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			Abstract | High fibre diet might reduce feed cost of broilers but increase the meat quality. We investigated the meat quality and feed cost by the inclusion of high fibre in broiler chickens’ diets. Two hundred and eighty-eight day-old Cobb 500 broiler chickens, (about 42 g each), were fed on the 6 treatments, each replicated 6 times, with 8 birds per replicate. The chicks were fed on commercial-types diets from 1-10 days (starter). Subsequently, they were offered grower (11-24 days) and finisher (25-35 days) diets, which differed in fibre and energy contents. The diets were similar in nutrient composition, formulated in line with Cobb requirements. The chicks were reared in cages in a climate-controlled room with ad libitum water and feed. Feed intake (FI), body weight gain (BWG), and feed conversion ratio (FCR) were measured. At day 35, visceral organs, breast, thigh, drumstick and fat pad were collected and weighed. At the same day, one more bird was killed (after 4-hour fasting) through cervical dislocation and a subsample of the whole bird was taken after chopping for fat analyses. Birds on the high-fibre diets did not differ significantly in weight gain but were more efficient in nutrient utilization. High-fibre diets stimulated the development of the gastrointestinal tract, with heavier intestines (P < 0.006), and proventriculus (P < 0.026) at 24 days, and small intestine (P < 0.006) and liver (P < 0.020) at 35 days. Dietary fibre content significantly lowered (P < 0.002) abdominal fat pad, and increased (P < 0.010) breast meat yield. Feed cost was reduced due to a reduction in energy content in the grower ($0.54 vs 0.58 per bird) and finisher ($0.54 vs 0.57 per bird) phases. Low dietary energy combined with cheap high-fibre ingredients greatly reduced the costs of diets and reduce the carcass fat content.
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			INTRODUCTION 

			 

			Feed is one of the most important factors which impacts broiler performance (Ferket and Gernat, 2006; Dozier et al., 2010). Broilers consume a large amount of feed. Feed costs vary with the cost of ingredients but normally feed costs for broilers represent 65-85% of the variable cost of production of the live broiler (Parkhurst and Mountney, 1988; da Costa et al., 2017). This cost has risen significantly in the past few years due to increases in prices of many feed ingredients, particularly cereal grains, which are used mainly as a source of energy for the birds (Donohue and Cunningham, 2009). Total feed costs can be reduced by the inclusion of less grain in the diet. Such a practice would also improve the quality of poultry meat, which generally becomes fatty as a result of the very rapid growth of birds and over-consumption of very high-quality feed.

			 

			Several studies have indicated that lowering dietary energy can reduce fat deposition in broiler carcass (Griffiths et al., 1977; Mabray and Waldroup, 1981; Mcleod, 1982; Khantaprab et al., 1997; Lippens et al., 2000). The reduction of cereals, especially wheat, content in the diets can reduce dietary energy. 

			 

			Enzymes can then be used to improve the low energy diet (Zhou et al., 2009; Saleh et al., 2018). The wheat-based diet contains a high level of non-starch polysaccharides, the enzyme can increase digestibility due to degradation of non-starch polysaccharide.

			 

			Dietary fibre is traditionally considered as diet diluents and often, an anti-nutritional factor (Kras et al., 2013). However, moderate amounts of fibre may promote organ development, nutrient digestibility and enzyme production in poultry (Mateos et al., 2012). Some of these effects are caused by better gizzard function (Gonzalez-Alvarado et al., 2007), with an augmentation in the gastroduodenal reflux that promotes the contact between digestive enzymes and nutrients (Kras et al., 2013; Jorgensen et al., 1996). 

			 

			Cellulose has been included in poultry diets as a source of dietary fibre (Mohiti-Asli et al., 2012). Mohiti-Asli et al. (2012) reported that dietary cellulose affected reducing abdominal fat deposition. Moreover, the authors (Mohiti-Asli et al., 2012) pointed out that dietary cellulose depressed lipid accumulation in the liver of growing broilers under ad libitum feeding.

			 

			Considering the above facts, we conducted the study with the aim to test the benefits of high-fibre diets on feed cost and abdominal meat quality of the broiler chickens. 

			 

			MATERIALS AND METHODS 

			 

			Birds housing and feed management

			This was a 3 X 6 dietary factorial study with 3 different fibre content and 6 energy levels (Table 1). Each treatment was replicated 6 times with 8 chicks per replicate. 

			 

			Table 1: The experimental diets arrangement including dietary fibre content and energy level for starter, grower and finisher phases. 

			
				
					
					
					
					
					
					
					
				
				
					
							Fibre content (%)
							2.5
							3.5
							4.5
					

					
							
							Energy Level 

							(MJ/kg)

						
							
							13.0

						
							
							12.5

						
							
							13.0

						
							
							12.5

						
							
							13.0

						
							
							12.5

							 

						
					

					
							
							 

						
							
							Positive control

						
							
							Negative control

						
							
							Test diets

						
							
							Test diets

						
					

				
			

			

			 

			Two hundred and eighty eight day old Cobb 500 broiler chickens, (about 42 g each), were fed on the 36 cages with 8 birds in each cage. When the chickens were placed into the cages, the water supply and feed trough were adjusted to fit their height. 

			The initial environment temperature in the house was 33oC. Afterwards, the environment temperature was gradually reduced to 22 oC on day 21. From 21 to 35 days, the temperature was set at 21-22oC.

			 

			Feed and water were provided ad libitum. Chickens were weighed on day 1, and again on days 10, 24 and 35. Leftover feed was weighed at the same time on days 10, 24 and 35. Mortality was recorded as it occurred. On day 24, two chickens from each cage were weighed and slaughtered by cervical dislocation and their organs (gizzard, small intestine, proventriculus, pancreas, liver, bursa and spleen) were weighed too.

			 

			Table 2: Diet compositions for starter birds (0-10 days).

