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Abstract: The chemical composition and the antioxidant and antimicrobial ef-
fects of the essential oils of Pinus cembra L. needles and twigs were investi-
gated in this study. The chemical composition was analyzed using both the GC
and GC-MS techniques. a-Pinene (69.14 %) was the major constituent of the
needle essentia oil while the twig essential oil was characterized by a high
content of limonene+f-phellandrene (40.97 %) and a-pinene (24.94 %). The
needle and twig essential oils showed weak DPPH radical scavenging effects.
In the antimicrobial assays, both essentia oils showed high activity against
Sarcina lutea and Staphylococcus aureus but no activity against Bacillus ce-
reus, Escherichia coli and Pseudomonas aeruginosa. The needle and twig es-
sential oils had similar antimicrobia effects against Sarcina lutea. The twig
essential oil was more active against S. aureus than the needle essentia oil and
also exhibited a moderate activity against Candida albicans.

Keywords: cembran pine; a-pinene; limonene; DPPH radical; Staphylococcus
aureus; Candida albicans.
INTRODUCTION

Pinus cembra L. (Pinaceae), commonly known as cembran pine, Swiss stone
pine or Arollapine, isaglacial relict growing in the European Alps (Switzerland,
Austria, northern Italy and south-eastern France) and the Carpathian Mountains
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(Poland, Slovakia, Ukraine and Romania). It grows at high altitudes ranging from
900 to 2850 and 1985 m in the Alps and the Carpathian Mountains, respectively,
and is very resistant to the conditions of high abiotic stress in the apine tim-
berline (UV-B irradiation, frosts and strong winds).1-3

The chemistry and the biological effects of essential oils of different pine
species have been intensively studied.49 In contrast, there are only afew studies
on cembran pine essentia 0ils. 1011 Dormont et al. studied the volatiles emitted
by the cones and foliage (ramets with one-year-old needles from the apical parts
of branches) and reported a- and S-pinene together with a mixture of limonene
and p-phellandrene as the mgjor volatile constituents; other monoterpene hydro-
carbons (myrcene, camphene, sabinene, terpinolene and bornyl acetate) were
identified in traces. In addition, traces of tricyclene were found in the cone vola-
tiles.10 Ochocka et al. separated, identified and quantified the enantiomers of
four monoterpene hydrocarbons (a- and S-pinene, camphene and limonene) in
the needle essential oil. The authors reported the occurrence of both enantiomers
of camphene, a- and S-pinene and the (-)isomer of limonene. (-)Limonene and
a-pinene as sum of the (-) and (+)isomers dominated in the needle essential oil.11
A literature survey revealed no studies on the biological effects of cembran pine
volatiles. In this context, the main objectives of the present study were to inves-
tigate the chemical composition of the needle and twig essential oils of P. cembra
and to evaluate their antioxidant and antimicrobial effects in order to find some
possible therapeutic uses.

EXPERIMENTAL
Plant material

The needles with twigs were sampled from a full-grown cembran pine in a natural stand
located at approximately 1650 m altitude on the Calimani Mountains (Romania) in June 2011.
The plant material was authenticated in the Department of Plant and Animal Biology, School
of Pharmacy, University of Medicine and Pharmacy “Grigore T. Popa’ — lasi, Romania.
Before extraction of the essentia oils, the needles and twigs were separated and dried in the
shade at 20+2 °C. Herbarium voucher samples have been deposited in the Department of
Pharmacognosy, School of Pharmacy, University of Medicine and Pharmacy “Grigore T.
Popa’ — lasi, Romania.

Chemicals

An alkane standard solution Cg—C,g, butylated hydroxyanisole (BHA) and 2,2-diphenyl-
-1-picrylhydrazyl (DPPH) radical were purchased from Sigma-Aldrich (Steinheim, Germany).
Mueller Hinton agar and broth were obtained from Merck (Darmstadt, Germany). Sabouraud
4 % glucose agar was obtained from Fluka Biochemika (Buchs, Switzerland). Sabouraud
dextrose broth was procured from Oxoid (Basingstoke, UK). The antibiotic discs were
purchased from Himedia (Mumbai, India). All other reagents and solvents were of analytical
grade.
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Microorganisms

Gram-positive bacteria (Staphylococcus aureus ATCC 25923, Sarcina lutea ATCC 9341
and Bacillus cereus ATCC 14579), Gram-negative bacteria (Escherichia coli ATCC 25922
and Pseudomonas aeruginosa ATCC 27853) and pathogenic yeasts (Candida albicans ATCC
10231) were obtained from the Culture Collection of the Department of Microbiology, School
of Medicine, University of Medicine and Pharmacy “Grigore T. Popa’ — lasi, Romania.

