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Strain-Based Comparison of Red tilapia and Genetically Improved Farmed Tilapia: Growth, Fillet and Nutritional Attributes

ABSTRACT
Tilapia, a fast-growing species from the Cichlidae family is often termed as ‘aquatic chicken’. This study was to evaluate the growth performance using growth metrics like specific growth rate (SGR), feed conversion ratio (FCR), feed efficiency ratio (FER), protein efficiency ratio (PER), carcass characteristics and nutritional quality of Red tilapia and Genetically Improved Farmed Tilapia (GIFT) strains reared under pond conditions. The study was conducted for 180 days. Advanced mono-sex fingerlings of both strains were subjected to 17-methyl testosterone treatment. They were reared in nursery hapas for 60 days before being stocked in polyethylene-lined earthen ponds using completely randomized design with two treatments in duplicate. Fish were fed with commercial floating pellets while monitoring standard water quality parameters. Carcass traits were evaluated and the proximate composition was determined using Association of Official Analytical Chemists (AOAC) methods. For statistical analysis, independent t-test was performed using SPSS software with significance at P<0.05. GIFT strain demonstrated markedly enhanced performance characterized by significantly elevated final biomass, superior specific growth rate (SGR) and improved feed conversion ratio (FCR) indicative of its advanced genetic merit for accelerated somatic growth and optimized nutrient assimilation. The volume of production was found to be higher in GIFT compared to red strain. Additionally, it exhibited superior carcass traits with favourable flesh-to-bone ratio and increased fillet yield. In case of nutritional composition, red tilapia displayed better results compared to GIFT strain.
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I. INTRODUCTION
Tilapia, a widely cultured freshwater fish, has gained global significance due to its fast growth, high feed efficiency, adaptability to various environmental conditions and consumer acceptance. Among the various strains, Red tilapia and Genetically Improved Farmed Tilapia (GIFT) have emerged as promising candidates for intensive and semi-intensive aquaculture systems. The application of mono-sex culture, especially through hormonal sex reversal is a common practice to enhance growth performance by preventing early reproduction and reducing competition for resources. With increasing demand for quality protein sources and sustainable aquaculture practices, comparative studies focusing on growth performance, feed utilization and fillet quality of different tilapia strains under similar environmental conditions are essential for informed species selection in aquaculture operations.
The present study was undertaken to compare the growth performance, feed utilization, survival rate, carcass quality and nutritional composition of Red tilapia and GIFT tilapia strains under identical culture conditions. Conducted at the Krishnagiri Barur Centre for Sustainable Aquaculture (KBCeSA), Tamil Nadu, the experiment employed advanced mono-sex fingerlings of both strains, reared in replicated earthen ponds lined with high-density polyethylene sheets. Both strains were fed with standardized commercial diet and monitored for water quality throughout the culture period. Previous studies have often focused on either growth metrics or fillet traits independently. However, comprehensive assessments combining growth, feed efficiency, proximate carcass analysis and fatty acid profiles remain limited (Sahu et al., 2000). Therefore, this study aims at providing a holistic comparison of Red and GIFT tilapia strains to support informed decision-making in strain selection and management practices for sustainable freshwater aquaculture.
The development of GIFT tilapia through selective breeding has resulted in significant improvements in growth rate, feed conversion ratio and survival compared to wild and unimproved strains (Gupta & Acosta, 2004). Studies by El-Sayed (2006) reported that GIFT tilapia can outperform other strains in semi-intensive and intensive production systems. Red tilapia, a hybrid strain known for its reddish coloration and consumer appeal, has also shown competitive growth and marketability, particularly in Asian markets. Hormonal sex reversal using 17α-methyl testosterone has become a standard technique to produce mono-sex populations which helps in preventing early reproduction and promotes uniform growth, as documented by Green & Teichert-Coddington (2000). Furthermore, feed type, protein levels and feeding frequency significantly influence the growth performance of tilapia with optimal protein content reported between 28% and 32% for juveniles.
