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Abstract. The composition and quantity of the
essential oil of Micromeria allowed us to clearly
distinguish between sections Pseudomelissa and
Eumicromeria. According to our results the species
of section Pseudomelissa (M. thymifolia,
M. albanica, M. dalmatica and M. pulegium)
contained a large quantity of oil (>0.5%) domi-
nated by oxygenated monoterpenes of the men-
thane type, while the species of section
Eumicromeria (M. croatica, M. juliana, M. cristata
and M. parviflora) had a small quantity of essential
oil (<0.5 %) dominated by various terpene
compounds. 0.5% of essential oil is defined like
boundary value on the basis of the lowest quantity
of essential oil measured in populations of species
of section Pseudomelissa.

Key words: Micromeria, Pseudomelissa, Eumicromeria,
Lamiaceae, chemotaxonomy, essential oils.

The genus Micromeria Benth. includes about
130 species widespread in the Mediterranean
region (Diklic 1974). In the flora of Serbia and
Montenegro this genus is represented by ten

species, seven of which are endemic (Silic
1979).

On the basis of their morphological char-
acteristics and phylogenetic relationships, the
species of the genus Micromeria are grouped
in three sections (Boissier 1879): Cymularia,
Eumicromeria and Pseudomelissa. Boissier
used the term section for classification of
species in the genus Micromeria (Flora Orien-
talis, 1879, pp. 568-575). The species of
Micromeria inhabiting the territory of Serbia
and Montenegro belong to sections Pseudome-
lissa and Eumicromeria.

The species of Micromeria are well known
as aromatic species because they contain con-
siderable quantities of essential oil. The quan-
tity of essential oil (= 0.5%) is one of the
characteristics on the basis of which the species
of this genus have been classified into subfamily
Nepetoideae (El-Gazzar and Watson 1970). Itis
well known that the following species possess
this characteristic: ~Micromeria thymifolia
(Scop.) Fritsch (Savarda et al. 1979; Pavlovic
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et al. 1983; Kalodjera et al. 1990, 1994; Mar-
inkovic et al. 2001; Vladimir-Knezevic et al.
2001), M. dalmatica Benth. (Savarda et al.
1979, Pavlovic et al. 1983, Karuza-Stojakovic
et al. 1989), M. pulegium (Rochel.) Benth.
(Pavlovic et al. 1983), M. albanica (Griseb. ex
K. Maly) Silic (Stojanovic et al. 1999, Mar-
inkovic et al. 2001), Micromeria fruticosa (L.)
Druce (Fleisher and Fleisher 1991; Kirimer
1992; Kirimer et al. 1993a, 1993b; Putievsky
et al. 1995; Baser et al. 1996, 1998) and M.
dolichodonta P. H. Davis (Baser et al. 1997a).
However, by examining the chemical composi-
tion of the species of the genus Micromeria as
well as according to data gathered from liter-
ature (Pavlovic et al. 1983; Stanic et al. 1988;
Ozek et al. 1992; Baser et al. 1995, 1997b:;
Pérez-Alonso et al. 1996; Mastelic et al. 1998)
we have established that certain species contain
only small quantities or even merely traces of
essential oils. These differences in quantity
prompted us to make a detailed examination
of the essential oil characteristics of chosen
populations of different species of the genus
Micromeria on the territory of Serbia and
Montenegro and compare them to the existing
literature data. The number of examined pop-
ulations is directly commensurate to areal size
and width of ecological species valence, in the
examined area. The results will be the basis for
determining the interpopulation, interspecies
and intersection variability of quantity and
composition of essential oil which will point to
the adaptive, and possibly, systematic impor-
tance of these characters.

Material and methods

Plant material. We have investigated the follow-
ing plant material: M. thymifolia from five
different localities, Derventa canyon, Beli Rzav
gorge, Moraca canyon, Semolj and mount Orjen;
M. dalmatica from the area of Kotor; M.
pulegium from Beli Rzav gorge, M. albanica from
Prizren area, M. croatica from Beli Rzav gorge,
M. juliana from three localities, Moraca canyon,
Cijevna canyon and mount Orjen; M. cristata

from Jerma gorge and M. parviflora from three
localities, Moraca canyon, Cijevna canyon and
Rijeka Crnojevica (Fig. 1). The basic characteris-
tics of the 16 mentioned localities are given in
Table 1. The samples were gathered in the
flowering period.

Voucher specimens are kept at the Herbarium
of the Institute of Botany, Faculty of Pharmacy,
University of Belgrade, Serbia and Montenegro.

