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SUPPLEMENTATION OF AVIZYME®1502 TO CORN/SBM/WHEAT DIETS FED 

TO TURKEY TOM POULTS FROM 0-56 DAYS OF AGE  

Catalina Troche 
ABSTRACT 

 
A study was designed to determine the effects of enzyme supplementation on poults fed 

commercially based diets which included; corn, soybean meal (SBM), ground wheat with 

meat and bone meal (0-21 days) or propak (22-56 days). Day old turkey poults (n=3850) 

were randomly divided into 35 pens and fed one of five dietary treatments for 56 days. 

Performance parameters, feed intake (FI), average daily gain (ADG), feed conversion 

ratio(FCR) and mortality, were evaluated for the following periods: 0-4 (1A), 4-8 (2A), 

8-12 (3A), 12-16 (4A), 16-21 (5A), 0-21 (A), 21-42 (B) and 42-56 (C). In addition, ileal 

contents along with duodenal, jejunal and ileal (n=7/trt) sampling occurred during the 

aforementioned periods. Significance was determined at P < 0.05. Treatments included: a 

positive control (PC), a negative control (NC) (corn matrix adjustment of 140 kcals), and 

NC diets supplemented with Avizyme®1502 (AZ) at; 250, 500 or 750g/MT. Avizyme 

treatments significantly improved ADG over the PC during periods 2A, 3A, A and B. 

However, period 1A had significant decreases in ADG with enzyme inclusion. Period B 

experienced FCR improvement with AZ. Both energy and protein ileal digestibility were 

decreased with enzyme inclusion during periods 1A, 2A, 3A, 4A, 5A, A and B. Villus 

height and crypt depth did not respond to dietary treatment, though a significant 

interaction of age and villus height occurred. Villus heights were similar during periods A 

and B; however, from period B to C, villus height dramatically increased in the PC diet 

over other treatments. 

Keywords: Poult, Avizyme®1502, Performance, Ileal digestibilities, Morphological 
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CHAPTER 1: Review of Literature 

Introduction:  

 The composition of a grain or feedstuff has a direct influence on nutrient 

availability to the bird. Factors such as type of cultivar, nutrient composition, 

environmental factors and processing techniques all influence diet digestibility. Similarly, 

bird genetics and physiological state of production will affect the efficiency of digestion. 

Early development, feedstuff sources/additives, affects of dietary non-starch 

polysaccharides (NSP) and the use of exogenous enzymes were examined in an effort to 

interpret the impact of these parameters on overall diet digestion by the bird. Efficient 

digestion not only improves growth, but promotes intestinal health; minimizing the 

impact of diseases such as necrotic enteritis and Salmonella (Branton et al., 1997; Kwon 

and Ricke, 1998). 

 

Intestinal development: 

Yolk utilization 

 The presence of residual yolk at hatch composes 20 to 25% of the chick body 

weight and 10 to 12% of the poult body weight (Noy et al., 2001). Utilization of yolk in 

chicks occurs through two routes: one being a direct transfer of yolk through circulation 

and the other being transport of acyl lipids from the yolk stalk to small intestine through 

the action of pancreatic lipase. Therefore, oleic acids are highly absorbed close to hatch, 

while hydrophilic compounds such as glucose and amino acids are not well absorbed in 

yolk rich medium (Noy and Sklan, 2002). Development of these hydrophilic conditions is 
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especially important for domestic birds, which are typically started on high carbohydrate, 

low lipid diets.  

 Sklan and Noy (2003) used newly hatched poults to study this shift in nutrient 

uptake. On the day of hatch, oleic acid uptake was close to 78% and changed little, 

regardless of age or nutritional status. This indicated that uptake mechanisms for oleic 

acids were present and functional upon hatch. In contrast, glucose and methionine were 

absorbed at 56% and 47%, respectively. Absorption of these nutrients was depressed by 

the presence of hydrophobic yolk within the intestinal lumen. However, by four days of 

age, glucose was absorbed at 81% and methionine at 74%. Similar results were produced 

with chicks fed diets supplemented with 6% unsaturated fat. Digestion of fatty acids was 

over 85% and remained high throughout the duration of the trial (Noy and Sklan, 1995). 

It is important to note that while uptake mechanisms for fat absorption do exist in the 

newly hatch bird, these mechanisms only apply to unsaturated fats. Turner and colleagues 

(1999) found that the apparent digestibilities of C16:0 and C18:0 were 52.7 and 26.8%, 

respectively. This is most likely due to limited production of bile salts and lipases within 

the young bird. 

 

Intestinal organ growth 

 The chick gastrointestinal track grows at a much greater rate than other organs, 

especially during the first 7-10 days posthatch. Upon hatch, the weights of the 

proventriculus, small intestine and pancreas increased at a greater rate than body weight 

until six days of age, when the rate of growth eventually slows (Sell et al., 1991; Noy and 

Sklan, 1997; Uni et al., 1999). The timeframe for intestinal growth in poults is slightly 
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longer than what is observed in chicks. Poults undergo rapid rates of intestinal growth, 

segments increased in length and diameter until day 11, at which time growth rates 

appear to plateau (Sklan and Noy, 2003). Segment surface area changed little after 11 

days indicating instead that intestinal mass increased. In this context, intestinal mass 

referred to the luminal digestion and mucosal functions of the intestine, including brush 

border enzymes and nutrient transporters (Sklan and Noy, 2003). Furthermore, gains in 

small intestine mass were observed when poults experienced nutrient deprivation; 

indicating that growth of the small intestine takes precedence over tissue accretion 

(Klasing, 1998).  

 Digesta passage rate increases with age, coupled with pancreatic enzyme 

secretion and brush border membrane enzyme activity. Though gastrointestinal tract size 

increased until 10 days of age, these changes were not as significant as recorded mucosal 

changes within the bird (Uni et al., 1999). Within the duodenum, major increases in villus 

volume occurred at or before 4 days of age. Changes within the jejunum and ileum 

continued to occur until 10 days of age. Noy and Sklan (1997) found that when 

enzymatic output was calculated on a secretion of enzyme per g of feed intake; lipase was 

constant (4 – 21 days), amylase peaked on day 4, and trypsin production decreased 

slightly from 4-21 days. Uni et al. (1999) confirmed this data, finding no age influence on 

enzymatic secretion when enzyme output was calculated on a per gram of feed intake 

basis. Instead, mucosal disaccharides and alkaline phosphatases increased with hatch and 

peaked at 2 days of age. This assertion is backed by the observed increase in intestinal 

mass versus length, indicating that the intestine is developing mucosa and plicae. This 

concept of intestinal mass versus length was explored further by Noy et al. (2001), who 
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used crypt depth as a an indicator of enterocyte differentiation. Noy observed a linear 

increase in crypt depth from 0-12 days of age. However, immediately posthatch 

enterocyte number decreased by 20 to 30%, most likely due to increased enterocyte size 

versus number. Feed intake did not affect the ratio of proliferating to non-proliferating 

cells along the villus. However, in crypts of feed deprived poults the proportions of 

proliferating cells were depressed prior to feed intake. Furthermore, solid feed intake 

caused enterocyte proliferation to recover by over 60%, and once birds had recovered by 

72%, enterocyte proliferation of feed deprived poults matched that of their “fed” 

counterparts. Therefore, enterocyte number is highly correlated with nutrient content of 

the diet. A decrease in crypt proliferation would limit enterocyte availability for villus 

growth; ultimately affecting overall absorptive capacity of the gut. Increased digestibility 

with age is therefore, a product of increased absorptive functions of the intestine, namely 

that of the intestinal mucosa.  

  

Endogenous enzyme production 

 Enzymatic digestion is initiated by pepsin and further aided by pancreatic 

proteases, peptidases, lipase and amylase. The final stages of digestion are accomplished 

by brush border enzymes i.e., disaccharidase and alkaline phosphatase (Uni et al., 1999). 

Immediately posthatch, birds had low endogenous enzyme production (Noy and Sklan, 

1995). However, after 4 days of age lipase, amylase and trypsin levels changed little 

when calculated on a per g of feed intake basis (Noy and Sklan, 1997; Uni et al., 1999). 

As the bird aged, the jejunum became the primary site of digestion with enzymatic 

activity decreasing distally (Noy and Sklan, 1995). In fed birds, pancreatic and biliary 
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outputs were nearly complete by day 7 (Noy and Sklan, 1997). This is due to the fact that 

increased feed intake and decreased transit times allowed for more efficient digestion of 

sugars and lipids. However, nitrogen digestion appeared to develop less rapidly and was 

only at 80% by 7 days of age (Noy and Sklan, 1995). Low rates of nitrogen digestion 

were blamed on insufficient proteolysis; making protein the rate-limiting nutrient in early 

digestion.  

 Disaccharidases located on the microvilli of enterocytes are responsible for the 

digestion of oligo and disaccharides at the brush border membrane. These enzymes, as 

with pancreatic enzymes, are largely influenced by diet composition and physiological 

status of the animal. Chicks fed high carbohydrate diets had increased activities of 

maltase, sucrase and palatinase compared to chicks on carbohydrate restricted diets 

(Siddons, 1972). In turkeys, temporal development of disaccharidases occurred with 

maltase and isomaltase reaching a plateau on days 7 and 14, respectively. Sucrase 

continued to increase through 28 days. In contrast, chicks’ levels of maltase, isomaltase 

and sucrase plateaued concurrently at 21 days of age (Sell et al., 1989). A subsequent trial 

observed a slight dip in the specific activity of maltase between days 1 and 4. Though no 

physiological explanation was given, it was noted that four days of age is a nutritional 

and metabolical period of transition in poults (Sell et al., 1991). Significant effects of diet 

on disaccharidases were observed by day 5, with the most dramatic changes seen in the 

jejunum, given that this was the segment of highest activity. Specific activities of 

maltase, isomaltase and sucrase were 40, 90 and 63% higher in chicks on high 

carbohydrate diets versus chicks consuming diets formulated to include 10% fat (Sell et 

al., 1989). 
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 Enzymatic development would not occur without a supply of nutrients. However, 

due to extensive variation in pipping time, commercial hatchers are not emptied until the 

maximum number of eggs hatch. This means that birds are often 1 to 2 days old upon exit 

from the hatchery. Examining the impacts of feed deprivation on intestinal development 

may provide us with further insight into intestinal development (Moran and Reinhart, 

1980). Noy et al. (2001) found that feed deprived poults experienced depressed body 

weight and intestinal growth, which included a depression in villi and enterocyte 

proliferation. Additionally, concentrations of plasma tri-iodothyronine (T3) were 

decreased. Plasma T3 is believed to stimulate oxidative metabolism and has been found 

to increase crypt cell proliferation and mucosal thickness in rats. Furthermore, a strong 

positive correlation exists between T3 and feed intake (Noy et al., 2001). Depressed 

levels of T3 observed in the feed deprived bird hint at the complexity of intestinal 

development. These results indicate that intestinal development may be mediated by 

hormonal as well as nutritional factors.  

 

Genotype differences 

 Genotype differences between commercial poultry are most likely due to selection 

intensity. Several experiments comparing the villi surface of broilers and Leghorns found 

that broilers had larger and more numerous villi, a greater density of microvilli and a 

faster rate of enterocyte extrusion from the villus tip (Bedford, 1996). Broilers have long 

been selected for fast growth and feed efficiency, which may explain the apparent jump-

start broiler chicks have in terms of digestive development. Villus height, crypt depth and 

ultimately disaccharidase activity of poults is 50-60% that of chicks upon hatch (Uni et 
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al., 1999). The decreased rate of intestinal development in poults explains the lower 

growth rate of poults compared to chicks. Turkeys also expressed more differentiation 

between intestinal segments concerning sucrase and maltase activity, with the greatest 

deal of activity occurring in the jejunum. The ratios between the specific activities of 

isomaltase to sucrase vary greatly between chicks and poults. Siddon (1969) reported the 

isomaltase:sucrase ratio in chicks to range from 0.7 to 0.85. Sell (1989) reported this 

same ratio to range from 6 to 14 in poults depending upon intestinal segment and age. 

Clearly, large genotype differences between species exist and must be considered when 

predicting dietary responses. 

 

Feedstuffs: 

Corn 

 Given its highly available energy content and relatively low protein content, corn 

is usually classified as an energy feedstuff. However, in situations where corn is included 

at very high rates corn may become the primary source of protein (Summers, 2001). 