Beyond growth performance, researchers have emphasized the importance of assessing fillet yield, body composition and texture quality in tilapia strains. Sahu et al. (2000) proposed standard methods to evaluate carcass and offal traits in freshwater fish which have been widely applied to understand economic yield. The fatty acid composition, particularly the presence of beneficial polyunsaturated fatty acids (PUFAs) has also been studied as an indicator of the nutritional quality of fish with extraction and analysis techniques standardized by Folch et al. (1957) and Association of Official Analytical Chemists (AOAC) (2016). However, comprehensive studies comparing these parameters between different tilapia strains under uniform rearing conditions are limited. Therefore, a combined evaluation of growth, feed efficiency, carcass yield and nutritional quality is essential for better strain selection and sustainable aquaculture development.
II. MATERIALS AND METHODS
A. Materials:
This study utilized two strains of tilapia: The Genetically Improved Farmed Tilapia (GIFT) and Red tilapia, both sourced from a certified hatchery. The experiment was conducted in outdoor earthen ponds located at Krishnagiri, Barur Centre for Sustainable Aquaculture (KBCeSA), Tamil Nadu which were uniformly prepared and maintained for semi-intensive aquaculture conditions. Fish were initially stocked at equal densities and similar weights to ensure standardization. From the nursery ponds, all male fingerlings of red tilapia with mean body length 10.65 ± 0.11 cm and mean body weight 24.09 ± 0.55 g were collected and allowed to get accustomed in the hapa systems measuring 25.90 m x 13.80 m x 1.2 m; length x breadth x depth separately for 15 days. Following complete randomization technique, from hapa systems,1100 red and 1100 GIFT tilapia fingerlings were randomly collected and stocked (3 fingerling/m2; 30000 fingerling/ha) separately in their respective experimental ponds after they get adapted to their new environment. 
 Commercial floating pellet feed (3mm dia) containing approximately 24% crude protein, 4% crude fat, 8.5% crude fibre, 12% moisture was used throughout the culture period. Basic aquaculture equipment including feeding trays, aerators, digital weighing balances and water quality testing kits (for measuring pH, dissolved oxygen, ammonia and temperature) were employed for daily management. For laboratory analysis, standard tools such as dissecting kits, moisture analysers, Soxhlet extraction units, muffle furnaces and drying ovens were used to evaluate carcass characteristics and proximate composition. 
B. Methods:
The field experiment took place under controlled pond conditions, ensuring consistent environmental and management practices throughout the study for 180 days.
Experimental Fish and Rearing
		Advanced mono-sex fingerlings of Red strain and GIFT tilapia were used as the experimental specimens. These fish underwent 21 days of hormonal treatment using 17-methyl testosterone at the mono-sex seed production unit of KBCeSA. A total of 10,000 seeds for each strain were reared separately in nursery hapas (10 m × 1 m × 1 m) using commercial floating pellet feed (Growel; 32% crude protein) at 8–10% of body weight for 60 days. Upon reaching an average size of 25 g, 2,500 fingerlings from each strain were selected for the main experiment.
Experimental Design and Pond Setup
A completely randomized design (CRD) was employed with Red and GIFT tilapia as the two treatments; each duplicated in earthen ponds of 357 m² (25.90 m x 13.80 m x 1.2 m). Standard preparation included drying, ploughing, lining with HDPE sheets and manuring with fermented organic slurry. Ponds were filled with water to a 1m depth and allowed to stabilize for live feed development before stocking.
Stocking and Feeding
Each pond was stocked with 1,100 fingerlings (3 fish/m³) early in the morning. Feeding was carried out twice daily using a 3 mm floating commercial pellet (24% crude protein, 4% crude fat, 8.5% crude fibre, 12% moisture) initially at 8% of biomass and gradually reduced to 3–5% as fish grew. 
Growth sampling and analysis
Monthly growth sampling was conducted by randomly collecting the fish from each pond (n=100 fish/pond or 300 fish/treatment) using a cast net. The chosen sample size meets the statistical power requirement (80% at α = 0.05 for medium effect size) and aligns with finite-population sampling estimates (Yamane, 1967).                            
                                                
