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Abstract

Chemical composition and antimicrobial activity of needle essential oil, obtained by hydrodistillation from wild Pinus peuce Griseb.
(Pinaceae), growing on three different locations in R. Macedonia were investigated in period 2008/2009. Carried out GC/FID/MS analy-
sis, one hundred and three constituents were identified belonging to the six different classes of components: monoterpene hydrocarbons,
oxygenated monoterpenes, sesquiterpene hydrocarbons, oxygenated sesquiterpenes, diterpenes and other non-terpene components, rep-
resenting 88.61/94.04% of the entire oil. The most abundant constituents were o-pinene (12.89/27.34%), B-pinene (6.16/13.13%), li-
monene + B-phellandrene (2.09/6.64%) and bornyl acetate (2.92/11.67%) as well as trans-(E)-caryophyllene (4.63/7.13%) and germac-
rene D (8.75/20.14%).

Antimicrobial screening of Pinus peuce needle essential oil was made by hole-plate diffusion and broth dilution method against 13
bacterial isolates of Gram positive and Gram negative bacteria and one strain of Candida albicans. The most sensitive bacteria against test-
ed Pinus peuce essential oils were Streptococcus pneumonia encompassing Staphylococcus aureus, Staphylococcus epidermidis, Strepto-
coccus agalactiae, Acinetobacter spp. and Streptococcus pyogenes. Minimal inhibitory concentrations (MICs) of the oils ranged from 7.5

- 62.5 pl/ml.
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Introduction

Representatives of genus Pinus in flora of R. Mace-
donia include five different species: Pinus nigra Arnold,
Pinus sylvestris L., Pinus mugo Turra, Pinus heldreichii
Christ. subsp. leucodermis (Antoine) Blecic and Pinus
peuce Grisebach (Micevski, 1985). Most of the Pinus spe-
cies are trees or shrubs with specific morphological char-
acteristics of leaves (needles) rich in strong and terpene-
aromatic essential oil. Pine needle essential oils are main-
ly used in folk medicine for the treatment of respiratory in-
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fections accompanied by cough, bronchitis, bronchial asth-
ma, emphysema, tracheitis, sinusitis, laryngitis, pharyngi-
tis, tonsillitis and influenza (Dervendzi, 1992). Up to now,
there has been an increased interest in studying chemical
composition as well as biological activity of the essential
oils isolated from different pine species. Generally, monot-
erpenes and sesquiterpenes like o-pinene and B-pinene,
camphene, A’-carene, B-myrcene, limonene, phellan-
drene, B-ocymene, B-caryophyllene, bornyl acetate, ger-
macrene D, cadinene and muurolene are mentioned as
dominant components of pine needle essential oils (Rous-
sis, 1994; Ucar, 2004; Tognolini, 2006; Naydenov, 2006,
Idzojtic, 2005; Grassmann, 2003; Grassmann, 2005; Ste-
vanovic, 2005; Ustun, 2006; Maciag, 2007; Judzentiene,
2006; Kupcinskiene, 2008; Semiz, 2007; Kainulainen,
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2002, Holzke, 2006; Dob, 2007; Menkovic, 1993; Nikol-
ic, 2007; Dob, 2006; Pagula, 2006; Dormont, 1998; Yong-
Suk, 2005; Oluwadayo, 2008; Sacchetti, 2005; Barnola,
2000). Some of these oils like essential oil isolated from
Pinus caribaea Morelet, Pinus densiflora S. and Z., and
Pinus radiate D. Don have showed different antimicrobi-
al activity against different microorganisms (Oluwadayo,
2008; Yong-Suk, 2005; Sacchetti, 2005). The antimicrobi-
al activity of pine essential oils is of multipurpose thus they
are used in manufacture of medicinal products and cosmet-
ics as antimicrobial additives, efc. Nowadays, there are few
registered pharmaceuticals such as Pinimenthol®, an oint-
ment which contains pine needle essential oil and is partic-
ularly suitable for the treatment for upper respiratory tract
infections both in adolescents and adults (Kamin, 2007).