Despite its reputation as a uniform product, feeding different sources of corn can result in 

high production variability (Summers, 2001). The NSP fraction of corn is similar to that 

of wheat, with branched arabinoxylans and mixed linked glucans within the endosperm. 

Kernel walls of corn are xylan and cellulose rich but differ from other feedstuffs due to 

low lignin content (Chesson et al., 2001). As with other feedstuffs, most of the energy in 

corn is derived from starch within the endosperm of the kernel. The size of the starch 

granule is dependent on cultivar and age, and starch granules vary widely in size and 

composition. Furthermore, starch itself varies in nutritional value. Naïve starch granules 
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may be completely digested, though this process may be a slow one e.g., if starch 

disappearance in the lower ileum is 85%, this leaves 15% of starch digestion to microbial 

fermentation (Summers, 2001). Corn diets provide enough substrate to sustain a 

significant (4.3 x 107 average count/cm of ileum) population of anaerobic bacteria within 

the ileum (Wagner and Thomas, 1978). Regardless of substrate source i.e., indigestible 

NSP or undigested starch, these studies show that corn is not as efficiently utilized as 

previously thought.  

 Starch gelatinization occurs though processing and makes the starch granule 

highly digestible, potentially leading to increased starch disappearance in the lower 

intestine (Moran, 1982). Resistant starch is a term utilized to describe starch which is 

resistant to digestion for a variety of reasons. Granules may be physically inaccessible 

though the food matrix so that access of digestive enzymes to the starch substrate is 

limited. Resistance may result from different structural and conformational changes in 

starch granules. An example of this occurs during over-processing. When temperatures 

are maintained above gelatinization starch granules may disperse and upon cooling these 

dispersed granules reassociate in to crystallites which resist enzymatic digestion 

(Summers, 2001).  

 Other factors beyond starch such as, oil and protein content may affect nutrient 

digestibility. Oil and protein within a corn kernel are located primarily within the germ 

portion and an increase in germ size will result in a corresponding reduction in 

endosperm size and vice versa. Therefore, a 1% increase in germ oil will result in a 

corresponding 0.3% increase in protein and a 1.3% decrease in starch. Furthermore, a 1% 

increase in oil will result in an additional 45 kcal/kg of available energy (Summers, 
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2001). Investigators observed a significant improvement in broiler feed efficiency when 

high oil corn was utilized, versus normal oil corn (Han et al., 1987). Parsons et al. (1998) 

found that the availability of amino acids in high oil corns may be higher than that of 

normal corn, especially in respect to lysine.  

 A potential measure for the nutritive value of corn may be in the correlation 

between kernel density and nitrogen adjusted total metabolizable energy (TMEn). 

(Baidoo et al., 1991) observed that an increase in kernel density was associated with 

decreases in crude fiber, while crude protein and ash content were associated with an 

increase in starch content. Furthermore, a positive correlation (r=0.854) was established 

between corn kernel density and TMEn content of corn when fed to White Leghorn 

roosters. Establishing a connection between nitrogen adjusted apparent metabolisable 

energy (AMEn) and kernel density is more difficult given the large amount of kernel 

variation compared to the small variation in AMEn between cultivars. However, a 

regression equation relating AMEn to TMEn does exist. Therefore, the use of kernel 

density as a predictor of feedstuff AMEn is possible. 

 

Soybean meal  

 Soybean meal (SBM) contains anti-nutritional factors (ANF), trypsin inhibitors 

and lectins which negatively impact poultry production. ANF are typically heat labile and 

can be inactivated through toasting or extrusion. However, over-processing of SBM will 

lead to reduced lysine and cystine digestibility and subsequently, to a reduced growth 

performance (Parsons et al., 1992; Bedford, 1996). Heat treatment of SBM is therefore a 

balancing act between ANF deactivation and overall nutrient maintenance. Ghazi et al., 
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(2002) theorized that deconjugation of ANF though the addition of protease would limit 

the potentially damaging effects of over-processing. They observed improved body 

weight gain from 7 to 28 days using a protease isolated from an Aspergillus species.  

 Other factors affecting SBM digestibility include indigestible carbohydrates 

(oligosaccharides and NSP) and phytic acid. SBM contains approximately 60 g/kg 

oligosaccharides comprised mostly of α-galactosides supplemented with arabinose and 

galactose side chains. Approximately 180 to 210 g/kg NSP are found within SBM, of 

which 25 to 30 g/kg are soluble (Bach Knudsen, 1997). The amounts of total NSP, 

especially that of insoluble NSP, depend on the variety of SBM and processing steps 

applied during the oil extraction. The degree of hull removal ultimately determines the 

final content of insoluble NSP. A study by Kocher et al. (2002) found that a multi-

enzyme product containing hemicellulase, pectinase, β-glucanase and protease aided in 

the digestion of NSP through the release of galactose, making SBM utilization more 

efficient. 

 

Wheat 

 Wheat is an important energy feedstuff that is widely used throughout the 

European Union. In fact, it is often the only cereal used in broiler feed formulations in 

many countries of northwestern Europe. Wheat contains arabinoxylans at concentrations 

of 50 to 80 g/kg DM (Annison et al., 1987). It is the arabinoxylans within the endosperm 

cell wall that act as NSP and effectively depress AME. An evaluation of wheat AME in 

showed energy values ranging from 9.2 to 14.9 MJ/kg DM, and AME was negatively 

correlated with all fractions of NSP (Choct et al., 1999). The average total content of NSP 
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was analyzed to be 104.8 g/kg DM and the content of soluble NSP, 12.2 g/kg DM (Choct 

et al., 1999). An analytical program developed to aid producers in the prediction of 

broiler performance found a positive correlation between endosperm hardness and broiler 

weight gain (Pirgozliev et al., 2003). Furthermore, starch content and gross energy were 

positively correlated with determined AME. Hardness and ash content were useful 

predictors of bird production while nutrient content i.e., starch, crude protein, and ether 

extract, were useful predictors of AME (Pirgozliev et al., 2003). Endosperm hardness 

relates to the final processed wheat product. Hard endosperms are more likely to shatter 

during milling. This creates fine flour, with average particle size and large surface areas 

(Pomeranz et al., 1984). The angular shaped particles allow for starch granule exposure at 

fracture points. This is in contrast to soft wheat, which usually produces a smaller particle 

with a corresponding reduction in surface area (Pomeranz et al.., 1984). Soft wheat does 

not shatter as readily as hard varieties resulting in less starch exposure. The ash content of 

wheat grains is an indicator of the soil mineral content in which the wheat was grown. 

This fact may be applied to all of the aforementioned cultivars to determine the soil 

conditions under which that cultivar was grown. 

 

Meat and bone meal 

Meat and bone meal (MBM) has long been utilized as a supplemental source of calcium, 

phosphorus and crude protein in poultry diets. Variability in MBM is largely due to 

source materials. Processing techniques were once a large source of variation. However, 

the European Union has recently enacted new processing regulations in an effort to 

contain bovine spongiform encephalitis. Regulations have set a maximum particle size of 
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50 mm, processing temperature of 133°C, pressure 43.5 psi for 20 minuets. MBM is 

typically included at 7%, though inclusion rates of 10% do not depress production. This 

said, very high inclusion rates of 20% MBM or more depress nitrogen digestibility 

(Karakas et al., 2001). A comparison of MBM from different species (beef, poultry, or 

pork processing by-products) found no between-source variation in body weight gain or 

feed to gain ratio in broilers (Sell, 1996; Karakas et al., 2001). This is not to say that 

nutritive values between MBM do not vary. Parsons et al. (1997) found that crude 

protein, lysine and sulphur amino acids in MBM samples varied from 48 to 56, 2.32 to 

3.01 and 1.0 to 2.13% respectively. Protein efficiency ratio (feed to gain:protein intake) 

calculated from chicks fed diets with 9% MBM inclusion resulted in a range of from 0.61 

to 2.89 with a mean of 1.78. Ash content in MBM is correlated to metabolizable energy, 

and may be used as a predictor of MBM availability (Parsons et al., 1997; Karakas et al., 

2001). 

 

Non-starch polysaccharides: 

 NSP are indigestible polymers of plant feedstuffs which generally fit into one of 

two categories: polysaccharides which are comprised of soluble components i.e., 

arabinoxylans, or polysaccharides which do not readily aggregate out of solution due to 

their conformational structures i.e., β-glucans, (Bedford, 1995). Therefore, the term NSP 

refers to indigestible polysaccharides of different physiochemical properties that have 

various negative effects on bird digestion and ultimately, production. NSP are often 

divided into soluble versus non-soluble categories with the ratio of soluble to non-soluble 



 

 13

NSP being small in most feedstuffs used for poultry. However, the anti-nutritional impact 

of soluble NSP is considered to be the more potent of the two (Antoniou et al., 1981).  

 While the remainder of this section will be focused on the deleterious effects of 

NSP on digestion, it is worth making note of fiber’s role in gut function and maintenance. 

Insoluble fiber does not interact with the unstirred water layer of the gut and will 

precipitate out of the digesta, thereby influencing passage rate and optimizing pH 

balance. Furthermore, fiber of both insoluble and soluble forms may stimulate enterocyte 

turnover and production of mucus, two functions which maintain the integrity of the 

colonic mucosa (Brownlee et al., 2003).  

 

Increased viscosity: soluble NSP  

 Increased bulk and viscosity of intestinal contents, through the addition of soluble 

NSP, decreases the rate of diffusion and hinders nutrient interaction with the brush border 

membrane (Antoniou et al., 1981). Results from in vitro studies show that interaction of 

guar gum with the glycocalyx of the intestinal brush border membrane effectively 

thickens the unstirred water layer, which has a deleterious impact on nutrient absorption. 

Furthermore, guar gum prevents efficient glucose uptake by resisting the convective 

effects of intestinal contractions (Edwards et al., 1988). In the murine model, dietary 

components, which were not utilized in the small intestine, increased osmotically active 

material in the lumen of the gut (Ikegami et al., 1990). Assuming bacteria utilized these 

substrates, an increased production of low molecular weight metabolites would be 

observed. This process would become cyclic, producing an increasing number of 

osmotically active substances and attracting large amounts of water into the lumen of the 
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gut (Leegwater et al., 1974). Reports exist describing NSP’s ability to directly complex 

with a number of dietary components e.g., endogenous enzymes and ions rendering them 

ineffective (Antoniou et al., 1981).  

 Though gut motility (i.e. antiperistaltic contractions) increases with the addition 

of rye and barley to the diet, passage rate itself is greatly reduced (Gohl and Gohl, 1977). 

This reduces feed intake and transit time. Thus the beneficial “flushing effect” of the 

fiber is negated and intestinal bacteria are able to multiply and migrate up through the 

tract (Bedford, 1995). Beyond reductions in passage rate, increased viscosity also has the 

potential to increase microbial load by lowering redox potential within the gut. Langhout 

et al. (1999) demonstrated this with the inclusion of highly-methylated citrus pectin in 

broiler diets. Increased viscosity effectively increased anaerobic microbial activity within 

the ileum; most notably that of Enterococcus spp., Bacteriodes spp., Clostridium sp. and 

Escherichia coli. 

 Exogenous enzyme supplementation may reduce, if not eliminate problems 

occurring with the use of viscous-inducing feedstuffs. Choct et al. (1999) observed that 

digesta viscosity in four week-old broilers was reduced with the addition of a xylanase / 

protease cocktail. Viscosity of low-metabolizable energy wheat was reported as 11.9 mPa 

in the duodenum, 78.3 mPa in the jejunum and 409.3 in the ileum. However, when this 

diet was supplemented with xylanase and protease, a dramatic decrease in viscosity was 

observed; 2.3 mPa in the duodenum, 4.4 mPa in the jejunum and 10.8 mPa in the ileum.  

 Exact biochemical function of enzyme mixtures within the lumen remains 

unclear. However, one thing is certain; exogenous enzyme supplementation does not 

improve growth through the complete hydrolysis of polysaccharide and subsequent 
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monosaccharide absorption. Instead, depolymerization of the polysaccharide into smaller 

polymers aids in digestibility by decreasing overall digesta viscosity (Choct, 2001). 

Schutte, (1990) further illustrated this fact by feeding simple pentosans (D-xylose and L-

arabinose) to chicks, which resulted in decreased weight gain and feed conversion. This 

is due to the fact that pentosans are not effectively utilized due to decreased absorption 

capacity and increased urinary excretion which is usually coupled with a sugar excretion.  

