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			ABSTRACT

		

		
			The present study was conducted to evaluate the effect of replacing soybean meal with silkworm meal on production performance, hematology and carcass traits in broilers at finisher phase. Five isonitrogenous and isocaloric diets were uttered with the step-wise i.e. 0% (D1), 25% (D2), 50% (D3), 75% (D4) and 100% (D5) replacement of soybean meal with silkworm meal in commercial broiler rations. A total of 150 day-old broiler chicks (Ross 308) were randomly distributed into fifteen replicate groups (n=10), and consequently reared on five experimental diets according to a completely randomized design. Feed intake was higher in D4 group in comparison with other groups (P < 0.05). Live body weight was higher in D4 group than D2, D3 and D5 groups (P < 0.05). FCR and dressing percentage were similar among the all groups (P > 0.05). Albumin was higher in D1 group in comparison with other groups (P < 0.05), however, other blood parameters and carcass characteristics indicated no significant differences (P > 0.05). Cost per kg of feed gradually decline with increasing dietary level of SCM inclusion levels (P < 0.05), indicating higher economic benefit. However, the gross return per bird and profit per kg meat were higher for diet D4 (P < 0.05). It was revealed that replacement of soyabean meal with silkworm meal did not affect broiler performance and carcass quality; therefore silkworm meal may effectively be used as a low-cost protein constituent in the broiler finisher ration.
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			Introduction 

			

			Broiler producers are facing much difficulty with availability and higher prices of feed ingredients (Khatun et al., 2003). In most animal production systems, feed takes the largest part of the production costs, and most of it is contributed by the cost incurred on protein-ingredients, particularly in monogastric animals such as poultry which could not synthesize essential amino acids. Feed ingredients, especially animal protein sources are very expensive and scarce due to high competition among poultry, human and other animals resulting in the escalating.

			Poultry production relies heavily on a plant-seeds based protein supplements, especially soybean meal due to its excellent amino acid composition and high level of digestibility (Willis, 2003). In many countries such as Pakistan, the production of soybean is limited and most of the soybean used in production of poultry ration is imported from other countries, making it very expensive. Moreover, next to the rising prices, conventionally used protein ingredients are not ecologically or economically sustainable, and many of the traditional protein ingredients are forecast to be in short supply within the next ten years mainly due to an increase in the human population and unfavourable climatic conditions (Barona et al., 2010; FAO, 2012). The increasing cost of protein ingredients has provided impetus to the poultry industry to explore alternative low-cost, sustainable sources of protein ingredients in poultry ration (Ramos-Elorduy et al., 2002; Das et al., 2009). Therefore, there is a growing interest in the use of some of the protein-rich insect speices as a low-cost protein ingredient in poultry ration (Van-Hhuis et al., 2013). Insects grow and reproduce very fast, had high feed conversion efficiency and can be fed on bio-wastes materials. Insects can convert organic wastes into high value food and feed resource, and on average 1 kg of insect biomass can be produced from 2 kg of feed biomass (Collavo et al., 2005). Recent studies haves shown that it is technically feasible to produce insects on a large scale and to use them as an alternative, sustainable protein rich ingredient in poultry ration (Veldkamp et al., 2012). 

			According to our knowledge, limited work has been done on the nutritional value of silkworm caterpillar meal produced in Pakistan as animal feed. Therefore, the present study was designed to assess silkworm meal as an alternate potential protein ingredient in poultry feed. 

			

			Materials and Methods

			

			Preparation of silkworm meal

			Dried silkworm pupae with their chitinous covering was obtained from the Changa Manga Silk Industries at District Kasur, Pakistan (31° 05′ N latitude 73° 58′ E longitude). In silk production, the silkworms are killed in the pupa stage before they produce enzymes for disruption of silk cocoons. Simultaneously, the cocoon is removed and used for silk production, and large quantities of spent pupa are produced as byproducts which are often discarded in the open environment or used as fertilizer. 

			During the present study, the spent silkworm pupae were obtained from two consecutive batches at two weeks interval. The spent pupas were dried, crushed manually and the chitinous matter was removed. The pupa matter was then ground and used for the preparation of experimental diets.