			
				
					
					
				
				
					
							Ingredient Name
							Diet
					

					
							
							Corn 

						
							
							5.0

						
					

					
							
							Wheat 

						
							
							55.0

						
					

					
							
							Wheat bran

						
							
							-

						
					

					
							
							Rice bran 

						
							
							13.54

						
					

					
							
							Alpha cellulose

						
							
							-

						
					

					
							
							Soybean meal

						
							
							14.35

						
					

					
							
							Canola ml solvent

						
							
							2.77

						
					

					
							
							Meat meal 

						
							
							6.82

						
					

					
							
							Canola oil 

						
							
							1.05

						
					

					
							
							Limestone

						
							
							-

						
					

					
							
							Dicalcium Phosphate 

						
							
							0.5

						
					

					
							
							Phytase 5000 U/g 

						
							
							0.01

						
					

					
							
							Salt

						
							
							0.12

						
					

					
							
							Sodium bicarbonate

						
							
							0.12

						
					

					
							
							UNE Vit conc 

						
							
							0.05

						
					

					
							
							UNE TM conc 

						
							
							0.08

						
					

					
							
							Choline Cl 60%

						
							
							0.04

						
					

					
							
							L-lysine HCl 78.4

						
							
							0.25

						
					

					
							
							DL-methionine

						
							
							0.15

						
					

					
							
							L-threonine

						
							
							0.05

						
					

					
							
							Avizyme-1500

						
							
							0.05

						
					

					
							
							Total

						
							
							100

						
					

					
							
							Formula cost ($/Tonne)

						
							
							373.13

						
					

					
							
							Nutrients (%)

						
							
							 

						
					

					
							
							ME Poultry (Kcal/kg)

						
							
							3035.3

						
					

					
							
							ME Poultry(mj/kg)

						
							
							12.70

						
					

					
							
							Crude Protein

						
							
							21.0

						
					

					
							
							Crude Fiber

						
							
							3.01

						
					

					
							
							Lysine

						
							
							1.19

						
					

					
							
							Methionine

						
							
							0.46

						
					

					
							
							Cystine

						
							
							0.33

						
					

					
							
							M+C

						
							
							0.80

						
					

					
							
							Calcium

						
							
							0.84

						
					

					
							
							Phosphorus avail

						
							
							0.76

						
					

					
							
							Phosphorus tot

						
							
							1.00

						
					

				
			

			

			Dietary treatment

			The experiment design contained 6 dietary treatments (Table 1) with 6 replicates for each treatment. The chicks were fed on commercial types diets from 1-10 days (starter, Table 2). Subsequently, they were offered grower (11-24 days, Table 3) and finisher (25-35 days, Table 4) diets, which differed in fibre and energy content. 

			 

			The diet ingredients for the birds in the starter phase are shown in Table 2. As broiler fat deposition occurred in the later phases, all of the birds were fed with the same diet formula. Tables 3 and 4 indicate the diet ingredients for the grower birds and the finisher birds, respectively. We focused on 4 typical diets that were used by the industry, formulated to contain only vegetable material or also containing animal by-products, and also supplemented with microbial enzymes (routinely done) or fed without such enzymes. The crude protein remained the same in all six diets. The diets 1 and 2 were the control diets with low fibre content. Diets 3-6 were the test diets. Diets 3 and 4 had optimum energy level and low energy level, respectively with medium fibre content. Diets 5 and 6 included high fibre content with optimum energy level and low energy level respectively. All of these diets and water were supplied without any restriction.

			 

			Table 3: Diet ingredients in the six dietary treatments for grower broilers (11-24 days).

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Ingredient name
							Diet 1
							Diet 2
							Diet 3
							Diet 4
							Diet 5
							Diet 6
					

					
							
							Corn 

						
							
							5.0

						
							
							22.1

						
							
							-

						
							
							2.0

						
							
							-

						
							
							-

						
					

					
							
							Wheat 

						
							
							70.8

						
							
							50.7

						
							
							60.0

						
							
							60.0

						
							
							51.5

						
							
							49.2

						
					

					
							
							Wheat bran

						
							
							-

						
							
							0.99

						
							
							0.67

						
							
							2.0

						
							
							4.0

						
							
							6.6

						
					

					
							
							Rice bran 

						
							
							4.28

						
							
							2

						
							
							15

						
							
							14.14

						
							
							15.0

						
							
							15.0

						
					

					
							
							Alpha cellulose

						
							
							-

						
							
							21.2

						
							
							0.20

						
							
							0.03

						
							
							0.87

						
							
							0.65

						
					

					
							
							Soybean meal

						
							
							10.8

						
							
							1.19

						
							
							8.40

						
							
							4.61

						
							
							8.9

						
							
							13.8

						
					

					
							
							Canola ml solvent

						
							
							-

						
							
							0.43

						
							
							6.9

						
							
							9.07

						
							
							10.07

						
							
							8.28

						
					

					
							
							Meat meal 

						
							
							6.57

						
							
							0.02

						
							
							4.26

						
							
							5.42

						
							
							2.77

						
							
							-

						
					

					
							
							Canola oil 

						
							
							0.84

						
							
							0.25

						
							
							2.59

						
							
							0.84

						
							
							4.58

						
							
							3.58

						
					

					
							
							Limestone

						
							
							0.12

						
							
							0.26

						
							
							0.50

						
							
							0.24

						
							
							1.01

						
							
							1.58

						
					

					
							
							Dicalcium Phosphate 

						
							
							0.5

						
							
							0.05

						
							
							0.5

						
							
							0.5

						
							
							0.05

						
							
							0.05

						
					

					
							
							Phytase 5000 U/g 

						
							
							0.01

						
							
							0.08

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
					

					
							
							Salt

						
							
							0.02

						
							
							0.01

						
							
							0.01

						
							
							0.12

						
							
							0.12

						
							
							0.10

						
					

					
							
							Sodium bicarbonate

						
							
							0.10

						
							
							0.27

						
							
							0.02

						
							
							0.10

						
							
							0.10

						
							
							0.10

						
					

					
							
							UNE Vit conc 

						
							
							0.05

						
							
							0.17

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
					

					
							
							UNE TM conc 

						
							
							0.08

						
							
							0.01

						
							
							0.08

						
							
							0.08

						
							
							0.08

						
							
							0.08

						
					

					
							
							Choline Cl 60%

						
							
							0.04

						
							
							0.05

						
							
							0.05

						
							
							0.06

						
							
							0.06

						
							
							0.06

						
					

					
							
							L-lysine HCl 78.4

						
							
