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ABSTRACT

This research was undertaken to assess the in aittdungal potential of the essential oils of dpwinnamon,
aniseed, green prickleyash, Pricklyash peel, cuanid fennel against the five major fungal pathogeifuits and
vegetables using the method of inhibitory zone,inhéition to the mycelial growth and the minimahibitory
concentration.i.e, Penicillium italicum, peniciltiuexpansum, Monilinia fructigenaPenicillium sp. and Fusarium
spp. The results indicated that clove had significantifungal activity to all strains, especiallgainst Penicillium
italicum. Cinnamon and aniseed had strong antifursgdivity to all strains tested except Fusariunpspespecially
against Monilinia fructigena. Moreover, Clove codtthibit mycelial growth of all pathogens complgteind the
minimal inhibitory concentration of clove was lghan or equal to 0.5% (v/v). The present resulthaolestrated
that clove oil could be potential sources of natdtagicides to control certain important fungalthagens of fruits
and vegetables.
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INTRODUCTION

In Postharvest, fruits and vegetables were infebieflingal pathogens easily and often seriouslysice hundred
millions of dollars worth of economic damage eaehrfi].and the focus of attentionis to controlsthdungal
pathogens and prolong the shelf-life of fruits amgjetables. Application of chemical germicideshis effective
measure to control the fungal infection and playsnaportant role in preventive defense[2].Howevke, leftover of
germicides imperils human health and results irutitealance of ecological environment directly, arahy of fungal
pathogens have the resistance to germicides, vilaieca caused the withdrawal of some of them[3].r@®; and safe
alternative control measures are much sought afted. the chemicals from natural sources (parti¢ylaf plant

resources) is gaining attention as alternativeytdhetic germicides ,which is perceived as safthéoenvironment
and human health and can avoid the appearance@irdsistance.

Antifungal features of essential oils isolated el documented from the different plant species Bince it is
important to test the effects of essential oilsnainy plants on different microorganisms, in vitabdratory research
is being continuously done. Clove, cinnamon, anisegeen prickleyash, Pricklyash peel, cumin amthé are
native spices, having high amounts of essentiahatlurally grown in China. The essential oilstodge seven spices
are well known for their antimicrobial activitietlowever, their antifungal activities against thejonaungal
pathogens of the staple fruits in China are not d@tumented.

In this research, the antifungal effects of closienamon, aniseed, green prickleyash, Pricklyash, maimin and

fennel were studied for the pathogens of the mdjsease of citrus, pear, longan and tomato in Chhmal the
inhibitory zone diameters, growth rate reductiosegsand minimal inhibitory concentration (MIC) wex@opted.
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EXPERIMENTAL SECTION

Source of Pathogen | solates

The fungal pathogens weRenicillium italicum penicillium expansum Monilinia fructigena Penicillium sp and
Fusarium spp. which isolated from rot citrus, pear, pear, longau tomato respectively. Those fungal pathogens
were determined as leading to citrus blue mapear blue mold brown rot of pear longan blue mold and fusarium

fruit rot of tomato respectively. All isolates weamaintained on potato dextrose agar (PDA) in Risties (100x15
mm) for routine use and on slants of PDA at 4°Adog-term storage.

Preparation of the spore suspension

The fungal pathogens were grown on PDA plates #PZ8 for 7-9 days, after which time, spores were/ésted
from sporulating colonies and suspended in stdrfilled water containing 0.1% (v/v) Tween 20. Tdwncentration
of spores in suspension was determined using atbeytameter and adjusted to 1.0x108 spores/ml &shdungal
pathogen.

Inhibitory zone diameters

The inhibitory zone diameters of spice essentialagainst five strains were assessed by discsiliffumethod using
PDA in 9cm petri dishes[5]. Sterile PDA was poumetb 9cm diameter sterile Petri dishes. After délidg, the
spore suspension was coated on the PDA plateserfizgd filter paper disc of 6 mm diameter wittsestial oil
(1,000 pl/disc) was placed in the centre of the lid. Cohplates contained equivalent amounts of distilteater.
Plates were tightly sealed with parafilm and indatleat 28+2°C for 3 days. The average diametetseoinhibition
zone surrounding the discs were measured visUdily.assays were carried out in triplicate.

