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Abstract
Background and Objectives
To produce high-quality food and minimize risks from chemical applications, employing
economically viable alternative methods without chemical-related drawbacks is vital. Plant
essential oils (EOs) have garnered attention as potential insect pest control agents. The current
study examines the lethal effects of plant EOs on the Mediterranean flour moth (Ephestia
kuehniella Zeller) and the Indian meal moth (Plodia interpunctella (Hibner)).
Materials and Methods
This study examined the fumigant toxicity of eight Iranian pharmaceutical plant EOs: sweet
wormwood (Artemisia annua), black cumin (Elwendia persica), Shirazi thyme (Zataria
multiflora), costmary (Tanacetum balsamita), galbanum (Ferula gummosa), myrtle (Myrtus
communis), lemon (Citrus x limon) and marjoram (Origanum majorana) against eggs, first
instar larvae, and adults of P. interpunctella and E. kuehniella. Insects were maintained under
controlled conditions at 27 £ 2 °C, 60 £ 5% R.H., and a photoperiod of 14L:10D. Gas
Chromatography-Mass Spectrometry (GC-MS) was employed to identify the compounds
present in the tested plant EOs. The lethal concentration (LC) values were estimated using
probit analysis based on data obtained from preliminary and main bioassays.
Results
The predominant compounds (in term of %) identified in the EOs were as follows: A. annua:
Camphor (41.388), 1,8-Cineole (13.431); E. persica: o-Terpinolen (31.622), Limonene
(14.524), Propanal, 2-methyl-3-phenyl- (13.180); Z. multiflora: Carvacrol (60.593) and
Terbutaline, tris (trimethyl silyl) ether (11.229); T. balsamita: Carvone (42.607), (—)-Thujone
(17.600); F. gummosa: B-Thujene (34.234), B-pinene (22.371); M. communis: 3-3-Carene
(30.549), 1,8-Cineole (19.580), Carvacrol (13.987); C. limon: Limonene (55.131), and O.
majorana: (—)-Terpinen-4-ol (34.138), y-Terpinene (15.494). EOs exhibited comparable
ovicidal activity against the eggs of both species. Notably, A. annua EO displayed the highest
efficacy, with LCso values of 58.12 ul/L air for E. kuehniella and 51.55 pl/L air for P.
interpunctella. For E. kuehniella, the EOs of M. communis, Z. multiflora, and F. gummosa
followed suit in terms of efficacy, while E. persica, O. majorana, T. balsamita, and C. limon
EOs demonstrated the lowest ovicidal activity. Conversely, regarding P. interpunctella, the EOs
of M. communis, F. gummosa, Z. multiflora and E. persica exhibited the next highest efficacy,



whereas T. balsamita, O. majorana, and C. limon EOs displayed the least ovicidal activity.
Eggs of P. interpunctella exhibited slightly greater sensitivity compared to those of E.
kuehniella. The EOs of M. communis and A. annua demonstrated the highest efficacy against
first instar larvae of both species, with estimated LCso values of 84.19 and 76.64 pl/L air,
respectively. Following closely, EOs of A. annua and F. gummosa exhibited notable
effectiveness against first instar larvae of E. kuehniella, while EOs of M. communis and Z.
multiflora showed similar efficacy against first instar larvae of P. interpunctella. Conversely,
the EOs of C. limon, T. balsamita, O. majorana and E. persica displayed the least larvicidal
activity against E. kuehniella larvae, whereas the EOs of O. majorana and E. persica
demonstrated the lowest efficacy against P. interpunctella larvae. Consistent with the findings
concerning the eggs, the first instar larvae of P. interpunctella demonstrated slightly greater
sensitivity compared to those of E. kuehniella. The EOs exhibited similar lethal effects against
adults of both species. Notably, M. communis EO exhibited the highest lethality against male
and female adults of both species, followed by EOs of A. annua, E. persica and Z. multiflora.
Conversely, EOs of C. limon, T. balsamita, F. gummosa and O. majorana displayed the least
lethal effect. Interestingly, female adults showed greater tolerance compared to male adults.
Moreover, similar to the observations with eggs and first instar larvae, adults of P.
interpunctella displayed slightly greater sensitivity than those of E. kuehniella.

