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			Abstract | Present study was conducted to estimate the body composition parameters in hybrid fry (Labeo rohita ♀ and Catla catla ♂) by feeding them at three graded protein feeds (15%CP, 20%CP, 25%CP). Eighteen days old fry of hybrid (L. rohita ♀ and C. catla ♂) of 0.12±0.08 average weight(g) and length(cm) 1.63±0.21 were acclimatized and shifted in hapas (8x6x3 ft.), fed at the rate of 5% of their wet body weight. Ten samples from each hapa were randomly selected at the end of three months (90 days trial) for body composition analysis. Mean percent water, ash, fat and protein contents were ranged 80.55±0.94 to 80.55±0.94; 2.23±0.13 to 2.23±0.13, 5.85±0.55 to 6.63±0.97 and 10.59±1.67 to 11.93±1.67 in wet body weight of hybrid fish (Labeo rohita ♀ and Catla catla ♂), respectively, reared under different treatments. Mean water and fat contents showed highest percent values in T1 (15%CP), while ash and protein contents were found highest in T3 (25%CP) in the hybrid fish. Protein and lipid showed inverse relation as with increasing dietary protein levels as T3 (25%) feed showed highest protein content and lowest lipid content. Inverse relation was seen between water content and fat content. % water showed relationship with % fat, % protein and % organic content in T1 feed, while T2 and T3 showed no significant correlation. All (T1, T2, T3) feeds showed no relation between % water and % ash (wet and dry). All (T1, T2, T3) feeds observed highly significant correlation between body weight and water content. Investigation of body size on total body composition parameters revealed generally in different feeds an increasing trend in total protein, total ash and total organic content, while a decreasing trend in total fat content. Total length in all (T1, T2, T3) feeds observed no influence on total water content, total protein content and total organic content, while an influence on ash content and total fat content was observed.
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			Introduction

			 

			Now a days people are sensitive for healthy eating than in the past (Oriakpono et al., 2011). Due to high nutritional value, people prefer white meat like fish over the red meat (Ayisi et al., 2017). With respect to Pakistan, Aquaculture is a very new and developed activity due to rich aquatic resources and having 60,470 hectares total fish pond area (Akhtar, 2001). Similar to composition of muscle meats, fish and shell fish consists of 19% protein. Fish is also preferred due to having low fat content as compared to beef (Ndome et al., 2010; Al-Ghanim, 2016; Tsironi and Taoukis, 2017). Many diseases such as cancers, arterial hypertension and inflammatory diseases are prevented and cured by using fish poly unsaturated fatty acids (Turkmen et al., 2005)

			 

			Body value (biological and functional condition) of a fish can be determined by evaluating body composition but it is a time consuming process (Soltan and Tharwat, 2006). Different ingredients such as protein, fat, water, ash and organic content are major quantifying body composition parameters, whereas carbohydrate and non-protein compounds are usually neglected (Jakhar et al., 2012). Each content acts as an indicator for another content as water show inverse relation to lipids and protein. In other words, a low proportion of water means a greater amount of lipid as well as protein (Dempson et al., 2004).

			 

			The values of body composition parameters may vary in different environmental conditions in same fish species due to changes in water quality, sex, feeding conditions, state of maturity and by other biotic and abiotic factors such as food availability and hydrologic level (Sogard and Spencer, 2004; Blake et al., 2006; Jeyasanta and Patterson, 2014). Regional variations such as water temperature may also influence body composition parameters as rate of fish metabolism increases in summer season and decreases in winter, similarly higher level of lipid contents in eutrophic waters as compared to oligotrophic waters may cause variations in body composition parameters (Bureau et al., 2002). Water depth also has an impact on body composition parameters as increasing depth causes high protein and low fat content in fish (Drazen, 2007; Suseno et al., 2010). Due to high quality protein, fish is preferred in the world as an important food source so it is very necessary to analyze its proximate body composition before using as food source (Foran et al., 2005; Fawole, 2007).

