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Abstract 
The present study was carried out to assess the proximate composition of tuna fish Kawa kawa 

(Euthynnus affinis) and frigate tuna (Auxis thazard) from Visakhapatnam fishing harbor, East Coast of 

India. These fishes inhabit coastal waters and have preference staying in relatively warm water. In the 

present study the proximate chemical composition and seasonal variations of moisture, protein, fat and 

ash in marine fishes Euthynnus affinis and Auxis thazard were recorded during three different seasons. 

High moisture content was observed during pre-monsoon seasons (77.01±0.16 in E. affinis and 

79.71±0.36 in A. thazard), while high protein concentration was seen in monsoon season (25.16±0.10% 

and 23.34±0.21%) in both E. affinis and A. thazard species. Whereas high mean concentration of fat was 

found in post-monsoon season in the case of E. affinis, recording 1.37±0.16% and in monsoon season in 

the case of A. thazard (1.25±0.07%). High ash percentage was noted in pre-monsoon season in E. affinis 

(1.13±0.14%) and in post-monsoon season in A. thazard (1.01±0.27). 

 

Keywords: Proximate composition, euthynnus affinis, auxis thazard, food and agriculture organization 

 

1. Introduction 

Fish constitutes a very important component of the diet for many people and often gives the 

much needed nutrient that is not provided by the cereal-based diets [1]. Nutrition has been 

mentioned as one of the most important reasons why consumers are attracted to seafood [2]. 

Seafood, especially finfish provide a major source of essential nutrients such as proteins, 

vitamins, fats and minerals which help in the maintenance of life to man [3]. Basically, tuna 

meat is considered highly nutritive owing to its content of essential amino acids, protein and 

fat [4]. Tuna fish is well known for its rich food value as it contains elevated levels of Omega-3 

polyunsaturated fatty acids, which has many health benefits like it lowers the risk of heart 

diseases, reduces cholesterol levels, regulate blood pressure, prevents arteriosclerosis and there 

are many other health benefits. Tuna also contains minerals like phosphorous which are 

important for the nervous system and iodine which is conducive for balanced growth. Besides, 

it also contains vitamins like niacin and vitamin B12 necessary for cell growth and proper 

metabolism of fatty acids and cholesterol [5].  

Tunas are among the largest and most specialized and economically imperative of all fishes [6]. 

In India, tuna fisheries are concentrated mainly on the coastal region while offshore tuna 

fishery resources are yet to be exploited commercially. There is a considerable increase in tuna 

fish exports from India from 16,627 t in 2005-2006 to 23,778 t in 2006-2007 and the tuna 

export realization grew from Rs 693.1 million in 2005-2006 to Rs 1303.8 million in 2006-

2007. Chilled tuna is the highest unit value earning item, while larger quantities of tuna are 

exported in frozen form. Major form of chilled tuna exported is whole tuna, yellow fin loins 

and gutted tuna (MPEDA) [7]. The Indian Ocean contributes 19% of the world tuna catch [8] 

and they are the fourth major internationally traded fish commodity contributing 7.6% of the 

international fish trade in value terms [9]. 

The species, which contributed to tuna fisheries are E. affinis (51%), A. thazard (16%), A. 

rochei (3%), Katsuwonus pelamis (9%), T. tonggol (9%), T. albacares (10%) and Sarda 

orientalis (3%) [10]. The size range of the fish in the catch was; E. affinis, 24-60 cm, A. thazard, 

20-54 cm, T. albacares, 28-90 cm, S. orientalsis, 36-54 cm and A. rochei, 22-34 cm.  
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Tunas are found in temperate and tropical waters and are 

distributed all around the world. Tuna and related species 

belong to six genera of the family Scombridae. A rapid 

progress in tuna fishery in Andhra Pradesh was visible since 

2000 and Visakhapatnam has emerged as the new center for 

tuna fishing along the east coast of India [11]. Yellow fin tuna 

(Thunnus albacares), skipjack tuna (Katsuwonus pelamis) and 

little tunny or kawa kawa (Euthynnus affinis) are the 

important tuna species landed by the fishing vessels in 

Visakhapatnam. 

