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Abstract

Antimicrobial resistance has been recognized as a major issue of public health concern and
it remains a global threat of the health care system. Endophytic fungi associated with
medicinal plants are reported as promising reservoir of novel antibiotics. The study aim
was to determine the antibacterial potential of endophytic fungi associated with Psidium
gaujava leaf against Escherichia coli and Klebsiella pneumoniae. Leaves of P. guajava were
surface sterilized and inoculated on plates of Potato Dextrose Agar and incubated at room
temperature. Endophytic fungal isolates that emerged were identified using their
macroscopic (cultural) and microscopic characteristics. The endophytes were screen for
antibacterial activity on E. coli and K. pneumoniae isolates. Antibacterial activity of
endophytic fungi ethyl acetate extracts with antibacterial activity was also evaluated
against isolates of E. coli and K. pneumoniae by agar well diffusion technique. Minimum
Inhibitory Concentrations and Minimum Bactericidal Concentrations of the ethyl acetate
extracts were also determined. Eight endophytic fungi were isolated from P. guajava leaves
and four had antibacterial activity namely: Gonatobotrys sp. P21, Xylaria sp. P11, Fusarium
sp. P22 and Trichoderma sp. P25. The extracts exhibited antibacterial activity with zones
of inhibition ranging from 11.5 £ 0.5mm to 18.5 + 1.5mm for E. coli and 12.5 + 0.5mm to
21.0 £1.0mm for K. pneumoniae. The MIC was found to be 500mg/mL and 250mg/mL for E.
coli and K. pneumoniae respectively. Endophytic fungi isolated from P. gaujava leaf are
potential source of novel antibacterial drug since they possess antibacterial activity against
isolates of E. coli and K. pneumoniae.
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INTRODUCTION Psidium guajava L., known as Guava in Hausa
Antimicrobial resistance is a serious health issue  [anguage, is a plant of medicinal value belonging

that threatens the health care system world-  to the family Myrtaceae. It is a popular
wide. It has become necessary and timely to  medicinal plant used in the treatment of various
research for and identify novel therapeutic illnesses in indigenous medicinal systems
compound due to the increase in resistance of (Kaneria and Chanda, 2011). For centuries,

pathogens to available drugs (Marcellano et al., plants have been a source of bioactive
2017). compounds with medicinal value against various
diseases. Recent research has focused on plant-

Annually, hundreds of thousands of people die as
a result of infections caused by antimicrobial-
resistant pathogens. This statistic is predicted to
increase to as high as 10 million people by 2050
if interventions are not implemented. The most
important intervention is the development of
novel antimicrobial compounds (O’Neill, 2016;
Lopez-Pérez et al., 2017).

associated microorganisms, known as
endophytes, revealing that endophytes produce
compounds with high therapeutic potential.
Endophytes are endosymbiotic microorganisms,
including bacteria and fungi, that colonize
healthy plants (Gouda et al., 2016). Medicinal
plants host certain fungi capable of producing
bioactive metabolites (marcellano et al., 2017).
The enormous therapeutic potential of
endophyte metabolites has been well-
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documented, showing activity against
microorganisms, viruses, parasites, and tumors
(Santiago et al., 2014).

The plant provides nutrients and shelter to the
endophytes, while the endophytes produce
metabolites that enhance plant fitness by
protecting the plant from biotic and abiotic
stresses (Gupta et al., 2023). Endophytic fungi
are reported to be a reservoir of vast novel
antimicrobial compounds. Plant-associated
endophytes produce certain metabolites that
can induce plant resistance to pathogens
(carbungco et al., 2017).

Endophytic fungi associated with medicinal
plants such as psidium guajava have been
identified as one of the promising sources of new
antibiotics to combat antimicrobial resistance
(Gupta et al., 2023). They have the ability to
secrete a vast repertoire of bioactive compounds
with promising therapeutic potentials (Digra and
Nonzom, 2023; meshram et al., 2023). The
challenge of antibiotic resistance has resulted in
increased research on endophytic fungi,
especially medicinal plant-associated
endophytes, as a source of novel antibiotics
(Gupta et al., 2023).