Pinus peuce, known as “Molica” or “Macedonian pine”
is an endemic species of Balkan Peninsula mostly spread
in southern and western parts of R. Macedonia (Micevski,
1985), northern part of Greece and south-eastern parts of
Bulgaria, as well as in parts of Albania, Serbia and Mon-
tenegro. Up to present, there are a lack of data that are re-
lated to the essential oil composition of Pinus peuce pop-
ulation from Macedonian flora and its antimicrobial activ-
ity, thus the aim to this study was to investigate the chem-
ical composition of the needle essential oil of Pinus peuce
from Macedonian flora and to assess its antimicrobial ac-
tivity against certain types of microorganisms that affect
respiratory, gastrointestinal and urogenital system and pro-
voke pathological conditions on skin.

Material and methods

Plant material

Plant material was collected from four different local-
ities in R. Macedonia: Baba Mtn. (Pelister), Nidze Mtn.,
Shara Mtn. and Karadzica Mtn. in July, 2008 and 2009, and
was dried at room temperature and on draft for two weeks.
Just before hydrodistillation, the needles were separated
from the branches and were properly minced.

Determination of water content

Determination of water content was made by distilla-
tion according to Ph.Eur.7 regulations (2.2.13.) from 20 g
dried plant material.

Essential oil isolation

Essential oil isolation was made by hydrodestillation
in all-glass Clevenger apparatus (Ph.Eur 7, 2.8.12.). For
that purpose, 20 g of minced needles were distilled for 4
hours. For purification purpose, anhydrous sodium sulfate
was added to the isolated essential oil to remove residual
water. For GC/FID/MS analysis, the essential oil was dis-
solved in xylene (Alkaloid, R. Macedonia) to obtain 1 pl/
ml oil solution.

Gas chromatography

Essential oil samples were analyzed on Agilent 7890A
Gas Chromatography system equipped with FID detec-
tor and Agilent 5975C Mass Quadrupole detector as well
as capillary flow technology which enables simultaneous
analysis of the samples on both detectors. For that purpose,
HP-5ms capillary column (30 m x 0.25 mm, film thickness
0.25 pm) was used. Operating conditions were as follows:
oven temperature at 60 °C (5 min), 1 °C/min to 80 °C (2
min) and 5 °C/min to 280 °C (5 min); helium as carrier gas
at a flow rate of 1ml/min; injector temperature 260 °C and
that of the FID detector 270 °C. 1ul of each sample was in-
jected at split ratio 1:1.

The mass spectrometry conditions were: ionization
voltage 70 eV, ion source temperature 230 °C, transfer line
temperature 280 °C and mass range from 50 - 500 Da. The
MS was operated in scan mode.

Identification of the components present in essential
oils was made by comparing mass spectra of components
in essential oils with those from Nist, Wiley and Adams
mass spectra libraries, by AMDIS (Automated Mass Spec-
tral Deconvolution and Identification System) and by com-
paring literature and estimated Kovat's (retention) indices
that were determined using mixture of homologous series
of normal alkanes from C, to C,, in hexane, under the same
above mentioned conditions.

The percentage ratio of essential oils components was
computed by the normalization method of the GC/FID
peak areas and average values were taken into further con-
sideration (n=3).

Antimicrobial screening

Antimicrobial activity of essential oils was studied
against 14 different microorganisms, including 13 bacterial
isolates representing both Gram-positive (Staphylococcus
aureus ATCC 29213, Stahylococcus epidermidis, Strepto-
coccus pneumoniae, Streptococcus agalactiae, Streptococ-
cus pyogenes and Enterococcus) and Gram-negative bacte-
ria (Acinetobacter spp, Escherichia coli ATCC 25927, Sal-
monella enteritidis, Klebsiella pneumoniae ATCC 700603,
Pseudomonas aeruginosa ATCC 27853, Haemophylus in-
fluenzae and Proteus mirabilis) and one strain of Candida
albicans ATCC 10231.

