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Abstract

The study was carried out to evaluate the antifungal effect of Bryophyllum pinnatumagainstAspergillusniger,PenicillumspandFusariumoxysporum. The ethanolic extract exhibit higher antifungal activity against Fusarium oxysporum(14mmat2mm)andAspergillusniger(14mmat3mm),incontrast Penicillium spp demonstrated resistance against B.pinnatum". This study suggest that Bryophyllum pinnatum possesses significant antifungal properties and could serve as a source for developing alternative antifungal agents, especially in regions with limited access to conventional pharmaceuticals.

CHAPTERONE
1.0INTRODUCTION

1.1.Background of Bryophyllumpinnatum
Fungal infections pose a significant threat to public health, particularly with theriseofdrugresistantstrainssuchas;Candidaalbican,Aspergillussppand dermatophytes(Perfect,JR.(2017).Medicinalherbshavebeenutilizedsince longagoforthetreatmentofdifferentailmentsinmultipletraditionalsystems suchasTraditionalChinesemedicineandvariousindigenoushealingsystems. (Mekuria et.al., 2017).
Traditional herbal medicine has received great acceptance over the decades with about 80%of the world population using the system as the only formof treatment. The ease of access, availability, effectiveness and affordability of medicinalplantmakesthemacceptablefortreatingcommonailments.(Dorine et.al., 2021).
Moreover, secondary metabolites of various plant origins have shown considerable against multiple microbes. This has been recognized by the World Health Organization (WHO) which considers traditional medicine a

 (
1
)
fundamental component of health system with excellent results for users. (Palhares et.al., 2020).
Bryophyllum pinnatum is member of the family Crassulaceae also known as thefamilyofsproutingleaves;itisbredasadecorativehouseplantonstones andingardens.Itholdvariousnameslikeairplant,Cathedralbell,lifeplant, resurrectionplantandmiracleleaf,itisalsoknownasEru-odundun(Yoruba), Odaaopue (Igbo) and Abomoda (Hausa). The plant is native to Madagascar buthasspreadtotropicalandsubtropicalregionsaroundtheworld,including Africa, Asia, the Caribbean, and South America.(Quazi, et.al., 2018).
It is common worldwide due to its ease of cultivation and widespread use in herbalmedicine.Deepgreenandscallopededges,manytrimmedinred,make upits lush foliage. It flowers from November to March and fruits in April (Khan et.al., 2009).
B. pinnatumis recognized for its hemostatic and wound healing capabilities, Anti-inflammatory effect, Antifungal properties,Antioxidant properties and Renal(Kidney)protectiveeffects.Theleavesareoftenusedtotreatconditions suchaskidneystones,ulcers,respiratoryinfections,skindiseases,and
hypertension.(Akinmoladun,et.al.,2020).Itis agoodsource ofvitamin and

includes alkaloids, flavonoids, saponins, triterpenes, steroids, glycosides and tanins as bioactive substances (Uchegbu et.al., 2017).
The plant has shown anti-leishmanial activity, hepato and nephro-protective effects and analgesics, Anti-hypertensive is one suggested action of the leaf extract and anti-allergic activity. (Parra et.al.,2019).
Fungal infections pose significant challenges in healthcare and agriculture, particularly in regions with scarce commercial antifungal drugs. In circumstance such as Somoto state Nigeria, where high temperature and humidity foster the prevalence of fungal infections; the problems are worsening due to antifungal resistance. Bryophyllum pinnatum has been traditionally used for wound healing and anti-microbial treatments, yet it's antifungal potential remains underexplored. (Datani, M, et.al.,2025).

1.2 AIMSANDOBJECTIVESOFTHESTUDY AIMS
ToevaluatetheantifungalpropertiesofBryophyllumpinnatumextractagainst selected pathogenic fungi and explore its efficacy as a natural remedy.
OBJECTIVES
· TocollectandidentifyhealthyBryophyllumpinnatumleavesfor

extractionandtoprepareBryophyllumpinnatumleavesextract using standard extraction techniques.
· Totesttheantifungalactivityoftheextractsagainstselectedfungal isolates.
1.3 PROBLEMSTATEMENTOFTHESTUDY
The rise of antifungal resistance and side effect of conventional drugs highlight the need for alternative treatments. Bryophyllum pinnatum known for its traditional medicinal uses has shown potential antifungal activity. However, there is limited scientific data validating its efficacy and spectrum of antifungal activity against clinically relevant fungal isolates.

