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Moléculaire, Faculté des Sciences et Techniqueschidia, Morocco
Université de Corse, UMR CNRS 6134, Laboratoir€Henie des Produits Naturels, Faculté
des Sciences et Techniques, Corse, France

ABSTRACT

The essential oils of Salvia aucheri var. mesaitantan endemic medicinal plant from Morocco, hbeen studied
using gas chromatography (GC) and GC-mass spectrgr{@C-MS). 38 compounds were identified and thgpm
components were camphor (49.0%), 1,8-cineole (9.5%liflorol (8.8%), camphene (7.8%);pinene (2.9%) and
p-cymene (1.5%). The antifungal activity of theeatial oil was evaluated in vitro by poison food=jRechnique
and the volatile activity assay (VA) against thiggytopathogenic causing the deterioration for appleh as
Alternaria sp., Penicillium expansum and Rhizoptedosifer. The results indicated that the essentidlof S.
aucheri mesatlantica inhibited significatively timgcelial growth of all fungal strains tested (p<B)OVA assay of
essential oil was consistently found to be morecéffe than PF technique. The MIC (minimum inhilyito
concentration) was 2 pL/mL air, whereas >2 puL/mlPia technique for all strains tested. Fungal spatidn was
also completely inhibited at 2 pL/mL air for thrgmthogens. The overall results suggest that S. exuch
mesatlantica essential oil have a potential asfantal preservatives for the control of postharvesieases of

apple.

Keywords: Antifungal activity, Salvia aucherivar. Mesatlantica Essential oil, GC-MS analysis, Apple

INTRODUCTION

The apple Malus domesticais the third most cultivated fruit crop in the sb (5280 Mha) and the third in
production (59 059 Mt) afteCitrus sinensigorange) andvlusa paradisiacgbanana) in 2004, according to Food
and Agricultural Organization statistics [1]. Hoveey the quality of apple deteriorates because athaovest
diseases, such as blue mold causedPbpicillium expansumBull's-eye rot caused bylternaria species and
Rhizopus soft rot caused Whizopus stolonifef2]. The survival of these pathogenic fungi in dos a serious
problem in developing countries which can lead fioilage and deteriorate the quality of food produdthese
fungal agents produce also mycotoxins that can b&genic, teratogenic, carcinogenic causing feéusa¢ and
emesis in humans or animals [3]. Recently, mangaiehers have shown that natural sources suclsastias oils
could develop as a promising alternative to symhkingicides because of their low mammalian tdyicless
environmental effects and wide public acceptante [4

Salvia aucherispecies ot.amiaceaefamily, is a sub-shrub hermaphrodite and small dyoberbaceous perennial
often purplish with a rod, right from 75 to 100 @mlength. Its leaves are simple and opposite, ndtsal and
often grayish green. The flowers, blue or pink,oofed from August to October. Is a species nativeh&
Mediterranean, growing on rocky slopes, crevicelinodstone rocks and mountains. The varg#yvia aucherar.
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mesatlanticas a spontaneous shrub and endemic to the middidnigh Atlas of Morocco. The leaves and stems of
this plant in decoction are used by the local path as herbal tea and against stomach ailmdmapratism and
digestive disorder. GC and GC-MS analysis of esalenils of Salvia aucheriariety has been also reported. These
studies indicate that camphor and/or 1,8-cinecéetiae main constituents Sfalvia aucherbils [5-11]. Recently,
we have reported the first studied of the chemicahposition of essential oil @alvia aucherivar. mesatlantica
[12]. Also, previous reports revealed that tBalvia aucherivariety had various biological activities such as
antioxidant [10] and antimicrobial and antimycolsaiztl [11]. However, to our best knowledge, theldmcal
activities of essential oil frorBalvia aucherivar. mesatlanticehave never been studied. Therefore, the aim of thi
paper was to investigate the chemical compositio8atvia aucherivar. mesatlanticaessential oil and to evaluate
their antifungal properties against phytopathogeassing severe diseases in apples, suclltsnaria sp.,
Penicillium expansurandRhizopus stolonifer

MATERIALS AND METHODS

Plant material

The aerial parts dbalvia aucherivar. mesatlanticavere harvested in May 2009 in the wild in the maimAssoul
located at the south-east of Errachidia (Morocdopma altitude of 2000 m. Identification of the sjgscwas
confirmed by biology unity and voucher specimensemgeposited in the herbarium of Faculty of Scisnard
Technology of Errachidia (Marocco).

