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ABSTRACT

The essential oils composition Bf wallichiana P. monticola andP. strobus was determined
by GC-FID and GC-MS analysi®inus wallichiana was the species with the highest essential
oils production with an average yield of 0.97% |daled byP. monticola and P. strobus with
0.58 and 0.50% (v/dry wt).
The main compounds with concentration higher tha®%b5 were the monoterpene
hydrocarbonsi-pinene (14,8 - 21%)B-pinene (22,8 - 34%), limonene (4,6 - 17,8 %) and
myrcene (1,6 -12,3%).The essential oils frBnwallichiana andP. monticola in comparison to
P. strobus have been characterized by a higher content obrlene (17,8, 14,0 and 4,6%,
respectively). On the other hand, the essentiabfol?. strobus showed high levels of myrcene
and oxygenated and hydrocarbons sesquiterpenesf Ale evaluated essential oils showed
some inhibitory effects on the growth IBf verticillioides. However, none of the evaluated EOs

significantly altered the FBproduction under the experimental conditions.
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INTRODUCTION

The genusPinus is widely distributed in the northern hemispherspecially the
Mediterranean region, Caribbean areas, Asia, Eufdpeh and Central America. In Argentina,
the sub-antarctic forests phytogeographic areaahamcroclimate where ecological conditions
are suitable for exotic conifers cultivation, usyaPinus species, from other regions and
continents (Dimitri, 1982). In this phytogeographi®a, several thousands of hectareBinifis
ponderosa, P. contorta, P. radiata and Pseudotsuga menzesii has been established (Gode,
al., 2007). Pines are important forest species prignéoil timber. So, it would be very important
from the commercial point of view, to extent thdtisation of white pines, on account of their
ability to flourish and survive under harsh clincationditions as well as in poor soils. Besides,
they have good adaptation, fast growth and wooditguar various applications in the wood
industry.Previous studiekave shown tha®inus wallichiana A.B. Jacksorn(= P. excelsa Wall.
ex D. Don P. griffithii Mc Clell.), P. monticola Dougl Ex D. Donand anéP. strobus L. grown
in Argentina have a high potential in afforestatmnojects (Godoyet. al., 2007; Guerragt. al.,
20009).

There are a large number of references in theatitee on the chemical composition of
turpentine (oleoresins) or volatiles terpenes (Bpade) fromPinus species. However, the
composition of essential oils (EOs) from the nesed&P. wallichiana, P. monticola and P.
strobus grown in Argentina is little known. Pine needldsoare widely used for medicinal
purposes in aromatherapy and as fragrances in tiasi#éavouring additives for food and
beverages (Yang, et. al., 2010). Previous studesrtbing the essential oils composition of
Pinus species and their antifungal properties have beported (Krauze-Baranowsket, al.,

2002; Ustun,et. al., 2006; Dob,et. al., 2005). Nevertheless, the lack of records of pnevio



chemical studies on the essential oil compositimh antifungal activity of these three species of
Pinus grown in Argentina, prompted us to study theireesigl oil chemical composition and

biological activity.

MATERIALS AND METHODS

Plant material

Young needles oPinus wallichiana A.B. Jackson= P. excelsa Wall. ex D. Don P. griffithii

Mc Clell.), Pinus monticola Douglasand Pinus strobus Linne were randomly collected during
autumn of 2007.Pinus wallichiana was collected from Esquel (42° 58' S; 71° 22'568 m),
and Pinus monticola andPinus strobus were collected from Valle Chico (42° 44' S; 71° 9§’
550 m). Voucher specimens are kept in the Herbaotithe UNPAT sede Esquel under code

numbers: BF-N°343R. wallichiana), BF-N°344 P. monticola) and BF-N°345( P. strobus).

Distillation of the essential oils and GC-MSanalysis

The essential oils were obtained by hydrodisidlataccording to Zygadlet. al., (1996).
Analyses were performed in a Shimadzu GC-R1A (FJ&y-chromatograph, fitted with a 30 m x
0.25 mm (0.25 um film thickness) fused silica dapyl column coated with a phase 5% phenyl
95% dimethylpolysiloxane, non polar DB-5 column @hen a polar Supelcowax 10 coated with
a phase polyethylene glicol. The GC operating donB were as follows: oven temperature
programmed from 40 -28G at 2C /min, injector and detector temperatures’@40The carrier
gas was nitrogen at a constant flow of 0.9 ml/nihe constituents of the essential oils were

identified on the basis of their GC retention indBX) with reference to an homologous series of



n-alkanes (g- Cys), by comparison of their retention times with taad pure authentic samples
from Sigma and Fluka Companies, peak enrichmentmmjection with authentic standards
wherever possible, by GC-MS library search (Nistyl aising visual inspection of the mass
spectra from literature (Adams, 1995), for confitima. GC/MS analyses were performed with a
Perkin Elmer Q-700 equipped with a SE-30 capillaslumn (60m x 0.25 mm; coating thickness
0.25 pm film). The analytical conditions were: oxemperature from 4C to 236C at 2C/min,

the carrier gas was helium at a constant flow ®ffL/min, the source was at 70 eV.

