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Abstract:

In mature cereal grains, legumes and oil seeds, the major portion of the total phosphorus is present in
the form of phytic acid (phytate). A mixture of fiber degrading enzyme, proteolytic and phospholytic
enzymes were supplemented to a wheat soybean meal based diets and were evaluated for their
effectiveness in improving the production performance of Broiler chicks and their ability to release the
phytate phosphorus from wheat and soybean meal and expose to endogenous phosphatases present in
the gastrointestinal tract of the chick. Three experiments were conducted. In the first experiment three
varieties of wheat were compared with and without enzyme at 0.1% level. In the second experiment
four different levels of dietary phosphorus were compared with and without enzyme at 0.1% level. In
the third experiment six levels of enzyme mixture were compared. Production performance of chicks
fed diets supplemented with enzyme did not differ from those fed the control diets in all the three
experiments. Level of dietary phosphorus had a positive correlation to fecal excretion of calcium and
phosphorus and Bone Ash content. Enzyme mixture did not have any effect on phosphorus or calcium
excretion. In order to release the phosphorus from phytin in a high fiber diets possibly warrants use of
the phytase enzyme obtained from microbial sources apart from using fiber degrading enzyme so that
the combined effect could increase effective phosphorus utilization from cereal grains and legumes and
better utilization of fiber to improve performance in chicks.
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ABSTRACT

In mature cereal grains, legumes and oil seeds, the major portion of the total
phosphorus is present in the form of phytic acid (phytate). A mixture of fiber
degrading enzyme, proteolytic and phospholytic enzymes were supplemented to a
wheat soybean meal based diets and were evaluated for their effectiveness in
improving the production performance of Broiler chicks and their ability to release
the phytate phosphorus from wheat and soybean meal and expose to endogenous
phosphatases present in the gastrointestinal tract of the chick. Three experiments
were conducted. In the first experiment three varieties of wheat were compared with
and without enzyme at 0.1% level. In the second experiment four different levels
of dietary phosphorus were compared with and without enzyme at 0.1% level. In the
third experiment six levels of enzyme mixture were compared. Production
performance of chicks fed diets supplemented with enzyme did not differ from those
fed the control diets in all the three experiments. Level of dietary phosphorus had
a positive correlation to fecal excretion of calcium and phosphorus and Bone Ash:
content. Enzyme mixture did mot have amy effect on phosphorus or calcium
excretion. In order to release the phosphorus from phytin in a high fiber diets
possibly warrants use of the phytase enzyme obtained from microbial sources apart
from using fiber degrading enzyme so that the combined effect could increase
effective phosphorus utilization from cereal grains and legumes and better utilization
of fiber to improve performance in chicks.




INTRODUCTION

| With increasing cost of production using conveﬁtional cereal grains like corn
and sorghmrn in poultry diets, the poultry industry is turning to unconventional
grains like barle);, oats, rye, and wheat. . The latter is often price-competitive with
other small grains when bread quality standards are not met. Of the four small
grains, wheat has the greatest feed potential due to its high starch and low fiber
content. Although it is difficult to maximize growth performance 'wit‘h these grains;
. compared to highly digestible, high energy-dense diets based on corn, the use of
supplemental enzymes may solve th—e digestibility problem to a certain extent. .

- In the Pacific Northwest and Great Plains states, barley and wheat are grown
_in large quaﬁtities while oats aﬁd rye are grown to a lesser extent. These grains are
readily available. in these areas of the country and are less expensi;'e than corn,
which must be shipped from midwestern markets. Wheat and barley are often used
in poultry diets, but, wet, sticky fecal waste (litter quality)‘ and inefficiency in
performance of birds somewhat restricts their use, even v'vhen they are more cost
effective than corn‘.l Apaft from performance problems, increased excretion of
phosphorus and nitrogen in fecal waste from both poultry and pigs féd small grains

has caused concern in areas of high population densities of aniials and humans.
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Certain enzymes have been tested m poultry feeds as a botential solution for litter
quality and growth problems. Some success in performance has been achieved at
the experimental level, although it remains to be seen if supplemental enzymes will
work as well in commercial operations and in different production environments.

Phytate represents a poi:entially valuéble source of phosphorus for
monogastrics and removai of the phosphate groups deacti;rgtes its apti—nutrient
activity. Phytate hydrolyzing enzymes, phytases, are produced in a variefy of
microorganisms and in limited amounts in monogastric animals (Power and Kahn,
1993); The concept of adding microbial phytase to the feedstuffs of monogastric
animals to effect the rel'ease of phytate phosphorus was described over 25 years ago
(Ware et al., 1967). Recent trials have shown that supplemental microbial phytase
significantly improves phytate phosphorus availability in diets for monogastrics
{(Cromwell et al., 1994). _Although' the commercial production of microbial—derive\d
phytase is now poss'ible, technical difficulties still exist which preclude the
widespréad use of this enzyme in feedstuffs. The main area of concern for the most
commonly used phytase (Aspergillus ficuum phytase) is its behavior under ‘different
pH conditions. The enzynief is unusual in that it has two pH optima; one at 2.5 and
the other at 5.5. It is 48% less active at pH 2.5 than at pH 5.5 (Power and Kahn,'
1993). The second major obstacle is that, while quite thermo-tolerant, pelleting at

70°C reduced the enzyme’s activity by 25%. Pelleting temperatures of 80°C 6r

greater led to unacceptabie loss of activity (Schwarz and Hoppe, 1992).
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LITERATURE REVIEW
Enzymes arnd Their Use in Poultry Diets

The Science of Enzymology

Historical Perspective. The science of enzymolegy began in the early 19th

century with the discovery by Payen Persoz in 1833 that an alcohol precipitate of
malt extract contained a thermolabile substance which converted starch into

fermentable sugars. ‘The enzyme was termed diastase because of its ability to

" separate soluble dextrins from insoluble starch grains. Several enzymes, including

pepsin, poiyphenol oxidase, peroxidase and invertase were identified in the middle

and late 19th century. In 1884, Jokichi Takamine patented the first industrial

-application for an enzyme which he named "Taka-Diastase". This diastatic enzyme

was derived from a mold, Aspergillus oryzae, that was grown on rice. Enzymology
e.volved at a relatively slow pace over the next few years. The term "enzyme" was
first proposéd by Kuhne in 1878 and Emil Fischer developed the conc.ept of enzyme
specificity in 1894. The studies of Fischer resulted in the famous "lock and key"
analogy of enzyme substrate interactioﬁ which is illustrated in the following
equation: |

[Enzyme]+ [Substrate] - [Enzyme-Substrate] =[Enzyme]+ [Product]
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W]';th the acceptance of this concept, quantitative meﬂmds were developed for
describing the action of enzymes. In 1913, Michaelis and Menton derived their
famous mathematical expression which described quantitatively the kinetic behavior
of the enzyme substrate complex (Lehninger, 1975).‘

Several research groups began purifying enzymes in the 1920°s, aithough the.
chemical composition of these compounds remained unknowﬁ-. In 1926 Sumner was
the first to succeed in purifying and crystallizing an enzyme.which released ammonia
from urea. Sumner reported the enzyme (urease) .to be a protein, but it was not
until 1929 that this was acknowledged by the scientific community. Following
Sumner’s publication m 1926, many enzymes were crys\téllized and purified in the
1930°s. In 1959, Koshland introduced the "induced fit" concept of enzyme substrate
combination. The "induced fit" theory retained the Fischer’s concept of
stereospecific conformation between enzyme and cubstcate, but rejected the idea that
the Binding site on the. enzyme was a rigid structure. Koshland proposed that the
presence of substrate near the active sité could cause changes which would bring |
about a closer fit becween substrate and enzyme (Lehninger, 1975).

Enzyme Classification. Enzymes are proteins which are matural catalysts

produce&‘by living 'cclls (Enari, 1983). Underkofler et al. (1958) proi)osed the
following definition of an enzyme: "Enzymes are biocatalysts, produced by ]i‘;ing
cells to bring ab.out specific biochemical reactions generally forming parts of the
metabolic process of the-cel]s. Enzymes are highly specific m their action on

substrates and often many different enzymes are required to bring about, by

[N




concerted action, a sequence of metabolic reactions performed by the living cell. All
enzymes which have been purified are protein in nature, and ma.y or may not
possess a non-brotein prosthetic group".

Enzymes are named aﬁd classified according to their specificity for substrate
and resulting reactions. The letfers "ase" are added‘t'o end of the name of the
substrate upon which the enzyme acts. There are Six groups into which enzymes are
classified, depending upon the reaction catalyzed. These are oxidoreductases,
transferases, hydrolases, lyases, isomerases, and ligases. Each cla‘ssificaﬁon is
further subdivided until enzymes are identified by a chemically meaningful six figure
code. Enzymes are also classified as "endo" or "exo", referring to the way the
.' enzyme attacks the substrate molecule. Endo- enzymes attack the substrate at the
interior bonds, while exo- enzymes approach the substrate from one or the other
ends of the molecule (Dixon and Webb, 1964). |

Enzyme use in industry and agriculture
Historical Perspective

The first serious attempts to use enzymes for industrial purposes in the e_,arly
1900’s met with limited success. This was due largely to a lack of understanding of
enzyme activity. As knowledge progressed with the characterization of enzymes and
an understanding of enzyme Kinetics, abplications were developed for a vaﬁety of
industrial processes. The majority of enzymes currently used m industry i.e.,
pectinases, lipases, carbohydrases, etc. may be described as hydrolytic

depolymerases. The inclusion of proteases and amylases in detergent preparations
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is the single most significant | industrial appﬁwtion of eﬁzymes to date.
Carbohydrases, especially amylases. and pectinases, account for a significant portion
of the remaining market. Glucose isomerase is one of the few nyon-depolymer.ases‘
that is widely used in indus_try (Sears and Walsh, 1993). A .growiﬁg use of enzymes -
is their application to analytical biochemistry as in the analysis for extracfab]le and
nonextractable S-glucans developed by McCleary and Glenﬁie—Holmes (1985).
Various enzymatic preparations have been ﬁsed medically as digestive aides,

such as lactase for lactose intolerance in people. The therapeutic benefit of using

- enzymes for such purposes in humans has been long recognized (Sears and Walsh,

1993). Similarly, the concept of using microbial-derived enzymes in animal feeds to
improve the nut_ritive value of:low quality feeds and the performance of animals
dates back over thirty years. Feeding of partially sprouted barley and rye was
found to increase the nutritive .value‘: of these grains in early 1950’s. The
improvements were possibly due to the activaﬁon of endogenous native enzymes
present in the .seeds.. Two of the éarly attempts in enzyme application to improve
animal feed were made by Jensen et al. (1957) andlB'umett_ (1962), who added crude
amylase and protease preparations to chick(en diets. 'These preparations were later
found to contain B—g{lucanase activity (Rickes et al., 1962). Ware et al.(1967) and .
Nelson et al. (1968) demonstrated the effectiveness of microbial pfo-duced phytase

for increasing the utilization of phosphorus from plant sources by chfckens. As with

the industrial application of énzymes, several factors contributed to failure or low ‘

overall effectiveness of enzymes in these earlier attempts to use them in animal .
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feeds. These factors. included the use of crude enzyme preparations, little
understzinding of ani‘mal_ physiology and feedstuff composition, as well as liﬁle
knowledge of optimal pH for maximum enzymatic activity, and the mode and
Kinetics of the reactions. Confusion also developed because of differences m
response to suppleinental enzymes By different experimental animals.

