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PRODUCTION OF EXOPOLYSACCHARIDES BY BACTERIA ISOLATED FROM RIVER WATER USING BANANA AND YAM PEELS AS SUBSTRATES

ABSTRACT
The rising interest in microbial exopolysaccharides (EPS) has prompted the search for cost-effective substrates and efficient bacterial strains to enhance production. This study investigated river water as a source of EPS-producing bacteria and evaluated banana and yam peels as potential agro-residues for fermentation. River water samples (A, B, C) were enumerated for total heterotrophic bacterial counts, and isolates were characterized based on biochemical properties. Proximate analysis of banana and yam peels was carried out to determine their nutritional composition, while fermentation parameters including time, inoculum size, pH, carbon ratio concentration, and nitrogen concentration were optimized to maximize EPS yield. The results showed that heterotrophic bacterial counts ranged from 1.01 × 10⁵ to 1.08 × 10⁵ CFU/ml, with sample A recording the highest. Biochemical characterization revealed diverse bacterial genera including Staphylococcus, Bacillus, Pseudomonas, Klebsiella, Corynebacterium, Enterobacter, and Micrococcus species. Screening revealed isolate B2 (Bacillus sp.) as the best EPS producer, with a yield of 5.8 g/L, while the least production was observed in isolate A2 (0.3 g/L). Proximate analysis showed that banana peel contained higher ash (7.70%) and moisture (18.50%) contents, whereas yam peel exhibited higher lipid (7.75%) and protein (0.40%) contents. Both residues were carbohydrate-rich (67–68%), confirming their suitability as fermentation substrates. Optimization studies indicated that maximum EPS production was achieved at 72 h (9.1 g/L), 6% inoculum size (7.3 g/L), pH 6.0 (6.5 g/L), and a 2:2% banana peel:yam peel ratio (8.95 g/L). Supplementation with 0.4% yeast extract yielded a concentration of 6.3 g/L EPS. It is concluded that river water harbors diverse bacterial strains with significant EPS-producing potential and that banana and yam peels are viable low-cost substrates for sustainable EPS production under optimized fermentation conditions.
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1.0 INTRODUCTION AND BACKGROUND 
Exopolysaccharides (EPS) are high-molecular-weight polymers composed of sugar residues secreted extracellularly by microorganisms such as bacteria, fungi, and algae (Salimi & Farrokh, 2023). They are of immense industrial significance due to their applications in food, pharmaceuticals, agriculture, cosmetics, and biomedicine. In the food industry, EPS act as natural thickeners, gelling agents, stabilizers, and emulsifiers (Wang et al., 2023). In pharmaceuticals, they are used in drug delivery, wound healing, and as immunomodulatory agents (Wang et al., 2023). EPS also have important roles in wastewater treatment, biofilm formation, soil aggregation, and bioremediation (Netrusov et al., 2023). The multifunctionality of EPS has increased global interest in sustainable and cost-effective microbial production. Bacillus species are among the most efficient producers of exopolysaccharides due to their high secretion ability, genetic stability, and Generally Recognized As Safe (GRAS) status (Vinothkanna et al., 2022). They are non-pathogenic, easy to cultivate, and adaptable to various environmental conditions, making them attractive for industrial biotechnology. However, the high production cost of EPS remains a limitation for large-scale applications, as traditional substrates significantly increase fermentation expenses. To address this, valorization of agro-industrial wastes (banana or yam peels) offers a promising, eco-friendly, and low-cost alternative for microbial fermentation (Okoro et al., 2019). The aim of the study is to address a valorization of agro-industrial wastes that offer a promising, eco-friendly, and low-cost alternative for bacterial fermentation of exopolysaccharides.

2. MATERIALS AND METHODS
2.1 Sample Collection
Water samples were collected aseptically from three different points along the Choba River, Port Harcourt, Rivers State, Nigeria. The sampling sites were designated as A, B, and C. Sterile 500 ml screw-capped bottles were used for collection at depths of approximately 10–15 cm below the water surface. The bottles were immediately labeled and transported on ice to the Microbiology Laboratory, Rivers State University for microbiological analysis. Precautions were taken to avoid external contamination by using sterile gloves and handling bottles aseptically.

