


Exploring Seasonal Nutrient Variability in Selected Freshwater Fish species from Karanja Reservoir, Bidar, Karnataka



ABSTRACT:
The study examined the seasonal variations of the proximate composition in various tissues such as fins, gills, muscles, remaining body and whole body of five freshwater fish species: Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus and Oreochromis mossambicus. The study was conducted from January 2023 to December 2024 across the pre-monsoon, monsoon and post-monsoon seasons. Our study indicated maximum ash content (6.55% ±0.24) in the gills of M. cavasius during the post-monsoon while the minimum (3.7% ±0.36) in the whole body of C. striata in the same season. In the post-monsoon moisture content was maximum (85.88% ±1.13) in the gills of C. striata and minimum (62.98% ±2.94) in the fins of L. rohita. Carbohydrate content was recorded as maximum (8.5 % ±0.54) in the muscles and whole body of L. rohita and M. cavasius during monsoon while the minimum (2.30% ±0.13) was found in the muscles of N. synurus during post-monsoon. The maximum protein content (27.6% ±0.52) was found in the muscles of O. mossambicus during the monsoon and the minimum (8.2% ±0.14) was found in the fins of M. cavasius during pre-monsoon. The maximum lipid content (18.2% ±0.27) was recorded in the muscles of L. rohita during post-monsoon, whereas the minimum (6.2% ±0.14) was found in the gills of O. mossambicus during pre-monsoon. These findings highlight a valuable insight into how seasonal changes affect fish nutrition and also offer a season-specific dietary recommendation that provides a base for optimising fish consumption and improving fisheries management and aquaculture practices. 
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INTRODUCTION:
The human body depends on vital nutrients to perform optimally and sustain overall well-being. In recent years, there has been a rise in fish consumption, driven by increased awareness of its nutritional advantages and health benefits. Fish is an excellent source of high-quality protein, essential minerals, vitamins, and unsaturated fatty acids (El-Moselhy & Khalid, 2000). Fish contributes to about 7% of global protein intake and 17% of animal-based protein consumption. In many nations in Africa and Asia, fish makes up over 50% of the animal protein in people's diets (FAO, 2022). Consuming fish regularly is linked to numerous health benefits, such as antioxidant and anti-inflammatory effects, along with neuroprotective and cardioprotective properties (Chen et al., 2022). India ranks as the third-largest fish producer globally and holds the second position in aquaculture, just behind China. The country’s inland fisheries now contribute about 70% of total fish production, a significant increase from 36% in the 1980s. This shift reflects a transition from marine to inland and culture-based fisheries. The Blue Revolution in India has emphasized the vital role of the fisheries and aquaculture sector in the country's economy and food security (Government of India, 2023).
The biochemical makeup of fish flesh is a key indicator of its quality (Hernandez et al., 2001). In most fish, body weight is made up of approximately 70–80% water, 20–30% protein, and 2–12% fat (Love, 1970). Carbohydrates and non-protein substances are found in minimal quantities and are usually not included in routine analyses (Cue & Wootton, 1988). The biochemical composition of fish varies due to several factors, including size, age, reproductive stage, diet, migration, starvation, temperature, season, muscle location and environmental conditions. Among these, water pollution is one of the most significant factors affecting fish quality in natural habitats (Gershamovich et al., 1984; Weatherly & Gill, 1987; Brown & Murphy, 1991; Millikin, 1992; Cue & Wootton, 1988; Kozlova, 1997). Many studies have shown that the overall body composition, as well as specific organs or muscle tissues, can change significantly due to these factors. Additionally, diet and reproductive cycles play a vital role in determining fish body composition (Younis et al., 2014). 
Seasonal changes in the natural food available to fish such as plankton or plant material may significantly impact their body composition (Paul et al., 2017). Fish feeding habits are one of the important factors that are not taken into consideration. The feeding classification of a fish as an herbivore, carnivore or omnivore, along with its position in the food chain can affect its nutrient absorption and storage mechanism.
Carnivorous fish might have higher levels of healthy omega-3 fatty acids due to their consumption of other fish or animals rich in these nutrients while herbivorous fish may have higher levels of plant derived lipids and natural antioxidants (Papadimitraki et al., 2023). 
Many doctors recommend including fish in the daily diet due to its numerous health benefits. Regular fish consumption can strengthen the body's defence system against harmful pathogens, as fish contains antimicrobial peptides (Ravichandran et al., 2010). The American Heart Association recommends consuming fish twice a week to fulfil the recommended daily intake of omega-3 fatty acids (Kris-Etherton et al., 2002).
Consuming fish has been associated with a reduced risk of heart disease and may also contribute to a lower likelihood of developing dementia, such as Alzheimer's disease (Grant, 1997). Additionally, eating fish during pregnancy can lower the risk of premature birth (Olsen & Secher, 2002). Fish fats, especially polyunsaturated fatty acids like eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), play a significant role in reducing blood triglyceride levels and preventing coronary heart disease (Pamplona-Roger, 2006). As a key part of a balanced diet, fish provides essential long-chain omega-3 polyunsaturated fatty acids (LC-PUFAs). Because the human body struggles to efficiently convert alpha-linolenic acid (ALA) from plant oils, such as linseed, into EPA and DHA, fish remains the most effective dietary source of these critical fatty acids (Burdge & Calder, 2005). As awareness of health and the benefits of consuming fish continue to grow, it becomes increasingly important to assess the nutrient composition and functionality of various fish species. Understanding the nutritional content of fish allows consumers to recognize how it can enhance their overall health, fitness, and immunity against lifestyle-related diseases (Gormley, 2006). Thus, evaluating the proximate composition of fish is crucial to ensure that its tissues possess safe, healthy qualities and meet both national and international standards (WHO/FAO, 2011).
Karanja Reservoir is a manmade freshwater lake situated in the Bidar district of Karnataka. The reservoir is primarily constructed for irrigation and potable water supply, while also facilitating several ecological activities, such as fisheries and aquatic biodiversity.
The Karanja Reservoir’s physio-chemical water parameters, like temperature, slightly alkaline pH, total dissolved solids, total solids, dissolved oxygen, biological oxygen demand and moderate hardness, were within the permissible limits as prescribed by BIS and FAO, and the moderate nutrient concentrations of nitrate and phosphates did not cause algal blooms or eutrophic oxygen fluctuations that positively correlate with the rich flourishing zooplankton and phytoplankton community which indicates a stable food web thus providing the optimal conditions for the fishes metabolism and osmoregulation that increases the larval survival and juvenile growth and maintains the development of the adult fishes. These factors indicate a Good (~ 63) Water Quality Index confirming that the Karanja Reservoir provides a highly suitable environment for fish to grow and suitable fishery production in Bidar district (Majagi et al., 2007; Majagi and Vijaykumar, 2008 and Lingesh et al., 2019).
In this study, we have selected different parts of the fish like – fins, gills, muscles, the remaining body and the whole body so that we could have a better understanding of the proximate value of these parts. The amount of ash, moisture, carbohydrate, protein and lipid in these different parts varies significantly in different seasons too. By analysing these parts separately, we can identify which parts are higher and lower in nutrients. For example, muscles are the part that is commonly consumed, containing higher amounts of protein and fats, whereas fins, gills and other parts might differ because of their biological structure and functions; estimating the whole fish body also gives a general idea about the nutritional composition. The consumption pattern of fish differs across different cultures and regions. In some places only the edible part – the muscle is consumed while in other regions the whole fish including the head, fins, gills, bones, skin and internal organs are consumed.  Despite of this, most of the existing research studies only focus on the muscles ignoring the nutritional value of the other parts which are usually thrown away or not used at all. By analysing the proximate composition of different fishes from the various feeding groups throughout different seasons and of all the parts of fish allows us to understand how the diet and environment affect the nutritional composition of different tissues in fishes. Also, we can get a better idea of how nutritious they are and find good uses for their by-products in fishmeal, animal feed and other fields. This approach not only helps in reducing waste but also promotes sustainable and smart use of fish resources which helps protect both food security and the environment.
This study investigates the proximate composition of five fish species from the Karanja Reservoir in Bidar, Karnataka, India. This research addresses a critical knowledge gap, as no prior studies have examined the proximate composition of freshwater fish in this region, including the impact of seasonal variations on their nutritional content and it will provide valuable insights into the seasonal availability and nutritional quality of these fish species for local communities.



