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Abstract


This study aimed at determining the effects of phytase alone and in combination with XAP at full matrix specifications on growth performance, nutrient digestibility, carcass yield, toe ash, gastrointestinal organ weight and pH, energy utilisation (AME, AMEn, and ME:GE), and the digestibility of key nutrients in the jejunum and ileum of broilers fed complex diets. Day-old mixed-sex Cobb 500 broilers (n = 384) were assigned to four dietary treatments with eight replicates of 12 birds per treatment from d 0 to 42, with energy utilisation determination from d19 to 21 and digestibility determination at d21. The treatments were as follows: a positive control (treatment 1, PC) formulated meeting nutritional requirements and three test diets reformulated with reduced nutrients and energy according to respective matrix values of the enzymes used. The enzymes supplemented are: treatment 2, a mixed enzyme (NC1 + XAP, 100 g/ton with activities of 2000 U/kg xylanase, 200 U amylase and 4000 U protease, respectively); treatment 3, a novel consensus bacterial 6-phytase variant (NC2 + PhyG) at 1000 FTU/kg; and treatment 4 (NC3 + XAP + PhyG, PhyG at 1000 FTU/kg and XAP combination). Overall, enzyme inclusion with full matrix application maintained overall weight gain, feed intake and the FCR. There were significant increases in starch, Ca, P and Na digestibility with almost all enzyme inclusions (p < 0.05). NC2 + PhyG and NC3 + XAP + PhyG reduced the feed cost/kg live gain compared to PC (p = 0.006). In conclusion, this study demonstrates that the full matrix values for phytase alone or in combination with XAP may lower the cost/kg live gain while maintaining the growth performance of broilers offered a complex diet with increased use of locally available ingredients (rapeseed and lupins).
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1. Introduction


Phytase is a microbial technology commonly included in all poultry diets to improve the availability of phosphorus (P), calcium (Ca), sodium (Na), amino acids, and energy via direct mineral release (e.g., P) and non-direct effects, including the prevention of protein–phytate and mineral–phytate complexes [1,2,3]. However, xylanase enzymes are also commonly applied to diets containing viscous feed grains, such as wheat-based diets, to enhance the breakdown of cell walls and attenuate any issues with viscosity that may limit the transport of nutrients to the intestinal mucosa [4]. The substrate target of such enzymes, non-starch polysaccharides (NSP), may also form cross-linkages to form strong cell walls that encapsulate nutrients and prevent enzyme access [5]. The extent to which nutrient digestibility (and thus flow on effects on performance) may occur heavily depends on the diet type and substrate available; for example, a minimal impact of NSP on growth performance is seen in corn–SBM diets [4]. With the increasing cost of feed, it appears that enzyme cocktails of increasing complexity are becoming ubiquitous in poultry diets. Within the Asian Pacific, XAP is an enzyme mix (containing xylanase, protease, and amylase) that is commonly used in combination with phytase. This is likely due to the prevalence of complex diets used within the Asian Pacific, with diets containing a mix of wheat, maize, soybean meal, lupin and rapeseed. Thus, enzyme cocktails such as XAP enable the utilisation of otherwise anti-nutritional compounds.



XAP enzyme cocktails have previously been demonstrated to maintain performance in a low nutrient density diet compared to that of birds fed on a nutritionally adequate diet, namely, improving feed intake, weight gain, and P, Ca, and amino acid digestibility compared to the unsupplemented low nutrient density diet [6,7]. Furthermore, synergistic effects (more than the expected additive responses) were observed in corn–soy diets with XAP for broiler performance and nutrients [8]. In combination with phytase, the first indications that combinations of phytase and NSP-degrading enzymes were beneficial in poultry diets based on viscous grains was provided in [9], where synergistic responses were observed in ‘low-ME’ wheat. However, synergistic responses to phytase and carbohydrase in combination are not always observed [10,11,12,13,14]. The action of enzyme cocktails to enhance performance is multifactorial, including the breakdown of anti-nutritional factors, often into metabolically active products, the release of encapsulated nutrients, the enhancement of digestibility, and acting as functional analogue to microbial metabolism that modulates substrate availability and alters downstream gut microbial niches.



Due to the enhancement of performance from enzyme supplementation, the application of matrix values to enzyme inclusions is common practice within the poultry industry, but the matrix level applied and to which nutrients is specific to each individual enzyme product. Complexity also arises when more than one enzyme is included in a diet, as the response of poultry to enzyme inclusion is likely not additive. Further, each enzyme’s response will differ depending on the basal diet type and substrate present.



Thus, it is important to determine the appropriate adjusted matrix values for an enzyme combination of phytase, xylanase, amylase and protease to reduce feed costs while maintaining the performance of broilers offered complex diets. Therefore, the aim of the present study was to determine if the full matrix values for phytase alone or in combination with XAP are appropriate to lower feed costs while maintaining the growth performance of broilers offered a complex diet with increased use of locally available ingredients (rapeseed and lupins).




2. Materials and Methods


2.1. Experimental Design and Diets


This study met the requirements of the Australian code of practice [15] and was approved by the University of New England’s Animal Ethics Committee (AEC21-021). A total of 384 day-old mixed-sex Cobb 500 broilers were weighed and distributed to 32 equal-sized floor pens (120 × 160 cm) with 12 birds per pen on a random basis, but it was ensured that there was no significant difference in pen weights upon completing the allocation. Feed and water were provided ad libitum throughout the 42-day feeding study, and birds were raised in three temperature-controlled rooms, containing an equal number of treatment replicates per room, and with wood shavings as a bedding material within the pens at a depth of approximately 7 cm. An initial room temperature of 32 ± 1 °C was maintained for the first week, which was gradually decreased to 21 ± 1 °C by the end of the third week and maintained at this temperature until d 42. The lighting program consisted of 23 h light: 1 h dark and was applied for the first three days, followed by 20 h light: 4 h dark to d 7 and 18 h light: 6 h dark from d 7 to 42.



The enzymes supplemented are: treatment 2, a mixed enzyme (NC1 + XAP, 100 g/ton with activities of 2000 U/kg xylanase, 200 U amylase and 4000 U Protease, respectively; Axtra® XAP, Danisco Animal Nutrition & Health, Cedar Rapids, IA, USA); treatment 3, a novel consensus bacterial 6-phytase variant (NC2 + PhyG; Axtra® PHY Gold, PhyG, Danisco Animal Nutrition & Health) at 1000 FTU/kg; and treatment 4 (NC3 + XAP + PhyG, PhyG at 1000 FTU/kg and XAP combination). All analysed enzyme activity levels in the diets are provided in Table 1. Detailed information on formulated diet composition and nutrient content is presented in Table 2, Table 3, Table 4 and Table 5, and the analysed nutrient content is presented in Table 6. Matrix values provided by Danisco Animal Nutrition & Health (IFF) were included in the diet formulations and are shown in Table 7 and Table 8. The matrix values were tailored by enzyme, nutrient, and phase, where matrix values were applied for the nutrients available: P (phytase only), Ca (phytase only), AMEn, crude protein (phytase only), and standard ileal digestible lysine, methionine, methionine + cysteine, threonine, isoleucine (phytase only), leucine (phytase only), tryptophan, serine (phytase only), valine (phytase only) and arginine (phytase only). Across each diet phase, treatments were formulated to contain the same AMEn, standard ileal digestible lysine, Ca, available P, phytate and NSP content. Enzyme matrix application differs across nutrient and phase, and these levels were as given by Danisco Animal Nutrition & Health (IFF), derived from several studies completed by the company. All matrix values were ascribed by assigning them to the enzyme treatment inclusion for each diet during feed formulation, where enzymes were incorporated in combination, and the matrix values were added in combination as per the matrix values in Table 7 and Table 8. Sodium, chloride and potassium were all maintained within the breed recommended range and varied due to the indirect consequence of feed formulation changes.



