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ABSTRACT

Organic poultry production and forage digestibility

Nancy P. Buchanan

The current experiments were conducted to evaluate organic poultry production and the
digestibility of organic feeds and pasture forages. A performance study was conducted to
determine the effect of exogenous non-starch polysaccharide (NSP) enzyme
supplementation on the performance and carcass characteristics of organically-reared
broiler chickens. The addition of an exogenous NSP enzyme cocktail improved the
performance and carcass characteristics of organically-reared broilers given access to
pasture only in spring months. Pasture forages may contribute digestible nutrients to
poultry; however, this contribution has not been evaluated in past research. A
digestibility study was conducted to determine the nitrogen-corrected apparent
metabolizable energy (AME,) and nitrogen-corrected true metabolizable energy (TME,)
of organic broiler diets and pasture forages. Additionally, the true amino acid
digestibility (TAAD) of pasture forages was evaluated using poultry as the model.
Poultry given access to pasture can meet a portion of their nutrient requirements through
pasture access.
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NSP = non-starch polysaccharide

AME, = nitrogen corrected apparent metabolizable energy
TME, = nitrogen corrected true metabolizable energy
TAAD = true amino acid digestibility

LWG = live weight gain

FI = feed intake

FE = feed efficiency

HCW = hot carcass weight

HGW = hot gizzard weight

GRH = gizzard weight as a ratio of HCW

CCW = chilled carcass weight

CBW = chilled breast weight (boneless/skinless)
FPW = fat pad weight

FRH = fat pad as a ratio of HCW

BPC = breast weight as a percent of CCW (boneless/skinless)
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LITERATURE REVIEW
I. ORGANIC PRODUCTION

Consumers have become increasingly concerned with animal welfare issues and
the composition of diets fed to production animals. In an attempt to address these
concerns, organic poultry production has developed as an alternative to current
conventional management practices. Federal regulation states that stocking densities
utilized in organic production must allow for natural behavior and organic poultry must
have access to the outdoors, shade, shelter, and dry bedding [1]. However, broilers may
be hesitant to properly utilize outdoor enclosures. Past research has shown that fast-
growing strains of broilers given access to the outdoors will not take full advantage of
enclosures due to a rapid growth rate and subsequent skeletal problems [2]. Therefore, it
may be necessary to motivate poultry to utilize pasture enclosures.

Dawkins et al. found that commercial broilers are more likely to utilize outdoor
enclosures when shade and shelter are provided in the form of trees and shrubs [3]. In
addition, research has reported that broiler strain and feed composition determine how
often broilers are observed outside [2]. Commercial broilers fed a restricted-intake diet
will utilize outdoor enclosures more than broilers fed a diet ad libitum [4]. Scott et al. [5]
and Castellini et al. [6] found that birds with access to outdoor enclosures had decreased
incidence of fear and stress, respectively.

The use of growth promoters, antibiotics, coccidiostats, and animal by-products
are prohibited in organic poultry feed [1]. Feed must be certified organic and fed from
the second day of life. Moreover, the grains used to comprise a poultry ration must be

certified organic [1]. Certified organic feed is expensive due to the high premiums



required for organic grain [7]. In 1997, organic soybeans cost 50% more than
conventional soybeans and organic corn cost 73% more than conventional corn [8].
Today organic grains can cost over 300% more than conventional grains [9, 10] and
premiums are projected to increase [7].

Organic poultry have access to nutrient sources not available to birds reared in a
conventional setting. For example, organic poultry may utilize forage, insects, and
annelids to meet their energy and amino acid requirements [4, 11, 12]. However,
digestibility of these alternative nutrient sources for poultry is not known.

Il. FORAGES

Forage may be viewed as an alternative nutrient source for organically-reared
poultry. Grasses, such as Kentucky bluegrass and tall fescue, and legumes, such as red
clover and white clover, are common in the eastern United States [13]. Poultry prefer
pasture that is succulent and tender and past research has shown that white clover is the
preferred pasture legume for poultry [14, 15]. Additionally, research has found that
laying hens, given access to early-growth Kentucky bluegrass and fed a corn-based diet,
perform well and may require 20 percent less concentrate than hens raised in confinement
[16].

I11. PLANT CELL WALL STRUCTURE

In order for a plant to grow, the primary cell wall must be thin and extensible.
Cellulose molecules covalently link to one another to form a ribbon-like structure.
Bundles of long cellulose microfibrils are formed by hydrogen bonding between adjacent
cellulose molecules. Furthermore, these cellulose microfibrils are cross-linked to one

another by hydrogen-bonded glycan molecules. Glycans are a series of polysaccharides



composed of a long linear backbone containing one type of sugar (glucose, xylose, or
mannose) from which short side chains of other sugars protrude. These sugars are often
insoluble in water and may be referred to as non-starch polysaccharides (NSPs).
Examples include B-glucan, arabinoxylan, and mannan. The backbone and the side-chain
sugars vary depending on the plant species and its stage of development. These bonds
provide a configuration that is similar in structure to plywood and similar in tensile
strength to steel [17].

Once maximum growth is achieved a rigid secondary cell wall is deposited in
layers inside the primary cell wall [17]. Coniferyl, p-hydroxyphenyl, and sinapyl
alcohols are arranged into an indigestible web-like structure to form lignin; the most
common component of the secondary cell wall [18]. Unlike most other carbohydrate
components of the plant cell wall, lignin is a structural polymer and is highly indigestible
to both ruminants and monogastrics [18]. The structural portion of a plant is primarily
composed of lignin. However, structure is also provided by cellulose, pectin, and NSPs.
All of these entities have been identified as that contributing to digestibility problems
[19].

IV. NON-STARCH POLYSACCHARIDES

All grains currently fed to poultry contain various amounts of NSPs (Appendix I).
However, two main types are currently of importance in poultry nutrition; B-glucans
(xyloglucans) and pentosans (arabinoxylans) [20]. These compounds are polymers of the
monosaccharides glucose and xylose, respectively. Glycosidic bonds between the
hemiacetal group of one sugar and the hydroxyl group of the other sugar join the

monosaccharides into a linear chain that may contain side-chain linkages [20]. Henry



[21] and Bach Knudsen [22] reported that the largest amount of B-glucans are found in
barley and oats while the largest amount of pentosans are found in rye and wheat.
Oligosaccharides, sugars with two to ten simple sugars linked together, are prevalent in
soybeans [23]. Over the entire length of the digestive tract B-glucans have been found to
be least digestible and pentosans intermediate in digestibility [24]. Monogastrics have a
limited ability to utilize some nutrients found in feed and forage due to the high level of
NSPs [25, 26, 27]. Oats and barley contain a relatively consistent B(1->4) backbone with
or without B(1->3) glucan linkages [24]. The prevalence of the B3(1->3) linkage prevents
digestive enzymes from cleaving hydrogen bonds causing a decrease in digestibility of
the nutrients found in these feedstuffs [28]. In contrast, pentosans found in rye and wheat
are highly branched and vary considerably in structure [30]. Side chains consisting of
one or more arabinose residues prohibit digestive enzymes from permeating the linear
backbone [29]. These side chains have varying arabinose:xylose ratios and differ in
degree of branching. Thus, different cultivars of wheat and rye vary greatly in their
response to exogenous enzyme supplementation [30]. The digestion of all nutrients is
adversely affected by consumption of NSPs due to an anti-nutritive factor [20, 24, 27,
31]. Leeson and Summers [20] reported that undigested NSPs bind large amounts of
water resulting in a viscous digesta. This bolus of viscous feed reduces the permeability
of enzymes to the digesta and results in a decrease in overall digestion [30, 32].
V. FEED ENZYMES

Various enzymes have been developed to aid in the digestion of the NSP
fraction of feed [33]. Exogenous enzyme inclusion in the diet may aid in digestibility by

disrupting cell walls and allowing better access of digestive enzymes to encapsulated



nutrients [34]. The addition of exogenous enzymes cleaves the glycosidic bond of the
unbranched B-glucans or pentosans. In addition, exogenous enzymes may aid in
digestion when endogenous enzymes are overwhelmed [35]. However, the efficacy of
enzyme supplementation is litigious.

Swine average daily gain and carcass weight has been significantly improved with
the addition of a hemicellulase enzyme to a corn-soybean based diet [36, 37]. Moreover,
it has been found that the addition of a pentosanase enzyme to a soybean based diet
significantly improved AME and NSP digestion in growing broiler chickens [38].
Broiler performance improvements associated with enzyme supplementation have been
reported by Hetland and Svihus [39] with addition of a B-glucanase/xylanase/protease
enzyme cocktail to a wheat or naked oat based diet. Guenter [33] reported performance
improvements with the addition of a cellulase enzyme to a barley or rye based diet.
Additionally, Pettersson et al. [40] reported a significant improvement in broiler
performance when a B-glucanase enzyme was added to a barley-based diet and when a
pentosanase enzyme was added to a rye based diet.

Conversely, Kocher et al. [26] found that the inclusion of three different enzyme
cocktails (cellulase/B-glucanase/xylanase, hemicellulase/pentosanase/xylanase, and
hemicellulase/pectinase/B-glucanase) did not affect performance of broilers fed a 35%
lupin diet compared to broilers fed the same diet with no enzyme supplementation.
Supplementing a wheat-based diet with a f-glucanase enzyme has also been shown to not
improve broiler performance when compared to the same diet without enzyme
supplementation [41]. Moreover, Kocher et al. [23] reported that the addition of the

industry suggested amount of a hemicellulase/pectinase/B-glucanase enzyme cocktail to a



corn-soybean based diet did not affect variables such as broiler AME, and ileal protein
digestibility; however, adding more than the suggested amount of enzyme did improve
performance. These conflicting data suggest that the magnitude of performance and
digestibility improvement is dependent upon two variables; 1) a dose response correlated
to enzyme supplementation and 2) the type and concentration of soluble NSPs in the
feedstuffs [23, 33].

VI. NON-STARCH POLYSACCHARIDE ENZYME (Appendix II)

The NSP enzyme cocktail to be utilized in the proposed research is commercially
available. The active enzyme is produced by submerged fermentation of Aspergillus
aculeatus and the enzyme coating is synthetically produced using plant and mineral
components. The enzyme cocktail is formulated to contain endo-1,3(4)-B-glucanase,
pentosanase, hemicellulase, and pectic-substance hydrolyzing activities. It is intended for
use in poultry, pigs, and other monogastric species fed diets containing soybeans,
rapeseed, sunflower seeds, peas, maize, or sorghum.
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VII. PASSAGE RATE

The rate that feed passes through the digestive tract of the chicken may influence
the nutrition of the bird by 1) determining the length of time during which nutrients may
be digested and absorbed, 2) determining the microbial population of the intestine and 3)
limiting the daily feed intake [42]. If digesta markers are used, marked excreta will begin
to appear 2-2.5 hours following intake and most marker will be excreted 12 hours post-
feeding [42]. Composition of the diet can significantly affect feed passage rate.

Supplementing broiler diets with high levels of fat may significantly lengthen
feed passage time for broiler chickens [42, 43, 44]. Additionally, variation in particle
size and feed restriction may also affect the rate of feed passage in poultry. Hetland and
Svihus [39] found a significant increase in feed passage time for broilers fed coarsely
ground oats compared to finely ground oats. Washburn [45] has stated that feed
restriction has no effect on feed passage time when compared to birds provided with ad
libitum feed and that feed passage time is not correlated to feed conversion ratio.

As previously stated, feedstuffs containing large amounts of NSPs will imbibe
water causing a bolus of feed to form. Consequently, this large bolus of feed results in
the modification of feed passage time. However, the affect of NSPs on broiler passage
time is controversial. Past research has shown that broiler diets high in NSPs result in

longer feed passage time and a subsequent decrease in feed intake [46]. Insoluble fiber



(NSPs and lignin) affects intestinal function by accumulating in the gizzard [47] and
results in lengthened passage time of the fiber fraction compared to other feed
components [48]. Olver and Jonker reported that feed passage time in the gizzard was
lengthened when birds were fed whole grain subsequently resulting in an increased feed
passage time across the entire digestive tract [49]. In contrast, Smiths and Annison
theorized that insoluble fiber would decrease feed passage time due to an increase in
digesta bulk [19]. This theory is also prevalent in human nutrition [50]. Moreover,
Svihus et al. [51] and Moore [52] found no significant difference in feed passage time
between broilers fed whole wheat and ground wheat and broilers fed feeds with varying
chemical structures, respectively.

Despite controversy over the relationship between increased NSP content and
lengthened feed passage time, the addition of an exogenous NSP enzyme into poultry
diets tends to accelerate feed passage time. Almirall and Esteve-Garcia [48] and Salih et
al. [53] found that the addition of an exogenous B-glucanase enzyme to a barley-based
diet significantly shortened feed passage time likely due to a reduction in digesta
viscosity. Sieo et al. reported that supplementing a barley-based diet with a $-glucanase-
producing Lactobacillus accelerated feed passage time and led to a decrease in pancreas,
liver, duodenum, jejunum, ileum, ceca, and colon weights. In addition, jejunal villus
height of chickens fed a diet supplemented with enzymes from transformed Lactobacillus
strains were significantly higher than that of chickens fed diets with no enzyme
supplementation [54]. This may result in an increase in feed efficiency for broilers fed
diets containing beneficial exogenous enzymes. Furthermore, supplementing a rye-based

diet with a xylanase enzyme accelerated feed passage time and increased digestibility of
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other nutrients in the diet [44, 55]. However, it is important to note that in all instances
gastrointestinal tract utilization was reduced with increased age of the bird.
VIll. ENERGY DETERMINATION

Various measurements are used to determine the amount of energy available to
poultry. Accurate data on energy values of purified nutrients and crude feeding materials
are necessary for quantitative studies in energy nutrition [56]. The poultry industry is
continually expanding making it necessary to execute metabolism studies on improved
and unconventional feed ingredients. Various methods of determining energy have been
used in the past [57, 58]. In 1946, an estimate of net energy using a carcass analysis
technique was used to determine the net energy of many feedstuffs [59]. Hill and
Anderson first reported on a procedure used to measure the metabolizable energy of a
feedstuff by substituting the test ingredient into a semipurified diet [56]. Sibbald and
Slinger modified this procedure by substituting the test feedstuff for all energy-yielding
ingredients in the diet [60]. The amount of energy in the excreta was subtracted from the
amount of energy in the feedstuff and referenced back to intake.

