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Abstract

ThestudywascarriedouttoevaluatetheantifungaleffectofBryophyllumpinnatumagainstAspergillusniger,PenicillumspandFusariumoxysporum.TheethanolicextractexhibithigherantifungalactivityagainstFusariumoxysporum(14mmat2mm)andAspergillusniger(14mmat3mm),incontrastPenicilliumsppdemonstratedresistanceagainstB.pinnatum".ThisstudysuggestthatBryophyllumpinnatumpossessessignificantantifungalpropertiesandcouldserveasasourcefordevelopingalternativeantifungalagents,especiallyinregionswithlimitedaccesstoconventionalpharmaceuticals.

CHAPTERONE
1.0INTRODUCTION

1.1.BackgroundofBryophyllumpinnatum
Fungalinfectionsposeasignificantthreattopublichealth,particularlywiththeriseofdrugresistantstrainssuchas;Candidaalbican,Aspergillussppanddermatophytes(Perfect,JR.(2017).MedicinalherbshavebeenutilizedsincelongagoforthetreatmentofdifferentailmentsinmultipletraditionalsystemssuchasTraditionalChinesemedicineandvariousindigenoushealingsystems.(Mekuriaet.al.,2017).
Traditionalherbalmedicinehasreceivedgreatacceptanceoverthedecadeswithabout80%oftheworldpopulationusingthesystemastheonlyformoftreatment.Theeaseofaccess,availability,effectivenessandaffordabilityofmedicinalplantmakesthemacceptablefortreatingcommonailments.(Dorineet.al.,2021).
Moreover,secondarymetabolitesofvariousplantoriginshaveshownconsiderableagainstmultiplemicrobes.ThishasbeenrecognizedbytheWorldHealthOrganization(WHO)whichconsiderstraditionalmedicinea
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fundamentalcomponentofhealthsystemwithexcellentresultsforusers.(Palhareset.al.,2020).
BryophyllumpinnatumismemberofthefamilyCrassulaceaealsoknownasthefamilyofsproutingleaves;itisbredasadecorativehouseplantonstonesandingardens.Itholdvariousnameslikeairplant,Cathedralbell,lifeplant,resurrectionplantandmiracleleaf,itisalsoknownasEru-odundun(Yoruba),Odaaopue(Igbo)andAbomoda(Hausa).TheplantisnativetoMadagascarbuthasspreadtotropicalandsubtropicalregionsaroundtheworld,includingAfrica,Asia,theCaribbean,andSouthAmerica.(Quazi,et.al.,2018).
Itiscommonworldwideduetoitseaseofcultivationandwidespreaduseinherbalmedicine.Deepgreenandscallopededges,manytrimmedinred,makeupitslushfoliage.ItflowersfromNovembertoMarchandfruitsinApril(Khanet.al.,2009).
B.pinnatumisrecognizedforitshemostaticandwoundhealingcapabilities,Anti-inflammatoryeffect,Antifungalproperties,AntioxidantpropertiesandRenal(Kidney)protectiveeffects.Theleavesareoftenusedtotreatconditionssuchaskidneystones,ulcers,respiratoryinfections,skindiseases,andhypertension.(Akinmoladun,et.al.,2020).Itisagoodsourceofvitaminandincludesalkaloids,flavonoids,saponins,triterpenes,steroids,glycosidesandtaninsasbioactivesubstances(Uchegbuet.al.,2017).
Theplanthasshownanti-leishmanialactivity,hepatoandnephro-protective
effectsandanalgesics,Anti-hypertensiveisonesuggestedactionoftheleafextractandanti-allergicactivity.(Parraet.al.,2019).
Fungalinfectionsposesignificantchallengesinhealthcareandagriculture,particularlyinregionswithscarcecommercialantifungaldrugs.IncircumstancesuchasSomotostateNigeria,wherehightemperatureandhumidityfostertheprevalenceoffungalinfections;theproblemsareworseningduetoantifungalresistance.Bryophyllumpinnatumhasbeentraditionallyusedforwoundhealingandanti-microbialtreatments,yetit'santifungalpotentialremainsunderexplored.(Datani,M,et.al.,2025).