One unit of phytase (FTU) is defined as the amount of enzyme that releases 1 umol of inorganic phosphorus per minute from sodium phytate at 37 °C and pH 5.5. One unit of xylanase (U) is defined as the amount of enzyme required to release 0.48 μmol of reducing sugar as xylose from wheat arabinoxylan per minute at pH 4.2 and 50 °C. Feed was provided as crumbles for the starter phase (d 0 to 10) and pellets for the grower (d 10 to 21), finisher (d 21 to 35), and withdrawal (d 35 to 42) phases. The diets were maize–wheat–soy based with inclusions of rapeseed and lupin to achieve the desired phytate and total arabinoxylan content. Levels of essential amino acids and other nutrients selected were based on Cobb 500 broiler nutrition specifications [16]. Diets were cold-pelleted at 65 °C through a Palmer PP330 pellet press (Palmer Milling Engineering, Griffith, NSW, Australia). The nutritional composition of major feed ingredients was analysed by near-infrared reflectance spectroscopy (Foss NIR 6500, Denmark) standardised with Evonik AMINONIR® Advanced calibration prior to the diet formulation. Titanium dioxide (TiO2) was added in the grower diets as an inert marker for starch, protein, and mineral (Ca, P and Na) digestibility determination. Diets were thoroughly sampled and subsampled via composite sampling methods (various locations throughout the entire diet) to ensure accurate samples for digestibility determination.




2.2. Data Collection


For each diet phase, initial and final body weights were measured on a pen basis and also divided by the total bird number to determine the average individual weight. Feed intakes were recorded on a pen basis. Then, body weight gain and feed conversion ratios (expressed as feed:gain, FCRs) were calculated, where FCR was the pen weight gain divided by the pen feed intake. Dead or culled birds were recorded daily and their body weights used to adjust FCR calculations. Mortality rate was not presented as it was not influenced by treatment, but average livability for the trial was 93.3%. The cost per kilogram live weight gain (based on 2022 feed prices) for the experimental duration (d 0 to 42) were also calculated based on feed cost, final bird weight at day 42 and FCRs.



For the measurement of energy utilisation on day 16, four birds per pen were moved to bioassay cages to allow the total collection of excreta. Birds were adapted to the new environment in the cages for three days. Then, feed intake and excreta output was measured from d 19 to 21 to calculate apparent metabolizable energy (AME).



The first sampling occurred on d 21, where the four birds housed in each bioassay cage were euthanised via electrical stunning (MEFE CAT 44N, Mitchell Engineering Food Equipment, Clontarf, QLD, Australia) followed by cervical dislocation to measure organ characteristics and fat pad weights, collect jejunal and ileal digesta, and determine the sex of the birds. The gizzard, gizzard contents, fat pad and pancreas were removed and weighed to determine their absolute and relative weights. The pH of digesta within the gizzard was immediately determined in situ using a digital pH meter (Mettler-Toledo, Leicester, UK) with a spear tip piercing pH electrode (Sensorex, Garden Grove, CA, USA) by directly inserting the pH meter probe through the gizzard wall into the digesta of the gizzard. The pH probe was washed with ultra-pure water (ICW 3000 water purifier for ion chromatography; Millipore, Burlington, MA, USA) between the samples to avoid cross-contamination. The small intestine was removed, and the jejunum was demarcated by the end of the duodenal loop to Meckel’s diverticulum. The ileum was demarcated by Meckel’s diverticulum and the ileo-caecal junction. Digesta was collected from the distal 2/3rds of the jejunal and ileal segments, and samples were pooled by cage, homogenised and freeze-dried (Christ Alpha 1-4 LD plus, Osterode am Harz, Germany) for the measurement of starch, protein and mineral (Ca, P, and Na) digestibility. Toe bone samples were also collected from all sampled birds for measurement of toe ash content by severing the middle toe through the joint between the 2nd and 3rd tarsal bones from the distal end.



The second sampling occurred on day 42, where four birds per pen were selected and euthanised via electrical stunning (MEFE CAT 44N, Mitchell Engineering Food Equipment, Clontarf, QLD, Australia) followed by cervical dislocation to measure organ characteristics and absolute and relative breast, thigh, drumstick, and fat pad weights. Gizzard, gizzard contents, and the pancreas were removed and weighed to determine their absolute and relative weights. The pH of digesta within the gizzard was immediately determined following the procedures described in d 21 sampling. The sex of the sampled birds was determined, and any remaining un-sampled birds had their sex determined via their phenotypic characteristics.




2.3. Laboratory Procedures


Excreta were dried at 80 °C for 24 h in an air-forced oven. The gross energy (GE) of diets and excreta were determined via bomb calorimetry using an adiabatic calorimeter (Parr 1281 bomb calorimeter, Parr Instruments Co., Moline, IL, USA). The AME (MJ/kg) was calculated by the following equation.


AMEdiet = (Feed intake × GEdiet − Excreta output × GEexcreta)/Feed intake











N-corrected AME values were calculated by correcting to zero N retention, using the factor of 36.54 kJ/g [17]. N retention (%) was calculated by the following equation.


N retention = [(Feed intake × Ndiet − Excreta output × Nexcreta)/(Feed intake × Ndiet)] ×100











Concentrations of starch in diets and ileal digesta were determined by methods as described previously [18]. Nitrogen concentrations were determined as outlined previously [19]. Mineral concentration of diets and ileal digesta were determined by an inductively coupled plasma–optical emission spectrometry instrument (Agilent, VIC, Australia).



Toe samples were pooled per pen and the composite samples dried to a constant weight at 100 °C; then, they were ashed in a muffle furnace at 550 °C for 16 h for the determination of toe ash content.



Soluble and insoluble NSP and free oligosaccharide composition of the diets was determined following previously published procedures [20] with some modifications as described in [21,22]. Briefly, the sample was fat-extracted using hexane, and then free oligosaccharides were extracted by heating the sample at 80 °C with 80% ethanol. The starch in the resulting residue was gelatinised using acetate buffer (pH 5), and α-amylase and amyloglucosidase were added, at 95 °C and 55 °C, respectively, to remove the starch. The prepared sample was then incubated and centrifuged at 2000× g for 10 min, and the resulting supernatant and residue were used for the analysis of soluble and insoluble NSP, respectively. For the soluble NSP analysis, the sugars released by the enzymes were removed using ethanol at 4 °C; the residue was dried, and then 2 M trifluoroacetic acid was added and heated at 125 °C. For the insoluble NSP analysis, the glucose released from starch digestion was removed with water and acetone, and the resulting supernatant was removed and the residue was dried. Then, 12 M H2SO4 was added, and the sample was heated to 35 °C; then, water was added and the sample was heated to 100 °C, cooled and then centrifuged at 3000× g for 15 min to sediment the insoluble materials. For the free sugar analysis, the extracted sample was dried, hydrolysed with 1 M H2SO4 at 100 °C and centrifuged to sediment the insoluble material. Ammonium (28%) was added to an aliquot of the resulting supernatant from the insoluble NSP and free oligosaccharide samples. For all the resulting samples, an internal standard was added (allose, 4 mg/mL), and the sample was evaporated to dryness and then re-dissolved in water with slight alkalinity. Freshly prepared NaBH4 was then added, the sample was incubated, and any excess NaBH4 was decomposed with glacial acetic acid. 1-Methylimidazole and 5 mL of C4H6O3 were added, followed by water; then, dichloromethane was added, the sample was centrifuged, and the bottom layer was collected and dried. Finally, ethyl acetate and water were added, the sample was centrifuged, and the supernatant was analysed by gas chromatography (Model CP3800, Varian Inc., Palo Alto, CA, USA).



