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SUMMARY

The use of natural compounds such as essential oils is a newly growing idea in post harvest technology. In this
study, effect of clove buds and rosemary essential oils on grapes gray mold was studied in two different experiments.
First, the effect of different concentrations of essential oils on inhibition of mycelium growth of Botrytis cinerea was
evaluated on PDA media, in vapor (0, 50, 100, 150, 300, 450 and 600 ppm) and contact (0, 150, 300, 450 and 600
ppm) method. In the second experiment, the effect of essential oil in vapor and dipping method on control of disease
severity was investigated by spraying Botrytis spores on berries and keeping them at 15 C, for 7 days. All
concentrations inhibited the growth of B. cinerea on PDA depending on essential oil concentration. 300 ppm of
clove essential o0il was determined as minimum inhibitory concentration (MIC) in contact method while no
concentration of rosemary essential oil showed perfect inhibition in this method. But rosemary essential oil in vapor
phase was more effective than contact method and inhibited mycelium growth in 300 ppm. 450 ppm of clove
essential oil in vapor phase completely controlled gray mold on inoculated berries with keeping their appearance as
normal, while 450 ppm of rosemary essential oil in vapor phase with complete control of gray mold had phytotoxic
effects on grapes. These results suggest that clove essential oil in vapor phase could be used as an innovative tool to
control fungal decay during table grapes storage.

K ey wor ds: Botrytis cinerea, non-chemical control, Thompson Seedless.

INTRODUCTION

Botrytis cinerea is a major cause of pre and post-harvest losabtetgrapes even at low temperature [1]. This
fungus could easily grow at -0.5 °C and rapidlyang in berries [2] and cause considerable damatfeetberries
[3]. In Iran Penicillium andBotrytis are two important fungi that mainly cause damagelle grapes [4, 5].

Until now several pre and post-harvest techniquegehbeen used to control post-harvest fungi dedatatie
grapes. Use of sulphur dioxide in the cold storag@ comfortable and economical method of contrgeatly has
many applications [6]. The adverse effects of sulfioxide include: over sulphite residue during fbed chain is
an important consumer problem that causing extreamsitivity in some of them [7], the hair crackbafrries skin
[8], bleaching berries induce depressed areas amsecaccelerated loss of water [9]. Developmemésibtance to
common fungicides in post-harvest pathogens [1@ kEck of new and recommended fungicides [7] i® als
considerable. Therefore, introducing a new waynafeéasing storage life and maintaining product iguatith
minimum safety risks is necessary. In recent dexadee of essential oils and plant extracts onrobruf
horticultural crops post-harvest decay was intreduas a new and safe strategy. Essential oils lwage been
known as having superior antifungal compounds [bil, they have not been developed into productgémt-
harvest treatments, since newly synthesized congsoseem to be preferred by industry because af ¢hsier use
and protect than natural plant products. Antifungasential oils are shown to be useful in contiglliatent
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infections which are residing in an inactive stati¢hin the host tissue such &vtrytis, compared to synthetic
fungicides [12; 13; 14].

Since Iran is one of the rich resources of medigiants, evaluation of the effects of herbal edaénils on various
products such as grapes seems to be a necesdaryaspurpose of this study was investigation love and
rosemary essential oils effects iwrvitro control of B. cinerea, with regarding appearance and quality presematio
on Thompson Seedless table grapes.

MATERIALSAND METHODS

Plant materials

Head branches d&tosmarinus officinalis (fresh herb) in flowering stage were collectedvirthe Hamedan Medicinal
Plants Garden in late August. Clove buds (driedb$lewere bought from local medicinal plants marki#tve bud
and rosemary essential oils were prepared by Cimrewith steam distillation for three hours. Esidrdils were
stored in a closed dark glass containers at 4 tiCuse.

Experimental design
Two separate experiments were performed to studyeffect of essential oils oB. cinerea. First; on Potato-
Dextrose-Agar (PDA)n-vitro and the second; on inoculated grape berries, esimpletely randomized design.

I n-vitro antifungal assay

B. cinerea was isolated from infected grape berries. Two wdshwere used to determine the effect of essenitsal
on mycelia growth oB. cinerea. In the first method as food poisoning or contaethod, PDA plates containing; 0
(sterile distilled water), 150, 300, 450 and 600npgoncentrations of essential oils with 0.5 ml df% Tween 80
[13] were used. Antifungal agents at above mentimmcentrations were added separately to PDA at%0rfixed
rapidly and poured into Petri dishes. After therdwsd cooled, a mycelium disc from the edge of y-ald culture
of the B. cinerea was added to each plate. In the second metholat@acterize the antifungal activity in fumigation
method, a parallel study carried out using twogdabne containing sterile gauze with essential atlO (sterile
distilled water), 50, 100, 150, 300, 450 and 60éhpmncentrations and other plate containing PD&pared as
described in first method. When above mentioneaeotmations poured on the gauze two plates weresiiately
coherent to each other. After incubation at 24R€diameter of the mycelia colony was measuredyelay. Three
plates were used in each replicate for each tredtanad also the experiment was performed twicecdttage of
mycelia inhibition was calculated by the followifaymula:

Percentage of mycelia inhibition=¢d, / d) x 100
d. is mean colony diameter of control sets anid chean colony diameter of treatments sets.

