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Abstract

MADĚRA PETR, PASCHOVÁ ZUZANA, ANSORGOVÁ ALENA, VRŠKOVÝ BORIS, LVONČÍK 
SAMUEL, HABROVÁ HANA. 2017. Volatile Compounds in Oleo-gum Resin of Socotran Species of 
Burseraceae. �Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 65(1): 0073–0090.

Socotra Island is well known for its high rate of plant species endemism and having the  highest 
concentration of frankincense species in the  world. Thirteen species in Burseraceae occur on 
the island, of which 12 are endemic. A total of only four species from the island have had the chemical 
compositions of their resins published. Moreover, in general, most studies on chemical composition 
of frankincense and myrrh resins have analysed samples that were not freshly collected (including 
some of considerable age). Our study therefore aimed at analysing the volatile compound composition 
of all Socotran Burseraceae species, using fresh resin sample analysis. We found a total of 103 volatile 
compounds in all the species, with 53 of them fully identified, 27 of them partially determined and 23 
still unidentified. These include four compounds (α‑fenchene, calarene, trans‑β‑farnesene, α‑elemene) 
newly reported from Boswellia and two (phytol and ledene) newly reported from Commiphora. Our 
results suggested the huge potential to find new chemical compounds among endemic Burseracean 
species.
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INTRODUCTION
Two genera, Boswellia and Commiphora, of 

the  Burseraceae family occur on Socotra Island, on 
the  border between the  Indian Ocean and Gulf of 
Aden. Globally, genus Boswellia contains between 
20 to 30 species (Daly, et  al., 2011; Weeks, et  al., 
2005) according to different authors. These occur 
in the  tropical arid zone of India, Arabia (Yemen, 
Oman) and Africa. In contrast, Commiphora is globally 
much more speciose, containing approximately 
185 species found not only in Asia, Arabia and 
Africa but also in South America (Daly, et  al., 2011). 
Both genera are famous for their oleo-gum resin 
production (popular names frankincense or 
olibanum and myrrh) with commercial applications 
for pharmaceutical and cosmetic purposes, and 

some having long been used as incense for religious 
ceremonies (Shen, et  al., 2012; Mothana, 2011; Sun, 
et al., 2011; Shen, et al., 2008; Basar, 2005). The Socotra 
island wasn’t exception and the  frankincense was 
used and exported since ancient time (Miller, et  al., 
2004; Naumkin, et al., 1993)

From Socotra Island, eight species of Boswellia 
have been described, all of them endemic, and 
five species of Commiphora, four of them endemic 
(Brown, et  al., 2012; Miller, et  al., 2004). Socotra has 
the highest concentration of frankincense species in 
the world (Thulin, 2001).

However, the exploration of this subject has been 
quite unequal across species. Thus, although there 
have been a number of studies (Bekana, et al., 2014; 
Hussain, et al., 2013; Al-Saidi, et al., 2012; Assefa, et al., 
2012; Paul, et  al., 2012; Shen, et  al., 2012; Woolley, 
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et al., 2012; Mothana, 2011; Mothana, et al., 2011; Sun, 
et  al., 2011; Li, et  al., 2010; Van Vuuren, et  al., 2010; 
Mertens, et  al., 2009; Al-Harrasi, et  al., 2008; Shen, 
et  al., 2008; Camarda, et  al., 2007; Singh, et  al., 2007; 
Frank, et al., 2006; Kubmarawa, et al., 2006; Marongiu, 
et  al., 2006; Basar, 2005; Hamm, et  al., 2005; Mathe, 
et  al., 2004; Badria, et  al., 2003; Baser, et  al., 2003; 
Hammet, et  al., 2003; Mikhaeil, et  al., 2003; Dekebo, 
et  al., 2002e; Kasali, et  al., 2002; Dekebo, et  al., 1999; 
Verghese, et  al., 1987; Strappaghetti, et  al., 1982) on 
commercially important species (Boswellia sacra/
carterii, B. papyrifera, B. serrata, B. frereana, B. neglecta, B. 
rivae, B. dalzielli), we have practically zero knowledge 
about the  chemical composition of resin of 
species that have small geographical distributions, 
including various endemic species. For example, 
only one study of Boswellia pirottae, a  species 
endemic to Ethiopia (Baser, et  al., 2003), has been 
published as has only one study of three endemic 
species (B. elongata, B. socotrana and B. disoscorides) 
from Socotra Island (Mothana, et  al., 2011). Their 
authors extracted essentials oils by hydrodistillation 
of tree bark. For genus Commiphora, an even smaller 
proportion of Socotra endemic species has been 
investigated, regarding their oleo‑gum resin 
chemical composition of Commiphora species, as 
only that of C. socotrana is mentioned in the literature 
(Blitzke, et al., 2001).

Due to the socio-economic and cultural-historical 
importance of oleo-gum resins, these substances 
have been subjected to a great deal of investigation. 
Using different chromatographic methods (Paul, 
et al., 2012; Fei, et al., 2011; Paul, et al., 2011; Mertens, 
et  al., 2009; Pozharitskaya, et  al., 2006; Basar, 2005; 
Büchele, et  al., 2003a; 2003b; Hamm, et  al., 2003; 
Brody, et  al., 2002; Sane, et  al., 1998), 311 (Mertens, 
et  al., 2009) to 340 (Hussain, et  al., 2013) chemical 
compounds in Boswellia genus have been found 
in its oleo-gum resin, including compounds new 
to science (Büchele, et  al., 2003; Culioli, et  al., 2003; 
Dekebo, et  al., 2002a; 2002b; 2002c; 2002d; 2002e; 
Basar, et  al., 2001; Dekebo, et  al., 2000; Klein, et  al., 
1978). Similarly, in Commiphora, more than 300 
chemical compounds have been found (Shen, et al., 
2012). These analyses have mostly been done on 
samples that were not freshly collected, mostly 
including materials obtained commercially (Al-
Saidi, et  al., 2012; Paul, et  al., 2012; Van Vuuren, 
et  al., 2010; Shah, et  al., 2008; Frank, et  al., 2006; 
Pozharitskaya, et al., 2006; Mathe, et al., 2004; Culioli, 
et  al., 2003), and often even from archaeological 
materials (Mathe, et  al., 2007; Modugno, et  al., 2006; 
Hamm, et  al., 2004; Mathe, et  al., 2004; Van Bergen, 
et al., 1997).

The bio-degradation of frankincense hasn’t yet 
been study. The subject of study are only the thermal 
degradation after burning (Mathe, et  al., 2007) 
and the  products of degradation in archeological 
samples (Mathe, et al., 2004; Modugno, et al., 2006).

The aims of this study are to: (i) assess 
the  feasibility of the  methodology of fresh-
resin sampling and analyse the  fresh samples; 

and (ii) investigate the  oleo-gum resin chemical 
compositions of Socotran endemic species of 
Boswellia and Commiphora, for which no data have yet 
been published.

MATERIAL AND METHODS
Socotra Island. Socotra Island is situated on 

the  border between the  Indian Ocean and Gulf 
Aden, 12°06′ – 12°42′N latitude and 52°03′ – 54°32′E 
longitude. The  island belongs to the  arid tropical 
climatological zone (Scholte, et  al., 2010; Culek, 
et  al., 2006), with corresponding character of local 
vegetation (Brown, et  al., 2012). Almost 900 plant 
species occur on the  island, 38 % of them endemic 
(Miller, et al., 2004).

Oleo-gum resin sampling (plant material). 
Oleo-gum resin sampling was done in May 2010, 
January 2011 and March 2012. The  Environment 
Protection Authority of Republic of Yemen 
responsible for a  Socotra UNESCO Biosphere 
Reserve issued the  permission for samples 
collection and exportation.

Just after tapping the  trees, freshly dripping 
resin was collected in glass vials, to which was 
immediately added 2 ml of methanol (Chromasolv®, 
Sigma-Aldrich). The  tubes were closed with Teflon 
closing caps, to prevent samples degradation and 
contamination. The  sample trees were identified 
and pictures of significant identifying features were 
taken. The geographic coordinates of each sampled 
tree were determined by GPS and recorded.

Oleo-gum resins of all Boswellia and Commiphora 
species growing on the  island were sampled from 
1–4 individuals of each, yielding totals of 22 samples 
of Boswellia and 5 samples of Commiphora.

Boswellia ameero 
(4 samples)

Commiphora kua (1 sample) 
– non endemic

Boswellia sp.A 
(2 samples)

Commiphora ornifolia 
(1 sample)

Boswellia bullata 
(1 sample)

Commpihora parvifolia 
(1 sample)

Boswellia dioscorides 
(3 samples)

Commiphora planifrons 
(1 sample)

Boswellia elongata 
(4 samples)

Commiphora socotrana 
(1 sample)

Boswellia nana 
(1 sample)

Boswellia popoviana 
(4 samples)

Boswellia socotrana 
(3 samples)

No herbarium specimens were not taken from any 
of the  sample trees, because the  island belongs 
to the  UNESCO Biosphere Reserve, from which 
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exportation of any natural product is strictly 
prohibited. Moreover, the  endemic Boswellia and 
Commiphora species are mostly strongly threatened 
(Attorre, et  al., 2011; Miller, et  al., 2004), and their 
disturbance is undesirable. Therefore, instead 
photo-documentation was used.

