Original Article

Komal. et al.,

DOI: https://doi.org/10.70749/iibr.v3i6.2094

A

INDUS JOURNAL OF BIOSCIENCE RESEARCH

indus Journal of

BIOSCIENCE
RESEARCH

https://ijbr.com.pk
Supheus ISSN: 2960-2793/ 2960-2807
>’Crossref

Inhibition Effect of Chitosan Against Bacteria and Fungi Isolated from

Rotten Fruits and Vegetables

Komal*, Sania Ejaz?, Amna Sultan®, Wasim Khan*, Syeda Sundas Begum®*, Shayan Rasheed®, Zeeshan Qadir®,

Fathma Gul* Mansoor Ali* Saima Magbool*, Muhammad Tauqeer ul Haq’, Zakir Ullahé, Safia Gul*®

1 Department of Botany, Women University Mardan, Mardan, Khyber Pakhtunkhwa, Pakistan.

% Department of Phytopathology, Federal University of Lavras, MG, Brazil.

3 Department of Microbiology, Abdul Wali Khan University Mardan, Khyber Pakhtunkhwa, Pakistan.

* Department of Botany, Abdul Wali Khan University Mardan, Mardan 23200, Pakistan.

5 Department Grupo de Pesquisa Quimica de Materiais, Federal University of Sdo Jodo Del Rei, Brazil.

6 Department of Food Science & Technology, Abdul Wali Khan University Mardan, Khyber Pakhtunkhwa 23200, Pakistan.
7 Department of Horticulture, Abdul Wali Khan University Mardan, Khyber Pakhtunkhwa, Pakistan.

8 Lecturer, University College for Women, Abdul Wali Khan University Mardan, Khyber Pakhtunkhwa, Pakistan.

ARTICLE INFO
Keywords: Bio conservation, Eco-
preservation, Phytobiotics, Green

technologies, Microbial interactions

Correspondence to: Safia Gul, Lecturer,
University College for Women, Abdul Wali
Khan  University = Mardan, Khyber
Pakhtunkhwa, Pakistan.

Email: Safiagul@awkum.edu.pk

Declaration

Authors’ Contribution: Mentioned at the
end of the paper.

Conflict of Interest: No conflict of interest.

Funding: No funding received by the
authors.

Article History

Received: 07-02-2025 Revised: 03-06-2025
Accepted: 16-06-2025 Published: 30-06-2025

ABSTRACT

This study aimed to isolate bacterial strains from spoiled fruits and vegetables and
evaluate their antibacterial, antifungal, and antioxidant activities, along with
exploring the potential of chitosan in extending the shelf life of fresh produce.
Bacterial isolates were obtained through nutrient agar plates, followed by Gram
staining to identify the strains. The bacteria identified were Escherichia coli,
Salmonella spp., Staphylococcus aureus, and Bacillus spp. based on their
morphological characteristics. The antibacterial activity of these strains was
assessed using the agar well diffusion method, revealing varying inhibition zones
depending on the bacterial species. The antifungal activity of the isolates was tested
against Aspergillus niger, and although no inhibition zones were observed for the
bacterial isolates, the standard antifungal agent, Clotrimazole, demonstrated
significant inhibition. Antioxidant activity was measured through DPPH and ABTS
assays, with fungal strains isolated from cauliflower and orange showing the highest
antioxidant potential. Additionally, the use of chitosan on fresh fruits and vegetables
resulted in a notable extension of shelf life. Specifically, tomatoes, brinjal, apples, and
bananas exhibited significant improvements in shelf life, extending their typical
storage duration. These findings suggest that bacterial strains isolated from fruits
and vegetables possess diverse bioactivities, with potential applications in food
preservation. Furthermore, chitosan proved to be a promising natural agent for
enhancing the shelf life of fresh produce. This study provides valuable insights into
the biotechnological potential of natural preservatives and microbial isolates in
sustainable food preservation practices, highlighting the importance of exploring
eco-friendly alternatives to synthetic preservatives. Future research should
investigate the synergistic effects of these bacterial strains and chitosan, as well as
their mechanisms of action to further optimize their applications in food security and
preservation.