 

Nutrient encapsulation: insoluble NSP 

 Insoluble NSPs are generally considered nutrient diluents. However, they may act 

as a physical barrier to digestive enzymes such as amylase and protease, reducing their 

efficient digestion in the proximal intestine ie., duodenum and jejunum, (Choct, 2001). 

Hesselman and Aman (1986) theorized that intact barley endosperm may enclose 

nutrients and reduce their availability for digestion and absorption in the small intestine. 

An important determinant of cell well thickness in barley is β-glucan due to the fact that 

it composes 75% of the cell wall (Andersson et al., 1999). Therefore, the degree to which 

barley cell walls remain intact in the gastrointestinal tract depends on cell wall thickness 

and indirectly, β-glucan content (Andersson et al., 1999). It is believed that corn-SBM 

diets which are typically considered low in soluble fiber, may impact digestion though 

encapsulation (Cheeson, 2001). Mathlouthi et al. (2003) found that the viscosity of corn-

SBM was improved with the addition of xylanase and β-glucanase. This indicates that 

corn-SBM diets still have fibrous components which impact nutrient digestion, though 

less significantly so when compared to wheat, barley or rye. 

 



 

 16

Secretory Response of the gut 

 Viscous polysaccharides can alter endogenous secretion of water, proteins, 

electrolytes and lipids; all of which are increased by NSP supplementation into the diet 

(Choct, 2001). Prolonged consumption of NSP leads to adaptive changes in the digestive 

tract. Birds consuming high NSP diets typically undergo an enlargement of digestive 

organs and increased intestinal secretions which occur concurrently with decreased 

nutrient absorption (Angkanaporn et al., 1994; Ikegami et al., 1990). Consumption of 

scout barley by leghorn chicks increased entire tract weight; particularly that of the 

pancreas (24%) and colon (29%) (Brenes et al., 1993).  

 Further adaptations made in response to high NSP diets may include endogenous 

protein synthesis and cellular turnover. Danicke et al. (2000) observed that male broilers 

fed highly viscous rye diets with tallow as the fat source, had increased intestinal tissue 

weight, tissue protein mass, and rates of protein synthesis and growth. Pancreatic protein 

mass and nucleic acid concentrations were significantly increased in tallow fed birds 

which would indicate pancreatic hypertrophy and increased secretion of secretory 

enzymes and proteins. This study suggests that long term consumption of diets high in 

NSP may interact with the digestive organs to modify exocrine regulation.  

 The elevated endogenous protein loses reported by Danicke et al. (2000) may be 

due to increased protein secretion of mucosal cells. Replacing corn with highly-

methylated citrus pectin was found to alter intestinal morphology by causing an increase 

in abnormal villi (van Leeuwen et al., 2004). Increased goblet cells to villi ratios as well 

as increased sucrase isomaltase activity along the brush border membrane were observed 

in diets supplemented with citrus pectins (Langhout et al., 1999). Beyond increasing 
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absolute goblet cell number, production of mucin also changes (Fernandez et al., 2000). 

When xylanase was added back to diets containing citrus pectin, mucin quality shifted to 

include greater amounts of sulphated and neutral mucins in addition to a marked increase 

in N-acetyglucosamine binding. Fernandez et al. (2000) theorized that increased binding 

of carbohydrate moieties may have a protective effect given that intestinal mucins have 

been reported to prevent attachment of potential pathogens i.e., Salmonella typhimurium 

and Yersinia enterocolitica. 

 

Modification of microflora 

 The microflora-host interaction is essential to the understanding of NSP as an 

anti-nutritional factor. Microflora require nutrients to live. Therefore, as the balance of 

nutrient availably begins to favor the microbial community, the host suffers in terms of 

growth and production (Bedford and Apajalahti, 2001). When comparing germ free to 

conventionally raise raised birds fed protein adequate diets, germ free birds had improved 

daily gain and feed utilization (Furuse and Yokota, 1985). However, energy and protein 

retention were higher in germ free versus conventionally raised chicks. This observation 

led researchers to conclude that conventionally raised chicks required more energy to 

grow, emphasizing that microbes may in effect compete with the host for nutrient supply. 

 Diet is the single most important determinant of microflora populations in the 

ceca. Apajalahti et al. (2001) found that microflora within the poultry digestive tract 

isolated from eight different broiler farms had little between farm variation when raised 

on identical feed regimens. This was in contrast to the large amount of microflora 

variation between source of feed and individual feed regimens. Increased amounts of 
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NSP have been demonstrated to influence the gut microflora in a negative manner. 

Wagner and Thomas (1978) found that diets containing rye or pectin had ileum anaerobe 

counts which were two or three logs greater than chicks on corn-soybean diets. They 

theorized that the decrease in oxygen flow due to highly viscous diets created a more 

hospitable environment for anaerobes residing in the ceca, which began to over 

proliferate into the ileum. Proliferation of anaerobic bacteria into the ileum causes a 

concurrent proliferation of their by-products e.g., bile salt hydrolases. The over 

proliferation of bile deconjugating microbes leads to inhibition of micelle formation 

(Feighner and Dashkevicz, 1988). A wide range of problems can occur due to reduced 

micelle formation including fat soluble vitamin deficiencies and decreased utilization of 

proteases (Bedford, 1995).This effect may be further exacerbated by the presence of large 

amounts of undigested carbohydrates in the gut. The addition of purified wheat 

arabinoxylans to broilers diets depressed protein and saturated fatty acid digestibility 

more severely in intact birds than their caecectomized counterparts (Choct et al., 1992). 

This led authors to believe that anti-nutritive effects of wheat pentosans were in part due 

to the activity of hindgut microflora. Feighner and Dashkevicz (1988) found that the 

levels of cholyltaurine hydrolyase (a common bile deconjugate) activity in broiler ileal 

homogenates were increased with rye versus corn based diets. Furthermore, the authors 

suggest that intestinal levels of cholyltaurine hydrolase are correlated with the amount of 

carbohydrate-induced growth depression in poultry. Short-chain fatty acids are another 

by-product of microbial fermentation. Rye and pectin diets had respective butyric acid 

concentrations of 4.65 mM 4.46 mM, compared to corn-SBM which had a butyric acid 

concentration of 0.22 mM (Wagner and Thomas, 1978). Volatile fatty acids have 
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typically been viewed as gut acidifiers, effectively inhibiting Salmonella (Barnes et al., 

1979). However, there has been some evidence that exposure to short-chain fatty acids 

over a period of time may serve to increase the acid resistance of Salmonella 

typhimurium within the ileum (Kwon and Ricke, 1998). These authors found that 

exposure to 100 mM propionate for 7h under aerobic conditions increased survival rate of 

the bacterium from less than 1% to 42%.   

 Highly digestible feedstuffs allow nutrients to be removed from the intestine at a 

rapid rate resulting in less substrate for microflora. Increasing starch digestibility from 92 

to 96% at the terminal ileum translates to a 5% increase in energy availability for the 

bird. While seemingly insignificant, this 5% increase in energy utilization may reduce the 

substrate available to ileal and cecal microfloral populations by 50% or more (Bedford 

and Apajalahti, 2001). Recent work has shown that NSP degrading enzymes release 

oligomeric constituents which are fermented by specific bacterial populations. Choct et 

al. (1996) found that birds on a glycanase supplemented wheat diet had decreased ileal 

fermentation, while levels of cecal fermentation were elevated by 67%. A later study 

produced the same results with enzyme supplementation reducing ileum fermentation 

with a concurrent increase in cecal fermentation (Choct et al., 1999). Choct and 

associates theorized that once large NSP aggregates were hydrolyzed into smaller 

polymers they could readily enter the cecal opening and/or become more fermentable. In 

essence, enzyme use starves nutrient supply to the protein and starch utilizing bacteria 

effectively mediating the host-microbe interaction. Indigestible NSP will continue 

through the digestive tract and provide substrate e.g., xylose, xlyos-oligomers and glucan 

oligomers, to the fiber utilizing bacteria (Bedford and Apajalahti, 2001).  
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  Clearly effects of NSP and NSP-hydrolyzing enzymes can not be explained by 

viscosity alone. The effects of soluble and insoluble fiber on nutrient availability, mucin 

production and microbial growth must be looked at collectively to achieve an entire 

understanding of the anti-nutritional effects of NSP.  

 

Enzymes in the animal feed market: 

 Feed intake is regulated to not exceed the digestive and absorptive capacity of the 

bird (Noy and Sklan, 1997). While processing goes a long way in terms of minimizing 

the negative effects of NSP it does not fully solve the problem. Feeding diets rich in rye 

and barley have long been known to negatively impact production. This is especially true 

in reference to young birds (Moran et al., 1969). Exogenous enzyme supplementation 

may be incorporated into the diet for a variety of reasons including augmentation of the 

bird’s own supply of endogenous enzymes. Hydrolysis of indigestible components e.g., 

NSP and ANF, may negatively impact production and/or to minimize the potential for 

over-processing (Choct, 2001). Enzymes utilized as dietary additives are derived from a 

wide variety of bacterial sources and must be able to withstand the high temperatures of 

processing and the highly acidic environment within the gut (McCleary, 2001). The 

following is a brief overview of enzymes commercially available enzymes but is by no 

means an extensive list.  
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Fiber degrading 

Endo-1,4- β -D-Xylanase  

 Wheat and rye contain arabinoxylans within the endosperm cell wall. 

Arabinoxylans are composed of linear structures of xylose with 1,4 arabinose substituted 

along the backbone; endo xylanases are designed to cleave these internal 1,4 linkages 

(Bhat and Hazlewood, 2001). Increased viscosity affects the passage rate though the 

digestive tract and reduces the rate of nutrient absorption (Bedford, 1995). The term 

arabinoxylans is a misleading one due to the fact that the polymer is composed of not 

only arabinose and xylose (total pentosan content can vary between rye varieties) but also 

glucose in wheat and galactose in rye (Bedford and Classen, 1992). Close to two-thirds of 

wheat-flour arabinoxylan is water insoluble. Furthermore, both soluble and insoluble 

components have high water-absorbing properties and can absorb 10 times their weight in 

water. A significant relationship exists between digesta viscosity and the production 

parameters of weight gain and feed efficiency (Bedford, 1995). As with β-glucans, the 

anti-nutritional effects of arabinoxylans may be alleviated though depolymerization of the 

polysaccharide gums. This can be achieved though physical means such as irradiation 

(Campbell et al., 1983) or through enzymatic means (Wang et al., 2005). A study 

designed by Wang et al. (2005) used in vitro methods to show that alkali-extractable 

pentosans treated with β-xylanase decreased its relative viscosity. Depolymerized sugars 

were then re-mixed into the diet with no detrimental effects on production. This study 

revealed that the complete breakdown of NSP is not required to observe improvements in 

production. 
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β-Glucanase  

 β-glucans are the main source of NSP in barley and oats and consist of linear 

polymers of glucose linked β-1,4 with intermittent 1,3 links (Bhat and Hazlewood, 2001). 

These 1,3 links create kinks in the glucose structure, which prohibit the polymer chain 

from aggregating out of solution, thereby causing it to act as a soluble fiber (Bedford, 

1995). The β-glucan polymer is a simple one, being composed almost entirely of glucose, 

and for this reason responds well to β-glucanase, which generally cleaves internal β -1,4-

glycosidic bonds (McCleary, 2001). Almost 90% of the entire complex may be 

susceptible to digestion (Bedford, 1995). 

 

α-Galactosidase and β-Galactosidase 

 Galactosyl-sucrose oligosaccharides include: raffinose, stachyose and verbascose. 

α-Galactosidase enzymes cleave these oligosaccharides into their galactose and sucrose 

components (McCleary, 2001). However, the use of α-galactosidase has not always 

translated directly to production improvements (Irish et al., 1995; Choct et al., 1996). A 

study using a 1% (vol/wt) of 4% enzyme solution mixed into a corn-SBM diet resulted in 

a 69% decrease of raffinose and a 54% reduction of stachyose present in fecal matter 

(Graham et al., 2002). Further analysis of the fecal samples revealed that TME was 

increased from 2974 to 3328 kcal/kg. However, this did not translate to production given 

that no change in ileal digestibility was observed. Studies have suggested that β-

galactosidase may have a higher affinity for D-galactose units present in soybean meal 

oligosaccharides (Kocher et al., 2002) and therefore may be a more efficient enzyme 

when compared to α-Galactosidase. 
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Protein degrading 

 Inclusion of exogenous protease in the diet has the ability to enhance hydrolysis 

of dietary protein, minimizing the potentially deleterious effects of over-processing. 

