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ABSTRACT

The nutritional value of biodiesel co-products wstedied for swine. In Exp.
1, expeller-pressed canola meal was nutritiondiigracterized and validated for
grower-finisher pigs. Expeller-pressed canola npeaVided adequate energy and
AA; ADG was reduced 3 g/d per 1% expeller-pressagola meal inclusion in
diets formulated to equal NE and SID AA, due tordgllg dietary glucosinolates.
In Exp. 2, cold-pressed canola cake samples frondifferent processing
conditions were tested against expeller-presseml@ameal and seed in a
digestibility study. Higher residual oil in the @kncreased the DE and NE
content. In Exp. 3, 15% of either solvent-extractedexpeller-pressed canola
meal with or without 5% glycerol was tested agaiassoybean meal diet for
weanlings. Solvent-extracted or expeller-pressatbleameal, or in combination
with 5% glycerol can partially replace soybean mealeaner diets formulated to

equal NE and SID AA content without affecting grbwtperformance.
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Chapter 1. Literature Review
1.1 Introduction

In an effort to reduce dependence on petroleumebdisel products and
reduce their negative impact on the environmenlil @dial., 2006), production of
biodiesel from renewable energy sources has expatieexplosive growth (Kerr
et al., 2007). Canola meal and glycerol are thenmaaiproducts of the Canadian
biodiesel industry. The sustainability and profiligp of the biofuel industry
depend on the value and market of biodiesel angraeducts. Co-products
without market have no value, and add to the castsnot the income of biofuel
production. Economic stimulus indicated that iniadd to the price of biodiesel,
prices of the feedstock and the meal are the muogbitant factors in the
profitability of biodiesel production (Weber, 1993Jherefore, the value of
biodiesel co-products must be characterized andidatald to maximize the
profitability of the biodiesel industry.

With concerns of environmental pollution, consuraeceptance of go-green
concepts, and high prices of fossil fuels produxtiose of biofuel is promoted
globally. The use of biofuel as an alternative seunf transportation energy is
promoted via national and international legislatiand protective measures
because; biofuel production enhances sustainabdiyl economic growth
(Bezergianni and Kalogianni, 2009). Given the deleeice of biofuel production
on natural systems, demonstrating that productrongeds in an environmentally
sound and sustainable manner is essential foudtsess (Hecht et al., 2009). The

conversion of biomass to transportation fuel ineshmany steps from growing,



harvesting, transporting, and converting the femzksto finally distributing and

using the end product as a fuel (Hecht et al., 20B8®bal production of biofuels
is booming because high oil prices and technolbdicaakthrough have made
this business a profitable one (Forge, 2007).

The biodiesel industry was promoted in various ntoes with different
objectives. Europe is the global leader in biodiggeduction (Phan and Phan,
2008). Biodiesel production and commercial usena European Union (EU) has
expanded due to the EU’'s Common Agricultural Poticgt enables farmers to
receive a premium for growing industrial oil seems set aside land (United
States Department of Agriculture, 1995). Reducingeghouse gas emissions,
boosting the decarbonisation of transport fuelgeifying fuel supply sources,
offering new income opportunities in rural areasd adeveloping long-term
replacement for non-renewable fossil fuels is thme af this policy (European
Commission, 2006). In the EU, 185 biodiesel plamtssted in 2008 with a
production capacity of about 11.2 million metriomm@s and another 58 plants
were under construction (Phan and Phan, 2008). dnad@a and USA, the
biodiesel industry developed more recently tharfued ethanol counterpart and
experienced a period of rapid growth in 2006 an@720Returns were attractive
and many new plants were constructed (Wisner, 20@8¥t biofuel production
in North America today is corn-based ethanol. Mafsthis ethanol is used as an
additive in petroleum-based gasoline, producingeadof 90% gasoline and 10%
ethanol (Federick, 2008). In USA in 2006, the miamm biofuel consumption

level was set at 15 billion liters, with expectasoof doubling consumption by



2012 (Groesbeck et al., 2008). Furthermore, 10%6liésel production facilities
were operating in the USA in 2008 and 77 facilitigere in the planning or
construction stage. Higher world crude oil andnedi petroleum products prices
provide incentives for both developed and develgppaountries to seek to

increase production of ethanol and other biofubb(®uri, 2007).

