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The essential oils from three species of genus Micromeria Bentham (fam. Lamiaceae) growing wild in Bulgaria
(M. dalmatica and M. cristata) and Macedonia (M. cristata and M. juliana) have been analyzed and discussed in con-
text with the results obtained for the corresponding Micromeria essential oils from the region. The obtained essential
oils were analyzed by GC-MS and their components were identified according to their mass spectra and linear reten-
tion indices.

M. dalmatica was characterized by high quantities of essential oil, with oxygenated monoterpenes with p-
menthane skeleton being the main constituents. The two samples of M. cristata from Bulgaria showed significant dif-
ferences in their chemical composition, Moenoterpenic alcohols prevailed in the sample from Bosnek, whereas ses-
quiterpenes dominated the oil from plants of the Ilindentsi population. Very similar content of total monoterpenes,
oxygenated monoterpenes and sesquiterpenes was found in the essential oil of M. cristara from Alshar, Macedcenia,
and from Ilindentsi, Bulgaria. However, these two samples differed substantially in the variety of identified sesquiter-
pene compounds (20 compared to 5 and 4 in the other M. cristata oil samples). High content of sesquiterpencs was
also found in the essential oil of M. juliana from Macedonia, with a distribution pattern in agreement with the data
found for other samples of M. juliana from the region.
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XEMHUCKH COCTAB HA ETEPHYHHUTE MACIIA
O TP BUXA MICROMERIA KOH PACTAT BO MAKETTOHHJA H BYTAPHUJA

AHanH3MpaHH ce eTEPHMHMTE Maciia Of TPH BHAa off poRoT Micromeria Bentham (dam. Lamiaceae) xou
pacrar Bo Byrapuja (M. dalmatica v M. cristata) # Makeqonuja (M. cristata B M. juliana) W peaynTaTHTE ce
JAMCKYTHPaHH BO KOHTEKCT CO PE3yNTATHTE NOOHEHM 3a eTEpHYHH Macjla Off COOBETHHTE BHIOBH Micro-
meria ofl perBoHOT. [lo0MeHHTE eTepHYHHN Maclla CO racHa XpOMaTorpachija — MaceHa CIeKTPOMETpHja H
HOcHTHUKALNHjaTa Ha KOMNOHCHTHTE € H3BPOICHA CNOpel HHBHHTE MACEHH CNEKTPA M JIHHCApDHH

. PETEHHHOHA HHJIEKCH.

M. dalmatica ce KapakTepHsupalie cO roleMo KoOMHYECTBO €TEPHYHO MACNO, BO KOE KHUIOPONHATE
MOHOTEpIIEHH CO MEHTAHCKH CKelleT ce JOMHHAHTHH KoMnoHewTH. [lgaTa npuMepoka on M. cristata of
Byrapuja 3sHaUMTelTHO ce pauTHKYBaa BO XEMHCKHOT COCTaB (MOHOTEPIEHCKHTE aJKOXOAN [OMRHMpaa BO
NpAEMEDPOKOT Off BOCHC.K, AONCcKa CCCKBHTCPICHHTE Bea AOMHHAHTHH KOMIIOHCHTH BO TNIPUMEPOKOT Of
Wnunpenup). ChanvHa CORpXHHA Ha BKYIHH MOHOTEDIEHH, KHCIOPORHH MOHOTEPICHH H CECKBHTEPIECHH
Gellre HajieHa ¥ BO €TEPHYHOTO Macio of M. cristata o Aniap, MakegonHja, H 8o oHa of Mnuugenuu, By-
raprja. Cenax, oBHt HBa HPHMEPOKa 3HAYHTENHO ce pa3yinkyBaa no GpojoT Ha MeHTH(MUKYBAHH CCCKBH-
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TepHecHCKH coefuHeHHja (20 cmopefieHo co 5 B 4 COeAMHEHH]Aa BO APYTHTe ABE €TEpPHUHH Macna of M.
cristata). ToNeMO KOMHYECTBO O CECKBHTEPIIEHH Bellle MCTO TaKa HajOIeHO M BO eTEPUYHOTO Macio og M.
juliana og MakeoHnja, a pacnpefen6aTa Ha CECKBHTEPIIEHCKHTE KOMIOHEHTH Bellle BO COTIACHOCT CO OHAa

