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Analysis of gene expression, nutritional quality and fatty acid content of improved strains of tilapia reared in lined ponds 

Abstract
	A six-month field trial was conducted to compare the gene expression patterns and meat quality traits of two improved tilapia strains: Genetically Improved Farmed Tilapia (GIFT) and red tilapia. All-male fingerlings of red tilapia (24.09 ± 0.55 g) and GIFT (24.04 ± 0.51 g) were stocked at a density of 3 fingerlings/m² (30,000 fingerlings/ha) across six randomly assigned experimental ponds. Fish were fed with commercial diets twice daily at 3–5% of the body weight. Gene expression analysis revealed notable upregulation of IGF-1 (3.00 ± 0.39), IGF-2 (5.53 ± 1.01), MyoD (3.28 ± 0.54) and myogenin (2.44 ± 0.37) in GIFT indicating enhanced myogenic activity compared to red tilapia, whereas meat quality assessment demonstrated that red tilapia possessed lower moisture (74.73%) and higher dry matter content (25.27%) than GIFT. Red tilapia also exhibited superior textural properties reflected in higher hardness, gumminess and chewiness values. Fatty acid profiling further showed significantly elevated polyunsaturated fatty acid (PUFA) levels and PUFA/SFA ratios in red tilapia (19.25 ± 1.72%; 0.50 ± 0.09) compared to GIFT (12.77 ± 0.88%; 0.24 ± 0.11). The findings suggest that  GIFT tilapia displayed elevated expression of growth-related genes which helps in better growth performance whereas red tilapia possessed favourable meat quality traits, particularly in texture and fatty acid profile.
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I.  Introduction
Aquaculture is a highly diversified food production sector, farming around 425 species and predicted as the only reliable source of fulfilling the burgeoning demand for future aquatic food (Naylor et al. 2021). In general, aquaculture production is mainly dominated by the freshwater species such as carps, tilapia and catfishes contributing to 84 % of total fish production. During the past two decades, the share of carp species in global aquaculture production has steadily declined from 60 % to 46 %. However, the overall production is compensated by the more intensive production of tilapia and catfish (The State of Food and Agriculture 2023, 2023; Verdegem et al., 2023). From 2010 to 2018, global tilapia production doubled from 3.49 mmt to 9.03 mmt and steady improvement in its production has been predicted (“Expanding Tilapia Production in India Could Lead to ‘transformative’ Socioeconomic Gains - Responsible Seafood Advocate,” 2022). Moreover, the introduction of various strains of tilapia such as Mozambique tilapia, Nile tilapia and GIFT strain has significantly improved the livelihood and rural economy of Asian countries (El-sayed & Fitzsimmons, 2023). The variation in growth performance exhibited by different tilapia species has affected the overall tilapia production which leads to the practice of stocking selectively bred improved strains of tilapia (Moyo and Rapatsa, 2021). 
		Improved strains of tilapia were developed to grow faster and to fight the outbreak of diseases in any farming conditions (Ansah et al., 2014). The experimental trials carried out using improved strains of tilapia found variation in growth performance (Ahmad & Zulqurnain, 2018; Garduño-Lugo et al., 2003; Hulata et al., 1995; Macaranas et al., 1997; Moses et al., 2021; Pongthana et al., 2010; Romana-Eguia et al., 2010), feed utilization pattern (Balcázar et al., 2004; Kumari et al., 2021; Watanabe et al., 1993) and survival rate (Haridas et al., 2017; Kumari et al., 2021) among the improved strains under different rearing conditions. Further, it is found that myogenesis and skeletal muscle formation process are regulated by variety of hormonal factors such as growth hormones, insulin-like growth factor-I, II, myogenic factors and myostatin (Johnston et al., 2009). In previous studies, the expression of GH, IGF-I (Chuphal et al., 2024; Hendam et al., 2024; Novriadi, 2025; Qiang et al., 2012; Tanamati et al., 2015; Vera Cruz et al., 2006) and myogenesis regulatory factors such as MyoD, myogenin and myostatin (Aguiar et al., 2008; ELbialy et al., 2023; Herkenhoff et al., 2018; Lima et al., 2017; Michelato et al., 2017; Nebo et al., 2013) had correlation with growth performance of different tilapia varieties under various experimental conditions. Besides, the gene expression mediated growth rate plays a significant role in aquaculture production and their expressions are species specific(Wu et al., 2023).
  	 Usually, quality of a fish is characterized by its chemical composition, physical properties (texture) and sensory characteristics (Cheng & Sun, 2014). However, the nutritional composition and meat quality of fish are affected by various endogenous and exogenous factors such as sex, age, species, diet composition and rearing conditions (Abelti et al., 2013). In tilapia farming, fillet and steak are the main end products and they contain more quantity of water and protein compared to the whole fish which comprises of inedible portions such as fins, scales, skin, etc. In future, compared to the whole live fish, fillet and steak yields will have more influence As the marketing system of tilapia goes through a transition period, features such as fillet weight and steak yield have become the points of priority in tilapia farming due to their economic importance (Rutten et al., 2005). Earlier studies performed on Nile tilapia and red tilapia produced inconsistent results on fillet yield, fatty acid profile and meat quality (Balaprakash et al., 2025; Garduño-Lugo et al., 2003; Hamandishe et al., 2018; Ponzoni et al., 2006; B. Sahu et al., 2017; Yehya et al., 2012). Among the improved strains, red tilapia and GIFT are considered as important strains due to their red skin colour, rapid growth, easy cultural management, high market demand in the form of live fish and fillet at domestic and international markets (Pongthana et al., 2010), (Gaikwad et al., 2021). The recent hike of tilapia market demand urging the farmers to stock more numbers of improved strains of tilapia in pond conditions in turn affects the production and meat quality of tilapia. Therefore, the present study was carried out to identify the better performing improved strain of tilapia in terms of growth and meat quality using two improved strains of tilapia (Red and GIFT) in pond conditions.

