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Isolation and Antibacterial Activity of Antibiotic-Producing Fungi from Selected Soils in Akure, Nigeria
 

ABSTRACT
	Background: Soil fungi from diverse and understudied environments such as Akure, Nigeria, represent a promising yet underexplored source of novel antibiotic-producing microorganisms with potential applications against antimicrobial resistance.
Aim: The emergence and spread of antimicrobial resistance have intensified the global search for novel antibiotics, particularly from natural microbial sources like soil. This study aimed to isolate and identify potent fungal strains with antibacterial activity.
Study Design: An experimental laboratory-based study.
Place and Duration of Study: Soil samples were collected from six distinct locations within Akure, Ondo State, including waste dumping sites, compost heaps, animal sheds, parks, and stream-side area.
Methodology: Soil samples were analyzed for physicochemical properties, revealing significant variation in pH, organic matter content, and nutrient composition. Using serial dilution and pour plate methods, a total of 11 fungal isolates were obtained and identified through cultural, morphological, and microscopic techniques as belonging to seven genera: Aspergillus (4 isolates), Penicillium (2), Fusarium (1), Trichoderma (1), Rhizopus (1), Chrysosporium (1), and Eurotium (1). Total fungal colony counts ranged from 2 × 10³ to 63 × 10⁴. Preliminary screening via agar well diffusion assessed antibacterial activity against seven clinical bacterial isolates: Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus, Klebsiella pneumoniae, Citrobacter freundii, and Enterobacter cloacae.
Results: The fungal isolates exhibited inhibitory activity against at least one of the tested bacteria. Zones of inhibition ranged from 4 mm to 14 mm, with four isolates: Aspergillus niger, Trichoderma harzianum, Penicillium allii, and Aspergillus oryzae, demonstrating superior activity compared to others.
Conclusion: The findings show the prevalence of antibiotic-producing fungal strains in soils within Akure, highlighting their potential as sources of novel pharmaceutical compounds.
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1. INTRODUCTION
Historically, antibiotics have predominantly been derived from microbial communities. Most especially, fungi and bacteria have been cultured from highly diverse habitats like soils and marine environments (Bech et al., 2020). The Soil environment is a rich and heterogeneous ecosystem containing various antibiotic-producing species (Ishak and Brown, 2019). The variations observed in the biotic and abiotic composition of the soil are responsible for several survival strategies and reproductive mechanisms among the microbial population.  Among several survival strategies, the production of antimicrobials is a key adaptation mechanism (Reverdy et al., 2024). Soil-derived microorganisms have been noted to be and still remain one of the primary sources of antibiotics. Approximately 70% of the discovered antibiotics originated from the soil. Antibiotics are produced by various groups of microorganisms, such as bacteria, fungi, and actinomycetes. This production is usually a natural system of defense against other microbes present in their surroundings (Quinn and Dyson, 2024).
The mid-20th century was the golden period for antibiotics with the discovery of revolutionary drugs like penicillin and streptomycin, which were both derived from naturally occurring microbial compounds (Quinn and Dyson, 2024). However, with the newly looming threat of antibiotic resistance, we have interestingly observed a drastic reduction in the discovery of new antibiotics, limiting the medical community's armoury against infectious diseases (Butler et al., 2023).
Bioprospecting, the systematic search of bioactive compounds in natural resources, has been a useful approach in the quest to find new antimicrobial agents. They mostly include isolation of microorganisms in distinct and understudied natural habitats, including soil (Salam et al., 2023). The microbiota of the soil, particularly those in other geographic regions, like Akure, Nigeria, could have various microbial communities with different and possibly useful characteristics in the development of antibiotics (Salam et al., 2023). This offers viable opportunities for public health advances, especially considering local varieties of antibiotic-resistant pathogens that are hindering effective healthcare efforts (Siro et al., 2022). 
Exploring soil fungi in particular is beneficial because, like soil bacteria, a lot of the well-known antibiotics in use now have been derived from soil fungi that have evolved to produce secondary metabolites that are competitive in their natural environment (Wadhwa et al., 2024). As antimicrobial resistance cases continue to worsen, investing time and resources into microbiological and natural product chemistry research is crucial, particularly in regions like Akure that have not been fully explored (Quinn and Dyson, 2024).
Soil fungi represent largely an untapped source of bioactive natural products with biological properties that have therapeutic potential. Within Nigeria, there are various ecological zones, and specifically humid tropical environments such as Akure, which have distinct soil microenvironments that may host fungi with vastly different metabolic capabilities to biosynthesize antibiotic compounds. This study provided information on the antibiotic potential of indigenous communities of fungi in Akure soils. This study also paved the way to systematically investigate the relationship between the physicochemical properties of soils and the distribution of antibiotic-producing fungi, and increase our understanding of fungal biodiversity in tropical soil environments. 
2. MATERIAL AND METHODS
2.1 Collection of Soil Samples 
Soil samples were aseptically collected from six different locations within Akure, Ondo state. Using a sterile hand trowel, soils were dug to a depth of about 5 inches, and thereafter a spatula cleansed with 70% alcohol was used to collect the soil samples into a transparent sterile polythene bag. The samples were then immediately transported to the Microbiology Laboratory, Federal University of Technology, Akure (FUTA), where further analysis was carried out. The six distinct locations were: Igbatoro dump site, FUTA new hostel dump site, Fasoranti Park in Alagbaka, Sango abattoir, Malaki stream side, and Ijoka. 
2.2 Determination of Physicochemical Parameters of Soil Samples
[bookmark: _heading=h.im92p6blhljn]The baseline study of the soil samples was done at the Department of Crop, Soil, and Pest Management laboratory, Federal University of Technology, Akure. The physicochemical properties of the soil samples that were analyzed include: soil type, texture, water holding capacity, pH, organic carbon, organic matter, Nitrogen, Phosphorus, potassium, sodium, Sodium, Calcium, Magnesium, Iron and Cation Exchange Capacity using standard methods as described by Ibitoye (2008).