| Although a greatlamount of research has been performed, it is oﬁly recently

that the true potential of incorporating enzymes into- animal diets has been

appreciated. Goals of enzyme supplementation of animal diets are to remove or -

destroy anti-nutritive factors, enhance overall digestibility, render certain nutrients

biologically available, and reduce the pollution impact of animal excreta (Inborr,

1989). Since the early beginnings, applied research on the use of enzymes in diets .

for poultry and other monogastric animals has greatly intensified.
Subétrate Targets in Poultry Diets

Cereal gfains make up the greatest portion (70 to 80%) of poultry diets in
North America, with the bulk of the rest being soybean meal and other hlgh protein
feedstuffs (USDA, 1992) In the Northern Great Plains and Pacific Northwest states,
wheat and barley are the major cereal grains. Smaller amounts of rye, triticale and
oats are also grown. These crops are referred to as small grains, as opposed to corn
or maize. Althdugh considerable amounts of éorn are used in poultry diets in this
geographical area, it must be imported at substantial cost from the midwestern and
southern states. |

The majority of the components in small grain cereals, as with corn, are
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carbohydrates (> 80%) which are primarily starch and ~nonsiarch ﬁolysaccharide

(NSP) with a small portion (1 to 3%) of free sugars (Henry, 1985). Of the
carbohydrates in small grain cereals, 75% to 90% is composed of starch, with
nonstarch polysaccharides (NSP) making up from 10 to 25% of the total. Alti)lough
'cereal grains provide a significant pbrtion of pl"otein fo poﬁltry diets, the major
nutrient furnished by cereal grains is energy. Dietary eneréy is primarily derived
from starch with smaller amounts coming from- lipids, nonessential amino acids, free
sugars and NSP. Most of the NSP is not digested by monogastrics because they
lack the necessary enzymes in the gastrointestinal tract to do so. That portion of
NSP that is digested furnishes only. a small percentage of the total energy released
from the cereal grains. This is accomplished primarily in the caecum and large A
intestine by microbial ferfne'litation. In many instances, the soluble portion of NSP
in cereal grains _increaseé the viséosity of the digesta thereby restricting nutrient
absorption not oniy affecting the absorption of basic nutrients such as g}ucose, fat
and protein (Fengler and Marquardt, 1988b; Wang, 1992), but the utilization of
calcium, phosphorus and zinc (Southgate, 1987; Gordon, 1990). Under these
conditions soluble NSP are classified as antinutrients.

Two forms of starch are found in cereal grains, amylose and amylopectih.
Amylose is a linear chain of glucose units linked via -(a-1,4 glycosidic bonds\.
Amylopectin, on the other hand, is highly branched. Successive glucose units are
linked via a-1,4 glycosidic 'bonds with branching points ﬁnked with a-1,6 glycosidic

bonds. The NSP of small grain cereals is composed principally of cellulose, mixed
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linked (1-3),(1-4)-3-glucans, commonly referred to as f(-glucans, and pentosans
(arabmoxylans) Covered or hulled barley and oats are the only small grains that
contain significant amounts of cell‘ul'ose.‘ Most of the celtulose in barley and oats is
in the hulls, although small amounts are found in the aléurone and endosperm cell
walls as is the case with Wﬁeat, rye, and triticale. Naked or hulless barley is similar
to wheat and rye in cellulose content. Althm’lgh not a carbohydrate, lignin is
generally included as l’)art of NSP because of its i‘elationship'with cellulose. -
glucans are the major NSP in the endosperm and cell walls of barley and oats. In
barley, B—giucans are found in both the aleurone and endosperm cell walls but in
greater concentrations in the latter. The concentration ;)f B-glucans in barley as well
as their molecular weights vary with genotype (Bengtsson et al., 1990; Xue et al.,"
1991). In contrast to barley, $-glucans in oats are concentrated in the outer portion
of the kernel with considerably less in the endosperm cell walls ‘(Bacic and Stone,
1981). About one-tilird of the endosperm cell wall NSP in barley is arabinoxylan.
In wheét, rye, and .triticale, arabinoxylans are the major NSP with onﬂy small
amounts of (-glucans (Mares and Stone, 1973; Ciacco and D’Appol()nia, 1982;
Henry, 1985). As with §-glucans in barley and oats,. the arabinoxylans of wheat,
rye, and triticale are located in the aleurone and endosperm cell walls ‘(D’Appolén‘ia
and MacArthur, 1976). TW(; types of pentosans have been described in rye
(Bengtsson and Amén, 1990). Pentosan-1 is characterized by single érabinose units
linked 3-(1-3) to the primary xylan 3-(1-4) chain. A second fraction, Pentosan-2 was

isolated and found to contain sequential xylose residues (4-5) that were doubly
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branched at the -2 and -3 positions.

Phytic acid comprises 1.0 to 1.5% of the content of cereal grains and typically

represents from 50 to 80% of total seed phosphorus (Raboy, 1990). Phytic acid is

principally deposited as discrete globular inclusions in single-membrane storage
microbodies referred to as. protein bodies (Pernqllet, 1978; Lott, 1984). In wheat
and barley, the protein bodies contain proteinaceous matﬁx, which surrounds
phytate-rich globoid crystals (Jacobsen et al., 1971; Raboy, 1990). Most of the
phytate (approximately 90%) in wheat (and possibly in barley) is found in the
aleurone, with about 10% found in the germ L(embryo and scutellum). In maize, the
reverse o.ccurs, Witil nearly 90% of the phytate localized in‘ the germ and 10% in the
aleurone (O’Dell et al., 1972). _ T
Enzymes for Substrate Targets m Poultry Diets

The major starch degrading enzymés are o- and B—amyléses, glucoamylases,
pullulanases, and isoamylases (Lehninger, 1975). o-Amylase is an endo-emyme
which splits a-1,4-glucosidié bonds, except for that of maltosé, in an apparently
random fashion. - (-Amylase, .gn exo-enzyme, effects the successive removals of
maltose units from the nonreducing ends of glucose chains in starch. Neither o~ nor
(-amylase éxhibits activity. against «-(1-6) bonds or against (-(1-4) bonds.
Glucoamylase, also known as amyloglucosidase, is an exoenzyme catalyzing the
sequential removal of glucose residues from the nonreducing ends of the gh-lcose
chains, splitting both a-(1;4) bonds and o-(1-6) bonds. Pullulanase and isoamylase

are endoenzymes capable of hydrolyzing a-(1-6) bonds found at the branching points
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in amylopectin. Endoenzymes t-hat.catalyze the hydrolysis of a-(i-6) bonds are
~ called debranching enzymes. Under normal conditi(;ns, starch in cereal grains is
almost completely converted to glucose for absorption by the digestive system.

Cleavage of the 3-(1-4) glycosidic bonds in cellulose requires a combination
of cellulases rather than any specific single enzyme (Sears and Walsh, 1993).
Additionally, lignin encrustation renders access to the glycosidic bonds in cellulose
by the enzymes difficul\t, if not impossible. The most important enzymes that
depolymefize the cell wall 3-glucans are the (1-3),(1-4) ﬁ-giuéan 4 glucohydrolases.
Two (1-3),(1-4)-B-glucan endohydrolases have been purified from extracts of
germinated barley. The optimum pH for these 8-endoglucanases is 4.7, thus they
are not entirely suited to the gastric or intestinal pH of mondgastric animals. The '
complete depolymerization of cell wall arabinoxylans in barley is accomplished by
the con&erted action of endo- and exoxyla;lases, a—arébinofuranosidase, and possibly
xylobiase (Preece and MacDougall, 1958).

The enzyme phytase (mesoinositol hexaphosphate phosphohydrolase) acts on
phytate to yield inositol and orthophosphates (Reddy et al., 1982). Phytase 'occurs
in varying amounts in plants and is produced by yeast, fungi, and bacteria
(Patwardhan, 1937). While the flora of ruminants are well known to produce potent .
phytasgs (Reid et al., 1947) it is less commonly known that phytate hydrolyzin’g
enzymes ‘exist in the intestines of most monogastric animals (Spitzer and Phillips,
1945; Nelson, 1967; Davies et al., 1970; Davies and Motzok, 1972; Pointillart et al.,

1984) including humans (Bitar and Reinhold, 1972). However, these enzymes are




el VA 1 F—TE F | LUl

12

extremely weak and are inhibited by nuirients such as calcium (Power and Kahn,
1993). Cereal grain seeds have active phytases, but these enzyx’neé have pHoptima
ranging from 5;0 to 7.5, making them apparently unsuitable for\use at low stomach
pH values (Power and Kahn, 1593). However, earlier reports indicate that plant
phytases retain their activity under in vitj'o conditions similar to that of tﬁe chick
intestine (Singsen et al., 1944; Courtois, 1945; Mollgaard, 1946).
Present status of E;lzyme abp]ications in pouliry diets

ﬁ-Glucanases and ﬁentosanases are the two major categories of enzyme
supplements that have been extensively researched and _are' currently used
' commercially in poultry‘ feeding syétems with the intent to improve nutrient
utilization, litter quality and (or) egg cleanliness. Of .the iwo enzymes, B—glﬁcanase
has proven in many experiments to be dramatically effective (Hesselmaﬂ et al.,
1982). Pentosanases have shown ‘variable results (Annison, 1992). Pourltry‘ research
reports on the specific effects of other enzyme categories such as ceﬂulases,
pectinases, proteases, lipases, and amylases are limited. Most enzyme additives for
" animal feeds are crude preparations and generally exhibit activity towards a range
of substrates (Campbell and Bedford, 1992). Commercial enzyme products are often
blends of two or more of the enzyme groups and are referred to as "enzyme
cocktails" (H. Graham, personal commninication).

Little scientific evidence supports the use of amylases in poultry diets, even
thoqgh the concept of improving starch digestibility for genetically improved, fast-

growing birds is intriguing. The pioheering studies of Willihgham et al. (1959)
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showed that crystalline émy’lase was ineffective in improving barley diets for poultry
and that the beneficial effects he reported were due to S-glucanase present i the
. crude enzyme mixtufe. .Amylase excretion in the small intestine of poultry is
obviously at such a level that starches are well digested and utilized (Moran, 1982).
It has been postulated by a nﬁmber of authors (See review by Campbell and
Bedford,- 41992) that very young birds could benefit most froin amylases and othér
enzyme suppleménts in the feeds. Such is the case witﬂ B-glﬁcanase_ and
pentosanases', but scientific evidence with other enzyme sy;stems to support this
contention is limited (Campbell and Bedford, 1992). |
Equally intriguing as the idea of using amylases is the concept of using -

cellulase to enhance energy lévels in feedstuffs high in ihsoluble fiber, such as hulled
' bariey, oats or byproducts of the brewing and distilling industries. The process of
enzymatic hydrolysis of cellulose is extremely complex, however, involving many
different cellulase activities. Additionaily, cellulose is rarely found in pure form in
nature (cotton being the exception), especially in feedstuffs.

