Sex-specific seasonal based proximate composition of Himalayan snow trout, Schizothorax labiatus inhabiting two different lotic water bodies of Kashmir valley
Kousar Jan1, Imtiaz Ahmed1*, Nazir Ahmad Dar2

1DST-Sponsored Fish Nutrition Laboratory, Department of Zoology, University of Kashmir, Hazratbal, Srinagar-190 006

2Department of Biochemistry, University of Kashmir, Hazratbal, Srinagar-190 006

*Corresponding author. E-mail: imtiazamu1@yahoo.com
Introduction
Fish is considered to be the cheapest and richest source of human nutrition and performs a paramount role in enhancing the food security, nutritional status, cardiovascular and other health associated circumstances (Bezbaruah and Deka 2021). Besides supplying the indispensable nutrients to the human body, it has been studied that a meal comprising of fish consists of the most significant fatty acids, amino acids and several of the imperative vitamins and minerals in ample amounts that provide energy for maintenance and body building. Therefore, fish are always considered as ‘rich food for poor people’ (Ahmed et al. 2022). Abdullahi et al. (2001) stated that in case of infant and adult diets, fish is treated as the best diet being rich in essential nutrients which are obligatory during the early life stages. The study of the chemical composition of the fish flesh is taken as an excellent indicator regarding the evaluation of the flesh excellence, nutritional significance, physiological condition and habitat of the fish (Aberoumand 2014). Generally, the chief composition of fish comprises of 66-81% water, 16-21% protein, 1.2-1.5% mineral, 0.2-25% fat and 0-0.5% carbohydrate (Love 1970; Love 1980). Moisture, protein, fat and ash are considered as the major constituents of fish body and appraisal of these components is acknowledged as the proximate composition of fish (Ahmed 2018). Understanding the proximate composition of fish can also help with better processing and preservation strategies (Sirisha et al. 2018). The information of these constituents offers an immense importance from consumers, manufacturers and scientists point of view and is also used to articulate food value in terms of energy units as well (Ahmed et al. 2022). Besides, the appropriate information dealing with the proximate composition of fish also aids nutritionists and food scientists to establish the readily accessible sources of low-fat high-protein foods bearing elevated nutritive significance (Mohamed et al. 2010). 



Since the chief part of the body of all living creatures including fish is being comprised of water that behaves as a medium for the transport of different nutrients, chemical energy, besides a numeral of cytoplasmic processes occur. Therefore, the amount of moisture is considered as a vital constituent of fish and thus the precise estimation of moisture content in fishes is treated as indispensable when evaluating the nutritional quality of fish. After moisture, the protein content is regarded as the second major component in fish muscle and is one of the most vital nutrient while taking into consideration the quality and texture of fish meat (Afkhami et al. 2011). It has been reported that in case of developing countries, the fish is considered as an excellent source of protein and approximately 60% of people rely on fish for more than 30% of their animal protein requirements (Sujatha et al. 2013). Since long, fish protein has been recognised to perform a vital role in elevating their nutritional worth like growth, maintenance, synthesis of vitamins, reproduction and high degree of digestibility, besides has massive valuable health benefits in human nutrition which includes building and repairing muscle tissues, enhancing blood value and immunity (Ahmed and Sheikh 2017; Khalili Tilami and Sampels 2018). After protein, the next vital nutrient in fish flesh is fat content which is treated as the third key component in fish muscle and is normally reported in the range varying from 6-20 %, principally situated in the sub-cutaneous tissue, mesenteric tissue, muscle tissue, belly flap, head and liver (Ackman 1994). Number of researchers studied that the lipid content in the body of fish is treated as an excellent indicator in evaluating the future survival and reproductive potential in various fish stocks (Simpkins et al. 2003). These are considered as a significant food reserves, source of metabolic energy, key component for the cell and tissue membrane formation and are also utilised in assessing the association between percent water and fat (Salam et al. 1993). The ash content is the constituent which comes at the fourth place in terms of quantity and comprises about 0.5-5% of fish’s total body weight. Adewumi et al. (2014) reported that the ash is basically an inorganic remainder which is left behind once the entire organic matter has been burnt off. It is considered as a better source for the estimation of minerals in fishes and hence is regarded as the chief authentic means for calculating the mineral composition of fish. It has been suggested that the fish bones and muscles act as the main basis of indispensable minerals and near about 65% of minerals are primarily located in vertebra of fishes (Nurnadai et al. 2013). Mineral and trace element concentrations that contribute to total ash content in fish are known to fluctuate based on eating behaviour, environment, ecosystem, and migration also even within the same location (Ali et al. 2020). Nitrogen free extract (NFE) is only found in trace amounts in fish tissue and fills up a minor percentage of the whole makeup of the muscle. According to Love (1970), the low NFE values confirm that it serves as a little energy reserve in aquatic animals and is likewise insignificant when compared to lipid and protein. Non-protein and carbohydrate molecules are present in trace amounts and are frequently overlooked in normal analysis (Love 1980; Calicioglu et al. 2003).




Alteration in the values of proximate composition of fish generally rely on a variety of variables such as availability of the feed (Olsson et al. 2003), life stage and anatomical position (Huss 1995), water temperature (Touhata et al. 1998), feeding habit, age and seasonal variations (Silva and Chamul 2000), species to species (Islam and Joadder 2005), feed intake (Oyelese 2006), condition factor (Naeem et al. 2011), size (Naeem and Ishtiaq 2011), sex (Yousaf et al. 2011). During the last few decades, an increasing interest has been observed in consumers, researchers and fish nutritionists for evaluating the nutritional profile and edible value of fish and also showed their keen interest to assist the processing technologists to distinguish the most favorable processing and storage circumstances in order to maintain the preserved quality of fish upto the utmost possible limit. However, a substantial amount of work has also been done from diverse parts of the world on the chemical composition of fish species and consistent information is obtainable on the normal range for assessing their nutritional status, but no such data is accessible for S. labiatus from the Kashmir Himalayan region. In order to give relevant and trustworthy information for enhanced and sustainable use of fish and fisheries products, the current study aimed to highlight the significant discrepancy in the proximate composition of S. labiatus with regard to sex and season. In addition, the data would be also beneficial for the formulation of fish feed, animal feed, fish industry, human health, nutritionists, chemists, pharmaceuticals, etc. 

