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Probiotic potential of dietary Bacillus amyloliquefaciens in enhancing health parameters of Amur common carp (Cyprinus carpio haematopterus)

ABSTRACT 
	The use of probiotics in aquaculture has gained increasing attention as a sustainable strategy to enhance fish health and immunity. This study investigates the effects of dietary supplementation with Bacillus amyloliquefaciens on the haematological and immune parameters of Amur common carp (Cyprinus carpio haematopterus). A feeding trial was conducted in which fish were divided into four groups and fed diets containing 0% (control- T0), 0.5% (T1), 1% (T2) and 1.5% (T3) Bacillus amyloliquefaciens (108 CFU g-1) supplementation for a period of 90 days. - The haematological parameters viz: RBC, WBC, haemoglobin, platelets, haematocrit, MCV, MCH, and MCHC were showed significantly higher values (P< 0.05) in the T1 group compared to all other treatment groups and the control. Additionally, the T1 group exhibited the highest levels of total serum protein, albumin, globulin, and albumin/globulin ratio, with statistically significant differences (P< 0.05).  Significant enhancement (P< 0.05) of immune parameters was also observed in Amur common carp fed with the T1 diet, which, included the Nitroblue Tetrazolium assay, lysozyme activity, phagocytic activity, and total myeloperoxidase activity. The 0.5% probiotic inclusion (T1) yielded the most pronounced enhancements in haematological and immune parameters, indicating that this concentration may be optimal for improving fish health. The findings suggest that Bacillus amyloliquefaciens can serve as a beneficial probiotic in aquaculture, enhancing disease resistance and overall physiological well-being in Amur common carp. These results contribute to the growing body of evidence supporting probiotic use as a natural alternative to conventional disease management strategies promoting sustainable aquaculture practices.
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1. INTRODUCTION 
As a food-producing sector, aquaculture offers numerous opportunities to alleviate poverty, hunger and malnutrition, while also driving economic growth and promoting better resource utilization (FAO, 2020; FAO, 2024). Global aquaculture production is forecasted to grow between 102 and 105 million tons by 2027 according to FAO outlooks (Froehlich et al., 2017). The increasing per capita consumption of fish, along with global population growth, has made it essential to enhance aquaculture production (FAO, 2020; Bossier and Ekasari, 2017).
The incidence of microbial pathogens is one of the most significant factors that influences the fish industry (Zorrilla et al., 2003). Significant losses have occurred in intensive fish culture and have subsequently confined aquaculture production (Subasinghe, 2005). Conventional approaches to the control of diseases include the use of chemicals such as antimicrobial drugs, pesticides and disinfectants that adversely affect fish and lead to immune-suppression, disturbances of the gastrointestinal bacterial populations and reduced disease resistance (FAO, 2020). Nonetheless, sustainable development of the aquaculture sector has been challenged by a limited supply of natural resources and its adverse effects on the environment (Naylor et al., 2021).
Immunostimulants are regarded as natural compounds that can increase the resistance of a host to diseases, particularly infectious diseases by enhancing their immune system (Guardiola et al., 2016). Some of the most well-known immunostimulants include pre or/ probiotics as well as herbal plants, which show that great promise at not only improving the health status of cultured fish or shellfish, but also growth and nutrient utilization (Hoseinifar et al., 2016). 