INTRODUCTION

of fruits and vegetables but also poses a significant health

Fresh fruits and vegetables are essential components of a
healthy diet, providing vital nutrients such as vitamins,
fiber, and antioxidants. However, these perishable
commodities have a limited shelf life, particularly when
exposed to environmental factors such as temperature
fluctuations, humidity, and mechanical damage. The rapid
deterioration of fresh produce is primarily caused by
microbial contamination, with fungi and bacteria being the
major culprits responsible for postharvest spoilage (1).
This microbial growth not only reduces the marketability

risk to consumers, as it can lead to the development of
foodborne diseases (2, 3).

Fungal pathogens such as Penicillium spp., Aspergillus spp.,
and Rhizopus spp. are commonly isolated from decaying
fruits and vegetables, causing a wide range of postharvest
diseases. Bacterial pathogens, including Escherichia coli,
Salmonella spp., and Listeria monocytogenes, are also
frequently detected on fresh produce, contributing to
foodborne illness outbreaks (4, 5). These microorganisms
can enter fruits and vegetables through damaged areas on
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their surface, where they proliferate under favorable
conditions,  particularly in  the  high-moisture
environments  typical of fresh produce (6).
Synthetic preservatives and fungicides have long been
used to control microbial spoilage in fruits and vegetables,
their use is increasingly being questioned due to concerns
over their potential negative impacts on human health and
the environment (7). There has been growing interest in
alternative, natural methods to combat microbial
contamination and extend the shelf life of fresh produce.
Among these alternatives, chitosan, a biopolymer derived
from chitin, has shown great promise due to its
antimicrobial properties, biodegradability, and non-
toxicity. Chitosan is known to inhibit the growth of a wide
range of bacteria and fungi, making it an attractive
candidate for use as a natural preservative in the food
industry (8, 9). Chitosan works by disrupting the cell wall
integrity of microorganisms, thereby inhibiting their
growth and reproduction (9). In addition to its
antimicrobial activity, chitosan also forms a protective film
on the surface of fruits and vegetables, reducing water loss
and slowing down the respiration rate, which contributes
to the extended shelf life of fresh produce (10). Recent
studies have demonstrated that chitosan coatings are
effective in reducing the microbial load on fruits and
vegetables, thereby improving their quality and safety
during storage and transportation (11). Furthermore,
chitosan has been found to help maintain the nutritional
content of fruits and vegetables, such as vitamin C and
antioxidants, during storage (12).

The effectiveness of chitosan in controlling postharvest
spoilage depends on several factors, including its
concentration, the method of application, and the specific
types of pathogens involved (13). Several studies have
reported that chitosan coatings applied to fresh produce,
such as apples, strawberries, and tomatoes, result in
reduced microbial growth and enhanced shelf life (14).
Moreover, chitosan has been shown to be effective against
a wide variety of foodborne pathogens, including both
Gram-positive and Gram-negative bacteria, as well as a
range of fungal species (15). Recent research has also
explored the synergistic effects of chitosan with other
natural compounds, such as essential oils and plant
extracts, to enhance its antimicrobial activity and broaden
its spectrum of action (16). For instance, combining
Chitosan with essential oils from plants such as oregano
and thyme has been shown to increase its antifungal
effectiveness, providing a more robust solution for
controlling postharvest diseases (17). These natural
compounds not only improve the antimicrobial properties
of chitosan but also offer additional health benefits due to
their antioxidant and anti-inflammatory properties (18).
In addition to its antimicrobial effects, chitosan has been
investigated for its ability to prevent the growth of biofilms
formed by pathogenic microorganisms on the surfaces of
fruits and vegetables. Biofilm formation is a common
mechanism by which bacteria resist antimicrobial agents,
making the treatment of biofilm-associated infections
particularly challenging (19). Recent studies have shown
that chitosan can effectively inhibit biofilm formation, thus
providing an additional mechanism for controlling
microbial contamination in fresh produce (20).
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As mentioned previously despite promising potential of
chitason, the application of chitosan as a natural
preservative faces several challenges. These include
variability in the quality and properties of chitosan
depending on its source and extraction method, as well as
the need for optimized application techniques to ensure its
effectiveness in different storage conditions. Furthermore,
the cost of chitosan production and its scalability for large-
scale commercial use remain important considerations
(21, 22). In conclusion, chitosan has emerged as a
promising alternative to synthetic preservatives in the
fight against postharvest microbial contamination of fruits
and vegetables. Its antimicrobial properties, combined
with its ability to extend shelf life and preserve nutritional
quality, make it an attractive option for food safety and
quality management. However, further research is needed
to optimize its use in the food industry and address the
challenges related to its application, cost, and scalability.
The future of chitosan as a natural preservative will
depend on continued innovation and the development of
more efficient and cost-effective methods for its
production and application (23).