2.3 Isolation and Identification of Fungal Isolates
Isolation was done employing the soil dilution technique and the pour plate method as outlined by Madigan et al. (2019). Distinct fungal colonies were picked and subcultured onto fresh Potato Dextrose Agar (PDA) plates by point inoculation method. Cultural characteristics, including colony colour, texture, growth rate, and pigmentation, were recorded. Microscopic examination was done using lactophenol cotton blue staining to visualize reproductive structures and spore morphology on a Uniscope Binocular Microscope (40× magnification). Identification was confirmed using taxonomic keys and comparison with reference descriptions (Barnett and Hunter, 1998).
2.4 Morphological and Biochemical Characteristics of Bacterial Isolates
Bacteria isolate of human origin was obtained from the Microbiology laboratory of the Federal University of Technology, Akure. The bacteria isolates used in this study were: Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus, Klebsiella pneumoniae, Citrobacter freundii, and Enterobacter cloacae.  All isolates were initially cultured and maintained on slants, then subsequently subcultured onto nutrient agar plates and incubated at 35 °C for 24 hours. Reconfirmation was done using standard biochemical tests as described by Hemraj et al. (2013). 
2.5 Screening of Fungal Isolates for Antibiotic Production
Antibiotic sensitivity testing was performed using the agar well diffusion method as per Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2023). Test bacteria were cultured in Nutrient Broth at 37°C for 24 hours, adjusted to a turbidity of 0.5 McFarland standard (approximately 1.5 × 10⁸ CFU/mL), and spread evenly onto Mueller-Hinton agar plates using sterile cotton swabs. Wells of 6 mm diameter were bored into Mueller-Hinton agar plates using a sterile cork borer. Next, 100 µL of fungal supernatant was dispensed into each well, and the plates were incubated at 37°C for 24 hours. Zones of inhibition were measured in millimetres (mm) using a calibrated ruler. Sterile Potato Dextrose Broth (PDB) was used as the control (CLSI, 2023). 
3. RESULTS AND DISCUSSION

