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ABSTRACT
The antifungal efficacy of aqueous leaf extracts of Cymbopogen citratus and Borreia vertiallata on Fluconazole (FLU) and
Itraconazole (ITR) resistant fungal isolates obtained from spoilt fruits was determined using the disc diffusion method. Spoilt
fruits (pawpaw, grapevine and tomatoes) samples were obtained randomly from three different markets in Uyo and analyzed
mycologically. Leaf extracts of Borreria verticilata and Cymbopogon citratus were screened for bioactive constituents.
Fungal isolates were tested with Fluconazole and Itraconazole to obtain resistant isolates. Drug-resistant isolates were then
treated with leaf extracts of Borreria verticillata and Cymbopogon citratus at 50mgml! and 100mgml™! concentrations.
Fungal isolates obtained from the diseased fruits were Aspergillus niger (29.3%), Aspergillus terreus (14.6%), A. ochraceus
(21.9%) Fusarium verticilloides (12.2%), Purpureocillium lilacinum (14.6%) and Aspergillus flavus (7.3%). Both plants'
Phytochemical constituents revealed Alkaloids, Flavanoid, Saponins, Tannins, Anthraquinones, Cardiac glycosides,
Phlobotanins and Reducing sugars in varying amounts. Out of the 42 fungal isolates, 66.6 % and 57.1 % were resistant to
Fluconazole and Itraconazole respectively. The result of the treatment of the drug-resistant isolates to aqueous extracts of B.
verticillata and C. citratus had the highest zones of inhibitions (23.6mm) on 4. niger and (20.4mm) on A. flavus respectively.
In contrast, the smallest inhibition zones were observed on A. flavus (10.5 mm) and A. terreus (14.0 mm). Given that both
plant extracts exhibited fungicidal activity against these isolates, it can be inferred that they are potential alternative

treatments for fungal infections, particularly when these pathogens resist conventional antifungal drugs.
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INTRODUCTION

An antifungal agent is a drug that selectively eliminates
fungal pathogens from a host with minimal toxicity to the
host. Nowadays one of the key problems is the reduced
effectiveness of antifungal drugs (Sanglard, 2016, Shah et
al.,2012: Sheng and Zhang, 2011). Plants are very important
sources of drugs used for centuries in the treatment of
various microbial infections. Most of the plant-based drugs
when used correctly pose little or no toxic effects to the
recipients compared to the chemically synthetic drugs.
(Dhawale, 2013). This necessitates the use of natural plants
in complementary medicine to forestall the long-term
adverse effects of some synthetic drugs. Herbal drugs have
increasingly been used worldwide during the last few
decades as evidenced by rapidly growing global and national
markets of herbal drugs (Conserva and Ferreira, 2012: Ngo
et al., 2016). However, in Nigeria, the scientific
investigation and information on the therapeutic potential of
medicinal plants are limited. This lack of scientific
knowledge has restricted the use of traditional herbs as
remedies to be used in conjunction with or as an alternative
to orthodox medicinal treatments.

Cymbopogon citratus commonly called lemon grass is an
aromatic grass of the family Poaceae. It is widely used in
traditional medicine in many countries around the world.
Among its attributes and properties are those related to
antibacterial and antifungal properties, as well as anti-
inflammatory properties (Akhila, 2010). Cymbopogon.
citratus oil has antimicrobial, antiseptic, fungicidal,
bactericidal and antidepressant properties making it one of
the most versatile and health-promoting essential oils, which

can help to kill infections, such as ringworm and athlete's
foot disease. The essential oil of C. citratus is already in use
by the pharmaceutical industry as a source of new
phytochemical molecules for the development of new drugs.
(Figueirinha et al., 2010).

Borreira verticillata, normally known as false bottom shrub,
has a range of traditional medicinal uses. In its native range,
the extracts and the juice of the aerial parts are tropically
applied for the treatment of various skin diseases including
scabies, skin itches, Tinea versicolor and tinea capitis. The
essential oil extracted from the leaves has been shown to
inhibit Escherichia coli and Staphylococcus aureus. The
macerate of the roots is used against diarrhea, the infusion of
the whole plants of the aerial plant is used to improve
stomach digestion (Abdullahi-Gero ef al., 2014; Conserva
and Ferreira, 2012). In Nigeria, fresh juice prepared from
the aerial part is applied to treat eczema. Studies have
confirmed that extracts from Borreria species as well as their
isolated compounds possess diverse biological activities,
including anti-inflammatory antitumor, and anti-microbial
with alkaloids as the major bioactive components. (Qiu et
al., 2014).