			

			Table I.- Ingredient and chemical composition (%) of experimental rations for broiler at starter phase. 

			

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							

						
							
							Diets* (soybean: silkworm)

						
					

					
							
							D1 (100:0)

						
							
							D2 (75:25)

						
							
							D3 (50:50)

						
							
							D4 (25:75)

						
							
							D5 (0:100)

						
					

					
							
							Ingredients

						
							
							

						
							
							

						
							
							

						
							
							

						
							
							

						
					

					
							
							Corn

						
							
							58.8

						
							
							59

						
							
							59

						
							
							59

						
							
							59

						
					

					
							
							Broken Rice 

						
							
							2

						
							
							2.3

						
							
							2.8

						
							
							3.3

						
							
							3.8

						
					

					
							
							Cotton meal

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
					

					
							
							Guar meal

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
					

					
							
							Sunflower meal

						
							
							2.1

						
							
							2.1

						
							
							2.1

						
							
							2.1

						
							
							2.1

						
					

					
							
							Soya bean  meal

						
							
							10

						
							
							7.5

						
							
							5

						
							
							2.5

						
							
							0

						
					

					
							
							Silk worm meal

						
							
							0

						
							
							2

						
							
							4

						
							
							6

						
							
							8

						
					

					
							
							Maize gluton meal (30%)

						
							
							7.4

						
							
							7.4

						
							
							7.4

						
							
							7.4

						
							
							7.4

						
					

					
							
							Fishmeal 50%

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
							
							4

						
					

					
							
							Rice polish

						
							
							5

						
							
							5

						
							
							5

						
							
							5

						
							
							5

						
					

					
							
							Molasses

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Lime stone

						
							
							0.4

						
							
							0.4

						
							
							0.4

						
							
							0.4

						
							
							0.4

						
					

					
							
							Rock phosphate

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Lysine

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
					

					
							
							Methionine

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
					

					
							
							Vitamins Minerals premix

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
							
							0.1

						
					

					
							
							Metabolizable energy (kcal/kg)

						
							
							3027

						
							
							3025

						
							
							3018

						
							
							3011

						
							
							3006

						
					

					
							
							Calculated chemical composition†

						
					

					
							
							Crude protein

						
							
							20.3

						
							
							20.1

						
							
							20.2

						
							
							20.1

						
							
							20.2

						
					

					
							
							Ether extract

						
							
							4.20

						
							
							4.21

						
							
							4.23

						
							
							4.19

						
							
							4.24

						
					

					
							
							Fiber

						
							
							3.95

						
							
							3.91

						
							
							3.93

						
							
							3.91

						
							
							3.94

						
					

					
							
							Ash

						
							
							5.48

						
							
							5.42

						
							
							5.44

						
							
							5.45

						
							
							5.47

						
					

					
							
							Calcium

						
							
							0.77

						
							
							0.76

						
							
							0.77

						
							
							0.79

						
							
							0.78

						
					

					
							
							Phosphorous

						
							
							0.31

						
							
							0.29

						
							
							0.30

						
							
							0.31

						
							
							0.31

						
					

					
							
							Lysine (% of total amino acids)

						
							
							1.36

						
							
							1.36

						
							
							1.37

						
							
							1.38

						
							
							1.39

						
					

					
							
							Methionine (% of total amino acids)

						
							
							0.46

						
							
							0.52

						
							
							0.58

						
							
							0.64

						
							
							0.70

						
					

					
							
							Cysteine (% of total amino acids)

						
							
							0.34

						
							
							0.34

						
							
							0.33

						
							
							0.33

						
							
							0.33

						
					

				
			

			

			*D1, control diet; D2, 25%; D3, 50%; D4, 75% and D5, 100% of the soybean meal was replaced with silkworm meal. #Provides per kg of diet: Mn, 80 mg; Zn, 60 mg; Fe, 60 mg; Cu, 5 mg; Co, 0.2 mg; I, 1 mg; Se, 0.15 mg; choline chloride, 200 mg; vitamin A, 12000 IU; vitamin D3, 2400 IU; vitamin E, 50 mg; vitamin K3, 4 mg; vitamin B1, 3 mg; vitamin B2, 6 mg; niacin, 25 mg; calcium-d-pantothenate, 10 mg; vitamin B6, 5 mg; vitamin B12, 0.03 mg; d-biotin, 0.05 mg; folic, acid 1 mg. †g/100 g DM until otherwise stated.