Furthermore, depression of endogenous protein secretion may further enhance protein 

digestibility (Inborr et al., 1999). Simbaya et al. (1996) demonstrated that broiler 

performance improved when protease was added to a semi-purified canola diet. Ghazi et 

al. (2002) found that protease isolated from Aspergillus improved chick performance 

increased ileal nitrogen digestibility and nitrogen retention. The authors theorized that the 

protease improved overall chick performance, due to improved digestibility of the 

feedstuffs, specifically soybean meal.  

 

Starch degrading  

 The two main components of starch are amylose and amylopectin. Amylose is a 

linear polymer of D-glucose linked through α -1,4 units. Amylopectin is composed of α-

D-glucose with branching occurring at α-1,6 glycosidic bonds (Summers, 2001). 

Regardless of feedstuff, the most important component of these grains is starch which 

typically accounts for 60-70% of grain weight (Bedford, 1995). Starch is located within 

the endosperm and is enclosed by a layer of cells with very thick cell walls known as the 

aleurone. Non-ruminants must be able to digestively “get though” these layers to access 

starch granule itself (Bedford, 1995). Starch is very efficiently utilized by poultry but 

problems occur when NSP surrounds the endosperm layer. α -Amylase is an endoenzyme 

that breaks α -1,4 glucosidic bonds. Therefore, α-amylase functions to reduce large starch 

molecules into smaller dextrins and glucose (McCleary, 2001). β-Amylase is an 
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exoenzyme that attacks starch from the non-reducing ends of the polymers, cleaving 

every other α -1,4 glucosidic bond, releasing maltose units. Neither form of amylase is 

capable of hydrolyzing α -1,6 bonds. However, since β -amylase is at greater risk for heat 

deactivation, a-amylase is more commonly seen in commercial enzyme preparations 

(McCleary, 2001).  

 Though enzymes can be loosely classified into any of the aforementioned 

categories it is clear that they would make the largest impact working in conjunction, 

given the very dynamic nature of NSP.  

 

Avizyme 1500, 1502: 

 In practice, the use of NSP degrading enzymes is most effective on those 

feedstuffs which need the largest improvements in digestibility. In a real world setting 

this means that the effective use of NSP degrading enzymes may only be applied to those 

niche markets where alternative feedstuffs (i.e. rye, wheat barley) are fed to poultry 

(Bedford, 2001; Chesson, 2001; Bedford 2003). Development of a cocktail which 

effectively targeted NSP specific to corn and soybean meal would not only increase the 

market for enzyme use, but further the industry. Despite its less dramatic response to 

enzymatic supplementation when compared to rye, wheat or barley, the corn kernel 

contains significant amounts of xylose (30%) and arabinose (23%) (Chesson, 2001). A 

multi-carbohydrase cocktail containing xylanase, glucanase, pectinase, cellulase, 

mannanase, and galactanase, targeted multiple sources of NSP within the corn kernel and 

improved feed to gain as well as starch and NSP digestibility within the ileum (Meng and 

Slominski, 2005). Avizyme 1500 (AZ1500) is an enzyme cocktail containing xylanase, 
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amylase and protease and is targeted towards U.S. markets which incorporate corn and 

soybean meal as major dietary components. However, a 2 to 3% improvement in feed 

conversion has been reported with enzyme supplementation (Wyatt et al., 1999). 

Furthermore, there is evidence that enzyme cocktails may be able to elevate problems 

seen in feedstuff and individual bird variation (Choct et al., 1999; Wyatt et al., 1999; 

Scott et al., 2003). 

 Research with AZ1500 has shown improvements in nutrient utilization and live 

performance in commercial poultry. Broilers on AZ1500 supplemented corn-SBM diets 

had improved body weight gain (1.9%) and feed conversion ratio (2.2%) (Zanella et al., 

1999). A second trial was performed using energy levels that were reduced by the amount 

of improvement provided by AZ1500. This trial reported no significant differences in 

production parameters, suggesting that AZ1500 allowed birds on lower energy rations to 

more efficiently utilize available energy. Ritz et al. (1995) reported improvements in 

growth utilization of poults on low protein diets. Café et al. (2002) reported 

improvements in body weight gain with inconsistent effects on feed conversion. 

Abdominal fat significantly increased on days 42 and 49 which indicated improved 

energy utilization.   

 However, studies differ widely on the types and degrees of improvements seen 

with the use of AZ on corn-SBM diets. Douglas et al. (2000) saw no change in growth 

performance of birds fed low energy corn-SBM diets supplemented with AZ1500 though 

increases in ileal digestible energy were observed. Persia et al. (2002) observed 

improvements with AZ1500 in feed utilization and a reduction in starch degrading 

microbes in the ceca. However, these improvements were only seen with birds on wheat 
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diets and no changes were observed with the corn diets. Iji et al. (2003) reported 

increased body weight gain over 28 days, with no effects on digestibility of energy, 

protein, calcium or amino acids. Pekin ducks fed corn-SBM diets supplemented with 

AZ1502 (formulated to have twice the active concentration of AZ1500) experienced a 6 – 

8% increase in body weight gain, as well as improvements in the digestion and retention 

of nitrogen. However, corresponding changes in energy digestion and retention were not 

observed (Hong et al., 2002). This is in contrast to a report by Wyatt et al. (1999) in 

which enzyme addition led to a 3.3% increase in average ileal energy content and a 50% 

reduction in between-sample variation. Sohail et al. (2003) reported on a 3 x 2 x 2 

factorial experiment, comparing three lysine levels with two energy levels and two AZ 

inclusion rates (0 and 0.075%). The authors reported that AZ1500 in high energy diets 

increased feed intake at lower dietary levels of lysine. AZ1500 in low energy diets did 

not increase feed intake at any lysine level, but did result in improved egg production. 

These results are difficult to interpret given the three way interaction of AZ1500 x energy 

x lysine (P < 0.06). However, this study emphasizes an often overlooked fact that the 

impact of AZ in production is directly related to nutrients and additives in the diet.  
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CHAPTER 2: The effects of Avizyme1502 on poult production, ileal digestibility 

and intestinal parameters, days 0-21. 

 

Introduction  

 Avizyme®1502 (AZ1502) is an enzyme cocktail containing xylanase, amylase 

and protease and is targeted towards markets where corn and soybean meal are the 

primary feedstuffs utilized in poultry diets. Corn is low in non-starch polysaccharides 

(NSP) and therefore does not respond as dramatically to exogenous enzyme 

supplementation when compared to rye, wheat or barley (Persia et al., 2002; Douglas et 

al., 2000). Though low viscosity diets e.g., corn-SBM, sorghum-SBM, are considered 

energy dense, nutrient availability to the bird may still be improved upon. This is 

especially apparent in young birds, given that brush border disaccharidases are not fully 

functional. Wyatt et al. (1999) found that the addition of AZ1500 led to a 3.3% increase 

in average ileal energy content and a 50% reduction in variation between ileal samples. 

Gracia et al., (2003) reported that α-amylase supplementation of corn-SBM diets 

increased daily gain, feed intake and AMEn through 42 days. AZ1502 was formulated to 

improve energy utilization in corn-SBM and sorghum-SBM diets. The bacterially derived 

enzyme cocktail contains amylase, xylanase and protease to promote the breakdown of 

starch, cereal cell walls, and endogenous proteins, respectively. Pekin ducks fed corn-

SBM diets supplemented with AZ1502 experienced a 6 – 8% increase in body weight 

gain, as well as improvements in feed efficiency over a 42-day period. 

 While AZ has been shown to improve bird performance and digestibility, 

literature inconsistencies exist concerning the level and degree of improvement. Ritz et 
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al. (1995) reported improvements in growth utilization of poults on low protein diets with 

the addition of AZ1500. Similarly, Café et al. (2002) reported improvements in body 

weight gain in broilers when fed corn-SBM diets supplemented with AZ1500. Increased 

feed digestibility is usually coupled with increased feed consumption. Scott et al. (2003) 

observed that feed consumption was increased in both wheat and corn diets upon the 

addition of AZ1500.  

 Douglas et al. (2000) observed improvements in ileal digestibilities with AZ1500. 

However, these enhancements were reported without corresponding production 

improvements. Iji et al. (2003) reported increased body weight gain over 28 days with no 

effects on digestibility of energy, protein, calcium or amino acids. Similarly, Zanella et 

al. (1999) reported enhancement of production parameters and crude protein digestion 

with AZ1500 supplementation. However, increased digestibility was not equal for all 

amino acids.  

 Diet composition is an influential factor in endogenous enzyme activity (Sell et 

al., 1989). A direct positive correlation exists between mucosal area and villi height 

(Keelan et al., 1985). Mucosal hydrolysis is highly correlated with body weight, and is 

thought to be a potential determination step in digestion (Uni et al., 1999). Therefore 

exogenous enzymes may also have a significant effect on nutrient absorption through 

mucosal activity, and this activity has potential to be reflected by villus height. 

Furthermore, villus size and mucosal activity in the poult are initially lower in poults 

(Uni et al., 1999) as compared to the broiler, which may suggest further potential for 

enzymes to improve early poult performance.  
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 The objective of the experiment reported herein was to study the effects of 

Avizyme®1502 on young turkey poults (0-21days) fed industry based corn-soybean meal 

diets.  

 

Materials and Methods 

Diets 

 Dietary treatments consisted of five diets fed in mashed form for the duration of 

the trial. Diets consisted of corn, soybean meal (SBM), wheat, and meat and bone meal1 

and were formulated to meet or exceed NRC (1994) recommended standards (Table 1). 

Chromic oxide (Cr2O3) was included in all treatments as an inert marker. The negative 

control diet (NC) was formulated under the assumption that the use of AZ1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram) would increase metabolizable energy by 

140 kcal/kg from corn (matrix value for ME was increased from 3418 to 3558 kcal/kg). 

Three additional dietary treatments consisted of the NC supplemented with the microbial 

enzyme mixture, AZ1502®, at the respective levels: 250, 500 and 750 g/MT.  

                                                 
1 Meat and bone meal was replaced with Propak after 21 days of age. 
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Table 1. Composition and nutrient content of basal diets 0 to 21 days1 

 

1Table lists Positive Control (treatment 1) and Negative Control (treatment 2). Treatments 3, 4 and 5 were 
formulated though addition of Avizyme®1502 (xylanase, Trichoderma longibrachiatum 600 units/gram; 
protease, Bacillus subtilis 8000 units/gram and amylase Bacillus subtilis 800 units/gram) at 250, 500 and 
750 g/MT, respectively  

2For the duration of the trial: Coban 60 included at 0.06% Positive Control and 0.05% Negative Control; 
BMD 50 included at 0.05%; Chromic oxide (Cr2O3) included at 0.30% 
3Blend of meat and bone meals and blood, Valley Protein, Winchester, VA. 
4Supplied per kilogram of mix: iron (FeSO4·H2O), 33.5 g; zinc (ZnO), 214 g; manganese (MnO), 300 g; 
copper (CuSO4·5H2O), 3.4 g; iodine (Ca Iodate), 2.1 g; selenium (Na2SeO3), 500 μg. 
5Supplied per kilogram of mix: vitamin A (retinyl acetate), 30,870,000 IU; vitamin D3, 13,230,000 IU; 
vitamin E (DL-α-tocopheryl acetate), 66,150 IU; vitamin K3 (menadione dimethypyrimidinol bisulfite), 
6,006 mg; thiamin 6,174 mg; riboflavin, 26,460 mg; pyridoxine, 11,025 mg; pantothenic acid (D-calcium 
pantothenate), 39,690 mg; niacin, 154,350 mg; folic acid, 3,528 mg; biotin, 264 mg; vitamin B12 
(cyanocobalamin), 53 mg. 
 

