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Abstract 1. The aim of the present study was to investigate the effect of an enzyme cocktail
composed of xylanase, amylase and protease on the performance and nutrient utilisation of
broiler starters fed on a maize-based diet. A maize/soy-based control diet was formulated to be
marginal in apparent metabolisable energy (AME) and amino acids and this diet was fed without
or with two concentrations (250 and 500 g/tonne) of the exogenous enzyme cocktail.

2. Growth performance was measured over a 21d period after which ileal contents were collected
for measurement of digestible energy, nitrogen and dry matter. Excreta were collected from d 17
to 20 post-hatch and used to determine the AME and, retention of nitrogen and dry matter.

3. Supplementation of the control diet with 250 and 500g/ tonne of the enzyme cocktail resulted
in enhanced performance of the chicks (1.4% and 8.3% respectively for weight gain and, 1.2%
and 2.2% respectively for feed per gain), but the improvements were significant (P < 0.05) only
at 500g/ tonne.

4. Addition of both 250 and 500g/tonne improved AME, nitrogen-corrected AME and dry matter
retention compared with the control though the improvements were greater with the higher dose.
These effects were also reflected in the apparent ileal digestibility coefficients of dry matter,
nitrogen and energy, with 500g/tonne of the enzyme cocktail improving ileal digestible energy by
3.4%.

5. These results demonstrate that a cocktail of exogenous enzymes containing xylanase, amylase
and protease is effective in improving the performance of broiler chicks fed on a maize-soybean
meal based diet. However, these benefits may be dose-dependent and so an economic analysis
involving ingredient and enzyme pricing and the relative performance and digestibility
enhancements could allow the end user to select the most economical dose to maximise return on

investment.
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INTRODUCTION

The responsiveness of maize-based diets to exogenous enzymes has received considerable
attention in recent years due to increasing pressure on feed formulators from rising ingredient
prices. With the biofuel boom showing little evidence of slowing, the consumption of
nutritionally-important starch sources such as maize and wheat by ethanol plants instead of
animals is likely to continue apace. As the price of starch and fat sources increases so too does
the economic potential of micro-ingredients that offer energy value to the diet via sparing
mechanisms or digestibility enhancements. These micro-ingredients, of which enzymes are an
example, are included in least cost formulation through the use of matrix values for energy,
amino acids, calcium and phosphorus. Furthermore, the use of empirical models to predict the
magnitude of response can assist in optimising both the enzyme type and dose (Cowieson et al.,
2006a) through the use of regression equations that consider the responsiveness of the diet and
the relative cost of the ingredients.

Increasing the inclusion concentration of an exogenous enzyme in a poultry diet can
improve performance and digestibility in a linear fashion but a more typical response can be
described by a logarithmic equation which. follows the law of diminishing return. Rosen (2002)
summarised 1,869 independent datasets on the use of various non-phytase enzymes for poultry
and, using log to base 10 enzyme units/kg of feed, described a significant positive effect of
increasing dose concentrations. However, of the 1,869 datasets used, only 346 (18.5%) contained
dose titrations, illustrating the paucity of information on dose response to exogenous
carbohydrase enzymes in the literature. More recently, positive responses to increasing enzyme
dose have been demonstrated both for phytase (Cowieson et al., 2006b) and carbohydrases
(Mikulski et al., 2006). Dose titration experiments for exogenous enzymes will not necessarily

follow a ‘convenient’ dose response curve. The effect of increasing the dose rate of an enzyme

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/chps



©CoO~NOUTA,WNPE

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

&9

British Poultry Science

4

product will be dependent on the relative sensitivity of the system, this being influenced by a
plethora of interacting factors, including the susceptibility and concentration of substrate, the
maturity of the host animal and the balance of nutrients in the diet.

It was the purpose of the experiment reported in this paper to investigate the effect of
increasing the dose of an enzyme cocktail composed of xylanase, amylase and protease on the
performance and nutrient utilization of broiler starter chicks fed a nutritionally marginal maize-
based diet.