The study aimed at investigating the susceptibility of
Fluconazole and Itraconazole resistant isolates from spoilt
fruit samples to aqeous leaf extracts of Borreria verticullata
and Cymbopogon citratus. The objectives were to isolate,
characterize and identify fungi associated with spoilage of
the three fruits (tomatoes, pawpaw and grapevine), extract
and carry out phytochemical screening of Borreria
verticullata and Cymbopogon citratus leaves, test the
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susceptibility of the fungal isolates to Fluconazole and
Itraconazole and test rhe susceptibility of the fluconazole
and itraconazole resistant isolates to aqueous extract of
Borreria verticulla and Cymbopogon citratus

MATERIALS AND METHODS

Collection of leaves

The leaves of Cymbopogon citratus and Borreria verticillata
were obtained in Ikot Ubo village located in Nsit Ubium,
Local Government Area in Akwa Ibom State. The leaves
were authenticated and transferred to the Pharmacognosy
and Natural Medicine Laboratory, Faculty of Pharmacy,
University of Uyo for processing.

Collection of fruit samples

Three types of fruits (pawpaw, grapevine and tomato) were
used in this work. Pawpaw and tomato were purchased from
three different markets while the grapes were brought from
fruit vendors at three different locations. The fruit samples
were collected in sterile containers and transported to the
Microbiology laboratory at the University of Uyo for
mycological analysis.

Preparation of plant extracts

The leaves were separately washed with distilled water to
remove extraneous matter, air-dried at room temperature for
5 days and pulverized into a fine powder using mortar and
pestle. The aqueous leaf extracts of both plants were
prepared by separately soaking 2 g of the powdered leaves
in 400 ml of distilled water for 72 hours with constant
shaking at room temperature. it was then filtered using
Whatman No. 1 filter paper. The liquid crude extract was
placed in a rotary evaporator to concentrate. The rotary
evaporator was cooled by passing chilled water through the
chambers. When most of the solvent evaporated, the extract
was transferred into a large beaker and placed in a water bag
at 45°C until fully dried. The dried crude extract was then
transferred into 100 ml beakers, covered with aluminium foil
and stored in a refrigerator at 4°C till required.

Sterilization of glassware

The glassware used, such as test tubes, conical flasks,
beakers, and pipettes were washed with detergent, rinsed in
clean water and sterilized in the hot air oven at 180°C for 1
hour

Phytochemical Screening of the leaf extracts

The phytochemical constituents of the crude extract of
Cymbopogon citratus and Borreria verticillata were
analyzed using the methods described by Shaikh and Patil
(2020) and Indhumati et al. (2018)

Half a gram (0.5g) of the filtered plant extracts were
separately shaken vigorously with 2 ml distilled water in a
test tube. The formation of frothing which persisted on
warming was taken as an indication of the presence of
saponins.

Test for tannins

Half a gram (0.5g) of the plant’s extracts were separately
dissolved in 5 ml of distilled water and then filtered. One
millilitre (1 ml) of the filtrate was treated with a few drops
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of 5% ferric chloride (FeCls) reagent. The formation of a
blue-green precipitate indicated the presence of tannins.

Test for cardiac glycoside

Half a gram (0.5 g) of the filtered plant extracts was
separately dissolved in 2 mL of chloroform. Concentrated
sulfuric acid (H2SOa.) was then carefully added by allowing
it to flow down the inner wall of the test tube. The
appearance of a reddish-brown colour at the interface
signified a positive result.

Test for Phlobotanins

Half a gram (0.5g) of Cymbopogon citratus and Borreria
verticillata were separately dissolved in 5 ml of distilled
water and then filtered. Two millilitres (2 ml) of the filtrate
were added to 2 ml of dissolved Hydrogen Chloride (HCI)
and thereafter boiled. The formation of a red precipitate
indicated the presence of phlobotanins.

Test for anthraquinones

Half a gram (0.5g) of the plant extracts were separately
boiled with 10 ml of 10% sulphuric acid (H2SO4) and
filtered. The filtrate was shaken with 5 ml of benzene and
10% ammonia (NH3) solution was added to the separate
benzene layer. A red or violet coloration in the Ammonia,
lower layer indicated the presence of the anthraquinones.

Test for flavonoids

A few fragments of magnesium metal were added to Sml of
Cymbopogon citratus and Borretia verticillata filtrate
separately followed by a drop-wise addition of concentrated
hydrochloric acid (5ml) to dissolve the extracts. The
formation of orange, red, crimson or magenta colouration
after a few minutes indicated the presence of flavonoids.