Hole-plate diffusion method was used for screening
the antimicrobial activity of all essential oils (determina-
tion of growth inhibition zones of studied microorganisms
that occur around certain essential oil). This investigation
was followed by broth dilution method (determination of
minimal inhibitory concentration MIC of the particular oil
that had revealed good antimicrobial activity by hole-plate
diffusion method).
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Hole-plate diffusion method

A nutrient agar (Mueller Hinton) was prepared by dis-
solving agar (28 g) in distilled water (1000 ml). The mix-
ture was heated to dissolve and autoclaved at 121 °C for
15 minutes. The nutrient agar was poured into sterile Petri
dishes at uniform depth of 3 mm and allowed to solidify.
Blood agar (Oxoid) was used for testing the antimicrobi-
al activity against Streptococcus pyogenes, Streptococcus
agalactiae, Streptococcus pneumoniae and Enterococcus,
while Sabouraund agar (bioMericux) was used for testing
the antimicrobial activity against Candida albicans. Mi-
croorganisms were suspended in sterile broth with turbidi-
ty corresponding to 0.5 and 1 Mc Farland (approximate by
107-108 CFU/ml) for all bacteria and for Candida albicans,
respectively. The microbial suspensions were streaked over
the surface of the agar media using a sterile cotton swabs
to ensure uniform inoculation. After inoculation of micro-
organisms, holes of 6 mm in diameter were made at well-
spaced intervals. They were filled with 85 pl of 50% solu-
tions of essential oils in dimethylsulfoxide (DMSO, Sig-
ma-Aldrich, Germany) and one hole was filled only with
DMSO as a control. The plates were incubated at 37 °C,
aerobically for 24 hours. The growth inhibition zones were
measured after incubation of the isolates under their opti-
mal growth conditions and were ranged between 6 mm and
30 mm in diameter. The antimicrobial activity was deter-
mined according to the diameters of the inhibition zones.
If the diameter of the growth inhibition zones was in the
range between 0 and 14 mm, those species were accepted
like resistant; if the diameter was between 14 and 19 mm,
the species were accepted like moderate susceptible and in
the cases where the diameter was above 19 mm, species
were accepted like susceptible.

Broth dilution method

This method was used for some particular essential oil
(50% solution in DMSO) that had revealed good antimi-
crobial activity by hole-plate diffusion method. For that
purposes, 25 ul of those essential oils were diluted in equal
quantities of 0.9% sodium chloride solution, to make them
with the concentration of 25%. This concentration was de-
creased five times, subsequently, by adding 25 ul of each
bacterial or fungal suspension, thus the final concentrations
were: 12.5%, 6.25%, 3.125%, 1.562% and 0.75% or 125
ul/ml, 62.5 pul/ml, 31.25 pl/ml, 15.26 ul/ml and 7.5 ul/ml,
respectively.15 pul of each bacterial or fungal suspensions
with these particular concentrations were inoculated on
solid media (Miller-Hinton agar, blood agar, Sabouraund
agar), depending on the microorganism. The growth of any
microorganism was evaluated after its incubation under the
optimal growth conditions. The lowest concentration of es-
sential oil which was able to inhibit the growth of the par-
ticular microorganism was considered as its minimal inhib-
itory concentration (MIC).
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Results and discussion

Essential oil yield, calculated on anhydrous needles of
Pinus peuce is given in Table 1. The obtained essential oils
were transparent, agile, light yellowish liquids with specif-
ic and very strong turpentine odor.

Table 1. The yield* of Pinus peuce needle essential oils
calculated on anhydrous plant material.

Yield* of essen-
Water content

Sample tial oil (ml/k
p (ml/kg) . éD &)
Pelister Mtn. 78.21 5.04 £ 1.49%
Nidze Mtn. 68.33 9.93+£0.27%
Shara Mtn. 93.75 9.24 +2.86%
Karadzica Mtn. 80.00 2.86 £ 1.73%
*(n=3)

Table 2 shows components that were identified in the
Pinus peuce needle essential oils with their percentage
amount and Kovat's retention indices. Given percentage
values are averages of percentages of the components that
are present in the essential oils obtained from plant materi-
al collected from various altitudes on four different locali-
ties: Pelister, Nidze, Shara and Karadzica Mtn.