MATERIALS AND METHODS

Enzyme

A commercial enzyme preparation containing endoxylanase, a-amylase and subtilisin protease
(AvizymeTM 1502; Danisco Animal Nutrition, Marlborough, UK), supplied in dry form, was used.
The enzyme was added in diets to provide a guaranteed minimum of 300 U xylanase, 400 U
amylase and 4,000 U protease per kg of feed at 500g/tonne inclusion.

Diets

The study was conducted as a completely randomised design to evaluate the effects of doses (0,
250 or 500g/tonne) of the exogenous enzyme cocktail. A diet (Table 1), based on maize and
soybean meal and formulated to meet the requirements for all nutrients, except AME and
essential amino acids, for broiler starters as per breeder recommendations (Ross, 2007), served as
the control. This control diet was formulated to contain 0.67 MJ/kg less AME and 3% less in
total sulphur-containing amino acids and lysine than the breeder recommendations. Titanium
oxide (3 g/kg) was added to all diets as an inert digesta marker. The diets were fed in mash form

and, both feed and water were available to allow ad [libtum consumption throughout the

Page 4 of 20

experiment.

Table 1 near here
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Bird management

All experimental procedures were reviewed and approved by the Massey University Animal
Ethics Committee. Male broiler (Ross 308) chicks were obtained as d-olds from a commercial
hatchery (Golden Coast Commercial, New Plymouth, New Zealand). The chicks were
individually weighed and allocated to 24 brooder cages (8 chicks per cage) so that the average
bird weight per cage was similar. The three dietary treatments were then randomly assigned to 6
replicate cages each. On d 12, the birds were transferred to grower cages. The space allocation
per bird in the brooder and grower cages was 530 and 640 cm?, respectively. The brooder and
grower cages were housed in environmentally controlled rooms The temperature was maintained
at 31 °C in the first week and then gradually reduced to 22 °C by the third week. The birds
received 24-h fluorescent illumination and the light intensity at the height of birds was 160 lux.
The trial lasted 21 d.

Body weights and feed intake were recorded at weekly intervals. Mortality was recorded
daily. Any bird that died was weighed and the weight was used to adjust feed conversion ratio.
Feed:gain ratio was calculated by dividing total feed intake by weight gain of live plus dead
birds.

From d 17 to 20 post-hatching, feed intake and total excreta output were measured
quantitatively per cage over four consecutive days. Excreta were pooled within a cage, mixed
using a blender and representative samples per pen were taken. The samples were lyophilised
and dried samples were ground to pass through a 0.5 mm sieve. Samples of diets, and excreta
were analysed for dry matter (DM), nitrogen (N) and gross energy (GE).

On d 21, all birds were killed by intracardial injection of sodium pentobarbitone and

contents of the distal half of the ileum were expressed by gentle flushing with distilled water. The
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ileum was defined as that portion of the small intestine extending from the Meckel’s diverticulum
to a point 40 mm proximal to the ileo-caecal junction. The ileum was divided into two halves
and the digesta was collected from the distal half towards the ileo-caecal junction (Ravindran et
al., 1999). Digesta from birds within a cage were pooled, resulting in six samples per dietary
treatment. The digesta samples were frozen immediately after collection, subsequently
lyophilised and dried samples were ground to pass though a 0.5-mm-sieve. Samples of diets and
ileal digesta were assayed for DM, N, GE and titanium.

Chemical analysis

Dry matter determination was carried out according to AOAC (1994) procedures. Gross energy
was determined using an adiabatic bomb calorimeter (Gallenkamp, London, UK), standardised
with benzoic acid. Nitrogen content was determined by the Dumas method (Sweeney, 1989)
using a CNS-2000 carbon, nitrogen and sulphur analyser (LECO Corporation, St. Joseph, MI).
Titanium content was measured on a UV spectrophotometer following the method of Short et al.
(1996).