			 

			No well-defined published literature regarding body composition of hybrid using graded protein levels is present. Hypophysation is an artificial method by which hybrids of interspecific and intergeneric nature of Indian major carps as Catla catla, Labeo rohita, Cirrhinus mrigala and Labeo calbasu can be produced (Chaudhuri, 1959; Khan et al., 1986). Growth rate of Catla X Labeo hybrids is slightly low as compared to Catla but hybrids showed rapid growth than Labeo (Natarajan et al., 1976). Hybrids possessed best characters of Catla and Labeo as small head and deep body with more flesh as compared to both of parents, so showed a best choice of culturing than either of parents (Basavaraju et al., 1995). Morphology of catla-labeo hybrid is in between of two parents and generally phytophagous in nutrition and gets maturity in three years (Bhowmick et al., 1981). Scales and fin color in Catla-Labeo hybrid is similar to male parent and pectorals in these hybrids reach near ventral base. Gill rakers are most prominent in hybrid than parents and caudal peduncle is broader as compared to both parents (Reddy et al., 1980).

			 

			Feed is the major input showing 60% of total expenses in fish culture (Li and Wang, 2004). Estimated findings of protein requirement for carnivorous fish is 400 to 550 g kg -1 and for herbivorous and omnivorous species 250 to 350 g kg -1 (NRC, 1983). Protein being an expensive macronutrient in fish feed has too much importance in nutritional studies (Meyer and Fracalossi, 2005) because fish weight gain is greatly affected by protein quantity present in fish feed (Martinez-Palacios et al., 2007; Zuanon et al., 2009). Cost of fish feed can be reduced by reducing dietary protein up to that level without affecting fish growth (Kim et al., 2003).

			 

			The aim of the study was to study the effect of graded dietary protein levels (15, 20 and 25% CP) on body composition of hybrid fish (Labeo rohita ♀ and Catla catla ♂) from Pakistan.

			 

			Materials and Methods

			 

			Study site and duration

			Present study was conducted from June to August 2017 for 90 days at Tawakkal Fish Hatchery, Tawakkal Nagar, rural demonstration (30° 11′ 27″ N, 71° 15′ 4″ E), 18 Km Jhang road, Muzaffar Garh, Punjab, Pakistan.

			 

			Formulation of feed

			Three crude protein diets [T1 (15%), T2 (20%), T3 (25%)] were prepared from cheaper and locally available feed ingredients containing soybean meal, maize gluten, fish meal, sunflower meal, rice polish and wheat bran. All ingredients were dried in oven at 600C to a constant weight. In grinder mixing of calculated quantities of dry contents was done for 40 minutes to make a paste. In feed mixing machine dried contents were mixed in powdered form and for 30 minutes they were stirred and feed was kept in polythene bags for experimental use.

			 

			Experimental layout

			The hybrid fry (Labeo rohita ♀ and Catla catla ♂) were selected for this experiment. Main purpose of this experiment was to observe effect of three protein diets on growth and body composition of hybrid fry. Eighteen days old fry of the hybrid fish of average weight 0.12±0.08 (g) and average length 1.63±0.21 (cm) were kept (150 fishes per hapa) in hapas (8×6×3 ft.) in earthen ponds with stagnant water, after acclimatization of two weeks in cemented tanks. Experiment was conducted in duplicate for each treatment and then took average values of two hapa results per treatment for each body composition parameter. Fish meal @ 10% of body weight was given during acclimatization period. Pond was filled with water up to level of 3-4 feet and this level was managed during whole experiment. Three protein diets (15%, 20%, 25%) were used in this experiment. These diets were dried and in grinded powder form. Feed was given to the fish at the rate of 5% of fish body weight throughout the experimental period, and feed was given to the fishes one time in a day at 11:00 am.

			 

			Body composition analysis

			At the end of 90 days feeding trial, 10 hybrids (Catla catla♂ × Labeo rohita♀) from each hapa of three protein diets were selected randomly of different body sizes ranging from 7.00 – 11.00 cm total length and 9.00- 23.50 g body weight, using a cast net and live fishes were transported to research laboratory, Institute of Pure and Applied Biology, Bahaddin Zakariya University, Multan.