Probiotics are traditionally defined as “a live microbial feed supplement which beneficially affects the host animals by improving microbial balance” (Fuller, 1989). The FAO/WHO definition of a probiotic is “live microorganisms which when administered in adequate amounts confer a health benefit on the host” (Hill et al., 2014). In aquaculture, probiotics are used as safe additive to enhance the health of the host by enhancing growth, providing nutrients, modulating microbial colonization, improving immune responses, improving feed utilization, increasing digestive enzyme activities and digestibility, improving water quality and controlling diseases (Selim and Reda, 2015). Various probiotics such as Arthrobacter, Bacillus, Enterococcus, Lactobacillus, Lactococcus, Micrococcus, Pediococcus, Aeromonas, Burkholderia, Enterobacter, Vibrio, Pseudomonas, Rhodopseudomonas, Roseobacter and Shewanella have been discovered and used to enhance growth and immunity of aquaculture species over the years (Van Hai, 2015). 
Among the many probiotic species discovered, Bacillus species have been proven to possess better probiotic properties attributable to their ability to produce antimicrobial substances that are active against many microbes and are non-pathogenic and non-toxic, together with their sporulation capacity (i.e., which extend their period of effectiveness), gives them double advantage in terms of survival (heat-tolerance and longer shelf-life) in diverse environments compared to other probiotics such as Lactobacillus spp. (Kavitha et al., 2018) and makes them excellent probiotic candidates (Shah et al., 2021). The majority of Bacillus species used as probiotics in fish include B. subtilis, B. licheniformis, B. pumilus and B. amyloliquefaciens (Kawser et al., 2022). 
Bacillus amyloliquefaciens are active microorganisms that are beneficial to the host and are commonly used as immunomodulators (Selim and Reda, 2015), belongs to the super kingdom Bacteria, within the Bacillaceae family and Bacillus genus. It is an endospore-forming, Gram-positive, rod-shaped bacterium with a chain-forming cell morphology (Abriouel et al., 2011). It was first isolated in 1943 and considered as a part of Bacillus subtilis until the 1980s (Welker and Campbell, 1967; Priest et al., 1987). Basically, this species of bacteria is found in various environmental conditions mainly in food, plants, soil and water. However, research on B. amyloliquefaciens as a probiotic in aquatic hosts is relatively uncommon. Although numerous studies have investigated the effects of various probiotics on the immune systems of different fish species, information regarding the effect Bacillus amyloliquefaciens on Amur common carp (Cyprinus carpio haematopterus) is scarce. So, the present study was designed to evaluate the effect of Bacillus amyloliquefaciens on haematological parameters and immune response in Amur common carp (Cyprinus carpio haematopterus).
2. MATERIALS AND METHODS 
2.1 EXPERIMENTAL DESIGN
The fry of Amur common carp was procured from Fisheries Research and Information Centre, Hesarghatta, Bengaluru and reared to fingerling stage in Research and Instructional Fish Farm, College of Fisheries, Mangaluru. Prior to start of the experiment, fish were acclimatized to experimental condition and fed with dry pellet diet. The study was conducted indoor in 12 FRP tanks of 250 L capacity and for a period of 90 days. The experiment was carried out in triplicates and stocking density of 15 fish/tank was maintained. Water exchange was performed weekly to maintain the water quality and continuous aeration was ensured throughout the experimental period. 
2.2 FEED INGREDIENTS, FORMULATION AND ANALYSIS
The ingredients used in the formulation of different experimental diets were fish meal, rice bran, groundnut oil cake, tapioca flour, vitamin-mineral premix and probiotic (Bacillus amyloliquefaciens). All the dry ingredients were purchased from the local market except probiotic. The probiotic powder was procured from an online platform namely Mark nature. All the ingredients except probiotic was ground and sieved to get particles of uniform size. The sieved ingredients were packed in high density polythene bags and stored at room temperature. Vitamin and mineral premix in the form of Chelated Agrimin Forte, a product of Virbac Animal Health Pvt. Ltd, India was procured locally and added.