Essential oil isolation

The dried vegetal material (100 g) were wateriigdeid (3 h) using a Clevenger-type apparatus. dsential oil
obtained was dried under anhydrous sodium sulfadestored at 4°C in the dark before analysis. Tdsemtial oils
average yield was approx 2.0%.

Gas chromatography (GC) analysis

GC analysis was carried out using a Perkin-Elmengygtem XL GC apparatus (Waltham, MA, USA) equipped
with a dual flame ionization detection (FID) systamd the fused-silica capillary columns (60x22 mm I.D.,
film thickness 0.25um) Rtx-1 (polydimethylsiloxane) and Rtx-wax (poljgleneglycol). The oven temperature
was programmed from 60°C to 230°C at 2°C/min arghtheld isothermally at 230°C for 35 min. Injectord
detector temperatures were maintained at 280°Cpamvere injected in the split mode (1/50) usietium as a
carrier gas (1 mL/min) and a QU2 injection volume of pure oil.

GC-MS analysis

Samples were analyzed with a Perkin-Elmer turbo smdstector (quadrupole) coupled to a Perkin-Elmer
Autosystem XL equipped with the fused-silica capifl columns Rtx-1 and Rtx-wax. Carrier gas: heligin
mL/min), ion source temperature: 150°C, oven temjpee programmed from 60°C to 230°C at 2°C/min tgh
held isothermally at 230°C (35 min), injector temgiare: 280°C, energy ionization: 70 eV, electroniZation
mass spectra were acquired over the mass rangd@2a3split: 1/80, injection volume: 02 of pure oil.

Components identification

The identification of the components was based conaparison: (i) between the calculated retentimlicies on the
polar (RIp) and apolar (Rk) columns with those of pure standard authenticpmmds and literature data [13];
and (ii) of the mass spectra with those of our ditwrary of authentic compounds and with those abanmercial
library [14]. Relative amounts of individual compans were calculated on the basis of their GC peaéis on the
two capillary Rtx-1 and Rtx-Wax columns, withouDHRlesponse factor correction.

Fungal strains isolation

Three fungal isolates causing apples Adternaria sp.,Penicillium expansurandRhizopus stolonifewere isolated
directly from rooted apples collected from differeaoms in Midelt station (Morocco). All isolatedrfgal species
were transferred to sterilized three replicatesn® Retri dishes containing fresh Potato Dextrose §88A)
medium in the presence of a quantity of streptomyoistop the growth of bacteria. The plates weoaibated at
25+2°C for 7 days and darkness. The developingdloglonies were purified and identified up to Hpecies level
by microscopic examination through the help of folowing references [15]. The isolates collecte@rev
maintained on PDA at 4°C.

Antifungal activity assay

The antifungal activity of the essential oil 8&lvia aucherivar. mesatlanticaagainst mycelial growth of fungi
isolated was undertaken using poisoned food teden{®F) [16] and volatile activity assay (VA) [1%]th some
modifications.
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In PF, the essential oil were dispersed as an éwnuis sterile agar suspension (0.2%) and added Daé\
immediately before it was emptied into the glassiRshes (90x20 mm in diameter) at a temperabdig0—45°C.
The concentrations tested were 0.125 td.2nL. The controls received the same quantity efikt agar suspension
(0.2%) mixed with PDA. The tested fungi were inatatl with 6 mm mycelial plugs from 7-days-old ctéticut
with a sterile cork and incubated for 3 days Ritizopus stolonifeand 6 days foAlternaria sp., andPenicillium
expansunat25+2°C.

In VA assay, the Petri dishes (90x20 mm) weredilldith 20 mL of potato dextrose agar (PDA) mediumd shen
seeded with a mycelial disc (6 mm diameter), corfithe periphery of 7-days--old mycelium culturettod tested
fungi. The Petri dishes (90x20 mm, which offer 80 air spaces after addition of 20 mL agar mediajeweverted
and sterile filter paper discs (9 mm in diametenpiegnated with different concentrations of essémiil: 0.125,
0.25, 0.5, 1 and gL/mL air are deposited on the inverted lid and eted for 3 days foRhizopus stolonifeand 6
days forAlternaria sp., andPenicillium expansunat 25+2°C. For each corresponding control equal amadint
water was poured on the sterilized paper filter.

