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Infused within plants are potent phytochemicals with beneficial activities to mankind which
includes the management and treatment of microbial infections. Fungal diseases result in
significant economic losses and hindrance of global papaya production. Phytochemicals have
made medicinal plants become sources of environmentally friendly alternative antimicrobials.
This study aimed at evaluating the antifungal activity of leaf extracts of Telfeira occidentalis
against phytopathogenic fungi isolated from Carica papaya. Ethyl acetate, n-Hexane, ethanol,
methanol and aqueous extracts of Telfeira occidentalis leaves were evaluated for their
antimicrobial properties. Agar-well diffusion method was employed for in vitro screening,
minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of the
extract types against test fungal species of Aspergillus, Penicillium, Rhizopus and Trichoderma.
All the extracts evaluated inhibited fungal growth to some degree, with the aqueous extract
exhibiting more inhibitory activities than the organic extracts. MIC and MFC values of the
extracts ranged between 15.625 to 31.25 and 62.5 to 125 mg/mL, respectively. The antifungal
activity of T. occidentalis was found to be equal or higher than commercially available
fungicide, ketoconazole. The results of this study indicate that leaf extracts of T. occidentalis has

potential for use as bio-fungicides for plant protection against fungal diseases.
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Introduction

Plant kingdom has since existence provided man with diverse
resources including a variety of compounds with therapeutic
properties required for survival by all living beings.*® Numerous
phytochemicals, also known as secondary metabolites constituting
major sources of microbicides, pesticides and many pharmaceutical
drugs abound in plants which retains its role as the main source of
pharmaceutics employed in traditional medicine.>® Many studies have
broadly shown that medicinal plants are considered as bounteous
provenances of antimicrobial media " *“® ® with consequent screening
for their potential exploitations as substitute remedy in the
therapeutics of microbial infections™® and reports have shown different
potent effects against both plant and human pathogenic
microorganisms.™"*? Extensive studies have been conducted on
numerous medicinal plants with the aim of discovering more potent
and less toxic compounds from these natural substances.***?
Pathogenic fungi are the premier transmissible media in plants
responsible for variations during developmental stages including the
after harvest period.™** Studies have shown that in fruits and herbs, an
extensive range of different fungal species are responsible for
characteristic problems that include features, nutritional merit,
organoleptic traits and deficient shelf life with some cases of allergic
or toxic disorders among consumers caused indirectly by fungi from
the production of allergens or mycotoxins.*¢™*8
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Synthetic fungicides are the most efficacious method of the pest and
fungal disease curb in spite of precarious consequences of chemical
pesticide implementation including problems of public health,
territorial pollution, toxic repercussions on non-target organisms and
causing impediment in pest and infection instruments.’*?" There is
essential need to produce antifungal schemes based on novel groups of
molecules, that function via new routes and/or mechanisms.?2%38
Fluted pumpkin (Telfairia occidentalis HOOK F.), belonging to the
family Cucurbitaceae, majorly grows in the greenwood territory of
West and Central Africa and they are originated furthermore in Benin,
Nigeria and Cameroon.”*® Fluted pumpkin, a tropical vine plant
found in lush green rain forest of West Africa (Okoye and Orakwue,
2019),% is one of the most immeasurably and popularly propagated
leafy greens all over Nigeria distinctly in Southeastern part (Bassey
and Opara, 2016; Umeoka, 2018)*%° where it is of ethnobotanical
significance in the mythology, nutrition and harvest regimen of the
people.*** The phytochemical screening of Telfaira occidentalis leaf
extract published the presence of phenol; that possess curative
properties, phytate, HCN, terpenoids, cardiac glycosides and phenolics
while alkaloid, flavonoid, tannin, saponin, steroids, glycosides,
triterpenoids, anthraquinones and reducing sugars were present in the
leaflets, trunk and rootstock extracts.*2>> 2% 2" A study by Umeoka %
showed that aqueous and ethanol leaf extracts of T. occidentalis
inhibited the growth of the four fungal pathogens employed which
include Geotrichum candidum, Aspergillus niger, Fusarium
oxysporum and Rhizopus stolonifer. The current pronounced obstacle
in agriculture is the suppression of plant infections caused by
phytopathogenic bacteria and fungi with the consequent increase in
the advent of antifungal/antibacterial-resistant breeds thus
emphasizing the alacritous exigency for the generation of novel
antifungal media with assets and mechanisms of action dissimilar
from the obtainable ones.**" The screening of more plant extracts for
their antifungal properties can help to proffer effective controls on
microbial attack of plants. However, there is little on the antifungal
activity of the leaf extract as compared to studies from its antibacterial
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activity. This study was aimed at identifying the phytochemical
integrants of the different leaf extracts of T. occidentalis and to
determine the antifungal activity of T. occidentalis leaf extracts
employing in vitro antifungal screening techniques.

