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			ABSTRACT

		

		
			This study investigated the effects of dietary protein to energy (P/E) ratios on the nutrients and minerals digestibility of Labeo rohita fingerlings. Twelve experiment diets containing four protein levels (24, 26, 28, and 30 %) at three dietary energy levels (2400, 2700, and 3000 kcal/kg) with P/E ratios from 80.00 to 125.00 mg / kcal were evaluated. Each diet was randomly assigned to triplicate groups of seventeen fish averaging 6.5±0.6 g (mean±SD) for 10 wk. The chromic oxide in the diets was added as an additional inert marker to determine the digestibility of nutrients. The results from present study were demonstrated that the dietary P/E ratio significantly affects digestibility of protein, lipid and gross energy. In addition, the interactions of protein and energy significantly (p < 0.05) affected the digestibility of crude proteins, lipids, gross energy however, no significant (p > 0.05) effect was observed in digestibility of dry matter and ash. The increasing dietary P / E ratio significantly increased the digestibility of Na, Ca, P, Cu, Mn, Zn, and Fe. The diet with P / E ratio of 86.67 mg / kcal showed higher digestibility of dry matter (69.38±1.06), crude protein (88.18±1.59), lipid (93.43±0.22) and gross energy (86.50±0.57) while lower digestibility was observed in D12 (dietary protein 30% and dietary energy 3000 kcal/kg) with P/E ratio 100.00 mg / kcal. In conclusion, P/E ratio of 86.67 mg digestible protein / kcal digestible energy shows the maximum digestibility of nutrients and minerals in Labeo rohita fingerlings.
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			Introduction

			Labeo rohita (Rohu) is the most important fish species commonly cultured in Asia, particularly in the Indian subcontinent (Khan et al., 2004) because of its high growth rate, graceful body, market value, quality meat and consumer preference. The estimated production of this fish species in subcontinent was 9, 45,233 metric tons (FAO, 2014). The advances in fish industry is mainly dependent on the availability of cheap feed ingredients in terms of quality and quantity. In fish feed, fish meal is a tremendous nutrients sources such as minerals, vitamins, essential amino acids, vital fatty acids (Zhou et al., 2004) and growth factors. However, its increasing demand has led to high marketing cost and supply constraints (Lim et al., 2011).

			The protein of plants and animals are used for fish growth and development, reproductive activities, body repairing processes (Huo et al., 2014) but excessive levels of dietary protein increase nitrogen excretion, resulting in deterioration of the water quality of culture media which creates alarming situation for fish growth (Craig and Helfrich, 2009). The required protein levels in fish feed is a major factor for optimal growth of aquaculture species. Similarly, the proper energy level in the diet also play important role for sustaining fish life. The cheap sources of dietary energy such as carbohydrates and lipids may spare protein as energy consumption whereas inadequate energy levels in the diet may increase production cost of fish (Okarie et al., 2007). However, dietary energy with excessive amount can reduce feed utilization more lipid deposition in the body led to poor growth (NRC, 2011). Therefore, optimum ratio between dietary protein and non-protein energy sources is associated with higher growth (Ai et al., 2004). Thus, keep in mind, adequate P/E ratios in diet may enhance fish growth, its production lead to generating more revenue in the fish industry. The balanced protein energy ratio is also provided proper calories and amino acids for rapid growth, development and quality fish meat.

			Optimization of P/E ratio may vary depending on fish age, different dietary protein sources, dietary formula, seasonal factors and experimental design (Okorie et al., 2007). In some fish species, P/E ratios have been reported 98.3 mg protein/kcal energy for Singhi, Heteropneustes fossilis (Khan et al., 2012); 92.25 mg protein/kcal energy for sturgeon, Acipenser persicus (Mohseni et al., 2013); 150.75 mg protein/kcal energy for parrot fish, Oplegnathus fasciatus (Kim et al., 2016); 97.35 mg protein/kcal energy for lemon fin barb hybrid Hypsibarbus wetmorei × Puntinus gonionotus larvae (Anizah et al., 2017).

			The objective of this study is to: (i) investigate the combine effects of protein and energy on nutrients digestibility of Labeo rohita fingerlings (ii) determine optimal P/E ratio for nutrients digestibility in Labeo rohita fingerlings.