Materials and methods

Study area

Two study areas were selected for the current investigation. The valley’s most scenic lotic water bodies i.e., river Jhelum and river Sindh were chosen. The river Jhelum is a 725-kilometer long stretch with a catchment area of 33342 km2 that flows between 32°58'42" and 35°08'02" N and 73°23'32" and 75°35'57" E latitude. It is situated at a height of 233 m (768 feet) between 32°58'42" and 35°08'02" N and 73°23'32" and 75°35'57" E latitude. The main source of the river Jhelum is the spring Verinag, which is positioned in the foothills of the Pir Panjal Mountains in Anantnag. It has a complex drainage system that begins on both sides of the Pir Panjal and the larger Himalayan mountains and runs from the south-east to the north-west of Kashmir into the world famous Wular Lake. After leaving the Wular lake, the river travels westward into Pakistan, passing through a gorge in the Pir Panjal mountain range at Kichhama, Baramullah. It almost totally spans the Kashmir valley from its source to its outflow, while the river Sindh, which flows from the Ganderbal district of India’s Jammu and Kashmir UT is around 108 kilometres long stretch and is considered as a major tributary of the river Jhelum. The river’s main source is the Machoi Glacier, which is located between 34°12′14.860′′ N and 75°35′21.94′′ E at an elevation of 4800 metres (15,700 feet) east of Amarnath Temple and south of the Zojila Pass, between 34°12′14.860′′ N and 75°35′21.94′′ E. The river travels largely westward along National Highway 1D, replenished by various glacier tributaries, until meeting the river Jhelum at Shadipora Srinagar (summer capital of J & K). During the current study, three sites were chosen from both rivers for the collection of fish and water samples, the geographical characteristics are provided in Table 1 (Figure 1).

Table 1 Geographical attributes of the study sites of two lotic water bodies (river Sindh and Jhelum)

	Water bodies
	Site
	Elevation 
	Latitude
	Longitude

	Sindh
	Manigam (I)
	1666.95 m (5469 feet)
	34º16ʹ36.15ʺ
	74º48ʹ31.45ʺ

	
	Bamloor (II)
	1590.75 m (5219 feet)
	34º12ʹ08.23ʺ
	74º46ʹ04.38ʺ

	
	Rabitar (III)
	1582.82 m (5193 feet)
	34º11ʹ01.70ʺ
	74º40ʹ52.15ʺ

	Jhelum
	Pampore (I)
	1593.49 m (5228 feet)
	34º00ʹ38.35ʺ
	74º54ʹ35.47ʺ

	
	Chattabal (II)
	1584.96 m (5200 feet)
	34º05ʹ25.68ʺ
	74º47ʹ03.67ʺ

	
	Shadipora (III)
	1584.35 m (5198 feet)
	34º10ʹ27.70ʺ
	74º41ʹ04.41ʺ
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Figure 1 Sampling sites of river Sindh and river Jhelum
Collection of fish samples

Monthly basis sampling of S. labiatus was undertaken from the various sites of both lotic water bodies for a period of two years from April, 2018 to March, 2020 with the assisstance of local fisherman by using diverse sorts of fishing gears like cast nets. A total of 864 S. labiatus fish specimens were collected and subsequently measured for different statistical analyses. From river Sindh, 432 samples comprising of 216 males and 216 females were collected and likewise same number was also obtained from river Jhelum as well.

Identification and biometric study

After collection of specimens, the fishes were acknowledged with the help of standard keys given by Kullander et al. (1999) and were then transferred in water filled plastic containers and transported to wet-laboratory, Department of Zoology, University of Kashmir. The measurements of biometric parameters like total length and total weight was carried out accordingly. Total Length (TL) was calculated with the help of digital vernier calliper from the snout tip to the extended tip of the caudal fin nearest to 0.01 cm and the total weight was measured on digital electronic balance (Shimadzu UX320G) with 0.01g accuracy for each individual. From river Sindh, the average fish length and weight was estimated as: 33.56 ± 6.04 cm total length, 346.12 ± 28.95 g total weight and from river Jhelum, the average fish length and weight was recorded as: 31.24 ± 5.83 cm total length, 328.05 ± 25.71 g total weight. Before carrying out the proximate studies, the fishes were initially wrapped in cloth in order to remove excess amount of moisture and then all the visceral portion of fishes including fins was removed. The eviscerated fish specimens were separated into four homogeneous portions and were then subjected to the estimation of various parameters i.e., moisture, protein, fat, ash and nitrogen free extract (NFE). 

Proximate analysis 

Proximate composition was carried out by using standard methods given by (AOAC, 1995). The total amount of moisture was calculated by oven drying method using digital hot air oven (Bells, India) for around 24 hours at 105 °C. The determination of crude protein (N × 6.25) was undertaken by making the use of Kjeltec 8400 (FOSS Denmark). Solvent extraction technique with petroleum ether (B.P. = 40-60 ºC) was used for the evaluation of crude fat content in the samples using Soxtec automatic analyzer (Foss Avanti automatic 2050, Swedan). Incineration technique was employed for the estimation of total ash in the samples using muffle furnace (Bells-India) at 650 ºC for 4-6 hours. The nitrogen free extract (NFE) values were determined by deducting the total sum of the moisture, protein, fat and ash content values from 100 (AOAC 1995).

