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ABSTRACT 

 Marine fishes are rich source of metabolically essential protein, trace elements and poly unsaturated 

fatty acids, which is essential for human nutrition and disease prevention. The quality of fish was assessed 

from the biochemical composition. In the present study, an attempt has been made to examine the proximate 

biochemical composition of fishes under three families Aridae (Tachysurus caelatus, T. dussumieri, T.sona), 

Scombridae (Rastrelliger kanagurta, R. brachyosoma) & Stromateidae (Pampus argenteus, P. Chinensis and 

Parastromateus niger) which are considered as the commercially important fishes of the Gopalpur Coast. The 

average moisture content ranged from 73.3 to 76.6% and the fishes have protein contents between 17.9 to 

21.5%. Rastrelliger brachyosoma have high protein content and Tachysurus sona have low protein content 

17.9%. Lipid content varied widely from 1.5 to 5.6%. Pampus argenteus have high lipid content being 5.6% 

and  Rastrelliger kanagurta have low lipid content of 1.5%. Ash content varied from 1.1 to 1.9%.  High 

carbohydrate content was found in  Parastromateus niger being 0.6% and low carbohydrate content was 

found in  Rastrelliger kanagurta being 0.11%. 
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INRODUCTION 

 Fish is considered to be an excellent food item by a great majority of people due to its special culinary 

and nutritional properties. . Fish is a source of high quality, balanced and easily digestible protein, vitamins 

and polyunsaturated fatty acids which makes it an essential food source of human diet [1]. Fish is not only a 

source of proteins and healthy fats, but also a unique source of essential nutrients, including long-chain 

omega-3 fatty acids, iodine, vitamin B12, and calcium [2]. Small fish taken in whole containing nutrients in the 

skin and bones is very much useful for young children who eat small meals due to their limited stomach 

capacity [3]. Omega-3 fatty acid found in fish can help to reduce blood pressure and improve other cardio 

vascular risk factor. For  pregnant women and breastfeeding mother fish intake is important because it 

supplies Docosahexaenoic Acid (DHA), a specific omega-3 fatty acid that is beneficial for the brain 

development of infants [4]. Proximate biochemical composition of many commercially important fishes have 

studied by many workers [5-8].  However, variation of biochemical composition of fish flesh may also occur 

within same species depending upon the fishing ground, fishing season, age and sex of the individual and 

reproductive status. The spawning cycle and food supply are the main factors responsible for the variation [9, 

10]. Fish is the main  source of animal protein, and is essential for providing micronutrients to most of the 

vulnerable populations of developing countries. Therefore, proximate biochemical composition of a species 

helps to assess its nutritional and edible value in terms of energy units compared to other species. 

 

 India being a tropical country with a coast line of over 8,000 kms and Exclusive Economic Zone (EEZ) 

of 2 million square km having multi species fisheries in marine sector. India’s total marine fish landing in 

2016 was 3.63 million tonnes, out of that  Odisha contributed 1.17 lakh tonnes of marine fish catch in 2016 

[11]. Odisha has 482 kilometres of coastline along the Bay of Bengal on its east, from Balasore to Ganjam. 

Gopalpur  is a small town and a Notified Area Council on the Bay of Bengal coast in Ganjam district in the 

southern part of Odisha.  About 7088 households depend upon marine fisheries for their lively hood.  The 

marine fisheries sector provides livelihood to nearly 8.06 lakh people of Odisha and meets the food and 

nutritional requirement of a significant proportion of the population [12]. Marine fishes are widely used as 

food in the urban and rural region. The demand for fish on the market has increased due to an increase in 

population and their perceived nutritional values by the local populations. Several work has been carried out 

on the proximate composition of fishes in India [13-19]. There remains no considerable studies on proximate 

composition of fishes from Gopalpur Coast. As the nutritional value of fishes changes from coast to coast. This 

study was therefore undertaken to create a base line data on the proximate composition of fishes belonging 

to family Aridae, Scombridae & Stromateidae landed in Gopalpur Coast of Odisha, East Coast of India. This 

information will be useful to the consumers for choosing fish as a part of food based on their nutritional 

values and guide policy & programmes to improve food and nutrition security among the people. 
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MATERIALS AND METHODS 

 The fishes were collected from Gopalpur coast located on Lat 19.26’N Long 84.86’E (Figure: 1). 