Isolation of the essential oils

100 g of each sample (needles or twigs) were ground with a grinder, mixed with 1000
mL of doubly distilled water and subjected to hydrodistillation for 4 h in a modified Cle-
venger-type apparatus.® The essential oils were collected, dried over anhydrous sodium sul-
phate and kept in a sealed glass tube at 4 °C until studied. Yields of the essential oils (v/w %)
were calculated on a dry weight basis and are expressed as average values of the results from
several extractions.

GC and GC-MS analyses

The GC-FID anaysis of the essential oils was performed on an Agilent 6890 gas chro-
matograph. Separation of the constituents of the essential oils was realised on a DB-5MS ca-
pillary column (30 mx0.25 mm i.d., film thickness 0.25 um). A volume of 0.3 uL was in-
jected in the split mode (split ratio 1:100). The carrier gas was helium at a flow rate of 1.0 mL
min'l, The oven temperature was programmed from 40 to 280 °C at arate of 3 °C min'l; the
final temperature was held for 8 min.” The injector and detector temperatures were maintained
at 250 °C. The GC-MS analysis was performed using an Agilent 7890A gas chromatograph
equipped with an Agilent 5975C inert mass selective detector with electron impact ionization.
The same column and temperature program as described for GC-FID analysis were used. The
carrier gas was helium (1.0 mL minY) and the split ratio was 1:100. The injector, M'S source
and M S quadrupol e temperatures were set at 250, 230 and 150 °C, respectively. Mass spectra
were acquired in the scan mode (mass range 15450 nvz). In order to determine the retention
indices, standard solutions of n-alkanes (Cg—C,g) Were analyzed under the same chromato-
graphic conditions. The volatile constituents were identified by comparison of their mass
spectral data with those in the Wiley 275 mass spectra library stored in the GC-MS database
and with those of pure standards. The identity of the constituents was confirmed by com-
parison of calculated retention indices with those reported in the literaturel?16 and with those
of pure standards. The relative percentages of the essential oils constituents were obtained
from the FID peak areas without the use of correction factors.

DPPH radical scavenging assay

DPPH radical scavenging activity was evaluated as described by Mighri et al.1” Briefly,
1 mL of each essential oil dilution in methanol (concentration range from 20 to 60 mg mL-1)
was mixed with 1 mL DPPH solution in methanol (0.004 %, w/v). The mixtures were vor-
texed and kept in the dark. After 30 min, the absorbance was measured at 517 nm. BHA was
used as a positive control. DPPH radical scavenging activity (%) was calculated using the fol-
lowing formula:

100(A0 - A)/Ag
where A, is the absorbance of the blank and A; is the absorbance in the presence of an
essential oil or positive control. All the experiments were performed in triplicate; the results

are expressed as means + SD. The ECxg, (the concentration that gives half-maximal response)
values were caculated by linear interpolation between the values above and below 50 % activity.
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Agar diffusion assay

The antimicrobial activities were screened using the agar diffusion assay.181° Each
microbial suspension was adjusted to a turbidity equivalent to 0.5 McFarland turbidity
standard. Aliquots (0.1 mL) of each microbial suspension were spread in Mueller Hinton agar
(antibacteria tests) and Sabouraud agar (antifungal tests). Sterile stainless steel cylinders (5
mm internal diameter; 10 mm height) were placed on the agar surface and filled with 30 uL of
each essentia oil. Discs (6 mm diameter) containing ampicillin (25 pg discl), chloramphe-
nicol (30 ug discl) and nystatin (100 pg discl) were used as positive controls. The plates
were incubated at 37 °C for 24 h (antibacterial tests) and at 24 °C for 48 h (antifungal tests).
After incubation, the diameters of the inhibition zones were measured. All experiments were
performed in triplicate and the results are expressed as means + SD.
Broth microdilution assay