II. Materials and methods
Experimental setup and pond preparation
	The study was carried out at Krishnagiri-Barur Centre for Sustainable Aquaculture (KBCeSA), Directorate of Sustainable Aquaculture, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Barur, Krishnagiri, Tamil Nadu, India. The study was conducted in six high density polyethylene sheet (HDPE) lined ponds each with a total area of 357 m2 (25.90 m × 13.80 m × 1.2 m; length × breadth × depth). Before starting the experiment, the pond was completely sun dried for 15 days and then ploughed to remove the toxic gases from soil. The experimental ponds were instilled with bore-water followed by organic manure (3 days fermented in slurry of cow dung rice bran, groundnut oil cake, jaggery and yeast) at a dose of 200 L/pond. To raise the live feed production, the ponds were left undisturbed for 3-5 days and then they were ready for stocking.
Rearing of experimental fish
	All-male fingerlings of red (average length – 10.65 ± 0.11 cm and average body weight – 24.09 ± 0.55 g) and GIFT (average length – 11.56 ± 0.25 cm and average body weight – 24.04 ± 0.51 g) tilapia, collected from the nursery ponds of the experimental site were acclimatized in hapa systems separately (10 m × 1 m × 1 m; L × B × H) for 15 days. After proper acclimatization, 1100 red and 1100 GIFT tilapia fingerlings were randomly collected from hapa and stocked (3 fingerling/m2; 30000 fingerling/ha) separately in their respective experimental ponds following complete randomized design. Prior to stocking, total length and weight of 100 fish from each pond (n=100 fish/pond or 300 fish/treatment) were recorded as initial length and weight. Fish were fed twice a day with commercial feed (floating pellet ‒ 3 mm dia; 24% crude protein, 4% crude fat, 8.5% crude fibre and 12% moisture) at the rate of 3-5 % of their body weight for 180 days and the feeding rate was adjusted based on monthly growth sampling. Water quality parameters such as dissolved oxygen, pH, temperature, hardness, total alkalinity, ammonia and nitrate content were monitored as per the standard procedures once in ten days (APHA, 1981). Additional water was supplied monthly to compensate evaporation losses.
Growth Gene expression study
	To study the expression of various growth-related genes, tissue samples were collected (n=15 fish/treatment)) at the end of the experiment adhering to standard protocol. Initially, total RNA was extracted from the aseptically collected liver tissues for IGF-1, IGF-2 genes and skeletal muscle samples for MyoD, myogenin and myostatin genes using TRIZOL method (Lupex Bio., Chennai). It was followed by synthesis of complementary DNA (cDNA) from 2 µg of total RNA (according to the manufacturer’s protocol). Then, by using β actin transcript as an internal control, quantitative real-time polymerase chain reaction (qRT-PCR) was examined and carried out in a thermal cycler PCR. The relative gene expression study was conducted using the specific primers (Asaduzzaman et al., 2017) (Table 1). For gene expression study, specific primers were designed and qRT-PCR was performed using 1.0 μl of cDNA template, 1.0 μl of forward and reverse primer (each) and 10 μl of 2x SYBR Green PCR Master Mix Kit (Lupex Bio., Chennai). In the final stage, 7 μl of nuclease-free water was added to make the total volume upto 20 μl for the measurement of qRT-PCR cycle threshold (Ct) values. Finally, the relative expression level of Ct values of the specific gene was expressed as 2−ΔΔCt.
Fillet triats and nutritional quality analysis