METHODOLOGY

Isolation of Bacteria

To isolate bacterial strains from spoiled fruits, a serial
dilution method was employed. The spoiled fruits were
serially diluted from 10 to 106. A 100 pL aliquot from each
dilution was spread onto nutrient agar (NA) plates, which
were subsequently incubated at 37°C for 24 hours to
facilitate bacterial growth. Following incubation, bacterial
colonies were analyzed morphologically to distinguish
between different bacterial species based on colony
characteristics. The isolated bacterial strains were then
sub-cultured, maintained, and stored on nutrient agar
slants at 4°C for further analysis (24).

Antioxidant Activity

For the DPPH assay, 3 mg of DPPH (2,2-diphenyl-1-
picrylhydrazyl) was dissolved in 100 mL of distilled
methanol. After an incubation period of 30 minutes in the
dark, the solution was evaluated for free radical formation.
A range of dilutions (100, 500, 250, and 125 pg/mL) of
each sample was prepared. To assess antioxidant
potential, 2 mL of each dilution was mixed with 2 mL of
DPPH stock solution and incubated in the dark for an
additional 20 minutes. Absorbance was measured at 517
nm using a UV spectrophotometer. Ascorbic acid dilutions
were prepared and treated similarly to serve as the
positive control (25). In addition to the DPPH assay, the
ABTS (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)) assay was performed. A mixture of 383 mg of ABTS
and 66.2 mg of potassium per-sulfate (K2S20s) was
dissolved in 100 mL of methanol. Subsequently, 2 mL of
the prepared mixture was incubated with 2 mL of the
extract dilutions for 25 minutes (26).

Antibacterial Activity

To evaluate antibacterial activity, all necessary
components were sterilized by autoclaving at 121°C for 15
minutes. Subsequently, 20 mL of sterile agar was poured
into Petri dishes under a laminar flow hood. Bacterial
strains  (Salmonella  spp., Staphylococcus aureus,
Escherichia coli, and Bacillus subtilis) were inoculated into
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the plates at a concentration of 1.5 x 108 CFU/mL. Using a
cork borer, four wells (3 mm in diameter) were created on
each plate. Dimethyl sulfoxide (DMSO) was used as a
negative control, while a known antibiotic served as the
positive control. The Petri plates were incubated at 37°C
for 24 hours. The inhibition zone around each well was
measured to determine the antimicrobial efficacy. All
experiments were conducted in triplicate (27, 28).
Antifungal Activity

The antifungal activity was assessed using potato dextrose
agar (PDA) media. To prepare the media, 39 grams of PDA
were dissolved in 1 L of distilled water and autoclaved at
121°C for 15 minutes. After sterilization, the plates were
incubated for 24 hours to prevent contamination from
ambient microorganisms. The fungal strains, inoculated at
a concentration of 108-10° CFU/mL, were introduced into
the PDA plates, and four wells were created using a sterile
cork borer. The extract solutions were then poured into
the wells, and the plates were incubated at 25°C for 3 days.
The antifungal activity was assessed by measuring the
zone of inhibition around each well (29).

Statistical Analysis

Data were analyzed using one-way analysis of variance

of each fruit peel extract. Significant differences between
means were determined using Duncan’s Multiple Range
Test (SPSS version 20.0) (30).

Microscopic Examination of Isolated Bacterial Strain
Rotten fruits and vegetables were collected from various
locations and transported to the Department of Botany for
further analysis. The bacterial isolates from contaminated
fruits and vegetables displayed distinct colony
morphologies and Gram reactions. Escherichia coli
colonies were smooth or rough, with a negative Gram
reaction, and exhibited swimming motility. Salmonella spp.
produced larger colonies with black centers and showed
both swarming and swimming motility. Staphylococcus
aureus appeared as yellow, round colonies, was Gram-
positive, and non-motile. Bacillus spp. formed rough,
opaque colonies with jagged edges, exhibited rod-shaped
cells, and showed motility in liquid medium. Klebsiella spp.
produced thick rod-shaped colonies and was non-motile.
These observations suggest a diverse bacterial population
associated with fruit and vegetable spoilage, as detailed in
Tablel.

