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Abstract

Exogenous feed enzymes can limit the negative tetie@anti-nutrients such as non-starch
polysaccharides present in maize and soybean rnasablbroiler diets, and thereby increase
the digestibility and nutritive value of the fe@dstudy was conducted to determine efficacy of
enzymes produced blalaromyces versatili; releasing energy and amino acids in broiler
feeds, and how that will effect production and glater parameters during a 35 day broiler
production cycle. The positive control diets wesenfulated to be lower in energy and amino
acid levels than the values used commercially.dgative control 1 diets were further reduced
in metabolisable energy, and the negative contdx® were reduced in amino acids compared
to the positive control diets. The negative conBdaliets were reduced in both metabolisable
energy and amino acids compared to the positive@atiets. The Rovabio Advance enzyme
complex was then added to the positive controlndgative control 1 diets, the negative control
2 diets and the negative control 3 diets. The emsysupplementation resulted in significant
improvements in body weight gain during the finaek of the trial when compared to non-
supplemented diets. The addition of the enzyme ¢texnjp diets with reduced amino acid
levels, also resulted in a significant improvemienteed conversion ratio and a tendency to
improve body weight gain compared to the positieetml, during the final week of the trial.
Enzyme addition to the reduced energy and reducedyg and amino acid negative control
diets resulted in slight but non-significant impeovents in 35 day body weight and body
weight gain over the 35 day period. The reducedggn@nd amino acid negative control diets,
also showed slight improvement in feed conversatorover the 35 day period, with the
addition of the enzyme. No improvements in anyhef production parameters were observed,
with enzyme addition to the positive control dieftherefore, it can be concluded from the
present study that enzymes produced T®yaromyces versatilican improve production
parameters of broilers when added to maize andesoylmeal based diets with reduced energy
and amino acid levels. Enzyme addition to the pasitontrol diet, significantly improved
eviscerated carcass Yyield compared to the reduserye and amino acid diets. No other
significant improvements were observed in any @f ¢arcass parameters evaluated, due to
enzyme addition. Therefore, this study did not \@lisignificant evidence that enzyme

supplementation can improve slaughter parametdssodérs.
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CHAPTER 1

General Introduction

In the poultry industry, as in many animal prodoitsystems, profitability depends mainly on
the nutritional value and cost of the feed (Tadtial, 2008; Bedford and Partridge, 2010). A
reduction in feed cost will always be a key objeetior both poultry feed producers and
integrators (Bacet al, 2013). Feed represents approximately 70% ofdted tost of broiler
production in South Africa, and maize and soybeaalmontribute the bulk of raw materials
for broiler feed (Dida, 2016; Davids and Meyer, 2D1

Maize contributes around 65% of apparent metalddésanergy, and soybean meal 80% of
crude protein in maize and soybean meal basedebrdiéts (Cowieson, 2005). Maize and
soybean meal poultry feed is generally considenduktof high nutritional value, but 15-25%
of the feed consumed will escape digestion (Zaretlkl, 1999; Bedford and Partridge, 2010;
Cowieson, 2010). When birds are fed a typical marz soybean meal ration, approximately
400-450 kcal of energy per kg of diet is not avdga(Cowieson, 2010), partly because the
birds lack specific enzymes needed to hydrolystarefeed components and also because of
the presence of anti-nutritional factors interfgrinith the digestive processes (Tahtral,
2008; Bedford and Partridge, 2010). When anti-tiatral factors interfere with normal
digestion, it may cause decreased production awndrléeed efficiency and can also trigger
digestive upsets (Bedford and Partridge, 2010). @rtee main anti-nutrients that may limit
the nutritive value of the feed are the non-stgrolysaccharides (NSP) (Talet al, 2008),
which are complex high molecular weight carbohyesabund in the structure of plant cell
walls (Irish and Balnave, 1993). Maize and soyb@aal based diets contain varying levels of
NSP (Irish and Balnave, 1993). The total NSP cdntémmaize is around 97 g/kg, which
includes negligible amounts of soluble NSP, and@pmately 8% of insoluble NSP consisting
mainly of arabinoxylans (Choct, 2006; Retal, 2017). Soybean meal contains approximately
217 g/kg total NSP, of which only 3% is soluble N&RI 16% is insoluble NSP, primarily in
the form of galactomannans (Irish and Balnave, 19RBs et al, 2017). Non-starch
polysaccharides are not digestible by monogastrimals because they lack the digestive

capacity of ruminant animals (Merg al, 2005).



The supplementation of animal feed with exogenows/mes can increase the efficiency of
digestion, and thereby improve the nutritional eatd feed ingredients. Since the mid-1980s,
feed enzymes have dramatically improved the ptafitg of commercial poultry production
(Baoet al, 2013). Enzymes are now routinely included in lerathicken diets to improve the
digestion of carbohydrate, protein and mineraltfoas (Choct, 2006; Francesch and Geraert,
2009). The actual mechanism of action of the ensypresent in commercially available
supplemental complexes depend on their efficadetyrade the different substrates present in
feed ingredients (Riost al, 2017). Enzyme supplementation has been moregtyroglated to
diets containing cereals such as wheat and badeguse of the high levels of viscous soluble
non-starch polysaccharides they contain (Cowie2005). The inclusion of microbial enzymes
in diets containing such grains have been obsexv@dprove the nutritive value of the diets
(Choctet al, 2004; Menget al, 2004; Yanget al, 2008; Romeret al, 2014; Leiet al, 2016;
Munyakaet al, 2016; Cozannegt al, 2017; Gonzales-Oritet al, 2017; Yaghobfar and
Kalantar, 2017).

Although both maize and soybean meal are consideghdly digestible ingredients (Zanek#

al., 1999), their nutritional value can still be impea by a combination of supplemental
enzymes (Francesch and Geraert, 2009). Enzymesaabteak down the cell wall matrix and
the insoluble components may result in easier acoégsligestive enzymes to the released
nutrients, normally encapsulated in cell wallsirarorporated into the cell wall (Cowieson,
2005; Choct, 2006). Slominski (2011) stated that d¢bnstituent NSP in maize and soybean
meal requires a broad range of carbohydrase enzyimasy beneficial response is to be
achieved. Non starch polysaccharide degrading bgdrase enzymes, particularly xylanases,
have long been used in wheat-based diets for gotdtrdegrade the arabinoxylan chains
(Cozannett al, 2017). The efficacy of xylanase is limited in @gidue to multiple arabinose
substitutions present in the xylose backbone (Kend2014). Enriching a preparation with
debranching enzymes, such as arabinofuranosidagessents an efficient way to increase the
overall enzyme effect (Cozanradtal, 2017). Arabinofuranosidases can cleave arabifmose
the xylose backbone and offer access to xylanasges (De La Maret al, 2013; Cozannet
et al, 2017).



The filamentous fungu®enicillium funiculosumrecently renamed alaromyces versatilis
(Samsoret al, 2011) produces a wide range of cellulotic and hemiceliolenzymes (Lafond

et al, 2014). It can grow efficiently under large-scatelustrial conditions to secrete
biologically active compounds including several tojgtic enzymes (Belshawt al, 2003).
This capability is currently utilised to produce@mmercialised enzymatic cocktail which is
used as feed additive in animal nutrition (De Larddet al, 2013). The multi carbohydrase
enzyme complex is composed of pectinases, celkilggeteases and arabinofuranosidases
(Rioset al, 2017). This multi carbohydrase enzyme complexirstwas genetically modified
via self-cloning to increase the amount of xylanasd arabinofuranosidase, enhancing its
efficacy in breaking down highly substituted araxylans (Lafondet al, 2011; De La Mare

et al, 2013). Enzymes that are capable of degrading Bxmg@rabinoxylan chains more
efficiently, can challenge current feed reformwatito consider all potential benefits and
nutrient digestibility (Cozannedt al, 2017).

The objective of the present study was to deternttweefficacy of enzymes produced by
Talaromyces versatili; releasing energy and amino acids in broiledéeand how that would

affect broiler production and slaughter paramedeirsng a 35 day broiler production cycle.

The aim of the study is to determine the followimgpothesis:

* Ho: Supplementation of broiler diets with enzymesdoiced byTalaromyces versatilis
will not improve production and slaughter parameter broilers during a 35 day
production cycle.

* Ha: Supplementation of broiler diets with enzymesdoieed byTalaromyces versatilis
will improve production and slaughter parametefisrilers during a 35 day production

cycle.



CHAPTER 2

Literature Review

2.1 Introduction

The aim of this section is to review the curretgrhture on the classification of non-starch
polysaccharides, with specific reference to thenntigpes present in maize and soybean meal
based diets. The main anti-nutritional effects oh4starch polysaccharides will also be
discussed. Further to this, the mode of actiontgpels of non-starch polysaccharide degrading
enzymes will be discussed. This review will alseastigate the inclusion of multi-enzymes in
maize soybean meal based diets, and the main seafiecting the efficacy of these exogenous
enzymes. The final part of this review will discubs enzymes produced by the filamentous

fungusTalaromyces versatilis

2.2 Classification of non-starch polysaccharides

Non-starch polysaccharides (NSP) can be clasdifitedthree main groups, namely cellulose,
non-cellulosic polymers and pectic polysacchari(iesiley, 1973). Arabinoxylans, mixed-
linked R-glucans, mannans, and xyloglucan are qfatthe non-cellulosic polymers whereas
polygalacturonic acids substituted with arabinaalagtan and arabinogalactan are included in
the group of pectic polysaccharides (Siehal, 2011; Choct, 2015). Fructans, glucomannans
and galactomannans belong to the group of NSP ithatot as abundant as cellulose,
hemicellulose or pectins and serve as the storalysgrcharides within the plants (Sirdtaal,
2011).

2.2.1 Cellulose

Cellulose is the most abundant biopolymer in natacgnprising more than 50% of all the
vegetative carbon (Choct, 1997; Kunsral, 2012). It is the most important polysaccharide,
which is present in all plant tissue as the basicgiral component of plant cell walls (Knudsen,
2014). Cellulose is made up of thousands of R-(lirked glucopyranosyl units, which
generally makes it indigestible for monogastricnaals due to the absence of the cellulase

enzyme in the digestive tract (Sindiaal, 2011). Separate cellulose chains are held togbthe
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hydrogen bonds and this forms a “ribbonlike” twddfbelix, which helps stabilise the glucan
chains (Choct, 1997; Knudsen, 2014).

2.2.2 Non-cellulosic polymers

2.2.2.1 Arabinoxylans

Arabinoxylan (AX) is the main component of hemiatse in annual plants, accounting for
30-35% of the cell wall material (Bedford and Hedge, 2010). The structure of cereal AX are
composed predominantly of two pentoses namely mpabiand xylose, and consists of a linear
backbone of (1-4)-3-D-xylopyranosyl residues, whish mainly substituted witho-L-
arabinofuranosyl residues to different degreeleatt-2 and/or O-3 positions (Choct, 1997; De
La Mareet al, 2013). This results in four structural elememdhe molecular form of AX
which are monosubstituted at O-2 or O-3, disubstttat O-2, 3 or unsubstituted. The relative
amount of arabinose and xylose, and the sequendistabution will differ between cereals,
and the ratio of the two pentoses can be useddmcterise the structure of AX (Knudsen,
2014).

For most cereals, the primary substitution strgctisra-L-arabinose. Arabinoxylan can be
divided into water-extractable and water-unextialetéractions. The largest fraction of AX in
most cereals is water-unextractable, which redudis covalent cross-links and noncovalent
interactions with other components (letial, 2016). The water-extractable AX is responsible
for viscosity, while the cage effect is causedhmy water-unextractable AX (Masey O’Nesll

al., 2014). Most of the AX in cereal grains are indtduin water because they are anchored in
the cell walls by alkali-labile esterlike crosski# but those that are not bound to the cell walls
can form highly viscous solutions and they can dbsdout ten times their weight of water
(Choct, 1997).

There are two major types of AX, namely those foimendospermic tissues and those found
in non-endospermic tissues. The non-endospermicaditains some side groups together with
the a-L-arabinofuranose side chains. The endosperminsypresent in cereals are extremely
branched and double substitution can occur witharabinofuranose at the positions 2 and 3

(Wilkie, 1979). In the majority of AX, there arevazal substituent groups attached to xylose,
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and they determine the solubility, viscosity ankdestphysiochemical properties (Bedford and
Partridge, 2010). The side chains determine théxddl, physical conformation, and reactivity
of xylan molecule with other hemicellulosic compotss and therefore greatly influence the

mode and extent of enzymatic cleavage (Chaktlat, 2016).

2.2.2.2 Mixed-linked-R-glucans

Mixed-linked [3-glucans are found in most cereafsl are important constituents of the cell
walls accounting for up to 70% of the weight (Chd@97; Kumaret al, 2012). Barley, oat
and rye grains are major sources, whereas wheatarid maize have lower concentrations
(Kumaret al, 2012). The structure of these polysaccharideslsestablished and consists of
linear homopolymers of D-glucopyranosyl units thet joined by 2 or 3 consecutive (3-(1-4)
linkages separated by a single 3-(1-3) linkage (lsen, 2014). Cereal 3-glucans are not
digested by the monogastric animal’s endogenougneez (Kumaret al, 2012), and have a

negative effect on bird performance and healtholdand Pescatore, 2014).

2.2.2.3 Mannans

Mannans are either glucomannans or galactomanmahara commonly found in a variety of
feed ingredients, including soybean meal, whiclong of the primary ingredients used in
poultry diets (Masey O’Neilét al, 2014; Williamset al, 2014; Rehmaet al, 2016).

3-mannans are a group of related heat-resistanpaamis (Odetallalet al, 2005) and can
contribute up to 1.3% or 1.6% in the dehulled ardehulled soybean meal, respectively (Hsiao
et al, 2006). B-mannans have been found to be deleterious to angedormance,
compromising weight gain and feed conversion (Hsehoal, 2006). It is considered a
nutritional constrained because of its extremeghiscosity in solution (Centerat al, 2006).
3-mannan is also capable of stimulating the inmat@une system and is thus potentially
capable of stimulating a non-productive energyrdng innate immune response (Hsetal,
2006). When R-mannans are present in feed thede@amess growth and feed conversion and
increase nitrogen and faecal output, effectivelyrel@sing metabolisable energy (Mussinal,
2011).



Galactomannans are reserve polysaccharides ie#ageenidosperm of leguminous plants. They
are water-soluble, and provide a water-holding fimncfor the seed by absorbing water.
Galactomannans are composed of 3-(1-4)-linked nradnains withu-(1-6)-linked galactosyl
side-groups (Sinhat al, 2011; Kumaret al, 2012; Prajapatt al, 2013). Glucomannans act
as storage polysaccharides and are present aaeomponent in cereal grains (Sirgtaal,
2011; Kumaret al, 2012). Many glucomannans are water-soluble amaposed of glucose
and mannose monomers as part of a 3-(1-4) linkethamachain (Kumaet al, 2012; Masey
O’Neill et al, 2014).

2.2.2.4 Pectic polysaccharides

Pectic polysaccharides are a heterogenous groogllofall polysaccharides that are found in
the cell walls of the stems and leaves of cere@lso¢t, 1997; Knudsen, 2014ectic
components are highly branched and have heterogenemnosaccharide compositions
consisting mainly of galacturonic acid, galacta@binose, xylose, fucose and rhamnose (Al
Loman and Ju, 2017). Pectic polysaccharides consiginly of homogalacturonans,
rhamnogalacturonans type | and Il, xylogalacturomaual arabinogalactan type | and I
(Knudsen, 2014).

Homogalacturonan is the main structure of pectthiara polymer consisting af(1-4)-linked
D-galacturonic acids (Al Loman and Ju, 2017). Rhagatacturonans type | has a backbone of
alternatinga-(1-2)-linked L-rhamnose residues ang1-4)-linked D-galacturonan residues,
with side chains of arabinan, galactans and arghiactans. Rhamnogalacturonans type Il is a
complex polysaccharide that consist of a backbdne(@-4)-linked D-galacturonic residues
that are substituted with aldehydro- and keto-sofigosaccharides. Xylogalacturonan is made
up of a homogalacturonan backbone which is substitby one or more 3-(1-3)-linked D-
xylose residues, and is mainly found in reproductissue (Knudsen, 2014; Al Loman and Ju,
2017).

Arabinans are polymers that consisugfl-5)-linked L-arabinose residues that are sulistit
with one or mores-arabinofuranosyl residues, while galactans argrpets that consist of (1-

4)-3-D-galactose residues (Choct, 1997; Knudseb42@®rabinogalactan type | and Il both
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have a linear backbone made up out of 3-(1-4)-tinkegalactosyl residues which may be
branched to a high or low degree (Choct, 1997; lseagd2014).

2.3 Non-starch polysaccharides in maize soybean nidesed diets

Even though maize and soybean meal based brodts alie generally considered to be of high
nutritional value (Cowieson, 2010), these raw malkerstill contain varying levels of non-
starch polysaccharides (NSP) that can interferk digestive processes and lead to decreased
production and feed efficiency (Irish and Balnal®@93; Bedford and Partridge, 2010).

2.3.1 Non-starch polysaccharides in maize

Cereal grains are complex structures, composedsfds containing cell walls with different
properties and composition (Knudsen, 2014). Cereatsist of approximately 10% to 30%
NSP, with the majority being arabinoxylans, celddoand 3-glucans (Choct, 2015). Cereal
grains can be classified into two groups, namedgaiis and non-viscous cereals (Choct, 2015).
Viscous cereals include barley, rye, wheat, whaa-riscous cereals include maize, sorghum
and rice (Choct, 2015).

