


Nutritional Analysis of Rainbow Trout (Oncorhynchus mykiss): A comprehensive Study

[bookmark: _GoBack]Abstract:
This study presents a comprehensive nutritional analysis of farmed rainbow trout (Oncorhynchus mykiss). The investigation encompasses the proximate composition, amino acid, fatty acid, vitamin, and mineral profiles of the fish flesh. The results confirm that rainbow trout is an exceptional protein source, exhibiting a protein content of 72% on a dry weight basis. Notably, the essential amino acids lysine (4.46%) and leucine (4.29%) are present in substantial proportions. The flesh contains a fat content of 5.83%, with a fatty acid profile characterized by notable concentrations of linoleic acid (1.17%), docosahexaenoic acid (DHA) (0.51%), and eicosapentaenoic acid (EPA) (0.10%). The vitamin analysis reveals a high concentration of vitamin B3 (152.37 mg/100g), while the mineral assessment indicates a predominant potassium content (12,077.87 mg/kg). Furthermore, the moisture and ash content of the rainbow trout flesh are estimated to be 8.32% and 6.09%, respectively. These findings provide valuable insights into the nutritional value of rainbow trout, contributing significantly to our understanding of its potential benefits for human consumption aquaculture research.
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Introduction
Fish is recognized for its exceptional nutritional value, offering high-quality protein with a digestibility rate exceeding 90%, as well as a rich content of polyunsaturated fatty acids, including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).It serves as a primary source of animal protein for approximately 3.2 billion people worldwide, who derive 20% of their daily protein intake from fish (SOFIA, 2024). According to the Food and Agriculture Organization's (FAO) latest report, global fisheries and aquaculture production attained a record high of 223.2 million tonnes in 2022, with aquaculture production surpassing capture fisheries for the first time (FAO, 2024).This industry provides substantial economic benefits, generating direct and indirect income for nearly 200 million people globally.
Oncorhynchus mykiss, commonly referred to as rainbow trout, is a freshwater fish species of significant commercial importance globally. As a member of the Salmonidae family, rainbow trout is one of the most widely introduced and cultured salmonid species worldwide. According to market research, the global rainbow trout market is projected to experience substantial growth, reaching USD 6.8 billion by 2030, with a compound annual growth rate (CAGR) of 5.7% from 2024 (Mordor Intelligence, 2025). Recent statistics from the Food and Agriculture Organization (FAO) indicate that global trout production reached 981,239 tonnes in 2020, representing a 21% increase since 2011, with aquaculture accounting for nearly 99% of total production (IJCRT, 2024). The major trout-producing countries include Iran, the European Union, Turkey, Norway, and Chile collectively account for over half of global production. Rainbow trout is a preferred fish species in the valley of Kashmir. The total trout production of rainbow trout in J&K is estimated to be 2,380 tonnes, generating revenue of approximately 467.086 lakhs (JK Fisheries Department, 2024).
The body composition of fish serves as a reliable indicator of their physiological condition. Fish muscle nutritional content is influenced by species-specific traits and various extrinsic and intrinsic factors, including genetics, environment and nutrition.  Despite its importance, comprehensive nutritional analysis remains scarce for many fish species worldwide. This study aimed to investigate the proximate composition and nutritional profile of rainbow trout flesh, thereby providing updated insights for human consumption and informing future research within the context of contemporary global aquaculture trends.
Material and Methods:
Collectionand preparation of sample
Fresh rainbow trout specimens, weighing between 250-260g, were procured from the Trout Farm, Faculty of Fisheries, SKUAST-K, and transported to the Fish Processing Laboratory of the Division of Post-Harvest Technology in live conditions. The fish were then subjected to a standardized processing protocol, which included stunning, evisceration, dressing, cleaning and thorough washing with water. Subsequently, the dressed fish were blanched in boiling water at 100°C for 2 minutes. Following careful removal of bones and skin, the flesh was dried in a controlled environment using cabinet dryers at 65°C for 8 hours. The dried samples were then ground into a fine powder using an electric grinder for 30 seconds. The powdered samples were vacuum-packed and dispatched to the FICCI Research and Analysis Center, Dwarka, New Delhi, for further analysis.
Proximate analysis and nutritional profiling: The proximate composition (protein, fat, moisture, and ash content) of the samples was determined by following the FSSAI test methods: FSSAI 06.021:2023 for protein, FSSAI 06.020:2023 for fat, FSSAI 06.027:2023 for moisture, and FSSAI 06.019:2023 for ash. Furthermore, an extensive nutrient profile was conducted, encompassing amino acid profiling (FRAC/SOP/INST/085), fatty acid profiling (FRAC/SOP/INST/056), and mineral analysis (FRAC/SOP/INST/066). The vitamin analysis included quantification of Vitamin C (IS 5838:1970), B vitamins (thiamine, cobalamin, riboflavin, niacin, pyridoxine, and folate) using FRAC/SOP/INST/099, vitamins E and A using FRAC/SOP/INST/014, and vitamins D3 and D2 using FRAC/SOP/INST/087.
Result and discussion:
Proximate composition: The present study revealed that the proximate composition of rainbow trout, comprising protein, moisture, fat and ash, was within the desirable range (Table 1). The protein content was determined to be 72%, thereby confirming rainbow trout as a valuable source of protein. This finding is consistent with previous studies, Kvangarsnes et al. (2023), who reported a protein content of 88.9% in fish protein hydrolysate derived from rainbow trout. The results also align with those of Juszczak et al. (2020). Furthermore, Popelka et al. (2014) reported a protein content of 18.5% on a wet weight basis, equivalent to approximately 68.5% on a dry weight basis, in rainbow trout fillets, which corroborates the findings of the present study. The lipid content in the present study was recorded at 5.83%, which is comparable to the 5.11% reported by Fallah et al. (2011) in farmed rainbow trout. Similarly, Popelka et al. (2014) reported a fat content of 2.8% in rainbow trout fillets. The variations in lipid content can be attributed to differences in diet, environmental conditions and fish physiology. A combination of high protein and lipid content is known to contribute to good flesh quality, characterized by favorable sensory attributes such as flavor and texture (Liu et al., 2008). The ash content in the present study was found to be 6.09%, which falls within the range of previously reported values, including 5.73% (Popelka et al., 2014), 5.48% (Sarma et al., 2015), and 12.77% (Naeem et al., 2016). The moisture content was recorded at 8.32%, indicating a relatively low level.