The minimum inhibitory concentrations (MICs) and the minimum bactericidal/fungicidal
concentrations (MBCS/MFCs) were determined using a broth microdilution assay.1”2° The
microbial suspensions were adjusted to a turbidity of 0.5 McFarland standard. The essentia
oils were dissolved in 50 % dimethy! sulphoxide at a concentration of 250 mg mL-1 and then
subjected to serid two-fold dilutions in Mueller Hinton broth (antibacterial tests) and
Sabouraud broth (antifungal tests) in 96-well plates (concentration range from 250 to 0.12 mg
mL-L; final volume in each well 100 uL). Other 95 L of broth and 5 pL of microbial inocu-
lum were further dispensed into each well. The plates were incubated at 37 °C (antibacterial
tests) and 24 °C (antifungal tests) for 24 h. The essential oils were screened twice against each
microorganism. The lowest concentration of the essential oil that inhibited the visible growth
of microorganisms was recorded as the MIC.2! The MBC/MFC values (the lowest concen-
tration of an essential oil killing completely the microorganisms being tested)?! were deter-
mined by transferring 10 uL of samples showing inhibition of visible growth on the surface of
an agar plate. The subcultures were incubated at 37 °C (antibacteria tests) and 24 °C (anti-
fungal tests) for 24 h. The MIC and MBC/MFC vaues of ampicillin/nystatin towards bac-
terialyeast strains were also evaluated.
Satistical analysis

Statistical analyses were performed using the Kruskal-Wallis and Mann-Whitney U
tests. Values of P less than 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Essential oils analysis

The essential oils from needles (EON) and twigs (EOT) of cembran pine
were obtained in yields of 1.96 and 2.45 %, respectively and analyzed by both
GC and GC-MS. A list of the constituents in order of elution on a DB-5MS
column, their retention indices and percentages are reported in Tablel. It is note-
worthy that in both essential oils, limonene co-eluted with S-phellandrene and the
two compounds were quantified as a single peak. 27 compounds accounting for
91.59 % of the total essential oil composition were identified in EON. a-Pinene
(69.14 %) was the most abundant compound. Other main constituents were limo-
nenetp-phellandrene (4.64 %), a-cadinene (3.71 %), y-cadinene (2.61 %), cam-
phene (2.59 %), bicyclogermacrene (2.44 %) and cadina-1,4-diene (1.36 %). The
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amount of S-pinene was found to be 0.89 %. Monoterpene hydrocarbons (78.93
%) were the mgjor class of compounds followed by sesquiterpene hydrocarbons
(12.09 %). GC analysis of EOT revealed 28 compounds representing 92.22 % of
the total essential oil composition. The main constituents of EOT were limo-
nene+f-phellandrene (40.97 %), a-pinene (24.94 %) and f-pinene (10.38 %), fol-
lowed by camphene (5.55 %), myrcene (1.7 %) and y-terpinene (1.52 %). Mono-
terpene hydrocarbons (87.24 %) were the most abundant while sesquiterpene
hydrocarbons (3.35 %) were present in lower amounts.

TABLE I. Chemica composition (%) of cembran pine essential oils

Compound RI2 RI° EON EOT
2-Hexend 850 850 0.17 -
Tricyclene 921 926 0.14 0.30
a-Thujene 925 924 - tre
a-Pinene 936 935 69.14 24.94
Camphene 950 953 2.59 5.55
Sabinene 970 975 tr -
B-Pinene 979 979 0.89 10.38
Myrcene 990 990 0.58 17
a-Phellandrene 1006 1004 - 0.23
0-3-Carene 1008 1009 0.69 1.03
p-Cymene 1023 1024 tr -
Limonene+p-phellandrene 1028 1029 4.64 40.97
y-Terpinene 1058 1058 - 152
a-Terpinolene 1084 1084 0.16 0.56
Linalool 1099 1101 tr -
Nonanal 1105 1102 - 0.49
trans-Pinocarveol 1139 1139 - 0.10
Terpineol-4 1179 1177 - 0.10
Estragole 1197 1200 0.23 0.21
trans-Carveol 1218 1219 - 0.14
Carvone 1242 1243 - 0.23
Bornyl acetate 1283 1283 0.16 0.20
a-Cubebene 1344 1349 tr -
a-Copaene 1372 1375 tr -
p-Caryophyllene 1415 1415 0.96 0.34
a-Humulene 1452 1451 0.17 0.81
y-Muurolene 1472 1475 tr tr
Germacrene D 1478 1480 tr -
B-Selinene 1485 1484 0.22 0.15
Bicyclogermacrene 1492 1488 244 -
a-Muurolene 1495 1499 0.24 0.21
y-Cadinene 1510 1514 261 0.23
J-Cadinene 1516 1523 0.31 0.38
Cadina-1,4-diene 1529 1531 1.36 041
a-Cadinene 1533 1537 371 0.73
Caryophyllene oxide 1578 1581 - 0.16
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TABLE I. Continued