			 

			Calculation of water content

			Electronic digital balance (chyo-MP-3000) was used to weight fish to nearest 0.01 g and wooden measuring tray was used to measure their length to nearest 0.1 cm. Each fish was dried individually till constant weight in an electric oven at 60-65 °C to estimate water content. Pestle and mortar was used to crush each dried fish in powder form and processed in an electric blender (Moulinex). Plastic bottles with proper labeling were used to preserve powdered fish for further analysis. Following formulas was used to calculate water content and water percentage (%).
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			Calculation of ash

			Heat resistant china crucibles for each sample using 500-1000 mg sub-samples were used for determining ash content by placing in a muffle furnace (RJM 1.8-10, China) for 24 hours at 450-5000C and after cooling reweighted each sample. Following equation was used to calculate ash content and its percentage (%).
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			Calculation of lipid

			Extraction method by using 1:2 mixture of chloroform and methanol was used to determine lipid content of dry tissue (Bligh and Dyer, 1959). 1.00g sub-sample of powdered form dry tissue was mixed into 10ml of chloroform and methanol mixture, left over night and then centrifuged after which clear supernatant was removed in pr-weighed bottles. These bottles were then put on a hot plate at 40-50 0C to evaporate the solvent to dryness leaving the lipid fraction. Lipids were then weighed on electric digital balance to the nearest 0.01 g. Following equation was used to calculate lipid content and its percentage (%).
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			Calculation of protein

			Protein content was determined by difference from mass of other major contents as ash, lipid and water (Salam and Davies, 1994). Total amount of protein in fish can be calculated as: 

			 

			[image: Image1529287.PNG] 

			 

			Data analysis 

			Data analysis was performed by using ANOVA to determine significant differences among three treatment groups body composition parameters. 

			 

			Regression analysis was used to to analyze the impact of fish body size on different body constituents and to analyze difference among different body composition parameters in three different dietary protein feeds.

			 

			Results and Discussion

			 

			Total of 10 specimens from each treatment group (T1, T2, T3) of different sizes ranging from 9.00 to 10.00 g body weight and 7.00 to 7.90 cm total length in T1 feed, 11.50 to 12.90 gm body weight and 8.20 to 9.10 cm total length in T2 feed and 12.60 to 15.50 gm body weight and 9.00 to 11.00 cm total length were selected for whole body composition.

			Table 1: Mean values and ranges of various body composition parameters of hybrid (Labeo rohita ♀ and Catla catla ♂) n = 10 in each case.

			 

			
				
					
					
					
					
				
				
					
							Body constituents
							Treatment groups
							Mean ± S.D
							Range
					

					
							
							Water content (%)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							80.55±0.94

							80.83±0.54

							79.22±0.54

						
							
							80-82.83

							80.00-81.74

							78.57-80.16

						
					

					
							
							Ash content 

							(% Wet weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							2.23±0.13

							2.36±0.29

							2.57±0.84

						
							
							2.05-2.40

							1.83-2.81

							1.72-4.65

						
					

					
							
							Ash content 

							(% dry weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							11.49±0.53

							12.30±1.47

							12.38±4.24

						
							
							10.89-12.00

							9.17-14.17

							8.67-23.05

						
					

					
							
							Fat content 

							(% wet weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							6.63±0.97

							5.85±0.55

							6.28±0.75

						
							
							5.08-6.67

							5.40-8.03

							5.45-8.10

						
					

					
							
							Fat content 

							(% dry weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							34.33±6.42

							30.51±2.65

							30.26±4.03

						
							
							25.86-39.84

							27.27-33.33

							27.21-42.86

						
					

					
							
							Protein contents 

							(% wet weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							10.59±1.67

							10.96±0.51

							11.93±1.67

						
							
							7.75-12.15

							10.24-11.74

							7.48-13.14

						
					

					
							
							Protein contents 

							(% dry weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							54.18±6.46

							57.19±2.21

							57.36±7.52

						
							
							45.14-60.73

							53.33-60.30

							37.11-62.64

						
					

					
							
							Organic content 

							(% wet weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							17.22±0.86

							16.82±0.57

							18.22±1.08

						
							
							15.11-17.80

							16.10-18.17

							15.51-19.30

						
					

					
							
							Organic content 

							(% dry weight)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							88.51±0.53

							87.70±1.47

							87.62±4.25

						
							
							88.00-89.11

							85.83-90.83

							76.95-91.33

						
					

				
			

			

			S.D: Standard Deviation.