Fungal strain
An isolate ofFusarium verticillioides MRC 826 from the Programme on Mycotoxins and
Experimental Carcinogenesis, Tygerberg, RepublicSotith Africa (PROMEC), grown on

carnation leaf agar by monosporic isolation, wadus all the experiments.

Testing for antifungal activity. Minimum inhibitory concentration (MIC)

For the evaluation of antifungal activities, expeents were performed according to the
semisolid agar antifungal susceptibility method %A (Provine and Hadley, 2000) modified.
Briefly, five-ml/ aliquots of semisolid brain-heairtifusion broth (Difco Laboratories, Detroit,
Mich.) containing 0.5% agar, w/v (Bacto Agar, Diftaboratories), pH 7.4 (without dextrose,
buffer or indicator) were prepared in sterility,i6 by 125 mm glass tubes with and without the
addition of essential oils. These essential oilsewdissolved with dimethyl sulfoxide (DMSO),
and then added to the different tubes in orderbi@mio concentrations 5, 10, 20, 40,100, 300,
500, 1000, 2000, 4000 and 5000 pl/L of culture mediThe final concentration of DMSO was

adjusted to 4.5 ul/ml in all the tubes. As contlfree essential oil-medium with a 4,5 pl/ml



final concentration of DMSO was used. Volatile cauapds were mixed with the medium at 45
°C, and stored at 4 °C until solidification. In @uboh, one tube with uninoculated essential oils -
free medium, was included as a sterility controtohidia suspension (1x &0nl) prepared with

a F. verticillioides culture grown in Czapek-dox for one week were uasdinoculums. A
standard loopful (0.001 ml) of this conidia suspemsvas inserted deeply into each tube of
medium containing a known concentration of esskatis, as well as essential oil-free medium,
by a centered down-up motion to form a two dimemsionoculum. Sterile mineral oil (0.5 ml)
was layered on the inoculated medium to inhibitrsfaion, and then the tubes were tightly
capped.. All cultures were incubated for 48 h aP@&r until good growth was apparent in the
essential oils-free control. Within 48 h, when hbigual inspection a good growth of tle
verticillioides in the essential oils -free medium was detectbd, drowth in all tubes was
visually compared with that of the essential odefrcontrol in order to determine inhibition. The
growth was scored in the following manner: 4+, gtowomparable to that of the essential oils -
free control; 3+, growth approximately 75% thattloé control; 2+, growth approximately 50%
that of the control; 1+, growth 25% or less thatlled control; and 0, no visible growth. Each

treatment had 5 replications whose average gaveded mycelial development.

Effect of phenolic compounds on FB; production

The FB production was determined using healthy maizeuastsatum. Corn grain free from
FB; (300 g), was placed in 1.000-ml dark Erlenmeyaskt at 35% humidity and sterilized for
two consecutive days in autoclave for 15 minute$24t °C. Autocleaved maize was inoculated

with 200 pl of conidia suspension &f verticillioides prepared as described in Testing for



antifungal activity. Incubation lasted 28 dayshe tlark at 25 °C, with manual stirring the first 5
days. The AE were applied on a sterilized papét Whatman No. 3 (14 mm diameter), which
was placed over corn grain on th® @ay post-inoculation. The EOs concentrations wseck
100 pl/kg of maize (100 ppm). Control flasks were preghafollowing the same procedure,
however, no EOs were added on paper disk. Fivécegans of each treatment were done. The

experiment was performed twice.

Fumonisin B; quantification

Separation and purification of the toxin were perfed in the fermented maize following the
methodology of Voset. al., (1990) modified. Briefly, after incubation, fernted maize was
sterilized in an autoclave for 15 min at 121 °C dndd in a vacuum oven at 60 °C until constant
weight was achieved. Later, 10 g of dried maize fivasdy ground. The FBwas extracted with
ultrapure water by shaking the powder and water2fdr in an orbital shaker. The aqueous
extracts were centrifuged at 90009, and filteredugh filter paper (Whatman no. 4, Whatman
International, Maidstone, UK). Samples (100 mL)nfrthe aqueous extracts were diluted with
acetonitrile (100 pL). The quantification of the extracts was perfodnéollowing the
methodology proposed by Shephatdal., (1990). Briefly, an aliquot (5@iL) of the diluted
extracts was derivatized with 2QQ of o-phthaldialdehyde solution. This solution was afali

