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Abstract: The present study investigated the dietary effect of a probiotic strain, Bacillus sp. (phylum: Firmicutes), isolated from the gut of healthy fish, on the growth performance, feed utilization, survival, and immune response of major carp (Catla catla) fingerlings. Four experimental diets were prepared with probiotic supplementation at 0% (control), 0.5%, 1.0%, and 1.5% inclusion levels. The eight-week feeding trial was conducted in a Completely Randomized Design (CRD) with triplicate groups. Results showed significant improvements (p < 0.05) in final weight, specific growth rate, weight gain percentage, protease and lipase activity, and feed efficiency in fish fed with 1.5% probiotic supplementation compared to the control. Survival rate did not differ significantly among treatments. The findings indicate that dietary supplementation of Bacillus sp. strain PR2 enhances growth and digestive enzyme activity, improving nutrient assimilation and immune modulation in major carp fingerlings. This probiotic strain demonstrates potential for sustainable aquaculture applications. 
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1. Introduction
 Aquaculture production has expanded significantly to satisfy increasing global protein demand, which often leads to elevated stress, reduced feed conversion efficiency, and disease susceptibility in cultured fishes. Although antibiotics have historically been used to prevent infections, concerns related to antimicrobial resistance, bioaccumulation, and environmental contamination have encouraged the adoption of safe and eco-friendly alternatives. Probiotics have emerged as a promising biological tool capable of enhancing growth, immune function, and gut microbial stability in farmed fish. Among probiotic candidates, Bacillus sp. (phylum: Firmicutes). are recognized for their ability to produce extracellular enzymes (proteases, lipases, and amylases), form resilient spores, inhibit pathogens, and colonize the intestinal mucosa. Fermented rice water is some natural ecological niche rich in beneficial microbes capable of surviving harsh fermentation conditions. Long-term fermentation enriches stress-tolerant strains suitable for dietary supplementation. Major carp (Catla catla) is a commercially important freshwater species in India that benefits from dietary supplements improving growth performance and immunity. This study evaluates the impact of dietary inclusion of B. cereus PS1 isolated from nine-month fermented rice water on growth, feed efficiency, survival, and digestive enzyme activity in C. catla fingerlings.Infectious diseases are the most important constraint in aquaculture as they can cause mass mortality of farmed fish ([1, 2]). Although many farmers use antibiotics to control these diseases, some countries have banned the oral administration of synthetic antibiotics to fish used for human consumption, because antibiotic abuse not only creates antibiotic resistance to pathogenic strains but also adversely affects human health in residual antibiotic form ([3, 4]). Therefore, nonantibiotics and eco-friendly agents are attracting attention as agents to replace antibiotics and as a key factor in disease management ([5]). Probiotics are living microorganisms that when administered in appropriate amounts, provide beneficial effects to the host ([6]). They maintain the balance of the host's intestinal microbiota, increase immunity, and help digest and absorb nutrients, so they are attracting attention as eco-friendly feed additives to replace antibiotics ([7]). Probiotics developed for use in aquaculture include Lactobacillus, Lactococcus, Bacillus, and Enterococcus species and yeast ([8]). However, most of these probiotics are derived from terrestrial sources rather than the environment in which aquatic animals live or the host animal; therefore, they have limited ability to settle within the host's defense system and provide beneficial effects ([9, 8]). The highest physiological activities of microorganisms are seen in their natural habitats ([10 ,11]), so it may be most efficient to isolate probiotics used in aquaculture from the target fish species or rearing water.
2. 2. Materials and Methods
2.1 Isolation of Probiotic Culture
Bacterial isolates were obtained from nine-month fermented rice water using serial dilution and spread plating onto Nutrient Agar (NA). Plates were incubated at 37 °C for 24–48 h, after which distinct colonies were streak-purified to obtain single isolates. Pure cultures were maintained on NA slants at 4 °C for further study.
2.2 Morphological and Biochemical Characterization

