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ABSTRACT

The efficacy of treatments with C. papaya is depehdn the quantity of the different chemical sailhsés present
in the preparation. The quantity of chemical substs varies in the fruit, latex, leaves, and rcatd varies with
the extraction method, age of the plant part, amel ¢ultivar and sex of the tree. The antibacteaiatl antifungal
ability of both fresh and dried leaves of C. papagginst bacteria and fungi of medical importancasvearried
out. The aqueous, ethanol and acetone extract tf thee dried and fresh leaves were tested at 25arkD 100
mg/ml concentrations on both the bacteria and fusgiates using the disc diffusion method. Reslitaved very
significant broad spectrum antimicrobial activitgainst Gram-negative and Gram-positive bacteria &mtyi. The
organic extracts were more effective than aqueodsaets. The result further showed that the dry glenwas
effective against both Gram-positive and Gram-niegabacteria while the fresh sample was more effecgainst
Gram-negative bacteria. The dried leaf extract ywasent against some of the bacteria which standartibiotics
were not able to inhibit. C. papaya leaves showedbedter antibacterial activity than antifungal adty.
Demonstration of antimicrobial activity against ttest isolates is an indication that there is pbaisy of sourcing
alternative antibiotic substances in this plant fbe development of newer antibacterial agents.

Keywords. Carica papayaantimicrobial, antibacterial, antifungal, sensttyyizone of inhibition.

INTRODUCTION

The frequency and diversity of life-threateningeictions caused by pathogenic microorganisms hasdsed
steadily worldwide and it is becoming an importaause of morbidity and mortality in immunocomproaais
patients especially in developing countrjgk Infectious diseases are the world’s major dhite human health and
account for almost 50 000 deaths every day [2]. igemece of resistant strains of pathogenic micrausya has
also continued to pose a major health concern ateuefficacy of several drugs, most importantlyitaatics in
current use [3]. This increasing rate of developnoémesistance to commonly used antibiotics hdgdethe search
for newer, more effective, affordable and readilgitable sources, in particular, from local medatiplants (herbs)
[4]. Plants are the most naturally effective anéagest sources of drugs [5-7]. The use of locaitplas primary
health remedies, due to their pharmacological pt@se is quite common in Asia, Latin America, USBhina,
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Japan and Africa [8]. The plant kingdom synthesiigerse active compounds which are valuable inttda&tment
and control of many diseases. These compounds @meigally secondary metabolites. Some of the activ
compounds do occur singly or in combination withestinactive substances which inhibit greatly tife processes

of microbes, especially the pathogenic microbes.dideal plants are cheap and renewable source of
pharmacologically active substances [9].

Medicinal plants are reservoirs of various metdbsland provide unlimited source of important cleatsithat have
diverse biological properties and represents asailrce from which antimicrobial agents can beiobth[3].The
antimicrobial properties of plants have been ingeséd by a number of studies worldwide and manthefn have
been used as therapeutic alternatives becauseiofatfitimicrobial properties [10]. Antimicrobial$ plant origin
effective in the treatment of infectious diseasad aimultaneously mitigating many of the side efeoften
associated with synthetic antimicrobial agents Hasen discovered [11-12]. Medical uses of plantgearom the
administration of the roots, barks, stems, leaneksszeds to the use of extracts and decoctiontiiemlants [13].
Carica papayabelongs to the family of Caricaceae, and sevapaties of Caricaceae have been used as remedy
against a variety of diseases [14]. Papaya offetsonly the luscious taste but is a rich sourceamtioxidant
nutrients such as carotenes, vitamin C and flawmadhe B vitamins, folate and pantothenic acid tire minerals,
potassium and magnesium; and fiber [15]. Togethese nutrients promote the health of the cardmias system
and also provide protection against colon cancke fFuit is valued for its proteolytic enzymes unding papain,
which is used like bromelain, a similar enzyme foum pineapple, to treat sports injuries, othersesuof trauma,
and allergies [16]. Biochemically, its leaves andgitfare complex, producing several proteins anlalds with
important pharmaceutical and industrial applicaifti7]. Carapine an alkaloid present in papaya, can be used as a
heart depressant, amoebicide and diuretic. Thednd juice are consumed for gastrointestinal ailisiea fresh leaf
poultice is used to treat sores. The fresh rooh witgarcane alcohol can be taken orally or as &agasto soothe
rheumatism. A flower decoction is taken orally fmughs, bronchitis, asthma and chest colds. In smmatries,
the seeds are used as an abortifacient and vemmifdgdical research in animals has confirmed theraceptive
and abortifacient capability of papaya. Its sedds have contraceptive effects in adult male Langankeys,
possibly in adult male humans [18-20]. The seepapfaya has antimicrobial activity agaifisichomonas vaginalis
trophozoites. It could also be used in urinogerdiabrder like trichomoniasis with care to avoiditity [21]. The
seeds, irrespective of its fruit maturity stagesehbacteriostatic activity on gram positive and ateg organisms
which could be useful in treating chronic skin ulceowever, little information [22] exits on the tanicrobial
property ofC. papayadried and fresh leaves. In this study, we investigahe antibacterial and antifungal ability of
both fresh and dried leaves©f papayaagainst bacteria and fungi of medical importance.

