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Analysis of Volatile Components of Elsholtzia densa Grown in Qinghai Province

BAO Jin-yuan®, LI Jun-giao™™, XIAO Yuan-can®
(1. College of Chemistry and Life Science, Qinghai University for Nationalities, Xining 810007, China;
2. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China)

Abstract: Purpose: To analyze volatile components in various parts of Elsholtzia densa at various growth stages and various
altitude areas. Methods: The volatile oil of Elsholtzia densa was extracted by steam distillation method. The identification
was performed by gas chromatography-mass spectrometry (GC-MS) and the quantification was conducted by GC using
peak area normalization method. Results: The flowers and leaves of Elsholtzia densa were the major parts where volatile
components were emitted. The early flowering and full bloom stages were the major periods for the emission of volatile
components. In addition, there was an increasing trend of volatile components contents with the increasing altitude where
Elsholtzia densa was grown. It was found that the major volatile components in Elsholtzia densa were identified to be
alkenes (34.57%), alcohols (17.17%), phenols (14.68%), acids (9.91%), alkanes (9.52%), aldehydes, esters, aromatic
hydrocarbons and ethers (5.44% in combination). Their contents varied with growth phases, parts and altitudes. Conclusion:
This study has provided a scientific basis for scientific collection, effective development and use of Elsholtzia densa as well
as the formulation of quality standards.
Key words: Elsholtzia densa; volatile components; gas chromatography-mass spectrometry
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Fig.1 Classification of major volatile components in various parts of
Elsholtzia densa
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Tablel Major volatile components and their contents in various parts of Elsholizia densa
1%
/min
1 6.983 4- -1-01- O [3.1.0] 4-methyl-1-(1-methylethyl)-bicyclo[3.1.0]hexane — — 0.31
2 7.176 o- alpha-pinene — 0.12 —
3 8.635 1- -3-  1l-octen-3-ol — — 0.75
4 9812 1- -4-01- 0-13- 1-methyl-4-(1-methylethyl)-1,3-cyclohexadiene — 0.18 —
5 9.843 1-methyl-4-(1-methylethylidene)-cyclohexene 0.11 0.13 0.55
6 10.120 1- -2-0 1- O 1-methyl-2-(1-methylethyl)-benzene — 0.20 0.59
7 10.254 D-limonene — — 2.64
8 11.001 0z0-3,7- -1,3,6- (2)-3,7-dimethyl-1,3,6-octatriene 2.04 2.50 6.52
9 11.336 1- -4-00 1- 0-1,4- 1-methyl-4-(1-methylethyl)-1,4-cyclohexadiene 1.13 142 4.72
10 12.765 2,3,5,6- 2,3,5,6-tetramethyl-phenol — 10.38 16.26
11 12.813 3,7- -1,6- -3- 0 0 3,7-dimethyl-1,6-octadien-3-ol 0.51 0.63 0.63
12 14.3610 6- [3.1.0] 6-methylene-bicyclo[3.1.0]hexane 8.03 10.01 12.77
13 15.103 ( ) borneol — — 0.12
14 15.549 o oO- (' )-spathulenol 8.87 11.08 12.04
15 16.306 4-01- O 4-(1-methylethyl)-benzaldehyde — 0.12 0.21
16 16.854 2- -5- 2-methyl-5-(I-methylethyl)-phenol 2.58 214 2.85
17 18.27 1- -4-0 1- 0  1-methoxy-4-(1-propenyl)-benzene 1.26 — —
18 18.819 4-001- 0-1- -1- OL- O 4-(1-methylethenyl)-1-cyclohexene-1-carboxaldehyde  — — 0.29
19 19.440 thymol — 0.25 —
20 22174 copaene 0.11 0.20 0.25
21 22703 1- -1- -24- 01- D[ls_(lalplh—ae’tgggzléll—'}l—bn;f;r)})fl—2,4—bis(l—methylethenyl)—cyclohexane, o 0.31 0.18
22 22913 0zo-3- -2-0 2- 0-2- -1-  3-methyl-2-(2-pentenyl)-2-cyclopenten-1-one, (Z)- 3.14 1.06 0.15
23 23559 caryophyllene — 1.19 1.24
24 23.906 o o- - ( )-epi-bicyclosesquiphellandrene — — 0.25
25 24.624 0zzz0-1,5,9,9- -1,4,7- (Z,2,2)-1,5,9,9-tetramethyl-1,4,7-cycloundecatriene 1.64 1.71 1.96
26 24.684 a- a-caryophellene — 2.99 1.73
27 25513 [S-(E,I[ES)]-D:I.-ErﬁEeEh]yll-S-met?lyIene-S-Egll;er%ethylethyl)D-1,léfcyclodecadiene 879 10.06 >08
28 25.907 26- 604 -3 O- [311] -2 bicyclo[31.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)-  — 3.27 2.98
29 25916 03Z6E0-3,7,11- -1,3,6,10- Oo- O 3,7,11-trimethyl-1,3,6,10-dodecatetraene, (3E,6E)- 2.05 2.77 3.52
30 25.941 B germacrene B 412 — —
31 26.201 - [1S-(1alpha,2beta,4beta)]-1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-cyclohexane —_ — 0.10
32 26.746 [ 1S-cis( -4,7- -1-01- 0-1,2,3,5,6,8a- 4,7-dimethyl-1-(1-methylethyl)-1,2,3,5,6,8a-hexa  0.62 0.75 0.93
33 27192 03S,6E0-3,7,11- -1,6,10- -3-  (3S,6E)-3,7,11-trimethyl-1,6,10-dodecatrien-3-ol — 0.93 —
34 28265 1- -1,7- -4- -2,7- 1-hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene 0.23 1.06 0.57
35 30.504 o- alpha-cadinol — 0.98 0.43
36 31.10 n-hexadecanoic acid 19.42 0.24 —
37 35.20 9,12-octadecadienoic acid, (Z,2)- 3.25 0.45 0.85
38 3575 9,12,15-octadecatrienoic acid, (Z,Z,2)- 4.44 1.35 1.28
39 36.514 00000000000 phthalic acid, isobutyl octadecyl ester 1.65 1.75 211
40 38.824 2- - 2-octyl-cyclopropaneoctanal — — 0.14
41 41.888 phytol — — 0.13
0.1% —.
19.42% 8.87% 8.79% 8.03% 1
17 11 7
6- [3.1.0]
8.03% 11.01% 12.77%