3.1 Physicochemical Properties of Soil Samples 
The physicochemical analysis of soil samples from the six different locations within Akure metropolis revealed significant variations in the physical and chemical properties of the soil samples, as shown in Tables 1 and 2. The findings derived from the physicochemical parameters indicate that the sampled soils are heterogeneous, possessing characteristics that may affect the composition of the community of fungi present and, by extension, their ability to produce antibiotics.
Soil pH is important in shaping fungal communities because it affects nutrient availability and the enzyme activities involved in secondary metabolite production. The pH values across the sampling sites ranged from 5.25 at Fasoranti Park to 8.15 at the Sango abattoir, showing how different land uses influence soil chemistry. The acidic condition at Fasoranti Park is likely due to organic acids from decomposing plant litter, while the alkaline pH at Sango may result from ammonia release and calcium carbonate buildup from animal waste. Most soil fungi grow best between pH 5.0 and 7.5; therefore, the wide pH range observed suggests that the fungi isolated have adapted to different chemical environments, which may affect the diversity of the secondary metabolites they produce (Liu et al., 2024).
Organic matter and organic carbon contents were markedly higher at the Malaki stream-side location, with values of 4.77% and 2.77%, respectively, which are considerably greater than those recorded at the other five sites. These elevated levels are consistent with the accumulation of decomposing organic debris typical of riparian environments. Organic matter serves as both a carbon and energy source for heterotrophic soil fungi, and its abundance at Malaki likely supports enhanced fungal metabolic activity, including the production of secondary metabolites. Nitrogen content followed a similar pattern, with the highest value observed at Malaki (0.14%), providing essential substrates for nitrogen-dependent metabolic pathways involved in antibiotic biosynthesis (Tudzynski, 2014). In contrast, phosphorus was highest at Fasoranti Park (23.00 ppm), while potassium also peaked at the same location (119.00 ppm), suggesting that park soils receiving regular organic inputs may be particularly nutrient-rich.
Cation exchange capacity (CEC), an indicator of the soil’s ability to retain and supply mineral nutrients, was highest at Sango (15.70 cmol/kg) and FUTA (15.65 cmol/kg), and lowest at Ijoka (6.85 cmol/kg). Higher CEC values generally reflect more stable, nutrient-rich soils capable of supporting diverse fungal communities. Most of the sites exhibited a sandy loam texture, whereas Sango and Malaki were characterized as loamy sand, indicating favorable aeration and drainage. Such conditions promote the oxygen-rich environments required for optimal fungal spore germination and growth. Overall, the observed variations in physicochemical properties across the six sampling sites provide a plausible explanation for the diversity of antibiotic-producing fungi identified in this study (Liu et al., 2024).
Table 1. Physical properties of the soil samples collected from different locations in Akure, Nigeria
	Location
	Sand (%)
	Clay (%)
	Silt (%)
	WHC (%)
	Textural Class

	Sango
	80.12 ± 0.45ᵃ
	10.05 ± 0.33ᵉ
	10.14 ± 0.27ᵈ
	47.90 ± 0.29ᶜ
	Loamy Sand

	Igbatoro
	69.85 ± 0.40ᵇ
	16.22 ± 0.41ᵇ
	13.90 ± 0.42ᵇ
	48.10 ± 0.24ᶜ
	Sandy Loam

	FUTA
	59.90 ± 0.38ᶜ
	24.87 ± 0.47ᵃ
	15.10 ± 0.35ᵃ
	48.22 ± 0.31ᶜ
	Sandy Loam

	Ijoka
	69.95 ± 0.36ᵇ
	15.10 ± 0.39ᵇᶜ
	15.05 ± 0.38ᵃ
	51.40 ± 0.26ᵃ
	Sandy Loam

	Fasoranti Park
	74.90 ± 0.42ᵇᶜ
	12.05 ± 0.34ᶜᵈ
	12.90 ± 0.33ᶜ
	47.75 ± 0.28ᶜ
	Sandy Loam

	Malaki 
	80.05 ± 0.40ᵃ
	8.12 ± 0.36ᶠ
	12.10 ± 0.30ᶜ
	45.18 ± 0.32ᵈ
	Loamy Sand


Superscripts (ᵃ–ᶠ) denote significant differences across locations within each parameter (Tukey HSD, p < 0.05). Values are presented as Mean ± SD from triplicate analysis. Keys: WHC: Water Holding Capacity
Table 2.  Chemical properties of the soil samples collected from different locations in Akure, Nigeria
	Parameter
	Sango
	Igbatoro
	FUTA
	Ijoka
	Fasoranti
	Malaki

	pH (1:2 in H₂O)
	8.15±0.02ᵃ
	7.25±0.01ᵇ
	6.90±0.02ᶜ
	6.80±0.01ᶜ
	5.25±0.02ᵉ
	6.35±0.02ᵈ