			Materials and methods

			Experimental design and diet

			43 factorial arrangement was used to formulate twelve experimental diets having four protein levels (24, 26, 28, and 30 %) and three energy levels (2400, 2700 and 3000 kcal/kg) at each protein level with P/E ratios ranging from 80.00 to 125.00 mg /kcal in. Ingredient composition of experimental diets is given in Supplementary TableI.

			All ingredients (dry) were ground (0.05 mm) using cereal grinding machine (FFC-45, JIMO, China). All weighed ingredients with 1% chromic oxide (inert marker) were mixed using electric mixer for 12-15 min. Fish and soybean oils were slowly added while mixing. A suitable dough of each diet was prepared by slowly adding 15% water. The dough was pelleted using lab Extruder (Model SYSLG 30-IV) for making floating pellets size (1-2 mm) and then dried in open air at room temperature for about 10-12 h to reduce the moisture contents (Lovell, 1989).

			All diets were packed in plastic bag and stored (-20°C) until fed. The feces were carefully collected and dried in an oven before chemical analysis.

			Fish and feeding conditions

			L. rohita (Rohu) experimental fish were procured from Government Fish Seed Hatchery and allowed to acclimate for two weeks and fed with a commercial diet containing 30% protein. Fish averaging 6.5±0.06 g (mean±SD) were randomly distributed into V shaped tanks each having 70 L water capacity. The fish were rearing for two weeks on basal diet. At the start of feeding experiment, 17 fish were stocked per tank of 36 tanks (12 treatment, 3 replicates). L. rohita fingerlings were fed once daily up to apparent satiation. After 2 h of feeding, uneaten diet was siphoned manually. The water temperature was kept 25.1-28.9°C, pH was 7.3-8.5 and dissolved oxygen 5.6-7.2 mg/L. The experiment was lasted for 13 weeks. The compressed air containing oxygen was supplied from air compressor to all the tanks. The fish were bathed with 5 g/L salt solution to kill pathogenic agent if any as described by Rowland and Ingram (1991).

			Sampling and chemical analyses

			Feed ingredients, diets, feces were homogenized using a mortar and pestle and analyzed following AOAC (1995). The proximate composition of experimental diet is given in Supplementary TableII. Dry matter was determined by convection heating at 105°C for 12-13 h. Micro Kjeldahl apparatus was used to determine crude protein (N×6.25). Lipid in the samples were extracted by Soxtec (HT2 1045) extraction method. Oxygen Bomb Calorimeter (Parr Instrument Company, Moline, United state America) was used to determine the gross energy. Ash was measured by help of muffle furnace and to ignite at 550-600°C for 4-5 h. The nutrient composition (%) of faces of treatment diets fed to L. rohita fingerlings is displayed in Supplementary TableIII.

			For the estimation of minerals, each sample from feed and feces was digested in a mixture of boiling nitric acid and per-chloric acid (2:1) following AOAC (1995). The minerals composition (%) of faces of practical diets to L. rohita fingerlings is given in Supplementary TableIV. After preparation of appropriate dilution, minerals contents such as calcium, magnesium, zinc, copper, manganese and iron were estimated by atomic absorption Spectrophotometer (Hitachi Polarized Atomic Absorption Spectrometer, Z-8200). The content of chromic oxide and phosphorus were coalorimetrically determined at 720 nm absorbance through Spectrophotometer (UV-VIS 2001) (Supplementary TableII). The sodium and potassium of feed and feces were estimated using Flame Photometer (Jenway PFP-7, UK). The phosphorus was analyzed by UV-VIS Spectrophotometer (U-2001, Hitachi) at 720 nm absorbance AOAC (1995).

			Digestibility studies

			The additional (1%) chromic oxide was added as an inert marker in the experimental diets to assume the amount of marker in feed and feces. After feeding session, fecal material was collected by adjusting the valves of each tank alternatively on daily basis. The fecal matter of each treatment was dried in the microwave oven and stored at -20°C until use for further chemical analysis. Total 5-6 (g) of fecal matter from each treatment group was collected. The contents of chromic oxide in the diets and feces were estimated using oxidation method with molybdate reagent (Divakaran et al., 2002) using UV-VIS 2001 spectrophotometer at 370 nm absorbance. The minerals digestibility i.e., sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu) of experimental diets was determined at the end of experiment using chromic oxide as inert marker.