MATERIALSAND METHODS

Collection of plant samples

Healthy disease free, mature fresh plant leaf sesnplC. papayawere collected locally from Babcock University
campus, llisan Remo, Ogun State. The fresh leaws wnsed thoroughly 2-3 times with running tapevand
once with sterile water and grounded into fine uextusing an electric blender, kept in a beakealeseand then
placed in a cool place prior to its use for theraotion. Also some of the leaves were air-dried Zaveeks and
grounded into fine texture using an electric blendde dried leaves were stored in sealed andddbabntainers
for use.

Plant extract preparation (fresh and dried leaves)
C. papaydresh and dried leaves were separately extracidudtivee solvents; ethanol, acetone and watengutsie
method as described by Oyagadal [23].

The fresh water extract was prepared by susperidiigrams of the finely blended fresh and drieddsaa 200ml

of distilled water. This was then agitated using bikender after which another 300ml of distilledtevavas added.
The mixture was stirred every 3 minutes for 30 rteéswand then allowed to stand for 24 hours. Theaeixtvas then
decanted and filtered through a Whatman filter pafdée filtrate was then concentrated with therpevaporator
at 45°C. This extract was then stored in the refatpr at 4°C until use. The ethanol extract wapared by
suspending 100grams of the finely blended freshdxiret! leaves in 500ml of 95% ethanol. The mixtweaes then
treated as described for the aqueous extract. déterze extract was prepared by suspending 100grhthe finely

blended fresh and dried leaves in 500ml of 95%cameeaind subsequently processed as the other extract
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Preparation of different concentrations of the extracts

The stock (200mg/ml) was prepared by reconstitudiggf each of the extracts in 20ml of their resppecsolvent.
Different concentrations (100mg/ml, 50mg/ml and 2&ml) of each of the extracts were then preparethftheir
stock. In preparing the 100mg/ml concentrations, &nthe different stock solutions of the extraatsre transferred
to a 10ml volumetric flask and made to mark withitlrespective solvents. For the 50mg/ml prepanatto5ml of
the different stock solutions of the extracts weamsferred to a 10ml volumetric flask and madentok with their
respective solvents. For t5mg/ml preparation, 1.25ml of the different stosdutions of the extracts were
transferred to a 10ml volumetric flask and madméok with their respective solvents.

Collection and maintenance of test organisms

The test organisms used are all human pathogeganmms of clinical origin. They include five straiof Gram-
positive bacteria, seven strains of Gram-negataetdrsia and six fungi isolates. The Gram-negaseéates include
three strains oEscherichia coli - E. col(ATCC 23922) E. coli (ATCC 25922)and E. coli(ATCC 35218)
Klebsiella pneumoniad ATCC 700603) K. oxytocum, Pseudomonas aerugingdd CC 27853) and Proteus
vulgaris (ATCC 13315) The Gram-positive isolates include three stainsStafphylococcus aureusS. aureus
(ATCC 29213),S. aureugATCC 55620) ands. aureugATCC 25923);Enterococcus faecali@TCC 29212) and
Streptococcus pyogen€¢ATCC 8662) The fungi isolates includeAspergillus niger, A. flavus, A. carbonerius,
Epidermophyton floccosum, Trichophyton metagroghyed Candida albicansThey were obtained from the
Department of Medical Laboratory Sciences, Schd®ledical Sciences, Babcock University, llisan-Rer@gun
State. They were kept as stock cultures at 4°Cclizimical analysis was carried out on each of thedsyanisms
for confirmation.