1.2 AIMSANDOBJECTIVESOFTHESTUDYAIMS
ToevaluatetheantifungalpropertiesofBryophyllumpinnatumextractagainstselectedpathogenicfungiandexploreitsefficacyasanaturalremedy.
OBJECTIVES
· TocollectandidentifyhealthyBryophyllumpinnatumleavesforextractionandtoprepareBryophyllumpinnatumleavesextractusingstandardextractiontechniques.
· Totesttheantifungalactivityoftheextractsagainstselectedfungalisolates.
1.3 PROBLEMSTATEMENTOFTHESTUDY
Theriseofantifungalresistanceandsideeffectofconventionaldrugshighlighttheneedforalternativetreatments.Bryophyllumpinnatumknownforitstraditionalmedicinaluseshasshownpotentialantifungalactivity.However,thereislimitedscientificdatavalidatingitsefficacyandspectrumofantifungalactivityagainstclinicallyrelevantfungalisolates.

CHAPTERTWO
2.0.LITERATUREREVIEW

2.1BotanicalDescription:Taxonomy,MorphologyAndNativeHabitatofBryophyllumpinnatum
DESCRIPTION
BryophyllumpinnatumisasucculentperennialherbsofgenusBryophyllumbelongingtofamilyCrassulaceae.Thefamilycomprisesof25generaand450species.Itiserectandgrowsabout1.5mheight(NagaratnaandHedge(2019).ItisanativeofMadagascarbutitisnowwidelynaturalizedintropicalandsub-tropicalregionsaroundtheworld.Itgrowsbetween0.3-2meterswitherect,fleshyandglabrousstemthatmayhaveareddishtingeinyounggrowth.
Thestemsarecylindricalandthickandstoreswatertosurvivedryconditions,theleavesareoppositeandcanbesimplewith3-5leaflets.Theplantproduceserect,terminalinflorescencesthatarepaniculateorcymose,bearingnumeroustubularpendulousflowers.
Thefruitisfolliclecontainingnumeroustinyseedsbutmainlypropagates
vegetativelythroughtheleafplantlets.Overall,Bryophyllumpinnatumis

robust,succulentandfastgrowingplantwithauniquereproductivestrategy,makingitbothanornamentalandmedicinallyvaluablespecieintropicalandsubtropicalarea.(TheGreenInstitute(2017).
TAXONOMY
TaxonomicclassificationofBryophyllumpinnatum:

RANK	CLASSIFICATION
Kingdom	Plantae
Phylum	Tracheophytes

Class	Magnoliopsida

Order	Saxifragales
Family	Crassulaceae
Genus	Bryophyllum

Specie	Bryophyllumpinnatum


BryophyllumisnowgenerallyconsideredasectionwithinthegenusKalanchoebasedonmolecularphylogeneticstudies.(RoyalBotanicGarden,Kew.(2024).

MORPHOLOGY
· PLANT:B.pinnatumisashortsucculentherbmeasuringabout0.3-

1.5minheight.
· PROPAGATION:Adventitiousbudsemergingfromthefissuresalongleafmarginsgiverisetonewplantsoncetheytakeroot.B.pinnatumispredominantlypropagatedthroughvivaparousseedlings,whichexhibitbothsomaticembryogenesisandorganogenesismakingitexemplarymodelforstudyingasexualreproduction(Duet.al.,2023).
· STEM:Theplantstemisdimlyquadrangular,theolderthestem,thelighterthecolour,whereas,theyoungeronesarereddishwithadispersedwhitesprinkles.
· LEAVES:Theleavesoftheplantarefickleanddecussate;theloweronesaregenerallysimple/compound,whiletheupperonesare3-7leafletswithalongpetiole.Aridgeformedbyunionofthepetiolecanbeobservedaroundthestem.Theleafletsareovatealongwithaeratedmargins.Moreover,smallplantletscanbeobservedarisingfromthe
seratedmarginsoftheleaves(Rahmanet.al.,2019).

· FLOWER:Theplantpossessespendulousflowers,whichareabout7cminlength,andthestalkpossessingtheflowermeasureabout10-25mminlengthalongwithprominent,extravagantyellowishgreentopastelgreensepals.Thesepalsundertheflowersarepartiallyfused,formingatubelikestructurespeckledwithreddish-greenspots.Petalsarereddish-purplecoloredandmeasuresaround3-6cminlength.Theyareswollenoroctagonalatthebasewithtriangularlobes.Theantherispinkishhastateandblackwithgreenfilamentswithgreenstyle.Floweringintheplantoccursmostlyinwinterandspring(Rahmanet.al.,2019).
· FRUITS:Theplant'sfruitisflimsyandmembranous,havingfourcylindricalcarpels,whichgenerallyremainsencasedinolderpartsoftheflowers.Thefruitisafolliclecontainingnumerousseeds.
· SEEDS:B.pinnatumseedsaresmall,smooth,oblong,slightlystriateandbrown(Quazimajazet.al.,2022