							0.41

						
							
							0.37

						
							
							0.40

						
							
							0.44

						
							
							0.39

						
							
							0.35

						
					

					
							
							DL-methionine

						
							
							0.18

						
							
							0.17

						
							
							0.17

						
							
							0.17

						
							
							0.17

						
							
							0.17

						
					

					
							
							L-threonine

						
							
							0.01

						
							
							0.01

						
							
							0.10

						
							
							0.05

						
							
							0.10

						
							
							0.05

						
					

					
							
							Avizyme-1500

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

					
							
							Formula cost ($/Tonne)

						
							
							367.2

						
							
							358.9

						
							
							368.4

						
							
							356.2

						
							
							376.3

						
							
							362.4

						
					

					
							
							Nutrients (%)

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							ME Poultry (Kcal/kg)

						
							
							3107.0

						
							
							2987.5

						
							
							3107.0

						
							
							2987.5

						
							
							3107.0

						
							
							2987.5

						
					

					
							
							ME Poultry(mj/kg)

						
							
							13

						
							
							12.5

						
							
							13

						
							
							12.5

						
							
							13

						
							
							12.5

						
					

					
							
							Crude Protein

						
							
							19.0

						
							
							19.0

						
							
							19.0

						
							
							19.0

						
							
							19.0

						
							
							19.0

						
					

					
							
							Crude Fiber

						
							
							2.5

						
							
							2.5

						
							
							3.5

						
							
							3.5

						
							
							4.5

						
							
							4.5

						
					

					
							
							Lysine

						
							
							1.15

						
							
							1.12

						
							
							1.17

						
							
							1.19

						
							
							1.19

						
							
							1.18

						
					

					
							
							Methionine

						
							
							0.45

						
							
							0.45

						
							
							0.46

						
							
							0.46

						
							
							0.46

						
							
							0.46

						
					

					
							
							Cystine

						
							
							0.30

						
							
							0.30

						
							
							0.32

						
							
							0.33

						
							
							0.33

						
							
							0.34

						
					

					
							
							M+C

						
							
							0.76

						
							
							0.76

						
							
							0.79

						
							
							0.80

						
							
							0.81

						
							
							0.81

						
					

					
							
							Calcium

						
							
							0.84

						
							
							0.84

						
							
							0.84

						
							
							0.84

						
							
							0.84

						
							
							0.84

						
					

					
							
							Phosphorus avail

						
							
							0.61

						
							
							0.57

						
							
							0.69

						
							
							0.73

						
							
							0.57

						
							
							0.49

						
					

					
							
							Phosphorus tot

						
							
							0.79

						
							
							0.57

						
							
							0.95

						
							
							1.00

						
							
							0.85

						
							
							0.78

						
					

				
			

			

			Table 4: Finisher (25-35 days) diets compositions in six diets.

			 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Ingredients
							Diet 1
							Diet 2
							Diet 3
							Diet 4
							Diet 5
							Diet 6
					

					
							
							Corn

						
							
							5.00

						
							
							5.00

						
							
							5.00

						
							
							5.53

						
							
							1.22

						
							
							-

						
					

					
							
							Wheat

						
							
							64.15

						
							
							59.51

						
							
							67.18

						
							
							57.90

						
							
							70.00

						
							
							65.53

						
					

					
							
							Wheat bran

						
							
							-

						
							
							5.79

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Rice bran

						
							
							14.72

						
							
							15.00

						
							
							7.42

						
							
							15.00

						
							
							10.19

						
							
							11.22

						
					

					
							
							Oat hulls

						
							
							-

						
							
							-

						
							
							1.00

						
							
							 

						
							
							2.00

						
							
							-

						
					

					
							
							Alpha cellulose

						
							
							0.78

						
							
							0.29

						
							
							1.84

						
							
							1.67

						
							
							2.54

						
							
							2.90

						
					

					
							
							Soybean meal

						
							
							4.03

						
							
							3.49

						
							
							6.10

						
							
							15.00

						
							
							 

						
							
							13.39

						
					

					
							
							Corn gluten

						
							
							2.50

						
							
							2.00

						
							
							0.94

						
							
							-

						
							
							4.00

						
							
							-

						
					

					
							
							Meat meal

						
							
							4.50

						
							
							4.80

						
							
							5.64

						
							
							-

						
							
							6.35

						
							
							1.49

						
					

					
							
							Canola oil

						
							
							2.11

						
							
							1.91

						
							
							3.05

						
							
							2.46

						
							
							2.50

						
							
							3.04

						
					

					
							
							Limestone

						
							
							0.66

						
							
							0.58

						
							
							0.50

						
							
							1.52

						
							
							0.17

						
							
							0.96

						
					

					
							
							Dicalcium Phosphate

						
							
							-

						
							
							-

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.50

						
					

					
							
							Phytase 5000 U/g

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
					

					
							
							Salt

						
							
							0.25

						
							
							0.25

						
							
							0.25

						
							
							0.01

						
							
							0.02

						
							
							0.12

						
					

					
							
							Na bicarbonate

						
							
							0.25

						
							
							0.25

						
							
							0.10

						
							
							0.01

						
							
							0.01

						
							
							0.10

						
					

					
							
							UNE Vit conc (0.5 kg/mt)

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
					

					
							
							UNE TM conc (0.75 kg/mt)

						
							
							0.08

						
							
							0.08

						
							
							0.08

						
							
							0.08

						
							
							0.08

						
							
							0.08

						
					

					
							
							Choline Cl 60%

						
							
							0.07

						
							
							0.08

						
							
							0.02

						
							
							0.05

						
							
							0.01

						
							
							0.04

						
					

					
							
							L-lysine HCl 78.4

						
							
							0.54

						
							
							0.57

						
							
							0.45

						
							
							0.35

						
							
							0.58

						
							
							0.35

						
					

					
							
							DL-methionine

						
							
							0.16

						
							
							0.18

						
							
							0.17

						
							
							0.17

						
							
							0.15

						
							
							0.17

						
					

					
							
							L-threonine

						
							
							0.10

						
							
							0.10

						
							
							0.10

						
							
							0.10

						
							
							0.10

						
							
							0.10

						
					

					
							
							Avizyme 1500

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
					

					
							