Physico-chemical estimation

Random water samples were taken each month from all of the study sites along the river Sindh and river Jhelum for physico-chemical parameter examination. The various parameters of the water samples such as pH, water temperature, dissolved oxygen, free carbon dioxide, and total alkalinity were all estimated (APHA 1998).

Statistical analysis

The data collected for the current study was statistically analysed using one-way ANOVA with the help of Microsoft Excel software and the SPSS (version 23 for Windows 10) and presented as mean ± SD of triplicates. Duncan’s multiple range test (p < 0.05) was utilised to assess the variations in the means across seasons and between sexes from each water body (Duncan 1955). To analyze the disparities in the mean values of parameters between the two water bodies with respect to sex and season, the students ‘t’ test was also employed. 

Results

The geographical characteristics of the study sites of river Sindh and Jhelum of Kashmir, India are depicted in Table 1. The physico-chemical parameters of the water acquired from several sampling sites of river Sindh and river Jhelum are mentioned in Table 2 and Table 3, respectively. The sex-specific seasonal biochemical composition of S. labiatus habiting the above two environments are depicted in Table 4 and Table 5, respectively. In the current study, a significant (p < 0.05) disparity in the values of proximate composition of S. labiatus was observed among the seasons, although no major significant (p > 0.05) difference was seen between the sexes in each water body. Furthermore, no significant (p > 0.05) variation was seen between the two water bodies in terms of season or sex, except ash and NFE contents during spring and autumn seasons (Table 6). From river Sindh, the value of moisture content for male S. labiatus varied from 69.85 – 75.21 % and 69.92 – 75.13 % from river Jhelum, while as the value for females fluctuated from 70.06 – 76.14 % in river Sindh and 71.10 – 77.07 % from river Jhelum. Significantly (p < 0.05) highest amount of moisture content in both sexes of S. labiatus was noted during the winter season, while the lowest value was recorded during summer season in both the habitats. Protein content of male S. labiatus was reported in the range from 14.62 – 19.21 % in river sindh and 15.88 – 19.02 % from river Jhelum, while the value in females oscillated from 14.10 – to 18.60 % (river sindh) and 14.51 – 18.03 % (river Jhelum), however the subsequent two seasons possessed the intermediate protein levels. In case of male S. labiatus, fat content ranged from 4.66 – 6.90 % (river sindh) and 4.22 – 6.88 % (river Jhelum), respectively however, female S. labiatus showed slightly lower fat content which varied from 4.26 – 6.38 % (river sindh) and 3.47 – 6.26 % (river Jhelum). Contrary to moisture content, significantly (p < 0.05) the highest level of protein and fat contents were found in both sexes of S. labiatus during the summer season, while the minimum values were recorded in the winter season from each water bodies. S. labiatus habiting in river Sindh exhibited slightly higher ash value and was noted in the range from 2.57 – 3.83 % and 2.48 – 3.05 % from river Jhelum while female ash content varied from 3.10 – 3.96 % from river Sindh and 2.63 – 3.25 % from river Jhelum. Ash content differed significantly (p < 0.05) by season with maximum value occurring in the spring season from river Sindh and winter season in river Jhelum. NFE content in male S. labiatus recorded in the range from 1.47 – 2.76 % in river Sindh and 1.58 – 3.83 % in river Jhelum, whereas in case of female S. labiatus, the NFE content varied from 1.86 – 2.80 % (river Sindh) and 1.48 – 3.62 % (river Jhelum). Significantly (p < 0.05) highest amount of NFE content in both genders of S. labiatus was noted during the spring season in each water body, however the lowest value was observed in the summer season in river Sindh and autumn season from river Jhelum. 
Table 2 Seasonal variation in physico-chemical characteristics of two lotic water bodies of Kashmir valley, India 

	Season
	pH
	Water temperature                             

           (°C)
	Dissolved oxygen

       (mg l−1)
	Free carbon-dioxide 

         (mg l−1)
	Total alkalinity

        (mg l−1)

	River Sindh

	Spring
	7.94 ± 0.21ab
	8.61 ± 1.00c
	8.36 ± 0.72ab
	5.90 ± 0.94b
	101.75 ± 12.28c

	Summer
	7.56 ± 0.66b
	15.32 ± 2.22a
	6.52 ± 0.66c
	7.57 ± 0.64a
	144.91 ± 20.93a

	Autumn
	7.72 ± 0.42b
	11.75 ± 1.70b
	7.98 ± 0.69b
	7.03 ± 0.61a
	127.53 ± 19.74b

	Winter
	8.11 ± 0.37a
	5.40 ± 1.02d
	8.74 ± 0.52a
	4.86 ± 1.04c
	93.68 ± 9.91c

	River Jhelum

	Spring
	8.20 ± 0.34a
	12.40 ± 1.89c
	7.52 ± 0.57a
	4.35 ± 0.82c
	148.21 ± 11.22b

	Summer
	7.75 ± 0.51b
	19.18 ± 1.49a
	6.30 ± 0.72c
	7.89 ± 0.60a
	184.79 ± 13.32a

	Autumn
	7.94 ± 0.34ab
	16.94 ± 1.20b
	6.88 ± 0.72b
	6.54 ± 0.80b
	177.60 ± 10.12a

	Winter
	8.26 ± 0.33a
	7.52 ± 1.48d
	8.05 ± 0.63a
	4.01 ± 1.35c
	142.37 ± 13.25b


      *Mean values bearing different superscript letters in a column are significantly different (P < 0.05) 

Table 3 Sex specific seasonal variations in proximate parameters of S. labiatus habiting in river Sindh and Jhelum, India (mean ± SD, n = 432)

	Season
	Water bodies
	Sex
	Moisture
	Protein
	Fat
	Ash
	NFE

	Spring
	Sindh
	M
	71.77 ± 1.16b
	16.73 ± 1.25b
	4.91 ± 0.59d
	3.83 ± 0.06ab
	2.76 ± 0.34a

