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Dietary effects of probiotics Lactobacillus sporogens on Immunological and Haematological Indices of Selected fresh water Fishes (Cirrhinus mrigala, Labeo rohita, Cyprinus carpio) as Supplement for Humans
Abstract

The present study investigated the effect of feeding selected fishes Cirrhinus mrigala, Labeo rohita, Cyprinus carpio reared in Aliyar dam water. Fishes treated with free probiotics and immobilized probiotics Lactobacillus sporogens probiotic supplement on Immunological and Haematological Indices. A total of 125 fish fingerlings from each species weighing were randomly distributed into the five treatment groups in triplicate, fishes were fed with different treatments as follows , T1 free probiotics, T2 – Cowdung, T3- Cowdung with free Probiotics, T4- Cow dung with Immobilized bacteria  as well as the control group were fed basal diet without any addition of probiotics. Haematological and Immunological analysis  represents  significant increase (P<0.05) in Haematological Indices (Hb, RBC count, WBC count, Hematocrit or PCV, MCV, MCH and MCHC) and Immunological Parameters(NBA respiratory burst activity Lysozyme Activity, Phagocytic Activity). The highest Immunological and Hematological performance values were observed in fishes fed on the cow dung with Immobilized bacteria and CD with Free probiotics. The findings can be considered as beneficial  probiotics for immobilized bacteria L. Sporogens diets for improving the  Haematological Indices such as Haemoglobin level , RBC, WBC Count , increasing digestive enzymes  oxygen transport, gut microbiota, reducing mortality rate by  boosting  the immunity  and  disease resistance fishes and also improves the water quality.  
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Introduction 
Aquaculture considerd to be the most competitive and promising sector which is provide a gratest % of protein for Human population.Fish proteins are of great biological value, providing all vital  amino acids in optimal proportion [27,32] Therefore, aquatic animal foods offer  significant nutritional value and substantial health benefits for human consumption.Probiotics play vital role of  sustainable, eco-friendly solution to struggle the effects of water pollution and disease in aquaculture and by civilizing water quality and inflecting  gut microbiota, probiotics enhance  the  disease resistance, rouse innate immune responses, and significantly raise haematological  parameters such as   RBC, WBC, MCV, MCH, MCHC and haemoglobin, levels  for better tissue oxygenation. Probiotics can increase the host immune response to disease and can be used as biocontrol agents to reduce disease attacks [28].Meanwhile, the protein composition of aquatic fish is easily affected by dietary and environmental factors. The introduction of probiotics into carp feed to increase the immune system has been widely done by different dosages species and routes. Precisely useful bacteria are used to exploit the  health reimbursement, fight against diseases and blood improvements. Bacillus species  such as  B. subtilis, B. licheniformis, B. velezensis are  highly effective for reducing the  organic waste and ammonia in aquatic fields , as well as significantly escalating haemoglobin and Red Blood Cell (RBC) counts in fishes. Lactobacillus species like L. acidophilus, L. plantarum, are outstanding for colonizing the GIT (Gastro intestinal tract), enhancing  digestion, and controlling the  harmful pathogens from attaching to the gut wall. Saccharomyces cerevisiae (yeast), improves  gut morphology, absorption of nutrients, and mucosal immunity. Those probiotics are recommended to enhance the production of agents that fight against diseases such as immunoglobulins, lysozymes, and cytokines, preparing the fish to ward off bacterial infections like Aeromonas and Vibrio[17].The Studies revealed that adding probiotic supplementation to fish feed improved the  production of blood cells leading to higher haemoglobin content in the fishes. Probiotics  improves transport of oxygen, helping fish survive in  with low oxygen  level and polluted environments so the research has been carried out on the  the effect of probiotics of lactobacillus sporogens on feed which is reflected  in the haematological indices and Immunological indices of the fishes .
Materials and Methods
The research started from June to September 2021 by Aliyar dam water under laboratory conditions. Fingerlings of three carp (Cirrhinus mrigala, Labeo rohita, Cyprinus carpio),were maintained in an aquarium tank 150L. Freshwater fishes were reared for 70 days with probiotics and cow dung. The experiment consisted of 4 Treatment group, T1 free probiotics, T2 – Cowdung, T3- Cowdung with free Probiotics, T4- Cow dung with Immobilized bacteria  as well as the control group each representing a combination of three fish species (Cirrhinus mrigala, Labeo rohita, Cyprinus carpio).