							Total

						
							
							100.0

						
							
							100.0

						
							
							100.0

						
							
							100.0

						
							
							100.0

						
							
							100.0

						
					

					
							
							Feed Cost ($/Tonne):

						
							
							360.8

						
							
							348.2

						
							
							371.5

						
							
							359.6

						
							
							368.1

						
							
							368.3

						
					

					
							
							Nutrients (%)

						
					

					
							
							ME Poultry (kcal/kg)

						
							
							3202.6

						
							
							3107.0

						
							
							3202.6

						
							
							3107.0

						
							
							3202.6

						
							
							3107.05

						
					

					
							
							ME Poultry (Mj/kg)

						
							
							13.4

						
							
							13

						
							
							13.4

						
							
							13

						
							
							13.4

						
							
							13

						
					

					
							
							Crude Protein

						
							
							17

						
							
							17

						
							
							17

						
							
							17

						
							
							17

						
							
							17

						
					

					
							
							Crude fat

						
							
							6

						
							
							6

						
							
							6

						
							
							5.9

						
							
							6

						
							
							6

						
					

					
							
							Crude Fiber

						
							
							3.5

						
							
							3.5

						
							
							4.5

						
							
							4.5

						
							
							5.5

						
							
							5.5

						
					

					
							
							Lysine

						
							
							1.06

						
							
							1.09

						
							
							1.04

						
							
							1.05

						
							
							1.05

						
							
							1.04

						
					

					
							
							Methionine

						
							
							0.42

						
							
							0.43

						
							
							0.42

						
							
							0.41

						
							
							0.42

						
							
							0.41

						
					

					
							
							Cystine

						
							
							0.28

						
							
							0.28

						
							
							0.27

						
							
							0.28

						
							
							0.28

						
							
							0.28

						
					

					
							
							d Lys pou

						
							
							0.95

						
							
							0.95

						
							
							0.91

						
							
							0.95

						
							
							0.92

						
							
							0.93

						
					

					
							
							d Met pou

						
							
							0.39

						
							
							0.39

						
							
							0.39

						
							
							0.39

						
							
							0.39

						
							
							0.39

						
					

					
							
							Calcium

						
							
							0.76

						
							
							0.76

						
							
							0.821

						
							
							0.76

						
							
							0.76

						
							
							0.76

						
					

					
							
							Phosphorus total

						
							
							0.79

						
							
							0.85

						
							
							0.72

						
							
							0.66

						
							
							0.80

						
							
							0.72

						
					

				
			

			

			 

			Sampling

			At day 10, one bird from each cage was slaughtered by cervical dislocation, and they were stored in a freezer. At day 24, two birds were selected from each cage and slaughtered by cervical dislocation. Their visceral organs were weighed, and the digesta from the ileum and caeca were obtained and pooled. These samples were freeze-dried and used to measure gross energy and crude protein, as well as starch contents for the estimation of digestibility. Digesta was also collected from the jejunum for viscosity analysis. At day 35, 2 birds from each cage were slaughtered by cervical dislocation. The organs and digesta were collected and measured as done at day 24. Then, the breast meat and abdominal fat pad were collected for meat yield test and fat analysis. 

			 

			Statistical analysis

			Data were subjected to the analysis of variance using the General Linear Model (GLM) of the IBM SPSS Statistics software Version 20. One-way analysis of variance (ANOVA) was carried out using the following model:

			 

			yijk = u + Ai + Bj + (AB)ij + eijk

			 

			Which;

			yijk is the observation k in level i of dietary energy levels and level j of fibre contents in the diets u is the overall mean; Ai is the effect of level i of energy levels, i = 1, 2; i = 1 = optimum dietary energy level and i = 2 = low dietary energy level; Bj is the effect of level j of fibre contents in the diets, j = 1, 2, 3; j = 1 = low fibre content, j = 2 = medium fibre content and j = 3 = high fibre content; (AB)ij is the effect of the interaction of level i of dietary energy levels with level j of fibre contents in the diets; eijk is the random error mean 0 and variance δ2.

			 

			Separation of means within a significant effect was done by Duncan’s Multiple Range Test (DMRT) through post hoc procedure of SPSS. Differences were considered significant at P < 0.05. The results were expressed as means with their standard errors of the mean.

			 

			RESULTS AND DISCUSSION

			 

			Feed intake, body weight and feed conversion ratio (FCR)

			As Table 5 shown, feed intake was not significantly (P > 0.098) impacted by the fibre contents in the diet. However, the birds with low fibre content diet gained higher (P < 0.011) body weight than birds with other two fibre content diets. Consequently, birds fed on low fibre content diet had higher body weight than birds fed on higher fibre content diets. The body weights of birds were not significantly impacted by medium dietary fibre and high dietary fibre. Thus, the diet with high fibre level had significantly higher FCR (P < 0.001) than the other two diets.

			 

			Feed intake was significantly affected by the energy level. The birds took more feed (P = 0.98) with optimum energy level than feed with low energy level. Nevertheless, the birds with optimum energy level gained more body weight (P < 0.011) than the birds with low energy level. For the FCR, there was not predominantly different between the two diets.

			 

			Visceral organ weights 

			As Table 6 shown, seven types of visceral organs were measured. The energy level did not have any significant impact on visceral organs, but the fibre content did affect some of them. The relative weight of the small intestine was significantly larger (P < 0.019) on the high fibre diet than a low fibre diet. However, small intestinal weight was not significantly different between birds with low fibre content diet and medium fibre content diet, and between birds with high fibre content diet and medium fibre content diet. Meanwhile, the fibre content had the same impact on liver weight. The liver weight was higher (P < 0.056) on the high fibre diet than a low fibre diet, but no difference between high (or low) fibre content diet and medium fibre content diet. The weight of the other visceral organs was not impacted by dietary fibre content.

			 

			Table 5: Feed intake, body weight, body weight gain and FCR of broiler chickens reared on different grower and finisher diets from 11 to 35 days of age. 