Growth rate reduction assay

Growth inhibitions of essential oils against fiteans were started by measuring the diameterrgjdlicolonies after
3 days of incubation and by comparing them to thdrol plates. Sterile PDA with essential oil (1¥gs poured into
9cm diameter sterile Petri dishes. Control platéhout essential oil. After solidifying, an agarugl of fungal
inoculum (6 mm in diameter) was removed from a &@-dld previous culture of all the fungal pathogtested and
placed upside down in the center of the PDA pRlates were tightly sealed with parafilm and incabaat 28+2°C.
The average growth rates of mycelium after 3 ddysaubation were measured. The inhibitory activwneas
calculated to assess the effect of the essentabnoithe mycelium growth of fungal pathogens ughng following
formula [6].

Inhibition (%)=[(C-T)/C]x100
C was the diameter of the control colony (mm) anslaE the diameter of the essential oil treatedrgo{onm).

Evaluation of MIC (minimal inhibitory concentration)

The MIC was defined as the lowest concentratiotheftest essential oil sufficient to prevent fuggiwth in vitro.

This test was determined by double broth diluticethind [7]. Essential oils were diluted twofold adlyi with sterile

PDA so that the concentration of essential oilsen%, 1%, 0.5%, 0.25%, 0.125% and 0.0625%, resdgtiNext,

the sterile PDA with different concentrate essérgib was poured into 9cm diameter sterile Petshdis. After
solidifying, 1 ml of the suspension was inoculad&cthe plate. Plates were tightly sealed with planadnd incubated
at 28+2°C for 3 days. The experiments were caoigdn triplicate.

Statistical analysis
The data obtained in this research were evaluated) the one-way ANOVA of variance test. Differesdmtween
means were tested through Bonferroni and valu®sd.05 were considered significantly different.

RESULTSAND DISCUSSION

Determination of inhibition diameters

Inhibition zone diameters of clove, cinnamon, amikegreen prickleyash, Pricklyash peel,cumin anthéé oil
against five fungal pathogens are presented ineTabClove, cinnamon and aniseed oils showed patéittitory
effect onPenicillium italicum among which clove oil had the strongest fungisthieffect. Conversely, aniseed oil
had the lowest inhibition activity. Furthermoreetimean difference between clove and cinnamon ods w
significant. The mean difference was also applieatnl cinnamon and aniseed oils. The tested esketila
presented good antifungal activity agaipsnicillium expansurexcept fennel oil. And the mean difference was not
significant. The essential oils tested presenteadgantifungal activity againdtlonilinia fructigenaexcept green
prickleyash and cumin oils, among which, cinnamdnhad the strongest fungistatical effect and theam
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difference was significant between cinnamon anceo#ssential oils tested. The tested essentialpodsented
excellent antifungal activity againg®enicillium sp. except cumin and fennel oils. And clove oil was tnos
remarkable. When it came fusarium spp.clove oil was the only essential oil for the égkbils which had the
inhibition activity.

Table-1 Inhibitory zone diameter s of seven spice essential oils towar d some pathogen fungi

pathogen fungi

Penicillium  Penicillium Monilinia Penicillium Fusarium

italicum expansum fructigena sp. spp.
Control - - - - -
clove 42.8+48.9Cb 16.7+3.5Aa 17.0+4.2ABa 33.3#8ab 32.5+5.9 ab
cinnamon 27.9+7.9Ba 22.7+6.8 Aa 33.0+£0.0 Ca 183BAa -
aniseed 12.3¥2.1Aa 11.3x2.8 Aa 22.0+0.0Bb  16.02A26 -
Green prickleyash - 17.2+6.8 Aa - 15.742.6 Aa -
Pricklyash peel - 16.0+1.0 Ab  10.5+0.7 Aa 19.84Al6 -
cumin - 15.0¢5.0 A - - -
fennel - - 11.0+0.0 A - -

Notes A, B. C means the significance of difference betweemtabsils towards the same strain;
a. b means the significance of difference betweeinstfar the same essential oil;
“-" means no Inhibitory zone

Clove oil exhibited excellent antifungal activitygainst the five fungal pathogens. But, it exhibitde best
antifungal activity againsPenicillium italicumthan to other fungal pathogens tested. Cinnamahaaiseed oils
showed fine antifungal activity against fungal jatbns tested excepusarium spp. which both exhibited the
best antifungal activity again$flonilinia fructigenathan to other fungal pathogens tested. Green Ipyiakh,
Pricklyash peel, cumin and fennel oils exhibitetifangal activity against some of the fungal patéieg tested only.