1.2 Biodiesdl production
Various definitions of biodiesel are available inetpublished literature.

Biodiesel is an alternative to petroleum dieset ttamm be commercially produced
through transesterification of vegetable oils omal fats using methanol or
ethanol with an alkaline or acidic catalyst (Marithet al., 2007; Shu et al., 2007;
Groesbeck et al., 2008). Biodiesel, however, is alotays accepted for use in
blends with conventional diesel fuel for transpbota applications (Sarin et al.,
2007). Biodiesel is defined as a diesel equivalpracessed fuel, derived from
biological sources of which the most common ardéowgl yellow grease or

vegetable oils (AAFC, 2006).The properties of thedlesel are decided by the
structure of the fatty acid methyl esters that ttute biodiesel (Knothe, 2005;

Knothe and Steidley, 2005; Agarwal, 2007; Yuan,200

Chemistry of biodiesel
Biodiesel can be produced by a variety of esteation technologies, using
new or used vegetable oils and animal fats aslrféedstock (Kerr et al., 2007;

Galan et al., 2009). In general, fats and oils fdtered and preprocessed to



remove water and contaminants, followed by mixinthwan alcohol and catalyst
(Soni, 2007). This chemical reaction causes thenoikecules (tryglicerides) to be
broken apart into methyl esters and glycerin, wlaoh then separated from each
other and purified [Organization for Economic Co@pen and Development
(OECD), 2008]. The continuous flow process requibe$y the stoichiometric
amount of alcohol, while the batch process requaregxcess of at least 75% to
drive the reaction to completion (Bender, 1999)wdwer, 60% of the excess
alcohol can be recovered (Noordam and Withers, 19B@ddiesel is the name

given to these esters when they are intended oasduel (Kerr et al., 2007).

Feedstock used in biodiesal industry
Feedstocks used in biodiesel production dependheir availability in a

particular country or a region. Biodiesel is madmf renewable feedstocks such
as vegetable oils or animal fats. Biodiesel cambaufactured from a wide range
of feedstock including vegetable oils such as sagbecottonseed, rapeseed,
sunflower seed, peanut, sesame, palm, palm keolek, and coconut oll
(Wisner, 2009). Approximately half of the biodiegadustry can use any fat or oil
feedstock, including recycled cooking grease; wthke other half of the industry
is limited to vegetable oils, the least expensivaioich has been soy oil (Kerr et
al., 2007). In North America, the most common feéecls for biodiesel is soybean
oil or yellow grease and tallow (AAFC, 2007; Saeinal., 2009) because of their
widespread of availability (Wisner, 2009). In Caaadoy, canola and yellow

greases are of primary use as inputs to the bieldgscess (Bell et al., 2007). In



Montreal, biodiesel is being produced from yellovease and tallow while in
Nova Scotia fish biodiesel is burned in diesel sagi(AAFC, 2006). Rapeseed is
the most common feedstock for biodiesel productioEurope and palm oil is
being exploited in South East Asia (AAFC, 2007;isa&t al., 2009). Sunflower
seed oil was one of the most expensive oils in Bulenrapeseed oil is the
cheapest (AAFC, 2006). Used cooking oil collecteoht restaurants and (or)
homes, with a price at least 2—-3 times lower thiagirv vegetable oils is another
feedstock for biodiesel production (Zhang et &003. To explore additional oil
resources, other non-traditional oil seeds have lseeeened for their potential as
biodiesel feedstock. Possible feedstock for biadiesclude oils from
“Drumstick” seeds Nloringa oleifera) (Rashid et al., 2008), sesamnfgesgamum
indicum) seed (Saydut et al., 2008), and almonds (Ternainzdtappa L) (dos

Santos et al., 2008).