MATERIALS AND METHODS:

a) Sample Collection: Fish samples were collected from the Karanja Reservoir (17°51'00" N, 77°20'00" E) in Bidar, Karnataka, with the help of local fishermen using gill nets. The collected period was from January 2023 to December 2024, across three distinct seasons: pre-monsoon, monsoon, and post-monsoon. After collection, the fish were thoroughly rinsed with freshwater, packed in propylene bags, labelled and placed in an ice box. The samples were then transported and stored at -20°C in the deep freezer at the Department of Zoology, C.S.’s S.S. & L.S. Patkar-Varde College, Goregaon West, Mumbai, until further analysis.  
b) Identification of Samples: The preliminary identification of the fish samples was carried out by referring to the Day-Volume, Vol. 2 by Francis Day, 1829 – 1889, and FAO manual guidelines. The final identification and authentication of the experimental fish species were carried out by Dr. Shrikant Jadhav at the Department/ Division-Freshwater Biology Regional Centre, Zoological Survey of India, Hyderabad.
c) Preparation and Estimation of Proximate Composition: The five fish species- Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus and Oreochromis mossambicus were collected and their length weight relationship, habitat and feeding habits were analysed. These selected species were processed for estimation of the proximate composition such as ash, moisture, carbohydrates, proteins, and lipids. For the analysis, 1 gram of tissue was taken from different parts of the body, including the fins, gills, muscles, remaining body, and the whole body. The tissues were minced in distilled water to prepare them for testing. Protein content was assessed using the method described by Lowry et al. (1951), while carbohydrates were quantified following the procedure outlined by Roe (1955). Lipid extraction was carried out using the chloroform-methanol technique by Barnes and Blackstock (1973). The moisture content was determined by drying pre-weighed tissue samples at 100°C, and the ash content was measured by incinerating the dried samples at 600°C in a muffle furnace.
d) Data analysis: The parameters of the samples were analyzed in triplicate, and the results are presented as mean ± standard deviation. Further, the two-way ANOVA (R Studio Software, Version: 2024.12.1) analysis was performed for statistical analysis of the data to find the correlation between the seasons and different tissues by calculating its p-value as significant (p < 0.05) / non-significant (p ≥ 0.05).
e) Ethical Approval: The authorization and permission for the collection of fish samples was secured from the Karnataka State Biodiversity Board. Ethical approval was granted via approval letter No. TEC/C06/Research/2023-24/01/651.
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Fig. 1: Map showing the location of the study area Karanja Reservoir, Bidar, Karnataka. (Source: QGIS Software)



Photograph of the fish used for the experiments:

	[image: ]Fig.2: Channa striata (Bloch, 1793)


	Fig.3:[image: ] Labeo rohita (Hamilton, 1822)



	Fig.4:[image: ] Mystus cavasius (Hamilton, 1822)


	[image: ]Fig.5: Notopterus synurus
(Bloch and Schneider, 1801)


	
	
	[image: ]Fig.6: Oreochromis mossambicus
(Peters, 1852)



	






RESULTS AND DISCUSSIONS: 
Table No. 1: Shows the ecological and morphometric characteristics of selected fish species collected from Karanja Reservoir, Bidar, Karnataka, India.
	Scientific name
	Common & Local name
	Habitat
	Feeding behaviour
	Conservation status
	Length (cm) and Weight (gm) relationship

	Channa striata
	Striped Snakehead, 
Murrel
	Still or slow-moving waters, mid-column or bottom dweller 
	Carnivorous, feeds on smaller fish and invertebrates
	Least concern
	24 ± 37 cm;
210 ± 350 gm 

	Labeo rohita
	Rohu, Rohu
	Inhabits flowing and standing water, middle and bottom layers  
	Herbivorous, feeds on phytoplankton and zooplankton
	Least concern
	20 ± 45 cm;
510 ± 983 gm 

	Mystus cavasius
	Gangetic mystus, 
Teengra
	Bottom dweller, prefers clear or slightly turbid water 
	Carnivorous, feeds on insects, crustaceans, small fish and invertebrates
	Least concern
	15 ± 22 cm;
33 ± 38 gm

	Notopterus synurus
	Bronze featherback, Chamberi
	Bottom dweller, prefers slow flowing or stagnant water
	Carnivorous, feeds on small fish, insects and crustaceans
	Least concern
	20 ± 30 cm;
 100 ± 140 gm

	Oreochromis mossambicus
	Mozambique Tilapia, Chilapi
	All levels of water column depending on food availability and water conditions
	Omnivorous, feeds on algae, plankton, detritus and small invertebrates
	Least concern
	22 ± 26 cm;
120 ± 165 gm







Table No. 2: Shows the seasonal variations of proximate composition (%) in the different tissues of Channa striata collected from Karanja Reservoir, Bidar, Karnataka, India.
	Channa striata

	
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	
	January to April
	May to August
	September to December

	Parameters
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB

	Ash
	5.8 ±0.40
	4.6 ±0.45
	5.45 ±0.23
	4.05 ±0.51
	3.8 ±0.34
	5.25 ±0.48
	4.4 ±0.26
	4.55 ±0.72
	3.85 ±0.18
	4.3 ±0.62
	5.6 ±0.21
	4.4 ±0.25
	5.4 ±0.31
	3.95 ±0.43
	3.7 ±0.36

	Moisture
	64.69 ±2.57
	80.2 ±3.44
	75.78 ±2.43
	71.73 ±5.21
	80.88 ±3.14
	66.64 ±4.36
	85.1 ±1.12
	78.27 ±4.74
	75.73 ±2.71
	81.25 ±4.11
	65.56 ±4.28
	85.88 ±1.13
	67.13 ±2.43
	73.46 ±3.42
	80.52 ±2.78

