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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 plants that grow at the same environment.
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INTRODUCTION

The oil of thyme isobtained 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
[5, 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 int1uences from
the environment [9, 10]. Besides T.vulgarisand 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.. In recent years some of these taxa have been
submitted to examination ofchemotypes 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-I: Thymus tosevii Velen. ssp. tosevii, collected
near village Nikolic, 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-I: 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.

Col: 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-l: Thymus tosevii Velen. ssp. tosevii, 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 Institute of Biology.

All samples 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 cross linked methyl silicone
gum (0.5 ,urn film thickness). A Hewlett-Packard,

model 5890 Series II gas chromatograph equipped
with split-splitJess 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 QC,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. 1tansfer 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 (Cl) 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 nqo ran&ing be-
tween 1.4694-1.4891 and relative density n~o 0.889-
0.899. Samples of T. tosevii ssp. substriatus yielded

1.20-1.40% (v/w) pale, Jellow coloured essential oil
with nqo 1.491 and n~o 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. alsarensisand 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 Al (T. tosevii ssp. tosevii) and A2 (T.
tosevii ssp. substriatus) contained large amounts of
phenols. Thymol was presented in concentration of
19.43% in Al and 24.51% in A-2, while 9.72% and
16.35% of carvacrol were determined in samples Al
and A2, respectively (Thble I). The main constituents
in these two samples were the esters with 19.79% of
terpenyl acetate in Al and 13.03% in A-2. Linalool
was the most abundant alcohol with 7.88% in Al and

7.42% in A2. The major important monoterpene
hydrocarbons were p-cimene and ,B-pinene. In the
fraction of sesquiterpenes the most abundant was
trans-caryophillene. Normalised gas chromatograms
of samples Al and A2 drawn in the form of bar graph

pattern are presented in Fig. 1, where concentration
indices (Cl) were plotted in relation with relative times
to thymol (RRT).
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Fig. 1. Bar graph GC-patterns of samples A-I (Thymus tosevii ssp.
tosevii) and A-2 (Thymus tosevii ssp. substriams)
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Ta b 1e I

Composition of essential oil of examined taxa of genera Thymus L.

Component A-1* A-2* B-1* B-2* C-l* C-2* D-1* D-2*

Hydrocarbons

a-Thujene 0.27 0.76 0.78 0.97 1.17 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 0.75 3.45

p-Pinene 4.68 4.78 1.70 1.95 1.98 2.22 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 1.17 4.81 4.02 5.11 4.33 3.56 0.92 1.51

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

AIcohols

Sabinene hydrate 2.10 1.80 0.92 2.11 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

eYO-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 2.53 2.71

a-Terpineol 6.97 0.65 0.33 0.37 1.69 2.46 8.90 8.01

cis-Dihydrocarveol
- 5.13 - - 1.09 0.81 0.40 0.31

Nerol - - - - - 0.04 0.20 0.13

Geraniol 0.53 - 0.24 1.15 - 1.10 21.79 18.50

Phenols

Thymol 19.43 24.51 38.08 45.57 19.06 18.52 0.58 0.33

Carvacrol 9.72 16.35 1.77 2.03 26.87 33.00 0.05 0.24

Acetates

Terpinyl acetate 19.97 13.03 0.13 - 9.25 7.36 13.59 11.34

Neryl acetate 9.01 0.03 - - - - -

Geranyl acetate 0.44 0.16 0.04 0.34 - 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

p-Bourbonen 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

a-Cubebene - 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

p-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 -

p-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

o-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 ssp. 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 (Thble I). In fraction ofsesquiterpenes the
most important were trans-caryophyllene and f3-
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-l (T.
toseviissp. tosevii)and C-2 (T. alsarensis).Among
them, in these samples higher content of carvacrol was
recorded. It was 26.87% for C-l and 33.00% for C-2.

The percentages of thymol were also very large,
19.06%for C-l and 18.52%forC-2. Similarto A-I and

A-2, fraction of esters included 9.25% of terpenyl
acetate for C-l 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 trans-caryophyllene
and f3-bisabolene (Thble I). Normalised chromato-
grams of these samples are given in Fig. 3.

On the contrary to the samples mentioned before
(containing large amount ofphenols), in samples 0-1
(T.toseviissp.tosevii) and 0-2 (T.macedonicus)only
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Fig. 2: Bar graph GC-patterns of samples B-1 (Thymus LOsevii ssp.
tosevii) and B-2 (Thymus LOseviissp. substriacus)

traces of thymol and carvacrol were registered. Nor-
malised chromatograms of these two oils are presented
in Fig. 4.
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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-1 and 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 a-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, {3-pinene was the most abundant constituent
while in fraction ofsesquiterpenes the most abundant
were trans-caryophyllene, {3-bisabolene and {3-cube-
bene.