	At the end of the experiment, ten fish were collected from each pond (n=30 fish/treatment) and washed in running tap water. Fillets were prepared and filleting traits were calculated for each fish following the standard protocols (Garcia et al., 2017; B. B. Sahu et al., 2000; Zakaria et al., 2007). The following formulae were used for calculating the filleting traits; Whole dressed weight (%) = Dressed body weight / Total body weight x 100; Head (%) = Head weight / Total body weight x 100; Skin (%) = Skin weight / Total body weight x 100; Non- edible portion (%) = Non edible portions weight (fins, scales, gills, digestive tract and bone weight) / Total body weight x 100; Fillet yield (%) = Fillet weight / Total body weight x 100.
 	Then, the biochemical composition of fillets (n=30 fish/treatment) was evaluated. The moisture content of the fillets was estimated by drying the pre-weighed samples in hot air oven at 105±5°C for 18-24 hrs (AOAC, 1995). The dried samples were homogenized and used for further analysis and the values obtained were converted to wet weight basis. The protein, lipid and ash contents were estimated using Kjeldahl, Soxhlet apparatus and gravimetric methods (with the help of muffle furnace) respectively.
Fillet texture analysis
	For texture analysis, raw fillets were collected from the dorsals of each ten harvested fish (n=10 fish/pond or 30 fish/treatment). The textural characteristics were measured using an instrument called texture analyser (Perten, TVT-300XP (H), Perten Instruments AB, Sweden). A 20 mm cylindrical probe was used in the machine from a distance of 5 cm with a trigger force of 0.05 N. The initial speed and the test speed were maintained at 0.5 mm/s. The sample height and starting distance from the sample were set at 5 mm and 3.8 m respectively. A two-bite test was carried out to analyse the cohesiveness, hardness, adhesiveness, springiness, gumminess and chewiness of the fillets. Five measurements were performed on each sample size of 5 x 5 cm (dia x length).
Fatty acid analysis
	Lipids from the muscle samples of fish were extracted (n=5 fish/pond or 15 fish/treatment) by homogenization of finely ground 0.5 g of samples in chloroform– menthol (2:1, v/v) which contains 0.01 % butylated hydroxytoluene (BHT) as antioxidant and cold isotonic saline, 0.9 % sodium chloride by following Bligh and Dyer protocol (1959) (Bligh & Dyer, 1959). The mixture was allowed to stand for 20 min and then centrifuged for 10 min at 3000 rpm. The aqueous layer was removed and discarded with the help of a micropipette. Chloroform, present in the organic layer of the bottom was collected in a 100 ml reflux flask, quickly closed and placed in a vacuum evaporator to dry up the moisture. Fatty acid methyl esters (FAME) were prepared using vegetable oil. Extraction of total lipid was done by acid-catalyzed trans-esterification by adding 5 ml of 1 % H2SO4 (v/v) in methanol at 70°C for 3 hrs. Followed by that, FAME was extracted in 750 ml of distilled water and 10 ml of hexane. It was then dehydrated using anhydrous sodium sulphate (Na2SO4) and concentrated to 0.5 ml under vacuum evaporator. The concentrated FAME was transferred to gas chromatography (GC – PE Clarus 580, M/s Perkin Elmer, Singapore) vials for GC analysis. Nitrogen gas was used in the GC as carrier gas and the temperatures of injector and detector were set at 250°C and 300oC, respectively. In the GC, fatty acid peaks were identified by comparing the retention times with standard fatty acid mixture.
Statistical analysis
	The collected growth and fillet quality data were analysed using the statistical software called SPSS version 17.0.0. In SPSS software, the data were subjected to Student's t-test to identify the significant difference between the two groups. All the data presented in text, tables and figures were expressed as the mean ± standard error. The significance level for the test was set at P < 0.05.
III.  Results
Growth gene expression