Gopalpur is a small fishing village which is about 16 Kms from Berhampur town and 5 Kms from Berhampur 

University. Fish samples were collected from three families namely Aridae (Tachysurus caelatus, Tachysurus 

dussumieri and Tachysurus sona ), Scombridae (Rastrelliger kanagurta and Rastrelliger brachysoma) and 

Stromateidae (Pampus argenteus, Pampus chinensis and Parastromiateus niger) during January 2016 to 

December 2017 using gill net with help of the fishermen from the study area The fish samples were brought 

to laboratory, washed thoroughly and analysed. The specimens were identified by referring standard books 

[20-22].The identified fishes were cleaned and skin was removed. For the proximate analysis, muscle tissues 

were taken just below the dorsal fin and above the lateral line for experiment. The fish tissue used for the 

experiment were in good condition. The muscle tissue was weighed and required quantity of weighed tissue 

was taken for the estimation of  protein, carbohydrate, lipid, moisture and ash. 

 

Figure 1: Map of Gopalpur coast showing study area. 

Estimation of total Protein: 

 The Folin-Ciocalteu Phenol method of [23] was adopted for the estimation of total protein in the 

tissue. 

Estimation of total Carbohydrate: 

The estimation of total carbohydrate content, the procedure of [24] using Phenol-Sulphuric Acid was 

followed. 

Estimation of total Lipid: 

The chloroform-methanol extraction procedure of [25] was used for extracting lipid from the 
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various body parts. 

Moisture content: 

The moisture content of the fish was estimated by drying a known weight (1g) of fish tissue in a hot 

air oven at 105:C for 24 hrs. The differences in weight before and after drying are the amount of moisture 

present and the results are expressed in percentage of wet weight of the tissue [26]. 

Ash content: 

The ash content was estimated by burning oven-dried sample in a muffle furnace at 550:C [26]. 

RESULTS 

 The proximate composition (%) such as protein, carbohydrate, lipid , moisture and ash contents of 

Tachysurus caelatus, T. dussumieri, T.sona, Rastrelliger kanagurta, R. brachyosoma, Pampus argenteus, P. 

chinensis and Parastromateus niger in Table-1. The results of the present study revealed that the protein 

composition were high (18.2, 18.3, 17.9, 19.39, 21.5, 18.6, 19.05, 19.6%)  compared to lipid (1.9, 1.6, 2.2, 1.5, 

3.1, 5.6, 2.7, 3.6%) and carbohydrate (0.26, 0.29, 0.4, 0.11, 0.2, 0.3, 0.35, 0.6%). The moisture content  (75.6, 

76.1, 76.6, 76.5, 72.9, 73.3, 75.8, 73.8%) and ash values (1.3, 1.2, 1.9, 1.5, 1.3, 1.2, 1.1, 1.4%) for the above 

mentioned fishes are also determined. Minimum protein (17.9%) in T.sona recorded and the maximum 

(21.5%) was obtained in R. brachyosoma. Minimum lipid (1.5%) in R. kanagurta was recorded and the 

maximum (5.6%) was noticed in P.argenteus. Minimum carbohydrate (0.11%) in R. kanagurta was observed 

and the maximum (0.6%) was recorded in P.niger. Minimum moisture (72.9%) in R. brachyosoma and 

maximum moisture (76.6%) was recorded in T. sona. Minimum ash (1.1%) in P. chinensis wasrecorded and 

the maximum (1.9%) was recorded in T. sona. 

Fishes Protein Carbohydrate Lipid Moisture Ash 

T. caelatus 18.2±0.45 0.26±0.14 1.9±0.03 75.6±0.37 1.3±0.04 

T. dussumieri 18.3±1.03 0.29±0.6 1.6±0.07 76.1±0.27 1.2±0.07 

T. sona 17.9±0.22 0.4±0.35 2.2±0.54 76.6±0.34 1.9±0.35 

R. kanagurta 19.39±0.35 0.11±0.07 1.5±0.81 76.5±1.07 1.5±0.24 

R.brachyosoma 21.5±0.05 0.2±0.27 3.1±0.63 72.9±0.79 1.3±0.37 

P. argenteus 18.6±1.06 0.3±0.19 5.6±0.04 73.3±0.56 1.2±0.85 

P. chinensis 19.05±0.28 0.35±0.08 2.7±0.17 75.8±0.43 1.1±0.54 

P. niger 19.6±0.45 0.6±0.57 3.6±0.33 73.8±0.87 1.4±0.07 

Table 1: Proximate Composition Of Fishes Comprising Of Three Families Aridae, Scombridae & Stromateidae 

In Percentage (%). 
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Graph 1: Graphical Represention Of Proximate Composition Value (%) Of Aridae, Scombridae & 

Stromateidae. 

