XII_724

Bulletin of the Chemists and Technologists ofMacr?.donia, Vol. 15, No. 1, pp- 33 - 38 (1996)

GHTMDD =269
Received: February 12, 1996

[SSN 350 - 0136
UDC 547.913: 543.544.3

Original scientific paper

ESSENTIAL OIL ANALYSIS OF SOME TAXA OF GENERA THYMUS L.
- ENVIRONMENT INFLUENCES -

Svetlana Kulevanova Mihailo Risti¢? , Trajce Stalllov Kiril Dorevski® , Tomislav Ristov!

]!mu.rme of Pharmacognosy, Faculty of Pharmacy, Vodnjanska 17, 91000 Skopje, Republic of Macedonia
:'mnmre for Medicinal Plant Research "Dr. 1. Pancicé”, Tadeu§ Ko§éudki 1, 11000 Belgrade, FR Yugoslavia
SInstitute of Ci hemistry, Faculty of Science, POB 162, 91001 Skopje, Republic of Macedonia
nstitute of Pharmaceutical Chemisny, Faculty of Pharmacy, Vodn;amka 17, 91000 Skopje, Republic of Macedonia

The essential oil composition of a few taxa of genera Thymus L. wild growing in Macedonia, were investigated
using GC and GC-MS methods. Almost the same components were identified in all examined samples but in very
different percentages. In the most of the samples thymol, carvacrol, linalool, a-terpineol, terpenyl acetate, p-cymene
and y-terpinene were the most abundant components. In the rest of the samples geraniol, linalool and sabynene hydrate
were presented in higher amounts. Differences in essential oil composition, obtained from the same taxa, probably due
to the differences in environmental conditions of plant growth. Against this, remarkable resemblance was found in
composition of essential oils obtained from different Thymus taxa from the plﬂnls that grow at the same environment,
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INTRODUCTION

The oil of thyme is obtained from Thymus vulgaris
L., Thymus zygis L. or occasionally other related
species. It is of great value in pharmacy because of its
antibacterial, antimycotic and expectorant activities.
These effects are due to the presence of characteristic
phenol components, thymol and carvacrol [1]. The
content of phenols in commercial thyme oil ranging
between 20 to 60% [2—4] depending upon the origin
[3, 6], growth stage [7], environmental influences [8]
and other factors. Some data points to occurrence of
several chemotypes of T. vulgaris [9] and T. zygis [10]
whose presence could be explained by influences from
the environment [9, 10]. Besides T vulgaris and T. zygis,
few other Thymus taxa have a potential to be used as a
kind of substitution for official thyme oil [11-13].
These taxa contain large amounts of essential oil with
high quantity of phenols. However, great chemical

polymorphism characterised the taxa of genera
Thymus L.. Inrecent years some of these taxa have been
submitted to examination of chemotypes and frequent-
ly occurrence of different chemotypes have been ex-
plained by the environment influences [14-18].

A lot of species of genera Thymus occur in flora
of Macedonia. Some of them spread widely through
the whole territory of Macedonia, like Thymus tosevii
Velen. while the others are connected to small, limited
areas and represent local endemic plants [19].

Examination that has been carried out in last few
years include a majority of these taxa. The aim of the
presented study is to compare the essential oil com-
position of some Macedonian Thymus taxa to establish
similarities and differences in their composition in
relation with actual environmental conditions.

EXPERIMENTAL

Plant material

Samples of plants included in the investigation
were the following:

A-1: Thymus tosevii Velen. ssp. rosevii, collected
near village Nikoli¢, Dojran, in the southeast of
Macedonia, May 1994,

A-2: Thymus tosevii Velen. ssp. substriatus (Bor-

bas) Matevski (syn. T. substriatus Borb.), collected in
the same place and at the same time.

B-1: Thymus tosevii Velen. ssp. tosevii, collected
at VitaCevo, Kavadarci, central part of Macedonia, in
June 1994,

B-2: Thymus tosevii Velen. ssp. substriatus (Bor-
bas) Matevski, collected at the same place and at the
same time.