Table 1: Representation of various isolates and their

(ANOVA) to evaluate the antifungal activity of 100 mg/mL morphological characterization
Bacterial isolate Media Colony morphology Gram Shape and arrangement Frequency | Motility
reaction

Escherichia coli NA Smooth or rough form Negative rough, flat, and irregular 40x Swimming

Salmonella spp. NA opaque/yellow, pink or red | Negative large 2-3 mm diameter, | 40x Swarming &
colonies with black centers more translucent than swimming

coliform colonies

Staphylococcus aureus NA yellow, round, large (1-3 | Positive clusters, pairs and | 40x Non motile due to

mm) occasionally in short chains lack of flagella and
Pilli

Bacillus spp. NA rough, opaque, fuzzy white | positive Rod shape 40x Motile in liquid
or slightly yellow with medium
jagged edge

Klebsiella spp. NA thick rods, 1-3x x 0.5-1 pm | Negative Rod shape 40x Non motile
in measurement

IJBR Vol.3 Issue.6 2025

Figure 1: Microscopic representation of various strains of
isolated bacteria from left to right, E.coli, Salmonella spp,
S. aureus, and Bacillus spp.
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Exploring the Antibacterial Potential of Isolated
Fungal Strains: A Comparative Analysis of Inhibition
Zones and Activity

The study examined the antibacterial activity of five
isolated fungal strains, focusing on their ability to inhibit
Salmonella growth. The fungal strains displayed a range of
antimicrobial effects, from minimal to moderate activity.
The strain NCLF showed the most promising, showing the
largestinhibition zone of 6.5 mm, while its activity was still
less than the streptomycin control (14 mm) demonstrated
significant antibacterial potential compared to the other
fungal isolates DTF , DBT, NOF, and DOF strains (Table 2).
Strains NOF and DOF showed the lowest zone of inhibition
say 5 mm, and 0 mm. This minimal activity indicates that
NOF might produce antimicrobial compounds, but their
effectiveness is low, while that DOF does not produce any
detectable antimicrobial substances against Salmonella
(Table 2). Under the conditions of the experiment, placing
it at the lowest level of antimicrobial potential among the
tested strains. The analysis of inhibition zones reveals a
clear difference in antimicrobial activity. The NCLF strain
displayed the highest potential, while the DOF strain
showed no activity. The other strains, including DTF and
DBT, exhibited moderate antibacterial effects, indicating
that certain fungal isolates have notable antimicrobial
properties(Table2).

Table 2: Exploring the Antibacterial Potential of Isolated
Fungal Strains and their zone of inhibition

S.No Strain | Zone of | Zone of inhibition | Zone of
inhibition (ZOI) + control | inhibition
(Zo)) by | (streptomycin) (Zzon -
strain control
Distilled
water
1 DTF 5mm 14mm 00
2 DOF 00mm 14mm 00
3 DBT 5mm 10mm 00
4 NOF 1.5mm 10mm 00
5 NCLF | 6.5mm 11mm 00

Fungal strains from cauliflower, banana, and tomato
exhibited varying degrees of antibacterial activity. The
inhibition zones measured 6.5 mm, 5 mm, and 5 mm,
respectively. Streptomycin, the positive control, showed a
larger zone of inhibition, while distilled water (negative
control) showed no inhibition (Figure 2).
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Figure 2: Fungal strains from Orange (DOF), cauliflower
(NCLF), Banana (DBT), Tomato (DTF) and Onion (NOF)
with varying degrees of zone of inhibition against
Salmonella