DICUSSION 

Changes in Protein content: 

 The result of the present study revealed that the protein composition were 18.2, 18.3, 17.9, 19.39, 

21.5, 18.6, 19.05, 19.6% (Table- 1) & (Graph- 1). Highest protein 21.5% were recorded in Rastreliger 

brachyosoma. Similarly [27] obtained a higher value in protein content 21.1% in Rastreliger brachyosoma 

from Gulf of Thailand. [28] recorded protein value ranged between 16.65 to 20.09% in Indian Mackerel 

Rastreliger kanagurta from Karachi Coast. Whereas in Andhra Pradesh  Coast protein content of Rastreliger 

kanagurta was 16.1% [29] and in Maasiyan water it showed an increasing value of 22.4% [30]. In the present 

study the protein content of Rastreliger kanagurta is 19.39% which falls in between the highest and lowest 

value. The protein content was recorded in Pampus argenteus 18.6% in Gopalpur Coast Odisha. Such value 

was recorded by [31] and concluded that protein content of silver pomfret was less i.e, 17.6% than black 

pomfret i.e, 18.7% which coincide with the present study. [32] reported that muscle protein of P.niger was 

16.9% to 20.7% in Ratnagiri Coast which is in agreement with the present study. Protein content of P.niger is 

19.6% from Gopalpur Coast. The lowest value of protein content was observed in Tachysurus sona is 17.9% 

from Gopalpur Coast Odisha. Similar values of protein 17.1% in Tachysurus sona was observed in  Kuduvaiyr 

Estuary in South East Coast of Tamil Nadu [33]. Proteins are the major structural component of muscle and 
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body tissue. They are used to produce hormones, enzymes and haemoglobin and can also be used as energy 

by metabolizing into their simplest form, amino acid [34]. The total protein content in fish species ranged 

from 11.9 to 20.6 g/100g and can be assumed to be of high dietary quality being an animal source protein 

[35].  

Changes in Lipid content: 

 The average lipid content of fishes ranged between 1.5 to 5.6% (Table-1) & (Graph-1). Highest lipid 

content was recorded in  Pampus argenteus 5.6% and lower value 1.5% in Rastreliger kanagurta. [27] also 

have an higher value 6.8% fat content of P. argenteus from Thailand Coastal water. According to [32] lipid 

value for Parastromateus niger from Ratnagiri Coast ranged from 3.1 to 6.7%. In Gopalpur Coast fat content of 

P.niger is 3.6%. [30] discussed that P.argenteus has higher value of fat than P.niger and P.chinesis which 

coincide with the present result. Fishes are classified according to the amount of lipid content in the body. 

They are categorised into four categories namely lean fish (<2%), low fat (2-4%), medium fat (4-8%) and 

high fat (>8%) [36]. In the present study low value 1.5% fat was observed in Rastreliger kanagurta [37] also 

reported such a low value 0.7% of fat in R. Kanagurta. [29] also obtained low value of lipid in R. Kanagurta 

1.8% from Andhra Pradesh Coast. In the present study lipid content of R. brachyosoma is 3.1%. [27] obtained 

3.8% of lipid for R. brachyosoma from Gulf of Thailand. [38] concluded that total lipid content of fishes were 

affected by endogenous factor especially reproduction and exogenous factor especially diet. The dietary 

pattern of the fishes depend upon the availability of nutrient on that region. Which is the cause of change of 

lipid content of same fish from region to region and season to season. In the present study lipid content of 

Tachysurus sona is 2.2% in Gopalpur Coast. Whereas lipid content of T.sona in Andhra Pradesh Coast was 

1.4% [29] and in Kuduvaiyr Estuary in South East Coast of Tamil Nadu lipid content of T.sona was 1.8% [33]. 