Hill and Anderson corrected all data for positive nitrogen retention because the
extent of retention differs with age and species [56]. Slinger et al. reported that
differences in requirements may be due to a number of factors including genetic
variations in the ability to digest and absorb nutrients. For example, White Leghorn
chicks have been shown to metabolize more energy per unit of feed than White Rock
chicks; however, the authors state that correcting for nitrogen does little to improve ME
values and the work involved is not justified [61]. Conversely, Potter suggested that a

correction to zero nitrogen retention is necessary for reproducible results if ME is to be
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measured with birds of various ages because of differences in rates of protein accretion or
protein catabolism [62]. Therefore, a nitrogen correction factor is essential if
comparisons of ME values for the same ingredient with different animals are to be made.
Theorizing that all protein tissue oxidized for energy purposes would yield uric acid and
that 8.22 kcal is the combustible energy value of uric acid per gram of nitrogen, a
correction factor of 8.22 kcal/g can be utilized [56]. This method of energy
determination is currently referred to as nitrogen corrected apparent metabolizable energy
(AME,).

Currently, energy is measured using apparent metabolizable energy (AME) or
true metabolizable energy (TME). AME or AME, is defined by the NRC as the gross
energy of the feed consumed minus the gross energy of the excreta of feed origin [63].
Sibbald reported that the energy components of feed are not all directly of dietary origin
[64]. Therefore, a correction factor is made to account for any endogenous excretion
from cell sloughing, protein degradation, or microbial loss. A nitrogen correction is often
applied to TME values to obtain a TME, value. TME values (or AME values) can be
calculated through measurement of feed intake and excreta output, or by determining the
ratio of dry matter intake or output through use of an inert dietary marker, such as
chromic oxide [63].

IX: AMINO ACID DIGESTIBILITY

Dietary requirements for protein are actually requirements for the amino acids
contained in the dietary protein. Amino acid requirements vary greatly depending on
productive state, environmental conditions, breed, and strain of the bird [63]. Amino acid

digestibility is determined in a similar manner as AME or TME. The concentration of
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amino acids in the excreta is subtracted from the concentration of amino acids in the
feedstuffs and related back to the amount of amino acid intake. Sibbald estimated the
loss of endogenous amino acids through the use of starved birds or birds fed a protein-
free diet [65].

Methods used to estimate amino acid digestibility vary. Papadopoulos [66] and
Low [67] determined digestibility in vivo by sampling ileal digesta. Whitacre and Tanner
preferred this method because the modifying action of the hindgut microflora on protein
composition is avoided [68]. However, Webb argued that amino acids are not absorbed
in the hindgut of the chicken and that collecting ileal digesta is not necessary [69]. The
amount of amino acids in the feedstuff also appears to affect amino acid digestibility.
Many essential amino acids in common ingredients such as corn and soybean meal are
digested with about 90% efficiency [70]. However, Kadim et al. reported that for rations
containing lower concentrations of protein and amino acids, correction for endogenous
losses led to amino acid digestibility values exceeding 100% [71].

X: CECECTOMY (Appendix III and V)

Another complexity in determining digestibility is the role of the ceca. The ceca
provide a habitat for numerous microorganisms and various species of protozoa and
parasites [72, 73]. It is unclear what role the active ceca play in a bird’s nutrition.
Digesta may enter the ceca where proteins can be digested and amino acids can be
degraded [71]. If cecectomized birds are used in a digestibility assay, there are minor
effects for cereals and most vegetable proteins, although quite large differences are seen

with animal proteins [74]. However, Mangold reported that the ceca may be a major site
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of crude fiber digestion and that an avian species with a large ceca (chickens) has greater
fiber digestion than an avian species with a rudimentary ceca (pigeons) [75].
XI. OBJECTIVES

The objective of the first study was to increase the performance and carcass
characteristics of organically-reared broiler chickens by incorporating an exogenous NSP
enzyme. The hypothesis was based on the composition of forages and the success of
enzyme supplementation in conventional poultry production. Additionally, a second
study was conducted that aimed to quantify the AME,, TME,, and TAAD of forage

feedstuffs.
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Abstract
Feed constitutes a substantial cost in organic production. Organic poultry may have
access to pasture; a nutrient source that has the potential to curtail feed costs. Past
research has demonstrated that feed restriction will motivate broilers to forage.
Incorporating a non-starch polysaccharide (NSP) enzyme may enable broilers to better
utilize nutrients found in forage. The objective of the current study was to decrease feed
costs by increasing forage utilization through 1) the use of dietary energy restriction and
2) the incorporation of an exogenous NSP enzyme. The experiment was conducted
during the 3-to-8-week growing phase in spring and summer months on broilers with and
without pasture access. An energy x enzyme x pasture access effect (P=0.0064) was
observed for live weight gain (LWG). Broilers given no pasture access had higher LWG
compared to broilers given pasture access. In addition, consumption of normal energy
diets improved LWG compared to low energy diets, regardless of pasture access.
However, enzyme inclusion increased gain only when broilers were given access to
pasture and fed the normal energy diet. An enzyme x season effect was also observed
with broilers given enzyme in spring months exhibiting a higher LWG (P=0.001) and
larger chilled carcass weight (CCW) (P=0.0193) than broilers given enzyme in summer
months. Additionally, feed efficiency (FE) improved (P=0.0009) for broilers reared in
spring months compared to broilers reared in summer months. Forage intake was not
affected by dietary energy or enzyme inclusion.
Description of Problem

The American public has become increasingly concerned with management

practices and the composition of diets fed to production animals. In accordance with the
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demand for an increase in animal welfare, organic poultry production has become a fast
growing segment of American agriculture. Organic poultry production provides
consumers a product derived from organically certified grain that is free of antimicrobial
growth promoters. Organic poultry producers supply only 1% of the poultry market in
the United States, yet the demand for organic poultry products exceeds the supply [1].

Organic poultry production offers an economic opportunity for integrated
companies looking for a niche market and family farms looking to supplement existing
income. Land and husbandry costs are a small investment. However, feed is a
substantial cost in production. The price of organic feed may be twice that of
conventional feed due to the premiums required for organically certified grain.

Little is known about the nutrient requirements of organic poultry. Current diets
are formulated to meet or exceed National Research Council (NRC) recommendations for
poultry that are reared in a conventional setting. However, organic broilers may have
access to pasture; a nutrient source that has not been evaluated for use in poultry
production. Thus, it may be plausible to address animal welfare concerns and reduce
feed costs by maximizing the use of pasture.

In some free-range and organic production settings, birds may seldom leave the
house [2]. This becomes a concern because the animals do not properly utilize outdoor
enclosures, leading to a false consumer perception. Nielsen et al. found that fast-growing
commercial strains of birds given access to the outdoors will not take full advantage of
pasture access due to a rapid growth rate and the subsequent correlation to impaired
mobility [3]. In order to maximize pasture use, it is imperative that birds be motivated to

spend time outdoors. Restrictive feeding may motivate broilers to meet nutrient
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requirements through foraging. A commercial strain of broilers restricted to 50% intake
of an ad libitum pair-fed group has been shown to consume significantly more forage [4].
Thus, by providing a limited amount of feed, or perhaps reducing nutrient density, a
producer may have the ability to motivate broilers to maximize forage intake.

Feed costs may be offset by increasing forage intake and improving forage
digestibility. Nutrient availability of forage may be increased through the incorporation
of feed enzymes. Forage is a fiber based energy source consisting of assorted non-starch
polysaccharides (NSP). However, NSP levels vary depending on forage type, stage of
growth, and season [5]. It has been well documented that monogastrics have a limited
ability to utilize NSPs as a nutrient source [6, 7, 8]. In addition, NSPs may play an anti-
nutritive role; adversely affecting digestion of other nutrients by imbibing water and
causing feed to form a bolus that may reduce exposure to digestive enzymes [7, 9].
Moreover, increased consumption of NSPs has been linked to management problems
involving increased stickiness of excreta and increased litter moisture [6, 10].

Broiler chickens do not produce endogenous enzymes that aid in NSP digestion.
Thus, they rely on acid digestion in the proventriculus and microbial degradation in the
ceca and large intestine [9]. Digestion of NSPs can range from 21.9% in wheat diets to
13% in lupin diets without enzyme supplementation [11]. The effectiveness of
exogenous NSP enzymes in monogastric diets has been controversial. Past research has
shown that enzyme inclusion in a variety of poultry rations has no effect on performance
or digestibility variables [6, 12, 13]. However, other studies report improved
performance and digestiblity [8, 14, 15, 16]. Research on NSP enzyme supplementation

associated with forage digestibility in poultry does not exist. The objectives of this study



27

were to reduce feed costs by increasing forage utilization via the use of a low energy diet
and to increase nutrient digestibility of forage through the incorporation of an exogenous
enzyme cocktail containing B-glucanase, pentosanase, and hemicellulase hydrolyzing
activities.

Materials and Methods

Experiment 1

Five hundred day-old Ross 308x344 broilers [17] of mixed sex were obtained
from a commercial hatchery. All broilers were reared during the starter phase in floor
pens located in a cross-ventilated negative pressure house using forced-air brooders.
Broilers were provided with feed and water, supplied through feed pans and nipple
drinkers, ad libitum. The temperature of the room was maintained at 35°C (90°F) and
decreased to 22°C (70°F) during the 0-2 week period. One week prior to outdoor
placement (2-3 week period), temperature was decreased so that indoor temperature was
comparable to outdoor temperature in order to acclimate broilers (Table 1). Broilers were
fed a certified organic starter diet during the 0-to-3 week period (Table 2). The diet met
or exceeded NRC recommendations [18].

On day 21, 300 birds were randomly selected and transported to the West Virginia
University organic farm [19]. Birds were assigned at random to one of five 3.05m x
3.05m (101t x 10ft) poultry houses utilizing natural ventilation. Each house was divided
into four equally sized pens that contained 15 birds at a stocking density of 1.5ft*/bird.
Each pen was equipped with fresh wood shavings, a Kuhl® feed pan and hopper, and a
five-gallon water fount. All four pens within a single house had access to individual

6.10m x 9.15m (201t x 30ft) outdoor paddocks and unlimited forage; including Kentucky
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bluegrass, white clover, red clover and tall fescue. Broilers had access to pasture
throughout all daylight hours (0800-2000) and were confined in the house throughout the
night.

An energy level x NSP enzyme inclusion factorial design was utilized to provide
a total of four dietary treatments (Normal Energy/No Enzyme (NOR/NE), Normal
Energy/Enzyme (NOR/E), Low Energy/No Enzyme (LOW/NE), and Low
Energy/Enzyme (LOW/E)) (Table 2). The normal energy (NOR) diet consisted of an
organically certified grower diet that met NRC 3-to-6 week nutritional recommendations
[18] with the exception of methionine. Past research has shown that birds given access to
pasture may, in part, compensate for small deficiencies in methionine through pasture
access [4]. Hence, diets excluded synthetic methionine and were slightly deficient in
methionine according to NRC recommendations (Table 2). The low energy (LOW) diet
was similarly formulated with the exception of a 7% energy reduction obtained by the
addition of washed builder’s sand at the expense of corn and soybean [20] (Table 2).
Treatments consisted of the two aforementioned diets with or without the addition of a
commercially available NSP enzyme cocktail at an inclusion level of 1 kg/ton. The
enzyme cocktail was derived from the fermentation of Aspergillus aculeatus and
contained -glucanase, pentosanase, and hemicellulase hydrolysis activities [21]. The
broilers fed LOW diets were pair-fed according to the previous day ad libitum
consumption of broilers fed NOR energy diets. Pair feeding was performed daily to
standardize feed intake and to conclude that treatment differences were due to the

variation in dietary energy.
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Broilers without pasture access (negative control) were reared in floor pens at the
West Virginia University poultry farm. The negative control broilers were fed the same
dietary treatments as broilers with pasture access. Water was provided for ad libitum
consumption through nipple drinkers and pair-feeding was utilized. Each negative
control treatment was replicated in five pens containing 10 birds/pen (1.5ft*/bird).
Lighting and temperature were controlled within the constraints of management
equipment to mimic the outdoor conditions.

Live weight gain (LWGQG), feed intake (FI), feed efficiency (FE), forage intake, and
percent mortality were determined from 21-to-38-days, 38-to-56-days, and the entire 21-
to-56-day experimental period. Grass samples were collected in each paddock using the
procedure outline by Rayburn and Rayburn [22]. Feed and grass samples were freeze-
dried [23], ground to Imm [24], and analyzed for gross energy [25], nitrogen [26] and
amino acid content [27].

On day 57, all broilers were processed at the West Virginia University pilot
processing plant. Four broilers (2 males and 2 females) were selected from each pen
within all houses and from each pen in the negative control room. Broilers were selected
based on their representation of the mean pen weight. Hot carcass weight (HCW), hot
gizzard weight (HGW), hot fat pad weight (HFW), chilled carcass weight (CCW), and
chilled breast weight (CBW) data were obtained. The study was conducted in spring
months and then repeated in summer months to assess season effects. All animals were
reared according to protocols established by the West Virginia University Animal Care

and Use Committee — ACUC # 03-0302 (Appendix IV).
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Experiment 2

A feed passage time study was performed to assess possible passage time
variation in diets that differed in energy and composition. Sixty day-old Ross 308x344
broilers [17] of mixed sex were obtained from a commercial hatchery. All broilers were
reared during the starter phase in a manner similar to Experiment 1 with the exception of
brooding temperature. Over a three week period, temperature was regulated
thermostatically by beginning chicks at 35°C (90°F) and decreasing temperature to 22°C
(70°F). On day 21, broilers were transferred to 30.48cm x 50.80cm (12in x 20in) raised
wire cages located in a cross-ventilated negative pressure room. Three broilers were
place in each cage that contained nipple drinkers and an external feed trough.