Fig1DescriptionofBryophyllumpinnatumflowerandleaves
[image: ]

(Source:InternationalPressTelecommunicationsCouncil)

NATIVEHABITAT
BryophyllumpinnatumisnativeofMadagascar.However,ithasbecomenaturalizedinmanytropicalandsubtropicalregionsaroundtheworld,including:TropicalAfrica,SouthandSoutheastAsiae.t.c.Itgrowswellinwelldrainedsoil,sunnyorpartiallyshadedareas,anddisturbedhabitatssuchasroadsides,openwoodlandsandrockyhillsides.Itcanalsobegrownasornamentalplantsingardens.
Itisalsoasucculentplant,makingitwelladaptedtoaridorsemi-aridclimates,althoughthrivesinwarm,moistenvironmentaswell.Itsabilitytoreproducevegetativelyfromleafmarginsallowsitspreadrapidly(GlobalBiodiversityInformationFacility(GBIF)(2023).
2.2.PhytochemicalConstituentsofBryophyllumpinnatum
Numerousimportantchemicalconstituentsandsecondarymetabolitesoftheplanthavebeendocumentedinwhichthemostsignificantarebufadienolidesandflavonoids(Furleret.al.,2020).Fromleaves,bryophyllinBandAhavebeenisolatedwhicharemajorbufadienolides(Potteratet.al.,2021).

Inleavesandtheirextractvariousflavonoidsareseparated,included:quercitin,kapinnatoside,8-methoxyquercetin-3,7-di-orhamnopyranosideand3',4'-dimethoxyquercetin.Otherflavonoidscompoundsi.eAfzelinanda-rhamnoisirobinwerealsofound.Inethanolextractoftheplant,fattyacidssuchasstearicacid,palmiticacidandtracesofthearachidicandbehenicwerealsospotted(Miladet.al.,2018).Thepresenceofalkaloids,saponins,glycosidesandtanninshasbeenconfirmedintheplant(Telepet.al.,2021).
Ithasalsobeenfoundthatthepresenceofdifferentflavonoids,polyphenols,triterpernoidsandotherchemicalconstituentsintheplantareresponsibleforitsvarioustherapeuticactivitiessuchasanti-nociceptive,anti-inflammatory,antibacterialandanti-diabeticeffects(Ferreiraet.al.,2022).Theherbisanexcellentreserveofvitaminssuchasascorbicacid,niacinacidandthiamineacidandalsomineralsi.eCa,Mg,Na,Fe,P,K,andZn(Miladet.al.,2018).Itcontainsessentialoilsandabouttwentyfourcompoundswereisolatedoutofnonanaland(E)-geraxylacetonearethemostabundant.Bryophyllumpinnatumisenrichedwithvarietyofthepharmacologicalactivechemicalsandtherefore,itisnecessaryforcarrying

outfurtherscientificresearchinordertoconfirmthejustificationbehinditsuseinfolktherapeutics(Hamburgeret.al.,2024).
FLAVONOIDS
SeveralflavonoidshavebeenidentifiedfromdifferentpartsofB.pinnatum(Ousta,S.S.,Muizitano,M.F(2019).
Table1FlavanoidsofB.pinnatum

	
CLASSIFICATION
	
COMPOUNDSNAME
	
PARTS

	Flavanoids
	3,8-dimethyl-4,5,-
trihydroxyflavone
	Leaves

	
	4,5,7-Trihydroxy-3',8-
dimethoxyflavone-7-0β-D-glucosepyrano-side(ii)
	Leaves

	
	Afzelin(5)
	Leaves

	
	Astragalin(16)
	Leaves

	
	Luteolin(1)
	Leaves

	
	α-Rhamnivisorobin(iv)
	Leaves

	
	Quercitin(3)
	Leaves

	
	Quercitrin(4)
	Leaves



2.3TraditionalUseofBryophyllumpinnatum
DifferentpartsofBryophyllumpinnatumsuchastheleaves,bark,andthejuicehavefoundapplicationinthemanagementofvariousdiseases.Theleaveshavebeenusedbothinternallyasatonic,carminativeandasanastringent(Fernandes,J.M.,Cunha,L.M.,(2021).Ithasbeenusedagainstmanybacterialviralandfungiinfectionsrelateddiseasessuchasdiarrheaandvomiting,upperrespiratoryinfectionandflu.Ithasalsobeenusedtotreatfever,leishmaniasis(Dasilva,S.A.,Ousta,S.S.,(2022).Ulcerandhypertension(Ojewole,J.Aet.al,2023).Thepotentanti-histamineandanti-allergiceffectsoftheplanthavefurtherbeenreported(Pali,S.,Sen,T.(2019).