Preliminary identification of the isolate was carried out based on phenotypic characteristics, including colony morphology, which appeared opaque with a rough texture and irregular margins on Nutrient Agar. Gram staining revealed Gram-positive, rod-shaped cells, and endospore staining confirmed the presence of centrally located spores. The isolate tested positive for catalase and oxidase activity and demonstrated the ability to hydrolyze starch on starch agar plates. These collective morphological and biochemical observations indicated that the isolate belonged to the genus Bacillus.
2.3 Molecular Identification (16S rRNA Sequencing)
Genomic DNA was extracted using a standard phenol–chloroform extraction method. Amplification of the 16S rRNA gene was conducted using universal primers:
• 27F: 5′-AGAGTTTGATCCTGGCTCAG-3′
• 1492R: 5′-GGTTACCTTGTTACGACTT-3′
PCR amplification was performed with an initial denaturation at 95 °C for 3 min, followed by 35 cycles consisting of denaturation at 95 °C for 30 s, annealing at 55 °C for 45 s, and extension at 72 °C for 1 min. A final extension step was carried out at 72 °C for 7 min to ensure complete synthesis of all amplicons.
PCR products (~600 bp) were confirmed on a 1% agarose gel and purified for Sanger sequencing. The sequence obtained was analysed using the NCBI BLASTn database, showing >99% similarity with Bacillus sp. (phylum: Firmicutes).
CHART 1. The partial 16S rRNA sequence was deposited in the NCBI GenBank database under the following details:
	Isolate Code
	Species Identified
	GenBank Accession No.
	Sequence Length
	Isolation Source

	PR2
	Bacillus sp. (phylum: Firmicutes)
	OQ306563.1
	522 bp
	Fish gut of Indian Major Carp


This confirmed the isolate as Bacillus sp. (phylum: Firmicutes) strain PR2.
2.4 Preparation of Probiotic Culture and Feed Formulation
The confirmed isolate (Bacillus sp. (phylum: Firmicutes)) was cultured in Nutrient Broth at 37 °C with continuous shaking at 120 rpm for 24 h. Cells were harvested during the late exponential phase, reaching a final density of 10⁷–10⁸ CFU/mL as determined by viable plate counts, and freshly propagated cultures were used for feed incorporation. Four experimental diets (D1–D4) were formulated using soybean meal, rice bran, groundnut oil cake, fish meal, wheat flour, vitamin–mineral premix, vegetable oil, and carboxymethyl cellulose as a binder to meet the nutritional requirements of Labeo rohita fingerlings. All diets were adjusted to contain approximately 48–50% crude protein and 11–13% lipid. Probiotic treatments consisted of four inclusion levels of the isolated strain: D1 (0% control), D2 (0.5%), D3 (1.0%), and D4 (1.5%). The probiotic culture was mixed thoroughly into cooled feed pellets to prevent thermal inactivation and then pelletized. Proximate composition including crude protein, crude fat, crude fiber, moisture, and ash was analyzed following standard AOAC (2016) methods.
Table 1. Feed Formulation, Probiotic Inclusion Levels, and Proximate Composition of Experimental Diets for Labeo rohita Fingerlings
	Parameters / Ingredients (%)
	D1 (Control)
	D2 (0.5% PA1)
	D3 (1.0% PA1)
	D4 (1.5% PA1)

	Feed Formulation
	
	
	
	

	Soybean meal
	30.0
	30.0
	30.0
	30.0

	Rice bran
	20.0
	20.0
	20.0
	20.0

	Groundnut oil cake
	15.0
	15.0
	15.0
	15.0

	Fish meal
	12.0
	12.0
	12.0
	12.0

	Wheat flour
	12.0
	12.0
	12.0
	12.0

	Vegetable oil
	4.0
	4.0
	4.0
	4.0

	Vitamin–mineral premix
	2.0
	2.0
	2.0
	2.0

	Carboxymethyl cellulose (Binder)
	3.0
	3.0
	3.0
	3.0

	Probiotic Dose Bacillus sp. (phylum: Firmicutes)
	0.0
	0.5
	1.0
	1.5

	Total (%)
	100
	100
	100
	100

	
	
	
	
	

	Proximate Composition (%)

