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Sensitivity of broiler starters to three doses of an enzyme cocktail in maize-based diets.

Xylanase activity in feed was measured using a modified method based on the Megazyme 128 xylanase assay kit (Megazyme International Ireland Ltd., Bray, Ireland). Amylase activity in 129 feed was measured using phadebas tablets based on the method by McCleary and Sheehan (1989) 130 and [START_REF] Barnes | Determination of cereal alpha-amylase[END_REF]. Protease activity in feed was determined by a Megazyme 141

The apparent ileal digestibility coefficient of nutrients was calculated by the following 142 formula using the titanium marker ratio in the diet and ileal digesta. The recovery of enzyme activity in the diets was in line with expectations ( 

  maize-based diets to exogenous enzymes has received considerable 44 attention in recent years due to increasing pressure on feed formulators from rising ingredient 45 prices. With the biofuel boom showing little evidence of slowing, the consumption of were reviewed and approved by the Massey University Animal 91 Ethics Committee. Male broiler (Ross 308) chicks were obtained as d-olds from a commercial 92 hatchery (Golden Coast Commercial, New Plymouth, New Zealand). The chicks were 93 individually weighed and allocated to 24 brooder cages (8 chicks per cage) so that the average 94 bird weight per cage was similar. The three dietary treatments were then randomly assigned to 6 95 replicate cages each. On d 12, the birds were transferred to grower cages. The space allocation 96 per bird in the brooder and grower cages was 530 and 640 cm 2 , respectively. The brooder and 97 grower cages were housed in environmentally controlled rooms The temperature was maintained 98 at 31 °C in the first week and then gradually reduced to 22 °C by the third week. The birds 99 received 24-h fluorescent illumination and the light intensity at the height of birds was 160 lux. 100 The trial lasted 21 d. 101 Body weights and feed intake were recorded at weekly intervals. Mortality was recorded 102 daily. Any bird that died was weighed and the weight was used to adjust feed conversion ratio. 103 Feed:gain ratio was calculated by dividing total feed intake by weight gain of live plus dead 104 birds. 105 From d 17 to 20 post-hatching, feed intake and total excreta output were measured 106 quantitatively per cage over four consecutive days. Excreta were pooled within a cage, mixed 107 using a blender and representative samples per pen were taken. The samples were lyophilised 108 and dried samples were ground to pass through a 0.5 mm sieve. Samples of diets, and excreta 109 were analysed for dry matter (DM), nitrogen (N) and gross energy (GE). 110 On d 21, all birds were killed by intracardial injection of sodium pentobarbitone and 111 contents of the distal half of the ileum were expressed by gentle flushing with distilled water. The as that portion of the small intestine extending from the Meckel's diverticulum 113 to a point 40 mm proximal to the ileo-caecal junction. The ileum was divided into two halves 114 and the digesta was collected from the distal half towards the ileo-caecal junction (Ravindran et 115 al., 1999). Digesta from birds within a cage were pooled, resulting in six samples per dietary 116 treatment. The digesta samples were frozen immediately after collection, subsequently 117 lyophilised and dried samples were ground to pass though a 0.5-mm-sieve. Samples of diets and 118 ileal digesta were assayed for DM, N, GE and titanium. 119 Chemical analysis 120 Dry matter determination was carried out according to AOAC (1994) procedures. Gross energy 121 was determined using an adiabatic bomb calorimeter (Gallenkamp, London, UK), standardised 122 with benzoic acid. Nitrogen content was determined by the Dumas method (Sweeney, 1989) 123 using a CNS-2000 carbon, nitrogen and sulphur analyser (LECO Corporation, St. Joseph, MI). 124 Titanium content was measured on a UV spectrophotometer following the method of Short et al. were analysed for the activities of xylanase, amylase and protease.

  127

  AME (AME N ) were determined by correction for zero nitrogen 139 retention by simple multiplication by 36.54 kJ per g nitrogen retained in the body, as described 140 byHill and Anderson (1958).

143

  Digestibility coefficient of nutrients = (NT/Ti) d -(NT/Ti) i 144 (NT/Ti) d 145where, (NT/Ti) d = ratio of nutrient and titanium in diet, and 146 (NT/Ti) i = ratio of nutrient and titanium in ileal digesta. subject to analysis of variance using the General Linear Model procedure of SAS 149 (1997) using pen as the experimental unit. Differences were considered significant at P < 0.05 150 and when a significant F-test was detected, means were separated using the least
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The effect of enzyme dose on the performance of broiler starters is presented in Table

3

. 160 Inclusion of the enzyme improved (P<0.05) weight gain and reduced (P<0.05) feed per unit gain
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 4 Supplementation of the control diet with both 250g and 500g/tonne of the enzyme