   
Ingredients2 Positive Control Negative Control 
 ----------------------%--------------------- 
Corn Meal 40.22 41.61 
Soybean Meal 48% 37.14 36.87 
Meat and bone meal3 8.00 8.00 
Dical Phos 2.30 2.30 
Soybean Oil 2.46 1.33 
Ground Limestone 0.94 0.95 
Lysine 0.60 0.60 
D.L. Methionine 0.43 0.43 
Salt 0.23 0.23 
Wheat 7.00 7.00 
Trace Minerals4 0.10 0.10 
Vitamin Premix5 0.10 0.10 
Selenium 0.06 0.06 
Copper Sulfate (CuSO4) 0.03 0.03 
   
Nutrient Analysis   
Analyzed GE (kcals/kg)  4165.80 4096.70 
Analyzed Protein  28.10 30.00 
DM 90.77 90.65 
Fat 2.83 1.70 
Lysine 1.92 1.92 
Methionine 0.84 0.84 
Met + Cys 1.25 1.25 
Calcium 1.50 1.50 
AV. Phosp 0.80 0.80 
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Animals and performance 

 A total of 3850 day old, male BUTA turkey poults were randomly divided into 

thirty-five floor pens, at 100 poults per pen achieving a stocking density of 0.093 m2 (1.0 

ft2) per poult. Poults were placed on clean litter, in brooder rings with supplemental feed 

pans provided for the first 7 days. The five diets were randomly assigned within a block 

(n=7). Each pen was supplied with metal hoppers and bell drinkers to provide ad libitum 

access to feed and water with lighting provided on a 20:4 light/dark schedule. 

Temperature was initially set at 34°C with further adjustments made according to 

recommended management protocols. Remaining feed and pen body weights were 

recorded on days 4, 8, 12, 16 and 21; with mortality recorded daily. Average daily gain 

(ADG), feed intake (FI) and feed conversion ratio (FCR) were adjusted for mortality and 

calculated for periods: 1A (0-4 days), 2A (4-8 days), 3A (8-12 days), 4A (12-16 days) 

and 5A (16-21 days) as well as a cumulative A (0-21 days).  

 

Apparent Ileal Digestibilities 

 On days 4 (n=19/pen), 8 (n=14/pen), 12 (n=14/pen), 16 (n=9/pen) and 21 birds 

(n=9/pen) were killed by cervical dislocation. Ileal sections, defined as the region from 

the Meckel’s diverticulum to the ileocecal junction, were immediately harvested and 

contents were obtained through squeezing. Apparent ileal digestibilities of both energy 

(E) and protein (P) were estimated using chromic oxide as an inert dietary marker. Prior 

to analysis, ileal contents were frozen, freeze dried2 and ground using a Wiley® Mini 

                                                 
2 Labconco FreeZone Plus 12 at -10°C for 48 hours Labconco Corporation, Kansas City, MO 
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Mill3 with 40-mesh screen. Diet and ileal samples were prepared according to Williams et 

al. (1962) and Cr2O3 levels were analyzed using atomic absorption spectrometry4. 

Samples were analyzed in duplicate for gross energy5 in (cal / g) (AOAC, 1990). 

Combustion analysis6 was used to determine percent nitrogen which went towards the 

calculation of protein digestibility (AOAC, 1990). Apparent digestibilities were 

calculated using the following equation (Williams et al., 1962): 

Apparent digestibility = 100 – [ 100 * (Cr2O3 of feed / Cr2O3 of ileum) 

x (nutrient7 content of ileum / nutrient content of feed)]  

 

Intestinal morphology 

 On days 4, 8, 12, 16 and 21 an additional bird per pen (n=7/treatment) was killed 

by cervical dislocation and five-centimeter sections of the ascending duodenum (prior to 

the pancreatic bile ducts), jejunum (medial portion posterior to the bile ducts and anterior 

to the Meckel’s diverticulum) and ileum (medial portion posterior to the Meckel’s 

diverticulum and anterior to the ileocecal junction) were removed, rinsed in TRIS 

buffered saline (Sun et al., 2005), cut into five equal pieces and fixed in 10% neutral 

buffered formalin. Each intestinal piece was subsequently cut into 5 mm sections and 

placed into cassettes. Cassettes were sent to Histo-Scientific Research Laboratories8 

embedded in paraffin, cut to 5 μm thickness and mounted onto slides. Tissue slides were 

stained using 0.02% toluidine blue (Churuklan and Schneck, 1981). Pictures were 

                                                 
3 Thomas Scientific, Swedesboro, NJ 
4 Perkin Elmer AAnalyst 800 Spectrometer, Perkin Elmer Inc., Wellesley, MA 
5 Parr 1271 Automatic Bomb Calorimeter, Parr Instrument Company, Moline, IL 
6 Perkin Elmer Series II Nitrogen Analyzer 2410, Perkin Elmer Inc., Wellesley, MA 
7 Nutrient in this case, refers to either energy or protein. 
8 Histo-Scientific Research Laboratories Inc., Woodstock, VA 
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obtained using either, an Olympus DP 10 camera9, for duodenums from days 16 and 21 

(magnification 20x or 40x) mounted to a SZ60 dissecting scope9 or an Olympus DP 709 

(magnification 40x) mounted to a BX50 photomicroscope9; all measurements were made 

using SigmaScan Pro 510. Measurements of villi height and crypt depth were obtained for 

the duodenum (magnification 20x), jejunum and ileum (magnification 40x). Three of the 

five possible tissue samples were selected at random for villi height and crypt depth 

measurements. Each parameter was measured four times per tissue sample (Figure 1, 

n=12 measurements/bird, 7 birds/treatment) (Sun et al., 2005). 

                                                 
9 Olympus America Inc., Melville, NY 
10 SPSS Inc., Chicago, IL  
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Figure 1.  Measurement of ileum villus height and crypt depth with 40X 

magnification. The longer solid line indicates villus height and the shorter one crypt 

depth. Each arrow head indicates points of measurement. 

Villus Height 

Crypt Depth



 

 35

Statistical analysis 

 Production and digestibility data were analyzed through the MIXED procedure of 

SAS (SAS Institute, Cary, NC, 1999) for a randomized complete block design. The 

statistical model was as follows: yij = μ + αi + βj + εij with yij = observed dependent 

variable, μ = grand mean, αi = ith dietary treatment effect, βj = jth random block effect, εij = 

error for treatment i of block j ~ N (0, σε). The lsmeans procedure of SAS was used to 

determine dietary treatment means with significance established at P ≤ 0.05. The proc 

FREQ function of SAS was used to analyze mortality. Villus heights and crypt depths 

were evaluated using the MIXED procedure of a two factorial design with days of age 

and diet as factors. The model used was: yijk = μ + αi + βj + (αβ)ij +εijk with yijk = observed 

dependent variable, μ = grand mean, αi = days of age treatment effect for level αi, βj = 

dietary treatment effect for level βj, (αβ)ij = interactions between levels αi and βj, εijk = 

error for kth replicate of (αi,Bj) ~ N (0, σε). 

 

Results 

Growth performance 

 ADG was influenced by treatment within the first twelve days of life (Table 2). 

During the period 1A, ADG of poults consuming 500g/MT and 750g/MT supplemented 

diets gained significantly less than birds consuming the positive control diet. Birds fed 

supplemented diets during periods 2A and 3A had improved ADG compared to those fed 

the PC diet. There were no significant differences in ADG past twelve days of age. Prior 

to 16 days of age FI remained insignificant (Table 3). Poults fed either enzyme 

supplemented diets or NC had increased FI during period 5A compared to those fed PC. 
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FCR was unaffected by treatment throughout the duration of the trial (Table 4). 

Cumulatively (0-21 days) ADG was improved (P=0.005) with the addition of enzyme at 

the 250g/MT and 500 g/MT level (Table 5). However, this improvement in ADG was 

coupled with an increase in FI (P=0.006). Cumulative FCR differences were not observed 

(P=0.132). 
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Table 2. Effect of enzyme supplementation on period ADG (kg/bird/day)1 

 

1 a, b Means within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme® 1502(xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme® 1502 

 

Days of age 

0-4 4-8 8-12 12-16 16-21  
Diet 

     

PC2 0.044a 0.076b 0.103b 0.142a 0.231a 

NC3 0.042ab 0.080ab 0.114a 0.145a 0.242a 

2504 0.042ab 0.083a 0.116a 0.148a 0.242a 

5005 0.040b 0.083a 0.113a 0.145a 0.243a 

7506 0.040b 0.082a 0.114a 0.145a 0.248a 

SEM (n=7) 0.0009 0.0015 0.001 0.002 0.006 

Main effects 0.033 0.024 <0.0001 0.309 0.415 
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Table 3. Effect of enzyme supplementation on period FI (kg/bird/day)1 

 
 

1 a, b Means within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme® 1502(xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502 ; 6NC 

with 750 g/MT Avizyme® 1502 

Days of age 

0-4 4-8 8-12 12-16 16-21 Diet 

     

PC2 0.043a 0.068a 0.120a 0.171a 0.314b 

NC3 0.044a 0.069a 0.115a 0.184a 0.329a 

2504 0.045a 0.070a 0.130a 0.187a 0.337a 

5005 0.043a 0.079a 0.133a 0.180a 0.341a 

7506 0.042a 0.070a 0.111a 0.186a 0.334a 

SEM (n=7) 0.001 0.004 0.009 0.005 0.004 

Main effects 0.419 0.389 0.414 0.141 0.0003 
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Table 4. Effect of enzyme supplementation on period FCR (FI / ADG)1 

 
 

1 aMeans within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme® 1502(xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme® 1502 

Days of age 

0-4 4-8 8-12 12-16 16-21 Diet 

     

PC2 0.992a 0.885a 1.163a 1.207a 1.404a 

NC3 1.044a 0.858a 1.014a 1.270a 1.365a 

2504 1.091a 0.838a 1.116a 1.266a 1.394a 

5005 1.075a 0.948a 1.173a 1.239a 1.407a 

7506 1.067a 0.854a 0.977a 1.283a 1.348a 

SEM (n=7) 0.038 0.051 0.082 0.025 0.055 

Main effects 0.417 0.586 0.347 0.251 0.922 
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Table 5. Cumulative (0-21 day) effects of enzyme supplementation on measured 

production parameters1 

 

1 a, b, c Means within a column without common superscript are significantly different at P 

< 0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal 

with 140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme® 1502(xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme® 1502 

Production parameter 
ADG 

(kg/bird/day) 
FI  

(kg/bird/day) 
FCR  

(FI / ADG) Diet 

   

PC2 0.612b 0.716c 1.17a 

NC3 0.626ab 0.741bc 1.19a 

2504 0.635a 0.768ab 1.21a 

5005 0.630a 0.775a 1.23a 

7506 0.629ab 0.743bc 1.18a 

SEM (n=7) 0.005 0.011 0.018 

Main effects 0.031 0.006 0.132 
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Apparent ileal digestibilities 

 Compared to the positive control, E was reduced in poults fed enzyme 

supplemented diets through day 16 (Table 6). At 21 days of age there were no significant 

differences between treatments. Protein digestibility (P) responded to enzyme treatments 

in a similar fashion (Table 7).  
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 Table 6. Apparent energy ileal digestibilities (%)1 

Days of age 

4 8 12 16 21 Diet 

     

PC2 78.79a 79.54a 79.97a 80.69a 78.94a 

NC3 73.48bc 76.22ab 75.33b 75.00b 75.32a 

2504 75.55ab 74.61b 74.78b 74.88b 75.44a 

5005 75.17ab 76.54ab 75.56b 71.78b 74.06a 

7506 70.66c 76.09ab 74.41b 76.94ab 72.38a 

SEM (n=7) 1.26 1.16 1.23 1.71 2.31 

Main effects 0.002 0.072 0.021 0.015 0.381 
 

1 a, b, c Means within a column without common superscript are significantly different at P 

< 0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal 

with 140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme® 1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme® 1502 
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Table 7. Apparent protein ileal digestibilities (%)1 

         

1 a, b Means within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC) , basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme® 1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme® 1502 

Days of Age 

4 8 12 16 21 Diet 

     

PC 86.99a 88.19a 88.87a 87.87a 87.38a 

NC 84.17b 85.25b 85.77b 84.57ab 85.01a 

250 85.80ab 85.58b 85.31b 84.71ab 84.99a 

500 85.76ab 86.93ab 86.35b 82.66b 84.35a 

750 83.74b 86.46ab 85.53b 85.94ab 83.34a 

SEM (n=7) 0.738 0.720 0.753 1.07 1.36 

Main Effects 0.026 0.054 0.014 0.023 0.333 
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Intestinal morphology 

