View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Faculty of Chemistry Repository - Cherry

Journal of
the Serbian
Chemical Society

“*oouu mf'r‘“ﬁo* JSCS@tmfbg.ac.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 74 (10) 1035-1040 (2009) UDC 582.475.2:665.52/.54:
JSCS-3897 615.282—188(497.11)

Original scientific paper

Chemical composition and antifungal activity of the
essential oil of Douglasfir (Pseudosuga menziesii
Mirb. Franco) from Serbia

VELE TESEVIC™*# SLOBODAN MILOSAVLJEVIC
VLATKA VAJS2 IRISDORBEVIC MARINA SOKOVIC
VERA LAVADINOVIC and MIROSLAV NOVAKOVIC?

1Facul'[y of Chemistry, University of Belgrade, Sudentski trg 16, 11000 Belgrade, % nstitute
for Chem|stry, Technology and Metallurgy, University of Belgrade, NjegoSeva 12, 11000
Belgrade, Faculty for Veterinary Medicine, University of Belgrade, Bulevar oslobodenja 18,
11000 Belgrade, *I ntitute for Biological Research“ S Stankowc , University of Belgrade,
Bulevar despota Sefana 142, 11000 Belgrade and Instltute of Forestry,
Kneza ViSeslava 3, 11030 Belgrade, Serbia

(Received 25 February, revised 8 April 2009)

Abstract: The chemical composition of the essential oil of fresh young needles
with twigs of Douglas fir (Pseudosuga menziesii Mirb. Franco) obtained by
hydrodistillation were analyzed by gas chromatography (GC) and gas chroma-
tography—mass spectrometry (GC-MS). Ten compounds, accounting for 94.26 %
of the oil, were identified. The main compounds found were bornyl acetate
(34.65 %), camphene (29.82 %), o-pinene (11.65 %) and santene (5.45 %). The
antifungal activity of the essential oil was tested against various fungal species.
The minimum inhibitory concentration of Douglas fir essential oil ranged from
1.5 to 4 pg mLL. The fungi most sensitive to the tested oil were Phomopsis
helianthi, while Penicillium species, along with Microsporum canis, were the
most resistant. Compared to the commercia fungicidal agent bifonazole, the
studied essential oil demonstrated higher antifungal activity.
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INTRODUCTION

Douglas fir (Pseudosuga menziesii Mirb. Franco) is an autochthonous co-
nifer species from North America and Canada, belonging to the family Pinaceae.
It is the most introduced species in Europe since 1825 because of its high wood
yield, fast growth and wide uses. Douglas fir is a large to very large tree with a
narrow, pointed crown of dightly drooping branches, the crown becoming flat-
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tened with age in large specimens. The needles are petiolate and leave a small,
raised scar on the twig.

Douglas fir was often employed medicinally by various native North Ameri-
can Indian tribes, who used it to treat a variety of complaints. An antiseptic resin
is obtained from the trunk. It is used as a poultice to treat cuts, burns, wounds and
other skin ailments. The resin is used for the treatment of coughs and can be
chewed as a treatment for sore throats. An infusion of the green bark has been
used in the treatment of excessive menstruation, bleeding bowels and stomach
problems. An infusion of the leaves has been used as a wash and a sweat bath for
rheumatic and paralyzed joints. An infusion of the young sprouts has been used
in the treatment of colds. A decoction of the buds has been used in the treatment
of venereal disease. A mouthwash is made by soaking the shoots in cold water.
The fresh leaves have a pleasant balsamic odour and are used as a coffee sub-
stitute.1

Antimicrobial and vermicidal activities of essential oils of Douglas fir against
bacteria, fungi and worms are well known.2-6

Previous studies of the volatiles from P. menziesii include essential oils from
Bulgaria,”8 Austria,® Slovakial® and the United States.1! In the oils from Bul-
garia, the main constituents were the monoterpenes Apinene, sabinene, (2)-4#
-ocimene, (E)-/-ocimene, a-terpinolene, a-terpineol, citronellyl acetate, a-terpi-
nene and limonene.”.8

