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ABSTRACT

Syntheticfungicideshavebeenusedtocontrolfungaldiseases.Although,syntheticfungicides

arehighlyeffective,theirrepeatedusehasledtoproblemssuchasenvironmentalpollution,

developmentofresistanceandresidualtoxicity.Plantextractshavebeenknownfortheir

medicinalandantimicrobialpropertiessinceancienttimesandtheantifungalactionofplant

extractshasgainedmuchattention.Nowadays,plantsarebeingusedagainstmanypathogenic

fungi.Greenplantsarehugereservoirsofvariouseffectivechemotherapeuticagentsandcould

serveasanenvironmentallyfriendlynaturalalternativetomosttoxicsyntheticagents.Six

differentfungalspeciesbelongingtofourgenerawererepeatedlyisolated:Fusarium oxysporum,

Aspergillus carbonarius,Aspergillus niger,Phytophthora infestans,Fusarium monoliforme,

Phanerochatecarnosa.Thezonesofinhibition ofthefoursyntheticfungicides(Nystatin,

Ketoconazole,Fluconazole,Clotrinazole)rangedfrom 13mm to40mm.Somefungalstrains

wereresistanttosomeofthem,withtheexceptionofNystatin.Theoils(Eucalyptus,Olive,

Castor)andplantextracts(Neem,Garlic,Ginger,Aloe){botanicals}alsoshowedimpressive

antifungalpotentialities,withtheirzonesofinhibitionrangingfrom 17mm to46mm,thus

making them comparatively efficacious as theirsynthetic counterparts.The botanicals

employedrevealedthepresenceofdifferentphytochemicals,includingalkaloidsandtannins,

whichcouldhavebeenresponsiblefortheirpotency.Prolongedusageofsyntheticfungicides

posehealthproblemsasmodernsocietyisbecominghealthconscious;therefore,botanicals
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couldbemorecheaplycommerciallyproducedandmadeavailableinpresentableforms.
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INTRODUCTION

Syntheticfungicidesaremanufacturedusingchemicalsthatareproducedfrom otherchemicals,

theydonotcomefrom naturalsourcesandareoftenmoreeffectivethanthenaturalfungicides.

Syntheticfungicideshavebeenusedtocontrolplantdiseases.Although,thesefungicidesare

highlyeffective,theirrepeated usehasled to problemssuch asenvironmentalpollution,

developmentofresistance,health riskand residualtoxicity(Vermesand Dankert,2009).

Syntheticfungicideshaveeffectivelycontrolledplantpathogenicfungi.Theyhaveundesirable

effects on non targetorganisms and fosterenvironmentaland human health concerns.

Therefore,alternativemeasureshavebeendevelopedforcropprotection.Inanattemptto

reducetheuseofsyntheticfungicides,intensiveinvestigationsintothepossibleexploitationof

bio-fungicides such as naturalcommercialproducts thatare safe forhuman and the

environmentarebeingcarriedout(Bernettetal.,1995).

Mechanism ofactionisreferredtothespecificbiochemicalinteractionthroughwhichadrug

substanceproducesitspharmacologicaleffect(O’Neiletal.,2006).Themechanism ofaction

usuallyincludesspecificmoleculartargetstowhichthedrugbindssuchasanenzymeor

receptor.Receptorsiteshavespecificaffinitiesfordrugbasedonthechemicalstructureofthe

drug,aswellasthespecificthatoccursthere.Drugsthatdonotbindtoreceptorsproducetheir

correspondingtherapeuticeffectbysimplyinteractingwithchemicalorphysicalpropertiesin

thebody.Mechanism ofactiondescribesfunctionaloranatomicalchangesatthecellularlevel,

resultingfrom theexposureofalivingorganism toasubstance(Dan,1999).