Antimicrobial Assay of the Extracts

Antimicrobial susceptibility test for Bacteria

The disc diffusion method was used to determineathigbacterial activity of the plant extracts. Aoppfull each
of the twelve bacteria were introduced separatglgtteaking on petri dishes containing Mueller dmagar which
had already set and were then labelled accordifigig.plates were cultured at 37°C for 10mins afieich a sterile
5mm cork borer was used to make holes (wells) @ittoculated agar. The wells formed were filledhwélach
concentration of the extract. This was done fohe#dhe concentrations of each extract for bothdtied and fresh
leaves. These were then left on the bench for 1lfmuadequate diffusion of the extracts and theezafvere
incubated at 37°C for 24hours. After incubatiorg tiameter of the zone of inhibition around eacHl wes
measured to the nearest millimetre along two aixes90° to each other) and the mean of the twdinga was then
calculated.

Antibiotic sensitive test

Antibiotic susceptibility test was carried out dmettest bacteria as control. A multi-sensitivitgadbearing ten
different antibiotics (OFL, TET, NIT, COT, NAL, GEMUG, AMX, CHL and ERY) was used against eachhaf t
test bacteria inoculated on Mueller Hinton agatgdaThese were incubated at 37°C for 24hoursr Aftaibation,

the diameter of the zone of inhibition around eaell was measured to the nearest millimetre alovigaxes (i.e.

90° to each other) and the mean of the two readiagsthen calculated.

Antimicrobial susceptibility test for fungi

Potato Dextrose Agar (PDA) was used for the indaaof the studied fungi. Stock cultures were rneimed at
room temperature on PDA. Active cultures for expemts were prepared by seeding a loopful of fungp i
Potatoes dextrose broth and incubated without tawitdor 48 hrs at 22C. The broth was diluted with Potatoes
dextrose broth to achieve optical densities coording to 2.0 x 18 spore/ml for the fungal strains. The disc
diffusion method was also used to screen for amgifli properties. PDA plates were inoculated with @fithe test
culture, spread and the excess drained off. Thie plas incubated at room temperature for 10 mintesterile
5mm cork borer was used to make ditches on eadb ptal filled with the different concentrationstbé various
extracts. The same was repeated for each fungng tis¢ different concentrations of the various&ots. The plates
were incubated at 28 for 96hrs and the resulting zone of inhibitiorowrd the ditches was observed for
measurement. Control test was carried out usingglof Fluconazole.

Determination of Minimum Inhibitory Concentration (M1C)
In determining the minimum bacterial growth inhibit of the various extracts, different increasingaentration of
the extracts was utilized. 2 mls of nutrient bratéis prepared into test tubes for each extract addd&d ml of 5 —
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150 mg/ml of each extract was added to the diffetest tubes containing the nutrient broth. This weepared for
each organism in duplicate. A colony of 24hrs aeltliorganism was inoculated into test tube contgidiml of
normal saline to form a turbidity of 0.5 McFarlastdndard and was thereafter dispense into théutestcontaining
the suspension of nutrient broth and the differexiracts. This was done for all the organisms at tésted
concentrations. All test tubes were properly corked incubated at 8T for 24hrs and 25C for 96hrs for the
bacteria and fungi respectively. After which thegrevobserved for absence or present of visible grolihe lowest
concentration without visible growth (turbidity) ofganisms was regarded as the MIC.

RESULTSAND DISCUSSION

Susceptibility of the test bacteriato the extracts

Thein vitro susceptibility of some bacteria and fungi to difet concentrations of extract from both fresh dndd
leaves ofCarica papayavas determined. Table 1 shows the result of the zdinhibition observed in the plates of
bacteria exposed to different concentrations ofetkteacts. In the fresh leaf extract, among théuces$ treated with
agueous extract, onlg. aureuslATCC 25923) was inhibitedE. coli (ATCC 23922),K. oxytocumandE. coli
(ATCC 25922) were inhibited by the ethanol extratile S. aureufATCC 55620) and5. aureugATCC 25923)
were inhibited by the acetone extract. The aquentiact against. aureugATCC 25923)yielded the highest
inhibition value while ethanol extract gave theajest number of inhibition, i.e. more test bacter@ae susceptible
to ethanol extract. In the dried leaf extract, tihganic extracts (ethanol and acetone) were mdeetafe on the
tested organisms. The ethanol extract was morenpdtenibiting all the isolates with the exceptiohS. aureus
(ATCC 29213) K. oxytocumandS. aureugATCC 25923) with highest inhibition of 15 mm easfown onE. coli
(ATCC 23922),Enterococcus faecaliATCC 29212) andStreptococcus pyogené&TCC 8662) E. coli (ATCC
25922),E. coli (ATCC 35218),K. pneumoniad ATCC 700603) ands. aureugATCC 55620), however, show a
lowest inhibition of 10 mm in the ethanol extradiieh is also the lowest in all the extracts usetetane extract on
the other hand inhibited the growthkf pneumonigATCC 700603) Enterococcus faecal@®TCC 29212) E. coli
(ATCC 25922) andS. aureugATCC 55620).The aqueous extract showed inhibition only ®naureusATCC
29213) with zone of inhibition of 24 mm which istlvidest among all the extracts.