All diet samples were analysed for the activities of xylanase, amylase and protease.
Xylanase activity in feed was measured using a modified method based on the Megazyme
xylanase assay kit (Megazyme International Ireland Ltd., Bray, Ireland). Amylase activity in
feed was measured using phadebas tablets based on the method by McCleary and Sheehan (1989)
and Barnes and Blakeney (1974). Protease activity in feed was determined by a Megazyme
method where the extraction and assay buffers used were pH10 Tris/HCI.

Calculations
The AME values of the diets were calculated using the following formula, with appropriate

corrections for differences in moisture content.
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1
2
2 137 AME = (Feed intake x Gross energyiic; ) - (Excreta output X Gross energyexcreta)
5 138 Feed intake
6 139 Nitrogen-corrected AME (AMEy) were determined by correction for zero nitrogen
7
8 140  retention by simple multiplication by 36.54 kJ per g nitrogen retained in the body, as described
9
i‘i 141 by Hill and Anderson (1958).
12
13 142 The apparent ileal digestibility coefficient of nutrients was calculated by the following
14
15 143 formula using the titanium marker ratio in the diet and ileal digesta.
16
17
18 . S . . . .
19 144 Digestibility coefficient of nutrients = _(NT/Ti)g — (NT/Ti);
20 145 (NT/Ti)q
21 . . . . . g
oo 146 where, (NT/Ti)q = ratio of nutrient and titanium in diet, and
23
24 147 (NT/T1); = ratio of nutrient and titanium in ileal digesta.
25
g? 148  Statistical analysis
28

o9 149  All data were subject to analysis of variance using the General Linear Model procedure of SAS
31 150  (1997) using pen as the experimental unit. Differences were considered significant at P < 0.05
151 and when a significant F-test was detected, means were separated using the least significant
36 152  difference test.

38 153 RESULTS

41 154 The recovery of enzyme activity in the diets was in line with expectations (Table 2), being above
43 155 the guaranteed minima for the products at both inclusion concentrations and close to targets
45 |56 (targets being 700, 1800 and 4000 U/kg finished feed for xylanase, amylase and protease
48 157  respectively). Increasing the inclusion rate from 250g to 500g/tonne increased the recovered

50 158 activity of xylanase, amylase and protease by 68, 89 and 109%, respectively, in line with

gg 159  expectations when mixing and assay errors are considered.

54

55 160 The effect of enzyme dose on the performance of broiler starters is presented in Table 3.
56

57 161  Inclusion of the enzyme improved (P<0.05) weight gain and reduced (P<0.05) feed per unit gain
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in a dose-dependent manner. The inclusion of the enzyme at 500g/tonne resulted in
improvements in weight gain and feed intake, being significantly (P<0.05) higher than the
control or the 250g/tonne inclusion rate. Feed conversion and weight gain were improved

(P<0.05) by 8.3 and 2.1%, respectively, with the addition of 500g/tonne enzyme compared with

Page 8 of 20

the control.

Tables 2 & 3 near here

The influence of enzyme dose on total tract nutrient retention and AME is presented in
Table 4. Supplementation of the control diet with both 250g and 500g/tonne of the enzyme
cocktail improved (P < 0.05) DM retention and AME, compared with the control. The highest
dose of the enzyme resulted in the greatest improvements in DM retention, being significantly
higher than the lower dose. The addition of 500g/tonne of the enzyme improved (P < 0.05) AME
and AMEn by 2.3% (0.26 MJ/kg) compared with the control. There was no effect (P > 0.05) of
enzyme addition at either concentration on total tract N retention.

The effect of enzyme dose on apparent ileal digestibility coefficients is presented in Table
5. The greatest improvement in ileal digestibility of DM, N and energy were associated with the
highest dose of enzyme, being 3.4, 3.8 and 3.4%, respectively, compared with the control. The
improvements in ileal digestible energy with 250g and 500g/tonne inclusions were 0.22MJ
(1.9%) and 0.40MJ (3.4%) respectively, compared with the unsupplemented diet.