Extract preparation. The oleo-gum resin samples 
in methanol were extracted directly in the sampling 
glass tubes using an ultrasonic bath (Sonic 2, 
Polsonic, Warsawa, Poland) at ambient laboratory 
temperature for 15 min. The  extracts were diluted 
1:49 with methanol before analyses.

Analytical Methods (GC-MS Analysis of 
Volatiles). GC-MS analysis was done using 
an Agilent 6890 gas chromatograph (Agilent 
Technologies, USA) coupled with an Agilent 5973 
N mass selective detector (Agilent Technologies, 
USA) with quadrupole analyser. A  DB-5MS, 
non-polar fused silica capillary GC column with 
a  5 % phenyl-methylsiloxan stationary phase 
(30 m × 0.32 mm i.d. × 1.0 µm film thickness - J and 
W Scientific, Agilent Technologies, USA), was used. 
The  chromatograph was equipped with a  split-
splitless injector, and the  split ratio was 1:40 or 
splitless as required. The  injector temperature was 
set at 250 °C. A sample of 1 µl was injected manually 
by use of a  microsyringe (Hamilton Company, 
USA). The  carrier gas helium, with constant flow 
1.2 ml / min, was used. The  oven temperature was 
initially programmed at 40 °C for 2 min, then 
increased from 40 °C to 240 °C at 8 °C/min, and held 
at this temperature for 20 min. The  temperatures 
of the  ion source and the  transfer line were 
set at 230°C and 280 °C , respectively. The  MS 
was operated in a  positive electron ionization 
mode at 70 eV, with the  MS spectra recorded in 
SCAN mode within an m/z range from 25 to 550. 
Identification of the  individual components was 
based on computer search using digital libraries 
of mass spectral data NIST 05 and Wiley 275k and 
on comparing the  elution orders and retention 
times of the individual compounds on the DB‑5MS 
column with data published in the literature (www.
massfinder.com/wiki/Terpenoids_Library_List 
2015; www.pherobase.com/database/kovats-index.
php 2015; Camarda, et  al., 2007; Hamm, et  al., 2005; 
Hamm, et  al., 2003). The  relative amount of each 
detected compound was calculated as the  ratio 
of the  individual peak area to the  sum of areas of 
all peaks in the  chromatogram expressed as area 
percentage.

RESULTS
In total, 103 volatile substances were distinguished 

(Tab.  I). Of these, 53 volatile substances were fully 
identified, 27 were partially identified (i.e., their 
relatedness to mono-, di- or sesquiterpenes was 
found) and 23 compounds remained completely 
undetermined. However, the  undetermined 
compounds were mostly present in very low 
amounts. The  average content of fully identified 

compounds was 84 %, with the highest proportions 
of these compounds found in resins of Boswellia 
dioscorides (99 %), and the  lowest in resins from 
Commiphora parvifolia (60.7 %). A  total of 79 volatile 
compounds were distinguished in Boswellia, of which 
19 compounds were determined only partially and 
13 remained undetermined. Similarly, 78 volatile 
compounds were distinguished in Commiphora, of 
which 16 compounds were determined partially and 
18 remained undetermined.

We identified 25 volatile compounds that in our 
samples were found only in Boswellia species, and 
24 volatile compounds only in Commiphora species. 
We found 54 common compounds common to 
both genera. In Boswellia, 15 compounds occurred 
in more than 50 % of the  samples, and the  highest 
average concentrations (more than 1 %) were found 
for α-thujene, α-pinene, terpinen-4-ol, sabinene, 
trans-β-farnesene, p-cymene, β-myrcene, β-pinene, 
β-caryophyllene. In Commiphora, 19  compounds 
occurred with frequency higher than 50 %, and 
the  highest average concentrations (more than 2 %) 
were reached by β-eudesmol, α-cadinol, terpinen-
4-ol, limonene, α-humulene, p-cymene, phytol, 
α-thujene. While α-thujene was quite prevalent 
in Boswellia species, the  quantitative composition 
of volatile compounds in Commiphora species was 
more balanced.

The main difference between the  genera was in 
their quantitative proportions of particular groups 
of terpenic compounds, i.e. mono-, sesqui- and 
diterpenes. Boswellia had an average proportion 
of monoterpenes of 77 % (31 compounds, 24 fully 
identified, 5 partially identified, 2 unidentified), 
while Commiphora contained on average only 
38 % monoterpenes (33 compounds: 21 fully 
identified, 4 partially identified, 8 unidentified). 
On average, sesquiterpenes constituted 10 % 
(40 compounds: 22 fully identified, 8 partially 
identified, 10 unidentified) in Boswellia, while 
in Commiphora these formed on average 51 % 
(39 compounds: 22 fully identified, 9 partially 
identified, 8 unidentified). Diterpenes occurred in 
both genera in low proportions, on average 13 % in 
Boswellia (8 compounds, 1 fully identified, 6 partially 
identified, 1 unidentified), and 9 % in Commiphora 
(6   compounds, 1 fully identified, 3 partially 
identified, 2 unidentified).

DISCUSSION
The review articles (Hussain, et  al., 2013; Shen, 

et al., 2012; Mertens, et al., 2009) mention more than 
300 compounds in both genera. We found four 
compounds in the  analysed Socotran Boswellia 
species that have not previously been reported from 
this genus. These comprise α-fenchene (B.ameero, 
B.elongata, B.popoviana), calarene (B.bullata), trans-β-
farnesene (all Boswellia species except B.dioscorides 
and B.socotrana) a  α-elemene (B.sp.A, B.bullata), 
all of which were found in low frequencies and 
concentrations except for trans-β-farnesene, which 
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occurred with a  frequency of 68.2 % and average 
concentration of 3.292 %. In Commiphora samples, 
we found two compounds, phytol (C.parviflora) and 
ledene (C.socotrana), that have not previously been 
reported from the genus.

Large variability in presence/absence of particular 
compounds was found not only among species but 
also within species. This variability could have been 
caused by different features of the site environment 
of sample trees or differences in the  time of 
sampling (Mertens, et  al., 2009); it could also have 

been caused by different ages of sampled trees or 
stages of ontogenetic development of the  tree part 
(stem base or annual shoots), from which the resins 
were taken (Assefa, et al., 2012).

We compared our results with analyses of 
archaeological samples (Hamm, et al., 2004), in which 
significantly lower proportions of more volatile 
monoterpenes were documented than by our fresh 
oleo‑gum samples. To prevent the  bio-degradation 
and loss of more volatile substances, we recommend 
the fresh resin sampling and analysing.

I:  Volatile compounds in oleo-gum resin of Socotran species of Burseraceae (BAM = Boswellia ameero, BA = B. sp. A, BB = B. bullata, 
BD = B. dioscoridis, BE = B. elongata, BN = B. nana, BP = B. popoviana, BS = B. socotrana, CO = Commiphora ornifolia, CPA = C. 
parviflora, CPL = C. planifrons, CK = C. kua, CS = C. socotrana; a = Compounds presented in order of elution on the DB5-MS capillary 
column, b = Retention time of compound on the DR5-MS capillary column, c = Percentage based on peak area)

