -
128  Calarene epoxide - - 0.09 -
129  a-Estradiol - 0.19 0.10 -
130 Dehydrocarveol 8.51 2.10 0.37 0.35
131  Longifolene - - - 0.07
132 a-Bisabolene epoxide 541 - 2.54 0.18
133 Hexadecane 0.21 - - -
134 Cedrenol 0.27 - - -
135  Geranyl isovalerate 344 0.03 0.06 -
136  Spathulenol 0.29 0.02 0.33 1.09
137 Aromadendrene oxide 0.11 0.23 0.29 12.30
138  Citronellyl valerate 0.09 - - 2.18
139 Cubenol 0.46 0.02 0.39 0.10
140  T-Muurolol 0.44 0.07 0.32 0.38
141  Humulene oxide 0.78 0.21 0.13 0.22
142 Geranyl valerate 0.48 0.52 0.16 0.10
143 4,4-Dimethyl-tetracyclo[6.3.2.0(2,5).0(1.8)]tride-can-9-ol - - 0.73 0.26
144 Methyl tetradecanoate 0.23 0.09 - -
145  [-Eudesmol 0.20 0.02 0.07 0.09
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Table 1. Continued
Harvesting time (w/'w %)
No Compound name
Oct. 2010 Oct. 2011 Oct. 2012 Oct. 2013

146 a-Bisabolol 1.59 0.10 1.07 0.41
147 (E)-3,7,11-Trimethyl-1,6,10-dodecatrien-3-ol - 0.06 - 0.37
148 4-epi-Cubedol - - - 0.11
149  Cadala-1(10),3,8-triene - - 0.07 -
150  Globulol - - - 0.09
151  Isoaromadendrene epoxide 0.27 0.06 0.66 0.10
152 6-Cadinol 0.15 0.26 0.11 0.08
153 a-Cadinol 0.89 0.30 0.61 0.61
154 10-12-Pentacosadiynoic acid - - - 0.23
155  Zingiberenol 0.23 - - 0.08
156  (E)-2-Dodecen-1-ol 1.10 - - -
157  trans-Longipinocarveol - - - 0.24
158 1,8-Dimethyl-8,9-epoxy-4-isopropyl-spiro[4.5]decan-7-one - - - 0.12
159  Methyl-4,7,10,13-hexadecatetracnoate - - - 0.16
160  [3-Caryophyllene alcohol 0.23 0.02 - -
161  Pentadecanal 0.27 0.03 0.41 0.12
162 2,6,6-Trimethyl-1-cyclohexene-1-propanal - - 0.18 -
163 4-(3-Hydroxy-6,6-dimethyl-2-methylenecyclo-hexyl)-3-buten-2-one - - - 0.19
164  Heptadecenal - - - 0.08
165 Benzyl benzoate 0.10 0.42 0.30 -
166  Chumazulene - - 0.33 -
167  1,3-Bis-(2-cyclopropyl,2-methylcyclopropyl)-but-2-en-1-one - - 0.13 -
168  3-Methyl-2-pent-2-enyl-cyclopent-2-enone - - 0.15 -
169  3,7,11,15-Tetramethyl-2-hexadecen-1-ol - 0.14 - -
170  9-Eicosyne - 0.02 - -
171  trans, trans-Farnesol 0.21 - - -
172 2,5-Octadecadiynoate 0.10 - - -
173 Bornyl benzoate 0.37 - - -
174 10-Epi-y-eudesmol 0.11 - - -
175  Hexadecanone 0.21 - - -
176  2,6-Bis(2-methylpropylidene)-cyclohexanone 0.10 - - -
177 2-Methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-butenal - - - 0.14
178  6,10,14-Trimethyl-2-pentadecanone 0.29 - 0.37 0.37
179  Dibutyl phthalate - - 0.09 0.10
180  Sclareoloxide 0.11 - - -
181  n-Hexadecanoic acid 0.70 0.02 0.57 -
182 Phytol 0.20 - 0.36 -
183  2-Methyl-octadecane - - 0.06 -
184  Heneicosane - 0.02 - -
185  Lauric acid - 0.03 - -
186  Eicosane - 0.03 - -
187  Docosane - 0.03 - -

Total 95.68 80.01 97.28 99.36
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Table 2. Quantitative change of major terpenoids from Artemisia princeps var. orientalis (Pampan) Hara by harvesting time

Harvesting time

Compound

Oct. 2010 Oct. 2011 Oct. 2012 Oct. 2013
Camphor 11.9" 9.13° 5.49° -
Mono-  Dehydrocarveol 8.51% 2.10° 0.37° 0.35°
terpene  Borneol 7.72° 12.36¢ - -
Thujone 3.56 8.40° 11.55¢ 23.11¢
a-Caryophyllene 3.41* 3.28% 5.77° 3.72¢
Sesqui-  B3-Caryophyllene 9.11° 10.24° 20.25° 11.48¢
terpene  Cayophyllene oxide 0.64* 12.29° 14.63° 0.80°
Aromadendrene oxide 0.11° 0.23° 0.29° 12.30°
Total 44.96 58.03 58.35 51.76
*% (W/w)

Means with the same letter in a row are not significantly different by Duncan's multiple range test.
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Table 3. Information of the observation station
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Oct. 2011
o 2012
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Fig. 1. Quantitative changes of major terpenoids from
Artemisia princeps var. orientalis (Pampan) Hara by harvesting
time.

Station Lat.(N) Long.(E) H(m) Hb(m) Ht(m) Ha(m) Hr(m)
Pohang 36°01 " 129°22 7 23 2.7 1.6 15.4 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.
Table 4. Climate information of Pohang
2009 2010 2011 2012 2013 2014
Ave. temp.” 14.8 14.6 143 14.1 14.9 14.6
Max. temp.? 336 35.7 36.8 37.6 36.0
Min. temp.” -88 -74 -127 -115 -123 -83
Jan? 1.8 1.8 -1.6 22 0.9 34
Aug.” 24.8 279 258 26.6 28.8 239
Sep.? 22.0 229 225 21.5 226 21.9
Oct.” 18.0 17.3 16.5 16.8 17.7 169
DHY 189.2 188.5 182.8 186.6 204.4 192.6
Precipitation” 73.8 77.3 90.8 111.1 75.5 1115
RH'" 63.3 64.55 63.3 64.6 60.0 64.5

D Average temperature.

? The maximum temperature.

% The minimum temperature.

» The average temperature of January.

% The average temperature of August.

® The average temperature of September.
7 The average temperature of October.

% Daylight hours.

% The amount of rainfall.

19 Relative humidity.
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