Currently, phytase is the only enzyme that has the potential to dramatically
improve nutrient utilizatioﬁ in poultry feeds at ;:he same magnitude as that of
glucanases and pentosanases. Given a maximum effect on phytate, the resulting
improvements could exceed that of these two carbohydrases. Whereas the problems
6f (3-glucans are limited to barley and oats, and pentosans to rye and to a lesser
extent wheat, phytate is ﬂniversally present in all plant material. As previously

noted, phytate in feedstuffs represents a major source of ‘phosphorus'for meeting the
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requirements for growth and bone developinent, but as such is almost’ entirely

unavailable for poultry. The fact that phytate is an antinutrient, in that it

irreversibly chelates divalent cations and interferes with amino acid absorption in

the gastrointestinal tract of birds as well as other monogastrics, is sufficient cause
to attempt to remove it from feedstuffs. Additipnally, the fecal excretion of phytate
phosphorus and chelated minerals is a major source of soil and water pollution when
wastes are applied to farm land. - Given these three réasons, improved utilization of
plant phosphorus, removal of an antinutrient and the reduction of pollution, the
successful utilization of phytase should surpass the overall bénefits of any other
single enzyme or enzyme syétem ﬁsed in feeding regimens for monogastric animals, |
including poultry.

The following is a review of the pertinent early research and current reports

on the application of glucanase, pentosanase and phytase to poultry diets.

B-glucanase

‘Supplementation of b;clrley diets with glucanase has been shown to be effective
in improving grdwth rate and feed efficiency of poultry. The greatest benefits have
been shown in young broiler chicks (Elwinger and Saterby, 1987), although feeding
trials to market weight have also demonstrated benefits in older birds (Campbell et
ai., 1984; Classen et al., 1988).’ " As noted previously, in early work with
carbohydraées, enzymes utilized were in crude mixtures. Rickes et. al.  (1962)
obtained a purified glucanase from the enzyme mixture fed earlier by Jensen et

al.(1957); they concluded that B—glucénase was responsible for improvement in
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performance of the birds. Gohl et al. (1978) reported that B-glucanase or water

treatment (mixing with warm water for 2 hours followed by drying) did not
significantly influence the nutritional value of medi@ viscqsity barley. However,
when applied to high ,viscosity barley, $-glucanase or water treatment improved
litter quaﬁty as well as performance of the birds. Hesselmann et al. (1981) showed
that S-glucanase supplementation as a dry powder in the fee& or drinking water of
broiler chicks improved feed consumi)tibn, weight gain, and feed efficiency up to 21
days of age. Dry matter of excreta was increased and cage cleanliness was improved
when tile enzyme was consumed. This and later studies by Hesselmann et al.(1982;
1986) confirmed earlier i;'mdings of Rickes et al. (1962) that 3-glucanase was the
activé enzyme in improving the growth rate and feed efficiency of broiler chicks.

Response to dietary $-glucanase is not uniform among barleys. Early reports

alluded to differences between "Western" and "Eastern" barley (Willingham et al '

1960). Western ‘barley- gave poorer initial growth of broilers, but a larger response
to dietary enzyme inclusion. This difference was attributed by these authors to
possibly higher endogenous enzyme (3-glucanase) levels found in Eastern barley.

Burnett (1966) found that Australian barley had lower endogenous 3-glucanase levels

than Irish barley which corresponded to their feeding value. However, the pH -

optima of endogenous $-glucanases in the barley kernel precludes very little if any
benefit from these enzymes under normal feeding conditions. Absolute viscosity
and (-glucan levels of barley are affected by both genotype and enviromment

(Aastrup, 1979; Hesselman and Thomke, 1982; Hockett et al., 1987; Newman and
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Newman, 1987;1988). Barleys havihg higher levels of 8-glucans always show greai:er

response to glucanase supplementation as measured by improved chick performamce

(Newman and Newman, 1987; 1988; Classen et al., 1988; Campbell et al., 1989).

Although studied much less extensively than barley, oats appear to behave similarly

in .regard tor B—glucan content ahd p-glucanase supplementation (Elwingel_' and
Saterby, 1987; Pettersson et al., 1987; Cave et al., 1990). |
Several studies reported improvement in the absorption of fat, starch,

nitrogen, and amino acids by chicks fed enzyme treated barley (Classen et al., 1988;
Hesseiman and Aman, 1986; Edney et al., 1989; Rotter et al., 1989; Wang, 1992).
The improvement in nutrient digestibility in barl;y is believed to be due to the
reduction of digesta viscoéity by disruption.of the §-glucan molecule. Complete
conversion of (-glucan to glucose by f-glucanase would theoretically increase ‘the
metabolizable energy of barley or oats; however, most researchers conclude that the
major effect .is due to the reduced digesta viscosity.
Pentosanases

| Halpin et al. (1936) concluded that rye was unsuitable for poultry bécause of
reduqed feed consumption and poor growth which was ac'compémied by sticky
droppings. Similar results were found in later studies reported by Wieringa (1967)
and Moran et al. (1969)'. It was then confirmed that nutrient utilization was
depressed in chicks fed rye based diej:s (Misir and Marquardt, 1978a,b,c,d;.
Marquardt et al., 1979; Lee and Campbell, 1983) and the resulting pefformance was

severely depressed.
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Studies by Marquardt et al. (1979) and Antoniou et al. (1980) revealed that

the depression of nutrient digestion, éspecjally that of saturated fat, was due to a
nonspecific ;antinutritional factor in rye. This factor was f(;und to be concentrated
ina waI;er extractable fraction and il; was hypothesized to be a water soluble portion
of the pentosans (F ernandez et al., 1973a; Antoniou and Marquardt, 1981.
Fractionation studies by Antoniou et al. (1981) indicated that the fraction causing
nutrient dépression was water soluble and was in fact rich in pentosans. Reports
of Fengler and Marquardt (1988a,b) confirmed thesg fmdiirlgs. In vitro studies by
Fengler and Marquar&t (1988b) demonstrated that a pentosan-rich fraction extracted
from rye impeded the dialysis of three different salts anci glucose. Digestion of the
pentosan with a crude extract of Trichoderma viride eliminated the viscosity of the
solution and the dialysis rate was normalized. Thése authors further demonstrated-
that nearly all of the antinutritive activity _of rye, as assessed by fat retention, was
_ associated with the pentosan rich isolate. ﬁe causative factor of sticky droppings. '
in poultry consuming barley was determined to be $-glucans which cause excessive
losses of fat (Wang, 1992). The similar problem with sticky droppings from poultry
~ fed rye diets was eliminated by supplemental pB-glucanase and xylanase (Pettersson
and f&man, 1989). These studies and that of GrootWassink et al. (1989), who fed
a crude arabinoxylanase preparation to bréiler chicks, confirmed that the
antinutritive factor in rye grain is a water soluble pentosan. Further, these reports
confirm the efficacy of. peﬁtosanase enzymes for improving the nutritive vaiue of

poultry diets based on rye.
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The pentosans of wheat have also been impﬁ'cafe(i as antinutritive factors for
poultry. Choct and Annison (1990) reported that addition of isolated arabinoxylans
. to broiler chick diet; caused a depression in apparent metabolizable energy (AME)
and growth. It has also been demonstrated that glycanase (glucanﬁse + xylanase)
supplementation of wheat-based broiler chick diets is beneficial (Imborr and-
Graham, "1991), indicating that wheat NSP are deleterious to broiler chick
performance. A recent study showed a strong‘ negative correlation between wheat
(Australian) AME values and the level of water soluble -NSP, which are
predominately arabinoxylans (Annison, 1991). A Ilater repoi't by i:his author_y
provided further evidence that cell wall material of wheat possesées antinutritive
activity which may be reduced by supplementation of diets with glycanase

preparations (Annison, 1992). In this study, supplemental enzymes raised the AME
| of wheat from 14.26 MJ/kg to 15.2 to 15.75 MJ/kg. From studies such as these it
ma); be possible at some futpre date to predict nutritive value of wheat based on
viscosity extracts whicil are directly related to intestinal viscosity created by
pentosans (Choct aﬁd Annison, 1992) as g-glucans in barley (Campbell et al., 1989,
Rotter et al., 1989; Wang et al., 1992).
‘ Phytase

Phytate represents a potentially valuable' source of phosphorﬁs for
monogastric animals because small grain cereals contain relatively high levels of this
compoun(i. Additionally',- soybean meal, the most commoﬁly used source of |

supplemental protein in poultry diets in North America, contains even higher levels
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of phytate than cereal grains (Raboy, 1990). Phﬁate phosphorus, however, must

be released enzymatically inlorder to become available for absorption and utilization
| in animals. As noted previously, low levels o,fv active phytase occur im
gastrointestiﬁal tracts of humans, poultry, and other animals. Wheat, rye, triticale,
and their byproducts, and to a lésser extent barley, were fairly rich sources Y‘of
phytase (McCance and Widdowson, 1942; Mgllgaard, 1946); whereas, oafs, corn,
and soybean meal contained little or no phytase. Recently, Bos (1990) reported thatv
wheat, triticale, rye énd wheat grits contained high levels of phytase‘ ‘while barle;y
contained moderate amounts. Pigs fed wheat- or .barley-based diets require less
supplemental phosphorus than those fed corn- or grain sorghum-based diets to
maximize performancg and bone mineralization (CromWell et al., 1972a, 1974;
1979). These results could have been influenced by thé higher total levels of
phosphorus in these grains compared to that in corn and grain sorghum. However,
other researchers have reported that the availability of wheat or triticale phosphorus
is higher than that of corn for pigs (Pointillart et al., 1984, 1987) al_ld poultr&
(Sauveur, 1989). A review of literature by Nelson (1967) on the utilization of
phytate phosphorus i)y poultry cited widely varying views of researchers up to that |
date on the availability of plant phosphorus. The preponderance of data presented
by Nel;on (1967) indicated that it is questionable whether any portion of phytate
phosphorus should be considered available for utilization by ﬂpoultry. |

Phytate interferenée with mineral absorption is a well documentéd fact in

humans (McCance and Widdowson, 1942; Reinhold, 1971; Reinhold et al.,1973;




, 20
Reinhold et al., 1976; Faramarz et al., 1977) and domestic animals (Mellanby, 1949;

Vohra and Kratzer, 1966; Reinhold et al., 1974; Southgate, 1987). Phytate can form
undigestible chelates with metallic divalent cations such as ziﬁc, magnesium and iron .
(Graf, 1986). The severity of phytate interference on mineral absorption depen&s |
upon several factors: the i)resence and activities of endogenous seed and y‘eas‘t (in
leavened breads) phytases, type of phytate salt, i.e., magnésium, potassium "etc.,
" dietary calcium level, total dietary fiber: level a'nd type (soluble or imsoluble),
presence of vitamin D, species and age of animals (Reinhold et al., 1976; Farah et
al., 1984; Ballam et al., 1985). For several years, it has generally been accepted
among nutritionists that phytase has the potential to enhance phosphorus availability
when added to the diets of nonruminants. Recent studies with pigs have clearly
demonstrated enhancement (Simons et al., 1990; J ongbloed et al., 1990; Ketaren et
al., 1991; Mroz et al., 1991; Lei et al., 1991; Young et al., 1993; Cromwell et al.,
1994; Power and Kahn; 1993). These studies showed one or more of the following
improvements: incréased overall phosphorus digestibility, improved phytate
phosphorus avaﬂabﬂity; increased growth rate, increased feed efficiency, improved
ileal protein digestibility and protein deposition, increased bone strength and
decreased fecal phosphorus. |