C-1: Thymus tosevii Velen. ssp. tosevii, collected
at grass-lands near the AlSar mine, in the south of
Macedonia, in June 1994,

C-2: Thymus alsarensis Ronn. (syn. T. thracicus
Jalas), collected at the same place and at the same time.
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D-1: Thymus tosevii Velen. ssp. rosevii, collected
at grass-lands near the village Laki, Berovo, in the east
of Macedonia, in June 1994,

D-2: Thymus macedonicus (Degen et Urumov)
Ronn. (T macedonicus Ronn., T sibthropii Jalas),
collected at the same place and at the same time.

The identity of the taxa was confirmed by V.
Matevski, from the Institute of Biology, Faculty of
Science, Skopje, Macedonia. Voucher specimen for
each of the taxa was deposited at the Herbarium in the
same [nstitute of Biology.

Allsamples collected at flowering stage of plants
were air-dried and then submitted to hydrodistillation
in Clevenger type apparatus for a duration of 5 hours.
After separation from water, essential oil was dried
over anhydrous sodium sulphate.

GC and GC-MS analysis

Analyses of the oils were performed by GC-FID
and GC-MS on fused capillary column (I = 50 m, ID
= 0.2 mm), coated with crosslinked methyl silicone
gum (0.5 um film thickness). A Hewlett-Packard,

model 5890 Series II gas chromatograph equipped
with split-splitless injector was used. Sample solution
in ethanol (1.0 %) was injected in split mode (1:100)
at 250 °C. Detector temperature was 300 °C (FID),
while column temperature was linearly programmed
from 40-280 °C, 2 °C/min. The GC-MS analysis was
carried out on an HP 5890 Series II gas chromatograph
equipped with an HP 5971 mass detector working in
electronic compact: (70 eV). The chromatographic
conditions were as above. Transfer line was heated at
280 °C.

The identification of the components was based
on comparison of their retention times with those of
analytical standards of available terpenoids, and
matching mass spectral data of oil constituents with
those from Wiley/NBS library of MS spectra. For the
quantification purposes area percent reports obtained
by GC-FID were used as a base. Chromatograms of all
samples were interpreted in the coordinate system,
where concentration indices (CI) were plotted in
relation with relative retention times to thymol (RRT).

RESULTS AND DISCUSSION

The hydrodistilation yielded 0.93-1.25% (v/w) of *

essential oil from Thymus tosevii ssp. tosevii. The oil
was characterised by refractive index n.lz)ﬂ rarjlging be-
tween 1.4694-1.4891 and relative density n5, 0.889—
0.899. Samples of T. rosevii ssp. substriatus yielded
1.20-1.40% (viw) paleéc}/ellow coloured essential oil
with ng} 1.491 and n5; 0.89. Two another taxa T.
alsarensis and T. macedonicus, yielded 1.60% and
1.16% (v/w) of essential oil, respectively. The refrac-
tive indices were 1.495 and 1.471, and relative density
was 0.893 and 0.887 for T alsarensis and T mace-
donicus, respectively.

Cross-correlation of data recorded by GC-FID
and GC-MS showed great resemblance regarding
qualitative chemical composition of essential oil
samples. Almost the same constituents were identified
in all these samples, but in very different percentages.

Samples A-1 (T tosevii ssp. tosevii) and A-2 (T
tosevil ssp. substriarus) contained large amounts of
phenols. Thymol was presented in concentration of
19.43% in A-1 and 24.51% in A-2, while 9.72% and
16.35% of carvacrol were determined in samples A-1
and A-2, respectively (Table I). The main constituents
in these two samples were the esters with 19.79% of
terpenyl acetate in A-1 and 13.03% in A-2. Linalool
was the most abundant alcohol with 7.88% in A-1 and
7.42% in A-2. The major important monoterpene
hydrocarbons were p-cimene and S-pinene. In the
fraction of sesquiterpenes the most abundant was
trans-caryophillene. Normalised gas chromatograms
of samples A-1and A-2 drawn in the form of bar graph

pattern are presented in Fig. 1, where concentration
indices (CI) were plotted in relation with relative times
to thymol (RRT).
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Fig. 1. Bar graph GC-patterns of samples A-1 (Thymus tosevii ssp.
tosevir) and A-2 (Thymus tosevii ssp. substrianes)
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Table 1

