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Abstract
This study evaluated the effect of supplementation of Andrographis paniculata (Kalmegh) extract on the growth performance, feed utilization, and survival of Nile tilapia (Oreochromis niloticus) fry. A total of 300 fry was randomly distributed into five treatment groups with four replicates each and fed diets containing different levels of Kalmegh extract: 0% (T0), 0.5% (T1), 1.0% (T2), 1.5% (T3), and 2.0% (T4) for 60 days. The experimental diets were formulated to contain 30% crude protein. Fish were fed at 5% of their body weight per day, and growth parameters were recorded at regular intervals. The results indicated that Kalmegh extract supplementation significantly improved growth performance and feed utilization compared to the control. The highest final body weight, specific growth rate (SGR), protein efficiency ratio (PER), and survival, along with the lowest feed conversion ratio (FCR), were observed in T3, followed by T4. These findings suggest improved nutrient utilization and overall performance of fish in the supplemented groups. In conclusion, dietary inclusion of Kalmegh extract at 1.5–2.0% can be considered an effective and eco-friendly approach to enhance growth performance and survival of Nile tilapia.

Key words: Nile tilapia (Oreochromis niloticus), Andrographis paniculata (Kalmegh)Extract , Growth performance






Introduction
Aquaculture, the farming of aquatic organisms such as fish, crustaceans, molluscs, and aquatic plants under controlled or semi-controlled conditions, is one of the fastest-growing sectors in global food production and plays a vital role in food and nutritional security by providing affordable, high-quality protein to a large population (Prabu et al., 2019; Barria et al., 2021). Aquatic foods contribute significantly to global animal protein supply and support the livelihoods of billions of people worldwide (FAO, 2022). India has emerged as the second-largest fish-producing country, with total production reaching approximately 18.40 million tonnes, largely driven by inland aquaculture, technological advancements, and government initiatives such as PMMSY (DOF, 2025).
With the rapid intensification of aquaculture, the demand for nutritionally balanced and high-quality feed has increased, as feed plays a crucial role in growth performance, feed efficiency, and overall fish health (Kolkovski & Kolkovski, 2011). Among commercially important species, Nile tilapia (Oreochromis niloticus) is widely cultured due to its fast growth, adaptability to diverse environmental conditions, efficient feed utilization, and high consumer acceptance (Prabu et al., 2019). However, intensive culture practices can induce stress, which negatively affects growth performance and weakens the immune system of fish (Bilen et al., 2016).
In recent years, the use of medicinal plants as natural feed additives has gained considerable attention as an eco-friendly approach to enhance fish performance (Hardi et al., 2016). Andrographis paniculata (Kalmegh) is a well-known medicinal plant containing bioactive compounds such as andrographolide, flavonoids, and phenolic compounds, which exhibit antioxidant, anti-inflammatory, and immunostimulatory properties (Sharma et al., 2013; Hossain et al., 2014). These compounds play an important role in improving growth performance, enhancing feed utilization, and strengthening the immune response of fish (Sivananthan & Elamaran, 2013; Karthi et al., 2018). Therefore, the incorporation of Kalmegh in fish diets represents a promising and sustainable strategy for improving growth and immunity in aquaculture species.
The beneficial effects of Andrographis paniculata are mainly associated with its major bioactive compounds such as andrographolide, flavonoids, diterpenoids, and phenolic compounds. These compounds possess strong antioxidant, antimicrobial, anti-inflammatory, and immunostimulatory activities that contribute to improved fish health and performance (Hossain et al., 2014; Sivananthan & Elamaran, 2013). Andrographolide has been reported to stimulate digestive enzyme secretion, enhance nutrient absorption, improve feed utilization efficiency, and support protein synthesis, thereby promoting better growth performance in fish (Karthi et al., 2018). In addition, the antioxidant properties of Kalmegh help reduce oxidative stress and cellular damage under culture conditions, while its immunostimulatory action enhances the non-specific immune response and disease resistance (Sharma & Sharma, 2013; Hardi et al., 2016). Therefore, dietary supplementation of Kalmegh extract may improve growth, survival, and physiological condition of Nile tilapia through enhanced metabolism, improved immunity, and increased stress tolerance.
Several studies have demonstrated the beneficial effects of herbal feed additives and medicinal plant extracts in aquaculture species. Dietary supplementation of herbal immunostimulants such as garlic, ginger, turmeric, neem, and Andrographis paniculata has been reported to improve growth performance, feed utilization, antioxidant activity, and survival in tilapia and other cultured fish species (Hardi et al., 2016; Karthi et al., 2018). Maiti et al. (2023) reported significantly higher weight gain and survival in Pangasius (Pangasianodon hypophthalmus) fed diets supplemented with A. paniculata. Similarly, Thanigaivel et al. (2015) observed enhanced growth performance in Nile tilapia supplemented with Andrographis paniculata, while Kengkittipat et al. (2025) reported improved growth and feed efficiency in tilapia fed andrographolide-based diets. These findings indicate the potential application of Kalmegh as a natural growth-promoting feed additive in aquaculture.
Therefore, the present study was conducted to evaluate the effect of dietary supplementation of Andrographis paniculata (Kalmegh) extract on the growth performance, feed utilization, and survival of Nile tilapia (Oreochromis niloticus) fry under experimental conditions. It was hypothesized that dietary inclusion of Kalmegh extract would improve growth performance, feed efficiency, and survival compared to the control diet.  
Top of Form
Bottom of Form
Material and method
Location/ Place of Work
The experiment on Kalmegh as a feed additive to study its effects on growth and survival in Nile tilapia was carried out at the Department of Aquaculture, College of Fisheries Science, Kamdhenu University, Veraval.