	Organic Carbon (%)
	1.07±0.03ᵇ
	0.26±0.01ᵉ
	0.55±0.02ᵈ
	0.41±0.01ᵈᵉ
	0.74±0.02ᶜ
	2.77±0.04ᵃ

	Organic Matter (%)
	1.85±0.03ᵇ
	0.44±0.02ᵉ
	0.94±0.03ᵈ
	0.70±0.02ᵈᵉ
	1.27±0.03ᶜ
	4.77±0.05ᵃ

	Nitrogen (%)
	0.05±0.01ᵇ
	0.01±0.00ᵉ
	0.03±0.01ᵈ
	0.02±0.00ᵈᵉ
	0.04±0.01ᶜ
	0.14±0.01ᵃ

	Phosphorus (ppm)
	20.10±0.12ᶜ
	12.90±0.10ᵉ
	15.30±0.15ᵈ
	17.40±0.14ᵈ
	23.00±0.12ᵇ
	14.70±0.13ᵈ

	Potassium (ppm)
	81.30±0.21ᵈ
	67.10±0.23ᵉ
	74.20±0.25ᵈ
	112.00±0.20ᵇ
	119.00±0.18ᵃ
	83.10±0.26ᶜ

	Sodium (ppm)
	28.90±0.24ᵈ
	37.00±0.20ᵇᶜ
	35.10±0.19ᶜ
	52.40±0.25ᵃ
	45.60±0.22ᵇ
	30.40±0.20ᵈ

	Calcium (ppm)
	35.80±0.18ᵉ
	43.50±0.21ᶜ
	42.60±0.23ᶜ
	58.75±0.19ᵃ
	50.46±0.22ᵇ
	35.45±0.20ᵉ

	Magnesium (ppm)
	38.40±0.21ᵇ
	22.50±0.19ᵉ
	27.00±0.20ᵈ
	35.70±0.18ᶜ
	30.20±0.17ᶜᵈ
	41.00±0.22ᵃ

	Iron (ppm)
	5.80±0.12ᶜ
	3.50±0.09ᵉ
	8.30±0.14ᵇ
	12.00±0.18ᵃ
	3.60±0.08ᵉ
	4.90±0.10ᵈ

	CEC (cmol/kg)
	15.70±0.20ᵃ
	13.46±0.22ᶜ
	15.65±0.18ᵃ
	6.85±0.14ᵉ
	12.08±0.20ᵈ
	14.65±0.19ᵇ


Superscripts (ᵃ–ᵉ) indicate significant differences among means within each parameter (Tukey’s HSD, p < 0.05). Keys: CEC: Cation Exchange Capacity, ppm: parts per million, cmol: centimol
3.2 Isolation and Identification of Soil Fungi
A total of 11 fungal isolates were successfully isolated from the six soil samples using the soil dilution and pour plate techniques. The fungal colony counts ranged from 2 × 10³ to 63 × 10⁴ CFU/mL of soil, with the highest count recorded in Ijoka and the lowest in Malaki (Table 3). Differences in fungal colony counts across the sites show how local environmental conditions and land use affect fungal abundance. Ijoka had the highest colony count, likely due to heavy organic waste accumulation and high organic matter typical of informal urban areas, which provide abundant carbon sources that promote fungal growth. This supports the findings of Matheri et al. (2023), who reported that fungal biomass and diversity increase during composting, especially in the thermophilic stage.
In contrast, Malaki, located near a stream, had the lowest colony count despite its high organic matter. This may be due to high and fluctuating moisture levels in such areas, which can create temporary anaerobic conditions that are unfavourable for aerobic fungi, thereby reducing the number of colonies that can grow on Potato Dextrose Agar under aerobic conditions.
The dominance of Aspergillus species, which made up 4 of the 11 isolates, shows the well-known adaptability of this genus. Aspergillus species are widely found in soils because they can grow under a wide range of pH, temperature, and nutrient conditions. Their presence in this study matches the Sandy Loam and Loamy Sand soils at most sites, which provide good aeration for spore dispersal and germination needed for their reproduction. Similarly, the identification of two Penicillium species is consistent with the genus’s documented preference for well-aerated, nutrient-rich soils (Sun et al., 2025).
Table 3. Total fungal colony counts (CFU/mL) and number of fungal isolates obtained from different soil sampling locations
	Location
	Colony Count 
(CFU/mL) × 10³
	Colony Count 
(CFU/mL) × 104
	Number of Isolates