by adding 5 ml of 0.1 M sodium tetraborate andub®f 2-mercaptoethanol to 1 ml of methanol
containing 40 mg ob-phthaldialdehyde. The derivatized samples wera #ralyzed by means
of a Hewlett Packard HPLC equipped with a fluoreseedetector. The wavelengths used for
excitation and emission were 335 nm and 440 nnpectely. An analytical reverse phase

column C18 (150 mm x 4.6 mm internal diameter anfdn® particle size) connected to a



precolumn C18 (20 mm x 4.6 mm and 5 pm patrticle)sias also used. The mobile phase was
methanol and NaH2PO4 0.1 M (75:25), with the pHhgeset at 3.35 + 0.2 with orthophosphoric
acid, and a flow rate of 1.5 ml/min used. The qifi@ation of FB, was carried out by comparing
the peak areas obtained from samples with thosesfmnding to the analytical standards of FB
(PROMEC, Programme on Mycotoxins and Experimentaicldogenesis, Tygerberg; Republic

of South Africa).

Statistical evaluation
Data from these studies were analyzed by one-walysis of variance (ANOVA) and DGC
Multiple Comparison test (Di Rienzo, et. al., 200Results giving P values < 0.05 were

considered significantly different.

RESULTS AND DISCUSSION

The essential oils composition Bf wallichiana, P. monticola andP. strobus was determined by
GC-FID and GC-MS analysiRinus wallichiana was the pine specie with the highest EO
production with an average yield of 0.97% (v/dry wbllowed byP. monticola andP. strobus
with 0.58 and 0.50% (v/dry wt), respectively. Seyeone compounds, representing more than
95% of the oils, were identified (Table I). Oils mepredominantly composed of monoterpene
hydrocarbons (70.3-80.2%), wifB-pinene as major constituent (22.8-34%), followad ob
pinene (14.8 - 21%), limonene (4.6-17.8 %) and myec(1.6-12.3%) in the three pinus species
studied.P. wallichiana andP. monticola EOs were characterized by a high content of limenen

(17.8, 14.0 and 4.6%, respectively) wHiestrobus oil showed high content of myrcene (12.3%)



and was dominated by oxygenated and hydrocarbossugerpenes (19.0 and 6.6%,
respectively) (Table I).

The chemical composition of various Pinus oils h&een the subject of numerous studies.
However, little is known about the EO compositidrttee Pinus growing in southern Argentina.
A previous study of the oil dPinus from Argentina, reported a different compositionthose
found in this study (Guerra, et.al., 2009). Respedhis work, these authors reported a higher
content ofa-pinene and p-cymene and low content of limonenBimus wallichiana essential
oil, a higher content of3-pinene ands-3-carene and a low content of limonene Rmus
monticola essential, and a higher content ofpinene, limonene and germacrene D and low
content off3-pinene and myrcene iRinus strobus. Besides,Pinus strobus essential oilfrom
Poland presented a different composition, with &igltontent ofa-pinene (17.7%) and
germacrene D (12.2%) and low contenfeginene (7.9%) (Krauze-Baranowsleh,al., 2002).

All the essential oils evaluated showed some imtnibi effects on the growth oF.
verticillioides (Table II), with P. wallichiana and P. monticola EOs being the most active
inhibitors (MIC value of 40 ppm). Under the testnddions, none of the evaluated EOs
significantly altered the FBproduction (Table Ill). The antifungal and antifonisin activities
of essential oil might be attributable to their maompounds. Therefore, the high antifungal
activity of P. wallichiana and P. monticola in comparison tdP. strobus essential oils can be
attributable to its high limonene content. Thisnsagreement with Krauze-Baranows#aal.,
(2002), who reported the low activity &f strobus essential oil orFusarium spp. growth, and
concurs with Dambolena&t. al., (2008), who reported the high antifungal activiy the

limonene monoterpene on the growthHokarium verticilliodes.
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Table I. Percentage composition of the essential oiRinfis wallichiana, Pinus monticola and

Pinus strobus.