Discussion

The study findings highlight the significant lethal effects of various plant EOs, indicating
promising alternatives to hazardous chemical pesticides. Iran's rich pharmaceutical plant flora
contains diverse compounds, including volatile ones like EOs, which can be explored for their
medicinal, insecticidal, fungicidal and other properties. The availability of formulations derived
from complete plant EOs or their active components (i.e. insecticides, acaricides, fungicides
and herbicides) in the market suggests the potential for developing more potent and
environmentally friendly biorational pesticides through dedicated research in this field.
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Table 1. Estimated LCso and LCogs (ul/L air) for eggs of Ephestia kuehniella after 24 h exposure to different
concentrations of eight Iranian pharmaceutical plants
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LCso LCos X
Essential oil (95% CL) (95% CL) a+SE b+ SE (df) HF. Tl
Artemisia annua 58.12 a 114.22 a -269+026 3.35+0.11 22.06 0.788 100
(45.37-72.49) (93.04-138.56) (28)
Myrtus communis 92.28b 204.52 b -431+0.26 3.94+0.64 2034 0.782 62.98
(76.67-109.21)  (189.04-228.56) (26)
Zataria multiflora 110.55 be 203.44 b -5.67+0.34 461+£034 20.75 0.768 5257
(95.78-128.12)  (188.67-221.97) (27)
Ferula gummosa 115.64 bc 217.19b -544+056 356+056 19.64 0.786 50.26
(98.84-129.19)  (197.49-231.36) (25)
Elwendia persica 126.86 cd 253.82 ¢ -587+0.75 381075 1694 0605 4581
(107.94-141.74)  (224.49-279.81) (28)
Origanum majorana 138.58 cd 241.88¢ -6.01+055 4.06+0.55 16.13 0.576 41.94
(115.60-151.57)  (225.97-268.66) (28)
Tanacetum 147.14d 273.55cd -6.51+0.83 4.11+0.83 9.65 0.386 39.50
balsamita (130.55-163.47)  (245.29-302.77) (25)
Citrus limon 150.68d 298.76 d -6.27+0.48 3.94+048 1389 0.496 3857
(133.77-169.89)  (276.99-316.33) (28)

In columns with LC values, different lowercase letters show significant differences (a < 0.05) between estimated LC values
based on lethal concentration ratios (Robertson et al., 2017); H.F. = Heterogeneity factor; T.l. (Toxicity index: Sun, 1950) =
(LCso of the most effective compound/LCso of selected compound) x 100.
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Table 2. Estimated LCso and LCgs (pl/L air) for eggs of Plodia interpunctella after 24 h exposure to different
concentrations of eight Iranian pharmaceutical plants

2

LCso LCos X
Essential oil (95% CL) (95% CL) a+SE b+ SE (df) H.F. T.1.
Artemisia annua 51.55a 98.44 a -3.12+0.64 4.11+056 1453 0538 100
(44.66-61.84) (77.76-117.80) (27)
Myrtus communis 91.74 b 175.19 b -391+059 3.73+0.64 1941 0719 56.19
(81.59-110.45)  (156.29-197.66) (27)
Ferula gummosa 98.64 b 167.77 b -456+0.88 4.08+0.48 2022 0.809 52.26
(84.62-117.79)  (146.73-190.14) (25)
Zataria multiflora 98.79b 184.42 b -412+0.68 333+065 7.81 0279 5218
(83.38-116.75)  (163.88-202.85) (28)
Elwendia persica 115.72 b 221.86¢C -546+0.77 3.85+055 10.01 0.385 4455
(99.78-126.61)  (217.73-238.46) (26)
Tanacetum 129.49 cd 220.61c -6.41+0.73 4.72+0.80 16.02 0.616 39.81
balsamita (118.23-141.22)  (199.57-238.33) (26)
Origanum majorana 133.67d 249.44d -5.79+0.67 3.58+0.38 1229 0439 3856
(121.91-147.08)  (230.44-275.22) (28)
Citrus limon 136.53d 281.39e -5.67+057 325+x049 1732 0.693 37.76
(121.55-151.38)  (262.65-314.99) (25)