Canola production

Canola is the major oil seed crop in Canada. Anrbahadian canola
production averaged 6.4 million tonnes from 19992@D3. The goal of the
Canola Council of Canada (CCC) is to increase dnpnaaluction to 7.0 million
tonnes on a sustainable basis (CCC, 2007). Eacah gproximately 5% of total
biodiesel production is off-grade, low-quality cémowhich is available for use as
a biodiesel feedstock (Riley, 2004). More than BQ,@Canadian farmers grow
canola, generating economic activity of $1.4 billim Ontario and Quebec and

$7.5 billion in western Canada (CCC, 2007). In @Gnahe 10-year average is



11.3 million acres harvested. Canadian canola mtimiuwould have to increase
to about 14 metric tonnes annually to meet the aden{€CC, 2007). Canada is

the largest single producer of canola.

Biodiesdl industry in Canada

The Canadian biodiesel industry was promoted byeriddand provincial
government policies with the objectives of envir@mtal protection and to
provide economic opportunities for agriculture. Bl®pment of the biodiesel
industry was initially encouraged in 2003 by thevggmment exempting from
federal excise taxes any biodiesel portion of andéel diesel fuel (Bell et al.,
2007). The federal government intends to develog emplement a federal
regulation requiring renewable fuels under the @ama Environmental
Protection Act (CEPA, 1999). Amendments to the &uBlvision of CEPA
(1999) were proposed under Canada's Clean Air Adt are needed for an
effective and efficient regulation. According tastlregulation, the requirement
would be an average annual renewable fuel contertt deast 5% calculated
based on the volume of biofuel, commencing in 201 requirement could be
met by renewable content in either gasoline orafiaad heating oil pools. The
federal government also intends to put in plac@i2 an additional requirement
for an average 2% renewable fuel content in diésell and heating oil, upon
verification of renewable diesel fuel use under thrge of Canadian weather
conditions (Government of Alberta, 2006). Furtheport to the biofuel industry

would come from federal government incentives, dnergy producer credit



programme, bio-energy refining commercializationd amarket development
program, bio-energy infrastructure development p@og and excise tax
exemption of 4 cents/L of biodiesel blending (Kupuand Robertson, 2007). The
federal government was working with the provincesdevelop an integrated
national renewable fuels strategy and to fulfile tpovernment commitment to
achieve 5% average renewable content in Canadsasgortation fuel by 2010
(AAFC, 2007).

Biodiesel production in Canada has showed progiesi®ig the past years.
Canadian production of biodiesel was slowly conongstream with the target of
5% renewable content in transportation fuels suchethanol and biodiesel by
2010 (AAFC, 2006). Over the medium-term, biodiggedduction in Canada is
projected to rise to between 0.30 to 0.40 billiner$ to support the mandate of
5% biofuel content. Most of the biodiesel manufeetiin Canada has been
exported to USA (AAFC, 2007). The annual Canadigesal fuel market is
approximately 25 billion liters in 2004, the indystdepended upon the
availability of off-grade canola seed to meet ikds in Western Canada (Riley,
2004). Theoretically, the potential of a local besel industry is large in western
Canada. The limited supplies of yellow grease aalbw, the successful
expansion of biodiesel sector in Canada is depéndersecuring supplies of
oilseeds such as canola and soybean (AAFC, 200¢. f€edstock supply
assessment performed by BBI Biofuels Canada andl&&006) indicates that
there is sufficient feedstock to support a numbgrcanola-based biodiesel

production facilities in Western Canada. Majoratigs of biodiesel and ethanol



will occur in Western Canada irrespective of grawailability (Racz, 2007).
Biodiesel production in Eastern Canada has depeng@ed the availability of
yellow grease and tallow from the restaurant amdleeng industries there, and
the limited supply of soybean oil (Riley, 2004). r@nt crushing operations in
Canada are at capacity, and thus additional crgstapacity would be necessary
if the canola based biodiesel industry is develoff28l Biofuels Canada and
Saville, 2006). These combined resources wouldwalior the production of
approximately 2.5 billion liters of biodiesel fuar 10% of the total Canadian
diesel fuel market (Riley, 2004). Increased cang&d and oil yield due to
hybrid technology, extended acreage of crop dueotational opportunities,
would increase canola production to 13 to 14 millimnnes by 2015 and
therefore there will be sufficient canola to sugparrenewable fuels standard
(BBI Biofuels Canada and Saville, 2006). Theref@anadian biodiesel industry

has a stable market and ample opportunities to grdie future.