BAM BAM BAM BAM BA BA BB

No.a Compounds MW Molecular 
formula RTb %c %c %c %c %c %c %c

1. α-Thujene 136 C10H16 11.140 37,5 % 26,4 % 41,6 % 72,1 % 38,0 % 59,9 % 3,4 %

2. α-Pinene 136 C10H16 11.440 20,5 % 7,2 % 1,7 % 2,8 % 15,5 % 5,1 %

3. α-Fenchene 136 C10H16 11.841 2,5 %

4. Camphene 136 C10H16 11.887 1,4 %

5. MT1 136 C10H16 11.939 0,1 %

6. Sabinene 136 C10H16 12.325 6,8 % 1,0 % 2,6 % 6,1 % 3,1 % 4,7 % 0,2 %

7. β-Pinene 136 C10H16 12.453 1,2 % 0,4 % 0,3 % 0,3 %

8. β-Myrcene 136 C10H16 12.546 1,3 % 0,9 % 2,1 % 0,7 % 0,5 % 0,9 %

9. α-Phellandrene 136 C10H16 13.019 5,1 %

10. 3-δ-Carene 136 C10H16 13.203

11. α-Terpinene 136 C10H16 13.269

12. MT2 134 C10H14 13.316

13. p-Cymene 134 C10H14 13.425 6,0 % 2,4 % 3,7 % 1,4 % 0,2 % 1,0 % 0,1 %

14. Limonene 136 C10H16 13.543 0,2 % 0,1 % 2,5 %

15. MT3 136 C10H16 13.584 0,5 % 0,4 % 0,7 %

16. β-Phellandrene 136 C10H16 13.589 0,3 % 0,2 % 0,3 %

17. γ-Terpinene 136 C10H16 14.232 0,7 % 0,3 % 0,8 %

18. cis-Sabinene hydrate 154 C10H18O 14.348 0,4 % 0,5 %

19. Terpinolene 136 C10H16 14.746 0,3 % 0,5 %

20. MT4 132 C10H12 14.758

21. unknown 1 166 14.772 0,2 % 1,0 % 0,1 % 0,2 %

22. trans-Sabinene hydrate 154 C10H18O 15.020 0,3 % 0,3 %

23. MT5 132 C10H12 15.066

24. unknown 2 15.301 0,2 %

25. Fenchol 154 C10H18O 15.384 0,2 %

26. MT6 154 C10H18O 15.417

27. cis-Verbenol 152 C10H16O 15.810

28. trans-Verbenol 152 C10H16O 16.019

29. Borneol 154 C10H18O 16.541

30. α-Phelandrene epoxide 152 C10H16O 16.702

31. 4-Terpineol 154 C10H18O 16.740 0,3 % 26,1 % 14,1 %

32. α-Terpineol 154 C10H18O 16.945 0,4 %

33. Myrtenol 152 C10H16O 17.058
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BAM BAM BAM BAM BA BA BB

No.a Compounds MW Molecular 
formula RTb %c %c %c %c %c %c %c

34. unknown 3 17.184

35. unknown 4 136 17.880

36. unknown 5 18.434

37. Bornyl acetate 196 C12H20O2 18.630

38. MT7 136 C10H16 18.673

39. unknown 6 150 19.056

40. unknown 7 19.081

41. unknown 8 19.304

42. α-Terpinenyl acetate 196 C12H20O2 19.690

43. δ-Elemene 204 C15H24 19.698 0,3 %

44. α-Cubenene 204 C15H24 19.919 0,4 %

45. MT8 152 C10H16O 20.360 0,6 %

46. α-Ylangene 204 C15H24 20.370 2,2 %

47. α-Copaene 204 C15H24 20.390 2,6 %

48. β-Bourbonene 204 C15H24 20.605 0,3 % 0,5 %

49. α-Gurjunene 204 C15H24 21.035

50. Calarene 204 C15H24 21.230 3,3 %

51. β-Caryophyllene 204 C15H24 21.239 1,2 % 0,7 % 1,0 % 0,2 % 0,3 % 7,2 %

52. ST1 204 C15H24 21.272 1,2 %

53. ST2 204 C15H24 21.275 5,2 % 7,3 %

54. trans-β-Farnesene 204 C15H24 21.347 3,1 % 6,1 % 8,9 % 5,0 % 8,2 % 4,3 % 7,5 %

55. unknown 9 236 21.750 0,2 %

56. α-Humulene 204 C15H24 21.761 0,3 % 0,2 % 0,2 % 3,2 %

57. Aromadendrene 204 C15H24 21.842 0,3 %

58. α-Amorphene 204 C15H24 22.094 0,3 % 1,3 %

59. ST3 204 C15H24 22.153 1,5 %

60. unknown 10 22.301 1,1 % 0,4 % 0,2 %

61. ST4 204 C15H24 22.417 1,3 % 0,2 %

62. Germacrene D 204 C15H24 22.513 4,3 % 3,3 %

63. α-Elemene 204 C15H24 22.525 4,3 % 3,4 %

64. unknown 11 22.627 0,2 % 2,1 %

65. Ledene 204 C15H24 22.714

66. ST5 220 C15H24O 22.955

67. γ-Cadinene 204 C15H24 22.987 2,0 %

68. unknown 12 236 23.009 4,7 %

69. δ-Cadinene 204 C15H24 23.018 0,3 % 8,6 %

70. unknown 13 180 23.042

71. unknown 14 236 23.279 0,8 %

72. ST6 204 C15H24 23.401 0,2 %

73. Elemol 222 C15H26O 23.422 0,1 % 0,3 %

74. unknown 15 236 23.714

75. unknown 16 236 23.882 0,1 %

76. Caryophyllene oxide 220 C15H24O 23.892 0,3 %

77. Guaiol 222 C15H26O 23.932 8,4 %

78. Viridiflorol 222 C15H26O 24.027

79. unknown 17 236 24.044 0,3 %

80. ST7 204 C15H24 24.090
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BAM BAM BAM BAM BA BA BB

No.a Compounds MW Molecular 
formula RTb %c %c %c %c %c %c %c

81. ST8 204 C15H24 24.243 0,4 %

82. ST9 204 C15H24 24.589

83. unknown 18 236 24.599 0,3 %

84. α-Cadinol 222 C15H26O 24.646 6,9 %

85. ST10 204 C15H24 24.697

86. ST11 204 C15H24 24.709

87. a-Eudesmol 222 C15H26O 24.945 1,8 %

88. unknown 19 264 25.053 6,2 %

89. unknown 20 264 C17H28O2 25.094

90. unknown 21 25.388

91. ST12 204 C15H24 27.208

92. β-Eudesmol 222 C15H26O 27.261

93. DT1 272 C20H32 28.140 0,3 % 0,5 % 0,4 %

94. DT2 272 C20H32 28.985

95. DT3 272 C20H32 29.546 1,6 % 2,2 % 2,1 % 0,6 % 0,3 % 1,2 % 0,4 %

96. DT4 272 C20H32 29.547 0,1 % 0,3 % 0,1 %

97. DT5 272 C20H32 29.776

98. DT6 272 C20H32 30.348 0,2 % 0,2 %

99. Phytol 296 C20H40O 32.448

100. unknown 22 262 32.475

101. Cerbrene 272 C20H32 33.772 9,2 % 5,2 % 2,7 % 9,3 % 3,0 %

102. DT7 272 C20H32 33.893 3,9 % 7,1 %

103. unknown 23 306 34.486 7,4 % 16,4 % 7,0 % 3,9 % 7,6 % 10,9 % 3,7 %

Identified 98,4 % 99,7 % 99,6 % 99,5 % 99,6 % 99,5 % 99,8 %

BD BD BD BE BE BE BE

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

1. α-Thujene 136 C10H16 11.140 56,6 % 60,3 % 69,5 % 59,1 % 49,2 % 16,2 %

2. α-Pinene 136 C10H16 11.440 8,3 % 1,3 % 10,5 % 0,3 % 34,3 % 1,0 % 0,9 %

3. α-Fenchene 136 C10H16 11.841 2,0 %

4. Camphene 136 C10H16 11.887

5. MT1 136 C10H16 11.939 0,3 %

6. Sabinene 136 C10H16 12.325 10,0 % 4,6 % 7,4 % 4,8 % 3,6 % 16,1 %

7. β-Pinene 136 C10H16 12.453 0,3 % 6,0 % 0,4 % 12,5 %

8. β-Myrcene 136 C10H16 12.546 6,0 % 0,7 % 1,2 % 2,1 % 4,1 % 5,3 % 1,5 %

9. α-Phellandrene 136 C10H16 13.019

10. 3-δ-Carene 136 C10H16 13.203

11. α-Terpinene 136 C10H16 13.269 0,3 %

12. MT2 134 C10H14 13.316 0,6 %

13. p-Cymene 134 C10H14 13.425 1,3 % 2,2 % 2,3 % 0,8 % 6,4 % 9,4 % 3,2 %

14. Limonene 136 C10H16 13.543 0,2 % 0,3 % 0,2 %

15. MT3 136 C10H16 13.584 1,1 % 0,5 % 2,0 %

16. β-Phellandrene 136 C10H16 13.589 0,5 % 0,3 % 0,2 %

17. γ-Terpinene 136 C10H16 14.232 0,7 % 0,7 % 0,7 %

18. cis-Sabinene hydrate 154 C10H18O 14.348 0,4 % 1,0 % 2,2 % 0,3 %

19. Terpinolene 136 C10H16 14.746 0,5 % 0,3 % 0,8 %

20. MT4 132 C10H12 14.758 0,1 %
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BD BD BD BE BE BE BE

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

21. unknown 1 166 14.772 0,7 % 0,2 % 0,7 %

22. trans-Sabinene hydrate 154 C10H18O 15.020 0,2 % 0,5 % 0,9 % 0,2 %

23. MT5 132 C10H12 15.066

24. unknown 2 15.301 0,2 %

25. Fenchol 154 C10H18O 15.384

26. MT6 154 C10H18O 15.417

27. cis-Verbenol 152 C10H16O 15.810 0,2 %

28. trans-Verbenol 152 C10H16O 16.019 0,1 %

29. Borneol 154 C10H18O 16.541

30. α-Phelandrene epoxide 152 C10H16O 16.702

31. 4-Terpineol 154 C10H18O 16.740 14,0 % 26,5 % 0,2 % 15,8 % 13,1 %

32. α-Terpineol 154 C10H18O 16.945 0,2 % 0,2 %

33. Myrtenol 152 C10H16O 17.058

34. unknown 3 17.184

35. unknown 4 136 17.880

36. unknown 5 18.434

37. Bornyl acetate 196 C12H20O2 18.630 0,2 % 0,3 % 0,1 %

38. MT7 136 C10H16 18.673

39. unknown 6 150 19.056

40. unknown 7 19.081

41. unknown 8 19.304

42. α-Terpinenyl acetate 196 C12H20O2 19.690

43. δ-Elemene 204 C15H24 19.698

44. α-Cubenene 204 C15H24 19.919

45. MT8 152 C10H16O 20.360 1,7 %

46. α-Ylangene 204 C15H24 20.370

47. α-Copaene 204 C15H24 20.390

48. β-Bourbonene 204 C15H24 20.605

49. α-Gurjunene 204 C15H24 21.035 0,6 %

50. Calarene 204 C15H24 21.230

51. β-Caryophyllene 204 C15H24 21.239 0,6 % 1,1 % 0,5 % 0,4 % 3,4 % 1,2 % 0,7 %

52. ST1 204 C15H24 21.272

53. ST2 204 C15H24 21.275

54. trans-β-Farnesene 204 C15H24 21.347 5,9 % 7,7 % 2,3 % 0,2 %

55. unknown 9 236 21.750

56. α-Humulene 204 C15H24 21.761 0,2 % 0,7 % 0,4 % 0,1 %

57. Aromadendrene 204 C15H24 21.842

58. α-Amorphene 204 C15H24 22.094

59. ST3 204 C15H24 22.153

60. unknown 10 22.301 0,6 % 0,3 %

61. ST4 204 C15H24 22.417

62. Germacrene D 204 C15H24 22.513

63. α-Elemene 204 C15H24 22.525

64. unknown 11 22.627

65. Ledene 204 C15H24 22.714

66. ST5 220 C15H24O 22.955

67. γ-Cadinene 204 C15H24 22.987
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BD BD BD BE BE BE BE

