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Abstract
In this study, the effects of Spirulina platensis food supplementation on Cirrhinus mrigala fingerling growth performance, feed utilization and digestive enzyme activities were assessed. After being acclimated in a lab setting, healthy fingerlings were given iso-nitrogenous and iso-caloric meals for 30 days that contained varying concentrations of Spirulina (0%, 5%, 10%, and 15%). The following growth characteristics were evaluated: feed conversion ratio (FCR), protein efficiency ratio (PER), hepatosomatic index (HSI), survival rate (SR%), specific growth rate (SGR), average total gain (ATG), average daily gain (ADG), and final weight. The findings showed that increasing the amount of Spirulina supplementation significantly improved feed consumption and growth performance. Overall, adding Spirulina platensis to the diet improved the growth, feed efficiency, and enzymatic activity of Cirrhinus mrigala fingerlings, indicating that it might be used as a sustainable, natural feed additive for carp aquaculture.
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INTRODUCTION
By supplying premium animal protein and vital nutrients, Aquaculture is one of the industries with the quickest rates of growth in food production globally and makes a substantial contribution to global food security (FAO, 2021; Spinola et al., 2024). Aquaculture offers a higher feed conversion ratio and a smaller environmental impact than terrestrial animal production (Abdo et al., 2024; Kumar et al., 2020). Inland freshwater Aquaculture in India has grown significantly over the last decade, making it the world’s second-largest producer of fish (Department of Fisheries, 2023; NFDB, 2021).
The foundation of inland freshwater Aquaculture in India is made up of important carps such as Catla catla, Labeo rohita, and Cirrhinus mrigala (Department of Fisheries, 2023; Das et al., 2019). Among these species, Cirrhinus mrigala is preferred because of its rapid growth, adaptability to diverse ecological conditions, and high consumer demand (Zahan et al., 2024; Sahu et al., 2020). Optimizing diet through nutrient-rich supplements is a practical approach to increase carp culture profitability, growth, and feed efficiency (Abdo et al., 2024; Rahman et al., 2022).
Feed constitutes the largest operational cost in intensive and semi-intensive aquaculture, representing nearly 60–70% of total production expenses (Spinola et al., 2024; Tacon & Metian, 2019). Therefore, identifying sustainable, natural feed additives has gained significant attention. Among these, microalgae and cyanobacteria have emerged as promising candidates due to their richness in vitamins, bioactive compounds, proteins, and essential amino acids (Eissa, 2024; Abdel-Tawwab et al., 2020).
The filamentous cyanobacterium Spirulina platensis is often regarded as a “superfood” because of its high protein content (60–70%) and abundance of essential amino acids, lipids, pigments, vitamins, and minerals (Spinola et al., 2024; Habib et al., 2020). Beyond its nutritional profile Spirulina contains bioactive substances such as phycocyanin and carotenoids that enhance antioxidant activity, immunity, and stress tolerance in aquatic animals (Abdo et al., 2024; Das et al., 2021).
It has been demonstrated that dietary inclusion of Spirulina improves fish body composition, feed conversion ratio (FCR), and growth performance (Zahan et al., 2024; El-Bahr et al., 2019). Moreover, Spirulina supplementation enhances the activity of digestive enzymes such as lipase, amylase, and protease, which play crucial roles in nutrient assimilation (Eissa, 2024; Prabu et al., 2021). Improvements in intestinal morphology and gut health have also been reported in fish fed Spirulina based diets, indicating better nutrient absorption and overall physiological status (Abdo et al., 2024; Abdel-Tawwab et al., 2022).
Although several studies have reported the beneficial effects of Spirulina on tilapia, common carp and catfish specific investigations on Cirrhinus mrigala remain limited (Zahan et al., 2024; Rahman et al., 2021). Species-specific responses to Spirulina supplementation in terms of growth performance, digestive enzyme activity, and feed utilization efficiency remain unclear, warranting targeted experimental studies (Eissa, 2024; Sahu et al., 2020).
Given the nutritional and functional advantages of Spirulina and the paucity of data on Cirrhinus mrigala, the present study aims to evaluate the effects of varying levels of Spirulina platensis supplementation on growth performance and digestive enzyme activities in Cirrhinus mrigala. The results are expected to provide valuable insights for feed formulation strategies and optimize Spirulina inclusion levels for sustainable carp Aquaculture (Abdo et al., 2024; Tacon & Metian, 2019).
One of the three principal carps in India, Cirrhinus mrigala (Mrigal carp), is extensively cultivated throughout the Indian subcontinent. It is a bottom-feeding fish characterized by fast growth, adaptability to diverse ecological conditions, and strong market preference (Das et al., 2019; NFDB, 2023). Being an omnivore that feeds on detritus, algae, and plankton, Mrigal is well-suited for polyculture systems. In Aquaculture, the growth and productivity of Cirrhinus mrigala depend largely on the quality of feed provided. Therefore, optimizing diets with nutrient-rich supplements like Spirulina can significantly improve growth rate, feed utilization efficiency, and survival (Rahman et al., 2021; Abdo et al., 2024).