Steam distillation. Air-dried aerial parts of the
plant were subjected to hydrodistillation for 3 h
using a Clevenger-type apparatus.

Combined GC-MS. GC-MS analysis was car-
ried out using the Hewlett Packard 5973-6890 GC-
MS system operating in EI mode at 70 eV,
equipped with a HP 5MS capillary column
(30 m x 0.25 mm; film thickness 0.25 um). The
initial temperature of the column was 60°C and
was heated to 280°C with a rate of 3°C/min.
Carrier gas He; flow rate 1 ml/min; split ratio, 1:10.
The injection volume was 1 pl. Relative percentage
amounts were calculated from total ion chromato-
grams (TICs).

The identification of the compounds was based
on the comparison of their Kovats indices (KI),
their retention times (RT) and mass spectra with
those obtained from authentic samples and/or the
MS library (Adams 1995).

Statistical analysis. Cluster analysis represents
the most appropriate method to illustrate the
similarities and dissimilarities of the data matrix.
The dendrogram acquired by Optimal clustering
(Chord distance) emphasizes intergroup hetero-
geneity which is, according to Orloci (1966) and
Pielou (1984), primary characteristic of this clus-
tering method. Cluster analyses were carried out
using FLORA software (Karadzic et al. 1998). In
total, 120 characteristics (quantity of essential oils
and chemical compounds) were analyzed in 16
populations.

Results

The composition and content of essential oils
of the studied species are given in Table 2. The
qualitative composition of the essential oils of
M. thymifolia populations was always similar.
Oxygenated terpenes of the menthane type
dominated in all the oils (>73%). However,
the contribution of certain major components
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Fig. 1. Locations of the analyzed populations of species of Micromeria. For explanation of numbers compare
Table 1

Table 1. Basic characteristics of the studied populations of Micromeria spp.

Species Code Locality H* (m) Coordinates Substrate  Climate

M. thymifolia 1 Derventa canyon 500 43°9N 19°4E limestone  sub-mediterranean
M. thymifolia 2 Beli Rzav gorge 600 43°7N 19°3E limestone  sub-mediterranean
M. thymifolia 3 Moraca canyon 500 42°5N 19°4E limestone  sub-mediterranean
M. thymifolia 4 Semolj 700 42°6N 19°2E  limestone  sub-mediterranean
M. thymifolia 5 Mt Orjen 1540 42°4N 18°5E limestone  sub-med. montane
M. dalmatica Kotor area 800 42°3N 18°8E limestone  sub-mediterranean
M. pulegium Beli Rzav gorge 600 43°7N 19°3E limestone  sub-mediterranean
M. albanica Prizren area 500 42°1N 20°7E limestone  sub-med. montane
M. croatica Beli Rzav gorge 600 43°7N 19°3E  limestone  sub-mediterranean
M. juliana 1 Moraca canyon 300 42°5N 19°4E limestone  sub-mediterranean
M. juliana 2 Cijevna canyon 45 42°3N 19°5E limestone  sub-mediterranean
M. juliana 3 Mt Orjen 900 42°4N 18°5E  limestone  sub-med. montane
M. cristata Jerma gorge 900 42°9N 22°6E limestone  sub-mediterranean
M. parviflora 1 Moraca canyon 300 42°5N 19°4E  limestone  sub-mediterranean
M. parviflora Cijevna canyon 45 42°3N 19°5E  limestone  sub-mediterranean
M. parviflora 3 Rijeka Crnojevica 15 42°3N 19°1E limestone  sub-mediterranean

* H = height above sea level

was varying. In the essential oil from the
Derventa canyon population there was a
considerable presence of piperitone oxide

(63.8%). The proportion of piperitenone oxide
was 9.2%. Piperitenone was present in a very
small quantity (0.4%), while pulegone was
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found in traces. Pulegone (37.2%) and piperi-
tone oxide (20.0%) were the main compounds
in the essential oil of M. thymifolia from Beli
Rzav gorge. The quantities of piperitenone
oxide and piperitenone corresponded to 9.8%
and 6.3% of total content of essential oil,
respectively. The population from Moraca
canyon had a high content of piperitenone
(28.7%), piperitone (24.0%) and piperitenone
oxide (16.0%), while the concentration of
pulegone amounted to 6.2%. The essential oil
of the Semolj populations contained 72.3% of
pulegone, 4.3% piperitenone, 12.4% piperite-
none oxide and 0.9% of piperitone. There was
no piperitone oxide. The mount Orjen popu-
lation contained essential oil rich in pulegone
(48.0%) and piperitenone (13.9%). Piperitone
and piperitenone oxide were ascertained in
smaller quantities (2.8%). Piperitone oxide
was found in traces. The proportion of sesqui-
terpenes in all M. thymifolia populations
varied between 2.9 and 4.3 %.