			Calculation of nutrient digestibility

			The ADC (%) of nutrients and minerals of treatment diets was calculated according to following formula described in NRC (1993):
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			Table I.- ADC (%) of nutrients and minerals of practical diets fed to L. rohita fingerlings.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Protein (%)

						
							
							24

						
							
							26

						
							
							28

						
							
							30

						
					

					
							
							Energy (kcal/kg) 

						
							
							2400

						
							
							2700

						
							
							3000

						
							
							2400

						
							
							2700 

						
							
							3000

						
							
							2400

						
							
							2700

						
							
							3000

						
							
							2400

						
							
							2700

						
							
							3000

						
					

					
							
							P/E (mg/kcal)

						
							
							100.00

						
							
							88.89

						
							
							80.00

						
							
							108.33

						
							
							96.30

						
							
							86.67

						
							
							113.67

						
							
							103.70

						
							
							93.33

						
							
							125.00

						
							
							111.1

						
							
							100.00

						
					

					
							
							Test Diets

						
							
							D1

						
							
							D2

						
							
							D3

						
							
							D4

						
							
							D5

						
							
							D6

						
							
							D7

						
							
							D8

						
							
							D9

						
							
							D10

						
							
							D11

						
							
							D12

						
					

					
							
							Dry matter

						
							
							66.74±2.13ab

						
							
							65.13±1.14abc

						
							
							64.34±2.44abc

						
							
							66.46±1.82abc

						
							
							66.57±0.35ab

						
							
							69.38±1.06 a

						
							
							59.72±0.63bc

						
							
							62.99±1.71abc

						
							
							63.01±2.13abc

						
							
							61.83±2.75abc

						
							
							61.77±2.06abc

						
							
							57.711±0.13c

						
					

					
							
							Crude protein

						
							
							85.58±0.89 ab

						
							
							81.79±0.69 b

						
							
							81.54±1.56 b

						
							
							85.09±0.77 ab

						
							
							86.03±0.64ab

						
							
							88.18±1.59a

						
							
							82.75±0.69ab

						
							
							84.32±1.59 b

						
							
							87.37±0.26ab

						
							
							86.99±1.68 ab

						
							
							85.84±0.36 ab

						
							
							83.21±0.26ab

						
					

					
							
							Lipid

						
							
							86.70±0.94 b

						
							
							89.43±1.86 ab

						
							
							90.86±0.46 ab

						
							
							87.31±0.74 b

						
							
							89.03±0.31ab

						
							
							93.43±0.22 a

						
							
							81.93±0.39c

						
							
							88.99±0.95 ab

						
							
							90.73±0.38ab

						
							
							80.52±1.21 c

						
							
							86.58±1.18 b

						
							
							87.82±0.38 b

						
					

					
							
							Gross energy

						
							
							79.60±1.33 bc

						
							
							74.48±0.97 cd

						
							
							72.02±1.96 d

						
							
							79.30±1.00 bc

						
							
							78.07±0.53bc

						
							
							86.50±0.57 a

						
							
							69.17±0.82d

						
							
							79.16±1.39 bc

						
							
							79.70±1.17bc

						
							
							81.10±1.47 ab

						
							
							81.08±1.01ab

						
							
							83.05±0.27ab

						
					

					
							
							Ash

						
							
							85.35±0.92abc

						
							
							85.60±0.40abc

						
							
							83.41±1.18bcd

						
							
							87.51±0.61 a

						
							
							83.34±0.47bcd

						
							
							81.82±0.66cd

						
							
							86.30±0.22ab

						
							
							84.75±0.66abcd

						
							
							81.95±0.91cd

						
							
							84.08±1.16abcd

						
							
							82.34±0.92cd

						
							
							80.87±0.13 d

						
					

					
							
							Sodium

						
							
							76.65±1.40ab

						
							
							79.84±0.74ab

						
							
							80.09±1.36ab

						
							
							72.85±1.85ab

						
							
							74.04±4.81ab

						
							
							87.38±2.07a

						
							
							66.03±1.20b

						
							