MATERIALS AND METHODS

Collection of Samples

Psidium guajava (guava) leaves were collected
within the main (Samaru) Campus of Ahmadu
Bello University, Zaria. The leaves were
collected in substantial quantity and taken for
identification to the Herbarium, Department of
Botany, Faculty of Life Sciences, Ahmadu Bello
University, Zaria. The plant was identified as
psidium guajava and assigned voucher number
ABUO03253. Subsequently, the leaves were
transported to the Department of Microbiology
laboratory for further analysis.

Collection of Test Bacterial Isolates

Clinical isolates of Escherichia coli and
Klebsiella pneumoniae used as the test bacterial
isolates for this study were collected from Main
Teaching Laboratory, Department of
Microbiology, Ahmadu Bello University, Zaria.
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Isolation and
Fungi

identification of Endophytic

The Psidium guajava leaves were rinsed using
running tap and then surface sterilized as
follows:2 minutes treatment with 70% ethyl
alcohol, followed by washing with distilled water
and dipping for 2 minutes in 10% sodium
hypochlorite. The leaves were washed again
with distilled water and cut into small pieces of
dimensions 6 mm? with the aid of a sterilized
blade and forceps. The cut pieces of leaves were
inoculated on Potato Dextrose Agar (PDA)
medium and incubated for 5 days at 25°C
(Savitha et al., 2012). Fungal isolates that
emerged from the leaves were identified with
the aid of an atlas of mycology based on their
macroscopic and microscopic characteristics.
Macroscopic characteristics included the fungal
mycelia colour and texture as well as reverse of
the plate. Microscopic characteristics were
observed under the microscope using slide
culture technique.

Preliminary Screening of Endophytic Fungi for
Antibacterial Activity

To screen the endophytic fungi isolates for
antibacterial activity, 0.5 McFarland
standardized bacterial isolates were inoculated
on Mueller Hinton Agar plates and mycelia plug
of 7 days old endophytic fungal isolates were
then placed on the surface of the inoculated
agar. The plates were then incubated for 24 at
37°C hours and then examined for inhibition
zone around the endophytic fungal isolates
(Hussaini et al., 2022).

Fermentation Assay of Endophytic Fungi

Endophytic fungal isolates that showed
antibacterial activity in the preliminary
screening were inoculated into 100 mL of malt
extract broth contained in a 150 mL Erlenmeyer
flask and incubated in a shaker incubator set at
140 rpm for 14 days at 25°C. Mycelia were
removed via filtration after 14 days of
fermentation (Santiago et al., 2014).

Preparation of Extract

The fungal metabolites were extracted from the
filtrate using the solvent extraction method.
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Ethyl acetate was used as the solvent for
extraction. The filtrate and ethyl acetate were
combined in a separating funnel at a 1:1 ratio
and vigorously shaken for 10 minutes. The
mixture was then allowed to settle to separate
the cell mass and collect the solvent. Ethyl
acetate extracts were obtained by evaporating
and drying the solvent in a vacuum evaporator.
These extracts were dissolved in Dimethyl
sulphoxide (DMSO) and stored for further studies
(Hussainiet al., 2022).

Evaluation of Antibacterial Activity of Ethyl
Acetate Extract

Screening for antibacterial activity was carried
out using the agar well diffusion technique. A
sterile cotton swab was inserted into 0.5
McFarland standardized inocula of bacterial
isolates and inoculated onto the surface of the
Mueller Hinton agar medium. The plates were
kept for 5 minutes to dry and then wells of 3mm
were made into the medium using a sterilized
cork borer. Four wells were made 2 inches apart
on each plate. Fifty microliter (50pL) aliquot of
each test extract was dispensed into appropriate
well. Each plate was labeled and incubated at
37°C for 24 hours. The plates were examined for
zones of inhibition and measured in millimeters
(Biswas et al., 2013)

Determination of MIC and MBC of the Ethyl
Acetate Extract of the Endophytic Fungi

The Minimum Inhibitory Concentration (MIC) of
the extracts was determined by broth micro-
dilution assay. This assay was carried out using
96-well microplates, each well containing 100 pL
of MHB. Two-fold serial dilution of the stock
extract concentration (2000 pg/mL) was made in
MHB to obtain concentrations ranging from
1000to7.8pg/mL. Then10pLof 0.5 McFarland
standardized inocula were added to each wells
and the plates were incubated for 24 hours at
37°C. The MIC of the extracts was determined
after the addition of 30 pL of resazurin solution
at concentration of 100 pg/mL and incubation at
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37 °C for 2 hour. Bacterial growth changes the
resazurin from blue colour to pink colour.
Growth inhibition is indicated by a blue
colour.The MIC value was the lowest extract
concentration which inhibited bacterial growth.
To determine the Minimum Bactericidal
Concentration (MBC) of the extracts, broth from
each well that showed no evidence growth was
inoculated on Muller-Hinton agar and incubated
for 24 hour at 37 °C. The least concentration
that had no bacterial growth after subculturing
was recorded as the MBC (Hilario et al., 2017).