			 

			Average values and ranges of many body composition parameters of hybrid (Catla catla ♂ × Labeo rohita ♀) were given in Table 1. Percentage of water content in T1 (15%), T2 (20%) and T3 (25%) feeds was 80.55±0.94, 80.83±0.54 and 79.22±0.54 respectively. Ash content (% wet weight) in T1, T2 and T3 feeds was 2.23±0.13, 2.36±0.2 and 2.57±0.84 respectively, while ash content (% dry weight) was 11.49±0.53, 12.30±1.47 and 12.38±4.24 in T1, T2 and T3 respectively. Percentage fat wet weight in T1 (15%) was 6.63±0.97, in T2 (20%) was 5.85±0.55 and in T3 (25%) was 6.28±0.75, while fat (% dry weight) in all (T1, T2, T3) feeds was 34.33±6.42, 30.51±2.65 and 30.26±4.03 respectively. Protein (% wet weight) in T1, T2 and T3 feeds was 10.59±1.67, 10.96±0.51 and 11.93±1.67 respectively, while protein (% dry weight) was 54.18±6.46 in T1 (15%) and 57.19±2.21 in T2 (20%) feed and 57.36±7.52 in T3 (25%) feed. Organic content (% wet weight) in T1 was 17.22±0.86, in T2 was 16.82±0.57 and in T3 feed was 18.22±1.08, organic content (% dry weight) was 88.51±0.53 in T1 (15%) and 87.70±1.47 in T2 (20%) feed and 87.62±4.25 in T3 (25%) feed. ANOVA analysis confirmed highly significant difference (P<0.001) between % water, % organic content wet weight, significant difference (P<0.01) was observed between % protein (wet and dry weight), % fat (wet and dry weight) and % ash wet weight, while no significant difference (P>0.05) was noted between % organic content dry weight and % ash dry weight values of three treatments (T1, T2, T3) groups. 

			 

			Relationship between % water and various % body contents

			When % water was plotted with fat wet and dry weight, T1 (15%) feed showed positively least significant and significant correlation respectively, and value of “b” exhibited positive allometric relationship in both of these (Table 2), while T2 (20%) and T3 (25%) feeds showed non-significant results in both cases (Table 2). Relationship of % water with % protein wet and dry weight confirmed that T1 (15%) feed examined highly significant and significant inverse correlation respectively and all metrically negative relationship, while T2 (20%) and T3 (25%) feeds observed non-significant results (Table 2). % water and % ash wet and dry weight analysis showed that all (T1, T2, T3) feeds had non-significant results. Analysis of % water with organic content wet weight of T1, T2, T3 feeds showed highly significant, significant and least significant inverse correlation respectively and value of “b” showed negative allometry in all feeds when b=0 while all (T1, T2, T3) feeds observed non-significant correlation when % water was plotted against organic content dry weight (Table 2).

			 

			Relationship between wet body weight and total values of water, fat, ash, protein and organic content in log transformed data

			Calculation of correlation between wet body weight and total water content confirmed that all (T1, T2, T3) feeds showed highly significant positive correlation (Table 3). When b=1, all (T1, T2, T3) feeds showed negative allometry in total water content against wet body weight (Table 3). Analysis of log transformed wet body weight with log transformed total fat content revealed that T1 (15%) showed least significant correlation negatively, and also exhibited negative allomeric correlation, while T2 (20%) and T3 (25%) have no influence (non-significant correlation) (Table 3). 

			Table 2: Statistical parameters of % water content versus % body composition parameters of hybrid (Labeo rohita ♀ and Catla catla ♂) (n = 10).

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Relationships
							 
							r
							a
							b
							S. E. (b)
							t value when b=0
					

					
							
							% Water (x)

							%Fat wet weight (y)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							0.683* 

							0.363ns

							0.321ns

						
							
							-50.22 

							35.59

							-29.61

						
							
							0.7058

							-0.3679

							0.4530

						
							
							0.267

							0.334

							0.472

						
							
							2.646

							-1.100

							0.960

						
					

					
							
							% Water (x)

							%Fat dry weight (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							 0.833**

							0.070ns

							 0.488ns

						
							
							 -422.71 

							 58.18

							 -260.24

						
							
							 5.6742

							 -0.3423

							 3.6670

						
							
							 1.330 

							 1.730

							 2.319

						
							
							4.266

							-0.198

							1.581

						
					

					
							
							% Water (x)

							%Protein wet weight (y)

						
							
							T1(15%)

							T2(20%)

							T3(25%)

						
							
							0.913***

							 0.571ns

							 0.564ns

						
							
							140.90

							 54.84

							 151.43

						
							