Compound RI2 RI° EON EOT
Monoterpene hydrocarbons 78.93 87.24
Oxygenated monoterpenes 0.24 0.78
Sesquiterpene hydrocarbons 12.09 3.35
Oxygenated sesquiterpenes - 0.16
Others 0.33 0.69
Total identified 91.59 92.22

®Retention indices relative to Cg-Cpq n-akanes calculated on DB-5MS capillary column; Pretention indices
reported in the literature; 1216 Straces (<0.1 %)

A previous study made by Dormont et al. reported a-pinene, S-pinene and a
mixture limonene+f-phellandrene as the magjor constituents in the volatiles emit-
ted by cembran pine cones and foliage (ramets with one-year-old needles from
the apical parts of the branches). a-Pinene (67.1 %) dominated in the cone vo-
latiles while S-pinene (18.2 %) and limonenetf-phellandrene (11.1 %) were in
lower amounts. Regarding foliage volatiles, the authors reported differences
between samples collected from forest trees (a-pinene 38.9 %, S-pinene 20.7 %,
limonene+p-phellandrene 34.0 %) and planted trees (a-pinene 26.4 %, f-pinene
10.1 %, limonene+s-phellandrene 57.9 %).10 Ochocka et al. studied a com-
mercially manufactured essential oil from cembran pine needles. This study re-
vealed that a-pinene as the sum of enantiomers and limonene as the (-)isomer
were present in similar amounts (34.3 and 32.7 %, respectively); in case of S-pi-
nene, the sum of both enantiomers was only 12.5 %.11 On the contrary, in the
present study, a-pinene was identified in the highest percentage (69.14 %) in the
needle essentia oil while limonenetp-phellandrene and f-pinene were in signi-
ficantly lower amounts (4.64 and 0.89 %, respectively). These differencesin the
chemical composition of essentia oils from cembran pine needles can most pro-
bably be explained by different environmental conditions and time of collection.

Antioxidant activity

The antioxidant activities of cembran pine essential oils were evaluated by
the DPPH radical scavenging assay, which is a simple, rapid and highly repro-
ducible method widely used in antioxidant screening.22 The results of the assay
are given in Table Il. According to the ECsg values, both EON (19.93+0.75 mg
mL-1) and EOT (18.66+0.70 mg mL—1) were | ess active than the positive control,
BHA (3.3£0.1 ug mL-1). The weak antioxidant activity of cembran pine essential
oils might be related to the high content of non-phenolic compounds (monoter-
penes and sesguiterpenes). Among plant secondary metabolites, polyphenols are
known to have a high capacity to scavenge free radicals due to the hydrogen and
electron donating abilities of their hydroxyl groups.22

There are very few literature reports on DPPH scavenging effects of the es-
sentia oils from other Pinus species. Different experimental protocols in DPPH
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assay make it difficult to compare the present results with those of other studies.
However, it should be pointed out that a weak DPPH scavenging activity (less
than 20 %) was reported for the essential oil from P. radiata (10 pL) after 70 min
reaction time.23 On the contrary, high DPPH scavenging effects were reported
for the essential oils from P. densiflora and P. thunbergii needles (ECsg = 120
and 30 ug mL-1, respectively) in comparison to a-tocopherol (ECsg = 12.6 pug
mL-1) and butylated hydroxytoluene (ECsg = 14.3 ug mL—1); the scavenging ef-
fects were assessed after 30 min reaction time at 37 °C.24 These contradictory
results might be due to different experimental conditions in the DPPH assay, but
also to differences in the chemical composition and possible interactions between
the volatile constituents.2>