Nelson et al. (1968) were the first to réport an improvement in the
availability of phytate phosbhorus in chicks due to supplemental phytasé. The
enzyme, produced by é culi:ure of Aspergillus ﬁcuz.tm (strain NRRI. 3135), was added

to liquid soybean meal and incubated at 50°C for 24 hours. When treated dried
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soybean meal was fed to 1-day old chicks,‘ a conSiderable increase in bone ash was
observed compared to controls receiving no inorganic phosphorus. Thereafter,
| Nelson et al. (19715 demonstrated that supplemental phytase hddéd directly to cilick
diets increased in vivo utilization of phytate phosphorus. The addition of phytase
produced by Aspergillus ficuum to (iiets as a dry powder produced an increase in
percentage.bone ash and increased rate of gain in White Legilom cockerels. Total
hydrolysis of iphytat'e was achieved when 3 g phytase supplement was used per kg.
diet. Chicks utilized phosphorus from phytate as well as supplemental phosphate
from sodiﬁm ortﬂophosphate or S-tricalcium phosphate. ‘Simons et al. (1990)
confirmed findings of Nelson et al. (1968, 1971) in a series of experiments with
broiler chicks fed diets based on. maize and grain sorghum supplemented with
soybean and sunflower meals. Phytase tested by these authors was prodilced by the
same strain of Aspergillus ficuum that was used by Nelson et al. (1968,‘ 1971). The
apparent in vivo availability of phosphorus was improved by aﬂding djfférent levels
of microbial phytase. Growth rate and feed conversion ratio of broilers were

dependent on levels of supplemental phytase. Additionally, mortality was decreased

' in birds fed treated diets.
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STATEMENT OF THE PROBLEM

A great deal of research has been conducted with supplemental enzymes in

barley-, oat-, and rye-based diets, whereas only limited data is available on the use

of enzymes in wheét-based diets. [-Glucans found in oats and barley, and
| arabinoxylans of oats, barley, rye and wheat are known to be anti-nutritional factors
in these grains. These cause an increase in visposity of digesta thus restricting
nutrient absorption from the gastrointestinal tract. This effect aiters absorption of
basic nutrients, such as fat and protein, and the utilization of calcium, phosphorus
and zinc. Supplemental ﬁ-gluca;nase and pentosanases have been reported to
facilitate the digesﬁoq of B-glucans and pentosans in barley-, wheat-, and rye-based
poultry diets resulting .in improved bird performance, improved ﬁtter quality,
reduced nitrogen ahd phosphorus in fecal waste, and reduced mortality (Hesselman
et al., 1982; Petterson and Aman, 1988). | R -
Phytic acid, (myoinositol 1,2,3,4,5,6—hexakisphosphate), is ubiquitously
distr'ibute& throughout the plant kingd‘om and is found in the blood of amphibians,
reptiles, and birds. In plants, phytic acid (phytate) serves as a reservoir for
phosphorus and acts as a metabolic ballast ensuring seed dormancy. Phytate is the

major phosphorus-containing compound in cereals, comprising approximately 70%

of the total phosphorus. Because of its highly ionized orthophosphate groups, it

readily complexes with a variety of divalent cations and proteins in the
gastrointestinal tract of animals. . It is this trait which categorizes phytate as an anti-

nutritional factor because it decreases the bioavailability of proteins and nutritionally
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important minerals such as calcium, zinc, magnesium and iron. In addition to its

anti-nutrient activity, phytate phosphorus is unavailable for use by monogastrics due

to the absence of sufficient levels of endogenous phytase in their digestive tracts

(Power and Kahn, 1993).
| Hypothesis and Objectives

Hypothesis

The presence of arabinoxylan in the cell Wali structure of ' wheat aleurone and
endosperm tissue possibly inhibits the digestibility of starch' and protein by
preventing contact with digestive- enzymes. Fiber degrading emzymes, such as
xylanase may enhance the digestive process by permitting greater enzyme/substrate
contact. | |

The location of phytate in the aleurone layer of wheat kernels, suggests that
the use of fiber-degrading emyﬁ% such as B-glucanase and pentosanase in

combination with phytase, could possibly emhance the activity of the laiter or

endogenous phytases. in the gastrointestinal tracts of monogastric animals.

Objectives

(1) To evaluate the éffectiyeness of a mixture of supplemental xy]anaée, '
protease, and phosphatase on the production performancé of broiler chickens fed
wheat-soybean meal diets, and

(2) To evaluate the ability of these enzymes to release phytate' frdm the plant
cell Wal]s, exposing the co,lln'pound to endogenous microbial phytases present in the

gastrointestinal tract of chickens.
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MATERIALS AND METHODS
Grains, Preparation, Samplfng, Tisme Colleg:tion and Chemical Analyses

Three types 6f wheat were used in this study, hard red spring (HRS), hard
red winter (HRW) and soft white (SW). All were grown near Bozeman MT in 1991.
The HRS and SW wheats were provided by Western Plant Breeders, Inc., Bozeman
MT ‘and the HRW wheat was grown on the Montaha AgriculturallExperiment
Station farm. The three wheats were compared in Experiment 1 with and withouf
enzyme. HRW wheat was .fe;i in Experiment 2 and 3 to test the effect of level of
phosphorus and enzyme mixture. Experiments 1 and 3 were conducted for three
weeks and Experiment 2 for six weeks. Corn was fed iﬁstead of wheat in adaptation
diets. Soybean meal (44% protein), obtained from a local feed supplier, was used |
for supplemental protein in all diets. Prior to incorporatioﬁ into diets, the corn,
wheats and soybean meal were ground through a 3.175 mm hammer mill screen.
For analyses, representative samples of the ground grains and soybean meal were
i‘urther ground in a Udy cyclone sample mill through a .5 mm screen. Analyses of
the grains and' soybean meal included dry matter, ‘protein, ether extract
(Anonymous, 1971), acid detergent fiber, ash, (AOAC, 1980), calcium (Clark and

Collip, 1925), phosphorus .(Fiske and SubbaRow, 1925), phytic acid (HRW wheat;

Raboy et al., 1984), total dietary fiber, insoluble dietary fiber, and soluble dietary ‘
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fiber (Lee et al. 1992). Relative extract viscosity was determihed on 'the wheats as
described by Aastrup (1979).
In Experiments 1 and 3, total fecal collections were performed on days 11,
12, 13, and 18, 19, and 20. In Experiment 2, fecal waste was collected on dﬁys 11,
| 12, 13 and 32, 33 and 34. Representative samples of the fecal material were freeze-
-dried, stored at -20°C for later analyses of dry matter, proteili (AOAC, 1980), ether
extract (Aﬁonymous, 1971), calcium (Clark and Collip, 1925), and phosphorjls
~ (Fiske and Sul;baRow, 1925). In Experiments 2 apd 3, birds were killed by CO2
asphyxiation. Wing bones (radius and ulna) Were taken and analyzed for ash
(AOAC, 1980). Prio;' to analyses, wing bones were cieaned of aﬁ soft tissue, freeze-
dried and defatted with acetone. .
Chicks and Experimental Conditions
One-day-old Hubbard cockerel broiler chicks, obtained from Fors Farms,
| Puyallup WA, were housed in groups in bdttery type cages with wire mesh floors.
Chicks were fed a standard 23% protein con;n-soybean meal diet (Table 1) for three
days before the start of each experiment. During this period the birds were wing
banded for identification. Birds were housed in a room in the MSU Animal
Resource Center with continuous lighting, inaintainéd at‘ 29.’0°C for three yveeks and
24.0° C from three to six weeks where birds were fed to the latter age in experiment
2. Cage temperature was maintained by thermostatically controlled heaters;
temperatures were reduced from start to three weeks from 35°C t0 26.7°C. Cages

were not heated from three to six weeks. Diets and water were provided ad libitum

I's
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for each treatment. Experiment 1 contained four replicates of eight birds per group

for a total of 192 birds. Experiment 2 contained three replicates of 10 birds per

(
group for a total of 240 birds. Experiment 3 contained three replicates of eight

birds per group for a total of 192 birds. Individual body Weights were récor(ied
initially, ﬁgekly, and at the conclusion of each experiment. Fged consumption for
each cage was recorded at the end of each week and at the éﬁd of the experiment.
Birds that died or were removed due to deformed legs during the course of the study
were identified, weighed and the date and cage number recorded. Feed consumed
by chicks that died before completion of experiment was taken into account while
calculating the total feed. intake of each cage group. Feed/gain (F/G) ratio was
calculated weekly for each group and t|'or the overall feeding period.
Experiments and Diets

A total of 192 male Hubbard broiler chicks were used in Experiment ﬂ1 to

determine the influence of wheat type (hard red spring (HRS), hard red winter

(HRW), soft white (SW) with and without dietary supplemental enzymes (Avizyme®, .

Finnfeeds International, Marlborough UK) on average daily gain, average daily feed

intake, feed efficiency, fecal composition, and bone ash. Avizyme is an enzyme

mixture containing xylanase, amylase and protease enzymes. Six wheaf-soybean;

t

meal based rations were formulated to contain 21% protein and 1.2% lysine (NRC,
1984) (Table 1). NRC, (1984) recommended minimum levels of all nutrients were
met or exceeded in all diets. Cornstarch was added in the nonsupplemented diets

to compensate for the enzyme added in the supplemented diets. This experiment
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consisted of chicks in four replicate groups of six dietary treatments in a 3x2
factorial treatment arfangement.

In the second experiment a total of 240 malé Hubbard dz;y old broiler chicl;:s
were used to _determine the influence of four levels of total dietary phosphorus
0.54%, 0.49%., 0.44%, and 0.39%) on a HRW wheat-Soybgan l;ased diet with and
without enzyme xylanase (Table 2) on average daily gain, average daily feed intake,
feed efﬁciency, fecal composition, and bone ash. After three' weeks of feeding, one-
half of i:he birds from each cage were sacrificed for bone analysis and the remainder
killed and bones taken for apalysis at the end of six weeks. This experiment
consisted of 10 chicks in three replicate groups of eigﬁt dietary treatme;lts in a 4x2
factorial arrangement of treatments. .

In Experiment 3,. a total of 192 day old male Hubbard broiler chicks were
used to determine the influence of six levels of an enzyme mixture containing
xylanase, protease and phosphatase enzymes on averages daily gaixi, averages daily
feed intake, feed efficiency, fecal composition, and bone ash. This experiment
consisted of eight chicks in threé replicate groups of eight dietary treatments. Seven |
diets were formulated to contain 0.55% total phospﬁoms with the following enzyme
supplements: Diet 1, negative control with no enzyme; diet 2, 0.0002 % phosphatase;
diet 3, 0.001% phosphatase; diet 4, 0.005% phosphatase; diets 5, 6 and 7 \‘ver,e
prepared as diets 2, 3, and 4 + 0.1% xylanase/protease mixtu_rev+ 0.02% xylanase,
respectively. An eighth diet was formulated to contain 0.67% total 'phosphorus with

no enzyme supplement for a positive control (Table 3).
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Statistical Analysis

Data were analyzed by ANOVA using the General Linear Model procedure
(SAS, 1985). The interaction between wheat type and enzyme supplement was tested
in Experiment 1. In Experiment 2, the data were analyzed for linear, quadratic and

cubic effects. Differences between means were compared by Least-Square Means
. . S

using MSUSTAT (Lund, 1987).




Table I. Percentage composition of diets fed in Experiment I, (as fed basis).