2
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Table2 Major volatile components and their contents in Elsholizia densa at various growth stages
1%
H /min
1 7.125 o- alpha-pinene —_ 0.14 0.16 0.17 —_
2 8.445 p- beta-myrcene 0.11 0.15 0.19 0.16 0.20
3 8.552 p- beta-pinene — — 0.58 — —
4 8.740 1- -3-  l-octen-3-ol — 0.37 0.77 0.29 —
5 9.857 1-methyl-4-(1-methylethylidene)-cyclohexene 0.11 0.53 0.55 0.48 0.21
6 10.198 1- -2-01- 0  1-methyl-2-(1-methylethyl)-benzene — 0.50 0.59 0.49 0.16
7 10.302 D-limonene — 0.58 0.62 0.51 —
8 10.631 0z0-3,7- -1,3,6- (2)-3,7-dimethyl-1,3,6-octatriene — 4.98 5.32 3.01 2.07
9 11.328 1 401- 0-14- 1-methyl-4-(1-methylethyl)-1,4-cyclohexadiene — 3.69 3.78 331 2.56
10 11.548 acetophenone — 0.20 0.24 0.11 —
11 12.702 4- 4-(1-methylethyl)-benzenemethanol 1.05 221 3.86 2.28 2.01
12 12.759 2,3,5,6- 2,3,5,6-tetramethyl-phenol 8.06 8.21 8.81 8.68 7.67
13 12.808 3,7- -1,6- -3- O 0 3,7-dimethyl-1,6-octadien-3-ol 0.25 0.62 0.68 0.47 —
14 14.327 [3.1.0] 6-methylene-bicyclo[3.1.0]hexane 4.01 6.28 7.52 6.03 1.09
15 15.009 ( ) borneol — — 0.12 — —
16 15.634 o 0O- (' )-spathulenol 2.35 5.85 7.42 6.64 281
17 16.172 0zOo-3- -3- butanoic acid, 3-hexenyl ester, (2)- 0.24 0.75 0.63 0.60 0.41
18 16.854 2- -5- O 0 2-methyl-5-(I-methylethyl)-phenol 40.12 1431 587 1576 3554
19 17.213 tricyclazole — — — 0.11 0.10
20 18.301 1- -4-00 1- O 1-methoxy-4-(1-propenyl)-benzene —_ 112 0.35 131 1.02
21 19.426 phytol — 0.97 113 0.11 0.10
0zo-3- -2-0 2- 0-2- -1-
22 22.954 3-methyl-2-(2-pentenyl)-2-cyclopenten-1-one, (2)- - 095 120 - -
23 23.627 caryophyllene 1.08 254 2.22 231 —
027270-15,9,9- -1,4,7-
24 24.619 (Z2,2,2)-1,5,9,9-tetramethyl-1,4,7-cycloundecatriene - 2.25 217 202 -
25 24.688 o- a-caryophellene 1.84 2.86 2.02 2.57 2.01
[S-0EEO]-1- -5- -8-0 1- 0-1,6- [S-(E,E)]-
26 25532 1-methyl-5-methylene-8-(1-methylethyl)-1,6-cyclodecadiene 213 89 9.45 8.68 3.02
2,6- 6-04- -3 0o- [3811] -2-
27 25916 bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- - 120 219 2.98. 167
28 25.938 B germacrene B 12.56 4.67 3.25 0.18 —
03Z,6E0-3,7,11- -1,3,6,10- - Oa- O 1.07
29 25.947 3,7,11-trimethyl-1,3,6,10-dodecatetraene, (3E,6E)- - 2.01 187 135
0 1S-cisO) -4,7- -1-01- 0-1,2,35,6,8a-
30 26.751 4,7-dimethyl-1-(1-methylethyl)-1,2.3,5.6 8a-hexa - - 0% = -
0 3S,6E0 -3,7,11- -1,6,10- -3-
a1 27201 (35,6E)-3,7,11-trimethyl-1,6.10-dodecatrien-3-ol - L1 118 — -
- -1,7- -4- -2,7-
32 28.236 1-hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene - - 112 - -
33 30.484 a- a-cadinol — — 0.94 — —
34 31.237 n-hexadecanoic acid 0.78 3.28 6.06 524 5.08
35 35.215 9,12-octadecadienoic acid, (Z,2)- 1.35 1.28 1.34 1.13 1.01
36 35.765 9,12,15-octadecatrienoic acid, (Z,Z,2)- 0.12 152 151 1.28 0.97
37 36.558 00000000000 phthalic acid, isobutyl octadecyl ester 0.10 1.67 184 1.15 0.92
38 37.353 000000000 1,2-benzenedicarboxylic acid, butyl octyl ester — 0.98 1.18 1.13 —
13.13% 0.11% 0.30% 0.32%
26.85% 14.68% 12.56% 0.24% 0.12%