	Carbohydrate
	2.5 ±0.21
	3.8 ±0.11
	4.5 ±0.32
	5.0 ±0.36
	4.3 ±0.15
	2.7 ±0.46
	3.5 ±0.27
	4.6 ±0.28
	5.7 ±0.36
	3.1 ±0.51
	3.5 ±0.41
	5.5 ±0.42
	4.3 ±0.22
	3.0 ±0.24
	3.6 ±0.22

	Protein
	14.0 ±0.52
	12.5 ±0.43
	22.5 ±0.23
	18.5 ±0.44
	22.0 ±0.27
	14.2 ±0.53
	12.3 ±0.46
	23.0 ±0.46
	22.1 ±0.26
	20.5 ±0.22
	13.6 ±0.28
	12.8 ±0.31
	25.0 ±0.37
	23.5 ±0.42
	24.0 ±0.22

	Lipid
	12.8 ±0.70
	8.0 ±0.34
	16.0 ±0.42
	11.5 ±0.37
	10.0 ±0.48
	8.5 ±0.65
	7.8 ±0.68
	14.0 ±0.37
	16.3 ±0.35
	14.8 ±0.37
	8.1 ±0.24
	7.5 ±0.46
	17.0 ±0.71
	13.5 ±0.54
	16.2 ±0.42


Note: F = Fins; G = Gills; M = Muscles; RB = Remaining Body; WB = Whole Body
Table No. 3:  Shows the seasonal variations of proximate composition (%) in the different tissues of Labeo rohita collected from Karanja Reservoir, Bidar, Karnataka, India.
	Labeo rohita

	
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	
	January to April
	May to August
	September to December

	Parameters
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB

	Ash
	6.25 ±0.33
	5.5 ±0.26
	5.8 ±0.21
	4.31 ±0.22
	4.7 ±0.43
	5.3 ±0.47
	6.2 ±0.41
	5.55 ±0.32
	4.8 ±0.27
	4.45 ±0.36
	6.0 ±0.25
	5.35 ±0.42
	4.95 ±0.31
	4.75 ±0.25
	4.5 ±0.25

	Moisture
	70.64 ±3.45
	84.3 ±1.16
	75.44 ±2.18
	70.38 ±2.34
	77.69 ±2.61
	63.84 ±3.75
	82.73 ±1.43
	76.8 ±2.10
	73.03 ±1.63
	76.29 ±1.38
	62.98 ±2.94
	74.22 ±3.45
	76.26 ±2.44
	72.97 ±2.93
	78.22 ±1.37

	Carbohydrate
	4.5 ±0.21
	6.5 ±0.23
	3.1 ±0.15
	3.5 ±0.26
	5.5 ±0.21
	3.5 ±0.24
	5.0 ±0.26
	8.5 ±0.54
	6.6 ±0.27
	7.5 ±0.38
	2.5 ±0.55
	4.5 ±0.39
	6.5 ±0.47
	5.5 ±0.44
	3.6 ±0.19

	Protein
	18.1 ±0.37
	14.0 ±0.32
	26 ±0.47
	23.5 ±0.42
	22.3 ±0.39
	16.2 ±0.25
	13.4 ±0.26
	23.2 ±0.37
	24.3 ±0.31
	22.1 ±0.20
	17.6 ±0.58
	13.8 ±0.55
	25.3 ±0.46
	20.0 ±0.42
	22.4 ±0.31

	Lipid
	12.0 ±0.16
	7.0 ±0.23
	16.0 ±0.55
	15.5 ±0.43
	13.0 ±0.38
	8.0 ±0.63
	12.5 ±0.22
	17.5 ±0.31
	14.0 ±0.62
	10.5 ±0.32
	11.8 ±0.35
	13.0 ±0.31
	18.2 ±0.27
	17.5 ±0.23
	14.0 ±0.15


Note: F = Fins; G = Gills; M = Muscles; RB = Remaining Body; WB = Whole Body
Table No. 4:  Shows the seasonal variations of proximate composition (%) in the different tissues of Mystus cavasius collected from Karanja Reservoir, Bidar, Karnataka, India.
	Mystus cavasius

	
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	
	January to April
	May to August
	September to December

	Parameters
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB

	Ash
	5.75 ±0.25
	5.36 ±0.22
	4.6 ±0.34
	4.25 ±0.62
	4.5 ±0.54
	5.13 ±0.46
	6.05 ±0.69
	5.25 ±0.61
	4.85 ±0.32
	4.8 ±0.37
	6.3 ±0.35
	6.55 ±0.24
	5.95 ±0.21
	5.5 ±0.43
	5.8 ±0.35

	Moisture
	67.91 ±2.56
	73.58 ±2.61
	75.72 ±1.84
	83.01 ±1.65
	78.11 ±2.02
	66.63 ±5.63
	73.45 ±2.47
	75.36 ±2.21
	74.38 ±1.93
	78.07 ±2.55
	63.73 ±2.11
	67.33 ±2.56
	71.72 ±2.32
	73.27 ±1.64
	77.11 ±1.43

	Carbohydrate
	4.5 ±0.31
	3.6 ±0.22
	4.1 ±0.36
	3.5 ±0.32
	5.4 ±0.27
	5.0 ±0.30
	7.0 ±0.54
	6.0 ±0.25
	5.2 ±0.42
	8.5 ±0.54
	3.8 ±0.43
	4.3 ±0.23
	7.3 ±0.14
	7.5 ±0.22
	5.5 ±0.16

	Protein
	8.2 ±0.14
	11.0 ±0.3
	24.8 ±0.26
	23.4 ±0.22
	22.6 ±0.53
	12.7 ±0.46
	11.3 ±0.24
	25.4 ±0.11
	21.5 ±0.41
	20.3 ±0.32
	10.2 ±0.21
	9.8 ±0.33
	22.2 ±0.34
	21.7 ±0.22
	20.4 ±0.33

	Lipid
	15.5 ±0.22
	14.3 ±0.31
	16.4 ±0.41
	13.0 ±0.30
	11.8 ±0.22
	12.0 ±0.21
	12.5 ±0.23
	17.5 ±0.13
	15.5 ±0.25
	15.7 ±0.24
	13.5 ±0.31
	12.8 ±0.32
	16.8 ±0.17
	16.5 ±0.17
	14.5 ±0.21


Note: F = Fins; G = Gills; M = Muscles; RB = Remaining Body; WB = Whole Body

Table No. 5: Shows the seasonal variations of proximate composition (%) in the different tissues of Notopterus synurus collected from Karanja Reservoir, Bidar, Karnataka, India.
	Notopterus synurus

	
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	
	January to April
	May to August
	September to December

	Parameters
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB

	Ash
	5.2 ±0.25
	5.54 ±0.21
	4.9 ±0.35
	4.35 ±0.41
	4.2 ±0.24
	5.45 ±0.32
	5.26 ±0.31
	5.05 ±0.18
	4.6 ±0.21
	4.25 ±0.32
	6.0 ±0.42
	5.65 ±0.15
	5.35 ±0.20
	4.75 ±0.21
	4.15 ±0.22