Ethical Consideration
All experimental procedures involving live fish were conducted in accordance with standard guidelines for the care and use of laboratory animals in aquaculture research. Proper measures were taken to minimize stress and discomfort to the experimental fish during handling, feeding, sampling, and maintenance throughout the study period. The experiment was carried out under the supervision of the Department of Aquaculture, College of Fisheries Science, Kamdhenu University, Veraval.
Collection and Acclimatization of Experimental Fish
	This experiment was conducted on Nile tilapia fry at the College of Fisheries Science, Veraval. The fry were procured from a certified hatchery in oxygen-filled polythene bags and acclimatized in a 500 L plastic tank with continuous aeration to minimize stress. During the acclimatization period, fish were fed twice daily for 7 days. A total of 300 fry were stocked at a density of 15 fish per tank. The experimental design consisted of five treatments, including a control diet without Kalmegh extract (T0) and four diets supplemented with graded levels of the extract: 0.5% (T1), 1.0% (T2), 1.5% (T3), and 2.0% (T4), to evaluate its effects under experimental conditions.
Formulation of Experimental Diets and Feed Preparation
	Five treatment-specific experimental diets were prepared for the study using commonly available feed ingredients. Fish meal, groundnut oil cake, wheat flour, tapioca powder, plant oil, fish oil, and vitamin–mineral premix were procured from local and commercial sources. Kalmegh extract used in the study was prepared by the solvent extraction method using ethanol as the solvent. Proximate analysis of all feed ingredients was carried out using standard analytical procedures. The experimental diets were formulated using the Pearson square method to maintain a uniform crude protein level of 30% across all treatments. Five diets were prepared, including a control diet (T0) without Kalmegh extract supplementation and four experimental diets supplemented with Kalmegh extract at 0.5% (T1), 1.0% (T2), 1.5% (T3), and 2.0% (T4). All ingredients were accurately weighed and thoroughly mixed, and water was added to form a homogeneous dough. The mixture was then covered with a cotton cloth and sterilized at 121 °C and 15 psi for 15 minutes. After cooling, the vitamin–mineral premix and Kalmegh extract were incorporated according to treatment levels and mixed uniformly. The prepared dough was pelleted using a pelleting machine, and the pellets were tray-dried under sunlight until the moisture content was reduced below 10%. Finally, the dried feed was ground to the required size and stored in labelled airtight containers for further use.
Table 1. Ingredients and composition of experimental diets with Kalmegh extract
	Ingredients (g)
	T0 (0%)
	T1 (0.5%)
	T2 (1.0%)
	T3 (1.5%)
	T4 (2.0%)

