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ABSTRACT
The study evaluated the effects of dietary inclusion levels of Kappaphycus alvarezii sap on the haematological responses of Labeo rohita fingerlings over a 60-day feeding trial. Five dietary treatments, Control (0%), T1 (5%), T2 (10%), T3 (15%), and T4 (20%) were administered in triplicate using commercial feed enriched with corresponding sap concentrations. Water quality parameters remained within optimal limits throughout the experiment. Results demonstrated significant (p < 0.05) improvements in key haematological indices, including White Blood Cell (WBC), Red Blood Cell (RBC), haemoglobin, platelets, Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin Concentration (MCHC), and Hematocrit (HCT) with the most pronounced enhancements observed in the T4 (20%) group. These responses indicate improved physiological condition, metabolic efficiency, and immunostimulation in fish receiving higher sap inclusion. The findings establish K. alvarezii sap as an effective natural functional feed additive capable of enhancing health status and productivity in L. rohita. Supplementation at 20% inclusion is recommended for optimal physiological and nutritional benefits. The study underscores the potential of seaweed-derived bioactives in promoting sustainable freshwater aquaculture.

KEYWORDS:  Kappaphycus alvarezii ; Labeo rohita; haematology; aquaculture nutrition; immunostimulant.

INTRODUCTION:

[bookmark: _Hlk216443506]Aquaculture has emerged as one of the most rapidly expanding food-production sectors globally, contributing significantly to food security, nutrition, and livelihood generation. In 2022, global aquaculture production reached a historical high of 130.9 million tonnes, marking the first occasion on which farmed aquatic animal output exceeded capture fisheries (FAO, 2024). This achievement highlights the sector’s strong capacity to enhance production through technological improvements and nutritional innovations in response to the growing demand for aquatic proteins. Over the past two decades, the share of fed aquaculture species has increased significantly from 45% in 2001 to nearly 80% in 2022, indicating an escalating reliance on formulated feeds. India is a major contributor to this global growth, ranking third in total fish production and second in aquaculture production. The country achieved 17.54 million tonnes of total fish output in 2022–23, with inland aquaculture primarily driven by Indian Major Carps (IMCs). These species account for 70–75% of freshwater aquaculture production (Jayasankar, 2018) with Labeo rohita (rohu) being one of the top eleven cultured finfish species worldwide (Naylor, 2021). Nevertheless, the continued expansion of the aquaculture sector is constrained by the rising costs and environmental implications of formulated feeds.
Feed represents the largest operational expense in intensive aquaculture, often exceeding 50% of total production costs, with protein sources contributing the most to this expenditure (Nissa  et al., 2021). Historically, fishmeal and fish oil derived from wild forage fisheries have been the principal protein and lipid ingredients. However, increasing prices, inconsistent supply, and ecological concerns have rendered their long-term use unsustainable (Hardy 2010; Pereira et al., 2012). Consequently, considerable research efforts are now directed toward identifying sustainable, affordable, and functionally beneficial feed alternatives that can maintain growth performance, health, and economic viability.
Marine macroalgae, commonly known as seaweed, have emerged as a highly promising, multi-faceted solution to these challenges. Seaweeds are a rich source of essential nutrients, including proteins, vitamins, and minerals, but their true potential lies in their vast reservoir of bioactive compounds (Ashour et al., 2020; Siddik et al., 2023). These compounds, which include unique polysaccharides, polyphenols, and pigments, exhibit a range of functional benefits, from immunostimulatory and antioxidant to anti-inflammatory properties. While the inclusion of whole, dried seaweed in aquafeeds has shown positive results, the use of concentrated seaweed extracts may offer a more targeted and effective method for delivering these valuable bioactive compounds. India holds considerable seaweed resources, with major production areas located in the Gulf of Mannar, Gulf of Kutch, Palk Bay, Lakshadweep, and the Andaman & Nicobar Islands. The country produced 72,385 tonnes (wet weight) of seaweed in 2023, primarily K. alvarezii and Gracilaria edulis, most of which is utilized for hydrocolloid industries (Singh 2014). Beyond this, seaweed biomass and extracts are increasingly exploited in food, biofertilizers, pharmaceuticals, cosmetics, animal feed, and emerging bioenergy solutions, aligning well with the objectives of a circular and sustainable bioeconomy (CMFRI, 2023). 
In modern aquaculture, the strategic analysis of haematological parameters has become an indispensable tool for monitoring and managing fish populations. Blood parameters serve as critical and highly sensitive indicators of a fish's overall health, nutritional status, and physiological response to environmental stressors. Consequently, deviations in blood composition, including cellular components and serum biochemistry, serve as powerful diagnostic and prognostic tools, often revealing sub-clinical stress or disease states before overt physical signs manifest. Although earlier studies have highlighted the benefits of algal extracts in aquaculture, there remains a critical lack of systematic, dose-dependent evaluation of K. alvarezii  as a functional dietary supplement for L. rohita. Establishing an optimal inclusion level is essential for commercial adoption, particularly for small- and medium-scale farmers seeking affordable nutritional strategies that improve productivity and fish health. Therefore, the present study investigates graded dietary inclusion levels of K. alvarezii sap in the feed of L. rohita fingerlings.  The objectives were to determine optimum supplementation levels based on haematological responses of L. rohita over a 60-day feeding trial.