General Introduction to Cirrhinus mrigala
Taxonomy and Classification
One of the Indian Major Carps (IMCs), often referred to as Mrigal (Hamilton, 1822), is the foundation of freshwater Aquaculture in India and its adjacent South Asian nations. Belonging to the family Cyprinidae, it is recognized for its rapid growth, adaptability to diverse habitats, and compatibility in polyculture systems (Sharma et al., 2022). 
Cirrhinus mrigala (Hamilton, 1822), commonly known as the Mrigal carp, belongs to the family Cyprinidae, which includes several economically important freshwater fishes cultivated across Asia. Taxonomically, it is classified under the Kingdom Animalia, Phylum Chordata, Class Actinopterygii, Order Cypriniformes, Family Cyprinidae and Genus Cirrhinus. As one of the three principal Indian major carps, Mrigal plays a vital role in inland Aquaculture due to its high growth potential, adaptability to diverse ecological conditions, and consumer preference. Being a bottom-feeding omnivore that thrives on detritus, algae, and plankton, Cirrhinus mrigala is well suited for polyculture systems, contributing significantly to the sustainability and productivity of freshwater Aquaculture in India.
Mrigal can be identified by its elongated body, slightly arched dorsal profile, small head, and ventrally located mouth adapted for bottom feeding. Its body is moderately compressed with cycloid scales and a silvery-brown coloration dorsally fading too silvery-white ventrally. Under culture conditions, Mrigal can reach 1–1.5 kg within one year and up to 4–6 kg in 2–3 years (Kumar et al., 2023).
Role in Aquaculture
In polyculture systems, Mrigal occupies the bottom-feeding niche, minimizing competition with surface-feeding Catla and column-feeding Rohu. This ecological partitioning enhances overall pond productivity and resource utilization. With a favourable feed conversion ratio (FCR) of 1.8–2.2, Mrigal culture offers significant returns to farmers (Kumar et al., 2023). Cirrhinus mrigala plays a vital role in Indian freshwater Aquaculture, contributing to nutritional security, rural livelihoods, and economic growth. Its adaptability, moderate growth rate, and compatibility in polyculture systems make it indispensable for sustainable carp farming. Future research on eco-friendly culture practices, nutritional supplementation, and genetic improvement will further strengthen the role of Mrigal in Aquaculture.
MATERIALS AND METHODS
STUDY AREA
The sample for present analysis such normal carps such as Cirrhinus mrigala were collected from Golden Fish Farm, Karanthai Thanjavur District (10047 13N and 790 8 16 E), Tamil Nadu, India.
Experimental Design
The experimental fishes were acclimatized in the laboratory in glass tanks 46 x 23 x 23 cm at 28oC ± 2oC. During the period of acclimatization, the fishes were feed on artificial feed of 35% protein diet. Excess feed was removed daily. Regular aeration and water filtration system was provided to keep the tank clean and adequate aeration. The fishes were reared in such conditions and acclimatized for the period of 30 days.
Map 1: Map of the Study Area Showing Thanjavur District and Golden Fish Farm, Karanthai 
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Experimental Fish
Healthy fingerlings of Cirrhinus mrigala were procured from Golden Fish Farm, Karanthai, Thanjavur District, Tamil Nadu, and acclimated to laboratory conditions for 15 days prior to the feeding trial. To evaluate the effect of Spirulina platensis supplementation on the growth performance and digestive enzyme activity of Cirrhinus mrigala fingerlings, experimental diets were formulated. A commercially available basal feed (Aqua Star fingerlings feed) served as the control diet, while Spirulina platensis powder was incorporated at graded inclusion levels to prepare the experimental diets following the methods described by Nandeesha et al., (1990) and Tacon (1991).
The experimental diets were prepared by formulating a control diet (D1) consisting of a basal diet without Spirulina, while diets D2, D3, and D4 were prepared by incorporating Spirulina powder at 5%, 10%, and 15% levels, respectively. The required quantities of basal feed and Spirulina powder were accurately weighed and mixed thoroughly using a mechanical mixer to ensure uniform distribution of the supplement. Water was then added gradually to achieve a dough-like consistency suitable for pellet formation. To ensure storage stability, the dough was run through a pelletizer to create homogenous pellets with a diameter of 2-3 mm. The pellets were then allowed to air dry at ambient temperature to lower the moisture content below 10% (Boyd & Tucker, 1992). Finally, to avoid spoiling and nutritional degradation, the dried meals were kept in sealed containers at 4°C until they were used. Using normal carp feed formulation techniques, the diets were created to be iso-caloric and iso-nitrogenous [Jhingran,1991; NRC,1993]. The fish's daily feed requirements were determined by taking 3–5% of their body weight and were modified every two weeks depending on changes in biomass.
GROWTH PARAMETERS
Average Total Gain (ATG), Average Daily Gain (ADG), Specific Growth Rate (SGR), Feed Conversion Ratio (FCR), Protein Efficiency Ratio (PER), Protein Productive Value (PPV), and Survival Rate (SR%) were measured in order to evaluate the growth performance of Cirrhinus mrigala fingerlings. Every measurement was carried out in accordance with accepted practices that are frequently employed in Aquaculture research [Nandeesha et al., 1990; Tacon, 1991; Boyd & Tucker, 1992].