Table 1: Theresult of the zone of inhibition observed in the plates of bacteria exposed to different concentrations of various extr acts of
fresh and dried leaves of Carica papaya.

Extraction method Extraction method
Organisms (Dried extract, mg/ml; mean, mm) (Fresh extract, mg/ml; mean, mm)

Aqueous Ethanol Acetone Aqueous Ethanol Acetone

25 50 100 2550100 2550 100 [ 2550 100 25 50 100 25 50 100

E. coli(ATCC 23922) 0O 0 0O O 0O 15 0 O oO]|O O 0O 0O 0 14 0 0 O
Klebsiella pneumonia@TCC700603) O 0 0 O O 10 0 O 14|00 O 0O 0 0O O 0 o0 O
Enterococcus faecal@TCC 29212) 0O 0 0O O O 15 0 O 13|0 O 0O 0 0 O O o0 O
S. aureugATCC 29213) 0O 9 24 0 0 0 0 O O0O]O0 O 0O 0 0 O O o0 O
Streptococcus pyogen@STCC 8662) o o O O O 15 0 O o]0 oO 0O 0 0O O O o0 o
E. coli (ATCC 23922) 0O 0 0O O O 10 0 O 15|10 ©O 0O 0 0 O O o0 O
S. aureugATCC 55620) 0O 0 0O O O 10 0 O 15|10 ©O 0O 0 0 O O 0 9
Pseudomonas aureginofATCC27853) 0 O O O O 12 0 O oO0O|O0O O 0O 0 0O O 0 o0 O
Klebsiella oxytocum o 0 0 0 0O O O O o]0 o 0O 0O 0 14 0 0 O
S. aureugATCC 25923) o 0o 0 o0 0O O O O OO 211 28 0 0 O O 0 9
Proteus vulgarigATCC 13315) o 0 0 O 0O 12 0 O O0}]0O0 O 0O 0 0 O O o0 O
E. coli (ATCC 35218 0O 0 0O O O 16 0 O O0O]O O 0 0O 0O 13 0 0 O

Susceptibility of the test fungi to the extracts

Table 2 shows the result of the zone of inhibititrserved in the plates of fungi exposed to diffecemcentrations

of the extracts. Only the aqueous extract of thetfleaves was potent against the fungi isolated insthis study.

Candida albicansAspergillus flavusand T. metagrophytewere the only fungi inhibited by the aqueous extrdc

the fresh leaves with the plate Af flavusproducing the widest zone of inhibitiomhere was no susceptibility
observed in the ethanol and acetone extracts ofréisé leaves while all the three extracts from dhied leaves

showed no inhibition of all the tested fungi isekat

Antibiotics sensitive test
Table 3 shows the susceptibility of the test organsi to the different antibiotics. All the test @ were inhibited
by at least one antibiotic except r aureugATCC 29213) andtreptococcus pyogengSTCC 8662) whichwere
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resistant to all the antibiotick. pneumonigATCC 700603) andP. vulgaris(ATCC 13315) were however sensitive
to only gentamicin and tetracycline respectively.

Table 2: Theresult of thezone of inhibition observed in the plates of fungi exposed to different concentrations of variousextracts of fresh
and dried leaves of Carica papaya.