2.2 Determination of Total Heterotrophic Bacterial Count
The total heterotrophic bacterial (THB) load of the water samples was estimated using the spread plate technique as described by (Cappuccino & Sherman, 2019). Tenfold serial dilutions (10⁻¹–10⁻⁵) of each water sample were prepared using sterile distilled water. Aliquots of 0.1 ml from appropriate dilutions were spread in triplicate on sterile nutrient agar plates. The plates were incubated at 37 °C for 24–48 hours. Distinct colonies were counted and expressed as colony-forming units per milliliter (CFU/ml) of water. Enumeration of heterotrophic bacteria is a standard method for evaluating microbial population density in aquatic ecosystems (Cheesbrough, 2017).

2.3 Isolation and Characterization of Bacteria
Distinct colonies from the nutrient agar plates were sub-cultured onto freshly prepared plates for purification. Pure cultures were characterized based on cell morphology, Gram reaction, and biochemical assays such as catalase, oxidase, methyl red, voges proskauer, motility, citrate, TSI, sugar fermentation and starch hydrolysis tests. The isolates presumptively identified as Bacillus sp were further confirmed using Bergey’s Manual of Determinative Bacteriology (Nicolaus et al., 2010). Such polyphasic approaches remain the gold standard for bacterial identification in industrial microbiology (Nicolaus et al., 2010).

2.4 Collection of agro-residues as biomass
Banana peels and yam peels were obtained from Mile 3 Market, Port Harcourt. These agro residues were taken to the Microbiology Laboratory, Rivers State University, Nkpolu- Oroworokwu, Port Harcourt, Rivers State. They were dried and pulverized into granules using a mechanical grinder. The processed biomass was packaged, sealed and labelled accordingly.

2.5 Screening for Exopolysaccharide (EPS) Production
Preliminary screening for EPS production was conducted using sucrose-supplemented basal medium (glucose 20 g/L, sucrose 20 g/L, yeast extract 5 g/L, KH₂PO₄ 1 g/L, MgSO₄·7H₂O 0.5 g/L; pH adjusted to 7.0). Pure cultures of Bacillus isolates were inoculated into 50 ml aliquots of the medium contained in 250 ml Erlenmeyer flasks. The cultures were incubated at 37 °C for 72 hours under agitation at 150 rpm. EPS production was indicated by increased broth viscosity and slime formation on flask walls, consistent with established screening protocols (Saha et al., 2019).

2.6 Proximate Analysis of the Agro-Residues
2.6.1 Determination of crude protein
The crude protein content was determined using the Kjehdal method. About 0.5g of agro residues was placed into a clean 250ml conical flask, 15g of digestion catalyst was added and 20ml concentrated sulphuric acid was added. The mixture was heated to digest with the content. The clear solution was then allowed to stand for 30minutes and allowed to cool. After cooling it was made up 100ml with distilled water. About 20ml of the diluted digest was placed in a distillation flask attached to a Liebig condenser connected to a receiver containing 10ml of 2% boric acid indicator. About 40ml of 40% Sodium hydroxide was injected into the digest via a syringe until the digest became strongly alkaline. The mixture was heated to boiling and distilled ammonia gas was condensed into the beaker containing the boric acid. The distillate was titrated with standard 0.1N Hydrochloric acid solution. The volume of hydrochloric acid added to effect this change was recorded as titrate value.
Calculation
%Nitrogen = Titre value X 0. 1 X14X4
%Protein = %Nitrogen x 6.25

2.6.2 Determination of Carbohydrate
The carbohydrate content was determined using the Cleg Anthrone method. About 0.1g of the agro residues was placed into a 25ml volumetric flask, 1ml distilled water and 1.3ml of 62% perchloric acid was added and agitated for about 20mins. Then the flask was made up to 25ml mark with distilled water. The solution formed was filtered through a filter paper. Then, 1ml of the filtrate was transferred into a 10ml test tube and diluted to volume with distilled water. 1ml of the working solution was pipette into a clean test tube and 5ml Anthrone reagent was added. Similarly, 1ml distilled water and 5ml Anthrone was mixed in a separate test tube to be used as blank. A standard glucose solution of 0.1ml was also treated with Anthrone reagent. The absorbance of all 3 solutions were read at 630nm. The carbohydrate content, as glucose, was then calculated using the formula below.
% CHO as glucose = 25 x absorbance of sample
Absorbance of standard glucose x 100

