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Abstract

The present study was aimed to evaluate antimicrobial activity of fungal strains against four bacterial & four fungal
pathogens isolated from ripen Banana fruits. The antimicrobial activity of fungal strains against fruit deteriorating
pathogens was evaluated by co-inoculation method, followed by confirmatory test by pour plate method. The solvent
extraction and evaluation for antimicrobial properties were studied by agar well diffusion method. In the co-inoculation and
pour plate method there was a formation of significant zone of inhibition against pathogens. Methanolic and ethanolic
extracts of selected fungal strain showed effective antibacterial effect and the methanolic extract of selected fungal strain
also demonstrated strong antifungal effect against pathogens. These findings may stimulate the search for new antibacterial

and antifungal agents.
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Introduction

Fruits play an important role in daily human life by supplying
vitamins and essential minerals are the necessary growth
factors, which help to maintain a healthy body'. These are
highly nutritious and economically important but now a day
they experience a different marketing problem. Attack of
pathogens is one of the limiting factor which influence the
economic and nutritional value. Pathogenic bacteria and fungi
are generally absent in fresh fruit and processed fruit products
because of their high acid content but present in ripen fruits or
fruit spoilage. Recent outbreaks of E. coli and Salmonella spp.
in apple and orange juices have challenged the belief that high
acid foods cannot harbor viable pathogenic bacteria 2 During
growth, harvesting and processing, microbial infections such as
pathogenic bacteria, fungi, protozoa and viruses are introduced
through contaminated water and results small amounts of
spoilage or illness. Unsanitary field conditions are another
factor for spoilage and early ripening due to source of
pathogens. During the growth of fruit, fungal spores attached
but remain in dormant condition and after ripening begins, the
attached spores start to germinate. Fruit pathogenic fungi are
basically present in apple, corn, grapes, guava, mango, orange,
papaya and pomegranatepawpaw, orange, tomato, pineapple,
and watermelon®*, The genusColletotrichumand
itsteleomorphGlomerella are considered to be the major banana
fruit pathogens worldwide. They cause significant economic
damage to banana fruits in tropical, subtropical, and temperate
regions °. Other than Collectotrichum, Aspergillus, Rhizopus,
Alternaria, Penicillium, Fusarium, Lasiodiplodia, Curvularia,
Syncephalastrum, Trichodermaare the fruit deteriorating fungi
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isolated from spoiled fruit®” .In case of bacteria, several studies
have been reported the occurrence of this in spoiled fruits
including Pseudomonas, Erwinia, Xanthomonas, Enterobacter,
Flavobacterium, Chromobacter, Lactobacillus, Bacillus, and
Clostridium. Bacteria like Escherichia coli, Salmonella typhi,
ShigellaFlexneri, Staphylococcus aureus, Salmonella paratyphi
A, Salmonella paratyphi B and Vibrio cholera are present in
banana which leads to its spoilage®.

As the infectious diseases are a global problem due to the spread
of pathogens so we a need to search for new antimicrobial
agents.In recent years, there has been a growing interest in
researching and developing new antimicrobial agents from
various sources to combat microbial resistance. Therefore, a
greater attention has been paid to antimicrobial activity
screening and evaluating methods. Several antimicrobial assay
like disk diffusion, well diffusion, broth agar diffusion are well
known and commonly used in microbial laboratory now adays®.
The present work was to isolate the fungi and bacteria from
ripen fruit like banana and grapes & systemically investigate the
antimicrobial potential of the micro-organisms.

Materials and Methods

Isolation and Characterization of fungal isolates: Rippen
Fruit sample like banana was collected from the street market
and washed with running tap water to remove the debrishes and
air-dried. Fruit samples were cut into small fragments using
sterile scalpels before surface sterilization. Sample fragments
were successively surface sterilized by immersion in 70%
ethanol for 3mins, 2.5% sodium hypochlorite solution for 5
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mins and sterile distilled water for 3-4times for 1min each. The
surface-sterilized fragments were placed on Sabouraud dextrose
agar medium and incubated for 4-5days until the micro-
organisms had grown properly™. Purification of pathogens was
done by streak plate method, so that the microbial cells were
well spaced from each other. The process like streak plate and
central inoculation were repeated for 3-4times until we got
purified pathogens. Gram staining was conducted to study the
cellular morphology of isolated bacteria. The smear of bacteria
was first heat fixed, then crystal violet added followed by lodine
solution, then washed with Gram’s decolorizer and then lastly
covered with safranin. All were added for 30 sec. The slides
were washed with distilled water and then shown under
microscope.

