


Effect of Delonix regia leaf meal on Hematological parameters of Labeo rohita

Abstract 
This study reveals how Delonix regia leaf meal influences the blood profile of Labeo rohita maintained under regulated aquaculture conditions over a 90-day period. Six diets with equal protein and energy content were prepared, containing 0, 10, 20, 30, 40, and 50% D. regia leaf meal, and were offered to the fish twice daily at a rate of 5% of body weight. At the conclusion of the feeding trial, blood parameters such as haemoglobin concentration, haematocrit level, red blood cell (RBC) count, and white blood cell (WBC) count were assessed. Both haemoglobin and haematocrit showed a steady rise with increasing levels of leaf meal, reaching maximum values at 50% inclusion (9.24 g/dL and 27.8%, respectively) compared with the control diet (8.28 g/dL and 22.8%). A similar upward trend was observed in RBC numbers, which increased from 2.39×10⁶/µl in the control group to 3.20×10⁶/µl at the highest inclusion level, while WBC counts exhibited a modest but uniform increase, reflecting enhanced immune responsiveness. Importantly, all measured parameters remained within the normal physiological limits for L. rohita, indicating no evidence of blood-related toxicity. The observed enhancement in haematological traits is likely linked to the therapeutic and antioxidant constituents of D. regia leaves and aligns with previous findings on the positive effects of plant-based additives on fish health and immunity. Overall, the results demonstrate that D. regia leaf meal can be incorporated safely up to 50% in the diet of L. rohita, improving oxygen-carrying capacity and immune-associated blood indices, and highlighting its suitability as an economical herbal feed ingredient in carp farming.
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Introduction 
The fishing and aquaculture industries play a crucial role in enhancing human nutrition and food safety. Fish culture has become much more intense as a result of the goal of boosting aquaculture productivity. Because of this, fish are kept in large numbers and given more food, and the usage of artificial medications like synthetic hormones and antibiotics is rising. the intention of increasing fish productivity. Aquaculture intensification is known to boost output, but it also increases the risk of disease outbreaks, which can cause significant financial losses.(Singha et al 2023)The freshwater fish Labeo rohita is riverine Indo-Gangetic native to India, Bangladesh, Pakistan, and Myanmar (Yeasmin et al., 2010). According to Majumder et al. (2018), L. rohita is a herbivorous column feeder in the adult stage and strongly attracted to phytoplanktonic species. While generally a fast-growing eurythermal species, Rohu grows slower than Catla catla among the Indian major carps. However, it remains the most cultivable species due to its wider feeding niche, greater body protein content (Mukundan et al., 1986), higher n-3 PUFA content (Memon et al., 2010), higher vitamin A and calcium contents (Roos et al., 2003), pleasant flavour and strong market demand. More than 60 percent of India's entire carp output comes from Rohu (Mohanta et al., 2009).  According to SOFIA (2020). Rohu contributed more than 3 percent of the world's finfish production, and presently India is the largest producer of L. rohita. Finding a balance between quick fish development and making the best use of the provided diet is one of the challenges facing fish culturists (Gokcek et al., 2008). Accordingly, the primary prerequisites for effective cultural operations are nutritionally balanced meals and sufficient feeding (Aderolu et al., 2010). The most expensive ingredient in fish diets is protein. As a result, efforts to lower feed costs have led to a rise in the use of plant proteins in diet formulations in place of costly animal ingredients, particularly (Ping et al., 2010).
Disease outbreaks, which can result in significant financial losses , are linked to an increase in the intensification of culture systems . While conventional approaches to disease prevention and treatment, such as chemotherapy and the use of antibiotics, can partially address this issue, they are discouraged in aquaculture (Singha et al 2023) These may lead to bacterial resistance (Le et al., 2005), ecological difficulties (Rico et al., 2012), bioaccumulation, and problems with food safety (Heuer et al., 2009).
The hematological characteristics from normal value range deviations may point to a problem with the physiological process (Rainza-paiva et al., 2000). The body's defensive cells are lymphocytes and white blood cells (WBC). According to Douglass and Janes (2010), WBC is crucial for immunological responses and improves the animal's capacity to fight illness. A high WBC count is often indicative of a microbial diseases or the presence of an antigen/foreign material in the blood whereas decrease in haematocrit levels in the blood often denotes the presence of hazardous factors, such as haemagglutin, which negatively affects blood formation (Oyawoye and Ogunkunle, 1998).  
Kumar et al. (2013) suggested that i-carrageenan at 10 g/kg enhanced growth, hematological parameters (haemoglobin, RBC, WBC and thrombocyte count), serum biochemical parameters, and intrinsic immune responses (such as nitroblue tetrazolium and myeloperoxidase activity) and the overall health status in L. rohita   during a study period of 60 days. Arsalan et al. (2016) reported improved haematological parameters (WBC, RBC, haemoglobin and haematocrit ) in L. rohita fed with Moringa olifera leaf meal.