Fungistatic or fungicidal properties of essential oils
For this purpose the mycelia discs from the treatsavith no fungal growth, were subcultured on nel@A
medium and fungal growth or no growth was recorafter a week.

On berry antifungal assay

Fruits of grapes,\Mitisvinifera L. cv. Thompson Seedless) were harvested at conmhepening stage from a local
vineyard and immediately transferred to the lalmsatHomogenous size, shape, color and healthydsenwere cut
from the rachis with pedicel intact. The detachedribs were then sprayed with the spore susperisin 16
spores/ml [3].The spore suspension was prepardtbbgling plates with a small volume of sterile dist water
and spores were removed by gently scraping wittassgod. The resulting spore suspension wasddtéinrough
four layers of cheesecloth to remove mycelia fragimend diluted with sterile water to obtain 1.0 §pores/ml
by counting with hemocytometeric method. A volunfe56ml of inoculum per 900 berries was applied with
sprayer. Inoculated berries were kept in a clogedainer, at 15° C. In dipping method, after 24 ispinoculated
berries were immersed separately for 1min in 0, B8O, 450 and 600 ppm concentrations of rosemadyctove
essential oils with 0.05% (w/v) Tween 80. All tredtberries were allowed to air-dry for 30 minute%s’ C. In
essential oil fumigation section, glass jars wif®4nl of volume with 30 inoculated berries in easleye used. A
piece of sterile gauze (6 x 12 cm) was paste taéimter of each jar's lid and O (sterile distillgater), 50, 100, 150,
300, 450 and 600 ppm of rosemary and clove ess@iisavere poured into sterile gauze. Four repéisaof every
treatment were maintained at 15 ° C for 7 days.

Infection severity of single berry was evaluated analed as follows: O: healthy berry; 1: one ledmwer than 3
mm in diameter; 2: one lesion lower than 10 mm iemntbter; 3: several lesions or up to 25% of beunfase
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infected and 4: more than 25% of the berry surfatected and/or sporulation can be seen. The dewhix (DI)
was calculated by the formula, DE=(df)/ ND, where d is the degrees of rot severtyred on the berry and f is its
respective quantity; N is the total number of lEsrexamined and D is the highest degree of dissaserity
occurring on the scale [15]. Berry appearance wasuated to scales as followsxcellent (1), good (2), slightly
dull (3), <50% brownish and soft berries (4) and¥5rownish and soft berries (5) [3].

Statistical analysis
All data were analyzed by analysis of variance giSAS software (version 9.1). Mean separations weréormed
by Duncan’s multiple range test.

RESULTSAND DISCUSSION

Antifungal activity of essential oils on control of B. cinereain vitro

Diameter of fungus mycelia growth in all treatmentseasured every day until the average mycelia eli@nof
control sets reached to 8.93 cm on the fifth dalyictv was considered as the last measurement dayrélults
observed on the last day due to their significaneesre expressed. Both contact and fumigation noksthaf
applying essential oil showed significant effect mgcelia growth inhibition (p<0.01) (Table 1). Thewas no
difference in mycelia growth between the two sétsamtrols, one treated with distilled water and tdither without
it. The results showed that antifungal activitytledse compounds was depended on plant type, coatientand the
application method. Percentage of mycelia inhibitiwas assessed effective in clove than rosemamguptcand
essential oils in vapor phase than contact methe@.01) (Table 2).

When essential oils were applied in food poisommaghod (contact), Different concentrations of roagmessential
oil showed significant differences in terms of mij@egrowth inhibition, compared to each other atgbao the
control (p<0.01) (Fig 1). It is evident from thassults that rosemary essential oil capability mdgical control of

B. cinerea amplified at a certain concentration. So that1b6, 300 and 450 ppm concentrations indicated gdadu
increase to 30.94% of inhibition, while inhibitoejfect of 600 ppm increased up to 66.40%. Cloverss oil in
concentrations of 300, 450 and 600 ppm completdiibited the fungal growth. The mycelia disc sarddtem the
plates treated with clove essential oil in all hi@ncentrations and cultured in new medium, butenof them
showed mycelia growth, therefore 300 ppm was detexdhas minimum inhibitory concentration (MIC) dbee
essential oil in contact method for this experiméntthis section antifungal activity of clove essal oil was
demonstrated more effective than rosemary essariltial