2.6.3 Determination of Moisture Content
The moisture content was determined using the oven drying method. About one gram (1g) of the agro residues was placed into a clean dried porcelain evaporating dish. The weight of porcelain evaporating dish and sample was noted before drying. The dish was then placed in an oven set at a temperature of 1050C and allowed for six hours. Afterwards, the dish was brought out and placed in a desiccator so as to cool down to room temperature. The cooled dish was then weighed, and the moisture content was calculated as below
% Moisture = Weight of fresh sample – weight of dried sample x 100 
                                  Weight of fresh sample 1

2.6.4 Determination of Ash
About one gram (1g) of the dried agro residues was placed into porcelain crucible which was previously preheated and weighed. The crucible was placed in a muffled furnace set at a temperature of 630oC for three hours. Afterward, the crucible was brought out and allowed to cool to room temperature, and re-weighed. The ash content was then calculated as below
% Ash = Weight of crucible + Ash sample – Weight of crucible x 100 
                                        Weight of sample 1	

2.6.5 Determination of Crude Fiber
The total fiber content was determined using the (Okoro et al., 2019) method. Two grams (2.0g) agro residue was placed in 500 mL beaker and was hydrolyzed by adding 10mL of 25% sulphuric acid and boiling for about 30 min on a hot plate. The mixture was filtered through a piece of clean white cloth and rinsed with hot distilled water. The residue was boiled again with 20mL of 2.5% sodium hydroxide (NaOH) for 30 min, and was then filtered and rinsed with distilled water. Finally, the residue was collected and transferred into a crucible and was dried in the oven to a constant weight. The weight of the fiber was then calculated using the formula below
Crude fiber (%) =   Weight of fiber × 100
Weight of sample

2.6.6 Determination of Crude Lipids
Take approximately 4- 5g of sample into the thimble and take a note of the sample weight. Place a cotton into the thimblein a way that covers the sample, fold the thimble to enclosed the sample. Take a cellulose thimble (sample holder) and put the sample inside the cellulose thimble. Take the weight of a cleaned and dried flat bottom flask. Set up the soxhlet extraction unit placing the sample in it. Add sufficient amount of n-hexane. After extraction of fat, take out the sample trom the thimble. Place the flask inside the oven to remove moisture and n-hexane. Set the temperature at 110 degree Celsius and dry for 30mins. After 30mins take out the dried flask and cool in desiccator. After cooling, take the weight of flask with fat.
Calculations.
Crude lipids content (%) = Weight of flask with fat -Weight clean dry flask ×100
                                                                       Weight of sample

2.7 Fermentation Studies for EPS Production
Batch fermentation was carried out in 250 ml Erlenmeyer flasks containing 100 ml of basal medium supplemented with varying concentrations of banana peel powder or yam peel powder (1%, 2%, 3%, and 4% w/v) as carbon sources. The flasks were sterilized at 121 °C for 15 minutes, cooled, and inoculated with 5% (v/v) actively growing Bacillus sp. cultures. Fermentations were conducted at 37 °C for 96 hours with shaking at 150 rpm (Díaz-Cornejo et al., 2023).

2.7.1 EPS Recovery and Quantification
After fermentation, cultures were centrifuged at 10,000 rpm for 15 minutes to separate cells from supernatant. The crude EPS was precipitated by adding three volumes of chilled absolute ethanol to the supernatant and incubating at 4 °C overnight. The precipitate was collected by centrifugation, washed with ethanol, and dried to constant weight. EPS concentration was quantified gravimetrically and expressed as g/L (Wang et al., 2023; Marimuthu & Rajendran, 2023).

2.7.2 Effect of Fermentation Time
Fermentation broths were sampled at 12, 24, 36, 48, 60, 72, 84, and 96 hours of incubation. At each interval, the cultures were centrifuged at 10,000 rpm for 15 minutes, and the supernatant was collected for EPS recovery and quantification. Monitoring EPS production over time is essential to determine the stage of maximum accumulation, since bacterial growth phases often influence polysaccharide yield and composition (Mendes et al., 2015).