Titanium dioxide concentrations in the diets and digesta samples were analysed in quadruplicate and duplicate, respectively, by previously published methods [23]. Then, the starch, protein and mineral (Ca, P and Na) digestibility in the jejunum and ileum were calculated as per dry matter basis by the following equation.


Nutrient digestibility = [1 − [(TiO2diet × Nutrientdigesta)/(TiO2digesta × Nutrientdiet)]] × 100












2.4. Data Analyses


IBM® SPSS® Statistics 20 program (IBM Corporation. Somers, NY, USA) was used to test statistical differences between the six dietary treatments using either one-way ANOVA or non-parametric ANOVA (Kruskal–Wallis test). Tukey’s post hoc test was used to identify pairwise differences between the treatments from significant ANOVA results. Data were tested for normality and variance homogeneity before analysis. The pen was considered as the experimental unit, and statistical significance was established at p ≤ 0.05.





3. Results


3.1. Growth Performance


Parameters of growth performance, including body weight gain (BWG), feed intake (FI), and the feed conversion ratio (FCR), are presented in Table 9. There was no significant effect of dietary treatments on body weight gain or feed intake. There was a significant effect on the FCR at 22–35 days, where treatments NC1 + XAP and NC3 + XAP + PhyG containing XAP significantly improved the FCR compared to the PC treatment unsupplemented control (p = 0.049).




3.2. Gastrointestinal Organ Weight, pH, Carcass Yield and Energy Utilisation


The relative weights and pH of the gastrointestinal organs at day 21 and 42; breast, thigh and drumstick weight at day 42; and measures of energy utilisation over 19–21 days are shown in Table 10. There was no significant effect of dietary treatment on relative pancreas weight and relative gizzard weight, content or pH at 21 and 42 days (p > 0.05). There was a significant effect on fat pad weight at 21 days (p = 0.026), where fat pads of the NC1 + XAP treatment were significantly greater than treatments NC2 + PhyG or NC3 + XAP + PhyG. There was a significant effect of dietary treatment on relative breast weight at 42 days (p = 0.027), where NC2 + PhyG had a greater breast weight than all other treatments, but there was no significant effect of treatments on thigh or drumstick weights (p > 0.05). There was a significant reduction in cost/kg live gain for treatments NC2 + PhyG and NC3 + XAP + PhyG. Finally, there was no effect of dietary treatments on energy utilisation (AME, AMEn, ME:GE and N retention %) parameters (p > 0.05).




3.3. Nutrient Digestibility


The digestibilities of Ca, P, Na, protein and starch at day 21 in the jejunum and ileum and toe ash are given in Table 11. There was a significant effect of dietary treatment on all parameters of nutrient digestibility except ileal protein digestibility. The greatest Ca digestibility in the jejunum (p = <0.001) and ileum (p < 0.001) and the greatest starch digestibility in the jejunum (p = 0.002) and ileum (p = 0.014) was attained with the NC3 + XAP + PhyG treatment, while both treatments NC2 + PhyG and NC3 + XAP + PhyG significantly increased P digestibility in the jejunum (p < 0.001) and ileum (p < 0.001) and protein digestibility in the jejunum (p = 0.014). Further, the recoveries of sodium were best in treatment NC3 + XAP + PhyG in the jejunum (p < 0.001) and ileum (p < 0.001). There was no significant effect of dietary treatment on toe ash (p > 0.05).





4. Discussion


The main objective of this study was to determine if the full matrix values for phytase alone or in combination with XAP are appropriate to lower feed costs while maintaining the growth performance of broilers offered a complex diet with increased use of locally available by-products. The current findings showed that the matrix values included in diets generally did not affect growth performance and carcass yield, while reducing feed cost per kilo of live weight gain and across many measures improved nutrient digestibility compared to the control group. Our findings were consistent with those previously reported [6] that tandem supplementation of phytase, xylanase, amylase, and protease enzymes was effective in maintaining growth performance in birds fed low nutrient density diets compared to those offered nutritionally adequate diets. Similar results were also observed by other investigators [24,25,26,27]. Collectively, the findings of this study and others re-affirm the benefits of phytase and XAP supplementation in reducing the anti-nutritional effects and thus increasing nutrient digestibility in broilers. Thus, it can be concluded that the matrix values applied in this study were generally appropriate. The cost per kilo of live weight gain was significantly reduced for birds offered NC2 + PhyG and NC3 + XAP + PhyG in the present study, likely due to the numerical increase in weight gain and the reduction in synthetic amino acids required in the diets of these treatments. The NC3 + XAP + PhyG treatment presented the greatest saving of 4.5 cents per kilo live gain, while NC1 + XAP generated a saving of 2.2 cents per kilo live gain, and NC2 + PhyG generated a saving of 3.9 cents per kilo live gain. Over a flock of 30,000 broiler chickens with a market live weight of 3.8 kg (assumed based on breeder recommendations), the feed cost savings generated by the NC3 + XAP + PhyG treatment equates to roughly a $5130 saving per flock of broilers.



In the present study, there was limited impact of dietary treatments on the weights of the breast, thigh, drumstick, and fat pad, with an increase in day 21 fat pad weights in the NC1 + XAP treatment and an increase in day 42 breast weight in the NC2 + PhyG treatment compared to the control. The similar carcass yields between the dietary treatments in the current study suggest that the enzymes released enough nutrients to maintain muscle growth in the respective groups compared to the control group. Previous studies reported no differences in carcass and fat pad weights on either day 35 or day 42 following XAP supplementation in broiler diets [28,29,30]. While there was an increase in day 21 fat pad weight following XAP supplementation (treatment NC1 + XAP), there was no effect on energy utilisation at this time-point and no effect on the day 42 fat pad weight, suggesting that the energy matrix value for XAP is appropriate.



Improvements in digestibility were observed for the enzyme inclusions with the combination treatment (NC3 + XAP + PhyG) having the greatest nutrient digestibility for almost all measures. Sensibly, both phytase treatments (NC2 + PhyG and NC3 + XAP + PhyG) significantly improved P digestibility within the jejunum and ileum, in the order of 50 and 65%, respectively. Improved P digestibility to phytase inclusion has been reliably demonstrated in multiple accounts over the past decades [30,31,32]. Phytase inclusion also improved the digestibility of protein and starch in the present study, which demonstrates the anti-nutritive impacts of phytate and has been frequently reported [33,34,35,36,37,38]. While not directly measured in the present study, the significantly improved jejunal protein digestibility and numerically improved ileal protein digestibility is a reflection of the capacity for phytase to improve the digestibility of amino acids. An average improvement in digestibility of up to 4.79 percentage units for total amino acids with 3000 FTU/kg phytase inclusion has been demonstrated via modelling the improvement in amino acid digestibility to phytase inclusion across 13 datasets [3]. The effects of phytase on improving Na recovery have also been characterised, whereby sodium is spared through reducing the requirement of bile salt production due to the improved nutrient digestibility, and it is hypothesised that via this improved Na recovery, phytase may enhance intestinal uptake of nutrients such as amino acids through Na+-dependent transport systems [3,39,40]. Furthermore, through the breakdown of anti-nutritional products and alteration of the nutrient profile at the end of the gut, enzyme inclusion may influence microbial fermentation patterns, nutrient competition, and community function [41]. This was not explored in the present study but is an area of growing interest, as carbohydrase enzymes have been shown to alter the gut microbial community [42]. Thus, this is a factor which may also be involved in the observed performance benefits and should be explored in future studies. Nevertheless, this report provides complementary performance and economic validation to future omics-based studies in this area.



