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ABSTRACT 

	The global aquaculture sector faces sustainability challenges due to the high cost and environmental burden of formulated feeds. This study investigated the potential of using red seaweed Kappaphycus alvarezii sap as a functional dietary supplement to enhance the performance of Labeo rohita (rohu) fingerlings. Rohu fingerlings were fed a commercial basal diet coated with graded inclusion levels of K. alvarezii sap (Control: 0%, T1: 5%, T2: 10%, T3: 15%, and T4: 20%) over a 60-day feeding trial. Water quality and survival remained optimal across all treatments. Results showed a significant dose-dependent improvement in growth performance and feed utilization efficiency in the sap-supplemented groups compared to the control (p<0.05). The 20% inclusion level (T4) exhibited the most significant enhancement, resulting in the highest cumulative net weight gain (66.30 g vs. 45.73 g in control), the best specific growth rate (SGR: 0.28% vs. 0.18% in control), and the most efficient Food Conversion Ratio (FCR: 1.670 vs. 2.237 in control). Furthermore, the carcass proximate composition, including crude protein (52.9% in T4 vs. 50.0% in control) and lipid levels, was significantly improved in the T4 group, indicating enhanced nutrient assimilation. These findings suggest that K.  alvarezii sap functions as a highly effective, practical, and non-diluting biofunctional feed additive. Its soluble compounds enhance metabolic efficiency and growth without negatively impacting nutrient digestibility, offering a promising, eco-friendly, and cost-effective strategy for improving productivity in freshwater carp culture.
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1. INTRODUCTION 

Aquaculture is one of the fastest-growing food-production sectors worldwide, playing a pivotal role in global food security, nutrition, and livelihood support. Global aquaculture output reached a record 130.9 million tonnes in 2022, marking the first time farmed aquatic animal production surpassed capture fisheries (FAO, 2024; Naylor et al. 2021). This milestone reflects the sector’s remarkable capacity to intensify production through technological and nutritional innovations in response to rising demand for aquatic protein. Correspondingly, the proportion of fed aquaculture species has expanded significantly from 45% in 2001 to nearly 80% of total aquaculture production in 2022 which underscores an increasing dependence on formulated feeds (FAO, 2024). India has emerged as a key driver of this global expansion, ranking as the third-largest fish producer and the second-largest aquaculture producer. National fish production reached 17.54 million tonnes in 2022–23 (FAO, 2024), with inland aquaculture dominated by Indian Major Carps (IMCs). These species hold a central position, contributing 70–75% of freshwater aquaculture output (Jayasankar, 2018). Among these Labeo rohita is one of the tops eleven globally farmed finfish species (FAO, 2020). Advancements in transcriptomics, proteomics, and metabolomics have recently placed rohu into the post-genomic era, enabling deeper exploration of nutritional and health-related interventions (Nissa et al., 2022). Despite these advances, the sector’s sustained growth is challenged by the rising cost and environmental burden of formulated feeds.
Feed inputs account for more than 50% of production costs in intensive systems, with protein representing the most expensive component (Pereira et al., 2012). Traditionally, fishmeal and fish oil from wild forage fisheries have served as primary nutrient sources; however, escalating prices, supply variability, and ecological pressures have made their long-term use unsustainable (Hardy, 2010; Ilias et al., 2015). As a result, extensive research is focused on identifying cost-effective, sustainable, and biologically functional feed ingredients capable of supporting growth, health, and profitability in aquaculture. Marine macroalgae (seaweeds) have gained substantial interest as promising feed additives owing to their favourable nutrient composition, rich polysaccharides, pigments, antioxidants, and immunostimulatory bioactives (Shields & Lupatsch, 2012). Seaweeds are broadly classified into brown, red, and green groups, and more than 220 species are utilized globally, of which approximately 10 are commercially cultivated (White & Ohno, 1999; Wikfors & Ohno, 2001). Notably, Kappaphycus alvarezii, a red seaweed cultivated extensively for carrageenan production, has demonstrated considerable potential as a functional aquafeed ingredient. Seaweed-derived extracts have been reported to enhance growth, carcass quality, immune function, and gut health in various aquatic species (Nakagawa, 1985; El-Tawil, 2010; Kotiya et al., 2011). Specifically for carp culture, Singh (2014) documented beneficial effects of Gracilaria sap on growth and haematological parameters in L. rohita, indicating the promise of macroalgal extracts for freshwater finfish. India possesses substantial seaweed resources, with major production zones across 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, predominantly K. alvarezii and Gracilaria edulis, primarily for hydrocolloid extraction (CMFRI, 2024). Beyond industrial applications, seaweed biomass and extracts are increasingly utilized in food, biofertilizers, pharmaceuticals, cosmetics, animal feed, and emerging bioenergy sectors, aligning with circular bioeconomy priorities (Sharma et al., 2025).
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 (i) growth performance (net weight gain, SGR), (ii) feed utilization efficiency (FCR), (iii) carcass proximate composition, over a 60-day feeding trial.