			

			Experimental design, diets and management of experimental birds

			A total of 150 one-day-old broiler chicks (Ross 308) were randomly divided into fifteen replicate groups with 10 birds per replicate. Each replicate group was housed in 10 × 10 feet cages, in the same poultry shed. The 15 replicates were randomly assigned to five experimental diets with 3 replicates per diet according to a completely randomized design (CRD). The five diets were formulated with the step-wise i.e. 0% (D1), 25% (D2), 50% (D3), 75% (D4) and 100% (D5) replacement of soybean meal with a silkworm meal in a commercial broiler ration. The experimental feeds were pelleted using an experimental pellet machine at the University of Agriculture Peshawar. All five diets were formulated on iso-nitrogenous and iso-caloric basis. The ingredient and chemical composition of the five experimental diets is given in Table I. 

			Throughout the experiment, feed and water were provided adlibitum. During the starter phase, all birds were fed with control diet. Experimental diets were introduced to broilers at 22 days of age. The trial continued till 42 days of age and data on feed intake of each replicate was recorded on daily basis. The individual body weight of the birds was recorded at the beginning of the study and thereafter weekly. Feed conversion ratio was calculated on weekly basis, for each experimental unit. 

			

			Carcass traits and hematology

			At the end of the study, the blood samples were collected for hematological study. Three birds per replicate were randomly selected and weighed. After collection of blood samples, birds were slaughtered for determination of slaughter weight, dressed weight, weights of body parts cuts as well as various carcass traits. Carcass weight was measured by defeathering and removal of feet, head and viscera. Dressing percentage was calculated by dividing the carcass weight over live body weight. 

			

			Economics of the different ration (Cost analysis)

			Economics of the research study was calculated in terms of total expenditure incurred and gross return. Operational cost per chick was calculated according to the market rate. The cost of silkworm used was included. Mean gross return per chick was calculated according to market rate of live bird on per kg basis. Cost per kg meat was calculated on basis of total feed consumed while net return were calculated on basis of per kg meat sale out. The cost per kg feed consistently declined with the increasing proportion of silkworm meal in the broiler diets.

			

			Statistical analysis

			The effect replacing soybean meal with a silkworm meal on the production performance parameters, blood profile and carcass traits was analyzed according to General Linear Model (GLM) procedure of Statistical Analysis System (SAS, 2009). The model used was:

			

			[image: Image33779236.PNG]

			Where, Yij is the dependent variable, µ, is the overall mean, Di is the fixed effect of experimental diets (i = 1-5) and Єij is the random error. When significant (P < 0.05) differences were detected, post-hoc analyses were carried out using the Tukey-Kramer test to compute pair-wise differences in the means. Replicate was used as experimental unit.

			

			RESULTS

			

			Data on the performance of birds is summarized in Table II. Feed intake was higher in D4 group in comparison with other groups (P < 0.05). Live body weight was higher in D4 group than D2, D3 and D5 groups (P < 0.05), and lowest in D5 group in comparison with other groups (P < 0.05). FCR and dressing percentage were not affected (P > 0.05). 

			

			Table II.- Effect of replacing soybean meal with silkworm meal on feed intake (g), body weight gain (g), feed conversion ratio (FCR) and dressing percentage of broilers.