Table 1- Antifungal activity of essential oils on control of B. cinerea in-vitro condition

Concentration mean colony diameter

Treatment Mycelia growthinhibition %
(ppm) cm
Control (dry) 0 8/933 (0
Control + sterile distilled water 0 8/933 (0

Rosemary essential oil (contact) 150 /283 7/243
300 6/466 27/585
450 6/166 30/944
600 3/00" 66/40%
Clove essential oil (contact) 150 21800 68/645

300 o 100

450 o 100

600 o 100
Rosemary essential oil (vapor) 50 5/466 38/78%
100 1/333 85/069
150 0/466% 94/774

300 o 100

450 o 100

600 o 100
Clove essential oil (vapor) 50 2/050 77/044
100 1/266 85/816
150 0/66( 92/60%
300 0/63% 92/9(¢f

450 o 100

600 o 100

Mean values followed by different letters within the column are significantly different according to Duncan multiple range test (P< 0.01).
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Table 2- Orthogonal contrast treatments on control of B. cinereain vitro condition

contrast Degree of Freedom Mean square ¢
colonysize
Clove and rosemary essential oil (cont 1 167/21"
Clove androsemary essential oil (vap 1 1/76*°
Vapor and contact meth 1 116/78"

“"Means significant differences at (P< 0.01)

control - control

control contro
N

Fig. 1- Antifungal activity of rosemary essential oil (A), clove essential oil (B) in contact method, rosemary
essential ail (C), clove essential oil (D) in fumigation method against B. cinerea in-vitro condition

In application of essential oils famigant method,esults showed the percentageafemar essential oil inhibition
from 50 to 100 ppm was highlycreasecto more than double (Fig.1) in a way tiga0, 450 and 600 ppm of
rosemary oil completely stoppéide fungus growt! The mycelia discs affected in alomentioned treatment we
removed and cultured imormal PDA mediur, fungus growth resumed the new mediumor all samples. Results
suggest that activity of rosemary essential oiffungistatic not fungicidal Antifungal effect of essential oi
perfectly depends on method usedhe experimen[16]. Increasing the antifungal activity of rosemary esakqil

in vapor phase comparéd contact methc is reported by [17] which is inonsistent with the results our study.
The researchers believatdiungal activity ofvapor phase is result of indirect effecfsessential oilcon mycelium
and lipophilic properties odssential oilprovide the opportunity to be absorbed by the myoe After subculture
of mycelia disc from150 and 600 ppm of clo\essential oilno mycelium was observedone of three replicates of
450 ppm and in all replicates of 600 p This could be due to fungistatic activibgcurrenc in low concentrations
and fungicidal effectat higher concentratior[18] which is considered éobvious reasc for this view. It seems
that fungicidal activity of cloveessentialoil in contact method took place better tharvapor phase. Antifungal
activity of plant product such assential oil and extracts is proven various researes including for clove [14,
19, 20, 21, 22, 23, 24, 25] anaseman[5, 17, 26, 27, 28, 29, 30, 31].

Antifungal activity of cloveessential oiwas reported strong among many essentia[bils32, better performance
than the rosemary essential oil in the preventicB. cinerea spore germination [19ndcontrol of Alternaria porri
[17]. These reports ar@ accordanc with the results of our studythe antimicrobial activity of essential oils
strictly connected to their chemical composi[32].Although, the antimicrobial activity of an essehtal is
attributed mainly to its major compounds each component has its own contribution on biolmigactivity anc
synergistic or antagonistic effect of one compoumdhinor percentage in the mixture has to be carsid Also
essential oils due to the large number of compounayg have more than onite of action[33, 34]. The essential
oils containing phenolic group #seir major component, indicate highactivity against microorganisi and clove
essential oil belorgyto this grou; while the rosemary essential oil is rich in 1Ci&eol ethers, with weaker
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antifungal activity than phenols [32]. This can sdtow explain different performance of clove andernary oils
observed in this study. Morphological changes aduessential oils effect were observed in microsedgiel such
as compact and highly branched mycelia mass amdaaisthe colony appearance (data not shown) wtadh i
accordance with [32] and [17] reports.

Although these effects may be responsible for redumycelia growth rate, however, the mechanismaation of
these compounds is not well known. Essential @ils cause damage to proteins and lipids [34] alsegmt making
DNAs and RNAs and polysaccharides in the fungds ¢aR].

Effect of essential oils on the severity of gray mold and keeping appear ance quality of inoculated berries

There was significant differences between contrmiculated berries and treatments (p<0.01), (TableN®
significant differences were observed between fgpes of controls set in this experiment. But, #swbvious that
the control berries immersed in distilled water sinewing lower infection than dry controls whichuttbbe due to
washing spores off the berries.