Diet

Wheat*
Enzyme
Wheat
Soybean meal

Com oil

Dicalcium
phosphate

Limestone
Salt

Vitamin/Trace
mineral mixb

Antibioticd
DL-Methionine
Choline chloride
Enzymec

Cornstarch

"HRS=Hard red spring wheat; HRW= Hard red winter wheat; SW= Soft white wheat.
1VitaminyTrace mineral mix (per 454g of mix) Vitamin A, 2,000,000 LU); VitaminD,, 500,000 LU; Vitamin E, 6,000 LU; Vitamin Bl, 2.5mg;
Riboflavin, 1,100mg; D pantothenic acid, 2,000mg; Choline, 70,000mg; Niacin, 7,000mg; Pyridoxine,700mg; Menadione, 600mg; Thiamine, 350mg;

|
HRS
+

58.70

32.00

4.00

1.90

0.50

0.25

2

HRS

58.70

32.00

4.00

1.90

0.50

0.25

0.15

3
HRW
+

58.70

32.00

4.00

1.90

0.50

0.25

4

HRW

58.70

32.00

4.00

1.90

0.50

0.25

0.15

SW

52.70

38.00

4.00

1.90

0.50

0.25

SW

52.70

38.00

4.00

1.90

0.50

0.25

0.15

Folic acid, 180mg; d-Biotin, 30mg; Manganese, 99.9mg; Zinc, 120Jmg; Iron, 154.4mg; Copper, 15.4mg; lodine, 0.14mg; Selenium, O.0Smg.

"Enzyme=Avizyme (xylanase/amylase/protease)-10,000 units/g.

= Terramycin-50 .



Table 2. Percentage composition of diets fed in Experiment 2, (as fed basis).

Diet | 2 3 4 5 6 7 8

Wheat* 56.03 56.13 56.11 56.21 56.28 56.38 56.38 56.48
Soybean meal 32.15 32.15 32.15 32.15 32.15 32.15 32.15 32.15
Com oil 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90
Limestone 1.64 1.64 1.78 1.78 188 188 1.99 1.99
Dicalcium 1.55 1.55 1.33 1.33 1.06 1.06 0.85 0.85

phosphate

L-Lysine 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
DL-Methionine 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Vitamin/Trace 100 1.00 1.00 100 100 1.00 100 100

mineral mixb

Mineral mix' 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
EnZymEd 0.10 0.10 0.10 0.10 - - - -

“Hard red winter wheat.

KVitaminZTrace mineral mix (per 454g of mix) Vitamin A, 2,000,000 LU; Vitamin D3 500,000 LU; Vitamin E, 6,000 LU; Vitamin B1l, 23mg; Riboflavin, 1,200mg;
D-pantothenic acid, 2,000mg; Choline, 70,000mg; Niacin, 7,000mg; Pyridoxine, 700mg; Menadione, 600mg; Thiamine, 350mg; Folic acid, 1gOmg; d Biotin, 30mg;
Manganese, 99.9mg; Zinc, 385Jmg; Iron, 154.4mg; Copper, 15.4mg; lodine, 0.14mg; Selenium, 0.0Smg.

‘Mineral mix (g/kg) - Calcium phosphate dibasic, 500g; sodium chloride, 74g; potassium citrate monohydrate, 220g; Potassium sulfate, 52g; Magnesium oxide, 24g;
Manganous carbonate, 3°g; Ferric citrate, 6g; Zinc carbonate, 1.6g; Cupric carbonate, OJg; Potassium iodate, O.Olg; Sodium selenite, O.Olg; Chromium potassium
sulfate, 0J5¢g; Sucrose, 118g.

‘Enzyme- Xylanase - 10,000 units/g.



Table 3. Percentage composition of Diets fed in Experiment 3, (as fed basis).

Diets I 2 3 4 5 6 7 s
Wheat” 52.865 52.8648 52.864 52.86 52.7448 52.744 52.74 53.685
Soybean meal 38.56 38.56 38.56 38.56 38.56 38.56 38.56 37.06
Com oil 5.20 5.20 5.20 5.20 5.20 5.20 5.20 5.20
Dicalcium 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.70
phosphate
Limestone 2.24 2.24 2.24 2.24 2.24 2.24 2.24 1.72
Vitamin/Trace 0.275 0.275 0.275 0.275 0.275 0.275 0.275 0.275
mineral mixb
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
L-Lysine 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
DL-Methionine 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Enzyme mix-Ic - 0.0002 0.001 0.005 0.0002 0001 0.005 -
Enzyme Hiix-Zd - - - - 010 010 010 -
Enzyme mix-3* - - - - 0.02 0.02 002 -

"Hard red winter wheat.

KVitaminZTrace mineral mix (Per 2500 g). Vitamin B11, IOmg; Riboflavin, 6,000mg; Niacin, 30,000mg; D pantothenic acid, 9000mg; choline chloride, 500,000mg;
Menadione, 4,000mg; Folic acid, 300mg; Ethoxyquin, 56,700mg; Thiamine, 1,000mg; Pyridoxine,l 1000mg; Selenium, 272mg; DL-Methionine, 1,135 g; Biotin,
100mg; Vitamin A, 10,000,000 LU; Vitamin D,, 4,000,000 LU; Vitamin E, 10,000 LU., Manganese, 750mg, Copper, 40mg, lodine, 12Jmg, Zinc, 555mg, Iron,'
417Jmg.

cEnzyme mix-1 - Phosphatase 10,000 units/g.

dEnzyme mix-2 - xylanase/protease mixture, 100 units of each/g.

"Enzyme mix-3 - xylanase 10,000 units/g.



Table 4. Percentage composition of wheats and soybean meal as analyzed on dry matter basis.

Experiments | and 2

Wheats/ Dry Protein Ether  Ash Acid Total Viscosity@
Soybean matter extract detergent dietary

meal’* fiber fiber

SW 91.7 8.4 1.7 15 2.5 102 0.93
HRS 91.0 12.0 2.2 1.4 3.4 11 0.99
HRW 90.7 12.1 18 1.4 2.8 108 0.96
SBM 91.5 46.6 1.0 6.1 5.3 20.5

Experiment 3

Dry Protein Ether Ash Calcium Phosphorus Acid Total
matter extract total phytate detergent dietary
fiber fiber
HRW 92.9 12.0 1.9 1.7 0.03 0.36 0.25 3.3 116
SBM  90.6 44.5 12 5.8 0.16 0.66 0.46 4.3 20 2

‘SW = soft white wheat; HRS= hard red spring wheat;HRW= hard red winter wheat; SBM= soybean meal.
gCentipoise units.
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RESULTS
Experiment 1

Diets fed in Experiment 1 .contained appfoximately 91% dry matter, 20%
protein, 5.0% ether extract (fat), 3.5% acid detergent fiber, 5.7% ash (Table 5).
Diet composition was relatively cbnsistent among all diets. Performance of the
chicks is shown by main effect in Table 6 and by diet treatments in Table 7. |

There were no significant differences in chick pérformance due to wheat type
or enzyme supplement although chicks fed the SW wheat diets tended to have
heavier body weights at days 7, 14 and 21. This difference was a reﬂectiqn of a
tendency for faster rate of gain of these chicks compared to those fed the other two
wheats (Table 6). Feed consumption was not numerically different, thus the
feed/gain ratios of chicks fed the SW wheat tended tq be lower than those for chicks
fed the HRS and HRW wheats throughout the experiment. Numerical differences
in performance' data of chicks fed enzyme supplemented and n(;nsupplemented
control diets were small.

Composition of feces produced by chicks at two and three weeks of age fed
diets pl;epared with three types of wheat with and without supplemental enzymes are
shown in Table 8. Wheat type and enzyme supplement had no.signiﬁcant effect on
the amount of feces excreted nor on the composition of the feces. _

Analysis of the performance and fecal data by Analysis of Variance uéing
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Least Significant Differences to differentiate between diet means for the three wheats

(HRS, HRW and SW) with (+) and without (-) enzyme supplement (Enz) ar\e shown
in Tables 8 and 9 respectively. Chick body weights differed (P < 0.05) a;mong diet
treatments on days 7,14 and 21 (Table 8). On day 7, average body weight was
highest in chicks fed SW+Enz and SW—Eﬁ, lowest in those fed HRS+Enz,
intermediate in the rest of the treatment groups. On dgy 14 and 21, chicks fed
SW+Enz had the highest weights and thése fed HRW+Enz h.zid the lowest Iweights.
Avei'age daily feed intake differed (P <.05) among the diet treatments. Feed intake
was lowest for chicks fed HRS+Enz, highest for those fed SW-Enz with other
treatments similar to each other at ﬁay 7. At day 14, intake was highest for chicks
fed SW-Enz with other treatments similar to each other. Average daily feed intake
at day 21 was highest for chicks fed diets HRS-Enz, HRW-Enz, SW+Enz and SW-
Enz while those fed HRS+Enz and HRW+Enz were lowest. Average daily body
" weight gain was lowest for chicks fed ﬁRS‘+Em, highest for those fed SW+Enz,
with other treatﬁenﬁ intermediate on Day 7. On day 14, gains were highest for
chicks’ fed SW+Enz & SW-Enz,.lowest for those fed HRW -+ Enz. By day 21, weight
gains of chicks fed HRS and HRW diéts were similar to each other. Chicks fed SW
had higher gain than those fed HRW + Enz but similar to those fed HRS +Enz, HRS-
Enz and HRW-Enz diets.‘ Feed conversion ratio was ﬁighest for chicks fed HRS- ‘
‘Enz, HRW+Enz, HRW-Enz diets .an‘d lowest for those fed SW+ Enz,vSW-Eni and -
HRS+Enz diets at day 7. By day 14, chicks fed SW+Enz and HRS+Enz diets were -

lowest while those fed HRW-+Enz, HRW-Enz, SW-Enz, HRS-Enz diets were
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similar to each other. Chicks fed HRS-Enz diet had feed conversion similar to all

treatments except chicks fed SW+Enz diet. There were no differences in feed
conversion ratio among treatments by day 21.

Total fecal excreta differed (P<0.05) among the diets (Table 9). Excretion

) A
HRW+Enz at 2 weeks of age (Table 9). At 3 weeks of age the highest value was

was highest m chicks fed SW-Enz diet and lowest in those fed diet HRS+Enz and

seen in chicks fed SW-Enz and HRW+Enz diet, while the lowest was recorded for _
t]iose fed SW+Enz diet. Botil at 2 and 3 weeks, enzyme treated groups tended to
excrete less total feces than the control groups although the di;fferences were not
significant (P> 0.05). | Percentaggi dry matter and protein in the feces did not differ
among treatinenfs at either the second or third week. During the second week, fecal
ash differed (P<0.05) ambng the chicks; those fed the HRW+Enz diet had the
highest fecal :;sh, and those fed HRS-Enz diet had the least fecal ash,

During the third week, feces of chicks fed SW+Enz & SW- Enz diet differed
(P<0.05) in e'ther.extract from those fed diets HRW and HRS diets. Chicks fed
HRW+Enz diet ha& the highest (P <0.05) fecal ash, and those fed SW-Enz had the
Jlowest fecal ash. |

Experiment 2.
Diets fed in Experiment 2 contained 90 to 91% dry matter; and
approximately 21% protein, 6.5% fat (ether extract), 11.6% total dietary fiber, 6.2%
ash, 1% calciﬁm and 0.46% total -phosphorus (Table 10). Diet composition was

relatively consistent among all diets. Performance of the chicks is shown by main
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effect in Table 11 and by dietary treatments in Table 12.