Composition of essential oil of examined taxa of genera Thymus L.
Component A-1* A-2* B-1* B-2* C-1* E-2* D-1* D-2*
Hydrocarbons
a-Thujene 0.27 0.76 0.78 0.97 17 1.06 0.06 0.08
a-Pinene 0.19 0.44 0.51 0.61 0.83 0.85 0.22 0.30
Camphene 0.19 0.27 0.52 0.44 0.51 0.78 0.06 0.08
Sabinene 0.67 1.12 1:53 1.44 0.93 0.74 (L3S 345
B-Pinene 4.68 4.78 1.70 1.95 1.98 2:20 0.74 8.65
a-Phellandrene = 0.13 0.14 0.17 0.16 0.16 - 0.02
o-Cimene 0.38 1.02 1.13 1.21 1.36 1.14 0.44 0.82
p-Cimene 4.65 5.41- 10.89 9.76 7.08 8.92 0.66 0.31
Limonene 0.54 0.49 0.47 0.45 0.74 0.83 0.78 0.89
y-Terpinene 117 4.81 4.02 5.11 4.33 3.56 0.92 L.51
Ethers
1.8-Cineol 0.66 1.06 1.72 1.94 0.85 0.96 0.14 0.17
Methyl thymol 0.43 0.48 = 1.16 0.47 . 3 ¥
Alcohols
Sabinene hydrate 2.10 1.80 0.92 211 0.74 1.26 12.66 14.89
Linalool 7.88 7.42 20.92 13.09 9.00 3.21 8.62 11.69
exo-Borneol 0.87 0.83 1.64 1.34 1.54 1.68 0.11 0.11
endo-Borneol 1.51 0.47 1.01 0.64 0.54 0.84 253 2.71
a-Terpineol 6.97 0.65 0.33 0.37 1.69 2.46 8.90 8.01
cis-Dihydrocarveol - o e - - 1.09 0.81 0.40 0.31
Nerol = o = - - 0.04 0.20 0.13
Geraniol 0.53 - 0.24 1355 - 1.10 2179 18.50
Phenols
Thymol 19.43 24.51 38.08 45.57 19.06 8.52 0.58 0.33
Carvacrol 9.72 16.35 137 2.03 26.87 33.00 0.05 0.24
Acelates
Terpinyl acetate 19.97 13.03 0.13 - 9.25 7.36 13.59 11.34
Neryl acetate 9.01 0.03 B - - = e 1B
Geranyl acetate 0.44 0.16 0.04 0.24 - 0.06 5.34 3.85
Sesquiterpenes
a-Copaene 0.04 0.04 0.03 0.04 0.03 0.05 0.13 0.11
f-Bourbonene 0.09 0.07 0.15 0.10 0.06 0.05 0.06 0.07
trans-caryophyllene 1.94 2.19 2.38 1.90 1.50 1.76 1.01 0.88
«-Cubebene i - 0.10 0.07 0.05 - 0.04 0.03 0.03
a-Humulene - 0.02 0.09 0.08 - 0.06 0.02 0.05
y-Muurolene 0.11 0.10 0.17 0.18 0.02 0.13 0.32 0.51
f-Cubebene 0.47 0.15 0.53 0.24 0.24 0.05 1.12 1.20
Calarene 0.46 0.08 0.06 0.08 0.05 0.05 0.08 -
f-Bisabolene 0.33 0.03 1.98 1.52 1.34 1.78 1.02 0.85
y-Cadinene 0.17 0.41 1.24 0.26 0.15 - 0.71 0.65
d-Cadinene 0.02 - 0.06 0.02 0.06 0.20 - -
Caryophyllene oxide 0.41 0.16 0.35 0.31 0.25 0.06 0.99 0.05
Total % 96.30 94.50 95.60 96.63 93.89 94.79 91.03 92.81

* Samples of oils (see text)
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Samples B-1 (T tosevii ssp. tosevii) and B-2 (T
tosevii ssSp. substriatus) contained large amount of
phenols. Both samples were characterised by very high
percentage of thymol (38.08% for B-1 and 45.57% for
B-2) and very low percentage of carvacrol (1.77% for
B-1 and 2.03% for B-2). These samples contained a
large percentage of linalool (20.92% for B-1 and
13.09% for B-2). Only traces of esters were registered.
The most abundant hydrocarbons were p-cimene and
y-terpinene (Table I). In fraction of sesquiterpenes the
most important were frans-caryophyllene and f-
bisabolene. Normalised chromatograms of oil samples
B-1 and B-2 are presented in Fig. 2.