TABLE II. DPPH Radica scavenging activity of cembran pine essential oils; different letters
in the column indicate values significantly different (P < 0.05)

Essentia oil/positive control ECsg

EON 19.93+0.75 mg mL"12 (b)
EOT 18.66+0.70 mg mL"12 (b)
BHA 3.3t0.1 pgmL-12(a)

Antimicrobial activity

The antimicrobial activities were initially tested by the agar diffusion me-
thod in comparison to ampicillin, chloramphenicol and nystatin (Table I11). EON
and EOT showed high activity against S. aureus and S Iutea with inhibition
zones larger than 14 mm but no activity against B. cereus, E. coli and P. aeru-
ginosa. The EOT also had moderate activity against C. albicans (inhibition zone
of 9.66 mm).26 Unlike EOT, EON showed no antifungal activity.

TABLE I11. Antimicrobial activity (diameter of inhibition zone, mm) of cembran pine essen-
tial oils determined by the agar diffusion method; different letters in the column indicate
values significantly different (P < 0.05)

. . EON EOT Ampicillin  Chloramphenicol ~ Nystatin
Microorganism 5511y (30ul) (25pgdiscd)  (30pgdisc) (100 ug disc)
S aureus 223(@) 24.7+0.62(b) 27.7+0.62(c) 26112 (bc) Not
ATCC 25923 determined
S lutea 31+12(a) 30+12(a) 362 (b) 35.3+0.62 (b) Not
ATCC 9341 determined
B. cereus No zone No zone No zone 25.7+0.6 Not
ATCC 14579 determined
E. coli No zone No zone 19+1b (a) 26° (b) Not
ATCC 25922 determined
P. aeruginosa No zone No zone No zone 18 Not
ATCC 27853 determined
C. albicans Nozone 9.7+0.6° () Not Not 29.3+0.6° (b)
ATCC 10231 determined determined
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The MIC and MBC/MFC values of cembran pine essential oils against the
sensitive microbia strains were determined by a broth microdilution assay in
comparison to ampicillin and nystatin (Table IV). Both essential oils showed
similar antimicrobial effects against S. lutea with MIC and MBC values of 0.12
and 0.24 mg mL—1, respectively. S. aureus was |less susceptible to cembran pine
essential oils. According to the MIC and MBC values, EOT (1.95 and 3.9 mg
mL-1, respectively) was more active than EON (3.9 and 15.62 mg mL-1, res-
pectively). The broth microdilution assay confirmed the antifungal activity of
EOT (MIC = 7.81 mg mL~1 and MFC = 15.62 mg mL-1).

TABLE IV. Antimicrobial activity of cembran pine essential oils determined by the broth
microdilution method

EON EOT Ampicillin Nystatin

Microorganism MIC MBC/MFC MIC MBC/MFC MIC MBC/MFC MIC MBC/MFC
mg mL-1 ug mL-1

S aureus 39 15.62 1.95 3.9 0.25 0.5 nd? n.d.
ATCC 25923
S lutea 0.12 0.24 0.12 0.24 0.25 0.5 n.d. n.d.
ATCC 9341
C. albicans n.d. n.d. 781 15.62 n.d. n.d. 1 2
ATCC 10231
@Not determined

Among volatile constituents, phenolics (thymol, carvacrol and eugenol) and
oxygenated monoterpenes (a-terpineol, terpinen-4-ol and linalool) have been re-
ported to possess not only strong antimicrobial effects, but also a wide spectrum
of activity.2” The lack of activity against some microbial strains might be due to
the high content of monoterpene hydrocarbons in the cembran pine essential oils.
The low antimicrobial activity of hydrocarbons has been attributed to their low
hydrogen bonding capacity and water solubility.28 Both EON and EOT are do-
minated by monoterpene hydrocarbons; they contain low amounts of oxygenated
monoterpenes (< 1 %) and no phenolics. EOT proved to be more effective than
EON. The higher percentages of limonene+f-phellandrene and $-pinene are not
solely responsible for the antimicrobial potency of EOT; synergistic, additive or
antagonistic interactions between volatile constituents may aso affect the anti-
microbial activity.