	Moisture
	70.86 ±2.67
	85.01 ±1.78
	75.83 ±2.10
	72.57 ±2.35
	77.08 ±1.20
	64.39 ±2.45
	74.72 ±2.83
	79.68 ±2.15
	73.51 ±2.68
	77.27 ±3.42
	68.17 ±3.48
	73.58 ±2.35
	80.12 ±1.42
	72.56 ±1.23
	79.05 ±2.62

	Carbohydrate
	4.2 ±0.22
	2.80 ±0.14
	3.8 ±0.25
	6.5 ±0.18
	5.5 ±0.33
	3.5 ±0.27
	5.0 ±0.20
	4.1 ±0.34
	5.5 ±0.21
	4.5 ±0.36
	3.8 ±0.22
	6.0 ±0.14
	2.3 ±0.13
	7.3 ±0.21
	6.7 ±0.42

	Protein
	10.8 ±0.18
	8.4 ±0.32
	25.2 ±0.43
	24.8 ±0.48
	23.7 ±0.33
	14.1 ±0.15
	10.3 ±0.2
	26.1 ±0.45
	27.5 ±0.27
	24.7 ±0.34
	11.5 ±0.21
	12.4 ±0.14
	26.7 ±0.48
	24.9 ±0.55
	26.0 ±0.61

	Lipid
	8.0 ±0.42
	7.0 ±0.35
	11.0 ±0.27
	11.8 ±0.21
	12.4 ±0.14
	10.2 ±0.22
	12.0 ±0.34
	16.0 ±0.14
	13.5 ±0.25
	11.0 ±0.23
	8.5 ±0.33
	11.6 ±0.54
	14.5 ±0.31
	14.7 ±0.16
	13.1 ±0.11


Note: F = Fins; G = Gills; M = Muscles; RB = Remaining Body; WB = Whole Body
Table No. 6:  Shows the seasonal variations of proximate composition (%) in the different tissues of Oreochromis mossambicus collected from Karanja Reservoir, Bidar, Karnataka, India.
	Oreochromis mossambicus

	
	Pre-Monsoon
	Monsoon
	Post-Monsoon

	
	January to April
	May to August
	September to December

	Parameters
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB
	F
	G
	M
	RB
	WB

	Ash
	5.7 ±0.24
	5.05 ±0.41
	5.4 ±0.34
	4.6 ±0.22
	4.35 ±0.28
	5.75 ±0.32
	6.1 ±0.38
	5.84 ±0.45
	4.95 ±0.21
	4.75 ±0.26
	5.35 ±0.32
	6.2 ±0.42
	5.6 ±0.18
	4.8 ±0.23
	4.45 ±0.35

	Moisture
	68.69 ±2.35
	80.57 ±1.45
	83.13 ±1.20
	73.88 ±2.60
	77.89 ±2.56
	66.88 ±3.81
	76.37 ±2.47
	84.57 ±1.35
	80.22 ±2.42
	78.12 ±1.20
	68.31 ±2.38
	75.94 ±2.73
	76.25 ±3.24
	73.77 ±2.82
	84.32 ±1.62

	Carbohydrate
	3.5 ±0.41
	4.0 ±0.21
	5.5 ±0.33
	4.2 ±0.22
	6.5 ±0.27
	6.0 ±0.17
	4.5 ±0.52
	7.0 ±0.61
	5.3 ±0.23
	4.7 ±0.44
	3.84 ±0.45
	2.4 ±0.34
	5.8 ±0.42
	6.1 ±0.22
	3.9 ±0.31

	Protein
	15.3 ±0.24
	11.4 ±0.31
	26.2 ±0.25
	25.8 ±0.56
	27 ±0.22
	16.2 ±0.33
	12.3 ±0.41
	27.6 ±0.52
	26.1 ±0.28
	25.9 ±0.21
	17.1 ±0.15
	12.5 ±0.24
	27.1 ±0.26
	26.0 ±0.32
	25.0 ±0.22

	Lipid
	8.0 ±0.21
	6.2 ±0.14
	12.0 ±0.25
	13.3 ±0.33
	12.8 ±0.41
	7.5 ±0.32
	16.0 ±0.22
	14.0 ±0.34
	12.5 ±0.45
	11.5 ±0.28
	8.5 ±0.33
	11.8 ±0.25
	15.5 ±0.27
	13.0 ±0.18
	13.1 ±0.22


[image: pasted-movie.png]Note: F = Fins; G = Gills; M = Muscles; RB = Remaining Body; WB = Whole Body