[bookmark: _Hlk214872382]MATERIALS AND METHODS
The present study evaluated the effects of K. alvarezii sap supplementation on the growth and proximate composition parameters of L. rohita fingerlings. The trial was conducted for 60 days at the Aquaculture Research and Seed Unit, College of Fisheries, MPUAT, Udaipur, using fifteen FRP tanks (1 × 1 × 1 m). Tanks were disinfected with potassium permanganate (KMnO₄), dried, and filled with freshwater prior to stocking. Fingerlings (mean length ~13 cm) sourced from the MPUAT hatchery were acclimated for three days and stocked at a density of 10 fish per tank. Five dietary treatments, including a control, were assigned in triplicate: C (0%), T1 (5%), T2 (10%), T3 (15%), and T4 (20%) K. alvarezii sap. Commercial floating pellets were used as the basal diet. Feed for each treatment was soaked in the respective sap concentration and shade-dried prior to feeding. Fish were fed daily at 4% of body weight for 60 days. 
Water quality was monitored fortnightly throughout the experiment. Temperature, pH, electrical conductivity (EC), dissolved oxygen (DO), and total dissolved solids (TDS) were measured using a HACH multi-parameter analyzer. Ammonia-nitrogen, nitrate-nitrogen, and orthophosphate concentrations were determined spectrophotometrically (IMPLEN) at 425, 410, and 690 nm, respectively, following APHA (2005) protocols, with values calculated from standard calibration curves. Haematological parameters such as, White Blood Cell (WBC), Red Blood Cell (RBC), haemoglobin, platelets, Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin Concentration (MCHC), and Hematocrit (HCT)of the experimental fish were analyzed to evaluate the effect of K. alvarezii sap using Automatic Blood Analyser (Exigo-vet). Each fish was anaesthetized with clove oil solution before taking blood. The blood was withdrawn from caudal vein using a medical syringe (23 G) previously rinsed with 2.7% EDTA solution. Collected blood samples were fed into the automatic blood analyzer and results displayed on the screen were noted.
RESULTS 
Water Quality Parameters
The physico-chemical parameters monitored during the experiment remained within the optimal ranges recommended for carp culture (Table 1). Water temperature varied between 19.5 and 27.6 °C, with mean values ranging from 23.80 ± 2.36 to 24.00 ± 2.39 °C across treatments. The pH remained slightly alkaline (7.6–7.8), providing a stable and favourable environment for Labeo rohita. Electrical conductivity (1.936–1.940 mS cm⁻¹) and total dissolved solids (970.6–974.6 mg L⁻¹) showed negligible fluctuations, indicating consistent ionic strength and dissolved solid content throughout the study period. Dissolved oxygen concentrations ranged from 4.3 to 7.7 mg L⁻¹, with mean values between 5.8 ± 0.24 and 6.2 ± 0.11 mg L⁻¹, which were adequate to support normal metabolic and physiological functions. Ammonia-nitrogen levels (0.011–0.021 mg L⁻¹) remained low, while nitrate-nitrogen concentrations (0.63–0.70 mg L⁻¹) were well within safe limits for freshwater aquaculture. Orthophosphate levels averaged 0.038–0.050 mg L⁻¹ and showed minimal variation among treatments, indicating stable nutrient dynamics throughout the experimental period.
Table 1: Range and Average ± Standard error of selected water quality parameters during the experimental period.
	Parameters
	Treatments

	
	Control
	T1
	T2
	T3
	T4

	Temperature (°C)
	19.6-27.6
(23.97±1.04)
	19.6-27.5
(23.93±2.42)
	19.7-27.1
(23.98±2.28)
	19.6-27.6
(24.0±2.39)
	19.5-27.1
(23.8±2.36)

	pH
	7.1-8.1
(7.7±0.09)
	7.3-8.1
(7.7±0.08)
	7.4-8.0
(7.7±0.07)
	7.1-8.1
(7.6±0.09)
	7.4-8.1
(7.8±0.07)