							-1.6178

							 -0.5428

							 -1.7609

						
							
							0.256

							 0.276

							 0.912

						
							
							-6.325

							-1.966

							-1.931

						
					

					
							
							% Water (x)

							%Protein dry weight(y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.851**

							 0.049ns

							 0.410 ns

						
							
							523.64

							 41.06

							 511.51

						
							
							-5.8284

							 0.1995

							 -5.7329

						
							
							1.272

							 1.439

							 4.514

						
							
							-4.582

							0.139

							-1.270

						
					

					
							
							%Water (x)

							%Ash wet weight (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							 0.631ns

							 0.165 ns

							 0.195ns

						
							
							9.32

							 9.57

							 -21.82

						
							
							-0.0880

							 -0.0893

							 0.3078

						
							
							0.038

							 0.189

							 0.546

						
							
							-2.303

							-0.473

							0.563

						
					

					
							
							% Water (x)

							%Ash dry weight (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							 0.270ns

							 0.053 ns

							 0.261 ns

						
							
							-0.93

							 0.76

							 -151.27

						
							
							0.1542

							 0.1428

							 2.0659

						
							
							0.195

							 0.959

							 2.699

						
							
							0.792

							0.149

							0.765

						
					

					
							
							% Water (x)

							% Organic contents wet weight (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.993***

							 0.863**

							 0.646*

						
							
							90.68

							 90.43

							 121.82

						
							
							-0.9121

							 -0.9107

							 -1.3078

						
							
							0.038

							 0.189

							 0.546

						
							
							-23.871

							 -4.825

							-2.394

						
					

					
							
							% Water (x)

							% Organic contents dry weight (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.270 ns

							0.053ns

							 0.261 ns

						
							
							100.93

							99.24

							 251.27

						
							
							-0.1542

							 -0.1428

							 -2.0659

						
							
							0.195

							 0.959

							 2.699

						
							
							-0.792

							-0.149

							-0.765

						
					

				
			

			

			r: Correlation Coefficient; a: Intercept; b: slope; S.E: Standard Error; *** P<0.001; ** P<0.01; * P<0.05; n.s p > 0.005

			 

			Table 3: Statistical parameters of log wet body weight (g) versus total log body composition parameters (g) of hybrid (Labeo rohita ♀ and Catla catla ♂) (n = 10).

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Relationships
							 
							r
							a
							b
							S. E. (b)
							t value when b=1
					

					
							
							Log body weight (x)

							Log water content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.969***

							 0.982***

							 0.995***

						
							
							-0.02

							 -0.03

							 -0.05

						
							
							0.9217

							0.9423

							0.9560

						
							
							0.083

							 0.064

							 0.032

						
							
							11.078

							14.838

							29.568

						
					

					
							
							Log body weight, g (x)

							Log fat content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							 0.754*

							 0.619 ns

							 0.346 ns

						
							
							 1.48

							 -2.25

							 -0.77

						
							
							-1.6931

							1.9433

							0.6147

						
							
							 0.521

							 0.871

							 0.589

						
							
							-3.251

							2.231

							1.043

						
					

					
							
							Log body weight (x)

							Log protein content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.761*

							 0.462 ns

							 0.610 ns

						
							
							-3.23

							 -0.60

							 -1.87

						
							
							3.2768

							0.6624

							1.8239

						
							
							0.989

							 0.450

							 0.838

						
							
							3.314

							1.472

							2.176

						
					

					
							
							Log body weight (x)

							Log ash content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.796**

							 0.550 ns

							 0.146 ns

						
							
							-2.16

							 -2.94

							 -1.19

						
							
							1.5105

							2.2180

							0.6293

						
							
							0.406

							 1.191

							 1.509

						
							
							3.724

							1.862

							0.417

						
					

					
							
							Log body weight (x)

							Log organic contents (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.766**

							 0.764*

							 0.826**

						
							
							-1.05

							 -0.89

							 -1.09

						
							
							1.2913

							1.1057

							1.3059

						
							
							0.383

							 0.330

							 0.315

						
							
							3.376

							3.346

							4.151

						
					

				
			

			

			r: Correlation Coefficient; a: Intercept; b: slope; S.E: Standard Error; *** P<0.001; ** P<0.01; * P<0.05; n.s p > 0.005

			 