In conclusion, this study has demonstrated that the full matrix values for phytase alone or in combination with XAP may lower the cost/kilo live gain while maintaining growth performance of broilers offered a complex diet with increased use of locally available ingredients (rapeseed and lupins).
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Table 1. Array of dietary treatments describing the phytase and XAP1 inclusion rates.






Table 1. Array of dietary treatments describing the phytase and XAP1 inclusion rates.





	
Dietary Treatment

	
Formulated Levels

	
Analysed Levels (U/kg)




	
Phytase (FTU/kg)

	
Xylanase (U/kg) from XAP 1

	
Starter

	
Grower

	
Finisher

	
Withdrawal






	
1

	
0

	
0

	
Phytase = 326

	
Phytase = 369

	
Phytase = 429

	
Phytase = 612




	
(PC)

	
Xylanase = 121

	
Xylanase = 94

	
Xylanase = 30

	
Xylanase = 94




	
2

	
0

	
1200

	
Phytase = n/a

	
Phytase = n/a

	
Phytase = n/a

	
Phytase = n/a




	
(NC1 + XAP)

	
Xylanase = 1344

	
Xylanase = 1172

	
Xylanase = 927

	
Xylanase = 940




	
3

	
1000

	
0

	
Phytase = 1235

	
Phytase = 1560

	
Phytase = 1900

	
Phytase = 1474




	
(NC2 + PhyG)

	
Xylanase = n/a

	
Xylanase = n/a

	
Xylanase = n/a

	
Xylanase = n/a




	
4

	
1000

	
1200

	
Phytase = 1828

	
Phytase = 1680

	
Phytase = 2132

	
Phytase = 2085




	
(NC3 + XAP + PhyG)

	
Xylanase = 1198

	
Xylanase = 815

	
Xylanase = 1257

	
Xylanase = 856








1 XAP provides 1200 units/kg xylanase, 4000 units protease, and 200 units amylase. n/a = not applicable—test not completed on sample as relevant enzyme not included in diet.













 





Table 2. Ingredient composition and calculated nutrient content of experimental starter diets (d 0 to 10) with matrix values ascribed to phytase and XAP inclusions (matrix values included in calculated nutrient composition).






Table 2. Ingredient composition and calculated nutrient content of experimental starter diets (d 0 to 10) with matrix values ascribed to phytase and XAP inclusions (matrix values included in calculated nutrient composition).





	
Ingredient, g/kg (as Fed)

	
Dietary Treatment




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Phytase

	
-

	
-

	
0.10

	
0.10




	
XAP

	
-

	
0.10

	
-

	
0.10




	
Soybean meal

	
281.2

	
281.8

	
277.3

	
294.4




	
Maize

	
250.0

	
250.0

	
250.0

	
271.9




	
Wheat

	
292.9

	
314.0

	
356.7

	
322.4




	
Lupin

	
70.4

	
62.6

	
52.3

	
48.4




	
Rapeseed

	
31.0

	
29.5

	
27.0

	
25.7




	
Limestone flour

	
12.85

	
12.90

	
12.79

	
12.83




	
Salt

	
3.61

	
3.59

	
3.55

	
1.25




	
Di-calcium phosphate

	
14.89

	
14.83

	
4.02

	
3.81




	
Sodium bicarbonate

	
0.01

	
0.03

	
0.07

	
5.90




	
Vegetable oil

	
29.71

	
17.84

	
3.62

	
2.33




	
L-lysine sulphate

	
3.82

	
3.52

	
3.67

	
2.69




	
DL-methionine

	
3.42

	
3.23

	
2.96

	
2.74




	
L-threonine

	
1.45

	
1.28

	
1.22

	
0.86




	
Choline chloride (75%)

	
0.25

	
0.25

	
0.25

	
0.25




	
Vitamin and mineral premix 1

	
4.50

	
4.50

	
4.50

	
4.50




	
Calculated nutrient, g/kg (unless otherwise indicated)

	




	
AMEn 2, MJ/kg

	
12.45

	
12.45

	
12.45

	
12.45




	
Crude protein

	
219.05

	
218.31

	
223.32

	
227.04




	
Crude fat

	
69.96

	
57.36

	
42.14

	
40.62




	
SID Lysine 3

	
12.20

	
12.20

	
12.20

	
12.20




	
SID Methionine

	
6.04

	
5.92

	
5.81

	
5.70




	
SID Methionine + cysteine

	
9.10

	
9.10

	
9.10

	
9.10




	
SID Threonine

	
8.30

	
8.30

	
8.30

	
8.30




	
SID Tryptophan

	
2.33

	
2.39

	
2.38

	
2.49




	
SID Isoleucine

	
8.34

	
8.32

	
8.54

	
8.78




	
SID Leucine

	
15.00

	
14.99

	
15.44

	
15.91




	
SID Valine

	
8.90

	
8.90

	
9.17

	
9.41




	
SID Arginine

	
14.21

	
13.99

	
13.94

	
14.23




	
Calcium

	
9.00

	
9.00

	
9.00

	
9.00




	
Total phosphorus

	
6.86

	
6.86

	
4.61

	
4.62




	
Available phosphorus

	
4.50

	
4.50

	
4.50

	
4.50




	
Phytate

	
10.00

	
10.00

	
10.00

	
10.00




	
Phytate-P

	
2.82

	
2.82

	
2.82

	
2.82




	
Non-starch polysaccharide

	
150.34

	
150.00

	
150.00

	
150.00




	
Total arabinoxylan

	
42.17

	
42.79

	
44.20

	
43.50




	
Crude fibre

	
33.79

	
33.38

	
32.95

	
32.87




	
Sodium

	
1.60

	
1.60

	
1.60

	
2.30




	
Chloride

	
3.00

	
3.00

	
3.00

	
1.60




	
Potassium

	
9.23

	
9.26

	
9.24

	
9.50




	
DEB 4 (mEq/kg)

	
221

	
221

	
221

	
298








1 Vitamin and mineral premix per kg diet (UNE VM, Rabar Pty Ltd., Beaudesert, QLD, Australia): vitamin A, 12 MIU; vitamin D, 5 MIU; vitamin E, 75 mg; vitamin K, 3 mg; nicotinic acid, 55 mg; pantothenic acid, 13 mg; folic acid, 2 mg; riboflavin, 8 mg; cyanocobalamin, 0.016 mg; biotin, 0.25 mg; pyridoxine, 5 mg; thiamine, 3 mg; antioxidant, 50 mg; Cu, 16 mg as copper sulphate; Mn, 60 mg as manganese sulphate; Mn, 60 mg as manganous oxide; I, 0.125 mg as potassium iodide; Se, 0.3 mg; Fe, 40 mg as iron sulphate; Zn, 50 mg as zinc oxide; Zn, 50 mg as zinc sulphate. 2 AMEn: apparent metabolizable energy corrected to zero N retention. 3 Standard ileal digestible amino acid level as determined by near-infrared spectroscopy (Foss NIR 6500, Hillerød, Denmark) standardised with Evonik AMINONIR® Advanced calibration (Evonik Industries AG, Essen 45128, Germany). 4 DEB (mEq/kg) calculated as 10,000 × (Na+ + K+ − Cl−).













 





Table 3. Ingredient composition and calculated nutrient content of experimental grower diets (d 10 to 21) with matrix values ascribed to phytase and XAP inclusions (nutrients and energy contribution for enzymes included in calculated nutrient composition).






Table 3. Ingredient composition and calculated nutrient content of experimental grower diets (d 10 to 21) with matrix values ascribed to phytase and XAP inclusions (nutrients and energy contribution for enzymes included in calculated nutrient composition).