	Electrical Conductivity (mS/cm)
	1.911-1.963
(1.937±0.01)
	1.911-1.968
(1.940±0.01)
	1.908-1.962
(1.940±0.01)
	1.907-1.966
(1.939±0.01)
	1.915-1.961
(1.936±0.01)

	Total Dissolved Solid (mg/l)
	958-986
(971.7±3.12)
	962-987
(974.6±2.94)
	957-984
(974.6±2.80)
	956-987
(973.7±2.94)
	960-983
(970.6±2.56)

	Dissolved Oxygen (mg/l)
	4.6-6.8
(5.9±0.20)
	4.3-6.7
(5.8±0.24)
	4.3-7.7
(5.8±0.27)
	5.7-7.7
(6.2±0.11)
	5.8-7.3
(6.08±0.13)

	Ammonia-nitrogen (mg/l)
	0.011-0.018
(0.014±0.05)
	0.011-0.019
(0.015±0.04)
	0.011-0.019
(0.014±0.04)
	0.011-0.019
(0.014±0.04)
	0.011-0.021
(0.014±0.04)

	Nitrate-nitrogen (mg/l)
	0.5-0.8
(0.65±0.03)
	0.5-0.8
(0.7±0.07)
	0.5-0.8
(0.67±0.03)
	0.5-0.8
(0.63±0.03)
	0.5-0.8
(0.69±0.05)

	Orthophosphate (mg/l)
	0.013-0.078
(0.038±0.05)
	0.019-0.059
(0.038±0.04)
	0.019-0.074
(0.043±0.03)
	0.019-0.093
(0.049±0.05)
	0.019-0.099
(0.050±0.04)



Haematological parameters:
	The haematological parameters assessed at the end of the feeding trial are presented in Table 2. A significant difference (p < 0.05) was observed across all treatment groups compared with the control. The white blood cell (WBC) count was highest in T4 (235.59 × 10³ cells/mm³) and lowest in the control (232.42 × 10³ cells/mm³). Similarly, haemoglobin (Hb) concentration peaked in T4 (8.36%), while the control group exhibited the lowest value (5.82%). Red blood cell (RBC) count followed the same trend, with T4 recording the highest value (1.33 × 10⁶ cells/mm³) and the control showing the lowest (1.13 × 10⁶ cells/mm³). Platelet (PLT) count also increased markedly in T4 (62.67 × 10³ cells/mm³) compared to the control (41 × 10³ cells/mm³). Among the erythrocyte indices, the mean corpuscular haemoglobin concentration (MCHC) was highest in T4 (29.33 g/dL) and lowest in the control group (23.3 g/dL). The mean cell volume (MCV) also exhibited a substantial increase in T4 (213.68 fL), whereas the control showed the least value (118.6 fL). ANOVA results indicated that all haematological parameters differed significantly at the 0.05 level (p < 0.05). Overall, the findings clearly demonstrate that dietary supplementation with K. alvarezii sap exerted a positive influence on the haematological profile of L. rohita fingerlings, in addition to enhancing growth performance and crude protein content relative to both initial values and the control. Among the four dietary treatments evaluated, T4 was consistently the most effective, suggesting that inclusion of K. alvarezii sap at 20% may be optimal for improving physiological and nutritional status in the species. These results underscore the potential of seaweed-derived extracts as functional feed additives in aquaculture. Despite their underutilization, such natural supplements may offer substantial benefits in enhancing fish growth, health, and overall production, with possible applications across a range of finfish and shellfish species.


Table 2. Blood Parameters of experimental fish
	Treatments
	WBC
(10³ cells/mm³)
	RBC
(106cells/mm³)
	

Platelets
(10³ cells/mm³)

	Haemoglobin 
(gm %)

	MCHC
(gm/dl)

	MCV
(fl)
	HCT
(%)

	Control
	232.42±0.59 ab
	1.13±0.00 a 
	41±0.57 a
	5.82±0.27 a
	23.3±0.19 a
	118.6±0.16 a
	20.6±0.15 a

	T1
	235.59±0.51 b
	1.22±0.01 b
	55.83±1.19 b
	6.84±0.10 ab
	27.02±0.57 b
	206.64±1.24 b
	25.31±2.15 ab