Table 1: The different inclusion level of feed additives for 90 days of experiment.
	Treatments
	Feed additives
	Incorporation level

	T0
	Without any additive
	-

	T1
	Bacillus amyloliquefaciens (108 CFU/g)
	0.5%

	T2
	Bacillus amyloliquefaciens (108 CFU/g)
	1%

	T3
	Bacillus amyloliquefaciens (108 CFU/g)
	1.5%


The required quantities of ingredients were weighed accurately, mixed and hand kneaded to required consistency with just enough water (1: 0.8) to get smooth dough. The dough so obtained was cooked under steam in a pressure cooker at 105°C for 20 to 30 min. The cooked feed was cooled to room temperature rapidly by spreading in an enamel tray and required dose of probiotics was diluted with water properly and vitamin-mineral premix was added, mixed and blended. The dough was extruded through a pelletizer having 3 mm dia. Pellets were dried in a hot air oven at 60°C till the moisture content was reduced to less than 10%. Diets were packed separately in high density polythene bags, labelled and stored air tight for further use.
2.3 COLLECTION OF BLOOD SAMPLES
	At the end of the experimental period i.e., after 90 days, blood samples were collected randomly.  The selected fish were anesthetized using clove oil prior to the collection of blood. Blood was drawn from the caudal peduncle region of the fish using a 1 mL of heparinized syringe and transferred to EDTA tubes for the estimation of haematological parameters.
For serum sample collection, briefly 1 mL of blood was collected using 1 mL syringe and immediately released into 1.5 mL Eppendorf tubes without anticoagulant. The tubes were then incubated at room temperature for one hour and stored in a refrigerator (4°C) for 4 h. After incubation, the samples were centrifuged at 1500g for 5 min at 4°C and the anticipated serum was gathered using a micro-pipette and stored at -80°C for further evaluation.
2.4 HAEMATOLOGICAL PARAMETERS
Blood samples collected from fish were used to determine the haematological parameters such as total red blood cell count (RBC), haemoglobin concentration (Hb), haematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) and total white blood cell count (WBC). Red and white blood cell counts obtained manually with a haemocytometer using Natt-Herrick’s solution for dilution (Stoskopf, 1993). Direct smears for differential WBC were made immediately following blood collection. The smears obtained from non-heparinised blood sample were first air dried and stained with May-Grünwald-Giemsa for leukocyte differential count and examined under oil immersion at 100x magnification (Sahan and Duman, 2010). Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) were determined by standard formulas described by Stoskopf (1993).
· MCV (fl) = Hct (%) x 10 / RBC count 
· MCH (pg) = Hb (g/dl) x 10 / RBC count 
· MCHC (g/dl) = Hb (g/dl) x 100 / Hct (%) 
The total serum protein will be estimated by Biuret and the Bromocresol Green (BCG) dye binding method using total protein and albumin kit (Qualigens Diagnostics, Mumbai). Albumin was estimated by the BCG binding method. The absorbance of standards and tests were measured against the blank in a spectrophotometer at 630 nm. Globulin was calculated by subtracting albumin values from total serum protein. The albumin/globulin ratio (A/G) was calculated by dividing albumin values by globulin values.
2.5 IMMUNE PARAMETERS
2.5.1 Nitroblue Tetrazolium (NBT) assay
The test was performed as described by Anderson and Siwicki (1993). The test was performed in flat bottomed microtitre plates. The activated phagocytes (neutrophils and macrophages) are characterized by their ability to adhere to glass or plastic and produce oxygen free radicals. Nitroblue tetrazolium (NBT) in its reaction with oxygen free radicals is reduced to blue formazan, the extent of which can be determined by spectrophotometrically. The procedure is as follows: 
The blood collected from the caudal vein of fish was centrifuged at 3000 rpm for 6 min. The buffy coat of 50μl containing leucocytes was dispensed into a microtitre plate and incubated for 1 h and 50μl of 0.3% NBT was added to the plate and incubated for 1 h. The contents of the well were carefully removed and the adhered cells were fixed by adding methanol and incubated for 2-5 min. Then the plates were rinsed 3-4 times with 70% methanol and air dried. The blue formazan was solubilized by adding 60μl of 2M KOH. On the top of it, 70 μl of Dimethyl Sulphoxide (DMSO) was added. The results were read on an ELISA reader at 620 nm using KOH and DMSO mixture as blank.
2.5.2 Lysozyme activity 