Analysis of tﬁe data for linear, quadratic and cubic effects of dietary
phosphorus level are shown in Table 11. Dietary phosphorus level had a ‘sign'ificant'
linear effect (P <0.05) on chick body weight, average daily feed intake, and average
| daily gain at both 21 day and 42 day periods, while there was a significant linear
effect (P <0.05) on feed/gain ratio at the 21 &ay period. The;'e were no differénces'
(P>0.05) in the feed/gain ratio at 42 days. There was no effect (P>0.65) due to
supplemental enzyme at any level of phosphorus although chicks fed the enzyme
tended to have the lowest feed/gain ratio on day 42.
Chick performance data comparing the level of dietary phosphorus with and
without supplemental enzymes is shown in Table 12. At 21 days, chicks fed 0.44%
total phosphorus with enzyme suppiement had the highest body weight, and 0.49%

total phosphorus control group had the lowest body weight with rest of the

treatments having intermediate values. Except for the low phosphorus group

(0.39%) all the other groups with enzyme supplementation had similar body weights

compared to'their controls. At 42 days, the 0.44% phosphorus with enzyme
supplementation group had the highest body weight and the low phosphorus control
group had tﬁe lowesi body weight, except chicks fed diets 4,5,6. Other treatment
combination had intermediate results. Chicks fed with various diets differed
(P <0.05) in average daily feed intake, average daily Weigﬂt gain and feed conversion
ratio both at 21 days and 42 days (Table ;2). At 21 days of age, chicks fed diet 4

(containing enzyme supplement) had the lowest feed intake and lowest weight gain
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compared to all other diet treatments. Chicks fed diet 6, with 0.49% phosphorus

and no enzyme supplementation, had higher feed intake than those fed diets 3,4,7
. and 8. At the end of 42 days ‘the same trend was observed with chicks fed the
enzyme supplementéd diet with 0.39% phosphorus (diet 4) having the lowest feed
intake and those fed the high phosphorus contr(;l diet witﬁ 0.54% phosphorus (diet

5) with the highest feed intake. Chicks fed various diets différed (P<0.05) in body

weight gain with high phosphorus control diet (diet' 5) having higher gain than those

fed diets 3,7,8 and those fed the low phdspho'rus enzyme supplemented diet (diet 4)

having the lowest gain at the end of 21 days. At 42 days, chicks fed diets 1,3 and
5 had the highest gains aﬁd those fed diets 2,4 and 8 had the lowest gaiqs. Chicks

fed the high phosphorus diet with enzyme (diet 1) had a better feed conversion ratio |
(P<0.05) than those fed diet 8 at 21 dziys, while at 42 (iays, those fed diet 6 had a

higher feed conversion rafio than those fed diets 4,5 and 7. The enzyme supplement

did not influence the feed con‘;ersion ratio, regardless of phqsphorus level.

Effects of dietary phosphorus level and supplemental enzyme§ on. fecal
excretion and composjtion are shown in Table 13. There were no significal‘lt‘effects
(P>0.05) in fecal weight, percentage dry matter, ether extract or ash due to
phosphorus level or supplemental enzyme. There were, however, significant effects
in the percentage of fecal calcium and phosphorus due to diet treatment. Feces from
chicks fed the low phosphorﬁs diet (0.39%) contained a higher (P> 0;05) percentage
of calcium at 21 days. At 42 days., however, feces from chicks fed the intermediate

dietary.phosphorus levels (0.49% and 0.44%) contained more (P < 0.05) calcium than
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the feces from those fed the high and low dietary phosphorus levels. Fecal

phosphorus was neot significantly affected by dietary phosphorus level at 21 days
although there was a tendency for the feces from chicks fed the»‘ highest level of
phosphorus to contain inore bhosphorus. At 42 days, feces f;Om chicks fed the high
ph;)sphoms diet contained more P>0.05) phosphprus than those fed the other three
diets. Feces from chicks fed the 0.49% phosphorus | diet were intermediate in
phosphorus and higher (P <0.05) than feces from those fed the iow phosphbrus diet.
The percentage of calcium in feces from chicks fed the suppiemental enzymes

teﬁded (P>0.05) to be higher than that in feces from chicks fed the control diets at

| L) A RO ST T

day 21. This difference was continued at day 42 and was significant (P <0.05). The .

supplemental enzyme had no effect (P> 0.05) on perceﬁtage fecal phosphorus at day
21 or 42. .

Total fecal éxcreta differed (P <0.05) among the diets at three weeks (Table
14) with the highest excretion occurring from chicks fed diets 2, 5 and 6. The lowest

excretion occurred in those fed diet 4. At all levels of phosphox_'us,' there was no

difference between the elizyme treated and untreated groups in the amount of feces

excreted. During the second collection at six weeks, chicks fed diet 5 had the highest
fecal excretion while those fed diet 2 had the least amount of fecal excreta.
No differences occurred in fecal dry matter between treated and control
grou;;s at all levels of dietary phosphorus both at three and six weel;S of age.
Chicks fed low phosphorus' diet 4 with enzyme differed (P<0.05) in fecal

calcium excretion from the rest of treatments at three weeks (Table 13). At six
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weeks both the pi'esence of enzyme and phosphorlis level in diets inﬂuenced fecal

calcium excretion. Feces from chicks fed various diets differed (P <0.05) in amount
of calcium excreted. Chicks fed diet; 6 and 7 had low values and chicks fed enzyme
supplemented diets 2 ;and 3 had high valﬁes with the rest of the treatments having
intermediate values (Table 13).

Feces from chicks fed various diets differed (P<0.05) in fecal phosphorus
excretion, with chicks fed diets 1 and 5 having highest values and those fed diets
3,4,7 and 8 registerihg lowest values at the end of three weeks (Table 13). At 42
days the differences were more distinct with low phosphorus digts (0.39% phos)
having lower values for fecal p‘hosphorus, while feces for chicks fed high phosphorus
diets (0.54% phos) had the highést values (Table 13). Enzyme supplementation had
no effect on phosphorus excretion:regardless of phosphorus level.

At 21 days, chicks fed control diet 7 had the lowest bone ash % and the
enzyme supplemented diet containing 0.49% phosphorus had the highest bone ash
% (Table 15). Other treatment groups had similar ésh values. At 42 days, chicks
fed the control diet 7 differed (P <0.05) in bone ash from all other treatmfnts except
those fed diet 8. Bone from chicks fed diet 3 with enzyme supplement ilad higher
bone ash % than those fed the unsupplemented counterpart diet (diet 7). Althougil
the differences were not significant, boﬂes from birds fed the enzyme supplemented
~ diets at both 21 and 42 days of age contained a greater pércentagé of ash than those
fed the diets without ﬂ_le enzyme supplement. Average bone ash percentage from

enzyme supplemented and unsuppleniented diets at 21 and 42 days of age were
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50.8% vs 46.1% and 54.0% vs 51.5%, respectively.
Experiment 3

Diets fed in Expériment 3 contained approximately 91% dry matter, 6.0%
ether extract (fat), 22% protein, 12% total dietary fiber, 7% ash, 0.90% calcium and
0.55% phosphorus with the exception of die,t 8 which coﬁtained 0.67% phosphorus
(Table 16). )

No differences occurred m _ chick body weights among the enzyme
supplemented groups (diets 2,3,4,5,6 and 7) (Table 17)._ Growth rate of enzyme
supplemented chicks, as indicated by body weights and average daily gains, were not
significantly different (P> 0.05). from those chicks fed the low phosphorus control
diet. Body weights, however, tended to be the heavier in chicks fed the enzyme
supplemented diets at each weigh period (days 8, 15 and 22) except for those fed diet
8 on day 8. Chicks fed the high phosphorus control diet had (P{ 0.05) higher body
weights at all the three weigh periods. | Average daily feed intake of chicks did not
differ (P> 0.05) among enzyme treated groups. The group fed the high phosphorus
diet (diet 8) had higher daily feed intake and produced higher average daily gain

than those fed the other diet treatments in each of the three periods. Feed

conversion ratio did not differ (P>0.05) between any of the eight diet treatment

groups at the end of the experiment although chicks fed diet 8 differed significantly
from rest of the treatments during the first two weeks (Table 17).
At 2 Weeks, the amount of fecal excreta was similar for all enzyme

]
supplemented groups (Table 18). However, during second collection at three weeks
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of age, a significant difference (P <0.05) occurred among chicks fed diets i, 6 and
those fed 'diet 3, 8 (about 160 g) in the amount of excreta (Table 18).

Fecal fat, fecal dry matter, and fecal ash values were similar among
treatments during both the second week and third weeks (Table 18).

Calcium excretion was highest (P< 0.05) in chicks fed diet 2 and 3, compared
to those fed diets 1 and 4, but was not different (P> 0.05) aﬁong the other diets at
two weeks of age (Table 18). Chicks fed the low phoéphorus control diet tended to
excrete less calcium followed by those fed the high phosphorus control diet. At the
three week sampling time, chicks fed diet 2 produced feces with higher calcium
values in the excreta than those fed diets 1, 4 and 5 (Table 18).

Fecal phosphorus values were not different ahlong treatments during the
second week but during the third week phosphorus excretion was highest (P < 0.05)v
in feces from those fed diets 2,5,7 and 8 ;ompared to that in feées from chicks fed
diet 4.

Bone ash % was higher (P<0.05) in bones frbm chicks fed the high .
phosphorus control diet (diet 8) than in those fed diets 2,3,4,5 and 6 (Tabie 19).
Bone ash from chicks fed diét 7 were intermediate and not differeﬁt in bones from

chicks fed the control diet nor from that of ahy of the chicks fed the other diets.
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Table 5. Percentage composition of diets fed in Experiment I, as analyzed.

Wheat” Enzymeb Dry Protein  Ether Acid Ash
matter extract detergent
fiber
HRS + 91.3 20.3 5.2 3.6 5.5
HRS - 91.5 20.3 5.1 3.8 5.6
HRW + 91.1 20.2 5.0 3.6 5.5
HRW - 914 20.2 4.9 2.9 9.5
SW + 92.2 20.3 4.9 3.3 6.1
SW - 92.5 20.5 4.9 3.8 6.0

&DRS= Hard red spring wheat; HRW = Hard red winter wheat;
SW= Soft white wheat.

Enzyme supplement: + = With Avizyme; - = Without Avizyme.



Table 6. Growth performance of broiler chicks fed diets prepared with three varieties of wheat
with and without Enzyme supplement in Experiment 1.

Type of Wheat: Enzymeb CVc, %
HRS HRW Sw + -

Chick body weight, g

Day 7 195.1 197.5 205.5 198.7 200.0 3.0
Day 14 423.8 410.9 439.1 422.7 426.5 2.7
Day 21 741.0 730.3 769.1 741.7 751.8 3.9

Average daily feed intake, g

Day 7 28.0 29.7 30.2 29.5 30.5 3.6
Day 14 38.2 38.7 37.4 38.6 41.0 3.3
Day 21 50.3 52.7 50.9 52.8 53.3 5.9

Average daily gain, g

Day 7 19.2 19.6 20.7 19.8 19.9 4.2
Day 14 26.0 25.0 27.1 25.9 26.2 3.2
Day 21 32.4 31.9 33.8 32.4 32.9 4.2

Feed/gain ratio , g/g

Day 7 1.50 1.52 1.45 1.48 1.50 3.3
Day 14 1.48 1.52 1.47 1.47 151 2.3
Day 21 1.59 1.63 157 1.58 161 4.3

1HRS=Hard Red Spring wheat; HRW=Hard Red Winter wheat; SW=Soft White wheat
b+ = With enzyme; - = Without enzyme
"Coefficient of variation



Table 7. Composition of feces produced by chicks at two and three weeks age fed diets
prepared with three types of wheat with and without enzyme supplement in Experiment 1.