Maize and wheat have similar cell wall compositioat the endosperm cell wall that surrounds
the cellular endosperm is thinner (Chesson, 2004¢. NSP content in maize is on average
around 90 g/kg of the dry matter (Knudsen, 2014jictv mainly consists of arabinoxylan but
also include 3-glucan and cellulose (Chesson, 2@/En though the NSP content of maize is
lower than that of soybean meal, its contributiortlte overall NSP level in the feed can be
substantial due to the high inclusion rate in maagbean meal based diets (Cowieson and
Adeola, 2005; Meng and Slominski, 2005; Yegani Kodver, 2013). According to Jaworski
et al. (2015), the NSP composition of the total NSP faactin maize includes 48.6%
arabinoxylans, 21.6% cellulose and 29.8% of otlenibelluloses. Choct (1997) noted that
approximately 64% of the NSP in maize kernels &sroxylan, with only 2% being water-
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According to Knudsen (1997), the insoluble NSP egltllose in maize are the most important
NSP constituents. The author also stated thasti®af insoluble NSP to soluble NSP is much
higher for maize than wheat, rye, barley or oats.nmaize diets, the effect of nutrient
encapsulation should be more of an issue thanfteet ®n digesta viscosity (Cowieson and
Adeola, 2005; Choct, 2006; Slominski, 2011). Thggatal barrier created by the cell walls
encloses some amounts of starch and protein comgnehich limits the animal’'s own
digestive enzymes in accessing and fully digestinghe nutrients then escapes digestion to
reach the hindgut and undergo fermentation witkelatively low energy yield (Meng and
Slominski, 2005; Kaczmaredt al, 2014).

Maize arabinoxylan also has a much higher degrselasdtitution compared to wheat (Knudsen,
1997). The insolubility and complexity of maize lareoxylan structures influence the
susceptibility to enzymatic hydrolysis (Malunga aBdta, 2016). Maize arabinoxylan is a
highly branched structure heavily decorated wittbarose and several other substituents which
can impede xylanases to bind and cleavethgl-linked xylose backbone (Raehal, 2018).
Addition of supplementary de-branching enzymes masgease the solubilisation capacity of
xylanases by removing substituents present on ylen>xchain, for example the removal of

arabinose by arabinofuranosidases (Retval, 2018).

2.3.2 Non-starch polysaccharides in soybean meal

Seeds and grains of protein crops and feedstulfs imageneral a similar structure as cereals.
Soybean meal is a by-product from the productiosoybean oil, and the concentration of the
fibre and protein will consequently be higher thamhe grains and seeds (Knudsen, 2014). It
contains approximately 35% carbohydrates, of whit¥% are soluble sugars and 21% are NSP

(Choct, 2015). The carbohydrates in soybean mewisomainly of pectic polymers.

When evaluating protein ingredients for poultrytdligis essential to not only look at the amino
acid composition, but also to take the effectshaf NSP content into consideration (Choct,
2015). The plant origin, the variety, the degreprottessing as well as the amount of NSP-rich
hull that is present in the final product, all idhce the NSP content of these ingredients

(Kocheret al, 2002). Soybean meal is the by-product after xitaetion of soybeans, and
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contains around 48% protein, 35-40% carbohydr@td9% water, 5-6% minerals and less than
1% fat (Chocet al, 2010). Although soybean is the most widely usegietable protein source
for poultry feed, the anti-nutritional activitie$ these carbohydrates in animal feed are quite

often ignored, and it contains nearly as much daybates as protein (Choet al, 2010).

The nutritive value of soybean meal also depends@@amount of indigestible carbohydrates,
in particular, the amount of oligosaccharides asdPNKocheeet al, 2002). The carbohydrates
in soybean meal consist predominantly of NSP aee Sugars, such as mono-, di- and
oligosaccharides (Choct, 1997). Sucrose is the s@irble sugar in soybean meal, which can
contribute as much as 25-35% of the total carbdtgdiraction (Al Loman and Ju, 2017).
Oligosaccharides such as stachyose, raffinose enmhadscose are found in lower concentrations
(Ouhidaet al, 2002) and are important to monitor because eif tAnti-nutritional effects.
These galacto-oligosaccharides consist of a tetrau@ose linked galactose residuesitly,6
linkages (Al Loman and Ju, 2017), and they can Ydrdlysed bya-galactosidase to D-
galactose and sucrose (LeBlatal, 2004).

Soybean consist of between 20-30% NSP, in whiclioxqapately 8% are cellulose and the
remaining are pectic polysaccharides mainly inféinen of rhamnogalacturonans (Choct, 1997).
The NSP content of soybean meal consist of 63 §kfsoluble NSP and 154 g/kg DM
insoluble NSP, with the insoluble component beimgilar to maize (Knudsen, 1997).
According to Al Loman and Ju (2017), an enzyme omixtshould at least contain pectinase,
xylanase, cellulase and galactosidase for effective hydrolysis of allégpof carbohydrate in
soybean meal. Supplementary accessory enzymes sischa-arabinofuranosidase,
endoarabinase, [3-galactosidase and endogalactaresmportant for further hydrolysis, as

they are involved in degradation of the side chamsent in soybean.

2.4 Anti-nutritional effects of non-starch polysacbarides

Non-starch polysaccharides can affect the digesiwh absorption of other nutrients either
directly or indirectly (Sinhaet al, 2011; De Vrieset al, 2012). Two models have been
suggested for their anti-nutritive role in broitlets (Giprita et al, 2010). The first model is

by encapsulation in which the NSP coat inhibitsabeess of digestive enzymes to the starch,
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fat and protein with the second model being the ttaat the presence of NSP in the intestinal
lumen increases the viscosity of the intestinalteots (Gprita et al, 2010). In addition to
direct effects on nutrient digestion and absorptiomdifications of the quantity and
composition of the intestinal microflora may alse involved in the anti-nutritive effects of
NSP (Simon, 1998; Bedford and Apajalahti, 2001 hpact of these anti-nutritive properties

on nutrient digestion can be substantial (De Veiesl, 2012).

2.4.1 Encapsulation or cage effect of non-starch fysaccharides

The NSP in cell walls can act as a physical bathat interferes with digestion of intracellular
nutrients, and this effect is also referred to las ¢age effect (Khaderat al, 2016). The
structural arrangement of NSP in the cell wall affact digestibility of the NSP-fraction itself
as well as that of other nutrients encapsulatethencell, limiting the accessibility of these
nutrients by digestive enzymes (De Vriet al, 2012). Non-starch polysaccharides
encapsulates the fat, protein and starch thanateifeed (Pettersson and Aman, 1988; Cowan
et al, 1996; Wisemaet al, 2000). This is due to the fact that a diverse @amof enzymes are

necessary to break down the intact cell wall table to utilise the nutrients (Bedford, 2002).

There is strong evidence that some nutrients irzenaie not completely digested in the small
intestine and that considerable amounts of stardipeotein escape digestion, reach the hindgut,
and undergo fermentation with a relatively low gyeyield (Carréet al, 1995; Noy and Sklan,
1995). With ground and pelleted feed the gizzarthefbird also fails to develop fully, and as
a result many intact particles of feed enter thieagqua the contents of some cells may escape
digestion (Svihuset al, 1997). Surface activity of NSP can also causenthe bind to the
surface of feed particles after ingestion, redut¢heaccessibility and absorption of nutrients
from the diet (Smits and Annison, 1996).

The digesta transit time in poultry is rapid duetelatively short colon, and consequently the
fermentative capacity of this species is limitech@sét solely to the soluble NSP fraction (De
Vries et al, 2012). The digestibility of the NSP fraction frafiets containing cereals that are
relatively high in soluble NSP, such as barley, athend oats are much higher than those that
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consist mainly of insoluble NSP such as maize @usgnet al, 1996; Meng and Slominski,
2005).

2.4.2 Effect of non-starch polysaccharides on dig&@sviscosity

Viscous ileal digesta increases with an increagherintake of soluble NSP, which decreases
the digestion rate and bird performance (Chesdabi ;2Bederska-tojewsket al, 2017). NSP
are solubilised after ingestion, which leads tinanease in the viscosity of the digesta (Classen,
1996). Body weight gain and feed conversion efficieis negatively correlated with an

increase the gut viscosity level (Bedford and (Gas4993; Bederska-Lojewskaal, 2017).

NSP contribute to the physical properties of thgedia, such as viscosity and hydration
properties (Annison and Choct, 1991; lji, 1999; €h@002). This can affect digesta transit
time, bulking properties, microbial activity, gutysiology and function and endogenous losses,
again potentially reducing nutrient digestion abdaption (Potkingt al, 1991; Jorgenseet

al., 1996; Gralaet al, 1998). Diffusion also plays an important role femzymes, their
substrates and the end products to move easilydhrthe intestinal wall. When viscosity
increases in the intestines, diffusion occurs atugh slower rate (Annison and Choct, 1991;
Bedford, 2002).

The unstirred layer at the mucosal surface of tlddy’s digestive tract is also influenced by
increased viscosity of the digesta, which will ldaada slower uptake of nutrients (Chesson,
2001). Mucin concentration in the gastro intestimatt is correlated to dietary NSP intake
(Sinhaet al, 2011). Young chickens are particularly suscegtiblviscous components of the
diet, and the only grain that can be used withoaoitdtion in the ration is maize (Bederska-
Lojewskaet al, 2017).

2.4.3 Interaction of non-starch polysaccharides wit gut microflora

The gut is the major organ for nutrient digestiapsorption, protection against pathogens, and
it is also the largest immunological organ in thedyp (Choct, 2009). Microflora plays an

important role in the health status, nutrition gnowth performance of animals by influencing
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digestion, intestinal development, absorption dfieats and the immune system (Y agical,
2009; Matinet al, 2012). There has to be a balance between posstitegenic bacteria and
the beneficial bacteria, which can be disrupteddayors including age, pH, gastric passage
rate, diet, and mucosal secretion as well as dessrihat affect the immune system (Magin
al., 2012). This interaction is very complex, andvitdue is dependent on the circumstances
under which the host finds itself as well as theposition and activity of the gut microflora
(Yanget al, 2009; Bedford and Cowieson, 2012).

The viscous intestinal environment created by N&freases the rate at which feed moves
through the intestines, and impedes rapid digestfarutrients (Salitet al, 1991; Bederska-
tojewskaet al, 2017). Almost 90% of bacteria in the intestimakt are present in the large
intestine (Apajalahtet al, 2007; Parkeet al, 2007). Bacteria build-up due to the slower
passage rate will lead to the migration of bactetia the small intestine (Bedford, 2002), and
can promote an increase of anaerobic microbeseiupiper parts of the gastrointestinal tract
(Smits and Annison, 1996; Jozefiakt al, 2007). The undigested nutrients leads to the
proliferation of pathogenic bacteria (Sakh al, 1991; Bedford and Cowieson, 2012). The
bacteria compete with the host, as they are ahlélise the nutrients such as starch and protein
(Bedford, 1995).

Undegraded arabinoxylans that reaches the colomuktie development of residing bacteria
such aBacteriodegBifidobacterium Lactobacillus Clostridium andEubacterium(Riviereet

al., 2014). The caeca is also responsible for a haylellof fermentation of dietary fibre
(Jozefiaket al, 2004b). Intestinal bacteria are also able to peedile acid degrading enzymes
which could interfere with lipid digestion in thes$t (Bedford and Classen, 1993; Bedford,
2002). Since bile acids are also thought to stbiancreatic proteases in the intestinal lumen,
protein digestion could be compromised. Large amwaf rapidly fermentable substrates can

lead to decreased digestion and intestinal dissr@dford and Cowieson, 2012).

2.5 Non-starch polysaccharide degrading enzymes

Enzymes became commercially available for use inagastric animal nutrition at the end of

the nineteen eighties, with use continually inciregd$o the present day (Dos Sanetsal,
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2017). The most common enzyme in monogastric dsgpbytase that is used to increase the
hydrolysis phytate to release phosphorus, reduthiegneed for the addition of expensive
inorganic phosphorus sources to the diet. The seocomst common group is carbohydrase
enzymes, initially used in viscous diets with higeat, barley and rye inclusion and
subsequently in maize and sorghum based diets, twéhobjective of improving nutrient

absorption and animal performance (Masey O'Ngidll, 2012).

2.5.1 Mode of action of non-starch polysaccharideegjrading enzymes

The main function of exogenous supplementationanb@hydrases is to hydrolyse complex
NSP present in plant feedstuffs that monogastiimals are incapable of hydrolysing with their
endogenous pool of digestive enzymes (Castillo @atlin, 2015). Khadenet al. (2016)
attributes the effect of NSP hydrolysing enzymebruoiler diets to three mechanisms, firstly
through a reduction of digesta viscosity, secottlitgugh disruption of the cell wall structure
releasing the encapsulated nutrients also knowineasage effect reduction, and lastly through

a prebiotic effect. The three mechanisms will lsedssed below.

2.5.1.1 Disruption of cell wall integrity

Complex carbohydrates, that form part of the calllwshield substrate from contact with
digestive enzymes (Asmare, 2014). NSP degradingneez releases nutrients from complex
cell wall molecules, thereby improving the accdssmalogenous enzymes (Gogtlal, 2017).
The activity of exogenous NSP degrading enzymesteseholes in the cell wall, which allows
water hydration and permits pancreatic proteaseéamarylases to act, enabling better digestion
of the starch and protein (Sinkaal, 2011). Menget al. (2005) suggested that the improved
energy utilisation in maize soybean meal may betdbeth the hydrolysis of the encapsulating

cell walls, and the disruption of the cell matrikiah results in the release of structural protein.

Carbohydrase supplementation increases digestilmfitenergy yielding nutrients such as
starch and fat, because NSP reduce the capacityutaent absorption by reducing enzyme
accessibility to substrates (Adeola and Bedford)420 In addition, it is possible that
carbohydrases act to improve nitrogen and aming aiilisation as well, by increasing the

access to protein for digestive proteases (Tethal, 2008).
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Carbohydrase enzymes can also increase the aliyladfi minerals in diets, due to the

relationship between phytic acid and NSP in cegeagihs and legumes. Most of the phosphorus
is bound in phytic acid, and this phytic phosphoansl other minerals may be exposed to
digestive enzymes when the carbohydrases hydroty&is substrates (Asmare, 2014).
Increased mineral availability may be seen as atiraot response to carbohydrase

supplementation (Adeola and Cowieson, 2011).

2.5.1.2 Reduction of digesta viscosity

Non-starch polysaccharide degrading enzymes lingtihcrease in digesta viscosity through
the hydrolysis of plant soluble polysaccharidesn{8set al, 2013; Munyakeet al, 2016;
Bederska-tojewskat al, 2017). The enzymes reduce the thickness of theguent and
increase the nutritive value of the feed, by clegvihe large NSP molecules into smaller
polymers, (Annison and Choct, 1991; Choct, 1997).

Studies on monogastric animals have shown thatcestwligesta viscosity due to NSP-

degrading enzyme supplementation is the main faegponsible for the observed enhanced
performance response on feeding plant materidgisimisoluble NSPs (Cowiesat al, 2006).

In general, maize and soybean meal NSP do not @asscosity problem, and the use of a
combination of different carbohydrase activitiedbtong about effective cell wall degradation

will be a better suited strategy (Slominski, 2011).

2.5.1.3 Stimulation of bacterial population

Carbohydrase supplementation has also been shaweréase gut health in animals fed high-
NSP diets (Castillo and Gatlin, 2015). By reducthgesta viscosity, they encourage slower
shedding of microorganisms and a decreased puatiider of harmful bacteria (Vahjest al,
1998). Exogenous enzymes not only influence thetjaing of nutrients to the host but also,
through their action, produce nutrients for spegadpulations of bacteria, means that they are
multifactorial in their effect (Bedford and Cowies®012). Carbohydrases may stimulate and
support growth of beneficial bacteria, thereby iaying gut and overall health of the animal
(Adeola and Cowieson, 2011).
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Non-starch polysaccharide degrading enzymes break ghlant cell wall carbohydrates and
reduce their chain length, producing smaller polgaad oligomers, which can act as substrate
for bacterial fermentation. These exogenous enzyraaspositively alter volatile fatty acid
production and the population profiles of gut-asstec microflora (Bedford and Apajalahti,
2001). Carbohydrases improve energy utilisationsbifting absorption of energy-yielding
nutrients to the proximal intestine, which decredsest—microbe competition for nutrients and
ensures availability of nutrients where absorpgdfitiency is greatest (Adeola and Cowieson,
2011).

2.5.2 Types of non-starch polysaccharide degradirenzymes
2.5.2.1 Xylanase and debranching enzymes

Xylanases cleave the xylan backbone randomly rdeguih non-substituted or branched
xylooligosaccharides (Bedford and Partridge, 20X§)anases are well-known for their ability
to degrade arabinoxylan from wheat (Courtin antt@e, 2001), but maize arabinoxylan has
a higher degree of substitution (Knudsen, 1997)izMarabinoxylans are insoluble complex
structures that are highly branched with severbssiutions, and this affects susceptibility to
hydrolysis by xylanases (Bunzel, 2009; Knudsen,420%alunga and Beta, 2016). The
branched structure prevents xylanases to bind Eade the-(1,4)-linked xylose backbone
(Ravn et al, 2016). The addition of supplementary de-branchelzymes such as
arabinofuranosidases which removes arabinose, n@agase the solubilisation capacity of
xylanases by removing substituents present on yfenxchain (De La Mareet al, 2013;
Cozannett al, 2017; Ravret al, 2018).