			

			
				
					
					
					
					
					
				
				
					
							
							Diets#

							(SBM:SWM)†

						
							
							Feed intake (g)

							(Mean ± SE)

						
							
							Live body weight (g) 

							(Mean ± SE)

						
							
							FCR

							(Mean ± SE)

						
							
							Dressing percentage

							(Mean ± SE)

						
					

					
							
							D1 (100:0)

						
							
							4428.6± 9.94b

						
							
							2092.3 ± 2.85ab

						
							
							2.12 ± 0.021

						
							
							68.43 ± 0.34

						
					

					
							
							D2 (75:25)

						
							
							4412.1 ± 11.62b

						
							
							 2044.0 ± 2.37bc

						
							
							2.16 ± 0.078

						
							
							67.01 ± 0.23

						
					

					
							
							D3 (50:50)

						
							
							4424.8 ± 5.39b

						
							
							2026.0 ± 4.42bc

						
							
							2.18 ± 0.040

						
							
							68.80 ± 0.39

						
					

					
							
							D4 (25:75)

						
							
							4572.4 ± 12.33a

						
							
							2143.3 ± 4.33a

						
							
							2.13 ± 0.069

						
							
							69.51 ± 0.41

						
					

					
							
							D5 (0:100)

						
							
							4434.7 ± 8.89b

						
							
							2003.7 ± 4.70c

						
							
							2.21 ± 0.043

						
							
							68.72 ± 0.43

						
					

					
							
							Significance

						
							
							***

						
							
							***

						
							
							NS

						
							
							NS

						
					

				
			

			

			a-c, means with different letters within the column differs at P < 0.05;  ***, P < 0.001; NS, Non-significant.

			#D1, control diet; D2, 25%; D3, 50%; D4, 75% and D5, 100% of the soybean meal was replaced with silkworm meal.

			† SBM, soybean meal; SWM, silkworm meal. 




			The effect of replacement of soyabean meal with silkworm meal on haematological parameters is shown in Tables III and IV indicates the same on carcass quality.Albumin was higher in D1 group in comparison with other groups (P < 0.05), however, other blood parameters and carcass characteristics indicated no significant differences (P > 0.05).

			Table V shows economics of replacing soyabean meal with silk worm meal. Cost per kg feed was lowest in D5 in comparison with other groups (P < 0.05). Cost of total feed consumed per bird was lowest in D4 than other groups (P < 0.05), however total cost per kg meat remained the same among all diets groups (P > 0.05). Gross return per bird as well as profit per kg meat was higher in D1 and D4 in comparison with other groups (P < 0.05).

			

			Table III.- Effect of varying replacement levels of silkworm  meal for soyabean meal on hematological parameters of finishing broiler chickens.

			

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Diets* (soybean: silkworm)

						
					

					
							
							D1 (100:0)

						
							
							D2 (75:25)

						
							
							D3 (50:50)

						
							
							D4 (25:75)

						
							
							D5 (0:100)

						
							
							Significance

						
					

					
							
							Blood Sugar (mg/dl)

						
							
							12.93

						
							
							12.52

						
							
							12.91

						
							
							12.52

						
							
							12.41

						
							
							NS

						
					

					
							
							Total Protein(mg/dl)

						
							
							4.14

						
							
							4.08

						
							
							4.06

						
							
							3.96

						
							
							3.93

						
							
							NS

						
					

					
							
							Cholesterol (mg/dl)

						
							
							2.85

						
							
							2.81

						
							
							2.84

						
							
							2.92

						
							
							2.78

						
							
							NS

						
					

					
							
							Albumin (mg/dl)

						
							
							01.60a

						
							
							01.35c

						
							
							01.44b

						
							
							01.42b

						
							
							01.32b

						
							
							***

						
					

					
							
							RBC (103/mm3)

						
							
							2.94

						
							
							2.72

						
							
							2.85

						
							
							2.92

						
							
							2.79

						
							
							NS

						
					

					
							
							WBC (103/mm3)

						
							
							9.39

						
							
							9.68

						
							
							9.53

						
							
							9.47

						
							
							10.06

						
							
							NS

						
					

					
							
							PCV (%)

						
							
							31.90

						
							
							31.68

						
							
							31.74

						
							
							31.47

						
							
							31.79

						
							
							NS

						
					

					
							
							HB (g/dl)

						
							
							10.68

						
							
							10.72

						
							
							10.68

						
							
							10.44

						
							
							10.45

						
							
							NS

						
					

					
							
							MCV (%)

						
							
							108.53

						
							
							116.95

						
							
							111.46

						
							
							107.70

						
							
							114.20

						
							
							NS

						
					

					
							
							MCH (%)

						
							
							36.32

						
							
							39.58

						
							
							37.51

						
							
							35.72

						
							
							37.50

						
							
							NS

						
					

					
							
							MCHC (%)

						
							
							33.47

						
							
							33.84

						
							
							33.67

						
							
							33.19

						
							
							32.89

						
							
							NS

						
					

				
			

			

			For abbreviations, see Table II.