Fig. 7: Shows the interaction effects of different seasons and tissues on the nutrients in fishes. 
Morphometric characteristics:
The selected fish species were collected during January 2023 to December 2024, across three distinct seasons: pre-monsoon, monsoon, and post-monsoon. The morphometric analysis, their characterization, habitat and their feeding habits were analysed and was represented in Table No. 1: Shows the ecological and morphometric characteristics of selected fish species collected from Karanja Reservoir, Bidar, Karnataka, India.
Ash Content:
Ash refers to the inorganic material left behind after a fish sample undergoes complete combustion. It is the byproduct that remains once all organic materials have been burned away. Generally, the mineral content in wet fish muscle ranges from 0.6% to 1.5% of the fish's total body weight (Adewumi et al., 2014). According to Ndome et al. (2010), ash plays a vital role as a source of nutrients in fish. Ahmed et al. (2012) reported the ash contents of P. sophore, P. ticto, and X. cancila as 3.56%, 3.34%, and 2.02%, respectively. Begum et al. (2012) noted the ash content in P. sarana as 2.02±0.25%, and Mustafa et al. (2012) studied the ash values in Hilsa ilisa and P. sarana, reporting 2.27±0.16% and 2.02±0.24%, respectively. The highest ash content of 4.35% was observed in Lates calcarifer (marine water fish), while the lowest, at 0.85%, was found in Pangasius pangasius (freshwater fish) (Rahamat et al., 2022). Mustafa et al. (2012) recorded an ash value of 0.88±0.37% in P. sophore, while Zaman et al. (2014) found the ash content in P. sophore to be 4.31±1.08%. A study by Mazumder et al. (2008) reported ash contents in five small indigenous fish species of Bangladesh ranging from 1.19 to 3.92%. In a study of 23 medium-sized marine finfish from the Thoothukudi coast of India, Palani et al. (2014) found that the ash content ranged from 0.98% to 3.92%, with the lowest value recorded in L. decussatus (family Lutjanidae) and the highest in N. japonicus (family Nemipteridae). Chakraborty et al. (2015) investigated the ash content in small indigenous fish species from Assam, finding the lowest value of 1.86% in A. mola and the highest at 2.01% in C. punctatus. In a study by Rodrigues et al. (2020), the ash content in freshwater fish species from the Serrasalmidae family ranging from 0.97% to 1.28% across four species. The lowest ash content was found in P. brachypomus followed by C. macropomum, while P. mesopotamicus showed the highest value. Njinkoue et al. (2016) examined two marine fish species from the Cameroonian coast, with ash content averaging 7.17% in P. elongatus and 7.28% in another species. Ayanda et al. (2019) analyzed fish species from Ogun River, finding the highest ash content at 7.56% in C. nigrodigitatus and the lowest at 2.91% in Parachanna obscura. Gul et al. (2017) conducted a study on five fish species from Pakistan and found that G. gotyla had the highest ash content at 8.00%, followed by S. labiatus. On the other hand, C. auratus exhibited the lowest ash content at 3.33%. 
In our present study, (Table No. 2 – 6) shows the seasonal variations of proximate composition (%) in the five different species and their different tissues like fins, gills, muscles, remaining body and whole body of Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus, Oreochromis mossambicus, collected from Karanja Reservoir, Bidar, Karnataka, India. In Channa striata, the maximum ash content (5.8% ±0.40) was recorded in fins during the pre-monsoon season, while the minimum (3.7% ±0.36) was observed in the whole body during the post-monsoon season. In Labeo rohita, the maximum ash content (6.25% ±0.33) was found in fins in the pre-monsoon season while the minimum (4.31% ±0.22) was recorded in the remaining body during the pre-monsoon season. In Mystus cavasius, the maximum ash content (6.55% ±0.24) was recorded in the gills during the post-monsoon season, whereas the minimum (4.25% ±0.62) was observed in the remaining body during the pre-monsoon season. In Notopterus synurus, the maximum ash content (6.0% ±0.42) was found in the fins, while the minimum (4.15% ±0.22) was recorded in the whole body during the post-monsoon season. Whereas in Oreochromis mossambicus, the maximum ash content (6.2% ±0.42) was observed in the gills during the post-monsoon season, whereas the minimum (4.35% ±0.28) was recorded in the whole body during the pre-monsoon season. The above result shows that the maximum ash content (6.55% ±0.24) was recorded in the gills of Mystus cavasius during the post-monsoon season, whereas the minimum (3.7% ±0.36) was observed in the whole body of Channa striata during the post-monsoon season. 
The tissues (fins, gills, muscles, remaining body and whole body) had a highly significant effect on ash content (p = 6.02e-10), whereas season (p = 0.143) and the interaction effect (p = 0.860) were not significant. This suggests that ash content is predominantly determined by tissue composition rather than seasonal changes.
Moisture Content:
Water is a crucial component in the bodies of all organisms, including fish, and serves as the medium for nutrient transport, chemical energy transfer, and various cytoplasmic reactions. For most fish species, the moisture content typically ranges from 60% to 80% (Aberoumand, 2014; Love, 1970). In certain fish species, such as the Bombay duck (Harpadon nehereus), moisture content can even exceed 90%. According to Aberoumand and Pourshafi (2010), moisture content is a reliable indicator of energy, lipid, and protein levels, showing an inverse relationship: lower moisture percentages correspond to higher levels of proteins, lipids, and greater energy density. A detailed investigation by Okland et al. (2005) on deep-sea teleosts and elasmobranchs found moisture content levels ranging from 79.90% in Centroscymnus coelolepis to 87.20% in Alepocephalus bairdii. Moisture content in freshwater fish in Malaysia found that Clarias batrachus had the highest moisture content at 79.30%, (Ghassem et al., 2009). In Bangladesh, the moisture content of small indigenous fish species varied between 65.88% and 78.62%, with Ailia coila showing the highest and Chanda nama with the lowest moisture content (Mazumder et al., 2008). The moisture content in freshwater fish species has been found to range between 77.35% (Labeo rohita) and 81.16% (Clarias batrachus) by (Rahamat et al., 2022). Other studies report moisture values between 73.43% and 78.86%. Haque (2004) stated that sun-dried fish typically contain 10-20% moisture. Jahan et al. (2018) found that oven-dried C. punctatus had 11.45% moisture, while C. striatus had 13.59%. Rahman et al. (2003) in another study reported the moisture content in M. vittatus to be 75.6%. In Nigerian coastal waters, Bassey et al. (2014) found that C. senegalensis had the highest moisture content at 77.40%, while Chrysicthys nigrodigitatus had the lowest at 74.47%. In another study, Daniel (2015) examined the three commercially fish species in Nigeria and found that moisture content ranged from 63.90% in C. senegalensis to 67.54% in Polydactylus quadrifilis.  Rahman et al. (2002) found O. pabda to have 77.13%, and Fatema et al. (2017) found M. cavasius to contain 75.67% moisture. A study by Chakraborty et al. (2015) on three indigenous fish species from Kokrajhar, Assam, found moisture content values between 77.53% and 78.16%. Barua et al. (2012) showed that Dasyatis pastinaca had the highest moisture content at 78.19%, while D. zugei had the lowest at 76.50%. Ganai and Ahmed (2013) examined freshwater fish species from the Kashmir Valley and reported that Schizothorax curvifrons exhibited the highest moisture content at 79.48%, while S. niger had the lowest at 71.58%. (Mohanty et al., 2016) studied 39 fish species from India and found the highest moisture content of 87.50% in H. nehereus, followed by Perna viridis, while the lowest moisture content of 66.90% was observed in T. ilisha. Gul et al. (2017) conducted a study on five fish species and found that Garra gotyla had the highest moisture content (72.13%), while Barilius pakistanicus had the lowest (58.13%). Bezbaruah and Deka (2021) analyzed moisture content variation in the muscles of three catfish species, reporting a range from 71.20% to 79.45%. The highest value was recorded in M. vittatus and the lowest in Heteropneustus fossilis. Hussain et al. (2016) explored the moisture levels ranged from 68.24% to 77.64%, with the highest recorded in Wallago attu and the lowest in Barbodes sarana. Younis et al. (2021) conducted a study on marine fish species from the Red Sea and found that Parastromateus niger had the highest moisture content (80.65%), while Pristipomoides multidens had the lowest (77.90%). Ayanda et al. (2019) studied fish species from Ogun River and recorded the highest moisture content (80.10%) in Chrysichthys nigrodigitatus, and the lowest (75.90%) in Malapterurus electricus. Geremew et al. (2020) reported moisture content ranging from 79.00% to 80.50% in three fish species from the southern Gulf of Lake Tana, with C. gariepinushaving the highest moisture content. Njinkoue et al. (2016) studied two marine fish species from the Cameroonian coast and reported an average moisture content of 78.24% in Pseudotolithus elongates and 76.17% in P. typus.
In our present study, (Table No. 2 – 6) shows the seasonal variations of proximate composition (%) in the five different species and their different tissues like fins, gills, muscles, remaining body and whole body of Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus, Oreochromis mossambicus, collected from Karanja Reservoir, Bidar, Karnataka, India. In Channa striata, the maximum moisture content (85.88% ±1.13) was recorded in the gills during the post-monsoon season, while the minimum (64.69% ±2.57) was observed in the fins during the pre-monsoon season. In Labeo rohita, the maximum moisture content was found in the gills during the pre-monsoon season (84.3% ±1.16), whereas the minimum (62.98% ±2.94) was in the fins during the post-monsoon season. Mystus cavasius showed the maximum moisture content (83.01% ±1.65) in the remaining body during the pre-monsoon season, while the minimum (63.33% ±2.56) was recorded in the gills during the post-monsoon season. Whereas in Notopterus synurus, the maximum moisture content (85.01% ±1.78) was found in the gills during the pre-monsoon season, while the minimum (64.39% ±2.45) was in the fins during the monsoon season. In Oreochromis mossambicus, the maximum moisture content (84.57% ±1.35) was recorded in the muscles during the monsoon season, whereas the minimum (66.88% ±3.81) was found in the fins during the monsoon season. From the above result, it was found that the maximum moisture content (85.88% ±1.13) was recorded in the gills of Channa striata during the post-monsoon season whereas the minimum (62.98% ±2.94) was in the fins of Labeo rohita during the post-monsoon season.
The results indicate that tissues (fins, gills, muscles, remaining body and whole body) have a highly significant effect on moisture content (p = 6.72e-13), whereas season does not have a significant effect (p = 0.109). Additionally, the interaction between season and tissues (fins, gills, muscles, remaining body and whole body) is not significant (p = 0.418), suggesting that the seasonal variation in moisture content is consistent across tissue types.