The difference in the lipid content in fishes may be due to climatic conditions in different places. 

Changes in Carbohydrate content: 

 Carbohydrate is an important constituent of the organism. Carbohydrate is present within the cell in 

a form of polysaccharide glycogen and in the circulating fluid in the form of glucose[39]. Fishes generally have 

very low levels of carbohydrate [40]. The low values of carbohydrate is due to the fact that glycogen in marine 

animals does not contribute much to the reserve in the fish body tissue [41] because it is utilised to meet the 

energy requirement when needed by anaerobic glycolysis [42]. The carbohydrate content of the fishes in the 

present study was 0.26, 0.29, 0.4, 0.11, 0.2, 0.3, 0.35, 0.6% (Table-1) and (Graph-1). The minimum 

carbohydrate was recorded in R. kanagurta i.e,0.11% and maximum was recorded in P.niger i.e,0.63%. 

Similar values of low carbohydrate content 0.112% in R. kanagurta was found by [43] in the Thoothukudi 

Coast of India. The carbohydrate content of P.niger in Malasiyan water was 0.6% which coincide with the 

present study. The result of Table-1 showed that fishes are poor source of carbohydrate. Many authors 
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concluded that [44, 45] carbohydrate content in fish is practically considered to be zero. 

Changes in Moisture content: 

 Water is the main constituent of fish flesh which accounts for about 80% of the weight of a fresh 

white fish fillet [46]. In fresh fish muscle water is tightly bound to the proteins in such a way that it cannot 

readily be expelled even under high pressure. However frozen fish that are stored at too high a temperature, 

will less retain the water and consequently quality of the fish will deteriorated. So water content of the 

muscle help to estimate the condition of the fish. The result of the present study revealed that the moisture 

content of the marine fishes was 75.6, 76.1, 76.6, 76.5, 72.9, 73.3, 75.8, 73.8% (Table-1) and (Graph-1). The 

result showed that water is major constituent of the fish body. Moisture content of fishes were reported to be 

between 70-80% of the total weight [47] and present study also have the similar values. In our study 

P.chinesis has higher value of moisture content 75.8% than P.argenteus 73.3% and P.niger 73.8% . Similarly 

[30] has greater moisture content in P.chinensis 84% than P.argenteus 61% and P.niger 75%. [48] recorded 

moisture content of the Indian mackerel R. kanagurta was 75.2% which coincide with the present study 

76.5% in Gopalpur Coast. [29] reported 80% moisture content in R. kangurta from Andhra Pradesh Coast. 

Moisture content of R. brachyosoma was72.9% reported by [27] from Gulf of Thailand which coinside with 

the present result 72.9% of moisture in R. brachyosoma from Gopalpur Coast. T. sona has 76.6% of moisture 

content in Gopalpur coast whereas 75.5% of moisture content was recorded by [29] from Andhra Pradesh 

Coast. 

Changes in Ash content: 

 Ash content is a measure of mineral content and other inorganic matter in a food [37]. Minerals are 

important in human nutrition, which are essential for body maintenance and some are a part of enzymes. 

[38]. So the ash value of fish gives an idea about the mineral content of the fishes. The ash content results of 

the present study are 1.3, 1.2, 1.9, 1.5, 1.3, 1.2, 1.1, 1.4% (Table 1) & (Graph 1). Highest ash content was 

recorded in T.sona 1.9% and lowest value was observed in P. chinensis 1.1%. Similarly [29] also recorded a 

higher value of ash content 2.0% from Andhra Pradesh Coast. According to [27]  P. niger has higher ash 

content 1.2% than P. argenteus 1.0% which coincide with the present study. Mackerel has ash content which 

ranged from 1.3% to 1.6% [27,29] in accordance with our present study R.kanagurta has ash content of 1.5% 

and R. brachyosoma has ash content of 1.3%. Depending on the feeding habit , environment and migration 

mineral content that contribute to the total ash content of the fishes may change from place to place [50]. 