With regards to feed application, only a partiafotysis of xylan is needed for viscosity
reduction and thus xylanase addition to feed isaaly highly effective. However, for complete
hydrolysis of the complex structure of xylan, aeagistic action of several hemicellulases is
needed (Coughlaet al, 1993). Xylanase may also enhance phytase effibgcynproving
access to phytate that would otherwise be encagesuiia cell wall material or by stimulating
the ileal brake mechanism and increasing gastsideacy of feed (Schramet al, 2017). An
additive effect has been observed when both phgiedearbohydrases were included in broiler
diets, compared to including either enzymes inddeetty (Cowieson and Adeola, 2005;
Schrammet al, 2017).
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2.5.2.2 Cellulase, 3-glucanase and pectinase

Cellulases are glycoside hydrolase enzymes thatysat the hydrolysis of 3-1,4-glycosidic
bonds of cellulose to glucose (Ezedbal, 2017). Cellulases can be further subdivided into
three main groups namely endo-glucanases, exogiggarand cellobiohydrolases (lgarasthi
al., 2008; Ezeilcet al, 2017). Cellulases such as erfit;4 glucanase, are also able to cleave
the internal 3-1,4-linkages if-glucan, and are therefore considered to be a ¢agase
(Grishutinet al, 2006). Enzymes such as erntld;3-glucanases, endbi,3,1,4-glucanases,
andp-glucosidases have the ability to cleave 3-gluéogidnds in glucans other than cellulose
(Grishutin et al, 2006). In a study evaluating the effect of draugffected maize and
carbohydrase enzyme mixture consisting of 3-glusaneellulase and xylanase inclusion on
broiler performance and nutrient digestibility, tresults showed no significant variation in
broiler body weight or feed conversion ratio (Yo@¢ral, 2015). The supplementation of an
enzyme complex containing phytase, amylase, xy&@raglucanase, pectinase, cellulase and
protease, promoted similar performance as theipesibntrol from days 1-21, but only partial
improvements during the phase of 22-42 days (Nehat 2015).

Pectinase is oriented to the hydrolysis of d;B-galacturonic bonds present in pectic chains
(Vieira et al, 2006). When pectinase was included in variougrmezcombinations the results
have been mixed. It ranged from a possible increaige AME when pectinase was used in
combination with xylanase, glucanase, cellulaseymanase and galactanase enzymes, to no
benefit at all when pectinase was used with glusamad hemicellulase, to a decrease in AME
when the enzyme mixture was used on canola methleasubstrate. The potential benefit of
pectinase included in an enzyme combination is miggat on several factors such as the choice
and activity of enzymes used, ingredients includetie diets and stage of development of the
animal species (Bedford and Partridge, 2010).dtuey by Tahitet al.(2006) in broilers fed a
maize soybean based diet, pectinase alone hadynificant effect on any of the parameters

measured.

2.5.2.3 3-Mannanase and-galactosidase

The mode of action of 3-mannanase in monogastiioas is complex and is linked to the

removal of 3-mannans from the animal’s diet and likely that the beneficial effects df -

217 -



mannanase on energy metabolism may be associdatednvincreased stimulation of insulin
secretion and a blocking of the adverse effect -galdctomannan on glucose absorption
(Jacksoret al, 2004). 3-mannanase targets the galatomannahs idi¢t, of which soybean
meal is the main source (Lathamnal, 2016). The mechanism may also be associatedéth
enzyme’s effect on viscosity in the gut, and thiease of D-mannose as an energy source
(Shastalet al, 2015). 3-mannanase inclusion has been showmnt@ia body weight and feed
conversion ratio in broilers fed a reduced enengy (Williams et al, 2014; Lathanet al,
2016). In a study done with broilers fed diets base maize and soybean meal, 3-mannanase

supplementation however showed no improvement edyation performance (Azarfar, 2013).

a-Galactosidase is a glycoside hydrolase enzymehgaablyses the bonds of non-reducing
D-galactose residues iD-galactosides from galactoside oligosaccharidgg;oproteins,
glycolipids and other galactose-containing molegifléeiraet al, 2006). A study conducted
with broilers on maize and soybean meal diefgalactosidase treatments only increased body
weight at 21 days, and feed intake at 28 to 37 daysye, respectively. Performance of the
birds at 37 days, was however not affected by tizgrae supplementation (Vieied al, 2006).

Zou et al. (2013), however, observedgalactosidase to improve performance of broiler

chickens.

2.5.3 Inclusion of multi-enzymes in maize and soyba based broiler diets

Simonet al. (1996) stated that only a limited number of glyda@slinks need to be broken in
order to change the properties of soluble non-staalysaccharides (NSP). However, to
degrade insoluble cell wall materials and to redett®e entrapped nutrients, a mixture of
different enzyme activities are needed. Meng anamBiski (2005) stated that nutrient
utilisation of maize and soybean meal diets bylersicould be enhanced when an appropriate
combination of multi carbohydrase enzymes are supehted. There is growing evidence
suggesting that the nutritional value of maize aogbean meal based diets can be improved
by a combination of supplemental enzymes (FrancaadhGeraert, 2009). Slominski (2011)
stated that the constituent NSP in maize and soylbeeaal requires a broad range of

carbohydrases, if any response is to be achieved.
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In practical diets, which contain a number of plangredients and different forms of NSP,
further improvements in nutrient utilisation coultk achieved using combinations of
carbohydrase enzymes, each differing in their satespreference and mode of action, to target
various structures of cell wall polysaccharides iiglet al, 2005). The beneficial effects of
such combinations observed in the broiler industay have resulted from elimination of the
nutrient encapsulating effect of the cell wall galgcharides and, to some extent, the reduction
of intestinal viscosity. The effects of the inclusiof multi-enzymes in maize and soybean meal

based broiler diets are discussed below, and suisedan Table 2.1.

In an experiment conducted by Woyengb al. (2010), a multi-carbohydrase enzyme
supplement containing cellulose, pectinase, marsggngalactanase, xylanase, glucanase,
amylase and protease improved growth performantaatnient digestibility and retention. Du
Plessis and Jansen van Rensburg (2014) used twmermreparations, one being a mixture of
amylase, xylanase and protease and the other aflas@product. The addition of the enzyme
complexes to the energy restricted diets signiflgamproved the performance of the broilers,
and a positive synergistic effect was evident wb@mbining the two enzyme products. In the
study of Cowieson and Bedford (2009), it was fouhdt the supplementation of both 13-
glucanase and xylanase to the negative controlawaal the feed conversion ratio and ileal

nutrient digestibility.

The results of an experiment using a multi-enzymoelpct, allowed for the reduction of the
metabolisable energy (ME), crude protein (CP), slitdee amino acids (dAA), available
phosphorus (P) and calcium (Ca) contents in brdéed without a negative influence on
performance (Francesch and Geraert, 2009). Indy stane by De Keysegt al. (2016) the
effect of NSP enzymes was tested to see if it $sifde to save on CP and dAA in broiler feed.
Three different multi carbohydrase enzyme prodwase used, and all of them were able to
improve the negative control to the same levehaspositive control, in terms of feed intake
(FI), body weight gain (BWG) and feed conversiotior§FCR). Kleinet al. (2015) reported
that the individual inclusion of 3-mannanase or altikenzyme complex can improve
performance in reduced ME diets and when the twacaradministrated it resulted in a more

consistent and elevated improvement in growth perdmce compared to the individual
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inclusion in reduced energy diets. Goeilal. (2017), showed that the addition of xylanase, 13-

mannanase andamylase to a low energy diet will improve the allgperformance of broilers.

In a study combining carbohydrases and phytasedietadeficient in ME, CP, Ca and P, the
result was a substantial increase in growth perdmee and utilisation of P, DM, ME and
nitrogen (N) in broiler chickens (Let al, 2013). Leeet al. (2010) evaluated the effect of an
enzyme blend which contains carbohydrases and gdhgia growth performance and intestinal
viscosity in broiler chicks. The average body wésgBW), daily BWG and the FCR of the
chicks were improved significantly. BWG (4%) andF(7%) were improved significantly in

a study combining R-glucanase and xylanase enzyMasayaka et al, 2016). Goli and
Shahryar (2015) did a study on the effect of enzgoggplementation on blood biochemical
parameters, performance and carcass charactenstiosoiler chickens. There were three
treatments where the first treatment had no enzymesded, the second had xylanase, 13-
glucanase, cellulase and pectinase and the tiatihtient included xylanase, 3-glucanase and
cellulase. The results obtained in the experimkmatd to the conclusion that the addition of a
multi-enzyme complex can improve broiler performandignificant improvements in
performance were seen in the study by Coppedge. (2012) where a carbohydrase product
containing endo-pentosanase and carbohydrase prodoining xylanase, R-glucanase,
galactosidase and [3-mannanase, were added to atiedsand grower periods of their
experiment. Increases in processing parameters alsceobserved, but tended to be less
sensitive to the carbohydrase inclusion. In an expt conducted by Nadeeet al. (2005)
the results showed that the FI and FCR from dag8 Bnd days 1-42 was significantly
improved in chicks fed a diet supplemented withudtirenzyme product. The effects on BWG,
dressing percentage and weights of organs, exgepteight, were however found to be non-
significant.

When an enzyme complex containing R-pentosanasemylase, glucanases and
galactomannanase was added to a broiler dietutteesin a slight increase in the dressing
percentage and has a positive effect on CP bi@dubty and overall broiler performance. The
authors also noted that a further increase indtiel lof enzymes supplied in the diet did not
result in further improvements in performance (Aflbols, 2010). In another study, the

objective was to determine if the supplementatibif-snannanase and an enzyme cocktail
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containing xylanase, 3-glucanase anghlactosidase, to a diet also containing phytasadv

have an effect on the performance of broilers.ds woncluded that supplementation of these
enzymes improved the performance and processigaers of male broilers. This data also
showed that the intermittent application of enzytaegeting specific substrates determined by

dietary ingredient profile could be beneficial (Wimset al, 2014).

Based on the trail by Vieirat al. (2015) where an enzyme complex containing exogeaou
amylase and 3-glucanase was supplemented to thé eias concluded that it had a partially
beneficial impact on the BWG and the FCR of brailé&fegani and Korver (2013) investigated
the effects of three diets containing different yenes namely, xylanase;-amylase and
protease and lastly xylanase and 3-glucanase.uthera concluded that the enzyme products
had no effects on the performance variables, arsbine instances had negative impacts. A
study performed by Zhet al. (2014) evaluated the effects of xylanageggmylase and 13-
glucanase supplementation on performance and tliggsirameters of broilers fed a maize
and soybean based diet from day 1 to day 21 ofldgeenzyme supplementation had no effect
on the average daily weight gain, Fl and FCR. Kaaraket al.(2014) studied the effects of
amylase alone or in combination with protease, awnient digestion during the first 2 weeks
of growth. The results indicated that enzyme suppletation had no effect on either the BWG
or the FCR. In an experiment evaluating the effettsdiet containing xylanase, pectinase and
a-galactosidase on live performance and carcass gfdiroilers, no response was observed to
enzyme supplementation (Vieiet al, 2006). Zakariaet al. (2010) performed a study to
investigate the effect of adding a multi-enzymedfadditive on the performance of broilers,
and carcass characteristics. The enzymes usedeirsttlily included protease;amylase,
pectinase, phytase, gluco-amylase and cellulasewd$s concluded that the enzyme
supplementation elicited few responses in broildren supplemented at three levels in contrast

to a normal maize soybean meal diet.
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Table 2.1 Summary of the effect of NSP-degradimgyeres on the performance of broilers

fed maize and soybean meal based diets

Enzyme combination Response Reference
Cellulose, pectinase, mannanase,
galactanase, xylanase, glucanasdmproved growth (Woyengoet al,

amylase, protease

Amylase, xylanase, protease, Improved growth

mannanase performance
Improved FCR and
Glucanase and xylanase digestibility
Improved growth
Multi-enzyme combination performance
Improved growth
Multi-enzyme combination performance
Multi-enzyme combination and Improved growth
mannanase performance
Improved growth
Xylanase, mannanase, amylase performance

Improved growth
Multi-enzyme combination
Improved growth

Multi-enzyme combination performance
Improved growth
Glucanase and xylanase performance
Xylanase, glucanase, cellulase, Improved growth
pectinase performance

Pentosanase, xylanase, glucanasknproved growth and
galactosidase, mannanase slaughter parameters
Improved FCR, no effect on
Multi-enzyme combination
Pentosanase, amylase, glucanasémproved growth and
galactomannase slaughter parameters
Mannanase, xylanase, glucanaselmproved growth and
galactosidase slaughter parameters
Partial growth performance

Amylase, glucanase improvement
Xylanase, amylase, protease, = No improvement in growth
glucanase parameters

No improvement in growth
Xylanase, amylase, glucanase parameters

No improvement in growth
Amylase, protease parameters

No improvement in growth or

Xylanase, pectinase, galactosidastaughter parameters
Protease, amylase, pectinase, No improvement in growth
gluco-amylase, cellulase parameters

performance and digestibility

performance and digestibility 2010)

(Du Plessis and
Jansen van Rensburg,
2014)

(Cowieson and
Bedford, 2009)
(Francesch and
Geraert, 2009)

(De Keyseret al,
2016)

(Kleiret al, 2015)
(Goviét al, 2017)
(Let al, 2013)

(Leet al, 2010)
(Munyakaet al,
2016)

(Goli and Shahryarr,
2015)

(Coppedgeet al,
2012)

BWG or slaughter parameters (Nadeeal, 2005)

(Abudabos, 2010)
(Willianes al, 2014)

(Vieireet al, 2015)
(Yegani and Korver,
2013)

(Zhet al, 2014)
(Kaczmarelet al,
2014)

(Vieied al, 2006)

(Zakariet al, 2010)
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The goal in using multiple enzymes as diet additive to target different anti-nutritive
compounds in feedstuffs to obtain maximum benefitse use of multiple carbohydrase
enzyme activities may produce greater benefit #erh of the enzymes acting individually.
However, to maximise the efficacy of enzyme comtiamss, it is essential to understand how
the enzymes work together to hydrolyse their retppesubstrates (Castillo and Gatlin, 2015).
There are conflicting reports in the literature thie ability of single and combinations of
enzymes to positively influence growth performa(Ceppedgeet al, 2012). Despite variances
in efficiency, the use of enzyme combinations mepyigle more potent effects than when used

separately (Olukosat al, 2007).

2.5.4 Factors affecting the efficacy of enzymes

Cowiesoret al.(2006) stated that one of the primary challengés r@spect to enzyme product
supplementation is that enzyme addition may noagénead to enhanced growth performance
or digestibility of nutrients, and this can be iatited to a wide array of factors. Graeal.
(2003) noted that differences in types and acésitias well as the types of microorganisms
being used to produce the enzyme products, camilootet to this variation in results. Other
factors might be the level of inclusion (Cowiesard &avindran, 2008b) and single versus
mixture of enzyme activities (Cowieson and Ade@R05; Cowiesoret al, 2006). Cowieson
(2010) reported that the most important factor thiédiences responses to enzyme products, is
the nutritional quality of the diet, with responsepected to be greater in diets that are of lower
guality. Ravindran (2013) stated that some of tstrimportant factors contributing to variable
bird responses to enzyme supplementation are diatdrient density, quality of the dietary

ingredients and the age of the birds.

2.5.4.1 Effect of diet nutrient density on efficacyf enzymes

Enzyme effects on performance parameters are natly®bserved when standard diets based
on balanced and highly digestible nutrients arg(fddraeset al, 2015). When broilers are fed
a theoretically perfect diet it is unlikely thatyaimprovement will be observed by adding an
enzyme on top of the diets, as the birds are ajréathonstrating their full potential which
leaves little room for improvement (Sorbataal, 2009). When improved nutrient utilisation
is not accompanied by increased growth performaheepossible that the control diets were
not sufficiently limiting in nutrients to reduceayth (Farhangi and Carter, 2007).
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In a study that was conducted to compare the sffeckylanases and 3-glucanase, with
galactosidase and 3-mannanase at different metabtdienergy concentrations, it was found
that the supplementation of these enzymes to thikebdiet could improve the FCR of broilers
by improving the energy digestibility and utilizati. It was also noted that the addition of
xylanases and 3-glucanase to a low energy dieinmaibved efficiency (Zotet al, 2013). In
another study, the combination of xylanas@mylase and protease fed at three different levels
of metabolisable energy were evaluated. It waslooed that the addition of enzymes allowed
for reduced energy levels of broiler diets withcwaving any negative effects on the
performance of the broiler chickens (Gitagel, 2015). In an experiment where the effects on
apparent metabolisable energy was evaluated waynes combinations it was found that none
of the combinations successfully improved the pennce of the standard diet. However, it
was found that when enzymes were included in a dosveergy diet, the combination of
pectinase, protease, anehmylase significantly improved the ME in compango the un-

supplemented diet (Kochet al, 2003).

2.5.4.3 Effect of dietary ingredients on efficacyfeenzymes

Bhuiyanet al.(2013), conducted an experiment to show the effegicenzyme supplementation

to different levels of maize in the diet. The enegwuised in this experiment included xylanase,
a-amylase, protease and phytase. The maize werglgthat three different levels, namely 250
g/kg, 500 g/kg and 750 g/kg. The results indicatet the inclusion of the enzymes to the
different levels of maize resulted in a significamdrease in Fl and BW, but there was no change
in the FCR. In the experiment of Meng and Slomin&i05) a multi-carbohydrase cocktail
consisting of xylanase, 3-glucanase, pectinas@ylast, 3-mannanase and galactanase was
used in several diets. The four diets used in tindysincluded a semi-purified maize diet, and
three diets each containing 30% soybean meal, @anehl or peas in addition to maize. An
improvement in BWG and FCR was observed only winenenzymes were included in the

maize and soybean meal based diet.