Total of one hundred and three components were iden-
tified in the investigated samples of Pinus peuce needle
essential oils. Analysis of the essential oils composition
shows seasonal variations in the content of components
that are present, probably due to the influence of weather
conditions throughout the year. The most abundant compo-
nents in all samples of isolated essential oils were monot-
erpenes: o-pinene, B-pinene, limonene + B-phellandrene
and bornyl acetate and sesquiterpenes: trans-(E)-caryo-
phyllene and germacrene D. The content of each of these
6 components varies in relatively wide range but generally
they are present in amounts from 2% to 28% and are likely
to determine the physico-chemical characteristics as well
as chemical profile of the oils. Large amount of monoter-
penes camphene and a-terpenil acetate and sesquiterpenes
d-cadinene and a-cadinol was observed in some essential
oils samples (Table 2).

Needle essential oil isolated from plant material col-
lected in 2008/2009 on Baba Mtn. (Pelister) contains
12.89/19.72% a-pinene, 6.16/7.95% B-pinene, 3.08/3.97%
limonene + B-phellandrene, 9.29/10.56% bornyl acetate,
4.88/7.13% trans (E)-caryophyllene and 8.75/19.90%
germacrene D. These dominant components represent
54.56/59.72% of the whole needle essential oil. Essen-
tial oil obtained from Pinus peuce collected in 2008 from
Nidze Mtn. contains larger amount of a-pinene (27.34%),
B-pinene (10.73%) and limonene + -phellandrene (6.64%),
but smaller amount of bornyl acetate (7.71%). Among dom-
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inant components in the essential oil obtained from plant
material collected in 2008/2009 on Shara Mtn., a-pinene
(12.95/23.91%), B-pinene (8.40/13.13%) and germac-
rene D (19.36/20.14%) were the most abundant while li-
monene + B-phellandrene (2.09/3.06%) and bornyl acetate
(2.92/11.67%) were present in the smaller amount. These
components represent 67.15% and 61.79/67.74% of whole
needle essential oil isolated from Pinus peuce from Nidze
and Shara Mtn., respectively. Essential oil composition of
cultivated Pinus peuce from Karadzica Mtn. (samples col-
lected in 2008/2009) is significantly different from the oth-
ers essential oils mentioned above. This essential oil con-
tains smaller amount of a-pinene (9.21/12.22%), B-pinene
(4.88/6.03%), bornyl acetate (0.17/0.20%) and germac-
rene D (7.13/9.90%), but it contains larger amount for two
more components, d-cadinene (5.72/8.29%) and a-cadinol
(2.85/7.04%). Large amount of diterpene abietal (3.74%)
was measured in the essential oil isolated from plant mate-
rial collected in 2009.

Data analysis of the chemical composition of Pinus
peuce needle essential oils revealed six different class-
es of components: monoterpene hydrocarbons, oxygenat-
ed monoterpenes, sesquiterpene hydrocarbons, oxygenat-
ed sesquiterpenes, diterpenes and other non-terpene com-
ponents. Among different classes of components that are
present in the essential oil isolated from plant material
from Baba (Pelister), Nidze, Shara and Karadzica Mtn, the
major constituents were terpene hydrocarbons (62.44%,
76.59%, 69.86% and 54.46%, respectively) while oxygen-
ated terpenes were present in smaller amount (Fig. 1.). The
most abundant fraction among the total terpene amount
were monoterpenes (47.2% in essential oil samples from

Pelister, 62.16% in essential oil samples from Nidze Mtn.
and 49.35% in samples from Shara Mtn.) (Fig.2.). Domi-
nant sesquiterpene fraction (45.23%) despite monoterpenes
(23.96%) is present only in the needle essential oils isolat-
ed from cultivated Pinus peuces from Karadzica Mtn. This
is probably due to the environmental conditions that affect
terpene biosynthesis of Pinus peuce in this region.