Table 3- The antifungal activity of essential oils on severity of gray mold growth on inoculated berries and
their appearance at 15°C

Treatments Concentration (ppm) Disease severity appearance
Control 1 (dry) 0 0/103 2/0d
Control 2 (dipped in distilled water) 0 0/090 2/250
Control 3 (dry inoculated) 0 0/659 4/750
Control 4 (inoculated and dipped in distilled water 0 0/637 4/750
Rosemary essential oil (dipping) 150 0/51%8 4/250
300 0/443° 4jo¢
450 0/36Z' 3/50°
600 0/35¢" 3/5¢°
Clove essential oil (dipping) 150 0/434° 4/250
300 0/256 4/0¢°
450 0/246 3/50°
600 0/418 4/00
Rosemary essential oil (vapor) 50 0/256 4/0¢F
100 0/156 4/0¢°
150 0/098 5/00
300 0/053* 5/00
450 0/00¢ 5/00
600 o 5/0C°
Clove essential oil (vapor) 50 0/090_ 2/750G
100 0/059 2/750
150 0/018 3/0%
300 0/00% 3/500
450 0« 4/0¢°
600 o 4/o¢

Mean values followed by different letters within the column are significantly different according to Duncan multiple range test (P< 0.01).

The gray mold severity control was associated @dtbential oils source, concentration, applicatiethod and their
effect on sporulation. The berries appearance wtsenced by severity of gray mold and also by éffect of
essential oils used on them. In this part of expenit, clove essential oil performed more effectiven rosemary
essential oil and fumigation method worked bettantdipping method (Table 4).

Table 4- Orthogonal contrast treatments on control of gray mold on inoculated berry

Contrast Degree of freedom Mean of square Disease severityMean of square appearance
Clove and rosemary essential oil (dipping) 1 0/052*° 0/031"
Clove and rosemary essential oil (vapor) 1 0/054* 21/333"
Vapor and dipping method 1 2/044"° 3/515"

“'Means significant differences at (P< 0.01)

Rosemary essential oil in all concentrations grigudecreased disease expansion on berries. Clssenéal oil
also showed gradual effect from 150 to 300 ppm @uiliced disease expansion significantly, but thexe no
significant difference between 300 and 450 ppntineats.

Contradictory to our expectation, 600 ppm of cl@asential oil increased severity of disease. likedy that the
high concentration of clove essential oil may dssthe skin of berries which is considered greatqmtive barrier
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against pathogens, and ththe severity of gray mo was increased. Alsappearance index berries in immersion

treatments showesignificant differencewith control. View appearance of berriasthis experiment showed brown
spots in some areas in addititmthe other areas that mycelium developmenturred(same as in control sets).
Appearance of berry was outcowiedisease severity and immersion of berries intredtmer.

Essential oils in fumiganmethod caused great reduction gray mold disease severitp<0.01). In 600 ppm

concentratiorof rosemary essential and 450 and 600 ppeoncentrations of clovessential oil, no mycelium
growth ofB. cinerea was observedn these treatments no sporulation occurfgghearance ¢mycelia mass in low

concentrations of clove amspecially rosemaressential oils treatments was differémr control. Pressed mycelia
mass was observea light brown unde clove essential oil and white in rosemassentiaoil (Fig.2).

Fig.2-The effect of clove and rosemary essential oilsin vapor phase on control of B. cinerea on inoculated
berries (respectively from right: control, rosemary and clove essential oils)

Appearance index enhanced wincreasini concentration of essential gilshowing thephytotoxic effect of these
compounds in high concentratioat 1t °C. Rosemary essential oil in vapor phasedditionof skin, pulp was also
affected and turned to browningohling (2000) believes the use of essential vidsthe vapor pha would make
them more effective than dippin@he resultcof our study also confirmed that So fsm¢ researchers have been
performed in this fieldFor exampl; use of carvacrol [35], grape seed extract [Bhger, peach anholy basil
essential oils [13] andugenol and thymol [36] on grap use ofthyme, rosemary and baessential oils on control
of gray mold in pears [5] anBnglish Violeton tomatoes [37]. Regarding thesults ofthis study, application of
clove essential oils in vapor phavas shown to have effective performaion control of gray mol, so its use for
fumigation in cold storage could be an interestmgpstigation field for active packing table grapes.

CONCLUSION

In conclusion the results of this study showed #ssential oil derived from tove anc rosemary may be used as
alternative for the control of gray mould on tafapes at po-harvest as a natural fumigant in closed contain
packaging. These oils undervitro andin-vivo conditions showed a good bwith some adverse effect on qual
parameters under some treatmafteils. Further study especially undafvivo conditions is recommended to pl
and confirm thepreservative capacity of essential oils, which roe used for preservation and/or extension of-
life of table grapes and also other fr and vegetables.
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