Preparation of Fish Feed 
The fishes were fed  daily with a pelleted diet containing 35% protein, while continuous aeration and water filtration were maintained in the experimental tanks. The ingredients were(Soya powder-400g,Groundnut oil cake 250g,Wheat bran 200g,Wheat powder-40g,Agro mix-10g,Topica flour-100g) , totally 1000g, thoroughly mixed with water to form a dough, and steamed for 5 min. The cooled dough was pelletized and dried in an electric oven at 60°C to prevent protein denaturation. The dried pellets were stored in airtight containers until use. 
Haematological Parameters of three types of fresh water fishes (C. mrigala, L. rohita , C. Carpio)
Blood samples collected from the fish at the end of the 10-week feeding period, and the haematological parameters (Hb, RBC, WBC, Hct, MCV, MCH, MCHC ) were measured using a haematology analyzer. The fish (10 fish/tank) were captured from each tank randomly to take Blood. To Collect blood, the fish (n=5/tank) were anesthetized by clove powder [33]. The blood samples (n=10 fish/ tank) taken from the caudal by 25 ml syringe. The blood samples were centrifuges (13,000 × g for 5 min at 4 °C) in non- heparinized tubes, and finally the separated serum was stored at -80o C.
Haemoglobin content (Hb) 
Haemoglobin estimated by Sahli Helliage method [31].The blood was collected at 20 mm 3 mark in the sahli pippete and transferred into a calibrated (transmission) test tube containing 2 ml of 0.1N HCl. The pipette was rinsed several times in the acid solution and the sample was allowed to stand for 15 minutes.The conversion of haemoglobin to acid haematin. The acid haematin was then diluted with distilled water till the colour matched the colour of the standard in the haemoglobinometer.
Total erythrocyte count
Neubauer’s counting chamber used for counting RBC [5]. RBC pipette, used the blood was drawn up to 0.5 marks and  diluting fluid (Hayem’s fluid)  upto the mark 101. Although fluid was drawn to the mark 101 the real dilution is 1:200 because the fluid in the capillary tube discarded before the count. The number of RBCs per sq mm was calculated.
Total leucocyte count 
Neubauer’s hemocytometer [5] was used for counting leucocytes.  a white cell pipette was used, the blood was drawn up to 0.5 marks and the diluting fluid (Truck’s fluid) upto 11 marks, thus the dilution was 1:20.
The number of WBCs per sq mm was calculated
PCV or haematocrit value 
The heparinized blood was filled the mark 100 of the haematocrit tube with the help of a Pasteur pipette and centrifuged at 3000 rpm for 30 minutes. The relative volume of the height of the RBC’s packed at the bottom of the haematocrit tube was recorded as (PCV) in terms of the percentage of total blood column taken in the haematocrit tube.Hematocrit value was determined using this method [35].
Mean Corpuscular Volume 
The parameter offers information on the average size of the RBCs  measured in femtoliter.
     MCV in fl = (Hematocrit %)/(RBC x 1012/L) x 10
Mean Corpuscular Hemoglobin 
The parameter indicates the average weight of hemoglobin in the tested RBC population.
                  MCH in pg = (Hemoglobin in g/dL)/(RBC x 1012/L) x 10
Mean Corpuscular Hemoglobin Concentration 
The parameter offers information on the average concentration of hemoglobin in the red blood cell.  
    MCHC in g/dL = (Hemoglobin in g/dL)/(Hematocrit %) x 100
Immunological Optimization of three types of fresh water fishes (C. mrigala, L. rohita , C. Carpio)
Neutrophil activity (NBT) Respiratory burst activity 
RBA was done by NitroBlue Tetrazolium (NBT) assay from the method [6]. 100 µL of blood was placed into the wells of “U” bottom microtitre plates and incubated at 37 ◦C for 1 h to allow adhesion of cells. The supernatant was removed and the loaded wells were washed thrice using phosphate- buffered saline (PBS). After washing, 100 µl of 0.2% NBT was added and the plate was incubated for a further 1 hr. The cells were then mixed with 100% ethanol for 2-3 min and then washed thrice with 70% ethanol. The plates were then air-dried. 120 µl 2N KOH and 140 µl DMSO (dimethyl sulphoxide) were added into each well to form the formazone blue precipitate. The OD of the solution was then read in a microplate reader (Cyber lab) at 540 nm.(Visible Range)
Serum Lysozyme activity 
In the technique, 0.03% lyophilized Micrococcus lutetus in 0.05 mM sodium phosphate buffer (pH 6.2) was used as substrate. 10ul of fish serum were added to 250 µl of bacterial suspension in a microplate and the reduction in absorbance at 490 nm was determined after 0.5 and 4.5 min incubation at 22 ° C using a microplate reader. One unit of lysozyme activity was defined as a reduction in absorbance of 0.001 per min.Lysozyme activity was measured by the turbidimetric assay of [25] with the microplate adaptation of [16]. 