Lysozyme activity of fish in each group was measured with the turbidimetric method described by Parry et al. (1965) using 0.2 mg mL-1 lyophilized Micrococcus luteus as the substrate in 0.05M phosphate buffer (pH 6.2). Various amounts of serum (25-100μl) were added to 2 ml of the suspension and the absorbance was measured at 0.5 and 4.5 min intervals at 530 nm (25ºC). A lysozyme unit was defined as the activity of enzyme producing a decrease in absorbance of 0.001 min-1.
2.5.3 Phagocytic Activity (PA) 
Phagocyte activity was performed using the method of Cunningham, modified by Smith and Romme (1997), 200 μL of blood was placed on the cover glass, incubated in a wet chamber at 28ºC for 20 min and washed with Hanks buffered salt solution (HBSS, Sigma) supplemented with 0.002% human albumin (HA, Sigma). A mixture of 20% autologous serum and 80% of Candida albicans cells (equivalent to 1 × 106) in HBSS-AH was added to the cover glass; then, the glass was incubated (28◦C, 40 min, in wet chamber), washed, incubated again with HBSS-AH (28ºC, 20 min) and washed. Staining was realized with Wrights solution (Sigma) for 1 min, rinsed and dried. A Zeiss microscope (100X) was used to determine the ability of 100 to 200 phagocytic cells from blood to phagocyte Candida albicans. The phagocytic index (PI) was expressed as the average number of yeast engulfed per cell and calculated by dividing the total number of yeast engulfed by the cell count, which in this case was 100 to 200 phagocytic and nonphagocytic cells. The percentage of active cells (% AC) was measured by counting the combined total of 100 to 200 phagocytic and non-phagocytic cells and expressing the result as the percentage of positive phagocytic cells. 
2.5.4 Total Myloperoxidase Assay (MPO) 
The myeloperoxidase assay (MPO) was measured according to Quade and Roth (1997). About 10 μl of serum were diluted with 90 μl of Hank’s balanced salt solution (HBSS) without Ca2+ or Mg2+ in 96-well plates. Then 35 μl of freshly prepared 20 mM 3, 3’, 5, 5’- tetramethylbenzidine hydrochloride (TMB) and 5 mM H2O2 (Genei, Bengaluru, India) were added. The colour change reaction was stopped after 2 min by adding 35 μl of 4 M sulfuric acid (H2SO4). The optical density was read at 450 nm (BioTek Synergy HTX ELISA reader).
2.6 STATISTICAL ANALYSIS
One-way ANOVA was used to determine significance of difference between treatments. Differences among means were tested at the 5% probability level using Duncan Multiple Range test.
3. RESULTS AND DISCUSSION
The RBC count was higher in test diet T1 (1.64±0.06×106/mm3), consequently T2 (1.63±0.05×106/mm3), T3 (1.56±0.01×106/mm3) and T0 (1.14±0.04×106/mm3) exhibited respective RBC counts. There observed greater significant difference (P<0.05) among all the treatment groups and control (Table 2 and Fig. 1). The WBC count of the fish fed with test diet T1 was found to significantly higher (P<0.05) than the other treatment groups and control. The highest count of WBC was recorded in T1 (1.22±0.03×105/mm3) followed by T2 (0.98±0.04×105/mm3), T3 (0.84±0.02×105/mm3) and T0 (0.59±0.03×105/mm3) (Fig. 2).
The haemoglobin concentration was highest in T1 (12.7±0.12 g/dl), succeeded by T2 (12.4±0.11 g/dl) followed by T3 (11.2±0.03 g/dl) and T0 (7.2±0.09 g/dl) respectively.  There was a high significant difference between all the treatment groups and control (Fig. 3). The highest value of platelet was found in T1 (1.38±0.01×105/mm3) followed by T2 (1.37±0.03×105/mm3), T3 (0.58±0.05×105/mm3) and T0 (0.23±0.02×105/mm3). The results in all treatment groups and control showed high significant difference (P<0.05) (Fig. 4). The haematocrit values were depicted in Fig. 5 and it was found to be highest in the treatment group T1 (37.1±0.17%) succeeded by T2 (36.5±0.28%), T3 (34.6±0.24%) and T0 (23.3±0.35%). 
The highest MCV was observed with the value of 224.85±0.6 fl in T1 followed by 223.93±0.57 fl in T2, 221.79±0.54 fl in T3 and 204.39±0.25 fl in T0. By the data obtained, it can be considered that there observed high significant difference (P<0.05) between all the treatment groups and control (Fig. 6). The MCH value obtained was highest in T1 (76.97±0.18 pg) followed by T2 (76.07±0.12 pg), T3 (71.79±0.36 pg) and T0 (63.16±0.37 pg). There observed higher significant difference (P<0.05) between treatment groups and control (Fig. 7). The highest value of MCHC was recorded in T1 (34.23±0.15%) followed by T2 (33.97±0.35%), T3 (32.37±0.14%) and T0 (30.9±0.1%). The results in all treatment groups and control showed high significant difference (P<0.05) (Fig. 8).
Table 2. Details of haematological analysis of Amur common carp recorded in different treatment and control groups.
	Parameters
	Treatments