			
				
					
					
					
					
					
					
				
				
					
							Treatments
							Feed intake (g/b)
							Body weight (g/b)
							Body weight gain (g/b)
							FCR
					

					
							Fibre contents
							Energy levels
							 
					

					
							
							Low

						
							
							Optimum

						
							
							3432.0

						
							
							2250.9

						
							
							2209.6

						
							
							1.55

						
					

					
							
							Low

						
							
							Low

						
							
							3248.0

						
							
							2177.2

						
							
							2136.1

						
							
							1.52

						
					

					
							
							Medium

						
							
							Optimum

						
							
							3332.9

						
							
							2143.6

						
							
							2102.2

						
							
							1.59

						
					

					
							
							Medium

						
							
							Low

						
							
							3337.7

						
							
							2026.3

						
							
							1984.7

						
							
							1.68

						
					

					
							
							High

						
							
							Optimum

						
							
							3510.5

						
							
							2142.9

						
							
							2101.7

						
							
							1.67

						
					

					
							
							High

						
							
							Low

						
							
							3324.7

						
							
							2103.8

						
							
							2062.8

						
							
							1.61

						
					

					
							
							SEM

						
							
							 

						
							
							28.2

						
							
							18.8

						
							
							18.8

						
							
							0.014

						
					

					
							
							Model P value

						
							
							 

						
							
							0.098

						
							
							<0.011

						
							
							<0.011

						
							
							<0.001

						
					

					
							Main effects
					

					
							
							Low

						
							
							 

						
							
							3340.0

						
							
							2214.0a

						
							
							2172.9a

						
							
							1.54b

						
					

					
							
							Medium

						
							
							 

						
							
							3335.3

						
							
							2084.9b

						
							
							2043.4b

						
							
							1.63b

						
					

					
							
							High

						
							
							 

						
							
							3417.6

						
							
							2123.3b

						
							
							2082.2b

						
							
							1.64a

						
					

					
							
							 

						
							
							Low

						
							
							3303.5b

						
							
							2102.4b

						
							
							2061.2b

						
							
							1.61

						
					

					
							
							 

						
							
							Optimum

						
							
							3425.2a

						
							
							2179.1a

						
							
							2137.8a

						
							
							1.60

						
					

					
							Interactions terms
					

					
							
							Crude fiber level

						
							
							NS

						
							
							<0.008

						
							
							<0.008.

						
							
							<0.000

						
					

					
							
							Energy level

						
							
							<0.028

						
							
							<0.023

						
							
							<0.023

						
							
							NS

						
					

					
							
							Crude fiber X energy level

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							<0.011

						
					

				
			

			

			a-b Different superscripts in the same column differ significantly

			 

			Meat yield characteristics

			The dietary energy level did not have a significant effect on the carcass characteristics except for the abdominal fat (Table 7). The birds with optimum dietary energy level produced larger (P < 0.000) abdominal fat pad.

			 

			The dietary fibre also had significant (P < 0.000) impact on the abdominal fat. The birds with medium (and high) fibre content diet deposited less abdominal fat than birds with low fibre content diet. Meanwhile, breast yield was significantly higher (P < 0.027) on high fibre content diet than other two diets. Breast yield did not have significant differences between birds fed on low fibre content diet and birds fed on medium fibre content diet. The other characteristics were not affected by dietary fibre content.

			Table 6: Visceral organ weights (g/100 g of body weight) of broiler chicken at 35 days of age 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments
							
							Small intest+

						
							
							Proventriculus+

						
							
							Gizzard+

						
							Pancr-ease
							Spleen
							Liver
							Bursa
					

					
							
							Fiber 

						
							
							Energy 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Low

						
							
							Optimum

						
							
							2.2

						
							
							0.4

						
							
							1.1

						
							
							0.2

						
							
							0.1

						
							
							2.0

						
							
							0.2

						
					

					
							
							Low

						
							
							Low

						
							
							2.4

						
							
							0.4

						
							
							1.0

						
							
							0.2

						
							
							0.1

						
							
							2.1

						
							
							0.2

						
					

					
							
							Medium

						
							
							Optimum

						
							
							2.4

						
							
							0.4

						
							
							0.8

						
							
							0.2

						
							
							0.1

						
							
							2.1

						
							
							0.2

						
					

					
							
							Medium

						
							
							Low

						
							
							2.6

						
							
							0.4

						
							
							1.1

						
							
							0.2

						
							
							0.1

						
							
							2.3

						
							
							0.2

						
					

					
							
							High

						
							
							Optimum

						
							
							2.7

						
							
							0.4

						
							
							1.0

						
							
							0.2

						
							
							0.1

						
							
							2.3

						
							
							0.2

						
					

					
							
							High

						
							
							Low

						
							
							2.6

						
							
							0.4

						
							
							0.9

						
							
							0.2

						
							
							0.1

						
							
							2.4

						
							
							0.2

						
					

					
							
							SEM

						
							
							 

						
							
							0.0

						
							
							0.0

						
							
							0.0

						
							
							0.0

						
							
							0.0

						
							
							0.0

						
							
							0.0

						
					

					
							
							P value

						
							
							 

						
							
							<0.019

						
							
							0.807

						
							
							0.6

						
							
							0.779

						
							
							0.861

						
							
							<0.056

						
							
							0.5

						
					

					
							
							Main effects

						
					

					
							
							Low

						
							
							 

						
							
							2.28b

						
							
							0.4

						
							
							1.1

						
							
							0.2

						
							
							0.1

						
							
							2.07b

						
							
							0.2

						
					

					
							
							Medium

						
							
							 

						
							
							2.48ab

						
							
							0.4

						
							
							1.0

						
							
							0.2

						
							
							0.1

						
							
							2.16ab

						
							
							0.2

						
					

					
							
							High

						
							
							 

						
							
							2.63a

						
							
							0.4

						
							
							1.0

						
							
							0.2

						
							
							0.1

						
							
							2.36a

						
							
							0.2

						
					

					
							
							 

						
					

					
							
							 

						
							
							Low

						
							
							2.5

						
							
							0.4

						
							
							1.0

						
							
							0.2

						
							
							0.1

						
							
							2.3

						
							
							0.2

						
					

					
							
							 

						
							
							Optimum

						
							
							2.4

						
							
							0.4

						
							
							1.0

						
							
							0.2

						
							
							0.1

						
							
							2.1

						
							
							0.2

						
					

					
							
							Interactions terms

						
					

					
							
							Crude fiber level

						
							
							<0.006

						
							
							0.6

						
							
							0. 7

						
							
							0.3

						
							
							0.5

						
							
							<0.02

						
							
							0.4

						
					

					
							
							Energy level

						
							
							0.3

						
							
							0.8

						
							
							0.9

						
							
							0.8

						
							
							0.5

						
							
							0.1

						
							
							0.4

						
					

					
							
							Crude fiber X energy 

						
							
							0.2

						
							
							0.6

						
							
							0.2

						
							
							0.9

						
							
							1.0

						
							
							1.0

						
							
							0.3

						
					

				
			

			

			+Small intestine, proventriculus and gizzard considered without digesta content. a-b Different superscripts in the same column differ significantly.