Organisms Extraction method Extraction method
(Dried extract, mg/ml; mean, mm) (Fresh extract, mg/ml; mean, mm)
Aqueous  Ethanol  Acetone Aqueous  Ethanol  Acetone
25 50100 25 50 100 2550100 | 25 50100 25 50 100 25 50100

Epidermophyton floccosum 0 0 0 0 0 0 O O O|lO O O O O O O O O
Aspergillus niger 0O 0o 0O OOOOO 0[O O OOWOT OTU OU OTFWO
Aspergillus flavus 0O 0 0O OO OO O O(O0O O 2 000000
Trichophyton metagrophytes0 0 0 0 0 O 0O O 0|0 O 1 O O O O O O
Candida albicans 0 0 0O OO OO O OO O 1 0 0 0 0 0O
Aspergillus carbonerius 0 0 0O OO OO O 0OJO OO OO OO0 O O
Table 3: Result of the Antibiotic Susceptibility of the Test Organisms
Organisms Antibiotic Susceptibility
E. coli(ATCC 23922) OFL, TET, NIT, COT, NAL
Klebsiella pneumoniéATCC 700603) GEN
Enterococcus faecaliTCC 29212) OFL, COT, GEN
S. aureugATCC 29213) No susceptibility
Streptococcus pyogen@sTCC 8662) No susceptibility
E. coli (ATCC 23922) TET, OFL, NAL, GEN, NIT, COT
S. aureugATCC 55620) GEN, COT, CHL, ERY
Pseudomonas aerugino§dTCC 27853) | OFL, GEN, NIT, TET, AMX, COT
Klebsiella oxytocum TET, OFL, COT, NIT, GEN
S. aureugATCC 25923) TET, CHL
Proteus vulgarigATCC 13315) TET
E. coli (ATCC 35218) NIT, OFL, GEN
OFL = Ofloxacin GEN = Gentamicin
TET = Tetracyclin AUG = Augumentin
NIT = Nitrofurantoin AMX = Amoxicillin
COT = Cotrimoxazole CHL = Chloramphenicol
NAL = Nalidixic acid ERY = Erythromycin

Table4: Minimum Inhibitory Concentration (M1C) of different concentrations of various extracts of fresh and dried leaves of Carica

papaya.

Organisms Extraction method Extraction method

(Dried extract, mg/ml) (Fresh extract, mg/ml)

Aqueous  Ethanol  Acetone | Aqueous Ethanol  Acetone
E. coli(ATCC 23922) 100 75 100 | 100 75 100
Klebsiella pneumonigATCC 700603) 100 75 75 | 100 100 100
Enterococcus faecalldTCC 29212) 100 75 100 | 100 100 100
S. aureugATCC 29213) 25 100 100 | 100 100 100
Streptococcus pyogen@sTCC 8662) 100 100 100 | 100 100 100
E. coli (ATCC 23922) 100 75 100 | 100 100 100
S. aureugATCC 55620) 100 75 75 | 100 100 100
Pseudomonas auregino§aTCC 27853) 100 100 100 | 100 100 100
Klebsiella oxytocum 100 100 100 | 100 75 100
S. aureugATCC 25923) 25 100 100 | 75 100 100
Proteus vulgarigATCC 13315) 100 75 100 | 100 100 100
E. coli (ATCC 35218) 100 75 100 | 100 100 100

Epidermophyton floccosum - - - - - -
Aspergillus niger - - - -
Aspergillus flavus - - - 100 - R

Trichophyton metagrophytes - - - 100 - -
Candida albicans - - - 100 - -

Aspergillus carbonerius - - - - - _

-=no inhibition

Deter mination of Minimum I nhibitory Concentration (MIC)
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Table 4 shows the results of MIC determinationhef various extracts of both the fresh and drieddsan the test
organisms. The lowest MIC of 50 mg/ml was demonsttagainst. aureugATCC 29213) ands. aureu§ATCC
25923) for the aqueous extraction of dried andhfteaves respectively, while the MIC values randietveen 75-
100 mg/ml were demonstrated against the rest oftése bacteria. There was no inhibition at all theted
concentrations for the fungi in both fresh and disamples except for aqueous extract of the fragipke with a
MIC of 100 mg/ml onrA. flavus, T. metagrophytesdC. albicans.

Plant products, particularly extracts of variouanplparts have been used extensively as natuiiatiardbials and
antioxidants. The presence of bioactive substahasseen reported to confer resistance to plasisstgacteria,
fungi and pests and therefore explains the dematistr of antibacterial activity by the plant extsacised in this
study [24]. Results of this study revealed veryngigant antimicrobial activity with the extractshonstrating
broad spectrum of activity against both bacte8ap{fogeneskE. coli, K. pneumonia, K. oxytocin, E. faecalis, P.
aeruginosa, P. vulgariandS. aureusand fungi A. flavus, T. metagrophytesdC. albican$. The organisms used
in this study are associated with various formmfefctions in humans. The bacteria are associattdimfections of
the upper respiratory trach.(pyogeneky gastrointestinal infections, dysentery and umrtaact infections . coli),
neonatal nosocomial infection&.( pneumoniy pulmonary tract infectionsP( aeruginosy focal lesions .
vulgaris), and urinary tract infectionsS(aureug. However, the fungi are associated with systemyjcosis and
aflatoxin production A. flavug, tinea barbae T( metagrophytgs and candidiasis G, albicang [25]. The
demonstration of activity against all these orgamsishad shown that. papayacan be used to produce raw
materials/substances for further development afrdie antibiotics with broad spectrum of activity.