In columns with LC values, different lowercase letters show significant differences (o < 0.05) between estimated LC values
based on lethal concentration ratios (Robertson et al., 2017); H.F. = Heterogeneity factor; T.I. (Toxicity index: Sun, 1950) =
(LCso of the most effective compound/LCso of selected compound) x 100.
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Table 3. Estimated LCso and LCos (ul/L air) for first instar larvae of Ephestia kuehniella after 24 h exposure
to different concentrations of eight Iranian pharmaceutical plants

LCso LCos 1
Essential oil (95% CL) (95% CL) atSE b+ SE (dh) HF. Tl
Myrtus communis 84.19a 176.64 a -345+065 351+075 1422 0569 100
(72.64-109.19)  (141.28-202.41) (25)
Artemisia annua 11257 b 182.41a -6.38+094 512+061 1050 0.375 74.62
(103.69-131.76)  (158.33-204.55) (28)
Ferula gummosa 133.89 bc 284.14b -511+043 2.89+0.66 1237 0.495 62.88
(119.53-151.64)  (252.67-311.62) (25)
Zataria multiflora 149.66 cd 313.50 bc -5.91+055 349+0.71 2257 0.806 56.25
(132.49-164.82)  (279.78-340.11) (28)
Citrus limon 167.14 de 33781c -6.51+0.66 356+048 1401 0519 50.37
(148.58-185.37)  (307.29-362.84) (27)
Tanacetum 176.38 e 302.84 bc -758+0.38 4.63+059 1635 0.629 47.73
balsamita (161.18-196.46)  (275.53-334.80) (26)
Origanum majorana 188.34 ¢ 316.23 ¢ -8.14+044 532+089 1957 0.725 44.70
(169.97-203.77)  (280.46-342.22) (27)
Elwendia persica 192,59 e 411.32d -7.38+0.67 3.33+0.49 10.82 0433 4371
(177.26-208.79)  (384.09-447.59) (25)

In columns with LC values, different lowercase letters show significant differences (a < 0.05) between estimated
LC values based on lethal concentration ratios (Robertson et al., 2017); H.F. = Heterogeneity factor; T.l. (Toxicity
index: Sun, 1950) = (LCs of the most effective compound/LCs, of selected compound) x 100.
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Table 4. Estimated LCso and LCos (pl/L air) for first instar larvae of Plodia interpunctella after 24 h exposure
to different concentrations of eight Iranian pharmaceutical plants

LCso LCos x
Essential oil (95% CL) (95% CL) a*SE b + SE (df) H.F. T.1.
Artemisia annua 76.84 a 158.19 a -3.28+0.34 3.24+057 1685 0.674 100
(61.87-96.43) (124.33-187.22) (25)
Myrtus communis 103.76 b 181.76 a -5.37+0.26 437+098 2265 0.809 74.05
(88.70-120.16)  (161.42-202.75) (28)
Zataria multiflora 122.28 bc 260.74 b -5.69 +0.97 3.48 £0.57 13.36 0.495 62.84
(109.44-138.76)  (236.16-288.77) 27)
Ferula gummosa 136.90 cd 236.67 b -6.92+064 524+066 1999 0.714 56.13
(121.33-151.76)  (206.65-261.44) (28)
Citrus limon 153.42 de 317.28 ¢ -6.18+0.71 3.87+0.85 17.34 0.667 50.08
(134.60-174.11)  (281.76-344.21) (26)
Tanacetum 155.61 de 321.49 ¢ -6.11+£042 3.75+054 13.74 0509 49.38
balsamita (136.17-170.55)  (298.70-353.64) (27)
Origanum majorana 179.67 ef 338.71¢ -7.66+061 4.68+0.69 17.82 0.713 42.77
(161.83-196.88)  (307.28-364.88) (25)
Elwendia persica 181.56 f 32454 ¢ -791+063 521+0.77 1428 0.529 4232
(163.55-198.64)  (300.62-345.67) (27)