			 

			Table 7: Meat yield characteristics (g/bird) of broiler chickens fed different types of grower and finisher diets at 35 days of age.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments
							Live weight
							Carcass weight
							Thigh
							Drumstick
							Breast (without skin)
							Wings
							Abdominal fat pad
					

					
							Fiber 
							Energy 
							 
					

					
							
							Low

						
							
							Optimum

						
							
							2248.4

						
							
							1678.3

						
							
							263.9

						
							
							216.4

						
							
							416.5

						
							
							170.4

						
							
							30.6

						
					

					
							
							Low

						
							
							Low

						
							
							2201.0

						
							
							1630.0

						
							
							250.1

						
							
							215.5

						
							
							392.2

						
							
							163.7

						
							
							23.0

						
					

					
							
							Medium

						
							
							Optimum

						
							
							2179.2

						
							
							1629.3

						
							
							250.9

						
							
							213.5

						
							
							395.0

						
							
							159.2

						
							
							25.1

						
					

					
							
							Medium

						
							
							Low

						
							
							2093.2

						
							
							1562.3

						
							
							240.4

						
							
							199.9

						
							
							391.8

						
							
							157.4

						
							
							22.6

						
					

					
							
							High

						
							
							Optimum

						
							
							2201.2

						
							
							1621.2

						
							
							244.2

						
							
							207.5

						
							
							413.4

						
							
							158.5

						
							
							22.2

						
					

					
							
							High

						
							
							Low

						
							
							2250.6

						
							
							1684.0

						
							
							278.3

						
							
							211.2

						
							
							410.9

						
							
							168.5

						
							
							24.6

						
					

					
							
							SEM

						
							
							 

						
							
							19.56

						
							
							16.71

						
							
							6.52

						
							
							2.31

						
							
							6.81

						
							
							1.84

						
							
							1.039

						
					

					
							
							P value

						
							
							 

						
							
							0.200

						
							
							0.330

						
							
							0.594

						
							
							0.319

						
							
							<0.027

						
							
							0.183

						
							
							<0.000

						
					

					
							
							Main effects

						
					

					
							
							Low

						
							
							 

						
							
							2224.7

						
							
							1654.2

						
							
							257.0

						
							
							216.0

						
							
							407.6b

						
							
							167.1

						
							
							28.2a

						
					

					
							
							Medium

						
							
							 

						
							
							2136.2

						
							
							1595.8

						
							
							245.6

						
							
							206.7

						
							
							397.6b

						
							
							158.3

						
							
							22.5b

						
					

					
							
							High

						
							
							 

						
							
							2225.9

						
							
							1652.6

						
							
							261.2

						
							
							209.3

						
							
							430.1a

						
							
							163.5

						
							
							23.7b

						
					

					
							
							 

						
					

					
							
							 

						
							
							Low

						
							
							2181.6

						
							
							1625.4

						
							
							256.2

						
							
							208.8

						
							
							409.1

						
							
							163.2

						
							
							22.6b

						
					

					
							
							 

						
							
							Optimum

						
							
							2209.6

						
							
							1642.9

						
							
							253.0

						
							
							212.5

						
							
							414.4

						
							
							162.7

						
							
							27.0a

						
					

					
							
							Interactions terms

						
					

					
							
							Crude fiber level

						
							
							0.100

						
							
							0.272

						
							
							0.616

						
							
							0.248

						
							
							<0.010

						
							
							0.141

						
							
							<0.002

						
					

					
							
							Energy level

						
							
							0.462

						
							
							0.599

						
							
							0.809

						
							
							0.434

						
							
							0.528

						
							
							0.896

						
							
							<0.002

						
					

					
							
							Crude fiber X energy 

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							0.175

						
							
							0.157

						
							
							<0.019

						
					

				
			

			

			a-b Different superscripts in the same column differ significantly.

			Table 8: Economic feed cost analysis (AU$), according to the Australian current feed ingredient price.

			 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments
							Starter (d0-10)
							Grower (d11-24)
							Finisher (d25-350)
							Overall (0d-35)
					

					
							Fiber 
							Energy 
							Formula cost ($/kg feed
							Feed cost ($/bird)
							Feed cost ($/kg gain)
							Formula cost ($/kg feed
							Feed cost ($/bird)
							Feed cost ($/kg gain)
							Formula cost ($/kg feed
							Feed cost ($/bird)
							Feed cost ($/kg gain)
							Feed cost ($/bird)
							Feed cost ($/kg gain)
					

					
							
							Low

						
							
							Optimum

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.37

						
							
							0.60

						
							
							0.57

						
							
							0.36

						
							
							0.54

						
							
							0.60

						
							
							1.25

						
							
							0.57

						
					

					
							
							Low

						
							
							Low

						
							
							0.37

						
							
							0.10

						
							
							0.45

						
							
							0.36

						
							
							0.53

						
							
							0.53

						
							
							0.35

						
							
							0.52

						
							
							0.58

						
							
							1.16

						
							
							0.54

						
					

					
							
							Medium

						
							
							Optimum

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.37

						
							
							0.55

						
							
							0.58

						
							
							0.37

						
							
							0.58

						
							
							0.62

						
							
							1.23

						
							
							0.58

						
					

					
							
							Medium

						
							
							Low

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.36

						
							
							0.55

						
							
							0.56

						
							
							0.36

						
							
							0.53

						
							
							0.70

						
							
							1.19

						
							
							0.60

						
					

					
							