Up to now, there are only few data related to the chem-
ical composition of Pinus peuce needle essential oils (Hen-
ning, 1994; Papadopoulou, 1996; Koukos, 2000; Petrakis,
2001; Nikolic, 2008; Karapandzova, 2010a; Karapand-
zova, 2010b; Karapandzova, 2011). Generally, there are
some differences in chemical composition of essential oils
isolated from Pinus peuce growing in Greece, Serbia and
Montenegro in terms of presence of the dominant compo-
nents in the oil. Compared with essential oils isolated from
Pinus peuce from Macedonia, the needle essential oil iso-
lated from Pinus peuce from Greece contain larger amount
of B-pinene (22.00%) and citronellol (13.42%), smaller
amount of trans (E)-caryophyllene (3.05%), but it doesn’t
contain germacrene D (Koukos, 2000). On the other hand,
the needle essential oil isolated from Pinus peuce from
Montenegro and Serbia contain larger amount of a.-pinene
(36.5%) and camphene (8.5%) (Nikolic, 2008).

The most sensitive bacteria against tested needle es-
sential oils were Streptococcus pneumoniae. Streptococ-
cus agalactiae showed similar sensitivity as previous bac-
teria and was susceptible to the effects of needle essen-
tial oils isolated from Pinus peuce from Shara and Nidze
Mtn. as well as moderate susceptible to the effects of the
needle essential oil from Pelister. Streptococcus pyogenes
was susceptible to the effects of essential oils isolated from
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Fig. 1. Abundance of terpene hydrocarbons (THC) and oxigenated terpenes (OT) regarding diterpenes (DT) and other com-

ponents (OC) in Pinus peuce needle essential oils.
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Fig. 2. Abundance of monoterpenes (MT), sesquiterpenes (ST), diterpenes (DT) and other components (OC) in Pinus

peuce needle essential oils.

Pinus peuce from Shara Mtn. and moderate susceptible
to the essential oils from Pelister and Nidze Mtn. Bacte-
ria such as Staphylococcus aureus, Staphylococcus epider-
midis and Acinetobacter spp. showed sensitivity to the ef-
fects of essential oils isolated from plant material collect-
ed from Pelister and Nidze Mtn. Other investigated bacte-
ria and Candida albicans were resistant to the antimicrobi-
al effects of the Pinus peuce needle essential oils.

Summarizing the obtained results it is evident that
the essential oil isolated from Pinus peuce from Pelister
showed antimicrobial effect toward Streptococcus pneu-
moniae, Staphylococcus aureus, Staphylococcus epider-
midis and Acinetobacter spp. Essential oil isolated from
plant material from Shara Mtn. showed antimicrobial ac-
tivity against Streptococcus pneumoniae, Streptococcus
agalactiae and Streptococcus pyogenes, while the needle
essential oil from Pinus peuce from Nidze Mtn. showed
effects against Streptococcus pneumoniae, Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus aga-
lactiae and Acinetobacter spp. (Fig. 3.). This essential oil
showed the best antimicrobial activity among all tested Pi-
nus peuce needle essential oils.

Minimal inhibitory concentration (MIC) values of Pi-
nus peuce needle essential oils for tested microorganisms
determined by broth dilution method are given in Table
3. The lowest MIC (less than 7.5 pl/ml) is determined in
essential oil isolated from Pinus peuce from Shara Mtn.
against Streptococcus pyogenes, while the highest MIC
value (62.5 ul/ml) is determined in essential oil obtained
from plant material collected on Baba Mtn. (Pelister) to-
ward Staphylococcus aureus.

Table 3. Minimal inhibitory concentrations (MIC) of Pi-
nus peuce needle essential oils determined by
broth dilution method (ul/ml).