Screening for antimicrobial activity: Total 29 test organisms
were tested for their antimicrobial activity against four
pathogenic fungi and four pathogenic bacteria isolated from
ripen fruits like banana by inoculating them through co-
inoculation method on Sabouraud dextrose agar media and kept
incubation at 30°C for 5-7 days'’. In the first phase of
confirmatory test, pathogens were mixed with Sabouraud
dextrose media and then plated. After media solidification
inoculation of test organisms was done.Similarly in second
phase test, test organisms were added to Sabouraud Dextrose
agar media and plated, after media solidification, those
pathogens were centrally inoculated and then plates were
incubated for 10 days. This test is repeated to find the best test
organism for antimicrobial activity.

Extraction and Evaluation for antimicrobial activity: Two
pieces of growing mycelial disc of selected fungi/test organism
were inoculated into Sabouraud dextrose broth & incubated for
10 days. After the incubation period, filteration was occurred to
separate the culture filterate and mycelial mat through
Whatmann no. 1 filter paper'?. The culture filterate was
concentrated by Soxhlet apparatus and ethyl acetate was added
to the concentrated filterate for 72 hours. The upper layer was
separated and the lower layer was evaporated by Soxhlet.
Evaporated samples were dissolved in Ethanol and DMSO
(Dimethyl sulfoxide) respectively. Both the samples were
passed through two different columns. Then partially purified
samples were obtained through Column chromatography.
Collected fractions were pooled and again passed through two
separate columns by using solvents according to the
polarity’®'* Both antibacterial and antifungal activity was
performed by agar cup diffusion method against 3numbers of
bacterial pathogens and 4numbers of fungal pathogens. Nutrient
agar plates were prepared by inoculating bacterial pathogens
through pour plate technique. After solidification, agar cups
were prepared by scooping out the media with cork borer
(10mm in diameter). The cups were then filled with 500pL of
different extracts and incubated at 37°C for 48 hours for bacteria
pathogens. Similarly, Sabouraud dextrose agar plates were
prepared by adding 500uL of different extracts in the molten
agar medium and poured into plates by pour plate technique.
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Then fungal pathogens were inoculated by cutting 10mm disc
by cork borer centrally in the medium and incubated at 30°C for
72 hours. The zone of inhibition was observed and
photographed™.

Results and Discussion

Isolation and Characterization of fungal isolates: A total of 4
bacterial pathogens named as B1, B2, B3 & B4 and 4 fungal
pathogens namd as Colletotrichum sp., Penicillium sp.,
Aspergillussp. ,Fusarium sp. was purified from ripen fruit
sample. According to classical bacteriology, most species of
bacterial isolate can be differentiating based on simple Gram
staining technique.Out of 4 bacteria, B2 was identified as gram
negative, rest were gram positive.

Screening for selection of organisms for antimicrobial
activity: In the screening part, Out of 29 fungi,10 nos. of test
organisms showed positive result against 4 bacterial pathogens
and 11 nos. of test organisms showed positive result against 4
fungal pathogens respectively. All 29 fungi were different and
morphologically identified in genus level and these are mostly
Aspergillus sp.,Pencillium sp., Fusariumsp. , Trichoderma sp.
described in Table-1, Co-inoculation plate assay for screening
of fungi for antibacterial activity described in Table-2 and Co-
inoculation plate assay for screening of fungi for antifungal
activity described in Table-3.