	
Ingredient, g/kg (as Fed)

	
Dietary Treatment




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Phytase

	
-

	
-

	
0.10

	
0.10




	
XAP

	
-

	
0.10

	
-

	
0.10




	
Soybean meal

	
244.2

	
261.2

	
296.1

	
296.2




	
Maize

	
250.0

	
250.0

	
268.0

	
266.3




	
Wheat

	
281.1

	
315.3

	
307.3

	
308.5




	
Lupin

	
108.2

	
73.6

	
52.9

	
52.8




	
Rapeseed

	
35.5

	
32.2

	
26.8

	
26.8




	
Limestone flour

	
11.88

	
12.01

	
11.95

	
14.45




	
Salt

	
3.61

	
3.61

	
3.57

	
3.57




	
Di-calcium phosphate

	
13.71

	
13.54

	
2.39

	
2.40




	
Sodium bicarbonate

	
0.01

	
0.01

	
1.04

	
2.61




	
Vegetable oil

	
37.50

	
25.08

	
18.78

	
15.59




	
L-lysine sulphate

	
2.81

	
2.34

	
1.03

	
0.70




	
DL-methionine

	
3.05

	
2.77

	
2.30

	
2.17




	
L-threonine

	
0.71

	
0.50

	
-

	
-




	
Choline chloride (75%)

	
0.25

	
0.25

	
0.25

	
0.25




	
Vitamin and mineral premix 1

	
2.50

	
2.50

	
2.50

	
2.50




	
TiO2

	
5.00

	
5.00

	
5.00

	
5.00




	
Calculated nutrient, g/kg (unless otherwise indicated)




	
AMEn 2, MJ/kg

	
12.66

	
12.66

	
12.66

	
12.66




	
Crude protein

	
211.73

	
210.99

	
225.21

	
224.91




	
Crude fat

	
82.17

	
66.24

	
57.24

	
54.05




	
SID lysine 3

	
11.20

	
11.20

	
11.20

	
11.20




	
SID methionine

	
5.53

	
5.39

	
5.20

	
5.12




	
SID methionine + cysteine

	
8.50

	
8.50

	
8.50

	
8.50




	
SID threonine

	
7.30

	
7.30

	
7.30

	
7.45




	
SID tryptophan

	
2.22

	
2.31

	
2.44

	
2.48




	
SID isoleucine

	
7.97

	
8.03

	
8.78

	
8.78




	
SID leucine

	
14.42

	
14.54

	
15.90

	
15.89




	
SID valine

	
8.50

	
8.60

	
9.41

	
9.41




	
SID arginine

	
14.52

	
13.79

	
14.37

	
14.36




	
Calcium

	
8.40

	
8.40

	
8.40

	
8.40




	
Total phosphorus

	
6.57

	
6.53

	
4.31

	
4.31




	
Available phosphorus

	
4.20

	
4.20

	
4.20

	
4.20




	
Phytate

	
10.00

	
10.00

	
10.00

	
10.00




	
Phytate-P

	
2.82

	
2.82

	
2.82

	
2.82




	
Non-starch polysaccharide

	
154.92

	
150.00

	
150.00

	
150.00




	
Total arabinoxylan

	
42.91

	
42.91

	
42.91

	
42.91




	
Crude fibre

	
36.66

	
34.06

	
33.01

	
32.99




	
Sodium

	
1.60

	
1.60

	
2.30

	
2.30




	
Chloride

	
2.98

	
3.00

	
3.00

	
3.00




	
Potassium

	
8.78

	
8.95

	
9.50

	
9.50




	
DEB 4 (mEq/kg)

	
210

	
213

	
258

	
258








1 Vitamin and mineral premix per kg diet (UNE VM, Rabar Pty Ltd.): vitamin A, 12 MIU; vitamin D, 5 MIU; vitamin E, 75 mg; vitamin K, 3 mg; nicotinic acid, 55 mg; pantothenic acid, 13 mg; folic acid, 2 mg; riboflavin, 8 mg; cyanocobalamin, 0.016 mg; biotin, 0.25 mg; pyridoxine, 5 mg; thiamine, 3 mg; antioxidant, 50 mg; Cu, 16 mg as copper sulphate; Mn, 60 mg as manganese sulphate; Mn, 60 mg as manganous oxide; I, 0.125 mg as potassium iodide; Se, 0.3 mg; Fe, 40 mg as iron sulphate; Zn, 50 mg as zinc oxide; Zn, 50 mg as zinc sulphate. 2 AMEn: apparent metabolizable energy corrected to zero N retention. 3 Standard ileal digestible amino acid level as determined by near-infrared spectroscopy (Foss NIR 6500, Denmark) standardised with Evonik AMINONIR® Advanced calibration. 4 DEB (mEq/kg) calculated as 10,000 × (Na+ + K+ − Cl−).













 





Table 4. Ingredient composition and calculated nutrient content of experimental finisher diets (d 21 to 35) with matrix values ascribed to phytase and XAP inclusions (matrix values included in calculated nutrient composition).






Table 4. Ingredient composition and calculated nutrient content of experimental finisher diets (d 21 to 35) with matrix values ascribed to phytase and XAP inclusions (matrix values included in calculated nutrient composition).





	
Ingredient, g/kg (as Fed)

	
Dietary Treatment




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Phytase

	
-

	
-

	
0.10

	
0.10




	
XAP

	
-

	
0.06

	
-

	
0.06




	
Soybean meal

	
190.3

	
233.1

	
263.6

	
266.6




	
Maize

	
250.0

	
250.0

	
250.0

	
250.0




	
Wheat

	
335.0

	
341.2

	
344.9

	
345.2




	
Lupin

	
107.2

	
81.3

	
63.4

	
61.6




	
Rapeseed

	
40.4

	
34.2

	
29.7

	
29.3




	
Limestone flour

	
10.8

	
10.9

	
10.8

	
10.8




	
Salt

	
3.0

	
3.3

	
2.5

	
3.6




	
Di-calcium phosphate

	
12.1

	
11.8

	
0.7

	
0.7




	
Sodium bicarbonate

	
0.9

	
0.4

	
0.0

	
1.8




	
Vegetable oil

	
36.7

	
22.9

	
24.3

	
20.8




	
L-lysine sulphate

	
2.2

	
0.9

	
0.3

	
-




	
DL-methionine

	
2.9

	
2.3

	
2.0

	
1.9




	
L-threonine

	
0.7

	
-

	
-

	
-




	
Choline chloride (75%)

	
0.2

	
0.2

	
0.2

	
0.2




	
Vitamin and mineral premix 1

	
2.5

	
2.5

	
2.5

	
2.5




	
TiO2

	
5.0

	
5.0

	
5.0

	
5.0




	
Filler

	
-

	
-

	
-

	
-




	
Calculated nutrient, g/kg (unless otherwise indicated)