In a study evaluating the effect of drought affdcteaize and carbohydrase enzyme mixture
consisting of 3-glucanase, cellulase and xylanadasion on broiler performance and nutrient
digestibility, the results showed no significantiadon in broiler BW or FCR (Yodeet al,

2015). The response of broiler chickens to twolkweé a xylanase and 3-glucanase cocktalil,
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combined with one of three levels of digestibleingsin the diet were evaluated in an
experiment. The enzyme supplementation decreageBlithy 4.67% and improved the FCR
by 5.53% between days 1 to 42 without affectingBWéG. A depression in breast weights at
day 42 due to 300 g sunflower meal or 8.0 g digéstysine/kg of diet was compensated for
by the enzyme addition. Therefore, there was aifgignt enzyme x sunflower meal effect
(Mushtaget al, 2008).

Another study done by Cowieson and Ravindran (2P@&ed the sensitivity of broiler in the
starter phase to three doses of an enzyme coddasgisting of xylanasey-amylase and
protease. The results indicated that the suppleatientof the control diet with the enzyme
cocktail increased the performance in a dose-degggndanner. The dose sensitivity may be
related to the concentration of substrates in thet, dngredient quality and enzyme
combinations in the cocktail. Higher doses offettezlgreatest improvements, but this may not

always be the most economically attractive choice.

2.5.4.2 Effect of age of the birds on efficacy oheymes

According to Figueiredet al. (2012), enzyme supplementation should be benkfaigoung
and adult chickens. Responses to enzyme suppletioendae normally expected to be higher
in young broiler chickens, as endogenous enzymeitées in the digestive tract are generally
limiting, which could lead to less efficient feemestion (Olukoskt al, 2007). The digestive
enzyme secretion capacity in younger broilers aperplly less developed than in adult
chickens, and therefore the potential benefits ftbenaddition of feed enzymes has a greater
potential to improve digestion (Figueiredbal, 2012; Ravindran, 2013). The age dependent
effect should however be of less significance witensupplemented enzyme activities are not
part of the chicken’s digestive system, and theesfexpected to be complementary to the
endogenous digestive enzymes (Aftab, 2012).

The effects of added enzymes may change with lged (Bedford and Cowieson, 2012) as
caecal populations increase in size and variapditg as a consequence fermentation responses
to cell wall fragments may be more pronounced deobirds (Wangt al, 2005; Parkeet al,

2007). The digestive and microbiota capacity insesavith the broiler chicken’s age (Bedford,
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2000) and it is likely that feed enzymes influetceiler performance through an interaction
with microbial populations, which becomes more ifimbs the bird ages (Figueireck al,
2012). Ravnet al. (2018) recently investigated the combined effettxglanase and
arabinofuranosidase debranching enzymes on brglenformance, maize glucurono-
arabinoxylan breakdown and caecal microbial feraizon. Enzyme addition resulted in a
significant improvement in BW and FCR, which wasetved throughout the study, but more
pronounced at days 21 and 29. The significantlyelmsed caecal butyrate production most

likely contributed to the observed improved gut piaiogy and broiler performance.

In a study done by Tahat al. (2015) the authors showed that diets containinggse with
either xylanase or a combination of xylanase, js#e andu-amylase showed significant
improvement at 35 days, but only a partial improgatrat 49 days on the BWG and FCR in
broilers. Muller Fernandest al.(2015), found no difference in the effect of diéfiet enzymatic
supplements at seven days of age, while the addaticenzymatic complexes improved the
performance of the broilers at 21 and 35 days vdoempared to the control, regardless of the
enzyme that was used. In an experiment where bsoiere fed feeds with reduced mineral
and energy levels, the supplementation of two emzpnomoted similar performance as the
positive control from days 1-21, but only parti@grovements were noted during the phase of
22-42 days. The enzyme combinations did not affactass or portion yield (Nunes al,
2015).

2.6 Enzymes produced byralaromyces versatilis

Benjamin (1955) defined the gentlialaromycesas a sexual state ®fenicillium The soll
deuteromycet@®enicillium funiculosunwas recently renamed @alaromyces versatiljsafter
phylogenetic information revealed that it is distifrom other Penicillium subgenera.
Filamentous fungi produce unique sets of enzymedegrade complex molecules in their
surrounding in order to provide them with food sms for growth (De La Maret al, 2013;
Bianco and Perrotta, 2015). These fungi have edadveomplex yet very efficient mechanism

for degradation of plant cell walls (Schmoll, 2018)

The filamentous fungudalaromyces versatiligroduces a wide range of cellulotic and
hemicellulotic enzymes (Lafonét al, 2014) which is utilised industrially to produce a
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commercialised multi-enzyme cocktail called “RovaBixcel” (De La Mareet al, 2013). This
product is used as feed additive in animal nutritfor enhancing digestibility of the feed
materials that are composed of complex carbohysirateeh as cellulose, hemicellulose,
arabinoxylan and arabinogalactan, and hence toowepthe animal performance and health
(Guaiset al, 2010).

A recent proteonomic study revealed more than 56teprs, which included several
glycosylhydrolic, hemicellulolytic and proteolytenzymes (Guaist al, 2008). Several other
studies have also been done to study and desbebeytanase (Lafondt al, 2011; Texieret
al., 2012; Lafoncet al, 2014) and arabinofuranosidase (Guetial, 2010; De La Maret al,
2013) enzyme activities dfalaromyces versatilis

The multi-enzyme producing strain was geneticallydified via self-cloning to enrich the
product by increasing xylanases by 14% and arabianbsidases by 65%, with the aim of
enhancing its efficacy in breaking down highly ditbted arabinoxylans (Guaet al, 2008;
Cozannetet al, 2017). The multi-enzyme complex was renamed asvéBio Advance”
(Adisseo, France), and is composed of xylanasghjdanases, pectinases, cellulases, proteases
and arabinofuranosidases (R&tsal, 2017). Although several enzymatic activities lamewn

to be present, the true efficacy of the cocktailikely depending of the combination of

enzymatic activity present in the protein mixtugugiset al, 2008).

Rioset al. (2017) evaluated the effects of the multi-enzymomglex on growth performance,
energy and amino acid utilisation in broiler chickewhen added to maize and soybean meal
diets. The authors reported that enzyme supplei@mtded to improvements in feed

conversion ratio, digestible energy and digestteno acids.

2.7 Conclusion

Non-starch polysaccharides (NSP) are one of tha ardi-nutrients present in feed ingredients,
and can interfere with the digestive processesdaodease the nutritive value of broiler feed.
Within NSP, arabinoxylan appears to be the mostomant factor explaining digestibility

impairment. The main anti-nutritional effects of Ri%re the increase of digesta viscosity,
encapsulation of nutrients and interaction withmidroflora. Even though maize and soybean

meal based broiler diets are generally considevsebet of high nutritional value, these raw
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materials still contain varying levels of NSP thah interfere with digestive processes and lead
to decreased production and feed efficiency. Thie & insoluble to soluble NSP is much
higher in maize compared to wheat, and therefoteemi encapsulation should be more of an
issue than the effect on digesta viscosity. Mai@biaoxylan also has a higher degree of
substitution compared to wheat. Soybean meal alstams more insoluble than soluble NSP,
with the insoluble component being similar to maikkerefore the constituent NSP in maize
and soybean meal diets requires an extensive dmyeymes, if any response is to be achieved.
Some of the most important factors contributing \tariable responses to enzyme
supplementation in broiler diets are dietary nutrigensity, quality of the dietary ingredients
and age of the birds. The filamentous fungakaromyces versatiliproduces a wide range of
cellulotic and hemicellulotic enzymes, which aralizegd commercially to produce a
commercial multi-enzyme cocktail called “Rovabiovatice” (Adisseo, France). This product
is used as a feed additive in animal nutritionédohancing digestibility of feed materials that

are composed of complex carbohydrates, to impraieal performance and health.
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CHAPTER 3

Materials and Methods

3.1 Facilities and experimental animals

Experimental procedures were approved by the Anktisics Committee of the University of

Pretoria (Project number: EC079-15). The trial w@sducted at the Wincanton trial facility of

Sovereign Foods in Uitenhage, South Africa. Theldwere housed in an environmentally
controlled house. The house had a solid concreta that was evenly covered with pine
shavings. The individual pen sizes were 1.04 m04 , giving a floor space of 1.08per

pen.

A total of 2112 male Ross 308 day-old chicks webtamed from Sovereign Foods Hatchery
in Uitenhage, South Africa. The house consiste@bgbens, which were further divided into 12
blocks with a total of 8 pens per block. The bindse randomly divided between the 96 pens,
with 22 birds per pen at a stocking density of ZOWrds/nt floor space. Each of the 8
treatments included in the study was repeated witbén a block, with a total of 12 replicates

per treatment.

3.3 Hygiene and biosecurity

The broiler house was cleaned, washed and disedertith Vet GL 20 (Immuno-vet services,
Kya Sand, Randburg, South Africa) before placirggtiinds. Foot baths (Vet Fluid-O, Immuno-
vet services) were placed at the entrance of thigebthouse. All farm visits, truck deliveries
and pests were monitored to promote maximum bioggcWAll people working with the
chickens, were required to shower before enterimg) @xiting the farm. Mortalities were
collected, weighed, and recorded accordingly oraity dasis. Dead and culled birds were

removed from the broiler house for post-mortem dration and incineration.

3.4 General management and vaccinations

Birds were placed, managed and cared for accotdinige standard operating procedures of

Sovereign Foods. Each pen was provided with onefedder, and one bell drinker. The height
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of the feeder and drinker were adjusted accordinbitd growth. The standard heating and
lighting programs of Sovereign Foods were folloveedl can be seen in Table 3.1 and Table
3.2 respectively. The birds hadl libitumaccess to feed and water throughout the trial. To
ensure availability of clean water, the bell drirdkevere checked and cleaned daily. Tube
feeders were refilled when necessary and shakece t&i day to ensure consistent feed
availability throughout the trial. Environmental nbtions were monitored and controlled

throughout the duration of the trial. The chicksreve@accinated at day 0, 7, 12 and 17 as
indicated below in Table 3.3.

Table 3.1 Temperature profile for trial (degreesss)

Days Target temperature °C

0-6 35.0
7-13 31.0
14 - 20 27.0
21 -27 25.0
28 -35 23.0

Table 3.2 Lighting program for trial (hours)

Time light  Time light

Days on off
0-1 24 0
2-7 23 1
8-21 18 6

22-31 20 4

32-33 22 2

34-35 23 1
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Table 3.3 Vaccination program

Age Disease Application route

Day 0 Infectious Bronchitis (IB) Course spray (Hedry)
Day 0 New Castle Disease (NCD) Course spray (Hagghe
Day 0 Infectious Bursal Disease (IBD) (Gumboro) @Geuspray (Hatchery)
Day 7 New Castle Disease (NCD) Course spray (On)far
Day 12 Infectious Bursal Disease (IBD) (Gumboro) ufse spray (On farm)
Day 12 New Castle Disease (NCD) Course spray (@n)fa
Day 17 Infectious Bursal Disease (IBD) (Gumboro) ufe spray (On farm)
Day 17 New Castle Disease (NCD) Course spray (@n)fa

3.2 Experimental design and diets

In order to evaluate the efficacy of the multi-emzy complex produced byalaromyces
versatalis(Rovabio Advance, Adisseo, France) in reducedggnand amino acid diets, a study
was done using a completely randomized block dedigree feeding phases that were used
over a 5 week period. The first phase was a stdréey which was fed from day O to day 14.
This was followed by a grower diet, from day 128 The third and final phase, was fed from
day 29 to day 35. The starter diet was fed in ¢tlinfof crumbs, while the grower and finisher

diets were pelleted.

The description of the treatment groups and expartal diets can be seen below in Table 3.4.
The positive control diets (PC) were based on &&south African maize and soybean meal
based diet and formulated according to the nutspetifications of Ross 308. The diets were
formulated to be slightly lower in energy and amawd levels, to ensure that the nutrients
were marginally limiting in the feed rations. Thegative control 1 diets (NC1) were further
reduced in metabolisable energy, and the negatinea 2 diets (NC2) were reduced in amino
acids compared to the PC diets. The negative do8taiets (NC3) were reduced in both
metabolisable energy and amino acids comparecetB@hdiets. The Rovabio Advance enzyme
complex was then added to the positive control (IRThe negative control 1 diets (TRT2),

the negative control 2 diets (TRT3) and the negatontrol 3 diets (TRT4).
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Table 3.4 Description of the experimental groups diets

Experimental groups Experimental diet description

PC = Positive control Diet with standard commeroiatrient levels

NC1 = Negative control 1  PC - Metabolisable energy

NC2 = Negative control 2  PC - Digestible amino acid

NC3 = Negative control 3 PC - Metabolisable enexgg digestible amino acids

TRT1 = Treatment 1 PC + Rovabio Advance

TRT2 = Treatment 2 NC1 + Rovabio Advance
TRT3 = Treatment 3 NC2 + Rovabio Advance
TRT4 = Treatment 4 NC3 + Rovabio Advance

3.6 Feed formulas

Least cost feed formulation software (Format Irdéional, UK) was used to formulate the
broiler diets for the starter, grower and finispeases. The metabolisable energy content, crude
protein, and digestible amino acids of the dietsewased on a typical South African maize
and soybean meal based diet and formulated acgptdithe nutrient specifications of Ross
308. The diets were formulated to be slightly loweenergy and amino acid levels, to ensure
that the nutrients were marginally limiting in tfeed rations. All the diets were formulated to
contain expected levels of 1000 FTU/kg of a phytrsgyme (Axtra Phy 10000 TPT, Du Pont-
Delaware, United States) inclusion level of 100 kggDietary treatments 1, 2, 3 and 4 were
formulated to contain a minimum level of 1250 viscots/kg of xylanase at an inclusion level

of 50 mg/kg of NSP enzyme (Rovabio Advance, Adisseance).

The experimental diets were mixed at Pennville)(Btg (Pretoria, South Africa). The amounts

of all the feed ingredients to be used for thesdiegre calculated, procured and stored separately.
Representative samples of the feed ingredients wellected and analysed prior to feed
formulation in order to formulate the diets basadiocurate nutrient profiles. The raw material
matrixes were updated in the feed formulation saféy before final feed formulations were
done. Metabolisable energy and digestible amindsawiere calculated based on standard
procedures (CVB, 2007). The matrix values providgthe enzyme supplier (Adisseo, France),
as can be seen in Table 3.5 below, were used ¢alatd the energy, crude protein and amino
acids reductions to be applied to each of the negabntrol treatment formulations. Tables 3.6
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to 3.11 shows the raw material composition andutaled nutrient specifications of all the

treatments used during the starter, grower andHeri phases of the trial.