34 AHAJIOTHH IPHMEPOUH Off PETHOHOT.

Knyunus sdopou: Micromeria; Micromeria dalmatica, Micromeria cristata; Micromeria juliana; Lamiaceae,
¢TEPHTHO MACTO; NYJCTOH; MHIIEPUTEHOH; MERTOH; (I-bisabolol; verbenol

INTRODUCTION

The species of genus Micromeria Bentham
(fam. Lamiaceae) are perrenial herbs or dwarf shrubs.
Micromeria dalmatica Benth is endemic for the
Balkan peninsula (from southern Bulgaria,
Dalmatia, Montenegro to northern and eastern
Greece) [1, 2]. Micromeria cristata (Hampe)
Griseb. is distributed in south-east Europe
{northern and central part of the Balkan Peninsula)
and south-west Asia, whereas Micromeria juliana
(L) Benth.et Reichenb. is found in the
Mediterranean region, westwards to south-east
France, north-west Africa and south-west Asia [1-
3]. Plants of the genus Micromeria are used as
remedies for a number of health problems: kidney
stones [4], cough [5], and different infections and
inflammations [6].

A considerable research has been directed
towards chemical characterization of this genus
because often the chemical analysis can be helpful
in taxonomic differentiation between species with
very similar morphology and for correlation with
biological activity. Previous studies of the essential
oils of different Micromeria species growing in
Serbia and Montenegro have revealed their signifi-
cant 'variability [7]. The composition of the essential
oils of M. cristata, M. juliana, M. dalmatica, M.
albanica and M. thymifolia from Serbia and
Montenegro and their antimicrobial activity has also

been reported [8, 9] as well as the analysis of the -

aromatic compounds of M. juliana from Croatia
[4]. This work is a contribution in the research of
the composition of the essential oils of the genus
Micromeria from the Balkan Peninsula. Here, the
results of a study on the essential oils of three
species of Micromeria growing spontancously in
Bulgaria (M. dalmatica and M. cristata) and Ma-
cedonia (M. cristata and M. juliana) are reported
and discussed in context with the results obtained
for other Micromeria essential oils from the
region.

EXPERIMENTAL

Plant material. Aerial parts of M. dalmatica
were collected at flowering stage in July 2005
from: Rhodopi Mtn. near Trigrad, Bulgaria. Aerial
parts of M. cristata were collected at flowering
stage in July 2005 from two location in Bulgana:
Pirin Mountain, near the village of Ilindentsi, and
Vitosha Mountain, Bosnek, and from one location
in Macedonia, Alshar. Aerial parts of M. juliana
were collected at flowering stage in July 2005
from a locations near Prilep in Macedonia.
Voucher specimens are deposited in the Herbarium
of the Institute of Botany, Bulgarian Academy of
Sciences, and the Herbarium of the Facuity of
Pharmacy, Skopje.

Analysis of the oils. Oils were prepared by
hydrodistillation of the air-dried plant material in a
Clevenger-type apparatus for 2 h. GC-MS analyses
were performed on a GC Hewlett Packard 6890 +
MS 5973 (Hewlett Packard, Palo Alto, California,
USA). A HP5-MS capillary column (30 m x 0.25 mm,
025 pm film thickness, Agilent Technologies,
Wilmington, Delaware, USA) was used. One pl of
the analyzed essential oils was injected using a
split ratio of 1:20. The ion source was set at
250 °C and the ionisation voltage was 70 eV. The
temperature was programmed from 40°C to
280 °C at 6 °C-min™", the inlet temperature was set
to 260 °C, and the transfer line was kept at 280 °C.
Helium was used as a carrier gas, at flow rate 0.8
ml-min”'. Alkanes series C8-C24 (Retention Index
Standard for GC, Sigma Aldrich) were used as
reference points for calculation of linear retention
indices (LRI} as described for linear temperature
programming regime [10}. Compounds were
identified using computer searches on commercial
libraries and comparison of linear retention indices
with literature data [11]. Relative percentage
amounts of the separated compounds were
calculated from Total lon Chromatograms by
computerized integration.