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

68. unknown 12 236 23.009

69. δ-Cadinene 204 C15H24 23.018

70. unknown 13 180 23.042

71. unknown 14 236 23.279

72. ST6 204 C15H24 23.401 0,1 %

73. Elemol 222 C15H26O 23.422

74. unknown 15 236 23.714

75. unknown 16 236 23.882

76. Caryophyllene oxide 220 C15H24O 23.892 1,8 % 0,2 %

77. Guaiol 222 C15H26O 23.932

78. Viridiflorol 222 C15H26O 24.027

79. unknown 17 236 24.044

80. ST7 204 C15H24 24.090 0,2 %

81. ST8 204 C15H24 24.243

82. ST9 204 C15H24 24.589

83. unknown 18 236 24.599

84. α-Cadinol 222 C15H26O 24.646

85. ST10 204 C15H24 24.697

86. ST11 204 C15H24 24.709

87. a-Eudesmol 222 C15H26O 24.945

88. unknown 19 264 25.053

89. unknown 20 264 C17H28O2 25.094 0,1 %

90. unknown 21 25.388

91. ST12 204 C15H24 27.208

92. β-Eudesmol 222 C15H26O 27.261

93. DT1 272 C20H32 28.140 0,7 % 0,4 %

94. DT2 272 C20H32 28.985 0,8 %

95. DT3 272 C20H32 29.546 1,4 % 3,5 % 0,4 % 5,5 %

96. DT4 272 C20H32 29.547 0,3 %

97. DT5 272 C20H32 29.776

98. DT6 272 C20H32 30.348 1,2 %

99. Phytol 296 C20H40O 32.448

100. unknown 22 262 32.475

101. Cerbrene 272 C20H32 33.772 13,1 % 1,0 % 28,5 %

102. DT7 272 C20H32 33.893 1,1 %

103. unknown 23 306 34.486 9,6 % 1,5 % 22,6 %

Identified 99,5 % 99,6 % 99,7 % 99,7 % 99,5 % 95,1 % 99,7 %

BN BP BP BP BP BS BS

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

1. α-Thujene 136 C10H16 11.140 57,6 % 55,3 % 29,9 % 51,5 % 67,3 % 46,0 %

2. α-Pinene 136 C10H16 11.440 5,9 % 2,7 % 1,7 % 0,4 % 55,2 % 5,4 %

3. α-Fenchene 136 C10H16 11.841 1,2 % 2,0 %

4. Camphene 136 C10H16 11.887 1,2 %

5. MT1 136 C10H16 11.939

6. Sabinene 136 C10H16 12.325 10,4 % 1,2 % 2,0 % 3,0 % 3,9 % 1,7 %

7. β-Pinene 136 C10H16 12.453 10,2 % 0,7 % 0,9 % 0,3 % 1,3 %
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BN BP BP BP BP BS BS

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

8. β-Myrcene 136 C10H16 12.546 0,7 % 0,9 % 2,2 % 0,6 % 11,4 % 18,5 %

9. α-Phellandrene 136 C10H16 13.019

10. 3-δ-Carene 136 C10H16 13.203 0,5 %

11. α-Terpinene 136 C10H16 13.269 0,1 %

12. MT2 134 C10H14 13.316

13. p-Cymene 134 C10H14 13.425 0,2 % 9,0 % 10,9 % 3,4 % 0,5 % 0,7 % 7,1 %

14. Limonene 136 C10H16 13.543 0,3 % 0,1 % 3,0 % 8,0 % 0,4 %

15. MT3 136 C10H16 13.584 0,2 % 0,3 % 0,8 % 6,8 % 1,3 %

16. β-Phellandrene 136 C10H16 13.589 0,5 % 0,2 %

17. γ-Terpinene 136 C10H16 14.232 1,0 %

18. cis-Sabinene hydrate 154 C10H18O 14.348

19. Terpinolene 136 C10H16 14.746 0,2 % 0,3 % 0,6 % 1,3 % 0,8 %

20. MT4 132 C10H12 14.758 0,2 %

21. unknown 1 166 14.772 7,9 % 0,4 %

22. trans-Sabinene hydrate 154 C10H18O 15.020

23. MT5 132 C10H12 15.066

24. unknown 2 15.301 0,2 %

25. Fenchol 154 C10H18O 15.384 0,1 % 0,2 % 0,4 %

26. MT6 154 C10H18O 15.417

27. cis-Verbenol 152 C10H16O 15.810 0,1 %

28. trans-Verbenol 152 C10H16O 16.019

29. Borneol 154 C10H18O 16.541 1,1 %

30. α-Phelandrene epoxide 152 C10H16O 16.702

31. 4-Terpineol 154 C10H18O 16.740 6,4 % 8,0 % 7,0 % 6,8 % 15,8 %

32. α-Terpineol 154 C10H18O 16.945 0,1 % 0,2 % 2,5 % 0,1 %

33. Myrtenol 152 C10H16O 17.058

34. unknown 3 17.184

35. unknown 4 136 17.880

36. unknown 5 18.434

37. Bornyl acetate 196 C12H20O2 18.630 0,5 % 0,2 %

38. MT7 136 C10H16 18.673

39. unknown 6 150 19.056

40. unknown 7 19.081

41. unknown 8 19.304

42. α-Terpinenyl acetate 196 C12H20O2 19.690 0,4 %

43. δ-Elemene 204 C15H24 19.698

44. α-Cubenene 204 C15H24 19.919

45. MT8 152 C10H16O 20.360 0,3 %

46. α-Ylangene 204 C15H24 20.370

47. α-Copaene 204 C15H24 20.390

48. β-Bourbonene 204 C15H24 20.605 0,1 %

49. α-Gurjunene 204 C15H24 21.035 0,3 %

50. Calarene 204 C15H24 21.230

51. β-Caryophyllene 204 C15H24 21.239 0,6 % 1,7 % 4,3 % 1,0 % 2,2 % 0,2 %

52. ST1 204 C15H24 21.272 0,2 %

53. ST2 204 C15H24 21.275

54. trans-β-Farnesene 204 C15H24 21.347 0,2 % 3,7 % 9,2 % 0,3 %
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BN BP BP BP BP BS BS

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

55. unknown 9 236 21.750 0,5 %

56. α-Humulene 204 C15H24 21.761 0,4 % 1,9 % 0,2 %

57. Aromadendrene 204 C15H24 21.842

58. α-Amorphene 204 C15H24 22.094

59. ST3 204 C15H24 22.153

60. unknown 10 22.301 0,7 % 2,4 % 0,2 %

61. ST4 204 C15H24 22.417

62. Germacrene D 204 C15H24 22.513

63. α-Elemene 204 C15H24 22.525

64. unknown 11 22.627

65. Ledene 204 C15H24 22.714

66. ST5 220 C15H24O 22.955

67. γ-Cadinene 204 C15H24 22.987

68. unknown 12 236 23.009

69. δ-Cadinene 204 C15H24 23.018 0,1 %

70. unknown 13 180 23.042

71. unknown 14 236 23.279

72. ST6 204 C15H24 23.401

73. Elemol 222 C15H26O 23.422

74. unknown 15 236 23.714

75. unknown 16 236 23.882

76. Caryophyllene oxide 220 C15H24O 23.892 0,8 % 0,9 %

77. Guaiol 222 C15H26O 23.932

78. Viridiflorol 222 C15H26O 24.027

79. unknown 17 236 24.044

80. ST7 204 C15H24 24.090

81. ST8 204 C15H24 24.243

82. ST9 204 C15H24 24.589 0,2 % 1,0 %

83. unknown 18 236 24.599

84. α-Cadinol 222 C15H26O 24.646

85. ST10 204 C15H24 24.697

86. ST11 204 C15H24 24.709

87. a-Eudesmol 222 C15H26O 24.945

88. unknown 19 264 25.053

89. unknown 20 264 C17H28O2 25.094

90. unknown 21 25.388

91. ST12 204 C15H24 27.208

92. β-Eudesmol 222 C15H26O 27.261

93. DT1 272 C20H32 28.140 0,6 % 0,7 % 0,4 % 0,4 % 0,4 %

94. DT2 272 C20H32 28.985 1,2 % 1,2 %

95. DT3 272 C20H32 29.546 0,2 % 2,8 % 3,0 % 2,0 % 0,8 %

96. DT4 272 C20H32 29.547 0,2 %

97. DT5 272 C20H32 29.776

98. DT6 272 C20H32 30.348 0,4 % 0,7 %

99. Phytol 296 C20H40O 32.448

100. unknown 22 262 32.475

101. Cerbrene 272 C20H32 33.772 1,3 % 12,8 % 6,3 %
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BN BP BP BP BP BS BS