Table 3.5 Recommended enzyme nutritional uplifepbal and matrix values (%)

Nutritional Matrix values (50 g/ton
Nutrients Uplift Potential of feed inclusion)
AME Broiler (MJ/kQ) 0.35 7040
Crude protein 0.5 10000
Dig. Lysine 0.02 490
Dig. Methionine 0.01 100
Dig. Cysteine 0.01 200
Dig. Sulphur Amino
Acids 0.01 300
Dig. Threonine 0.03 560
Dig. Tryptophan 0.01 140
Dig. Isoleucine 0.02 400
Dig. Arginine 0.02 480
Dig. Valine 0.03 700

In order to minimize variation among dietary treatits, a base mix was calculated for each

dietary phase. The part of the formulation thatedéd for each treatment, was added to the

base mix and put through the mixer again to prodaah of the 8 different treatments, for the

3 different dietary phases. Samples of each die¢ waken from the feed bags as they were

filled. These samples were combined and then soipleal so that 24 samples of 1 kg each

were obtained.
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Table 3.6 Raw material composition of the startetsdon an as fed basis (g/kg)

Ingredient PC NC1INC2 NC3 TRT1 TRT2 TRT3 TRT4

Yellow maize 561 578 575 588 561 578 575 588

Soybean oilcake (46.5%) 287284 276 2/0 287 284 276 270

Sunflower oilcake 50.060.0 50.0 70.0 50.0 60.0 50.0 70.0
Full fat soya 50.0 40.0 50.0 33.0 50.0 40.0 50.0 33.0
Limestone 16.1 16.2 16.2 16.1 16.1 16.2 16.2 16.1
Soya oll 13.0 0.0 105 0.0 13.0 0.0 10.5 0.0

Mono dicalcium phosphate 8.48.35 855 850 840 835 855 850

Sodium bicarbonate 2.953.09 3.02 323 295 3.09 302 3.23
Salt 165 155 161 145 165 155 161 145
Lysine HCL (78%) 270288 279 3.09 270 288 279 3.09
Methionine DL (99%) 275271 269 262 275 271 269 262
Threonine L (98%) 051053 037 040 051 053 0.37 040

Vitamin & mineral premix  1.50 1.50 1.50 150 150 150 150 1.50

Choline Chloride (60%) 1.001.00 1.00 1.00 1.00 1.00 1.00 1.00
Clinacox (Coccidiostat) 0.200.20 0.20 0.20 0.20 0.20 0.20 0.20
Zinc bacitracin (AGP) 0.670.67 0.67 0.67 0.67 0.67 0.67 0.67
Phytase enzyme

(Axtra Phy 10000) 0.100.10 0.10 0.10 0.10 0.10 0.10 o0.20
NSP enzyme

(Rovabio Advance) 0.000.00 0.00 0.00 0.05 0.05 0.05 0.05

Vitamin and mineral premix composition of the stafeed in a 1.5 kg unit, with contribution perdfgcomplete feed: vitamin A: 12 000 IU;
vitamin D3: 4 000 IU; vitamin E: 60 IU; vitamin K& mg; vitamin B1: 4 mg; vitamin B2: 9 mg; vitan#8: 60 mg; vitamin B5: 15 mg;
vitamin B6: 5 mg; vitamin B9: 2 mg; vitamin B120@25 mg; vitamin H: 0.2 mg; antioxidant: 200 mg; M0 mg; Fe: 70 mg; Zn: 60 mg;
Cu: 20 mg; Se: 0.3 mg; I: 1.25 mg. Selenium is §agdpn the form of sodium selenite, and iodinghra form of calcium iodate. Copper,

manganese, iron and zinc are supplied in the fdrsulphates.
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Table 3.7 Calculated nutrient specifications ofdteeter diets on an as fed basis (%)

PC NC1 NC2 NC3 TRT1ITRT2 TRT3 TRT4
Dry matter 88.73 88.61 88.69 88.63 88.73 88.61 B38.B8.63
AME broiler (MJ/kg) 11.29 1095 11.30 10.95 11.290.96 11.30 10.95
Crude protein 21.75 21.74 21.31 2131 21.75 21.74.312 21.31
Crude fat 466 3.25 444 315 466 325 444 3.15
Crude fat (acid
hydrolysis) 528 386 507 375 528 3.86 507 3.75
Fibre 364 379 363 391 364 379 363 391
Total calcium 099 099 099 099 099 099 0.99 990.
Digestible calcium 058 058 058 058 058 0.58 580. 0.58
Total phosphorous 060 060 059 060 060 0.60 9 0.50.60
Digestible phosphorous 0.45 045 045 045 0.45 50.40.45 0.45
Sodium 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Chloride 020 020 020 020 020 020 0.20 0.20
Potassium 1.07 107 105 104 1.07 1.07 1.05 1.04
Lysine 134 134 132 132 134 134 1.32 1.32
Methionine 061 061 060 060 061 0.61 0.60 0.60
Cysteine 03 035 035 035 035 035 035 0.35
Sulphur amino acids 096 096 095 095 096 0.96.950 0.95
Threonine 081 081 080 079 081 081 0.80 0.79
Tryptophan 025 025 024 024 025 0.25 024 0.24
Isoleucine 092 091 090 089 092 091 090 0.89
Arginine 1.47 147 144 144 147 1.47 1.44 1.44
Phenylalanine 106 106 104 104 1.06 1.06 1.04 04 1.
Leucine 180 180 177 176 180 1.80 1.77 1.76
Tyrosine 0.77 076 075 0.74 0.77 0.76 0.75 0.74
Valine 1.02 102 100 100 1.02 1.02 1.00 1.00
Alanine 1.07 107 105 105 1.07 1.07 1.05 1.05
Glutamine 387 387 380 380 387 387 3.80 3.80
Histidine 059 059 058 057 059 059 058 057
Dig. Lysine 1.16 116 114 114 116 1.16 1.14 1.14
Dig. Methionine 057 057 056 056 057 0.57 0.560.56
Dig. Cysteine 028 028 0.27 028 0.28 0.28 0.27 280.
Dig. sulphur amino
acids 085 085 083 083 085 085 083 0.83
Dig. Threonine 0.72 0.72 069 069 0.72 0.72 0.69 .690
Dig. Tryptophan 022 021 021 021 022 021 0.210.21
Dig. Isoleucine 080 080 078 078 080 0.80 0.78.78
Dig. Arginine 131 131 128 128 131 131 1.28 281.
Dig. Phenylalanine 094 094 092 092 094 0.94 920. 0.92
Dig. Histidine 051 051 050 050 051 051 0.50 .500
Dig. Leucine 159 159 156 156 159 1.59 156 615
Dig. Tyrosine 0.67 066 065 064 0.67 0.66 0.65 640.
Dig. Valine 087 087 08 085 0.87 0.87 0.85 0.85
Dig. Alanine 089 089 087 088 089 089 087 808
Dig. Glutamine 193 192 188 186 193 192 1.88 .861
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Table 3.8 Raw material composition of the growetsibn an as fed basis (g/kg)

Ingredient PC NC1 NC2 NC3 TRT1 TRT2 TRT3 TRT4

Yellow maize 611 626 626 639 611 626 626 639

Soybean oilcake (46.5%) 245 238 232 225 245 238 23225

Sunflower oilcake 50.060.0 50.0 70.0 50.0 60.0 50.0 70.0
Full fat soya 50.045.0 50.0 35.0 50.0 45.0 50.0 35.0
Limestone 13.213.2 13.2 132 13.2 13.2 13.2 13.2
Soya oll 14.0 0.0 11.0 0.0 14.0 0.0 11.0 0.0

Mono dicalcium phosphate3.50 3.45 3.70 3.60 3.50 3.45 3.70 3.60

Sodium bicarbonate 3.083.20 3.16 337 3.06 320 316 3.37
Salt 159 149 153 1.37 1.59 1.49 1.53 1.37
Lysine HCL (78%) 272290 286 316 2.72 2.90 2.86 3.16
Methionine DL (99%) 259254 254 247 259 2.54 2.54 2.47
Threonine L (98%) 0.550.57 0.44 0.47 0.55 0.57 0.44 0.47

Vitamin & mineral premix 1.501.50 150 1.50 1.50 1.50 1.50 1.50
Choline chloride (60%) 1.001.00 1.00 1.00 100 1.00 1.00 1.00

Clinacox (Coccidiostat) 0.670.67 0.67 0.67 0.67 0.67 0.67 0.67

Zinc bacitracin (AGP) 0.500.50 0.50 0.50 0.50 0.50 0.50 0.50
Phytase enzyme

(Axtra Phy 10000) 0.100.10 0.10 0.10 0.10 0.10 0.10 0.10
NSP enzyme

(Rovabio Advance) 0.000.00 0.00 0.00 0.05 0.05 0.05 0.05

Vitamin and mineral premix composition of the grovieed in a 1.5 kg unit, with contribution per kijoomplete feed: vitamin A: 12 000
1U; vitamin D3: 4 000 IU; vitamin E: 60 IU; vitamiK3: 4 mg; vitamin B1: 4 mg; vitamin B2: 9 mg; vitén B3: 60 mg; vitamin B5: 15 mg;
vitamin B6: 5 mg; vitamin B9: 2 mg; vitamin B120@25 mg; vitamin H: 0.2 mg; antioxidant: 200 mg; M0 mg; Fe: 70 mg; Zn: 60 mg;
Cu: 20 mg; Se: 0.3 mg; I: 1.25 mg. Selenium is §agdpn the form of sodium selenite, and iodinghia form of calcium iodate. Copper,

manganese, iron and zinc are supplied in the fdrsulphates.
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Table 3.9 Calculated nutrient specifications fa ¢gnower diets on an as fed basis (%)

PC

NC1

NC2

NC3 TRT1 TRT2 TRT3 TRT4

Dry matter

AME broiler (MJ/kg)
Crude protein
Crude fat

Crude fat (acid
hydrolysis)

Fibre

Total calcium
Digestible calcium
Total phosphorous

Digestible phosphorous

Sodium
Chloride
Potassium
Lysine
Methionine
Cysteine
Sulphur amino acids
Threonine
Tryptophan
Isoleucine
Arginine
Phenylalanine
Leucine
Tyrosine
Valine

Alanine
Glutamine
Histidine

Dig. Lysine
Dig. Methionine
Dig. Cysteine
Dig. sulphur amino
acids

Dig. threonine
Dig. tryptophan
Dig. isoleucine
Dig. Arginine
Dig. phenylalanine
Dig. histidine
Dig. Leucine
Dig. Tyrosine
Dig. Valine

Dig. alanine
Dig. glutamine

88.61 88.48 88.57 88.50 88.61
11.65 11.30 11.65 11.30 11.651.3D
20.12 20.12 19.63 19.63 20.12

4.88

5.50
3.61
0.79
0.47
0.47
0.36
0.16
0.20
0.98
1.23
0.58
0.33
0.91
0.75
0.23
0.84
1.34
0.98
1.69
0.71
0.95
1.00
3.58
0.59
1.06
0.53
0.26

0.79
0.67
0.20
0.73
1.19
0.87
0.47
1.49
0.61
0.80
0.84
1.75

3.45

4.07
3.78
0.79
0.47
0.48
0.36
0.16
0.20
0.98
1.23
0.57
0.33
0.91
0.75
0.22
0.84
1.34
0.98
1.69
0.70
0.94
1.01
3.58
0.59
1.06
0.53
0.26

0.80
0.67
0.19
0.73
1.19
0.86
0.47
1.49
0.61
0.80
0.84
1.73

4.61

5.24
3.61
0.79
0.47
0.47
0.36
0.16
0.20
0.95
1.21
0.56
0.32
0.89
0.73
0.22
0.82
1.30
0.95
1.66
0.69
0.92
0.99
3.49
0.58
1.04
0.52
0.26

0.78
0.64
0.19
0.71
1.16
0.84
0.46
1.46
0.59
0.78
0.82
1.69

3.30

3.91
3.89
0.79
0.47
0.48
0.36
0.16
0.20
0.94
1.21
0.56
0.33
0.89
0.73
0.22
0.81
1.31
0.95
1.65
0.68
0.92
0.99
3.50
0.57
1.04
0.52
0.26

0.78
0.64
0.19
0.70
1.16
0.84
0.46
1.46
0.59
0.78
0.83
1.67

4.88

5.50
3.61
0.79
0.47
0.47
0.36
0.16
0.20
0.98
1.23
0.58
0.33
0.91
0.75
0.23
0.84
1.34
0.98
1.69
0.71
0.95
1.00
3.58
0.59
1.06
0.53
0.26

0.79
0.67
0.20
0.73
1.19
0.87
0.47
1.49
0.61
0.80
0.84
1.75

88.48 B8.88.50

11.65 11.30
20.12.631 19.63
345 461 3.30
4.07 5.24 391
3.78 3.61 3.89

0.79 0.79 790.
0.47 470. 0.47
0.48 7 0.40.48
6 0.30.36 0.36
0.16 0.16 0.16
0.20 0.20 0.20
0.98 0.95 0.94
1.23 1.21 1.21
0.57 0.56 0.56
0.33 0.32 0.33
0.91.890 0.89
0.75 0.73 0.73
0.22 0.22 0.22
0.84 0.82 0.81
1.34 1.30 1.31
0.98 0.95 95 0.
1.69 1.66 1.65
0.70 0.69 0.68
0.94 0.92 0.92
1.01 0.99 0.99
3.58 3.49 3.50
0.59 0.58 0.57
1.06 1.04 1.04
0.53 0.520.52
0.26 0.26 260.
0.80 0.78 0.78
0.67 0.64 .640
0.19 0.19.19
0.73 0.710.70
1.19 1.16 161.
0.86 840. 0.84
0.47 0.46 .460
1.49 146 61.4
0.61 0.59 590.
0.80 0.78 0.78
0.84 0.82 30.8
1.73 1.69 .671
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Table 3.10 Raw material composition of finishertslien an as fed basis (g/kg)

Ingredient PC NC1INC2 NC3 TRT1 TRT2 TRT3 TRT4

Yellow maize 622 639 636 650 622 639 636 650

Soybean oilcake (46.5%) 206 202 194 188 206 202 19488

Sunflower oilcake 50.060.0 50.0 70.0 50.0 60.0 50.0 70.0
Full fat soya 80.070.5 80.0 635 80.0 705 800 635
Limestone 12.712.7 128 12.7 127 127 128 12.7
Soya oil 13500 105 0.0 135 0.0 105 0.0

Mono dicalcium phosphate 2.52.50 2.70 2.65 255 250 270 2.65

Sodium bicarbonate 3.18.24 3.18 3.39 3.10 324 318 3.39
Salt 157 147 152 136 157 147 152 1.36
Lysine HCL (78%) 275294 285 3.16 275 294 285 3.16
Methionine DL (99%) 245241 240 233 245 241 240 233
Threonine L (98%) 0.550.57 0.42 044 055 057 042 044

Vitamin & mineral premix 1.001.00 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride (60%) 1.001.00 1.00 1.00 1.00 1.00 1.00 1.00

Clinacox (Coccidiostat) 0.670.67 0.67 0.67 0.67 0.67 0.67 0.67

Zinc bacitracin (AGP) 0.500.50 050 0.50 050 050 050 0.50
Phytase enzyme

(Axtra Phy 10000) 0.100.20 0.10 0.10 0.10 0.10 0.10 0.10
NSP enzyme

(Rovabio Advance) 0.000.00 0.00 0.00 0.05 0.05 0.05 0.05

Vitamin and mineral premix composition of the fimés feed in a 1.5 kg unit, with contribution perdfgcomplete feed: vitamin A: 10 000
1U; vitamin D3: 3 000 IU; vitamin E: 60 IU; vitamik3: 3 mg; vitamin B1: 2 mg; vitamin B2: 7.5 mgtaiin B3: 50 mg; vitamin B5: 13

mg; vitamin B6: 5 mg; vitamin B9: 1.5 mg; vitamirlB: 0.025 mg; vitamin H: 0.12 mg; antioxidant: 280; Mn: 100 mg; Fe: 40 mg; Zn:
50 mg; Cu: 15 mg; Se: 0.3 mg; |: 1.25 mg. Seleniwisupplied in the form of sodium selenite, andriedn the form of calcium iodate.

Copper, manganese, iron and zinc are suppliectifotim of sulphates.
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Table 3.11 Calculated nutrient specifications Fa finisher diets on an as fed basis (%)

PC

NC1 NC2

NC3 TRT1 TRT2 TRT3 TRT4

Dry matter

AME broiler (MJ/kg)
Crude protein
Crude fat

Crude fat (acid
hydrolysis)

Fibre

Total calcium
Digestible calcium
Total phosphorous

Digestible phosphorous

Sodium
Chloride
Potassium
Lysine
Methionine
Cysteine
Sulphur amino acids
Threonine
Tryptophan
Isoleucine
Arginine
Phenylalanine
Leucine
Tyrosine
Valine

Alanine
Glutamine
Histidine

Dig. Lysine
Dig. methionine
Dig. cysteine
Dig. sulphur amino
acids

Dig. threonine
Dig. tryptophan
Dig. isoleucine
Dig. arginine
Dig. phenylalanine
Dig. histidine
Dig. leucine
Dig. tyrosine
Dig. Valine

Dig. alanine
Dig. glutamine

88.60 88.47 88.56 88.50 88.60 88.47 @8.88.50

11.85 11.50 11.85
19.42 19.42 18.99

536 391 5.10
6.03 4.57 5.76
3.65 381 3.65
0.75 0.75 0.75
046 046 0.46
045 045 044
034 034 034
0.16 0.16 0.16
0.20 0.20 0.20
094 094 0.92
119 119 1.16
055 055 0.54
032 032 0.32
0.87 087 0.86
0.72 0.72 0.70
022 022 021
081 080 0.79
129 129 1.26
094 094 0.92
164 164 161
0.68 0.67 0.66
091 091 0.89
098 098 0.96
346 346 3.38
059 059 0.58
1.02 1.02 1.00
0.51 051 0.50
0.25 025 0.25
0.76 0.77 0.75
064 064 0.62
0.19 0.18 0.18
0.70 0.69 0.68
1.15 114 112
0.83 083 0.81
045 045 0.44
144 145 142
0.59 0.58 0.57
0.77 0.77 0.75
0.81 0.82 0.80
1.67 165 1.62

11.50 11.851.5D

18.97 19.42
3.81 5.36
446 6.03
3.93 3.65
0.75 0.75
0.46 0.46

045 045

034 0.34
0.16 0.16
0.20 0.20
091 0.94
1.16 1.19
0.54 0.55
032 0.32

0.86 0.87
0.70 0.72
0.21 0.22
0.78 0.81
125 1.29
092 094
160 1.64
0.65 0.68
0.89 0.91
096 0.98
3.38 3.46
0.57 0.59
1.00 1.02
0.50 0.51
0.25 0.25
0.75 0.76
0.61 0.64
0.18 0.19
0.67 0.70
112 1.15
0.81 0.83
0.44 0.45
141 1.44
0.56 0.59
0.75 0.77
0.80 0.81
1.59 1.67

11.85 11.50
19.43.990 18.97
3.91 5.10 3.81
4.57 5.76  4.46
3.81 3.65 3.93

0.75 0.75 750.
0.46 460. 0.46
0.45 4 0.40.45
40.30.34 034
0.16 0.16 0.16
0.20 0.20 0.20
0.94 0.92 0.91
1.19 1.16 1.16
0.55 054 054
0.32 0.32 0.32
0.87.86 0 0.86
0.72 0.70 0.70
0.22 0.21 0.21
0.80 0.79 0.78
1.29 1.26 1.25
0.94 0.92 92 0.
1.64 1.61 1.60
0.67 0.66 0.65
0.91 0.89 0.89
0.98 0.96 0.96
3.46 3.38 3.38
0.59 0.58 0.57
1.02 1.00 1.00
0.51 0.51.50
0.25 0.25 250.
0.77 0.75 0.75
0.64 0.62.610
0.18 0.18.18
0.69 0.68.67
1.14 1.12 121.
0.83 810. 0.81
0.45 0.44 .440
1.45 142 11.4
0.58 0.57 560.
0.77 0.75 0.75
0.82 0.80 00.8
1.65 1.62 .591
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3.7 Analysis of feed samples

Representative samples of the 24 different feedsx(frimental diets for each of the three
phases) were collected after the production ofébkd and during feeding, before the birds had
access to the feed. One representative samplecbfagahe 24 different feeds, was analysed
for their nutritional content and determine thewaacy of the formulated diets. The analysis
was done at the Chem Nutri Analytical laboratogh@hnesburg, South Africa). Samples were
ground and analysed for dry matter, ash, crudeeprotther extract, crude fibre, calcium,

phosphorus, sodium, chloride and potassium.