Oxygenated terpenes of the menthane type
were dominant (74.1%) in the oil of M. dalma-
atica. The oil was rich in piperitenone (56.7%)
and pulegone (12.1%). The proportion of
sesquiterpenes was 5.9%.

Oxygenated terpenes of the menthane type
were dominant in the oils of M. pulegium
(51.8%). The main compound in the essential
oil was isomenthone (27.2%). Sesquiterpene
compounds were found to contribute 13.3% to
the essential oil content.

The oil of M. albanica contained 81.1% of
oxygenated terpenes of the menthane type.
Piperitone oxide (36.9%), piperitenone oxide
(21.9%) and piperitenone (10.0%) were dom-
inant in the oil. The proportion of sesquiter-
penes was 5.3%.

All four species of sect. Pseudomelissa
were characterized by a higher quantity of
essential oils (0.8%—1.7%) in which monoter-
pene compounds dominated (even higher than
80.2%). Among the monoterpenes oxygenated
monoterpenes of the menthane type had the
highest presence (51.8%—-82.0%). They shared
an increased piperitenone, pulegone, piperite-
none oxide content, as well as the absence of

borneol. Sesquiterpene compounds appeared
in a smaller quantity (3.5%-13.3%).

The main components of the M. croatica
essential oil were sesquiterpenes (66.9%).
Caryophyllene oxide (24.4%) and y-cadinene
(10.9%) were dominant among them. The
bicyclic monoterpene, borneol, was also one
of the dominant components (10.8%). Oxy-
genated terpenes of the menthane type were
ascertained in the concentration of 1.7%.

The content of monoterpene (44.3%) and
sesquiterpene (47.6%) compounds in the oil of
the M. juliana population from Moraca canyon
was approximately the same, while sesquiterp-
enes dominated in the oils of the other popu-
lations (59.2% - Cijevna canyon population;
52.0% - Mt Orjen population). The largest
quantity of oxygenated terpenes of the men-
thane type was present in the oil of the Orjen
population (21.5%), while in the other popu-
lations these components were present in
traces. Caryophyllene oxide was the main
component of all the oils. The Moraca canyon
population had a high content of caryophyllene
oxide (18.1%), carvacrol (18.1%) and o-cym-
ene (10.8%). Traces of isomenthone were
found. In the essential oil from the Cijevna
canyon population there was a considerable
presence of caryophyllene oxide (20.4%).
Isomenthone and carvacrol were found in
traces, while no o-cymene was detected in the
essential oil of this population. The Mt. Orjen
population contained essential oil rich in
caryophyllene oxide (15.9%) and isomenthone
(10.1%). There were traces of carvacrol, while
there was no presence of o-cymene.

An unidentified sesquiterpene (KI 1554)
was dominant (17.7%) in the oil of M. cristata.
Spathulenol was also found in a large quantity
(11.7%). A considerable quantity of sesqui-
terpenes (58.0%) was also found in this oil,
while oxygenated menthane monoterpenes
were found in traces.

The essential oil of M. parviflora from
Rijeka Crnojevica had approximately the same
content of monoterpene (22.5%) and sesqui-
terpene (23.4%) compounds, while sesquiter-
penes dominated in the oil of the Moraca
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canyon populations (61.9%), and monoter-
penes dominated (27.9%) in the oil of the
Cijevna canyon population. In the essential oil
from the Cijevna canyon population there was
a considerable presence (11.8%) of other
compounds (fatty acids and fatty acid esters).
These compounds were found in traces in the
Rijeka Crnojevica and Moraca canyon popu-
lations.

High content of spathulenol (46.7%) and
p-cymene (11.5%) was found in the oil of the
Moraca canyon population. Linalool (2.0%)
was ascertained in a smaller quantity. Carva-
crol was not present. Linalool (14.3%), spath-
ulenol (12.7%), and carvacrol (10.6%) were
the dominant compounds of the oil from the
Cijevna canyon population. p-Cymene was
found in traces. The Rijeka Crnojevica popu-
lation contained essential oil rich in spathule-
nol (19.0%) and p-cymene (14.6%). Linalool
and carvacrol were found in traces.