The organic grower diets (Table 2) utilized in Experiment 1 were randomly
assigned to cages within each of four blocks. Feed and water were provided ad libitum
during a seven-day adaptation period and fecal samples were collected to determine
percent acid insoluble ash (AIA) from unmarked diets. At the conclusion of the
adaptation period (day 28), feed was restricted for 24 hours. Broilers were then fed
100g/cage of the same experimental diet but marked with 5.0% acid insoluble ash in the
form of celite [28]. Marked diets were provided for two hours. At the conclusion of the
two-hour period, any remaining feed was removed and weighed to determine feed intake.
Unmarked feed that corresponded to diets assigned for each cage was fed upon removal
of the marked diet. Water was provided ad libitum throughout the experiment. Fecal
collection began four hours after broilers were given marked diets and continued every

two hours for the following 14 hours, then again at 24 hours. Excreta samples were
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weighed, freeze dried [23], and ground to 1mm [24]. Dry matter and acid insoluble ash
were determined according to Vogtmann et al. [29] and feed passage time was calculated.
Statistical Analysis

In experiment one, a season x energy x enzyme factorial split plot design was
used in order to explore main effects and interactions of all treatments on performance
and carcass characteristics. Pasture access was designated as the main plot. Season,
energy, and enzyme constituted the sub plots. A male to female ratio was used as a
covariate for performance. All possible linear contrasts were performed in order to
explain significant interactions (data not compiled in table). Orthogonal contrasts were
used to answer specific interactions between treatments. A second analysis, consisting of
a Randomized Complete Block design, was used to analyze forage intake and feed
passage time. A male to female ratio and a legume to grass ratio were used as covariates
for forage intake. Fisher’s Least Significant Difference test was used for multiple
comparisons between mean values for forage intake. Duncan’s New Multiple Range test
was used for multiple comparisons between mean values within each collection time for
acid insoluble ash. All statistical analyses were performed using the GLM procedure of
the Statistical Analysis System [30]. Alpha was designated as 0.05.
Results and Discussion
Environmental Conditions

The environmental conditions during spring and summer months are described in
Table 1. Broilers reared in spring months were exposed to lower temperature and

humidity, as well as a shorter photoperiod, compared to broilers reared in summer
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months. Precipitation values were similar among study periods. Environmental
conditions are presented as descriptive data to support season effects.
Organic Broiler Performance and Carcass Characteristics

Table 3 contains all performance data for the 21-to-38-day, 38-to-56-day, and 21-
to-56-day period. Only the 21-to-56-day period will be discussed unless more specific
periods are needed to support overall observations. Table 4 describes the carcass
characteristics of broilers processed on day 56. In order to negate the effects of varying
LWG, gizzard weight (GRH) and fat pad weight (FRH) are presented as a ratio to HCW
and breast weight (BPC) is presented as a percentage of CCW.

Broilers fed LOW diets, despite pair-feeding, ate significantly less than broilers
fed NOR diets (P=0.0001). This result was thought to be due to variation in digestive
transit time in the intestine of broilers fed the LOW diet that included washed builder’s
sand. Feed passage time data (Experiment 2) is described in Table 5. Only broilers fed
the LOW/E diet had increased feed passage time (P=0.0047 and P=0.0307) at six and
eight hours post-feeding, respectively. Danicke et al. [31, 32] and Lazaro et al. [33]
found that enzyme addition reduced digesta viscosity and increased feed passage time of
marker in the digestive tract resulting in an increase in feed intake. In the current study
FI was decreased. Therefore, reduction in FI for broilers fed LOW diets is likely due to
energy restriction during the growing period. Energy restriction reduces the probability
of an animal meeting optimal growth subsequently causing a decrease in FI [34, 35, 36].

An energy x access interaction was observed for HCW (P=0.0223), CCW
(P=0.0429), and GRH (P=0.033). Broilers fed LOW diets and given access to pasture

had smaller HCW and CCW compared to all other broilers. However, pastured broilers
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fed LOW diets had larger GRH than pastured broilers fed NOR diets or broilers fed either
diet and given no access to pasture. An energy X enzyme X access interaction was
observed for FRH (P=0.0455). Only when broilers were fed the LOW/NE diet and given
access to pasture was FRH significantly reduced. An increase in GRH and a decrease in
FRH suggest that broilers fed LOW diets were attempting to compensate for dietary
energy restriction through increased foraging activity and a subsequent increase in
exercise. This observation is consistent with Moritz et al. [4].

An energy x enzyme x access interaction was observed for LWG (P=0.0064).
Withholding pasture access resulted in increased LWG compared to broilers given
pasture access. In addition, consumption of NOR diets improved LWG compared to
LOW diets for broilers within pasture access groups. However, enzyme inclusion
improved LWG only when broilers were fed NOR diets and given access to pasture.
These data suggest that a NSP enzyme may be more beneficial when feeding a balanced
ration to broilers given access to pasture.

An enzyme X season interaction was also observed for LWG (P=0.001). Feeding
diets with enzyme resulted in increased LWG compared to feeding diets with no enzyme
only in spring months. Feed intake (P=0.0428) was also affected by season. Broilers
reared in spring months consumed less feed than broilers reared in summer months.
However, broilers reared in spring months had significantly higher FE (P=0.0009). A
shorter photoperiod during the spring months as compared to the summer months
(13.58hr vs. 14.92hr) may have influenced FI. However, the fact that broilers in spring
had larger LWG but consumed less feed suggests that they were able to compensate for

decreased feed consumption by more efficiently utilizing feed and forage for growth.
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Broilers reared in spring months had smaller GRH (P=0.0001) than broilers reared in
summer months suggesting that broilers reared in summer months may have consumed a
more fibrous forage. Forage intake did not differ among treatments (P>0.05) or among
seasons (P>0.05) (Table 6). Therefore, these data suggest that forage utilized in summer
months had a more fibrous consistency and a decreased nutrient value (Table 1).

The level of NSPs in grains and forages fluctuates depending on season [37, 38].
Nutrient values in grain and forage utilized in this study were superior in spring (Table
1). Nutrient value in forage has been documented to decline as the plant matures. Plant
maturation results in an increase in acid detergent fiber and neutral detergent fiber and a
decrease in crude protein concentration [5]. Bach-Knudsen reported that the principal
polymer of grass meal is cellulose, constituting 48% of total crude fiber [37]. However,
crude fiber composition varies depending on season. First-cut grass has been shown to
have a total NSP content of 36.6% compared to 42.6% NSP content in second-cut grass
[37]. Perhaps enzyme inclusion more easily degraded early-growth forage and grains
obtained in the spring leading to more efficient nutrient utilization. Broilers reared in
spring months and supplemented with enzyme had a larger CCW and smaller FRH than
broilers reared in summer months (P=0.0193 and P=0.0235, respectively). In addition, an
enzyme X season x access effect was observed for HCW (P=0.0489). Pastured broilers
fed diets containing enzyme in spring months had larger HCW than pastured broilers fed
diets containing no enzyme in spring months or pastured broilers fed either diet in
summer months. These data support the theory that the capacity of an NSP enzyme to

aid in the degradation of plant cell wall components is accentuated in spring months.
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Mortality was not affected by dietary treatment, enzyme inclusion, pasture access, or
season (P>0.05).
Economic Analysis

In order to determine if there is an economic benefit associated with enzyme
incorporation in an organic production system, pastured broilers fed NOR/NE were
compared with pastured broilers fed LOW/E. For the overall period, broilers fed
NOR/NE had larger LWG (P=0.0349 and P=0.0001), HCW (P=0.0015 and P=0.0001),
CCW (P=0.0019 and P=0.0001), and improved FE (P=0.0114 and P=0.0064) compared
to broilers fed LOW/E in spring and summer months, respectively. However, in spring
months LWG and FE were not significantly different during the 38-to-56-day period
suggesting compensatory growth of broilers fed the LOW/E diet. Forage intake did not
differ among treatments. However, forage intake values did increase during the 38-to-56
day period compared to the 21-to-38 day period for all treatments (Table 6). Therefore, it
is plausible that broilers given the LOW/E were able to digest more forage in spring
months to compensate for decreased growth in the 21-to-38-day period. Broilers fed
LOWVE had greater GRH (P=0.0001) and a lesser FRH (P=0.015) than broilers fed
NOR/NE in summer months. This was not observed in spring months. Broilers fed
LOWZVE and reared in summer months consumed a more fibrous forage (Table 3) that
contributed to a larger GRH. Mortality was not affected by dietary treatment or season.
Therefore, feeding a LOW/E diet is not a valid means of reducing feed costs and broilers
were not able to overcome a 7% energy restriction through increased foraging activity

and enzyme supplementation.
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Conclusions and Applications
1. Feed restriction did not result in increased forage intake for broilers between treatment

or s€ason.

2. In spring months, enzyme inclusion enhanced performance only when broilers were

given access to pasture.

3. Reducing dietary energy by 7% and incorporating an exogenous enzyme is not a

viable means for reducing organic feed cost.
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Table 1. Outside environment conditions.
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Spring Trial Summer Trial
Mean Temp °F(°C) 57.7 (13.9) 70.8 (21.1)
Max Temp °F(°C) 69.4 (20.3) 80.9 (26.6)
Min Temp °F(°C) 46.1 (7.4) 61.3 (15.8)
Precipitation in. (cm) 0.08 (0.19) 0.09 (0.23)
Wind Speed mph (km/h) 3.7 (6.0) 2.5(3.9)
Humidity (%) 67.3 78.9
Average Length of Day (hr) 13.58 14.92
Crude Protein NDF* ADF® Crude Protein NDF* ADF®
(%) (%) (%) (%) (%) (%)
Feed Nutrient Content® 21.52 9.72 3.06 20.33 8.21 1.41
Forage Nutrient Content” 17.60 31.17 18.22 16.06 36.98 20.69

ANeutral Detergent Fiber
BAcid Detergent Fiber

®NDF and ADF were determined using a subsample of the NOR/NE diet from spring and summer trials, respectively
PNDF and ADF were determined using a subsample of forage collected during the spring and summer trials, respectively




Table 2. Diet formulations and nutrient parameters for organic diets.

Ingredients Starter Nor/ E* Nor/ NE® Low/ E® Low/ NE®
Organic Corn 51.43 58.81 58.82 50.37 50.39
Organic Soybean FF" 41.50 31.38 31.39 33.81 33.83
Organic Soybean FP" 2.94 6.46 6.47 5.62 5.63
Limestone 1.45 1.53 1.55 1.34 1.36
Dicalcium Phosphate 1.79 1.24 1.26 1.28 1.29
Salt 0.46 0.31 0.33 0.32 0.33
Poultry Premix“ 0.19 0.16 0.18 0.17 0.18
DL-Methionine 025 | e e e e
Sand® | e e 6.98 6.99
Ronozyme VP | - o1r | - o1r | e
Calculated Nutrients
ME (kcal/kg) 3200 3200 3200 2976 2976
Crude Protein (%) 22.14 19.89 19.89 19.89 19.89
Methionine (%) 0.58 0.32 0.32 0.31 0.31
Analyzed Nutrients
Crude Protein (%) | - 19.75 19.03 19.54 18.82
Methionine | - 0.35 0.34 0.32 0.32

“Normal Energy with Enzyme Inclusion
BNormal Energy with NO Enzyme Inclusion

“Low Energy with Enzyme Inclusion

PLow Energy with NO Enzyme Inclusion

Efull fat roasted soybeans

FFrench pressed soybean meal
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GSupplied per kg of diet: vitamin D3, 3306 ICU; vitamin A, 8816 IU; vitamin E, 22 IU; vitamin K, 1.7 mg; thiamin, 1.1 mg; riboflavin, 5.5mg; niacin, 44mg; D-pantothenic acid,

11mg; pyridoxine 2.2mg; folic acid 0.6mg; biotin, .03mg; vitamin B;; .013mg; choline (0.05% inclusion), 300mg; calcium, 75mg; sodium, 0.02 mg; potassium, 1.1 mg;
magnesium, 21 mg; manganese, 144 mg; zinc 80 mg; iron, 32 mg; copper, 8 mg; iodine, 1.6 mg; selenium, 0.32 mg.

HWwashed Builders Sand



Table 3. Influence of enzyme inclusion and dietary energy restriction on 3-to-8-week broiler performance
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LWG" at day FI® at day FE® at day Mortality at day
Energy Level Enzyme Inclusion Pasture Access 21t038 38to56 21to56 21t038 38to56 21to56 21t038 38to56 21to56 21t038 38to56 21to56
(% of Diet) (kg) (kg/bird) (kg/kg) (%)
Normal 0.11 Yes 0.8896 1.524 2.4136 2.0283 3.3126  5.3697 0.4385 0.4615 0.4528 0 1.3333 1.3333
Normal 0 Yes 0.8419 1.3652 2.2071 1.9104 3.1165  5.1084 0.4406 0.4411 0.4409 0 4 4
= Low 0.11 Yes 0.712 1.3734 2.0854 1.8245 3.1111  4.9615 0.3903 0.4425 0.423 0 1.3333 1.3333
= Low 0 Yes 0.6886 1.2123 1.9009 1.7817 29475  4.3518 0.3875 0.4112 0.4524 1.3333 0 1.3333
n Normal 0.11 No 0.9988 1.4348 2.4336 2.5312 3.5358 6.067 0.4086 0.4133 0.4111 0 0 0
Normal 0 No 1.0204 1.4828 2.5032 2.2952 3.7165 6.0571 0.455 0.417 0.4318 0 2 2
Low 0.11 No 0.9608 1.4172 2.378 2.1566 3.229 5.3856 0.446 0.4396  0.44223 0 0 0
Low 0 No 0.8738 1.3929 2.2667 1.988 3.0281  5.0586 0.4386 0.4604 0.4516 0 2 2
Normal 0.11 Yes 0.9907 1.2993 2.2899 1.9941 3.3881  5.4807 0.4969 0.3911 0.4316 0 4 4
Normal 0 Yes 0.955 1.2933 2.2483 1.9977 3.4608 5.548 0.4847 0.3817 0.4205 2.6667 4 6.6667
5 Low 0.11 Yes 0.7747 1.1516 1.9263 1.7797 3.1258  4.9866 0.4352 0.3763 0.3984 0 4 4
£ Low 0 Yes 0.771 1.1865 1.9575 1.8062 3.1526  4.9587 0.4363 0.3763 0.3983 2.6667 0 2.6667
g Normal 0.11 No 1.0828 1.2703 2.3531 2.2736 3.7793  6.1104 0.48 0.348 0.3981 0 2 2
v Normal 0 No 1.1448 1.4025 2.5473 2.248 3.9552  6.3185 0.5094 0.3619 0.4172 0 4 4
Low 0.11 No 0.926 1.224 2.15 2.0012 3.3496  5.3508 0.4628 0.3652 0.4018 0 0 0
Low 0 No 0.972 1.1859 2.1579 2.0656 3.4917  5.6028 0.4705 0.3525 0.397 0 2 2
2 Seasons x 2 Energy Levels x 2 Enzyme Inclusions
within Split Plot p-values p-values p-values p-values
Access 0.0001 NS 0.0003 0.0019 NS 0.0183 NS NS NS NS NS NS
Season 0.0001 0.0001 0.0022 NS 0.0052 0.0428 0.0001 0.0001 0.0009 NS NS NS
Season x Access NS NS NS NS NS NS NS NS NS NS NS NS
Energy 0.0001 0.0001 0.0001 0.0001 0.0001  0.0001 0.0001 NS NS NS NS NS
Energy x Access 0.0176 NS 0.0249 NS NS NS 0.0042 0.0098 NS NS NS NS
Energy x Season 0.025 NS NS NS NS NS NS NS NS NS NS NS
Enzyme NS NS NS NS NS NS NS NS NS NS NS NS
Enzyme x Access NS 0.0248 0.0102 NS NS NS NS NS NS NS NS NS
Enzyme x Season 0.0254 0.007 0.001 0.0445 NS NS NS NS NS NS NS NS
Enzyme x Energy NS NS NS NS NS NS NS NS NS NS NS NS
Energy x Season x Access NS NS NS NS NS NS NS NS NS NS NS NS
Enzyme x Season x Access NS NS NS NS NS NS NS NS NS NS NS NS
Energy x Enzyme x Access 0.0361 0.0382 0.0064 NS NS NS NS NS NS NS NS NS
Energy x Enzyme x Season NS NS NS NS NS NS NS NS NS NS NS NS
Energy x Enzyme x Season x Access NS NS NS NS NS NS NS NS NS NS NS NS
Orthogonal Contrasts
Spring- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture 0.0009 NS 0.0349 NS NS NS 0.0001 NS 0.0114 NS NS NS
Summer- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture 0.0001 0.0205 0.0001 0.0002 0.0064 0.0037 0.0001 NS 0.0064 NS NS NS