	
	
	F
	72.17 ± 0.67b
	16.47 ± 0.89b
	4.60 ± 0.85de
	3.96 ± 0.22a
	2.80 ± 0.44a

	
	Jhelum
	M
	71.82 ± 1.03e
	16.65 ± 1.22c
	4.80 ± 0.70de
	2.90 ± 0.25abc
	3.83 ± 0.08a

	
	
	F
	72.88 ± 1.72de
	15.94 ± 0.41c
	4.33 ± 0.49ef
	3.23 ± 0.40a
	3.62 ± 0.46a

	Summer
	Sindh
	M
	69.85 ± 1.25c
	19.21 ± 0.50a
	6.90 ± 0.42a
	2.57 ± 0.24f
	1.47 ± 0.28d

	
	
	F
	70.06 ± 0.95c
	18.60 ± 0.84a
	6.38 ± 0.47ab
	3.10 ± 0.46ef
	1.86 ± 0.07cd

	
	Jhelum
	M
	69.92 ± 0.49f
	19.02 ± 0.65a
	6.88 ± 0.53a
	2.48 ± 0.21d
	1.70 ± 0.19b

	
	
	F
	71.10 ± 1.26ef
	18.03 ± 0.46ab
	6.26 ± 0.47ab
	2.82 ± 0.43bcd
	1.79 ± 0.11b

	Autumn 
	Sindh
	M
	71.91 ± 1.33b
	17.14 ± 0.57b
	5.59 ± 0.46c
	3.16 ± 0.44de
	2.20 ± 0.50bc

	
	
	F
	71.68 ± 1.35b
	16.44 ± 0.48b
	5.97 ± 0.27bc
	3.48 ± 0.51cd
	2.43 ± 0.43b

	
	Jhelum
	M
	73.56 ± 1.22cd
	16.66 ± 0.73c
	5.52 ± 0.36c
	2.68 ± 0.20cd
	1.58 ± 0.17c

	
	
	F
	74.35 ± 1.49bc
	16.48 ± 0.60c
	5.06 ± 0.83cd
	2.63 ± 0.23cd
	1.48 ± 0.24c

	Winter
	Sindh
	M
	75.21 ± 0.58a
	14.62 ± 0.51c
	4.66 ± 0.49de
	3.26 ± 0.23cde
	2.25 ± 0.45bc

	
	
	F
	76.14 ± 0.69a
	14.10 ± 0.50c
	4.26 ± 0.21e
	3.52 ± 0.36bc
	1.98 ± 0.47bc

	
	Jhelum
	M
	75.13 ± 1.33ab
	15.88 ± 0.94cd
	4.22 ± 0.54f
	3.05 ± 0.31ab
	1.72 ± 0.49b

	
	
	F
	77.07 ± 0.98a
	14.51 ± 0.69d
	3.47 ± 0.29g
	3.25 ± 0.60a
	1.70 ± 0.23b


*Mean values bearing different superscript letters in a column are significantly different (P < 0.05) 

Table 4 Sex specific seasonal statistical difference using ‘T’ test between river Sindh and river Jhelum, India
	Season
	Water Bodies
	Moisture 
	Protein
	Fat 
	Ash
	NFE

	Spring
	River Sindh
	0.370
	0.349
	0.410
	0.000*
	0.000*

	
	River Jhelum
	
	
	
	
	

	Summer
	River Sindh
	0.139
	0.137
	0.715
	0.183
	0.224

	
	River Jhelum
	
	
	
	
	

	Autumn
	River Sindh
	0.070
	0.298
	0.103
	0.000*
	0.000*

	
	River Jhelum
	
	
	
	
	

	Winter 
	River Sindh
	0.296
	0.066
	0.090
	0.082
	0.060

	
	River Jhelum
	
	
	
	
	


*Significant at 5% level of significance

Discussion 

Due to the presence of vital macronutrients and micronutrients, fish hold a significant position in the diet of human beings. These nutrients are requisite in human nutrition and have been linked to a variety of metabolic processes. Fish is also a good source of easily digestible animal protein and other critical elements in both rural and urban settings (Sarma et al. 2013; Prakash et al. 2021). They play a crucial role in ensuring food security and alleviating poverty. However, the current trend among fish eaters towards health consciousness has resulted in keen concern regarding the nutritional quality of fish, which is largely determined by the presence of moisture, protein, fat, ash and nitrogen free extract (NFE). Such chemical composition of fish meat varies greatly depending on the fish type. The changes in the chemical composition of fish edible portion, both in terms of quantity and individual components are linked to the fish’s environment and biology (Herawati et al. 2018). Intrinsic factors are biological elements that are generated from the type of fish, specifically the species or class, age and sex of the fish (Silva and Chamul 2000; Sarma et al. 2013). Furthermore, gonadal maturity is tightly tied to gender, and an active fish urges it to obtain adequate food to meet its energy needs. The sources of food, physico-chemical parameters, seasonal variations, etc. are the environmental attributes that influence the nutritional makeup of fish meat (Sarma et al. 2014). Data on fish composition also allows for the most efficient use of fish as a food source, to compare its food value and to advance fish processing and product technology (Mishra 2021). According to the preceding description, a detailed sex based seasonal study has been conducted to evaluate the nutritional makeup of S. labiatus inhabiting river Sindh and Jhelum. 