Supplementation with the lower enzyme inclusion rate resulted in intermediate improvements

which differed (P<0.05) from the control only for ileal N digestibility.

Tables 4 & 5 near here

DISCUSSION
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
or ingredient, and also considers the net change in the feed cost with regard to both ingredient

and supplement pricing. As feed ingredient prices have increased dramatically in recent years,
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driven by energy prices (biofuel and crude oil), it has become increasingly difficult to provide
growing animals with cost effective starch, fat, mineral and protein sources (Bedford, 2000;
Choct, 2006). Traditional starch and fat sources, such as maize and wheat, and vegetable oils,
have increased in price to the point where profitability of poultry production has been seriously
challenged. In this context, feed additives, such as enzymes, that can enhance the energy, protein
and mineral ‘value’ of a diet have an important role to play. Furthermore, flexibility in dosing of
enzyme products is preferable to fixed doses so that effective economic optimization of the
product is possible. It was to this end that the current study was conducted to assess the
sensitivity of broiler chickens to a cocktail of xylanase, amylase and protease, provided at two
inclusion rates.

Dose titration experiments, relative to fixed inclusion contrasts, are scarce. Making firm
conclusions based on so few data is difficult but a significant beneficial effect of enzyme dose
rate was established by Rosen (2002) using a log to the base 10 enzyme units/kg feed. His
analysis showed that improved efficacy with higher doses was offset by a reduction in the
efficacy of enzymes per se over the years, which was attributed to the improvements in
husbandry practices, nutrition and genetics. These factors effectively serve to provide a genetic
and nutritional backdrop to enzymes that chronologically mutes response, prompting the use of
higher doses to mitigate risk. Extrapolating from the empirical model (Rosen, 2002) it can be
seen that higher doses of enzyme may be required in the future to maintain consistency of
bioefficacy against temporal shifts in poultry paradigms. Fortunately, the financial burden
associated with increased enzyme doses is offset by enzyme price erosion, estimated to be around
4% per annum, allowing end users more flexibility in economic optimisation. Further, though
improvements in genetics, husbandry, disease, biosecurity and nutritional understanding

continues, the feed industry faces unprecedented pressure from feed ingredient prices that force
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nutritionists to use unconventional ingredients that typically have a lower quality and more
variable nutritional profile, and are arguably more responsive to exogenous enzymes because of
higher substrate concentrations. Thus an updated empirical model to reflect current feeding
practice seems to be justified.

In the present study, improvements in feed efficiency with enzyme addition were
observed to be dose related, being 1.2% for 250g and 2.2% for 500g/tonne. However, increasing
dose rates resulted in dramatic changes in feed intake from -0.1% reduction with 250g to 5.4%
increase with 500g/tonne. This response is difficult to explain but it may be that the higher
concentration of amylase and protease provided by 500g of the enzyme supplement increased
passage rate through enteroglucagon feedback mechanisms or via an improvement in digestibility
of starch and protein. An increase in feed intake with supplemental protease and amylase has
been reported previously (Ghazi et al., 2002; Gracia et al., 2003; Onderci et al., 2006), but is in
contrast to a previous report where digestibility of a maize-soy based diet was improved but feed
intake was maintained relative to the control (Cowieson and Ravindran, 2008). Nevertheless, the
increase in feed intake would appear to be justified by the improved feed efficiency and weight
gain associated with the highest dose of enzyme, which suggests that the enzyme did not cause
any imbalance the diet in terms of limiting nutrients. In fact, this contention is borne out by
proportionately similar improvements in the ileal digestibility of both energy and N, suggesting
that the enzyme preparation improved both energy and protein digestibility. These results have
also been confirmed elsewhere (Zanella et al., 1999; Douglas et al., 2000; Cowieson and
Ravindran, 2008), where a cocktail of xylanase, amylase and protease improved ileal N, amino