			When log body weight was analyzed with log total protein, T1 (15%) feed observed least significant positive allometric correlation, while T2 (20%) observed non-significant correlation and T3 (25%) revealed allometrically negative and non-significant correlation (Table 3). Correlation between log transformed wet body weight and log transformed total ash content showed that T1 (15%) has significant allometrically positive correlation (Table 3), while T2 (20%) and T3 (25%) has non-significant correlation (Table 3). Analysis of results between log wet body weight and log total organic content revealed that T1 (15%) and T3 (25%) showed positive significant correlation, while T2 (20%) observed least significant positive correlation (Table 3). All (T1, T2, T3) feeds exhibited positive allometry in log transformed total organic content against wet body weight in all (T1, T2, T3) feeds (Table 3).

			 

			Relationship between total length and total values of water, fat, ash, protein and organic content in log transformed data

			Analysis of correlation between log transformed total length and total value of log transformed water revealed that T1 (15%) observed least significant positive correlation and exhibited negative allometry when b=3, while, T2 (20%) and T3 (25%) feeds showed non-significant correlation (Table 4). Analysis of log transformed total length with log transformed total fat content revealed that T1 (15%) showed negatively allometric and non-significant correlation, while T2 (20%) have no influence (non-significant correlation) and T3 (25%) showed highly significant positive relation but allometrically negative correlation (Table 4). When log total length was analyzed with log total protein, all (T1, T2, T3) feeds showed non-significant correlation (Table 4). Correlation between log transformed total length and log transformed total ash content showed that T1 (15%) and T2 (20%) has non-significant correlation while, T3 (25%) showed least significant and allometrically negative correlation (Table 4). Analysis of results between log total length and log total organic content revealed that all (T1, T2, T3) feeds showed non-significant correlation (Table 4).

			 

			Protein is the most expensive and most important content in fish feed that should be supplied in right amount to support good health and minimum cost (Zehra and Khan, 2011). For better understanding of nutritional requirement, preparation of dietary feeds is a first step. Current study was also conducted to understand dietary requirement of hybrid of Catla catla and Labeo rohita and its impact on body composition parameters. Overall mean values of all body composition parameters (water, fat, protein, ash, organic content) in all (T1, T2, T3) feeds analyzed in whole wet body weight of hybrid are similar to the findings of many investigators (Naeem and Salam, 2010; Naeem et al., 2011a; Daudpota et al., 2016; Khalid and Naeem, 2018) but contrary to the investigation of many researchers (Salam et al., 2000; Mohamed, 2009; Mohamed et al., 2014; Naeem et al., 2017), values of present study are more or less when compared to above mentioned researchers.

			 

			In the present study % protein level increased when dietary protein level was increased from 15% to 25% similar to study of Kim et al. (2003), Tidwell et al. (2005), Ahmad et al. (2012) and Mohamed et al., 2014. Similar to the findings of Daudpota et al. (2014), protein is increasing and lipid level is decreasing in dry matter of fish in the present study with increasing dietary protein levels, while ash content is increasing with increasing dietary protein levels (Daudpotta et al., 2014). In the present study inverse relationship was found between water content and fat.

			 

			Results of regression analysis revealed that % water has significant inverse relation with % protein, % ash and % organic content in T1 (15%) feed similar to the findings of many investigators (Salam et al., 1991; Salam and Davies, 1994; Naeem and Salam, 2010; Naeem and Ishtiaq, 2011; Naeem et al., 2017), while T2 (20%) and T3 (25%) feeds showed non-significant results similar to Naeem et al. (2011a) and Naeem et al. (2011b). All feeds (T1, T2, T3) exhibited highly significant correlation between log body weight and log water content similar to the findings of Naeem and Salam (2010) in bighead carp; Naeem et al. (2011a) in hybrid; Naeem and Ishtiaq (2011) in Mystus bleekri. The relationship between log transformed data of total length and total water content showed that water content in hybrid fed with feed T1 increased least significantly against total length. This observation coincides with the findings of Naeem and Salam (2010) and Naeem et al. (2011a), however T2 and T3 fed fish showed non-significant correlation contrary to the above mentioned researchers. 