10.01%

2711% 1999% 961%

8.03% 2

2.2 2
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Table3 Volatile components and their relative contents in Elsholizia densa from various altitude areas
1%
/min 2300m 2800m  3400m  3900m

1 7.132 a- alpha-pinene — 0.10 0.13 —

2 8.453 p- beta-myrcene 0.20 0.21 0.18 0.23
3 8.549 p- beta-pinene 0.43 0.55 0.60 0.61
4 8.735 1- -3- 1-octen-3-ol 0.78 0.71 — 0.87
5 9.172 3- 3-octanol 0.50 — — —

6 9.843 1-methyl-4-(1-methylethylidene)-cyclohexene — 0.57 0.67 0.72
7 10.185 1- -2-01- 0O  1-methyl-2-(1-methylethyl)-benzene 0.82 0.58 0.38 0.63
8 10.254 D-limonene 0.58 0.65 0.71 0.72
9 10615 0zo-3,7- -1,3,6- (2)-3,7-dimethyl-1,3,6-octatriene 4.33 522 5.05 5.30
10 11336 1- -4-0 1- 0-1,4- 1-methyl-4-(1-methylethyl)-1,4-cyclohexadiene  2.28 3.81 4.01 4.10
11 11571 acetophenone — 0.34 — 0.22
12 12.695 4- 4-(1-methylethyl)-benzenemethanol 3.62 381 6.07 6.31
13 12.762 2,3,5,6- 2,3,5,6-tetramethyl-phenol 10.45 10.72 12.42 11.65
14 12.813 3,7- -1,6- -3- O 0 3,7-dimethyl-1,6-octadien-3-ol — 0.62 0.52 0.67
15 14.356 6- [3.1.0] 6-methylene-bicyclo[3.1.0]hexane 8.73 8.49 9.00 9.29
16 15.110 g O borneol 0.35 1.15 0.15 1.23
17 15554 o 0O- (' )-spathulenol 7.78 7.32 7.52 8.45
18 16.193 0zo-3- -3- butanoic acid, 3-hexenyl ester, (Z)- 0.31 0.65 0.49 0.58
19 16.277 2-02- -2- O 2-(2-methyl-2-propenyl)-phenol 0.16 — — 0.31
20 16.306 4-01- O 4-(1-methylethyl)-benzaldehyde 0.19 — 0.24 —