In both types of experiments, three replicate glatere inoculated for each treatment (fungi/amoamg) the
experiment was conducted three times and the nayagiowth was followed by measuring the diametdofang
two perpendicular lines passing by the centre efdish. Fungitoxicity of essential oil was expresseterms of
percentage of mycelial growth inhibition (I %) acalculated following the formula of Pandeyaét[18].

D, -D.
1 (%)= ———"x100
Dt
whereD; andD; is represent mycelial growth diameter in contrad &reated Petri plates, respectively.

The measurements were used to determine the Minimhbihitory Concentration (MIC) (lowest concentratiof

the essential oil that will inhibit the visible guth of a microorganism after overnight incubati@md The EC50
values (concentration causing 50% inhibition of efiad growth on control media). The EC50 value wakulated
according to the relationship of essential oil @mteations and percentage inhibition of myceliabvggh. The
fungistatic—fungicidal nature of essential oil wasted by observing revival of growth of the intelli mycelial disc
following its transfer to non-treated PDA. A funigial effect was where there was no growth, whesehmgistatic
effect was where temporary inhibition of microkgabwth occurred.

Spore production assay

Fungal spore production was tested using the mddifiethod of Tzortzakis and Economakis [19].The spaf the
previously exposed colonies by essential oil vappere collected by adding 5 mL sterile water caonitaj 0.1%

Tween-20 to each Petri dishes and rubbing the itfaree times with the sterile L-shaped spreanléet spores.
The spore suspensions obtained were filtered thraterilize cheesecloth into a sterile 50 mL glasaker and
homogenized by manual shaking. Spore concentratamestimated using a haemocytometer slide (deftimf,

0.0025 mm). The percentage reduction of spore productionaeasputed by the following equation:

N, = N,
1(%) = ———-x100
Nt
whereN, andN; represent the number of spore in control anddceRetri plates, respectively.

Data analysis

The inhibitory effect of essential oil on mycelgiowth was analyzed by an analysis of variance (MAD Mean
and standard error of data were calculated using S#tware (SAS for Windows. version 9.0). The satian of
means was done by using the Least Significant B&iffee (LSD) test gi<0.05.

RESULTS

Essential oil composition

The analysis of essential oil composition$f aucherivar. mesatlanticawas carried out using GC and GC-MS
according to the methodology described in expertaigmart. Thus, 38 components accounting for 95af%he
total oil were identified by comparison of their-Blass spectra and their retention indices withehafsour own
authentic compound library (Table 1).
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Table 1 Chemical composition of essential oil fror®. aucheri var. mesatlnatica from Morocco [12]

Nea Components RI& RIpF %
1 Tricyclene 921 995 0.3
2 o-Pinene 930 1007 2.9
3 Camphene 943 1046 7.8
4  B-Pinene 967 1088 1.2
5 Myrcene 976 1132 0.2
6 p-Cymene 1007 1229 15
7 1,8-Cineol* 1016 1183 9.5
8 Limonene* 1016 1167 1.9
9 Camphenilone 1051 1407 0.2
10 Linalool 1078 1498 0.2
11 o-Campholenal 1096 1436 0.1
12 Camphor* 1119 1467 49.8
13 transPinocarveol* 1119 1599 1.0
14 cis-Verbenol 1122 1626 04
15 Pinocarvone 1132 1511 04
16 Borneol 1143 1646 1.7
17 p-Cymen-8-ol 1154 1789 0.5
18 Terpinen-4-ol 1155 1551 04
19 Myrtenal 1163 1570 0.5
20 o-Terpineol 1166 1643 0.4
21  Myrtenol 1174 1734 0.3
22 trans-Carveol 1192 1777 0.3
23 Carvone 1210 1673 0.2
24 Bornyl acetate 1265 1529 1.0
25 Carvacrol 1275 2135 0.5
26 o-Terpinyl acetate 1329 1643 04
27 Geranyl acetate 1358 1706 0.1
28 y-Cadinene 1506 1706 0.3
29 transCalamenene 1509 1777 0.1
30 Caryophyllene oxyde 1569 1919 0.3
31 Globulol 1575 1994 0.2
32 Viridiflorol 1584 2021 8.8
33 Epoxyde d'Humulene Il 1594 1973 0.3
34 Caryophylla-4(14),8(15)-dienesol 1621 2220 0.3
35 r1-Cadinol 1627 2102 0.5
36 p-Eudesmol 1636 2157 0.3
37 «a-Cadinol 1640 2161 0.3
38 Cadalene 1657 2140 0.3
Total identified 95.40
Monoterpene Hydrocarbons 15.8
Oxygenated Monoterpenes 67.9
Sesquiterpene Hydrocarbons 0.7
Oxygenated Sesquiterpenes 11.0