CHAPTERTWO
2.0.LITERATUREREVIEW

2.1BotanicalDescription:Taxonomy,MorphologyAndNativeHabitat of Bryophyllum pinnatum
DESCRIPTION
Bryophyllum pinnatum is a succulent perennial herbs of genus Bryophyllum belongingtofamilyCrassulaceae.Thefamilycomprisesof25generaand450 species.Itiserectandgrowsabout1.5mheight(NagaratnaandHedge(2019). It is a native of Madagascar but it is now widely naturalized in tropical and sub-tropical regions around the world. It grows between 0.3-2 meters with erect,fleshyandglabrousstemthatmayhaveareddishtingeinyounggrowth. Thestemsarecylindricalandthickandstoreswatertosurvivedryconditions, theleavesareoppositeandcanbesimplewith3-5leaflets.Theplantproduces erect,terminalinflorescencesthatarepaniculateorcymose,bearingnumerous tubular pendulous flowers.
The fruit is follicle containing numerous tiny seeds but mainly propagates vegetativelythroughtheleafplantlets.Overall,Bryophyllumpinnatumis

robust, succulent and fast growing plant with a unique reproductive strategy, makingitbothanornamental andmedicinallyvaluablespecieintropical and sub tropical area. (The Green Institute (2017).
TAXONOMY
TaxonomicclassificationofBryophyllumpinnatum:

RANK	CLASSIFICATION
Kingdom	Plantae
Phylum	Tracheophytes

Class	Magnoliopsida
Order	Saxifragales
Family	Crassulaceae
Genus	Bryophyllum

Specie	Bryophyllumpinnatum


Bryophyllum is now generally considered a section within the genus Kalanchoebasedonmolecularphylogeneticstudies.(Royal BotanicGarden, Kew. (2024).

MORPHOLOGY
· PLANT:B.pinnatumisashortsucculentherbmeasuringabout0.3-

1.5minheight.
· PROPAGATION: Adventitious buds emerging from the fissures along leaf margins give rise to new plants once they take root. B. pinnatum is predominantly propagated through vivaparous seedlings, which exhibit both somatic embryogenesis and organogenesis making itexemplarymodelforstudyingasexualreproduction(Duet.al.,2023).
· STEM: The plant stem is dimly quadrangular, the older the stem, the lighter the colour, whereas, the younger ones are reddish with a dispersed white sprinkles.
· LEAVES: The leaves of the plant are fickle and decussate; the lower ones are generally simple/compound, while the upper ones are 3-7 leaflets with a long petiole. Aridge formed byunion of thepetiolecan beobserved around thestem. The leaflets are ovate along withaerated margins. Moreover, small plantlets can be observed arising from the serated margins of the leaves (Rahman et.al., 2019).

· FLOWER: The plant possesses pendulous flowers, which are about 7cm in length, and the stalk possessing the flower measure about 10- 25mm in length along with prominent, extravagant yellowish green to pastel green sepals. The sepals under the flowers are partially fused, forming a tube like structure speckled with reddish-green spots. Petals arereddish-purplecoloredandmeasuresaround3-6cminlength.They areswollenoroctagonalatthebasewithtriangularlobes.Theantheris pinkish hastate and black with green filaments with green style. Flowering in the plant occurs mostly in winter and spring (Rahman et.al., 2019).
· FRUITS: The plant's fruit is flimsy and membranous, having four cylindrical carpels, which generally remains encased in older parts of the flowers. The fruit is a follicle containing numerous seeds.
· SEEDS: B. pinnatum seeds are small, smooth, oblong, slightly striate and brown (Quazi majaz et.al., 2022

Fig1DescriptionofBryophyllumpinnatumflowerandleaves
[image: 1749292007508.jpg]

(Source:InternationalPressTelecommunicationsCouncil)

NATIVEHABITAT
Bryophyllum pinnatum is native of Madagascar. However, it has become naturalized in many tropical and sub tropical regions around the world, including:Tropical Africa, South and Southeast Asia e.t.c. It grows well in welldrainedsoil,sunnyorpartiallyshadedareas,anddisturbedhabitatssuch as roadsides, open wood lands and rocky hill sides. It can also begrown as ornamental plants in gardens.
It is also a succulent plant, making it well adapted to arid or semi-arid climates, although thrives in warm, moist environment as well. Its ability to reproduce vegetatively from leaf margins allows it spread rapidly (Global Biodiversity Information Facility (GBIF) (2023).
2.2.PhytochemicalConstituentsofBryophyllumpinnatum
Numerousimportantchemicalconstituentsandsecondarymetabolitesofthe planthavebeendocumentedinwhichthemostsignificantarebufadienolides and flavonoids (Furler et.al., 2020). From leaves, bryophyllin B and A have been isolated which are major bufadienolides (Potterat et.al., 2021).