RESULTS

A total of eight endophytic fungal isolates were
obtained from healthy leaves of psidium guajava
(guava). The fungal isolates belong to the
genera: Xylaria (3; 37.50%), Aspergillus (1;
12.50%), Fusarium (1; 12.50%), Gonatobotrys (1;
12.50%), and Trichoderma (2; 25.00%) (Figure 1).

Four out of the eight endophytic fungal isolates
exhibited antibacterial activity against E. coli
and K. pneumoniae (Table 1). The isolates that
exhibited antibacterial activity are Xylaria sp.
P11, Gonatobotrys sp. P21, Fusarium sp. P22,
and Trichoderma sp. P25.

The ethyl acetate extracts of all four endophytic
fungal isolates exhibited antibacterial activity
against E. coli and K. pneumoniae, with zones of
inhibition ranging between 11.5 + 0.5 mm and
21.0 £ 1.0 mm (Table 2; plate I). The highest
zone of inhibition (21.0 + 1.0 mm) was observed
for xylaria sp. P11 against K. pneumoniae, while
the lowest zone of inhibition of 11.5 + 0.5 mm
was observed for trichoderma sp. P25 against E.
coli.

Minimum Inhibitory concentration values of the
extracts against E. coli and K. pneumoniae were
observed to be between 250 pg/mL - 500 pg/mL
and 500 pg/mL - 1000 pg/mL respectively.
Growth was observed at all concentrations upon
sub-culturing to determine MBC (Table 3; Plate

1)
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Figure 1: Percentage Distribution of Endophytic Fungi Genera Isolated from Psidium guajava leaf

Table 1: Antibacterial activity of endophytic fungal isolates against E. coli and K. pneumoniae
Isolate code E. coli K. pneumoniae
Xylaria sp. P11 + +
Tricoderma sp. P12 - -
Xylaria sp. P13

Gonatobotrys sp. P21

Fusarium sp. P22

Aspergillus sp. P23

Xylaria sp. P24

Trichoderma sp. P25 + +

KEY: + = antibacterial activity; - = no antibacterial activity

Table 2: Antibacterial Activity of Ethyl Acetate Extracts of Endophytic Fungi at 2000pg/mL
against Escherichia coli and Klebsiella pneumoniae

Isolate code Mean Zone of inhibition (mm) + SD
Escherichia coli Klebsiella pneumoniae
Xylariasp. P11 18.5 +1.5 21.0 +1.0
Fusarium sp. P22 12.0+ 0.0 15.5 0.5
Gonatobotrys sp. P21 18.0 £2.0 12.5 0.5
Trichodermasp. P25 11.5 +0.5 12.5 0.5

Table 3: MIC and MBC values of ethyl acetate extracts of endophytic fungi against E.coli and
K.pneumoniae

K. pneumoniae E. coli
Isolate code MIC MBC MIC MBC
Xylariasp. P11 500 pg/ml - 250 pg/ml -
Fusarium sp. P22 1000 pg/m - 500 pg/ml
Gonatobotrys sp. P21 1000 pg/ml - 250 pg/ml
Trichodermasp. P25 500 pg/ml - 250 pg/ml

Key: - = Growth was observed at all concentrations
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Plate I: Zones of inhibition of extracts against isolates of E. coli and K. pneumoniae [A= E. Coli

and B= K. pneumoniae

Plate Il: MIC of ethyl acetate extract of A=K. pneumoniae and B=E.coli

DISCUSSION

A total of eight (8) endophytic fungi were
isolated from health leaves of P. guajava this
implies that these isolates are in a mutual
relationship with the plant. The edophytic
fungal isolates belong to five genera namely
Xylaria, Trichoderma, Fusarium, Aspergillus and
Gonatobotrys. Similar to this observation
Xylaria, Fusarium and Aspergillus isolated from
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leaves of P. guajava by Tchamgoueet al. (2020).
This finding is in contrast to that of Susilawati et
al. (2018) who isolated four (4) endophytic fungi
all belonging to the genus Aspergillus from
leaves of P. guajava. Xylaria was observed to be
the dominant genus is this study. Xylaria is
reported to be among the most dominant genera
of fungal endophytes because of its ability to
adapt to tissue of different plant (Tchamgoue et
al., 2020). This is similar to the report of
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Tchamgoue et al. (2020) where Xylaria was
observed to be the dominant endophytic
fungalgenus.