2. material 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.
	Proximate composition of the experimental diets and whole-body samples of L. rohita was determined following standard AOAC (1975) procedures. Moisture content was determined by oven-drying samples at 85 ± 2 °C for 24 h. Crude fat was analysed using Soxhlet extraction with petroleum ether (60–80 °C). Crude protein content was estimated using the Qubit Protein Assay Kit (Invitrogen) according to the manufacturer’s protocol. Ash content was determined by incinerating dried samples at 550 °C for 4 h in a muffle furnace. Nitrogen-free extract (NFE) was calculated by difference as: 
NFE (%) = 100 – (Crude Protein + Fat + Ash + Moisture)
Growth performance and feed utilization parameters were assessed fortnightly and at the end of the 60-day trial. Survival rate, net weight gain, percentage weight gain, feed conversion ratio (FCR), and specific growth rate (SGR) were calculated as per following:

	

	

	Net weight gain (g) = Final weight (g) – Initial weight (g)

	

	

	    Where, W1 is Initial weight of fish in g, W2 is final weight of fish in g, D is Duration of study in days



3. results and discussion

3.1 RESULTS
3.1.1 Water Quality Parameters
The physico-chemical parameters recorded during the experiment remained within acceptable ranges for carp culture (Table 1). Temperature fluctuated between 19.5–27.6 °C across treatments, with mean values ranging from 23.80 ± 2.36 to 24.00 ± 2.39 °C. pH values (7.6–7.8) indicated a slightly alkaline and stable culture environment suitable for Labeo rohita. Electrical conductivity (1.936–1.940 mS cm⁻¹) and TDS (970.6–974.6 mg L⁻¹) exhibited minimal variation across treatments, reflecting consistent ionic and dissolved solids composition. Dissolved oxygen levels ranged from 4.3–7.7 mg L⁻¹, with mean concentrations between 5.8 ± 0.24 and 6.2 ± 0.11 mg L⁻¹, indicating adequate aeration for normal metabolic activity. Ammonia-nitrogen concentrations (0.011–0.021 mg L⁻¹) remained negligible throughout the trial, while nitrate-nitrogen values (0.63–0.70 mg L⁻¹) remained within safe limits for freshwater fish culture. Orthophosphate concentrations (0.038–0.050 mg L⁻¹ on average) remained low and did not differ markedly among treatments. 
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)