Dry matter and ash content of the feed samples detsrmined following the AOAC'’s official
method of analysis (AOAC, 2000, Official method ahalysis 942.05). Moisture was
determined according to the AOAC'’s official methotl analysis (AOAC, 2000, Official
method of analysis 943.01). Crude fibre was andlysebowing the AOAC'’s official method
of analysis (AOAC, 2000, Official method of anaky962.09). The crude fat content was
determined according to the AOAC'’s official methotl analysis (AOAC, 2000, Official
method of analysis 920.39). Crude protein was aealyollowing the AOAC'’s official method
of analysis (AOAC, 2000, Official method of anak/$§i88.05). The phosphorus and chloride
content in the feed were determined using the AGAGfficial method of analysis for
phosphorus (AOAC, 2000, Official method of analy8&5.17) and chloride (AOAC, 2000,
Official method of analysis 969.10). The calciuradisim and potassium content in the feed
were determined using the AOAC's official methodaatlysis (AOAC, 2000, Official method
of analysis 935.13).

Representative samples of the 24 different feedseeéments and 3 phases) were also send to
the Carat Laboratory (Adisseo, France) for analysiggoss energy and total amino acids. Gross
energy was determined using an isoperibol oxygentbecalorimeter. Total amino acids were
determined according to the European Union’s afionethod of analysis (European Union,
2009, Z100), using a liquid chromatography aminiol analyzer. Representative samples of
the feed were analysed for phytase and xylanasetadat the Carat Laboratory (Adisseo,
France), using a spectrometer and viscometer regplyc A phytase unit (FTU) unit is defined

as the amount of enzyme that liberates one micrenmarganic phosphate per minute from

sodium phytate at pH 5.5 and’&7. For xylanase one viscosimetry unit (VU) is theoant of
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enzyme which hydrolyzes the substrate (wheat apalglan), reducing the viscosity of the

solution to give a change in relative fluidity afeunit per minute at 3€C and pH 5.5.

3.8 Production parameters

3.8.1 Body weight and body weight gain

The body weights of all the chickens were deterchiaieday old, day 7, 14, 21, 28 and 35, on
a per pen basis. Average body weight (g / birdgklkebody weight gain (g / bird / day) and
body weight gain (g / bird) for the overall tria¢qpod was calculated for each pen.

3.8.2 Feed intake

The amount of feed consumed by the chickens wasrdeted on day 7, 14, 21, 28 and 35 on
a per pen basis. The average feed intake forrak vas calculated on a weekly and cumulative
basis. With every change to the next phase, theolefr feed from the previous phase was

weighed back and discarded.

3.8.3 Mortality corrected feed conversion ratio

The body weight and the amount of feed consumedagn’, 14, 21, 28 and 35, were used to
calculate the feed conversion ratio (unit of feedstimed per unit of live mass gained) per
treatment group. The feed conversion ratios wereected for mortalities. The weight of the

dead birds in every experimental group for evergkvweas calculated and added to the live
weight on day 7, 14, 21, 28 and 35. The total femusumed was divided by the total body

weight gained on the days mentioned.

3.9 Carcass parameters

The average weight of the broilers were calculgged pen at 35 days of age. A total of 2
chickens were selected per pen, with weights wightDO grams range of the average of the

pen. A total of 24 birds were therefore selectedtigatment group.
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Carcass weight was measured after manual evisoerayi the removal of the head, feet and
viscera. Whole carcass weight was expressed ascanpage of live body weight to calculate
dressing percentage. Thereafter the carcass wasathadissected, and the weights of the
breasts, drumsticks and wings were measured ancapgessed as a percentage of live body
weight. The processing of the carcasses was damediately after slaughter, to limit potential

changes in moisture content.

3.10 Statistical analysis

Data were analysed statistically as a randomizeckldesign with the GLM model (SAS, 2018)
for the average effects over time. Repeated Measfimalysis of Variance with the GLM
model was used for repeated week or period measihteans and standard errors were
calculated and significance of difference (P < DwWas determined by Fischer’s test (Samuels,
1989).

The linear model used is described by the followaggation:
Yik =p+ T+ L+ TLj + B« + g
Where Y = variable studied during the period (gfoamnd carcass parameters)
u = overall mean of the population
T = effect of the'f treatment
L = effect of the' level
TL = effect of the i interaction between treatment and level
B = effect of the K block

e = error associated with each Y

Standard chi-square tests were used for the mgrtilia, and the data were analysed with the
frequency model of SAS (2018). The level of stat#tsignificance was P < 0.05.
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Chapter 4

Results

4.1 Feed analysis

The results of all feed analysis are summarizedable 4.1 (broiler starter feed), Table 4.2
(broiler grower feed) and Table 4.3 (broiler firestieed).

Table 4.1 Chemical analysis of the broiler stafiéeds on a dry matter basis (%)

Nutrients PC NC1 NC2 NC3 TRTITRT2 TRT3 TRT4
Dry matter 91.0 90.2 899 89.8 90.6 89.8 90.3 89.8
Gross energy (MJ/kg) 17.3116.73 17.16 16.75 17.13 16.87 17.12 16.73
Crude protein 223 214 199 201 214 216 209 209
Crude fat 490 460 6.60 450 650 470 560 4.40
Ash 521 557 485 481 525 478 563 547
Total calcium 099 105 0.79 088 096 0.89 098 0.98
Total phosphorus 0.60 0.63 057 057 0.60 0.60 0.61 0.62
Sodium 0.16 0.20 0.15 0.15 0.16 0.16 0.16 0.17
Chloride 0.19 0.22 0.19 0.19 020 0.19 0.212 0.21
Potassium 1.00 1.04 090 0.92 096 097 097 094
Lysine 1.27 124 126 126 129 131 130 1.35
Methionine 056 054 068 065 065 0.67 0.68 0.65
Cysteine 0.33 0.31 030 031 031 032 031 034
Threonine 085 083 0.79 0.79 083 085 0.83 0.84
Isoleucine 094 091 085 085 0.89 090 0.89 0.93
Arginine 145 141 134 133 139 141 142 1.42
Phenylalanine 1.04 1.01 092 094 098 100 0.98 0.98
Leucine 184 180 165 164 170 174 171 1.75
Tyrosine 0.74 0.71 066 066 069 070 0.69 0.68
Valine 1.06 1.02 098 097 102 103 1.02 1.03
Alanine 1.06 1.03 0.97 097 099 101 101 1.04
Glutamine 410 398 368 369 383 390 385 3.85
Histidine 054 053 049 049 051 052 052 054
Glycine 088 0.85 082 083 086 0.88 0.87 0.89
Serine 1.06 1.03 096 095 100 102 101 1.03
Xylanase VU/Kg 0 0 0 0 3504 4047 3907 4180
Phytase FTU/kg 1045 1060 1548 1102 1142 1567 1664 1360

PC = Positive control, TRT1 = PC + Rovabio AdvaB0ey/ t of feed, NC1 = Negative control 1 (PC - MERT2 = NC1 + Rovabio
Advance 50 g/ t of feed, NC2 = Negative controPZ (- Amino acids), TRT3 = NC2 + Rovabio Advancegb® of feed, NC3 = Negative
control 3 (Positive control - ME and amino acid&RT4 = NC3 + Rovabio Advance 50 g/ t of feed

1 VU/kg = Visco units of xylanase per kg of fe@dkTU/kg = Phytase units per kg of feed
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Table 4.2 Chemical analysis of the broiler grovesxds on a dry matter basis (%)

Nutrients PC NC1 NC2 NC3 Trtl Trt2 Trt3 Trt4
Dry matter 89.2 88.7 89.7 89.1 895 89.1 894 89.3
Gross energy (MJ/kg) 17.2417.01 17.18 17.22 17.05 17.03 17.11 16.91
Crude protein 205 20.1 198 20.0 20.6 204 195 194
Crude fat 6.00 430 6.40 550 6.60 6.20 6.90 5.60
Ash 517 465 485 488 461 461 480 4.78
Total calcium 0.87 0.84 0.8 080 0.87 077 085 0.87
Total phosphorus 052 046 050 045 047 043 047 049
Sodium 0.19 0.17 0.18 0.17 0.17 0.16 0.18 0.18
Chloride 0.21 0.22 0.20 0.20 0.20 0.20 0.20 0.21
Potassium 1.01 095 091 0.87 09 090 0.93 0.92
Lysine 126 124 122 123 129 127 120 121
Methionine 0.61 057 0.58 057 0.63 0.60 057 0.57
Cysteine 0.34 032 033 033 034 034 032 031
Threonine 0.83 082 0.78 0.79 081 0.82 0.77 0.76
Isoleucine 090 088 0.87 0.86 091 090 0.85 0.87
Arginine 133 131 131 131 134 138 129 131
Phenylalanine 095 095 092 094 096 096 0.93 0.93
Leucine 1.75 174 173 170 173 176 173 1.72
Tyrosine 0.68 0.68 0.68 0.67 0.70 0.70 0.66 0.65
Valine 1.00 099 097 096 0.99 100 0.96 0.97
Alanine 1.03 1.02 101 100 1.01 1.03 0.99 1.00
Glutamine 3.72 369 365 362 371 373 355 3.64
Histidine 053 051 051 051 053 054 050 0.50
Glycine 084 083 081 082 083 085 080 0.82
Serine 099 098 098 095 0.99 099 0.95 0.95
Xylanase VU/k{ 0 0 0 0 3210 2979 3098 3335
Phytase FTU/kg 1341 1393 1243 1429 1367 1486 1463 1197

PC = Positive control, TRT1 = PC + Rovabio AdvaB0ey/ t of feed, NC1 = Negative control 1 (PC - MERT2 = NC1 + Rovabio
Advance 50 g/ t of feed, NC2 = Negative controPZ (- Amino acids), TRT3 = NC2 + Rovabio Advancegb® of feed, NC3 = Negative

control 3 (Positive control - ME and amino acid&RT4 = NC3 + Rovabio Advance 50 g/ t of feed

1 VU/kg = Visco units of xylanase per kg of feddkTU/kg = Phytase units per kg of feed
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Table 4.3 Chemical analysis of the finisher feends@ry matter basis (%)

Nutrients PC NC1 NC2 NC3 Trtl Trt2 Trt3 Trt4
Dry matter 89.2 88.7 89.7 89.1 895 89.1 894 893
Gross energy (MJ/kg) 17.1417.01 17.25 17.05 17.47 17.15 17.39 17.08
Crude protein 18.8 19.1 185 184 189 18.8 18.3 18.6
Crude fat 6.00 430 6.40 550 6.60 6.20 6.90 5.60
Ash 476 4.44 466 418 4.18 4.64 420 4.74
Total calcium 0.82 069 0.73 069 0.71 0.70 0.76 0.71
Total phosphorus 051045 046 0.46 043 045 047 0.44
Sodium 0.18 0.16 0.17 0.16 0.16 0.17 0.17 0.17
Chloride 0.21 0.21 0.21 0.20 0.20 0.28 0.28 0.27
Potassium 0.86 0.80 0.82 0.81 0.80 0.82 0.82 0.79
Lysine 1.12 1.17 117 112 1.15 117 1.15 1.15
Methionine 0.53 059 055 057 057 055 056 0.51
Cysteine 0.30 0.31 030 0.30 0.30 031 0.30 0.31
Threonine 0.75 0.76 0.74 0.74 0.77 0.78 0.73 0.75
Isoleucine 0.83 0.82 083 0.81 083 086 0.83 0.82
Arginine 1.21 124 124 118 123 127 122 1.24
Phenylalanine 0.89 0.88 0.89 085 0.89 0.92 0.89 0.87
Leucine 169 163 167 165 167 171 166 1.65
Tyrosine 0.65 0.64 066 063 0.66 068 0.65 0.64
Valine 092 092 094 092 094 096 093 0.93
Alanine 0.97 096 098 096 097 0.99 0.97 0.97
Glutamine 345 342 347 342 347 355 344 3.48
Histidine 0.49 048 0.49 047 050 0.49 048 0.48
Glycine 0.78 0.78 0.79 0.78 0.79 0.81 0.78 0.79
Serine 0.92 091 092 090 093 0.95 091 0.91
Xylanase VU/k{ 0 0 0 0 3122 3275 3084 2773
Phytase FTU/kg 1316 1266 1228 1335 1318 1188 1326 1149

PC = Positive control, TRT1 = PC + Rovabio AdvaB0ey/ t of feed, NC1 = Negative control 1 (PC - MERT2 = NC1 + Rovabio
Advance 50 g/ t of feed, NC2 = Negative controPZ (- Amino acids), TRT3 = NC2 + Rovabio Advancegb® of feed, NC3 = Negative

control 3 (Positive control - ME and amino acid&RT4 = NC3 + Rovabio Advance 50 g/ t of feed

1 VU/kg = Visco units of xylanase per kg of feddkTU/kg = Phytase units per kg of feed
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4.2 Production parameters
4.2.1 Body weight

The weekly broiler body weights, are shown belowable 4.4. Chickens were weighed at the
start of the trial (day 0), and thereafter weighamgurred on a weekly basis (days 7, 14, 21 and
28) with the last weighing done at the end of tie {day 35). Chick weight did not differ
significantly (P > 0.05) between the treatmenthatstart of the trial (day 0) and at the end of
the first week (day 7). The body weight of the ke were above the Ross 308 breed standards
(Aviagen, 2014) for all the treatments throughdnet trial.

The body weight of the broilers in TRT1, was sigrahtly higher (P < 0.05) than the reduced
energy NC1 and TRT2 at day 14, but did not difignsicantly (P > 0.05) from the PC. At
days 21 and 28 the body weight of the broilershmn PC was significantly higher (P < 0.05)
than the NC1 and TRT2, with the body weight oftthalers in TRT1 being significantly higher
(P < 0.05) than the NC1 at day 28. The body wedaglihe broilers in NC1 was significantly
lower (P < 0.05) than the PC at day 35. At 35 d#ys,body weight of the broilers in TRT 2
was not significantly different (P > 0.05) from tR€, TRT1 or NC1.

The body weight of the broilers in NC2 was sigrafidy lower (P < 0.05) than the PC on day
28, with TRT3 being significantly lower (P < 0.0%)an the PC on days 21 and 28. NC2 and
TRT3 broiler body weight were however not signifidg different from the PC at day 35 (P >
0.05). The body weight of the broilers in the P@ aRT1, were significantly higher (P < 0.05)
than the body weight for NC3 and TRT4 at days 1d 28 At day 21, the body weight of the
broilers in NC3 and TRT4 were significantly lowér < 0.05) than the PC, with the body weight
of the broilers in NC3 also being significantly lex P < 0.05) than TRT1. At day 35, only the
body weight of the broilers in NC3 was significgridwer (P < 0.05) than the PC diet, with the
body weight of the broilers in TRT4 being similarkdoth the PC and TRT1.
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Table 4.4 The average weekly body weight of theldn® (g / bird) for the different

treatments from day O to 35

Treatments DayO0O Day7 Dayl4 Day?2l Day 28 Day 35
PC 45.8 207.7 5528 1165.8 1942.2 2626.4
TRT1 45.7 209.5 5568 1152.6° 1906.8° 2600.8°
NC1 45.8 208.3 539°7 1135% 1862.0)/  2555.%
TRT2 45.8 207.9 541°8 1130.2 1885.5° 2572.9°
Treatments DayO0O Day7 Dayl4 Day?2l Day 28 Day 35
PC 45.8 207.7 5525 1168.8 1942.2 2626.4
TRT1 45.7  209.5 556.8 11529 1906.8° 2600.8
NC2 458 212.0 552.3 11678 1885.% 2574.9
TRT3 45.6 209.0 5439 1137.6 1880.8 2616.3
Treatments DayO0O Day7 Dayl4 Day?2l Day 28 Day 35
PC 45.8 207.7 5525 1165.8 1942.2 2626.4
TRT1 45.7 209.5 5568 1152.6° 1906.8 2600.8°
NC3 45.8 206.5 539°3 1124.% 1852.9 2544.0
TRT4 45.8 209.3 5392 1131.4° 1850.7 2567.3°
SEM 0.057 2.432  4.690 9.688 13.26 21.40
Enzyme inclusion DayO Day7 Dayl1l4 Day?2l Day 28 ayB5

0 45.8 208.6 546.0 1148.4 1885.6  2575.2
1 45.7  208.9 545.4 1138.0 1881.0 2589.3
SEM 0.028 1.216  2.345 4.844 6.632 10.70

abe Column means with common superscript did not difgnificantly for the least square means (P 5.0

PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)

TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - Amindds)

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aaino acids)

TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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4.2.2 Body weight gain

The weekly and overall body weight gain of the lan@, are shown below in Table 4.5. No
significant differences (P > 0.05) were observediday O to 7, between any of the treatments.