	Fish meal
	37.00
	37.00
	37.00
	37.00
	37.00

	Groundnut oil cake
	28.00
	28.00
	28.00
	28.00
	28.00

	Wheat flour
	18.00
	18.00
	18.00
	18.00
	18.00

	Tapioca powder
	11.00
	11.00
	11.00
	11.00
	11.00

	Fish oil
	2.00
	2.00
	2.00
	2.00
	2.00

	Sunflower oil
	2.00
	2.00
	2.00
	2.00
	2.00

	Vitamin–mineral premix
	2.00
	2.00
	2.00
	2.00
	2.00

	Total
	100
	100
	100
	100
	100

	Crude Protein (%)
	30
	30
	30
	30
	30


Experimental Design 
A total of 300 Nile tilapia fry were used for the present study and randomly distributed into five experimental groups, namely T0 (control), T1, T2, T3, and T4, with four replicates per treatment and 15 fish in each tank. The experiment was conducted following a completely randomized design. Kalmegh extract was used as the test component, and the experimental diets were formulated with graded levels of Kalmegh extract. The control group (T0) received a basal diet without supplementation, while T1, T2, T3, and T4 were fed diets supplemented with 0.5%, 1.0%, 1.5%, and 2.0% Kalmegh extract, respectively. The feeding trial was conducted for a period of 60 days, after which growth performance and survival were recorded.
Feeding Procedure 
The experimental fish were fed their respective diets at a rate of 5% of their live body weight per day, divided into two equal feedings. Growth performance was monitored by sampling and weighing the fish at 15-day intervals throughout the experimental period. Survival was recorded daily by counting and removing any dead fish from each tank.
Growth Performance Analysis
	During the experimental period, all fish in each tank were collectively weighed at 15-day intervals using a digital weighing balance to assess growth performance. Growth parameters were evaluated based on standard indices, including weight gain, specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER), and survival rate.
Mean weight gain (g) was calculated as the difference between the mean final weight and mean initial weight of the fish. 
Specific growth rate (SGR, %) was calculated using the formula:


where is the final weight, is the initial weight, and is the culture period in days.
Feed conversion ratio (FCR) was calculated as:

Protein efficiency ratio (PER) was calculated as:

Survival rate (%) was determined using the formula:
Analysis of physico-chemical water quality parameters
Throughout the experiment period, physio-chemical parameters including temperature, dissolved oxygen (DO), pH and alkalinity were monitored weekly. The DO levels in the water samples were determined using the Winkler method (Fi et al., 2014). Alkalinity was measured using the EDTA method (Summerfelt 2000). Temperature was recorded by thermometer and pH was measured using a standard digital pH meter and pH indicator solution.