3.1.2 Growth Performance and Feed Utilization
The survival of L. rohita fingerlings remained 100% across all dietary treatments throughout the 60-day feeding trial, indicating that the experimental diets were well accepted and non-toxic to the fish. The cumulative growth and feed utilization parameters are presented in Table 2.
3.1.3 Digestibility
Apparent digestibility of diets supplemented with K. alvarezii  sap showed a narrow range across treatments (86.82–88.65%). The highest digestibility was recorded in T3 (88.65%), whereas the lowest was observed in T4 (86.82%). Digestibility in the control diet (87.28%) was statistically comparable to that of supplemented treatments (p>0.05), suggesting that inclusion of sap did not adversely influence nutrient digestibility. ANOVA revealed a significant effect of dietary treatments during the first three fortnights (p<0.05), while the effect was non-significant during the final fortnight (60th day).
3.1.4 Net Weight Gain
Fortnightly net weight gain exhibited considerable variability among dietary groups (Table 2). The maximum weight gain during the first fortnight (16.0 g) was observed in T3, while the minimum (10.4 g) occurred in T2. In the second fortnight, highest gains (12.7 g) were recorded in T2 and T4, whereas the control group showed the lowest gain (7.0 g). During the third and fourth fortnights, the highest gains were obtained in T4 (14.9 g and 22.8 g, respectively). Cumulatively, T4 exhibited the highest weight gain (66.30 g), followed by T3 (58.93 g), while the lowest was recorded in the control (45.73 g). ANOVA indicated significant differences in weight gain during the first and second fortnights (p<0.05), while differences were non-significant thereafter. Cumulative weight gain was highly significant across treatments (p<0.05).
3.1.5 Percent Weight Gain
Percent weight gain followed a similar trend. The highest fortnightly gain during the first fortnight was observed in T3 (12.24%). During the final fortnight, the highest gain (12.71%) was recorded in T4, followed by T3 (11.89%), T1 (10.58%), T2 (10.37%), and control (9.47%). Cumulative percent weight gain was significantly highest in T4 (48.55%), followed by T3 (44.93%) and T2 (38.83%). The control group showed the lowest cumulative gain (33.49%). ANOVA showed statistically significant differences during the first two fortnights (p<0.05), while later phases were non-significant. Cumulative percent gain remained statistically significant in all fortnights (p<0.05).
3.1.6 Food Conversion Ratio (FCR)
FCR values ranged from 1.670 (T4) to 2.237 (control). Fish fed diets supplemented with 20% sap (T4) demonstrated the most efficient feed utilization, reflected by the lowest FCR. Statistical analysis revealed significant differences among treatments (p<0.05), except between T2, T3, and T4, which did not differ significantly. Cumulative FCR also showed significant differences across treatments (p<0.05), confirming improved feed efficiency with sap supplementation.
3.1.7 Specific Growth Rate (SGR)
The SGR values varied throughout the experimental period, with the lowest SGR observed in the second fortnight for control and T1 (0.13%), and the highest in T4 (0.24%). At the end of the 60-day experiment, T4 recorded the highest SGR (0.35%), followed by T3 (0.27%), while the control exhibited the lowest (0.26%). Cumulative SGR showed a similar trend, with T4 registering the highest value (0.28%) and control the lowest (0.18%). ANOVA indicated significant differences (p<0.05) across most fortnights except the second fortnight (30–45 days), where differences were non-significant.



Table 2: Growth parameters of experimental fish   
	Treatments
	Parameters

	
	Initial weight (g)
	Final weight (g)
	
Net Weight gain (g)
	
Percent weight gain (g)
	
Food conversion ratio (%)
	
Specific growth rate (%)
	
Digestibility (%)

	Control
	136.1
	181.8
	45.73±3.26
	33.49±2.92
	2.237±0.17
	0.20±0.03
	87.28±0.23

	T1
	132.1
	182.4
	50.36±15.13
	38.00±10.77
	2.048±0.47
	0.23±0.06
	87.54±1.50

	T2
	136.1
	189.0
	52.83±0.55
	38.83±1.63
	1.930±0.08
	0.23±0.01
	86.84±2.41

	T3
	131.3
	190.2
	58.93±11.47
	44.93±9.13
	1.770±0.35
	0.27±0.05
	88.65±0.78

	T4
	136.6
	202.9
	66.30±3.51
	48.55±3.27
	1.670±0.10
	0.28±0.01
	86.82±0.90



3.1.8 Proximate Composition: 
The proximate composition of the experimental diets is presented in Figure 1. Moisture content ranged from 2.2% to 4.0% across treatments. Crude fat varied between 10.33% and 14.34%, while crude protein ranged from 38.44% to 42.80%. Ash content also showed variation, with the lowest value in T3 (3.8%) and the highest in T2 (9.8%). Overall, the nutrient profile of the diets remained within optimal ranges for carp culture, with minor variation attributed to incremental inclusion of K. alvarezii  sap.








Fig.1 Proximate Composition of Experimental diet (Dry weight basis)
The proximate composition of L. rohita fingerlings fed diets supplemented with Kappaphycus alvarezii sap for 60 days is shown in Figure 2. Initial carcass protein content was 48.0%, which increased in all treatments and control at the end of the study. The final crude protein levels recorded were 50.0%, 52.0%, 51.8%, 51.6% and 52.9% for control, T1, T2, T3 and T4, respectively. Similarly, crude fat content increased from an initial 10.0% to 12.89%, 11.55%, 12.9%, 12.14%, and 13.64% in control, T1, T2, T3 and T4, respectively. The progressive improvement in carcass protein and lipid deposition, particularly in T4, indicates enhanced nutrient assimilation and growth performance with dietary K. alvarezii sap supplementation, with maximum improvement observed at 20% inclusion.