ALive weight gain
®Feed intake
CFeed efficiency



Table 4. Influence of enzyme inclusion and dietary energy restriction on 3-to-8-week broiler carcass characteristics

HCwA HGw B GRH® ccw?P CcBWE FPWF FRH® spcH
Energy Level Enzyme Inclusion Pasture Access day 56 day 56 day 56 day 56 day 56 day 56 day 56 day 56
(%) (ka) (ko) (%) (ka) (ka) (ka) (%) (%)
Normal 0.11 Yes 2.143 0.0461 2.1476 2.2608 0.5623 0.0354 1.6721 24.9576
Normal 0 Yes 2.0667 0.0461 2.2394 2.1402 0.525 0.0346 1.7044 24,5751
o Low 0.11 Yes 1.9255 0.0439 2.2747 2.001 0.4823 0.0309 1.6287 24.0847
E Low 0 Yes 1.8232 0.0451 2.4708 1.8957 0.4557 0.0232 1.2938 24.0861
%) Normal 0.11 No 2.1681 0.044 2.0601 2.3115 0.5588 0.0476 2.2309 24.207
Normal 0 No 2.2575 0.0439 1.9515 2.3466 0.582 0.0454 2.0451 24.8213
Low 0.11 No 2.1653 0.0424 2.0464 2.2519 0.5407 0.0436 2.035 23.9707
Low 0 No 2.0889 0.0429 2.0697 2.1903 0.538 0.0359 1.7275 25.3716
Normal 0.11 Yes 1.9189 0.0444 2.3282 1.9926 0.4873 0.0503 2.6435 24.4678
Normal 0 Yes 1.9545 0.0443 2.2685 2.0241 0.4849 0.0609 3.1293 23.9656
Low 0.11 Yes 1.6533 0.0449 2.7272 1.7151 0.4134 0.041 2.4836 24.1163
o] Low 0 Yes 1.7707 0.0452 2.5664 1.8438 0.4492 0.0339 1.9187 24.3121
E Normal 0.11 No 2.0976 0.0437 2.0873 2.1665 0.5189 0.0598 2.8741 23.9921
3 Normal 0 No 2.1499 0.0442 2.0665 2.2264 0.5355 0.06966 3.2618 24.0839
Low 0.11 No 1.9657 0.0438 2.2449 2.0296 0.4797 0.0474 2.4468 23.6287
Low 0 No 1.9271 0.0423 2.2114 2.0000 0.4714 0.0586 3.003 23.5397
2 Seasons x 2 Energy Levels x 2 Enzyme Inclusions
within Split Plot p-values p-values p-values p-values p-values p-values p-values p-values
Access 0.0003 0.0224 0.0003 0.0001 0.0006 0.0001 0.0001 NS
Season 0.0001 NS 0.0001 0.0001 0.0001 0.0001 0.0001 NS
Season x Access NS NS NS NS NS NS NS NS
Energy 0.0001 NS 0.0001 0.0001 0.0001 0.0001 0.0001 NS
Energy x Access 0.0223 NS 0.033 0.0429 NS NS NS NS
Energy x Season NS NS NS NS NS 0.0302 NS NS
Enzyme NS NS NS NS NS NS NS NS
Enzyme x Access NS NS NS NS NS NS NS NS
Enzyme x Season 0.0481 NS NS 0.0193 NS 0.0022 0.0235 NS
Enzyme x Energy NS NS NS NS NS 0.0383 NS NS
Energy x Season x Access NS NS NS NS NS NS NS NS
Enzyme x Season x Access 0.0489 NS NS NS NS NS NS NS
Energy x Enzyme x Access NS NS NS NS NS NS 0.0455 NS
Energy x Enzyme x Season NS NS NS NS NS NS NS NS
Energy x Enzyme x Season x Access NS NS NS NS NS NS NS NS
Orthogonal Contrasts
Spring- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture 0.0015 NS NS 0.0019 0.012 NS NS NS
Summer- Nor E w/ NO Enz w/ Pasture vs. Low E w/ Enz w/ Pasture 0.0001 NS 0.0001 0.0001 0.0001 0.0001 0.015 NS

AHot carcass weight

BHot gizzard weight (cleaned, washed, and patted dry)
CGizzard weight as a ratio of HCW

PChilled carcass weight (ice bath)

Echilled breast weight (boneless/skinless)

FHot fat pad weight

CFat pad weight as a ratio of HCW

"Breast weight as a percent of CCW (boneless/skinless)

45
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Table 5. Influence of enzyme inclusion and dietary energy restriction on passage time as determined by percent acid insoluble ash.

% Ash
Time of Collection (hr)
Treatment | FI”(g) 0° 4 6 8 10 12 14 16 18 24
Nor Ew/Enz | 99.100 0.283°% 7512 13.398° 9.372°8 1.353 1.081 1.402 1.236 1.140 3.564
Nor Ew/NO | 99.325 1.0428 8.800 13.095° 11.4448 1.617 1.157 1.148 0.698 0.737 0.191
Enz
Low Ew/Enz | 98.100 13.715% 13.553 21.231° 17.282% 5.268 2.165 2.343 0.983 0.618 0.000
Low Ew/NO | 98.550 13.174" 6.969 14.819° 11.255° 2.247 1.036 1.109 1.158 1.645 0.553
Enz
ANOVA 0.1665 0.0001 0.6432 0.0047 0.0307 0.3491 0.4771 0.8303 0.9035 0.8789 0.4228
p-values

Means within a column without a common superscript differ significantly (P<0.05)

%Al A values for collection times of 4, 6, 8, 10, 12, 14, 16, 18, and 24 post-feeding where corrected for endogenous %AIA in excreta
AFeed intake per cage

BosAIA of unmarked feed




Table 6. Forage intake in treatment paddocks.
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Spring Study Summer Study
Nor E w/ Nor E w/ Low E w/ Low E w/ Nor E w/ Nor E w/ Low E w/ Low E w/
Enz NO Enz Enz NO Enz Enz NO Enz Enz NO Enz

Forage
measurement 21-38 38-56 21-38 38-56 21-38 38-56 21-38 38-56 21-38 38-56 21-38 38-56 21-38 38-56 21-38 38-56
period (d-d)
Forage intake 110.10 | 227.04 | 82.20 | 315.77 | 55.78 | 210.08 | 135.05 | 190.51 | 159.38 | 228.58 | 132.11 | 180.35 | 159.38 | 234.87 | 94.37 | 222.29
(g DM/d)* +SD +76.45 | +130.28 | £62.37 | £170.38 | £28.24 | £102.62 | £120.00 | £138.80 | +85.27 | +68.80 | +53.66 | +34.75 | +£73.45 | +82.81 | +46.64 | +61.67

Means within a column without a common superscript differ significantly (P<0.05)

Aforage intake was measured on a dry matter basis per treatment per day [41]. Mean values did not significantly differ between season (P>0.05) or between treatments

within season (P>0.05).
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Abstract

Fifty years ago poultry were commonly reared on pasture. Today poultry diets are
formulated based on requirements of birds reared in confinement. Consumer demand for
organic and free-range poultry has resulted in an increase in use of certified organic
rations and pasture by poultry producers. In conjunction with feed, poultry may have the
ability to utilize nutrients found in forage. The objectives of this study were three-fold;
1) to assess changes in AME, and TME,, of organic grower diets with or without enzyme
supplementation compared to a conventional grower diet, 2) to assess changes in AME,,
TME,, and TAAD of forage samples with or with enzyme supplementation and 3) to
determine if modification of the cecum affects forage AME,, TME,, and TAAD for
cecectomized roosters, intact roosters, and intact roosters fed grass. The experiment was
conducted using 98 Single Comb White Leghorn W-36 roosters. Roosters were divided
into three groups designated as cecectomized (CEC), intact (CONV), and intact fed grass
(C+G). Dietary treatments consisted of four organic grower diets formulated using an
energy level (NOR vs. LOW) x NSP enzyme inclusion factorial (E or NE), a
conventional grower diet (GROW), a composite forage sample (FOR/NE), and a
composite forage sample supplemented with an exogenous NSP enzyme (FOR/E). Four
roosters from each bird type were utilized to obtain endogenous losses. Dietary treatment
significantly affected AME, and TME, (P=0.0001 and 0.0001, respectively). Enzyme
supplementation of organic feeds significantly increased AME, and TME, values
(P=0.0213 and P=0.0234, respectively). Bird type had no effect on AME, and TME, for
any treatment (P=0.2453 and P=0.3609). True amino acid digestibility of forage was not

affected by enzyme supplementation (P>0.05). However, trends in bird type were
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observed for several amino acids (P<0.11). Manipulation of cecal microbial population
had no effect on AME,, TME,, or TAAD (P>0.05).
Description of Problem

Fifty years ago the majority of poultry were reared in small-farm flocks utilizing
pasture as a primary nutrient source. Good pasture provided the bulk of vitamins and
also supplied a preponderance of protein and minerals [1]. Today, nutritionists formulate
diets based on recommendations by the National Research Council (NRC) [2]. However,
recommendations focus on poultry reared in confinement.

Given the recent consumer demand for increased animal welfare and concern over
the composition of broiler diets, organic poultry production has become a growing
segment of the poultry industry. Organic poultry have access to pasture; a nutrient source
that has not been fully evaluated for use in poultry. Laying hens and broiler chickens
given access to pasture may meet various nutrient needs through foraging.

Buckner et al. found that giving laying hens access to early-growth Kentucky
Bluegrass resulted in a 20% reduction in feed consumption and increased egg production
compared to hens raised in confinement [3, 4]. Additionally, hens reared on alfalfa or
ladino clover need considerably less feed protein than confined hens [1]. High quality
alfalfa hay can supply carotene and help furnish Vitamin K and E [1]. Feed having only
11 to 12 percent protein has been shown to be adequate for hens on good pasture [5].
Additionally, Moritz et al. reported that commercial broilers may overcome growth
impairments associated with methionine deficiency through foraging [6].

Plant cell walls are typically composed of cellulose, non-starch polysaccharides

(NSP), pectin, and lignin [7]. The NSP portion of the plant is associated with anti-
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nutritive factors that may lead to poor digestibility in the chicken [8, 9]. Researchers
have partially combated problems with NSP anti-nutritive factors by supplementing
feedstuffs with exogenous enzymes [10, 11, 12].

Bird type and diet composition may influence metabolizable energy and amino
acid digestibility values. Sibbald and Slinger [13] and Slinger et al. [14] reported that the
use of leghorns as an assay for ME may result in an overestimation of energy available to
broiler-type chickens. In contrast, Potter has reported that varying breeds may be used if
digestibility values are corrected to zero nitrogen retention to account for variation in
protein accretion and protein catabolism [15]. High fiber diets have resulted in increased
N excretion and large variability in TME, values [16, 17, 18] and may subsequently
affect amino acid digestibility [17].

The ceca comprise a major part of the large intestine in poultry and provide a
habitat for numerous microorganisms [19]. Changes in diet composition may alter the
microbial population of the ceca [20]. Duke et al. has theorized that lack of digestibility
variation in low and high fiber diets is due to the absence of an adaptation period and that
providing a high fiber diet prior to experimentation may stimulate development of cecal
flora more capable of fiber digestion [21]. However, the nutritional advantage of hindgut
fermentation to the bird is unclear. Past research has shown that amino acids are not
absorbed in the hindgut of the chicken in nutritionally significant quantities [22].
Johnson [23] and Ragland et al. [24] have stated that cecectomized birds should be used
to prevent overestimation of amino acid digestibility in feedstuffs. Parsons [25] and Son
[26] reported greater excretion of amino acids and improved nitrogen utilization in

cecectomized birds compared to intact birds due to the lack of microbial fermentation.
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The objectives of this study were 1) to assess changes in AME, and TME,, of
organic grower diets with or without enzyme supplementation compared to a
conventional grower diet, 2) to assess changes in AME,, TME,, and TAAD of forage
samples with or with enzyme supplementation and 3) to determine if addition of forage to
the diet affects forage AME,, TME,, and TAAD for cecectomized roosters, intact
roosters, and intact roosters fed grass.

Materials and Methods

Ninety-six male Single Comb White Leghorn Hy-line W-36 roosters were
obtained from a commercial pullet house at 13 weeks of age [27]. Birds were transported
to the West Virginia University poultry farm and housed in floor pens located in a cross-
ventilated negative pressure room. Water was provided ad libitum through nipple
drinkers and a rooster maintenance diet (12% CP, 3200 kcal/kg ME) was provided for ad
libitum consumption. Temperature was maintained at 70°C to provide maximum bird
comfort. A 21-day adaptation period was utilized to ensure that roosters were acclimated
to new facilities.

At the conclusion of the adaptation period, roosters were withheld feed for 24
hours. Thirty-two roosters were chosen at random and cecectomy surgeries were
performed [28]. These birds were designated as cecectomized roosters (CEC) and fed the
maintenance diet following recovery. The remaining 64 roosters were divided into two
groups. One group was fed only the maintenance diet (CONV). The second group was
fed the same maintenance diet supplemented with grass clippings mixed at a 7%

inclusion level as determined by past research (C+G) [29]. This diet was fed for 4 weeks
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and utilized to establish a microbial population in the ceca that may be similar to a broiler
chicken with access to pasture.