In the bacterial test, the results of this studydestrated that the organic extracts were moretfiethan aqueous
extracts. This may be due to the better solubdityhe active components in organic solvents [2Ble ethanol
extracts demonstrated a higher activity than thletcae extracts in both the dried and fresh leafpbesn The better
efficacy of the ethanol extract as against the caeetextract maybe because different solvents héffereht
polarities, hence different degrees of solubilioy the various phytoconstituents [27-28]. Basedtloa limited
spectrum of activity of the other extracts compaséth the ethanol extracts, it suggests that thv@component is
more soluble in ethanol than in the other solvehte result further showed that the dried sampls efective
against both Gram-positive and Gram-negative biactehile the fresh sample was more effective agaBram-
negative bacteria. The fact that the dried samptieets were active against both gram-negativegrath-positive
bacteria tested may indicate a broad spectrumtofitgc This result is very significant becausetbé possibility of
developing therapeutic substances that may be auiiee against multidrug-resistant organisms. Dhiservation
is in accordance with the reports of Dougledral. [29] and Aloet al. [30]. There may be several factors that will
predispose bacteria to antibacterial agents supheasous encounters with the agents or the natiineedium used,
which may affect the diffusability of the agent.

The result also showed that the dried leaf extnaxs potent against some of the bacteBiaaureugATCC 29213)
and Streptococcus pyogen€ATCC 8662)) which standard antibiotics were noteato inhibit. The disparity
between the activities of the extract and the stesh@ntimicrobial drug may be due to the mixturébioactive
compounds present in the extract compared to the gampound contained in the standard antibio®dg.[The
demonstration of activity against the test bactpriazvides scientific bases for the local usageheké plants in the
treatment of various ailments.

FurthermoreC. papayaleaves showed a better antibacterial activity thatifungal activity. The dry sample was
not effective against any of the fungi used withyaihe aqueous extract of the fresh sample inmgitihree A.
flavus, T. metagrophytesmdC. albican3 of the six fungi studied. The zones of inhibitioihthe fungi were the least
of the various zones of inhibition recorded in thisdy. This therefore suggests that this plantipdyetter used for
the treatment of bacteria than for the treatmerthefstudied fungi. The efficacy of treatments withpapayais
dependent on the quantity of the different chemscddstances present in the preparation. The quaftithemical
substances varies in the fruit, latex, leaves,rants and varies with the extraction method, agiefplant part, and
the cultivar and sex of the tree [32].

The MIC result showed that increasing concentratias an increasing efficiency in inhibiting the amgms used.
Since the MIC values indicated the definite natifréhe antimicrobial activities of this plant, thehibition zones
values, only, indicated extent of effectivenesthefextract with increasing concentration.
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Although the mechanism of action of this extrach@s understood. It has been proposed that iteraetijainst the
bacteria and fungi may be due to the inhibitiorcef wall formation in the cell resulting in a |lesde of cytoplasmic
constituents by the bioactive components of theaek{33-34]. While phytochemical compounds suchaamnin

coagulate the wall proteins, saponins facilitatesl éntry of toxic material or leakage of vital ctitoents from the
cell [35]. Flavonoids inhibit the activity of enzyw [36] by forming complexes with bacterial cell llwa
extracellular and soluble proteins, more lipopHhiliacvonoids disrupt cell wall integrity [37] or mizbial membranes
[38] at low concentrations.

In conclusion, plant-based antimicrobials have ermars therapeutic and preferential potential. Thay serve the
desired purpose with lesser side effects that dtenoassociated with synthetic antimicrobials [1T}he
antimicrobial activity ofC. papayaleaves was demonstrated in this study. Demonstraif antibacterial activity
against the test isolates is an indication thatetliee possibility of sourcing alternative antibotubstances in these
plants for the development of newer antibacteggres.
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