Phagocytic activity 
The blood sample was covered on the Histo-paque medium, and centrifuged (3000 g at 4 °C for 10 min). The obtained leukocytes were washed twice in RPMI-1640 medium. The cell suspension (1 mL) was placed on Saccharomyces cerevisiae suspension and incubated at 37 °C for 1 h. The blend drop was applied to a clean glass slide and stained with Giemsa solution. Under the biological microscope (Olympus cx22) was used. Phagocytic activity (%) was calculated by enumerating 100 leucocytes per fish under a microscope.The phagocytic activity was determined according to [15].
PA (%) = number of cells ingest-ing zymosans/number of cells observed × 100.
Statistical Analysis
All data were processed using excel software, and the statistical analysis was done using the SPSS . One-way ANOVA was performed for statistical analysis, and significant differences between means were tested at the p(0.05) level using Duncan multiple range test. 
Result and Discussion
Haematological Performance of three types of Species (C. mrigala, L. rohita , C. Carpio)
Haemoglobin content  (Hb)
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Figure no. 1 The Haemoglobin levels of various fish species subjected to five different treatment groups 
The maximum level of Haemoglobin (Hb) of C.mrigala  12.60±0.12 g/dL, L.rohita 11.39±0.08 g/dL and C.carpio 10.81±0.28 g/dL were observed in T4 (cow dung with immobilized probiotics). The next highest level of C.mrigala 11.91±0.39 g/dL was observed in T3(cowdung with freeprobiotics). The lowest values with haemoglobin (Hb) of  C.carpio 7.77±0.39 g/dL were recorded in the control group .
Hemoglobin (Hb) concentration is an important hematological parameter used to assess the physiological and health status of fish. Haemoglobin was an important oxygen transport protein and reflected the respiratory efficiency of fishes. [37] reported that diets combined with probiotics significantly increased  the haemoglobin level and erythrocyte count of fishes and indicated better physiological status. [30,40] reported that increased Hb levels have been reported in probiotic-treated fishes. Haematological indices (Hb, and RBC) changed in relation to the diets treated with Probiotics.
Total Erythrocyte count 
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Figure No. 2 Total RBC Count of various fish species subjected to five different  treatment groups 
The Maximum value of highest RBC (x106 cells/µL) Value of L. rohita  2.44±0.07 and C.carpio 2.34±0.18 in T4 treated with cow dung with immobilized bacteria and C. mrigala  3.84±0.24  were  recorded in  T2 of treated with cow dung. The next highest RBC level of C. mrigala  3.77±0.24 recorded in T4. The lowest RBC level of 1.40±0.07 recorded in T2 was treated with Cowdung.
Higher RBC values are generally associated with improved oxygen transport and better health conditions [12,39] reported that better dietary supplementation increased erythrocytes count of fishes. According [21] Probiotic supplementation has been reported to enhance RBC counts in several cultured fish species. [22] reported higher Hb and RBC levels in carp due to improved metabolic efficiency under probiotic supplementation. The increase in hemoglobin and RBC levels in probiotic-treated groups suggests improved the formation of blood cells  and nutrient utilization. [23] who explained that probiotics enhance digestive enzyme activity and improve absorption of essential nutrients such as iron and proteins, leading to improved blood formation
Total Leucocyte count 
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Figure No. 3 Total WBC count of various fish species subjected to five different treatment groups
The comparative study of this treatment groups, the  maximum WBC (x103 cells/µL) Count of Cirrhinus11.02±0.27, Labeo 23.68±0.29, Cyprinus 9.84±0.36 were recorded in T4 treated with Cowdung with immobilized bacteria. The next highest WBC (x103 cells/µL) Count of Cirrhinus 9.92±0.42 and 19.74±0.29 were  recorded in T3. The lowest value of WBC of Cyprinus 7.54±0.06 was recorded in control.
Probiotic-treated groups are consistent with [3] who reported that probiotics stimulate non-specific immunity and increase leukocyte activity in fish. However, in the current investigation, WBC values showed moderate variation across treatments, which is also reported by [4] suggesting that immune response depends on probiotic strain, dose, and environmental conditions.