	
	T0
	T1
	T2
	T3

	RBC (106/mm3)
	1.14±0.04c
	1.64±0.06a
	1.63±0.05a
	1.56±0.01b

	WBC (105/mm3)
	[bookmark: _Hlk182319018]0.59±0.03d
	1.22±0.03a
	0.98±0.04b
	[bookmark: _Hlk182318957]0.84±0.02c

	Hb (g/dl)
	[bookmark: _Hlk182258699][bookmark: _Hlk182319271]7.2±0.09c
	[bookmark: _Hlk182319046]12.7±0.12a
	[bookmark: _Hlk182319077]12.4±0.11a
	[bookmark: _Hlk182319160]11.2±0.03b

	Platelet (105/mm3)
	[bookmark: _Hlk182259490][bookmark: _Hlk182319441]0.23±0.02c
	[bookmark: _Hlk182259418][bookmark: _Hlk182319323]1.38±0.01a
	[bookmark: _Hlk182259428][bookmark: _Hlk182319347]1.37±0.03a
	[bookmark: _Hlk182259448][bookmark: _Hlk182319390]0.58±0.05b

	Hct (%)
	[bookmark: _Hlk182260002][bookmark: _Hlk182319586]23.3±0.35c
	[bookmark: _Hlk182259836][bookmark: _Hlk182319477]37.1±0.17a
	[bookmark: _Hlk182259891][bookmark: _Hlk182319503]36.5±0.28a
	[bookmark: _Hlk182259930][bookmark: _Hlk182319532]34.6±0.24b

	MCV (fl)
	[bookmark: _Hlk182261009][bookmark: _Hlk182319759]204.39±0.25d
	[bookmark: _Hlk182260783][bookmark: _Hlk182319623]224.85±0.6a
	[bookmark: _Hlk182260851][bookmark: _Hlk182319641]223.93±0.57b
	[bookmark: _Hlk182260918][bookmark: _Hlk182319701]221.79±0.54c

	MCH (pg)
	[bookmark: _Hlk182261725][bookmark: _Hlk182319895]63.16±0.37d
	[bookmark: _Hlk182261552][bookmark: _Hlk182319795]76.97±0.18a
	[bookmark: _Hlk182261574][bookmark: _Hlk182319810]76.07±0.12b
	[bookmark: _Hlk182261618][bookmark: _Hlk182319827]71.79±0.36c

	MCHC (%)
	[bookmark: _Hlk182262394][bookmark: _Hlk182320049]30.9±0.1d
	[bookmark: _Hlk182262280][bookmark: _Hlk182319926]34.23±0.15a
	[bookmark: _Hlk182262290][bookmark: _Hlk182319945]33.97±0.35b
	[bookmark: _Hlk182262325][bookmark: _Hlk182319973]32.37±0.14c