Where:
N - number in population
E - confidence interval
n - sample size

 With the help of a meter scale and weighing balance, with an accuracy of 0.1 g, individual fish standard length and total weight were measured. At the end of experiment, pond was drained and the stocked fish were harvested and counted to calculate the survival rate. In final sampling, individually 100 fish from each pond (n=300 fish/treatment) were collected and their standard length and weight were measured. From the collected length-weight data, the following growth indicators were calculated using standard formulas (Caruso et al., 2012). Average body weight gain (g) = Final weight (g) – Initial weight (g), Specific growth rate (%/day) = ([Ln Final body weight - Ln Initial body weight]/ Culture days) × 100, Apparent Feed Conversion Ratio (AFCR) = feed given (dry weight) / total weight gain (wet weight), Feed Efficiency Ratio (FER) = body weight gained (wet weight) / feed given (dry weight), Protein efficiency ratio = Body weight gain (wet weight) / protein fed (dry weight), survival rate (%) = Total number of fish harvested / total number stocked × 100. Additionally, 10 fish from each pond (n=30 fish/treatment) were dissected and their individual organ weight were recorded to measure the following health indicators. Hepatosomatic index (%) = 100 x liver weight (g) / whole body weight (g) and Visceral somatic index (%) = 100 x viscera weight (g) / whole body weight. Condition factor (K) of fish was derived from the recorded total fish weight (g) and standard length (cm). The K value was calculated using Fulton’s condition factor formula - K = 100 * L/W3 .
Water Quality Monitoring
Daily measurements included dissolved oxygen, pH and water temperature while hardness, alkalinity, ammonia and nitrate were recorded every 10 days following APHA (1981) standards. Tools such as Winkler’s method and commercial test kits were used for analysis.
Statistical analysis
The data were analyzed in Statistical Package for Social Sciences (SPSS version 26) using independent t-test. The level of significance was set at p ˂ 0.05. 

III. RESULTS AND DISCUSSION
The GIFT strain exhibited significantly higher growth rates compared to the Red strain  throughout the 180-day culture period. The average final weight of GIFT tilapia was 609.17 ± 11.20 g, while Red tilapia reached only 562.50 ± 10.36 g (P<0.05). Specific growth rate (SGR) was also significantly higher in the GIFT group (1.84 ± 0.03%/day) than in the Red strain (1.71 ± 0.01%/day), indicating a faster rate of biomass accumulation. Apparent feed conversion ratio (AFCR) was lower in GIFT tilapia (1.67 ± 0.11) compared to the Red strain (1.71 ± 0.23), reflecting more efficient feed utilization. Correspondingly, feed efficiency ratio (FER) and protein efficiency ratio (PER) were superior in the GIFT group, suggesting enhanced protein assimilation and growth efficiency. The survival rates were not significantly different between the strains remaining above 90% for both groups indicating good adaptability and resilience under similar pond conditions. These results are consistent with previous studies (Ridha, 2005, Das, 2018, Ahmad and Zulqurnain, 2018, Zin et al., 2020, Moses et al., 2021, Tran et al., 2021) which have documented the superior growth performance and feed conversion of GIFT strains due to selective breeding and genetic improvement programs.
Length-weight regression analysis showed a strong correlation (R² > 0.95) for both strains and GIFT tilapia demonstrated a slightly higher slope (b-value) indicating better weight gain per unit length. Fulton’s condition factor (K) was significantly higher in GIFT tilapia (1.92 ± 0.06) than in Red tilapia (1.80 ± 0.07), suggesting a better body condition and overall health. Similar ranges of K-value were reported in GIFT and Red tilapia by Gupta et al 2012 and Jongjaraunsuk and Taparhudee 2022. GIFT tilapia had a slightly lower hepatosomatic index (HSI) compared to Red tilapia (1.40 ± 0.03% vs. 1.45 ± 0.04%), while the viscero-somatic index (VSI) showed no significant differences. Lower HSI values in GIFT tilapia may reflect better energy utilization and reduced fat accumulation in the liver, a desirable trait for efficient growth.
Table 1. Filleting traits of Red and GIFT tilapia reared in pond conditions for 180 days
	Position of Cut
	Treatments
	Weight (g)
	Yield (% of total weight)
	Meat Yield (g)
	Meat (%)
	Bone Yield (g)
	Bone (%)
	Meat: Bone Ratio