2.7.3 Effect of pH
The influence of initial pH on EPS production was investigated by adjusting the fermentation medium to pH values of 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 using sterile 1 M HCl or NaOH prior to sterilization. Flasks were inoculated with standardized Bacillus sp. cultures and incubated at 37 °C for 72 hours. The EPS yield was quantified after ethanol precipitation and drying. Previous studies have shown that pH directly affects microbial metabolism, enzyme activity, and polymer synthesis pathways in EPS-producing bacteria (Wang et al., 2023).

2.7.4 Effect of Inoculum Size
To determine the optimum inoculum size for EPS production, varying inoculum volumes (1, 2, 4, 6, 8, 10 and 12 ml; equivalent to OD₆₀₀ = 0.6) were introduced into 100 ml of fermentation medium in 250 ml Erlenmeyer flasks. The cultures were incubated for 72 hours at 37 °C under agitation, after which EPS concentration was measured. Inoculum size is a critical factor influencing microbial growth kinetics, substrate utilization, and metabolite productivity (Mendes et al., 2015).

2.7.5 Effect of Carbon Ratio Concentration
The effect of carbon source concentration on EPS production was evaluated using banana peel and yam peel powders at different levels (4:0%, 3:1%, 2:2%, 1:3% and 0:4% w/v). Each formulation was sterilized, inoculated with Bacillus sp., and incubated under standard conditions for 72 hours. EPS yields were determined after ethanol precipitation and drying. Optimization of carbon concentration is vital because excessive substrate may lead to catabolite repression, while insufficient supply can limit microbial metabolism and product formation (Mendes et al., 2015).

2.7.6 Effect of Nitrogen Supplementation on EPS Production
[bookmark: _TOC_250009]The influence of additional nitrogen sources on EPS production was evaluated by supplementing the basal fermentation medium with yeast extract at different concentrations: 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, and 0.6% (w/v). Each formulation was sterilized, inoculated with standardized Bacillus sp. cultures, and incubated at 37 °C with agitation at 150 rpm for the previously determined optimal fermentation period. At the end of fermentation, cultures were centrifuged, and the supernatants were subjected to ethanol precipitation for EPS recovery and quantification. Nitrogen availability is a crucial factor in microbial metabolism, influencing biomass formation, polysaccharide biosynthesis, and overall product yield (Wang et al., 2023).

2.8 Statistical Analysis
The data obtained from the proximate analysis of the agro residues was analyzed using the One-way ANOVA to ascertain if any significance difference existed in the composition. The data obtained from the time -course study of EPS at p-value <0.05 was ascertained.

3. RESULTS AND DISCUSSION
3.1 Total Heterotrophic Bacteria Count of River Water
[bookmark: _TOC_250006]The total heterotrophic bacteria count of river water samples is presented in Figure 1. From the figure, it can be observed that sample A recorded the highest bacterial count of 1.08 × 10⁵ CFU/ml, followed closely by sample C with 1.03 × 10⁵ CFU/ml, while sample B had the least count of 1.01 × 10⁵ CFU/ml. 

3.2 Biochemical Characteristics of Bacteria Isolated from River Water
The result presented in Table 1 shows the biochemical characteristics of bacteria isolated from river water. The bacterial flora of the river water contained a wide variety of genera which include Staphylococcus sp., Bacillus sp., Pseudomonas sp., Klebsiella sp., Corynebacterium sp., Enterobacter sp., and Micrococcus sp.

3.3 Screening of Exopolysaccharide (EPS) Production from the Isolated Bacteria
The screening of EPS production from the isolated bacteria is presented in Figure 2. From the figure, it can be observed that isolate B2 exhibited the highest EPS production yield of 5.8 g/L, followed by isolate A4 with 3.2 g/L and isolate C4 with 2.7 g/L. The least EPS production was recorded by isolate A2, which yielded 0.3 g/L. These variations indicate that the capacity for EPS biosynthesis differs significantly among the bacterial isolates, with some strains demonstrating greater potential for industrial applications.


