Confirmatory test for antimicrobial activity: For bacterial
pathogens, 2 bacterial pathogens named as B3 and B4 showed
antimicrobial activity against 4 different test organisms (T3, T4,
T9 and T13). For Fungal pathogens, Penicillium sp. and
Aspergillussp.showed positive result against two test organisms
named as T28 and T1, described in Table-4 and Table-5.

Antimicrobial Activity of selected fungi extracts: According
to the polarity, ethanol, methanol, acetic acid and water extracts
of the test organism Aspergillus sp. were collected and used for
antibacterial tests. Highest zone of inhibition was shown in
ethanolic extracts (passed through DMSO column) of the test
organism as compared to positive control and highest zone was
shown in ethanolic and methanolic extracts (passed through
Ethanol column) as compared to positive control against bacterial
pathogen B2 in comparison to other extracts. In case of B3,
methanolic extract (passed through DMSO column) and ethanolic
extracts (passed through Ethanol column)showed highest zone of
inhibition and exhibiting antibacterial activity. Ethanolic and
methanolic extracts (passed through DMSO column) showed
positive result against B4 as compared to other extracts which
shown in Table-6.

According to the polarity, ethanol, methanol, acetic acid and
water extracts of the test organism Trichoderma sp. were
collected and used for antifungal tests. In case of Colletotrichum
sp., highest mycelia growth of inhibition exhibited in methanolic
extracts (passed through Ethanol column) as compared to positive
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control and antifungal activity was shown. In case of Penicillium
sp., methanolic extracts (passed through DMSO column) and
(passed through Ethanol column) showed better antifungal
activity by inhibiting the growth of pathogenic fungi as compared
to positive control. Again methanolic extracts (passed through

Table-1: Name of 29 fungal strains.
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DMSO column) and ethanolic extracts (passed through Ethanol
column) showed positive result in case of Aspergillus sp. as
compared to other extracts. Negative results were found in case of
Fusarium sp. which shown in Table-7.

Sl no Genus name
1 Aspergillus sp.
2 Penicillium sp.
3 Fusarium sp.
4 Trichoderma sp.
5 Aspergillus sp.
6 Trichoderma sp.
7 Penicillium sp.
8 Aspergillus sp.
9 Trichoderma sp.
10 Aspergillus sp.
11 Aspergillus sp.
12 Aspergillus sp.
13 Aspergillus sp.
14 Aspergillus sp.
15 Trichoderma sp.
16 Fusarium sp.
17 Fusarium sp.
18 Aspergillus sp.
19 Penicillium sp.
20 Trichoderma sp.
21 Fusarium sp.
22 Aspergillus sp.
23 Aspergillus sp.
24 Penicilium sp.
25 Trichoderma sp.
26 Fusarium sp.
27 Aspergillus sp.
28 Trichoderma sp.
29 Fusarium sp.
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Table-2: Co-inoculation plate assay for screening of fungi for antibacterial activity.

Pathogens

Test Organisms
B1 (Gram +ve) B2 (Gram —ve) B3 (Gram +ve) B4 (Gram +ve)

Aspergillus sp. - - - -

Penicillium sp. - - + +

Fusarium sp. - - + +

Trichoderma sp. + - + +

Aspergillus sp. - - - -

Trichoderma sp. - - + +

Penicillium sp. - - + +

Aspergillus sp. - - - -

Trichoderma sp. - - + +

Aspergillus sp. - - - -

Aspergillus sp. - - - -

Aspergillus sp. - - - -

Aspergillus sp. + + - -

Aspergillus sp. - - + +

Trichoderma sp. - - - -

Fusarium sp. - - - -

Fusarium sp. - - - -

Aspergillus sp. - - - -

Penicillium sp. - - + +

Trichoderma sp. - - - -

Fusarium sp. - - - -

Aspergillus sp. - - - -

Aspergillus sp. - - + +

Penicilium sp. - - - -

Trichoderma sp. - - - -

Fusarium sp. - - - -

Aspergillus sp. - - - -

Trichoderma sp. - - - -

Fusarium sp. - - - -

+ : results indicates the formation of zone against pathogens, - : results indicates no formation of zone against pathogens.
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Table-3: Co-inoculation plate assay for screening of fungi for antifungal activity.