	Fore cut
	Red tilapia
	78.50 ± 4.16
	26.09 ± 1.33
	46.55 ± 2.50
	61.19 ± 4.02
	8.34 ± 0.64
	2.59 ± 0.15
	5.64 ± 0.26

	
	GIFT tilapia
	92.10 ± 1.47
	29.10 ± 0.96
	55.51 ± 2.42
	60.18 ± 1.88
	8.57 ± 0.50
	2.52 ± 0.10
	6.64 ± 0.38

	
	p-value
	-
	NS
	-
	NS
	-
	NS
	NS

	Mid cut
	Red tilapia
	78.28 ± 3.22
	24.85 ± 0.56ᵇ
	45.77 ± 2.55
	61.19 ± 0.82
	6.83 ± 0.59
	2.13 ± 0.23
	6.70 ± 0.70

	
	GIFT tilapia
	97.13 ± 5.14
	31.13 ± 1.31ᵃ
	60.99 ± 2.42
	62.28 ± 0.90
	9.87 ± 1.26
	2.95 ± 0.36
	6.66 ± 0.87

	
	p-value
	-
	p < 0.05
	-
	NS
	-
	NS
	NS

	Hind cut
	Red tilapia
	99.76 ± 2.15
	32.36 ± 0.43
	55.43 ± 2.14
	56.25 ± 2.73
	14.97 ± 0.78
	5.16 ± 0.26
	3.11 ± 0.14

	
	GIFT tilapia
	87.69 ± 7.77
	28.64 ± 1.50
	50.37 ± 4.50
	56.85 ± 0.79
	16.55 ± 0.99
	4.41 ± 0.19
	3.71 ± 0.17

	
	p-value
	-
	NS
	-
	NS
	-
	NS
	NS

	Pooled
	Red tilapia
	256.54
	83.31
	147.75
	59.54
	30.14
	3.29
	5.15

	
	GIFT tilapia
	276.92
	88.86
	166.87
	59.77
	34.99
	3.29
	5.67


*Values are expressed as the means ± SE; in each cut, mean values with different superscripts in a column differ significantly (p < 0.05); NS = No significant difference.
As shown in Table 1, GIFT tilapia exhibited superior carcass and fillet traits compared to Red tilapia. Specifically, GIFT tilapia had a higher dressed body yield and fillet yield than Red tilapia. A study by Sahu et al., 2017 recorded head yield of 27.1 % in Oreochromis niloticus which is very nearer with the results obtained in the present study. Among the different carcass sections, the mid-cut contributed the highest proportion to the total fillet yield in both strains with GIFT tilapia showing a significantly greater yield in this region (p < 0.05). The result was similar to the study conducted by Sahu et al., 2017 who stated that highest meat yield and total yield percentage was recorded in the mid cut of O. niloticus. Furthermore, GIFT tilapia displayed more favourable meat-to-bone ratios across all cuts, enhancing their commercial value in terms of marketable meat. These findings support existing literature that reports improvements in carcass quality and yield traits due to selective breeding in GIFT strains (Nguyen et al., 2010).
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Figure 1: Skinless dressed carcass cuts of tilapia reared in pond conditions; 
I – Fore- cut; II – Mid-cut; III – Hind-cut
The skinless dressed carcass cuts of tilapia reared under pond conditions, segmented into fore-cut, mid-cut and hind-cut sections. The fore-cut includes the head and front portion of the body; the mid-cut represents the central muscular area and the hind-cut comprises the tail section. This image highlights the yield and anatomical differences in each cut after processing. Such segmentation is vital for evaluating meat distribution and commercial value across body regions. It also supports comparative analysis between different tilapia strains.
Table.2. Proximate composition of carcass fillet cuts of Red and GIFT tilapia reared in pond conditions for 180 days
	Position of Cut
	Treatments
	Moisture (%)
	Dry Matter (%)
	Protein (%)
	Crude Lipid (%)
	Ash (%)