	T2
	234.62±1.04 ab
	1.27±0.10 c
	58.63±1.52 bc
	7.44±0.39 bc
	27.64±0.78 b
	212.1±0.05 c
	26.93±0.12 b

	T3
	235.18±0.56 b
	1.29±0.00 cd
	59±1.15 bc
	7.64±0.38 bc
	27.79±0.11 b
	212.29±1.57 c
	24.48±1.03 ab

	T4
	232.76±0.05 a
	1.33±0.01 d
	62.67±0.90 c
	8.36±0.22 c
	29.33±0.87 b
	213.68±0.59 c
	28.5±0.78 b



DISCUSSION
The present study demonstrated that dietary supplementation with K. alvarezii sap significantly enhanced the haematological profile of Labeo rohita fingerlings, with the highest inclusion level (T4, 20%) producing the most pronounced improvements in RBC, WBC, Hb, HCT, MCV, and MCHC values. These findings align closely with various indicating that seaweed-derived feed additives exert strong immunostimulatory and physiological benefits in finfish species. 
Improvements in RBC count, haemoglobin concentration, and erythrocyte indices observed in the present study are consistent with the dose-dependent enhancements reported by Nur et al. (2020), who found that Hypnea musciformis supplementation substantially elevated RBC, WBC, Hb, and HCT levels in O. niloticus. Similar to present study results, their highest inclusion level yielded the greatest erythropoietic response, suggesting that seaweed bioactives improve oxygen-transport capacity and support efficient metabolic functioning in cultured fish. The substantial rise in haemoglobin and MCHC in T4 is also comparable to the increases observed by Shahabuddin et al. (2024), who documented a significant dose-responsive elevation in Hb following dietary inclusion of Gracilariopsis lemaneiformis extract. Such improvements are indicative of enhanced erythropoiesis and healthier erythrocyte development, likely mediated by sulphated polysaccharides and other seaweed-derived metabolites known to promote cellular function and immune activity (Shahabuddin et al., 2024). The higher WBC counts in our study further corroborate the immunostimulatory capacity of seaweed additives. Ashour et al. (2020) noted that supplementation with Ulva, Jania, and Pterocladia extract significantly increased serum proteins, albumin, and globulins in tilapia, reflecting enhanced non-specific immune function. Such increases in immune-related proteins mirror the elevated WBC levels observed in our T4 group, suggesting that K. alvarezii sap may similarly stimulate innate immune pathways, potentially through its polysaccharides, polyphenols, or mineral components.
The improved haematological stability observed in our study also parallels the findings of Siddik et al. (2024), who demonstrated that Gracilaria tenuistipitata extract protected RBC integrity under acute thermal stress. Their work showed significantly higher RBC counts and markedly reduced cellular abnormalities in treated fish, attributable to the antioxidant and cytoprotective properties of seaweed bioactives. Although our experiment did not involve stress induction, the elevated RBC indices (MCV and MCHC) in T4 suggest enhanced erythrocyte health and resilience, possibly reflecting a similar mechanism of membrane stabilization and oxidative defence. Taken together, these converging findings indicate that seaweed-based dietary supplements consistently enhance blood physiology in aquaculture species through two major mechanisms: (i) immunostimulation mediated by bioactive polysaccharides and polyphenols, leading to increased WBCs, serum proteins, and lysozyme activity (Ashour et al., 2020; Nur et al., 2020; Siddik et al., 2024), and (ii) antioxidant protection that enhances erythrocyte stability, reduces cellular abnormalities, and improves haemoglobin content (Siddik et al., 2024; Shahabuddin et al., 2024). The haematological improvements observed in L. rohita fed K. alvarezii sap therefore reflect both enhanced immune capability and improved physiological robustness, which collectively support healthier metabolic performance and better resilience against environmental stressors. 
Overall, the positive haematological responses in the present study, supported by the extensive evidence from comparable seaweed supplementation research, indicate that K. alvarezii sap is a promising functional feed additive. The superior performance of T4 suggests that a 20% inclusion level may be optimal for improving blood health, immune competence, and overall physiological condition in L. rohita. This aligns with the broader consensus that seaweed-derived products can play a significant role in enhancing fish health, productivity, and sustainability in aquaculture systems. Future studies investigating long-term effects, stress responses, and mechanisms at the molecular level would further elucidate the full potential of K. alvarezii sap as an aquafeed supplement.
CONCLUSION
	This study demonstrates that supplementing the diet of L. rohita fingerlings with K. alvarezii sap significantly improves key haematological parameters, including RBC, WBC, haemoglobin, haematocrit, MCV, and MCHC. The highest inclusion level (20%, T4) produced the strongest physiological and immunological benefits, indicating enhanced health and metabolic efficiency. These findings highlight the potential of K. alvarezii sap as an effective natural feed additive. Incorporating the sap at 20% in fish diets can therefore be recommended to promote better health and productivity in aquaculture systems.