No.a Compounds MW Molecular 
formula RTb  %c  %c  %c  %c  %c  %c  %c

102. DT7 272 C20H32 33.893 5,0 % 5,3 %

103. unknown 23 306 34.486 3,7 % 17,0 % 7,6 % 13,9 %

Identified 99,9 % 97,6 % 97,0 % 99,4 % 99,6 % 99,3 % 99,5 %

BS Frequency Mean

No.a Compounds MW Molecular 
formula RTb  %c  %  %

1. α-Thujene 136 C10H16 11.140 86,4 40,8 %

2. α-Pinene 136 C10H16 11.440 92,4 % 90,9 12,4 %

3. α-Fenchene 136 C10H16 11.841 18,2 0,3 %

4. Camphene 136 C10H16 11.887 0,3 % 13,6 0,1 %

5. MT1 136 C10H16 11.939 9,1 0,0 %

6. Sabinene 136 C10H16 12.325 86,4 4,2 %

7. β-Pinene 136 C10H16 12.453 2,9 % 63,6 1,7 %

8. β-Myrcene 136 C10H16 12.546 0,3 % 90,9 2,8 %

9. α-Phellandrene 136 C10H16 13.019 4,5 0,2 %

10. 3-δ-Carene 136 C10H16 13.203 4,5 0,0 %

11. α-Terpinene 136 C10H16 13.269 9,1 0,0 %

12. MT2 134 C10H14 13.316 4,5 0,0 %

13. p-Cymene 134 C10H14 13.425 95,5 3,3 %

14. Limonene 136 C10H16 13.543 1,4 % 54,5 0,8 %

15. MT3 136 C10H16 13.584 50,0 0,7 %

16. β-Phellandrene 136 C10H16 13.589 36,4 0,1 %

17. γ-Terpinene 136 C10H16 14.232 31,8 0,2 %

18. cis-Sabinene hydrate 154 C10H18O 14.348 27,3 0,2 %

19. Terpinolene 136 C10H16 14.746 45,5 0,3 %

20. MT4 132 C10H12 14.758 9,1 0,0 %

21. unknown 1 166 14.772 2,4 % 45,5 0,6 %

22. trans-Sabinene hydrate 154 C10H18O 15.020 27,3 0,1 %

23. MT5 132 C10H12 15.066 0,0 0,0 %

24. unknown 2 15.301 13,6 0,0 %

25. Fenchol 154 C10H18O 15.384 18,2 0,0 %

26. MT6 154 C10H18O 15.417 0,0 0,0 %

27. cis-Verbenol 152 C10H16O 15.810 9,1 0,0 %

28. trans-Verbenol 152 C10H16O 16.019 4,5 0,0 %

29. Borneol 154 C10H18O 16.541 4,5 0,1 %

30. α-Phelandrene epoxide 152 C10H16O 16.702 0,0 0,0 %

31. 4-Terpineol 154 C10H18O 16.740 59,1 7,0 %

32. α-Terpineol 154 C10H18O 16.945 31,8 0,2 %

33. Myrtenol 152 C10H16O 17.058 0,0 0,0 %

34. unknown 3 17.184 0,0 0,0 %

35. unknown 4 136 17.880 0,0 0,0 %

36. unknown 5 18.434 0,0 0,0 %

37. Bornyl acetate 196 C12H20O2 18.630 22,7 0,1 %

38. MT7 136 C10H16 18.673 0,0 0,0 %

39. unknown 6 150 19.056 0,0 0,0 %

40. unknown 7 19.081 0,0 0,0 %

41. unknown 8 19.304 0,0 0,0 %
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BS Frequency Mean

No.a Compounds MW Molecular 
formula RTb  %c  %  %

42. α-Terpinenyl acetate 196 C12H20O2 19.690 4,5 0,0 %

43. δ-Elemene 204 C15H24 19.698 4,5 0,0 %

44. α-Cubenene 204 C15H24 19.919 4,5 0,0 %

45. MT8 152 C10H16O 20.360 13,6 0,1 %

46. α-Ylangene 204 C15H24 20.370 4,5 0,1 %

47. α-Copaene 204 C15H24 20.390 4,5 0,1 %

48. β-Bourbonene 204 C15H24 20.605 13,6 0,0 %

49. α-Gurjunene 204 C15H24 21.035 9,1 0,0 %

50. Calarene 204 C15H24 21.230 4,5 0,2 %

51. β-Caryophyllene 204 C15H24 21.239 86,4 1,3 %

52. ST1 204 C15H24 21.272 9,1 0,1 %

53. ST2 204 C15H24 21.275 9,1 0,6 %

54. trans-β-Farnesene 204 C15H24 21.347 68,2 3,3 %

55. unknown 9 236 21.750 9,1 0,0 %

56. α-Humulene 204 C15H24 21.761 50,0 0,3 %

57. Aromadendrene 204 C15H24 21.842 4,5 0,0 %

58. α-Amorphene 204 C15H24 22.094 9,1 0,1 %

59. ST3 204 C15H24 22.153 4,5 0,1 %

60. unknown 10 22.301 36,4 0,3 %

61. ST4 204 C15H24 22.417 9,1 0,1 %

62. Germacrene D 204 C15H24 22.513 9,1 0,3 %

63. α-Elemene 204 C15H24 22.525 9,1 0,3 %

64. unknown 11 22.627 9,1 0,1 %

65. Ledene 204 C15H24 22.714 0,0 0,0 %

66. ST5 220 C15H24O 22.955 0,0 0,0 %

67. γ-Cadinene 204 C15H24 22.987 4,5 0,1 %

68. unknown 12 236 23.009 4,5 0,2 %

69. δ-Cadinene 204 C15H24 23.018 13,6 0,4 %

70. unknown 13 180 23.042 0,0 0,0 %

71. unknown 14 236 23.279 4,5 0,0 %

72. ST6 204 C15H24 23.401 9,1 0,0 %

73. Elemol 222 C15H26O 23.422 9,1 0,0 %

74. unknown 15 236 23.714 0,0 0,0 %

75. unknown 16 236 23.882 4,5 0,0 %

76. Caryophyllene oxide 220 C15H24O 23.892 22,7 0,2 %

77. Guaiol 222 C15H26O 23.932 4,5 0,4 %

78. Viridiflorol 222 C15H26O 24.027 0,0 0,0 %

79. unknown 17 236 24.044 4,5 0,0 %

80. ST7 204 C15H24 24.090 4,5 0,0 %

81. ST8 204 C15H24 24.243 4,5 0,0 %

82. ST9 204 C15H24 24.589 9,1 0,1 %

83. unknown 18 236 24.599 4,5 0,0 %

84. α-Cadinol 222 C15H26O 24.646 4,5 0,3 %

85. ST10 204 C15H24 24.697 0,0 0,0 %

86. ST11 204 C15H24 24.709 0,0 0,0 %

87. a-Eudesmol 222 C15H26O 24.945 4,5 0,1 %

88. unknown 19 264 25.053 4,5 0,3 %
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BS Frequency Mean