	
AMEn 2, MJ/kg

	
12.97

	
12.97

	
12.97

	
12.97




	
Crude protein

	
192.35

	
201.61

	
215.44

	
215.91




	
Crude fat

	
83.15

	
65.57

	
64.19

	
60.39




	
SID lysine 3

	
10.20

	
10.20

	
10.20

	
10.20




	
SID methionine

	
5.18

	
4.89

	
4.78

	
4.70




	
SID methionine + cysteine

	
8.00

	
8.00

	
8.00

	
8.00




	
SID threonine

	
6.60

	
6.60

	
6.90

	
7.08




	
SID tryptophan

	
1.99

	
2.24

	
2.32

	
2.37




	
SID isoleucine

	
7.05

	
7.62

	
8.29

	
8.34




	
SID leucine

	
13.01

	
13.92

	
15.06

	
15.12




	
SID valine

	
7.60

	
8.20

	
8.91

	
8.95




	
SID arginine

	
13.01

	
13.30

	
13.85

	
13.87




	
Calcium

	
7.60

	
7.60

	
7.60

	
7.60




	
Total phosphorus

	
6.06

	
6.10

	
3.87

	
3.88




	
Available phosphorus

	
3.80

	
3.80

	
3.80

	
3.80




	
Phytate

	
10.00

	
10.00

	
10.00

	
10.00




	
Phytate-P

	
2.82

	
2.82

	
2.82

	
2.82




	
Non-starch polysaccharide

	
150.17

	
150.00

	
150.00

	
150.00




	
Total arabinoxylan

	
43.87

	
43.87

	
43.87

	
43.87




	
Crude fibre

	
36.28

	
34.68

	
33.58

	
33.47




	
Sodium

	
1.60

	
1.60

	
1.60

	
2.07




	
Chloride

	
3.00

	
3.00

	
2.39

	
3.00




	
Potassium

	
7.92

	
8.56

	
9.02

	
9.07




	
DEB 4 (mEq/kg)

	
187

	
203

	
233

	
237








1 Vitamin and mineral premix per kg diet (UNE VM, Rabar Pty Ltd.): vitamin A, 12 MIU; vitamin D, 5 MIU; vitamin E, 75 mg; vitamin K, 3 mg; nicotinic acid, 55 mg; pantothenic acid, 13 mg; folic acid, 2 mg; riboflavin, 8 mg; cyanocobalamin, 0.016 mg; biotin, 0.25 mg; pyridoxine, 5 mg; thiamine, 3 mg; antioxidant, 50 mg; Cu, 16 mg as copper sulphate; Mn, 60 mg as manganese sulphate; Mn, 60 mg as manganous oxide; I, 0.125 mg as potassium iodide; Se, 0.3 mg; Fe, 40 mg as iron sulphate; Zn, 50 mg as zinc oxide; Zn, 50 mg as zinc sulphate. 2 AMEn: apparent metabolizable energy corrected to zero N retention. 3 Standard ileal digestible amino acid level as determined by near-infrared spectroscopy (Foss NIR 6500, Denmark) standardised with Evonik AMINONIR® Advanced calibration. 4 DEB (mEq/kg) calculated as 10,000 × (Na+ + K+ − Cl−).













 





Table 5. Ingredient composition and calculated nutrient content of experimental withdrawal diets (d 35 to 42) with matrix values ascribed to phytase and XAP inclusions (matrix values included in calculated nutrient composition).






Table 5. Ingredient composition and calculated nutrient content of experimental withdrawal diets (d 35 to 42) with matrix values ascribed to phytase and XAP inclusions (matrix values included in calculated nutrient composition).





	
Ingredient, g/kg (as Fed)

	
Dietary Treatment




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Phytase

	
-

	
-

	
0.10

	
0.10




	
XAP

	
-

	
0.06

	
-

	
0.06




	
Soybean meal

	
196.6

	
237.0

	
241.1

	
231.0




	
Maize

	
280.0

	
280.0

	
315.4

	
344.1




	
Wheat

	
286.1

	
290.9

	
267.5

	
246.9




	
Lupin

	
111.4

	
87.7

	
84.8

	
90.3




	
Rapeseed

	
41.1

	
35.3

	
34.0

	
34.9




	
Limestone flour

	
10.8

	
10.9

	
10.8

	
10.8




	
Salt

	
3.2

	
3.6

	
3.6

	
3.6




	
Di-calcium phosphate

	
12.0

	
11.7

	
0.7

	
0.7




	
Sodium bicarbonate

	
0.5

	
-

	
1.0

	
2.5




	
Vegetable oil

	
46.7

	
33.6

	
32.0

	
26.1




	
L-lysine sulphate

	
1.4

	
-

	
-

	
-




	
DL-methionine

	
2.5

	
1.9

	
1.8

	
1.8




	
L-threonine

	
0.4

	
-

	
-

	
-




	
Choline chloride (75%)

	
0.2

	
0.2

	
0.2

	
0.2




	
Vitamin and mineral premix 1

	
2.0

	
2.0

	
2.0

	
2.0




	
TiO2

	
5.0

	
5.0

	
5.0

	
5.0




	
Filler

	
-

	
-

	
-

	
-




	
Calculated nutrient, g/kg (unless otherwise indicated)




	
AMEn 2, MJ/kg

	
13.18

	
13.18

	
13.18

	
13.18




	
Crude protein

	
192.85

	
201.96

	
209.39

	
206.73




	
Crude fat

	
94.25

	
77.64

	
76.49

	
72.26




	
SID lysine 3

	
9.70

	
9.70

	
9.70

	
9.70




	
SID methionine

	
4.80

	
4.51

	
4.50

	
4.46




	
SID methionine + cysteine

	
7.60

	
7.60

	
7.60

	
7.60




	
SID threonine

	
6.30

	
6.67

	
6.64

	
6.70




	
SID tryptophan

	
2.00

	
2.24

	
2.21

	
2.21




	
SID isoleucine

	
7.15

	
7.70

	
8.03

	
7.90




	
SID leucine

	
13.30

	
14.16

	
14.94

	
14.87




	
SID valine

	
7.69

	
8.26

	
8.61

	
8.48




	
SID arginine

	
13.29

	
13.58

	
13.94

	
13.86




	
Calcium

	
7.60

	
7.60

	
7.60

	
7.60




	
Total phosphorus

	
6.06

	
6.10

	
3.85

	
3.84




	
Available phosphorus

	
3.80

	
3.80

	
3.80

	
3.80




	
Phytate

	
10.00

	
10.00

	
10.00

	
10.00




	
Phytate-P

	
2.82

	
2.82

	
2.82

	
2.82




	
Non-starch polysaccharide

	
150.00

	
150.00

	
150.00

	
150.00




	
Total arabinoxylan

	
42.87

	
42.87

	
42.87

	
42.87




	
Crude fibre

	
36.73

	
35.28

	
35.53

	
36.21




	
Sodium

	
1.60

	
1.60

	
2.30

	
2.30




	
Chloride

	
3.00

	
2.99

	
3.00

	
3.00




	
Potassium

	
8.01

	
8.62

	
8.72

	
8.61




	
DEB 4 (mEq/kg)

	
189

	
205

	
238

	
235








1 Vitamin and mineral premix per kg diet (UNE VM, Rabar Pty Ltd.): vitamin A, 12 MIU; vitamin D, 5 MIU; vitamin E, 75 mg; vitamin K, 3 mg; nicotinic acid, 55 mg; pantothenic acid, 13 mg; folic acid, 2 mg; riboflavin, 8 mg; cyanocobalamin, 0.016 mg; biotin, 0.25 mg; pyridoxine, 5 mg; thiamine, 3 mg; antioxidant, 50 mg; Cu, 16 mg as copper sulphate; Mn, 60 mg as manganese sulphate; Mn, 60 mg as manganous oxide; I, 0.125 mg as potassium iodide; Se, 0.3 mg; Fe, 40 mg as iron sulphate; Zn, 50 mg as zinc oxide; Zn, 50 mg as zinc sulphate. 2 AMEn: Apparent metabolizable energy corrected to zero N retention. 3 Standard ileal digestible amino acid level as determined by near-infrared spectroscopy (Foss NIR 6500, Denmark) standardised with Evonik AMINONIR® Advanced calibration. 4 DEB (mEq/kg) calculated as 10,000 × (Na+ + K+ − Cl−).













 





Table 6. Analysed nutrient content of experimental diets.