Pathogens

Test Organisms
Colletotrichum sp Penicillium sp. Aspergillussp. Fusarium sp.

Aspergillus sp. - - - +

Penicillium sp. - - - -

Fusarium sp. - + - -

Trichoderma sp. + - - +

Aspergillus sp. - - - +

Trichoderma sp. - - - -

Penicillium sp. - - - -

Aspergillus sp. - - - -

Trichoderma sp. - - - +

Aspergillus sp. - - - -

Aspergillus sp. - - - -

Aspergillus sp. - - - -

Aspergillus sp. - - - -

Aspergillus sp. - - + -

Trichoderma sp. - - - -

Fusarium sp. - - - +

Fusarium sp. - - - -

Aspergillus sp. - - - -

Penicillium sp. - - + -

Trichoderma sp. - - - -

Fusarium sp. - - - -

Aspergillus sp. - - + -

Aspergillus sp. - - - -

Penicilium sp. - - - -

Trichoderma sp. + - - -

Fusarium sp. - - - -

Aspergillus sp. - - - -

Trichoderma sp. + - - +

Fusarium sp. - - - -

+: results indicates the formation of zone against pathogens, -: results indicates no formation of zone against pathogens.
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Table-4: Pour plate quantitative assay for antibacterial properties of selected fungi.
Test Organisms B1 (Gram +ve) B2 (Gram —ve) B3 (Gram +ve) B4 (Gram +ve)

Penicilium sp. - - - -

Fusarium sp. - - + +
Trichoderma sp. - - - +
Trichoderma sp. - - - +

Aspergillus sp. - - - +
Aspergillus sp. - - - -

+: results indicates the formation of zone against pathogens, -: results indicates no formation of zone against pathogens.

Table-5: Pour plate quantitative assay for antifungal properties of selected fungi.

Test Organisms Colletotrichum sp. Penicillium sp. Aspergillussp. Fusarium sp.
Aspergillus sp. - - + -
Fusarium sp. - - - -

Trichoderma sp. - - - -

Aspergillus sp. - - - -

Trichoderma sp. - - - -

Aspergillus sp. - - - -

Fusarium sp. - - - -

Penicilium sp. - - - -

Aspergillus sp. - - - -

Trichoderma sp. - - - -

Trichoderma sp. - + + -

+: results indicates the formation of zone against pathogens. -: results indicates no formation of zone against pathogens.

Table-6: Antibacterial Activity of solvent extracts of selected fungal strain.

B2 (Gram —ve) B3 (Gram +ve) B4 (Gram +ve)
Aspergillus sp.
w A M E w A M E w A M E
DMSO - - - + - - + - - - + +
Ethanol - - + + - - - + - - - -

W-Water, A-Acetic acid, M-Methanol and E-Ethanol.

InternationalScienceCommunity Association



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 14(2), 23-29, May (2025)

Table-7: Antifungal Activity of solvent extracts of selected fungal strain
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Colletotrichum sp.

Penicillium sp.

Aspergillus sp. Fusarium sp.

Trichoderma sp.

