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ABSTRACT
The present study analysis the effects of applying Azolla pinnata meal at distinct levels into the diet of Labeo catla on water quality, growth performance, feed utilization, survival rate, and body composition. Four treatment groups were maintained in this experimental trial, control group (T0) with 0% Azolla meal, and three experimental groups with 10% (T1), 20% (T2), and 30% (T3) Azolla meal implication. The experiment was conducted for 90 days using fingerlings with an initial weight of 7±0.5 g. Research reports that the feed conversion ratio (FCR) significantly improved with Azolla inclusion, with the lowest FCR observed in T3 (1.22±0.14) compared to the control (1.84±0.05) (p<0.05). The survival rate and growth performance, including weight and length gains, were significantly enhanced in the T3 group. The highest weight gain (115.23±0.23 g) and length gain (12.40±0.06 cm) were recorded in fish fed the 30% Azolla diet. Principal These findings suggest that dietary inclusion of 30% Azolla meal can significantly enhance the growth, health, and feed efficiency of Labeo catla, offering a cost-effective and sustainable feed alternative in aquaculture.
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1. INTRODUCTION
The concept of live food organisms specify any plants (phytoplankton) or animals (zooplankton) that aquatic organisms of economic significance consume. These organisms are typically consumed by zooplankton and play a crucial role in an aquatic ecosystem. Live feeds can swiftly drift throughout the water column and are readily available for fish and shellfish larvae, promoting natural feeding behaviours (David et al., 2015). The majority of fish and shellfish juveniles in nature consume small zooplankton and phytoplankton organisms.
1.1 Azolla pinnata AS A FEED INGREDIENT FOR FISH AND LIVESTOCK
Azolla holds significant importance among aquatic plants as its leaves function both photosynthesis and nitrogen fixation. Its growth characteristics indicate a greater ability than conventional feed ingredients for supplying animals with protein, minerals, and vitamins (Kumara et al., 2024). Aquaculture, a rapidly growing component of economic activity, produces high-quality animal protein. An affordable feed supply is essential for sustainable aquaculture growth with high profit margins.
Quality aquaculture feeds significantly impact the development and health of fish in confinement systems. Good amino acid content, high digestibility, suitable palatability, and absence of anti-nutritional factors constitute crucial requirements for protein sources used in aquaculture feeds. Azolla contains omega-3 fatty acids, minerals, vitamins (including biotin and vitamin B12), essential amino acids (EAAs), and vitamins A and D.
Plant-derived proteins, including soybean meal, wheat gluten meal, and cottonseed meal, are currently utilized in aquafeed formulations as substitutes for costly conventional fish meal. While many consider aquatic weeds as waste, species like Azolla can be effectively used as fish feed. Azolla can be produced quickly, inexpensively, and in controlled environments on farm sites (Bharti et al., 2024).