The body weight gain of the broilers in NC1 wasdigantly lower (P < 0.05) than the PC for
week 2 (days 8-14), week 4 (days 22 to 28) as agihe overall period (days 0-35). The body
weight gain of the broilers in the PC was also isicgmtly higher (P < 0.05) than TRT2 during
week 3 (days 15 to 21), but not for the overaligeef{days 0-35). The body weight gain of the
broilers in TRT1 was significantly higher (P < 0)@ban NC1 and TRT2 during week 2 (days
8 to 14).

The body weight gain of the broilers in TRT1 wagn#ficantly higher (P < 0.05) than TRT3
for week 2 (days 8 to 14), while the body weighhgs the broilers in the PC was significantly
higher (P < 0.05) than the NC2 treatment duringknvégdays 22 to 28). There were no
significant differences (P > 0.05) between the badight gain of the broilers in the PC, TRT1,
NC2 and TRT3 for the overall period (days 0 to 3%)e body weight gain of TRT3 tended (P
< 0.1) to be higher than the PC, during the finaélvof the trial.

The body weight gain of the broilers in the PC aRT 1, were significantly higher (P < 0.05)

than both the NC3 and TRT4 during week 2 (days Bijowhile only the body weight gain of

the broilers in the PC was significantly higherqB.05) than the NC3 and TRT4 during week
3 (days 15 to 21) and week 4 (days 22 to 28). Tddy bveight gain of the broilers in the PC
was also significantly higher (P < 0.05) than tHéNreatment for the overall period (days O
to 35), but did not differ significantly from TRT4.

Enzyme addition resulted in a significant improvein@ < 0.05) in body weight gain of the

broilers during the final week of the trial perimdcomparison to the non-supplemented diets.
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Table 4.5 The average weekly body weight gain eftttoilers (g / bird / week) for the

different treatments from day 0 to 35 and total\beeight gain

Treatments Day 0-7 Day 8-14 Day 15-21 Day 22-28 P&ag5 Day 0-35
PC 161.9 342% 613.3 762.5 668.1 25792
TRT1 163.3 3473 593.4Pb 744.G° 686.6 25539
NC1 162.5 3314 595.80 712.7 640.3 2507.8
TRT2 162.1 3338 588.% 732,70 657.2 2525%
Treatments Day 0-7 Day 8-14 Day 15-21 Day 22-28 P&ag5 Day 0-35
PC 161.9 34238 613.3 762.5 668.1 2579.2
TRT1 163.3 3473 593.4 744.% 686.6 2553.9
NC2 166.0 338 613.3 712.9 674.0 2527.8
TRT3 162.7 334 593.7 729.8 720.4 2569.0
Treatments Day 0-7 Day 8-14 Day 15-21 Day22-28 P&g5 Day 0-35
PC 161.9 3423 613.3 762.3 668.1 25792
TRT1 163.3 3473 593.4P 744.9° 686.6 25539
NC3 160.4 331D 583.2 719.09 668.1 24963
TRT4 163.2 3290 592.2 714.9 701.7 2520.%
SEM 2.437 3.149 7.114 13.05 20.47 21.24
Enzyme inclusion DayO0-7 Day8-14 Day 15-21 Day282- Day 29-35 Day 0-35
0 162.7 335.9 601.4 726.8 662.6 2527.8

1 162.8 336.3 592.0 730.5 691.5 2542.2
SEM 1.218 1.575 3.557 6.524 10.23 10.62

ac Column means with common superscript did not difgnificantly for the least square means (P 0.0

PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)

TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - Amindds)
TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME amino acids)
TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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4.2.3 Weekly feed intake

The weekly feed intake of the broilers in the difet treatments, are shown below in Table 4.6.
The weekly feed intake of the broilers was not igantly different (P > 0.05) between the PC
and the TRT1, NC1, TRT2, NC3 and TRT4 treatmentsafty of the weeks during the trial
period. The feed intake of the broilers in the P& wowever significantly higher (P < 0.05)
than the NC2 and TRT3 treatments during the firegkvof the trial.

4.2.4 Cumulative feed intake

The cumulative feed intake of the broilers in tiféedent treatments, are shown below in Table
4.7. The cumulative feed intake of the broilers waissignificantly different (P > 0.05) between
the PC and the TRT1, NC1, TRT2, TRT3, NC3 and TR&4tments for any of the periods
during the trial period. The cumulative feed intalethe broilers in the PC was however
significantly higher (P < 0.05) than the NC2 treatrnfor the cumulative period of day 0 to 35.
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Table 4.6 The average weekly feed intake of thddyeo(g / bird / week) for the different

treatments from day O to 35

Treatments Day 0-7Day 8-14 Day 15-21 Day 22-28 Day 29-35
PC 172.2 436.2 811.8 838.8 1529.1
TRT1 172.0 434.9 805.7 827.7 1481.4
NC1 170.7 434.7 803.0 830.1 1489.4
TRT2 170.4 437.3 803.9 840.8 1512.2
Treatments Day 0-7Day 8-14 Day 15-21 Day 22-28 Day 29-35
PC 172.2 436.2 811.8 838.8 1529.1
TRT1 172.0 434.9 805.7 827.7 148%.4
NC2 172.0 435.9 812.4 820.5 1453.3
TRT3 173.3 436.5 803.8 829.2 1472.7
Treatments Day 0-7Day 8-14 Day 15-21 Day 22-28 Day 29-35
PC 172.2 436.2 811.8 838.8 1529.1
TRT1 172.0 434.9 805.7 827.7 1481.4
NC3 172.1 438.6 805.3 839.8 1501.6
TRT4 174.6 442.1 809.3 833.1 1488.2
SEM 2.001 3.637 6.481 6.794 17.36

Enzyme inclusion

Day 0-7Day 8-14 Day 15-21 Day 22-28 Day 29-35

0 171.8 436.4 808.1 832.3 1493.4
1 172.6 437.7 805.7 832.7 1488.6
SEM 1.000 1.818 3.240 3.397 8.682

3 Column means with common superscript did not difgnificantly for the least square means (P 50.0
PC = Positive contro

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)

TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - Amindds)

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aaino acids)
TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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Table 4.7 The average cumulative feed intake obtbéers (g / bird) for the different

treatments from day O to 35

Treatments Day 0-7 Day 0-14 Day 0-2Day 0-28 Day 0-35
PC 172.2 610.5 1422.3 2278.0 3826.3
TRT1 172.0 606.8 1415.1 2254.0 3744.0
NC1 170.7 605.4 1408.4 2255.9 3808.6
TRT2 170.4 607.7 1411.6 2280.3 3828.9
Treatments Day 0-7 Day 0-14 Day 0-2Day 0-28 Day 0-35
PC 172.2 610.5 1422.3 2278.0 3826.3
TRT1 172.0 606.8 1415.1 2254.0 3744.0
NC2 172.0 609.3 1424.1 2250.2 37225
TRT3 173.3 609.8 1413.6  2260.0 37560.8
Treatments Day 0-7 Day 0-14 Day 0-2Day 0-28 Day 0-35
PC 172.2 610.5 1422.3 2278.0 3826.3
TRT1 172.0 606.8 1415.1 2254.0 3744.0
NC3 172.1 612.1 1419.8 2271.3 3800.5
TRT4 174.6 617.4 1426.6 2265.2 3771.1
SEM 2.001 4.857 10.24 17.31 32.73
Enzyme inclusion Day 0-7 Day 0-14 Day 0-2Day 0-28 Day 0-35
0 171.8 609.3 1418.6 2263.8 3789.5
1 172.6 610.4 1416.7 2264.9 3773.7
SEM 1.000 2.429 5.118 8.656 16.37

3 Column means with common superscript did not difgnificantly for the least square means (P 0.0

PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)
TRT2 = NC1 + Rovabio Advance 50 g/ t of feed
NC2 = Negative control (Positive control - Amindds)

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aaino acids)

TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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4.2.5 Mortality

The chi-square frequency analysis of the total atibis of the broilers for the different
treatments, are shown below in Table 4.8.The mtytaf the broilers were not significantly

affected by treatment or addition of the enzymerdythe trial.

Table 4.8 Chi-Square frequency analysis of totattatities of the broilers for the different

treatments from day O to 35

Enzyme
Treatments inclusion Frequency Percentage

PC 0 8 3.0
TRT1 1 7 2.7
NC1 0 10 3.8
TRT2 1 9 3.4
NC2 0 7 2.7
TRT3 1 9 3.4
NC3 0 10 3.8
TRT4 1 6 2.3

PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)

TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - Amindds)

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aartino acids)

TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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4.2.6 Weekly feed conversion ratio

The weekly feed conversion ratio (FCR) of the l@ilin the different treatments, are shown
below in Table 4.9. There were no significant deéfeces (P > 0.05) for FCR of the broilers
between any of the treatments during the first wadfeke trial.

The FCR of the broilers in TRT1 did not differ siggantly (P > 0.05) from the broilers of the
PC, for any of the weeks during the trial periotderoilers in NC 1, performed significantly
worse (P < 0.05) than the broilers of the PC duwegks 2 and 4, and the broilers of TRT1 in
week 2. The broilers in TRT2 had a significantlyrae (P < 0.05) FCR than the broilers of the
PC during weeks 2 and 3, and the broilers of TRil&eek 2.

The broilers in the NC2 treatment, performed sigaiftly worse (P < 0.05) in terms of FCR
than the broilers of the PC in week 4. The broidr$RT3 performed significantly worse (P <
0.05) in week 2, compared to the broilers of thea®d@ TRTL1. The broilers of TRT3 however
performed significantly better (P < 0.05) in thetl&@ days of the trial compared to the PC

treatment.

The broilers in NC3 and TRT4 performed significgntiorse (P < 0.05) than the broilers of the
PC in weeks 2, 3 and 4 and significantly worse (R0%) than the broilers of TRT1 in weeks 2
and 4.
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Table 4.9 The average weekly feed conversion ddtibe broilers (g feed intake / g body

weight gain) for the different treatments from datp 35

Treatments Day 0-7 Day 8-14Day 15-21 Day 22-28 Day 29-35
PC 1.07 1.2 1.32 1.08 2.25
TRT1 1.04 1.2% 1.35% 1.10% 2.16

NC1 1.05 1.31 1.350 1.13% 2.17
TRT2 1.05 1.31 1.37 1.13® 2.21
Treatments Day 0-7 Day 8-14Day 15-21 Day 22-28 Day 29-35
PC 1.07 1.29 1.32 1.08 2.258
TRT1 1.04 1.2% 1.35 1.16 2.16%
NC2 1.04 1.28 1.32 1.18 2.13®
TRT3 1.06 1.30 1.36 1.12° 2.0F
Treatments Day 0-7 Day 8-14Day 15-21 Day 22-28 Day 29-35
PC 1.07 1.2% 1.32 1.08 2.25
TRT1 1.04 1.25 1.35% 1.10 2.16
NC3 1.07 1.32 1.38 1.18 2.20
TRT4 1.06 1.32 1.37 1.1 2.11
SEM 0.012 0.010 0.015 0.015 0.060
Enzyme inclusion Day 0-7 Day 8-14Day 15-21 Day 22-28 Day 29-35
0 1.06 1.29 1.34 1.13 2.19

1 1.05 1.30 1.36 1.13 2.13
SEM 0.006 0.005 0.008 0.007 0.030

3 Column means with common superscript did not difgnificantly for the least square means (P 50.0
PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)

TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - Amindds)

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aartino acids)
TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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4.2.7 Cumulative feed conversion ratio

The cumulative feed conversion ratio (CFCR) of bhailers for the different treatments, are
shown below in Table 4.10. The broilers performedtdy than Ross 308 breed standards
(Aviagen, 2014) in terms of CFCR for all the treants throughout the trial. The PC fed
broilers performed significantly better than theilars of NC1 in terms of CFCR over 14, 21
and 28 days, but not for the overall period of @dg 35. The broilers of the PC also performed
significantly better than broilers of TRTZ2, over, 24 and 28 days but not for the overall period
of 35 days. The CFCR of the broilers in TRT1 wassicantly better than the broilers in NC1
over 14 and 28 days, and CFCR of the broilers inZBver 14, 21 and 28 days, but not for
the overall period of 35 days.

The CFCR of the broilers in NC2, did not differiftcantly from the CFCR of the broilers in
the PC or TRT1 for any of the cumulative periodse TTFCR of the broilers in TRT3 was
significantly worse than the broilers in the PC rotd, 21 and 28 days, but not the overall
period. The CFCR of the broilers in TRT3 was alswse than the broilers in TRT1 over 14
days, and broilers in NC2 over 21 days, but nobtlerall period.

The CFCR of the broilers in NC3, was significantlgrse than the broilers of the PC over 14,
21, 28 and 35 days. The CFCR of the broilers in Nt€&8tment was also significantly worse
than the broilers of TRT1 for all the cumulativeripds. The CFCR of the broilers in TRT4
was significantly worse than the broilers in the&@ TRT1 over 14, 21 and 28 days, but not
for the overall cumulative period of 35 days.
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Table 4.10 The average cumulative feed conversito of the broilers (g feed intake / g

body weight gain) for the different treatments frday 0 to 35

Treatments Day 0-7 Day0-14 DayO0-21 Day 0-Z3y 0-35
PC 1.07 1.29 1.2F 1.19 1.47
TRT1 1.04 1.18 1.27¢ 1.2¢ 1.46
NC1 1.05 1.23 1.2GP 1.2% 1.48
TRT2 1.05 1.23 1.3C 1.23 1.49
Treatments Day 0-7 Day0-14 DayO0-21 Day 0-Z3y 0-35
PC 1.07 1.29 1.27 1.19 1.47
TRT1 1.04 1.18 1.27b 1.2@" 1.46
NC2 1.04 1.28 1.28 1.220 1.46
TRT3 1.06 1.22 1.29 1.22 1.45
Treatments Day 0-7 Day0-14 DayO0-21 Day 0-Z8ay 0-35
PC 1.07 1.29 1.27 1.19 1.47
TRT1 1.04 1.18 1.27 1.2¢ 1.48
NC3 1.07 1.23 1.3PF 1.258 1.5PF
TRT4 1.06 1.25% 1.38 1.28 1.49°
SEM 0.012 0.007 0.008 0.007 0.014
Enzyme inclusion Day 0-7 Day0-14 Day0-21 Day 0-Z&ay 0-35
0 1.06 1.22 1.28 1.22 1.48
1 1.05 1.22 1.30 1.23 1.47
SEM 0.006 0.003 0.004 0.004 0.007

abe Column means with common superscript did not difgnificantly for the least square means (P 0.0

PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)

TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - Amindds)

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aartino acids)
TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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4.3 Carcass Parameters

No significant differences (P > 0.05) were obserf@dany of the carcass parameters when
comparing the broilers of the PC to the broiler§BT1. The eviscerated carcass yield of the
broilers in TRT1 was significantly better (P < 0\@ban the broilers of NC3, and the broilers
of TRT4. The broilers in the PC and TRT1 showeaificantly better (P < 0.05) drumstick

yield, than broilers of NC3 and TRT4. The broilefSNC1, and TRTZ2, had significantly better

(P < 0.05) breast yield than all the other treattmefhere were no significant differences (P >
0.05) observed in the yield of the wings and thighwng the broilers in any of the treatment

groups.
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Table 4.11 Carcass parameters as a percentage efdight of the broilers for the different

treatments

Treatments Eviserated Wings Thighs DrumstickBreasts
PC 74.0 7.4 21.6 9.5 18.4
TRT1 74.5 7.7 21.7 9.5 18.4
NC1 74.2 7.4 21.2 9.3 19.5
TRT2 74.4 7.6 21.4 9.3 19.8
Treatments Eviserated Wings Thighs Drumstick  Breast
PC 74.0 7.4 21.6 9.5 18.4
TRT1 74.5 7.7 21.7 9.5 18.4
NC2 74.3 7.7 21.6 9.4 19.0
TRT3 74.2 7.5 22.0 9.3 18.8
Treatments Eviserated Wings Thighs Drumstick  Breast
PC 74.0° 7.4 21.6 9.5 18.4
TRT1 74.8 7.7 21.7 9.5 18.4
NC3 73.7 7.7 21.5 9.1° 18.5
TRT4 73.8 7.7 21.3 9.1° 18.3
SEM 0.002 0.001 0.002 0.001 0.002
Enzyme inclusion Eviserated Wings Thighs  DrumstickBreast

0 74.1 7.6 21.5 9.3 18.8
1 74.2 7.6 21.6 9.3 18.7
Standard error of means 0.001 0.001 0.001 0.001 010.0

3 Column means with common superscript did not difgnificantly for the least square means (P 50.0

PC = Positive control

TRT1 = PC + Rovabio Advance 50 g/ t of feed

NC1 = Negative control (Positive control - ME)
TRT2 = NC1 + Rovabio Advance 50 g/ t of feed

NC2 = Negative control (Positive control - aminddag

TRT3 = NC2 + Rovabio Advance 50 g/ t of feed

NC3 = Negative control (Positive control - ME aartino acids)
TRT4 = NC3 + Rovabio Advance 50 g/ t of feed
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Chapter 5

Discussion

In the poultry industry profitability is mainly depdent on the cost and nutritive value of the
feed (Tahiret al, 2008; Bedford and Partridge, 2010). One of thearaati-nutrients that may
limit the nutritive value of the feed are the ndarsh polysaccharides (NSP) (Ta&iral, 2008).
Monogastric animals lack the digestive capacitglitgest NSP (Mengt al, 2005). Slominski
(2011) stated that the constituent NSP in maizesamythtean meal requires a broad range of

carbohydrases, if any beneficial response is tadhéeved.