w A M E w A M E w A|lM|E|W]|A|M E
DMSO - - - - - - + - - - + - - - - -
Ethanol - - + + - - + - - - + + - - - -
W-Water, A-Acetic acid, M-Methanol and E-Ethanol.
Conclusion 6. Anthony, S., Abeywickrama, K., Dayananda, R., Wijeratna
m, S., & Arambewela, L. (2004). Fungal pathogens associat
CO"ectiVer, based on our findingS, we Conclude that methanolic ed with banana fruit in S“ |_ankal and their treatment with e
and ethanolic extracts of selected fungi showed effective ssential oils. Mycopathologia, 157, 91-97.
antibacterial effect and the methanolic extract of selected fungi . ) .
also  demonstrated strong antifungal effect against £ Ba_shar, M A, Sham5|,_ S'Z & Hossain, M. (2(.)12)' Fungi ass
Colletotrichum  sp.,Penicillium sp., Aspergillus sp. These ociated with rotten fruits in Dhaka Metropolis. Bangladesh
findings may stimulate the novelity for new antibacterial and Journal of Botany, 41(1), 115-117.
antifungal agents and also could be promising and an unaffected 8. Hasan, N. A., & Zulkahar, 1. M. (2018). Isolation and identi
asset of therapeutic compounds. fication of bacteria from spoiled fruits. In AIP Conference
Proceedings, 2020(1), 1-5.
Acknowledgements 9. Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Method
The financial support from Forest, Environment and Climate s for in vitro evaluat!ng antimic_robial activity: A review. Jo
Change department, Govt. of Odisha (State plan- 2023-24) is urnal of pharmaceutical analysis, 6(2), 71-79.
gratefully acknowledged. The authors are thankful to the Chief  10. Phongpaichit, S., Rungjindamai, N., Rukachaisirikul, V., &
Executive, Regional Plant Resource Centre, Bhubaneswar, Sakayaroj, J. (2006). Antimicrobial activity in cultures of e
Odisha, for providing necessary laboratory, administrative ndophytic fungi isolated from Garcinia species. FEMS Imm
facilities for this research work. unology & Medical Microbiology, 48(3), 367-372.
Ref 11. Sabat, J., & Gupta, N. (2009). Development of modified me
ererences dium for the enhancement in antifungal activity of P. steckii
1. Hasan, N. A., & Zanuddin, N. A. M. (2018). Molecular ide (MF1 Mangrove Fungi) against Verticillium Wilt pathogeni
ntification of isolated fungi from banana, mango and pineap ¢ fungi of rose. Brazilian Archives of Biology and Technolo
ple spoiled fruits. In AIP Conference Proceedings, 2020(1), gy, 52, 809-818.
1-5. 12. Arivudainambi, U. E., Kanugula, A. K., Kotamraju, S., Kar
2. Zhao, Y. (2005). Pathogens in fruit. In Improving the safety unakaran, C., & Rajendran, A. (2014). Antibacterial effect
of fresh fruit and vegetables (pp. 44-88). Woodhead Publish of an extract of the endophytic fungus alternariaalternata an
ing. d its cytotoxic activity on mcf-7 and mda mb-231 tumour ¢
. . . . . ell lines. Biological letters, 51(1), 7-17.
3. Devi, D., & Bordoloi, R. (2021). Isolation and identificatio )
n of fungi and bacteria from some spoiled fruits and vegeta 13. Choudhury, M., Mukherjee, K., De, A., Samanta, A., & Ro
bles. Plant Archives, 21(1), 1550-1553. Y, A. (2020). Partial Purification and Characterization of Al
o . bain 1, a Triterpene with Antimicrobial Activity, from the
4. Mailafia, S., Olabode, H. O. K., & Osanupin, R. (2017). Iso Wood Extract of Avicennia alba Blume. Journal of Pharma
lation and_ identification of fungi assoc_lated_wn_h spoilt frwt ceutical Research International, 32(2), 38-48.
s vended in Gwagwalada market, Abuja, Nigeria. Veterinar
y world, 10(4), 393-397. 14. Yosboonruang, A., Ontawong, A., Thapmamang, J., &Duan
. ) . gjai, A. (2022). Antibacterial activity of coffea robusta leaf
5. Swinburne, T. R. (1993). Colletotrichum: Biology, Patholo extract against foodborne pathogens. Journal of microbiolo
gy and Control, eds JA Balley & MJ Jeger. xii+ 388 pp. Wa gy and biotechnology, 32(8), 1003.
llingford: CAB International (1992).£ 60.00 or $114.00 (har
15. Khan, N. A., Quereshi, S., Pandey, A., & Srivastava, A. (20

dback). ISBN 0 85198 756 7. The Journal of Agricultural S
cience, 121(1), 136-137.

InternationalScienceCommunity Association

09). Antibacterial activity of seed extracts of commercial an
d wild Lathyrus Species. Turkish Journal of Biology, 33(2),
165-169