In columns with LC values, different lowercase letters show significant differences (o < 0.05) between estimated LC values
based on lethal concentration ratios (Robertson et al., 2017); H.F. = Heterogeneity factor; T.I. (Toxicity index: Sun, 1950) =
(LCso of the most effective compound/LCso of selected compound) x 100.
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Table 5. Estimated LCso and LCos (ul/L air) for adults of Ephestia kuehniella after 24 h exposure to different
concentrations of eight Iranian pharmaceutical plants

LCso LCogs
Essential oil (95% CL) (95% CL) atSE b+ SE vdfy HF. TlI
Male
Myrtus communis 46.76 a 95.76 a -238+053 375+0.28 1480 0.548 100
(34.79-62.50) (73.54-113.79) (27)
Artemisia annua 73.56b 151.44 b -341+082 3.82+067 17.02 0.608 63.57
(62.55-88.09) (134.61-175.22) (28)
Elwendia persica 88.67b 171.64 bc -351+048 350+061 1177 0471 5273
(71.36-106.29) (156.37-194.77) (25)
Zataria multiflora 92.46 bc 196.74 ¢ -4.27+057 3.88+0.27 1075 0.398 50.57
(79.23-111.64) (171.14-216.33) (27)
Citrus limon 118.76 cd 231.51d -5.76 £0.71  4.14+028 1297 0.499 39.37
(103.81-136.41)  (214.43-252.59) (26)
Tanacetum 122.94d 229.67d -6.32+0.25 472+0.38 1786 0.638 38.03
balsamita (107.38-140.67)  (208.23-247.80) (28)
Ferula gummosa 127.46 d 267.28 d -5.71+035 3.27+0.46 1974 0.705 36.69
(109.57-145.22)  (248.75-289.43) (28)
Origanum 128.43d 243.57d -6.21+£0.73 4.32+0.68 1238 0.476 36.41
majorana (110.73-145.79)  (222.37-264.84) (26)
Female
Myrtus communis 61.26 a 137.55 a -293+0.77 342+0.70 16.87 0.649 100
(48.61-80.46) (119.76-155.67) (26)
Artemisia annua 89.12b 183.06 b -353+054 350+0.37 1963 0.701 68.73
(75.44-106.58) (167.26-202.43) (28)
Elwendia persica 104.66 bc 202.67 bc -431+057 3.68+0.75 13.78 0.492 5853
(87.92-121.50) (181.38-224.18) (28)
Zataria multiflora 110.23 bed 226.49 cd -417+046 354+033 1320 0.528 b55.57
(94.13-129.74) (203.64-241.19) (25)
Citrus limon 129.46 cde 230.70d -6.43+0.64 445+0.76 1001 0.374 47.62
(116.36-144.17)  (212.76-252.44) 27)
Tanacetum 134.09 de 239.51d -6.25+0.79 431+0.67 1336 0.495 45.69
balsamita (117.69-151.74)  (216.77-254.63) (27)
Ferula gummosa 143.11 ef 295.16 e -5.88+0.24 359+0.36 17.03 0.655 42.81
(125.61-160.85)  (272.59-316.49) (26)
Origanum 164.55 f 288.11¢e -7.10+£091 4.82+069 1933 0.716 37.22
majorana (146.79-185.12)  (271.66-303.25) (27)
Total
Myrtus communis 54.19a 116.82 a -2.68+0.72 354+033 1345 0538 100
(41.61-71.25) (96.35-134.58) (25)
Artemisia annua 81.23b 167.51b -341+052 346+052 1544 0594 66.71
(68.90-97.24) (150.81-188.80) (26)
Elwendia persica 96.53 bc 187.63 bc -3.82+0.83 348+0.70 1139 0422 56.14
(79.58-113.76) (168.79-209.42) 27)
Zataria multiflora 101.38 cd 211.86 cd -419+042 3.67+058 1037 0.399 53.45
(86.57-120.52) (187.26-228.62) (26)
Citrus limon 123.97 de 231.33 ef -6.13+0.67 4.21+0.72 1024 0.394 4371
(109.79-140.13)  (213.47-251.42) (26)
Tanacetum 128.60 e 234.77 de -6.34+092 458+0.66 13.85 0.513 4214
balsamita (112.38-146.15)  (212.39-251.03) (27)
Ferula gummosa 135.33¢e 281.12 ¢ -5.85+0.37 3.38x+0.68 1552 0.621 40.04
(117.48-152.92)  (260.34-302.75) (25)
Origanum 146.53 ¢ 265.94 fg -6.76 £0.68 451+0.75 1330 0.532 36.98
majorana (128.65-165.33)  (246.85-283.88) (25)