Carbohydrate Content:
Carbohydrates are essential components of protoplasm and play a key role in energy storage and release. Chemically, they are characterized as aldehyde or ketone derivatives of polyhydric alcohols or as compounds that form these derivatives upon hydrolysis. Key carbohydrates found in animal cells include glucose, fructose, mannose, sucrose, galactose, maltose, lactose, and glycogen. Both carbohydrates and proteins are vital nutrients in animals, with each serving various functions. Carbohydrates provide energy in the form of ATP, which is produced during the TCA cycle. While proteins are also an important energy source in fish, stress conditions often lead to the rapid depletion of stored carbohydrates (Prakash & Verma, 2018; Verma & Prakash, 2019). Fish generally contain very little carbohydrate compared to plant-based foods. While the small amounts found in fish can be overlooked in terms of nutritional value, they play a significant role in fish quality during processing. The carbohydrate levels in fish can vary based on factors such as gonad development, as well as physiological states like feeding, starvation, exercise, and rest. The energy content in fish is closely linked to their nutritional status, growth, and stress factors (Roy et al., 2020).  The low level of carbohydrates is typical of striated muscle, where glucose is present mainly as glycogen and also as part of nucleotide components (FAO, 2005). Carbohydrates in fishery products primarily consist of glycogen, a type of polysaccharide, and do not contain dietary fiber. Small amounts of glucose, fructose, sucrose, and other mono- and disaccharides are also present (Okuzumi & Fujii, 2000). In freshwater and marine fish species, carbohydrate content is typically low, ranging from 0.103% to 0.723%, although it varies significantly across different fish species. According to Arunachalam et al. (2017), the carbohydrate content in C. punctuates was recorded as 11.6 ±1.15 mg/g, while a lower level of 10.0 ±3.8 mg/g was also observed in the same species. In another study, Ananthi et al. (2015) investigated carbohydrate content in various freshwater fishes. The carbohydrate content in fresh fish muscle was initially 1.45±0.13%, and with extended storage at low temperatures, it gradually increased. After 24, 48, 72, and 96 hours of storage, the carbohydrate content reached 1.93±0.34%, 2.19±0.51%, 2.53±0.21%, and 3.42±0.23%, respectively. A similar increase in carbohydrate levels was observed by Sadhu et al. (2020) in Labeo rohita, where the fresh sample contained 0.28±0.003%, which rose to 0.41±0.004% after 30 days of storage at –20ºC. Lin et al. (2020) also reported a carbohydrate content of 1.15% in their study. The study assessed the proximate nutritional composition, amino acids, vitamins, fatty acids, and both micro and macro minerals in raw and boiled fish, noting that cooking can alter certain nutrient levels. In marine fish, S. lemuru had a carbohydrate content of 0.03 ±0.008, while Stolephorus indicus had 0.003 ±0.0021. Sumi et al. (2016) emphasized that seafood is an excellent source of essential proteins, vitamins, trace elements, and polyunsaturated fatty acids. In the case of fish from the Mathabhanga River, the carbohydrate content ranged from 11.28±0.29% to 15.73±1.02%. M. tengra showed the highest carbohydrate content at 15.73±1.02%, while P. ticto had the lowest at 11.28±0.29%. These values significantly differed (P<0.05) from those of other species (Aslam et al., 2024). The carbohydrate content in Hypophthalmichthys molitrix was 1.08%, which was slightly lower than the 1.13% found in Ctenopharyngodon idella. Carbohydrates make up a minor portion of the total composition of muscle tissue Nasreena and Mohiuddin (2012). Kawade and Deshmukh (2023) also reported that the total carbohydrate content was higher in Catla (7.07%) compared to Rohu (4.95%). The carbohydrate levels in P. sophore were found to be higher at the Ujjain site (1.45%) compared to the Dewas site (1.06%) (Bhalerao, 2020). Studies have found carbohydrate levels ranging from about 0.01% to 4.49% (Immaculate & Patterson, 2014). According to Anthony et al. (2000), fish are known for their extremely low carbohydrate content, often regarded as negligible. Ravichandran et al. (2009) noted that crustaceans may have glycogen levels between 0.1% and 2.5%, while mollusks typically contain glycogen in the range of 1% to 7%. However, these levels can fluctuate depending on the season and decrease quickly after death, especially following the stress of capture. Tidame et al. (2021) estimated the carbohydrate content in four fish species: Rohu, Mrigala, Pomfret, and Silver Pomfret. The carbohydrate levels were 0.258 mg/g for Rohu, 0.0097 mg/g for Pomfret, 1.69 mg/g for Silver Pomfret, and 3.151 mg/g for Mrigala. Additionally, Saranya et al. (2014) reported that during December and March, the carbohydrate content in Rohu was measured at 0.993 mg/g. Carbohydrate content was very low (0.103%–0.723%) in the freshwater fishes (Rahamat et al., 2022).
In our present study, (Table No. 2 – 6) shows the seasonal variations of proximate composition (%) in the five different species and their different tissues like fins, gills, muscles, remaining body and whole body of Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus, Oreochromis mossambicus, collected from Karanja Reservoir, Bidar, Karnataka, India. In Channa striata, the maximum carbohydrate content (5.7% ±0.36) was recorded in the remaining body during the monsoon season, while the minimum (2.5% ±0.21) was observed in the fins during the pre-monsoon season. Similarly, Labeo rohita exhibited the maximum carbohydrate content (8.5% ±0.54) in the muscles during the monsoon season, whereas the minimum carbohydrate level (2.5% ±0.55) was found in the fins during the post-monsoon season. For Mystus cavasius, the carbohydrate content was maximum (8.5% ±0.54) in the whole body during the monsoon season, while the minimum value (3.5% ±0.32) was recorded in the remaining body during the pre-monsoon season. In Notopterus synurus, the maximum carbohydrate content (7.3% ±0.21) was detected in the remaining body during the post-monsoon season whereas the minimum carbohydrate content (2.30% ±0.13) was found in the muscles during the post-monsoon season. In Oreochromis mossambicus, the maximum carbohydrate content (7.0 % ±0.61) was recorded in the muscles during the monsoon season, while the lowest value (2.4% ±0.34) was observed in the gills during the post-monsoon season. The above result indicates that the maximum carbohydrate content (8.5 % ±0.54) was recorded in the muscles and whole body of Labeo rohita and Mystus cavasius during the monsoon seasons respectively. In contrast, the minimum value (2.30% ±0.13) was found in the muscles of Notopterus synurus during the post-monsoon season.