	Igbatoro 
	40
	32
	11

	FUTA
	16
	21
	14

	Fasoronti park
	33
	19
	4

	Sango abattoir
	34
	46
	7

	Ijoka
	63
	57
	9

	Malaki
	2
	2
	2


Key: CFU = Colony Forming Units.
Based on macroscopic and microscopic characteristics, the fungal isolates were identified to be: Aspergillus carbonarius, Aspergillus flavus, Aspergillus niger, Aspergillus oryzae, Chrysosporium xerophilum, Eurotium rubrum, Fusarium oxysporum, Penicillium allii, Penicillium expansum, Rhizopus oryzae, and Trichoderma harzianum, as shown in Table 4. 
Each of the identified species has a documented history of secondary metabolite production with relevance to antibiotic discovery. Aspergillus niger is a well-characterized producer of polyketide-derived metabolites with documented antibacterial activity, while Penicillium species are historically significant as producers of beta-lactam antibiotics and related bioactive compounds. Trichoderma harzianum is recognized for synthesizing peptaibol antibiotics and terpene metabolites exhibiting broad-spectrum antimicrobial properties, while Fusarium oxysporum has been reported to produce fusaric acid and other secondary metabolites with biological activity (Yu et al., 2021; Guo et al., 2022). The identification of Eurotium rubrum and Chrysosporium xerophilum, both xerophilic species usually found in dry or saline environments, is especially noteworthy. Their presence in Akure soils suggests that specific microhabitats exist and that these fungi have unique adaptations and metabolic abilities that have not yet been studied in this region, highlighting the need for further investigation into their secondary metabolite profiles.
Table 4. Cultural and microscopic characteristics used for the identification of fungal isolates
	Code 
	Colour
	Texture
	Elevation
	Reverse
	Spores
	Conidio-
phores
	Vesicles
	Fungal Species

	T1
	Dark green to black
	Cottony
	Flat to slightly raised
	Dark brown to black
	Large, globose, black
	Smooth, brown to dark
	Large, globose
	Aspergillus carbonarius

	T2
	Yellow-green
	Velvety
	Flat to slightly raised
	Yellow to colorless
	Globose, rough, yellow-green
	Rough, colorless
	Globose
	Aspergillus flavus

	T3
	Black
	Velvety
	Flat to slightly raised
	Yellow to colorless
	Globose, black, smooth
	Smooth, colorless
	Large, globose
	Aspergillus niger

	T4
	Brown to dark brown
	Granular
	Flat to slightly raised
	Yellow to colorless
	Globose, smooth, brown
	Smooth, colorless
	Globose
	Aspergillus oryzae

	T5
	White to cream
	Powdery
	Flat
	Pale to colorless
	Smooth, hyaline, spherical
	Simple, unbranched
	Absent
	Chrysosporium xerophilum

	T6
	Red-orange
	Powdery
	Flat
	Reddish-brown
	Globose, reddish, warted
	Simple
	Small, globose
	Eurotium rubrum

	T7
	White to pink/salmon
	Cottony to woolly
	Slightly raised
	Pale to colorless
	Macroconidia: sickle-shaped; Microconidia: oval
	Slender, simple to branched
	Absent
	Fusarium oxysporum

	T8
	Blue-green
	Velvety
	Flat
	Pale yellow-green
	Elliptical to globose, smooth, green
	Branched (biverticillate)
	Absent
	Penicillium allii

	T9
	Blue-green
	Velvety
	Flat
	White to pale
	Globose to elliptical, smooth, blue-green
	Branched (terverticillate)
	Absent
	Penicillium expansum

	T10
	White to grayish
	Cottony
	Raised
	White
	Black sporangiospores in sporangia
	Non-septate stolons
	Absent
	Rhizopus oryzae

	T11
	White to green
	Cottony
	Flat to slightly raised
	Colorless to yellow
	Globose, smooth, green
	Branched conidiophores
	Absent
	Trichoderma harzianum


3.3 Screening of Fungal Isolates for Antibiotic Production
Preliminary screening using the agar well diffusion method showed that the isolates exhibited inhibitory activity against at least one test bacterium, as shown in Table 5. Notably, 4 isolates, Aspergillus niger, Trichoderma harzianum, Penicillium allii, and Aspergillus oryzae exhibited the broadest-spectrum antimicrobial activity with significant zones of inhibition.