In the current study, the proximate data of S. labiatus exhibited a well-defined variance with respect to different seasons of the year inhabiting two lotic water bodies of Kashmir, India. Water is regarded as the most important component for all living beings and acts as a transport medium for a variety of critical substances such as nutrients, metabolites, and other substances inside the bodily fluids (Ahmad et al. 2021). It behaves as one of the key elements of the body fluids. Moisture is one of the most significant constituents and variables of a fish’s body, which alters greatly depending on the season, making it difficult to determine precisely (Ahmed and Sheikh 2017). The moisture content in a substance has a strong measure of its relative energy, protein and fat content (Daniel et al. 2015). During the present investigation, significantly highest moisture content in both sexes of S. labiatus was noted during winter season, while the lowest values were seen during summer season from both the habitats. Analogous results were noted in other fish species such as Schizothorax richardsonii (Das et al. 2012); Cyprinus carpio var. specularis (Manon et al. 2015); S. niger (Ahmed and Sheikh 2017); Barilius bendelisis (Sharma et al. 2020); L. rohita and Cirrhinus mrigala (Habib et al. 2021). Moisture content exhibited an inverse relationship with the protein and fat content in the present study; as one raises, the others drop. This could be related to a decrease in temperature, spawning activity, lower feeding rate, and a higher demand for energy to maintain body temperature and deal with the winter food deficit (Habib et al. 2021). Such observation demonstrates that fat and protein both compensate for the loss of moisture content. The current finding is consistent with the findings of the previous studies (Memon et al. 2010; Sarma et al. 2014; Ahmed and Sheikh 2017; Paul et al. 2018, 2019; Islam et al. 2020; Sroy et al. 2021). 



Fish contains the cheapest and best quality protein essential for a balanced human diet (FAO 2016). Having a full meal is still a fantasy in many undeveloped and underdeveloped countries, and those who do have food are typically malnourished, particularly children and women; in such instances, protein from fish can serve as an affordable alternative. Fish protein hold high quality as it contains an almost perfect proportion of essential amino acids and also has a capability to get digested easily than other meat proteins, because it has less collagen fibre; this allows the body to get the most out of its protein (Akpambang 2015). In both sexes, significant seasonal fluctuations in protein content were noted in S. labiatus, with the highest values recorded during the summer and the lowest value was obtained in the winter season in both river Sindh and Jhelum. A number of workers noticed a similar trend in other fish species such as C. carpio var. specularis (Manon et al. 2015); S. niger (Ahmed and Sheikh 2017), Neolissochilus hexagonolepis (Karki et al. 2019), S. plagiostomus, S. progastus and B. bendelisis (Sharma et al. 2020), L. rohita and C. mrigala (Habib et al. 2021). The increased muscle protein noted in the present study in some specific season might be associated due to the optimal temperature range, greater food availability, period of heavy eating on protein-rich species while a decrease in protein content could be linked to low temperature, decline in feeding rate, lack of preferred food, etc. all have an impact on the fish’s metabolic processes (Jakhar et al. 2012). Moreover, the high temperature during the summer season is ideal for the augmentation of fish food such as zooplankton, algae, insects, and worms as well as their larvae, resulting in the accumulation of a higher level of protein in their muscular tissue, although low temperature, on the other hand, leads in reduced development and as a result, less protein accumulation during winter season (Sharma et al. 2020). 



Fats are a large and diverse heterogeneous group of organic compounds. Lipids provide metabolic energy and aid in the maintenance of the cell membrane's shape and integrity, as well as acting as precursors to certain bioactive compounds (Tocher 2015). Since fat is recognised as one of the most important dietary reserves contributing to the condition of fish, fat indices have been used to quantify the link between percentage water and percentage fat (Anthony et al. 2016). In our investigation, the lipid content of S. labiatus from both the habitats was noted to be significantly highest in the summer season which signifies the post-spawning season and the lowest value was seen in the winter season of the year. Our results coincide with the inferences of previous workers who performed their study on different fish species such as S. richardsonii (Das et al. 2012), Salmo trutta macrostigma (Ates et al. 2013), C. carpio var. specularis (Manon et al. 2015); S. niger (Ahmed and Sheikh 2017), L. rohita and C. mrigala (Habib et al. 2021). The lipid alterations are mainly caused by environmental factors and dietary availability. During summer season when the temperature and food availability is optimum, the fat content of muscle tissue rises gradually at first then dramatically increases afterwards, but on the other hand, during winter, fish may go through periods of fasting due to natural or physiological causes (for instance migration, spawning, maturation of gonads) or external variables such as lack of food, therefore in such case fat content steadily drops, followed by a reduction in protein (Devi et al. 2015). Besides, the fat content is transported to the gonads for spermatogenesis and oogenesis during the pre-spawning stage (Ganeshwade et al. 2016). Since winter coincides to the pre-spawning time of S. labiatus, this could be the reason for reduced fat values during winter season in both the sexes. 



Ash behaves as a measure of the mineral content of any food, including fish (Ali et al. 2020). The amount of ash behaves as a considerable source of nutrient and different conditions of fish hold a noteworthy relation with the quantity of ash amount inside the body in case of fishes (Ndome et al. 2010). During the present study, marked seasonal changes in ash content were seen in S. labiatus with the highest ash content noted in the spring in river Sindh and winter in river Jhelum. Our inferences are in agreement with the findings of other workers such as S. richardsonii (Das et al. 2012), C. carpio var. specularis (Manon et al. 2015); S. niger (Ahmed and Sheikh 2017), L. rohita and C. mrigala (Habib et al. 2021). The variation in the ash content could be linked to the fact that in the pre-spawning and spawning seasons, when the egg’s reserves of nutrients, fat and nitrogen are depleted, the ash levels remain relatively stable (Ahmed and Sheikh 2017). Jafri (1968) while working in C. mrigala stated that even though there was no clear association between the ash cycle and the feeding or spawning actions, a modest rise in ash concentration was detected throughout the winter which can be owing to the fact that there is a lesser amount of food accessible to the fish during the winter months, resulting in lower muscle composition in the fish and, as a result, a little rise in ash content occurred. The higher ash values found in this study during the winter could also possibly be related to the body’s elevated mineral need. The ash content of S. labiatus from river Sindh was found to be somewhat greater than that of river Jhelum during the current investigation. In S. trutta macrostigma, a similar pattern has been seen (Gunlu and Gunlu 2014). NFE is present in extremely small amounts in fish tissue and accounts for only a modest percentage of the entire composition of the fish muscle. Low NFE values confirm the fact that it plays a little role as an energy reserve in aquatic species (Love 1970). Since glycogen does not make a significant contribution to the reserves in fish body tissue, the lowest readings of NFE could be attributable to this (Ali et al. 2020). In the current study, highest NFE values were recorded during the spring months in each water body as well as in both sexes, however no major difference was seen in rest of the seasons. Similar inferences were also seen in the study of various workers (Mba et al. 2011; Ahmed and Sheikh 2017). The NFE content of S. labiatus from river Sindh was only marginally greater than that of river Jhelum in all of the seasons, except spring season. In Oreochromis niloticus, a similar trend in NFE content has been seen in relation to habitat (Sulieman and James 2011).