In leaves and their extract various flavonoids are separated, included: quercitin,kapinnatoside,8-methoxyquercetin-3,7-di-orhamnopyranosideand 3', 4'-dimethoxy quercetin. Other flavonoids compounds i.e Afzelin and a- rhamnoisirobin were also found. In ethanol extract of the plant, fatty acids suchasstearicacid,palmiticacidandtracesofthearachidicandbehenicwere also spotted (Milad et.al., 2018). The presence of alkaloids, saponins, glycosides and tannins has been confirmed in the plant (Telep et.al., 2021).
It has also been found that the presence of different flavonoids, polyphenols, triterpernoids and other chemical constituents in the plant are responsibleforitsvarioustherapeuticactivitiessuchasanti-nociceptive,anti- inflammatory, antibacterial and anti-diabetic effects (Ferreira et.al., 2022). Theherbisanexcellentreserveofvitaminssuchasascorbic acid,niacinacid andthiamineacidandalsomineralsi.eCa,Mg,Na,Fe,P,K,andZn(Milad et.al.,2018).Itcontainsessentialoilsandabouttwentyfourcompoundswere isolated out of nonanal and (E)-geraxylacetone are themost abundant. Bryophyllumpinnatumisenrichedwithvarietyofthepharmacologicalactive chemicals and therefore, it is necessary for carrying

outfurtherscientificresearchinordertoconfirmthejustificationbehindits use in folk therapeutics (Hamburger et.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
Different parts of Bryophyllum pinnatum such as the leaves, bark, and the juice have found application in the management of various diseases. The leaves have been used both internally as a tonic, carminative and as an astringent (Fernandes, J.M., Cunha, L.M., (2021). It has been used against manybacterialviralandfungiinfectionsrelateddiseasessuchasdiarrheaand vomiting, upper respiratory infection and flu. It has also been used to treat fever, leishmaniasis (Da silva, S.A., Ousta, S.S., (2022). Ulcer and hypertension (Ojewole, J.A et.al, 2023). The potent anti-histamine and anti- allergiceffectsoftheplanthavefurtherbeenreported(Pali,S.,Sen,T.(2019).

Table2.0TraditionalusesofdifferentpartsofB.pinnatum

	PARTS	OF

PLANT
	USES
	PREPARATION

	Leaf
	Forswelling
	Applicationofrawleaf
topically	over	affected area

	Leaf
	For	skin	problems
(Scabies)
	Decoctionandjuice

	Stems,Leaf
	Anti-tumoractivity
	Extract

	Leaf
	HighBloodpressure
	Decoction

	Leaf
	Injuryduetonumbnessof limbs, Pain in bones
	Rubbingandmassaging of leave paste

	Leaf,flower
	Wound	ulcer,	diabetes, analgesic
	Flowerandleave juice

	Seeds
	Sightdisease
	Theeyeistreatedwith crushedseedjuice(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.MEDICALRELEVANCEANDCHALLENGESINTREATMENT MEDICAL RELEVANCE
· Anti-inflammatory and Analgesic Activity: Bryophyllum pinnatum exhibitssignificantanti-inflammatoryandpain-relievingeffects.These are primarily attributed to the presence of flavonoids, bufadienolides, and other phenolic compounds.
· Antimicrobial andAntifungal Activity:Extracts fromtheplanthave shown broad-spectrum antimicrobial activity against bacteria and fungi, including Staphylococcus aureus and Candida albicans. (Akinmoladun, F.O., et.al., 2020).

· Wound Healing: Bryophyllum pinnatum promotes faster wound contraction and tissue regeneration due to its antimicrobial and anti- inflammatory properties; this makes it effective in treating skin swelling and damage.
· Antioxidant Properties: The plant contains compounds such as flavonoids and polyphenols that scavenge free radicals, indicating strong antioxidant activity.
· Antihypertensive and Anti-ulcer effect: Aqueous extracts of the leaves have demonstrated blood pressure-lowering effects in human, suggesting a possible role in cardiovascular health. Bryophyllum pinnatum extracts protect the gastric mucosa and reduce ulcer formation , possibly through cytoprotective and antioxidant mechanisms (Ojewole, J.A.O 2022).
· Urinary Issues:Bryophyllum pinnatum is used to treat urinary problems such as stones and infections, due to its therapeutic characteristics. (Sridhar, S. (2019).