CONCLUSION 

 From this study, it was inferred that proximate composition of fishes varied considerably for all the 

fishes. The protein content was highest in mackerel species R.brachyosoma. Stromateidae species P.argenteus 
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showed the highest value of lipid and P.niger showed the highest value of carbohydrate. The moisture and ash 

content was highest in Aridae species T.sona. From the above observation it is clear that the fishes of the 

Gopalpur coast are highly nutritious. The base line data on the proximate composition of the commercially 

available  fishes along the Gopalpur coast provide information on the biochemical constituent which helpful 

to the nutritionist, society and researchers. 

Acknowledgement: 

 The authors are thankful to the Head of the Department of Marine Sciences, Berhampur University 

for providing necessary laboratory facilities to carry out the research work. The author are also thankful to 

the Department of Science and Technology, Government of India for providing INSPIRE fellowship to one of 

the author to carry out this research work.   

REFERENCES 

1. Ravichandran, K. Kumaravel and E. Pamela Florence, Nutritive composition of some edible fin fishes, 

International Journal of Zoological Research, (2011); 7(3): 241-251.  

2. Shakuntala Haraksingh Thilsted, Andrew Thorne-Lyman, Patrick Webb, Jessica Rose Bogard, Rohana 

Subasinghe, Michael John Phillips, Edward Hugh Allison, Sustaining healthy diets: The role of capture 

fisheries and aquaculture for improving nutrition in the post-2015 era. Food Policy, Elsevier, (2016);  61: 

126-131. 

3. Bogard, J.R., Hother, A.-L., Saha, M., Bose, S., Kabir, H., Marks, G.C., Thilsted, S.H., Inclusion of small 

indigenous fish improves nutritional quality during the first 1000 days. Food Nutr. Bull., (2015), 1–14. 

4. Janet M. Torpy, Cassio Lynm, Richard M. Glass, Eating Fish: Health Benefits and Risks. The Journal of the 

American Medical Association, (2006); 296: 15 

5. El-Faer MZ, Rawdah TN, Attar KM and  Arab M X, Mineral and proximate composition of some 

commercially important fish of the Arabian Gulf. Food Chemistry, (2006);  45(2): 95-98. 

6. Massresha E, Mateos H, Lewandowski P and Zewdue A,  Proximate Composition and Fatty Acid Content of 

Commercially Important Fish Species from Ethiopian Lakes: A Review. World Journal Of  Food Science 

and Technology, (2017); 1(3): 105-114. 

7. Kocatepe D and Turan H,  Proximate and Fatty Acid Composition of Some Commercially Important Fish 

Species from the Sinop Region of the Black Sea. Lipids, Springer. (2012);  47(6): 635-641. 

8. Ahmed EO, Ahmed AM, Ebrahim SJ and Adm HH, Proximate and mineral composition of some 

commercially important fishes in Jebl Awlia reservoir, Sudan. International Journal of Fisheries and 

Aquaculture Research, (2017);  3(1): 51-57. 

9. Brett JR, Shelbourn JE, Shoop CT, Growth rate and body composition of fingerling, sockeye salmon. 

https://www.sciencedirect.com/science/article/pii/030881469290016U#!
https://www.sciencedirect.com/science/article/pii/030881469290016U#!
https://www.sciencedirect.com/science/article/pii/030881469290016U#!
https://www.sciencedirect.com/science/article/pii/030881469290016U#!


 et al., IJSIT, 2018, 7(1), 108-118 Nibedita Mohanty

IJSIT (www.ijsit.com), Volume 7, Issue 1, January-February 2018 
 

116 

Onchorhynchus nerka in relation to temperature and ration size. Journal of Fish Research Bd Can, (1969);  

26: 2363- 2394. 

10. Ajah, P.O., Fish breeding and hatchery management. Jerry commercial productions, Calabar, (2009);, p: 

183. 

11. CMFRI (2016). Marine fish landings in India-2016, 1-10 

12. T.V. Sathianandan (2013). Status of Marine Fisheries Resources in India – An Overview. CMFRI.11-22. 

13. Ayyyapan MPK, Shenoy AV and Gopakumar K, Proximate composition of 17 species of Indian fish. Central 

Institute of Fisheries Technology, (1976);  13(2) : 153-155. 

14. Chandrasekhar K and Deosthale YG, Proximate composition, amino acid, mineral and trace element 

content of the edible muscle of 20 Indian fish species. Journal of Food Composition and Analysis, (1993); 

6: 195-200. 