21 16.854 2- -5- O O (2-methyl-5-(I-methylethyl)-phenol) 4.26 5.84 491 5.14
22 18.270 1- -4-00 1- 0  1-methoxy-4-(1-propenyl)-benzene 0.94 0.92 1.02 1.78
23 19.430 phytol 1.08 211 152 1.79
24 20551 -400 140 ,11- eudesma-4(14),11-diene — — 0.28 0.31
25 22954 0ZzZ0-3- -2-0 2- O-2- -1-  3-methyl-2-(2-pentenyl)-2-cyclopenten-1-one, (2)- — 1.00 111 1.28
26  23.559 caryophyllene 2.37 2.27 253 254
27  23.906 o o- - (' )-epi-bicyclosesquiphellandrene — — 0.57 —

28 24619 (Z,Z,g)-zi,zé,z9m,9-}[’ei’r%r?ﬁethyl-1,4111171',-7cycloundecatriene 2.23 2.21 2.21 -

29 24684 o- a-caryophellene 2.01 211 2.28 2.30
30 25520 [S—(E,I[Eﬁ]—Dl—En’]Ee%Jyll—S—metiylene—B—%Emlethylethyl)D—1,16—60yclodecadiene 918 9.50 6.77 9.30
sl 25917 bicyclgig.l.1]hep$—2|]—e4ne, 2,6—3dimethy?—G—(4—n[1%t1H:)L/]l—3—|§entenyl)— 220 214 - 125
32 25938 B germacrene B 3.08 331 3.38 341
33 25941 . g,zf,lel?trﬁgé%r}yl-l,:B,G,116-3(’j%égcatetraene, EgE,GE)- 2.58 133 2.34 3.10
34 25952 o- alpha-cadinol — — 0.28 0.34
35 26.780 . lS_X,I;-Ddi_fn';hw-1-(il-;r?e%r;ylethyn-Eé,lé,zé%%gfﬁz;(a ogs %% oe7  om
36 27.198 0 3S6EO-3,7,11- -1,6,10- -3-  (3S,6E)-3,7,11-trimethyl-1,6,10-dodecatrien-3-ol  2.14 1.96 1.97 231
37 28262 1- -1,7- -4- -2,7- 1-hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene  2.14 1.19 1.20 121
38 30.496 a- alpha-cadinol 1.25 1.90 1.94 231
39 31221 n-hexadecanoic acid 2.38 311 — 0.83
40 35.201 9,12-octadecadienoic acid, (Z,2)- 1.30 1.35 1.00 1.03
41 35.521 6,10,14- - -2-  6,10,14-trimethyl-2-pentadecanone — — — 0.57
42 35.757 9,12,15-octadecatrienoic acid, (Z,Z,2)- 1.50 154 0.68 0.57
43  36.561 phthalic acid, isobutyl octadecyl ester 1.21 0.31 1.01 1.95
44  37.334 000000000 1,2-benzenedicarboxylic acid, butyl octyl ester 1.93 0.21 157 —

45  38.824 2- - 2-octyl-cyclopropaneoctanal — — 0.48 0.56
46  49.924 pentaacosane — — 0.31 1.22

37 31 22 2- - 6- [3.1.0]
-5- 2,3,5,6- [S- EE ]- B 7
1-  -5- -8- 1- -1,6- 5
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Fig.2  Classification of major volatile components at various growth
stages of Elsholtzia densa
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