Following a 4-week recovery/diet adaptation period, all roosters were moved to a
cross-ventilated negative pressure room and individually housed in 18in x 18in (45.72cm
x 45.72cm) raised wire cages containing cup drinkers and external feed troughs.

Roosters were randomly assigned to one of seven dietary treatments. Four treatments
consisted of diets utilized in a preceding organic broiler performance study [30]. These
diets were normal energy with no enzyme (NOR/NE), normal energy with enzyme
(NORJE), low energy with no enzyme (LOW/NE), and low energy with enzyme
(LOW/E). Diets were certified organic. The low energy diet was utilized to test enzyme
efficacy in the preceding organic broiler performance study. The NSP enzyme was
derived from the fermentation of Aspergillus aculeatus and contained B-glucanase,
pentosanase, and hemicellulase hydrolysis activities and was included in the diet at
0.11% when applicable [31]. A conventional broiler grower diet (GROW) was utilized to
compare organic grower diets to conventional grower diets (Table 2). The two remaining
treatments consisted of a composite forage sample (FOR/NE) and a composite forage
sample mixed with the same NSP enzyme (FOR/E) [32]. The composite forage samples
were harvested from the poultry pasture paddocks at the West Virginia University
Organic Farm. A typical poultry pasture paddock at the WVU Organic Farm contains
Kentucky Bluegrass, tall fescue, white clover, and red clover. Three bird types were
utilized (CEC, CONV, C+QG) and all dietary treatments were replicated four times within
each bird type. Four roosters from each bird type were used to estimate endogenous

losses.
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Digestibility assays were performed using the procedure outline by McNab [33].
A 48-hour fasting period was utilized in order to clear any undigested material from the
GI tract. At the conclusion of the fasting period, roosters were precision-fed 30g of feed
or 17g of forage via a tube inserted directly into the crop. Water was provided ad libitum
through nipple drinkers. Excreta were collected for 48 hours by placing individual plastic
trays under wire cages. Excreta samples were weighed, dried [34], and ground to Imm
[35]. All dried ground excreta were analyzed for gross energy [36] and nitrogen [37].
Additionally, excreta from roosters precision-fed the FOR/NE and FOR/E were analyzed
for amino acid content [38]. Values for TME, and AME,, were calculated for all roosters
and true amino acid digestibility (TAAD) was calculated for roosters precision-fed
FOR/NE and FOR/E. All leghorn roosters were utilized in accordance to protocols
established by the West Virginia University Animal Care and Use Committee- ACUC #
04-0201 (Appendix V).
Statistical Analysis

The GLM analysis of variance procedure of the Statistical Analysis System (SAS)
[39] was used to compare AME, and TME,, for all treatments and TAAD for forage.
Fisher’s Least Significant Difference test was used for multiple comparisons between
mean values of all treatments for AME, and TME,, and for mean values of forage
treatments for TAAD. A bird type x diet factorial randomized complete block analysis
was utilized in order to explore main effects and interactions for AME, and TME, for all
dietary treatments and TAAD for forage. Roosters were blocked by location within the

room. Orthogonal contrasts were utilized to assess effects of overall enzyme
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supplementation, enzyme supplementation in organic diets, and enzyme supplementation
in forage for AME, and TME,. Alpha was designated as 0.05.
Results and Discussion

AME, and TME,

Values for AME, and TME, are represented in Table 3. Variation was observed
between AME, and TME,, values within dietary treatment (Table 3). Formulated
metabolizable energy is consistent with AME,, values for organic and conventional
grower diets (Table 1 and 2). Nitrogen-corrected TME values for feed were
approximately 573.7 kcal/kg higher than AME, values. This trend was also reported by
Francesch [40] and Yaghobfar and Boldaji [41].

Dietary treatment significantly affected both AME, and TME, values (P=0.0001
and P=0.0001, respectively) (Table 3). Roosters precision-fed NOR/E, NOR/NE, and
GROW did not differ significantly (P=0.0001). However, roosters precision-fed the
LOWZVE had similar AME, and TME, values compared to roosters precision-fed
NOR/NE and higher AME, and TME, values compared to roosters precision-fed
LOW/NE (P=0.0001). The variation in enzyme effect between normal energy diets and
low energy diets is supported by Kocher [42] and Scott [43]. Kocher reported no
significant enzyme effect in AME when broiler chickens were fed a nutritionally
adequate lupin-based diet [42]. However, Scott et al. reported an enzyme effect only
when broiler chicks were restricted to 80% and 60% intake. Restricted fed birds had
similar AME values compared to ad libitum fed birds when supplemented with a NSP
enzyme; however, restricted-fed birds were not able to overcome nutrient deficiencies

when diets were not supplemented with a NSP enzyme [43]. The authors contribute this
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finding to an increase in a restricted-fed bird’s ability to digest the feedstuff and attain
higher growth. Forage AME, and TME, values were lower than all other dietary
treatments (P=0.0001) (Table 3). Villamide and San Juan reported similar findings with
high fiber diets [44]. These data suggest that poultry may obtain a small amount of
energy from forage. This communication’s companion paper reported that broiler
chickens were not able to overcome a 7% reduction in dietary energy through forage
alone [30]. However, forage energy content in the aforementioned paper was
overestimated. Metabolizable energy values for alfalfa were used to estimate energy
content of the forage. Alfalfa values (1200 kcal/kg as fed) were higher than the AME,
and TME, values reported in Table 3.

Orthogonal contrasts resulted in enzyme supplementation significantly affecting
AME, and TME, values of organic grower diets (P=0.0213 and P=0.0234, respectively).
Roosters precision-fed organic diets supplemented with an exogenous enzyme had higher
AME, and TME, values than roosters precision-fed organic diets with no enzyme
supplementation. These data are consistent with Brenes et al. and Chidothe [10, 11].
Supplementing forage with enzyme did not significantly affect AME, or TME,; however,
there was a trend toward a numerical increase in AME, and TME, values for roosters
precision-fed FOR/E (P=0.1906 and 0.1903, respectively). Additionally, bird type had
no effect on AME, or TME, values for all dietary treatments (P=0.2453 and P=0.3609,

respectively).
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TAAD for Forage

The nutrient composition of the forage treatment is represented in Table 4.

Values for TAAD are represented in Table 5. TAAD values for forage samples were
similar to TAAD values for alfalfa meal reported by the NRC [2] and Han and Parsons
[45]. Roosters precision-fed the FOR/E treatment had numerically higher TAAD than
roosters fed the FOR/NE treatment with the exception of arginine, methionine, and
tyrosine (Table 5). However, enzyme supplementation did not significantly affect TAAD
for any amino acid (P>0.05).

Bird type resulted in TAAD trends for aspartic acid (P=0.0893), serine
(P=0.1025), glutamic acid (P=0.0714), alanine (P=0.0919), leucine (P=0.0864),
phenylalanine (P=0.1013), and tyrosine (P=0.0849) (Table 5). Cecectomized roosters
excreted more of the respective amino acid than CONV and C+G roosters resulting in a
lower digestibility (data not compiled in table). Han and Parsons reported a significant
decrease in digestibility between cecectomized and intact roosters for all aforementioned
amino acids with the exception of leucine [45]. Parsons has stated that TAAD values
obtained from cecectomized roosters more accurately describe amino acid digestibility of
the bird than TAAD values obtained from intact roosters [46]. These data suggest that
poultry may utilize a significant amount of amino acids found in forage to meet nutrient
needs. However, early inclusion of grass into the diet was not found to affect amino acid

digestibility of forage.
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Conclusions and Applications

1. Supplementing organic grower diets with an exogenous NSP enzyme cocktail may

increase rooster AME, and TME,.

2. Poultry may obtain small amounts of energy from pasture forage (285.4 to 541.8

kcal/kg).

3. Poultry have the ability of utilize amino acids found in forage to meet their nutrient
requirements. True amino acid digestibility values for methionine, threonine, and lysine

were approximately 88%, 84%, and 79%, respectively.

4. Manipulation of the diet to alter cecal microbial population has no effect on TME,,

AME,, and TAAD for roosters fed forage.
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Table 1. Diet formulations and nutrient parameters for organic diets.

Ingredients Nor/ E* Nor/ NE® Low/ E© Low/ NEP

Organic Corn 58.81 58.82 50.37 50.39
Organic Soybean FF" 31.38 31.39 33.81 33.83
Organic Soybean FP* 6.46 6.47 5.62 5.63
Limestone 1.53 1.55 1.34 1.36
Dicalcium Phosphate 1.24 1.26 1.28 1.29
Salt 0.31 0.33 0.32 0.33
Poultry Premix” 0.16 0.18 0.17 0.18
DL-Methionine | e | e e e
sand | | 6.98 6.99
Ronozyme VP o1r | e o1rr | e
Calculated Nutrients

ME (kcal/kg) 3200 3200 2976 2976
Crude Protein (%) 19.89 19.89 19.89 19.89
Methionine (%) 0.32 0.32 0.31 0.31

“Normal Energy with Enzyme Inclusion
BNormal Energy with NO Enzyme Inclusion
“Low Energy with Enzyme Inclusion

PLow Energy with NO Enzyme Inclusion

Efull fat roasted soybeans
FFrench pressed soybean meal
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GSupplied per kg of diet: vitamin D3, 3306 ICU; vitamin A, 8816 IU; vitamin E, 22 IU; vitamin K, 1.7 mg; thiamin, 1.1 mg; riboflavin, 5.5mg; niacin, 44mg; D-pantothenic acid,

11mg; pyridoxine 2.2mg; folic acid 0.6mg; biotin, .03mg; vitamin By,; .013mg; choline (0.05% inclusion), 300mg; calcium, 75mg; sodium, 0.02 mg; potassium, 1.1 mg;
magnesium, 21 mg; manganese, 144 mg; zinc 80 mg; iron, 32 mg; copper, 8 mg; iodine, 1.6 mg; selenium, 0.32 mg.

HWashed Builders Sand



Table 2. Diet formulations and nutrient parameters of conventional diet.
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Ingredients

Conventional Grower

Corn 59.13
Soybean 29.82
Soybean Oil 3.67

Corn Gluten 4.50

Defluorinated Phosphate 1.20

Limestone 1.10

Salt 0.18

Poultry Premix” NB3000 0.25

Methionine 0.02

Coban 60” 0.08

BMD 50° 0.05

Calculated Nutrients

ME (kcal/kg) 3200
Crude protein (%) 21.07
Methionine (%) 0.38

ASupplied per kg of diet: manganese, 0.02%; zinc, 0.02%; iron, 0.01%; copper, 0.0025%; iodine, 0.0003%;
selenium, 0.00003%; folic acid, 0.69mg; choline, 386mg; riboflavin, 6.61mg; biotin, 0.03mg; vitamin Bg,
1.38mg; niacin, 27.56mg; pantothenic acid, 6.61mg; thiamine, 2.20mg; manadione, 0.83mg; vitamin By,
0.01mg; vitamin E, 16.53 IU; vitamin D;, 2133 ICU; vitamin A, 7716 1U.

BActive drug ingredient Monensin Sodium 60gpb (90g/ton inclusion)- Elanco Animal Health,

Indianapolis, IN. As an aid in the prevention of coccidiosis caused by Eimeria necatrix, Eimeria tenella,

Eimeria acervulina, Eimeria brunette, Eimeria mivati, and Eimeria maxima
“Bacitracin Methylene Disalicylate 50g/Ib (50g/ton inclusion)- Alpharma, Fort Lee, NJ. For increased rate

of weight gain and improved feed efficiency.
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Table 3. Nitrogen-corrected apparent metabolizable energy and nitrogen-corrected true
metabolizable energy.

Treatment AME, TME,
(kcal/kg) (kcal/kg)
NOR/E 3173.98° 3746.67°
NOR/NE 3088.59% 3663.89%
LOW/E 3028.29° 3600.44°
LOW/NE 2912.78° 3486.54°
GROW 3164.72° 3737.73%
FOR/E 364.899 541.83¢
FOR/NE 285.39¢ 462.66"
P-value 0.0001 0.0001
LSD” 113.55 111.50

3 Bird Types x 7 Dietary Treatments- Factorial Arrangement

Bird Type P-value 0.2453 0.3609
Dietary Treatment P-value 0.0001 0.0001
Bird Type x Dietary 0.9845 0.9959

Treatment Interaction

P-values for Enzyme vs. NO Enzyme Contrast

Overall 0.2478 0.2609
Enzyme x No Enzyme

Feed 0.0213 0.0234
Enzyme x No Enzyme

Forage 0.1906 0.1903
Enzyme x No Enzyme

AFisher’s Least Significant Difference value
“dMeans within a column without a common superscript differ significantly (P<0.05)




Table 4. Nutrient Composition of forage'.
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Analyzed Nutrients

Moisture (%) 17.5
GE (kcal/kg) 4263.6
Crude Protein (%) 17.60
Neutral Detergent Fiber (%) 31.17
Acid Detergent Fiber (%) 18.22
Amino Acids (%)

Aspartic Acid 1.56
Threonine 0.67
Serine 0.61
Glutamic Acid 1.72
Proline 0.78
Alanine 1.00
Valine 0.87
Isoleucine 0.65
Leucine 1.20
Phenylalanine 0.77
Lysine 0.89
Arginine 0.83
Cysteine 0.22
Methionine 0.31
Tyrosine 0.45

'Values are expressed on a dry matter basis




Table 5. True amino acid digestibility of forage.
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Amino Acids (%)*

Asp Thr Ser Glu Pro Ala Val lle Leu Phe Lys Arg Cys Met Tyr
FOR/E 87.4 85.0 91.3 87.7 91.2 87.6 89.2 88.4 91.4 90.9 78.6 90.9 77.3 87.4 94.5
FOR/NE 87.0 82.2 89.6 86.4 86.1 86.8 88.2 87.9 90.6 90.1 80.0 923 73.5 88.3 95.3
P-value 0.9300 | 0.6663 | 0.8324 | 0.8291 | 0.4607 | 0.8682 | 0.8694 | 0.9372 | 0.8806 | 0.8662 | 0.8882 | 0.8372 | 0.7882 | 0.8605 | 0.9096