                                     

       Figure 1: Total Heterotrophic Bacteria Count from River Water
Table 1: Biochemical Characteristics of Bacterial Isolated from River Water

	Isolate

Cell Morphology
Gram Reaction Oxidase
Catalase Indole
Meltlyl red Voges postauer
Motility
Citrate
	
		TSI	
	
	
	
	

	
	
	
Slant Butt
Gas
H2S
Production
	Starch Hydrolysis
Glucose Lactose
Probable Genera

	   A2
	Cocci
	+
	-
	+
	-
	+
	+
	-
	+
	A
	A
	-
	-
	-
	A+
	A+
	Staphylococcus sp

	B2
	Rod
	+
	-
	+
	-
	+
	-
	+
	+
	B
	A
	+
	-
	-
	A+
	A-
	Bacillus sp

	A4
	Rod
	+
	-
	+
	-
	+
	-
	+
	+
	B
	A
	+
	-
	+
	A+
	A-
	Bacillus sp

	A3
	Rod
	-
	-
	+
	+
	-
	+
	-
	+
	B
	B
	-
	-
	+
	A+
	A+
	Pseudomonas sp

	B1
	Rod
	-
	-
	+
	-
	-
	+
	-
	+
	A
	A
	+
	-
	-
	A+
	A+
	Klebsiella sp

	B3
	Rod
	-
	-
	+
	+
	-
	+
	-
	+
	B
	B
	-
	-
	+
	A+
	A+
	Pseudomonas sp

	A4
	Rod
	-
	+
	+
	+
	-
	-
	-
	-
	B
	B
	-
	-
	-
	A-
	A-
	Corynebacterium sp

	C4
	Rod
	-
	-
	+
	-
	-
	+
	-
	+
	A
	A
	+
	-
	-
	A+
	A+
	    Kebsiella sp

	A1
	Rod
	-
	-
	+
	-
	+
	-
	+
	+
	B
	A
	+
	+
	-
	A+
	A+
	Enterobacter sp

	C1
	Rod
	-
	+
	+
	+
	-
	-
	-
	-
	B
	B
	-
	-
	-
	A-
	A-
	Corynebacterium sp

	C2
	Rod
	+
	-
	+
	-
	+
	+
	+
	-
	B
	A
	-
	-
	-
	A+
	A+
	Micrococcus sp

	C3
	Cocci
	+
	-
	+
	-
	+
	+
	-
	+
	A
	A
	-
	-
	-
	A+
	A+
	Staphylococcus sp










Figure 2: Screening of Exopolysaccharide potential from the isolated bacteria
3.4 Proximate Composition of Banana Peel and Yam Peel Residues
The proximate composition of the agro-residues is presented in Table 2. The ash content of the banana peel and yam peel were 7.70±0.02% and 5.85±0.005% respectively. The moisture content of the banana peel and yam peel were 18.50±0.02% and 14.00±0.02% respectively. Crude lipid content for banana peel and yam peel were 3.90±0.08% and 7.75±0.005% respectively. The crude fibre content of the banana peel and yam peel were 2.40±0.02% and 4.25±0.05% respectively. Protein content for banana peel and yam peel were 0.16±0.0002% and 0.40±0.0005% respectively. The carbohydrate content of the banana peel and yam peel were 67.34±0.52% and 67.76±0.27% respectively.

3.5 Effect of Fermentation Time on EPS Production Using the Agro-Residues and Bacteria
The effect of fermentation time on EPS production is presented in Figure 3. From the figure, it can be observed that EPS yield increased progressively with time, recording 1.0 g/L at 12 h and 2.1 g/L at 24 h. The production further increased at 36 h with a yield of 4.3 g/L, and at 48 h, the EPS concentration reached 5.9 g/L. The maximum production was obtained at 72 h with the highest yield of 9.1 g/L. However, a decline in EPS production was observed beyond 72 h, with yields of 8.2 g/L at 84 h and 6.4 g/L at 96 h. 