For millions of people in developing countries, aquaculture provides employment, trade, livelihood, and nutritional security. To enhance fish production, low-cost, nutritionally balanced feeds for farmed fish species must be developed. Protein, considered the most expensive nutrient in fish diets, is responsible for muscle growth, enzymatic activity, energy supply, and overall health (Wang et al., 2017; Ahmed and Ahmad, 2020; Ahmed et al., 2022).
1.2 Azolla pinnata CHARACTERISTICS
Azolla pinnata is a freshwater free-floating plant found across India in lakes, wetlands, paddy fields, ponds, rivers, and canals (Gangadhar et al., 2015). The name Azolla derives from Greek words "azo" (to dry) and "allyo" (to kill), referring to the plant's ability to grow well in dry climates. It belongs to the family Salviniaceae, genus Azolla (Elsebaie et al., 2022).
Azolla pinnata is the most important variety, being inexpensive and easy to cultivate (Fadel et al., 2020). It contains excellent protein sources with crude protein, essential amino acids, vitamins, growth-promoting compounds, and minerals including calcium, magnesium, copper, iron, potassium, and phosphorus. Its dry weight composition includes approximately 25-35% protein, 10-15% minerals, 7-10% amino acids, bioactive substances and biopolymers, and 15% total ash. Due to its low lignin content, animals can easily digest it, making it suitable for aquaculture applications (Mosha, 2018).
2. MATERIALS AND METHODS
2.1 EXPERIMENTAL SETUP
In this trial, use four 500-L capacity fibreglass reinforced plastic (FRP) tanks. Each tank was thoroughly cleaned with a 10 ppm KMnO₄ solution and sun-dried before use. The investigation was conducted outdoors with continuous aeration in a completely randomized design.
2.2 EXPERIMENTAL FISH
The Indian major carp, Labeo catla (Family: Cyprinidae), was selected for this investigation. Labeo catla, commonly known as catla, is an economically significant freshwater fish species widely cultured in India and other parts of Asia.
2.3 FISH COLLECTION AND MAINTANENCE
Healthy fingerlings were collected from Prayas Hatchery, Chandrapura, Narmadapuram, and transported to the laboratory in oxygenated water-filled polythene bags. Fish were maintained in large aquarium tanks and given one month to acclimate to laboratory conditions in dechlorsinated water. Fish weighing 7±0.5 g of both sexes were used. During adaptation, fish were fed once daily with laboratory-prepared control feed, and water was changed every other day.
2.4 TRIAL DESIGN
After proper tank setup, 15 fish weighing 4.50±0.05 g and measuring 37.53±1.21 mm in length were placed in each tank with 300 liters of dechlorinated freshwater. The experiment followed a completely randomized design with four treatments:
· T0 (Control): 0% Azolla meal
· T1: 10% Azolla meal
· T2: 20% Azolla meal
· T3: 30% Azolla meal
Each treatment had three replications, with 25 fish per tank.
2.5 Azolla CULTIVATION AND PROCESSING
Azolla was cultivated in a 500-L circular FRP tank at the university. Harvested Azolla was sun-dried to reduce moisture content and then ground using a grinding device, followed by sieving through a 0.5 mm mesh screen to produce Azolla meal.
2.6 FEED FORMULATION
Feed ingredients were obtained from commercial suppliers. The experimental diets were formulated using the Pearson square method with the following composition:
Table 1: Ingredient levels in feed formulations T0–T3 with increasing Azolla meal
	Ingredients
	T0 (g/kg)
	T1 (g/kg)
	T2 (g/kg)
	T3(g/kg)