The results of growth rate reduction

On the basis of inhibition zone diameters resulteye, cinnamon and aniseed oils were choose tb thes
evaluation of growth rate reduction on the fivedgahpathogens. Clove, cinnamon and aniseed oitalld reduce
the mycelium growth of the five fungal pathogenstéd to some extent. As shown in Table 2, Cloveslodwed
excellent antifungal activity against all the teksfangal pathogens. This oil showed 100.0% of fstagic effect as
fungal mycelial growth inhibition percentage agaialf the fungal pathogens tested. Besides, cinmanibalso
exhibited remarkable fungistatic effect (33.3% @%) against all the fungal pathogens tested. Axisal also
showed fungistatic effect against all the fungalcelal growth. When it came to fungal pathog@enicillium
italicum and Penicillium sp. displayed less susceptibility to aniseed oil. Thesésted significant statistical
differences between clove and cinnamon oils, cirorarand aniseed oil®enicillium expansunand Monilinia
fructigena were found to be the most inhibited fungal patmsgéy clove and cinnamon oils. And the mean
difference was significant-usarium sppwas sensitive to the essential oils tested. Bovecloil was the most
sensitive essential oil tested. And there existgdificant statistical differences between clova amnamon oils,
cinnamon and aniseed oils.

Table-2 Effects of clove, cinnamon and aniseed oils on mycelial growth of pathogenic strains

Radial growth (mm) Radial growth Inhibition (%)
control clove cinnamon aniseed clove Cinnamon  adise
Penicillium italicum ~ 13.5+0.7 0.0+0 9.0+0 12.0#1.4 100.0a 33.3b 111c
Penicillium expansum 2.0+0 0.#0 0.0+0 0.75+0.35 100.0a 100.0 a 62.5b
Monilinia fructigena 3.0+0 0.0+0 0.0+0b 1.5+0.7 100.0 a 100.0 a 50.0b
Penicillium sp. 3.5+0.3 0.0+0 2.0+0.3 3.0+0.4 100.0 a 429b 143 b
Fusarium spp. 74.5+0.7 0.0+0 16.0+1.4 22.0¢0.7 100.0a 785b 57%0.
Notes a. b. c means the significance of difference betweemégaksils towards the same strain.

Determination of MIC

On the basis of inhibition zone diameters resufttd #e results of growth rate reduction, the MIG<slove and
cinnamon oils were tested. As shown in Table 3 Mh&s were found to be 0.25-2.00%((v/Penicillium italicum
and Penicillium sp.were found to be the susceptible fungal pathogenslove oil with their MIC value as
0.25%(v/v). Cinnamon oil also displayed potentifieet of antifungal activity against the tested gahpathogens.
And the most susceptible fungal pathogens wegaicillium expansunand Monilinia fructigena.And the MIC
value was 1.0%(v/vHowever, the antifungal activity of cinnamon oil swaeaker than that of clove oil against the
tested fungal pathogens as a MIC.

The results indicate that different essential ditsve different efficacy. Different essential oil msvvarious
components which may be active against differengéill pathogens. It has been reported that theeaigredient
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of clove oil is eugenol, and cinnamaldehyde isrttegor antifungal component in cinnamon oil. It sedtmt there
is a correlation of the chemical structure of tesemtial oil constituents with antifungal active}] Although some
scientific researches have reported that clovedaplays antimicrobial and antifungal activities] [9 Our
experiments are shown that the essential oil frmwechave the best in vitro effect of the seriesitd, we detected
against the five major diseases of fruits and \ages in all methods used.

Table3 MIC of clove and cinnamon towar ds pathogenic strains

MIC (%v/v)
clove cinnamon

Penicillium italicum 0.25 2.0
Penicillium expansum 0.5 1.0
Monilinia fructigena 0.5 1.0
Penicillium sp. 0.25 2.0
Fusarium spp. 0.5 2.0
CONCLUSION

The concentration at which clove oil was activeour research was very low, ranging from 0.25-0.3%(\Oils
that are rich in phenolic components were veryactigainst microorganisms[10].

The oral LD50 value in rats for eugenol is 1930 kag body weight. The acute toxicity experiment sugdbat
clove oil can be classified as a low toxic substgfoc P. semisulcatus weighing 1.8-2.1g[11]. Tlhisvgs that clove
oil is considered less harmful than synthetic cloasi which has been restricted in many countoesitie effects,
such as residual toxicity, carcinogenicity and tieganicity[12]. Furthermore, the clove plant is thegive plant in
China. So, clove oil may be used as an alterndtivehe synthetic chemicals that are applied asgméin post
harvest of fruits and vegetables to prevent thetingsortant diseases.
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