The available literature on the tune fish shows a very healthy 

composition of nutritional constituents. Majority of the tuna 

species have the protein content range in between 15 and 30% 
[12]. Tuna is also low in fat and calories and therefore, is a 

great substitute for meats and dairy products that are higher in 

saturated fats and trans-fatty acids. Like most animal foods, 

seafood proteins have excellent nutritive value. Fish protein 

contains all the essential amino acids and it is easily and 

highly digestible [13]. In terms of nutritive value, fish protein 

ranks above casein [14, 15]. However, these values contrast 

noticeably within and between species, size, sexual condition, 

feeding season and physical activity. Protein content, which is 

important component, tends to vary little in healthy fish [16]. 

Body composition is a good indicator of the physiological 

condition of a fish but it is relatively time consuming to 

measure. Proximate body composition includes the analysis of 

water, fat, protein and ash contents of fish. Carbohydrates and 

non-protein compounds are obtainable in negligible amount 

and are generally ignored for routine analysis [17]. The 

complexity of the composition of tuna meat is more intricate 

and a detailed fundamental knowledge on the properties of 

protein is needed in order to develop/stabilize different 

products.  

Work done on the biochemical composition of tuna is 

comparatively inadequate, especially from tropical waters. 

The percentage of water in the body is a good indicator of its 

relative contents of energy, proteins and lipids. The lower the 

percentage of water the greater would be the lipids and 

protein contents and higher would be the energy compactness 

of the fish [18]. 

The present study deals with seasonal variation in the 

biochemical composition of two tuna fish species Euthynnus 

affinis and Auxis thazard. Proximate chemical composition 

(Moisture, protein, fat and ash) in muscle tissue was studied 

with respect to different season’s viz., Pre-monsoon (March, 

April, May and June), Monsoon (July, August, September and 

October) and Post-monsoon (November, December, January 

and February). These values would be useful references for 

consumers in order to choose the fish based on their 

nutritional contents. 

 

2. Materials and Methods 

E. affinis and A. thazard were collected in fresh condition 

biweekly from fishing boats operating from north-east coast 

of Visakhapatnam, Andhra Pradesh during the period July 

2014 – June 2015. To prepare the sample for determination of 

proximate composition, fishes were washed with running tap 

water and the excess water was removed with blotting paper. 

After initial rinsing with seawater, the samples were sealed in 

polyethylene bags and kept frozen at -20 °C until further 

analyses.  

The moisture content was determined using the oven drying 

method described in AOAC [19], Kjeldahl method was used to 

determine the crude protein content of the samples [20]. Acid 

hydrolysis method [19] was used to determine the total fat 

content of the samples. The total ash content of each sample 

was measured using Pearson’s method [21]. This method 

involves oxidation of all organic matter by incineration in a 

furnace at a specified temperature (550 oC) for about 5h. All 

of the chemicals used in this work were high purity GR grade. 

The data generated from the results of the present study were 

presented as mean ± standard error (SE) and statistically 

analyzed by one-way ANOVA using MS- Excel to determine 

the variations among the mean concentrations of moisture, 

protein, fat and ash of two tuna species, E. affinis and A. 

thazard during different seasons at 1% or 5% significance 

level.  

 

3. Results 
The proximate chemical composition and seasonal variations 

of moisture, protein, fat and ash in the edible part of marine 

water fishes E. affinis and A. thazard were recorded during 

three seasons (July 2014 – June 2015) from fishing harbour, 

Visakhapatnam were furnished in Tables 1 and fig. 1-4 

respectively. It was observed that the proportions of the 

components of meat showed variations with the change of 

season.  