	The study found a notable difference in growth gene expression between both red and GIFT tilapia (Fig. 1 & 2). Overall, the relative gene expressions of IGF-1 (3.00 ± 0.39), IGF-2 (5.53 ± 1.01), MyoD (3.28 ± 0.54) and myogenin  (2.44 ± 0.37) were significantly higher in GIFT tilapia but significantly higher myostatin (2.09 ± 0.19) expression was recorded in red tilapia (Fig. 1 & 2).
Fillet traits of red and GIFT tilapia
	        Final fresh body weights of red and GIFT tilapia were varied as they displayed difference in growth. Red tilapia (578.00 ± 9.56 g) showed lower body weight compared to GIFT tilapia (610.00 ± 10.00 g) at the end of the experiment. The study found a dressed body weight and percentage dressed body weight in the range of 495.74 to 529.15 g and 85.30 ± 1.18 to 87.01 ± 0.95 %, respectively. Eventhough final body weight was varied, the study did not reveal any significant difference between GIFT and red tilapia in terms of filleting traits such as head (31.06 ± 0.81 % & 30.59 ± 0.48 %), skin (3.47 ± 0.24 % & 3.02 ± 0.14 %), non-edible portion (24.97 ± 0.81 % & 22.41 ± 0.92 %) and fillet yield (45.40 ± 3.81 % & 44.38 ± 2.80 %) (Table 2). 
	Significantly higher dry matter (27.41 ± 0.48 %) and lower moisture (72.59 ± 0.48 %) contents were recorded in red tilapia. In contrast, GIFT tilapia displayed significantly higher moisture (76.29 ± 0.79 %) and lower dry matter (23.71 ± 0.79 %) contents. Final sampling found protein and lipid in the ranges of 6.72 to 7.23 % and 15.17 to 15.76 % in red and GIFT tilapia respectively. However, the study found lower ash content in red tilapia (2.39 ± 0.30 %) compared to GIFT tilapia (4.63 ± 0.17 %) (Table 2).
Texture and fatty acid profile of red and GIFT tilapia
	Red tilapia displayed higher hardness, gumminess and chewiness values of 3.58 ± 0.88 Kgf, 1.69 ± 0.13 Kgf and 11.37 ± 0.86 Kgf.mm, respectively compared to GIFT tilapia (Table 2). Significantly lower poly unsaturated fatty acid was recorded in GIFT tilapia (7.77 ± 0.88 %) compared to red tilapia (19.25 ± 1.72 %). On the other hand, red tilapia had significantly higher omega-6 fatty acid (15.55 ± 0.25 %) and omega-6/omega-3 ratio (4.20 ± 0.09) compared to GIFT tilapia. A slightly higher EPA/DHA ratio was recorded in red tilapia (1.21 ± 0.14) compared to GIFT tilapia (1.10 ± 0.10). Interestingly, the study found significantly higher PUFA/SFA ratio in red tilapia (0.50 ± 0.09 %) (Table 3).
IV. DISCUSSION
	Insulin-like growth factors (IGFs) play a vital role in growth, development, reproduction and metabolic regulation. In the present study, GIFT tilapia displayed upregulated expression of IGF-1/IGF-2 than red tilapia. Liu et al., 2019 explained that IGF-1 acts as a key hormone in the growth hormone/insulin-like growth factor-1 (GH/IGF-1) axis, which is a major contributor in fish growth (Liu et al., 2024). IGF 1 depletion represses the muscle genes in yellow catfish, Pelteobagrus fulvidraco (Sun et al., 2025). The IGF-1 and IGF-2 alter expression of genes related to nutrient absorption, metabolism in muscle cells, immune system, amino acid transportation and other physiological functions in teleost fish (Herkenhoff et al., 2020; Liu et al., 2024; Ndandala et al., 2022). Moreover, IGF axis helps in genetic improvement programmes which provide superior quality tilapia using introgressive breeding (Herkenhoff et al., 2020). MyoD acts as a key factor in growth and development of skeletal muscles (Shi et al., 2022). MyoD and myogenin are muscle-specific genes which tightly regulate the skeletal muscle development (Yan et al., 2013) and repairs muscle cells in tilapia (ELbialy et al., 2023). On the other hand, myostatin (MSTN), a negative regulator of fish muscle growth and mutation results in male biased faster growth in tilapia (Wu et al., 2023). Wang et al. (2023) reported that the knock-down of myostatin leads to acceleration of skeletal muscle development, abnormal lipid metabolism and increased adipogenesis and weight gain in Nile tilapia (Wang et al., 2023). The upregulation of IGFs and myogenic regulatory factors and downregulation of myostatin could be the reasons for better growth performance of GIFT tilapia compared to red tilapia. 