Table 2: Proximate composition of Banana Peel and Yam peel
	Parameter
	Banana peel
	 Yam peel
	p-value

	Ash (%)
	7.70±0.02
	5.85±0.005
	0.038427a

	Moisture (%)
	18.50±0.02
	14.00±0.02
	0.000986a

	Crude lipid (%)
	3.90±0.08
	7.75±0.005
	0.034056a

	Crude fibre (%)
	2.4±0.02
	4.25±0.05
	0.009363a

	Crude protein (%)
	0.16±0.0002
	0.40±0.0005
	0.005834a

	Carbohydrate (%)
	67.34±0.52
	67.76±0.27
	0.576194a


 ᵃ Brown-Forsythe test is significant (p < .05), suggesting a violation of the equal variance assumption

Figure 3: Effect of Fermentation Time on Exopolysaccharide Production using the Agro- Residues and Bacteria

3.6 Effect of Inoculum Size on EPS Production Using the Agro-Residues and Bacteria
The effect of inoculum size on EPS production is shown in Figure 4. From the figure, it can be observed that EPS yield increased steadily with inoculum size from 2.2 g/L at 1% (v/v) to 3.5 g/L at 2% (v/v). The production further increased at 4% (v/v) with a yield of 5.7 g/L and reached the maximum yield of 7.3 g/L at 6% (v/v). However, further increases in inoculum size resulted in a decline in EPS yield, with 6.7 g/L at 8% (v/v), 5.6 g/L at 10% (v/v), and the least yield of 4.4 g/L at 12% (v/v). 

3.7 Effect of pH on EPS Production Using the Agro-Residues and Bacteria
The effect of pH on EPS production is presented in Figure 5. From the figure, it can be observed that EPS production increased progressively with rising pH values, starting with 1.2 g/L at pH 4.0 and 2.3 g/L at pH 4.5. The yield further increased to 3.1 g/L at pH 5.0 and 4.6 g/L at pH 5.5. Maximum EPS production was obtained at pH 6.0, with the highest yield of 6.5 g/L. Beyond this point, a gradual decline in EPS yield was observed, with 5.3 g/L at pH 6.5, 4.2 g/L at pH 7.0, 3.0 g/L at pH 7.5, and the least yield of 2.1 g/L recorded at pH 8.0. 

Figure 4: Effect of Inoculum Size on Exopolysaccharide Production using the Agro-Residues and Bacteria

Figure 5: Effect of pH on Exopolysaccharide Production using the Agro-Residues and Bacteria
3.8 Effect of Carbon Ratio Concentration on EPS Production Using Banana Peel and Yam Peel
The effect of carbon ratio concentration on EPS production is shown in Figure 6. From the figure, it can be observed that the maximum EPS yield of 8.95 g/L was obtained when the carbon ratio concentration of 2:2% (banana peel: yam peel) was supplemented in the fermentation medium. This was followed by the 1:3% ratio with a yield of 7.6 g/L. The production was moderate at 3:1% and 0:4%, giving yields of 5.2 g/L and 5.1 g/L respectively. The least EPS production was recorded at the 4:0% ratio, with a yield of 3.9 g/L. 
	
3.9 Effect of Nitrogen Concentration on EPS Production Using Yeast Extract
The effect of nitrogen concentration on EPS production is presented in Figure 7. From the figure, it can be observed that EPS yield increased steadily with increasing yeast extract concentration from 2.6 g/L at 0.1% (w/v) to 3.7 g/L at 0.2% (w/v). The production further increased to 5.35 g/L at 0.3% (w/v) and reached the maximum yield of 6.3 g/L at 0.4% (w/v). However, beyond this point, EPS production declined with yields of 5.63 g/L at 0.5% (w/v) and 4.42 g/L at 0.6% (w/v). 


Figure 6: Effect of Carbon Ratio Concentration on Exopolysaccharide Production using the Agro-Residues and Bacteria