Table 6. Analysed nutrient content of experimental diets.





	
Nutrient, g/kg (Unless Otherwise Indicated)

	
Dietary Treatment




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Starter

	
Dry matter

	
881.5

	
881.4

	
880.3

	
878.3




	
Total phosphorus

	
7.13

	
7.64

	
6.02

	
5.78




	
Calcium

	
10.61

	
12.16

	
8.96

	
8.83




	
Sodium

	
1.87

	
1.98

	
1.62

	
1.54




	
Gross energy, Kcal/kg

	
4029

	
4038

	
4029

	
3987




	
Crude protein

	
230.2

	
243.2

	
253.2

	
251.8




	
Grower

	
Dry matter

	
867.0

	
864.6

	
866.6

	
863.5




	
Total phosphorus

	
6.37

	
6.52

	
4.61

	
4.63




	
Calcium

	
10.66

	
10.96

	
7.68

	
9.15




	
Sodium

	
1.53

	
1.73

	
1.80

	
2.51




	
Gross energy, Kcal/kg

	
4008

	
3918

	
3939

	
3882




	
Crude protein

	
205.7

	
199.1

	
220.6

	
217.0




	
Starch

	
295.6

	
317.9

	
311.9

	
315.8




	
Soluble NSP 1

	
7.87

	
6.96

	
8.40

	
7.68




	
Insoluble NSP 1

	
78.90

	
78.27

	
76.25

	
74.01




	
Total NSP 1

	
86.77

	
85.23

	
84.65

	
81.69




	
Finisher

	
Dry matter

	
867.0

	
874.8

	
877.3

	
870.5




	
Total phosphorus

	
6.18

	
6.36

	
4.54

	
4.40




	
Calcium

	
8.73

	
8.99

	
6.94

	
6.60




	
Sodium

	
1.59

	
1.65

	
1.17

	
2.04




	
Gross energy, Kcal/kg

	
3993

	
3939

	
3996

	
3951




	
Crude protein

	
191.9

	
200.4

	
209.1

	
208.8




	
Withdrawal

	
Dry matter

	
865.6

	
885.0

	
875.6

	
876.0




	
Total phosphorus

	
6.40

	
6.43

	
4.69

	
4.14




	
Calcium

	
8.92

	
9.16

	
6.80

	
6.65




	
Sodium

	
1.60

	
1.71

	
1.84

	
2.32




	
Gross energy, Kcal/kg

	
4107

	
4005

	
4006

	
3987




	
Crude protein

	
193.9

	
200.8

	
202.9

	
201.2








1 NSP: non-starch polysaccharides.













 





Table 7. In feed matrix value contribution to phytase and XAP inclusions over the starter (d 0 to 10) and grower (d 10 to 21) phases where appropriate.






Table 7. In feed matrix value contribution to phytase and XAP inclusions over the starter (d 0 to 10) and grower (d 10 to 21) phases where appropriate.





	
Nutrient, g/kg (Unless Otherwise Indicated)

	
Starter

	
Grower




	
Phytase (1000 FTU/kg)

	
XAP

	
Combined (1000 FTU Phytase + XAP)

	
Phytase (1000 FTU/kg)

	
XAP

	
Combined (1000 FTU Phytase + XAP)






	
Available Phosphorus

	
2.19

	

	
2.19

	
2.19

	

	
2.19




	
Calcium

	
2.11

	

	
2.11

	
2.11

	

	
2.11




	
AMEn 1, Kcal/kg

	
90.0

	
98.0

	
119.4

	
80.0

	
98.9

	
109.7




	
Crude protein

	
6.60

	

	
6.60

	
6.32

	

	
6.32




	
SID Lysine 2

	
0.31

	
0.35

	
0.48

	
0.3

	
0.35

	
0.47




	
SID Methionine 2

	
0.19

	
0.09

	
0.23

	
0.18

	
0.09

	
0.23




	
SID Methionine + cysteine 2

	
0.37

	
0.25

	
0.49

	
0.35

	
0.25

	
0.48




	
SID Threonine 2

	
0.33

	
0.32

	
0.49

	
0.31

	
0.31

	
0.47




	
SID Isoleucine 2

	
0.30

	

	
0.30

	
0.28

	

	
0.28




	
SID Leucine 2

	
0.56

	

	
0.56

	
0.54

	

	
0.54




	
SID Tryptophan 2

	
0.06

	
0.10

	
0.11

	
0.06

	
0.09

	
0.10




	
SID Serine 2

	

	

	

	

	

	




	
SID Valine 2

	
0.33

	

	
0.33

	
0.32

	

	
0.32




	
SID Arginine 2

	
0.35

	

	
0.35

	
0.35

	

	
0.35








1 AMEn: apparent metabolizable energy corrected to zero N retention. 2 Standard ileal digestible amino acid level (SID).













 





Table 8. In feed matrix value contribution to phytase and XAP inclusions over the finisher (d 21 to 35) and withdrawal (d 35 to 42) phases where appropriate.






Table 8. In feed matrix value contribution to phytase and XAP inclusions over the finisher (d 21 to 35) and withdrawal (d 35 to 42) phases where appropriate.





	
Nutrient, g/kg (Unless Otherwise Indicated)

	
Finisher

	
Withdrawal




	
Phytase (1000 FTU/kg)

	
XAP

	
Combined (1000 FTU Phytase + XAP)

	
Phytase (1000 FTU/kg)

	
XAP

	
Combined (1000 FTU Phytase + XAP)






	
Available Phosphorus

	
2.19

	

	
2.19

	
2.19

	

	
2.19




	
Calcium

	
2.11

	

	
2.11

	
2.11

	

	
2.11




	
AMEn 1, Kcal/kg

	
76.0

	
102.9

	
106.9

	
76.0

	
98.3

	
105.5




	
Crude protein

	
5.89

	

	
5.89

	
6.06

	

	
6.06




	
SID Lysine 2

	
0.27

	
0.34

	
0.44

	
0.30

	
0.34

	
0.47




	
SID Methionine 2

	
0.16

	
0.09

	
0.21

	
0.17

	
0.09

	
0.22




	
SID Methionine + cysteine 2

	
0.32

	
0.24

	
0.44

	
0.34

	
0.25

	
0.46




	
SID Threonine 2

	
0.29

	
0.29

	
0.43

	
0.21

	
0.30

	
0.36




	
SID Isoleucine 2

	
0.26

	

	
0.26

	
0.27

	

	
0.27




	
SID Leucine 2

	
0.50

	

	
0.50

	
0.52

	

	
0.52




	
SID Tryptophan 2

	
0.05

	
0.09

	
0.10

	
0.05

	
0.09

	
0.10




	
SID Serine 2

	

	

	

	
0.31

	

	
0.31




	
SID Valine 2

	
0.28

	

	
0.28

	
0.29

	

	
0.29




	
SID Arginine 2

	
0.33

	

	
0.33

	
0.34

	

	
0.34








1 AMEn: apparent metabolizable energy corrected to zero N retention. 2 Standard ileal digestible amino acid level (SID).













 





Table 9. The effect of enzyme inclusion with respective matrix reductions on weight gain (g/bird), feed intake (g/bird) and the feed conversion ratio (FCR; g/g) over the feeding phases (starter, d 0 to 10; grower, d 10 to 21; finisher, d 21 to 35; withdrawal, d 35 to 42; and cumulative periods).






Table 9. The effect of enzyme inclusion with respective matrix reductions on weight gain (g/bird), feed intake (g/bird) and the feed conversion ratio (FCR; g/g) over the feeding phases (starter, d 0 to 10; grower, d 10 to 21; finisher, d 21 to 35; withdrawal, d 35 to 42; and cumulative periods).