Antifungal Activity

The antifungal activity of the fungal strains isolated from
fruits and vegetables were screened against Aspergillus
niger fungi. The experiment followed a similar procedure
as the antibacterial test, where the sterilized Potato
Dextrose Agar (PDA) was poured into Petri plates. After
inoculation with the isolated fungal strains, the plates
were incubated for 3 days at appropriate conditions. Upon
examination, the growth of Aspergillus niger was observed
across all plates, but no zone of inhibition was formed
around the wells containing the isolated strains. In
contrast, the positive control, Clotrimazole, a well-known
antifungal agent, formed a clear zone of inhibition
measuring 16 mm in diameter, demonstrating its
antifungal efficacy (Figure 3). The lack of inhibition zones
around the isolated strains, regardless of their source,
indicates that none of the strains exhibited antifungal
activity under the conditions tested. The results indicate
that these strains are not effective in combating fungal
pathogens, at least under the given experimental
conditions(Figure3).

s 5

;Clotrimazole §
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Figure 3: The antifungal activity of the isolated strains of
fruits and vegetables against Aspergillus niger and their
zone of inhibition along control (Clotrimazole).
Antifungal Activity of Chitosan and Isolated Fungal
Strains against Salmonella

The antifungal activity of chitosan and several isolated
fungal strains against Salmonella was assessed on potato
dextrose agar. Chitosan, the positive control, exhibited the
largest zone of inhibition at 22 mm, highlights chitosan’s
significant ability to inhibit Salmonella growth (Table 3).
Among the isolated fungal strains, NOF showed the most
notable antifungal activity with a 16 mm inhibition zone
followed by DTF strain with a 15 mm inhibition zone,
demonstrating substantial antifungal activity, though
slightly less than NOF. The DBT and DOF strains exhibited
14 mm and 13 mm inhibition zones, respectively,
indicating moderate antifungal activity. Although their
effects were not as pronounced as those of NOF and DTF,
they still displayed the potential to inhibit Salmonella
growth (Table 3). The NCLF strain showed the smallest
zone of inhibition at 12 mm, indicating the least antifungal
activity among the isolated strains, though still notable
when compared to the distilled water control, which
showed no inhibition (Table 3).

Table 3: Antifungal Activity of Chitosan and Isolated
Fungal Strains against Salmonella

S.no Treatment Zone of inhibition
1 strain Strains zone D/W - control
2 Chitosan 22mm (+ ive | 00
control)
3 NCLF 12 00
4 DTF 15mm 00
5 DOF 13mm 00
6 DBT 14mm 00
7 NOF 16mm 00

Evaluation of Antioxidant Activity of Isolated Fungal
Strains at Various Concentrations

The antioxidant activity of the isolated fungal strains was
evaluated by measuring the inhibition of DPPH radicals at
different concentrations. The results show that the

IJBR Vol.3 Issue.6 2025

antioxidant potential varied among the strains, with NCLF
exhibiting the highest inhibition of 50.27% at 100 pg/mL,
followed DOT, which showed 47.93% inhibition at the
same concentration. At a concentration of 50 pg/mL, the
antioxidant activity was lower, with DTF showing 35.73%
inhibition, DOT showing 42.92%, and DBT demonstrating
38.87% inhibition. The NOF strain showed 26.45%
inhibition, while NCLF showed the lowest at 19.64%. As a
positive control, ascorbic acid displayed 72% inhibition at
50 pg/mL, and its effectiveness decreased to 69.1% at 100
pg/mL (Table 4) .

At 100 pg/mL, the general trend observed was an increase
in inhibition as the concentration increased. The highest
percentage of inhibition was observed for NCLF, followed
by DOT and NOF, which showed notable antioxidant
activity. Although the activity of the fungal strains was
lower than that of ascorbic acid, the results indicate that
these strains, especially NCLF and DOT, possess significant
antioxidant potential, with cauliflower and orange strains
showing the highest antioxidant activity (Table 4).

Table 4: The antioxidant activity of the isolated fungal
strains

Concentratio % DPPH INHIBITION
n pg/1ml
DTF DOT DBT NOF NCLF | Ascorbi
cacid
50pg/1ml 35.7 42.9 38.8 26.4 19.6 72

100pg/1ml 28.5 47.9 38.6 45.8 50.2 69.1

Effect of Chitosan Coating on the Shelf-Life Extension
of Fresh Fruits and Vegetables