	Carcass bio-chemical composition is assessed to know the nutritional quality of fish and the higher quantity of nutrients, protein and lipid that reduce the non-edible portion and ash content in fish. The study found significantly higher moisture content in GIFT tilapia compared to red tilapia. Similarly, Olopade et al. (2016) reported 1.60 % of higher moisture content in O. niloticus (81.39 %) than red tilapia (80.09 %) collected from Oyan Lake, Nigeria, which is much closer to the result of the present study(Olopade et al., 2016) (Olopade et al., 2016). Dry matter was found to be significantly higher in red tilapia compared to GIFT tilapia. In agreement to the moisture and dry matter values of the present study, Delgado et al. (2021) reported the moisture and dry matter values of 72.28 % and 27.72 %, in red tilapia fed with sediments of biofloc system (Cala-Delgado, 2020). In GIFT tilapia, dry matter content was recorded in the range of 23.18-25.12 % by Sgnaulin et al. (2020) which was comparable to dry matter content of GIFT tilapia (23.71 %) observed in the present study (Sgnaulin et al., 2020).
	The study recorded marginally higher protein and lipid levels in red tilapia, aligning with earlier findings that red tilapia and related varieties tend to show higher protein and lipid contents in their proximate composition (Garduño-Lugo et al., 2003; Karapanagiotidis et al., 2006; Olopade et al., 2016). Similarly, a comparative feed trial carried out in red and GIFT tilapia using 25 % protein feed revealed 2.63 % increased fat deposition in red tilapia (7.6 %) muscle (Ng and Hanim, 2007) which can be compared with the 6.78 % of fat increment in red tilapia (7.23 %) of the present study. A study conducted by Garduño-Lugo et al. (2003) found 81.54 % higher ash content in Nile tilapia (0.65 %) compared to red tilapia (0.12 %) which is similar to the result of the current study with higher ash content in GIFT strain compared to red strain(Garduño-Lugo et al., 2003).
	In general, the comestible and non-comestible portions of fish influence the processing, dressing and filleting yield. Fillet yield is an important variable which decides the economic value of farmed fish. The current study did not find any significant difference in filleting traits such as head, skin, non-edible portion and fillet yield between red and GIFT tilapia (Balaprakash et al., 2025). González et al. (2017) stated that factors such as species, size, sex, body shape and structure and farming conditions influence the edible portion of fish (Gonzalez et al., 2017). Garduño-Lugo et al. (2003) compared the fillet yield of hybrid red and GIFT tilapia and found that in both the groups different body parts were equally proportionated. Fauconneau and Laroche (1996) reported that farmed fish dressed output is around 60 % and it varies among the fish species(Fauconneau & Laroche, 1996). On the contrary, the present study found a slightly lower dressed output (54-56 %) in both tilapia and it can be supported by the findings of Sahu et al., 2017 who reported 53 % dressed output in Nile tilapia. A filleting yield study carried out by Balaprakash et al. (2025) in marketable size GIFT tilapia reported similar range (43-45 %) of fillet yield (Balaprakash et al., 2025). A comparative study carried out between red and GIFT tilapia also found a similar fillet yield between red and GIFT tilapia (Ponzoni et al., 2006). 