No.a Compounds MW Molecular 
formula RTb  %c  %  %

89. unknown 20 264 C17H28O2 25.094 4,5 0,0 %

90. unknown 21 25.388 0,0 0,0 %

91. ST12 204 C15H24 27.208 0,0 0,0 %

92. β-Eudesmol 222 C15H26O 27.261 0,0 0,0 %

93. DT1 272 C20H32 28.140 45,5 0,2 %

94. DT2 272 C20H32 28.985 13,6 0,1 %

95. DT3 272 C20H32 29.546 72,7 1,3 %

96. DT4 272 C20H32 29.547 22,7 0,0 %

97. DT5 272 C20H32 29.776 0,0 0,0 %

98. DT6 272 C20H32 30.348 22,7 0,1 %

99. Phytol 296 C20H40O 32.448 0,0 0,0 %

100. unknown 22 262 32.475 0,0 0,0 %

101. Cerbrene 272 C20H32 33.772 50,0 4,2 %

102. DT7 272 C20H32 33.893 22,7 1,0 %

103. unknown 23 306 34.486 63,6 6,0 %

Identified 99,6 %

          CO CPA CPL CK CS Frequency Mean

No.a Compounds MW Molecular 
formula RTb %c %c %c %c %c % %

1. α-Thujene 136 C10H16 11.140 14,5%     0,2% 0,2% 60,0 3,0%

2. α-Pinene 136 C10H16 11.440 4,2% 1,2% 0,4% 2,3% 0,3% 100,0 1,7%

3. α-Fenchene 136 C10H16 11.841           0,0 0,0%

4. Camphene 136 C10H16 11.887           0,0 0,0%

5. MT1 136 C10H16 11.939           0,0 0,0%

6. Sabinene 136 C10H16 12.325     1,5%   2,0% 40,0 0,7%

7. β-Pinene 136 C10H16 12.453 0,6% 1,1%   0,2%   60,0 0,4%

8. β-Myrcene 136 C10H16 12.546 1,2%         20,0 0,2%

9. α-Phellandrene 136 C10H16 13.019         0,2% 20,0 0,0%

10. 3-δ-Carene 136 C10H16 13.203     9,3%     20,0 1,9%

11. α-Terpinene 136 C10H16 13.269     0,9%   0,5% 40,0 0,3%

12. MT2 134 C10H14 13.316           0,0 0,0%

13. p-Cymene 134 C10H14 13.425 2,2%   13,5%   6,7% 60,0 4,5%

14. Limonene 136 C10H16 13.543 0,4% 10,9%   5,3% 5,5% 80,0 4,4%

15. MT3 136 C10H16 13.584 0,4%         20,0 0,1%

16. β-Phellandrene 136 C10H16 13.589   3,8% 0,7% 0,3% 0,3% 80,0 1,0%

17. γ-Terpinene 136 C10H16 14.232     2,9%   1,5% 40,0 0,9%

18. cis-Sabinene hydrate 154 C10H18O 14.348           0,0 0,0%

19. Terpinolene 136 C10H16 14.746 0,1%   2,9%   0,7% 60,0 0,7%

20. MT4 132 C10H12 14.758           0,0 0,0%

21. unknown 1 166   14.772     0,2%   0,2% 40,0 0,1%

22. trans-Sabinene hydrate 154 C10H18O 15.020           0,0 0,0%

23. MT5 132 C10H12 15.066     0,4%   0,3% 40,0 0,1%

24. unknown 2     15.301     4,4%   2,9% 40,0 1,5%

25. Fenchol 154 C10H18O 15.384     2,2%   0,3% 40,0 0,5%

26. MT6 154 C10H18O 15.417     3,5%   0,6% 40,0 0,8%

27. cis-Verbenol 152 C10H16O 15.810     8,8%   2,8% 40,0 2,3%

28. trans-Verbenol 152 C10H16O 16.019           0,0 0,0%
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          CO CPA CPL CK CS Frequency Mean

No.a Compounds MW Molecular 
formula RTb %c %c %c %c %c % %

29. Borneol 154 C10H18O 16.541 0,9%         20,0 0,2%

30. α-Phelandrene epoxide 152 C10H16O 16.702     1,4%     20,0 0,3%

31. 4-Terpineol 154 C10H18O 16.740 10,6%   20,4%   3,0% 60,0 6,8%

32. α-Terpineol 154 C10H18O 16.945 0,5%         20,0 0,1%

33. Myrtenol 152 C10H16O 17.058     1,9%     20,0 0,4%

34. unknown 3     17.184     6,7%   2,3% 40,0 1,8%

35. unknown 4 136   17.880     3,1%   0,2% 40,0 0,7%

36. unknown 5     18.434     2,4%     20,0 0,5%

37. Bornyl acetate 196 C12H20O2 18.630 0,3%         20,0 0,1%

38. MT7 136 C10H16 18.673   0,9%       20,0 0,2%

39. unknown 6 150   19.056     0,7%   0,2% 40,0 0,2%

40. unknown 7     19.081   3,5%     1,9% 40,0 1,1%

41. unknown 8     19.304   2,3%     1,5% 40,0 0,8%

42. α-Terpinenyl acetate 196 C12H20O2 19.690           0,0 0,0%

43. δ-Elemene 204 C15H24 19.698       0,7%   20,0 0,1%

44. α-Cubenene 204 C15H24 19.919       0,2%   20,0 0,0%

45. MT8 152 C10H16O 20.360           0,0 0,0%

46. α-Ylangene 204 C15H24 20.370   7,8%     0,2% 40,0 1,6%

47. α-Copaene 204 C15H24 20.390   9,2%   0,7% 0,2% 60,0 2,0%

48. β-Bourbonene 204 C15H24 20.605       2,2%   20,0 0,4%

49. α-Gurjunene 204 C15H24 21.035           0,0 0,0%

50. Calarene 204 C15H24 21.230       0,3%   20,0 0,1%

51. β-Caryophyllene 204 C15H24 21.239 8,2%     0,7% 0,6% 60,0 1,9%

52. ST1 204 C15H24 21.272   0,8%       20,0 0,2%

53. ST2 204 C15H24 21.275   2,1%       20,0 0,4%

54. trans-β-Farnesene 204 C15H24 21.347   1,5%       20,0 0,3%

55. unknown 9 236   21.750     0,2% 0,1% 0,2% 60,0 0,1%

56. α-Humulene 204 C15H24 21.761 24,8%         20,0 5,0%

57. Aromadendrene 204 C15H24 21.842       0,4%   20,0 0,1%

58. α-Amorphene 204 C15H24 22.094   1,2%   1,8%   40,0 0,6%

59. ST3 204 C15H24 22.153   1,3%       20,0 0,3%

60. unknown 10     22.301           0,0 0,0%

61. ST4 204 C15H24 22.417           0,0 0,0%

62. Germacrene D 204 C15H24 22.513       2,0%   20,0 0,4%

63. α-Elemene 204 C15H24 22.525       0,1%   20,0 0,0%

64. unknown 11     22.627           0,0 0,0%

65. Ledene 204 C15H24 22.714         1,1% 20,0 0,2%

66. ST5 220 C15H24O 22.955         0,2% 20,0 0,0%

67. γ-Cadinene 204 C15H24 22.987   0,5%   10,0% 0,2% 60,0 2,1%

68. unknown 12 236   23.009   0,5%   3,3% 0,2% 60,0 0,8%

69. δ-Cadinene 204 C15H24 23.018   0,4%   3,3%   40,0 0,7%

70. unknown 13 180   23.042   12,2% 0,3%   2,2% 60,0 3,0%

71. unknown 14 236   23.279   0,5%       20,0 0,1%

72. ST6 204 C15H24 23.401           0,0 0,0%

73. Elemol 222 C15H26O 23.422     0,2%   0,4% 40,0 0,1%

74. unknown 15 236   23.714       0,2%   20,0 0,0%

75. unknown 16 236   23.882       0,1%   20,0 0,0%
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CONCLUSIONS
The thirteen species of Burseraceae family occurring naturally on Socotra Island were studied, of 
which twelve species are endemic. In total, 103 volatile compounds were found in oleo-gum resins, 
including four compounds in Boswellia and two compounds in Commiphora that have not previously 
been mentioned in scientific publications.
The result set contains a large proportion of compounds that we have not succeeded in identifying. 
Because most of the  analysed species are endemic, there is a  high probability of finding, by more 
detailed investigation, new natural compounds for science. Those, the structural investigation should 
follow.
Our method of fresh oleo-gum-resin sampling proved suitable with respect to field sampling and 
sample transport to the  laboratory, as the  samples are resistant to bio-degradation. The  selected 
extraction technique that followed prevented volatile substances loss.
The oleo-gum resin of endemic species of frankincense and myrrh trees is locally used (Miller, et al., 
2004) and could become a relatively important export article for Socotra Island. The oleo-gum resin 
harvesting could increase the interest of local people in artificial reforestation and plantation (Lvončík, 
et  al., 2013) of the  endangered endemic Boswellia (Attorre, et  al., 2011) and Commiphora species and 
thereby improve the protection and rescue of its populations. However, in such case we recommend to 
Yemeni state structure to introduce strict rules for plantation certification and thoroughly implement 
their adherence in order to prevent the risk of plunder of residual populations (Scholte, et al., 2011).

          CO CPA CPL CK CS Frequency Mean

No.a Compounds MW Molecular 
formula RTb %c %c %c %c %c % %

76. Caryophyllene oxide 220 C15H24O 23.892 1,2% 4,7% 0,8%   2,3% 80,0 1,8%

77. Guaiol 222 C15H26O 23.932           0,0 0,0%

78. Viridiflorol 222 C15H26O 24.027       0,2% 8,8% 40,0 1,8%

79. unknown 17 236   24.044           0,0 0,0%

80. ST7 204 C15H24 24.090           0,0 0,0%

81. ST8 204 C15H24 24.243       2,2%   20,0 0,4%

82. ST9 204 C15H24 24.589 1,0%   0,4% 0,4% 1,7% 80,0 0,7%

83. unknown 18 236   24.599           0,0 0,0%

84. α-Cadinol 222 C15H26O 24.646     0,4% 35,2% 2,5% 60,0 7,6%

85. ST10 204 C15H24 24.697   6,8% 1,1%   3,8% 60,0 2,3%

86. ST11 204 C15H24 24.709   6,8%     3,8% 40,0 2,1%

87. a-Eudesmol 222 C15H26O 24.945   2,7% 7,0% 12,3% 35,4% 80,0 11,5%

88. unknown 19 264   25.053       3,3%   20,0 0,7%

89. unknown 20 264 C17H28O2 25.094           0,0 0,0%

90. unknown 21     25.388   1,4%       20,0 0,3%

91. ST12 204 C15H24 27.208     1,2%   1,7% 40,0 0,6%

92. β-Eudesmol 222 C15H26O 27.261     0,2%   0,3% 40,0 0,1%

93. DT1 272 C20H32 28.140           0,0 0,0%

94. DT2 272 C20H32 28.985 1,0%         20,0 0,2%

95. DT3 272 C20H32 29.546           0,0 0,0%

96. DT4 272 C20H32 29.547           0,0 0,0%

97. DT5 272 C20H32 29.776       7,4%   20,0 1,5%

98. DT6 272 C20H32 30.348 15,7%         20,0 3,1%

99. Phytol 296 C20H40O 32.448   15,7%       20,0 3,1%

100. unknown 22 262   32.475       4,0%   20,0 0,8%

101. Cerbrene 272 C20H32 33.772           0,0 0,0%

102. DT7 272 C20H32 33.893           0,0 0,0%

103. unknown 23 306   34.486 0,1%     0,1%   40,0 0,1%

  Identified       88,1% 100,0% 100,0% 99,6% 99,9%    



88	 Petr Maděra, Zuzana Paschová, Alena Ansorgová, Boris Vrškový, Samuel Lvončík, Hana Habrová

Acknowledgement

The authors thank the Environment Protection Authority, Republic of Yemen for permission to take 
and export resin samples.