The main constituents of the investigated Austrian samples of P. menziesii
were f-pinene, sabinene (both dominate in samples of needles) and terpinen-4-ol,
a-pinene, 3-carene, limonene, terpinolene, a-terpineol, a-terpinene, y-terpinene,
and myrcene in twigs.® Compounds identified in samples from California inclu-
ded a-pinene, camphene, Apinene, 3-carene, myrcene, limonene, 2-hexenal, ethyl
caproate, y-terpinene, terpinolene, ethyl caprylate, citronellal, linalool, fenchyl
alcohol, bornyl acetate, terpinen-4-ol, f-caryophyllene, citronellyl acetate, o-ter-
pineol, citronellol, geranyl acetate, farnesyl acetate, p-cymene and farnesol .12

The composition of the volatiles of Douglas fir depends on seasonal, geo-
graphic and ecological conditions. Urban conditions cause notable changes in the
a-pinene to Apinene, a-phellandrene and terpineol ratios vs. the relatively clean
(arboretum) locality.10

The am of this study was to obtain, for the first time, information on the
composition and antifungal activity of the essential oils of fresh needles with
twigs of Serbian Douglas fir.

EXPERIMENTAL
Plant material

Needles with twigs of Pseudosuga menziesii Mirb. Franco (Pinaceae) were collected from
a provenance experiment in Serbia during August 1999 at the mountain Juhor, 745 m. Vou-
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cher specimens, accession number PM0899, are deposited in the Herbarium of the Faculty of
Biology, University of Belgrade, Herbarium code: BEOU.

The provenance experimental plot in central Serbia on the mountain Juhor (745 m) was
established with original material from the native area of the species from Oregon and Wa-
shington.

Isolation of the essential oil

Fresh needles with twigs (500 g) were crushed and steam distilled in a Clevenger appara-
tus for about four hours to obtain ayellow coloured oil (yield: 0.67 %).

Analysis of the essential oil

Gas chromatographic analysis was performed using an HP 5890 gas chromatograph
equipped with a flame ionization detector (FID) and a split/splitless injector. The separation
was achieved using a HP-5 (5 % diphenyl- and 95 % dimethylpolysiloxane) fused silica capil-
lary column, 30 mx0.25 mm i.d., 0.25 um film thickness. The GC oven temperature was pro-
grammed from 50 °C (6 min) to 285 °C at a rate of 4.3 °C/min. Hydrogen was used as the
carrier gas; flow rate: 1.6 mL/min at 45 °C; injector temperature: 250 °C; detector tempera-
ture: 280 °C; injection mode: splitless.

Gas chromatographic—mass spectrometric analysis (El) was performed using an Agilent
5973 Network chromatograph coupled to an Agilent 5973 MSD spectrometer. The separation
was achieved using an Agilent 19091S-433 HP-5M S fused silica capillary column, 30 mx0.25
mm i.d., 0.25 pm film thickness. The GC oven temperature was programmed from 60 °C to
285 °C at arate of 4.3 °C/min. Helium was used as the carrier gas; the inlet pressure was 25
kPa; the linear velocity was 1ml/min at 210 °C; injector temperature: 250 °C; injection mode:
splitless. MS scan conditions. source temperature, 200 °C; interface temperature, 250 °C;
energy, 70 eV; mass scan range, 40-350 amu.

The components were identified based of their retention index and comparison with refe-
rence spectra (Wiley and NIST databases). The percentage (relative) of the identified com-
pounds was computed from their GC peak area.