							70.04±7.58b

						
							
							71.25±4.24b

						
							
							80.19±1.64ab

						
							
							66.71±1.62b

						
							
							65.40±0.88b

						
					

					
							
							Potassium

						
							
							87.11±0.74ab

						
							
							88.01±1.85ab

						
							
							90.32±0.69ab

						
							
							85.98±3.14b

						
							
							88.48±0.42ab

						
							
							92.93±0.20a

						
							
							88.50±0.59ab

						
							
							89.17±1.07ab

						
							
							89.15±1.01ab

						
							
							90.26±0.76ab

						
							
							89.64±0.57ab

						
							
							89.56±0.09ab

						
					

					
							
							Phosphorus

						
							
							74.09±1.52c

						
							
							77.96±1.62bc

						
							
							81.52±1.06ab

						
							
							77.14±0.42bc

						
							
							78.31±1.62bc

						
							
							85.05±0.92a

						
							
							78.86±0.28bc

						
							
							78.58±1.03bc

						
							
							77.86±1.25bc

						
							
							82.33±1.22ab

						
							
							80.90±0.96ab

						
							
							79.04±0.42bc

						
					

					
							
							Calcium 

						
							
							83.67±0.94ab

						
							
							80.17±0.82bc

						
							
							76.63±2.39c

						
							
							83.40±1.64ab

						
							
							85.67±1.75ab

						
							
							88.16±0.49a

						
							
							84.49±0.05ab

						
							
							85.51±0.56ab

						
							
							85.96±0.67ab

						
							
							80.84±1.15bc

						
							
							82.55±0.88abc

						
							
							84.21±0.24ab

						
					

					
							
							Magnesium

						
							
							91.06±0.59ab

						
							
							90.52±0.32ab

						
							
							90.30±0.67ab

						
							
							90.98±0.47ab

						
							
							91.11±0.12ab

						
							
							91.92±0.33a

						
							
							89.06±0.20bc

						
							
							90.02±0.47abc

						
							
							90.09±0.79abc

						
							
							89.79±0.72abc

						
							
							89.66±0.56abc

						
							
							87.52±0.46c

						
					

					
							
							Zinc

						
							
							74.39±1.41ab

						
							
							67.51±1.22bcd

						
							
							65.69±2.48cd

						
							
							69.83±1.27abcd

						
							
							71.33±0.06abcd

						
							
							76.61±0.60a

						
							
							63.30±0.95d

						
							
							72.15±1.54abc

						
							
							73.13±1.33abc

						
							
							65.32±3.38cd

						
							
							66.51±1.40bcd

						
							
							69.16±0.70abcd

						
					

					
							
							Copper

						
							
							80.48±2.28abc

						
							
							72.47±4.12bc

						
							
							83.24±1.77abc

						
							
							83.55±1.57abc

						
							
							91.15±3.79a

						
							
							87.21±1.25ab

						
							
							90.83±3.86a

						
							
							79.55±2.62abc

						
							
							67.4 9±0.52c

						
							
							80.83±0.45abc

						
							
							80.24±2.93abc

						
							
							73.57±8.76abc

						
					

					
							
							Manganese

						
							
							81.62±0.99a

						
							
							80.58±0.35a

						
							
							73.28±2.02b

						
							
							80.22±1.08a

						
							
							81.61±0.28a

						
							
							82.01±0.30a

						
							
							84.37±0.26a

						
							
							82.94±1.09a

						
							
							82.60±1.13a

						
							
							83.76±1.08a

						
							
							81.83±0.92a

						
							
							80.97±0.32a

						
					

					
							
							Iron

						
							
							81.94±1.17a

						
							
							84.87±0.40a

						
							
							85.20±0.71a

						
							
							78.94±1.21abc

						
							
							82.19±1.77a

						
							
							86.43±0.33a

						
							
							72.06±1.37bc

						
							
							71.13±2.23c

						
							
							70.77±3.75c

						
							
							77.64±2.55abc

						
							
							81.07±0.98ab

						
							
							82.83±1.61a

						
					

				
			

			Analysis of Variance (P value)

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							ANOVA

						
							
							DM (%)

						
							
							CP (%)

						
							
							Lipid (%)

						
							