acid and energy digestibility.
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Instructively, the relative improvement in energy digestibility at the ileal level was greater
than that measured in the excreta. Though there was no difference between the ileal digestible
energy and AMEy in the control diet (11.64 vs. 11.68 MJ/kg dry matter), supplementation with
the highest dose of the enzyme improved the ileal digestible energy by 0.40 Ml/kg (3.4%) but
AMEy was improved by only 0.26 MJ/kg (2.2%). This apparent discrepancy in responses may
be explained, at least in part, by the modifying effects of hindgut microflora and suggests that
ileal measurements may be a more accurate method to detect enzyme effects than on a total tract
basis where the contribution of the microbial populations may lead to underestimation of the true
effect of the enzyme product. It is also likely that digestible and metabolisable energy
measurements underestimate the true caloric value of enzyme supplements and overlook the
genuine ‘net’ effects e.g. altered nutrient requirements through a reduced gastrointestinal tract
mass as proposed by Cowieson et al. (2003).

The effect of the enzyme cocktail on ileal N digestibility is of interest and is supported by
previous work on N and amino acid digestibility (Zanella et al., 1999; Cowieson and Ravindran,
2008). There are a number of possible explanations for these effects, including improved
solubility and digestibility of dietary protein, reduced secretion of endogenous proteins and also a
reduction in ileal microbial load. Cowieson and Ravindran (2008) reported an improvements of
around 3% in the ileal digestibility of N and amino acids with a cocktail of xylanase, amylase and
protease, which is in general agreement with the results presented herein. However, the reported
effects were dependent on the amino acid in question, for example, with improvements in cystine
and threonine being proportionally greater than for methionine. It is possible that the enzyme
product alleviates endogenous loss via a reduction in the secretion of pancreatic a-amylase and
proteases. Importantly, significant relationships between enzyme-generated responses in ileal

amino acid digestibility and the amino acid profile of key endogenous proteins have been
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established (Cowieson and Ravindran, 2007). These effects have been implied previously with
reductions in pancreatic mass associated with amylase supplementation (Onderci et al., 2006) and
a reduction in pancreatic a-amylase activity in duodenal contents with glucanase supplementation
(Leslie et al., 2007). Recently, some doubt has been shed on the endogenous loss mechanism by
Rutherfurd er al. (2007), who failed to demonstrate a reduction in endogenous lysine flow with a
mixture of xylanase, amylase and glucanase. Nevertheless, a reduction in endogenous loss
associated with exogenous carbohydrases cannot be discounted, and more evidence is required to
elucidate the mechanisms by which amino acid and N digestibility are improved. If endogenous
protein loss is reduced by supplemental enzymes, the implications for both digestible and net
energy are considerable.

It can be concluded that a combination of xylanase, amylase and protease can improve the
nutritional value of maize-soybean meal based diets in a dose-dependent manner. The dose
sensitivity may be related to the concentration of substrates in the diet, ingredient quality and
enzyme combinations in the cocktail. In the present study, the higher doses offered the greatest
enhancements in weight gain, feed efficiency, ileal N digestibility and DM retention, but this may
not always be the most economically attractive choice. The decision on enzyme dose should
therefore be made using economic optimisation tools which reflect ingredient pricing and the

benefit of the enzyme on energy utilisation and nutrient digestibility.
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Table 1. Ingredient composition and analysis (g/kg air dry basis)of the control diet'

British Poultry Science

Ingredient Control diet
Maize 604.0
Soybean meal 353.0
Soybean oil 5.0
Limestone 11.5
Dicalcium phosphate 15.0
DL Methionine 1.5
Salt 4.0
Vitamin- trace mineral premix” 3.0
Titanium oxide 3.0
Calculated and analysed provision

Dry matter’ 915
ME (MJ/kg) 12.23
Gross energy (MJ/kg)3 16.72
Crude protein 218.0 (231.2)°
Calcium 9.0
Total phosphorus 6.8
Available phosphorus 4.0
Fat 57.9
Fibre 25.6
Methionine 5.9
Total SAA 9.5
Lysine 13.0
Arginine 14.5
Threonine 8.3
Tryptophan 2.5
Na 1.8

K 9.3

Page 16 of 20

' The control diet was offered without or with enzyme (Avizyme 1502; Danisco Animal
Nutrition, Marlborough, UK) at either 250 or 500g/tonne of finished feed.