15. Dhaneesh KV, Noushad KM and Ajith Kumar TT, Nutritional Evaluation of Commercially Important Fish 

Species of Lakshadweep Archipelago, India. Journal of PLoS One. (2012); 7(9) : e45439. 

16. Sankar S, Sujith P and Jayalakshmi S, Microbial study and proximate composition of six marine fish 

species in mudasalodai coastal region. International  Journal of Pharmacy and Biological Sciences, (2013);   

3(3): 398-404. 

17. Palanikumar, M, RubaAnnathai, A, JeyaShakila, R and Shanmugam, SA, Proximate and major mineral 

composition of 23 medium sized marine fin fishes landed in the Thoothukudi Coast of India. Journal of  

Nutrition Food Science, (2014);  4: 259. 1-7. 

18. Vijayakumar N, Sakthivel D and Anandhan V, Proximate composition of Clupeidae and Engraulidae 

Inhabiting Thengaithittu estuary Puducherry- South East Coast of India. International Journal of Science 

Inventions Today. (2014); 3(3): 298-309. 

19. Suganthi A, Venkatraman C and Chezhian Y ,Proximate composition of different fish species collected 

from Muthupet mangroves. International Journal of Fisheries and Aquatic Studies. (2015);  2(6): 420-

423. 

20. Day, F., The Fishes of India: Being a Natural History of the Fishes Known to Inhabit the Seas and 

Freshwaters on India, Burma and Ceylon. William Dowson and Sons, London, (1878); Pages: 1-778. 

21. Munro,ISR, The Marine and fresh water fishes of Ceylons. Narendra Publishing House, Delhi, (1982); pp: 

1- 551. 

22. Jhingran VG, Fish and fisheries of India. Hindustan publishing corporation, Delhi. 1991; Pp: 1-662. 

23. Lowry, OH, Rosebrough, NJ, Farr, AL and Randall, RJ, Protein measurement with the tolin phenol reagent. 

J. Biol. Chem, (1951); 193: 265-273. 

24. Dubois, M ,Giller, KA, Hamilton, JK, Roberts, RA and Smith, F ,Colorimetric method for determination of 

sugars and related substances. Analyt. Chem., (1956); 28: 350-356. 

25. Floch, J, Lees, M and Sloane-Stanley, GH A simple method for the isolation and purification of total lipids 



 et al., IJSIT, 2018, 7(1), 108-118 Nibedita Mohanty

IJSIT (www.ijsit.com), Volume 7, Issue 1, January-February 2018 
 

117 

from animal tissues. J. Biol. Chem., (1956); 226: 497-509. 

26. AOAC, 2000. Association of Official Analytical Chemists Official Methods of Analysis. (17th ed.). W. 

Hortuntzed (Ed), Washington. 

27. Puwastien P, Judprasong K,  Kettwan E, K Vasanachitt, Nakngamanong Y and Bhattacharjee L, Proximate 

Composition of Raw and Cooked Thai Freshwater and Marine Fish. Journal Of Food Composition and 

Analysis, (1956);  12: 9-16. 

28. Nisa K and Asadullah K ,Seasonal variation in chemical composition of the Indian mackerel (Rastrelliger 

kanagurta) from Karachi Coast. Iranian Journal of Fisheries Sciences, (2011). 10(1):  67-74. 

29. Chandrasekhar K and Deosthale YG, Proximate composition, amino acid, mineral and trace element 

content of the edible muscle of 20 Indian fish species. Journal of Food Composition and Analysis, (1993); 

6: 195-200. 

30. Siong TE, Shahid SM, Kuladevan R, Swee Ing Y and Swan Choo K, Nutrient composition of Malaysian 

marine fishes. Asian Food Journal, (1987);  3: 2. 

31. Solanki KK, Kandoran MK and Venkataraman R, Seasonal variation in the chemical Composition of 

pomfret – II Silver Pomfret (Pampus argenteus). Central Institute of Fisheries Technology, (1976); 13: 1. 