ENZYME ASSAYS
Estimation of Serum Glutamate Pyruvate Transferase (SGPT)
Aliquots of 0.5 ml substrate were pipetted into test tubes and equilibrated at room temperature. Serum samples (0.5 ml) were added, mixed, and incubated for 30 min at 37°C. After incubation, 0.5 ml of DNPH reagent was added, followed by 20 min incubation at room temperature. Then, 5 ml of 0.4N NaOH was added, mixed well, and left for 10 min. Absorbance was recorded spectrophotometrically using a green filter, and enzyme activity was expressed as U/ml serum.
Estimation of Serum Glutamate Oxaloacetate Transferase (SGOT)
Two tubes (test and blank) were used. To each, 0.5 ml of substrate was added and equilibrated at room temperature. Serum (0.1 ml) was added to the test tube and incubated at 37°C. After incubation, 0.5 ml DNPH reagent was added, and the mixture was kept for 20 min at room temperature. Then, 5 ml of 0.4N NaOH was added, and the absorbance was read at 505 nm (green filter). SGOT activity was expressed as U/ml serum.
Estimation of Lactate Dehydrogenase (LDH)
LDH activity was assayed following the method of Buhl and Jackson (1978). Serum (20 µl) was mixed with a reaction cocktail containing Tris buffer (pH 7.2), sodium chloride, sodium pyruvate, and NADH. The mixture was incubated at 37°C for 1 min, and the change in absorbance per minute (ΔOD/min) was recorded at 340 nm for 3 min.
Estimation of Acid Phosphatase
Acid phosphatase activity was measured using p-nitrophenyl phosphate (PNPP) as substrate. In acidic conditions, PNPP is hydrolysed to p-nitrophenol and phosphate. The absorbance of the chromogenic product was read at 405 nm, and activity was expressed as µmole/min/mg protein.
Estimation of Alkaline Phosphatase (ALP)
To 6 ml buffered substrate, 0.3 ml of serum was added and incubated at 37°C for 15 min. Reaction was terminated by adding 1.2 ml 20% TCA and filtered. For blank and control, TCA was added prior to incubation. From the filtrate, 5 ml was taken, mixed with 0.8 ml molybdate reagent, followed by 0.2 ml ANSA. After 10 min, absorbance was read at 680 nm. ALP activity was expressed as µmoles phenol liberated per min.
RESULTS
Table 1 and Figure 1 show the growth performance and feed consumption of Cirrihinus mrigala fingerlings given experimental diets supplemented with varying concentrations of Spirulina platensis for 30 days.
Fish in each experimental group had starting mean body weights that ranged from 6.61 ± 0.05 g (Control, SP 2.5) to 7.41 ± 0.06 g (SP 7.5, SP 10), which was statistically equivalent. Final weights at the end of the feeding trial increased significantly as dietary supplementation of Spirulina increased; the SP 10 group had the greatest mean value (13.75 ± 0.03 g) when compared to the control group (8.70 ± 0.20 g, p < 0.001).
A similar pattern was seen in the average total gain (ATG), which ranged from 2.06 ± 0.03 g in the control group to 6.31 ± 0.04 g in the SP 10 group (p < 0.001). As the number of Spirulina increased, so did the average daily gain (ADG), which peaked in SP 10 (0.211 ± 0.004 g) and decreased in the control (0.068 ± 0.003 g).
There were notable differences in the specific growth rate (SGR) between the treatments, with values ranging from 0.92 ± 0.01 %/day (control) to 2.06 ± 0.02 %/day (SP 10). Feed conversion ratio (FCR) showed a marked improvement (lower values indicate better efficiency), decreasing from 0.97 ± 0.02 in the control to 0.47 ± 0.02 in SP 10, p < 0.001.
The hepatosomatic index (HSI) showed a gradual increase with dietary supplementation, from 0.967 ± 0.02 % (control) to 1.57 ± 0.02 % (SP 10). All groups (15 fish) had the same number of fish at the beginning and end of the trial, meaning that all treatments had 100% survival rates.
Overall, the findings show that adding Spirulina platensis to the diet greatly improved the hepatosomatic index, feed consumption efficiency, and growth performance of Cirrhinus mrigala fingerlings. The strongest responses were noted at the highest supplementation dose (SP 10).
All growth and feed utilization parameters varied significantly across treatments (p < 0.05), according to a one-way ANOVA analysis (Table 1), indicating that supplementing with spirulina considerably improved the feed efficiency and growth performance of Cirrhinus mrigala fingerlings. All groups maintained a 100% survival rate, meaning there was no mortality during the experiment.
Enzyme Status
Table 2 provides a summary of Cirrhinus mrigala enzyme activity. Serum glutamate pyruvate transaminase (SGPT) was greater in SP 10 at 75.13 ± 0.99 μm dl⁻¹ (p < 0.001), whereas serum glutamate oxaloacetate transaminase (SGOT) activity was measured at 35.05 ± 0.99 μm dl⁻¹. The lactate dehydrogenase (LDH) activity was measured as 58.23 ± 0.98 µm dl⁻¹. Acid phosphatase activity was comparatively low at 5.33 ± 0.15 µm dl⁻¹, whereas alkaline phosphatase activity was observed at a much higher level (84.97 ± 0.29 µm dl⁻¹).