Materials and Methods

Plant collection and identification

Leaves of Telfaira occidentalis were garnered from the Covenant
University Farm in Ota, Ogun State, Nigeria between July and
December, 2017. Authentication of the already identified plant species
(voucher specimen number: To/Bio/H821) was conducted at the
Herbarium Section of the Forestry Research Institute of Nigeria
(FRIN), Ibadan, Nigeria and allocated forestry herbarium
identification number of T. occidentalis-FHI No: 112776.

Preparation of aqueous and organic extracts

Mature disease-free leaves were rinsed to eliminate dust and other
foreign particles, air-dried in a sheltered area at ambient temperature
for 3 weeks.® Dried materials were ground into powder using a
blender and preserved in airtight bottles at room temperature (25-
30°C) until use. Weighed quantity of 300 g of the dried powder leaf
was extracted by soaking and macerating in 1.5 L of n-hexane, ethyl
acetate, ethanol, methanol and water at ambient temperature for 72 h
for each solvent used. The five different solvent mixtures were
vigorously agitated and subsequently filtered through cheese cloth and
Whatman No.1 filter paper. The resultant filtrates were subsequently
concentrated utilizing a rotary evaporator and the solvents used were
recovered under pressure until slurried/dry extracts were obtained. The
five different crude extracts obtained were then kept at 4°C for
subsequent use. The concentrated extracts were later dissolved in
appropriate volumes of dimethyl-sulphoxide (DMSO) to make the
various crude concentrations (1000 mg/mL, 500 mg/mL, 250 mg/mL,
125 mg/mL, 62.5 mg/mL, 31.25 mg/mL and 15.625 mg/mL where
1000 mg/mL was used for the antifungal assay) for antifungal
screening. All the stock solutions were stored in sterile capped bottles,
labelled accordingly and stored at 4°C for analysis. Each antifungal
test was carried out in three replicates against each fungal isolate.

Phytochemical screening of plants extract

Tests were conducted on the five crude extracts (n-hexane, ethyl
acetate, ethanol, methanol and aqueous extracts) to detect the presence
of phytochemicals according to protocols previously described by
Sofowora and Trease and Evans.***

Fungal isolates and inoculum quantification

Fungi were obtained from pawpaw samples from the Pawpaw research
demonstration farm, Covenant University, Ota. Aspergillus niger, A.
fumigatus, A. flavus, Rhizopus spp, Penicillium spp and Trichoderma
spp were identified, maintained and later stored in cryovials at -20°C
at the Microbiology Laboratory, Covenant University, Ota. Fresh
fungal isolates of 72 h were prepared on PDA by subculturing and
fungal spore suspensions were obtained after filtration. The spore
suspension for the different fungal isolates was estimated utilizing the
haemocytometer cell-counting chamber and final inoculum was
modified to obtain 0.5 McFarland’s standard (10° spores/mL).