PCV or Haematocrit (%)
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Figure No. 4. The Haematocrit levels of various fish species subjected to five different treatment groups 
The Maximum Haematocrit value of C. mrigala 27.37±0.88%, L. rohita 29.81±0.68% and C.carpio 30.25±0.19% were recorded in T4 treated with cow dung with immobilized bacteria. The next highest haematocrit value of C.mrigala 24.43±1.02%, L. rohita 27.99±1.41%  and  C. carpio 27.84±1.21%  were recorded in T3. The lowest Haematocrit value of C. mrigala 19.89±1.19%, L. rohita  23.95±0.21% and C. carpio  23.15±0.50 % was recorded in Control. 
According to [4] Haematocrit increased nutritional status and reduced stress. The hematocrit values were increased  in treated groups reflecting improved oxygen-carrying capacity and metabolic activity. Higher PCV values indicate improved physiological condition and stress tolerance in fish cultured under probiotic and organic fertilization systems was reported [1].
Mean Corpuscular Volume (MCV) 
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Figure No. 5. The MCV levels of various fish species subjected to five different treatment groups 
In the comparative study of the present investigation, the maximum MCV value of C. carpio 175.28±11.34fL ,  L. rohita 135.55±2.61fL  were recorded in T2 treated with cow dung. The next highest MCV value L. rohita 127.68±2.56fL;  C.carpio  168.06±4.55fL were recorded  in T3  treated with cow dung with free probiotics. The lowest MCV Value of C.mrigala 56.7±2.04fL was recorded in Control. 
The increase in MCV observed in the treatment group may be attributed to the beneficial effect of microbial supplementation on erythropoiesis, similar to the observations of [40] who reported improved hematological indices in probiotic-fed catfish. [9] noticed that Mean Corpuscular Volume (MCV) was higher in fish reared in ponds treated with cow dung and immobilized bacteria compared to the control. The increase in MCV indicates improved erythrocyte development and enhanced oxygen-carrying capacity. The beneficial effects attributed to improved pond productivity through cow dung fertilization and enhanced microbial activity associated with immobilized probiotics. Similarly, improvements in hematological indices have been reported in probiotic-treated fish [40,24] who observed elevated MCV values and improved physiological status in bacterial-supplemented groups.
Mean Corpuscular Hemoglobin (MCH) 
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Figure No. 6 Mean Corpuscular haemoglobin (pg) levels of various fish species subjected to five different treatment groups 
The current investigation of the study reported  that the highest MCH value of Cyprinus 61.76±4.20pg was recorded in T3 Cowdung with free probiotics and Cirrhinus 33.61±1.74pg was recorded in T4 treated with cow dung and immobilized bacteria. The next highest level of MCH of Labeo rohita 52.6±6.57pg was recorded in T2 treated with cow dung alone. Compared with all the five treatments the lowest MCH Value of Cirrhinus 25.45±2.39 pg was recorded in Control. 
The elevated MCV and MCH observed in cow dung-treated groups suggest enlarged erythrocytes and improved nutrient availability. [7] who stated that organic fertilization increases plankton biomass, thereby enhancing fish nutrition and indirectly influencing blood physiology [41] found that MCV, MCH, and MCHC values remain within normal range but improve under balanced probiotic diets
Mean Corpuscular Hemoglobin Concentration (MCHC)
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Figure No. 7 MCHC levels of various fish species subjected to five different treatment groups
The Maximum level MCHC of Cirrhinus 49.93±5.28 g/dL was observed in T2 treated with cow dung ,   Labeo rohita 45.12±1.25 g/dL in control , Cyprinus 38.33±2.60 in T1. The next maximum level of MCHC of Cirrhinus 49.01±3.39 g/dL was observed in T3 treated with cow dung with free probiotics, Labeo rohita 42.32±4.11g/dL in T1 , 36.77±2.49 g/dL in T3 Cow dung with free probiotics .The lowest value of MCHC was recorded in T2 of Cyprinus fish 33.62±1.78 g/dL. 
Increased MCHC indicated enhancing hemoglobin concentration within erythrocytes, compensatory physiological responses, or changes in erythrocyte morphology under stress conditions [13] reported that hematological indices such as MCHC are sensitive indicators of fish health and can be used to assess physiological responses to environmental, nutritional, and management-related factors in aquaculture. 