In columns with LC values, different lowercase letters show significant differences (o < 0.05) between estimated LC values
based on lethal concentration ratios (Robertson et al., 2017); H.F. = Heterogeneity factor; T.I. (Toxicity index: Sun, 1950) =
(LCso of the most effective compound/LCso of selected compound) x 100.
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Table 6. Estimated LCso and LCoes (ul/L air) for adults of Plodia interpunctella after 24 h exposure to
different concentrations of eight Iranian pharmaceutical plants

LCso LCos %
Essential oil (95% CL) (95% CL) atSE b+ SE (df) HF Tl
Male
Myrtus communis 39.51a 75.37 a -247+042 401+084 1862 0.716 100
(26.34-54.19) (58.19-92.28) (26)
Artemisia annua 65.22 b 13755 b -3.11+021 352+043 1265 0.506 60.58
(49.21-82.74) (121.53-157.13) (25)
Elwendia persica 72.13b 152.27b -3.19+0.67 3.17+057 1845 0.738 54.78
(55.83-92.46) (135.92-170.84) (25)
Zataria multiflora 83.46 bc 146.77b -3.97+0.33 425+0.34 1453 0519 4734
(64.80-101.58) (126.54-161.49) (28)
Citrus limon 99.38 cd 186.94 ¢ -5.01+042 435+0.74 1820 0.674 39.76
(81.57-117.92) (170.33-209.73) (27)
Tanacetum 104.59 cd 21191 cd -458+0.69 3.80+0.94 1397 0559 37.78
balsamita (86.37-121.53) (190.44-229.88) (25)
Ferula gummosa 111.73d 230.61d -541+084 355+0.68 21.84 0.809 35.36
(93.61-130.79) (209.53-252.11) (27)
Origanum majorana 115.28d 218.59d -5.89+0.66 4.28+0.65 2055 0.734 34.27
(96.55-133.89) (200.88-235.35) (28)
Female
Myrtus communis 51.63a 121.66 a -251+0.77 353+043 1485 0.594 100
(33.44-69.87) (103.55-137.68) (25)
Artemisia annua 82.55b 157.33 b -3.82+054 411+057 1212 0449 6254
(63.24-103.16) (136.66-176.92) 27)
Elwendia persica 97.50 bc 21551 ¢ -421+057 3.67+0.84 1953 0.751 52.95
(76.33-115.88) (197.26-231.75) (26)
Zataria multiflora 117.69 cd 247.63 de -5.18+0.46 3.21+0.98 20.88 0.803 43.84
(102.56-134.94)  (229.76-264.88) (26)
Citrus limon 124.09d 265.22 e -5.75+0.64 351+0.63 1817 0.649 4161
(106.84-143.82)  (247.95-280.11) (28)
Tanacetum 130.12 de 27149 -5.82+0.79 3.68+0.21 15.04 0557 39.68
balsamita (115.22-152.11)  (256.33-288.39) 27)
Ferula gummosa 134.75 de 236.57 cd -6.62+0.24 475+059 19.39 0.718 38.31
(117.42-155.36)  (216.16-251.76) 27)
Origanum majorana 15244 e 316.77 f -6.02+091 3.76+055 17.26 0.664 33.87
(135.85-173.44)  (299.43-333.77) (26)
Total
Myrtus communis 45.62 a 98.53 a -253+055 3.74+0.27 1579 0.585 100
(29.75-61.89) (80.81-115.10) (27)
Artemisia annua 7391b 147.48 b -3.35+0.67 3.76+055 10.99 0.407 61.72
(56.05-92.81) (129.02-166.80) 27)
Elwendia persica 84.85bc 183.83 ¢ -359+044 339+0.74 19.12 0.683 53.76
(66.01-104.04) (166.51-201.11) (28)
Zataria multiflora 100.63 bcd 197.26 ¢ -461+085 3331056 1527 0.611 4533
(83.58-118.11) (177.92-212.94) (25)
Citrus limon 111.78 cde 226.16 d -547+062 3.88+042 19.85 0.794 40.81
(94.03-130.82) (209.01-244.68) (25)
Tanacetum 117.41 de 241.78d -5.16£091 3.69+0.51 1290 0.496 38.85
balsamita (100.11-136.73)  (223.18-258.95) (26)
Ferula gummosa 123.30 de 233.65d -6.11+0.73 4.06+0.33 1925 0.713 37.00
(105.53-142.95)  (212.80-251.62) (27)
Origanum majorana 13391e 267.62 ¢ -6.08+0.57 396+0.22 16.35 0.629 34.07
(116.02-153.48)  (250.23-284.32) (26)