Material and methods 
Site of experiment 
The present study entitled ‘Optimum utilization of Delonix regia leaf meal in the diet of Labeo rohita  (Hemilton, 1822) was conducted in Department of Aquaculture, College of Fisheries Science, CCSHAU, Hisar (Haryana)
Experimental setup and stocking 
A total of 16 Aquaria having 10 no. of fishes in each were used in triplicate in each treatment with well aerated water maintained at 220C to 280C at density of 3 fish /l. The tanks have artificial aeration system and photoperiod of 12: 12 (light: dark).
Diet Preparation 
The leaves of D. regia was collected in polybags from the main campus of CCSHAU, Hisar. After collection, the leaves were disinfected with KMnO4 solution to avoid any type of contamination. Then, leaves were sun dried and grinded to make powder and used in feed. Four iso-caloric and  iso-nitrogenous diets were prepared in laboratory in which all the ingredients were mixed thoroughly in appropriate ratios for Control (0%), Treatment 1 (T1) 10% D. regia, Treatment 2 (T2) 20 % D. regia and Treatment3 (T3) 30% D. regia, Treatment 4(T4) 40% and Treatment 5 (T5) 50% D. regia inclusion according to the nutritional requirement of L. rohita. After mixing, the dough was prepared and was cooked properly in autoclave with steam. The pellets of feed were prepared for L. rohita feeding. 
Feeding rate
Fish were fed twice a day at 5% of their body weight for 90 days and the daily ration divided in two parts. 
Hematological parameters 
The study was carried out for L. rohita fed with different level of inclusion of D. regia leaf meal At the end of study period (90 days), the fish blood was collected with the help of syringe and hematological parameters of fish kept under different diet treatments were estimated. The hematological parameters of treatment diets were compared with control. Each parameter was measured under replicated condition (3 fish/ treatment). The data so obtained were suitably analyzed to draw conclusions.
3.9.1 Collection of blood: Each fish was anesthetized in clove oil (50µl per litre water) before collection of blood. A medical syringe that had been cleaned with 2.7 percent EDTA (Ethyline Diamine Tetra Acetate) solution was used to draw blood from the caudal vein. To stop blood lysis, the blood was transferred immediately to a test tube containing a thin of EDTA (as an anticoagulant). The blood was mixed properly with EDTA by shaking to prevent blood haemolysis.
3.9.2 Haemoglobin content: The haemoglobin content of blood was estimated following the Cyanmethemoglobin using Drabkins Fluid. 20µl of blood was mixed with 5 ml of Drabkins working solution. The absorbance was measured using a spectrophotometer at wavelength of 540nm. The final concentration was calculated by comparing it with the standard cyanmethemoglobin. The haemoglobin content was calculated by using following formula-

3.9.3 Total erythrocyte count: The haemocytometer (Plate 1) was used to estimate the total number of erythrocytes as per the method of Hendrick (1952). In a clean test tube, 20 µl of blood and 3980 µl of RBC diluting fluid were combined. In order to evenly suspend the cells in the solution, the mixture was thoroughly agitated. A little drop of this combination was added to a hemocytometer's Neubauer counting chamber. Air bubbles were kept out of the chamber with care. Five groupings of squares were used to count the RBC. Under a high power (40X) light microscope, all the cells residing inside the 5 tiny squares are counted. The formula below was used to determine the blood sample's total erythrocyte count:
                  No. of RBC/mm3 = 
3.9.4 Total leucocyte count: Total leucocyte count was determined by the process described by Shaw (1930). In a clean glass vial, 20 µl of blood and 3980µl of WBC dilution fluid were combined. In order to evenly suspend the cells in the solution, the mixture was thoroughly agitated. A little drop of this combination was added to a hemocytometer's Neubauer counting chamber. Air bubbles were kept out of the chamber with care. Under a light microscope with a high power (40X) magnification, the WBC was counted in four large squares. The formula below was used to determine the blood sample's total leucocyte count:


3.10 Statistical analysis used in the experiments 
Two factor ANOVA was calculated to see the effects of different feed levels by inclusion of D. regia leaf meal as deoiled rice bran replacement and as groundnut oil cake replacement on growth parameters of L. rohita and water quality parameters at different days of L. rohita culture with the help of ‘OPSTAT’, a statistical analysis tool developed at the Computer Centre of College of Basic Sciences and Humanities, CCS Haryana Agricultural University, Hisar. Critical difference was calculated for changes in haematological parameters of L. rohita reared at different feed levels under completely randomized design. 
Results and discussion 
Table 1: Effect of Delonix regia leaf meal on haematological parameters of Labeo rohita 

	Treatment
	Haemoglobin (g/dL)
	Haematocrit
(%)
	Red blood cells(×106/µl)
	White blood cells(×103/µl)

	Test diet (Control) (0% D. regia)
	8.28
	22.8
	2.39
	17.49

	Delonix regia leaf meal (10%) (T1)
	8.61
	25.3
	2.80
	17.51

	Delonix regia leaf meal (20%) (T2)
	8.62
	25.9
	2.78
	17.50

	 Delonix regia leaf meal (30%) (T3)
	8.83
	26.5
	2.94
	17.51

	Delonix regia leaf meal (40%) (T4)
	8.93
	26.9
	2.94
	17.54

	Delonix regia leaf meal (50%) (T5)
	9.24
	27.8
	3.20
	17.54

	C.D. (p=0.05)
	0.18
	0.18
	N/A
	N/A

	S.E. (m)
	0.06
	0.06
	0.23
	0.42


C.D=Cumulative difference, S.E.= Standard error .