	Azolla meal
	0
	100
	200
	300

	Maize flour
	400.3
	360
	296
	196

	Groundnut cake
	559.7
	500
	464
	464

	Binders
	20
	20
	20
	20

	Vitamin and mineral mixture
	20
	20
	20
	20


Feed ingredients were weighed, mixed thoroughly, and converted into dough. The mixture was pelleted using a 0.5 mm diameter pelletizer, air-dried, stored in airtight containers, and kept at -20°C until feeding.
2.7 FEEDING PROTOCOL
The feeding experiment was conducted for 90 days. Fish were manually fed once daily at 5% of body weight per day (dry matter basis), close to satiation level. Uneaten feed and waste materials were removed daily, and 40% of the water was changed weekly. Tanks were cleaned thoroughly every two weeks during fish weighing. Daily mortality was recorded throughout the experiment.
2.8 GROWTH PERFORMANE MEASUREMENTS
Fish from each tank were examined for biological parameters including weight and length at 15-day intervals. A seine net was used for capturing samples, which were immediately placed in plastic containers filled with water from the same tank. Fish were quickly returned to tanks after measurements to minimize stress and mortality.
Growth performance was assessed using the following equations:
Feed Conversion Ratio (FCR) = Total feed fed (g) / Total fish weight gained (g)
Mean Weight Gain (g) = [Final Weight (g) - Initial Weight (g)] / Experimental Duration
Survival Rate (%) = (Total number of fish survived / Total number of fish stocked) × 100
2.9 PROXIMATE ANALYSIS
At the end of the trial, proximate composition of fish carcasses was analyzed. Samples were first dried at 60°C in a hot air oven until constant weight was achieved. Nitrogen content was determined using a Micro Kjeldahl machine (KEL plus Classic DX VA, Pelican Equipment, India), and crude protein was calculated by multiplying nitrogen content by 6.25. Fat content was measured using a Soxhlet apparatus with petroleum ether (boiling point 40-60°C) as solvent. Ash content was determined independently in silica crucibles using a muffle furnace at 550°C for 16 hours. Proximate analysis followed standard AOAC (1999) methods.
2.10 WATER QUALITY MONITORING
Water quality parameters including temperature, dissolved oxygen, pH, alkalinity, and hardness were monitored throughout the experimental period to ensure optimal conditions for fish growth.
2.11 STATISTICAL ANALYSIS
Data were analyzed using appropriate statistical methods, including ANOVA and Principal Component Analysis (PCA). Significance was set at p<0.05.
3. RESULTS
3.1 GROWTH PERFORMANE OF Labeo catla
Weight gain, length gain, and specific growth rate of control and experimental fish were measured at different intervals (15, 30, 45, 60, and 90 days) throughout the experimental period.
3.1.1 WEIGHT GAIN
Weight growth in Labeo catla was monitored at 15-day intervals for 90 days. Results indicated that fish fed the T3 diet (30% Azolla feed) showed the highest weight gain across all measurement periods: 16.34±0.23 g (day 15), 32.03±0.23 g (day 30), 60.23±0.23 g (day 60), and 115.23±0.23 g (day 90). Control fish showed the lowest weight gain: 13.23±0.78 g (day 15), 24.33±0.78 g (day 30), 44.98±0.78 g (day 60), and 90.98±0.78 g (day 90). The weight gain differences between treatments were statistically significant (P<0.05).
3.1.2 LENGTH GAIN
All experimental diet-fed fish displayed higher total length gains than control fish throughout the trial period. Fish fed the T3 diet showed the highest length gains: 6.97±0.51 cm (day 15), 8.8±0.51 cm (day 30), 10.87±0.51 cm (day 60), and 12.40±0.06 cm (day 90). Control fish showed the lowest length increases: 5.58±0.78 cm, 6.18±0.78 cm, 7.98±0.78 cm, and 9.30±0.002 cm for the respective periods. Length growth differences were statistically significant (P<0.05).
3.1.3 FEED CONVERSION RATIO
The Feed Conversion Ratio varied significantly among treatment groups. The control group showed the highest FCR (1.84±0.05), followed by T1, T2 (1.52±0.32), and T3 showing the lowest FCR (1.22±0.14), indicating the most efficient feed utilization.
3.2 SURVIVAL RATE
The survival rate of Labeo catla showed noticeable improvement when fish were fed diets containing 30% Azolla meal compared to the control group. This suggests that Azolla inclusion not only meets basic nutritional requirements but may also contribute to better health status and stress resistance. The enhanced survival in the 30% Azolla group may be attributed to its potential immune-boosting properties, which have been documented in other carp species.
3.3 PROXIMATE COMPOSITION ANALYSIS
Principal Component Analysis (PCA) of feed composition showed that the first principal component explained 55.4% of data variability, while the second component explained 29.9%. Fat, ash, and protein showed the most variability and were significantly correlated with the first principal component, while moisture showed less variation and was associated with the second component.
For fish carcass composition, PCA revealed that the first principal component explained 35.2% of variability, while the second component explained 25.2%. Similar to feed composition, fat, ash, and protein showed the most variability in fish carcasses and were significantly correlated with the first principal component. The 30% Azolla meal treatment provided the highest protein content in the diet.