RBC: Red blood cells; WBC: White blood cells; Hb: Haemoglobin; Hct: Haematocrit; MCV: Mean corpuscular volume; MCH: Mean corpuscular haemoglobin; MCHC: Mean corpuscular haemoglobin concentration. Results are presented as Mean±SE of triplicate observation. Means in the same row with different superscripts are significantly different (P<0.05).
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Fig. 1. Red blood cells (RBC) count of Amur common carp fed with different treatment diets and control diet.
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Fig. 2. White blood cells (WBC) count of Amur common carp fed with different treatment diets and control diet.
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Fig. 3. Haemoglobin (Hb) concentration of Amur common carp fed with different treatment diets and control diet.
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Fig. 4. Platelets count of Amur common carp fed with different treatment diets and control diet.
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Fig. 5. Haematocrit (Hct) concentration of Amur common carp fed with different treatment diet and control diet.
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Fig. 6. Mean corpuscular volume (MCV) of Amur common carp fed with different treatment diets and control diet.
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Fig. 7. Mean corpuscular haemoglobin (MCH) of Amur common carp fed with different treatment diets and control diet.
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Fig. 8. Mean corpuscular haemoglobin concentration (MCHC) of Amur common carp fed with different treatment diets and control diet.
	The highest value of total serum protein was displayed in T1 (5.53±0.14 g/dl) followed by T2 (5.12±0.08 g/dl), T3 (4.89±0.11 g/dl) and T0 (2.92±0.09 g/dl). There was high significant difference (P<0.05) found between all the treatment groups and control (Table 3 and Fig. 9). The serum albumin level showed higher significant difference (P<0.05) between all the treatment groups and control. The highest serum albumin level was observed in T1 (2.18±0.1 g/dl) succeeded by T2 (1.92±0.09 g/dl), T3 (1.77±0.12 g/dl) and lowest was found in T0 (1.03±0.04 g/dl) (Fig. 10). The obtained results displayed high significant difference (P<0.05) between all the treatment groups and control. The highest value of serum globulin was observed in T1 (3.35±0.04 g/dl) followed by T2 (3.2±0.06 g/dl), T3 (3.12±0.07 g/dl) and T0 (1.89±0.05 g/dl) (Fig. 11). The greater value of albumin/globulin ratio was displayed in T1 (0.65±0.01), consequently T2 (0.6±0.02), T3 (0.57±0.04) showed respective values and lower value was found in T0 (0.54±0.02). The results of all the treatment groups and control exhibited high significant difference (P<0.05) (Fig. 12)
Table 3. Details of serum parameters of Amur common carp in different treatment and control groups.
	Parameters
	Treatments

	
	T0
	T1
	T2
	T3

	Total serum protein (g/dl)
	[bookmark: _Hlk182262757][bookmark: _Hlk182320190]2.92±0.09d
	[bookmark: _Hlk182262577][bookmark: _Hlk182320089]5.53±0.14a
	[bookmark: _Hlk182262626][bookmark: _Hlk182320115]5.12±0.08b
	[bookmark: _Hlk182262664][bookmark: _Hlk182320140]4.89±0.11c

	Albumin (g/dl)
	[bookmark: _Hlk182263424][bookmark: _Hlk182322197]1.03±0.04d
	[bookmark: _Hlk182263192][bookmark: _Hlk182322064]2.18±0.1a
	[bookmark: _Hlk182263232][bookmark: _Hlk182322094]1.92±0.09b
	[bookmark: _Hlk182263287][bookmark: _Hlk182322134]1.77±0.12c

	Globulin (g/dl)
	[bookmark: _Hlk182263974][bookmark: _Hlk182322367]1.89±0.05c
	[bookmark: _Hlk182263762][bookmark: _Hlk182322239]3.35±0.04ab
	[bookmark: _Hlk182263814][bookmark: _Hlk182322269]3.2±0.06b
	[bookmark: _Hlk182263841][bookmark: _Hlk182322285]3.12±0.07b

	Albumin-Globulin ratio
	[bookmark: _Hlk182264283][bookmark: _Hlk182322468]0.54±0.02cd
	[bookmark: _Hlk182264167][bookmark: _Hlk182322392]0.65±0.01ab
	[bookmark: _Hlk182264211][bookmark: _Hlk182322419]0.6±0.02bc
	[bookmark: _Hlk182264239][bookmark: _Hlk182322441]0.57±0.04bcd