1.3 Processing of biodiesel from canola seed

The Canadian oilseed processing or the crushingsingl consists of 13
crushing and refining/packaging plants, owned lmpfpanies. Crush capacity in
2006 was 3.7 million tonnes, and was expecteddrease to 5.7 by 2007, and to
7 million tonness in 2010 as several major new tglamome on stream (CCC,
2007). Canola oil may be extracted using differemtthods depending on

technology used at different crushing plants.



Canola oil extraction

Prior to oil extraction, canola seed that will b®gessed for oil and meal is
preconditioned mildly using steam (heat and mo&ttw improve oilflow during
the subsequent oil extraction [Canola Info (CI)02D Preconditioned seed is
then crushed, flaked, and heated again slightlyneximize the oil recovery.
Canola flakes are then pre-pressed by using scressgs or expellers (Cl, 2007).
If the oil is extracted using hexane extractiore-pressed canola flakes are used.
Conventional processing of canola involves meclanpressing and solvent
extraction to separate oil and meal (Thobani ands@®y, 1997), but the oll is

further refined for human consumption.

Solvent extraction

Canola oil is extracted by using a solvent (hexaaapaximize oil recovery
from the seed (Leming and Lamber, 2005). Hexaneldrasg been the preferred
solvent for extracting oil from oil-rich seeds (Breh et al., 1982) such as
soybean and canola. Hexane extraction reducesethdunl oil content of the
pressed cake to very low levels, 2%. Solvent elitra@rocess involves a 2-stage
oil extraction process (Spragg and Mailer, 2007i). iAitial expeller extraction
operating at 100 to 120°C produces a seed cake apfmoximately 20% oil
(Eggers, 1985; Spragg and Mailer, 2007). This dhles undergoes solvent oll
extraction using hexane, and subsequently a des@irey process, and toasting
process reaching temperatures of 100 to 115°C ¢8paad Mailer, 2007). Oil

recovery from canola seed is 96% when hexane eixinais used (Cl, 2007).



Expeller pressing

Expeller pressing is a chemical-free method usezktact oil from oil seeds.
The cleaned and flaked seeds are heated in a ctmk20 to 25 min where the
temperature is rapidly increases from 30 to 80%Cha end of the process the
temperature is increased to 100 to 110°C. Moistorgent is initially reduced
from 6 to 9%, and then down to 2 to 3%. Then®@xtracted in a rotating screw
running in a cylindrical barrel (Leming and Lemb@f05). In some other oil
extracting plants, seed is steam-conditioned aace#peller press is operated to
optimize oil extraction, generating meal tempemguas high as 135°C. Some
plants operate double-pass systems that reproest cake to increase oil

recovery (Spragg and Mailer, 2007).

Cold pressing

In cold-pressing, seed is directed straight torttexhanical screw press and
temperature rises shortly to between 50 to 60°Gn{hg and Lamber, 2005;
Spragg and Mailer, 2007) due to the heat generaidun the press due to
frictional forces (Spragg and Mailer, 2007). Coldegsing of canola seeds
involves the similar steps as those used in hegatraction except for heating the
seed and the olil is solely removed solely mechamoassing (Cl, 2007). Oil

recovery ranges from 75 to 85 % for cold press@ig 2007).
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From canola oil to biodiesdl

Biodiesel is processed from crude canola oil (BBdfels Canada; Saville

(2006). The degummed, crude canola oil first undesgtransesterification. This
is a base-catalyzed chemical reaction in whichyceyides (fats and oils) react

with an alcohol (generally methanol) in the pregeatan alkaline catalyst. As a

result, a fatty acid methyl esters areformed libegaglycerol. Conversion rate

depends on the process conditions and equipmemgecsion of more than 99%

may take anywhere from 10 min to 8 h.