			

			

			Table IV.- Effect of varying replacement levels of silkworm  meal for soyabean meal carcass characteristics parameters of finishing broiler chickens.

			

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Diets* (soybean: silkworm)

						
					

					
							
							D1 (100:0)

						
							
							D2 (75:25)

						
							
							D3 (50:50)

						
							
							D4 (25:75)

						
							
							D5 (0:100)

						
							
							Significance

						
					

					
							
							Live body weight (g)

						
							
							2092.3ab

						
							
							2044.0bc

						
							
							2026.0bc

							

						
							
							2143.3a

							

						
							
							2003.7c

							

						
							
							***

						
					

					
							
							Dressed weight (g)

						
							
							1431.3

						
							
							1367.0

						
							
							1394.0

							

						
							
							1489.3

							

						
							
							1377.0

							

						
							
							NS

						
					

					
							
							Dressing (%)

						
							
							68.43

						
							
							67.01

							

						
							
							68.80

						
							
							69.51

						
							
							68.72

							

						
							
							NS

						
					

					
							
							Viscera (%)

						
							
							25.27

						
							
							23.17

						
							
							25.42

						
							
							26.21

							

						
							
							24.81

						
							
							NS

						
					

					
							
							Head (%)

						
							
							2.34

						
							
							2.32

						
							
							2.35

						
							
							2.36

						
							
							2.33

						
							
							NS

						
					

					
							
							Wings (%)

						
							
							12.28

							

						
							
							12.49

						
							
							12.45

							

						
							
							12.44

							

						
							
							12.47

							

						
							
							NS

						
					

					
							
							Breast (%)

						
							
							13.31

							

						
							
							12.95

						
							
							12.71

						
							
							13.39

							

						
							
							12.3

							

						
							
							NS

						
					

					
							
							Back (%)

						
							
							12.61

						
							
							12.41

							

						
							
							12.19

						
							
							12.65

						
							
							11.71

							

						
							
							NS

						
					

					
							
							Gizzard (%)

						
							
							2.54

						
							
							2.31

						
							
							2.68

						
							
							2.51

						
							
							2.57

						
							
							NS

						
					

					
							
							Lungs (%)

						
							
							0.75

						
							
							0.74

						
							
							0.76

							

						
							
							0.77

							

						
							
							0.73

							

						
							
							NS

						
					

					
							
							Heart (%)

						
							
							0.60

						
							
							0.57

						
							
							0.67

						
							
							0.66

						
							
							0.59

						
							
							NS

						
					

					
							
							Liver (%)

						
							
							2.68

						
							
							2.76

						
							
							2.72

						
							
							3.49

						
							
							3.36

						
							
							NS

						
					

					
							
							Kidney (%)

						
							
							0.46

						
							
							0.49

						
							
							0.57

						
							
							0.60

						
							
							0.58

						
							
							NS

						
					

				
			

			

			For abbreviations, see Table II.

			

			Table V.-  Economics* of replacing soybean meal with silkworm meal in broiler finisher ration.