Figure 7: Effect of Nitrogen Concentration on the Exopolysaccharide Production
The total heterotrophic bacterial counts from river water samples (Figure 1) revealed that sample A recorded the highest load (1.08 × 10⁵ CFU/ml), followed closely by sample C (1.03 × 10⁵ CFU/ml), while sample B had the least (1.01 × 10⁵ CFU/ml). These high microbial loads suggest that the river harbors a rich bacterial community, most likely supported by constant input of organic matter and nutrients from domestic, agricultural, and possibly industrial discharges. Similar bacterial loads ranging between 10⁴–10⁶ CFU/ml have been reported in rivers impacted by anthropogenic activities (Nicolaus et al., 2010). The relatively higher count in sample A may reflect localized enrichment of organic nutrients, while the slightly lower count in sample B indicates possible differences in water flow, pollutant dilution, or reduced organic input. Overall, the presence of high bacterial densities across all sites underscores the ecological productivity of the river, but also raises concerns about water quality and potential pathogen presence. Biochemical characterization of isolates (Table.1) identified a diverse bacterial flora, including Staphylococcus sp., Bacillus sp., Pseudomonas sp., Klebsiella sp., Corynebacterium sp., Enterobacter sp., and Micrococcus sp. These genera are commonly reported in aquatic environments, especially in rivers receiving wastewater and organic effluents (Nicolaus et al., 2010). Many of them, such as Bacillus and Pseudomonas, are known producers of hydrolytic enzymes and extracellular metabolites including exopolysaccharides (EPS). However, the occurrence of potential pathogens such as Staphylococcus and Klebsiella also signals possible public health risks if the river water is used untreated for domestic purposes. EPS screening (Figure 2) revealed marked variability among the isolates, with isolate B2 (Bacillus sp.) producing the highest EPS yield (5.8 g/L), followed by isolate A4 (Bacillus sp.) and C4 (Klebsiella sp.) with 3.2 g/L and 2.7 g/L respectively. The least EPS production was observed in isolate A2 (Staphylococcus sp., 0.3 g/L). These findings highlight the strain-dependent nature of EPS biosynthesis. The high EPS yield from Bacillus sp. aligns with reports showing that members of this genus are prolific EPS producers due to their versatile metabolic pathways (Nicolaus et al., 2010). The proximate composition of banana and yam peels (Table 2) confirmed their nutritional richness as potential fermentation substrates. Both residues were carbohydrate-dense, making them suitable carbon sources for microbial EPS production. Similar results were reported by Okoro et al. (2019), who highlighted the value of fruit and tuber by-products as low-cost fermentation feedstocks. The effect of fermentation time (Figure 3) revealed that EPS yield increased progressively up to 72 h (9.1 g/L), after which production declined. This trend reflects the typical growth-associated pattern of EPS biosynthesis, where maximum production coincides with the exponential phase, followed by reduced yields due to nutrient exhaustion and accumulation of inhibitory metabolites (Mendes et al., 2015). Optimization of inoculum size (Figure 4) showed maximum EPS yield (7.3 g/L) at 6% (v/v), after which production declined. Similar observations have been made in EPS optimization studies where excessive inoculum led to competition for nutrients (Onuoha et al., 2020). The effect of pH (Figure 5) showed that EPS production peaked at pH 6.0 (6.5 g/L), while both more acidic and more alkaline conditions significantly reduced yields. This demonstrates that slightly acidic to near-neutral pH favors optimal enzyme activity, consistent with findings reported by Marimuthu & Rajendran, 2023. The carbon ratio effect (Figure 6) revealed maximum EPS yield (8.95 g/L) at the 2:2% banana peel: yam peel ratio. Mixed agro-residues often enhance carbon availability and prevent substrate exhaustion, as supported by Okoro et al. (2019). Nitrogen concentration (Figure 7) further showed that EPS production was optimal at 0.4% yeast extract (6.3 g/L). Balanced nitrogen levels are crucial because excess nitrogen can repress secondary metabolite formation (Mendes et al., 2015).


4. CONCLUSION
This study revealed that river water harbors a diverse bacterial community including Staphylococcus, Bacillus, Pseudomonas, Klebsiella, Corynebacterium, Enterobacter, and Micrococcus species. Total heterotrophic counts ranged from 1.01 × 10⁵ to 1.08 × 10⁵ CFU/ml, indicating high microbial activity supported by nutrient input. Among the isolates, Bacillus sp. (B2) exhibited the highest exopolysaccharide (EPS) production (5.8 g/L), confirming its potential as an industrial strain. Proximate composition analysis showed that banana and yam peels are carbohydrate-rich agro-residues capable of supporting microbial fermentation. Optimization experiments established that maximum EPS production (9.1 g/L) was obtained at 72 h fermentation time, 6% inoculum size, pH 6.0, 2:2% carbon ratio (banana peel: yam peel), and 0.4% nitrogen concentration. 
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