Immunological Optimization of three types of Species (C. mrigala, L. rohita , C. Carpio)
Neutrophil activity (NBT) Respiratory burst activity RBA 
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Figure no.8 Respiratory Burst activity (RBA OD at 540 nm) of various fish species subjected to five different treatment groups 
In current research study, the highest RBA (OD at 540 nm) represented in C.mrigala 0.79±0.04 (T4-cow dung + immobilized probiotics) and C. carpio 0.73±0.05(T4-cow dung + immobilized probiotics) to be compared with L. rohita 0.49±0.03 (T4-cow dung + immobilized probiotics. The next highest RBA observed in T3 was 0.66±0.05 in C. mrigala and 0.6±0.03 in C.carpio when compared with T4. While the lowest RBA(OD at 540 nm) is observed in T1 (Cowdung) 0.26±0.03 of Labeo.
According to [8] Lactobacillus rhamnosus FS3051 significantly changed the gut microbial communities and improved fish immune responses.  The most prevalent method of probiotic administration is the incorporation of various probiotic formulations into feed [20] indicating that 92.8% of probiotics are administered through feed, 4.8% was directly added to water, and 1.8% was incorporated in live food within fish culture systems.  In large-scale aquaculture production, probiotics such as yeast, vital microbial communities, and crucial chemicals are widely used as excellent supplements [26]In fact, the enhanced immunity and improved growth of fish have been the consequence of dietary supplementation with probiotics [38] Likewise, distinct workers also showed similar results [2,36] .  [38] recently carried out experiments showing that probiotics greatly boost fish immune systems, thereby improving their physiological conditions.  The present work verified that cow dung containing immobilized probiotics shows the notable improvement of immune system of the three varieties of fish
Serum Lysozyme activity
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Figure No. 9 Lysozyme activity (U/mL) of various fish species subjected to five different treatment groups 
The maximum level of lysozyme activity of Cyprinus  4.83±0.33  (U/mL) and  Labeo 3.35±0.10(U/mL) relieved to be highest than Cirrhinus 2.04±0.41(U/mL) in T4 (cow dung + immobilized probiotics.  The next highest level of  Labeo 3.04±0.20(U/mL) Cyprinus  3.85±0.20(U/mL) and Cirrhiuns 1.92±0.14 (U/mL) were observed in T3 . The lowest Lysozyme activity is 1.27±0.03 (U/mL) in Cirrhinus.
 In excessive salinity conditions, the administration of probiotics, specifically Lactobacillus plantarum, to tilapia fish leads to an increase in the activity of lysozyme enzymes and a variety of immunoglobulins [18;14].[34] noticed that  lysozyme is an essential  component of the fish's innate immune system, and lysozyme activity is widely used as an indicator of non-specific immune response in fish. Lysozyme activity is measured as a non-specific immune defense in fish, while nitro blue tetrazolium (NBT) is monitored as an indicator of innate immunity [10] . High lysozyme activity was observed in fish fed with probiotics  compared to other fish groups, suggesting enhanced phagocytosis cells stimulated by diet supplementation. 
Phagocytic activity 
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Figure No. 10. Phagocytic activity (%) of three different freshwater  species subjected to five different treatment groups 
The maximum Phagocytic activity level of  Cyprinus  44.61±0.49 (%) and  Labeo 33.88±0.79 (%) relieved to be highest than Cirrhinus 23.37±1.21 (%) in T4 (cow dung + immobilized probiotics.  The next highest level of  Cyprinus  38.44±2.73 (%) Labeo 30.55±2.13 (%) and Cirrhinus 16.27±1.43 % were observed in T3 . The lowest Lysozyme activity represented by the Cirrhinus 11.44±0.64 (%) was observed in T2 treated with cow dung.
[11] conducted experiments that demonstrated the improvement of phagocytic activity in Nile tilapia fish farming through the use of probiotic diets related to Bacillus coagulans. Interestingly, probiotics have the potential to significantly enhance innate immune responses by interacting with immune cells, such as phagocytic cells (macrophages and monocytes), polymorphonuclear leucocytes (neutrophils), and NK cells as well documented [23]
Conclusion
Lactobacillus was to protect fish against viral infections and the production of antibiotics which have antiviral effects. The use of the probiotics added to the fish ration led to stimulating and improving the nutritional value of the ration and the depositing nutrients in the fish body The WBC’s are one of the most important cells that can stimulate immune responses of fish and serves as one of the first line of body defense and their numbers increasing sharply when infections is established arise. The results of immune response and blood cells count in T4 treated with immobilized probiotics and cow dung . Increase in respiratory burst activity was observed in  T4 when compared with other groups and control.
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