REFERENCES
AL-HARRASI, A. and AL-SAIDI, S. 2008. Phytochemical Analysis of the Essential Oil from Botanically 

Certified Oleogum Resin of Boswellia sacra (Omani Luban). Molecules, 13: 2181–2189.
AL-SAIDI, S., RAMESHKUMAR, K. B., HISHAM, A., SIVAKUMAR, N. and AL-KINDY, S. 2012. Composition 

and Antibacterial Activity of the Essential Oils of Four Commercial Grades of Omani Luban, the Oleo-
Gum Resin of Boswellia sacra Flueck. Chem Biodiversity, 9: 615–624.

ASSEFA, M., DEKEBO, A., KASSA, H., HABTU, A., FITWI, G. and REDI-ABSHIRO, M. 2012. Biophysical 
and chemical investigations of frankincense of Boswellia papyrifera from North and Northwestern 
Ethiopia. J Chem Pharm Res, 4: 1074–1089.

ATTORRE, F., TALEB, N., DE SANCTIS, M., FARCOMENI, A., GUILLET, A. and VITALE, M. 2011. 
Developing conservation strategies for endemic tree species when faced with time and data constraints: 
Boswellia spp. on Socotra (Yemen). Biodivers Conserv, 20: 1483–1499.

BADRIA, F. A., MIKHAEIL, B. R., MAATOOQ, G. T. and AMER, M. M. A. 2003. Immunomodulatory 
triterpenoids from the oleogum resin of Boswellia carterii birdwood. Z Naturforsch C, 58: 505–516.

BASAR, S. 2005. Phytochemical investigation on Boswellia species. Comparative studies on the essential oils, pyrolysates and 
boswellic acids of Boswellia carterii Birdw., Boswellia serrata Roxb., Boswellia frereana Birdw., Boswellia neglecta S. Moore 
and Boswellia rivae Engl. PhD Thesis. Hamburg: Universität Hamburg, Germany.

BASAR, S., KOCH, A. and KÖNIG, W. A. 2001. A verticillane-type diterpene from Boswellia carterii essential 
oil. Flavour and Fragr J, 16: 315–318.

BASER, K. H. C., DEMIRCI, B., DEKEBO, A. and DAGNE, E. 2003. Essential oils of some Boswellia spp., 
Myrrh and Opopanax. Flavour and Fragr J, 18: 153–156.

BEKANA, D., KEBEDE, T., ASSEFA, M. and KASSA, H. 2014. Comparative Phytochemical Analyses of 
Resins of Boswellia Species (B. papyrifera (Del.) Hochst., B. neglecta S. Moore, and B. rivae Engl.) from 
Northwestern, Southern, and Southeastern Ethiopia. Analytical Chemistry, 1-9.

BLITZKE, T., SCHMIDT, J. and MASAOUD, M. 2001. 7-O-methylaloeresin A – a new chromone glycoside 
from Commiphora socotrana. Nat Prod Lett, 15: 27–33.

BRODY, R. H., EDWARDS, H. G. M. and POLLARD, A. M. 2002. Fourier Transform-Raman Spectroscopic 
Study of Natural Resins of Archaeological Interest. Biopolymers (Biospectroscopy), 67: 129–141.

BROWN, G. and MIES, B. A. 2012. Vegetation ecology of Socotra. Plant and Vegetation 7. Dordrecht, NL: Springer.
BÜCHELE, B. and SIMMET, T. 2003a. Analysis of 12 different pentacyclic triterpenic acids from frankincense 

in human plasma by high-performance liquid chromatography and photodiode array detection. J 
Chromatogr B, 795: 355–362.

BÜCHELE, B., ZUGMAIER, W. and SIMMET, T. 2003b. Analysis of pentacyclic triterpenic acids from 
frankincense gum resins and related phytopharmaceuticals by high-performance liquid chromatography. 
Identification of lupeolic acid, a novel pentacyclic triterpene. J Chromatogr B, 791: 21–30.

CAMARDA, L., DAYTON, T., DI STEFANO, V., PITONZO, R. and SCHILLACI, D. 2007. Chemical composition 
and antimicrobial activity of some oleogum resin Essentials oils from Boswellia spp. (Burseraceae). Ann 
Chim, 97: 837–844.
CULEK, M., KRÁL, K., HABROVÁ, H. et  al. 2006. Socotra‘s Annual Weather Pattern. In: CHEUNG, C. 

and DEVANTIER, L. (eds.) Socotra. A Natural History of the Islands and their Poeple. Hong-Kong: NHBS 
Environment Bookstore, Odyssey Books and Guides. 200–205.
CULIOLI, G., MATHE, C., ARCHIER, P. and VIEILLESCAZES, C. 2003. A lupane triterpene from frankincense 

(Boswellia sp., Burseraceae). Phytochemistry, 62: 537–541.
DALY, D. C., HARLEY, M. M., MARTÍNEZ-HABIBE, M. C. and WEEKS, A. 2011. Burseraceae. In: KUBTZKY, 

K. (ed.) The families and genera of vascular plants: Sapindales, Cucurbitales, Myrtaceae. Berlin: Springer. 76–104.
DEKEBO, A., DAGNE, E., HANSEN, L. K., GAUTUN, O. R. and AASEN, A. J. 2000. Crystal structures of two 

furanosesquiterpenes from Commiphora sphaerocarpa. Tetrahedron Lett, 41: 9875–9878.
DEKEBO, A., DAGNEA, E., HANSEN, L. K., GAUTUN, O. R. and AASEN, A. J. 2002a. Two octanordammarane 

triterpenes from Commiphora kua. Phytochemistry, 59: 399–403.
DEKEBO, A., DAGNE, E. and STERNER, O. 2002b. Furanosesquiterpenes from Commiphora sphaerocarpa 

and related adulterants of true myrrh. Fitoterapia, 73: 48–55.
DEKEBO, A., LANG, M., POLBORN, K., DAGNE, E. and STEGLICH, W. 2002c. Four Lignans from 

Commiphora erlangeriana. J Nat Prod, 65: 1252–1257.
DEKEBO, A., DAGNE, E., CURRY, P., GAUTUN, O. R. and AASEN, A. J. 2002d. Dammarane triterpenes from 

the resins of Commiphora confusa. Bull Chem Soc Ethiop, 16: 81–86.



	 Volatile Compounds in Oleo-gum Resin of Socotran Species of Burseraceae� 89

DEKEBO, A., DAGNE, E., GAUTUN, O. R. and AASEN, A.J. 2002e. Triterpenes from the resin of Boswellia 
neglecta. Bull Chem Soc Ethiop, 16: 87–90.

DEKEBO, A., ZEWDU, M. and DAGNE, E. 1999. Volatile oils of frankincense from Boswellia papyrifera. Bull 
Chem Soc Ethiop, 13: 93–96.

FEI, Y. Q., SUN, L., CHENG, X. L. and JIN, H. Y. 2011. Study on the identification of boswellic acids 
in olibanum by high-performance thin layer chromatography with quadrupole time of flight mass 
spektrometry. Chinese Pharmaceutical Journal, 46: 1601–1604.

FRANK, A. and UNGER, M. 2006. Analysis of frankincense from various Boswellia species with inhibitory 
activity on human drug metabolising cytochrome P450 enzymes using liquid chromatography mass 
spectrometry after automated on-line extraction. J Chromatogr A, 1112: 255–262.

HAMM, S., BLETON, J., CONNAN, J. and TCHAPLA, A. 2005. A chemical investigation by headspace SPME 
and GC–MS of volatile and semi-volatile terpenes in various olibanum samples. Phytochemistry, 66: 1499–
1514.

HAMM, S., BLETON, J. and TCHAPLA, A. 2004. Headspace solid phase microextraction for screening for 
the presence of resins in Egyptian archaeological samples. J Sep Sci, 27: 235–243.

HAMM, S., LESELLIER, E., BLETON, J. and TCHAPLA, A. 2003. Optimization of headspace solid phase 
microextraction for gas chromatography/mass spectrometry analysis of widely different volatility and 
polarity terpenoids in olibanum. J Chromatogr A, 1018: 73–83.

HUSSAIN, H., AL-HARRASI, A., AL-RAWAHI, A. and HUSSAIN, J. 2013. Chemistry and Biology of Essential 
Oils of Genus Boswellia. J Evidence-Based Complementary Altern Med, 2013: 1–12.

KASALI, A.A., ADIO, A. M., OYEDEJI, A. O., ESHILOKUN, A. O. and ADEFENWA, M. (2002). Volatile 
constituents of Boswellia serrata Roxb. (Burseraceae) bark. Flavour and Fragr J, 17: 462–464.