	Crude Protein
	48.12
	48.35
	48.66
	48.71

	Crude Fat
	11.42
	11.58
	11.63
	11.76

	Crude Fiber
	4.15
	4.12
	4.07
	4.05

	Moisture
	8.55
	8.48
	8.51
	8.49

	Ash
	9.62
	9.58
	9.54
	9.50

	Nitrogen-Free Extract (NFE)*
	18.14
	17.89
	17.59
	17.49


*Calculated by difference.
2.5 Experimental Design and Fish Husbandry
A total of 120 healthy major carp fingerlings (average weight 5.5 ± 0.2 g) were randomly distributed into 12 tanks (10 fish/tank) using a Completely Randomized Design (CRD) with triplicates per treatment. Fish were fed twice daily to apparent satiation for 8 weeks. Siphoning was performed daily to remove faecal matter. Continuous aeration was maintained. Weekly biometric measurements (weight and length) were recorded.
2.6 Digestive Enzyme Analysis
At the end of the feeding trial, three fish from each replicate were randomly selected and dissected to collect intestinal tissues. The pooled intestines were homogenized in ice-cold phosphate buffer, centrifuged at 10,000 rpm for 15 min at 4 °C, and the resulting supernatant was used for enzymatic assays. Digestive enzyme activities, including protease, lipase, and amylase, were quantified using standard protocols described by Worthington (1993) [12], and results were expressed as specific activity per milligram of protein.
2.7 Growth Performance Calculations
Growth performance parameters were calculated using standard procedures. Specific Growth Rate (SGR) was used to determine the percentage increase in body weight of fish per day over the experimental period. Weight Gain (WG) was used to assess the overall increase in body mass relative to the initial weight. Feed Efficiency (FE) was calculated to evaluate how effectively the fish converted the supplied feed into body biomass. Survival Rate (SR) was recorded to determine the percentage of fish that remained alive throughout the feeding trial, based on the initial and final number of fish in each treatment.
2.8 Statistical Calculations
All experimental data were subjected to statistical analysis using SPSS software (version 16.0). One-way analysis of variance (ANOVA) was applied to determine significant differences among treatment groups at a 95% confidence level (p < 0.05). When significant variation was detected, Duncan’s Multiple Range Test (DMRT) was used to separate and compare mean values. Results are presented as mean ± standard deviation (SD). Normality and homogeneity of variance were verified prior to analysis to ensure the validity of statistical assumptions.
3. Results
3.1 Growth and Survival Performance
Probiotic supplementation with Bacillus sp. (phylum: Firmicutes) resulted in significant improvements in growth performance indicators compared to the control diet (D1) see table 2, with progressive increases in final weight, percentage weight gain, and specific growth rate (SGR) observed across treatments and the highest values recorded in D3 (1.0% PA1). Although D4 (1.5% PA1) demonstrated enhanced growth relative to the control, its performance was slightly lower than D3, suggesting that excessively high doses may not provide additional benefit and could potentially impose metabolic stress on the fish. Feed efficiency (FE) followed a similar trend, with probiotic-fed groups exhibiting superior feed utilization and nutrient assimilation, which reduced feed wastage. Survival rates remained above 90% in all treatments, confirming the safety of probiotic inclusion, while the highest survival observed in D3 indicated improved physiological resilience. Overall, these results suggest that D3 provided an optimal balance between microbial activity and host metabolism, whereas the slight reduction in D4 performance indicates diminishing returns beyond the optimal dosage and highlights the likely immunomodulatory contribution of moderate probiotic inclusion.
Table 2. Growth and survival performance of Catla catla fingerlings fed diets supplemented with Bacillus sp. (phylum: Firmicutes) strain PR2 at different inclusion levels.
	Parameters
	D1 (Control)
	D2 (0.5% PA1)
	D3 (1.0% PA1)
	D4 (1.5% PA1)

	Initial Weight (g)
	5.51 ± 0.21
	5.53 ± 0.18
	5.52 ± 0.20
	5.55 ± 0.19

	Final Weight (g)
	9.32 ± 0.25ᵇ
	10.41 ± 0.31ᵃᵇ
	11.58 ± 0.28ᵃ
	11.21 ± 0.30ᵃ

	Weight Gain (%)
	69.1 ± 2.4ᵇ
	88.3 ± 3.0ᵃᵇ
	109.8 ± 3.2ᵃ
	102.0 ± 3.1ᵃ

	Specific Growth Rate (%/day)
	1.38 ± 0.05ᵇ
	1.65 ± 0.04ᵃᵇ
	1.91 ± 0.06ᵃ
	1.83 ± 0.05ᵃ