In columns with LC values, different lowercase letters show significant differences (o < 0.05) between estimated LC values
based on lethal concentration ratios (Robertson et al., 2017); H.F. = Heterogeneity factor; T.I. (Toxicity index: Sun, 1950) =
(LCso of the most effective compound/LCso of selected compound) x 100.
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Table 7. Identified compounds in essential oils of eight Iranian pharmaceutical plants

Value (%)
Compound A. annua E. persica Z. multiflora T. balsamita F. gummosa M. communis C. limon 0. majorana
a-Thujene - 0.199 - - 3.382 - - -
a-Phellandrene - - - - - - - 0.725
8-3-Carene 3.438 1.395 - - - 30.549 - -
1R-a-Pinene - - 1.416 5.108 5.632 - 2.144 0.582
Camphene 8.062 - - - 1.942 - - -
B-terpinene 1.134 - - 0.436 - - - -
B-Phellandrene - - - - - - - 2.634
B-Thujene - - - - 34.234 - - -
B-pinene 1.070 1.972 0.363 - 22.371 1.915 2.537 1.267
Yomogi alcohol 0.813 - - - - - - -
(3E,5E)-2,6-Dimethyl-1,3,5,7-octatetraene - - - 0.445 - - - -
a-Terpinen - 0.532 0.735 - - - - -
p-Cymene - 5.160 3.158 1.534 - - 5.322 2.190
tert-Butylbenzene 0.420 - - - 6.876 1.151 - -
-lsopropenyl-1-methyl-1-cyclohexene - - - - - - - 1.087
Limonene - 14.524 - 4.064 - 2.678 55.131 -
y-Terpinene - 0.095 2.385 0.430 - 0.576 4.489 15.494
1,8-Cineole 13.431 - - 4.498 - 19.580 - -
a-Terpinolen - 31.622 - - -- 0.293 - 9.125
5-Isopropyl-2-methylbicyclo[3.1.0]hexan-2-ol - - - - 1.462 - - 3.509
3,3,6-Trimethyl-1,5-heptadien-4-ol 0.681 - - - - - - -
2-Carene - 1.756 - - - - - -
(+)-4-Carene - - - - - - 2.081 4.022
Linalyl isobutyrate - - - -- - 9.367 - 5.957
Linalool acetate 2.970 - - 1.043 - - - -
(-)-Thujone - - - 17.600 - - - -
trans-p-Mentha-2,8-dienol - - - 1.117 - - - -
Carveol - - - 0.463 - - -
cis-Sabinol 1.199 - - - - - - -
Camphor 41.388 - - - - - - -
Terpinen-4-ol 0.914 0.267 0.392 0.590 - 0.522 1.295