KLEIN, E. and OBERMANN, H. 1978. (S)-1-isopropyl-4,8,12-trimethyl-cyclotetradeca-3e,7e,11e-trien-1-ol, 
ein neues cembrenol aus dem ätherischen öl von olibanum. Tetrahedron Lett, 4: 349–352.

KUBMARAWA, D., OGUNWANDE, I.A., OKORIE, D.A., OLAWORE, N.O. and KASALI, A.A. 2006. 
Constituents of the Essential Oils of Boswellia dalzielii Hutch. from Nigeria. J Essent Oil Res, 18: 119–120.

LI, F., XU, K., YUAN, S., YAN, D., LIU, R., TAN, J., ZENG, G., ZHOU, Y. and TAN, G. 2010. Macrocyclic 
diterpenes from boswellia carterii birdwood (Frankincense). Chin J Org Chem, 30: 107–111.

LVONČÍK, S., MADĚRA, P., VOLAŘÍK, D., VRŠKOVÝ, B. and HABROVÁ, H. 2013. First proposal of seed 
regions for frankincense trees (Boswellia Spp.) on Socotra island, Journal of Landscape Ecology. 6 (3): 35-45.

MARONGIU, B., PIRAS, A., PORCEDDA, S. and TUVERI, E. 2006. Extraction of Santalum album and 
Boswellia carterii Birdw. volatile oil by supercritical carbon dioxide: influence of some process parameters. 
Flavour Fragr J, 21: 718–724.

MATHE, C., CONNAN, J., ARCHIER, P., MOUTON, M. and VIEILLESCAZES, C. 2007. Analysis of 
Frankincense in archeological samples by gas chromatogramy-mass spectrometry. Ann Chim, 97: 433–445.

MATHE, C., CULIOLI, G., ARCHIER, P. and VIEILLESCAZES, C. 2004. Characterization of archaeological 
frankincense by gas chromatography–mass spectrometry. J Chromatogr A, 1023: 277–285.

MERTENS, M., BUETTNER, A. and KIRCHHOFF, E. (2009). The volatile constituents of frankincense – a 
review. Flavour Fragr J, 24: 279–300.

MIKHAEIL, B.R., MAATOOQ, G.T., BADRIA, F.A. and AMER, M.M.A. 2003. Chemistry and 
immunomodulatory activity of frankincense oil. Z Naturforsch C, 58: 230–238.

MILLER, A. and MORRIS, M. 2004. Ethnoflora of the Soqotra archipelago. The Royal Botanic Garden, Edinburgh, 
UK.

MODUGNO, F., RIBECHINI, E. and COLOMBINI, M.P. 2006. Chemical study of triterpenoid resinous 
materials in archaeological findings by means of direct exposure electron ionisation mass spectrometry 
and gas chromatography/mass spectrometry. Rapid Commun Mass Spectrom, 20: 1787–1800.

MOTHANA, R.A.A. 2011. Anti-inflammatory, antinociceptive and antioxidant activities of the endemic 
Soqotraen Boswellia elongata Balf. f. and Jatropha unicostata Balf. f. in different experimental models. Food 
Chem Toxicol, 49: 2594–2599.

MOTHANA, R.A.A., HASSON, S.S., SCHULTZE, W., MOWITZ, A. and LINDEQUIST, U. 2011. 
Phytochemical composition and in vitro antimicrobial and antioxidant activities of essential oils of three 
endemic Soqotraen Boswellia species. Food Chemistry, 126: 1149–1154.

NAUMKIN, V.V. and EPSTEIN V.A. 1993. Island of the Phoenix: an ethnographic study of the people of 
Socotra. Ithaca Press

PAUL, M., BRÜNING, G., BERGMANN, J. and JAUCH, J. 2012. A Thin-layer Chromatography Method 
for the Identification of Three Different Olibanum Resins (Boswellia serrata, Boswellia papyrifera and 
Boswellia carterii, respectively, Boswellia sacra). Phytochem Anal, 23: 184–189.

PAUL, M., BRÜNING, G., WEIHRATHER, J. and JAUCH, J. 2011. Qualitative and Quantitative Analysis of 17 
Different Types of Tetra- and Pentacyclic Triterpenic Acids in Boswellia papyrifera by a Semi-Automatic 
Homomodal 2D HPLC method. Chromatographia, 74: 29–40.



90	 Petr Maděra, Zuzana Paschová, Alena Ansorgová, Boris Vrškový, Samuel Lvončík, Hana Habrová

POZHARITSKAYA, O.N., IVANOVA, S.A., SHIKOV, A.N. and MAKAROV, V.G. 2006. Separation and 
quantification of terpenoids of Boswellia serrata Roxb. extract by planar chromatography techniques (TLC 
and AMD). J Sep Sci, 29: 2245–2250.

SANE, R.T., PHADKE, M.M., HIJLI, P.S., SHAH, M.C. and PATEL, P.H. 1998. A high performance thin 
layer chromatography method for the simultaneous quantitative analysis of gugul (Boswelia serrata) and 
turmeric (Curcuma longa) from an ayurvedic preparation. Indian Drugs, 35: 286–290.

SCHOLTE, P., AL-OKAISHI, A. and SULEYMAN, A.S. 2011. When conservation precedes development: a 
case study of the opening up of the Socotra archipelago, Yemen. Oryx, 45: 401–410.

SCHOLTE, P. and DE GEEST, P. 2010. The climate of Socotra Island (Yemen): A first-time assessment of the 
timing of the monsoon wind reversal and its influence on precipitation and vegetation patterns. Journal of 
Arid Environments, 74: 1507–1515.

SHAH, S.A., RATHOD, I.S., SUHAGIA, B.N., PANDYA, S.S. and PARMAR, V.K. 2008. A Simple 
High Performance Liquid Chromatographic Method for the Estimation of Boswellic Acids from the Market 
Formulations Containing Boswellia serrata Extract. J Chromatogr Sci, 46: 735–738.

SHEN, T. and LOU, H.X. 2008. Bioactive Constituents of Myrrh and Frankincense, Two Simultaneously 
Prescribed Gum Resins in Chinese Traditional Medicine. Chem Biodiversity, 5: 540–553.

SHEN, T., LI, G.H., WANGA, X.N. and LOU, H.X. 2012. The genus Commiphora: A review of its traditional 
uses in phytochemistry and pharmacology. J Ethnopharmacol, 142: 319–330.

SINGH, B., KUMAR, R., BHANDARI, S., PATHANIA, S. and LAL, B. 2007. Volatile constituents of natural 
Boswellia serrata oleo-gum-resin and commercial samples. Flavour Fragr J, 22: 145–147.

STRAPPAGHETTI, G., CORSANO, S., CRAVEIRO, A. and PROIETTI, G. 1982. Constituents of essential oil 
of Boswellia frereana. Phytochemistry, 21: 2114–2115.

SUN, L., XU, J., JIN, H., TIAN, J. and LIN, R. 2011. Herbalism, botany and components analysis study on 
original plants of frankincense. Zhongguo Zhong Yao Za Zhi, 36: 112–116.

THULIN, M. 2001. Two new species of frankincense trees (Boswellia, Burseraceae) from Socotra. Kew Bull, 
56: 983–988.

VAN BERGEN, P.F., PEAKMAN, T.M., LEIGH-FIRBANK, E.C. and EVERSHED, R.P. 1997. Chemical evidence 
for archaeological frankincense: Boswellic acids and their derivatives in solvent soluble and insoluble 
fractions of resin-like materials. Tetrahedron Lett, 38: 8409–8412.

VAN VUUREN, S.F., KAMATOU, G.P.P. and VILJOEN, A.M. 2010. Volatile composition and antimicrobial 
activity of twenty commercial frankincense essential oil samples. S Afr J Bot, 76: 686–691.

VERGHESE, J., JOY, M.T., RETAMAR, J.A., MALINSKAS, G.G., CATALÁN, C.A.N. and GROS, E.G. 1987. A 
fresh look at the constituents of indian olibanum oil. Flavour and Fragr J, 2: 99–102.

WEEKS, A., DALY, D.C. and SIMPSON, B.B. 2005. The phylogenetic history and biogeography of the 
frankincense and myrrh family (Burseraceae) based on nuclear and chloroplast sequence data. Mol 
Phylogenet Evol, 35: 85–101.

WOOLLEY, C.L., SUHAIL, M.M., SMITH, B.L., BOREN, K.E., TAYLOR, L.C., SCHREUDER, M.F., CHAI J.K., 
CASABIANCA H., HAQ S., LIN H.K., AL-SHAHRI A.A., AL-HATMI S. and YOUNG D.G. (2012). Chemical 
differentiation of Boswellia sacra and Boswellia carterii essential oils by gas chromatography and chiral gas 
chromatography–mass spectrometry. J Chromatogr A, 1261: 158–163.

www.massfinder.com/wiki/Terpenoids_Library_List. Accessed: 2015 February10.
www.pherobase.com/database/kovats-index.php. Accessed: 2015 February10.

Contact information

Petr Maděra: petrmad@mendelu.cz
Zuzana Paschová: zuzana.paschova@seznam.cz
Alena Ansorgová: ansorgova@volny.cz
Boris Vrškový: borispukpuk@gmail.com
Samuel Lvončík: samuel.lvoncik@mendelu.cz
Hana Habrová: hana.habrova@mendelu.cz