	175	
	176	highest dose of enzyme, being 3.4, 3.8 and 3.4%, respectively, compared with the control. The
	177	improvements in ileal digestible energy with 250g and 500g/tonne inclusions were 0.22MJ
	178	(1.9%) and 0.40MJ (3.4%) respectively, compared with the unsupplemented diet.
	179	Supplementation with the lower enzyme inclusion rate resulted in intermediate improvements
	180	which differed (P<0.05) from the control only for ileal N digestibility.
	181	DISCUSSION
	182	The usefulness of exogenous enzymes for poultry production is ultimately described by return on
		investment equations that assign an economic benefit to the improved nutritional value of the diet

168 cocktail improved (P < 0.05) DM retention and AME, compared with the control. The highest 169 dose of the enzyme resulted in the greatest improvements in DM retention, being significantly 170 higher than the lower dose. The addition of 500g/tonne of the enzyme improved (P < 0.05) AME 171 and AMEn by 2.3% (0.26 MJ/kg) compared with the control. There was no effect (P > 0.05) of 172 enzyme addition at either concentration on total tract N retention.
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The effect of enzyme dose on apparent ileal digestibility coefficients is presented in Table

174

5. The greatest improvement in ileal digestibility of DM, N and energy were associated with the 183 or ingredient, and also considers the net change in the feed cost with regard to both ingredient 184 and supplement pricing. As feed ingredient prices have increased dramatically in recent years, 195 Dose titration experiments, relative to fixed inclusion contrasts, are scarce. Making firm 196 conclusions based on so few data is difficult but a significant beneficial effect of enzyme dose 197 rate was established by Rosen (2002) using a log to the base 10 enzyme units/kg feed. His 198 analysis showed that improved efficacy with higher doses was offset by a reduction in the 199 efficacy of enzymes per se over the years, which was attributed to the improvements in 200 husbandry practices, nutrition and genetics. These factors effectively serve to provide a genetic 266 It can be concluded that a combination of xylanase, amylase and protease can improve the 267 nutritional value of maize-soybean meal based diets in a dose-dependent manner. The dose
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 1 Ingredient composition and analysis (g/kg air dry basis)of the control diet 1
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	349
	Ingredient
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 2 Recovery of xylanase, amylase and protease activities in the experimental diets1,2 

	361			
	Diet	Xylanase (U/kg)	Amylase (U/kg)	Protease (U/kg)
	Control	<100	<100	<100
	Control + 250g/tonne enzyme 1	377	1010	2010
	Control + 500g/tonne enzyme 1	634	1917	4217
	1 The enzyme cocktail was added to provide a guaranteed minimum of 300 U xylanase, 400 U
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 3 Influence of enzyme dose rates on the performance of male broilers fed nutritionally Number of deaths per total number of birds (6 replicates x 8 birds per replicate).

	367				
	368		marginal maize-soy diets (1-21 d post-hatching) 1
		Treatment	Weight gain	Feed intake	Feed per gain 2	Mortality,
			(g/bird)	(g/bird)	(g/g)	deaths/total 3
		No enzyme	674 a	966 a	1.433 a	0/48
		+250g/tonne	684 a	956 a	1.416 ab	1/48
		+500g/tonne	730 b	1018 b	1.402 b	1/48
		Pooled SEM	11.5	17.7	0.0099	-
		Probability, P <	0.01	0.05	0.05	-
	369	a,b Means in the same column not sharing a common superscript are significantly different
	370	(P<0.05).			
	371	1 Each mean represents values from six replicates (8 birds/replicate).
	372	2 Corrected for mortality.		
	3 373			
	374				
	375				
	376				
	377				
	378				
	379				
	380				
	381				
	382				
	383				
	384				
	385				
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 5 Influence of enzyme dose rates on ileal digestibility coefficients ofDM, N and GE, and 396 ileal digestible energy in male broilers fed nutritionally marginal maize-soy diets 1 Means in the same column not sharing a common superscript are significantly different Each mean represents values from six replicates (8 birds/replicate). 401 2 Ileal digestibility coefficient of gross energy x gross energy of diet.
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	397				
	398				
		Treatment		Ileal digestibility coefficient	Ileal digestible
			Dry matter	Nitrogen	Gross energy	energy, MJ/ kg DM 2
		No enzyme	0.678 a	0.817 a	0.696 a	11.64 a
		+250g/tonne	0.693 ab	0.832 b	0.709 ab	11.86 ab
		+500g/tonne	0.701 b	0.848 c	0.720 b	12.04 b
		Pooled SEM	0.005	0.002	0.004	0.041
		Probability, P <	0.05	0.001	0.01	0.01
	a,b 399			
	400	(P<0.05).			
	1 402			
	403				
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Provided the following per kg diet: ethoxyquin, 100 mg; biotin, 0.2 mg; calcium pantothenate,