MIC (ul/ml)

Microorganism Pelister Shara Npe
g Mtn. Min. Mtn.
Streptoco.ccus 3125 15.62 15.62
pneumoniae
Staphylococcus 62.5 na. 31.25
aureus
Stqphylo;gccus 31.25 na. 15.62
epidermidis
StreptOCjoccus na 31.25 15.62
agalactiae
Streptococcus na <75 n.a.
pyogenes
Enterococcus n.a. n.a. n.a.
Haemophilus
_ n.a. n.a. n.a.
influenzae
Acinetobacter 31.25 na. 31.25
spp.
Escherichia
’ n.a n.a n.a
coli
Salmonella
e n.a. n.a. n.a.
enteritidis
Candida
; n.a n.a n.a
albicans

n.a. - no activity found

Maced. pharm. bull., 57 (1, 2) 25 - 36 (2011)



Antimicrobial activity of needle essential oil of Pinus peuce Griseb. (Pinaceae) from Macedonian flora 33

Pelister Mtn.
35
30
RIS
20 L
15 00
10
5
o +—+——+—+—+—+-+H—+HHEEEEEY
2 O 2.2 O 2 o DD 8PS O
N '\b\é-‘ q.‘i‘e' & PF QQQ. ‘-’o-{&.\b\ & <\°5 N
4\(\0 'b\\" & NG 0¢° © !@( \(\"b,@} 0\)\ \@@
o & @Q.\éc:_‘\\ O S I S
N QQ ’b‘—y N 0 \(\e’ Q/ Qe’ ¥ \}c._, \b
Q o ] R é@ foXl] R &
) - O (@
<
?.
Shara Mtn.
35
30 -
25 _1 H
20
15

10
5
0 } | | | | | | | | | | | | |

Q&
) & o A & 20 G
B & A Fo (O S P LS 3

e)"(o% Q\be & Q‘\‘o,@o _\(\\\toéé\‘(‘ & 6‘}6;2?}%56\_\5&?\
& 3 PSS o e &

& Qﬂ <
Nidze Mtn.
35

-
w
1

10
5
0 | | | | | } | | | |

2 L w8 PP o e 2 P O
FFILFESTEFREITL I
o & & IR S O PR Gl
S A O Y &S RSN
TP Y P O S N R
(\?" 'Q\ -b‘)_Q <@ \(\‘o’b Q‘_x @ (\e’ ,bz \>c, _b’b
o T T TE R LS T e E
& < Q* (&

Fig. 3. Antimicrobial activity (growth inhibition zones
in mm) of Pinus peuce needle essential oils deter-
mined by hole-plate diffusion method: 0-14 mm
resistant, 14-19 mm moderate susceptible and 19-
30 mm susceptible microorganisms.