Antifungal activity

The fungi used in this study were Aspergillus niger (ATCC 6275), A. ochraceus (ATCC
12066), A. versicolor (ATCC 11730), A. flavus (ATCC 9170, A. terreus (ATCC 16792), Al-
ternaria alternata (ATCC 13963), Penicillium ochrochloron (ATCC 9112), P. funiculosum
(ATCC 10509), Cladosporium cladosporioides (ATCC 13276), Trichoderma viride (IAM
5061), Fusarium tricinctum (CBS 514478) and Phomopsis helianthi (ATCC 201540). Among
tested species were dermatomycetes (Trichophyton mentagrophytes, Epidermophyton floc-
cosum, Microsporum canis), which are obtained directly from patients at the Centre for
Preventive Medicine, VMA, Belgrade. The organisms were obtained from the Mycotheca of
the Mycological Laboratory, Department of Plant Physiology, Institute for Biological
Research “Dr. SiniSa Stankovi¢”, Belgrade. The fungi were maintained on potato dextrose
agar (PDA) and malt agar (MA). The cultures were stored at +4 °C and subcultured once a
month. In order to investigate the antifungal activity, a modified mycelial growth test with
malt agar was used. The minimal inhibitory concentration (MIC) of the investigated essential
oil necessary for complete inhibition of mycelial growth of the fungal strain was determined.
Different concentrations of the tested essential oils were diluted in Petri dishes with malt agar
(MA). All experiments were performed in triplicate. Petri dishes with ethanol were used as the
control. The compound was added into molten malt agar (MA) and poured into Petri dishes.
The tested fungi were inoculated at the centre of the plates.13 The plates were incubated for
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three weeks at room temperature. After this period, the MIC was determined. Commercialy
available bifonazole, Srbolek, Belgrade, was used as the positive control.

RESULTS AND DISCUSSION

The yield of essentia oil isolated by hydrodistillation of the needles with
twigs of P. menziesii was found to be 0.67 % (w/w) based on fresh material.

The constituents identified by GC and GC/MS analysis and the area percent-
tages are summarized in Table I. The quantitative composition of oil was ana
lyzed by GC (FID) by internal normalization assuming an identical mass res-
ponse factor for all compounds. In this study, only those components present in
the oils in amounts higher than 0.1 % were taken into consideration.

TABLE . Chemica composition of Pseudosuga menziesii essentia oil

Compound RI® Content, %
Santene 888 5.45
Tricyclene 926 294
o-Pinene 939 11.65
Camphene 953 29.82
FPinene 980 273
Limonene 1031 451
Citronella 1151 0.94
Bornyl acetate 1285 34.65
Citronellol acetate 1354 0.21
Myrtanol acetate 1381 1.36
Total 94.26

®Retention index on HP-5M'S and according to n-paraffins

Monoterpene hydrocarbons were the major constituents of the ail. In addi-
tion to bornyl acetate (34.65 %), which was the major monoterpene, camphene
(29.82 %), a-pinene (11.65 %), santene (5.45 %) and limonene (4.52 %) were
present in quite high amounts. Most of the components identified in the Douglas
fir oil were previously reported as being present in other conifers. Bornyl acetate
was also the main constituent of the essential oil of P. menziesii from Slovakial®
and the Rocky Mountains (USA).11 The essential oil from Bulgaria contained
[-pinene (24.4 %), sabinene (22.2 %) and a-terpinolene (18.8 %).5 The main
constituents of the essentia oil from Austrian Douglas fir were -pinene and sa-
binene.®

The essential oil showed significant antifungal potential against the various
tested micro-organisms (Table I1). The minimum inhibitory concentration (MIC)
of the oil against Phomopsis helianthi was 1.5 uL mL—L. The highest MIC (6 pL
mL-1) of the oil was against Penicillium ochrochloron, Penicillium funiculosum
and Microsporum canis. The commercial fungicide, bifonazole, showed lower
antifungal activity than the P. menziesii oil, with an MIC of 8.0-15.0 uL mL-1,
Based on the obtained results, it can be concluded that, compared to the com-
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mercial fungicide, the investigated essential oil demonstrated higher potential
against various pathogenic fungi.