 Villus height and crypt depth significantly increased with age for each intestinal 

section (Table 8). No significant differences between treatments or age by treatment 

interactions were observed between treatments in regard to duodenal, jejunal or ileal 

measurements.  
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Table 8. Effect of enzyme supplementation on intestinal morphology1 

 

 

1Rows are significantly different when P < 0.05; 2SEM n=7; 3Positive control (PC) , basal diet; 4Negative control (NC), reformulated 
basal with 140 kcal/kg energy reduction; 5NC with 250 g/MT Avizyme® 1502 (xylanase, Trichoderma longibrachiatum 600 
units/gram; protease, Bacillus subtilis 8000 units/gram and amylase Bacillus subtilis 800 units/gram) ; 6NC with 500 g/MT 
Avizyme®1502; 7NC with 750 g/MT Avizyme® 1502; 8Villus height/crypt depth ratio;

 Days of age    Diets     
 4 8 12 16 21 SEM2 P PC3 NC4  2505 5006 7507 SEM P Interaction 
Duodenum                
Villus (mm) 1.264  1.498 1.812 1.970 2.286 0.0314 < 0.0001 1.749 1.759 1.763 1.776 1.784 0.0314 0.938 0.654 
Crypt (mm) 0.0815 0.0900 0.0900 0.1008 0.1049 0.00345 < 0.0001 0.0964 0.0963 0.0898 0.0904 0.0944 0.00345 0.498 0.222 
Villus/Crypt8 16.62 17.01 20.30 20.18 21.90 0.510 < 0.0001 18.88 18.89 19.65 19.62 18.98 0.51 0.661 0.575 
                
Jejunum                
Villus (mm) 0.637 0.733 0.893 1.026 1.12 0.0214 < 0.0001 0.887 0.862 0.893 0.896 0.873 0.0214 0.768 0.096 
Crypt (mm) 0.0682 0.0787 0.0898 0.107 0.0981 0.00493 < 0.0001 0.0841 0.0836 0.0876 0.0969 0.0898 0.00493 0.318 0.622 
Villus/Crypt 9.44 9.43 10.05 10.48 11.55 0.323 < 0.0001 10.55 10.32 10.17 10.12 9.80 0.323 0.576 0.687 
                
Ileum                
Villus (mm) 0.463 0.558 0.677 0.773 0.870 0.0160 < 0.0001 0.654 0.653 0.672 0.661 0.700 0.0160 0.209 0.612 
Crypt (mm) 0.071 0.0797 0.0930 0.1008 0.1017 0.00199 < 0.0001 0.0922 0.0870 0.0873 0.0868 0.0930 0.00199 0.0576 0.170 
Villus/Crypt 6.56 7.09 7.36 7.76 8.69 0.215 < 0.0001 7.14 7.48 7.68 7.60 7.56 0.215 0.449 0.743 
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Discussion  
 
 ADG was decreased with enzyme supplementation during period 1A; the reverse 

occurred with periods 2A and 3A which, experienced increases in ADG. The observed 

drop in period 1A ADG may have been due to increased levels of carbohydrate feedstuffs 

versus fat with NC diets (Sklan and Noy, 2003). Cumulatively, inclusion at levels 

250g/MT and 500g/MT resulted in highest increases in ADG and FI. However these 

increases in ADG did not result in FCR improvements. This is in contrast to reported 

increases in broiler ADG and FCR due to enzyme supplementation. Gracia et al. (2003) 

reported a 9.4% improvement in ADG coupled with a 4.5% improvement in FCR, when 

corn-SBM diets were supplemented with α-amylase. Similarly, when corn-SBM diets 

(24% crude protein) were supplemented with an Avizyme-protease mixture, growth and 

feed utilization were improved (Ritz et al., 1995). Zanella et al. (1999) theorized that 

growth improvements seen with enzyme supplementation were the result of increased 

nutrient digestibility; thereby, increasing the efficiency of digestion and allowing a larger 

portion of energy to go towards growth. Increased feed consumption is often a by product 

of increased weight gain, however in most reported studies compensatory growth is great 

enough that improvements in FCR are still observed. These improvements in production 

parameters are even more pronounced when lower quality feedstuffs such as wheat are 

utilized in the diet (Bedford, 2001; Choct, 2001; Dänicke et al., 2000). 

 A possible explanation for the lack of response in FCR may be the primary energy 

feedstuff itself, in this case corn. Corn utilized during this trial was slightly higher in oil 

and protein over 1999’s U.S. average (Danisco correspondence). A 1% increase in oil 

content is estimated to increase the available energy by 4.5 kcal/kg (Bedford et al., 2000). 
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The use of corn high in oil and ultimately, metabolizable energy, may account for the 

very similar gains between PC and NC diets during this trial. It is possible that the 

estimated 140 k/cal energy drop was not enough to result in treatment differences. 

 Poor production response may have been due to an interaction between (CuSO4) 

and dry enzyme addition. The practice of adding CuSO4 to poultry diets, as an 

antimicrobial growth promoter, is becoming more common as consumer pressure to 

phase out antibiotic use increases. Marron et al. (2001) found that 7-28 day old broilers 

fed 298 mg/kg of Cu in addition to enzyme (Avizyme 1300 at 1g/kg) had depressed 

production, decreased starch and fat digestibility as well as an increase in digesta in vivo 

viscosity. In the present study CuSO4 was included at 300 mg/kg in excess of dietary 

inclusion, and unlike the Marron et al. (2001) report no negative effects were seen in 

terms of production parameters. Marron et al. (2001) goes on to hypothesize that the 

negative impact of copper inclusion may be due to copper’s potential to act as a heavy 

metal toxin, binding to the enzyme (xylanase, in this instance) and effectively causing a 

change in protein conformation ultimately leading to enzyme deactivation.  

 These results correspond with the observed decreases in both apparent energy and 

protein digestibilities upon the addition of enzyme (1-16 days of age) which are contrary 

to reports (Café et al., 2002) which observed improvements in ileal protein digestibility 

with inclusion of AZ1500. Furthermore, a study by Pesti et al. (1996) found that copper 

inclusion of 250 mg/kg in excess of nutritional requirement resulted in significant 

improvements in body weight gain and feed efficiency. This may confound the relevancy 

of enzyme use further. 
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 Tarachai et al. (2000) found that villi growth was regulated by neither parenteral 

alimentation nor physical stimulation of the gut. Only enteral absorption of nutrients 

would stimulate an increase in villus height. If enteral absorption stimulates 

morphological changes in the gut it would make sense that increasing available substrate 

for absorption, through the action of endogenous enzyme, would further increase villus 

size. Ritz et al. (1995) supported this theory with a poult study (0-21d)  where corn-SBM 

diets were supplemented with either amylase or xylanase. The authors found that villus 

lengths within the jejunum and ileum were increased with amylase supplementation. This 

finding was not true of the morphological measurements examined within this trial. The 

NC may have been too similar to the PC to elicit a mucosal response. CuSO4 may have 

negated the potential enzyme response, resulting in non-distinct morphological changes.  

 The role of AZ remains inconclusive in terms of corn-SBM diets. Upon first 

glace, enzymatic inclusion appears to improve ADG from days 4-16. However, no 

significant differences were present between the NC and the enzyme treatments. One 

could argue that increasing the inclusion of corn while decreasing SBM in the NC created 

a more metabolically available diet to the bird, as compared to the PC. Any potential 

improvement made upon the NC with the inclusion of enzyme was most likely negated 

by the high inclusion of CuSO4. If enzyme supplementation is to become a practical 

additive in poultry diets these additive interactions need to be taken into consideration.  
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CHAPTER 3: The effects of Avizyme1502 on poult production, ileal digestibility 

and intestinal parameters, days 0-56. 

 

Introduction  

It has long been known that enzyme supplementation can improve the nutrient 

availability of feedstuffs high in non-starch polysaccharides (NSP) (Persia et al., 2002; 

Douglas et al., 2000). However, enzyme additives remain uneconomical for markets 

where low viscosity feed components are readily available and more cost-effective to the 

producer. Low viscosity diets such as corn-SBM and sorghum-SBM are considered 

energy dense. However, nutrient availability to the bird may still be improved upon. 

Gracia et al. (2003) reported that alpha-amylase supplementation of corn-SBM diets 

increased daily gain, feed intake and AMEn through 42 days. Avizyme 1502® (AZ1502) 

was formulated to improve energy utilization in corn-SBM and sorghum-SBM diets. The 

bacterially derived enzyme cocktail contains amylase, xylanase and protease to promote 

the breakdown of starch, cereal cell walls, and endogenous proteins, respectively. Pekin 

ducks fed corn-SBM diets supplemented with AZ1502 experienced a 6 – 8% increase in 

body weight gain, as well as improvements in feed efficiency over a 42-day period. 

 While AZ1500 (same formulation as AZ1502 but with half of the enzyme 

activity) has been shown to improve bird performance and digestibility, inconsistencies in 

the literature concerning the level and degree of improvement. Ritz et al. (1995) reported 

improvements in growth utilization of poults on low protein diets. Similarly, Café et al., 

(2002) reported improvements in body weight gain in broilers when fed corn-SBM diets 

supplemented with Avizyme. Scott and associates (2003) observed increased feed 
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consumption in both wheat and corn diets upon the addition of enzyme. However, 

reported improvements were coupled were inconsistent in terms of FCR due to increased 

feed consumption and/or low body weight gains. 

 Improvements in ileal digestibilities were observed with the addition of AZ1500 

(Douglas et al., 2000). However, these enhancements were reported without 

corresponding production improvements. Iji and colleagues (2003) reported increased 

body weight gain over 28 days, with no effects on digestibility of energy, protein, 

calcium or amino acids. Similarly, Zanella et al. (1999) reported enhancement of 

production parameters and crude protein digestion. However, increased digestibility was 

not equal for all amino acids.  

 Despite discrepancies in performance and digestibility, most reports agree that the 

greatest impact of enzyme addition will occur early in life when disaccharidase activity is 

low (Sell, 1989). Furthermore, development of enzyme activity is dependent on diet 

composition (Sell et al., 1991). A positive correlation exists between mucosal area and 

villi height (Keelan, 1985). Mucosal hydrolysis is highly correlated with body weight, 

and is thought to be a potential determination step in digestion (Uni et al., 1999). 

Therefore, exogenous enzymes may also have a significant effect on nutrient absorption 

through mucosal activity, and this activity has potential to be reflected by villus height. 

Furthermore, villus size and mucosal activity in the poult are initially lower (Uni et al., 

1999) as compared to the broiler, which may suggest further potential for enzymes to 

improve early poult performance.  

 The objective of the experiment reported herein was to study the effects of 

AZ1502 on turkey poults (0-56 days) fed industry based corn-soybean meal diets.  
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Materials and Methods 

Diets 

Dietary treatments consisted of five diets fed in mashed form through 21 days of age and 

pelleted thereafter. Diets consisted of corn, SBM, wheat, and meat and bone meal11 and 

were formulated to meet or exceed NRC (1994) recommendations (Table 9). Chromic 

oxide (Cr2O3) was included in all diets as an inert marker throughout the duration of the 

trial. The negative control diet (NC) was formulated under the assumption that the use of 

AZ1502 (xylanase, Trichoderma longibrachiatum 600 units/gram; protease, Bacillus 

subtilis 8000 units/gram and amylase Bacillus subtilis 800 units/gram) would increase 

metabolizable energy by 140 kcal/kg from corn (matrix value for ME was increased from 

3418 to 3558 kcal/kg). Three additional dietary treatments consisted of the NC 

supplemented with, AZ1502 at: 250, 500 and 750 g/MT.  