Type of wheat* Enzymeb CVt,
HRS HRW SW + -
Fecal weight, g
Day 14 294.3 352.0 334.2 309.7 343.9 8.9
Day 21 512.3 618.9 562.2 529.2 600.0 133

Dry matter, %

Day 14 37.3 38.8 34.4 37.0 36.6 2.73
Day 21 37.7 37.6 33.8 36.5 36.2 3.86

Ether extract, %

Day 14 2.4 2.3 2.3 2.3 2.3 6.5
Day 21 2.8 2.8 2.4 2.6 2.7 7.1
Protein, %
Day 14 31.0 31.6 30.2 31.0 30.9 3.9
Day 21 31.4 31.3 31.3 315 311 4.0
Ash, %
Day 14 14.0 14.8 14.3 145 14.2 3.7
Day 21 14.0 14.7 14.8 14.9 14.0 3.6

aHRS=Hard Red Spring wheat; HRW=Hard Red Winter wheat; SW=Soft White wheat
b+ = With enzyme; - = Without enzyme
'Coefficient of variation.



Table 8. Growth performance of broiler chicks fed diets prepared with three types of wheat
with and without enzyme supplement in Experiment 1.

Wheatd HRS HRW SW

Enzyme’ + - + - +

Chick body weight, g

Day 7 193.4* 196.7*" 197.Qkc 198.0"* 205.7C 205.4™"
Day 14 424.4lx 423.2"c 405.3* 416.4*" 438.5" 439.0"
Day 21 744.4%" 737.7" 710.3* 750.3*"* 770.7" 767.4"

Average daily feed intake, g

Day 7 28.0* 29.7" 30.2" 29.3*" 20.5%" 30.5"
Day 14 38.2% 38.7* 37.4* 38.8* 38.6* 41.0"
Day 21 50.3* S1Jke 50.9*"* S1Jke 52.8™* 53.3"

Average daily gain, g

Day 7 19.0* 19.5%" 19.5"* 19.6"* 200" 2.7
Day 14 26.0c 25.9"c 24.6* 254" 27.0" 27.1"
Day 21 32.6*" 32.2%" 31.0* 32.8*" 33.8" 33.7"

Feed/Gain ratio, gig

Day 7 147+ LSSke LSSc 1.49"c 1.42* 147+
Day 14 147+ 1.49"c 1.52c 1.53c 1.43* 151"
Day 21 1.55 1.63 1.65 1.61 1.56 1.59

axValues in same row with different superscripts differ significantly

due to diet treatment, P<0.05.

cHRS=Hard red spring wheat; HRW=Hard red winter wheat; SW=Soft white wheat.
‘Enzyme supplement: + = With enzyme; - = Without enzyme.



Table 9. Composition of feces produced by chicks at two and three weeks age fed diets prepared
with three types of wheat with and without enzyme supplement in Experiment I.

Wheatd HRS HRW SW
Enzyme’ + + +
Fecal weight,
Day 14 292.8" 295.8“ 364.0x 340.0b 272.5" 395.9"
Day 21 493.Pb 530.6ab 647.4C 590.5""* 446.3' 678.0""
Dry matter, %
Day 14 37.8 36.7 37.6 39.9 35.5 33.2
Day 21 38.3 37.1 36.8 38.4 34.4 33.1
Ether extract, %
Day 14 2.3 2.4 2.3 2.3 2.2 2.3
Day 21 2.7 2.8 2.8 2.8 2.4 2.4
Protein, %
Day 14 31.4 30.6 315 31.7 30.0 30.3
Day 21 31.3 315 31.7 30.9 31.6 31.0
Ash, %
Day 14 14.2dx 13.gr 14.9C 14.7"* 14.4dx M:ld
Day 21 14.6kx 13.3' 15.31 MG 147 148"

axValues in same column with different superscripts differ significantly due to diet treatment, P <0.05.
HRS= Hard red spring wheat; HRW= Hard red winter wheat; SW= Soft white wheat.
‘Enzyme supplement: + = With enzyme; - = Without enzyme.



Table 10. Percentage composition of diets fed in Experiment 2, as analyzed.

Diet.  Enzymeb Dry Protein Ether  Total Ash Calcium  Phosphorus

matter extract Dietary
Fiber
| + 92.1 216 6.7 118 6.4 0.94 0.54
5 - 91.7 214 6.7 114 6.2 0.92 0.54
2 + 90.9 20.9 6.6 112 6.2 0.95 0.49
6 - 911 21 .2 6.5 116 6.4 0.98 0.49
3 + 90.4 211 6.4 12.1 6.2 0.99 0.44
7 - 90.5 21 .2 6.5 114 6.2 0.96 0.44
4 + 91.3 211 6.0 115 6.2 1.00 0.39
8 - 90.1 20.9 6.2 11.3 6.1 100 0.39

‘Diets 1&5=0.54% phosphorus; diets 2&6=0.49% phosphorus; diets3&7=0.44%
phosphorus; diets 4&8=0.39% phosphorus.

[Enzyme supplement: + = With xylanase; - = Without xylanase.



Table 11. Growth performance of Broiler chicks fed differing levels of phosphorus with and without an
Enzyme supplement in Experiment 2.

Level of Phosphorus, % Enzymeb CVc, %

.54 49 44 .39 +
Chick body weight, g

Day 21 683.1 632.7 550.7 505.0 553.2 632.6 16.0
Day 42 2112.0 1891.5 1882.0 1733.7 1902.3 1907.2 5.0

Average daily feed intake, g

Day 21 47.2 47.3 43.8 40.5 434 46.1 45
Day 42 123.6 116.7 110.4 101.7 111.6 114.6 8.6

Average daily gain, g

Day 21* 30.6 29.9 27.1 24.3 27.2 28.8 6.2
Day 42* 66.4 57.6 59.7 54.3 59.9 59.0 7.2

Feed/gain ratio, g/g

Day 21* 1.55 1.58 1.62 1.67 1.60 1.60 4.2
Day 42 187 203 185 1.88 1.86 195 8.0

“Significant linear effect due to level of dietary phosphorus, P<0.05.
b+ = With enzyme; - = Without enzyme.

Coefficient of variation.



Table 12. Growth performance of Broiler chicks fed differing levels of phosphorus with and without an Enzyme supplement
in Experiment 2.

Diet | 2 3 4 5 6 7 8
Phosphorus, % .54 49 44 .39 .54 49 44 39
Enzymef + + + +

Chick body weight, g

Day 21 SSiUke 529.Sd 707.2" STLSIkx 595.8dx 428.01 669.5lx SSJ.CGix

Day 42 2070.6ck 1920. Shd 2153.3* 1843.3» 1843.41kx 1774.8lb 1939.8dd 1692.6*
Average daily feed intake, g

Day 21 46.0ld 45.8hd 42.8" 38.8" 48.4d 48.9" 44] Iz 42.3Ib

Day 42 T | o> 109. llke ILLTax I0LSa 125.3" 124.2 107.11b 101"

Average daily gain, g

Day 21 30. 1k 29. lak 26.34x 23.3* 31.1' 30.7¢ J7 Shd 25.4lb

Day 42 SSJd 56.41b SOJ STJab S7.4d SSJikk SSlkk S1J.
Feed/Gain ratio, g/g

Day 21 1.54, LSTab 1.64lb LSSIb LSSa 1.591b 1.Sldb LSTb

Day 42 'STIb 194|b LSTd) L'|_|'1 1.861 2.12 " 1.82" 19961)

lbockValues in same row with different superscripts differ significantly due to diet treatment, P <0.05.
fEnzyme supplement: + = With enzyme; - = Without enzyme.



Table 13. Composition of feces produced by chicks at 3 and 6 weeks age fed diets prepared with differing
levels of phosphorus with and without an Enzyme supplement in Experiment 2.

Level of Phosphorus, % Enzymed CV*, %
.54 49 44 .39 +
Fecal wt, g
Day 21 449.0 472.2 355.7 304.8 368.4 422.4 23.7
Day 42 724.0 547.3 544.5 426.6 520.2 600.9 30.7
Dry matter, %
Day 21 34.9 31.7 34.7 32.9 33.9 33.2 12.0
Day 42 28.5 29.7 31.1 325 30.5 30.4 14.0
Ether extract, %
Day 21 3.0 2.9 2.9 2.8 2.9 2.8 2.1
Day 42 2.7 3.1 3.0 2.9 3.0 2.9 21
Ash, %
Day 21 16.0 16.1 16.1 16.9 16.3 16.2 4.0
Day 42 17.8 17.2 17.3 17.3 17.6 17.2 3.9
Calcium, %
Day 21 0.98" 0.92" 1.01b 152* 1.18 1.04 15.3
Day 42 0.59" 0.90* 1.19* 0.49" 1.30* 0.29" 54.4
Phosphorus, %
Day 21 141 1.29 1.17 1.17 1.26 1.26 3.5
Day 42 1.70* 1.49" 1JOc 1.20= 1.43* 1.42* 4.9

axValues in same row with different superscripts differ significantly (P<0.05) due to diet treatment.
d + = With enzyme; - = Without enzyme.
* Coefficient of variation.



Table 14. Composition of feces produced by chicks at 21 and 42 days age fed diets prepared with differing levels of
phosphorus with and without and enzyme supplement in Experiment 2, on a dry matter basis.

Diet | 2 3 4 5 6 7 8
Phosphorus, % .54 49 44 .39 .54 49 44 .39
Enzyme* + + + +
Fecal wt, g
Day 21 398.Slkc 4457 350.8“* 278.5* 499.2* 498.6* 360.6** 331.0°
Day 42 673.Cod 372.3“ 605.3"*" 430.3* 774.8" 722.3*" 483.74"*" 422.9*"
Dry matter, %
Day 21 37.5 31.4 35.0 31.7 32.2 32.0 34.4 34.1
Day 42 e 297 30.6 30.2 31.6 27.3 28.8 31.9 335
Ether extract, %
Day 21 2.97 3.03 2.86 2.79 2.95 2.82 286 2.73
Day 42 2.77 3.01 3.21 2.83 2.71 3.16 2.83 2.89
Ash, %
Day 21 15.8* 15.9*¢ 15.9* 175" 16.1* 16.2* 16.3“ 16.3
Day 42 18.2* 17.2d 17.2* 17.9* 17.4* 17.1 17.3*" 16.8
Calcium, %
Day 21 0.93" 100" 0.91¢ 188" 1.03% 0.84* 1.13% 1.16*
Day 42 0.73" 1.6 * 2.26" 0.56" 0.45“" 0.14* 0.13“ 0.43“
Phosphorus, %
Day 21 1.40% 1.29" 1.16* 1.20" 1.42* 128" 1.18* 1.15*
Day 42 174" 1.46* 1.30" 120" 1 1.52* 1.30" 120"

Ibedvalues in same row with different superscripts differ significantly due to diet treatment, P<0.05.
‘Enzyme supplement: + = With enzyme; - = Without enzyme.
IExpressed on dry matter basis.
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Table 15. Percentage bone ash of chicks
at three and six weeks age in Experiment 2.