							High

						
							
							Optimum

						
							
							0.37

						
							
							0.10

						
							
							0.45

						
							
							0.38

						
							
							0.58

						
							
							0.57

						
							
							0.36

						
							
							0.61

						
							
							0.72

						
							
							1.30

						
							
							0.62

						
					

					
							
							High

						
							
							Low

						
							
							0.37

						
							
							0.10

						
							
							0.44

						
							
							0.36

						
							
							0.53

						
							
							0.56

						
							
							0.36

						
							
							0.58

						
							
							0.65

						
							
							1.21

						
							
							0.59

						
					

					
							
							SEM

						
							
							 

						
							
							0.000

						
							
							0.001

						
							
							0.002

						
							
							0.001

						
							
							0.007

						
							
							0.004

						
							
							0.001

						
							
							0.008

						
							
							0.011

						
							
							0.012

						
							
							0.005

						
					

					
							
							P value

						
							
							 

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							<0.00

						
							
							<0.00

						
							
							NS

						
							
							<0.00

						
							
							<0.00

						
							
							<0.00

						
							
							<0.00

						
					

					
							Main effects
							
							 

						
					

					
							
							Low

						
							
							 

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.36

						
							
							0.57

						
							
							0.55b

						
							
							0.35

						
							
							0.53b

						
							
							0.59b

						
							
							1.20b

						
							
							0.55b

						
					

					
							
							Medium

						
							
							 

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.36

						
							
							0.55

						
							
							0.57a

						
							
							0.36

						
							
							0.55b

						
							
							0.66a

						
							
							1.21ab

						
							
							0.59a

						
					

					
							
							High

						
							
							 

						
							
							0.37

						
							
							0.10

						
							
							0.45

						
							
							0.37

						
							
							0.55

						
							
							0.57a

						
							
							0.36

						
							
							0.59a

						
							
							0.68a

						
							
							1.25a

						
							
							0.60a

						
					

					
							
							 

						
							
							Low

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.36

						
							
							0.54b

						
							
							0.55b

						
							
							0.36

						
							
							0.54b

						
							
							0.64

						
							
							1.19b

						
							
							0.58

						
					

					
							
							 

						
							
							Optimum

						
							
							0.37

						
							
							0.11

						
							
							0.45

						
							
							0.37

						
							
							0.58a

						
							
							0.57a

						
							
							0.36

						
							
							0.57a

						
							
							0.65

						
							
							1.26a

						
							
							0.59

						
					

					
							Interactions terms
					

					
							
							Crude fiber level

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							<0.00

						
							
							NS

						
							
							<0.00

						
							
							<0.00

						
							
							<0.00

						
							
							<0.00

						
					

					
							
							Energy level

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							<0.00

						
							
							<0.00

						
							
							NS

						
							
							<0.01

						
							
							NS

						
							
							<0.00

						
							
							0.098

						
					

					
							
							Crude fiber X energy 

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							<0.01

						
							
							NS

						
							
							NS

						
							
							NS

						
							
							<0.00

						
							
							NS

						
							
							<0.02

						
					

				
			

			

			 a-b Different superscripts in the same column differ significantly.

			 

			Economic analysis 

			According to Table 8, the feed cost was the same because of the same diet for all cages. On the grower phase, the fibre content had no significant effect on feed cost on birds ($/bird). However, the feed cost on meat gained was higher (P < 0.00) on high fibre content diet than a low fibre content diet. In the meantime, the feed cost, either on birds or on meat gain, was significantly higher (P < 0.00) on the high (optimum) energy level than low energy level diet. For the finisher birds, both feed costs were significantly higher (P < 0.00) on the high fibre content diet than a low fibre content diet. Feed cost ($/birds) was higher (P < 0.00) on high energy level diet than low energy level diet, whilst feed cost ($/kg gain) was not significantly impacted by the dietary energy level.

			 

			The overall feed cost on birds ($/bird) was significantly higher (P < 0.00) with high fibre content diet than a low fibre content diet. The medium fibre content would have no significant difference with high fibre content or low fibre content diet. Meanwhile, the total feed cost on meat gain ($/kg gain) would be higher (P < 0.00) with high fibre content diet than low fibre content diet, but no significant difference with medium fibre content diet. 

			 

			For dietary energy, the total feed cost on meat gain ($/kg gain) was not significantly impacted by the energy level in diets. However, the total feed cost on birds ($/bird) is significantly affected. The diet with optimum dietary energy cost more (P < 0.00) than the low dietary energy diet.

			 

			From the report, feed intake was not significantly (P > 0.098) impacted by the fibre contents in the diet, which is in agreement with Kras et al. (2013) who suggested that feed intake was not impacted by dietary fibre level. However, the birds gain significantly more body weights on a low fibre content diet than on diet with higher fibre content. Kras et al. (2013) also figured out that broilers fed on high fibre diets had worse performance. The body weights of birds were not significantly impacted by medium dietary fibre and high dietary fibre, which is in agreement with Jorgensen et al. (1996). Jorgensen et al. (1996) suggested that body weight gain did not differ significantly between the medium and high dietary fibre contents. The birds fed on high fibre content intake no significantly different feed but gained lower body weight, which indicated a higher FCR for high fibre content diets. This finding matched data of Kras et al. (2013), indicated the birds fed a high fibre content diet presented worse FCR.

			 

			Birds fed on high fibre content diet generated larger small intestine. This is in agreement with previous studies (Moss, 1989; Savory, 1992; Onifade, 1997). The authors of previous studies (Moss, 1989; Savory, 1992; Onifade, 1997) commented that dietary fibre could impact the length and weight of the GI tract, and both the weight and length of the GI tract increased with increasing dietary level, especially the caeca increased considerably. Larger small intestine indicated more microbes which in turns to higher digestibility (Hubener et al., 2002). The NSP fraction can, to a certain degree, be broken down by the microbial flora permanently colonising the gastrointestinal (GI) tract (Jorgensen et al., 1996). By the means of dietary fibre degradation, the microflora may benefit host bird by supplying extra energy, and the benefit would be great if energy supply was insufficient. This study also found that birds had larger liver with high fibre content diet than birds with low fibre content diet, whereas Mohiti-Asli et al. (2012) indicated a reduced liver weight with the increase of dietary fibre content. Mohiti-Asli et al. (2012) suggested that high dietary fibre could depress lipid accumulation in the liver, thus the weight of the liver would be reduced.