			 

			In the present study, fat content showed decline with increasing dietary protein level similar to the observations of many researchers such as in sea bass (Ballestrazzi et al., 1994) in tilapia (Daudpota et al., 2014) in grass carp (Dabrowski, 1977) and in guppy (Fah and Leng, 1986). More or less an inverse relationship between fat and water content was observed in present study similar to the findings of Daudpota et al. (2014), which seem to maintain fish tissue volume. Fat and water are alternate for each other, as with increasing fat water content is decreasing (Shimma, 1986).

			Table 4: Statistical parameters of log total length (cm) versus log total body composition parameters (g) of hybrid (Labeo rohita ♀ and Catla catla ♂) (n = 10).

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Relationships
							 
							r
							a
							b
							S. E. (b)
							t value when b=3
					

					
							
							Log total length (x)

							Log water content (y)

						
							
							 T1(15%)

							 T2(20%)

							 T3(25%)

						
							
							0.728*

							0.594 ns

							0.578 ns

						
							
							0.66

							0.45

							0.579

						
							
							0.2725

							 0.5693

							 0.4588

						
							
							0.091

							0.273

							0.229

						
							
							3.000

							2.087

							2.006

						
					

					
							
							Log total length (x)

							Log fat content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							 0.389 ns

							 0.399 ns

							 0.873***

						
							
							0.10

							-1.34

							-1.35

						
							
							-0.3435

							1.2509

							1.2807

						
							
							0.288

							1.017

							0.253

						
							
							-1.194

							1.230

							5.056

						
					

					
							
							Log total length (x)

							Log protein content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							 0.359 ns

							 0.241 ns

							 0.225 ns

						
							
							-0.52

							-0.21

							0.77

						
							
							0.6089

							 0.3463

							 -0.5553

						
							
							0.560

							0.492

							0.851

						
							
							1.088

							0.704

							-0.652

						
					

					
							
							Log total length (x)

							Log ash content (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.443 ns

							0.036 ns

							0.649*

						
							
							-0.95

							-0.42

							-2.78

						
							
							0.3311

							 -0.1453

							 2.3136

						
							
							0.237

							1.424

							0.958

						
							
							1.399

							-0.102

							2.415

						
					

					
							
							Log total length (x)

							Log organic contents (y)

						
							
							 T1(15%)

							 T2(20%)

							T3(25%)

						
							
							0.363 ns

							0.460 ns

							0.121 ns

						
							
							0.01

							-0.32

							0.24

						
							
							0.2410

							 0.6660

							 0.1585

						
							
							0.218

							0.454

							0.4581

						
							
							1.103

							1.466

							0.346

						
					

				
			

			

			r: Correlation Coefficient; a: Intercept; b: slope; S.E: Standard Error; *** P<0.001; ** P<0.01; * P<0.05; n.s p > 0.005

			 

			Present study showed a decrease in lipid content with increasing dietary protein level and fish size similar to the study of Hussain et al. (2016) on Labeo rohita, Catla catla and Cirrhinus mrigala but many studies have reported opposite trend that fish size has no influence on fat and protein deposition but other factors like season, breeding period, metabolism and feeding show impact on lipid deposition (Shulman et al., 2005; Moss et al., 2009). 

			 

			Feeding frequency did not affect protein deposition in fish body (Hung and Lutes, 1987; Cho et al., 2003). In the present study protein content in wet body weight (T1=10.59, T2=10.96, T3=11.93) was increasing with increasing dietary protein levels similar to the findings of many researchers (Mazumder et al., 2008; Begum et al., 2012) but contrary to the findings of Soltan et al. (2002). 

			 

			There may be some other factors which can cause variation in protein content as age and size of fish and seasonal variation (Levesque et al., 2002). Size of fish has a great influence on protein content as small sized fish has lower protein content than large sized fishes (Ashraf et al., 2011). Dietary protein level for fry must be high and decreased with increase in fish size and age (Wilson, 1989; Pillay, 1990; El-Sayed and Teshima,1991).

			 

			With increasing dietary protein levels, ash content is also increasing in present study similar to the findings of Daudpotaet al. (2014) on Nile tilapia and Naeem et al. (2017) on Cirrhinus mrigala. 