Antifungal activity of crude extracts of Telfaira occidentalis

Potato dextrose agar medium (Oxoid) was prepared according to the
manufacturer’s instructions. Antifungal activity of the crude extracts
was conducted using the agar-well diffusion method as illustrated by
Cheesbrough.** Standard dose was prepared by dissolving 1000 mg of
crude extract in 1 mL of DMSO (1:1) for all the extracts (stock
concentration for the antifungal test). The antifungal agent
Ketoconazole (100 mg/mL) was used as the positive control while
DMSO was used as the negative control. Surface of medium was
streaked with the standardized fungal spore suspension for even
distribution of the inoculum on the agar. The seeded plates were
permitted to dry. Wells were then bored into agar media employing a
sterile cork borer of 10 mm and the wells were supplied with 0.2 mL

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

of the various extracts. Succeeding the diffusion of the extracts into
the agar at ambient temperature, the bored agar plates were incubated
at room temperature for 3-5 days and observations made at 24 -72 h.
Antifungal assay of the leaf extracts was deduced by measuring zone
of inhibition surrounding the agar wells. The sensitivity tests were
carried out in triplicates and the average diameter of the zones of
inhibition were recorded accordingly.

Determination of minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC) of plant extracts

The minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) of the plant extracts were deduced
utilizing agar well diffusion as elucidated by Samie and Mashau * and
agar dilution method by Sule et al.”® Different concentrations (125
mg/mL, 62.5 mg/mL, 31.25 mg/mL and 15.625 mg/mL) of the
extracts were prepared from which the MIC and MFC of the plant
extracts were determined. Potato dextrose agar was prepared
according to the manufacturer’s instructions and dispensed into petri
plates. Agar surfaces were seeded with 0.1 mL of standardized fungal
spores and allowed to dry. Sterile 10 mm diameter cork borer was
utilized to perforate two equidistant holes in the center of the
inoculated agar plates. These holes were then loaded with 0.2 mL of
the various extract concentrations. Following the diffusion of the
extracts into the agar at ambient temperature, the bored agar plates
were incubated at room temperature for 3-5 days and observations
established at 24-72 h. The antifungal activity of the leaf extracts was
determined by evaluating the zone of inhibition bordering the agar
well. Negative and positive control plates were without any plant
extracts but Ketokonazole (positive control) and DMSO (negative
control) were added. The sensitivity tests were carried out in
triplicates and the mean diameter of the zones of inhibition were
recorded accordingly.

Statistical analysis

The diameters of zones of inhibition for the in vitro antifungal activity
were expressed as means of three replicates. Significant differences
between and within the averages of treatments and controls were
analyzed employing Anova at p < 0.05 and post hoc tests. Statistical
analyses were computed using SPSS version 20 software package.

Results and Discussion

The release of pollutants and biohazards from consumption of
chemicals via pesticides and fungicides has greatly increased
consumer demand for natural preservatives as alternatives. Numerous
medicinal and aromatic flora profuse in phytochemical combinations
that include polyphenols, flavonoids, saponins, alkaloids and others in
their dissimilar segments (leaflets, bark, florets, ovules, greenwood
and offshoots) possess extensive implementations as antioxidants and
antimicrobials and are notable for their pharmaceutical and
biopesticide potentials.*** *" In this study, the antifungal activity of
the crude leaf extracts of Telfeira occidentalis was assayed in vitro
against Aspergillus niger, A. fumigatus, A. flavus, Rhizopus,
Penicillium and Trichoderma. This medicinal plant was selected based
on it ethnobotanical and pharmacological usage suggestive of its
antimicrobial properties. 4% 24 505L 2% 27 The phytochemical
screening revealed saponins, tannins, anthocyanin and betacyanin,
cardiac glycosides, phenols, alkaloids, quinones, flavonoid,
carbohydrates, coumarins, phenol, steroids and terpenoids in Telfaira
occidentalis leaf extracts as presented in table 1. The presence of
alkaloids, saponins, tannins, carbohydrates, cardiac glycosides,
anthocyanins, betacyanins, terpenoids, triterpenoids, phenoals,
coumarins and steroids in the extracts is supported by previous
reports®>®* 2 2" \where alkaloids, flavonoids, saponins, tannins,
phenols, terpenoids, steroids, anthraquinones, cardiac glycosides,
reducing sugars amongst others were found present in the leaf and
stem extracts. The results obtained showed that the five crude leaf
extract types (n-hexane, ethyl acetate, ethanol, methanol and aqueous)
at 1000 mg/mL concentration of Telfaira occidentalis evaluated had
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antifungal activity against all the fungal genera tested as shown in
Figure 1.