                                                 
11 Meat and bone meal was replaced with Propak after 21 days of age. 
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Table 9. Composition and nutrient content of basal diets1 

       

 Period A 
(0 to 21d) 

Period A 
(0 to 21d) 

Period B 
(21 to 42d) 

Period B 
(21 to 42 d) 

Period C 
(42 to 56 d) 

Period C 
(42 to 56 d) 

Ingredients2 PC NC PC NC PC NC 
 --------------------------------------------%----------------------------------------- 
Corn Meal 40.22 41.61 41.28 42.7 47.06 48.69 
SBM3 37.14 36.87 35.82 35.55 29.79 29.47 
MBM4 8 8 -- -- -- -- 
Pro Pak5 -- -- 7.5 7.5 7.5 7.5 
Dical Phos 2.3 2.3 2.92 2.92 2.98 2.98 
Soybean Oil 2.46 1.33 3.18 2.03 3.54 2.23 
Ground Limestone 0.94 0.95 0.7 0.7 0.71 0.71 
Lysine 0.6 0.6 0.41 0.41 0.33 0.33 
D.L. Meth 0.43 0.43 0.31 0.3 0.21 0.2 
Salt 0.23 0.23 0.21 0.2 0.2 0.2 
Coban 60 0.06 0.05 0.05 0.06 0.05 0.05 
Wheat 7 7 7 7 7 7 
Trace Minerals6 0.1 0.1 0.1 0.1 0.1 0.1 
Vitamin Premix7 0.1 0.1 0.1 0.1 0.1 0.1 
Selenium 0.06 0.06 0.05 0.05 0.05 0.05 
Copper Sulfate 0.03 0.03 0.03 0.03 0.03 0.03 
       
Nutrient Analysis       
GE (kcals/kg) 
analysis 4165.8 4096.7 4060.4 3963.4 4048.4 3995.3 

Protein analysis 28.1 30 27.9 28 23.9 26 
DM 90.77 90.65 90.62 90.49 90.51 90.37 
Fat 2.83 1.7 3.54 2.38 3.84 2.52 
Lysine 1.92 1.92 1.77 1.77 1.55 1.55 
Methionine 0.84 0.84 0.77 0.77 0.64 0.64 
Met + Cys 1.25 1.25 1.22 1.22 1.06 1.06 
Calcium 1.5 1.5 1.5 1.5 1.5 1.5 
AV. Phosp 0.8 0.8 0.8 0.8 0.8 0.8 
       

 

1Table lists Positive Control (treatment 1) and Negative Control (treatment 2) for respective periods. 
Treatments 3, 4 and 5 were formulated though addition of Avizyme®1502 (xylanase, Trichoderma 
longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram and amylase Bacillus subtilis 
800 units/gram) at 250, 500 and 750 g/MT, respectively  

2For the duration of the trial: Coban 60 included in Positive Control at 0.06% and Negative Control at 
0.05%; BMD 50 included at 0.05%; Cr2O3 included at 0.30% 
3Soybean meal (SBM) 48% 
4Blend of meat and bone meals (MBM) and blood, Valley Protein, Winchester, VA. 
5ProPak™ marine and animal protein concentrate. Crude protein no less than 60.00%, crude fat not less 
than 6.00%, crude fiber not more than 2.00%, calcium not less than 5.75% not more than 6.90%, 
phosphorus not less than 2.75% 



 

 53

6Supplied per kilogram of mix: iron (FeSO4·H2O), 33.5 g; zinc (ZnO), 214 g; manganese (MnO), 300 g; 
copper (CuSO4·5H2O), 3.4 g; iodine (Ca Iodate), 2.1 g; selenium (Na2SeO3), 500 μg. 
7Supplied per kilogram of mix: vitamin A (retinyl acetate), 30,870,000 IU; vitamin D3, 13,230,000 ICU; 
vitamin E (DL-α-tocopheryl acetate), 66,150 IU; vitamin K3 (menadione dimethypyrimidinol bisulfite), 
6,006 mg; thiamin 6,174 mg; riboflavin, 26,460 mg; pyridoxine, 11,025 mg; pantothenic acid (D-calcium 
pantothenate), 39,690 mg; niacin, 154,350 mg; folic acid, 3,528 mg; biotin, 264 mg; vitamin B12 
(cyanocobalamin), 53 mg. 
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Animals and performance 

A total of 3850 day old, male BUTA turkey poults were randomly divided into thirty-five 

pens, at 100 poults per pen achieving a stocking density of 0.093 m2 (1.0 ft2) per poult for 

the first 42 days of life. Due to periodic sampling, stocking density increased to 0.297 m2 

(3.2 ft2) from days 42 to 56. Poults were placed on clean litter, in brooder rings with 

supplemental feed pans provided for the first 7 days. The five diets were randomly 

assigned within each block (n=7). Each pen was supplied with metal hoppers and bell 

drinkers to provide ad libitum access to feed and water. Light was provided on a 20:4 

light/dark schedule. Temperature was initially set at 34°C with adjustments made 

according to recommended management protocols. Remaining feed and pen body 

weights were recorded on days 21, 42 and 56; with mortality recorded daily. Average 

daily gain (ADG), feed intake (FI) and feed conversion ratio (FCR) were adjusted for 

mortality and calculated for periods: A (0-21d), B (21-42d) and C (42- 56d) as well as a 

cumulative 0-56d.  

 

Apparent Ileal Digestibilities 

On days 21, 42 and 56 birds (n=9/pen for 0-21 d of age or n=4/pen from 42 to 56 d of 

age) were killed by cervical dislocation. Ileal sections, defined as the region from the 

Meckel’s diverticulum to the ileocecal junction, were immediately harvested and contents 

were obtained through squeezing. Apparent ileal digestibilities of both energy (E) and 

protein (P) were estimated using chromic oxide as an inert dietary marker. Prior to 

analysis, ileal contents were frozen, freeze dried12 and ground using a Wiley® Mini Mill13 

                                                 
12 Labconco FreeZone Plus 12 at -10°C for 48 hours Labconco Corporation, Kansas City, MO 



 

 55

with 40-mesh screen. Diet and ileal samples were prepared according to Williams et al. 

(1962) and Cr2O3 levels were analyzed using atomic absorption spectrometry14. Samples 

were analyzed in duplicate for gross energy15 in (cal / g) (AOAC, 1990). Combustion 

analysis16 was used to determine percent nitrogen which went towards the calculation of 

protein digestibility (AOAC, 1990). Apparent digestibilities were calculated using the 

following equation (Williams et al., 1962): 

Apparent energy digestibility = 100 – [ 100 * (Cr2O3 of feed / Cr2O3 of 

ileum) * (energy content of ileum / energy content of feed)]  

 

Intestinal morphology 

On days 21, 42 and 56 an additional bird per pen (n=7/treatment) was killed by cervical 

dislocation and five-centimeter sections of the ascending duodenum (prior to the 

pancreatic bile ducts), jejunum (medial portion posterior to the bile ducts and anterior to 

the Meckle’s diverticulum) and ileum (medial portion posterior to the Meckle’s 

diverticulum and anterior to the ileocecal junction) were removed, rinsed in TRIS 

buffered saline (Sun et al., 2005), cut into five equal pieces and fixed in buffered formalin 

phosphate. Each intestinal piece was subsequently cut into 5 mm sections and placed into 

cassettes. Cassettes were sent to Histo-Scientific Research Laboratories17 embedded in 

paraffin, cut to 5 μm thickness and mounted onto slides. Tissue slides were stained using 

0.02% toluidine blue (Churuklan and Schneck, 1981). Pictures were obtained using 

                                                                                                                                                 
13 Thomas Scientific, Swedesboro, NJ 
14 Perkin Elmer AAnalyst 800 Spectrometer, Perkin Elmer Inc., Wellesley, MA 
15 Parr 1271 Automatic Bomb Calorimeter, Parr Instrument Company, Moline, IL 
16 Perkin Elmer Series II Nitrogen Analyzer 2410, Perkin Elmer Inc., Wellesley, MA 
17 Histo-Scientific Research Laboratories Inc., Woodstock, VA 
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either, an Olympus DP 10 camera18 (magnification 20x or 40x) mounted to a SZ60 

dissecting scope18(for larger duodenums and jejunums periods B and C) or an Olympus 

DP 7018 (magnification 40x) mounted to a BX50 photomicroscope18. All measurements 

were made using SigmaScan Pro 519. Measurements of villi height and crypt depth were 

obtained for the duodenum (magnification 20x), jejunum and ileum (magnification 40x). 

Three of the five possible tissue samples were selected at random for villi height and 

crypt depth measurements. Each parameter was measured four times per tissue sample 

(Figure 2, n=12 measurements/bird, 7 birds/treatment) (Sun et al., 2005). 

                                                 
18 Olympus America Inc., Melville, NY 
19 SPSS Inc., Chicago, IL  
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Figure 2.  Measurement of ileum villus height and crypt depth with 40X 

magnification. The longer solid line indicates villus height and the shorter one crypt 

depth. Each arrow head indicates points of measurement. 

Villus Height 

Crypt Depth
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Statistical analysis 

Production and digestibility data were analyzed through the MIXED procedure of SAS 

(SAS Institute, Cary, NC, 1999) for a randomized complete block design. The statistical 

model is as follows: yij = μ + αi + βj + εij, with yij = observed dependent variable, μ = 

grand mean, αi = ith dietary treatment effect, βj = jth random block effect, εij = error for 

treatment i of block j ~ N (0, σε). The lsmeans procedure of SAS was used to determine 

dietary treatment means with significance established at P ≤ 0.05. The proc FREQ 

function of SAS was used to analyze mortality. Villus heights and crypt depths were 

evaluated using the MIXED procedure of a two factorial design with days of age and diet 

as factors, the model used was: yijk = μ + αi + βj + (αβ)ij +εijk, with yijk = observed 

dependent variable, μ = grand mean, αi = days of age treatment effect for level αi, βj = 

dietary treatment effect for level βj, (αβ)ij = interactions between levels αi and βj, εijk = 

error for kth replicate of (αi, βj) ~ N (0, σε). 

 

Results 

Growth performance 

There were no significant differences in ADG in any of the measured time periods (Table 

10). A numerical trend of improved ADG with the addition of enzyme was observed 

through day 42. Feed intake was increased with the addition of enzyme through day 42, 

this is especially apparent during period B (Table 11). Birds on NC diets consumed 

significantly more than PC birds, this pattern was also reflected in ADG. No significant 

differences were present at day 56. Similar to ADG, FCR showed no significant 

differences during the trial (Table 12). There was a tendency for NC as well as all 
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enzyme diets to have higher FCR than the PC, this was most likely due to the lack of 

response of ADG despite the increase in FI. Cumulatively (0-56 days) there were no 

significant differences between any of the treatments for any of the measured production 

parameters (Table 13). 
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Table 9. Effect of enzyme supplementation on period ADG (kg/bird/day)1 

 

1 a, b Means within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme®1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme®1502 

Days of age 

0-21 21-42 42-56 Diet 

   

PC2 0.612b 2.18
b
 2.93a 

NC3 0.626ab 2.25
ab

 2.88a 

2504 0.635a 2.26
a
 2.87a 

5005 0.630a 2.29
a
 2.86a 

7506 0.629ab 2.27
a
 2.90a 

SEM (n=7) 0.005 0.025 0.044 

Main effects 0.031 0.055 0.830 
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Table 10. Effect of enzyme supplementation on period FI (kg/bird/day)1 

 

1 a, b, c Means within a column without common superscript are significantly different at P 

< 0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal 

with 140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme®1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme®1502.  