Abotanicalisaplantorplantpartvaluedforitsmedicinalortherapeuticproperties,flavourand

orscent.Herbsaresubsetofbotanicals.Productsmadefrom botanicalsthatareusedto
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maintain or improve health may be called herbal products,botanical products or

phytomedicines.Someplantcontainscomponentthataretoxictopathogenswhenextracted

from theplantandappliedoninfestedcrop(Hawksworthetal.,2007).Innamingbotanicals,

botanistuseaLatinnamemadeupofthegenusandspeciesoftheplant.Commonlyused

botanicalsare:

 Plantextracts:Neem (Azadirachtaindica,A.Juss...,

 Garlic(Allium sativum,Linn...,

 Eucalyptus(Eucalyptusglobulus,Labill...,

 Turmeric(Curcumalonga,Linn...,

 Ginger(Zingiberofficinale,Rosc...,

 Gelandlatex:Aloevera(Tourn.ExLinn...,

Fungiareanymemberofalargegroupofeukaryoticorganism thatincludesmicroorganism

suchasyeastsandmold,aswellasthemorefamiliarmushrooms.Theseorganismsare

classifiedasakingdom,fungi,whichisseparatefrom plants,animals,protestandbacteria.The

organismsofthefungilineageincludemushrooms,rusts,smuts,puffballs,truffles,morels,

moldsandyeasts,aswellasmanyless-knownorganisms(Alexopoulosetal.,1996).Fungiare

non-photosyntheticandthusmustabsorbnutrientsfrom organicmatterformedbyother

organisms.

Fungalfoodrotalsoreferstofoodspoilagebyfungi.Fooddecayasanaturalphenomenonisan

inevitableprocessthatisrapidwhenadequatepreventivemeasuresareensured.Aslongas

nutritionandwaterarepresent,microbialgrowthwouldbepromoted.Surprisingly,rottenfood

willnotnecessarilycauseillnesseswhenconsumedbutthepresenceofpathogenicorganisms

willcausefood-bornediseases(Omidbeygietal.,2007).

Antifungalsusceptibilitytestingisdonetodevelopstandardizedantifungalagentsagainst

fungalinfections.Thesetestsnotonlyprovideresearcherswithstandardizedmethodsfor
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testingbutalsowithanunderstandingofthevariablesthataffectinter-laboratoryreproducibility.

Antifungalsusceptibilitytestingremainsanareaofexploration.Susceptibilitytestingcanbe

usedfordrugdiscoveryandepidemiologybutthisstudywillfocusontheuseofantifungal

susceptibilitytesttopredictthepotencyofsomefungicidesagainstsomefood-rotfungi(Leeet

al.,1991).

MATERIALSANDMETHODS

SampleCollection

AhealthyYam tuberandafreshloafofunslicedbreadwererandomlypurchasedfrom alocal

market.Theywerethenstoredlongenoughforthem tonaturallyrot.Thetwostarchyfood

itemswerechosenbecauseoftheirhighsusceptibilitytofungalattackwhichincludestheir

fairlyhighwaterofactivity(aw).

Sterilization

70%alcoholswabwasusedtodisinfecttheworksurfacetominimizecontamination.Unwanted

andindiscriminatemovementswerekeptminimallytoreduceairflow,therebyminimizing

contaminationbycontaminatedaircurrents.Beakers,testtubesandsomeotherglassware

weresterilizedusinghotair-ovenatatemperatureof1600Cforonehour.

IsolationandCulture

ThemethoddescribedbyChukwuetal.(2010)wasemployedtoisolatefungifrom therotten

fivefoodsamples.Asterilescalpelwasusedtocutoffsomeinfectedportionsofthesamples.

ThecutinfectedportionswereusedtodirectlyinoculatealreadypreparedPDA plateswith

incorporated antibiotics.Theplateswereincubatedat280C + 20C forfourdays.Distinct

coloniesweresubculturedtoobtainaxeniccultures.Theplatedaxeniccultureswerethenalso

incubatedat280C+20CforfourdaysonPDAagarplatesbyrepeatedlystreaking.Agarslants

forthefungalisolateswerepreservedinMcCartneybottlesandstoredat280C+20Cuntilthe
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appearanceofdistinctandappreciablefungalcolonies.Thepurecultureswerethenrecognized

andkeptrefrigeratedasstockcultures.Labelingofthesamplecontainerswasdoneaccordingly.