Table2.0TraditionalusesofdifferentpartsofB.pinnatum

	PARTS	OF

PLANT
	USES
	PREPARATION

	Leaf
	Forswelling
	Applicationofrawleaf
topically	over	affectedarea

	Leaf
	For	skin	problems

(Scabies)
	Decoctionandjuice

	Stems,Leaf
	Anti-tumoractivity
	Extract

	Leaf
	HighBloodpressure
	Decoction

	Leaf
	Injuryduetonumbnessof
limbs,Paininbones
	Rubbingandmassaging
ofleavepaste

	Leaf,flower
	Wound	ulcer,	diabetes,
analgesic
	Flowerandleavejuice

	Seeds
	Sightdisease
	Theeyeistreatedwithcrushedseedjuice(1-2
dropsdaily,3timesa



	
	
	day)

	Leaf
	Inflammation	in	lungs,
cough
	Syrup,juicewithmilk

	Leaf
	Kidney	problem,	high

cholesterol
	Ingestionofrawleaf


(Selvakumar,P.,Devi,K.2023).



2.4.MEDICALRELEVANCEANDCHALLENGESINTREATMENTMEDICALRELEVANCE
· Anti-inflammatoryandAnalgesicActivity:Bryophyllumpinnatumexhibitssignificantanti-inflammatoryandpain-relievingeffects.Theseareprimarilyattributedtothepresenceofflavonoids,bufadienolides,andotherphenoliccompounds.
· AntimicrobialandAntifungalActivity:Extractsfromtheplanthaveshownbroad-spectrumantimicrobialactivityagainstbacteriaandfungi,includingStaphylococcusaureusandCandidaalbicans.(Akinmoladun,F.O.,et.al.,2020).

· WoundHealing:Bryophyllumpinnatumpromotesfasterwoundcontractionandtissueregenerationduetoitsantimicrobialandanti-inflammatoryproperties;thismakesiteffectiveintreatingskinswellinganddamage.
· AntioxidantProperties:Theplantcontainscompoundssuchasflavonoidsandpolyphenolsthatscavengefreeradicals,indicatingstrongantioxidantactivity.
· AntihypertensiveandAnti-ulcereffect:Aqueousextractsoftheleaveshavedemonstratedbloodpressure-loweringeffectsinhuman,suggestingapossibleroleincardiovascularhealth.Bryophyllumpinnatumextractsprotectthegastricmucosaandreduceulcerformation,possiblythroughcytoprotectiveandantioxidantmechanisms(Ojewole,J.A.O2022).
· UrinaryIssues:Bryophyllumpinnatumisusedtotreaturinaryproblemssuchasstonesandinfections,duetoitstherapeuticcharacteristics.(Sridhar,S.(2019).

ChallengesintreatmentwithBryophyllumpinnatum
· LackofStandardizedDosageandFormulation:MoststudiesinvolvingBryophyllumpinnatumusecrudeextracts,andthereislimiteddataonstandardizeddosingandproperdosageandpreparationmethodsarecrucialtoavoidadverseeffects.
· ChallengesinStandardizationandQualityControl:ThelackofstandardizedextractionmethodsandqualitycontrolmeasurespresentsasignificantchallengeinthetherapeuticuseofBryophyllumpinnatum.Variationsinphytochemicalcontentduetodifferencesingrowingconditionsandextractionprocessescanleadtoinconsistenttherapeuticoutcomes,potentiallycompromisingtheefficacyandsafetyofitstreatment(Kalio,I.S.,Chidinma,E.V.,&Aleru-Chuku
,M.D.(2023).

· SideEffects:ConsumingBryophyllumpinnatuminlargecancausestomachpain,heartburn,nauseaanddiarrhea.
· RegulatoryBarriersandLimitedResearch:Bryophyllumpinnatum
isnotregulatedbymostnationaldrugauthorities,and		herbalsupplements	often	lack	Good	Manufacturing	Practice	(GMP)

standard.Thishindersitsadoptioninmoderntherapeuticsystemsandcreatesconcernsaboutproductsafetyandconsistency.Moreresearchisalsoneededtofullyunderstandtheplant'seffectsandpotentialInteraction(Zurfluh,L.,et.al.,2023).