Fig 1: Haemoglobin content in Labeo rohita cultured with Delonix regia diets


Fig 2: Haematocrit value in Labeo rohita cultured with Delonix regia diets


Fig 3: Red blood cells in Labeo rohita cultured with Delonix regia diets


Fig 4: White blood cells in Labeo rohita cultured with Delonix regia diets

Haemeoglobin of  L. rohita was found highest in 50 percent inclusion of D. regia (9.24g/dl) followed by 40 percent inclusion of D. regia (8.93 g/dl), 30 percent inclusion of D. regia (8.83 g/dl ), 20 percent inclusion of D. regia (8.62 g/dl ), 10 percent inclusion of D. regia (8.61 g/dl) and lowest was found in control diet (8.28g/dl) . It may be due to the medicinal properties of D. regia leaves (Aglabe et al., 2020). This data is in accordance with findings by Ojha et al, (2013) with similar studies conducted on L. rohita fed with Mucuna pruriens, Muli bamboo (Melocanna baccifera) extract (Khan et al., 2017) and with Withania somnifera in combination with L-ascorbic acid (Laltlanmawia et al., 2018) in which the haemoglobin of the fish increased when fed with herbal extracts. Similar outcomes were also seen in C. gariepinus when the feed was supplemented with cassava effluents and tobacco (Nicotina tobaccum) leaf extracts (Omoniyi et al., 2002).
The mean value of haematocrit of L. rhita was found highest in 50 percent inclusion of D. regia (27.8%) followed by 40 percent inclusion of D. regia (26.9%), 30 percent inclusion of D. regia (26.5%), 20 percent inclusion of D. regia (25.9%), 10 percent inclusion of D. regia (25.3%) and lowest was found in control diet (22.8%). RBC count, haemoglobin content and haematocrit values were within the range in experimental groups in the present study but RBC count may determine the efficacy of oxygen transport from surface to tissue (Nikinmaa et al,. 1998) and any kind of alterations in their numbers and volume might influence the metabolic performance (Rios et al., 2004). Similar results were reported by Kaur et al. (2020) in which Cirhinus mrigala's hematocrit values increased as Sida cordifolia, a plant, was consumed at higher levels in their diet. Ojha et al. (2014) found similar outcomes in L. rohita with a food supplemented with Arbacia paniculata.  
The mean value of red blood cells (×106/µl) of Labeo rhita was found highest in 50 percent inclusion of D. regia (3.20×106/µl) followed by 40 percent inclusion of D. regia (2.94×106/µl) and 30 percent inclusion of D. regia (2.94×106/µl), 10 percent inclusion of D. regia (2.80×106/µl), 20 percent inclusion of D. regia (2.78×106/µl),  and lowest was found in control diet (2.39×106/µl. RBC count, haemoglobin content and haematocrit values within the experimental groups in the present study but RBC count may determine the efficacy of oxygen transport from surface to tissue (Nikinmaa et al., 1998) and any kind of alterations in their numbers and volume might influence the metabolic performance (Rios et al,, 2004). Additionally, Sen et al. (1998) observed that L. rohita fingerlings fed Mangifera indica had greater RBC levels. They interpreted this rise as a sign of improved cellular immunity. According to Omoniyi et al. (2002) in feeding experiments using Lepidagathis alopecuroides aqueous leaf extracts, experimental diet-fed fish had considerably higher RBC levels than control fish. 
White blood cells (×103/µl) of L. rohita was found highest in 50 percent inclusion of D. regia (17.52×103/µl) followed by 30 percent inclusion of D. regia (17.51×103/µl) and 20 percent inclusion of D. regia (17.51×103/µl), ,  and lowest was found in 40 percent inclusion of D. regia (17.49×106/µl) and  control (17.49×103/µl). The slight increase in WBC in successive inclusion level of D. regia may be due to its antioxidant and medicinal properties. Leucocytes, also known as white blood cells (WBC), are thought of as the body's defence cells against the attack of hazardous chemicals. They also play a vital part in immunological responses to combat illness brought on by pathogens (Ajima et al., 2015).
 Similar findings on increasing trends in WBC counts of L. rohita fed with plant leaf meal have been reported by many researchers in similar studies on L. rohita fed with different herbal immunostimulants. Ojha et al. (2013) reported increased WBC level in L. rohita with a food supplemented with Arbacia paniculata than control diet. Das et al. (2013) reported the increased level of WBC and antibacterial activity in L. rohita fed with Nymphaea nouchali aqueous extract than the control group.
Conclusion
It has been concluded that Delonix regia can use upto 50% inclusion in the diest of labeo Rohita in artificial feed as it has no adverse effect on hematological parameters and the increased for Delonix regia leaf meal, when added to Labeo rohita' diet up to 50% of the time, improves hemoglobin, haematocrit, RBC, and WBC within normal physiological ranges, indicating improved immune status without negative haematological effects and supporting its usefulness as a herbal feed additive.
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