Test for terpenes

Half a gram (0.5g) of Cymbopogon citratus and Borreria
verticillata were separately dissolved in 3 ml of chloroform
and filtered. Ten (10) drops of acetic anhydride and 2 drops
of concentrated sulphuric acid (H>SO4) were added to the
filtrate. The pink colour at the interphase was taken as the
positive test.

Test for alkaloids

Half a gram (0.5g) of Cymbopogon citratus and Borreria
verticillata were separately dissolved in 5 ml of 5%
hydrochloric acid (HCI) and filtered. One milliliter (1 ml) of
the filtrate was treated with a few drops of saturated picric
acid solution. The formation of a yellow-coloured precipitate
indicated the presence of alkaloids.

Test for phenols

One millilitre (1 ml) of ferric chloride solution was added to
2ml of the plant extracts separately. The presence of blue or
green colour indicated a positive test.

Isolation of fungi from spoilt fruit samples

Preparation of culture media

The culture media used was Potato Dextrose Agar (PDA)
and it was prepared according to the manufacturer’s
instructions.
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Isolation of fungal pathogens from spoilt fruits

The spoilt fruit samples were surface sterilized in 10%
sodium hypochlorite for 30 seconds, then small portions
were cut out, homogenized and serial diluted in four test
tubes each containing 9 ml of sterile water. One milliliter
(1ml) of the 10** diluent for each fruit, was pipette into petri
dishes. The prepared media were poured into the plates
containing the serially diluted fruit samples. The plates were
swirled to mix the agar with the sample incubated at 28°C +
2°C for 5 days. After 5 days, the growths observed on the
Petri dishes were sub-cultured repeatedly to get pure fungal
isolates.

Identification of Isolated fungi

The fungal isolates were identified using cultural and
morphological features such as colony, growth pattern,
conidial morphology and pigmentation. The identification
was achieved by placing a small portion of the aerial mycelia
on a clean slide using a mounting needle. A drop of cotton
blue in lactophenol stain was placed on the isolates and
covered gently with a coverslip. The slide was then mounted
and viewed under the light microscope at x40 lens objective.
Colony colour, growth patterns on plates, phialides and
spores’ structures were used as identification parameters

Antifungal susceptibility testing with fluconazole and
Itraconazole

Preparation of spore suspension

Potato dextrose Broth (PDB) was prepared according to the
manufacturer’s instructions. Chloramphenicol (500 mg/l)
was added before dispensing into six conical flasks. The
conical flasks were sealed with foil papers and sterilized in
the autoclave. After sterilization, 2 ml\ of gentamycin was
added to each of the sterilized broths. The pure fungi isolates
were each cut out with sterile cork borer and placed in the
broths. The broth culture was put in the water bath and
shaken for 48 h, to suspend the spores,

Potato dextrose agar was used as the growth medium for the
test organism and was prepared according to the
manufacturer’s instruction; dissolved and sterilized by
autoclaving at 121°C for 15 minutes. The medium was then
poured into sterile petri dishes and allowed to set. Using the
spread-plate method, the agar plates were spread evenly with
0.1ml of the broth containing the prepared spores. The plates
were left to dry for 5 minutes. The antifungals (Itraconazole
and fluconazole 25ug) were placed aseptically on each plate
containing the spread spores. After 24 hours, the plated
organisms were recorded as sensitive or resistant
respectively. based on the ability of the spores to germinate
or not.

Susceptibility testing of the resistant fungal isolates to
extracts of C. citratus and B. verticillata Potato dextrose
agar was prepared according to the manufacturer's
instruction; dissolved and sterilized by autoclaving at 121°C
for 15 minutes. The media was then poured into sterile petri
dishes and allowed to set. Using the spread-plate method, the
set agar plates were then spread with 0.1ml of the isolates
resistant to Itraconazole and Fluconazole using spreaders.
Paper discs were obtained from perforated Whatman filter
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paper and sterilized before use. The paper discs were soaked
in different concentrations (50 mg/ml and 100 mg/ml) of the
Cymbopogon citratus extracts and placed on the agar plates
containing the inoculum. After 24 hours, the plates were
checked for the zone of inhibition. The zones of inhibition
were measured with a transparent ruler and the results were
recorded in milliliters (mm). The same procedure was
repeated with extracts of Borreria verticillata.