DespiteitsrichTraditionalhistoryandpromisingpharmacologicalproperties,Bryophyllumpinnatumfacessignificantchallengesincludingtoxicityrisks,lackofclinicaldata,andpoorstandardizationwhichlimitsitswidespreadadoption.
2.5.ANTIFUNGALACTIVITY(EFFECT)OFBryophyllumpinnatumBryophyllumpinnatumhasshownpromisingantifungalactivitiesagainstvariouspathogenicfungiandthisincludes:
· Inhibitionoffungalgrowth:B.pinnatumextracts(especiallyethanol)haveshowninhibitoryeffectsonCandidaalbicansgrowthwhichisacommoncauseofOralandVaginalthrush.
· MechanismsofAction:B.pinnatumpotentialmechanismsinclude:Disruptionoffungalcellmembranes(viasaponins),Inhibition

ofsporegermination,Oxidativestressinductionviaphenolicsandflavonoids(Okpohoet.al.,2020).
· ActiveCompounds:Thepresenceofvarietyofbio-activecompoundinBryophyllumpinnatume.g.,Flavanoids,Terpenoids,Alkaloidse.t.c.helpsindisruptingfungalcellmembraneandinterferewiththemetabolicpathwaysinfungi.
· MinimumInhibitoryConcentration(MIC):TheMICofethanolicextractshasbeenreportedtobeaslowas60mg/mlagainstF.oxysporumandAspergillusniger(Okpohoet.al.,2020).

CHAPTERTHREE
3.0.MATERIALSANDMETHODS
3.1 CollectionandIdentificationofPlantExtractandFungalIsolates.
BryophyllumpinnatumleaveswereobtainedfromAlfaYahya,KwaraState,Ilorin,Nigeria.
Clinicalisolates:Aspergillusniger,FusariumoxysporumandPenicilliumsppobtainedfromtheMicrobiologyLaboratoryofKwaraStatePolytechnic,Ilorin.
MaterialsUsed
Thesearethematerialsusedfortheextractionandisolation:
-Leaf(Bryophyllumpinnatum).
-MortarandPestle.
-Distilledwater.
-Ethanol.
-Beaker.
-Inoculatingloop.
-ConicalFlask.
-Measuringcylinder.
-PotatoDextroseAgar(PDA).
-Petridishes.
-Corkborer(5mm).
-Bursenburner.
-Pressurepot.
-Gas.
-Divider.
-Ruler.
-FungalIsolates(Aspergillusniger,FusariumoxysporumandPenicilliumspp).
-Weighingbalance
-Cottonwool.
-Spatula.
-Foil.
-Handgloves.
-Nosemask.
3.2 PreparationofBryophyllumpinnatumextracts.
Extractionwasdonebywashingtheleavesthoroughlywithdistilledwatertoremoveanyvisibleimpurities.35goftheleaveswasweighedandgroundedusingmortarandpestletoextractthejuicefromtheleaves,then70mlofethanolwasaddedtothepasteandthoroughlymixed.Themixturewasthenfilteredandthefiltratewascollectedandlefttothickenfor2-3days.
3.3 PreparationofMedia
PotatoDextroseAgar(PDA)waspreparedbydissolving11.7gofPDApowderin300mlofdistilledwater.Itwasthenmixedthoroughlywhileheatingtillthepowderdissolvedandwasthensterilizedusingpressurepot

at121°cfor30minutes.Afteritwascooledatroomtemperature,theagarwasdispensedintosterilePetridishes.
3.4 AntifungalActivityTest.
ThetestwascarriedoutusingtheAgarwelldiffusiontechnique.Thepotatodextroseagarinthepetridisheswasallowedtosolidify.Theisolateswereinoculatedintotheplateasepticallyusingasterileinoculatingloop.Aftereachwellswereboredonthesurfaceoftheinoculatedagarplatesusing5mmcorkborer.TheethanolicextractofBryophyllumpinnatumwaspouredintothewellatdifferentconcentrationusingasyringe,oneholewasleftascontrol.Thewellswerewellasspacedtopreventthezonesofinhibitionfromoverlapping.Theplateswerekeptatroomtemperaturefor24hours.