 

3.1 Moisture: Moisture forms the major component of 

proximate composition. Table-1 and fig. 1 shows the moisture 

values of E. affinis and A. thazard. The moisture values 

ranged from 73.19 - 77.36% in case of E. affinis and 74.36 – 

80.19% in A. thazard. High values of moisture content were 

observed in the month of June 2015 in both species, however, 

low values were noted in the month of October 2014 in E. 

affinis and in the month of July 2014 in A. thazard. The total 

mean value of moisture content is 75.38±0.46 in E. affinis and 

77.04±0.62 in A. thazard. Seasonal wise rise in moisture 

content was observed in both species recording 73.53±0.21 in 

E. affinis and 74.87±0.18 in A. thazard during monsoon, 

75.61±0.52 in E. affinis and 76.55±0.34 in A. thazard during 

post-monsoon and 77.01±0.16 in E. affinis and 79.71±0.36 in 

A. thazard during pre-monsoon season (Table 2 & 3, fig. 1). 

Statistically significant value between the two species was 

noted as P = 0.041.  

 

3.2 Protein: The protein values of E. affinis and A. thazard is 

presented in Table 1. The concentration of protein values 

ranged from 19.98 to 25.42% in E. affinis and 18.27 to 

23.86% in A. thazard respectively. In E. affinis high protein 

content was observed during the month of July 2014 and low 

accumulation of protein content was seen during the month of 

June 2015 (Fig. 2), whereas in the case of A. thazard high 

protein concentration was observed in the month of July 2014 

and less protein content was observed in the month of March 

2015. Slight seasonal fluctuations in protein concentration 

was noted in both species of tunas recording 25.16±0.10% 

and 23.34±0.21% in monsoon season 22.50±0.22% and 

21.34±0.35% in post-monsoon season and 20.54±0.31% and 

18.86±0.30% in pre-monsoon season (Table 2 & 3; Fig. 2). It 

is evident from the data that high protein content was found in 

E. affinis during all the three seasons. No significance 

(P>0.05) was observed in between the seasons.  

 

3.3 Fat: The data on total mean fat values in E. affinis and A. 

thazard is given in Table 1. More fat content was found in the 

month of March 2015 and less fat content was observed in the 

month of January 2015 in E. affinis, on the other hand high fat 
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percentage was found in the month of January 2015 and less 

percentage was found in the month of September 2014 in case 

of A. thazard (Fig. 3) respectively. High mean fat values were 

found in post-monsoon season (1.37±0.16%), followed by 

monsoon (0.75±0.11%) and pre-monsoon seasons (0.68±0.01) 

in the case of E. affinis, whereas high fat concentration was 

noted in monsoon season (1.25±0.07%) followed by post-

monsoon season (1.17±0.05%) and pre-monsoon seasons 

(0.69±0.19) in A. thazard I (Table 2 & 3). In comparison of 

two species, A. thazard accumulated more fat content in 

monsoon and post-monsoon and less content was observed in 

pre-monsoon season than E. affinis (Table 4, Fig. 3). No 

significant difference (P>0.05) was observed in the two 

species and between the species during the study period.  

 

3.4 Ash: The mean ash value for twelve months is shown in 

the Table 1. Highest mean value of ash was found in the 

month of March 2015 and low content of ash was found in the 

month January 2015 in E. affinis and high mean ash content 

was found in the month of January 2015 and low ash value 

was observed in the month of September 2014 in A. thazard 

(Fig. 4). The data on season wise ash composition in, E. 

affinis showed high ash percentage in pre-monsoon season 

(1.13±0.14%) followed by monsoon season (1.00±0.02%) and 

post-monsoon season (0.96±0.13%) (Table 2), whereas in A. 

thazard high percentage was noted in post-monsoon season 

(1.01±0.27%) followed by pre-monsoon season (0.86±0.20%) 

and monsoon season (0.77±0.19%) (Table 3). The total mean 

concentration of ash content was accumulated more in E. 

affinis when compared to A. thazard. Season wise data of the 

two species indicated more ash percentage in monsoon and 

pre-monsoon season and less percentage was found in post-

monsoon season in E. affinis (Table 4) respectively. No 

significant difference (P>0.05) was observed in the two 

species and between the species.  