CulturalIdentification

Theisolateswereidentifiedonthebasisoftheirmorphologicalandcellularcharacteristics,as

describedbyBarnetandHunter(1999).Theisolateswereidentifiedbyfirstmountingeach

fungalmycelium onaglassslidethenstainedwithLactophenol-in-cottonbluedye,coveredwith

acoverslipandthenmountedonacompoundmicroscope.Theslideswereviewedunderx40

objectivelens.ThephysicalcharacteristicswerecomparedtoaFungiAtlasforidentification

(BarnettandHunter,1999).

PathogenicityTest

TheTestwasconductedtodeterminetheabilityofeachfungalisolatetocausediseaseona

freshandapparentlyhealthyversionofyam tuber.Toconfirm thepathogencityoftheisolate,

axenicculturesoftheisolateswereusedtoinoculatethesample.Thehealthysamplewas

washedindistilledwaterandsurfacesterilizedwith95oCethanolor0.1% mercurychloride

solution.Asterilescalpelwasusedtocutoutportionsofthehealthysampleforinoculation

withtheaxenicisolatesontotheopencuts;thecutswerecoveredwithsterilepetroleum jellyat

thepointofinoculationandthenkeptforlessthan21days.Theappearanceofsignsand

symptomsonthehealthysampleconfirmsthepathogenicityoftheisolateswhichcouldbe

identicaltothoseofthediseasedsample.ThisconfirmsKoch’spostulates(Okigboetal.,2009).

TheFungicidesEmployed

Fourdifferentcommerciallypurchasedantifungalagentswereusedforthisstudy,namely

Nistatin,Fluconazole,KetoconazoleandClotrimazole.Theirefficacieswerecomparedwith

botanicalssuchascommerciallypurchasedrefinedCastoroil,Eucalyptusoil,Oliveoiland

extractsfrom Aloeveraleaves,Azadirachtaindicaleaves(Neem plant),Zingiberofficinale
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(Gingercloves)andAllium sativum cloves(Garlic).

ExtractPreparation

Theleavesandcloveswereseparatelycollectedandwashedwithsteriledistilledwater.A

warringindustrialblenderwasusedtocrushthem andthenkeptinlabeledairtightcontainers

beforeuse.About100geachwasweighedout,soakedandstirredwithaglassrodin100mlof

thesolventused(ethanol)fortheextractiontogiverisetothecorresponding100% extract

concentration,forfourdays.Ethanolonlywithoutthecrushedleaveswasusedasacontrol.The

samplemixtureswerefilteredusingcleanfilterpapers(Whatmanfilterpaper1)intoclean

beakersandthefiltrateswereusedastheextracts.Theextractswerekeptinsterilebottlesuntil

furtheruse;theywereconcentratedtodrynessbyevaporationusingasteam bathat900Cfor

48hoursinordertoenabletheorganicsolventtoserveasanexcipient(JosephandRaj,2010).

ExtractandOilPurity

Theplantextractsandoilsusedinthisstudywereevaluatedfortheirpurity.Thiswasdoneby

asepticallystreakingeachontosterilePDAplates;theplateswereincubatedatatemperature

of270C forfourdaysandexaminedforpossiblegrowthofcontaminants.Theabsenceof

growthconfirmsthepurityofthetestplantextractsandoils(Cheesebrough,2000).

AgarDiffusionAssay

Theinoculaforthistestwerepreparedusinga5-dayoldcultureofthepurefungalisolates.