Maced. 1. Chem. Chem. Eng., 26 (1), 3-7 (2007)



Chemical composition of the essential oils of three Micromeria species growing in Macedonia and Bulgaria 5

RESULTS AND DISCUSSION

The obtained essential oils were analyzed by

GC-MS and identified according to their mass spectra

and linear retention indices. The results for the five
analyzed essential oils are represented in Table 1.

M. dalmatica was characterized by high quanti-

ties of essential oil. In the studied population, oxy-

genated monoterpenes with menthane skeleton
were the main constituents, similarly to data reported
for this species in Serbia [7]. Monoterpenic ketones
were the main constituents: pulegone 35.8 %, piperi-
tenone 18.6 %, menthone 15.8 %, and piperitone
8.0 %, which is consistent with the data published
for the Serbian populations [7, 9].

Maced. J. Chem. Chem. Eng., 26 (1), 3=7 (2007)

Table 1
The composition (%) of the essential oils from Micromeria species from Bulgaria (BG)
and Macedonia (MK)
Compound RT/min LRI* M. _dalmatica M. cristata M crisfam M. cristaia M Juliana
Trigrad, BG  Bosnek, BG Ilindentsi, BG Alshar, MK Prilep, MK
MONOTERPENES 853 40.8 4.7 58 9.3
Monoterpene hydrocarbons 58 0.1 0.2 0.8 0.9
alpha-pinene 8.1 935 0.1
sabinene 9.1 973 0.8
beta-pinene 9.2 977 1.0
beta-myrcene 9.6 992 0.2
limenene 10.5 1027 3.5 0.1 0.2 0.8 09
(Z)-beta-ocimene 10.8 1038 0.1
{E)-beta-ocimene 11.1 1050 0.1
Oxygenated monoterpenes 79.5 40.7 4.5 4.2 7.7
eucaliptole 10.6 1030 0.5
eucarvone 12.1 1088 21 03
p-mentha-2,8-dienol 13.0 1124 0.1
alpha-campholenal 13.1 1128 35 0.3
trans-pinocarveol 134 1141 2.8 0.4 1.5
trans-verbenol 13.5 1145 16.6 0.2
(E)-2-caren-4-ol 13.6 1149 3.8
trans-p-menthane-3-one 13.8 1157 15.8
pinocarvone 14.0 1165 1.1
borneol 14.1 1168 6.1 22 23
terpinen-4-ol 14.4 1181 0.3
cis-isopulegon 14.5 1185 0.6
gamma-terpineol 14.8 1197 0.1
myrtenal 14.8 1196 2.5
myrtenol 14.9 1201 0.3
verbenone 15.2 1214 1.5 0.1
pulegone 16.0 1248 358 0.5 42 0.5
piperitone 16.3 1261 3.0
bornyi acetate 17.0 1291 4.0
piperitenone 18.3 1350 18.6
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Compound RT/min LRI* M, _dalma!ica M. cristata M cristata M. cristata M. juliana
. Trigrad, BG  Bosnek, BG Ilindentsi, BG Alshar, MK Prilep, MK