There are many literature reports on the antimicrobia effects of other pine
needle essential oils, some of them giving contradictory results. The essentia oil
isolated from the needles of P. nigra ssp. dalmatica was reported to have a high
effect against S aureus (MIC = 0.03 %, v/v) and less pronounced effects against
P. aeruginosa (MIC = 0.25 %, v/v), E. coli (MIC = 2.50 %, v/v) and C. albicans
(MIC = 0.25 %, v/v).8 Hong et al. reported that the essential oil from P. ko-
raiensis needles showed no activity against S. aureus and E. coli but exhibited
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antifungal activity against C. albicans (28.9-31.5 % vs. control); the essential oil
from P. densiflora needles inhibited the growth of S. aureus (66.7—77.8 % vs.
control) while it had no activity against E. coli and C. albicans.2® On the con-
trary, Park and Lee reported that the essential oil from P. densiflora needles ex-
hibited antibacterial effects against E. coli, S aureus and P. aeruginosa with MIC
values of 0.8, 1.7 and 26.3 mg mL—1, respectively. Against the same bacterial
strains, the MIC values of the essential oil from P. thunbergii needles were 6.6,
13.2 and 26.3 mg mL—1, respectively.24 These differences in antimicrobial effects
of pine essential oils might be attributed to different antimicrobial screening
assays, variations in chemical composition and possible interactions between the
constituents.30

CONCLUSIONS

This is the first report on the antioxidant and antimicrobial effects of the
essential oils of cembran pine needles and twigs and aso the first report on the
chemical composition of the latter. The results of the present study indicate that
both essential oils are rich in monoterpene hydrocarbons. «-Pinene was the major
congtituent of the needle essential oil while the twig essential oil was dominated
by limonenetf-phellandrene and a-pinene. Cembran pine essential oils showed
weak free radical scavenging activity but displayed high antibacterial activity
against S lutea and S aureus. Twig essential oil was more active against S
aureus than needle essential oil and, in addition, it was active against C. albicans.
Further research is required to evaluate the spectrum of activity of cembran pine
essential oils and the possible interactions (synergistic, additive and antagonistic)
in the case of association with antibiotics and other essential oils.
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CACTAB, AHTUOKCHUIATHUBHA U AHTUMHUKPOBHA AKTHBHOCT ETAPCKHX YJ/bA
IOPBETA Pinus cembra CA TNTAHUHA KATUMAHHU (PYMYHHJA)
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HcnuTHBaH je XeMHjCKH cacTaB, aHTHOKCUIATHBHA W aHTUMMKpPOOHA aKTHBHOCT eTap-
CKHUX yJ/ba W3 WUINMLA U IpaHa gpBeTa Pinus cembra L. XeMHujcku cactaB je yTBphHBaH MeTo-
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nama GC u GC-MS. o-TIuneH je 6uo r1aBHH cacTojak €TapCKOT ysba U3 UrmHLa (69,14 %), nox

je
HE

€TapCcKo yjbe IpaHa HajBHLIe UMaso TUMOHEHA U f-denanapera (ykynHo 40,97 %) u o-nu-
Ha (24,94 %). Etapcka y/pa UIIMIia Y IrpaHa Cy UcKasana many akTusHocT y DPPH recty.

00a yspa Cy UCMOJbMIIA BEJIUKY aKTHBHOCT IpeMa bakrepujama Sarcina lutea u Staphylococcus

au

reus, anu He nipemMa Bacillus cereus, Escherichia coli u Pseudomonas aeruginosa. ETapcka yma

WIJIAIIA U IpaHa Cy UMaJla CIMYHY aHTUMHUKPOOHY akTHBHOCT mpema S. lutea. ETapcko yime u3
rpaHa je dWa0 akTHBHHUje NMpemMa S. aureus HETrO Y/b€ U3 UIVIMLA, a UCIO0/baBalo je U3BECHY
aKTHBHOCT ¥ peMa r/puBULU Candida albicans.

NP

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.

20.

21.