References
1. FAO. (2024). The State of World Fisheries and Aquaculture 2024: Blue transformation in action. Rome: Food and Agriculture Organization of the United Nations. https://doi.org/10.4060/cd0683en  
2. Jayasankar, P. (2018). Present status of freshwater aquaculture in India – A review. Indian Journal of Fisheries, 65(4), 157–165. https://doi.org/10.21077/ijf.2018.65.4.81300-20 
3. Naylor, R. L., Hardy, R. W., Buschmann, A. H., Bush, S. R., Cao, L., Klinger, D. H., Little, D. C., Lubchenco, J., Shumway, S. E., & Troell, M. (2021). A 20-year retrospective review of global aquaculture. Nature, 591(7851), 551-563. https://doi.org/10.1038/s41586-021-03308-6 
4. Nissa, M. U., Reddy, P. J., Pinto, N., Sun, Z., Ghosh, B., Moritz, R. L., et al. (2022). The Peptide Atlas of Labeo rohita: A resource for the aquaculture community. Scientific Data. https://doi.org/10.1038/s41597-022-01322-6 
5. Hardy, R. W. (2010). Utilization of plant proteins in fish diets: Effects of global demand and supplies of fishmeal. Aquaculture Research, 41(5), 770–776. https://doi.org/10.1111/j.1365-2109.2009.02349.x 
6. Pereira, R., Valente, L. M. P., Sousa-Pinto, I., & Rema, P. (2012). Apparent digestibility of nutrients from seaweed in rainbow trout (Oncorhynchus mykiss) and Nile tilapia (Oreochromis niloticus). *Algal Research*, *1*(1), 77–82. https://doi.org/10.1016/j.algal.2012.04.002 
7. Ashour, M., Mabrouk, M. M., Abo-Taleb, H. A., Sharawy, Z. Z., Ayoub, H. F., Van Doan, H., Davies, S. J., El-Haroun, E., & Goda, A. M. A. (2021). A liquid seaweed extract (TAM®) improves aqueous rearing environment, diversity of zooplankton community, whilst enhancing growth and immune response of Nile tilapia, Oreochromis niloticus, challenged by Aeromonas hydrophila. Aquaculture, 543, 736915. https://doi.org/10.1016/j.aquaculture.2021.736915 
8. Siddik, M. A. B., Francis, P., Foysal, M. J., & Francis, D. S. (2024). Dietary seaweed extract mitigates oxidative stress in Nile tilapia by modulating inflammatory response and gut microbiota. Frontiers in Immunology, 15, 1471261. https://doi.org/10.3389/fimmu.2024.1471261 
9. Singh V. Effect of Gracillaria sap supplementation on growth, proximate composition and haematological parameters of Labeo rohita. M.F.Sc. Thesis. Udaipur: Maharana Pratap University of Agriculture and Technology; 2014.
10. CMFRI. (2024). Marine fish landings in India 2023 (Booklet Series No. 33/2024). ICAR–Central Marine Fisheries Research Institute. https://eprints.cmfri.org.in/id/eprint/17090/ 
11. American Public Health Association, American Water Works Association, & Water Environment Federation. (2005). Standard methods for the examination of water and wastewater (21st ed.). https://www.standardmethods.org/ 
12. Nur, A., Hossain, M. F., Hasan, M. N., Zannat, S., Chakroborty, K., & Rafiquzzaman, S. M. (2020). Effect of selected seaweed powder as a fish feed on growth and immune system of tilapia (Oreochromis niloticus). International Journal of Fisheries and Aquatic Studies, 8(4), 24-30. https://www.aquaticjournal.com/vol-8-issue-4-july-august-2020-part-a/effect-of-selected-seaweed-powder-as-a-fish-feed-on-growth-and-immune-system-of-tilapia-oreochromis-niloticus 
13. Shahabuddin, A. M., Hannan, M. A., Hossain, M. F., Hemal, S., Khanam, R., Afroz, T., & Mustafa, A. (2024). Evaluation of ethanolic extract of red seaweed (Gracilariopsis lemaneiformis) on Growth and Haematological Parameters of Nile Tilapia (Oreochromis niloticus). Aquaculture, Fish and Fisheries, 4(6), e70011. https://doi.org/10.1002/aff2.70011 