@ Order of elution are given on apolar column (R)x-1
® Rl a = retention indices on the apolar column @jx
¢RI p = retention indices on the polar column (Rt%ex)
99 = relative percentages of components are givethe apolar column except for components withstarisk (*) (percentages are given on
the polar column)

The essential oil ofS. aucherivar. mesatlanticafrom Morocco was dominated by oxygenated monotécpe
compounds (67.9%) with camphb2 (49.8%) followed by 1,8-cined (9.5%) as the major components. The aerial
parts were also characterized in having a highesundf monoterpene hydrocarbons (15.8%) with camel3e
(7.8%) anda-pinene2 (2.9%) as main compounds. Eight oxygenated sesgeimes and three sesquiterpene
hydrocarbons were also identified in essential ahounting to 11.0% and 0.7%, respectively. Vitadidl 32
(8.80%) was the major oxygenated sesquiterpeneedi@r, some other minor components were also éetecich

as limonene (1.9%), borneol 6 (1.9%), p-cymené (1.5%),B-pinene4 (1.2%) and bornyl aceta® (1.0%) (Fig.

1).
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Fig. 1. Chromatogram on apolar column (Rtx-1) of esential oil of aerial parts ofS. aucheri var. mesatlantica from Morocco

In vitro Antifungal activity

The antifungal activity obtained by PF and VA teicfues with different concentrations of essentiabbis. aucheri
var. mesatlanticais reported in Tables 2 and 3, respectively. Ithbechniques, the results indicate that the
inhibition of the mycelial growth of each strain svaignificantly influenced by the essential oil centration
(p<0.05). Also, the percentage inhibition of mycelimbwth increased with increasing amountsSofaucherivar.
mesatlanticaoil for all the strains tested suggesting thas #sssential oil inhibited the growth of all theasts in a
dose-dependent manner.

Using PF technique, the results (Tables 2) shoviradl Alternaria sp., was found to be the fungal pathogen
susceptible to th&. aucherivar. mesatlanticassential oil followed b. expansumwith the EG, are 0.32 and 0.54
uL/mL, respectively The percentages of inhibition against both phytopgéns were moderately at 0.125mL
(34.13£3.14% and 27.57+1.14%) and relatively effectiat 2 ul/mL (83.3411.67% and 72.60+£3.17%),
respectively. ConverselRR. stoloniferhad a high resistance to the essential oil withBEls,was 1.29uL/mL. The
percentage of inhibition was low at small concetitres (06.24+1.11% at 0.128./mL and 13.90+0.64% at 0.25
uL/mL) whereas the action of the oil was modera®48+3.26%) from 2iL/mL. These results obtained indicate
that the MIC against all strains was nl2mL.

Table 2 The effect of different concentrations 0. aucheri var. mesatlantica essential oil using PF technique against the mydal growth
of Alternaria sp.,P. expansum and R. stolonifer

Strain  Alternaria sp., P. expansum R. stolonifer
Incubation time 6 days 6 days 3 days
Concentrations (uL/mL) 25+2°C 25+2°C 25+2°C

83.34+1.67¢ 72.60+3.17" 58.44+3.26¢

1 72.04£2.74%  60.50+0.72" 48.70+1.26°

0.5 56.70+1.5%¢ 47.21+0% b  26.30+1.9%¢

0.25 44.00£5.59° 35.38+1.2¢' 13.90+0.64°

0.125 34.13+3.14°  27.57+1.14" 6.24+1.1%°

Mean values (z standard deviation) followed byetiéit numbers and letters in each row (line andiewl) indicate significant differences
(p<0.05) by least significant difference test (LSD)