			

			
				
					
					
					
					
					
					
				
				
					
							
							DIETS

							(SBM:SWM)

						
							
							Cost/kg feed

						
							
							Cost of total feed 

							consumed/bird

						
							
							Total cost/kg meat

						
							
							Gross return/ bird

						
							
							Profit/kg meat

						
					

					
							
							D1 (100:0)

						
							
							44.01a

						
							
							194.9a

						
							
							117.04a

						
							
							303.3a

						
							
							58.48ab

						
					

					
							
							D2 (75:25)

						
							
							43.42b

						
							
							191.1c

						
							
							117.97a

						
							
							296.38bc

						
							
							55.24ab

						
					

					
							
							D3 (50:50)

						
							
							42.63c

						
							
							188.6d

						
							
							117.78a

						
							
							293.77bc

						
							
							55.14b

						
					

					
							
							D4 (25:75)

						
							
							42.12d

						
							
							192.5b

						
							
							113.18a

						
							
							310.78a

						
							
							68.18a

						
					

					
							
							D5 (0:100)

						
							
							41.61e

						
							
							184.5e

						
							
							117.06a

						
							
							290.53c

						
							
							55.96ab

						
					

				
			

			

			*All values are given in Pakistan Rupees (1US$ = Rs. 105); Kg/meat sale out on Rs. 145/-

			

			

			DISCUSSION

			

			Due to high cost conventional sources of animal protein, researchers are focussing on exploring alternate economical protein sources. In recent years, different species of insects and flies have emerged as a new, low-cost alternative protein sources in animal feed (Sun et al., 2013; Sanchez-Muros et al., 2014; Veldkamp and Bosch, 2015). Therefore, the present study was conducted to evaluate the effect of replacement of soyabean meal with silkworm meal in broiler finisher ration.

			Feed intake and weight gain was affected with the inclusion of silkworm meal in the feed, and the highest feed intake and body weight was recorded for diet containing 75% soyaben meal replaced with silkworm meal. It may be endorsed to silkworm meal because our results are inline with findings of Khatun et al. (2003), (2005) and Loselevich et al. (2004) who have reported that SCM has pleasant taste and is palatable and acceptable by both broilers and laying birds. Moreover, the findings of the present study are in agreement with the observations of Rahman et al. (1996) and Khatun et al. (2003) who attributed the improved growth performance of SCM fed broilers to balanced amino acids profile of SCM. In another study, Ijaiya and Eko (2009) reported a higher weight gain with 75% replacement of fish meal with silkworm meal. However, the intake and production performance reduced with 100% replacement of fish meal with silkworm meal (Ijaiya and Eko, 2009; Dutta and Dutta, 2012). In the present study birds showed low performance with 100% replacement of soybean meal with silkworm meal. The literature suggests that this could be due to the adverse impact of high fat content on intake and the inability of young chicks to utilize the crude fibre integral in the exoskeleton (made of chitin) of the silkworm caterpillar (Fagoonee, 1983; Makkar et al., 2014; Valerie et al., 2015). Another study shows that the protein requirement at the finisher phase depends more on the amino acid profile than the total nitrogen content (Fadiyimu et al., 2003).

			In the present study, FCR of the birds showed no significant differences at any inclusion level of SCM. The literature suggests that improved performance of broilers with the replacement of soybean meal with silkworm meal (up to 75%) could be related to its higher content of essential amino acids, minerals and energy (Khatun et al., 2003). Moreover, Fogoonee (1983) argued that the silkworm meal contain growth prompting factors such as ecdysteroid activity (a hormone involved in protein synthesis and tissue formation), though this has not been confirmed since. In the present study the highest feed intake and live body weight was observed with 75% replacement of soybean meal with silkworm meal. The reasons for best FCR with the 75% replacement level may be due to a more optimal supply of essential amino acid profile (particularly tryptophane), nutrient digestibility and an increased rate of protein accumulation (Khan et al., 2015). In the present study, dressed yield was not affected due to replacement of soyabean meal with silkworm meal. Our results are in contrast with Khatun et al. (2008) who observed highest dressing percentage for the dietary groups containing higher level of fish meal replacement with silkworm meal. Similarly, Kumur et al. (1992) reported that the dressed weight of broilers increased almost linearly on increasing dietary levels of silkworm pupae meal. 

			The analysis of blood parameters except blood albumin showed no significant differences among the different diet groups in the present study. However, our results are within the normal ranges as reported by Anon (1980). The significant differences observed in the blood albumin in the present study may be due to protein of silkworm meal and its use, as reported by Nandeesh et al. (1998) and Tona et al. (2006).