RESULTS

A total of 42 fungal isolates were obtained from 27 fruits,
comprising 9 pawpaw, 9 tomato, and 9 grapevine samples.
Table 1 presents the results of the microscopic and cultural
characterization of fungi isolated from the spoiled fruit
samples. The identified fungi included Aspergillus terreus,
Aspergillus  flavus,  Aspergillus  niger,  Fusarium
verticillioides, Purpureocillium lilacinum, and Aspergillus
ochraceus. Table 2 details the susceptibility of the isolates to
itraconazole. Among the 12 A. niger isolates collected from
all fruit samples, 4 (33.3%) were sensitive to itraconazole,
while 8 (66.7%) exhibited resistance to the antifungal agent.

For A. terreus, 6 isolates were obtained, with 2 (33.3%)
being sensitive and 4 (66.7%) resistant to itraconazole. In 4.
flavus, 3 isolates were identified, of which 1 (33.3%) was
sensitive and 2 (66.7%) were resistant. For Purpureocillium
lilacinum, 6 isolates were collected, equally divided between
sensitivity (50%) and resistance (50%). Similarly, 6 isolates
of Fusarium verticillioides were obtained, with 3 (50%)
sensitive and 3 (50%) resistant. In 4. ochraceus, 9 isolates
were recovered, with 5 (55.6%) showing sensitivity and 4
(44.4%) showing resistance. Overall, out of the 42 total
isolates, 18 (42.9%) were sensitive to itraconazole, while 24
(57.1%) were resistant.

Table 3 shows the isolates' susceptibility pattern to
Fluconazole. It revealed that out of the 42 isolates obtained,
only 14(33.3%) were sensitive, while a greater number of
28(66.6%) were resistant.

Table 4 shows the results of the phytochemical screening of
Borreria verticillata and Cymbopogon citratus extracts. The
extracts were observed to contain bioactive components
such as flavonoids, alkaloids, saponins, tannins, reducing
sugar, phlabotanine phlobotanins, cardiac glycosides, and
anthraquinones in varied concentrations.

The result of the antifungal susceptibility of Fluconazole and
itraconazole-resistant fungal isolates from spoilt fruit
samples to C. citratus is shown in Table 5. It was seen that
the Cymbopogon citratus at 50mg/ml inhibited A. niger with
the zone of inhibition of 14.2 mm and at 100mg/ml inhibited
A. niger with a 16.9 mm zone of inhibition.

The Cymbopogon citratus at 50mg/ml inhibited A. ferreus at
50mg/ml by 12.5mm and 17.4mm at 100mg/ml. There was
a zone of inhibition with 4. flavus of 10.2mm at 50mg/ml
and 16.0 at 100mg/ml. C. citratus inhibited the growth of
Purpureocillium lilcanium by 15.4mm at 50mg/ml and
19.8mm at 100mg/ml as shown. The highest zone of
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inhibition with C. citratus extract was seen on Itraconazole-
resistant Purpureocillium lilcanium as 19.8mm and the
lowest zone of inhibition was 10.2mm with 4. flavus.

B. verticillata extract at 50mg/ml inhibited 4. niger y
10.lmm and at 100mg/ml by 13.4mm. There was no
inhibitory zone on A. ferreus at both 50mg/ml and
100mg/ml, B. verticillata inhibited the growth of A. flavus
by 15.8 mm using 50mg/ml and by 20.3mm using
100mg/ml. A zone of inhibition appeared for
Purpureocillium lilacinum at 50mg/ml by 12.5mm and at
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100mg/ml by 18.5 mm. The B. verticillata extracts showed
no zone of inhibition on F. verticilloides at 50 mg/ml but
showed a zone of inhibition at 100mg/ml by 10.3mm. The
plant extract inhibited the growth of 4. ochraceus witha 12.2
mm zone of inhibition using 50mg/ml and 16.8mm using
100mg/ml. as shown in Table 6. The highest zone of
inhibition with B. verticillata extract was seen on
Fluconazole resistant A. niger (19.3mm) while there were
few cases of no zone of inhibition at all.