							Gross energy (%) 

						
							
							Ash (%)

						
							
							Ca (%)

						
							
							P (%)

						
							
							Na (%)

						
							
							K (%)

						
							
							Mg (%)

						
							
							Cu (%)

						
							
							Mn (%)

						
							
							Zn (%)

						
							
							Fe (%)

						
					

					
							
							Protein 

						
							
							< 0.000

						
							
							< 0.008

						
							
							< 0.000

						
							
							< 0.000

						
							
							<0.005

						
							
							< 0.000

						
							
							< 0.011

						
							
							< 0.001

						
							
							> 0.608

						
							
							< 0.000

						
							
							< 0.013

						
							
							< 0.000

						
							
							< 0.003

						
							
							< 0.000

						
					

					
							
							Energy

						
							
							> 0.907

						
							
							>0.706

						
							
							< 0.000

						
							
							< 0.003

						
							
							< 0.000

						
							
							> 0.739

						
							
							< 0.006

						
							
							> 0.326

						
							
							< 0.023

						
							
							> 0.584

						
							
							> 0.075

						
							
							< 0.001

						
							
							< 0.049

						
							
							< 0.025

						
					

					
							
							Protein × Energy

						
							
							> 0.236

						
							
							< 0.005

						
							
							< 0.031

						
							
							< 0.000

						
							
							> 0.143

						
							
							< 0.002

						
							
							< 0.000

						
							
							< 0.004

						
							
							> 0.111

						
							
							< 0.033

						
							
							< 0.005

						
							
							< 0.001

						
							
							< 0.000

						
							
							> 0.346

						
					

					
							
							P/E

						
							
							> 0.124

						
							
							< 0.004

						
							
							< 0.000

						
							
							< 0.000

						
							
							< 0.004

						
							
							< 0.000

						
							
							< 0.001

						
							
							< 0.004

						
							
							> 0.083

						
							
							> 0.172

						
							
							< 0.002

						
							
							< 0.000

						
							
							< 0.000

						
							
							< 0.000

						
					

					
							
							Pooled Values

						
							
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							24% protein

						
							
							65.40ab

						
							
							82.97b

						
							
							88.99ab

						
							
							75.37b

						
							
							88.99ab

						
							
							80.15b

						
							
							77.85b

						
							
							78.85a

						
							
							88.47a

						
							
							90.62ab

						
							
							78.73b

						
							
							78.49b

						
							
							69.19ab

						
							
							84.00a

						
					

					
							
							26% protein

						
							
							67.47a

						
							
							86.43a

						
							
							89.92a

						
							
							81.29 a

						
							
							89.92a

						
							
							85.74b

						
							
							80.16ab

						
							
							78.08a

						
							
							89.13a

						
							
							91.33a

						
							
							87.30a

						
							
							81.27a

						
							
							72.58a

						
							
							82.52a

						
					

					
							
							28% protein

						
							
							61.90bc

						
							
							84.76ab

						
							
							87.21b

						
							
							76.01b

						
							
							87.21b

						
							
							85.32a

						
							
							78.43ab

						
							
							68.10b

						
							
							88.93a

						
							
							89.72bc

						
							
							79.28b

						
							
							83.30a

						
							
							69.52ab

						
							
							71.32b

						
					

					
							
							30% protein

						
							
							60.43c

						
							
							85.34ab

						
							
							84.69c

						
							
							81.74a

						
							
							84.69c

						
							
							82.53b

						
							
							80.75a

						
							
							70.76b

						
							
							89.81a

						
							
							88.98c

						
							
							78.21b

						
							
							82.18a

						
							
							66.99b

						
							
							80.51a

						
					

					
							
							240 kcal DE

						
							
							63.68a

						
							
							85.10a

						
							
							84.11c

						
							
							77.29b

						
							
							84.11c

						
							
							83.10a

						
							
							78.10b

						
							
							73.93a

						
							
							87.96b

						
							
							90.22a

						
							
							83.91a

						
							
							82.49a

						
							
							68.20b

						
							
							77.64b

						
					

					
							
							270 kcal DE

						
							
							64.11a

						
							
							84.49a

						
							
							88.50b

						
							
							78.20b

						
							
							88.50b

						
							
							83.47a

						
							