Four (4) of the fungi isolated, namely xylaria sp.
P11, gonatobotrys sp. P21, Fusarium sp. P22,
and  Trichoderma  sp. P25, exhibited
antibacterial activity against the test bacterial
isolates. This suggests that the endophytic fungi
were capable of producing a variety of
secondary metabolites with inhibitory effects
against K. pneumoniae and E. coli.

The ethyl acetate extract of the four (4)
endophytic fungi that showed activity during the
screening assay exhibited antibacterial activity
against the tested isolates. This implies that
these four (4) endophytes produced secondary
metabolites, which are bioactive compounds
that exhibited antibacterial activity against the
tested bacteria. These endophytic fungal
isolates can be explored as a source of new
antibiotics in the fight against antibiotic
resistance. Variation was observed in the
antibacterial activity of the extracts against K.
pneumoniae and E. coli. The highest zone of
inhibition was exhibited by the extract of Xylaria
sp. P11 against K. pneumoniae (21.0 £ 1.0 mm)
and E. coli (18.5 + 1.5 mm), while the
Trichoderma sp. P25 extract exhibited the least
zone of inhibition against K. pneumoniae (12.5
0.5 mm) and E. coli (11.5 = 0.5 mm). The
variation in antibacterial activities exhibited by
the endophytic fungal extracts could be linked
to differences in the type and quantity of
metabolites present in the extracts.

The MIC of ethyl acetate extracts of the
endophytic fungi against E. coli ranged between
250 pg/mL and 500 pg/mL, while the MIC against
K. pneumoniae ranged between 500 pg/mL and
1000 pg/mL. Growth was observed at all
concentrations, indicating that the extract can
only inhibit the growth of the test bacteria at
the tested concentrations.

CONCLUSION

Endophytic fungi associated with the leaves of P.
guajava exhibited antibacterial activity against
K. pneumoniae and E. coli. They produce
metabolites that can be exploited as a novel
drug for the treatment of infections caused by
K. pneumoniae and E. coli. Future research
should focus on the structural elucidation of the
bioactive compounds produced and screening for
their antibacterial activity against drug-resistant
pathogens.

UMYU Journal of Microbiology Research 185

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

REFERENCES

Biswas, B., Rogers, K., McLaughlin, F., Daniels,
D., Yadav, A. (2013).Antimicrobial
activities of leaf extracts of Guava
(Psidium guajava L.) on two gram-
negative and gram-positive bacteria.
International Journal of Microbiology,
746165. [Crossref]

Carbungco, E.S., Pedroche, N.B., Panes, V.A.
and De la Cruz, T.E. (2017).
Identification and characterization of
endophytic fungi associated with the
leaves of Moringa oleifera Lam. Acta
Horticulturae,1158, 373-380 [Crossref]

Digra, S. and Nonzom, S. (2023). An insight into
endophytic antimicrobial compounds:
An updated analysis. Plant
Biotechnology Report, 1-31. [Crossref]

Gouda, S., Das, G., Sen, S.K., Shin, H.S. and
Patra, J.K. (2016). Endophytes: A
Treasure House of Bioactive Compounds
of Medicinal Importance. Frontier in
Microbiology, 7:1538. [Crossref]

Gupta, A., Meshram, V., Gupta, M., Goyal, S.,
Qureshi, K.A., Jaremko, M. and Shukla,

K.K. (2023). Fungal Endophytes:
Microfactories of Novel Bioactive
Compounds with Therapeutic

Interventions; A Comprehensive Review
on the Biotechnological Developments in
the Field of Fungal Endophytic Biology
over the Last Decade. Biomolecules, 13,
1038. [Crossref]