Although the biological activity of essential oils is
well known, the mode of their action is not completely un-
derstood. Generally, the activity of essential oils is the re-
sult of the combined effect both of their active and inac-
tive components. Inactive components may affect resorp-
tion, speed of reaction and bioavailability of active com-
ponents (Colgate, 1993; Svoboda, 1995), while the active
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components can have a synergistic effect. Essential oils are
familiar with antibacterial, antifungal and antiviral activity.
Many studies have explained antibacterial activity of es-
sential oils against Gram-positive and Gram-negative bac-
teria (Reichling, 1999a; Weseler, 2005; Reichling, 1999b;
Youesf, 1980; Dorman, 2000; Takarada, 2004) and have
confirmed their antifungal activity (Hammer, 1998). There
are differences in the biological activity of essential oils,
especially when it comes to different strains of Gram-posi-
tive and Gram-negative bacteria. The different susceptibil-
ity of bacteria to the action of essential oils are not only due
to a different chemical composition of the oils, but the dif-
ferences in the composition and structure of the cell wall,
lipid and protein composition of cytoplasmic membrane
and specific physiological processes in different bacterial
species. The way and mechanism of antibacterial activity
of essential oils are not sufficiently explained yet. Nowa-
days, it is accepted that some essential oils and their com-
ponents mainly act on bacterial cytoplasmic membrane
(Ulrich, 2008). According to the literature data, there are
only three references that are related to the antimicrobi-
al screening of pine needle essential oils. Oluwadayo et
al. (2008) reported that the major constituents of essential
oils isolated from the needles of Pinus caribaea Morelet
are B-phellandrene (67.9%), B-caryophyllene (10.2%) and
a-pinene (5.4%). This essential oil exhibited moderate ac-
tivity against Pseudomonas aeruginosa at minimum inhib-
itory concentration of 1000 pl/ml and no activity against
other investigated microorganisms as Candida albicans,
Bacillus subtilis, Staphylococcus typhi, Bacillus aureus
and Proteus mirabilis. According to Sacchetti et al. (2005),
the most abundant components of Pinus radiata D. Don
are B-pinene (35.21%), a-pinene (21.9%), B-phellandrene
(12.6%), iso-silvestrene (8.42%), a-terpineol (3.01%),
terpinolene (2.21%), estragole (2.07%) and citronellol
(1.87%). This essential oil showed a moderate inhibiting
activity against tested yeasts as Candida albicans, Rhodo-
torula glutinis, Schizosaccharomyces pombe, Saccharo-
mycea cerevisiae and Yarrowia lypolitica at minimum in-
hibitory concentrations of 0.14, 0.09, 0.02, 0.06 and 0.29
mg/ml, respectively. The antimicrobial effects of vola-
tile components extracted from needles of Pinus densi-
flora S. and Z. was examined by Youg-Suk et al. (2005).
a-Ocimene (29.3%), sabinene (10.9%), B-myrcene (9.6%),
B-caryophyllene (8.0%), B-cadinene (7.3%), a-terpinolene
(4.9%), 2-hexanal (4.5%) and B-pinene (4.3%) were con-
sidered as dominant components. Antimicrobial activity
was screening against six different microorganisms: Ba-
cillus cereus, Salmonella typhimurium, Vibrio parahae-
molyticus, Listeria monocytogenes, Staphylococcus aureus
and Escherichia coli. Among tested microorganisms, the
growth of Bacillus cereus, Salmonella typhimurium and
Staphylococcus aureus was completely inhibited.
Compared to our results, composition of Pinus peuce
needle essential oil differs a lot from above tested pine oils.
Antimicrobial screening was performed on different bacte-
rial and fungi strains. All mentioned results indicate that the
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antimicrobial activity of pine needle essential oils depend
on the type of microorganism as well as chemical compo-
sition of the oil. For example, antimicrobial activity of Pi-
nus radiata essential oil against Candida albicans is prob-
ably due to the higher amount of a-pinene (21.9%) and
B-pinene (35.21%) in comparison with Pinus peuce nee-
dle essential oil which contains lower amounts of these two
components and hasn’t showed antimicrobial effect against
tested fungi. On the other hand, the mechanism of antimi-
crobial activity of needle essential oil from different pine
species has not been clarified yet thus the action of essen-
tial oils on bacterial cytoplasmic membrane may be con-
sidered as a superior mechanism of antimicrobial activity
of Pinus peuce needle essential oil.

Conclusion

The yield of needle essential oils obtained by hydro-
distillation of Pinus peuce from Pelister, Nidze, Shara and
Karadzica Mtn. ranged from 5.04, 9.24, 9.93 and 2.86 ml/
kg, respectively. The obtained essential oils were transpar-
ent, agile, light yellowish liquids with specific and very
strong turpentine odor.

Using GC/FID/MS, one hundred and three compo-
nents were identified in the Pinus peuce needle essen-
tial oils. The most abundant components in all samples of
isolated oils were monoterpenes: a-pinene, B-pinene, li-
monene + B-phellandrene and bornyl acetate and sesquiter-
penes: trans-(E)-caryophyllene and germacrene D.

The most sensitive bacteria against tested Pinus peuce
needle essential oils were Streptococcus pneumoniae,
while Streptococcus agalactiae, Streptococcus pyogenes,
Staphylococcus aureus, Staphylococcus epidermidis and
Acinetobacter spp. showed different sensitivity to the anti-
microbial effects of the essential oils deepening on the area
of collection of plant material. Essential oil obtained from
plant material collected from Nidze Mtn. showed the high-
est antimicrobial activity against tested microorganism.