Conclusion 

The study provides basic information on the sex based seasonal muscle proximate content of S. labiatus collected from river Sindh and river Jhelum in the Indian Himalayan region. Evaluation of nutritional profile of coldwater fish, S. labiatus conferred that the former had a low fat content, a high protein content, and intermediate moisture and ash levels and hence could be utilised as a healthy supplement to human diets. Seasonal differences in nutritional contents could be linked to behaviours like as environmental circumstances, spawning, food shortage, food availability, heavy feeding, sex and so on. Such information will be helpful to ecologists and environmentalists in assessing the impacts of altering biological/environmental circumstances on fish species survival, composition and population changes. Consequently, it has been estimated that the snow trout, S. labiatus has an excellent nutritional value and could serve a significant role in human nutrition. 
References

Abdullahi SA, Abolude DS, Ega RA (2001) Nutrient quality of four oven dried freshwater catfish species in Northern Nigeria. J Trop Biosci 1: 70–76

Aberoumand A (2014) Preliminary studies on nutritive and organoleptic properties in processed fish fillets obtained from Iran. Food Sci Technol 34: 287–291. https://doi.org/10.1590/fst.2014.0042
Ackman RG (1994) Seafood lipids. In F. Shahidi & J. R. Botta (Eds.), Seafoods: Chemistry, processing, technology and quality (pp. 34–48). Blackie Academic & Professional. https://doi.org/10.1007/978-1-4615-2181-5_4
Adewumi AA, Adewole HA, Olaleye VF (2014) Proximate and elemental composition of the fillets of some fish species in Osinmo Reservoir, Nigeria. Agric Biol J North Am 5: 109–117. https://doi.org/10.5251/abjna201453109117
Afkhami M, Mokhlesi A, Bastami KD, Khoshnood R, Eshaghi N, Ehsanpour M (2011). Survey of some chemical compositions and fatty acids in cultured common carp (Cyprinus carpio) and grass carp (Ctenopharyngodon idella), Noshahr, Iran. World J Fish Mar Sci 3: 533-538. 

Ahmad B, Ali A, DiNaz, Raziq S, Khan A, Aziz A, Ullah F, Ahmad S, Haq A, Ullah I, Khan, I, Ishaq M (2021) Biochemical composition of fish and changes during processing and storage: A review. Biosci Res 18: 1903-1913. 
Ahmed I (2018) Effects of feeding levels on growth performance, feed utilization, body composition, energy and protein maintenance requirement of fingerling, rainbow trout, Oncorhynchus mykiss (Walbaum 1792). Iran J Fish Sci 17: 745–762.  https://doi.org/10.22092/ijfs.2018.119209.

Ahmed I, Jan K, Fatma S, Dawood MA (2022) Muscle proximate composition of various food fish species and their nutritional significance: A review. J Anim Physiol Anim Nutr 106: 690-719. https://doi.org/10.1111/jpn.13711
Ahmed I, Sheikh ZA (2017) Study on the seasonal variation in the chemical composition, hematological profile, gonado‐somatic index and hepato‐somatic index of snow trout, Schizothorax niger from the freshwater Dal Lake, Kashmir. Am J Food Technol 12: 1–13. https://doi.org/10.3923/ajft.2017.1.13
Akpambang VO (2015) Proximate composition of some tropical fish species. Der Chem Sin 6: 125-129.

Ali SSR, Abdhakir ES, Muthukkaruppan R (2020) Proximate and mineral composition of commercially important marine fin fishes from the Kasimedu fish landing centre Chennai. J Fish Life Sci 5: 20-25.

Anthony O, Richard J, Lucky E (2016) Biochemical composition of five fish species (C. laticeps; D. rostratus; S. schall; S. mystus and H. bebe) from river Niger in Edo State, Nigeria. Int J Fish Aquat Stud 4: 507-512.

AOAC (1995) Official Methods of Analysis, 16th edition. Association of Official Analytical Chemists, Arlington, Virginia, USA.

APHA (1998) Standard methods for the examination of water and waste water, 20th ed. (p. 1325). American Public Health Association, Washington, DC.