32. Tingote R S, Pawar MB and Mane UH, Seasonal variation in chemical composition of the black 

pomfret(Parastromateus niger) from Ratnagiri coast, Maharashtra state, India. International Journal of 

Current Advanced Research, (2015).  4(6): 122-131.998 

33. Vanthana G and  Paul Ravindran AS, Biochemical analysis of various tissues in Tachysurus sona from 

Kuduvaiyr Estuary at Nagapattinum District in South East Coast of Tamil Nadu, India.  World Journal of 

Science and Research, (2016);   1(4): 15-18. 

34. Hoffman JR and Falvo MJ, Protein- which is best? Journal of sports science & medicine, (2004), 3(3): 118-

130. 

35. Word Health Organization (WHO), Geneva, Switzerland, Protein and amino acid requirements in human 

nutrition. Report of a joint WHO/FAO/UNU Expert Consultation. WHO Technical report series, (2007). 

36. Moradi Y,  Bakar J, Motalebi AA, Syed Muhamad SH And  Che Man Y, A review on Fish Lipid: Composition 

and Changes During Cooking Methods. Journal of Aquatic Food Product Technology, (2011);  20:379-390. 

37. Venugopal V and  Shahidi F, Structure and composition of fish muscle. Food Reviews International, Taylor 

& Francis, (1996); 12:2, 175-197. 

38. Kacar S,  Bashan M and Oymak SA, Effect of seasonal variation on lipid and fatty acid profile in muscle 

tissue of male and female Silurus triostegus. Journal of Food Science Technology, (2016). 

39. Macleod JJR, Observation on the glycogen content of certain invertebrates and fishes. Journal of 

Experimental Physiology, (1920); 12(4): 317-330. 

40. USDA US Department of Agriculture, Agricultural Research Service, National Nutrient Database for 

standard reference, Release 23. Nutrient laboratory, (2010). 



 et al., IJSIT, 2018, 7(1), 108-118 Nibedita Mohanty

IJSIT (www.ijsit.com), Volume 7, Issue 1, January-February 2018 
 

118 

41. Das S, Sahu BK Biochemical composition and calorific content of fishes and shellfishes from Rushikulya 

estuary, south Orissa coast of India. Indian Journal of Fisheries, (2001) ; 48: 297-302. 

42. Vijayavel K,  Anbuselvam C, Balasubramanian MP, Samuel VD and Gopalakrishnan S ,Assessment of 

biochemical components and enzyme activities in the estuarine crab Scylla tranquebarica from 

naphthalene contaminated habitants. Ecotoxicology, (2006); 15: 469–476. 

43. Payne SA, Johnson BA, and Otto RS. Proximate composition of some north-eastern Pacific forage fish 

species. Fish Oceanography 1999;8(3):159-77. 

44. Olagunju A, Muhammad A, Mada SB, Mohammed A, Mohammed HA, Mahmoud KT ,Nutrient Composition 

of Tilapia zilli, Hemisynodontis membranacea, Clupea harengus and Scomber scombrus Consumed in 

Zaria. World Journal  Life Science and Medical Research, (2012); 2:16. 

45. Murray J and Burt JR, Ministry of technology, Jorry research station, Note no-38. 

46. Ackman RG ,Nutritional composition of fats in seafoods, Prog. Food Nutr. Sci. (1989); 13 (3–4): 161–241. 

47. Sumi ES, Vijayan DK, Jayarani R, Navaneethan R, Anandan R and Mathew S, Biochemical Composition of 

Indian Common Small Pelagic Fishes Indicates Richness in Nutrients Capable of Ameliorating 

Malnutrition and Age-Associated Disorders. Journal of Chemical Biology & Therapeutics, (2016); 1(2): 

112. 

48. Sluiter A,  Hames B,  Ruiz R,  Scarlata C,  Sluiter J and Templeton D ,Determination of Ash in Biomass. 

Laboratory Analytical Procedure (LAP), National Renewable Energy Laboratory, (2005); 1-5. 

49. Fazli FA , Fazli NA, Evaluation and determination of minerals content in fruits. International journal of 

Plant, Animal and Environmental Sciences, (2014) ; 4(2):160-166 

50. Andres S, Ribeyre F, Toureneq JN and Boudou A, Interspecific comparision of cadmium and zinc 

contamination in the organs of four fish species along a polymetallic population gradient (Lot River, 

France), Sci total Environ, (2000); 284: 11-25. 