	Fish texture, a very complex sensory manifestation of muscle structure is affected by multiple parameters like species, age, size, muscle cellularity, protein in the connective tissue and distribution of fibre in the muscle (Hyldig & Nielsen, 2007; Johnston et al., 2009) .  The texture indicators like hardness, chewiness and gumminess directly influence the muscle quality. Their higher values indicate better taste, tenderness and superior muscle quality. The present study found significantly higher texture indicators in red tilapia compared to GIFT tilapia which confirms the presence of better-quality muscle in red tilapia. In general, muscle texture quality is determined by nutritional composition of the muscle, especially fat content (DUNAJSKI, 2007). The current study found a slightly higher fat value in red tilapia which could be a possible reason for better meat quality of red tilapia. 
	Fatty acid composition in fish is influenced by various factors such as diet, life stage and environmental conditions (De Silva et al., 1997). Previous study has shown that fatty acid composition of GIFT tilapia is effectively influenced by genetic parameters (Nguyen et al, 2010). The present study found significantly higher PUFA content in red tilapia. A similar range of SFA, MUFA, PUFA, omega-3 and omega-6 fatty acid contents were reported for red tilapia by Ng et al. (2001) (Ng et al., 2001). The present study found lesser quantity of PUFA compared to MUFA and SFA in fatty acid profile of both fish. Similarly, farmed red and Nile tilapia had smaller amount of PUFA than the MUFA and SFA of wild tilapia (Karapanagiotidis et al., 2006). A study by Chepkirui et al. (2021) found significant difference in only three fatty acids during the fatty acid profile of Nile tilapia and red tilapia (Chepkirui et al., 2021). Contrary to this, the present study found significant difference in 14 out of 23 fatty acids analysed which may be due to their genetic variability. However, in both studies, oleic acid and palmitic acid were the major MUFA and SFA. The present study found better fatty acid profile and texture quality in red tilapia which make red tilapia nutritionally superior to GIFT strain. 
V. Conclusion
	The study demonstrated that GIFT strain exhibits upregulated expression of growth-related genes indicating a stronger genetic potential for somatic growth. Analysis of fillet proximate composition revealed notable differences between the strains with red tilapia showing significantly lower moisture content and correspondingly higher dry matter content traits typically associated with firmer flesh and improved fillet quality. Although crude protein and lipid contents did not significantly differ between the two strains, the fatty acid profile of red tilapia was more favourable, characterized by elevated omega-6 fatty acids and a higher PUFA/SFA ratio. Such characteristics are often linked to enhanced nutritional value and desirable flesh quality attributes.
Collectively, these findings suggest that GIFT tilapia are more suitable for intensive aquaculture systems. Conversely, red tilapia offers advantages for markets emphasizing fillet quality as they possess superior meat quality traits and a more desirable fatty acid composition.
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Fig. 1. Hepatic IGF-1 and IGF-2 genes relative expression in Red and GIFT tilapia reared in lined ponds for 180 days. In graph, values are given as mean ± SE and for each gene significant difference (p < 0.05) is indicated by different alphabet letters.
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Fig. 2. MyoD, myogenin, and myostatin genes relative expressions in Red and GIFT tilapia reared in lined ponds for 180 days. In graph, values are given as mean ± SE and for each gene significant difference (p < 0.05) is indicated by different alphabet letters.