			 

			Broilers can produce more breast meat on high fibre content diet than the lower fibre content diets. Onifade et al. (1999) reported that birds gained more breast weights with high fibre diets. From Table 7, the carcass weight was not significantly influenced by the dietary fibre content. The carcass had no significant difference among birds fed on high, medium and low fibre content diets, but the breast meat yielded highest on the high dietary fibre content. Meanwhile, the other parts of the birds also did not have a significant impact on the dietary fibre content. Thus, it is because the birds with low dietary fibre content deposited more fat than birds with high fibre content diet. Broilers fed on high fibre content diet deposited less abdominal fat. This finding is in agreement with data of Mohiti-Asli et al. (2012) and Kras et al. (2013). They commented that high fibre content in diet could reduce the abdominal fat deposition.

			 

			According to the study, birds consumed more diet with optimum energy level than a diet with a lower energy level. This finding matched the data of Lopez and Leeson (2008) and Azizi et al. (2011) who said broilers would intake more feed if the dietary energy is increased. Under the condition of ad libitum feeding, chickens can grow more rapidly with higher energy level (Khantaprab et al., 1997), especially in the later phases fat deposition would be fast with excess dietary energy (Leenstra, 1986). Thus, as stated, the body weight and body weight gain were higher on the optimum dietary energy level than on a low dietary energy level. However, the FCR was not significantly affected by the dietary energy level. Azizi et al. (2011) also stated that there were no significant differences were observed for FCR between birds fed high and low energy level from 1 to 42 days of age.

			 

			The weights of visceral organs were not significantly impacted by the dietary energy level, whereas in contrary to Jorgensen et al. (1996). They reported that there was a strong indication that differences in the weight of visceral organs are highly related to differences in energy consumption. The weights of visceral organs will increase with the increase of dietary energy because of the accumulation of the lipids.

			 

			The increase of dietary energy increased the body weight and body weight gain of broilers. However, comparison with the meat yield characteristics of birds on low dietary energy, the increase of dietary energy increased nothing except for abdominal fat. McLeod (1982) and Khantaprab et al. (1997) reported that birds with higher dietary energy would produce more abdominal fat. 

			 

			The overall feed cost both on birds ($/bird) and on meat gain ($/kg gain) was higher on high fibre content diet than low fibre content diet. There were no significant differences between both feed cost in feed with high fibre content and feed with medium fibre content. 

			 

			Feed cost, either on birds or on meat gain, was significantly higher (P < 0.00) on the high (optimum) energy level than low energy level diet. In the grower phases, feed cost was significantly higher on the optimum energy level than on low energy level. For the finisher birds and from the overall perspective, feed costs on birds were significantly higher on the optimum energy level diet than low energy level diet. Whilst feed costs ($/kg gain) were not significantly impacted by the dietary energy level. That is because there was much energy converted into fat.

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			In conclusion, a high fibre content diet can produce more breast meat and less abdominal fat. However, the diet with high fibre level had significantly higher FCR than the other two diets, which means that the diet with high fibre content has lower economic efficiency. The feed cost of high fibre content diet will cost more than lower fibre diets. A low energy level diet can reduce feed intake without any particular impact on visceral organs development, reduce feed cost per bird and generate less abdominal fat. Nevertheless, lower dietary energy level made birds smaller.
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High Fibre Diet Reduced the Energy Cost of Production and
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Abstract | High fibre diet might reduce feed cost of broilers but increase the meat quality. We investigated the meat
quality and feed cost by the inclusion of high fibre in broiler chickens’ diets. Two hundred and eighty-eight day-old
Cobb 500 broiler chickens, (about 42 g each), were fed on the 6 treatments, each replicated 6 times, with 8 birds per
replicate. The chicks were fed on commercial-types diets from 1-10 days (starter). Subsequently, they were offered
grower (11-24 days) and finisher (25-35 days) diets, which differed in fibre and energy contents. The diets were similar
in nutrient composition, formulated in line with Cobb requirements. The chicks were reared in cages in a climate-
controlled room with ad /ibitum water and feed. Feed intake (FI), body weight gain (BWG), and feed conversion ratio
(FCR) were measured. At day 35, visceral organs, breast, thigh, drumstick and fat pad were collected and weighed.
At the same day, one more bird was killed (after 4-hour fasting) through cervical dislocation and a subsample of the
whole bird was taken after chopping for fat analyses. Birds on the high-fibre diets did not differ significantly in weight
gain but were more efficient in nutrient utilization. High-fibre diets stimulated the development of the gastrointestinal
tract, with heavier intestines (P < 0.006), and proventriculus (P < 0.026) at 24 days, and small intestine (P < 0.006) and
liver (P < 0.020) at 35 days. Dietary fibre content significantly lowered (P < 0.002) abdominal fat pad, and increased
(P < 0.010) breast meat yield. Feed cost was reduced due to a reduction in energy content in the grower (§0.54 vs 0.58
per bird) and finisher ($0.54 vs 0.57 per bird) phases. Low dietary energy combined with cheap high-fibre ingredients

greatly reduced the costs of diets and reduce the carcass fat content.
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feed ingredients, particularly cereal grains, which are used
mainly as a source of energy for the birds (Donohue and

INTRODUCTION

eed is one of the most important factors which impacts

broiler performance (Ferket and Gernat, 2006; Dozier
etal.,,2010). Broilers consume a large amount of feed. Feed
costs vary with the cost of ingredients but normally feed
costs for broilers represent 65-85% of the variable cost of
production of the live broiler (Parkhurst and Mountney,
1988; da Costa et al., 2017). This cost has risen significantly
in the past few years due to increases in prices of many

Cunningham, 2009). Total feed costs can be reduced by the
inclusion of less grain in the diet. Such a practice would
also improve the quality of poultry meat, which generally
becomes fatty as a result of the very rapid growth of birds
and over-consumption of very high-quality feed.

Several studies have indicated that lowering dietary energy
can reduce fat deposition in broiler carcass (Griffiths et
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