Statistical Analysis
Statistical analysis was carried out using completely randomized design with five treatments and Four replications in experiment (Snedecor & Cochran, 2014). The statistical analysis was performed using the one-way analysis of variance (ANOVA), SPSS with descriptive values mean ± standard error. The level of significance was set at P < 0.05, and the Duncan's Multiple Range Test (DMRT) was used to compare the mean values.
Results And Discussion
Growth performance of Nile tilapia fed with Kalmegh extract supplemented diets is presented in Table 2.
	The growth performance of Nile tilapia fed with Kalmegh extract supplemented diets is presented in Table 2, and the graphical representation is shown in Fig. 1. Fish were sampled at 15-day intervals to record body weight and monitor growth throughout the experimental period. The initial mean body weight of fish in treatments T0, T1, T2, T3, and T4 was recorded as 0.79±0.044, 0.79±0.035, 0.79±0.035, 0.83±0.018, and 0.83±0.022 g, respectively. After 60 days of the feeding trial, the mean body weight increased to 9.10±0.234, 10.55±0.350, 11.98±0.608, 13.14±0.138, and 12.19±0.155 g in T0, T1, T2, T3, and T4, respectively. Among the treatments, the highest growth was observed in T3, followed by T4, T2, T1, and T0, indicating that Kalmegh extract supplementation positively influenced growth performance at optimal inclusion levels.   
The findings of the present study are in agreement with earlier reports on the use of Andrographis paniculata as a herbal feed additive in aquaculture species. Maiti et al. (2023) reported significantly higher weight gain and survival in Pangasius (Pangasianodon hypophthalmus) fed diets supplemented with 2% A. paniculata compared to the control group. Similarly, Kengkittipat et al. (2025) observed improved growth performance and feed efficiency in Nile tilapia fed andrographolide-based diets. Thanigaivel et al. (2015) also reported enhanced growth performance in tilapia supplemented with A. paniculata, which was attributed to improved digestion and metabolic activity. The improved growth observed in the present study may therefore be associated with enhanced nutrient utilization and physiological performance induced by the bioactive compounds present in Kalmegh extract.       
	The specific growth rate (SGR) of Nile tilapia fry in different treatments is presented in Table 2 and illustrated in Figure 2. The results showed that treatment T3 recorded the highest SGR (4.69±0.041), followed by T4 (4.55±0.050), T2 (4.51±0.141), T1 (4.31±0.045), while the control group T0 (4.06±0.055) exhibited the lowest value. The increased SGR in Kalmegh extract supplemented diets indicates improved growth performance compared to the control. Similar improvements in specific growth rate following herbal supplementation have been reported in Nile tilapia and other cultured fish species. Thanigaivel et al. (2015) reported that dietary supplementation of Andrographis paniculata improved growth performance in tilapia due to enhanced digestion and metabolic activity. Kengkittipat et al. (2025) also observed improved feed efficiency and growth in tilapia fed andrographolide-based diets. The higher SGR observed in the present study may therefore be associated with improved feed utilization and enhanced metabolic efficiency in Kalmegh supplemented groups.
The survival rate of Nile tilapia fry in different treatments is presented in Table 2 and the graphical representation is shown in Fig. 3. The survival rate recorded after 60 days was (78.33±1.66), (83.33±1.92), (90.00±1.92), (96.66±1.92), and (93.33±2.72) for T0, T1, T2, T3                 and T4, respectively. The highest survival was observed in T3, followed by T4, T2, T1, and T0, indicating that Kalmegh extract supplementation improved survival under experimental conditions. Similar improvements in survival have been reported in fish fed herbal feed additives and medicinal plant extracts. Maiti et al. (2023) observed significantly higher survival in Pangasius fed A. paniculata supplemented diets compared to control groups. The improved survival observed in the present study may be associated with better physiological condition and stress tolerance in Kalmegh supplemented fish under culture conditions.
The feed conversion ratio (FCR) of Nile tilapia fry in different treatments is presented in Table 2 and the graphical representation is shown in Fig. 4.  The lowest FCR was recorded in treatment T3 (1.97±0.051), followed by T4 (1.99±0.033), T2 (2.08±0.059), T1 (2.13±0.033), and T0 (2.43±0.029). The results indicate improved feed utilization in Kalmegh extract supplemented diets, with the best performance observed in T3. Similar reductions in feed conversion ratio have been reported in fish fed phytogenic feed additives, indicating improved feed digestibility and nutrient assimilation. Herbal supplements are known to stimulate digestive activity and improve nutrient utilization, which may contribute to the lower FCR values observed in T3 and T4 treatments.
The protein efficiency ratio (PER) of Nile tilapia fry in different treatments is presented in Table 2 and the graphical representation is shown in Fig. 5.  The highest PER was observed in treatment T3 (1.68±0.044), followed by T4 (1.66±0.011), T2 (1.60±0.046), T1 (1.55±0.024), and T0 (1.37±0.016). The results indicate that PER increased with the inclusion of Kalmegh extract in the diet, with better protein utilization observed in T3 and T4 compared to the control group. The improved PER values obtained in the present study are in agreement with previous reports on herbal feed additives in aquaculture, where enhanced protein utilization and nutrient retention were observed in supplemented groups. The bioactive compounds present in Kalmegh extract may have contributed to improved protein metabolism and physiological efficiency in Nile tilapia fry.
	