							78.93ab

						
							
							72.65a

						
							
							88.82ab

						
							
							90.32a

						
							
							80.85a

						
							
							81.74a

						
							
							69.37ab

						
							
							79.81ab

						
					

					
							
							300 kcal DE

						
							
							63.61a

						
							
							85.04a

						
							
							90.50a

						
							
							80.32a

						
							
							90.50a

						
							
							83.74a

						
							
							80.86a

						
							
							76.02a

						
							
							90.48a

						
							
							89.95a

						
							
							77.87a

						
							
							79.71b

						
							
							71.14a

						
							
							81.31a

						
					

				
			

			Data are mean of triplicate.  Means same column sharing a same superscript letter are not significantly different by Tukey s test (p > 0.05).

			Data analyses

			Statistical analysis of nutrient digestibility data for each variable was performed by using one-way and two-way analysis of variance (ANOVA). Significant difference between treatment groups was tested by the Tukey multiple range test (p < 0.05) (Steel et al., 1997). Minitab (8.1.1) statistical package (Minitab, College Park, PA) was used for statistical analysis.

			Results

			Dry matter digestibility

			The digestibility coefficient of dry matter ranged from 57.71% to 69.38 %. Significant differences (p<0.05) were observed among the digestibility of protein in varying diets. But the digestibility of protein was not significantly different (p>0.05) between D1 and D4. Similarly the protein digestibility was not significantly different (p>0.05) between D10 and D11. However, D6 (69.38%) had the highest coefficient of digestibility, followed by D9 (87.37%), then D10 (86.99 %) (TableI).

			Protein digestibility

			The digestibility coefficient of protein ranged from 81.54% to 88.18%. Significant differences (p<0.05) were observed among the digestibility of protein in varying diets. But the digestibility of protein was not significantly different (p>0.05) between D2 and D3. Similarly the protein digestibility was not significantly different (p>0.05) among D1, D4 and D11. However, D6 (88.18%) had the highest coefficient of digestibility, followed by D1 (66.74%), then D4 (66.46 %) (TableI).

			Lipid digestibility

			The lipid digestibility coefficient ranged from 80.52% to 93.43%. A significant differences among the digestibility of lipid in various diets were found (p<0.05). But lipid digestibility between D2 and D5 was not significantly different (p>0.05). Similarly, lipid digestibility between D3 and D9 was not significantly different (p> 0.05). However, D6 (93.43%) had the maximum digestibility coefficient, followed by D3 (90.86%), then D9 (90.73%), lastly D2 (89.43%) (TableI).

			Gross energy digestibility

			The digestibility coefficient of gross energy ranged from 69.17% to 86.30%. The digestibility of the gross energy was significantly different (p<0.05) in various diets.

			[image: ]

			Fig. 1. Factorial plot depicting interactions of dietary protein and energy levels on ADC % dry matter, crude protein, lipid, ash and gross energy of Lobeo rohita fingerlings.

			[image: ]

			Fig. 2. Factorial plot depicting interactions of dietary protein and energy levels on ADC % K, Na, Mg, Ca, P, Zn, Mn, Cu and Fe of Lobeo rohita fingerlings.

			But gross energy digestibility was not significantly different (p>0.05) among D1, D4 and D8.Similarly, gross energy digestibility was not significantly different (p>0.05) between D10 and D11. However, the D6 showed highest digestibility coefficient of gross energy (86.30%), followed D12 (83.05%) (TableI).

			Ash digestibility

			The digestibility coefficient of ash ranged from 80.87% to 87.51%. The digestibility of the ash was significantly different in various diets (p<0.05). But ash digestibility was not significantly different (p>0.05) between D1 and D2. Similarly, ash digestibility was not significantly different (p>0.05) between diet D3 and D5, between D8 and D10, between D6 and D9. However, the D4 (87.51%) showed highest digestibility coefficient of ash, followed by D7 (86.30%) (TableI).

			The diet with proper P/E ratio enhanced the ADC (%) of nutrients and minerals of treatment diets in L. rohita fingerlings (TableI). The higher digestibility of dry matter, crude protein, lipid and gross energy was observed in fish fed D6 with P/E ratio 86.67 mg/kcal which differed significantly (p<0.05) from all other treatment while higher digestibility of ash was observed in fish fed 108.33 P/E ratio diet.