Using VA assay, the results (Tables 3) showed tthatactivity of the vapour of th8. aucherivar. mesatlantica
essential oil was more pronounced for all stragsetd with the E& are 0.25uL/mL air for Alternaria sp., 0.35
uL/mL air for P. expansunand 0.44uL/mL air for R. stolonifey and where their mycelium growth was totally
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inhibited (100.00+£0.00%) at 2L/mL air indicating that this latter was the MIC 8f aucherivar. mesatlanticaoil
against all fungus tested. Moreover, the myceliuowgh of the same microorganisms was only partighibited
at other concentration used in the tests. In fdw, mycelial growth inhibition ranged from 75.872Q2.to
19.63+1.89% by application of oil vapour at the @amration range of 1 to 0.12%/mL air.

Table 3 The effect of different concentrations o8. aucheri var. mesatlantica essential oil vapour using VA assay against the roglial
growth of Alternaria sp.,P. expansum and R. stolonifer

Strain  Alternaria sp., P. expansum R. stolonifer

Incubation time 6 days 6 days 3 days
Concentrations (uL/mL air) 252°C 2582°C 2582°C
2 100.00+0.06¢ 100.00+0.06° 100.00+0.0B°¢
1 75.87+2.26¢  72.96+3.15*  69.11+1.06"
05 59.74+2.54¢  52.74+1.486'  48.85+1.06"
0.25 48.19+1.41¢  37.02+1.41°  29.04+1.24¢
0.125 38.55+2.96¢ 31.81+1.74'  19.63+1.88°

Mean values (+ standard deviation) followed byetiint numbers and letters in each row (line andiewl) indicate significant differences
(p<0.05) by least significant difference test (LSD)

Therefore, it is important to know the fungitoxiatare of this vapour oil at gL/mL air against all fungal strains
tested. Indeed, the transfer of mycelial discs whgowth inhibition was complete I8, aucherivar. mesatlantica
vapour into PDA medium without this oil, showed raljal growth after some days of incubation, indicgta
fungistatic effect for this vapour oil on all stnaitested at gL/mL air concentration.

The both experimental results indicated tRastoloniferwas found to be most resistant strain among theogans
tested, whileAlternaria sp., was the most sensitive. It is important tceradso that the inhibitory effect of the VA
assay ofS. aucherivar. mesatlanticaoil on mycelial growth (Table 2) was greater thiae inhibitory effect exerted

during PF technique (Table 3). In this latter assiaghe essential oil, relatively higher concentmas were required
to inhibit mycelial growth.

Spore production assay

The effects of thé. aucherivar. mesatlanticaessential oil on spore production of each fungisrewn tested in
Fig. 2 and Fig 3. The results showed that sporeuymon was significantly p<0.05) inhibited by different
concentrations of essential oil. As observed ineligt growth inhibition experiments, the VA assdyessential olil
vapour was found to be more effective on spore yotion inhibition than the PF technique with contple
inhibition was observed atj@d./mL air. However, essential oil also exhibited a motieta potent inhibitory effect
on spore production dklternaria sp.,P. expansunandR. stoloniferin the range of 15.48-87.84% at concentration
ranging from 0.125 to gL/mL by PF technique.

100
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Fig. 2. Effects of different concentrations ofS. aucheri var. mesatlantica essential oil on the spore production of the threfingal strains
Values are means (n=3) + standard deviations.
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Fig. 3. Effects of different concentrations ofS. aucheri var. mesatlantica essential oil vapour on the spore production of #athree fungal
strains
Values are means (n=3) + standard deviations.