			 

			In present study, when examined the influence of body size (wet body weight and total length) on total body constituents, it was observed that all feeds (T1, T2, T3) showed inverse correlation between body size and total fat, however observed positive correlation with total protein, total ash and total organic content. These observations are in line with those of Naeem and Salam (2010) in bighead carp, Naeem et al. (2011a) in hybrid, Naeem and Ishtiaq (2011) in Mystus bleekri and Naeem et al. (2017) on Cirrhinus mrigala. Variations in body composition parameters in different sized fish may be due to different factors like feeding, habitat or sampling season (Naeem et al., 2011a). This difference in body constituents could be due to the difference in capacity of absorption and assimilation of nutrients from the water and diet, by fish (Fawole et al., 2007).

			 

			Value of slope “b” indicated isometric condition when compared it with b=1, in log transformed values of wet body weight against total water, fat, protein, ash and organic content. It was noted that more or less all feeds (T1, T2, T3) showed positive allometry (value greater than 1) in total protein, ash and organic content, these are increasing with wet body weight. While total water and total fat exhibited negative allometry (value less than 1) showing decrease with increasing wet body weight. Although, negative allometry (b<3) was found between log transformed data of total length and all the body constituents.

			Conclusions and Recommendations

			 

			From present study, dietary protein levels requirement and basic information about body composition of hybrid (Labeo rohita ♀ and Catla catla ♂) is provided. Major body composition parameters percentages were similar to many important commercial fishes of Pakistan. Present study concluded a linear increase in protein content with increasing dietary protein level, with a decrease trend in lipid content, So T3 (25%) fed fishes showed higher protein content and less lipid content than T1 (15%) and T2 (20%) fed fishes. Present study also confirmed that different dietary protein levels and body size influenced body composition parameters. Finally, it is concluded that 25% dietary protein level is best for good body composition in hybrid fish (L. rohita ♀ and C. catla ♂).
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Abstract | Present study was conducted to estimate the body composition parameters in hybrid fry (Labeo
rohita ¢ and Catla catla 3) by feeding them at three graded protein feeds (15%CP, 20%CP, 25%CP). Eighteen
days old fry of hybrid (L. rohita @ and C. catla &) of 0.12£0.08 average weight(g) and length(cm) 1.63+0.21
were acclimatized and shifted in hapas (8x6x3 ft.), fed at the rate of 5% of their wet body weight. Ten samples
from each hapa were randomly selected at the end of three months (90 days trial) for body composition
analysis. Mean percent water, ash, fat and protein contents were ranged 80.55+0.94 to 80.55+0.94; 2.23+0.13
t0 2.23+0.13, 5.85+0.55 to 6.63+0.97 and 10.59+1.67 to 11.93+1.67 in wet body weight of hybrid fish (Labeo
rohita ¢ and Catla catla '), respectively, reared under different treatments. Mean water and fat contents showed
highest percent values in T1 (15%CP), while ash and protein contents were found highest in T3 (25%CP) in
the hybrid fish. Protein and lipid showed inverse relation as with increasing dietary protein levels as T3 (25%)
feed showed highest protein content and lowest lipid content. Inverse relation was seen between water content
and fat content. % water showed relationship with % fat, % protein and % organic content in T1 feed, while
T2 and T3 showed no significant correlation. All (T1, T2, T3) feeds showed no relation between % water and
% ash (wet and dry). All (T1, T2, T3) feeds observed highly significant correlation between body weight and
water content. Investigation of body size on total body composition parameters revealed generally in different
feeds an increasing trend in total protein, total ash and total organic content, while a decreasing trend in total
fat content. Total length in all (T1, T2, T3) feeds observed no influence on total water content, total protein
content and total organic content, while an influence on ash content and total fat content was observed.
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Introduction and shell fish consists of 19% protein. Fish is also

preferred due to having low fat content as compared to

Now a days people are sensitive for healthy eating
than in the past (Oriakpono et al., 2011). Due
to high nutritional value, people prefer white meat
like fish over the red meat (Ayisi et al., 2017). With
respect to Pakistan, Aquaculture is a very new and
developed activity due to rich aquatic resources and
having 60,470 hectares total fish pond area (Akhtar,
2001). Similar to composition of muscle meats, fish

beef (Ndome et al., 2010; Al-Ghanim, 2016; Tsironi
and Taoukis, 2017). Many diseases such as cancers,
arterial hypertension and inflammatory diseases are

prevented and cured by using fish poly unsaturated
fatty acids (Turkmen et al., 2005)

Body value (biological and functional condition)
of a fish can be determined by evaluating body
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