Ates M, Çakırogullari GC, Kocabas M, Kayim M, Can E, Kizak V (2013) Seasonal variations of proximate and total fatty acid composition of wild brown trout in Munzur River, Tunceli-Turkey. Turk J Fish Aquat Sci 13: 613-619.  https://doi.org/10.4194/1303-2712-v13_4_06
Bezbaruah G, Deka DD (2021) Variation of moisture and protein content in the muscle of three catfishes: A comparative study. Int J Fish Aquat Stud 9: 223–226. https://doi.org/10.22271/fish.2021.v9.i1c.2406
Calicioglu M, Sofos JN, Samelis J, Kendall PA, Smith GC (2003) Effect of acid adaptation on inactivation of Salmonella during drying and storage of beef jerky treated with marinades. Int J Food Microbiol 89: 51-65. https://doi.org/10.1016/S0168-1605(03)00107-7
Daniel IE (2015) Proximate composition of three commercial fishes commonly consumed in Akwa Ibom state, Nigeria. Int J Multidiscip Acad Res 3: 1–5

Das P, Sarma D, Bisht HCS, Das P (2012) Nutritional quality of exotic rainbow trout (Oncorhynchus mykiss) and indigenous snow trout (Schizothorax richardsonii) in upland Himalayan region. Indian J Anim Nutr 29: 121-126
Devi DP, Hareesh K, Reddy MS (2015) Studies on the proximate composition of tropical freshwater prawn Macrobrachium rosenbergii. Int J Fish Aquat Stud 30: 329-336
Duncan DB (1955) Multiple range and multiple F tests. Biometrics 11: 1–42

FAO (2016) The State of World Fisheries and Aquaculture. Food and Agriculture Organization Rome, 200 p.
Ganeshwade RM, Ghanbahadur AG, Sonawane SR (2016) Seasonal biochemical changes in the muscles of freshwater fish Mystus cavasius (Ham). Biosci Discv 7: 34–40.

Gunlu A, Gunlu N (2014) Taste activity value, free amino acid content and proximate composition of mountain trout (Salmo trutta macrostigma Dumeril, 1858) muscles. Iran J Fish Sci 13: 58-72. http://hdl.handle.net/1834/11712
Habib SS, Fazio F, Naz S, Arfuso F, Piccione G, Rehman HU, Achakzai WM, Uddin MN, Rind KH, Rind NA (2021) Seasonal variations in haematological parameters and body composition of Labeo rohita (Rohu) and Cirrhinus mrigala (Mrigal carp) in River Indus, District Dera Ismail Khan, Pakistan. Turk J Fish Aquat Sci 21: 435-441.  http://doi.org/10.4194/1303-2712-v21_9_02
Herawati T, Yustiati A, Nurhayati A, Mustikawati R (2018) Proximate composition of several fish from Jatigede Reservoir in Sumedang district, West Java. In IOP Conference Series: Earth and Environmental Science 137: 1-7. https://doi.org/10.1088/1755-1315/137/1/012055
Huss HH (1995) Quality and quality changes in fresh fish Italy (FAO Fisheries series no. 348), Rome, 195p. 

Islam MA, Mohibbullah M, Suraiya S, Sarower‐E‐Mahfuj M, Ahmed S, Haq M (2020) Nutritional characterization of freshwater mud eel (Monopterus cuchia) muscle cooked by different thermal processes. Food Sci Nutr 8: 6247-6258. https://doi.org/10.1002/fsn3.1920
Islam MN, Joadder MAR (2005) Seasonal variation of the proximate composition of freshwater Gobi, Glossoqibius giuris (Hamilton) for river Padma. Pak J Biol Sci 8: 532–536. http://docsdrivecom/pdfs/ansinet/pjbs/2005/532-536pdf
Jafri AK (1968) Seasonal changes in the biochemical composition of the cat‐fish, Mystus seenghala (Sys s). Broteria 37: 45–58.

Jakhar JK, Pal AK, Reddy DA, Sahu NP, Venkateshwarlu G, Vardia HK (2012) Fatty acids composition of some selected Indian fishes. African J Basic Appl Sci 4: 155-160. 

https://doi.org/10.5829/idosi.ajbas.2012.4.5.6627
Karki S, Chowdhury S, Nath S, Murmu P, Dora KC (2019) Seasonal changes in proximate composition and textural attributes of farm raised chocolate mahseer (Neolissochilus hexagonolepis). J Entomol Zool Stud 7: 696–701.

Khalili Tilami S, Sampels S (2018) Nutritional value of fish: Lipids, proteins, vitamins, and minerals. Rev Fish Sci Aquacult 26: 243–253. https://doi.org/10.1080/23308249.2017.1399104
Kullander SO, Fang F, Delling B, Ahlander E (1999) The fishes of the Kashmir Valley. In: Nyman L (ed) River Jhelum, Kashmir Valley, impact on the aquatic environment. SWEDMAR, Sweden, pp. 100–167.

Love RM (1970) The chemical biology of fishes with a key to the chemical literature. Academic Press. https://wwwcabdirectorg/cabdirect/abstract/19701406684
Love RM (1980) The chemical biology of fishes academic press (11th ed., p. 467). Academic Press.

Manon MR, Hossain MD, Khanom A, Jewel MAS, Khatun MM (2015) Biochemical composition of Cyprinus carpio var. specularis on the basis of sex and seasonal variation in Atrai. Univ J Zool Rajashahi Univ 34: 15-19.
Mba OI, Anene A, Kalu OS (2011) Comparative evaluation of the chemical composition of fillets from two fresh water (Alestes nurse and Oreochromis gallilaeus) and two Brackish water (Scomberomorus tritor and Pseudotolithus elongatus) fish species. Biores Bull 5: 337-341
Memon NN, Talpur FN, Bhanger MI (2010) A comparison of proximate composition and fatty acid profile of Indus river fish species. Int J Food Prop 13: 328–337. https://doi.org/10.1080/10942910802398479
Mishra SP (2021) Seasonal variation in the proximate composition of Indian major carp Labeo rohita of District Sultanpur, Uttar Pradesh, India. Int J Zool Appl Biosci 6: 10-14. https://doi.org/10.5281/zenodo.4460108
Mohamed HAE, Al‐Maqbaly R, Mansour HM (2010) Proximate composition, amino acid and mineral contents of five commercial Nile fishes in Sudan. Afr J Food Sci 4: 640–654. https://doi.org/10.5897/AJFS.9000249
Naeem M, Ishtiaq A (2011) Proximate composition of Mystus bleekeri in relation to body size and condition factor from Nala Daik, Sialkot, Pakistan. Afr J Biotechnol 10: 10765–10773. https://doi.org/10.5897/AJB10.2339
Naeem M, Rasul A, Salam A, Iqbal S, Ishtiaq A, Khalid M, Athar M (2011) Proximate analysis of female population of wild feather back fish (Notopterus notopterus) in relation to body size and condition factor. Afr J Biotechnol 10: 3867–3871. https://doi.org/10.5897/AJB101507
Ndome C, Oriakpono O, Ogar A (2010) Proximate composition and nutritional values of some commonly consumed fishes from the Cross River Estuary. Trop Freshw Biol 19: 11–18.