Solvent- Expeller- Cold-
Extlraction Extraction Pressing

| | |

! i i Ef%

! Foisi 1 i

; Canola Oil : ‘\#

! ! '

: i 1

! ! :

v % v
Canola EP Canola Canola
Meal Meal Pressed

Cake

v

e,

| Human Food |

‘ Alcohol ‘ ‘ Catalyst ‘ ‘ Degummed oil
[
¥
Animal Fat / |y Transesterification
Vegetable oil Reactor

Crude Biodiesel ‘

l

‘ Glycerol / Alcohol

|

‘ Crude Glycerol ‘

J

Biodiesel

Fig 1.1 Conventional biodiesel production process (Adagtech BBI Bio fuel

Canada and Saville, 2006)
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The transesterification process forms a light, bptiobic phase containing
methyl esters and a heavy, hydrophilic or watewisiel phase. Even after phase
separation, the ester rich phase still contaimealsamount of methanol, traces of
soaps and glycerol, catalysts and high boiling poomponents. The ester phase
is then washed with water to remove water solublesstances. Small amount of
acids are added to split any soaps present to demaation of emulsions. The
washed ester is considered as wet with trace amolmhoisture remaining
removed by filtering through silicone bids colunkisters are dried using vacuum

and then pumped into a storage tank.

1.4 Co-products from canola based biodiesel industry

Co-products of the biodiesel industry are canolalna@d glycerol. Besides
the importance of producing and using biofuel, othensiderations such as
availability of co-products are associated with éxasting production processes
(Bezergianni and Kalogianni, 2009). The price awdilability of the co-product
crude glycerol is an economic and environmentakic@ration (Bezergianni and
Kalogianni, 2009). The products generated by difiagroducing biodiesel from
canola seed are fatty acid methyl esters, canokd,med crude glycerol (BBI
Biofuels Canada and Saville, 2006). From canolal,seanola oil is extracted
using hexane extraction in large-scale biodiesatipetion and canola meal is the
co-product (Spragg and Mailer, 2007). In small-scak on-farm biodiesel
production, oil is extracted mechanically by exgefpressing or cold pressing that

produce expeller-pressed canola meal and coldguiesanola cake, respectively
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(Leming and Lamber, 2005). The primary co-produdhe biodiesel production
process is crude glycerol (Ma and Hanna, 1999;&arpen, 2005; Goesbeck et
al., 2008) with 0.3 kg of crude glycerole generdimdevery gallon of biodiesel
(Kerr et al., 2007). Worldwide, canola and rapeseeshl are the second most
widely traded protein feedstuff used in livestodetsl (Hickling, 2001) but,
rapeseed meal is not an accepted feed ingredieftamada and not listed in
schedule IV of Feeds Act of Canada (Government ahada, 2009). Local
biodiesel production opens up opportunities for klvestock industry for co-

products utilization.

Chemical compositions of biodiesel co-products

Chemical composition of canola based biodiesel roaipcts is different
globally. Many factors influence the chemical comigion of canola meal
(Leming and Lember, 2005). The greatest differemresoften seen in content of
CP and ether extract and subsequently in GE caonléese differences are most
likely caused by various pressing technologies emaditions that are used in
particular oil plant or in particular region. Preggs conditions and seed heating
influence the effectiveness of oil removal and ¢bgr also the nutrient content
and quality of the resulting meal (Leming and Lemk005). The nutrient
composition of canola meal is also affected byieaittand growing conditions of

the canola seed (Bell, 1993).
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Table 1.1 Chemical composition of biodiesel co-products M Dasis

Crude Crude GE
Item protein Ether extract fiber Ash NDF (Mcallkg) Reference
Solvent-extracted canola meal

39.6 3.9 14 7.9 1. - NRC, 1998

41.8 3.8 11 8.2 - - Spragg and Mailer, 2007
Expeller-pressed canola meal

38.1 10.3 12.1 7.7 - - CVB, 1003

41.8 5.9 - - 23.8 - Woyengo et al., 2009

36.1 12.2 - 7.1 - 5.14 Leming and Lember, 2005

38.9 Ng - - - 4.66 Lietal ., 2002

39.1 11.9 11.4 5.7 - - Spragg and Mailer, 2007
Cold-pressed canola cake

28 - - - - - Van Barneveld, 2000
28.3 19.7 - - - - Geier, 2004

L. = not provided.
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Crude glycerol also differs in composition, crudgcgrol contained 86%
glycerin, 10% water, 3% NaCl, and a trace amourffitesf fatty acids on DM basis
(Kerr et al., 2007). In a separate study, crudeaglyl contained 87.0% glycerol,
9.2% moisture, 0.03% methanol, and 1.26% sodiunbbhbasis (Lammers et
al., 2007). Pure glycerol has GE value of 4.1 Maa(Brambilla and Hill, 1966).
In another study GE of 3.63Mcal/kg for crude glydexras reported (Kerr et al.,

(2007).