   Table 1: Proximate Composition of Rainbow Trout (ODB) in %
	Parameter
	Result

	Moisture
	8.32

	Crude protein 
	72.0

	Fat 
	5.83

	Ash 
	6.09



Nutritional profiling:
Amino acids: 
The current study demonstrated that rainbow trout flesh comprises nine essential amino acids, the results of which are presented in Table 2. The amino acid profile revealed lysine (4.46%) and leucine (4.29%) to be the most abundant essential amino acids, whereas histidine (0.89%) was present in the lowest concentration. Notably, lysine and leucine play pivotal roles in muscle protein synthesis, tissue repair and the production of enzymes and hormones. In addition to essential amino acids, the flesh contained various non-essential amino acids, with glutamic acid (5.62%) being the most prominent (Table 3). These findings are consistent with previous studies, including Wasaki (1985), Sabetian et al. (2012), and Wang et al. (2017), which reported similar amino acid profiles, with glutamic acid, aspartic acid, lysine and leucine being the dominant amino acids.
Table 2:  Essential Amino Acid Profiling Of Rainbow Trout (ODB) in %
	Essential Amino Acid
	Result

	Argenine
	2.49

	Histidine
	0.89

	Isoleucine
	1.09

	Leucine
	4.29

	Lysine
	4.46

	Methoinine
	1.67

	Phenylalanine
	1.61

	Threonine
	1.51

	Valine
	1.89



Table 3: Non-Essential Amino Acid Profiling of Rainbow Trout (ODB) in %
	Non-Essential Amino Acid
	Result