RI RI Pinus Pinus Pinus Methods of
DB-5 Supelcowax Compaounds wallichiana monticola strobus identification®
889 santen 0,1 GCMS
927 tricyclene 0,1 GCMS
930 a-thujene 0,1 04 0,4 GCMS, Co
939 a-pinene 14,8 21 17,9 GCMS, Co
953 (1029) a-fenchene 0.3 T 0.5 GCMS
954 (1053) Camphen 1,C 35 3,2 GCMS
977 B-pinene 34.( 22.¢ 29,1 GCMS, Co
991 myrcene 1.3 4.2 12.6 GCMS
1003 a-phellandrene 0,3 18 0,4 GCMS
1017 a-terpinene 0,6 0,3 0,1 GCMS
1025 p-cymene 0,1 0,1 GCMS, Co
1029 (1190) limonene 17,8 14.0 4.6 GCMS, Co
1030 (1198) B-phellandrene 2.0 11 GCMS
1031 (1149) 3-carene 4.2 GCMS
1037 cis-ocimene 0,3 GCMS
1060 y-terpinene 0,6 0,5 GCMS
1089 terpinolene 51 T GCMS, Co
1097 linalool 0.7 GCMS, Co
1099 a-pinene oxide 0,€ GCMS
1122 fenchone 0,1 GCMS
1137 cis-limonene oxide 0,3 GCMS
1139 trans-pinocarveol 2,1 GCMS
1144 cis-pinene hydrate 0,3 GCMS
1145 trans-verbenol 0,5 GCMS
1159 B-pinene oxide Tr GCMS
1162 isobornec 1 GCMS
1165 pinocarvone 13 GCMS
1169 borneol 0,1 GCMS
1175 pinocamphone cis 0.4 GCMS
1177 terpiner-4-ol 0,2 0,1 GCMS
1183 p-cymer-8-ol Tr Tr Tr GCMS
1189 a-terpineol 0,3 13 0,3 GCMS
1196 (1667) myrtenal 2,1 GCMS
1196 (17995) myrtenol 2,1 0,2 GCMS
1205 verbenone 0,3 GCMS
1217 trans-carveol 0,7 GCMS
1239 isobornyl format 5,7 0,1 GCMS
1243 carvone 0,5 GCMS, Co
1289 bornyl acetate Tr GCMS
1294 undecanone (2) 0,7 GCMS
1298 trans-pinocarvylacetate 0,9 GCMS
1312 cis-pinocarvylaceta 1,8 GCMS
1351 a-cubebene 0,2 GCMS
1368 cis-carvylacetate 0,6 GCMS
1375 a-ylangene 0,1 GCMS




Table I. (continued)

RI RI Pinus Pinus Pinus Methods of
DB-5 Supelcowax Compounds wallichiana monticola strobus identification®
1377 a-copaene 0,1 GCMS
1387 trans-myrtanol cetate 0,3 GCMS
1388 (1539) B-cubebene 1,3 0,1 GCMS
1388 (1503) B-bourbonene 0,2 0,2 GCMS
1391 B-elemene 2.8 0,2 GCMS
1408 longifolene 0,1 1,4 GCMS
1409 (1597) B-caryophyllen 18 05 3,6 GCMS
1410 (1528) a-gurjunene 0.4 GCMS
1434 B-gurjunene 04 GCMS
1436 nerylacetone 0,9 GCMS
1437 y-elemen 0,2 GCMS
1441 aromadendrene 1,1 GCMsS
1443 B-farnesene Z 0, GCMS
1455 alpha humulene 0,5 2,1 GCMS
1460 aromadendrene allo 5 GCMS
1483 y-curcumene 0,2 GCMS
1493 B-guaiene+ 0,1 GCMsS
1500 a-muurolene 0,4 3,2 2,7 GCMS
1506 (1760) farnesene E 0, GCMsS
1506 (1734) B-bisabolene 4,8 0,1 GCMS
1523 5-cadinene 2,5 GCMS
1561 germacrene B 2,7 GCMS
1576 germacrene -4-ol 1E GCMS
1578 spathulenol Tr tr 1,1 GCMS
1585 globulol 1€ GCMS
1654 a-cadinol Tr tr 1,9 GCMS

Identified compounds 99,6 96,8 98
Monoterpene hydrocarbons 70,3 80,2 70,6
Oxygenated monoterpenes 15,2 7,7 1,6
Sesquiterpene hydrocarbon 10,¢ 8,8 1¢
Oxygenated sesquiterpent 2.t 0,1 6,€

Compounds listed in order of elution from a DB-%ucon

. RIl: Retention Index.



Table 1l: Minimum inhibitory concentrations of Pinus oils aga F. verticillioides

Essential oils Oil centrations ( ul/L of culture dingm)
5000 | 4000 2000 1000 50@00({100(40 |20 [10 | 5

Pinus wallichiana 0 0 0 0 1 1 1 1|3 |4 |4

Pinus strobus 0 0 1 1 1 1 2 3 4 4 4

Pinus monticola 0 0 0 0 1 1 1 1|3 4 4

0: No visible growth. 1: Growth 25% or less thatrah 2: Growth approximately 50% of the
control. 3: Growth approximately 75% of the cnteal Growth about 100% of control. FT:
Flowering tops. L: Leaves. n= 5% Score of minimal inhibitory concentration



Table Ill: Effects of essential oils FBproduction.

Essential oils FB1 ug/g sd

Pinus strobus 21,1° 2,828303378
Pinus monticola 19,6 ¢ 1,643187958
Pinus wallichiana 26,02 5,676973666
Control 17,52 4,017022114

. Five replications were done for each treatment. Values having different letters are significantly
different from each other according to DGC multiple range test at P < 0.05 (n=5).