	
	
	
	
	
	
	

	Fore cut
	Red tilapia
	74.96 ± 0.42
	25.04 ± 0.42
	14.35 ± 0.41
	9.09 ± 0.53
	2.82 ± 0.14

	
	GIFT tilapia
	74.13 ± 1.01
	25.87 ± 1.01
	14.22 ± 0.72
	8.95 ± 0.41
	3.06 ± 0.19

	
	p-value
	NS
	NS
	NS
	NS
	NS

	Mid cut
	Red tilapia
	74.73 ± 0.53
	25.26 ± 0.53
	15.37 ± 1.27
	13.60 ± 0.23ᵃ
	1.91 ± 0.11ᵇ

	
	GIFT tilapia
	74.90 ± 0.44
	25.10 ± 0.44
	15.67 ± 0.34
	11.36 ± 0.42ᵇ
	2.46 ± 0.14ᵃ

	
	p-value
	NS
	NS
	NS
	p < 0.05
	p < 0.05

	Hind cut
	Red tilapia
	74.49 ± 0.22
	25.51 ± 0.22
	18.06 ± 0.26
	11.04 ± 0.24
	3.00 ± 0.36ᵇ

	
	GIFT tilapia
	75.87 ± 0.69
	24.13 ± 0.69
	16.80 ± 0.73
	9.68 ± 0.41
	3.73 ± 0.24ᵃ

	
	p-value
	NS
	NS
	NS
	NS
	p < 0.05

	Pooled
	Red tilapia
	74.73
	25.27
	15.93
	11.24
	2.57

	
	GIFT tilapia
	74.97
	25.03
	15.56
	9.99
	3.08


*Values are expressed as the means ± SE; in each cut, mean values with different superscripts in a column differ significantly (p < 0.05); NS = No significant difference.
At the end of the trial (Table 2), both GIFT and Red tilapia exhibited increased protein content with red tilapia showing a slightly higher crude protein percentage compared to GIFT tilapia. Red tilapia also had marginally lower moisture content, indicating denser and potentially higher-quality flesh. Although crude lipid content showed no significant differences between the two strains ash content was slightly higher in GIFT, suggesting better mineral retention. 
The initial weight (kg) of red tilapia in a single pond was 26.4kg each. After 180 days, the weight of red tilapia in a single pond was 581.6 kg. The increase in weight was 555.2kg (581.6kg-26.4kg). The initial weight(kg) of GIFT tilapia in a single pond was 26.4kg each. After 180 days, the weight of GIFT tilapia in a single pond was 611.3kg. The increase in weight was 585.3 kg (611.3kg-26.4kg). The difference of yield shows that commercial production of GIFT strain is more compared to red strain.
CONCLUSION
 The results clearly demonstrated that the GIFT strain consistently outperformed the Red strain across multiple growth parameters. GIFT tilapia achieved significantly higher final body weight, specific growth rate (SGR) and better feed conversion efficiency, reflecting superior genetic potential for rapid growth and nutrient utilization. Furthermore, the GIFT strain exhibited a higher dressed body and fillet yield, particularly from the mid-cut carcass section and demonstrated a better meat-to-bone ratio—traits highly valued in commercial aquaculture for maximizing marketable yield. 
In terms of nutritional composition, red tilapia contained slightly higher crude protein and lipid content along with a denser muscle structure due to lower moisture content. 
This research confirms that red tilapia offers nutritional benefit to consumers through its nutrient dense flesh whereas GIFT tilapia has a genetically improved strain with superior growth and yield efficiency which are suitable for commercial aquaculture enhancing productivity and profitability in fish farming operations. 
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