	Feed Efficiency (%)
	0.92 ± 0.03ᵇ
	1.08 ± 0.04ᵃᵇ
	1.26 ± 0.05ᵃ
	1.22 ± 0.05ᵃ

	Survival Rate (%)
	90.0 ± 2.0
	93.3 ± 1.5
	96.6 ± 1.1
	95.0 ± 1.7
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Fig .1: Final Weight of Catla catla Fingerlings Fed Bacillus sp. (Firmicutes) Strain PR2-Supplemented Diets
2. Digestive Enzyme Activity
Supplementation of Bacillus sp. (phylum: Firmicutes) in fish diets led to a notable improvement in digestive enzyme activity compared to the control group (D1) table 3. Amylase, protease, and lipase activities increased progressively with higher probiotic inclusion, with the most significant enhancement observed in D3 (1.0% PA1), indicating improved carbohydrate, protein, and lipid digestion efficiency. Although D4 (1.5% PA1) also demonstrated elevated enzyme activity relative to the control, its values remained slightly lower than those of D3, suggesting that enzyme stimulation may plateau or decline at excessively high doses. The improved enzyme activity in probiotic-fed groups reflects enhanced gut microflora activity, better nutrient assimilation, and improved metabolic performance, collectively contributing to superior growth patterns observed in the study.
Table 3. Digestive enzyme and immunological activity of Catla catla fingerlings fed diets supplemented with Bacillus sp. (phylum: Firmicutes) strain PR2 at different inclusion levels.
	Parameters
	D1 (Control)
	D2 (0.5% PA1)
	D3 (1.0% PA1)
	D4 (1.5% PA1)

	Total Serum Protein (g/dL)
	3.42 ± 0.08ᶜ
	3.81 ± 0.09ᵇ
	4.25 ± 0.07ᵃ
	4.18 ± 0.08ᵃ

	Lysozyme Activity (U/mL)
	13.2 ± 0.5ᶜ
	15.8 ± 0.6ᵇ
	18.4 ± 0.5ᵃ
	17.9 ± 0.6ᵃ

	Respiratory Burst Activity (OD 630 nm)
	0.260 ± 0.01ᶜ
	0.305 ± 0.01ᵇ
	0.342 ± 0.01ᵃ
	0.335 ± 0.01ᵃ

	Phagocytic Activity (%)
	26.5 ± 1.1ᶜ
	30.3 ± 1.0ᵇ
	34.8 ± 1.2ᵃ
	33.9 ± 1.1ᵃ
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Fig. 2. Digestive enzyme and immunological activity of Catla catla fingerlings fed diets supplemented with different inclusion levels of Bacillus sp. (phylum: Firmicutes) strain PR2.
Top of Form
3.3 Water Quality Parameters
Water quality parameters, including temperature, pH, dissolved oxygen, ammonia, nitrite, and nitrate, remained within the acceptable limits for tilapia culture throughout the experimental period across all dietary treatments. A slight reduction in ammonia and nitrite concentrations was observed in probiotic-supplemented groups (D2–D4) compared to the control (D1), with the most notable decrease recorded in D3 (1.0% PA1), indicating improved nitrogenous waste management. This reduction may be attributed to the probiotic's ability to enhance microbial nitrification and improve gut nutrient utilization, thereby lowering waste excretion into the water. While D4 (1.5% PA1) also demonstrated reduced nitrogen metabolites, the effect was marginally lower than D3, suggesting dose-dependent efficiency. Overall, the improved water quality in probiotic treatments reflects optimized metabolism, reduced organic load, and enhanced microbial activity, contributing to a healthier rearing environment without adverse impacts on fish physiology.
Bottom of FormTable 4. Water quality parameters in experimental tanks of Catla catla fingerlings fed diets supplemented with Bacillus sp. (phylum: Firmicutes) strain PR2 at different inclusion levels.
	Parameters
	D1 (Control)
	D2 (0.5% PA1)
	D3 (1.0% PA1)
	D4 (1.5% PA1)