Table 1 Primers used for qRT-PCR analysis of selected genes in red and GIFT tilapia reared in lined ponds

	Name
	Accession number
	Primer sequences

	Myogenic factor (MyoD)
	GU246722
	Forward: CCACCTGTCAGACAACCAGA
Reverse: ACTGCGTTCGCTCTTCAGAC

	Myogenin
	GU246725
	Forward: CTCAACCAGCAGGACACTGA
Reverse: ATCCTCGCTGCTGTAGCTCT

	Myostatin
	FJ972683
	Forward: TCCACATGACCCTGCAGAC
Reverse: TGCACCACACATACTCCTCATC

	Hepatic insulin like growth factor-1
	NM_001279503
	Forward: TTGTCTGTGGAGAGCGAGGCTT

	
	
	Reverse: CAGCTTTGGAAGCAGCACTCGT

	Hepatic insulin like growth factor-2
	NM_001279643
	Forward: CCCCTGATCAGCCTTCCTA
Reverse: GACAAAGTTGTCCGTGGTGA

	β-Actin
	EU887951.1
	Forward: CCACACAGTGCCCATCTACGA
Reverse: CCACGCTCTGTCAGGATCTTCA



Table 2. Filleting traits, fillet nutritional composition and texture quality of Red and GIFT tilapia reared in lined ponds for 180 days

	Parameters
	Red tilapia
	GIFT tilapia
	p value

	Filleting traits
Fresh body weight (g)
	578.00 ± 9.56
	610.00 ± 10.00
	-

	Dressed body weight (g)
	318.43 ± 6.79
	346.59 ± 5.56
	-

	Dressed percentage (%)
	56.36 ± 0.63
	54.90 ± 1.26
	NS

	Head (%)
	30.59 ± 0.48
	31.06 ± 0.81
	NS

	Skin (%)
	3.02 ± 0.14
	3.47 ± 0.24
	NS

	Non-edible portion (%)
	22.41 ± 0.92
	24.97 ± 0.81
	NS

	Fillet yield (%)
	44.38 ± 2.80
	45.40 ± 3.81
	NS

	Fillet nutritional composition
	
	
	

	Moisture (%)
	72.59 ± 0.48b
	76.29 ± 0.79a
	p<0.05

	Dry matter (%)
	27.41 ± 0.48a
	23.71 ± 0.79b
	p<0.05

	Protein (%)
	15.76 ± 0.48
	15.17 ± 0.19
	NS

	Crude lipid (%)
	7.23 ± 0.26
	6.74 ± 0.07
	NS

	Ash (%)
	2.39 ± 0.30b
	4.63 ± 0.17a
	p<0.05

	Fillet texture quality
	
	
	

	Hardness (Kgf)
	3.58 ± 0.88a
	2.44 ± 0.23b
	p<0.05

	Cohesiveness (ratio)
	0.43 ± 0.12
	0.41 ± 0.15
	NS

	Adhesiveness (Kgf.mm)
	0.002 ± 0.01
	0.002 ± 0.01
	NS

	Springiness (mm)
	5.74 ± 0.28
	5.07 ± 0.41
	NS

	Gumminess (Kgf)
	1.69 ± 0.13a
	1.05 ± 0.09b
	p<0.05

	Chewiness (Kgf.mm)
	11.37 ± 0.86a
	8.43 ± 1.16b
	p<0.05


Values are expressed as the mean ± SE; NS- No significant difference.