Summarising the obtained results, it could be
noticed that different taxa of generaThymus 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. Ess~ntial oil composition of
B-1 and B-2 was different from those of A-1 and A-2,
although A-I and 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 compos.i-
tion of essential oil of D-1 much differs from those in
A-I, B-1 and C-1, although all these samples belonged
to the same taxa (T. tosevii ssp. tosevii).

In our study T. tosevii ssp. tosevii 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. tosevii 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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Pe311Me

AHAJUl3A HA ETEPHqHOTO MACJIO 0)); HEKOH T AKCOHH HA PO));OT THYMUS L.
- BJIHJAHHJA HA HA)J;BOPElliHA T A CPE));HHA-

CBeTJI:ma KYJIeBaHOBa\ MuxauJIo PUCTIlK2, Tpaj'le CTIlIIIUJIOB3,KupuJI .LJ:opeBcKu4, TOMUCJIaB PUCTOBl

lUHCTUTYT 3a !/JapM8KorHo3uja, rpapMa~eBTcKu !/JaKYJJTeTCKofIje, BOJJ.fbaHCKa17, 91000 CKofIje, PefIy6JJUKa MaKejJoHuja
2UHCTUTYT 3a fIPOY'lYB8ue Ha JJeKOBUTU6UJJKU "JJ:p. lOCM!/JJIaH'lMh'~ EeJJrpap, 11000 EeJJrpajJ, C P. lyrocJJ8Buj8

3UHCTUTYT 3a xeMuja, JIPUPOjJHO-M8TeMaTU'lKU !/JaKYJJTer,CKofIje, n !/Jax 162, 91001 CKofIje, PeIly6JJUKa MaKejJoHuj8
4UHCTUTYT 3a !/JapMa~eBTcKa xeMuja, rpapMa~eBTcKu !/JaKYJJTer,CKofIje, BOjJfbaHCKa 17, 91000 CKofIje, PeIly6JJUKa M8KejJoHuja

KnY'IHH 36opOBH:Thymus~. eTepl1qHO MacJ]o; GC 11GC-MS aHaJJl13a; Ha):\BopewHa cpe):\I1Ha

COCTaBOT Ha eTepl1QHOTO MaCJ]O 0):\ HeKOJ]KYTaKCOHI10):\
pO):\OTThymus L., KOI1):\I1BOpacTaT BOMaKe):\oHl1ja, e I1CIlI1TYBaH
Kopl1cTej{m rl1 MeTO):\I1Te GC 11 GC-MS. Bo CI1Te I1CIlI1TYBaHI1
Ilpl1MepOUI1 6ea l1):\eHTI1<pI1KYBaHI1,rJ]aBHo, I1CTI1KOMIlOHeHTI1,
HO CO MHory pa3J]I1QH~ Co):\p)f{I1Ha. Bo IlOBeKeTO Ilpl1MepOUI1
TI1MOJ],KapBaKpOJ], J]I1HaJ]OJ], a-TepIlI1HeOJ], TepIleHI1J] aueTaT,
p-UI1MeH 11y-TepIlI1HeH 6ea HajMHory 3aCTaIleHI1Te KOMIlOHeHTI1.
Bo OCTaHaTI1Te Ilpl1MepOUI1 repaHI10J], J]I1HaJ]OJ] 11 ca611HeH

XI1):\paT6ea Ilpl1CYTHI1BO IlorOJ]eMI1 KOJ]I1QeCTBa.Pa3J]I1KI1Te BO
COCTaBOTHa eTepl1QHI1Te MaCJ]a, ):\0611eHI1 0):\ I1CTI10T TaKCOH,
BepojaTHo ce ):\OJ])f{aTHa pa3J]I1KI1Te BO Ha):\BopeWHI1Te YCJ]OBI1
BO KOI1paCTaT pacTeHl1jaTa. HaCIlpOTI1 OBa, rOJ]eMa CJ]I1QHOCTe

Haj):\eHa BO COCTaBOTHa eTepl1QHOTO MaCJ]O ):\0611eHO 0):\ pa3-
J]I1QHI1TaKCOHI10):\ pO):\OT Thymus, 0):\ pacTeHHja KOI1paCTaT BO
I1CTI1Ha):\BopeWHI1 YCJ]OBI1.
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