Hilario, F., Vanessa , M., Chapla, A. R., Araujo.,
Paulo T., Sano,T., Bauaba, M. and
Lourdes, C.S. (2017). Antimicrobial
Screening of Endophytic Fungi Isolated
from the Aerial Parts of Paepalanthus
chiquitensis (Eriocaulaceae) Led to the
Isolation of Secondary Metabolites
Produced by Fusarium fujikuroi, Journal

of the Brazilian Chemical Society,
28(8): 1389-1395. [Crossref]
Hussaini, |.M., Ahmed, H.S., Ahmad, H.,

Sulaiman, M.A. and Usman, A. (2022).
Preliminary Screening for Antibacterial
Activity of Endophytic Fungi isolated
from Azadirachta indica and Mentha
piperita phyllosphere against
Staphylococcus aureus, Escherichia coli
and Pseudomonas aeruginosa. Algerian
Journal of Biosciences, 03(02): 056-060.
[Crossref]
Kaneria, M. and

Phytochemical

Chanda, S. (2011).
and Pharmacognostic

Www.ujmr.umyu.edu.ng


https://doi.org/10.1155/2013/746165
https://doi.org/10.17660/ActaHortic.2017.1158.42
https://doi.org/10.1007/s11816-023-00824-x
https://doi.org/10.3389/fmicb.2016.01538
https://doi.org/10.3390/biom13071038
https://doi.org/10.21577/0103-5053.20160312
https://doi.org/10.57056/ajb.v3i2.57

UJMR, Conference Special Issue Vol. 9 No. 3.
June, 2024, pp.180 - 186

Evalution of leaves of Psidiumguajava
L. (Myrtaceae), Pharmacognosy
Journal, 3(23): 41 - 45. [Crossref]

Lopez-Pérez PM, Grimsey E, Bourne L, Mikut R
and Hilpert K (2017). Screening and
Optimizing Antimicrobial Peptides by
Using SPOT-Synthesis. Frontiers in
Chemistry, 5:25. [Crossref]

Marcellano, J.P., Collanto, A.S. and Fuentes,
R.G. (2017) .Antibacterial Activity of
Endophytic Fungi Isolated from the Bark
of Cinnamomum mercadoi. Pharmacogn
J, 9(3):405-9. [Crossref]

Meshram, V., Elazar, M., Maymon, M., Sharma,
G., Shawahna, R., Charuvi, D. and
Freeman, S. (2023). Endophytic
Fusarium clavum confers growth and
salt tolerance in  Cucumismelo.
Environmental and  Experimental
Botany, 206: 105-153. [Crossref]

O’Neill, J. (2016). Tackling Drug-Resistant
Infections Globally: Final Report and
Recommendations Review on
Antimicrobial Resistance.

Santiago, S., Sun, L., Munro, M.H.G. and
Santhanam, J. (2014). Polyketide and
benzopyran compounds of an endophytic
fungus isolated from Cinnamomum

UMYU Journal of Microbiology Research

186

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

mollissimum: biological activity and

structure. Asian Pacific Journal of
Tropical Biomedicine, 4(8): 627-632.
[Crossref]

Savitha, D., Rita, M., Sonam, V., Varuni, G.,
Kirti, P. and Basavaraj, H. (2012).
Phytochemical analysis, antimicrobial
and antitumour screening of endophytes
of Tinospora cordifolia. International
Journal  of  Pharmaceutical and
Biological Science,3(4): 533 - 540

Susilawati, Amalia, E., Oktariana, D. and
Khairunnisa, M.S. (2018). Antibacterial
Activity of Endophytic Fungi Isolated
from the Leaves of JambuBiji (Psidium
guajava L.) Journal of Physics:
Conference Series 1095 (2018) 012041.
[Crossref]

Tchamgoue, E.N., Fanche, S.A.Y., Ndjakou,
B.L., Matei, F. and Nyegue, M.A. (2020).
Diversity of Endophytic Fungi of Psidium

guajava  (Myrtaceae) and  Their
Antagonistic  Activity against Two
Banana  Pathogens.20(11):  86-101,
[Crossref]

Www.ujmr.umyu.edu.ng


https://doi.org/10.5530/pj.2011.23.6
https://doi.org/10.3389/fchem.2017.00025
https://doi.org/10.5530/pj.2017.3.69
https://doi.org/10.1016/j.envexpbot.2022.105153
https://doi.org/10.12980/APJTB.4.2014APJTB-2014-0030
https://doi.org/10.1088/1742-6596/1095/1/012041
https://doi.org/10.9734/JAMB/2020/v20i1130304