DISCUSSION

According to the GC/MS analysis in this study, tshizight compounds, accounting for 95.40% of thaltoil, were
identified. Compared with the chemical compositifrthe essential oils isolated from the some vimsetfSalvia
aucheri (cited previously), our results show a quasi-sintyabut our sample is clearly distinguished by the
presence of camphor with a fairly high amount (48).8

Recently, interests have been generated in theajsuent of essential oils to control phytopathogenfod and
agriculture. Most of the essential oils have besported to inhibit postharvest funigi vitro conditions (12,20).
Several researchers have reported that the momosesyuiterpenes, as the major components of waessential
oils, have enormous potential for strongly inhifmtithe growth of microbial pathogens. The antifuragivity of
these compounds may be attributed to their intenfeg with certain enzymatic reactions evolved m ¢bll wall
synthesis. Indeed, the chemical composition andfuagial activity relationships deduced from our dstu
demonstrates that the antifungal activitySfaucherivar. mesatlanticais probably related to the high content of
camphor (49.8%). The importance of this compound demonstrated by Kordali et. (21) which reported that
camphor had weak antifungal activity against thegfuested in the present study. In the other h#rel essential
oils of various aromatic plants with high relatime@portion of camphor showed antifungal activiggminst various
pathogens. Indeed, the essential oilSalvia hydranged?2], Chrysanthemum coronariuf23], Lavenderoil [17]
andArtemisia sieber{24] exhibited considerable antifungal propertgminst a broad spectrum of fungi. It is also
possible that other components such as 1,8-cirmalil be contributed to the antifungal activitytbé S. aucheri
var. mesatlanticaoil [25].

Moreover, According to the results obtained in thtisdy, VA method in disc volatilization has bettatifungal
activity against the pathogens tested than thhgind phase observed in the PF assay. This rasdittates that the
substances in the well diffusion method were Idsient than that in the disc volatilization methorhe efficacy
of essential oils in vapour state was probablyilaitable to the direct deposition of essential oifs lipophilic
fungal mycelia together with an indirect effect @dsorption through the agar medium [26]. Thesaltesre in
agreement with those reported in the literatured2p The essential oils are complex mixtures ohyndifferent
aromatic components with various degrees of lipaptyi and relative hydrophilicity given by the mence of
constituents with polar functional groups [28]. Whedded to a medium, the essential oils distribotese or less
into the aqueous phase depending on its relatideolpyilicity. Hence, an essential oils with consgitts with low
water solubility should dissolve little in aqueonredium, and consequently should show a weak activihese
essential oils, however, showed very good activityen assayed by VA and this might related to thégh
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volatility [26]. These observations suggest that pinysical and chemical properties (solubility aodhatility) can
have considerable effect on the in vitro antimiéabbctivity [29].

The inhibitory effect of the essential oil agaigpbrulation of different fungi has been previoudported [19]. As
shown in Fig. 2 and Fig. 3, the percentage of spooduction inhibition ofAlternaria sp., was visibly higher than
that of other tested fungi, this can be attributedyreater sensitive oklternaria sp than the other fungi to the
essential oil. It has been observed that this ¢isbasil vapour used in this study is more effeetion spore
production than mycelial growth. This result mighflect the effects of volatile components produbgdil on
surface mycelial development and/or perceptiongulantion of signals involved in the switch from e&ive to
reproductive development [19]. In addition, thetdinhibition of spore production could be attrtbd to mycelial
destruction or inhibition of fungal growth [30].

CONCLUSION

In conclusion, thirty eight compounds, accounting 95.4% of the total 08. aucherivar. mesatlanticaessential
oil, were identified by comparison of their El-masgectra and their retention indices with thoseoof own
authentic compound library. This essential oil wasinly dominated by camphor (49.8%) and was founbe an
effective antifungal against mycelial growth an@mpproduction oflternaria sp.,P. expansumandR. stolonifer
The results indicated that this essential oil iitkib significatively the mycelial growth of all fgal strains tested
(p<0.05). The minimum inhibitory concentration (MI@jgs 2 pL/mL air in VA assay, whereas >2 pL/mL in PF
technique for all strains. In the both experimengsiults indicated tha&. stoloniferwas found to be most resistant
strain among the pathogens tested, whlternaria sp., was the most sensitive.

The use ofS. aucherivar. mesatlanticaoil in vapour phase could have additional advartagigch as efficacy
without requiring direct contact resulting in eadeapplication and no alteration in organoleptiogerties of the
edible material/food. With respect to above-mergbndata, our findings demonstrate tt&t aucherivar.
mesatlanticaoil vapour may be considered as a potential afperpreventing microbial mediated food spoilage. A
further study in vivo condition is warranted to &iom the antifungal activity 0o6. aucherivar. mesatlanticawhich
may be used for preservation and/or extensiontteé kfe of raw and processed food.
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