ChallengesintreatmentwithBryophyllumpinnatum
· Lack of Standardized Dosage and Formulation: Most studies involvingBryophyllumpinnatumusecrudeextracts,andthereislimited data on standardized dosing and proper dosage andpreparation methods are crucial to avoid adverse effects.
· Challenges in Standardization and Quality Control: The lack of standardized extractionmethodsandqualitycontrol measurespresents asignificantchallengeinthetherapeuticuseofBryophyllumpinnatum. Variations in phytochemical content due to differences in growing conditionsandextractionprocessescanleadtoinconsistenttherapeutic outcomes, potentially compromising the efficacy and safety of its treatment (Kalio , I. S., Chidinma , E. V., & Aleru-Chuku
,M.D.(2023).

· SideEffects:ConsumingBryophyllum pinnatuminlarge can cause stomach pain, heart burn, nausea and diarrhea.
· RegulatoryBarriersandLimitedResearch:Bryophyllumpinnatum
isnotregulatedbymostnationaldrugauthorities,and		herbal supplements	often	lack	Good	Manufacturing	Practice	(GMP)

standard.This hinders its adoption in modern therapeutic systems and creates concerns about product safety and consistency. More research is also needed to fully understand the plant's effects and potential Interaction (Zurfluh, L., et.al., 2023).


Despite its rich Traditional history and promising pharmacological properties, Bryophyllum pinnatum faces significant challenges including toxicity risks, lack of clinical data, and poor standardization which limits its widespread adoption.
2.5.ANTIFUNGALACTIVITY(EFFECT)OFBryophyllumpinnatum Bryophyllum pinnatum has shown promising antifungal activities against various pathogenic fungi and this includes:
· Inhibitionoffungalgrowth:B.pinnatumextracts(especiallyethanol) have shown inhibitory effects on Candida albicans growth which is a common cause of Oral and Vaginal thrush.
· Mechanisms of Action: B. pinnatum potential mechanisms include:Disruptionoffungalcellmembranes(viasaponins),Inhibition

of spore germination, Oxidative stress induction via phenolics and flavonoids (Okpoho et.al., 2020).
· Active Compounds: The presence of variety of bio-active compound in Bryophyllumpinnatum e.g., Flavanoids, Terpenoids, Alkaloids e.t.c. helps in disrupting fungal cell membrane and interfere with the metabolic pathways in fungi.
· Minimum Inhibitory Concentration (MIC): The MIC of ethanolic extracts has been reported to be as low as 60mg/ml against F. oxysporum and Aspergillus niger (Okpoho et.al., 2020).

CHAPTERTHREE
3.0.MATERIALSANDMETHODS
3.1 CollectionandIdentificationofPlantExtractandFungalIsolates.
Bryophyllum pinnatum leaves were obtained from Alfa Yahya, Kwara State,Ilorin, Nigeria.
Clinicalisolates:Aspergillusniger,FusariumoxysporumandPenicilliumspp obtained from the Microbiology Laboratory of Kwara State Polytechnic, Ilorin.
MaterialsUsed
Thesearethematerialsusedfortheextractionandisolation:

· Leaf(Bryophyllumpinnatum).

· Mortarand Pestle.

· Distilledwater.

· Ethanol.

· Beaker.

· Inoculatingloop.

· ConicalFlask.

· Measuringcylinder.

· PotatoDextroseAgar(PDA).

· Petri dishes.

· Corkborer (5mm).

· Bursenburner.

· Pressurepot.

· Gas.

· Divider.

· Ruler.

· FungalIsolates(Aspergillusniger,Fusarium oxysporum andPenicillium spp).
· Weighingbalance

· Cottonwool.

· Spatula.

· Foil.

· Handgloves.

· Nose mask.

3.2 PreparationofBryophyllumpinnatumextracts.
Extractionwasdonebywashingtheleaves thoroughlywithdistilled water to

remove any visible impurities. 35g of the leaves was weighed and grounded using mortar and pestle to extract the juice from the leaves, then 70ml of ethanol was added to the paste and thoroughly mixed. The mixture was then filtered and the filtrate was collected and left to thicken for 2-3 days.
3.3 PreparationofMedia

Potato Dextrose Agar (PDA) was prepared by dissolving 11.7g of PDA powder in 300ml of distilled water. It was then mixed thoroughly while heating till the powder dissolved and was then sterilized using pressure potat121°cfor30minutes.Afteritwascooledatroomtemperature,theagarwas
dispensedintosterilePetridishes.
3.4 AntifungalActivityTest.
The test was carried out using the Agar well diffusion technique. The potato dextrose agar in the petri dishes was allowed to solidify. The isolates were inoculatedintotheplateasepticallyusingasterileinoculatingloop.Aftereach wellswereboredonthesurfaceoftheinoculatedagarplatesusing5mmcork borer. The ethanolic extract of Bryophyllum pinnatum was poured into the well at different concentration using a syringe, one hole was left as control. Thewellswerewellasspacedtopreventthezonesofinhibitionfrom

overlapping.Theplateswerekeptatroomtemperaturefor24hours.