The highest antifungal activity of T. occidentalis was in the aqueous
extract against Rhizopus oryzae (31.33 mm) while the least activity
was observed in the methanol leaf extract against Trichoderma sp.
with an inhibition zone of 12 mm as shown in figure 1. For the
antifungal activity of control antifungal agents, the zones of inhibition
measured between 11-13 mm and 0 mm for the positive and negative
controls, respectively.

Umeoka *° conducted a study on the ethanol and aqueous crude leaf
extracts of T. occidentalis with both extracts showing inhibitory
activity against the growth of Geotrichum candidum, Aspergillus
niger, Fusarium oxysporum and Rhizopus stolonifer. The report
further stated that the ethanol extract can inhibit the growth of the
afore listed common fungi but the aqueous extract was specifically
observed to inhibit the growth of Rhizopus stolonifer as compared to
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the other common fungi tested. Morcos and Sarkis,? found that the
extracts of fluted pumpkin leaf inhibited, paralysed and destroyed
worms based on level of extract concentrations. In furtherance,
research by Morcos and Sarkis,? showed that the agueous extract had
higher inhibitory and destructive activities compared to the methanol
extract. However, the report of Oboh et al.* stated that the aqueous
and ethanol extracts of T. occidentalis had no inhibitory activity
against fungal isolates tested which include Aspergillus flavus,
Aspergillus fumigatus, Penicillium italicum and Geotrichum albidum.
There was significant difference at p value < 0.05 for all the extracts
tested against Aspergillus niger, Aspergillus flavus, Rhizopus oryzae,
Penicillium sp. Trichoderma sp. and Aspergillus fumigatus using a 2-
way Anova with treatment (test extracts and control) as the predictor
and fungal growth as the response variable followed by post hoc tests
for comparison. The aqueous concentrate of T. occidentalis was most
significant (p < 0.05).

I,

171
oscin | |NEBEH|

Telfaira occidentalis

Concentration of extract 1000 mg/ml

Figure 1: Mean zones of inhibition for antifungal activity of Telfaira occidentalis leaf extracts against fungal isolates from pawpaw
(Carica papaya) samples.
Key: E1 = n-hexane, E4 = methanol, POS Control = Ketoconazole, E2 = ethyl acetate, NEG Control = DMSO, E3 = ethanol, E5 = aqueous

Table 1: Phytochemical screening of n-Hexane, ethyl acetate, ethanol, methanol and aqueous extracts of Telfaira occidentalis

Tests n-Hexane

Ethyl acetate

Ethanol Methanol Water

Alkaloids - -
Quinones . -
Glycosides - -
Flavonoids - -
Saponins - +
Tannins - -
Carbohydrates - -
Anthocyanin and Betacyanin - +
Cardiac glycosides + +
Terpenoids - +
Triterpenoids - -
Phenols - -
Coumarins - +
Steroids - +
Acids - -

+ - -
+ - R

Key: + = Present; - = Absent
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There was significant difference across all the extract types (p-value =
0.000) as compared to the controls but no significant difference was
detected for the isolates (p-value > 0.05). Minimal inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC)
were established for the leaf extracts of the plant. The minimum
inhibitory concentration (MFC) values for the extract types ranged
from 15.625 to 31.25 mg/mL while the MFC values ranged from
31.25 to 125 mg/mL.

Conclusion

T. occidentalis leaf extracts have significant antifungal activity against
common fungal isolates cultured from samples of C. papaya. This
shows that its extracts can serve as an alternative and ecofriendly
means of controlling and treating fungal diseases in plants.
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