SESQUITERPENES 10.1 13.9 59.1 63.3 40.5

Sesquiterpene hydrocarbons 9.7 6.3 4.1 8.1 14

alpha-copaene 19.1 1386 0.2 0.4

(E)-caryophyllene 201 1433 03 1.4 4.5

9-¢pi-(E)-caryophyllene 20.6 1457 0.1 0.3

alpha-gurjunene 207 1461 2.8

allo-aromadendrene 208 1466 1.2 0.2 09

germacrene D 213 1490 69 279 1.6 6.1

bicyclogermacrene 215 1500 22 1.1

germacrene A 21.6 1505 25

beta-bisabolene 21.8 1515 0.4

gamma-cadinene 219 1520 2.3 0.9

delta-cadinene 220 1525 0.2 1.9

trans-cadina-1,4-diene 223 1540 1.0

Oxygenated sesquiterpenes 0.4 7.6 55 55.2 26.5

beta-atlantol - 239 1612 9.9

1-epi-cubenol 239 1623 2.8

unidentified, MS: 222(58),
207(39), 151(67), 110(100),

95(42),83(58), 69(73) 225 1551 6.9
(E)-nerolidol 229 1571 1.2

spatufenol 232 1587 0.4 1.5 5.6
caryophyllene oxide 234 1597 14.3 2.1 11.2
davanol 23.7 1613 0.5 2.1
gamma-eudesmol 242 1639 1.2
alpha-cadinol 24.4 1650 74 0.7 8.8
beta-eudesmol 247 1666 1.8
alpha-bisabolol 25.3 1696 385 7.7 0.7
germacrone 254 1703 18.5
beta-cyperone 26.4 1760 0.2 : 0.7

OTHERS 0.2 0.0 1.2 2.1 24
isopropyl myristate 27.6 1828 0.2 03 1.2
octadecane 27.1 1799 03
4-phenyl-2-butanone 15.5 1227 0.2

benzyl benzoate 26.6 1771 0.7
4-methylbenzoylacetone 26.7 1776 12
octen-3-ol 93 981 02

2-octanone 9.8 1000 G.1
hexahydrofarnesyl acetone 279 1845 0.8 0.7

*Alkanes series CB-C24 were used as reference points for calculation of linear retention indices (LR as described for linear temperature pro-
gramming regime [10].
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The two samples of M. cristata from Bulgaria
showed significant differences in their chemical
composition. In the sample from Bosnek mono-
terpenic alcohols prevailed: verbenol 16.6 % and
borneol 6.1 %. This composition was similar to
those reported for M. cristata from Serbia [8] and
Turkey [12]. In the oil from plants of the Ilindentsi
population sesquiterpenes dominated; the major
components were a-bisabolol (38.5 %) and caryo-
phyllene oxide (14.3 %). In Turkish samples [12],
caryophyllene oxide was found to be among the
important constituents but in the Serbian ones it
was absent [7] or present at low concentration [8].
The low percentage of monoterpenes in the Ilin-
dentsi population demonstrates that considerable
changes in the oil composition of M. cristata are
possible under different ecological conditions.
This variability has already been demonstrated by
the results published for M. cristata from Ser-
bia and Montenegro, where the ratio of mono-
terpenes/sesquiterpenes found was 30 %/58 %
[7] and 64 %/23 % [8].

The content of total monoterpenes, oxygena-
ted monoterpenes, and sesquiterpenes found in the
essential oil of M. cristata from Alshar, Macedo-
nia, is almost identical with the sample from Ilin-
dentsi, Bulgaria, and the Serbian one [8]. How-
ever, the Macedonian sample significantly differs
in the variety of compounds identified, especially
sesquiterpenes (20 in this sample compared to 4
and 5 sesquiterpenes in the other two studied M.
cristata oils). The most abundant sesquiterpenes in
this sample were found to be germacrone 18.5 %,
beta-atlantol 9.9 %, delta-cadinol 8.8 %, and al-
pha-bisabolol 7.7 %.

High content of sesquiterpenes (40.5 %) was
also found in the essential oil of M. juliana from
the region of Prilep in Macedonia. Germacrene D
(6.1 %) and caryophyllene (4.5 %) were the most
abundant sesquiterpene hydrocarbons, whereas cary-
ophyllene oxide (11.2 %) and spathulenol (5.6 %)
were most abundant oxygenated sesquiterpenes. This
sesquiterpene distribution pattern is in agreement
with the data found for samples of M. juliana from
Montenegro [7], and partly with the results for other
samples from Montenegro [8] and Croatia [4].

The relative stability of the qualitative com-
position of the essential oils within each of the stu-
died taxons compared to literature data implies
that the genetic factor, but also the ecological con-
ditions play an important role in the content and
composition of the essential oils. Consequently,
the characterization of the essential oils can be

Maced. J. Chem. Chem. Eng., 26 (1), 3-7 {2007)

used as additional attributes in defining the species
of the genus Micromeria.
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