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Evernia prunastri (L.) Ach. and Evernia divaricata (L.)
Ach. are lichens belonging to the family of Parmeliaceae'".
The number ofknown lichen species is about 20.000 through
out the world and 1200 of them have been reported from the
Turkish flora':'. Lichens have long been used for commer
cially in the perfume, dye, drug industries and as food
additives':". The resinoids constituents of the some lichens
have been described in the literature by many workers?".
Benzoxasines, benzofuranes, usnic acid, polyunsaturated fatty
acids, carbohydrate, triterpens, steroids and antraquinone type
natural compounds have been identified on many lichen
species'':'". Biological activities (antimicrobial, anticancer,
anti allergen and immunogical) on resinoids of some lichen
especially E. prunastri and E. divaricata have also been
reported in previous studies'", To our knowledge, volatile for
the resinoids of E. prunastri has been mentioned'v':":". But
there is no previous report on the composition of the direct
essential oil analysis and antimicrobial activity ofE. prunastri
and E. divaricata. In the present study, the essential oils of the
fresh lichens were obtained by hydrodistillation method in
a Clevenger-type apparatus and then the obtained crude
essential oils were examined by GC and GC-MS technique'<",
In addition to this, antimicrobial activity of the essential oils

of E. prunastri and E. divaricata were tested for seven micro
organism.

Evemia prunastri (L.) Ach. was collected from Posof,
Ardahan-Turkey (at a height of ca. 1430 m) in July 2009.
Evernia divaricata (L.) Ach. was collected from Gole,
Ardahan-Turkey (at a height of ca. 1960 m) in July 2009. The
lichens were authenticated immediately after collection1-3.

Voucher specimens were deposited in the Herbarium of the
Department of Biology, (KTUB-2041 and 2042, respectively),
Karadeniz Technical University, Turkey.

Isolation of the essential oils: Essential oils of E. prunastri
and E. divaricata were obtained from the fresh lichens (ca. 58
and ca. 56 g each, respectively) by hydrodistillation in
a Clevenger-type apparatus 13-16 with cooling bath (-12°C)
system (4 h) (yields: 0.32 and 0.22 % (v/w), respectively).
The obtained oils were dissolved in HPLC grade n-hexane
(1 mL), dried over anhydrous sodium sulphate and stored
at 4-6 °C in a sealed brown vial. 1 JlL of the essential oils
was directly injected separately into GC and GC-MS
instrument.

Gas chromatography (GC) and gas chromatography
mass spectrometry (GC-MS) analysis: GC-FID and GC-MS
analyses were done as described previously".
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Identification of components: Retention indices of all
the components were determined by Kovats method using
n-alkanes (C6-C32) as standards. Identification of individual
components was made by comparison of their retention times
with those of available analytical standards (a-pinene,
~-pinene, camphene, limonene, y-terpinene, n-heptadecane,
n-nonadecane, n-eicosane, n-heneicosane, n-docosane,
n-tricosane, n-tetracosane and n-pentacosane) and by computer
search, matching mass spectral data with those held in Nist and
Wiley library of mass spectra and literature comparison'<".

Antimicrobial activity assessment: All test microor
ganisms were obtained from the Hifzissihha Institute of Refik
Saydam (Ankara, Turkey) and were as follows: Escherichia
coli ATCC 35218, Yersinia pseudotuberculosis ATCC 911,
Pseudomonas aeruginosa ATCC 10145, Staphylococcus
aureus ATCC 25923, Enterococcus faecalis ATCC 29212,
Bacillus cereus 709 Roma and Candida albicans ATCC 60193.
All the newly synthesized compounds were weighed and
dissolved in hexane to prepare extract stock solution of 100
ug/ml.,

The antimicrobial effects of the substances were tested
quantitatively in respective broth media by using double
dilution and the minimal inhibition concentration (MIC) values
(ug/ml.) were determined't". The antibacterial and antifungal
assays were performed in Mueller-Hinton broth (MH) (Difco,
Detroit, MI) at pH.7.3 and buffered Yeast Nitrogen Base (Difco,
Detroit, MI) at pH 7.0, respectively. Mueller Hinton and yeast
nitrogen base broth medias containing 0.25 % (v/v) Tween 20
were used for the broth diffusion method. The MIC was defined
as the lowest concentration that showed no growth. Ampicillin
(10 ug) and fluconazole (5 ug) were used as standard antibac
terial and antifungal drugs, respectively. Hexane with dilution
of 1:10 was used as solvent control.

The essential oils obtained by hydrodistillation of E.
prunastri and E. divaricata were analyzed by GC/FID and
GC/MS. Retention indices, percentages and chemical compo
sition, of the essential oils of E. prunastri and E. divaricata
are listed in Table-I. The yield of the oil of E. prunastri and
E. divaricata was 0.32 and 0.22 %, respectively. In total, 29
and 33 components were identified from the oil of E. prunastri
and E. divaricata, representing 90.4 and 81.1 % of the total
oil, respectively. The qualitative and quantitative determination
of essential oil of E. prunastri and E. divaricata showed that
monoterpenes hydrocarbons (23.3 and 37.7 %) and oxygenated
monoterpenes (7 and 13.0 %) were major constituents in the
oils, respectively, Generally, the number ofvolatile compounds
present in E. divaricata is greater than in E. prunastri (Table-2).
The main components in the essential oil of E. prunastri and
E. divaricata was monoterpene hydrocarbons and major comp
ounds.were p-pinene (6.3 and 8.0 %), a-pinene (6.6 %,7.2
%), limonene (1.6 %, 6.3 %), rx-phellandrene (3.3 %,4.4 %),
camphene (3.0 %, 3.1 %) and p-cymene (1.5 %, 1.8 %),
respectively (Table~J).

In the literature, resinoids volatile fraction of the E.
prunastri (oakmoss) gave monoterpenes, sesquiterpenes,
diterpenes and miscellaneous terpenoids'f!':". a-Pinene,

Asian 1 Chern.

camphene, p-pinene, limonene, ,¥-terpinene, p-cymene, trans
pinocarveol, a-copaene and o-muurolene were common to
resinoids volatiles" and essential oil of the E. prunastri. But,
the essential oil of E. prunastri gave new terpenoids: tricyclene,
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n-phellandrene, a-campholenal, a-terpinen-7-aI,rz-humulene,
caryophyllene oxide, abietatriene, epi-13-manoyl oxide, bornyl
acetate and E-citronelly tiglate components which were not
mentioned before. In comparison with the previously reported
volatile of the resinoids of Evernia species, terpenoids were
the major constituentsv"!':". The results clearly indicate that
the major constituents of the resinoids and the essential oil
had differences. In present case, the chemical composition of
the oils from two Evernia species had variation which can be
explained by the environmental factors and the subspecies of
the plant used.

The antimicrobial activities of the essential oil of E.
prunastri and E. divaricata, were assayed in vitro against the
gram-positive and gram-negative and fungi microorganisms.
Antimicrobial activities of studied bacteria were qualitatively
and quantitatively assessed by evaluating the presence of
minimal inhibitory concentration (MIC) values24

-
26 (Table-3).

The essential oil of E. divaricata antimicrobial activity was
observed against the bacteria E. coli, 1': pseudotuberculosis,
S. aureus, E.faecalis, B. cereus, C. albicans. But, the essential
oil of E. prunastri showed only antifungal activity against
C. albicans. The maximal MIC values for bacterial strains were
from 235.9-943.7 ug/ul., respectively (Table-3).

This study was supported by grants from Karadeniz
Technical University Research Fund, State Planning Agency
(DPT) and Tlibitak (107T035) of Turkey.
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