Enzyme complexes that include debranching enzymash as arabinofuranosidases, can
increase the overall enzyme effect (Cozaretedl, 2017). Arabinofuranosidases can cleave
arabinose from the xylose backbone and offer adcessdo-xylanase activity (De La Mage

al., 2013; Cozannegt al, 2017). The filamentous fungienicillium funiculosumrecently
renamedlalaromyces versatili§Samsoret al, 2011) produces a wide range of cellulotic and
hemicellulotic enzymes, including pectinases, tafles, proteases and arabinofuranosidases
(Lafond et al, 2014; Rioset al, 2017). Enzymes that are capable of degrading Emp
arabinoxylan chains more efficiently, can challemgerent feed formulation to consider all
potential benefits and digestibility of nutrien@ogzanneet al, 2017).

The objective of the present study was to deterntineeefficacy of enzymes produced by
Talaromyces versatili; releasing energy and amino acids in broiledéeand how that would

affect broiler production and slaughter paramedeirsng a 35 day broiler production cycle.

5.1 Ration evaluation

The analysed nutrient levels were close to theutatled values (see Tables 4.1, 4.2 and 4.3).
There were limitations with regards to the feedlysis as dietary energy was analysed by
means of measuring gross energy, while metaboésaérgy was used in the formulations.
The analysed gross energy of all the reduced eneeggtive control diets (NC1, NC3) and
experimental diets (TRT2 and TRT4), analysed latlvan the positive control diets, as well as

the treatments where only amino acids levels wedaaed (NC2 and TRT3).
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Even though all the diets were formulated basedigestible amino acids, the analysed total
amino acids of all the final feeds, were similatiie calculated total amino acid levels of all
the different formulated feeds. Variation in resuttf the total amino could be ascribed to
practical constraints during the process of mixgngaller amounts of trial feed whilst adding
small amounts of synthetic amino acids. The andlyssults could have possibly been
improved by increasing the number of samples ardly®r feed, and thereby increasing the
repeatability of the analysis. The recovery of eneactivity for both enzymes were above the

guaranteed minimums, as specified by the respestigpliers.

5.2 Production parameters

In the present study, enzyme addition to the pasitontrol diets did not improve any of the
production parameters (see Tables 4.4 to 4.10sdtedings are in agreement with the results
of similar studies (Kochest al, 2002; Vieiraet al, 2006; Kaczmarekt al, 2009; Kaczmarek
et al, 2014), where no improvements in production patarsevere observed when enzyme
combinations were added on top of the positiverobireatments. In an experiment by Kocher
et al. (2003) where the effects of different enzyme carabons on apparent metabolisable
were evaluated, it was found that none of the coations successfully improved the
performance of the standard diet. When the enzymees included in a lower energy diet in
the same study, the authors observed that the catito of pectinase, protease, and amylase
significantly improved the apparent metabolisableergy in comparison to the un-
supplemented diet.

When improved nutrient utilisation due to enzymeitidn is not accompanied by increased
growth performance, it is possible that the contfidts were not sufficiently limiting in
nutrients to reduce growth (Farhangi and Cartef720 Enzyme effects on performance
parameters are not usually observed when standatsllzhsed on balanced and high digestible
nutrients are fed (Morae= al, 2015). When feeding a theoretically perfect thebroilers, it

is unlikely that any improvement will be observeddiding an enzyme on top of the diets

(Sorbareet al, 2009), as the diet already allows the bird tdguer close to its genetic potential.
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In the present study, the body weight and body eggin of the reduced energy negative
control treatment was significantly lower than geessitive control (P < 0.05), but did not differ
significantly (P > 0.05) in terms of feed intakefeed conversion ratio (see Tables 4.4, 4.5, 4.9
and 4.10). Therefore it is possible that the redugh metabolisable energy was not sufficiently
limiting to reduce growth performance sufficienthccording to Leesoet al.(1996), broilers
fed marginal nutrient reduced diets tend to inaehsir feed intake as dietary energy is reduced,
which was not observed in the present study (sé#e$al.6 and 4.7). In a recent study by
Plumsteacktt al. (2007), the authors similarly reported that thedfentake of broilers was not
affected by the dietary metabolisable energy dgnéfhen the Rovabio Advance enzyme was
added to the reduced energy negative control dletdeed intake, body weights at 35 days as
well as the body weight gain and feed conversidio raver 35 days were not significantly
different (P > 0.05) from the positive control (Sksbles 4.4 to 4.7, 4.9 and 4.10). There were
however small, but non-significant improvement8inday body weight and body weight gain
over 35 days, when the enzyme were added to theeddenergy negative control treatment
(see Tables 4.4 and 4.5). These observationsrailaisto the results of a study by Vieeaal.
(2015) , where the addition of an enzyme complexeuced energy diets led to partial
improvements in body weight gain and feed conversabio, compared to the positive control
diets. Such improvements might still be of economportance in a commercial broiler
operation, even though these effects are smaldidificult to detect in a small-scale experiment
(Menget al, 2005).

Results of similar studies concerning multiple engycombinations to reduced energy maize
and soybean meal based diets are conflicting, sothe studies observing improvements to
similar levels as the positive control (Du Plessigl Jansen van Rensburg, 2014; Kigial,
2015; Govilet al, 2017), some showing partial improvements compgrdide negative control
(Zakariaet al, 2010; Vieiraet al, 2015), and others finding no significant diffecea compared

to the negative control (Yet al, 2007; Cowieson and Ravindran, 2008a; Cowiesal,
2010). In a study evaluating the effects of thréfeietnt enzyme combinations, Yegani and
Korver (2013) found no improvement and in someainsés negative effects were observed on

performance variables due to enzyme supplementation
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An important factor to consider in the present gtisdhat the reduction of energy in the reduced
energy treatments, were obtained by removing thibessm oil and lowering the full fat soybean
meal levels in the formulations. This also led tmwaer level of crude fat in the final diets.
According to Bacet al.(2013), reduced dietary fat concentration, canmetepthe performance
of broilers and Cowiesort al. (2010) suggested that minimum fat concentratiomsicc

maximise bio efficacy of NSP enzymes in maize anybsan meal based diets.

Enzyme addition to the reduced amino acid negatiwérol, showed a significant improvement
in feed conversion ratio (P < 0.05) and a tenddncynprove body weight gain (P < 0.1)
compared to the positive control, during the fiwalek of the present trial (see Tables 4.5 and
4.9). Rioset al.(2017) observed similar improvements in feed cosive ratio when broilers
were fed maize and soybean meal diets supplemaitedhe same enzyme complex from
Talaromyces versatilias was used in the present study. This also d®@eavith a study by
Tahir et al. (2008), where a combination of pectinase, celtulasd hemicellulase improved

body weight gain in crude protein reduced dietsnfday 15 to 27.

Enhanced amino acid utilisation with enzyme supgletaition is likely due to an improvement

in the digestibility (Zanelleet al, 1999; Rutherfurcet al, 2007; Cowieson and Ravindran,
2008a), as well as a reduction in endogenous lofSewieson and Ravindran, 2008b).
Alterations in the secretions of endogenous enzyamekthe microbial populations in the
intestinal environment of the broiler chicken, @so contribute to the observed improvement
in amino acid digestibility (Choct, 1997; Cowiesand Ravindran, 2008a; Cowieson, 2010).
The effects of added enzymes may change with Iorage (Bedford and Cowieson, 2012) as
caecal populations increase in size and variabditg as a consequence fermentation responses
to cell wall fragments may be more pronounced deobirds (Wangt al, 2005; Parkeet al,
2007).

In this study significantly lower feed intake (F0O05) was observed for broilers that received
the reduced amino acids for the cumulative perio8bodays (see Tables 4.6 and 4.7) and the
reduced amino acid plus enzyme treatment durindiniaé week of the trial (see Tables 4.6),

compared to the positive control. This observatsocontradictory to the results of the studies
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of De Keyseret al. (2016) and Tahiet al. (2008), where a dietary reduction in crude protein
and amino acids did not affect feed intake. Theybedight at day 35 and body weight gain

from day 0 to 35 of the broilers fed the amino aeiduced treatments in the present study, did
not differ significantly from the positive controkatment (P > 0.05), which confirms that the
growth was not impacted by the reduction in amioidsor feed intake (see Tables 4.4 and
4.5).

Decreasing the crude protein to metabolisable gnexgjo in diets that contain adequate
amounts of crude protein and amino acids, have beewn to improve feed conversion ratio
and growth rate in broilers (Hidalga al, 2004; Salelet al, 2004; Dozieret al, 2006; Dozier

et al, 2007). When compared to body weight gain, pragein decreases with increase in body
weight, and therefore amino acid requirements @serevith age and body weight (Baker,
2009). Genetic differences also needs to be comsldes the Ross 308 strain has been shown
to react differently to Cobb 500 when dietary pioteas reduced, by lowering feed intake after
21 days of age (Kemet al, 2005; Berhe and Gous, 2008).

In the present study, the body weight, body wegghh and feed conversion ratio over the 35-
day period of broilers that received the reducestgynand amino acids negative control diets
were significantly worse (P < 0.05) compared topbsitive control (see Tables 4.4, 4.5 and
4.10). However, feed intake did not differ sigrégfintly (P > 0.05) between these groups of birds
(see Tables 4.6 and 4.7). According to Leeson amdn$ers (1997), broiler chickens can
compensate for lower nutrient concentrations indie¢ by increasing their feed intake. The
results in the present study regarding feed intal@mntradictory to the findings of Leesen

al. (1996), where broilers fed diets with marginalgduced nutrient densities, tended to
increase their feed intake. It is possible thatdie¢s in the current study were not sufficiently
limiting in nutrients to stimulate an increase eed intake. The average feed intakes of the
broilers in the present study were also above tieed standards for the Ross 308 strain
(Aviagen, 2014). The theoretical maximum of feetchke is determined by the capacity of the
digestive system (Tallentiret al, 2018), and the broiler chickens might experiemghysical
limitation when attempting to consume more of a emsity diet (Kamraet al, 2008).
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When the Rovabio Advance enzyme was added to theee energy and amino acid diet in
the present study, the body weight at 35 days adg lveight gain and feed conversion over
the 35-day period, were not significantly differéRt > 0.05) from the positive control (see
Tables 4.4, 4.5 and 4.10). When maize and soybeahased diets containing reduced levels
of energy and amino acids were supplemented witeresyme complex fronTalaromyces
versatilis Rioset al. (2017) noted that the feed conversion ratio oftihmlers improved to
similar levels than the positive control. Contradrg to the results in the present study, Meng
and Slominski (2005) observed no significant ddfeses in production parameters when a
multicarbohydrase cocktail consisting of xylanagacanase, pectinase, cellulase, mannanase
and galactanase, was added to an energy and anithceduced maize soybean meal diet. In
a study by Cowieson and Ravindran (2008b), usingralyme cocktail consisting of xylanase,
a-amylase and protease in a dose dependent maigreficant differences were observed at

double the recommended dose, but not at the sitage.

Enzyme addition resulted in a significant improvain@ < 0.05) in body weight gain during
the final week of the trial period in comparisonnon-supplemented diets (see Table 4.5).
However, no significant differences for body weighin was observed during any of the other
periods, indicating a possible age effect (P >)).8bnilar results have been observed in other
studies (Alamet al, 2003; Graciat al, 2003; Jozefialet al, 2004a; Figueiredet al, 2012;
Yegani and Korver, 2013). It is likely that feedzgmes influence broiler performance through
an interaction with microbial populations, whichcbemes more prolific as the bird ages
(Figueiredoet al, 2012). Ravret al.(2018) also recently showed that the supplememtati a
maize and soybean meal broiler diets with a contimnaf xylanase and arabinofuranosidase
enzymes resulted in significant improvements inwghoperformance and caecal butyrate
production, with the effects being more pronounaedays 21 and 29.

5.3 Carcass parameters

In the present study, no significant improvemefmts>(0.05) in any of the carcass parameters
were observed with enzyme addition to the posttimetrol diet (see Table 4.11). These results
are in agreement with the results from similar esiqZakariaet al, 2010; Azarfar, 2013;
Muller Fernandest al, 2015). Vieiraet al.(2006) reported similar results for the yieldshe
commercial cuts, but observed contradictory redwitscarcass yield with a decrease when
enzymes were added to the positive control.
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Broilers from the reduced energy negative controlig, and the reduced energy plus Rovabio
Advance treatment, had significantly better breastd than those from any of the other
treatments (P < 0.05). Kleket al. (2015) and Coppedgst al. (2012) observed no significant
difference for breast yield when comparing energguced negative control diets, with or
without enzyme supplementation, to the positivetrmbrdiets. The results from the present
study is also contradictory to the results from l\afihs et al. (2014), where the reduction in
energy decreased all processing parameters evadlu@avil et al. (2017) observed no
significant differences in carcass yield when cornmgpan energy reduced negative control to
the positive control, but yields were significanityproved by the addition of a multi-enzyme
product. The increased breast yield observed ipthgent study by reducing the energy levels,
can be explained by an increased crude proteiraamio acids to energy ratio, which has also
been observed in other studies (Ccetzal, 2005; Kiddet al, 2005; Dozieet al, 2006; Dozier

et al, 2007; Widyaratne and Drew, 2011).

No significant differences were observed for anthefcarcass parameters when comparing the
reduced amino acid negative control and Rovabioafide reduced amino acid treatment, to
the positive control (P > 0.05). These observatamescontradictory to the results from a study
by Tahiret al. (2008), where a reduction in crude protein lewkdsreased carcass and breast

yield, and enzyme addition restored the yield moilsir levels than the positive control.

Enzyme addition to the positive control diets resailin significantly improved eviscerated
carcass Yyield compared to the reduced energy ambaid negative control, and the reduced
energy and amino acid plus Rovabio Advance tredtifier 0.05). The positive control with
and without enzyme, also showed significantly bettemstick yield, than the reduced energy
and amino acid negative control, and the reducedggrand amino acid plus Rovabio Advance
treatment (P < 0.05). Coppedgieal.(2012) observed no significant difference for eascyield
when comparing energy and amino acids reduced imegebntrol diets, with or without
enzyme supplementation, to the positive contrdkdiBhere were no significant differences (P >
0.05) in the yield of the wings and thighs amonrgtiieatment groups, observed in the present
study.
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Chapter 6

Conclusion

Exogenous feed enzymes are important tools in mastag animal nutrition as they can limit

the effect of anti-nutrients present in the rawemats, and thereby increase the digestibility
and nutritive value of the feed. One of the maitr-aatrients in maize and soybean meal based
broiler diets are the non-starch polysaccharidésshwrequires a broad range of carbohydrase

enzymes if any beneficial response is to be achieve

The addition of enzymes produced bglaromyces versatiliso broiler feed, resulted in
significant improvements in body weight gain duritige final week of a broiler growth
performance trial. The addition of the enzyme campbd diets with reduced amino acid levels,
also resulted in a significant improvement in feedversion ratio and a tendency to improve
body weight gain compared to the positive contlaling the final week of the trial. Enzyme
addition to the reduced energy and reduced enemgyamino acid negative control diets
resulted in slight but non-significant improvemeint$inal body weight and body weight gain.
Supplementation of the enzymes also slightly impdblaroiler feed conversion ratio over the
35-day period for birds that received the reduceergy and amino acid diets. No
improvements in any of the production parametengwbserved, with enzyme addition to the

positive control diets.

Enzyme addition to the positive control diet, sfggaintly improved eviscerated carcass yield
compared to the reduced energy and amino acid dletsther significant improvements were

observed in any of the carcass parameters evaluduedio enzyme addition. Therefore this
study did not deliver significant evidence that ywne supplementation can improve carcass
parameters of broilers. It can, however, be coreddufiom the present study that enzymes
produced byTalaromyces versatilisnay improve production parameters of broilers when

added to maize and soybean meal based diets wlticed energy and amino acid levels.
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Chapter 7

Critical review and recommendations

Further studies on the efficacy of enzymes produmetalaromyces versatilisn broilers fed

maize and soybean meal diets are recommendedgti@itcnaccount the following factors:

1. Commercial broiler diets are normally formulatedcmntain metabolisable energy,
crude protein and amino acid levels that are alibeerequirements of the broiler
chickens to ensure optimal performance. Carefulsicemation should be taken to
ensure that the diet specification selected faf pirposes, are limiting enough to allow
significantly lower performance of negative contdiets which will facilitate the
accurate evaluation of the efficacy of supplememtezimes. The above is especially
relevant when using highly digestible raw materglsh as maize and soybean meal.
Broilers that are fed marginal nutrient reducedsdiend to increase their feed intake,

and this effect was not observed in the currertystu

2. Further to that, it is recommended that the fultnraeduction in metabolisable energy
and crude protein and amino acids is applied, asifsgd by the supplier. Separate
reductions in only metabolisable energy or crudg#gin and amino acids did not lead
to the expected reduction in all production paramset Reductions in either
metabolisable energy or crude protein and amingdsacan lead to a sum-optimal ratio
in these nutrients, as the enzyme complex is eggect affect the digestibility of all

nutrients to some extent.

3. Raw material inclusion levels should also be taketo consideration during
formulation, and it is recommended that betweeattnent differences in oil and crude
fat levels should be limited as much as possibjgdévent extra-caloric effects. The use
of inert diluents should also be considered to else the between treatment variation

in raw materials and nutrients.
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4. The analysed results of the feed samples couldhpeoved by increasing the number

of samples analysed per feed, and thereby incrp#isenrepeatability of the analysis.
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