The higher content of borneol, p-cymene,
hexahydrofarnesyl acetone and lower content
of piperitone oxide was what the species of the
FEumicromeria section had in common. Also,
they were characterised by a small quantity of
essential oil (0.05-0.13%) in which sesquiter-
penes predominated (34.3%—66.9%), while the
proportion of monoterpene compounds of the
menthane type varied from 0.1%-7.2%.

The optimal clustering (Chord distance)
dendrogram based on a matrix of total char-
acter differences is shown in Fig. 2. The
dendogram Fig. 2a represents the interrelation
of all examined populations. The mountain
populations of the M. thymifolia species from
Orjen and Semolj were the most alike, and the
Beli Rzav gorge population was the one closest
to them. All three populations were character-
ized by pulegone dominance in the oil. The
Derventa Canyon M. thymifolia was the most
similar to the M. albanica species because of
the piperitone oxide domination, while the
Moraca Canyon M. thymifolia was similar to
the M. dalmatica species because of the piperi-
tenone predominance. The Rijeka Crnojevica
and Moraca canyon M. parviflora populations
were closer to the M. cristata species according

to their quantity of spathulenol. The Cijevna
canyon M. parviflora stood apart from the
previous group because of its quantity of
linalool and carvacrol. According to its f-
pinene and myrtenal content, M. juliana from
the Cijevna canyon was similar to M. croatica.
M. juliana from the Moraca canyon was
prominent for its o-cimene and carvacrol
domination, and the Orjen population for its
quantity of isomenthone and pulegone.

The dendogram (Fig. 2b) shows a distinct
division of the species into three groups, the
first of which is clearly separated from the
others. The first group consists of represen-
tatives of section Pseudomelissa (M. thymi-

folia, M. albanica, M. dalmatica and M.

pulegium). The M. thymifolia populations,
although heterogeneous, were closest to M.
albanica because of their domination of
piperitone oxide. M. dalmatica contained
somewhat more o-pinene and the largest
quantity of piperitenone. M. pulegium espe-
cially distinguished itself from the other
species of the section Pseudomelissa by its
higher content of isomenthone, cis-sabinene
hydrate, (F) caryophyllene, carvacrol and
isomenthyl acetate.

The representatives of section Eumicro-
meria are divided in two groups. Because of
the domination of caryophyllene oxide and
presence and content of endo-1-bourbonanol
the species M. croatica and M. juliana are the
most similar. M. cristata and M. parviflora
are between the species of section Pseudome-
lissa section and M. croatica and M. juliana,
and they are characterized by the domination
of spathulenol.

Discussion

The essential oil of Micromeria thymifolia has
been analyzed quite frequently. Our results
referring to the quantity of essential oil agree
with previously published results (Savarda
et al. 1979, Pavlovic et al. 1983, Kalodjera
et al. 1990, Marinkovic et al. 2001, Vladimir-
Knezevic et al. 2001). In works published so
far, in the essential oil of M. thymifolia,
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Fig. 2. Dendrogram based on Optimal cluster analysis (Chord distance) of 16 populations (a) and 8 species (b)

of Micromeria sp. essential oils

pulegone was found in the largest quantity
(Kalodjera et al. 1993, 1994; Vladimir et al.
1994; Duletic-Lausevic et al. 2001; Marinkovic
et al. 2001). However, in our researches pule-
gone appeared as dominant in the Beli Rzav
gorge, Semolj and Orjen populations, while
piperitone, piperitenone and their epoxides
were the main components in the rest of the
populations.

M. dalmatica had the highest quantity of
essential oil among all the Micromeria species
investigated in this work. Previously published
works confirm the large quantity of oil,
although piperitenone oxide, established as
dominant in earlier researches (Savarda et al.
1979, Karuza-Stojakovic et al. 1989), was
discovered in a very small quantity (0.9%) in
our examination.

In earlier works concerning the quantity of
essential oils of the species M. pulegium, the
same approximate value was found as in our
researches (Pavlovic et al. 1983). In our work,

for the first time the qualitative composition of
the oil of this species was determined as well.

In the works of Stojanovic et al. (1999),
and Marinkovic et al. (2001) epoxyketones
were determined as dominant components in
the M. albanica oil, which was also confirmed
by our research. The antibacterial activity of
the oil is ascribed to the presence of these
compounds, too. However, the first of the
listed studies points out the absence of sesqui-
terpenes which has not been confirmed by our
research.