3 Bird Types x 2 Dietary Treatments- Factorial Arrangement P-values

Bird Type | 0.0893 | 0.1257 | 0.1025 | 0.0714 | 0.3028 | 0.0919 | 0.1126 | 0.1097 | 0.0864 | 0.1013 | 0.6373 | 0.9229 | 0.1183 | 0.1600 | 0.0849
Treatment | 0.9268 | 0.6568 | 0.8270 | 0.8190 | 0.4780 | 0.8619 | 0.8650 | 0.9348 | 0.8738 | 0.8604 | 0.8947 | 0.8477 | 0.7830 | 0.8599 | 0.9044
Interaction | 0.8844 | 0.7566 | 0.9607 | 0.9144 | 0.9270 | 0.8154 | 0.8308 | 0.7807 | 0.7455 | 0.7807 | 0.6111 | 0.4758 | 0.9014 | 0.9312 | 0.7597

]Aspz aspartic acid, Thr= threonine, Ser= serine, Pro= proline, Ala= alanine, Val= valine, Leu= leucine, Phe= phenylalanine,
Lys= lysine, Arg= arginine, Cys= cysteine, Met= methionine, Tyr= tyrosine
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Appendix I: Lignin and Non-Starch Polysaccharide Components of Common Cereal Grains, Cereal By-products, and Fiber Rich

Materials
NSP Content (%)
Corn Wheat Rye Barley” Oats® Corn Gluten Grass Grass Alfalfa
Meal® Meal®
Lignin 1.1 1.9 2.1 0.9 3.2 0 16.2 15.3 12.8
B-glucan 0.1 0.8 1.6 4.2 4.1 O e e
Cellulose 2.2 2.0 1.6 1.0 1.4 0.5 16.2 19.5 13.9
Soluble NSPs
Arabinose 0.3 0.7 1.2 0.3 0.3 0.1 0.5 0.4 0.7
Xylose 0.2 0.9 2.0 0.4 0.2 0.1 0 0 0.4
Mannose 0.2 0.2 0.2 0.1 0.1 0.3 0.3 0.3 0.1
Galactose 0.1 0.2 0.1 0.1 0.2 0 0.3 0.3 0.5
Glucose 0.1 0.4 0.6 4.1 4.5 0.2 0.2 0.5 1.1
Uronic Acids 0.1 0.1 0.1 0.1 0.2 0 2.3 1.4 4.7
Insoluble NSPs
Arabinose 1.9 2.2 2.4 1.7 1.0 0.3 2.1 2.4 1.8
Xylose 2.8 3.8 4.1 2.4 2.1 0.3 8.5 9.4 5.2
Mannose 0.1 0.1 0.3 0.3 0.2 0 0.3 0.2 0.6
Galactose 0.4 0.2 0.4 0.2 0.2 0 0.8 0.9 1.0
Glucose 0.9 0.7 2.0 1.7 1.1 0.6 2.4 1.8 0.2
Uronic Acid 0.6 0.4 0.3 0.1 0.3 0.2 2.4 2.5 2.5
Total NSP® 9.7 11.9 15.2 12.4 11.6 2.5 36.6 39.8 32.9

*Modified from K.E. Bach Knudsen, 1997. Carbohydrate and lignin contents of plant materials used in animal feeding. An. Feed Sci. and Tech., 67:319-338.

“Hulless Barley
BHulless Oats
CFirst-Cut Grass
PThird-Cut Grass

*Only select compounds were chosen for table. Values within a column may not equal % Total NSP.




Appendix II: Composition and properties of non-starch polysaccharide enzyme

Composition 1g contains
B-glucanase from Aspergillus aculeatus (dehydrated) 70mg
Dextrin 40mg
Cellulose 70mg
Hydrogenated vegetable oil 70mg
Calcium carbonate 90mg
Kaolin 120mg
Sodium sulphate 540mg
Properties

Bulk Density 1.1 g/mL
Average Particle Size 550 um
Declared Activity (minimum) 50 FBG/g"
Dose Recommendation 300-1200 g/tonne
Average pH value 8.0-9.0

Ractivity of Fungal Endo-1,3(4)-f-glucanase in one gram of product
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Appendix III. Cecectomy Surgery Procedure

A small area along the wing vein was plucked and alcohol was applied to the site.
Sodium pentabarbitol (65mg/mL) was injected into the wing vein, at a dosage of 20-30
mg/kg, using a 3mL syringe and a 26-gauge needle. After properly anesthetizing the
bird, the right leg was suspended over the ribcage and the feathers along the surgical site
were removed. Betadine was evenly applied throughout the entire surgical site to reduce
chances of infection. The analgesic lidocaine was injected in a ImL dose into the muscle
surrounding the surgical site using a syringe and a 25-gauge, 5/8-inch needle. A 1.5-inch
horizontal incision was made along the lower left abdomen using a 10-blade scalpel.
Tweezers and iris surgical scissors were used to cut and separate muscle layers until the
peritoneal cavity was exposed. The intestine and attached ceca were pulled through the
incision using Allis tissue forceps. After the ceca were located, the tissue was ligated
using hemostats. 2-0 silk sutures were placed along the intestinal wall and the ceca were
removed. The entire abdominal cavity was saturated with penicillin to prevent infection
and the muscle layer and dermal layer were sutured using 3-0 chromic gut suture and a
3/8 reverse cutting needle. Throughout the duration of the procedure, reflexes were
monitored by pinching the comb of the bird. Following the conclusion of the surgery, the
birds were returned to raised wire cages and provided ad libitum feed and water. lodine
was administered along the surgical site. Oxytetracycline was injected intramuscularly

once a day for three days.
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Aaimal Information {(complete this page for each species used)

Scientific Name : Common Name Strain/ Stock/ Breed Sex Age or Weight
Gallus domesticus Chicken ROSS Broilers Mixed Dayold
Protocol Total + Yearly Numbes  Expected Avg. Daily Consensus  Source of Animals
2420 1140 380 Pilgnm Pride
Maintenance of a Breeding:Colony No N Vs
Sites / rooms where Procedures will he Conducted
Facility* Bldg/Room
Nonswigical procedures or conditions Horticulture Farm Portable
houses

Nonsmvival surgery

survival surgery

Postsurgical / Postanesthesia / Postprocedural Recovery

* Il procedures will bc conducted at one of the University facilities, specify above whlch site will be used for each typc of
procedure:

Facilities include: OLAR Stewartstown Farm, Life Sciences Bldg., Wardensville (Reymann Mcmorlal) Farm, W:Ilow Bend'

Farm, Potomac State College, Reedsville Farm.

Bldg/Rooms include: Food Animal Research Facility (FARF), Pole Barn, Dairy Barn, Sheep Barn, BeefHandlmg A:ea  Beef |

Holding Area, Poultry Bamn, and Labs or Rooms within OLAR or the Life Scwnces Bul]dmg

Animal Housing and Care

Attach a completed Animal Housing and Care Request Form for each species (see last page). The Animal Housing and:
Care Request Form will be forwarded to either the Office of Laboratory Animal Resources (OLAR) or the College of
Agriculture, Forestry and Consumer Sciences. Approval of the protocol does not guarantee accommodations requested.

Special Animal Housing

Animals will be housed outside of the centralized animal holding faciliues or areas, such as in laboratones. for:

Special Housing No Yes If ves  Building / Site Room Duration

12 to 24 hours (Study Area) s '

VMore than 24 hours (Sateilite Facility) X

[f ves provide

A Scientific justification for housing animals outside of the centralized animal holding facilities for more than 12 hours

or more than 24 hours
N/A

B Describe housing for animals and who will provide daily care for animals maintained outside the centralized animal
holding facilities for more than 12 hours or more (han 24 hours

€ Describe provisions for weekend, holiday, after-hours and emergency care for animals maintained outside the
centralized animal holding facilities or areas for more than 12 hours or more than 24 hours.




Fund Source

Federal  Name: USDA Funding Status:  Pending

Active OSP# 02-251 NEW
Anucipated Funding Pertod™  (09/01/02 (o 08/31/05  Application deadline
State Name: funding Status:  Pending

Acuve OSP#
Anticipated Funding Period: Application deadime
Private  Name: Funding Starus.  Pending

Active Osp#
Anticipated Funding Period: Application deadline
Internal  Name: Funding Status Pending

Active Osp#
Anucipated Funding Penod: Application deadline

Lay Description _

Briefly describe in nontechnical (lay) terms the goal of the project and the role of living vertebrate animals in the work. Includ
the benefits to be derived from the project. This description should be written so that it could be disseminated to the public
through the media and understood by a nonscientist. It is not intended for peer review purposes. Do not use a grant abstract o1
exceed the space provided. For an example of a lay description go to http://www. wviLedu/~re/acuc/lay_desc.hitm

Sales of organically produced food have risen 350% since 1990 indicating a growing demand for such
food. The organic food industry 1s the fastest growing segment of US Agriculture, with sales amounting
to an cstimated $ 11 billion last year alone. The US Dept. of Agriculture has recently issued guidelines fc
organic food production. The poultry project will form part of the ongoing research on organic food
production methods at the Horticulture Farm. Poultry research will compare organic production methods
with a view to increase efficiency of production. Diets containing crystalline methionine and those
without will be compared to determine whether chicken running freely and getting some of their nutrient
needs from pasture need additional methionine in the mixed diet at all. All procedures will conform to
standard organic food production recommendations including feeds and feeding.




14.  Experimental (or Teaching) Design

A.  Provide a flow diagram (o verbal description if a diagram is not possible} showing how experimental groups (or groups
used for teaching) and experimental (or teaching) procedures or conditions are integrated in the project. Indicate clearly
which groups will undergo which procedures or experimental conditions over what periods of time. Details of the
experimental (or teaching) procedures or conditions should be described in the appropriate sections on the following
pages. e
Two organic feed types and feeding regimens will be compared, one feed type formulated to meet
National Research Council recommendations with crystalline methionine and the other without
methionine, cach feed type will either be full fed or restricted. The chicken will be fed daily and
allowed free access to drinking water. These birds will be handled the same way as on a farm plus
they will be allowed a free run area. To monitor performance, these birds will be weighed weekly.

B.  What (estimated) percentage of animals will be unusable due to unintended mortality or morbidity?
<

Describe any clinical problems that may arise from experimental manipulation.
None are expected

If the protocol involves only the observation of animals, stop here.
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Nonsurgical Experimental (or Leachiug) Procedures or Conditions

A

B,

Details of experimental (or teaching) procedures, including frequency of treatments per animal.

Diets formulated from organically produced feed ingredients to meet National Research Council
recommendations for chicken will be fed daily. One diet will contain cryvstalline methionine and the
other one will not. From day 1 to 3 weeks of age. all birds will be fed a broiler starter diet ad /ib
(free choice). TFrom 3 weeks until 8 weeks of age, one group of birds will be fed ad /1d while another
group will be restricted (1o encourage increased consumption of pasture). General management of
the chicken will be like in a typical poultry farm.

If anesthetics, analgesics. tranquilizers, and /or experimental materials will be used during nonsurgical procedures,
provide the following:

Agent Dose (mg/kg) Route Frequency
Anesthetics
Analgesics
Tranquilizers
E;Ifg‘:;};t’nlﬂ' Crystalline methionine 100 Mixed with (eed Daily

Methods that will be used to detect and evaluate pain and distress in animals and any steps planned 1o avoid or mininnze
pain or distress to animals. including the criteria used to determine when animals should be euthanized, if appropriate:

Chicken will be observed daily. No pain or chinical illness is expected except that birds not
recerving methionime may show signs of growth retardation.




| 6.

Noansurvival Surgery (Note: Nonsurvival surgery does ol include euthanasja followed by procedures conducted
postimortem)

A. Provide a description of the nonsurvival surgery

N/A

B. If anesthetics, analgesics, tranquilizers, and /or experimental materials will be used-during nonsurvival surgery, provide
the following:

Agent Dose (mg'kg) Route Frequency
Anesthetics

Analgesics
Tranquihzers

Cxperimental
materials

£ Methods (such as intraoperative monitoring techniques) that will be used to detect and evaluate pain and distress in
animals and any steps planned to avoid or minimize pain or distress to animals, including the criteria used to detenmne
when animals should be euthanized, if appropriate: :




17. Surviv
A

al surgery
Provide a description of the surgery, including aseptic technigues.

N/A

If anesthetics, analgesics, trauquﬂ:zers and /or experimental materials will be used during survival surgcry, prowde the
following:

Agent Dose (mg/kg) Route Frequency
Anesthetics

Analgesics

Tranguihizers

Expernimental
materials

Methods (such as intraoperative monitoring tec bmques) that will be used to detect and evaluate pain and distress in.

animals and any steps planned {o avoid or minimize pain or distress (o animals, lncludmg the cmena usecl to detenmne ;

when animals should be euthanized, if appropriate:




n.

Multiple Major Survival Surgery
PFrovide scientific justification and the time proposed between procedures on the same ammai.

N/A

Deseripuion of procednres using death a5 2 mieasured end-point ~ (indicate why morbidity ¢annol be nsed insecad of
mortality):

*Death as an end point refers to projects in which the animals’ non-experimentally induced death is required as a measured dat
point. It does not refer to projects in which the animals will be euthanized prior to non-experimentally induced death for tissue
sample collection or project termination.

NF‘I“A

Euthanasia
Describe the methods used to euthanize animals.

Electrical stunning followed by exsanguinations (bleeding) will be used.

List the agent, dose in mg/kg body weight and route of administration 1f applicable.
Agent Dose (mg/kg) Route
NfA

Provide Scientific Justification for methods that are not described as “Acceptable™ by the American Veterinary Medical
Association (AVMA) in *2000 Report of the AVMA Panel on Euthanasia’, JAVMA Vol. 218, No. 5, 2001, pl.

The mcthod stated above 1s accepted by AVMA for euthanizing poultry

Disposition of Animals Other than by Euthanasia

If animals will not be euthanized as a part of the project, describe exactly what will be done with them (e.g., transfer to another
project).

The chicken will be slaughtered for human consumption after body weights are taken.
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stared Biological Samples

If tissues, cells or other products derived from animals will be shared with other investigators during or after the project,
describe this material and how it will be transferred. Provide reasons for the transfer, and give the name and address of the
person receiving the material.

N/A

U'ransportation of Animals by Investigators

If you (instead of the animal care staff or a commercial vendor / transporter) plan to pick up or deliver a shipment of animals, ¢
transport animals out of doors, describe how you plan to conduct this move.

Clncken will be placed in poultry crates and transported in university vehicles.