 

4. Discussion 

According to FAO [22] moisture and lipid contents in fish 

fillets are inversely related and their sum is approximately 

80% with other components accounting for the remaining 

20%. This inverse relationship has also been reported in 

marine fishes such as, Pseudosciaena aeneas and Johnius 

carutta [23], Mullus barbatus [24]. In the present study moisture 

was inversely related to lipid content. Fish protein contains all 

essential amino acids which are easy to digest. The protein 

digested and assimilated is mostly incorporated in the muscles 

of the fish [25]. Ali [26] has reported that protein content, which 

is a vital constituent of living cells, tends to vary relatively 

little in healthy fish unless drawn upon during particular 

demands of reproduction or during food deprivation periods. 

Tuna contains high amount of protein, (27%) and also rich in 

essential amino acids [27]. In the present study, the protein 

content of monsoon season is comparable with Nurjanah [28]. 

Matsumoto [29] has stated that protein content of skipjack was 

21.45%, and that of Thunnus tonggol 21.8% [30] Generally, 

fish had a high protein content until 20% [31] The protein 

levels of E. affinis was comparable with the protein values 

reported by Ali [32] where an increase was noted from March 

reaching peak levels in September where maximum numbers 

of mature fishes were found. Decline in protein content was 

noticed from October (spawning period) to February, 

coinciding with post-spawning period. Such depletion in 

muscle-protein during spawning period has been reported in 

many fishes [27]. Selvaraj [33] has reported depletion in muscle 

protein in Ilisha melastoma, and noted that it might be due to 

the fact that the build-up of gonad is often accomplished at 

the expense of body proteins. According to Dabhade et al [25] 

muscle protein started declining gradually during spawning 

and post-spawning phases in Channa gachua. This decline of 

muscle protein was attributed to its transfer into ovaries to 

meet energy requirement of fish during spawning and post 

spawning phases. 

Fats are the primary energy storage material in fish [27, 34, 35]. 

Lipid content is a good index of future survival in some 

species [36] and a strong indicator of reproductive potential in 

some fish stocks [37]. In the present study both species 

recorded high protein content and contained considerable 

levels of fat. The higher fat content in some species of fish is 

of nutritional value as that support protective effect against 

coronary heart disease due to the presence of marine omega-3 

fatty acids [38]. In this study, the fat content was relatively 

lower than blue fin tuna Thunnus orientalis (2.06 ± 0.57) of 

Peng et al [39] study. 

Ash is a measure of the mineral content of any food including 

fish [40]. The concentration of minerals and trace elements that 

contribute for the total ash contents are known to vary in fish 

depending on their feeding behavior, increasing weight or 

length of fish [41] season, environment, ecosystem and 

migration even within the same area [42, 43, 44]. The ash content 

changes with the time of storage due to absorbance of 

moisture and loss of protein [45]. Smaller sized fish species 

show higher ash content due to the higher bone to flesh ratio 

[46]. In the present study, ash percentage was accumulated 

more in pre-monsoon season followed by monsoon season 

and post-monsoon season in E. affinis whereas ash percentage 

was found to be more in post-monsoon season followed by 

pre-monsoon season and monsoon season of A. thazard. 

Overall, the mean concentration of ash percentage was 

accumulated more in E. affinis and less in A. thazard. The ash 

content of two tuna species on wet basis was (1.03±0.06 of E. 

affinis and 0.88±0.12 of A. thazard). This result was not much 

different from Matsumoto [30] was 1.27%, the low ash content 

shown in E. lineatus was 1.4% [30].  

 

5. Conclusion 

The present study provides information on seasonal variation 

of proximate composition of two tuna species. The results 

indicated that the fish resources analyzed contain high protein 

content, and hence can be exploited commercially for meeting 

protein requirements. 