The application of chitosan coating was evaluated for its
effectiveness in extending the shelf life of various fresh
fruits and vegetables at 30°C under day-and-night light
cycles. The results indicated a significant extension of shelf
life for all the tested produce. For tomatoes (Lycopersicum
esculentum), which typically have a shelf life of 4-7 days at
30°C, the chitosan coating extended their shelf life to 8-11
days. This demonstrates the potential of chitosan to
preserve tomatoes for a longer period, thereby reducing
spoilage and waste. Similarly, brinjal (Solanum
melongena), which has a standard shelf life of 5-9 days at
30°C, benefited from chitosan coating, extending its shelf
life to 9-14 days (Figure 4). Similarly apples (Malus
domestica) and bananas (Musa paradisiaca), the standard
shelf life is 5-7, 1-3 days at 30°C. After applying chitosan,
an extended shelf life of 7-12 days for apple and 3-10 days
of banana was reported, indicating that the coating helped
delay ripening and deterioration processes in apples and
generally reduced the chance of susceptibility to rapid
ripening and spoilage. The results suggest that chitosan
could be an effective natural coating for extending the
freshness of perishable produce, offering a potential
solution for reducing food waste and improving storage
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during distribution and retail (Figure 4).

Figure 4: Effect of Chitosan Coating on the Shelf Life
Extension of Fresh Fruits and Vegetables (Before and
after)

DISCUSSION

IJBR Vol.3 Issue.6 2025

G’

The study presented offers significant insights into the
microbial contamination of fresh produce and the
potential of natural agents like chitosan in enhancing food
preservation. The bacterial and fungal isolates obtained
from spoiled fruits and vegetables revealed a wide
diversity of microorganisms that are commonly found in
such environments. These include Escherichia coli,
Salmonella spp., Staphylococcus aureus, Bacillus spp., and
Klebsiella spp., all of which are well-documented
contaminants of perishable foods. These pathogens can
cause serious foodborne illnesses, highlighting the need
for effective control strategies in postharvest food
management.

The bacterial identification process, which included Gram
staining and morphological observations, aligns with
standard practices in microbial studies. For example,
Escherichia coli and Salmonella spp. were identified based
on their distinctive colony morphology, with Salmonella
colonies displaying a characteristic black center, which has
been reported in similar studies on bacterial
contamination in fruits (31). The motility of these strains,
as observed in this study, supports their potential for rapid
dissemination, contributing to the widespread
contamination of fresh produce (32). Previous research
has noted that the motility of these bacterial species is a
contributing factor to their survival and pathogenicity in
food environments, as they can spread quickly across
surfaces and cause spoilage or infection (33).

In terms of antimicrobial activity, the bacterial isolates in
this study showed varying degrees of effectiveness in
inhibiting Salmonella spp., while the fungal strains
exhibited moderate antibacterial activity. However, the
inhibition zones observed in this study were smaller
compared to those reported by other researchers who
found that bacterial strains isolated from decaying fruits
had more pronounced antibacterial properties (34). This
discrepancy could be due to differences in experimental
conditions or the specific strains involved. It is possible
that the microbial isolates from this study, being collected
from already-decaying produce, may have already
undergone a form of microbial competition, which might
have influenced their antimicrobial activity. Additionally,
the antimicrobial effects observed were relatively modest
compared to synthetic antibiotics such as Streptomycin,
which is expected due to the broader spectrum and
stronger potency of synthetic agents (35).