Table 1 Cultural Morphological and Microscopic Characteristics of Fungal Isolates

from Diseased Fruit Samples

Observable morphology Microscopic characteristics Probable
organism
White filamentous colony developing Conidial heads radiate, then split into loose Aspergillus niger
dirty snuff brown spores with pale columns with age. Vesicles, globose. Phalides are
yellow to intense yellow felt beneath, borne on metulae. (bisteriate). Spores globose
forming yellow fringes around the with spines. Coffee- brown to black colour.
spored colony. Bright yellow to dirty Conidiospores stipes are smooth walled.
yellowish brown on reverse.
Colonies were velvety with floccose Conidial heads radiate, later splitting into several —Aspergillus
fruits initially white becoming yellow- loose columns. Conidiospores hyadline, coarsely nomius
green as spores matured. Some areas roughened. Vesicles are globose. Flask-shaped
are still basal white felt i.e. dense phalides that produce chains of rough conidia.
mycelia giving rise to conidiospores. Phalides are borne directly on the vesicles. (no
Spores white turning yellow, then metulae).
yellow-green, then darker herbage
green. Zonated (concentric patterns of
yellowish-green growth sometimes
seen).
Thick white tuft-like to felt-like growth  Septate hyphae gives rise to branched Purpureocillium
which later turns lilac colour (pale Penicillium-like conidia heads. Phalides are [lilacinum

greyish—lilac or purplish grey) from the
centre outwards. Hazel at reverse.
Floccose white growth initially white,
velvety and powdery but turned into
lilac colour later

Brown spored colony on white
mycelial growth with no aerial growth.

Granular with pale yellow-brown wall

divergent, broad base and tapering to long narrow
necks. Conidia are globose, ellipsoidal to
fusiform. They in long chains which are easily
disrupted.

Sepate hyphae, small round spores mostly in
clusters

Smooth or finely roughen heads are attached to
intermediate cells.

Aspergillus terrus

Aspergillus
ochraceus

Table 2: Susceptibility pattern of fungal isolates from spoilt fruits sample to Itraconazole

Fungal isolates No of isolates Sensitive Resistant
A. niger 12 4[33.3] 4[31]
A. terreus 6 2 [33.3] 4166.7]
A. flavus 3 1[33.3] 2 [66.7]
P lilacinium 6 3[50.0] 3[50.0]
F. vertilloides 6 3 [50.0] 3 [50.0]
A. ochraceus 9 5[55.6] 4 [44.4]

Total 42 18 [42.7] 24 [57.1]
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Table 3: Susceptibility Pattern of Fungal Isolates from Spoilt Fruits Samples to Fluconazole

Fungal Isolates  No of Isolates Sensitive No (%)  Resistant No (%)

A, niger 12 5(41.6) 7 (58.3)
A. terreus 6 2 (16.6) 5(83.3)
A. flavus 3 1(33.3) 2 (66.7)
P lilacinum 6 2(33.3) 4 (66.7)
A. ochraceus 9 3(33.3) 6 (66.7)
F verticilloides 6 2 (33.3) 4 (66.6)
Total 42 14 (33.3%) 28 (66.6 %)

Table 4. Phytochemical screening result of C. citratus and B. verticillata aqueous extracts
Bi-oactive Constituents B. verticillata C. citratus
Alkaloids + +
Flavonoids
Tannins
Cardiac Glycosides
Anthraquinone
Reducing Sugar
Phlobotanins
Steriods
Keys: Detected +, not Detected -

+ o+ o+ o+

e

+
1

Table 5: Antifungal Susceptibility of Flucanazole and Itraconazole resistant fungal
isolates from spoilt samples to C. citratus extracts.
Zone of inhibition (mm)

Fungal isolates Fluconazole resistant Itraconazole resistant
50mg/ml 100mg/ml 50mg/ml 100mg/ml
A. niger 19.2 23.6 14.2 16.9
A. terreus 14.3 19.1 12.5 17.4
A. flavus 10.2 10.5 10.2 16.0
P, lilaciium 12.3 15.7 15.4 19.8
F vertilloides 11.7 16.2 11.7 16.2
A. ochraceus 10.4 12.2 13.6 19.2

Table 6: Antifungal Susceptibility of Flucanazole and Itraconazole resistant fungal
isolates from spoilt samples to Borreria verticillia
Zone of inhibition (mm)

Fungal isolates Fluconazole resistant Itraconazole resistant
50mg/ml  100mg/ml 50mg/ml 100mg/ml
A. niger 15.4 19.3 10.1 13.4
A. terreus 12.3 17.1 Nz Nz
A. flavus 14.2 20.4 15.8 20.3
. lilaciium 13.0 17.3 12.5 18.5
F vertilloides 15.7 20.3 NZ 10.3
A. ochraceus 12.6 15.2 12.2 16.8