Experimental Materials and Safety Considerations

Materials and Agents Used in Animals No Yes Specify
Flammable or explosive materials (e.g. ether) X
Biological samples of human origin X

Biological materials (e g transplantable tumors) X

that nmught contain advennlious infectious agenis

Attach Radiation Safety Committee approval letters if appropriate. For Each Radioactive material, Infectious Agentincluding.
Oncogenic Viruses, Toxic Chemical or Carcinogen used in animals, complete the following:

Material or Agent Concentration Route of Duration of  Length of Time that

. . .. . Is are Mamtaine
Used i Aninals Administration Exsposure Antmals i Masraae:
Aller Exposure




1
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Category of Animal Use (Circle the corresponding lenier(s) for all that apply)
* If Category b or C is chosen, complete the Refinement, Reduction, and Replacement Sections Below.
A3 Animals will nol undergo procedures or experichee conditions that would normally cause more than nmmen(ar\
or slight pain or distress in the absence of anestheties, inalgesics or tranquitizers, which will nat be administered
B. ©  An{nalsnay patentially experience more than momentary or slight pain or distress and will reccive anesthetics,
unalgesies or tranguilizers during or after the procedurc or conditions listed helow. Alternatively, animals mav
he cuthanized to alleviate pain or distress. (Check all that apply)
Nonsurgical expenimental or teaching procedures or conditions
Nonsurvival surgery
Survival surgery
Postsurgical / Postanesthesia / Postprocedural recovery period
C. ' Animals may potentially experience more than momentary or slight pain or distress and will uot reccive
anesthetics. analgesics or tranquilizers to alleviate pain or distress (except for eut]ums:a wlien appropriate).
Category C Scientific Justification for withholding anesthetics, analgesics or tranquilizers:

* If Category A is chosen, sections 26 and 27 are not required.




Refinement

Refinement refers to efforts madz to mtprove procadures and methods to:.
1. ‘Use fewer animals = = GE
2. Reduce trauma to the animals (clther physmal or stressful). Thas could mclude unprovemcnl m roccdures that

provide for better outcomes, shortcr recovery times, lower mDI’bIdIl)’ and mortahty ! e o

3. Achieve more definitive results = - B R :

Describe the methods and sources emp]oyed 1o determine the avallablhtv of allematlves to pracedures ihat cou]d

potentially cause more than mementary or slight pain or distress.

The information vequested i in this section is required even if yozt plan 10 alleviate pam or distress by r/:e use af arrcfsrhencs
elc. } ,;..

A Database literature search: See AWIC Tips for Searching for Alternatives or at
hup:/www.nal usda vov/awic/alternatives/tips. htin
If a database / literature search was used to determine the unavailability of alternatives to potenually pamful or
distressful procedures. complete the following:
1] Name of search engine used:
2] Database searched: Medline Other --- Specify

3] Keywords used in the search and / or key references used 1o document the unavailability of alternatives:

4] Date of the search:
5] Years covered by the search:
B. If methods other than database / literature searches were used, describe them below:

¢ Please note that while consultation with experts is allowed for the purpose of obtaining Reduction.
ReNuement and Replacement ("3 R's”) information, it is generally discouraged by the USDA.

» Ifa consultation with an expert 15 used to obtain nformation on the "3 R’s," the following information
about the consultation 1s rcquired

*  Each component of the "3 R's"” components. Reduction, Refinement and Replacement, must be addressed
in the information from [hl_ expert

s The following mformation must also be provided:

= Name ol the expert

o Expert's academic degree(s) and utle of current position
Date of the consultanon. If the consultation occurred at a meetng, provide the name, date and
location of the meeung.
The expert not only must have knowledge n the field of interest, he/she must also have curremt
knowledge of the "3 R's" information related to the field of interest. This special knowledge must
be verified and described for each of the "3 R's" components, Reduction, Refinement and
Replacement.

¢ Results of the search

s Do relevant alternatives exist?.” :
e Ifalternatives exist, why are they not adequate for this study?




<

Justification of the nse of procedures iuvilving prolouged restraint (i.e., longer thau ane how j of nnanesthetized

aninmals. Provide details ol the resh.in procedure and care of restrained aninsals.

NYA

Replacement
Replacement refers ta consideration of non- ammai model alternatives or the use of animals lower on the phy!ogenenc scaie
Some issues include:
1. Has computer modeling been employed to assess this subject? Why is computer mhodeling not relevant or suff c1ent
for the goals'of this study?
2. Can cell culture systems be substituted for the “animals™?

3. Canananimal lower on the phylogenetic scale be used as a model? For examiple, can a mouse or rat be used mstcad .

of'a cat or a dog?

28.  Ratianale for using animals rather than nonanimal alternatives
{ vivitro sysiems, human climical trials. computer models, erc.)
’ Results of this research would be applied directly by organic poultry keepers. For lack of a more
. satisfactory way of carrying out research of this kind, chicken have to be used to simulate real conditions
| at the farm.
.]
| 29, Justification of the choice of animal species
(literature, previous studies, unique anatonue or physiologic characterisnes, eic )
Chicken were chosen because data collected will directly apply to the same at farm level.
Reduction
Reduction refers to efforts to minimize the numbers of animals utilized in animal studies. Some common issues might include:
1. Are the numbers of animals requested for each experimental group, the appropriate number to achieve statistically.
significant results? .
. 2. Has a power test been performed to estimate necessary numbers? |Z
30.  Assurance that preposed project does not necessarily duplicate previous work: (Check onej |

X I'his project does not duplicate previous experiments
Duplication is necessary  Jusufication:




31.

Justification for use of the number of aniinals requested

Describe: a] the experimental (or teaching) groups and animals needed per group, and/or b] the quantity of biological samples
{e.g. tissue efc.) needed from animals relative to the number of animals requested (e.g. quantity of sample that can be obtained
from each animal), and/or c] the statistical analysis and results used 0 determine the number of animals requested. f

A large number of chicken. 380/trial (3 trials will be run/year for a total of 1140 chicken per vear) is base:

on a power test that was performed to determine the appropriate number of birds needed to detect any
significant treatment differences.




Animal Housing and Care Request Form

Pre-8/02 Protocol Forms will not be reviewed  Research'Gompliance Use Only
Protocol # * OSP#
Date Submitted

¢ Complete One Request Form for Each Species ;

s Return this form to the Research Compliance Office with the Protocol Statement

e Submission of this request form does not guarantee the arrangements requested

¢ If you have any questions about animal housing and care arrangement, contact the appropriate office: the Office of
, Laboratory Animal Resources (OLAR) or the College of Agriculture, Forestry and Consumer Sciences

| Principal Investigator (Instructor)  Joe S. Moritz Species to be used Chicken
[ 1. Sites where animals will be maintained
' Health Sciences Center
X University Farm Specify Site: ' Horticulture Farm
Eberly College of Arts and Sciences
Other Specify Site:
|
2. Rodents
A Room:

Standard Room
Exclusive use of an animal room (subject 1o availability — Check with OLAR)
B Caging;: .
Conventional plastic bottom cage
Conventional wire bottom cage
Microisolator cage without sterile food, water or bedding
Microsolator cage with sterile food, beddmg and water (acidified/autoclaved)
Other {explain):
¢ Housing: ;
Standard (typically the maximum munber of animals per cage allowed by federal standards)
One ammal per cage
Other (explain)
D Care:
Standard

Other (special hight cycle, diet or water, technical assistance, etc): Contact OLAR

3. Non-Rodents
A Room or Animal Holding Area:
Standard

Other (explami:

Primary Enclosure {if applicable);
Standard
One animal per primary enclosure
Other (explam):

C Housing or Animal Holding Arrangements:
Standard

One animal per primary enclosure

Other (explam:

) Care:
Standard

Other (special ight evele, diet or water, techmeal assistance, ete): Contact the college of Agniculture, Forestry and
| Consumer Sciences




Form Help

* Explanation for codes ~ Back T
Pl If the Principal Investigator (Instructor) is a post-doctoral fellow, the faculty advisor must be listed as a co-investigate

(co-instructor) and sign as the faculty advisor. Students may not serve as principal investigators.
CO  Are you a co-nvestigator? (X)
Ha  Will you handle animals? (X)
ES  Length of experience with species (in vears)
PP Will you perform procedures? (X)
EP - Length of experience with procedures (in years) -
AW Have you passed the test for Ammal Welfare Core Traming at WVU? (X)

For all applicable regulations, policies and guidelines

Section Section Heading

2.3 Personnel performing procedures on animals

N Animal Information

9 Sites / Rooms where Procedures will be Conducted

10 Animal Housine and Care

1] Special Amimal Housine

13 Lav Description

14 Experimental {or Teaching) Desien

13 Nonsurgical Experimental (or Teachine) Procedures or Conditions
I Nonsurvival Surgerv

17 Survival Surgery

18 Multiple Major Survival Surgerv

19 Description of Procedures using Death as a Measured Endpaint
Z0 Euthanasia

21 Disposition of Animals Other than by Euthanasia

22 Shared Biological Samples

23 Transportation of Animals by [nvestivaiors

24 Experimental Materials and Safetv Considerations

E& Categcorv of Anunal Use

20 Alternatives to Potentially Painful or Distressiul Procedures

27 Justification for the Use of Procedures Involving Prolonged Restraint

4 Rationale for Usimge Animals Rather Than Nonammal Alternatives

29 lustification of the Choice of Animal Species

20 Assurance that the Proposed Project Does Not Unnecessarily Duplicate Previous Work

2] Justification for the Use of the Number of Animals Requested

ST SIS |
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Protocol Statement

West Virginia University Animal Care and Use Committee

Research Compliance Office, 886 Chestnut Ridge Road

PO Box 6845 phone (304) 2937073 fax (304) 2937435
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I. Protocol Title
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Position  Assistant Professor
Phone 293-2631 x 4435 Fax 203-2232
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Other Pemnnd (St See - anel above‘ for' lnstrucﬂons _
Nancy P. Buchanan A&VS | T x |x |1 |x |1 [x
Amy S. Parsons i A&VS x |x |2 |x [2 |[x
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8. Animal Informntion com lete this page for each species uo‘d) _
: e = = "Qﬁ': 5 ‘-Cbﬂiiﬁ IS '{S 3 u‘, t@ﬁ 1o <= I : i\
Gallus Domesucus Ch_icken Whnc Leghomn Cockerels Male - 18 weeks
408 X3 . 136 68 . "' BfoﬂmLCcunncrcial Source

ce of a | - : _'; No | x Yes ! !
{ﬁn BT ; Pl v : AR

9.  Sites/ rooms where Procedures will be Conducted

Facillty* Bldg/Room
Nonsurgical procedures or conditions Research Farm (Stewartstown Farm) Poultry Barn
C
Nonsurvival surgery N/A
Survival surgery Research Farm (Stewartstown Farm) Poultry Bam
B
Postsurgical / Postanesthesia / Postprocedural Recovery Research Farm (Stewartstown Farm) Pouliry Barn

"'10. |

11. Special Ammal Houslng
Animals will be housed outside of the centrahzed ammal holding
| Special Housing / E
12 to 24 bours (Study Area)

More than 24 hours (Satellite Facility)

If yes provide

g facilities or areas, such as in laboratories, for:
If yes | Building / Site Room

Duration




12. Fund Souree ‘
Federal: Name: SARE Grant

RS T e P R e R T B R o 0 T LA '“‘“T

Funding Status:  Peuding

Active
Annorpatcd Funding Period: Application deadline
'\"Sta“tb».. Name: Funding Status;  Pending
Active
Anticipated Funding Period: Application deadline
Private . Name: Funding Status:  Pending
- Active
Anticipated Funding Period: Application deadline
“nternal = Name: Funding Status:  Pending
o Active
Anucrpated Funding Period: Application deadline
Rt S R A B A, e e P B e i N v BT O P g s T 1 L O s A T N i e R |
i o R R A R T A DR R T R T R R A T A T A B R O P s AT A ¢

13 ‘La Description
~~B _ ribe in non

There is a growmg trend in the United States toward the consumptlon of homc-grown and
‘natural’ products. In order to meet the demands of the consumers, the agricultural community
is beginning to increase the production of organically grown products. There is also a growing
number of small family farms that are reaping the benefits of the increasing demand for organic
foods. In order to fully maximize the potential net profit a small operation can accrue, the
accessible forage must be fully utilized by the colony of birds for growth and maintenance.

In these studies, the nutrient digestibility of chickens will be determined. Balance
experiments will be used in which the chickens will be precision-fed forage samples. The
nutrient value of these forage samples will be predetermined. The excreta will be collected
from all birds and the nutrient value will be subtracted from the predetermined value of the
forage. Thus, the less energy and nutrients excreted by the bird, the higher the forage
digestibility. This will allow a small poultry producer to decrease his/her input into feed costs
and rely more upon the forage that is readily available.

e e e D o B R s R N B B e
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Expenmental (or Teaching) Deslgn

| pullet houses. At eighteen weeks of age, the cecetomized birds will be individually housed in wire

Forage Sample Analysis

Block Design with Eight Treatments and Eight Replications Per Treatment

8 Treatments (8 Replicatons/Trt)
forage sanple forage sample forage sample  forage sangple forage sarmple forage sample forage semple forage sample
1 bird/cage 1 bird/cage | bird/cage 1 bird/cage [ bird/cage [ bird/cage 1 bird/amge 1 bird/cage

The birds will be obtained from a group of slip birds, cockerels that have mistakenly been placed in

cages and fasted for 24 hours to clear any undigested material for the GI tract. Each bird will then
be fed a predetermined amount of forage. This forage will be administered via a tube inserted
directly into the crop.

Duning the duration of the experiment, the birds will have access to water ad libitum. In addition,
the room will be heated to a temperature that will optimize bird comfort.

Excreta will be collected for 48 hours on plastic trays placed under the cages. Birds will then be
returmed to a standard com-soybean based diet that meets or exceeds NRC requirements. Excreta
will be freeze dried, ground, and analyzed for gross energy, nitrogen content, amino acid content,

‘What (estimated) percentage of animals will be unusable ¢

phosphorus, and any other nutrients/chemicals of interest.

Moritz et. al. (2001), Nir et al. (1995), and Moritz et. al. (2002) cach calculated a mortahty rate of 5% in fced |
performance studies. Therefore approximately 5% more cockerels from this same group will be maintained on a control
diet to replace mortality through the duration of the trial.

" Desciibe any Il

_problems that may-arise from experis

| w111 retum {o normal within one week

It is not anticipated that birds will develop any problcms aﬁcr full recovcry ﬁ'om thc surgery
Extreme caution will be exercised during surgery as well as during the recovery period to minimize
infection and discomfort. However, prior to surgery, the administration of the anesthetizing agent, /4
Na pentobarbital, will need to be monitored closely and no more than 30 mg per kg may be given.
(Ketamine can be used as an alternative with a dosage of 10-20 mg/kg BW).