Phenols were the most abundant components in
the essential oils obtained from the samples C-1 (T
tosevii ssp. tosevii) and C-2 (T alsarensis). Among
them, in these samples higher content of carvacrol was
recorded. It was 26.87% for C-1 and 33.00% for C-2.
The percentages of thymol were also very large,
19.06% for C-1 and 18.52% for C-2. Similar to A-1 and
A-2, fraction of esters included 9.25% of terpenyl
acetate for C-1 and 7.36% for C-2. The most abundant
alcohol in these samples was linalool, the main hydro-
carbons were p-cimene and y-terpinene while in frac-
tion of sesquiterpenes that were frans-caryophyllene
and B-bisabolene (Table I). Normalised chromato-
grams of these samples are given in Fig. 3.

On the contrary to the samples mentioned before
(containing large amount of phenols), in samples D-1
(T tosevii ssp. tosevii) and D-2 (T. macedonicus) only

Thymus tosevii Velen. ssp. tosevii

600 ¢

cl :
400;
i

200 }
|

ol II L,

il
0.000 0.500 1.000

566 2000 2500 3000
RAT (thymol = 1.000)

Thymus tosevil Velen. ssp. substriatus
1000

800
Cl
400

200

JLL

0.000 0.500 1.000 1.500 2.000 2.500 3.000
RAT (thymal = 1.000)

Fig. 2: Bar graph GC-patterns of samples B-1 (Thymus tosevii ssp.
tosevir) and B-2 (Thymus tosevii ssp. substriatus)

traces of thymol and carvacrol were registered. Nor-
malised chromatograms of these two oils are presented
in Fig. 4.
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Fig. 3: Bar graph GC-patterns of samples C-1 (Thymus tosevii ssp.
tosevii) and C-2 (Thymus alsarensis)
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Fig. 4. Bar graph GC-patterns of samples D-1 (Thymus rosevii ssp.
tosevi) and D-2 (Thymus macedonicus)
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In these two samples, the most important was the
fraction containing alcohols derived from mono-
terpene hydrocarbons (56.21% for D-1and 55.76% for
D-2). The most abundant alcohol was garaniol
(21.79% for D-1 and 18.50% for D-2). High percent-
ages of linalool (8.62% for D-1 and 11.69% for D-2)
and e-terpineol (8.90% for D-1 and 8.01% for D-2)
were determined too. Sabinene hydrate (thujanol-4)
occurred in these two samples in much higher quan-
tities (12.66% for D-1 and 14.30% for D-2) than in
other samples where it was present only in very low
concentration. High contents of esters (especially
terpenyl acetate and geranyl acetate, which was more
significantly increased in D-1 and D-2 than terpenyl
acetate) were also established. In fraction of hydrocar-
bons, B-pinene was the most abundant constituent
while in fraction of sesquiterpenes the most abundant
were frans-caryophyllene, S-bisabolene and S-cube-
bene.

Summarising the obtained results, it could be
noticed that different taxa of genera Thymus growing
under the same environmental conditions contained
essential oil with almost the same composition. On the
other hand, changes in these conditions could cause
the changes in essential oil composition. Samples A-1
and A-2 as well as C-1 and C-2 were collected from the
area being under the strong influence of the Mediter-
ran climate. Although these samples represented dif-
ferent Thymus taxa (T. tosevii ssp tosevii, T. tosevii ssp.
substriastus and T. alsarensis) similar environmental
conditions influenced similarity in their essential oil
composition. This could be seen from the Fig. 1 and
Fig. 3. The area where samples B-1 and B-2 were
collected differs from those two areas because of the
higher altitude and other conditions characteristic for
the continental climate. Esséntial oil composition of
B-1 and B-2 was different from those of A-1 and A-2,
although A-1and B-1 as well as A-2 and B-2 belonged
to the same taxa. The most noticeable effect of the

environment was reflected on essential oil composi-
tion in samples D-1 and D-2. These two samples were
collected in an area with rough climatic conditions,
with hot summers, strong, very cold and snowy
winters. Growing in the same environment these two
very different taxa, T. tosevii ssp. tosevii (D-1) and T
macedonicus (D-2) contained qualitatively the same
essential oil, without phenols in their composition. It
is very important to point out that chemical composi-
tion of essential oil of D-1 much differs from those in
A-1,B-1and C-1, although all these samples belonged
to the same taxa (7. tosevii ssp. tosevii).