Keys: NZ = No Zone of inhibition

DISCUSSION spoilage across various stages, including ripening,
This study identified 42 fungal isolates comprising six  harvesting, storage, processing, and consumption.
species:  Aspergillus niger, A. terreus, A. flavus, Phytochemical analysis revealed the presence of diverse
Purpureocillium lilacium, A. ochraceus, and Fusarium  secondary metabolites in the leaf extracts of Cymbopogon
verticillioides, isolated from spoiled fruits. These findings citratus and  Borreria  verticillata.  The  tested
align with the report by Akinmusire (2011), which  phytochemicals—flavonoids, tannins, alkaloids,
highlighted molds as the primary agents responsible for fruit  anthraquinones, cardiac glycosides, saponins, terpenes,
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phlobatannins, steroids, phenols, and reducing sugars—were
all present in the extracts. This agrees with the findings of
Indhumati (2018), who reported similar phytochemical
profiles for these plants.

Among the 42 fungal isolates, 18 (42.8%) were sensitive to
itraconazole, while 24 (57.1%) were resistant. For
fluconazole, 14 isolates (34.1%) were sensitive, and 28
(66.6%) exhibited resistance, indicating a higher percentage
of resistant isolates. These results highlight the growing
challenge of reduced antifungal drug efficacy, as noted by
Sanglard (2016).

When the antifungal activities of the plant extracts were
tested against the drug-resistant isolates, C. citratus extract
inhibited all isolates, with the highest zone of inhibition
(19.8 mm) observed against itraconazole-resistant P
lilacium and the lowest (10.2 mm) against A. flavus.
Similarly, the B. verticillata extract demonstrated notable
antifungal activity, with the largest inhibition zone (19.3
mm) against fluconazole-resistant 4. niger. However, no
inhibition was observed in some cases.

Several studies have investigated the antifungal properties of
Cymbopogon citratus (lemongrass) and Borreria verticillata
extracts against drug-resistant fungal isolates. For instance,
Trivedi and Singh (2014) demonstrated that ethyl acetate,
aqueous, methanol extracts, and essential oil of C. citratus
leaves exhibited significant antifungal activity against
Aspergillus flavus and Mucor species isolated from herbal
drugs.

Similarly, a study by El-Sayed et al. (2022) revealed that
essential oils from C. citratus and C. proximus possess
potent antifungal, antibiofilm, and antioxidant activities,
suggesting their potential use in preventing infections caused
by Malassezia species in both medical and veterinary
contexts. Furthermore, research on Borreria verticillata has
indicated its antimicrobial effects against multidrug-resistant
bacteria and antifungal properties, highlighting its potential
as a source of natural antimicrobial agents. These findings
align with the current study's results, reinforcing the
potential of C. citratus and B. verticillata as alternative
antifungal agents, particularly against drug-resistant fungal
isolates. These findings align with previous studies where
antifungal resistance in Aspergillus spp. has been
increasingly reported, particularly in environmental and
clinical isolates (Adegoke and Stenstrom, 2019) via
exposure to emerging contaminants ((Faleye et al., 2017)
These findings suggest that the leaf extracts of C. citratus
and B. verticillata have significant antifungal properties and
could serve as potential alternatives to fluconazole and
itraconazole. This observation supports the findings of
Indhumati (2018), underscoring the extracts' effectiveness at
the tested concentrations.

CONCLUSION

In conclusion, this study highlights the prevalence of fungal
spoilage in fruits caused by species such as Aspergillus
niger, A. terreus, A. flavus, Purpureocillium lilacium, A.
ochraceus, and Fusarium verticillioides. The increasing
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resistance of fungal isolates to conventional antifungal
drugs, such as fluconazole and itraconazole, highlights the
urgent need for alternative treatment strategies.
Phytochemical analysis confirmed the presence of diverse
bioactive compounds in the leaf extracts of Cymbopogon
citratus and Borreria verticillata, which demonstrated
significant antifungal activity against drug-resistant isolates.
These findings suggest that these plant extracts have the
potential to serve as effective and natural alternatives to
synthetic antifungal agents. Further research into the
optimization of extract formulations and mechanisms of
action could enhance their application in combating fungal
infections and reducing dependence on conventional
antifungal drugs.

RECOMMENDATIONS

Cymbopogon citratus and Borreria verticillata extracts
exhibit promising antifungal properties, making them
potential natural alternatives to synthetic drugs. Further
studies focusing on large-scale extraction, formulation into
antifungal products, and isolating key bioactive compounds
for pharmaceutical applications should be considered. In
addition, their use as natural preservatives could help
prevent fungal spoilage in fruits, improving food security
and reducing economic losses.
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