CHAPTERFOUR
4.0.RESULTS

4.1.PHYSICALAPPEARANCEOFTHEEXTRACTRECOVERED
Aftermeasuring70mlofethanolandaddingittothe35goftheB.pinnatum

leaves,theextracthasalightgreencolor.

4.2ANTIFUNGALACTIVITYONSOMEFUNGIISOLATE
The antifungal activity of Bryophyllum pinnatum synthesized with plant extract was tested on some fungi isolate; Penicillium spp, Aspergillus niger andFusariumoxysporum.Thezonesofinhibitionin(mm)asshowninTable
3.0below:

Table 3 Antifungal activity (Zone of inhibition) of B. pinnatum leaf extract
	FUNGAL
ISOLATE
	2mm
	3mm
	4mm

	Penicilliumsp.
	12mm
	_
	_

	Aspergillusniger
	_
	14mm
	12mm

	Fusarium
Oxysporum
	14mm
	10mm
	_



ThistableshowstheeffectsofBryophyllumpinnatumondifferentfungiisolates.
Aspergillusnigershowed14mminhibitionat3mmand12mminhibitionat4mm, Fusariumoxysporumshowed14mminhibitionat2mmand10mmat3mmwhich indicates high susceptibility to B.pinnatum while Penicillium spp showed only 10mmat 2mmmaking it resistantto B.pinnatum.These inhibitionzones confirm that the Bryophyllum pinnatum leaf extract was effective in suppressing the growth of these fungi, especially Aspergillus niger and Fusarium oxysporum, which showed substantial inhibition.
4.3PhythochemicalScreeningofBryophyllumpinnatum TheleafextractofBryophyllumpinnatumisrichinvarious Phytochemicals including:
· Flavonoids.

· Saponins.
· Tannins.

· Alkaloidscompounds.
· Glycosides.
Thesecompoundshavebeenreportedtopossesreducingproperties whichcontribute to the plants therapeutic effects.

CHAPTERFIVE
5.1.DISCUSSION
Fungalinfectionposeasignificantthreattopublichealth,withtheriseofdrug resistantstrainsasmajorconcern,developmentofnewdrugscouldbeuseful in treating them.
From the results obtained, Fusarium oxysporum and Aspergillus niger are more susceptible to the ethanolic extract of Bryophyllum pinnatum than Penicillium spp which is a bit resistant to the extract.
These results are consistent with previous studies that have reported the presence of bioactive compounds in B. pinnatum, including flavonoids, alkaloids, saponins, tannins, and glycosides, many of which have recognized antifungal activity. The mechanism of action of flavonoids and saponins are known to disrupt fungal cell membranes, while tannins may inhibit fungal enzymesorinterferewithcellwallsynthesis(Akinmoladun,F.O,etal.,2020). Limited research has been done on identification and quantification of specificantifungalcompounds,absenceofinvivotesting,andnoassessment of potential cytotoxicity.

Further studies are recommended to isolate the active components, clarify their mechanisms of action, and assess the therapeutic index through animal models and clinical trials.
5.2 CONCLUSION
Thestudyshows that Bryophyllumpinnatum ethanolextracts have moderate antifungal activity. The ethanolic extract from the leaves demonstrate significant Inhibitory effects against common pathogenic fungi, including Aspergillusniger,FusariumoxysporumandPenicilliumspp.Theseeffectsare attributed to the plant’s rich phytochemical content, particularly flavonoids, alkaloids, tannins, and saponins, which are known to exert antimicrobial propertiesbydisruptingfungalcellmembranesandinhibitingfungalgrowth. The findings support the traditional use of B. pinnatum in the treatment of fungal infections and suggest its potential as a source of natural antifungal agents. Compared to synthetic antifungals, plant-based treatments like B. pinnatum offer the advantages of lower toxicity, reduced resistance development, and cost-effectiveness, particularly in low-resource settings.

However, further research,including phytochemical isolation,mechanism of action studies, and in vivo evaluations is essential to fully establish its therapeutic potential and develop standardized formulations for clinical use.
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