 
Table 1: Seasonal data on proximate composition on E. affinis and A. thazard 

 

Seasons 
Month and 

Year 

Moisture Protein Fat Ash 

E. affinis A. thazard E. affinis A. thazard E. affinis A. thazard E. affinis A. thazard 

Monsoon 

season 

14-Jul 73.26 74.36 25.42 23.86 0.56 1.24 1.05 0.62 

14-Aug 73.55 75.19 25.01 23.47 0.65 1.43 0.99 0.82 

14-Sep 74.13 75.08 25.22 23.19 0.72 1.26 0.92 0.35 

14-Oct 73.19 74.83 24.98 22.83 1.08 1.08 1.03 1.27 

Post-monsoon 14-Nov 76.18 77.13 22.68 21.64 0.64 1.24 0.96 0.62 
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season 14-Dec 75.98 75.86 21.97 22.08 0.67 1.03 0.83 0.48 

15-Jan 76.21 77.17 22.33 20.43 0.69 1.11 0.71 1.64 

15-Feb 74.05 76.03 23.03 21.21 0.71 1.29 1.34 1.29 

Pre-monsoon 

season 

15-Mar 77.19 80.19 20.16 18.27 1.32 1.24 1.41 0.62 

15-Apr 76.65 79.82 21.39 19.43 1.05 0.46 0.95 0.82 

15-May 76.83 78.64 20.64 18.39 1.83 0.67 0.81 1.46 

15-Jun 77.36 80.19 19.98 19.34 1.27 0.38 1.36 0.54 

 

Table 2: Mean value of Euthynnus affinis proximate composition in seasonal variation 
 

Seasons Moisture Protein Fat Ash 

Monsoon 73.53±0.21 25.16±0.10 0.75±0.11 1.00±0.02 

Post-Monsoon 75.61±0.52 22.50±0.22 0.68±0.01 0.96±0.13 

Pre-Monsoon 77.01±0.16 20.54±0.31 1.37±0.16 1.13±0.14 

 
Table 3: Mean value of Auxis thazard proximate composition in seasonal variation 

 

Seasons Moisture Protein Fat Ash 

Monsoon 74.87±0.18 23.34±0.21 1.25±0.07 0.77±0.19 

Post-Monsoon 76.55±0.34 21.34±0.35 1.17±0.05 1.01±0.27 

Pre-Monsoon 79.71±0.36 18.86±0.30 0.69±0.19 0.86±0.20 

 

Table 4: Total Mean value of Proximate composition in between the two species 
 

Species name Moisture Protein Fat Ash 

Euthynnus affinis 75.38±0.46 22.73±0.58 0.93±0.11 1.03±0.06 

Auxis thazard 77.04±0.62 21.18±0.57 1.04±0.09 0.88±0.12 
 

 
 

Fig 1: Seasonal variation of moisture content in Tuna species 

 

 
 

Fig 2: Seasonal variation of Protein content in Tuna species 

 

 
 

Fig 3: Seasonal variation of fat content in Tuna species 

 
 

Fig 4: Seasonal variation of Ash content in Tuna species 

 

6. References 
1. Clucas IJ, Sutcliffe PJ. An introduction to fish Handling 

and Processing. Tropical Products Institute. London. 

1981, 86-91. 

2. Gall KL, Otwell WS, Koburger A, Appledorf H. Effects 

of four cooking methods on the proximate, mineral and 

fatty acid composition of fish fillets, J Food Sci. 1983; 

48(4):1068-1074. 

3.  Rao KR, Viji P, Sreeramulu K, Sreedhar U. Proximate 

Composition and Heavy Metal Accumulation in Deep-

Sea Crustaceans from Selected Stations in the Indian 

Exclusive Economic Zone (EEZ). Fish Technol, 2016; 

53(2):155-161. 

4. Chinnamma G. Biochemical differences between the red 

and white meat of tuna and changes in quality during 

freezing and storage. Fish Technol. 1975; XII (1):70-74. 

5. ATUNA. Archive tuna market news. (Available at 

http://www.atuna.com/markt/market_ index_M.htm). 

6. Collette BB, Nauen CE. Scombroids of the world: An 

Annotated and Illustrate catalogue of Tunas, Mackerels, 

Bonitos and related species known to date, FAO Fisheries 

Synopsis Food and Agriculture organization of the 

United Nations, Rome 1983; 125(2):137. 

7. MPEDA Export Performance of Marine Products during 

2005-06, 2007. http://www.mpeda.com. 