Days of age 

0-21 21-42 42-56 Diet 

   

PC2 0.716
c
 3.35

b
 5.38a 

NC3 0.741
bc

 3.65
a
 5.18a 

2504 0.768
ab

 3.67
a
 5.26a 

5005 0.775
a
 3.69

a
 5.33a 

7506 0.743
bc

 3.60
a
 5.12a 

SEM (n=7) 0.011 0.052 0.150 

Main effects 0.0058 0.0006 0.748 
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Table 11. Effect of enzyme supplementation on period FCR (FI / ADG)1 

 
1 a, b Means within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme®1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme®1502 

Days of age 

0-21 21-42 42-56 Diet 

   

PC2 1.17a 1.54
b
 1.84a 

NC3 1.19a 1.62
a
 1.80a 

2504 1.21a 1.62
a
 1.84a 

5005 1.23a 1.62
a
 1.87a 

7506 1.18a 1.58
a
 1.77a 

SEM (n=7) 0.0018 0.019 0.063 

Main effects 0.132 0.017 0.848 
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Table 12. Cumulative (0-56 day) effects of enzyme supplementation on measured 
production parameters1   
 

 

1 a Means within a column without common superscript are significantly different at P < 

0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal with 

140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme®1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme®1502  

Production parameter 
ADG 

(kg/bird/day) 
FI  

(kg/bird/day) 
FCR  

(FI / ADG) Diet 

   

PC2 5.05a 9.44a 1.87a 

NC3 5.06a 9.58a 1.89a 

2504 5.07a 9.70a 1.91a 

5005 5.09a 9.80a 1.92a 

7506 5.11a 9.46a 1.85a 

SEM (n=7) 0.055 0.186 0.041 

Main effects 0.916 0.620 0.732 
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Apparent ileal digestibilities 

Energy digestibility significantly decreased when feeding NC and the addition of enzyme 

did little to alter digestibility during period A (Table 14). This trend was reversed by day 

42, with enzyme treatments having significantly improved E over PC fed poults. When 

comparing the enzyme treatments themselves, the 250g/MT level showed the highest 

digestibility (81.57%) with 750g/MT showing the lowest (76.18%). By day 56, no 

significant differences between treatments were present. Protein digestibility was similar 

to E (Table 15). During the prestarter phase the NC and enzyme supplemented diets 

depressed protein digestibility. Again, by 42 days this trend was reversed, with increased 

protein digestibility in birds consuming enzyme supplemented diets. By the end of the 

trial (56 days) no differences in protein digestibility were observed. 
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Table 13. Apparent energy ileal digestibilities (%)1 

Days of age 

21 42 56 Diet 

   

PC2 79.58
a
 76.09

b
 72.98a 

NC3 75.07
b
 67.58

c
 73.58a 

2504 75.05
b
 81.57

a
 77.78a 

5005 74.63
b
 80.38

ab
 75.74a 

7506 74.10
b
 76.18

b
 75.87a 

SEM (n=7) 0.711 1.58 2.31 

Main effects <0.0001 <0.0001 0.595 
 

1 a, b, c Means within a column without common superscript are significantly different at P 

< 0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal 

with 140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme®1502 (xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme®1502 
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Table 14. Apparent protein ileal digestibilities (%)1 

 

1 a, b, c,Means within a column without common superscript are significantly different at P 

< 0.05; 2Positive control (PC), basal diet; 3Negative control (NC), reformulated basal 

with 140 kcal/kg energy reduction; 4NC with 250 g/MT Avizyme®1502(xylanase, 

Trichoderma longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram 

and amylase Bacillus subtilis 800 units/gram); 5NC with 500 g/MT Avizyme®1502; 6NC 

with 750 g/MT Avizyme®1502 

Days of Age 

21 42 56 Diet 

   

PC 87.86
a
 83.81

b
 79.64a 

NC 84.95
b
 79.19

c
 81.09a 

250 85.28
b
 88.17

a
 84.18a 

500 85.21
b
 87.26

a
 82.72a 

750 85.00
b
 84.07

b
 83.58a 

SEM (n=7) 6.69 6.86 1.65 

Main Effects <0.0001 <0.0001 0.307 
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Intestinal morphology 

Age proved to be the only significant (P < 0.001) effect with regard to intestinal 

measurements; with villus height and crypt depth increasing with days of age (Table 16). 

Overall, no significant difference was observed between treatments in regard to duodenal, 

jejunal or ileal morphological measurements. However, there was a significant interaction 

between days of age and villus height in the jejunum, with the villus height of poults 

consuming PC diets increasing at a more rapid rate than the NC or enzyme treatments 

from 42 to 56 days of age (Figure 3). 
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Table 15. Effect of enzyme supplementation on intestinal morphology1 

 

1Rows are significantly different when P < 0.05; 2SEM n=7; 3Positive control (PC) , basal diet; 4Negative control (NC), reformulated basal with 
140 kcal/kg energy reduction; 5NC with 250 g/MT Avizyme® 1502(xylanase, Trichoderma longibrachiatum 600 units/gram; protease, Bacillus 
subtilis 8000 units/gram and amylase Bacillus subtilis 800 units/gram) ; 6NC with 500 g/MT Avizyme®1502 ; 7NC with 750 g/MT Avizyme® 
1502; 8Villus height/crypt depth ratio; 

 Days of age   Diets   

 21 42 56 SEM2 P PC3 NC4 2505 5006 7507 SEM P Interaction 

Duodenum              

Villus (mm) 2.29 2.66 3.48 0.09 <0.0001 2.14 2.09 2.18 2.15 2.13 0.09 0.659 0.909 

Crypt (mm) 0.105 0.181 0.120 0.002 <0.0001 0.121 0.133 0.116 0.111 0.125 0.002 0.151 0.817 

Villus/Crypt8 21.90 16.83 18.00 13.06 <0.0001 18.45 17.79 19.20 19.69 18.34 13.06 0.082 0.830 

              

Jejunum              

Villus (mm) 1.12 1.73 2.05 0.038 <0.0001 1.20 1.19 1.18 1.14 1.14 0.033 0.410 0.034 

Crypt (mm) 0.10 0.137 0.179 0.0009 <0.0001 0.109 0.106 0.109 0.112 0.107 0.0009 0.848 0.412 

Villus/Crypt 11.55 11.58 12.82 4.68 <0.0001 10.96 10.98 10.68 10.64 10.57 4.68 0.819 0.794 

              

Ileum              

Villus (mm) 0.87 1.244 1.50 0.023 <0.0001 0.837 0.861 0.882 0.842 0.898 0.019 0.296 0.969 

Crypt (mm) 0.10 0.13 0.165 0.0035 <0.0001 0.108 0.103 0.106 0.106 0.106 0.0029 0.749 0.842 

Villus/Crypt 8.69 9.70 9.37 0.231 <0.0001 7.818 8.132 8.135 7.962 8.329 0.195 0.416 0.781 
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Figure 3. Interaction of age and diet on ileum villus height. 

Positive control (PC), basal diet; Negative control (NC), reformulated basal with 140 

kcal/kg energy reduction; NC with 250 g/MT Avizyme®1502(xylanase, Trichoderma 

longibrachiatum 600 units/gram; protease, Bacillus subtilis 8000 units/gram and amylase 

Bacillus subtilis 800 units/gram); NC with 500 g/MT Avizyme®1502; NC with 750 g/MT 

Avizyme®1502 



 

 70

Discussion  

 No significant differences between treatments were observed in ADG. This is in 

contrast to reported increases in broiler ADG and FCR due to enzyme supplementation. 

Gracia et al. (2003) reported a 9.4% improvement in ADG coupled with a 4.5% 

improvement in feed conversion, when corn-SBM diets were supplemented with α-

amylase. Similarly, when corn-SBM diets (24% crude protein) were supplemented with 

an Avizyme-protease mixture growth, feed utilization was improved (Ritz et al., 1995). 

Though not significant, there was a tendency for NC and enzyme supplemented diets to 

have improved ADG over the PC. One may conclude that the enzyme cocktail was 

limited by the high quality substrate utilized in this trial given that the impact of enzyme 

is more pronounced when lower quality feedstuffs such as wheat are utilized (Choct et 

al., 1995; Dänicke et al., 1999; Bedford et al., 2001). This corn utilized during this trial 

was slightly higher in oil and protein over 1999’s U.S. average (Danisco, 

correspondence). A 1% increase in oil content is estimated to increase the available 

energy in corn by 4.5 kcal/kg (Summers, 2001). The use of corn high in oil and 

ultimately, metabolizable energy, may suggest that a more intense matrix drop was 

required to elicit treatment differences. 

 An alternative explanation may lie in a negative interaction between CuSO4 and 

Avizyme (Marron et al., 2001). Marron et al. (2001) found that 7-28 day old broilers fed 

298 mg/kg of CuSO4 in addition to enzyme (Avizyme 1300 at 1g/kg) had depressed 

production, decreased starch and fat digestibility as well as an increase in in vivo digesta 

viscosity. CuSO4 may interfere with a number of feed additives including; antibiotics, 

arsenicals, histomoniastats and Bio Mos® (Waldroup et al. 2003). The negative impact of 
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copper inclusion may be due to copper’s potential to act as a heavy metal toxin, binding 

to exogenous enzymes and effectively causing a change in protein conformation 

ultimately leading to enzyme deactivation (Marron et al., 2001).  

 Zanella et al., (1999) theorized that the improvement in growth seen with the 

addition of exogenous enzymes was most likely due to the increased digestibility of the 

diets. Increasing the efficiency of digestion would allow more energy to be partitioned 

towards growth. In the current trial, digestibility was decreased with the addition of 

enzyme in the prestarter (0-21 days) phase. The high inclusion rate of copper sulfate may 

have affected the digesta passage rate within the bird. However, by 42 days of age 

improvements in digestion were observed with AZ addition, indicating that digestibility 

may have been increased without a corresponding response in production values. A 

previous study (Pesti et al., 1996) found that copper inclusion of 250mg/kg in excess of 

nutritional requirement resulted in significant improvements in body weight gain and 

feed efficiency. Thus, there is a possibility that CuSO4 is responsible for the production 

improvement, independent of AZ. 

 Tarachai and coworkers (2000) found that villus growth was regulated by neither 

parenteral alimentation nor physical stimulation of the gut. Only enteral absorption of 

nutrients would stimulate an increase in villus height. If enteral absorption stimulates 

morphological changes in the gut one could conclude that increasing available substrate 

for absorption (through the action of endogenous enzyme) would further increase villus 

size. Ritz et al., (1995) reported similar findings in poults (0-21d) when fed corn-SBM 

diets supplemented with either amylase or xylanase. They found that villus length within 

the jejunum and ileum was increased with amylase supplementation (Ritz et al., 1995). 
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These findings were in contrast to the current study. Between 21 and 42 days of age 

increase in villus height was similar, however from days 42 to 56 villus height 

dramatically increased in the PC diet over that in the other treatments. During the first 

seven days of life, lipid digestibility in the bird is low due to limiting rates of bile-salt 

production and a lag in the developmental increase in pancreatic lipase secretion 

(Klasing, 1998). These effects may be even more pronounced in poults which have a 

lower intestinal growth rate than that of chicks (Uni et al., 1999). However, once the 

efficiency of bile acid production improves, a diet higher in fat, such as the PC treatment, 

may have increased mucosal production and villus height (Sell et al., 1989; Klasing, 

1989). Sell et al. (1989) reported that birds fed tallow and corn oil at 10% of their diet, 

had increased ADG from 2-28 days over poults fed high carbohydrate, low fat diets. In 

addition, poults with 10% dietary fat inclusion tended to have heavier mucosa at 21 days 

of age.  

 The role of AZ remains inconclusive, but upon first glace enzymatic inclusion 

appears to improve ADG. However, no significant differences were present between the 

NC and the enzyme treatments. One could argue that increasing the amount of corn while 

decreasing SBM in the NC created a more metabolically available diet to the bird as 

compared to the PC. Another enzyme related improvement occurred on day 42 with E 

and P digestibilites improving in those treatments which included enzyme. However, any 

further interpretations are limited by the inclusion of CuSO4 in these diets, which has 

potential to improve performance independent of AZ.  
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SUMMARY AND CONCLUSIONS 

 Average daily gain appeared to improve with the addition of enzyme during 

periods 2A (8-12 d), 3A (12-16 d), A (0-21 d) and B (21-42 d); ADG dropped with the 

addition of enzyme during period 1A. Because previous literature has not reported 

negative outcomes of enzyme inclusion, one can only theorize that the depression in 

ADG during period 1A had to do with the high inclusion of carbohydrate feedstuffs 

compared to fat in the negative control diets. Feed intake increased with the addition of 

enzyme during periods 5A (16-21d), A, and B. Period B was the only period in which 

depressions in FCR were noted with AZ inclusion. A possible explanation for the 

similarity of production between NC and PC fed birds may lie in the birds’ ability to 

quickly adjust to high quality carbohydrate diets. A greater adjustment in the dietary 

matrix may alleviate this problem. Another may be the potential of CuSO4 to interact with 

dry AZ, rendering the enzyme cocktail ineffective.  

 Ileal digestibility of both E and P appeared to be depressed with the addition of 

enzyme during periods 1A, 2A, 3A, 4A, A and B. While literature has reported various 

production and digestibility differences with the addition of AZ, none have reported 

depressions in digestibility. Marron et al. (2001) suggested that CuSO4 negatively 

interacted with dry AZ, though the mechanism by which this depression in digestibility 

occurs is not understood. 

 Morphological measurements observed during this trial revealed no differences 

between dietary treatments. This could indicate that nutrient availability was similar 

across treatments. Furthermore, a lack of response due to increased enzyme levels could 

suggest an interaction with CuSO4.  
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 The effects of AZ1502 on poult production are confounded by a number of 

factors within this trial including stage of production, type of feedstuff, and feed additive 

interactions. However, one goal of this project was to mimic industry production as 

closely as possible. If anything, this trial has successfully highlighted potential problems 

associated with enzyme use in relation to production. 
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