	
Measure

	
Treatment

	
SEM

	
p-Value




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Weight gain

	

	

	

	

	

	




	
0–10

	
249

	
250

	
248

	
252

	
3.6

	
0.992




	
11–21

	
838

	
842

	
856

	
856

	
13.5

	
0.711




	
22–35

	
1459

	
1541

	
1519

	
1566

	
33.8

	
0.170




	
36–42

	
766

	
744

	
718

	
779

	
30.4

	
0.840




	
0–21

	
1080

	
1092

	
1101

	
1108

	
14.8

	
0.572




	
0–35

	
2539

	
2633

	
2620

	
2674

	
39.3

	
0.138




	
0–42

	
3305

	
3362

	
3338

	
3453

	
45.8

	
0.256




	
Feed intake

	

	

	

	

	

	




	
0–10

	
319

	
325

	
313

	
309

	
8.6

	
0.557




	
11–21

	
1181

	
1206

	
1178

	
1187

	
17.1

	
0.642




	
22–35

	
2495

	
2501

	
2496

	
2568

	
49.6

	
0.804




	
36–42

	
1418

	
1448

	
1385

	
1463

	
35.9

	
0.615




	
0–21

	
1468

	
1531

	
1475

	
1495

	
27.8

	
0.399




	
0–35

	
3963

	
4032

	
3971

	
4064

	
61.6

	
0.746




	
0–42

	
5381

	
5426

	
5357

	
5527

	
85.9

	
0.744




	
FCR

	

	

	

	

	

	




	
0–10

	
1.254

	
1.299

	
1.259

	
1.229

	
0.033

	
0.579




	
11–21

	
1.409

	
1.439

	
1.377

	
1.366

	
0.025

	
0.208




	
22–35

	
1.711 b

	
1.591 a

	
1.651 ab

	
1.615 a

	
0.029

	
0.049




	
36–42

	
1.864

	
1.991

	
1.976

	
1.883

	
0.066

	
0.598




	
0–21

	
1.358

	
1.406

	
1.340

	
1.351

	
0.027

	
0.322




	
0–35

	
1.561

	
1.535

	
1.515

	
1.521

	
0.025

	
0.591




	
0–42

	
1.627

	
1.610

	
1.605

	
1.601

	
0.016

	
0.690








ab Means within rows not sharing a common suffix are significantly different at the 5% level of probability.













 





Table 10. The effect of enzyme inclusion with respective matrix reductions on relative organ weights and pH at day 21 and 42; breast, thigh and drumstick weight at day 42; and measures of energy utilisation over 19–21 days.






Table 10. The effect of enzyme inclusion with respective matrix reductions on relative organ weights and pH at day 21 and 42; breast, thigh and drumstick weight at day 42; and measures of energy utilisation over 19–21 days.





	
Measure

	
Treatment

	
SEM

	
p-Value




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Day 21

	

	

	

	

	

	




	
Relative gizzard weight (g/kg)

	
18.5

	
19.3

	
18.8

	
19.1

	
10.00

	
0.274




	
Relative gizzard content (g/kg)

	
12.3

	
12.3

	
11.8

	
13.6

	
0.60

	
0.292




	
Gizzard pH

	
2.42

	
2.65

	
2.38

	
2.58

	
2.82

	
0.453




	
Relative pancreas weight (g/kg)

	
2.86

	
2.95

	
2.95

	
3.00

	
0.08

	
0.530




	
Relative fat pad weight (g/kg)

	
9.65 ab

	
10.35 b

	
9.03 a

	
8.58 a

	
0.39

	
0.026




	
Day 42

	

	

	

	

	

	




	
Relative gizzard weight (g/kg)

	
10.72

	
10.11

	
10.99

	
10.31

	
0.25

	
0.068




	
Relative gizzard content (g/kg)

	
5.71

	
5.61

	
7.29

	
7.31

	
0.65

	
0.130




	
Gizzard pH

	
3.26

	
3.08

	
3.25

	
2.92

	
0.11

	
0.177




	
Relative pancreas weight (g/kg)

	
1.55

	
1.52

	
1.59

	
1.48

	
0.05

	
0.265




	
Relative fat pad weight (g/kg)

	
12.24

	
11.94

	
11.85

	
11.18

	
0.67

	
0.703




	
Relative breast weight (g/kg)

	
96.33 a

	
96.69 a

	
102.6 b

	
97.44 a

	
1.39

	
0.027




	
Relative thigh weight (g/kg)

	
48.71

	
49.33

	
49.61

	
50.75

	
0.69

	
0.279




	
Relative drumstick weight (g/kg)

	
41.36

	
40.86

	
41.49

	
41.91

	
0.59

	
0.475




	
Cost/kg live gain (AUD)

	
0.761 b

	
0.739 ab

	
0.722 a

	
0.716 a

	
0.011

	
0.006




	
Day 19–21

	

	

	

	

	

	




	
AME (MJ/kg)

	
12.54

	
12.45

	
12.58

	
12.38

	
0.15

	
0.691




	
AMEn (MJ/kg)

	
11.93

	
11.87

	
11.94

	
11.74

	
0.14

	
0.696




	
ME:GE ratio

	
0.747

	
0.760

	
0.763

	
0.762

	
0.01

	
0.547




	
N retention (%)

	
65.75

	
65.29

	
66.70

	
65.36

	
1.52

	
0.798








ab Means within rows not sharing a common suffix are significantly different at the 5% level of probability.













 





Table 11. The effect of phytase (PHY: 0, 1000 FTU/kg) and XAP (0, 100 g/ton) inclusion on Ca, P, Na, protein and starch digestibility at day 21.






Table 11. The effect of phytase (PHY: 0, 1000 FTU/kg) and XAP (0, 100 g/ton) inclusion on Ca, P, Na, protein and starch digestibility at day 21.





	
Measure

	
Treatment

	
SEM

	
p-Value




	
1

(PC)

	
2

(NC1 + XAP)

	
3

(NC2 + PhyG)

	
4

(NC3 + XAP + PhyG)






	
Toe ash

	
11.76

	
12.36

	
12.15

	
11.60

	
0.33

	
0.515




	
Ca digestibility jejunum

	
35.50 b

	
30.31 a

	
38.75 bc

	
43.27 c

	
1.63

	
<0.001




	
Ca digestibility ileum

	
32.48 a

	
30.12 a

	
40.59 b

	
44.34 b

	
2.02

	
<0.001




	
P digestibility jejunum

	
36.33 a

	
32.31 a

	
56.36 b

	
55.33 b

	
2.05

	
<0.001




	
P digestibility ileum

	
38.74 a

	
36.09 a

	
64.10 b

	
62.78 b

	
1.71

	
<0.001




	
Na digestibility jejunum

	
−216.31 a

	
−159.57 b

	
−135.57 b

	
−68.86 c

	
10.81

	
<0.001




	
Na digestibility ileum

	
−103.67 a

	
−50.61 b

	
−62.44 b

	
−4.04 c

	
9.81

	
<0.001




	
Protein digestibility jejunum

	
53.42 a

	
52.81 a

	
60.87 b

	
61.81 b

	
2.34

	
0.014




	
Protein digestibility ileum

	
77.92

	
77.55

	
80.86

	
80.14

	
1.06

	
0.056




	
Starch digestibility jejunum

	
74.45 a

	
77.86 bc

	
75.87 ab

	
79.82 c

	
1.02

	
0.002




	
Starch digestibility ileum

	
94.06 a

	
95.37 b

	
94.81 ab

	
95.64 b

	
0.33

	
0.014








abc Means within rows not sharing a common suffix are significantly different at the 5% level of probability.
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