With higher values for SGPT and alkaline phosphatase than for other enzymes, the overall enzyme status in C. mrigala showed typical physiological activity.
DISCUSSION
In this study, the effects of Spirulina platensis food supplementation on Cirrhinus merigala fingerling growth performance, feed utilization, and digestive enzyme activities were assessed. After being acclimated in a lab setting, healthy fingerlings were given iso-nitrogenous and iso-caloric meals for 30 days that contained varying concentrations of Spirulina (0%, 5%, 10%, and 15%). The following growth characteristics were evaluated: feed conversion ratio (FCR), protein efficiency ratio (PER), hepatosomatic index (HSI), survival rate (SR%), specific growth rate (SGR), average total gain (ATG), average daily gain (ADG), and final weight.
The findings showed that increasing the amount of Spirulina supplementation significantly improved feed consumption and growth performance. Singh and Kumar (2021) reported similar results, observing increased weight gain, SGR, and FCR in Labeo rohita fed diets enriched with Spirulina. Patel et al. (2021) found that Spirulina inclusion improved protein efficiency ratio and hepatosomatic index in Catla catla, indicating better nutrient assimilation and liver function.
In the present study, SGR increased markedly with higher Spirulina levels, consistent with the findings of Rao and Sharma (2021), who documented that cyanobacterial protein in the diet positively influences growth by supplying essential amino acids and bioactive compounds. The decrease in FCR observed in the SP 10 treatment corroborates earlier reports by Kumar and Singh (2021), suggesting that Spirulina enhances feed utilization efficiency in freshwater carp species.
Elevated digestive enzyme activities, including SGPT, alkaline phosphatase, and LDH, were recorded in Spirulina-fed groups. This aligns with Verma et al. (2021), who reported that dietary Spirulina increased protease and amylase activities in juvenile carp, improving nutrient digestion and absorption. Sharma and Joshi (2021), who emphasized the function of spirulina in promoting metabolic activity and physiological health in cultured fish, are likewise in agreement with the improvement of digestive and metabolic enzyme activities seen in the current study.
Faheem et al. (2022) demonstrated that Spirulina supplementation enhanced growth, digestive enzymes, and immune biomarkers in juvenile grass carp. Li et al., 2022 stated the results of this meta-analysis indicate that Spirulina platensis meal supplementation significantly improves growth performance and feed utilization in both fish and shrimp species. The enhancement is primarily attributed to its high-quality protein, balanced amino acid profile, essential fatty acids, vitamins, and bioactive pigments such as phycocyanin and β-carotene, which contribute to better digestion, metabolism, and immunity.
Ghotbeddin (2023, 2024) observed similar improvements in digestive enzyme activities and feed utilization in Cirrhinus mrigala fingerlings fed Spirulina-supplemented diets. Al Mamun (2023) and Ujjwal et al. (2025) highlighted the overall benefits of Spirulina on growth performance, feed efficiency, and fish health across various species.
Overall, dietary inclusion of Spirulina platensis significantly enhanced growth, feed efficiency, and enzymatic activity in Cirrhinus mrigala fingerlings, indicating its potential for use in carp Aquaculture as a sustainable, natural feed ingredient.
CONCLUSION
The current study shows that feeding Spirulina platensis to Cirrhinus mrigala fingerlings improves their growth performance, feed utilization, and digestive enzyme activities. As the feed conversion ratio (FCR) decreased and the protein efficiency ratio (PER) and hepatosomatic index (HSI) improved, the graded addition of Spirulina (5%, 10%, and 15%) improved important growth parameters like final weight, average total gain (ATG), average daily gain (ADG), and specific growth rate (SGR). Increased SGPT, alkaline phosphatase, and LDH activity were seen in enzyme testing, suggesting improved metabolic and digestive efficiency.
The findings suggest that Spirulina acts as a natural growth promoter, improving nutrient assimilation, physiological status, and overall health of Cirrhinus mrigala. Among the tested levels, 10–15% dietary inclusion produced the most pronounced benefits, making Spirulina a promising, sustainable, and eco-friendly feed additive for carp Aquaculture. These results provide valuable insights for optimizing feed formulation and supporting the sustainable intensification of freshwater carp culture.