Diet Enzymec Bone ash

Phos. 21 days 42 days
(%) (%) (%)

1 .54 + 509" 53.9"

5 .54 - 46.0b 53.6"

2 .49 + 517 53.9"

s .49 - 47.2"'b 52.8"

3 .44 + 50.Gb 54.4"

7 .44 - 451" 48.7"

4 .39 + 50.6"'b 53.6b
s .39 - 46.0""b 50.9'

ibvalues in same column with different superscripts
differ significantly due to diet treatment, P<0.05.

Enzyme supplement: + = With enzyme;
- = Without enzyme.
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Table 16. Percentage composition of diets fed in Experiment 3, as analyzed.

Dieta Dry Protein Ether Total Ash Calcium Phosphorus
matter extract  dietary
fiber
| 90.8 222 6.0 12.1 7.2 0.76 0.55
2 90.8 222 6.0 122 8.0 1.08 0.55
3 915 22.4 6.0 12.4 7.4 0.89 0.55
4 914 22.4 6.2 122 7.0 0856 0.55
5 91.3 226 6.0 11.9 7.2 0.74 0.55
5 91.5 224 6.0 12.0 7.4 0.94 0.55
7 91.6 228 6.2 118 7.5 0.83 0.55
8 91.9 22.5 6.3 115 7.4 0.89 0.67

“See footnote on Table 3 for explanation of diet supplements.



Table 17.

Enzyme’

Dietd

Day s
Day 15
Day 22

Day s
Day 15
Day 22

Day s
Day 15
Day 22

Day s
Day 15
Day 22

Growth performance of broiler chicks fed differing levels of supplemental enzymes in Experiment 3.

- +
| 2
250.4“ 262.4“
475.4* 497.0
772.3% 832.9
30.6“ 31.7¢
52.6“ 53.4%
72.0¢ 79.0'b
21.5% 23.3*
32.4% 33.5¢
42.4% 45.9
1.42¢ 1.37¢
1.62* 1.59*
1.69 1.72

+

260.0*
500.8*
809.6“

31.9
53.6“
79.3'b

229"
34.4
441

1.40*
1.55%
1.80

+ +

4 5

Chick body weight, g
256.3" 255.4%
498.2* 494.4%
817.5* 812.4%

Average daily feed intake, g

32.0¢ 31.4*
53.7 51.7¢
77.0'D 80.1b

Average daily gain, g

22.7¢ 22.3%
34.6“ 34.1%
447+ 45.4*

Feed/gain ratio, g/g

1.43* 1.42*
1.55% 1.51
1.73 1.79

arValues in same row with different superscripts differ significantly
due to diet treatment, P<0.05.

dSee footnote on Table 3 for explanation of diet supplements.
e+ —W.ith enzyme; - = Without enzyme.

r Coefficient of variation.

+

260.0
497.7¢
819.0*

32.1*

52.1%
79 7‘b

22.9%
33.8¢
45.9%

1.41¢
1.54%
1.73

+

250.9
492.0
819.6“

30.3
51.4%
78.7'd

[
21 .6

34.4«
46.8*

1.40%
1.50*

306.5b
608. b
991.5"

36.6"
63.6"
94.0'

29.6"
43.2"
54.8"

124"
147"
172

CVr, %

2.12

3.55
4.97

3.60
3.97

5.08
491
7.34

2.43
2.97
6.75



Table 18. Composition of feces produced by chicks at 15 and 22 days age fed diets prepared with differing levels
of supplemental enzymes in Experiment 3 on a dry matter basis.

Enzyme' + + + + + +
Dietd | 2 3 4 5 6 7
Fecal wt, g
Day 15 331.7 343.3 350.7 374.7 296.3 313.0 304.0 333.0
Day 22 655.3“ 715.0*" 803.7"" 712.7°" 699.3*"" 651.3“ 785.3*“"  818.0"
Dry matter, %
Day 15 44.8 443 41.2 41.1 45.1 44.6 46.8 47.7
Day 22 29.8 31.7 29.6 29.2 29.8 29.4 28.2 30.7
Ether extract, %
Day 15 3.1 3.0 2.9 3.2 3.0 2.9 3.0 3.3
Day 22 34 3.3 3.3 35 3.2 3.3 3.4 3.5
Ash, %
Day 15 19.3 19.9 19.0 19.7 19.1 18.7 18.7 18.9
Day 22 19.4 18.5 19.2 19.3 18.4 19.3 19.0 19.6
Calcium, %
Day 15 1.28“ 2.74' 2.58™ 1.40" T 2.17%" 2.06“" 168"
Day 22 0.76* 1.70" 1.60*" 0 .86 0.83“ 0.94*" 1.1 0:97"'
Phosphorus, %
Day 15 1.13 1.02 1.09 0.95 1.10 111 1.12 1.06
Day 22 1.11 1.21 1.17 1.06 1.20 1.16 1.20 1..21

dxValues in same row with different superscripts differ significantly
due to diet treatment, P<0.05.

See footnote on Table 3 for explanation of diet supplements.

*+ = With enzyme; - = Without enzyme.
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Table 19. Percentage bone ash of 22 day old chicks, Experiment 3.

Dietc Ash
(%)
1 SZ-Ob
2 51.3a
3 51.4¢
4 SO
5 Sl-Sa
6 OTa
7 SS-Sab
8 55.9~

avalues in same column with different superscripts differ significantly due to diet treatment,
P <0.05.

cSee footnote Table 3 for explanation of diet supplements.
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DISCUSSION:
Experiment 1 -

Enz.yme addition t6 wheat based diets did not (P> 0.05) i?nprove performance
of chicks in this study, but chicks fed diets with enzyine supplement had better feed
conversion ratios than those. fed ~untreai;ed diei:s. The data showed no significant
difference among three wheat types, HRS, HRW and SW. It also indicated that
there was no effect due to a commercial enzyme (Avizyme) for all th-ree wheat types.
It is possible that inclusion levgl of 0.1% enzyme as used in these studies may not
have been enqug'k-l to elicit a response. Previous work at other laboratories showed
that addition of pentosanase/3-glucanase mixture at 0.4% inclusion level had a
significant effect on improving the feed to gain ratio of broiler chicks (Brenes et al.,
1993) fed a wheat based diet. Conflicting results as to beneficial effects of enzyme
treatment of wheat-based diets were réported' by Pawlik et al. (1990) and ohly
marginal improvements were demonstrated by Teitge et al. (1991). In this
experiment, chicks fed HRS wheat diet performed the best, followed by those fed
HRW and SW diets. Wit’h eﬁzyme supplementation, chicks fed HRW diet
- performed best followed by tﬁose fed SW and HRS diets.

It has been reported that the pentosans increase digesta viscosity thus
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reducing nutrient utilizatioﬁ. The viscosity values of wheats used in this study were
very low (<1) which suggest that the digesta viscosity would not be significantly
increased. There was no difference in viécosity among the wheat types, so the
digestibility and absorption of nutrients by chicks would not have varied between the
.diets without considering the viscosity of the other ingredients. When chicks werel
fed diets with enzyme supplement, they excreted less feces éompared to those fed
diets without enzyme supplement. The data showed no differences in dry matter,
ether extract and protein at both the collectio'ns between chicks fed various diets.
Experiment 2

Feed conversion ratio between chicks fed enzyme supplemented diets and
those fed diets without enzyme supplement at all 4 levels 'of phosphorus did not
differ. This indicates that the level éf phosphon;us or enzyme supplement did not
affect the growth performance of chicks. Fecal composition revealed no differences
in dry matter, ether extract and ash values at both the collection periods.
Differences in fecal calcium and phosphorus were varied but differences in fecal
calcium percentage was influenced by both dietary phosphorus and_supplemental
enzyme. Bone ash percent was higher in chicks fed diets treated with enzyme
compared to those fed diets without enzyme, suggestipg an increase in the utilization
of phytate phosphorus.

Experiment 3
The data showed no difference in growth performance between the chicks fed

diets with different levels of the supplemented enzynie mixture. The only difference
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that was noted was between the low and high dietary phosphorus control groups.

There was variable response in amount of calcium and phosphorus excreted in fecal
excreta by chicks fed various diets. No diffe;renée was observed in fecal dry matter,
ether extract and ash at both collections in chicks fed various diets. The enzyine

xylanase probably did not break the cell wall of fiber sufficiently endugh t]o release.
the nutrients to be acted upoh by endogenous phytase enzyme:s or the activity of the
latter was low. Phytic acid may not have been exposed sufficiently to the
phosphatase enzyme present for oxidgtion, which could explain the lack of difference

in performance of birds as well as a lack of difference in fecal phosphorus excretion.
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SUMMARY

Three types of wheat, hard red spring (HRS), hard red winter (HRW) and
'sdff white (SW) were compared with and without supplementatibn of a commercial
enzyme (Avizyme) in Broiler chicks in first experiment. There was no difference in
body weight of chicks between control and enzyme treated groups. At the end of
three weeks, chicks fed with different diets did not differ in feed conversion ratio.
There was a significa.nt difference in the aﬁnount of fecal excréta between chicks fed
three types'of wheat, although there was no difference between the control and
enzyme supplemented group. Chicks fed SW wheat diet excreted more followed by
th(')se t“ed HRS wheat diet and HRW diet at both collection periods. The corﬁposition
of the excreta did not vary axl;oﬁg the chickg fed different diets.

In second experiment, four levels of total dietary phosphorus, that were well
below the NRC requirement, were compared with and without supplemental enzyme
(xylanase) in Broiler chicks. There was no difference in body weight, average daily
feed intake, average daily gain and feed éonversion ratio between chicks fed control

diet and those fed enzyme -suppleménted diets although there was a negative
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correlation between dietary phospﬁoms level and feed conversion ratio. As the
phosphorus level increased the feed conversion ratio decreased. Variation in fecal
"excretion of calcium and phosphorus was not consistent between chicks fed diets

supplemented with different levels of enzyme at both fecal collection periods

althonigh at six weeks age percentage of calcium excreted in feces was positively

correlated to the dietary phosphorus levels. Percentage bone ash differed between
- control and enzyme supplemented group at all four levels of phosphorus at three
weeks period, but at six weeks there was not much difference in bone ash percent

between different levels of phosphorus irrespective of enzyme treatment.

In third experiment, eight different diets were formulated. Diets one and

eight served as .controls without enzyme, having .55% and .67% total dietary
phosphorus. Diets 2 through 7 were formulated to contain .55% a.vailable dietary
phosphorus and six levels of a commercial enzyme mixture contaihing xylanase,
phosphatase,. and protease enzymes. There was no diffe_rence in body weight,
average daily feed intake, average daily gain énd feed conversion ratio'betweeg thé
<different enzyme supplemented groups. While there was no differencé in fecal
phosphorus excretion between different diet treatments, the variation in calcium
excretion between different groups was not consistent although there was statisticﬂly
significant difference between some of the diet treatments. Bone ash percentage did
not differ between chicks fed different enzyme supplemented diets although those fed

high phosphorﬁs diet had higher bone ash values than rest of the treatments.
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