? Provided the following per kg diet: ethoxyquin, 100 mg; biotin, 0.2 mg; calcium pantothenate,

12.8 mg; cholecalciferol, 60 pg; cyanocobalamin, 0.017 mg; folic acid, 5.2 mg; menadione, 4
mg; niacin, 35 mg; pyridoxine, 10 mg; trans-retinol, 3.33 mg; riboflavin, 12 mg; thiamine, 3.0

mg; dl-a-tocopheryl acetate, 60 mg; choline chloride, 638 mg; Co, 0.3 mg; Cu, 3 mg; Fe, 25 mg;

I, 1 mg; Mn, 125 mg; Mo, 0.5 mg; Se, 200 ug; Zn, 60 mg.

3 Analysed values.
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Table 2. Recovery of xylanase, amylase and protease activities in the experimental diets"’

Diet Xylanase (U/kg)  Amylase (U/kg) Protease (U/kg)
Control <100 <100 <100
Control + 250g/tonne enzyme1 377 1010 2010
Control + 500g/tonne enzyme1 634 1917 4217

' The enzyme cocktail was added to provide a guaranteed minimum of 300 U xylanase, 400 U
amylase and 4,000 U protease per kg of feed at 500g/tonne inclusion.

? In-feed assays were carried out in duplicate.
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Table 3. Influence of enzyme dose rates on the performance of male broilers fed nutritionally

marginal maize-soy diets (1-21 d post-hatching )

Treatment Weight gain Feed intake Feed per gain® Mortality,
(g/bird) (g/bird) (g/g) deaths/total®
No enzyme 674" 966" 1.433* 0/48
+250g/tonne 684" 956" 1.416™ 1/48
+500g/tonne 730° 1018° 1.402° 1/48
Pooled SEM 11.5 17.7 0.0099 -
Probability, P < 0.01 0.05 0.05 -

“®Means in the same column not sharing a common superscript are significantly different
(P<0.05).

! Each mean represents values from six replicates (8 birds/replicate).
? Corrected for mortality.

3 Number of deaths per total number of birds (6 replicates x 8 birds per replicate).
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Table 4. Influence of enzyme dose rates on total tract dry matter retention, N retention, AME and

N-corrected AME in male broilers fed nutritionally marginal maize-soy diets’

Treatment Total tract DM Total tract N AME, AME,,
retention retention, Ml/kg DM Ml/kg DM
coefficient g/kg DM intake
No enzyme 0.739* 259 12.63" 11.68"
+250g/tonne 0.749" 26.6 12.79° 11.82%
+500g/tonne 0.759° 26.3 12.90° 11.94°
Pooled SEM 0.003 0.33 0.041 0.042
Probability, P < 0.000 NS 0.000 0.000

“®Means in the same column not sharing a common superscript are significantly different
(P<0.05).

! Each mean represents values from six replicates (8 birds/replicate).
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Table S. Influence of enzyme dose rates on ileal digestibility coefficients of DM, N and GE, and

ileal digestible energy in male broilers fed nutritionally marginal maize-soy diets’

Treatment Ileal digestibility coefficient Ileal digestible
Dry matter Nitrogen Gross energy energy,
MJ/ kg DM?
No enzyme 0.678" 0.817° 0.696" 11.64°
+250g/tonne 0.693* 0.832° 0.709*° 11.86"
+500g/tonne 0.701° 0.848° 0.720° 12.04°
Pooled SEM 0.005 0.002 0.004 0.041
Probability, P < 0.05 0.001 0.01 0.01

“®Means in the same column not sharing a common superscript are significantly different
(P<0.05).

! Each mean represents values from six replicates (8 birds/replicate).

? leal digestibility coefficient of gross energy x gross energy of diet.
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