(ITpummeno 9. anpuna, pesuaupano 21. jyna 2012)

REFERENCES

I. Blada, Ann. For. Res. 51 (2008) 115

. S. Casalegno, G. Amatulli, A. Camia, A. Nelson, A. Pekkarinen, Forest Ecol. Manag.
259 (2010) 750

. G. Wieser, W. J. Manning, M. Tausz, A. Bytnerowicz, Environ. Pollut. 139 (2006) 53

. P. K. Koukos, K. |. Papadopoulou, D. Th. Patiaka, A. D. Papagiannopoulos, J. Agr. Food
Chem. 48 (2000) 1266

. P. K. Koukos, K. I. Papadopoulou, A. D. Papagiannopoulos, D. Th. Patiaka, Holz Roh
Werkst. 58 (2001) 437

. M. Krauze-Baranowska, M. Mardarowicz, M. Viwart, L. Pobtocka, M. Dynowska, Z.
Naturforsch., C 57 (2002) 478

. F. Macchioni, P. L. Cioni, G. Flamini, |. Morelli, S. Maccioni, M. Ansddi, Flavour Frag.
J. 18 (2003) 139

. O. Politeo, M. Skocibusic, A. Maravic, M. Ruscic, M. Milos, Chem. Biodivers. 8 (2011)
540

. T. Stevanovic, F.-X. Garneau, F.-1. Jean, H. Gagnon, D. Vilotic, S. Petrovic, N. Ruzic, A.

Pichette, Flavour Frag. J. 20 (2005) 96

L. Dormont, A. Roques, C. Malosse, Phytochemistry 49 (1998) 1269

J. R. Ochocka, M. Asztemborska, D. Sybilska, W. Langa, Pharm. Biol. 40 (2002) 395

J.G. S. Maia E. H. A. Andrade, M. G. B. Zoghbi, J. Food Compos. Anal. 13 (2000) 227

M. Mardarowicz, D. Wianowska, A. L. Dawidowicz, R. Sawicki, Z. Naturforsch., C 59

(2004) 641

J. G. S Maia, E. H. A. Andrade, A. C. M. da Silva, J. Oliveira, L. M. M. Carreira, J. S.

Araljo, Flavour Frag. J. 20 (2005) 474

C. I. G. Tuberoso, A. Kowalczyk, V. Coroneo, M. T. Russo, S. Dessi, P. Cabras, J. Agr.

Food Chem. 53 (2005) 10148

A. Angioni, A. Barra, V. Coroneo, S. Dessi, P. Cabras, J. Agr. Food Chem. 54 (2006)

4364

H. Mighri, H. Hajlaoui, A. Akrout, H. Najjaa, M. Neffati, C. R. Chim. 13 (2010) 380

CLSI MO02-All, Performance Standards for Antimicrobial Disk Susceptibility Tests,

Approved Standard, 11t ed., Wayne, PA, 2012

G. Del-Vechio-Vieira, O. V. Sousa, C. H. Yamamoto, M. A. C. Kaplan, Rec. Nat. Prod. 3

(2009) 52

CLSI M07-A9, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that

Grow Aerobically, Approved Standard, 9t ed., Wayne, PA, 2012

J.Yu, J Lei, H. Yu, X. Ca, G. Zou, Phytochemistry 65 (2004) 881

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




22.
23.
24.
25.
26.
27.
28.
29.

30.

CEMBRAN PINE ESSENTIAL OILS 37

D. Villafio, M. S. Ferndndez-Pachén, M. L. Moy4, A. M. Troncoso, M. C. Garcia-Parrilla,
Talanta 71 (2007) 230

G. Sacchetti, S. Maietti, M. Muzzoli, M. Scaglianti, S. Manfredini, M. Radice, R. Bruni,
Food Chem. 91 (2005) 621

J-S. Park, G.-H. Leg, J. <ci. Food Agr. 91 (2011) 703

W. Wang, N. Wu, Y. G. Zu, Y. J. Fu, Food Chem. 108 (2008) 1019

M. Yousefzadi, M. H. Mirjaili, N. Alngar, A. Zeinali, M. Parsa, J. Serb. Chem. Soc. 76
(2011) 857

H. J. D. Dorman, S. G. Deans, J. Appl. Microbiol. 88 (2000) 308

M. Sokovi¢, P. D. Marin, D. Brki¢, L. J. L. D. van Griensven, Food 1 (2007) 220

E.-J. Hong, K.-J. Na, |.-G. Choi, K.-C. Chai, E.-B Jeung, Biol. Pharm. Bull. 27 (2004)
863

Y. Fu, Y. Zu, L. Chen, X. Shi, Z. Wang, S. Sun, T. Efferth, Phytother. Res. 21 (2007)
989.

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