TABLE II. Minimal inhibition concentration (uL mL-1) of Pseudosuga menzesii essential oil
and bifonazole

Fungi Qil Bifonazole?
Alternaria alternata 2.7+0.6 9.6+0.6
Aspergillus niger 3.87+0.3 9.6+0.6
Aspergillus ochraceus 387+ 0.3 9.3+1.1
Aspergillus versicolor 3.7+0.6 9.6+0.6
Aspergillus flavus 3.7+0.3 9.3+1.1
Aspergillus terreus 3.7+0.6 10+0
Cladosporium cladosporioides 3.0£0 9.6+0.6
Fusarium tricinctum 3.0+0 9.6+0.6
Penicillium ochrochloron 6.0+1 14.3+1.2
Penicillium funiculosum 6.0+1 14.3+1.2
Phomopsis helianthi 1.5+05 7.6£0.6
Trichoderma viride 3.7£0.6 14.7+0.6
Trichophyton mentagrophytes 2.7+0.6 10+0
Microsporum canis 6.0£0 14.7+0.6
Epidermophyton floccosum 3.7+0.6 9.6+0.6

3Positive control, commercial preparation containing 1.0 % (w/v) of bifonazole in ethanol

Acknowledgments. This research was supported by a grant from the Ministry of Science
and Technological Development of the Republic of Serbia (Project 142053).

M3BOJ

XEMIJCKU CACTAB U AHTUOYHI'AJIHA AKTUBHOCT ETAPCKOI" YJbA JATJIACOBE
JEJIE (Pseudosuga Menziesii Mirb. Franco) 13 CPBUJE

BEJIE TELIEBURY, CJIOBOJIAH MIJIOCABIUEBURY, BIATKA BAIC?, UPUC BOPBEBUES,
MAPHUHA COKOBUR", BEPA JIABATTMHOBUE® 1 MIPOCJIAB HOBAKOBITE?

IXemujCKu pakyaitieiti, Ynusepauitieiti y beozpady, Citiyoeniticku itipz 16, 11000 Beozpao, ZI/IHCLEuLHyLH 3a xemujy,
liexHoA02Ujy u meitianypzujy, Yrueepauitieiii y beozpaoy, Hhezouesa 12, 11000 Heozpao, 3¢>al<ymﬁeu7 eltiepuHapcke
meouyune, Ynusepauitiei y beozpaoy, Byaesap ocaobobersa 18, 11000 Beozpao, 41/1Hctﬁuu7ym 3a 6uoaowka
ucttipaxcusarsa “C. Citianxosuh”, Ynusep3uitieii y beozpady, byaesap Oeciioitia Citiechana 142,

11000 Beozpao u 51/1HCLTmLHyLH 3a wiymapcitieo, Knesa Buwecaasa 3, 11030 beozpao

XeMHjCKHM CcacTaB eTapcKor yjba MIAAMX HIJIMLIA ca rpaHdnnaMa ayriasuje (Pseudosuga
menziesii Mirb. Franco) moGujeHor mecTuiandjoM BOJCHOM MAapoM, aHAIM3UPAH je TacHOM
xpomarorpadujom (GC) u kOMOHMHAILMjOM racHe Xpomarorpaduje W MaceHe CICKTPOMETpHje
(GC/MS). NnentudukoBaHo je JeceT jeaumema yKymHe 3acTymubeHocTd 94,26 %. Kao riaBHe
KoMIToHeHTe cy Haljenn: Oopumi-anerar (34,65 %), xamben (29,82 %), ornmuen (11,65 %) u
canren (5,45 %). ITopex Tora, eTapcko yjbe je TECTUPAHO Ha aHTU(YHraaHy aKTHBHOCT. ETapcko
yJbe MOKa3zyje MHOro 00Jby aHTH(YralHy aKMBHOCT Off KOMEPLHMjAITHOT (YHTHIHIHOT areHca
6udonazona. MiUHHMaIHA HHXHOUTOPHA KOHIICHTpAIMja €TPCKOT YJba AYyTIas3uje je y OICery o
0,6 10 1,4 uL mL ™. HajocersbrBHju Ha TecTpaHo yibe je 6uo coj Phomopsis helianthi, nok cojesu
Penicillium u Microsporum canis rokasyjy HajBelly pe3uCTEHTHOCT.

(TTpumsbeno 25. pebpyapa, pesumuparo 8. anpria 2009)
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