Fig.2 Proximate Composition Fish body carcass (Dry weight basis)
3.2 Discussion
The present study demonstrated that supplementation of K. alvarezii sap by coating a commercial carp feed improved growth performance and feed conversion efficiency in L. rohita, particularly at 15% and 20% sap levels. Since the basal diet composition remained unchanged, the improvements observed here can be attributed to the biofunctional properties of the sap rather than changes in dietary protein or energy density. Similar findings were reported in Penaeus monodon, where sap-coated feeds enhanced growth, survival and reduced FCR compared to untreated commercial feed (Kotia et al., 2011). This reinforces that sap acts as a functional feed supplement, improving physiological feed utilization. The mechanism of action is closely tied to the form of seaweed used. In the present study, sap was produced by boiling fresh K. alvarezii, extracting soluble carrageenan fractions, minerals and growth-promoting compounds, while leaving behind insoluble cell wall components. This is in contrast to studies where seaweed meal replaces a portion of the feed matrix. When whole Kappaphycus biomass is incorporated, the diet receives non-starch polysaccharides (NSP) that increase intestinal water-binding and digesta viscosity, reducing nutrient digestibility and growth at higher inclusion levels (Amirkolaie et al., 2005; Storebakken, 1985; Shapawi et al., 2015). The absence of such NSP in sap explains why digestibility remained stable across treatments in the present study, even at 20% coating.  It is also notable that Shapawi et al. (2015) reported that increasing K. alvarezii meal inclusion in Asian seabass required adjustment of dietary starch to maintain energy balance due to nutrient dilution. In our study, sap coating did not dilute the feed, meaning no reformulation or compensatory nutritional balancing was necessary. This highlights sap as a supplementary bioactive enhancer, while meal acts as a bulk dietary ingredient. The dose-dependent efficiency observed here aligns with earlier findings where moderate seaweed supplementation improved growth and protein retention, while excessive inclusion had no additional benefit because of fiber-associated constraints (El-Tawil, 2010). As sap contains only the soluble functional compounds, the positive effects were maintained even at higher coating levels, enabling greater metabolic response without compromising nutrient availability. The increase in carcass protein and lipid deposition at higher sap levels indicates improved nutrient retention efficiency. Kotia et al. (2011) similarly attributed enhanced biomass accumulation in shrimp to trace minerals and natural growth regulators present in Kappaphycus sap. Compounds such as zeatin, gibberellins and auxins are known to influence cellular metabolism and may support anabolic activity in fish tissues.
Together, these results confirm that K. alvarezii sap functions as a biofunctional feed additive capable of enhancing growth performance and feed utilization without affecting digestibility or dietary formulation. In contrast to seaweed meal, sap avoids the detrimental effects associated with insoluble NSP-driven viscosity and nutrient dilution while delivering beneficial active compounds in a bioavailable form. Therefore, sap-based feed coating represents a practical, low-cost and farmer-friendly strategy for improving production performance in freshwater carp culture.
	
4. Conclusion

The present study demonstrates that supplementation of K. alvarezii  sap in the diet of L. rohita fingerlings significantly improved growth performance, feed utilization efficiency, and carcass nutrient composition without affecting survival or water quality. Sap-supplemented groups exhibited higher net weight gain, specific growth rate, and better feed conversion ratio compared to the control, with the 20% inclusion level (T4) showing the most pronounced improvement. Enhanced carcass protein and lipid levels further indicate improved nutrient assimilation and metabolic efficiency in fish fed sap-fortified diets. These findings highlight the potential of K. alvarezii sap as a sustainable, plant-derived functional ingredient for carp aquaculture. While this study provides strong evidence of nutritional benefits, physiological and health responses such as haematology, immune status, antioxidant activity, and digestive enzyme profiling were not examined and should be addressed in future research to fully understand the bioactive potential of K. alvarezii sap. Moreover, field-level validation and economic feasibility assessments are recommended to support its adoption in commercial aquafeeds. Overall, K. alvarezii sap represents a promising natural additive that can contribute to eco-friendly and nutritionally efficient carp farming.
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[VALUE] %

CR	T1	T2	T3	T4	12.89	11.55	12.9	12.14	13.64	Protein	[VALUE] %
[VALUE] %
[VALUE] %
[VALUE] %
[VALUE] %

CR	T1	T2	T3	T4	50	52	51.8	51.6	52.9	NFE	[VALUE] %
[VALUE] %
[VALUE] %
[VALUE] %
[VALUE] %

CR	T1	T2	T3	T4	21.71	21.75	20.94	20.399999999999999	14.66	