In contrast to the antimicrobial properties, the antifungal
activity of the isolated strains was notably limited. No
significant inhibition zones were observed against
Aspergillus niger, a common spoilage fungus, which
highlights a limitation of these microbial isolates in
addressing fungal contamination. This finding is
consistent with other studies where bacterial isolates from
decaying produce exhibited limited antifungal activity
(36). The use of Aspergillus niger in this study as a target
fungus is relevant, as it is one of the most prevalent fungi
involved in spoilage and mycotoxin production in fruits
and vegetables (37). While bacterial antagonism against
fungi is generally weaker, some bacterial strains do
produce antifungal compounds, but this was not observed
in the isolates from this study. These results underscore
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the need for complementary antifungal treatments to
manage fungal contamination in perishable foods.
Chitosan, a natural biopolymer derived from chitin,
demonstrated significant antifungal and antimicrobial
properties, which were observed to be effective against
various fungal strains isolated from cauliflower, banana,
tomato, and other fruits. This is consistent with numerous
studies that have shown chitosan’s ability to inhibit fungal
growth and microbial activity due to its ability to alter the
cell wall integrity of pathogens (38, 39). The larger
inhibition zones observed for chitosan compared to the
bacterial isolates suggest that it could be a more potent
alternative for managing fungal spoilage in fresh produce.
This aligns with other recent works where chitosan was
shown to effectively control the growth of fungi such as
Aspergillus niger and Penicillium spp., which are frequently
implicated in postharvest decay of fruits (40). Moreover,
chitosan’s low toxicity and biodegradable nature make it
an attractive candidate for sustainable food preservation.
The antioxidant activity of the isolated fungal strains was
another key aspect of this study, with cauliflower and
orange strains exhibiting the highest inhibition rates. The
antioxidant potential of these fungal strains is an
important feature, as antioxidants are known to slow
down the oxidation process, which is a significant cause of
spoilage in perishable foods (41). The DPPH inhibition
assay used here is a widely accepted method for evaluating
antioxidant capacity, and the results of this study are
consistent with other recent works, which also reported
high antioxidant potential in fungal strains isolated from
fruits (42). The observed increase in antioxidant activity
with higher concentrations of the fungal extracts further
suggests that these fungal strains could be used to not only
extend the shelf life of produce but also enhance their
nutritional = properties by preventing oxidative
degradation.

A particularly striking finding in this study was the ability
of chitosan to extend the shelf life of fresh fruits and
vegetables. The application of chitosan coating resulted in
a significant extension of shelf life across various fruits,
including tomatoes, brinjals, apples, and bananas. This
outcome supports the findings of recent studies, which
have demonstrated that chitosan coatings can reduce
microbial load, control moisture loss, and slow down
respiration rates in fruits, thus prolonging their freshness
(43, 44). For instance, it has been evaluated that the
efficacy of chitosan coatings on the shelf life of
strawberries and found that the coating significantly
reduced decay and maintained fruit quality for a longer
period compared to untreated samples (45). Similarly, it
has been reported that chitosan coatings extended the
shelf life of apples by 10-15 days, which is in line with the
results observed in this study for apples and other fruits
(46). These findings highlight the potential of chitosan as a
natural preservative for extending the shelf life of fresh
produce, which is critical for reducing food waste and
improving food security.

CONCLUSION

Based on the findings of this study, it can be concluded that
microbial contamination of fresh produce is a common and
significant concern. The diverse bacterial isolates

identified, including Escherichia coli, Salmonella spp.,
Staphylococcus aureus, Bacillus spp., and Klebsiella spp.,
highlight the potential for foodborne illnesses associated
with the consumption of contaminated fruits and
vegetables. The relatively low antimicrobial activity
observed from the isolated bacteria suggests that
additional strategies are necessary for effective food
preservation. Chitosan, on the other hand, has shown
promising results as a natural preservative, exhibiting
both antimicrobial and antifungal properties, along with
significant antioxidant activity. These qualities suggest
that chitosan could be an effective alternative to synthetic
preservatives in extending the shelf life of fresh produce
and reducing microbial contamination. These results
underscore the potential applications of bacterial isolates
and chitosan in food preservation, particularly in
sustainable and eco-friendly practices.
Recommendations

Further research should focus on optimizing the
concentrations and application methods of chitosan to
maximize its effectiveness in real-world settings. In
addition, investigating the synergistic effects of chitosan
with other natural antimicrobial agents could enhance its
preservative properties. Exploring the long-term impact of
chitosan coatings on the organoleptic qualities of fruits
and vegetables, such as texture, taste, and color, would also
provide valuable insights for practical applications in food
preservation. Additionally, conducting studies on the cost-
effectiveness of chitosan coatings, particularly for large-
scale commercial use, would be beneficial in assessing its
viability as a widespread alternative to chemical
preservatives.

It would be beneficial to explore the underlying
mechanisms by which chitosan interacts with microbial
pathogens, as a deeper understanding of these interactions
could lead to more targeted and efficient food preservation
strategies. Furthermore, further investigations into the
antifungal activity of isolated bacterial strains should be
conducted, as well as the development of more effective
microbial control measures for fungal pathogens that are
not adequately inhibited by the bacterial isolates from this
study.
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