CHAPTERFOUR
4.0.RESULTS

4.1.PHYSICALAPPEARANCEOFTHEEXTRACTRECOVERED
Aftermeasuring70mlofethanolandaddingittothe35goftheB.pinnatum

leaves,theextracthasalightgreencolor.

4.2ANTIFUNGALACTIVITYONSOMEFUNGIISOLATE
TheantifungalactivityofBryophyllumpinnatumsynthesizedwithplantextractwastestedonsomefungiisolate;Penicilliumspp,AspergillusnigerandFusariumoxysporum.Thezonesofinhibitionin(mm)asshowninTable3.0below:
Table3Antifungalactivity(Zoneofinhibition)ofB.pinnatumleafextract
	FUNGAL
ISOLATE
	2mm
	3mm
	4mm

	Penicilliumsp.
	12mm
	_
	_

	Aspergillusniger
	_
	14mm
	12mm

	Fusarium

Oxysporum
	14mm
	10mm
	_



ThistableshowstheeffectsofBryophyllumpinnatumondifferentfungiisolates.
Aspergillusnigershowed14mminhibitionat3mmand12mminhibitionat4mm,Fusariumoxysporumshowed14mminhibitionat2mmand10mmat3mmwhichindicateshighsusceptibilitytoB.pinnatumwhilePenicilliumsppshowedonly10mmat2mmmakingitresistanttoB.pinnatum.TheseinhibitionzonesconfirmthattheBryophyllumpinnatumleafextractwaseffectiveinsuppressingthegrowthofthesefungi,especiallyAspergillusnigerandFusariumoxysporum,whichshowedsubstantialinhibition.
4.3PhythochemicalScreeningofBryophyllumpinnatum
TheleafextractofBryophyllumpinnatumisrichinvariousPhytochemicalsincluding:
· Flavonoids.

· Saponins.
· Tannins.

· Alkaloidscompounds.
· Glycosides.
Thesecompoundshavebeenreportedtopossesreducingpropertieswhichcontributetotheplantstherapeuticeffects.

CHAPTERFIVE
5.1.DISCUSSION
Fungalinfectionposeasignificantthreattopublichealth,withtheriseofdrugresistantstrainsasmajorconcern,developmentofnewdrugscouldbeusefulintreatingthem.
Fromtheresultsobtained,FusariumoxysporumandAspergillusnigeraremoresusceptibletotheethanolicextractofBryophyllumpinnatumthanPenicilliumsppwhichisabitresistanttotheextract.
TheseresultsareconsistentwithpreviousstudiesthathavereportedthepresenceofbioactivecompoundsinB.pinnatum,includingflavonoids,alkaloids,saponins,tannins,andglycosides,manyofwhichhaverecognizedantifungalactivity.Themechanismofactionofflavonoidsandsaponinsareknowntodisruptfungalcellmembranes,whiletanninsmayinhibitfungalenzymesorinterferewithcellwallsynthesis(Akinmoladun,F.O,etal.,2020).
Limitedresearchhasbeendoneonidentificationandquantificationof
specificantifungalcompounds,absenceofinvivotesting,andnoassessmentofpotentialcytotoxicity.

Furtherstudiesarerecommendedtoisolatetheactivecomponents,clarifytheirmechanismsofaction,andassessthetherapeuticindexthroughanimalmodelsandclinicaltrials.
5.2CONCLUSION
ThestudyshowsthatBryophyllumpinnatumethanolextractshavemoderateantifungalactivity.TheethanolicextractfromtheleavesdemonstratesignificantInhibitoryeffectsagainstcommonpathogenicfungi,includingAspergillusniger,FusariumoxysporumandPenicilliumspp.Theseeffectsareattributedtotheplant’srichphytochemicalcontent,particularlyflavonoids,alkaloids,tannins,andsaponins,whichareknowntoexertantimicrobialpropertiesbydisruptingfungalcellmembranesandinhibitingfungalgrowth.
ThefindingssupportthetraditionaluseofB.pinnatuminthetreatmentoffungalinfectionsandsuggestitspotentialasasourceofnaturalantifungalagents.Comparedtosyntheticantifungals,plant-basedtreatmentslikeB.pinnatumoffertheadvantagesoflowertoxicity,reducedresistancedevelopment,andcost-effectiveness,particularlyinlow-resourcesettings.

However,furtherresearch,includingphytochemicalisolation,mechanismofactionstudies,andinvivoevaluationsisessentialtofullyestablishitstherapeuticpotentialanddevelopstandardizedformulationsforclinicaluse.
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