	Alanine
	2.91

	Aspartic Acid
	4.09

	Cysteine
	3.91

	Glutamic Acid
	5.62

	Glycine
	3.10

	Serine
	2.40

	Tyrosine
	1.40



Fatty acids: 
The present study found that rainbow trout flesh contains a significant amount of unsaturated fatty acids, as detailed in Table 4. Linolenic acid was the most abundant, constituting 1.17% of the fatty acid profile, which is consistent with findings of Sabetian et al. (2012). The study also detected notable levels of EPA (0.10%) and DHA (0.51%), aligning with previous research (Celiz et al., 2007; Haliloglu et al., 2004; and Yanar et al., 2006). The presence of omega-3 fatty acids in rainbow trout is particularly noteworthy, given their well-documented benefits for heart health, including anti-inflammatory effects and cardiovascular disease risk reduction. Additionally, omega-3 plays a crucial role in enhancing brain function and promoting mental performance and overall health.

Table 4: Essential Fatty Acid Profiling of Rainbow Trout (ODB) in %

	Essential Fatty Acid
	Result

	Linoleic Acid
	1.17

	Gamma Linolenic Acid
	0.1

	Cis-11,14- Eicosadienoic Acid
	0.73

	Cis-11-Eicosanoic Acid
	0.1

	Linolenic Acid
	0.33

	Cis-8,11,14 Eicosatrienoic Acid (EPA)
	0.15

	Cis-5,8,11,14,17-Eicosapentanoic Acid
	0.10

	Archidonic Acid
	0.1

	Cis-4,7,10,13,19-Docosahexaenoic Acid (DHA)
	0.51



Vitamins:
The present study found that rainbow trout is a good source of vitamins, with the results presented in Table 5 (mg/100g). Vitamin B3 was the most abundant, followed by vitamin B9. Additionally, the study detected notable levels of vitamins C, E, and B12, corroborating the USDA Nutrient Database (2017) findings on the vitamin profile of fresh rainbow trout flesh
Table 5: Vitamin Profile of Rainbow Trout (ODB) in mg/100g

	Vitamin
	Result

	Vitamin B3
	152.37

	Vitamin B9
	51.11

	Vitamin B12
	4.19

	Vitamin B1
	3.28

	Vitamin E
	2.73

	Vitamin C
	2.0

	Vitamin B2
	0.47

	Vitamin A
	0.25

	Vitamin B6
	0.20

	Vitamin D3
	0.01

	Vitamin D2
	0.045



Minerals:
The present study analyzed the macro-mineral content of rainbow trout, with results expressed in mg/kg (Table 6). Potassium was the most abundant macro-mineral, recorded at 12077.87 mg/kg. Additionally, the study detected notable levels of trace minerals, including iron, copper, zinc, sodium, and manganese (Table 5). These findings are consistent with previous research, such as Celik et al. (2007) and Fallah et al. (2011), who reported similar mineral profiles in rainbow trout, with potassium, magnesium, sodium, calcium, and phosphorus being predominant elements.
Table 6: Mineral Profile of Rainbow Trout (ODB) in mg/kg
	Minerals
	Result

	Potassium
	12077.87

	Calcium
	1088.26

	Magnesium
	877.58

	Iron
	18.43

	Zinc
	71.32

	Copper
	0.82

	Sodium
	1047.18

	Manganese
	0.87



Conclusion:
The present study was conducted to examine the nutritional and proximate composition of rainbow trout flesh, with a particular emphasis on its potential impact on human health and well-being. The findings indicate that rainbow trout is a rich source of high-quality protein, comprising 72% protein content and provides nine essential amino acids, including lysine and leucine, which play critical roles in muscle growth, tissue remodeling and metabolic activity. Furthermore, the fatty acid profile revealed a significant presence of linolenic acid, an omega-3 fatty acid known for its cardiovascular, anti-inflammatory and cognitive benefits. The vitamin analysis demonstrated that rainbow trout is an excellent source of vitamins B3 and B9, which are essential for energy metabolism, skin health, DNA synthesis and cell division. Additionally, the mineral profile showed a high concentration of potassium, a crucial element for maintaining various physiological processes, including nerve transmission, fluid balance and blood pressure regulation. In conclusion, this study provides evidence that rainbow trout is a nutrient rich food, offering a rich source of essential micronutrients, healthy fatty acids and amino acids, thereby underscoring its potential benefits as a dietary option and laying a foundation for future nutritional research.
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