FreshPDAplateswerepreparedforthisassay.Theplateswerethenheavilyinoculatedwith

eachaxenicculturerespectivelyandasterile5mm corkborerwasusedtomakeawellatthe

centreofeachplate.1mlat100% concentrationofeachsyntheticfungicidesuspension,oils

andtheextractswasintroducedintoeachwellforcomparison.Theplateswerethenincubated

at280C+20Cforfourdays.Thezonesofinhibitionweremarkedbyusingapairofvenier

calipersandthenplacedonatransparentrulertotaketheexactreadings.Thezoneofinhibition
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readingsweretakendailyforthreeconsecutivedaysfrom thefourthdayofincubation.A

controlwithoutanyfungicidebutinsteaddistilledwaterwassetup.Theabilityofthefungicide

toinhibitthegrowthoftheisolateswasindicatedbytheappearanceofclearzoneswithinthe

medium forsensitivity,otherwiseresistance.

PhytochemicalScreening

Thephytochemicalscreeningswerecarriedoutinothertoknow theactiveingredientsofthe

extractsandoilswhichareresponsiblefortheantifungaleffect.Thephytochemicaltestswere:

Tannins,whichareplantspolyphenolicsubstanceswithamolecularweightofabout500.Ithas

been suggested thattanninsplaya majorrolein plants’defense againstfungi.Another

phytochemicalsaretheSaponins,whicharesteroidsorglycosidescharacterizedbyastringent

tasteand foaming properties(OgbobeandAkamo,1998).Theotherphytochemicaltests

conductedwerePhlobatannins,Salkowski,AnthraquinoneandAlkaloidstests.

RESULTSANDDISCUSSION

Thefungiisolatedfrom thesefoodsamples,theircolonialfeaturesandmicroscopicattributes

areshowninTable1.Sixdifferentfungalspeciesbelongingtofourgenerawereisolated.The

fungi isolated are: Fusarium oxysporum, Aspergillus carbonarius, Aspergillus niger,

Phytophthorainfestans,Fusarium monoliforme,Phanerochatecarnosa.

Table1: Fungiisolatedfrom thefoodsamples

Isolates Colonialappearance Microscopy Organisms

1.

2

Blackmold

Whiterotmold

Colonies are jetblack,

sphericalconidia

Monolytic hyphal,

simple septate,clavate

Aspergillus

niger

Phanerochate
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basidia carnosa

3

4

5

6

Whitemold

Brownmold

Filamentousblack

mold

Greenmold

Multicellular distinctive

sickle-shaped macro-

conidia, aseptate,

floccose with sparse

mycelia

Lumpy appearance,

aplerotic

Conidiospore tall and

brownish, aseptate,

mostlyglobose

Macro conidia with

septation

Fusarium

oxysporum

Phytophthora

infestans

Aspergillus

carbonarius

Fusarium

monoliforme

Upon artificialinoculation onto a healthyyam tubersample,allthe six fungiproduced

characteristicsymptomsontheinoculatedsampleafterfivedays.Thecontrolsampledidnot

show anydiseasesymptoms.Someoftheextractsandoilsusedinthisstudy,inabidto

ascertaintheirpurity,werenotsoverysterile,probablyduetomildcontaminationfrom the

laboratoryenvironmentorduringthehandlingofthebotanicalagentsbytheexperimenter.The

syntheticfungicidesusedfortheantifungalassaytestthatwascarriedoutoneachisolated

funguswereeffectiveandNystatinwasmoreeffectivethantheothers.Theorderofhierarchy
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from themosteffectivetotheleasteffectiveisasfollows:-Nystain,Ketoconazole,Fluconazole

andClotrimazolerespectively.Table2showstheresultfortheantifungalsusceptibilityor

resistanceofthefungitothesyntheticantifungalagents,asmeanvaluesforthereadingstaken

forthethreeconsecutivedays,afterthefourthdayofincubation.

Table2:AntifungalSusceptibilityorResistanceoftheIsolatestoSyntheticFungicides

SyntheticAntifungalagents(mm)

Isolates Nyst Clot Keto Flu

Aspergillusniger 32 R 15 29

Aspergilluscarbonarius 31 20 30 23

Fusarium oxysporum 40 20 17 24

Fusarium moniliforme 27 25 30 R

Phanerochaetecarnosa

Phytophthorainfestans

16

35

13

23

R

28

15

21

Keys:R=Resistant,Nyst=Nystatin,Clot=Clotrimazole,Keto=Ketoconazole,Flu=Fluconzole

Theresultfortheantifungalsusceptibilityorresistanceofthefungitothenaturalantifungal

agentsi.e.boththeextractsandoils,asmeanvaluesforthereadingstakenforthethree

consecutivedays,afterthefourthdayofincubationisshownintable3.