Table 2. Growth performance of Nile tilapia fry fed with different levels of Kalmegh extract supplemented diets
	Growth parameters
	T0 (0%)
	T1 (0.5%)
	T2 (1.0%)
	T3 (1.5%)
	T4 (2.0%)

	Mean Initial body weight (g)
	0.79±0.044ᵃ
	0.79±0.035ᵃ
	0.79±0.035ᵃ
	0.83±0.018ᵃ
	0.83±0.022ᵃ

	Mean Final body weight (g)
	9.10±0.234ᵉ
	10.55±0.350ᵈ
	11.98±0.608ᶜ
	13.14±0.138ᵃ
	12.19±0.155aᵇ

	Specific growth rate (%)
	4.06±0.055ᵉ
	4.31±0.045ᵈ
	4.51±0.141ᶜ
	4.69±0.041ᵃ
	4.55±0.050aᵇ

	Feed conversion ratio
	2.43±0.029ᵃ
	2.13±0.033ᵇ
	2.08±0.059ᶜ
	1.97±0.051ᵉ
	1.99±0.033ᵈ

	Protein Efficiency Ratio
	1.37±0.016ᵉ
	1.55±0.024ᵈ
	1.60±0.046ᶜ
	1.68±0.044ᵃ
	1.66±0.011ᵇ

	Survival Rate (%)
	78.33±1.66ᵉ
	83.33±1.92ᵈ
	90.00±1.92ᶜ
	96.66±1.92ᵃ
	93.33±2.72ᵇ


Fig. 1. Mean body weight (g) of Nile tilapia fry under different treatment groups




	
	


Fig. 2. Specific growth rate (SGR) of Nile tilapia fry under different treatment groups
	ig. Fig. 3. Survival rate (%) of Nile tilapia fry under different treatment groups

Fig. 4. Feed conversion ratio (FCR) of Nile tilapia fry under different treatment gro ups
				 






Fig. 5. Protein efficiency ratio (PER) of Nile tilapia fry under different treatment groups
Conclusion 
The present study clearly demonstrates that dietary supplementation of Kalmegh extract significantly improved the growth performance, feed utilization, survival, and overall health of Nile tilapia fry. Among all treatments, T3 (1.5% Kalmegh extract) showed the best overall performance, followed by T4 (2.0% Kalmegh extract), in terms of final body weight, specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER), and survival, indicating efficient nutrient utilization and improved physiological condition of the fish. The improved results in these treatments suggest that Kalmegh extract acts as an effective natural growth promoter and immunostimulant. However, beyond this optimal range, no additional benefits were observed, indicating that inclusion levels between 1.5% and 2.0% are most suitable under the present experimental conditions. Overall, the study concludes that Kalmegh extract can be successfully incorporated into the diet of Nile tilapia as a safe and eco-friendly alternative to synthetic additives, enhancing growth performance and strengthening the immune response. Despite the positive findings obtained in the present study, certain limitations should be acknowledged. The experiment was conducted under controlled laboratory conditions for a limited duration and mainly focused on growth performance, feed utilization, and survival parameters. In addition, the long-term effects of Kalmegh supplementation and its performance under commercial farming conditions require further investigation. Therefore, future studies should focus on large-scale field trials to better understand the practical application of Andrographis paniculata in aquaculture.
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Weight (g)




Survival Rate (%)

1.6666666674999988	1.9245008982610017	1.9245008953742542	1.924500898261001	2.7216552690786733	1.6666666674999988	1.9245008982610017	1.9245008953742542	1.924500898261001	2.7216552690786733	T0	T1	T2	T3	T4	78.333333332500004	83.333333334999992	90	96.666666665000008	93.333333332500004	Treatments


Survival rate