During surgery, it will be necessary to use extreme caution to avoid damage and hemorrhage of the
caudal mesenteric vein. The birds will also suffer a depression in feed consumption and weight gain
post-surgery. However, feeding and normal activity should return within 24 hours and weight gain




15, Nonsurgicfu li'xpernmzntal (or Teac ing) Procedures or i?on itions
“ Defails of experimental (or.teaching)’ és, including frequencyof freafments peranimalis .« oo Gy

Cecetomized birds will be housed in individual raised wire cages. Followmg a 24—hour fastmg
period, the birds will be removed from their cages and precision-fed one of eight forage samples.
Birds will then be retumed to the cages and excreta will be collected on a plastic tray. All excreta
' will be collected for a period of 48 hours and freeze-dried, ground, and analyzed for nutrient content

(gross energy, N, amino acids, P, and others).
Following the collection period, birds will have access to a diet that meets or exceeds NRC

requirements and water will be provided ad libitum. In addition, the room will be heated to a
temperature that will maximize bird comfort.

Cockercls\ will be observed frequently dunng , the dnon of the cxpenment Birds that have shown

extreme discomfort or birds that have not resumed eating 48 following surgery will be euthanized by
carbon monoxide exposure.

P AT N A . - i E S T AL ST P2




16. ) Nonsur;iw;nl Surgt,

CAFI T

('N ote. Nonsumval surgerv does not ll'ic]vllde' euthannsia followed by procedurm conuucted

a description o e R T W

u_\njf( = £
Agent Dose M) Route Frequency
Anesthetics N/A
Analgesics N/A
Tranquilizers _N/ A
Experimental | N/A
materials




17 Survwnl surgery
A.

Provide'a description of the surgéty, including aseptic techniques:

! anesthesia can be determined. The small feathers along the inner surface of the wing will be plucked

At the termination of the 24 fasting period, birds will be wexg,hed soﬂthat a propcr dosage of

and the skin will be disinfected with a disposable alcohol swab. Sodium pentabarbitol (65 mg/ml)
will be injected into the wing vein at a dosage of 20-30 mg/kg. This will provide a constant
anesthesia and eliminate pain during surgery. A 3ml syringe and 26 gauge needle will be used to
slowly inject the Na pentabarbitol until the bird has been sufficiently anesthetized. Ketamine (10-20
mg/kg BW) can be used as an alternative to Na pentabarbitol. However, it is rarely used alone and i
likely to be accompanied by benzodiazepines or alpha,-adrenergic agonists. Ketarnine has also been
associated with poor muscle relaxation, muscle tremors, and rough recoveries (International
Veterinary Information Services, Aug. 5, 2001).

After successful anesthetizing of the bird, its right leg will be suspended over the ribcage and the
feathers on the surgical site can be easily removed. Betadine will be sprayed between the leg joint
and the tail and then evenly spread throughout the surgical area.

Lidocaine (1 ml) will be injected into the muscle around the surgical site using a syringe and 25
gauge, 5/8 inch needle. A number 10 blade for a number 3 handle will be used to make a 1.5-2 inch
horizontal incision along the lower left abdomen. The muscle will be separated using tweezer
forceps to pull the tissue upward and iris surgical scissors to cut the layers. All surgical materials
will be autoclaved or packaged in a sterile container and those performing the surgery will scrub
prior to entering the room and wear sterile surgical gloves throughout the procedure.

After al] layers of muscle have been separated, the peritoneal cavity will be exposed and the
intestine that is attached to the ceca can be pulled through the incision using Allis tissue forceps.
While the tissue is exposed, it will be kept clean from blood with sterile gauze and kept moist with a
sterile water solution.

Once the ceca are located, they will be ligated using hemostats, the remaining tissue will be
sutured with 2-0 silk, and the ceca will be removed. The exposed cavity will then be saturated with
Penicillin before closing the incision. A 3-0 chromic gut suture and a 3/8 circle reverse cutting edge
needle will be used to close the abdominal wall.

After surgery, a large amount of iodine will be applied to the surgical site and 1 ml of
oxytetracycline will be administered IM SID for three days. The bird will then be returned to its
cage and observed approximately every 15 minutes throughout the recovery.

‘.'IIW'"AT-;’ ental | 1;1315 :hc e L d iarge ww B b dealc
P : _,__..r__ : o tr;-;w : L
Routc Frequcncy
Anesthetics Sodium Pentabarbito} 20-30 mg/kg BW | Wing vein 1 administration
Ketamine (altemnative to Na Pent)] 10-20 mg/kg BW | Wing vem 1 admministration
Analgesics Lidocaine ! ml IM of surgical site 1 administration
Tranquilizers
Experimental | Betadine Liberal Surgical site Prior to surgery
materials application Post-surgery
Penicillin Liberal Abdominal cavity 1 administration
application after removal of
ceca
Oxytetracycline | ml Minleg SID for 3 days




| Dunng .surgcry, reﬂexes will be momtored using the comb -pinch reflex of the birds. In order to
avoid pain, a 20 to 30 mg/kg dosage of Na pentabarbitol (or 10-20 mg/kg of Ketamine) will be used

to ensure a deep anesthesia during the procedure. Breathing will be monitored throughout the
surgery.




18. Mulhple Mnjor Survwal Sul;gery |
Provide scientific justification and the time proposed between procedures on the same ‘.mmal

A R R T o G RO U T

19. Dscripnon of' proced ures using death as 2 n;easured end-poin( * (mdicate why morbndlty cannot beused inad of

Lo LI

20, Euthamsla o

provided from a compressed cylinder. Air will be comprised of 4-6% CO and death will be quick and
painless.

= = z IV AL TR

. In the caseof exucme dlscomfoﬂ, b1rds w111 be cuthamzed usmg‘carbon monoxnde.. The CO wﬂl be -

N/A

.Agcnt - . Dose @g{k_g)__ Route
Carbon Monoxide Inbhalation

e

The method stated above is accepted by the AVMA for euthanasia of poultry.

- PRE

After completion of the current project, the animals will be housed at the research farm and used for
further digestibility studies.

E
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°red Blologicll Samplﬂ
other pro

22.

At 18 weeks old bards that are shps, male cockcreis that were rmstaken ﬁom hens and placed in pullet
houses, will be transported to Poultry Barn C on the Stewartstown Farm at West Virginia University in
Morgantown, West Virginia. The birds will be moved in a West Virginia University vehicle. These birds
have already been vaccinated and would have otherwise been euthanized.

'f._! TS BT oy | e Ty O -"—' TR I R A e T T, I R R (T
24. Ex rimgntnl Materinls and Saf Considerntions
AR R T AT R
Materials and Apgents Used in Ammals No
Flammable or explosive materials (e.g. ether) X
Biological samples of human origin X
Biological malerials (¢.g. transplantable tumors) | x
that n:ught copgain advcnnuous infectious agents P e B Nt s RS 7
"Material or Agem ‘ Concentration | Route of | Duration of | Length of Time that
Animals are Mamiined

Used in Animals Administration Exposure After E

F e SRR L s S
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25. Category of Ammal Use (Cr.rc 'hc corr ndmg letter(s) for all : _
FTCHGIEBEC s e A Rels TH REN S ent, R TR B RE TS EwE Tov
A.X Animals will not undergo procedures or experience conditions that ‘would normally cause more lhan momentnry
or slight pain or distress in the absence of anesthetics, analgesics or tranqguilizers, which will not be administered.
B.* Apimals may potentially experience more than momeptary or slight pain or distress and will receive anesthetics,

analgesics or tranquilizers duriog or after the procedure or conditions listed below. Alternatively, animals may
be euthanized to alleviate pain or distress. (Check ali that apply)

Nonsurgical experimental or teaching procedures or conditions
Nopsurvival surgery

¥ | Survival surgery

| x| Postsurgical / Postanesthesia / Postprocedural recovery period

C.* Apimals may potentially experience more thap momentary or sfight pain or dzstress nnd will not receive -
anestheﬂ(s, analgeslcs or tran 1‘Kguilmersto nlleviate i P}
‘T S¢ on for WithRolding Anes
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B.

.1] Namc ofscarch engine used
2] Database searched: D Medline X | Otber — Specify Apgricola and EbscoHost

3] Keywords used in the search and / or key references used to docurnent the unavailability of alternatives:

Alterpatives, Cecetomy, Poultry, Metabolism

4] Date of the search: January 9, 2004
5] Years covered by the search: ) 1970- 2004

~Poultry Science 71: 1390

s Please note that while consultation with experts is allowed for the purpose of obtaining Reduction,
Refinement and Replacement ("3 R’s") information, it is generally discouraged by the USDA.

e Ifa consultation with an expert is used to obtain information on the "3 R’s," the following information
about the copsultation is required.

o Each component of the "3 R’s" components, Reduction, Refinement and Replacement, must be addressed
10 the information from the expert

¢ The following information must also be provided:

o Name of the expent

o Expert's academic degree(s) and title of current position

o Date of the consultation. If the consultation occurred at a meeting, provide the narve, date and
location of the meeting,

o The expert not only must have knowledge in the field of interest, he/she must also have current
knowledge of the "3 R's" information related to the ficld of interest. This special knowledge must
be verified and described for each of the *3 R’s" components, Reduction, Refinement and
Replacement.

Alternatives to removing the ceca were investigated. Ligation of the ceca provided faster recovery for the birds,
However, those birds had extremely moist excreta and discrete fecal boli were not present. Afier a 9 and 12-week
post-mortem examination, fibrous tissue had formed around the surgical site and nutrient flow into the ceca had
reoccurred. It bas not been determined that Jeaving the ceca in the body prevents microflora from becoming
vonfunctional. An increase in size of the ceca throughout the experiment also indicated that microflora are
functioning in some manner. In order to prevent this and accurately determine digestibility of forage, all microflora

acuwty must cease. Thus removal of tbe ceca is required.

T RE I e TR e T R




27. Justification of the use of procedures invoiving prolonged restraint (1.e., longer tban one hour) of unanesthetized
animals. Provide detalls of the restrain procedurs and care of restrained animals.

N/A

28. ﬁaﬂone for using animals rather than nonanimsl alternatives
(in vitro sysiems, human clinical trials, computer models, etc.)

In order to properly analyze the digestibility of forage it is necessary to collect the excreta. It has not
been determined how animals will respond to a reduction in a traditional diet while nutrient compensation
is provided in the form of forage. Due to extensive microbial metabolism of nutrients in the ceca, the
birds must be cecetomized to obtain meaningful and accurate data.

e i h "._f‘f:';F D LT R e ) R T T e T
29. Justification of the choice of animal specles

(literature, previous studies, unique anatomic or physiologic characteristics, etc.)

Microbial fermentation is not an efficient means of digestibility in the monogastric stomach of the
chicken even though it has two ceca. In order to study the role of the ceca in the fermentation and
absorption of forage samples, cecetomized chickens must be used.

it

Assurance that proposed project does not naly duplimte previo work: (eck one)
X | This project does not duplicate previous experiments

Duplication is necessary. Justification:




31‘ )

In order to propcrly dctcrmme if the ceca of the btrd plays a plvotal role in foragc chg&stlon, it is
necessary to feed a higher number of birds. Many different forage samples will be tested for nutrient
digestibility. Thus, it is necessary to be able to replicate our experimental design. It is also important to
have replication for statistical analysis. Approximately 6-7 birds are needed per treatment (University of
Ilinois Laboratory Animal Care Advisory Committee, 2000) with 8 treatments for this particular study
This number will be needed for a 1.5% standard error coefficient in digestibility studies. Another
treatment of control birds, approximately 7 birds, will be needed where cecetomy is not pecessary.
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Amma] Hous; o and Care Request Form
Pre-8/02 Protocol Forms will not be reviewed 3

Principal Investigator (lnstructor) __ ]oe S Montz : Speciestobeused  Broilers

Sfles Where axtioats will be mafntained
Health Sciences Center

X | University Farm Specify Site:
Eberly College of Arts and Sciences
Other Specify Site:

A
1.

Excluswc use of an ammal room (sub_]ect to avmlablmy Check w1th OLAR)

Convennonal plastlc bottom cagc

Conventional wire bottom cage

Microisolator cage without sterile food, water or bedding

Microisolator cage with sterile food, bedding and water (acidified/autoclaved)
Oihcr (expla'm):

Standard (typlcally the maximum number of anum.ls per cage aﬂowed by federa] stnndards) -
One animal per cage
O!h_er (explain):

Standard

X  One animal per primary enclosure

Other (exphm)
C ) '
X  One animal per primary enclosure
Other (explain):

Standard
Otber (spccial light cycle, diet or water, techpical assistance, etc): Contact the college of Agriculture, Forestry and




Form Help

*Explanahonforcodes G 8 RS A R
PI  If the Principal Investigator (lnscwctor) is a post-doctoral t‘ellow the facu]ty ad\nsor must bc hsted asa co—mvcsugator
(co-instructor) and sign as the faculty advisor. Students may not serve as principal investigators.
CO  Are you a co-investigator? (X)
HA Wil you bandle animals? (X)
ES  Length of experience with species (in years)
PP Will you perform procedures? (X)
EP  Length of experience with procedures (in years)
AW Have you passed the test for Animal Welfare Core Training at WVU? (X) J

For all applicable regulations, policies and guidelines

Section Section Heading

2,3 Personnel performing procedures on animals

8 Animal Information

9 Sites / Rooms where Procedures will be Conducted

10 Animal Housing and Care

11 Special Animal Housing

13 Lay Description

14 Experimental (or Teaching) Design

15 Nonsurgical Experimental (or Teaching) Procedures or Conditions
16 Nonsurvival Surgery

17 Surviva] Surgery

18 Multiple Major Survival Surgery

19 Description of Proceduses using Death as a Measured Endpoint

20 Euthanasia

21 Disposition of Animals Other than by Euthanasia

22 Shared Biological Samples

23 Transportation of Animals by Investigators

24 Experimental Materia)s and Safety Considerations

25 Category of Animal Use

26 Alternatives to Potentially Painfu] or Distressful Procedures

27 Justification for the Use of Procedures Involving Prolonged Restraint
28 Rationale for Using Animals Rather Than Nonanimal AlternaGves
29 Justification of the Choice of Animal Species

30 Assurance that the Proposed Project Does Not Unnecessarily Duplicate Previous Work

31 Justification for the Use of the Nurbes of Animals Requested a
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