Table 3. Fatty acid profile of Red and GIFT tilapia reared in lined ponds for 180 days

	Fatty acid
	Red tilapia
	GIFT tilapia
	p value

	Lauric acid (C12:0)
	0.28 ± 0.03
	0.77 ± 0.02
	NS

	Myristic acid (C14:0)
	3.56 ± 0.14
	4.90 ± 0.17
	p<0.05

	Pentadecanoic acid (C15:0)
	0.41 ± 0.02
	0.08 ± 0.01
	NS

	Palmitic acid (C16:0)
	22.99 ± 0.91
	33.06 ± 1.45
	p<0.05

	Heptadecanoic acid (C17:0)
	0.93 ± 0.09
	0.19 ± 0.06
	p<0.05

	Stearic acid (C18:0)
	7.17 ± 0.22
	9.52 ± 0.19
	p<0.05

	Arachidic acid (C20:0)
	0.26 ± 0.04
	0.95 ± 0.08
	p<0.05

	Heneicosanoic acid (C21:0)
	1.87 ± 0.09
	1.12 ± 0.05
	p<0.05

	Behenic acid (C22:0)
	0.39 ± 0.03
	0.54 ± 0.01
	NS

	Tricosanoic acid (C23:0)
	0.33 ± 0.02
	0.44 ± 0.03
	NS

	Lignoceric acid (C24:0)
	0.69 ± 0.05
	1.47 ± 0.06
	p<0.05

	SFA - Saturated fatty acid (%)
	38.88 ± 2.41
	53.04 ± 4.54
	p<0.05

	Myristeoleic acid (C14:1)
	0.39 ± 0.02
	0.58 ± 0.02
	NS

	cis-10 Pentadecenoic acid (C15:1)
	0.22 ± 0.02
	0.35 ± 0.03
	NS

	Palmitoleic acid (C16:1)
	7.04 ± 0.19
	2.01 ± 0.07
	p<0.05

	cis-10 Heptadecenoic acid (C17:1)
	0.59 ± 0.04
	0.61 ± 0.05
	NS

	Oleic acid (C18:1n9c)
	31.47 ± 1.98
	33.88 ± 1.57
	NS




	Erucic acid (C22:1)
	0.60 ± 0.03
	1.03 ± 0.04
	NS

	Nervonic acid (C24:1)
	1.40 ± 0.08
	0.13 ± 0.01
	p<0.05

	MUFA - Mono unsaturated fatty acid (%)
	41.71 ± 3.31
	38.59 ± 2.88
	NS

	Linoleic acid (C18:2n6c)
	10.83 ± 0.34
	6.21 ± 0.07
	p<0.05

	Linolenic acid (C18:3N6)
	0.71 ± 0.11
	0.14 ± 0.02
	p<0.05

	Arachidonic acid (C20:4n6)
	4.72 ± 0.15
	1.02 ± 0.08
	p<0.05

	Eicosapentaenoic acid (C20:5)
	1.64 ± 0.07
	2.83 ± 0.10
	p<0.05

	Docosahexanoic acid (C22:6)
	1.35 ± 0.08
	2.57 ± 0.13
	p<0.05

	PUFA – Poly unsaturated fatty acid (%)
	19.25 ± 1.72
	12.77 ± 0.88
	p<0.05

	Omega-3
	3.70 ± 0.39
	5.54 ± 0.17
	p<0.05

	Omega-6
	15.55 ± 0.25
	7.23 ± 0.12
	p<0.05

	Omega-6 / Omega-3
	4.20 ± 0.09
	1.31 ± 0.25
	p<0.05

	EPA/DHA ratio
	1.21 ± 0.14
	1.10 ± 0.10
	NS

	PUFA/SFA ratio
	0.50 ± 0.09
	0.24 ± 0.11
	p<0.05


Values are expressed as the mean ± SE; In each row, mean values with different superscripts differ significantly (P < 0.05); NS- No significant difference
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