			Factorial plots of interactions of dry matter, crude protein, lipid, ash and gross energy digestibility with protein and energy levels are shown in Figure1. The digestibility of minerals such as potassium and magnesium were not significantly (p> 0.05) affected by protein energy P/E ratios whereas the digestibility of sodium, phosphorus, calcium, zinc, copper, manganese and iron was significantly (p<0.05) affected by protein energy ratios. However, the digestibility of Na, Mg, P, Ca, K, Zn and Fe were found highest with P/E ratio 86.67 mg/kcal diet while the highest digestibility of Cu and Mn was found in fingerlings fed D5 and D7, respectively. Factorial plots of interactions of minerals such as Na, K, P, Ca, Mg, Zn, Cu, Mn and Fe digestibility with protein and energy levels are shown in Figure2.

			Discussion

			The digestibility of dry matter, crude protein, lipid and gross energy was higher in fish fed 86.67 mg/kcal P/E ratio diet while digestibility of ash was higher in fish fed 108.33 mg/kcal P/E ratio diet. The lower digestibility values of dry matter and ash were observed in D12 with P/E ratio 100.00 mg/kcal while lower digestibility of crude protein, lipid and gross energy was noticed in D3 (80.00 mg/kcal), D10 (125.00 mg/kcal) and D7 (113.67 mg/kcal), respectively. In the current study, the digestibility values of dry matter are agreed with the results of Rahman et al. (2016). The mean values of digestibility of crude protein, lipid, gross energy was significantly (p < 0.05) improved by the (P/E) ratio in all diets while dry matter digestibility was non-significantly (p > 0.05) affected. The results of this study are agreed with the findings of Rivas-Vega et al. (2013). In the present study, protein digestibility is closer to the values reported by Hossain et al. (2000). The diet containing 80 mg/kcal is negatively affected the digestibility of protein. In the present study, lipids digestibility values are closer to the digestibility values (90.1 to 95.7%) in Japanese flounder reported by Sato (1999). The decreasing trend of digestibility of lipid at higher protein level might be due to more nitrogen excretion that negatively affected lipid digestibility.

			The digestibility of ash was highest in fingerlings fed diet with P/E ratio 108.33 mg /kcal. The digestibility of ash was significantly lower at high dietary energy and protein levels. The higher dietary lipid level may cause more fecal excretion that reduce digestibility of ash. In addition, digestibility of energy was found highest in fish fed D6 (86.67 mg/kcal ratio). The digestibility of dietary energy values ranged from 83.05 to 72.02 (%) are similar with values reported by Windell et al. (1978) in rainbow trout, however, lower than values reported by Cho et al. (1982).The herbivorous fish species have lower digestibility of dietary energy with high lipid diet than carnivorous fish (Lovell, 1989). This study is consistent with the findings of Rivas-Vega et al. (2013).

			The digestibility values of Na, K, P, Ca, Mg, Zn and Fe were highest in fish fed D6 while Cu and Mn digestibility was highest in group of fish fed D5 and in D7, respectively. The digestibility of Na, P, Ca, Zn, Cu, Mn, and Fe was significantly (p < 0.05) affected by P/E ratio in the diets while the digestibility of K and Mg not significantly (p > 0.05) affected. These finding are agreed with the results of Hardy et al. (2011). The digestibility values of Na, K, Ca, Mg, Zn and Fe were decreased by increasing protein levels at each dietary energy level while digestibility values of P, Cu and Mn were increased by increasing levels of dietary protein at each dietary energy level. The finding of this study is agreed with the result of Hardy et al. (2011).