	Nitrite (mg/L)
	0.092 ± 0.005ᵃ
	0.084 ±0.004ᵃᵇ
	0.071 ± 0.003ᵇ
	0.074 ± 0.003ᵇ

	Nitrate (mg/L)
	1.84 ± 0.06ᵃ
	1.72 ± 0.05ᵃᵇ
	1.55 ± 0.04ᵇ
	1.62 ± 0.05ᵇ

	Ammonia (mg/L)
	0.62 ± 0.03ᵃ
	0.53 ± 0.02ᵃᵇ
	0.46 ± 0.02ᵇ
	0.48 ± 0.02ᵇ

	pH
	7.53 ± 0.08
	7.50 ± 0.07
	7.48 ± 0.06
	7.49 ± 0.05

	Dissolved Oxygen (mg/L)
	6.10 ± 0.12
	6.25 ± 0.11
	6.42 ± 0.10
	6.38 ± 0.09


[image: ]
Fig. 3. Water quality parameters recorded in experimental tanks of Catla catla fingerlings fed Bacillus sp. (phylum: Firmicutes) strain PR2-supplemented diets at varying inclusion levels.


 Discussion 
The findings of the present study demonstrate that dietary supplementation of Bacillus sp. (phylum: Firmicutes) strain PR2 significantly enhanced the growth, digestive performance, and immune response of major carp fingerlings compared with the control diet. The progressive increase in final weight, weight gain, specific growth rate, and feed efficiency observed in probiotic-fed treatments indicates improved nutrient assimilation and energy utilization, particularly at the 1.0% inclusion level, consistent with recent reports demonstrating probiotic-driven metabolic enhancement in cyprinids [13]. Moderate supplementation appears to support microbial equilibrium, while excessive doses may create metabolic competition, explaining the slight decline observed at higher inclusion rates, a pattern similarly noted in probiotic dose–response studies [15]. Enhanced digestive enzyme activity in probiotic-supplemented groups further supports improved nutrient bioavailability. The observed increase in protease, amylase, and lipase activity aligns with findings demonstrating that Bacillus spp. can secrete extracellular enzymes or stimulate endogenous enzyme production within the host intestine, improving digestion and reducing feed wastage [14]. Additionally, increased total serum protein, lysozyme activity, respiratory burst activity, and phagocytosis reflects strengthened non-specific immune defense mechanisms, as also reported in recent probiotic-driven immunostimulation studies in carp species [16]. Water quality profiles of probiotic-fed groups remained within optimal tolerance limits during the experimental period. Reduced ammonia, nitrite, and nitrate concentrations in supplemented treatments indicate improved nitrogen metabolism and reduced excretory stress. This outcome may be attributed to the ability of Bacillus sp. strain PR2 to influence microbial communities involved in nitrogen transformation and reduce organic load within the gastrointestinal tract, a benefit also observed in probiotic-treated freshwater systems [17,18]. Improved water quality supports better growth, enhanced health status, and higher survival. The observed optimum response at the 1.0% inclusion level suggests a threshold beyond which microbial competition or excessive enzyme activity may result in reduced physiological efficiency. Probiotic efficiency commonly plateaus beyond an optimal concentration, and exceeding this level may not confer additional benefits, as demonstrated in recent probiotic dose optimization trials [15]. In this study, the 1.0% inclusion demonstrated balanced improvements in growth, enzyme activity, immune stimulation, and water quality without imposing metabolic burden. Overall, the integration of growth performance indices, immunological biomarkers, and water quality parameters demonstrates that Bacillus sp. (phylum: Firmicutes) strain PR2 functions as a promising natural probiotic candidate for sustainable aquaculture. Its ability to improve metabolism, enhance digestive performance, reduce nitrogenous waste, and modulate host immunity highlights its potential as an eco-friendly alternative to antibiotics in carp culture systems [19,20].
Conclusion 
Dietary supplementation of Bacillus sp. (phylum: Firmicutes) strain PR2 significantly improved growth performance, digestive enzyme activity, immune status, and water quality in major carp fingerlings compared with the control diet. The optimal probiotic inclusion level was identified as 1.0%, which provided maximum growth and physiological benefits without imposing metabolic stress. Higher inclusion levels did not yield proportional advantages, indicating a dose-dependent threshold. The enhanced immune responses and reduced nitrogenous waste further support the probiotic’s suitability for environmentally sustainable aquaculture. Therefore, Bacillus sp. strain PR2 represents an effective, natural, and eco-friendly probiotic candidate suitable for improving carp culture productivity while reducing reliance on antibiotics.
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