			In the present study, cost per kg of feed gradually decline with increasing dietary level of SCM inclusion levels, indicating higher economic benefit. Moreover, the gross return per bird and profit per kg meat were higher for diet with 75% replacement of soyabean meal with silkworm meal. Decrease in the cost of production per unit of feed intake and gain in weight with increasing level of SCM inclusion in the diet in present study agreed with the report of Atteh and Ologbenla (1993), Khatun et al. (2003) and (2005). Although no direct comparisons could be made for economics due to lack of literature data, Fagoonee (1983), Konwar et al. (2008) and Dutta and Dutta (2012) reported that replacing 50% of the fish meal with silkworm meal in broiler ration supported optimum growth performance and improved the profit margin due to its much lower cost. 

			

			Conclusions

			

			The results of the present study showed that silkworm meal may be replaced with soybean meal in the broiler finisher ration without having adverse effect on blood profile and carcass quality. Moreover, the best results in terms of feed intake and live body weight may be achieved with 75% replacement of soybean meal with silkworm meal in the commercial broiler finisher ration. 
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ABSTRACT

The present study was conducted to evaluate the effect of replacing soybean meal with
silkworm meal on production performance, hematology and carcass traits in broilers
at finisher phase. Five isonitrogenous and isocaloric diets were uttered with the step-
wise i.e. 0% (D1), 25% (D2), 50% (D3), 75% (D4) and 100% (D5) replacement of
soybean meal with silkworm meal in commercial broiler rations. A total of 150 day-
old broiler chicks (Ross 308) were randomly distributed into fifteen replicate groups
(n=10), and consequently reared on five experimental diets according to a completely
randomized design. Feed intake was higher in D4 group in comparison with other
groups (P < 0.05). Live body weight was higher in D4 group than D2, D3 and D5
groups (P <0.05). FCR and dressing percentage were similar among the all groups (P
> 0.05). Albumin was higher in D1 group in comparison with other groups (P < 0.05),
however, other blood parameters and carcass characteristics indicated no significant

level of SCM inclusion levels (P <0.05), indicating higher economic benefit. However,
the gross return per bird and profit per kg meat were higher for diet D4 (P < 0.05). It
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availability and higher prices of feed ingredients
(Khatun et al., 2003). In most animal production systems,
feed takes the largest part of the production costs, and
most of it is contributed by the cost incurred on protein-
ingredients, particularly in monogastric animals such
as poultry which could not synthesize essential amino
acids. Feed ingredients, especially animal protein sources
are very expensive and scarce due to high competition
among poultry, human and other animals resulting in the
escalating.

Poultry production relies heavily on a plant-seeds
based protein supplements, especially soybean meal due
to its excellent amino acid composition and high level
of digestibility (Willis, 2003). In many countries such as
Pakistan, the production of soybean is limited and most
of the soybean used in production of poultry ration is
imported from other countries, making it very expensive.
Moreover, next to the rising prices, conventionally used
protein ingredients are not ecologically or economically
sustainable, and many of the traditional protein ingredients

FAO, 2012). The increasing cost of protein ingredients
has provided impetus to the poultry industry to explore
alternative low-cost, sustainable sources of protein
ingredients in poultry ration (Ramos-Elorduy ef al., 2002;
Das et al., 2009). Therefore, there is a growing interest
in the use of some of the protein-rich insect speices as a
low-cost protein ingredient in poultry ration (Van-Hhuis
et al., 2013). Insects grow and reproduce very fast, had
high feed conversion efficiency and can be fed on bio-
wastes materials. Insects can convert organic wastes into
high value food and feed resource, and on average 1 kg of
insect biomass can be produced from 2 kg of feed biomass
(Collavo et al., 2005). Recent studies haves shown that it
is technically feasible to produce insects on a large scale
and to use them as an alternative, sustainable protein rich
ingredient in poultry ration (Veldkamp ef al., 2012).
According to our knowledge, limited work has been
done on the nutritional value of silkworm caterpillar meal
produced in Pakistan as animal feed. Therefore, the present
study was designed to assess silkworm meal as an alternate
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