8. Pillai PP, Gopakumar G. Tunas. In: Mohan Joseph, M. 



 

~ 312 ~ 

International Journal of Fisheries and Aquatic Studies 

and Jayaprakash, A. A., (Eds.), Status of exploited 

marine fishery resources of India. Central Marine 

Fisheries Research Institute, Kochi, India, 2003, 51-59. 

9. Thomas K. Market development and expansion for tuna, 

ln: Hawest and post-harvest technology for Tuna (Joseph 

J, Boopendranath MR, Sankar TV, Jeeva C and Kumar R, 

Eds), Society of Fisheries Technologists (lndia), Cochin 

2008; 1:141-149. 

10. CMFRI. Annual Report Central Marine Fisheries 

Research Institute, 2009. Cochin, 2009, 103. 

11. Rao GS, Prathiba R. The small scale tuna fishery of the 

western Bay of Bengal. INFOFISH International. 2008; 

2:65-68. 

12. Bykov VP. Marine Fishes: Chemical Composition and 

Processing Properties, Amerind Publishing Co. Pvt. Ltd., 

New Delhi. 1983; 333. 

13. Jhaveri SN, Karakoltsidis PA, Montecalvo, 

Constantinides SM. Chemical composition and protein 

quality of some Southern New England marine species. J. 

Food Sci. 1984; 49:110-113. 

14. Haard NF. Composition and nutritive value of fish 

proteins and other nitrogen compounds. In Fish and 

Fishery Products (Ruiter, A.,eds). Cab International, U.K. 

1995. 

15. Snook T. Nutrition, A Guide to Decision Making, 

Prentic-Hall, Englewood cliffs, New Jercy, 1984, 120. 

16. Weatherly AH, Gill HS. The Biology of Fish Growth. 

Academic Press, London. 1987. 

17. Cui Y, Wootton RJ. Bioenergetics of growth of 

Cyprinids, Phoxinus, the effect of the ration and 

temperature on growth rate and efficiency. J Fish Biol. 

1988; 33:763-773.  

18. Dempson IB, Schwarz CJ, Shears M, Furey G. 

Comparative proximate body composition of Atlantic 

salmon with emphasis on parr from fluvial and lacustrine 

habitats. J Fish Biol. 2004; 64:1257-1271. 

19. AOAC. Association of Official Analytical Chemists, 

Official Method 999.10. Determination of Lead, 

Cadmium, Copper, Iron and Zinc in foods. 2000; 9:19. 

20. James CS. Analytical Chemistry of Foods. Chapman and 

Hall. New York, 1999. 

21. Ronald SK, Ronald S. Pearson’s Composition and 

Analysis of Foods, 9th Edition. Addision Wesley 

Longman Ltd, England; 1991, 8-42. 

22. Fao (Food and Agriculture Organization), World 

production of fish, crustaceans and mollusks by major 

fishing areas. Fisheries Information Data and Statistics 

unit (FIDI), Fisheries Department, FAO Rome, 1999, 33. 

23. Rao PS, RAO LM. Variations in bio-chemical 

composition of Glossogobius giuris (Hamilton) from 

Gosthani with observation on distribution (Caranx 

sexfasciatus host India). Curr. Sci. (India), 2002; 

35(4):101-102. 

24. Lloret J, Demestre M, Sanchez-Pardo J. Lipid reserves of 

red mullet (Mullus barbatus) during pre-spawning in the 

Northwestern Mediterranean. Sci. Mar., 2007; 71:269-

277. 

25. Dabhade VF, Pathan TS, Shinde SE, Bhandare RY, 

Sonawane DL. Seasonal variations of protein in the ovary 

of fish Channa gachua. Recent res. sci. technol. 2009; 

1(2):078-080. 

26. Ali M, Salam A, Igbal F. Effect of environmental 

variables on body composition parameters of Channa 

punctata. Journal of Research in Science, 2001; 12:200-

206. 

27. Love RM. The Chemical Biology of Fishes, Acad. Press, 

London. 1970; 255-262. 

28. Nurjanah Suseno SH, Hidayat T, Paramudhita PS, 

Ekawati Y, Arifianto TB. Changes in nutritional 

composition of skipjack (Katsuwonus pelamis) due to 

frying process. Int Food Res J. 2015; 22(5):2093-2102. 