A clear pattern in Table 5 is the difference in how Gram-positive and Gram-negative bacteria responded to the fungal culture supernatants. Bacillus cereus and Staphylococcus aureus showed the largest zones of inhibition across all 11 isolates, while Pseudomonas aeruginosa had the smallest zones for every isolate tested. This resistance in P. aeruginosa agrees with its known intrinsic defenses, such as a low-permeability outer membrane, active efflux pumps, and the ability to form biofilms that limit antibiotic entry (Lorusso et al., 2022). The higher susceptibility of the Gram-positive bacteria suggests that the bioactive compounds produced by these soil fungi may preferentially target cellular structures or biosynthetic pathways more prominent in Gram-positive organisms, such as peptidoglycan biosynthesis or teichoic acid synthesis.

Among the best-performing isolates, Aspergillus niger (T3) and Penicillium allii (T8) each produced the highest zone of inhibition (14 mm) against Bacillus cereus, showing that their crude culture supernatants already contain strong antibacterial compounds even before purification. Trichoderma harzianum (T11) and Aspergillus oryzae (T4) showed consistent broad-spectrum activity against all seven test bacteria, with inhibition zones ranging from 9 to 13 mm, making them good candidates for further compound isolation.
Although Rhizopus oryzae (T10) showed the smallest inhibition zones (4–7 mm), it still inhibited all seven test organisms, indicating the presence of antimicrobial compounds, though likely at lower concentrations that could be improved with better fermentation and extraction methods. Overall, the antibacterial activity observed across all 11 isolates highlights the potential of soil fungi as a source of new bioactive compounds, especially in underexplored tropical regions like Akure (Quinn and Dyson, 2024).
Table 5. Antibacterial activity of fungal isolates showing zones of inhibition (mm) against selected clinical bacterial pathogens
	Zones of Inhibition (mm)

	Fungal Isolate Code
	  E. 
coli
	  S. aureus
	P. aeruginosa
	  B. 
cereus
	K.
pneumoniae
	C. freundii
	E. cloacae

	T1
	6
	8
	5
	8
	7
	6
	6

	T2
	7
	9
	7
	9
	8
	7
	7

	T3
	11
	13
	10
	14
	12
	11
	12

	T4
	10
	13
	10
	13
	11
	11
	12

	T5
	7
	8
	6
	10
	7
	6
	7

	T6
	7
	9
	7
	9
	8
	6
	7

	T7
	7
	7
	6
	8
	6
	6
	6

	T8
	11
	12
	9
	14
	12
	10
	11

	T9
	8
	9
	6
	10
	8
	7
	8

	T10
	6
	7
	5
	7
	5
	4
	5

	T11
	10
	11
	9
	12
	10
	9
	10

	Control
	0
	0
	0
	0
	0
	0
	0


*Keys: E. coli - Escherichia coli; S. aureus - Staphylococcus aureus; P. aeruginosa - Pseudomonas aeruginosa; B. cereus - Bacillus cereus; K. pneumoniae - Klebsiella pneumoniae; C. freundii - Citrobacter freundii; E. cloacae - Enterobacter cloacae
Despite the promising findings, this study has some limitations. The sampling was restricted to selected locations within Akure, which may not capture the full diversity of antibiotic-producing fungi in other regions. Antimicrobial activity was assessed using preliminary screening methods without determination of minimum inhibitory concentrations. Additionally, the use of crude extracts limits the identification of specific bioactive compounds responsible for the observed effects. Future studies will focus on compound purification, molecular characterization, and in vivo validation to fully explore the therapeutic potential of the fungal isolates.
4. CONCLUSION
This study successfully characterized 11 distinct species of fungi from soils in Akure, Nigeria. The soil samples exhibited variations in physicochemical properties responsible for the observed diversity in colony distribution and count. This study therefore demonstrated the presence of diverse antibiotic-producing fungi in soils from Akure, Nigeria. Selected isolates exhibited significant antibacterial activity, highlighting their potential for further pharmaceutical exploration.
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