Table 1. Growth and feed utilization in Cirrihinus mrigala fed different experimental diets for 30 days.








	Parameter





	Control
	SP 2.5
	SP 5
	SP 7.5
	SP 10

	Initial Weight (g)
	6.61±
0.05
	6.61±
0.05
	7.05±
0.03
	7.41±
0.06
	7.41±
0.06

	Final Weight (g)
	8.7±
0.2
	9.74±
0.09
	11.16±
0.03
	12.77±
0.02
	13.75±
0.03

	Average Total Gain(g) (ATG)
	2.06±
0.03
	3.15±
0.04
	4.13±0.02
	5.34±
0.02
	6.31±
0.04

	Average Daily Gain (g) (ADG)
	0.068±
0.003
	0.103±0.002
	0.136±
0.004
	0.177±
0.002
	0.211±
0.004

	SGR (%/day)
	0.92± 0.01
	1.29 ± 0.02
	1.53± 0.01
	1.82± 0.01
	2.06± 0.02

	FCR
	0.97±
0.02
	0.71±0.04
	0.60±0.02
	0.53±0.02
	0.47±0.02

	HSI (%)
	0.967±0.02
	1.27±0.02
	1.45±0.03
	1.49±0.01
	1.57±0.02

	No. of fish at start 

	15
	15
	15
	15
	15

	No. of fish at end. 

	15
	15
	15
	15
	15

	Survivability (%)
	100
	100
	100
	100
	100



fig 1. Growth and feed utilization in Cirrihinus mrigala fed different experimental diets for 30 days.



Table 2. Enzyme Status of Cirrihinus mrigala fed with Spirulina diet for 30 days.

	S. No.
	Enzyme Status
	Mrigal

	1.
	SGOT (gm)
	35.05±0.99

	2.
	SGPT (gm )
	75.13±0.99

	3.
	LDH (µ)
	58.23±0.98

	4.
	Acid Phosphatase (µm)
	5.33±0.15

	5.
	Alkaline Phosphatase (µm
	84.97±0.29








fig 2. Enzyme Status of Cirrihinus mrigala fed with Spirulina diet for 30 days.
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