A weak seasonal effect was observed on carbohydrate content (p = 0.0921), indicating a potential but non-significant influence. The tissues (fins, gills, muscles, remaining body and whole body), however, showed a significant effect (p = 0.0186), implying that different tissues exhibit varying carbohydrate levels regardless of the season. The season-tissue interaction was not significant (p = 0.7489), reinforcing the idea that seasonal changes do not differentially affect tissue carbohydrate composition.
Protein Content: 
Proteins are essential for the healthy growth of fish (Wu & Gatlin, 2014), and they are also among the costliest components in fish feed (Deng et al., 2011). The nutritional quality of proteins is primarily determined by their amino acid composition (Wilson, 2003). It plays a crucial role in muscle tissue repair and growth, enhances blood quality, and boosts immunity. Additionally, immunoglobulin proteins serve as an important defense against viral and bacterial infections, while helping to regulate water balance and electrolyte levels in the body (Balami et al., 2019). As fish is a source of animal protein, its protein content typically falls within the range of 11.9% to 20.6%, indicating that it provides a high-quality source of nutrition (WHO, 2007). The study found that the average protein levels in the fish ranged from 14.3±0.1% to 20.2±0.2% for protein content, among the species, H. fossili had the highest protein content, followed by C. striata (Fayasa et al., 2021). In another study, Ahmed et al. (2012) observed protein levels in selected fish species ranging from 15.6% to 18.5%. However, these results differed from Jahan et al.'s (2021) findings, where native Pangus was found to have 23% protein content. Similarly, Daniel (2015) examined the proximate composition of three commercially significant fish species from Nigeria, and found the crude protein content and it was ranging from 14.20% in C. nigrodigitatus to 18.56% in C. senegalensis. Another study conducted by Mohanty et al., (2015) on three marine fish species from the Bay of Bengal found the protein content to be lowest in S. sihama (17.47%) and highest in H. ilisha (20.77%). In another comprehensive study by Mohanty et al. (2016) on 39 food fish species from India revealed that T. albacares had the highest protein content at 23.90%, followed by Katsuwonus pelamis. In contrast, H. nehereus had the lowest protein content, recorded at 8.20%. A study by Hussain et al. (2016) recorded a significant variation in protein content with values ranging from 14.44% to 17.20%, and the highest protein content was found in B. sarana and the lowest in L. rohita. Njinkoue et al. (2016) investigated two marine fish species from the Cameroonian coast, reporting that protein content ranged from 13.40% in P. elongates to 16.17% in P. typus. Ayanda et al. (2019) conducted an extensive survey of the proximate composition of various fish species from the Ogun River. They found that C. nigrodigitatus had a relatively high protein content of 19.30%, while M. electricus exhibited a lower value of 16.80%. Rodrigues et al. (2020) studied the four species of freshwater fishes from the Serrasalmidae family and found the protein content levels that ranged from 16.79% to 25.00%. Their study indicated that P. brachypomus had the lowest protein content, followed by C. macropomum, while the highest value was observed in P. mesopotamicus. Bezbaruah and Deka (2021) carried out a comparative study on three catfish species, which revealed that protein content ranged from 14.49% to 18.14%. The mean protein content differed significantly among species, with H. fossilis showing the highest value and M. vittatus the lowest. Younis et al. (2021) investigated Polysteganuscoeruleo punctatus had the highest protein content at 17.66%, while Epinephelus chlorostigma had the lowest at 15.28%. These variations in protein content across fish species provide valuable insights for researchers and nutritionists, suggesting strategies to improve the nutritional value, processing, and marketing of these fish species. The research conducted by Teame et al. (2016) in Ethiopia revealed significant variations in the protein content among different fish species, with values ranging from 14.98% to 17.25%. The highest protein content was observed in C. carpio, while the lowest was found in L. intermedius. 
In our present study, (Table No. 2 – 6) shows the seasonal variations of proximate composition (%) in the five different species and their different tissues like fins, gills, muscles, remaining body and whole body of Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus, Oreochromis mossambicus, collected from Karanja Reservoir, Bidar, Karnataka, India. In Channa striata, the protein content with the maximum concentration (25% ±0.37) was found in the muscles during the post-monsoon and the minimum (12.5% ±0.43) in the gills during the pre-monsoon seasons. In Labeo rohita, the maximum protein content (26% ±0.47) was observed in the muscles during pre-monsoon, whereas the minimum (13.4% ±0.26) was recorded in the gills during the monsoon season. For Mystus cavasius, the maximum protein concentration (25.4% ±0.11) was detected in the muscles in the monsoon season while the minimum (8.2% ±0.14) was found in the fins during the pre-monsoon season. Similarly, in Notopterus synurus, the maximum protein level (26.7% ±0.48) was observed in the muscles during the monsoon, whereas the minimum (8.4% ±0.32) was recorded in the fins during pre-monsoon. In Oreochromis mossambicus, the maximum protein content (27.6% ±0.52) was found in the muscles during the monsoon, while the minimum (11.4% ±0.31) was recorded in the gills during the pre-monsoon seasons.  The above result shows that the maximum protein content (27.6% ±0.52) was found in the muscles of Oreochromis mossambicus during the monsoon, while the minimum (8.2%±0.14) was found in the fins of Mystus cavasius during the pre-monsoon season.
[bookmark: _heading=h.gjdgxs]The tissues (fins, gills, muscles, remaining body and whole body) were found to have a highly significant effect on protein content (p < 2e-16), highlighting strong biochemical differences among tissues. However, neither season (p = 0.763) nor the interaction term (p = 0.983) were significant, indicating that protein levels remain relatively stable across different seasons.