			As a result of the present study we concluded that P/E ratio of 86.67 mg / kcal can be successfully utilized in L. rohita fingerlings diet to maximize growth performance.
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This study investigated the effects of dietary protein to energy (P/E) ratios on the nutrients and minerals
digestibility of Labeo rohita fingerlings. Twelve experiment diets containing four protein levels (24, 26, Key words

28, and 30 %) at three dietary energy levels (2400, 2700, and 3000 kcal/kg) with P/E ratios from 80.00 to
125.00 mg / kecal were evaluated. Each diet was randomly assigned to triplicate groups of seventeen fish

P/E ratio, Labeo rohita, Nutrients,

averaging 6.5+0.6 g (mean+SD) for 10 wk. The chromic oxide in the diets was added as an additional Rohu, Digestibility.
inert marker to determine the digestibility of nutrients. The results from present study were demonstrated DOI: https:// dx.doi.org/ 10.17582/
that the dietary P/E ratio significantly affects digestibility of protein, lipid and gross energy. In addition, j ournal’pjzZZ0190504200510

the interactions of protein and energy significantly (p < 0.05) affected the digestibility of crude proteins, ',
lipids, gross energy however, no significant (p > 0.05) effect was observed in digestibility of dry matter

Corresponding author: javed.

and ash. The increasing dietary P / E ratio significantly increased the digestibility of Na, Ca, P, Cu, zoologist@gmail.com
Mn, Zn, and Fe. The diet with P / E ratio of 86.67 mg / kcal showed higher digestibility of dry matter 0030-9923/2022/0001-0063 $

(69.38+1.06), crude protein (88.18+1.59), lipid (93.43+0.22) and gross energy (86.50+0.57) while lower 9 ()()/()
digestibility was observed in D12 (dietary protein 30% and dietary energy 3000 kcal/kg) with P/E ratio
100.00 mg / kcal. In conclusion, P/E ratio of 86.67 mg digestible protein / kcal digestible energy shows
the maximum digestibility of nutrients and minerals in Labeo rohita fingerlings.

Copyright 2022 Zoological Society
of Pakistan

INTRODUCTION

Labeo rohita (Rohu) is the most important fish species
commonly cultured in Asia, particularly in the Indian
subcontinent (Khan ef al., 2004) because of its high
growth rate, graceful body, market value, quality meat
and consumer preference. The estimated production of
this fish species in subcontinent was 9, 45,233 metric
tons (FAO, 2014). The advances in fish industry is mainly
dependent on the availability of cheap feed ingredients in
terms of quality and quantity. In fish feed, fish meal is a
tremendous nutrients sources such as minerals, vitamins,
essential amino acids, vital fatty acids (Zhou et al., 2004)
and growth factors. However, its increasing demand has
led to high marketing cost and supply constraints (Lim ef
al., 2011).

The protein of plants and animals are used for fish
growth and development, reproductive activities, body
repairing processes (Huo et al., 2014) but excessive levels
of dietary protein increase nitrogen excretion, resulting in
deterioration of the water quality of culture media which
creates alarming situation for fish growth (Craig and
Helfrich, 2009). The required protein levels in fish feed is
a major factor for optimal growth of aquaculture species.
Similarly, the proper energy level in the dief also play
important role for sustaining fish life. The cheap sources

of dietary energy such as carbohydrates and lipids may
spare protein as energy consumption whereas inadequate
energy levels in the diet may increase production cost of
fish (Okarie ef al., 2007). However, dietary energy with
excessive amount can reduce feed utilization more lipid
deposition in the body led to poor growth (NRC, 2011).
Therefore, optimum ratio between dietary protein and non-
protein energy sources is associated with higher growth
(Ai et al., 2004). Thus, keep in mind, adequate P/E ratios
in diet may enhance fish growth, its production lead to
generating more revenue in the fish industry. The balanced
protein energy ratio is also provided proper calories and
amino acids for rapid growth, development and quality
fish meat.

Optimization of P/E ratio may vary depending on
fish age, different dietary protein sources, dietary formula,
seasonal factors and experimental design (Okorie ef al.,
2007). In some fish species, P/E ratios have been reported
98.3 mg protein/kcal energy for Singhi, Heteropneustes
Jossilis (Khan et al., 2012); 92.25 mg protein/kcal energy
for sturgeon, Acipenser persicus (Mohseni et al., 2013);
150.75 mg protein/kcal energy for parrot fish, Oplegnathus
Jasciatus (Kim et al., 2016); 97.35 mg protein/kcal energy
for lemon fin barb hybrid Hypsibarbus wetmorei X
Puntinus gonionotus larvae (Anizah ef al., 2017).

The objective of this study is to: (i) investigate
the combine effects of protein and energy on nutrients
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