(-)-Terpinen-4-ol - - - - - - - 34.138
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Table 7. Continued

Value (%)
Compound A. annua E. persica Z. multiflora T. balsamita F. gummosa M. communis C. limon 0. majorana
3,9-Epoxy-p-mentha-1,8(10)-diene - - - 0.504 - - - -
5-Isopropenyl-2-methylenecyclohexanol - - - 1.209 - - - -
(4-1sopropyl-1,3-cyclohexadien-1-yl)methanol - 0.539 - - - - - -
a-Terpineol - - - - - 8.298 7.700 4.054
Terpene hydrochloride - - - 1.109 - -

cis-Carveol - - - 1.165 - - - -
trans-Piperitol - - - - - - 0.647
2-Isopropyl-1-methoxy-4-methylbenzene - -
Propanal, 2-methyl-3-phenyl- - 13.180 - - -
Carvone - - - 42.607 - 0.864 -
(+)-Camphene - -
Thymol -
Carvacrol -
3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5- 4,787 4.046 5.555 - - - - -

tris(trimethylsiloxy) tetrasiloxane
5,9,9-Trimethyl-spiro[3.5]non-5-en-1-one - - - - - 2.545 - -
4a-Methyl-1,2,3,4,4a,5,6,7- - - - - - 0.446 - -
octahydronaphthalene

Carbamult -
Copaene 1.733 - - -
y-Cadinene 4.058 0.239 - 0.185 3.900 - - -
B-Elemene - - - - - -
Caryophyllene 5.802 1.003 1.642 0.384 - 1.392 1.719 3.347
v-Elemene - 0.410 - - - -
a-Bergamotene - - -
10s,11s-Himachala-3(12),4-diene - - 0.897 - 1.683 -
(+)-Aromadendrene - - - - - 0.272 - -
6S-2,3,8,8- - - - - 2.697 - - -

Tetramethyltricyclo[5.2.2.0(1,6)]Jundec-2-ene

Humulene - - - -
(+)-Epi-bicyclosesquiphellandrene - -
1-1sopropyl-4-methylenebicyclo[3.1.0]hex-2-ene - 0.760 - - - - - -

- 2.324 0.509 - -

1.101 - -
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Compound

Value (%0)

A. annua

E. persica

Z. multiflora

T. balsamita

F. gummosa

M. communis

C. limon

0. majorana

2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,7-
octahydronaphthalene
B-Cubebene
Dysoxylonene
B-Eudesmene
Varidiflorene
a-Selinene
y-Gurjunene
y-Muurolene
a-Himachalene
a-Farnesene
a-Longipinene
Cadinene
Calamenene
8-Cadinene
a-Patchoulene
Myristicin
Isoledene
Terbutaline, tris(trimethylsilyl) ether
1,2,3,1',2',3'-Hexamethyl-bicyclopentyl-2,2'-
diene
Isoaromadendrene epoxide
Apiole
Cubenol
Epizonarene
t-Cadinol
1R4S,7S,11R-2,2,4,8-
Tetramethyltricyclo[5.3.1.0(4,11)Jundec-8-ene
Methyl eicosa-5,8,11,14,17-pentaenoate
Bisabolol oxide A
Number of compounds
Total (%)

99.999

2311

0.851
0.539

0.177

0.068
0.112

5.856

2.502

28
93.823

0.487

96.657

2.203

15
100

20
97.141

0.260

0.811

14
97.074

1.302

20
96.669
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