Lipid Content: 
Fat is a key component in fish muscle, typically ranging from 6% to 20%, and is predominantly found in the subcutaneous tissue, liver, muscle, mesenteric tissue, belly flap, and head (Moradi et al., 2011). The lipid content in fish is often considered a reliable indicator of their potential for future survival in certain species Simpkins et al., (2003) and can also reflect their reproductive capacity in some fish populations (Mejri et al., (2021). Rahamat et al., (2022) reported the lipid content in freshwater fish species ranging from 0.316% in Channa striata to 3.696% in Pangasius pangasius. The fat content in C. striata was found to be the lowest at 0.12±0.008%, while H. fossili exhibited the highest fat content at 0.63±0.019% (Fayasa et al., 2021). Mustafa et al., (2012) studies indicated that Hilsa ilisha and P. sarana have fat contents of 9.49±0.54% and 9.0±1.09%, respectively.  In the further study by Mustafa et al. (2013) the minimum and maximum fat content in fish Puntius sophore were found to be 5.59±0.88%, 5.88±0.92%, and 5.65±0.95%. Similar results were reported by Mustafa et al. (2022) for both farmed and wild fish, showing lipid content ranging from 0.91% to 5.98%.  In another study, the muscle fat content of X. cancila was reported as 4.66% by Nahid et al. (2014). In terms of species-specific fat contents, Puntius sarana and Puntius sophore were found to have fat values of 3.69% and 5.80%, respectively reported by (Bogard et al., 2015; Siddique et al., 2011). Similarly, Begum et al. (2012) reported the muscle fat value of P. saranato be 9.00±1.09%. Zaman et al. (2014) and Sarojnalini and Sarjubala Devi (2014) also documented fat values in various fish species, while Bijayalakahmi et al. (2014) recorded a total lipid content of 2.34±0.416% in Puntius sophore. According to a study by Jahan et al. (2018), oven-dried C. striatus had a lipid content of 5.04%, while C. punctatus contained 7.86%. Flowra et al. (2012) found that dried C. punctatus had a lower lipid content of 2.31%. The low lipid values observed align with those found in other freshwater fish species ranging from 0.09% to 2.35% and 1.53% to 5.41% (Mustafa et al., 2015; Mazumder et al., 2008). Okland et al. (2005) conducted a detailed study of the proximate composition of deep-sea teleosts and elasmobranchs, finding the highest lipid content in A. agassizii at 3.60% and the lowest in Mora moro at 0.41%. Ghassem et al., (2009) studied the Malaysian freshwater fish species and found that the Pangasius sutchi had the highest fat content at 8.80%, whereas C. striatus exhibited the lowest at 2.30%. Additionally, Ganai and Ahmed (2013) investigated the fat content in freshwater fish species collected from Kashmir Valley, revealing notable variations in fat content, with the highest at 7.42% in S. niger and the lowest in S. labiatus. Daniel (2015) studied three commercially important fish species in Nigeria, and they found that C. nigrodigitatus had the highest fat content at 10.62%, whereas C. senegalensis had the lowest at 2.57%.  Mohanty et al., (2015) found the lowest fat content at 3.45% for S. sihama and the highest at 18.88% for H. ilisha. A detailed study on the nutritional profiles of 39 fish species from India revealed that, among all the species analyzed, the migratory fish T. ilisha had the highest crude fat content, reaching 10.50%. This was followed by Sardinella longiceps, a marine fish, with a fat content of 9.20%. In contrast, T. albacares was found to have the lowest fat content at just 0.60% (Mohanty et al., 2016).  Njinkoue et al. (2016) examined the fat content in two marine fish species collected from the Cameroonian coast, showed quite low-fat content in P. elongates at 0.36% and P. typus at 0.46%. Gul et al., (2017) found that G. gotyla had the highest fat content at 6.00%, while B. pakistanicus showed the lowest at 1.00%. Teame et al., (2016) studied the commonly important fish species in Ethiopia and reported significant variation in fat content, with C. gariepinus having the highest value at 5.74%, while C. carpio had the lowest at 1.26%. A similar study in the southern Gulf of Lake Tana, Ethiopia, found the highest fat content in L. intermedius at 2.40%, and the lowest in O. niloticus at 0.60% (Geremew et al., 2020). The lowest fat content was observed in C. macropomum, while the highest was found in P. brachypomus. Younis et al. (2021) investigated the fat content in five marine fish species from the Red Sea and the range of fat content was recorded as 1.52% to 2.97%, with Plectropomus areolatus having the lowest and P. coeruleopunctatus the highest fat content. Palani et al., (2014) in their detailed study of 23 medium-sized marine finfish species collected from the Thoothukudi coast of India, showed fat content varied between 0.24% and 14.72%. Lutjanus lutjanus, from the Lutjanidae family, had the lowest fat content, while L. dussumieri, from the Leiognathidae family, recorded the highest. 
In our present study, (Table No. 2 – 6) shows the seasonal variations of proximate composition (%) in the five different species and their different tissues like fins, gills, muscles, remaining body and whole body of Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus, Oreochromis mossambicus, collected from Karanja Reservoir, Bidar, Karnataka, India. In Channa striata, the maximum lipid concentration (16.3%±0.35) was recorded in the remaining body in the monsoon season while the minimum (7.5%±0.46) was observed in the gills both during the post-monsoon season. In Labeo rohita, the maximum lipid content (18.2%±0.27) was found in muscles during the post-monsoon season, whereas the minimum (7.0%±0.23) was found in the gills during the pre-monsoon season. For Mystus cavasius, the maximum lipid accumulation (17.5%±0.13) was recorded in muscles during the monsoon season, while the minimum lipid content (11.8%±0.22) was observed in the whole body during the pre-monsoon season.  Notopterus synurus exhibited the maximum lipid content (16.0%±0.14) in muscles during the monsoon season, while the minimum (7.0%±0.35) was detected in the gills during the pre-monsoon season. In Oreochromis mossambicus, the maximum lipid concentration (15.5%±0.27) was found in muscles during the post-monsoon season, whereas the minimum (6.2%±0.14) was recorded in the gills during the pre-monsoon season. The above result shows that the maximum lipid content (18.2% ±0.27) was found in the muscles of Labeo rohita during the post-monsoon season while the minimum (6.2%±0.14) was recorded in the gills of Oreochromis mossambicus during the pre-monsoon season.
Both season (p = 0.0414) and tissues (fins, gills, muscles, remaining body and whole body) (p = 8.12e-09) significantly affect lipid content, suggesting that both factors contribute to lipid variation. However, the interaction term was not significant (p = 0.2810), indicating that while lipids vary by season and tissue, their response to seasonal changes does not differ significantly among tissue types.
CONCLUSION:
This study reveals that five important commercial fish species Channa striata, Labeo rohita, Mystus cavasius, Notopterus synurus, Oreochromis mossambicus, these fish species could become an important dietary and rich nutrient source in both rural and urban regions of Bidar, Karnataka. The study outlines the distribution patterns of the proximate compositions across different seasons, establishing baseline information. The findings of this study indicated that these fish species are valuable sources of essential nutrients and minerals. The study suggests that factors such as moisture, protein, fat, ash, and carbohydrate content should be considered when making decisions about the marketing and consumption of fish. Additionally, the study offers valuable insights into the biochemical properties of local food fish, enabling consumers to make more informed decisions regarding their nutritional value. Ultimately, the regular consumption of these fishes from the Karanja Reservoir, Bidar, Karnataka, can significantly contribute to the nation’s nutritional security.
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