As the most promising activity of Pinus peuce nee-
dle essential oil was found against Streptococcus pneumo-
niae, this oil could be recommend for inhalation for infec-
tions of upper respiratory tract or for treatment of different
skin condition provoked by Staphylococcus aureus. Fur-
ther examination of safety of Pinus peuce needle essential
oil should be done before their final recommendation.
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Pe3zume

AHTMMHMKPOOHA aKTHBHOCT HA eTePUYHO MAaCJ0 O]
HIVIMYKH 011 MoJiuKa (Pinus peuce Griseb., Pinaceae) on
(¢1iopara na P. Makenonuja

Mapwuja Kapanaunygosa'*, I'ome Credkos', Enena TpajkoBcka-J{okuk?,
Ana Kadranyuera?, Ceeiana Kynepanosa'

!Unemumym 3a @apmaxoenosuja, Papmayesmexu paxyimem, Ynusepsumem ,, Ce. Kupun u Memoouj “, Cronje,
Maxkeoonuja
Uncmumym 3a Muxpoouonocuja, Meouyuncku paxymmem, Ynusepzumem ,, Ce. Kupun u Memoouj *, Cronje, Maxedonuja

Kayunu 36opoBu: Pinus peuce, MakenoHCKH O00p, XeMHCKU cOCTaB Ha eTepuyHO macino, GC/FID/MS, aHTUMHKPOOHA aKTHBHOCT.

XeMHCKH COCTaB M aHTUMUKPOOHA aKTHBHOCT CE HCIUTYBAHH Kaj €TEPUYHO MAciio JOOHEHO CO AECTUIIALMja CO BOJICHA [apea Ha Mr-
naku of Monuka (Pinus peuce Griseb., Pinaceae) koja CAMOHUKHATO pacTe Ha TPU pa3nuuHu JokanuteTn Bo P. Maxkxenonuja. Co GC/
FID/MS ananusa, naentudukyBanu ce 103 KOMIIOHEHTH INTO MpHIIaraar Ha MIECT Pa3UYHU KIIACH COCAMHEHHja: MOHOTEPIICHCKH ja-
IVICBOJIOPO/IH, OKCHAUPAHH MOHOTEPIICHH, CECKBUTCPIICHCKH jaIlIeBOIOPOAHN, OKCHIMPAHN CECKBUTEPIICHH, AUTEPIICHA U JPYTH HeTepe-
TICHCKH KOMITOHEHTH M UCTHUTE counHyBaar 86,61/94,04% ox ceBkymHoTO Macio. HajzacTaneHn KOMIIOHEHTH BO €TEPUYHOTO MACIO Ce
a-rmaeH (12,89/27,34%), B-munen (6,16/13,13%), mamonen + B-demannpen (2,09/6,64%) u 6opaun anerar (2,92/11,67%), xako u trans
(E)-xapuodunen (4,63/7,13%) u repmakpen D (8,75/20,14%).

AHTUMHMKpOOHATa akTHBHOCT Ha CTEPHYHH Macia O]l UIVIMYKH OJ MOJIMKA € UCIIMTYBaHa Co arap Ju(dy3HOHa U CO arap JMIyLHOHA
MeTona Ha 13 Gakrepucku u3onaru Ha [pam mo3utuBHE U [ pamM HeraTHBHU OakeTHH U eAcH u3onar Ha rabara Candida albicans. Hajrone-
Ma OCeTIIMBOCT Ha JICjCTBOTO Ha Macjara ojl MOJIMKa Iokaxa Oakrepujara Streptococcus pneumoniae, ciaenesa on Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus agalactiae, Acinetobacter spp. u Streptococcus pyogenes. MUHAMAaTHUTE HHXUOUTOPHHU KOH-
LIEHTPAIlMU Ha CTEPUYHUTE MaciaTa ce IBIKar ox 7,5 no 62,5 ul/ml.
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