Earlier publications point out a very small
quantity of oil in M. croatica, in which
sesquiterpenes were dominant while the quan-
tity of terpene hydrocarbons and ketones was
very small (Stanic et al. 1988), which agrees
with our results.

If we compare our results about the oil of
M. juliana with those published previously
(Mastelic et al. 1998) we can conclude
that they are similar in the quantities of
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caryophyllene and borneol and that they differ
in the presence of caryophyllene oxide and the
quantity of o-pinene, f-pinene, limonene, f-
gurjunene and ar-curcumene. Considerable
quantities of «- and pf-pinene as well as
bisabolol were determined in the oil of M.
juliana from Greece (Skaltsa et al. 1998).

Previously published results about the
essential oil of M. cristata (Tabanca et al.
2001) differ from ours in the presence of
caryophyllene oxide and trans-verbenol, as
well as in the quantity of dominant compo-
nents. In the work of Tabanca et al. (2001)
borneol was found in the quantity of 27.0%—
29.0%, whereas its quantity in our research
was 5.7%.

The small quantity of essential oil in the
species M. parviflora was also established by
Pavlovic et al. (1983). It is in our work that the
qualitative composition of the oil of this
endemic plant species was determined for the
first time.

The species of section Pseudomelissa that
cannot be found on the territory of Serbia and
Montenegro, such as Micromeria fruticosa
(Fleisher and Fleisher 1991; Kirimer 1992;
Kirimer et al. 1993a, 1993b; Baser et al. 1996),
M. dolichodonta (Baser et al. 1997a) and
M. capitellata Benth. (Baser et al. 1998) were
characterized by a large quantity of oil (0.6%—
4%) and domination of oxygenated terpenes
of the menthane type (78%-91%), especially
pulegone (15%-80%).

Representatives of section FEumicromeria
that do not inhabit our territory contained a
small quantity of oil (0.02%-0.4%), however,
the oils differed in the quantity of dominant
components. M. biflora (D. Don.) Benth. was
rich in the oxygenated monoterpenes neral and
geranial (25.3%-41.3%) (Mallavarapu et al.
1997). The species M. carminea P. H. Davis
(Baser etal. 1995), M. varia Benth., M.
herpyllomorpha Webb. and Berth., M. lachno-
phylla Webb. and Berth. (Pedro et al. 1995,
Pérez-Alonso et al. 1996) also abounded in
oxygenated monoterpenes but of the bornane
(5.0%-26.0%) and pinane type (8.3%—13.9%).
M. myrtifolia Boiss. et Hohen. (Ozek et al.

1992), M. cremnophila Boiss. et Heldr. (Baser
et al. 1997b) and M. graeca (L.) Benth. et
Rchb. (Tzakou and Couladis 2001) were the
most similar to the representatives of our flora
of this section in their content of sesquiterpene
compounds, f-caryophyllene (22.6%—42.6%),
caryophyllene oxide (9.9%-17.9%) and ger-
macrene D (7.0%-24.0%).

If one takes into consideration the results of
our research, literature data about the oil of the
selected species and the species that do not live
on the territory of Serbia and Montenegro it is
clear that the variability in quantity and quality
is less among populations of the same species
and that it increases with the taxon rank. It is
higher among the species of the same section
and it is highest among different sections.

The oil composition showed a greater
variability than the quantity, noting that the
variability is less prominent within section
Pseudomelissa. In the oils of the representa-
tives of this section different oxygenated mon-
oterpenes dominated, but they were all of the
menthane type. Heterogeneity was more pro-
nounced in section Eumicromeria, since several
different chemical types were observed within
it.

The quantity of oil is a less variable
characteristic. All representatives of section
Pseudomelissa had a large quantity of essential
oil (>0.5%), and section Eumicromeria had
less than 0.5%.

The relative stability of the quantity and
quality of essential oil within each taxon of
section Pseudomelissa means that these char-
acteristics are probably under a relatively strict
control of natural selection and that they are
of adaptive importance. Consequently we can
say that the characteristics of the essential oils
can also be used as additional characters when
defining the species of this section.

The species of section Eumicromeria as
well as their undoubtable relatives from the
same genus, contain essential oil, but in a
considerably lesser quantity. The composition
of their essential oil is variable, so the
adaptive value of this characteristic is small
as well. Therefore, in the case of the Eumi-
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cromeria species, only the small quantity of
essential oil can be taken into consideration as
a taxonomic character.

This work forms part of the research projects
(Project Code 1568 and 1932) sponsored by The
Ministry of Science, Technology and Development
of Republic Serbia.
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