In our study T tosevii sSp. fosevii was chosen as a
kind of marker. This taxa is very common in Mace-
donian flora and its collection together with other taxa
of genera Thymus was possible to achieve during
almost every sampling. From the results of our ex-
amination, it appears that essential oil composition of
T tosevii ssp. tosevii could be very different, depending
strongly upon the environmental conditions of plant
growth. The main constituents of the oil could be
thymol and carvacrol, or only thymol and only car-
vacrol together with terpenyl acetate, p-cymene and
y-terpinene. Samples of T rosevii that contained ge-
raniol and linalool, as the most abundant component
were also registered which was similar to T tosevii
essential oil originated from Greece [20]. Data con-
sidering the variation of essential oil composition of
some other taxa of genera Thymus, caused by the
environmental influences could be found in the litera-
ture. Thus, Falchi Delitala et al. [21] found close
relations between environmental stress condition and
production of essential oil and phenols in Thymus
capitatus and Thymus herba-barona, Cabo et al. [22]
found big variations in essential oil composition of
Thymus zygis between the plants that grew in different
environment and Piccaglia and Marotti [23] found
several different ecotypes of Italian Thymus vulgaris.
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Pesume

AHAJIM3A HA ETEPHYHOTO MACJIO OJIHEKOH TAKCOHHW HA POJOT THYMUS L.
= BJIMJAHUJA HA HAJTBOPEIIHATA CPEJIMHA -

Crerrana Kyaesanosa', Muxanio Puctuit’, Tpajue Craduios’, Kupui Jlopenciu’, Tovucias Pucros'

IHHCTHTyT 34 hapmaxorrosija, ®apmalleBTckH hakyarer Ckonje, Boawarcka 17, 91000 Cronje, PenyOurika MakeqoHHja
HHCTUTYT 3a IIpoyiyBarbe Ha JekoBUTH Ounku "JIp. Jocud) Harryuh”, Bearpan, 11000 besarpan, C. P. Jyroc/iasuja
HHCTHTYT 3a Xemitja, IIpupoaHo-maremariiky akyarer, Ckorje, . ¢hax 162, 91001 Cronje, Peny6iuka Makegoruja
4HHCTHT_}’T 3d thapMarjesTcka Xxemuja, @apmaiiesTckr (axyntet, Crkonje, Boamarcka 17, 91000 Ckorije, PerryOmka Make1oHUja

Kuyunu adoporu: Thymus; etepudro Maciio; GC 1 GC-MS aHallM3a; HaJBOpelLHA cpeHHa

CoOCTaBOT HA €TEPHYHOTO MAcJI0 0/] HEKOJIKY TAKCOHH 0/
pojot Thymus L., ko oIMBo pacTaT Bo MakeJOHH]ja, € HCIIUTYBaH
kopHcTejku rH MeToguTe GC 1 GC-MS. Bo cHTe MCIMTYBAHH
NpHUMepolH Bea MIeHTH(HKYBAHH, TNIaBHO, HCTH KOMIMOHEHTH,
HO CO MHOTY pasjiM4Ha cojipsHHa. Bo ropekeTo nmpHMepolM
THMOJ1, KapBaKpOJ1, JIMHAJIOJL, «-TePIHHEoJ, TepNeHHI aleTar,
P-UHMEH H y-TepnHHeH 0ea HajMHOTY 3aCTaleHHTEe KOMIOHEHTH.
Bo ocTtaHaTHTE NpHMMEpOLH repaHHOl, JMHANON H cabHHeH

xujpat Gea MPUCYTHH BO MOT0JeMH KoJIMYecTBa. PasniukKTe Bo
COCTABOT HA €TepHYHHTE Maclla, AoGHeHH 0j] MCTHOT TaKCOH,
BEPOjaTHO ce J0JKAT HA PA3NIMKUTE RO HAJBOPEILHHTE YCJI0BH
BO KOM pacTaT pacTeHdjaTa. HacnpoTH oBa, rojiemMa cliMyHocT e
HajeHa BO COCTABOT HA €TEPHYHOTO Macsio A0GHeHO oj pas-
JIMYHH TAKCOHH 011 pooT Thymus, 0]l PACTEHH]a KOM PacTaT Bo
HCTH HAZIBOPEILHH YCIIOBH.

Bull.Chem.Technol.Macedonia, 15. 1, p. 33-38(1996)