Nurnadia AA, Azrina A, Amin I, Yunus MA, Effendi MHI (2013) Mineral contents of selected marine fish and shellfish from the west coast of Peninsular Malaysia. Int Food Res J 20: 431.
Olsson GB, Olsen RL, Carlehog M, Ofstad R (2003) Seasonal variation in chemical and sensory characteristics of farmed and wild Atlantic halibut (Hippoglossus hippoglossus). Aquaculture 217: 191–205. https://doi.org/10.1016/S0044-8486(02)00191-6
Oyelese OA (2006) Nutrient utilization and growth performance of Clarias gariepinus fingerlings fed Tilapia (Oreochromis nilotica) fishmeal. J Fish Int 1: 87–91.

Paul BN, Bhowmick S, Singh P, Chanda S, Sridhar N, Giri SS (2019) Seasonal variations in proximate composition of nine freshwater fish. Indian J Anim Nutr 36: 65-72. http://dx.doi.org/10.5958/2231-6744.2019.00011.2
Paul BN, Singh P, Bhowmick S, Mandal RN, Adhikari S, Pandey BK, Das A, Chakrabarti PP (2018) Proximate, mineral and fatty acid composition of Catla catla reared in fresh water and waste water environment. Indian J Anim Nutr 35: 463-468. https://doi.org/10.5958/2231-6744.2018.00070.1
Prakash MS, Archana D, Kumar MA (2021) Proximate composition of Indian major carp Catla catla at different seasons in Bakhira Lake of District Sant Kabir Nagar, Uttar Pradesh, India. Int J Mod Trends Sci Technol 7: 278-284.  https://doi.org/10.46501/IJMTST0706047
Salam A, Ali M, Chatta AM, Zaman QU (1993) Growth performance of cultured exotic Silver carp (Hypophthalmicthys molitrix) under semi-intensive farming: An ecological approach. https://wwwsidir/En/Journal/ViewPaperaspx?ID=87033
Sarma D, Akhtar MS, Das P, Das P, Gadiya G, Shahi N, Ciji A (2014) Proximate and mineral composition of some selected coldwater fishes of upland Himalaya. Nutr Food Sci 44: 554-561. http://dx.doi.org/10.1108/NFS-08-2013-0096
Sarma D, Akhtar MS, Das P, Das P, Shahi N, Ciji A, Mahanta PC, Yengkokpam S, Debnath D (2013) Nutritional quality in terms of amino acid and fatty acid of five coldwater fish species: implications to human health. Natl Acad Sci Lett 36: 385-391. https://link.springer.com/article/10.1007/s40009-013-0151-1
Sharma S, Kumar S, Singh D (2020) Seasonal variations in proximate composition and metallic elements of three cyprinids from a Central Himalayan river Alaknanda in Garhwal Himalaya, India. J Appl Nat Sci 12: 661-669. https://doi.org/10.31018/jans.v12i4.2413
Silva JJ, Chamul RS (2000) Composition of marine and freshwater finfish and shellfish species and their products. In R. E. Martin, E. P. Carter, E. J. Flick and L. M. Davis (Eds.), Marine and freshwater products handbook (pp. 31–46). Lancaster.

Simpkins DG, Hubert WA, Del Rio CM, Rule DC (2003) Physiological responses of juvenile rainbow trout to fasting and swimming activity: Effects on body composition and condition indices. Trans Am Fish Soc 132: 576–589. 

https://doi.org/10.1577/1548-8659(2003)132%3C0576:PROJRT%3E2.0.CO;2
Sirisha M, Krishna P, Sree Ramulu K, Rushinadha RK, Poornay A (2018) A Study on seasonal variation of proximate composition of triple tail,  Lobotes surinamensis (Bloch, 1790) from Visakhapatnam fishing harbor, East coast of India. Int J Creat Res Thought 6: 77-86.
Sroy S, Arnaud E, Servent A, In S, Avallone S (2021) Nutritional benefits and heavy metal contents of freshwater fish species from Tonle Sap Lake with SAIN and LIM nutritional score. J Food Compos Anal 96: 103731. https://doi.org/10.1016/j.jfca.2020.103731
Sujatha K, Joice AA, Kumaar PS (2013) Total protein and lipid content in edible tissues of fishes from Kasimodu fish landing centre, Chennai, Tamilnadu. Eur J Exp Biol 3: 252–257.

Sulieman HA, James GK (2011) A comparative studies on the chemical and physical attributes of wild farmed Nile tilapia (Oreochromis niloticus). Online J Anim Feed Res 1: 407-411.
Tocher DR (2015) Omega-3 long-chain polyunsaturated fatty acids and aquaculture in perspective. Aquaculture 449: 94-107.

https://doi.org/10.1016/j.aquaculture.2015.01.010
Touhata K, Toyohara H, Tanaka M, Tokuda Y, Sakaguchi M, Tanaka H (1998) Seasonal change in muscle firmness and proximate composition of red seabream. Fish Sci 64: 513–516. https://doi.org/10.2331/fishsci.64.513
Yousaf M, Salam A, Naeem M (2011) Body composition of freshwater Wallago attu in relation to body size, condition factor and sex from southern Punjab, Pakistan. Af J Biotechnol 10: 4265–4268. https://doi.org/10.5897/AJB101903