3.4 WATER QUALITY PARAMETERS
All observed water quality parameters remained within suitable limits for Labeo catla growth throughout the experimental period. Water temperature ranged from 27.5-29.33°C. However, relatively elevated levels of alkalinity (198.83-228.17 mg/L) and hardness (224.50-246.25 mg/L) were recorded, which remained within acceptable ranges for carp culture.
4. DISCUSSION
4.1 GROWTH PERFORMANCE
The superior growth performance observed in fish fed 30% Azolla meal can be attributed to the high-quality protein content and balanced amino acid profile of Azolla pinnata. The improved feed conversion ratio in T3 indicates more efficient nutrient utilization, leading to better growth outcomes. These results align with previous studies by Gangadhar et al. (2015) and Das et al. (2021), who reported similar improvements in growth parameters with Azolla supplementation.
4.2 SURVIVAL RATE AND HEALTH CONDITION
Studies have shown that Azolla supplementation can positively impact survival rates due to its high antioxidant content, which may help reduce oxidative stress in fish (El-Sayed, 2006). Additionally, Azolla contains compounds that may enhance immune function, improving fish resilience to diseases and environmental stresses. The enhanced survival rate observed in the present study supports these findings.
4.3 ECONOMIC BENEFITS
Several studies have emphasized the economic advantages of using Azolla as a feed supplement. Mahapatra et al. (2018) found that Azolla reduced overall feed costs by substituting conventional feed ingredients. The authors concluded that Azolla inclusion in Labeo catla diets not only improved growth performance but also made the feeding process more cost-effective, particularly in areas where Azolla can be easily cultivated.
Economic analyses by Krishnan et al. (2020) indicated that incorporating Azolla at 5-10% of the total diet reduced feed costs by 15-20%, leading to increased profitability. This was due to both improved feed utilization and the lower cost of Azolla compared to traditional fishmeal or soybean meal, especially in rural and semi-rural aquaculture settings where Azolla is abundant and easy to cultivate.
4.4 BODY COMPOSITION AND NUTRITIONAL IMPACT
The present study indicates that dietary protein levels may influence body fat accumulation in fish, as excess protein not utilized for growth can undergo deamination and be stored as fat reserves. This aligns with findings by Ahmed and Ahmad (2020), who noted a tendency for increased fat deposition with higher protein intake.
The PCA biplot demonstrated that the 30% Azolla meal diet was associated with optimal protein and fat content in fish carcasses. Goswami et al. (2022) observed that fish consuming aquatic plant-based diets exhibited different lipid profiles compared to those fed conventional feeds. These findings underscore the complex relationship between dietary components and body composition in fish.
Datta and Das (2011) found that Azolla meal inclusion at rates between 15% and 35% did not significantly impact protein content in Labeo rohita, indicating species-specific or dose-dependent responses to Azolla supplementation. The results highlight the importance of balancing protein levels and alternative feed ingredients to optimize both growth performance and carcass composition.
4.5 IMMUNE FUNCTION AND HEALTH
Previous research by Magouz et al. (2021) supports the present findings, indicating that Azolla supplementation can enhance immune response in carp species. The improved survival rates and overall health observed in this study suggest that Azolla as a sustainable and nutrient-rich feed ingredient holds significant potential in aquaculture diets for promoting growth and immunity in carp culture.

5. CONCLUSION
The present study demonstrated that inclusion of Azolla pinnata meal in the diet of Labeo catla significantly enhanced growth performance, feed utilization, and survival rates. Among all treatments, the diet containing 30% Azolla (T3) consistently resulted in the highest length and weight gains, lowest feed conversion ratio (FCR), and improved survival compared to the control group.
Water quality parameters remained within optimal ranges throughout the experiment, ensuring that observed differences were due to dietary treatments rather than environmental fluctuations. The proximate composition analysis and PCA revealed that the 30% Azolla diet contributed to higher protein and fat content in both feed and fish carcasses, indicating improved nutritional value.
The study supports the use of Azolla as a sustainable, protein-rich feed additive in aquaculture, providing both economic and ecological benefits. The inclusion of Azolla at 30% in formulated diets is recommended for promoting better growth, health, and feed efficiency in Labeo catla culture.
Future research should focus on investigating the digestibility of Azolla meal and the impact of anti-nutritional factors during different developmental stages of carp species to further optimize its use in aquaculture feeds.
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