Table3:AntifungalSusceptibilityorResistanceoftheIsolatestoNaturalFungicides

NaturalAntifungalagents(mm)
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Isolates Euca Olive Cas Neem Garlic Ginger Aloe

A.niger 39 38 40 25 30 26 30

A.carbonarius 28 31 38 29 37 34 24

F.oxysporum 33 39 33 22 38 24 21

F.moniliforme 30 40 35 17 17 20 25

P.carnosa 36 42 19 18 15 19 26

P.infestans 39 46 26 29 24 28 22

Keys:Euca=Eucalyptusoil,Olive=Oliveoil,Cas=Castoroil,Neem =Azadirachtaindica,Garlic

=Allium sativum,Ginger=Zingiberofficinale,Aloe=Aloevera

Comparatively,betweentable2and3,theresultsshowedthatthenaturalfungicides,especially

the refined oils,were equallyaseffective asNystatin;the mostpotentofthe synthetic

fungicides.Although,betweentherefinedoilsandtheplantextracts,therefinedoilsfaredbetter,

perhaps,asaresultofthegoodmanufacturingpracticesandqualitycontrolchecksemployed

intheirrefinementorevenahigherconcentrationoftheirphytochemicalsandtheintrinsic

parametersassociatedwithoils.

Table4belowshowstheresultforthephytochemicalscreeningtestofthebotanicalfungicides.
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Table4:PhytochemicalscreeningoftheZingiberofficinaleextract

Phytochemical Euca Olive Cas Neem Garlic Ginger Aloe

Alkaloids + + + + - + +

Tannins + + + + + - +

Saponin - + + + + - -

Anthraquinone - + + - - + +

Phlobatannin - + + - - + -

Salkowski + + + + + + +

Keys:+=Present,-=Absent,Euca=Eucalyptusoil,Olive=Oliveoil,Cas=Castoroil,Neem =

Azadirachtaindica,Garlic=Allium sativum,Ginger=Zingiberofficinale,Aloe=Aloevera

Theuseofplantextractswithknownantimicrobialpropertiescanbeofgreatsignificancein

therapeutictreatmentsbutseveraltreatmentshavealsostatedvarioustypesofcontamination

ofherbalmedicineswhichincludesmicro-organismsandtoxinsproducedbymicro-organisms,

pesticidesandtoxicheavymetals.Asaresult,sterilizationisneededespeciallyforliquid

extractsbeforeusetogetridofthesecontaminations(TalalyandTalaly,2001).Accordingto

Omidboygietal.(2007)andRotaetal.(2009),thecompositionofanessentialoilplaysan

importantroleindeterminingitsantimicrobialactivity.Thesusceptibilityofthefungalisolates

mighthavebeenduetotheirgeneticmake-up,thepresenceofphytochemicalcompoundsand

alsoincubatorysubstances.

CONCLUSION
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Bythisinvestigation,itcanbededucedthattheextractsandoilsareequallyaspotentasthe

commercialfungicidesi.e.theyareequallyfungitoxic.Commercialfungicidesinthetreatment

ofmedicalmycosesarestillasourceofhealthconcernmainlybecauseoftheattendantside

effectsassociatedwiththeirusage,besidesthecostbuttheuseofbotanicalssomewhatposes

lessworry.

RECOMMENDATIONS

Botanicalscouldbemorecheaplycommerciallyproducedandmadeavailableinpresentable

formssuchastablets,gel,capsules,softgelcapsulesandsyrup.Furtherinvestigationcouldbe

carriedouttodeterminethelong-term sideeffects,ifany,oftheprolongeduseofbotanicalsas

medicalfungicidesfororaladministration.
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