Results are presented as Mean ± SE of triplicate observations. Means with different superscripts are significantly different (P<0.05). 
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Fig. 9. Total serum protein of Amur common carp fed with different treatment diets and control diet.
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Fig. 10. Serum albumin of Amur common carp fed with different treatment diets and control diet.
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Fig. 11. Serum globulin of Amur common carp fed with different treatment diets and control diet.
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Fig. 12. Albumin and Globulin ratio of Amur common carp fed with different treatment diets and control diet.
It was observed to have significant difference (P<0.05) between the control and treatment groups in case of NBT assay. The obtained values were significantly higher in T1 (1.46±0.018) followed by T2 (1.08±0.012), T3 (1.07±0.019) and T0 (0.37±0.012) (Table 4 and Fig. 13). The lysozyme activity was recorded highest in T1 (7.10±0.033×104 IU/ml) succeeded by T2 (4.33±0.036×104 IU/ml), T3 (2.87±0.053×104 IU/ml) and T0 (0.68±0.053×104 IU/ml). The fish fed with test diet T1 showed significantly higher difference (P<0.05) compared to other treatment groups and control (Fig. 14). The values obtained under phagocytic activity showed significant difference (P<0.05) between the treatment groups and control. The phagocytic activity was found to be significantly higher in T1 (39.97±0.26%), consequently T2 (35.64±0.20%), T3 (30.09±0.18%) and T0 (22.94±0.35%) (Fig. 15). The total myeloperoxidase assay provided values that depicted significant difference (P<0.05) between the treatment groups and control. The significantly higher value was obtained in the fish fed with test diet T1 (1.15±0.032) followed by T2 (1.09±0.009), T3 (1.06±0.038) and T0 (0.53±0.025) (Fig. 16).
Table 4. Details of immunological parameters of Amur common carp in different treatment groups and control.
	Parameters
	Treatments

	
	T0
	T1
	T2
	T3

	NBT assay
(450nm)
	0.37±0.012c
	1.46±0.018a
	1.08±0.012b
	1.07±0.019b

	Lysozyme activity (104 IU/ml)
	0.68±0.053d
	7.10±0.033a
	4.33±0.036b
	2.87±0.053c