29. Matsumoto G, Ichikawa M, Tasaki A. membr. Bidl. 

1984, 77-93. 

30. Manzano M, Navar J, Pando- Moreno M, Martínez A. 

Overgrazing and desertification in Northern Mexico: 

highlights on Northeastern region. Ann. Arid Zone 2000; 

39(3):285 -304. 

31. Adawyah R. Pengolahan dan Pengawetan Ikan. Jakarta: 

Bumi Aksara. 2007. 

32. Ali Aberoumand. Proximate composition of less known 

some processed and fresh fish species for determination 

of the nutritive values in Iran. J. Agri. Tech. 2012; 

8(3):917-922.  

33.  Selvaraj GSD. A note on the biochemical composition of 

the Indian shad, Ilisha melastoma (Schneider). Indian J 

Fish. 1984; 31(1):162-165. 

34. Adams SM. Ecological role of lipids in the health and 

success of fish populations. In: Lipids in Freshwater 

Ecosystems (M.T. Arts & B.C. Wainman eds). Springer-

Verlag, New York. 1999, 132-160. 

35. Tocher D. Metabolism and functions of lipids and fatty 

acids in teleost fish. Rev Fish Sci. 2003; 11(1):107-184. 

36. Simpkins DG, Hubert WA, Del Rio CM, Rule DC. 

Physiological responses of juvenile rainbow trout to 

fasting and swimming activity: effects on body 

composition and condition indices. T AM FISH SOC. 

2003; 132:576-589. 

37. Marshall WL, Cripps E, Anderson D, Cortoni F. Self-

esteem and coping strategies in child molesters. J 

Interpers. Violence. 1999; 14(9):955-962. 

38. Alonso A, Martinez-Gonzalez MA, Serrano-Martinez M. 

Fish omega-3 fatty acids and risk of coronary heart 

disease. Medicina Clínica, 2003; 121(1):28-35. 

39. Peng S, Chen C, Shi Z, Wang L. Amino acid and fatty 

acid composition of the muscle tissue of yellowfin tuna 

(Thunnus albacares) and bigeye tuna (Thunnus obesus). 

Nature. 2013; 1(4):42-45.  

40. Omotosho OE, Oboh G, Jweala EEJ. Comparative effects 

of local coagulants on the nutritive value, in vitro multi 

enzyme protein digestibility and sensory properties of 

Wara cheese. Int. J Dairy Sci. 2011; 6:58-65. 

41. Hassan M. Influence of pond fertilization with broiler 

dropping on the growth performance and quality of major 

carps. Ph.D. Thesis, University of Agriculture, 

Faisalabad. 1996. 

42. Andres S, Ribeyre F, Toureneq JN, Boudou. Interspecific 

comparison of cadmium and Zinc contamination in the 

organs of four fish species along a polymetallic pollution 

gradient (Lot River, France). Sci Total Environ. 2000; 

284:11-25. 

43. Canli M, Atli G. The relationship between heavy metal 

(Cd, Cr, Cu, Fe, Pb and Zn) levels and size of six 

Mediterranean fish species. Environ Pollut. 2003; 

121:129-136. 

44. Abdallah Mohamed MA. Speciation of trace metals in 

coastal sediments of El- Max Bay south Mediterranean 

Sea-west of Alexandria, (Egypt). Environ. Monitor. 

Assess, 2007; 132:111-113. 



 

~ 313 ~ 

International Journal of Fisheries and Aquatic Studies 

45. Hassan MN, Rahman M, Hossain MM. Nowsad, 

A.A.K.M. and Hossain, M.B., Post-Harvest Loss and 

Shelf Life of Traditionally Smoked Shrimp Products 

Produced in Bangladesh. World J of Fish. and Marine 

Sci. 2013; 5(1):14-19. 

46. Daramola JA, Fasakin EO, Adeparusi EO. (Changes in 

physicochemical and sensory characteristics of smoke-

dried fish species stored at ambient temperature. African 

J Food and Agri., Nutri. and Devel. 2007; 7(6):169-18.  

 