	Phagocytic activity (%)
	22.94±0.35d
	39.97±0.26a
	35.64±0.20b
	30.09±0.18c

	Total MPO assay (450nm)
	0.53±0.025d
	1.15±0.032a
	1.09±0.009bc
	1.06±0.038c


Results are presented as Mean ± SE of triplicates observation. Means with different superscripts are significantly different (P<0.05). NBT: Nitroblue tetrazolium, MPO: Myeloperoxidase
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Fig. 13. Nitroblue Tetrazolium (NBT) assay of Amur common carp in different treatment groups and control.
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Fig. 14. Lysozyme activity (104 IU/ml) of Amur common carp in different treatment groups and control.
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Fig. 15. Phagocytic activity (%) of Amur common carp in different treatment groups and control.
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Fig. 16. Myeloperoxidase assay of Amur common carp in different treatment groups and control.
The results obtained throughout the study corroborate with several other studies, where Bacillus and Lactobacillus sp. (Panigrahi et al. 2019), Bacillus, Lactobacillus and Lactococcus sp. (Gutierrez et al. 2016) which considered to be potential probiotics and impart immunostimulatory effects along with enhanced growth, energy metabolism and survival rates (Duan et al. 2017). Significant improvements in superoxide anion production and myeloperoxidase activity were observed in Catla catla fed with Bacillus amyloliquefaciens at rates of 1×107 to 1×109 CFU/g diet (Das et al., 2013). Similarly, dietary supplementation of Bacillus amyloliquefaciens (2.1×109 CFU/g) for 2 months significantly increased the respiratory burst responses of tilapia (Saputra et al., 2016). In rohu (Labeo rohita) and striped catfish (Pangasianodon hypophthalmus), Bacillus amyloliquefaciens also significantly enhanced the respiratory burst response of leucocytes (Thy et al., 2017; Mukherjee et al., 2019). In Nile tilapia, non-specific immune parameters were improved by dietary administration of Bacillus amyloliquefaciens at levels of 106 and 104 CFU/g after a 30-day feeding trial (Selim and Reda, 2015). Bacillus amyloliquefaciens (1×10⁶ CFU/g) incorporated diet in rohu (Labeo rohita) improved immune parameters such as lysozyme activity and complement activity. Enhanced haematological parameters, including increased haemoglobin concentration and packed cell volume (Dahiya et al., 2012). When used as a feed additive in hybrid sturgeon, B. amyloliquefaciens improved both immunity and growth performance (Fei et al., 2018). As an aquatic feed additive, B. amyloliquefaciens has been shown to be effective against some viruses and pathogens, and to improve the immune activity of aquatic animals.
Probiotics like Bacillus subtilis administered orally at 108 CFU/g diet was the most effective dose for enhancing immune response and disease resistance in Japanese eel (Anguilla japonica) (Lee et al., 2017). Common carp (Cyprinus carpio) fed with 1×10⁸ CFU/g of Bacillus subtilis in the diet Enhanced non-specific immune responses, including respiratory burst activity and serum immunoglobulin levels. Fish fed with a probiotic combination of Lactobacillus plantarum (10⁸ CFU g⁻¹) and Bacillus subtilis (10⁸ CFU/g) exhibited significantly higher MPO values than those fed with the control diet, aligning with the findings of Salinas and Picchietti (2008).  The study on the effect of Lactobacillus acidophilus on haematological parameters of C. catla revealed a significant increase in RBC count, Hb%, Hct% and red cell indices like MCV, MCH and MCHC (Renuka et al., 2014). Saccharomyces cerevisiae at 5%, 7.5% and 10% concentrations in Labeo rohita diets showed the highest TEC, Hb and HCT at 5% supplementation (Tewary et al., 2011). Labeo rohita fed with Lactobacillus rhamnosus (10⁸ CFU/g) significantly increased hemoglobin (Hb), red blood cell (RBC) count, white blood cell (WBC) count and total serum protein levels (Mohapatra et al., 2014). Lactobacillus plantarum fed at a rate of 10⁸ CFU/g enhanced RBC count, hemoglobin concentration, hematocrit levels and total immunoglobulin levels in Oreochromis niloticus (Pirarat et al., 2011). Dietary inclusion of Lactobacillus casei (10⁹ CFU/g) increased WBC count, total protein, albumin and globulin levels, with improved lysozyme activity in Cyprinus carpio (Hoseinifar et al., 2018). 
Improved haematological indices such as white blood cell count and haematocrit (Michael et al., 2019). Rainbow trout (Oncorhynchus mykiss) fed with Enterococcus faecium (1×10⁸ CFU/g) enhanced immune parameters such as respiratory burst activity and serum lysozyme levels. Improved haematological indices, including increased red blood cell count and haematocrit (Kalita et al., 2023). Atlantic salmon (Salmo salar) fed with Pediococcus acidilactici (1×10⁷ CFU/g) improved gut health, increased serum immunoglobulin levels, and enhanced resistance to bacterial infections (Khan et al., 2020). Salmo salar fed with Pediococcus acidilactici (10⁸ CFU/g) increased RBC count, hemoglobin, hematocrit and serum lysozyme activity (Merrifield et al., 2010).
CONCLUSION
In conclusion, all the haematological and immune parameters that were tested in the Amur common carp were improved by the dietary administration of Bacillus amyloliquefaciens at different levels of after 90 days feeding trial. The study demonstrated that the dietary supplementation with Bacillus amyloliquefaciens significantly improved the haematological and immune parameters of Amur common carp (Cyprinus carpio haematopterus). Fish fed with probiotic-supplemented diets, particularly at 0.5% inclusion of Bacillus amyloliquefaciens, exhibited higher RBC, WBC, haemoglobin, haematocrit and immune response indicators compared to the control group. Overall, the investigation concluded that the optimal supplementation of Bacillus amyloliquefaciens at 0.5% of the basal feed resulted in improved haematological parameters and immune responses in the Amur common carp (Cyprinus carpio haematopterus). These findings suggest that Bacillus amyloliquefaciens enhances fish health, making it a promising probiotic candidate for sustainable aquaculture practices.
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