Nutritional quality of biodiesel co-products

Expeller-pressed canola meal and cold-pressed &atake have not been
intensively studied in animal research. A DE conht#3.70 Mcal/kg (DM basis)
was reported for expeller-pressed canola meal @udit al., 2000). In the Dutch
feedstuff tables, CP digestibility of expeller-ped canola meal is listed as
75.0% (CVB, 2003). Expeller-pressed canola meatasnad 41.1% of CP, 5.9%
of ether extract, and 23.8% of NDF in a recentgiiWdoyengo et al., 2009).

Crude glycerol, a readily available energy sounsay play an important role
in meeting the energy needs of pigs as biodiesElymtion expands (Kerr et al.,
2007; Lammers et al., 2007). Following digestiontestinal absorption of
glycerol is more than 97% in pigs (Bartelt and Sztlar, 2002). Glycerol is
water-soluble and can be absorbed at the stomathate of absorption is slower
than that of the intestine (Lin, 1977). Absorpti@tes are high due to its small
molecular weight that facilitates passive absorp{i@uyton, 1991). Some studies

have assumed the ME of glycerol a85% of GE in dietary formulation
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(Rosebrough et al., 1980; Brambilla and Hill, 199&srrate et al., 2006). Crude
glycerol with 86.95% glycerol was determine to pdevfound 3.34 Mcal/kg of

DE and 3.21 Mcal/kg of ME (Kerr et al., 2007). Ancieased diet energy
digestibility was observed with glycerol inclusionweaned pigs (Zijlstra et al.,

2009).

Effects of biodiesel co-products on growth performances of pigs

German studies (Kijora and Kupsch, 2006; Kijoralgt1995 and 1997)
reported that up to 10% glycerol can be fed to piih little effect on growth
performance in. Addition of 5% glycerol to dietsgrbwer-finisher pigs did not
affect growth performance (Mourot et al., 1994)y¢&kol included at 10% did
not affect ADG, ADFI, or G:F from d 0 to 19 post-aveng in pigs (Kerr et al.,
2007). Adding crude glycerol may have positive etfeon ADFI of weaned pigs
(Groesbeck et al., 2008; Zijlstra et al., 2009).t06% added crude glycerol has
increased the pellet durability index (Groesbechl 2008). Addition of glycerol
to a meal diet containing hammer milled ground dwad improved flow ability

of mash diets (McKinney, 2009).

1.5 Impact of high fiber and oil content of feedstuffs on nutrient digestibility
in swine
Canola-based biodiesel co-products have high ftbatent and mostly high

residual oil content (Table 1.2). To use co-produntswine diet formulation, a
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good understanding of the effects of high-fiber aridn nutrient digestibility of

swine is important.

Table 1.2 Carbohydrate components of canola meal (12% nreiftasis)

Component Average
Starch 5.1
“Sugars 6.7
*Sucrose 6.2
“Fructose + glucose 0.5
Cellulose 4.5
Oligosaccharides 2.2
Non-starch polysaccharides 15.7
Soluble NSP 1.4
Insoluble NSP 14.4
Crude fiber 11.7
Acid detergent fiber 16.8
Acid detergent lignin 5.1
Neutral detergent fiber 20.7
Total dietary fiber 32.3

IBell, 1993; Slominski and Campbell, 1990

2. ccc, 2009
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the effect of dietary fiber on digestibility of mignts and the interaction of fiber
with other nutrients are crucial to evaluate thespnt feed evaluation systems for
their accuracy when a large amount of fiber is gmé# swine diets (Dégen et al.,

2007).

I mpact of high fiber content of feedstuffs on nutrient digestibility in swine

The effects of fiber on nutrient digestion of swima&ve been studied widely.
The role of dietary fiber in pig nutrition has beswestigated (Dégen et al.,
2007), but the definition of fiber components keapgroving due to the
development of new analytical and experimentalgisat) methods, research to
understand the role of dietary fiber in pig nutnitiis increasing (Souffrant, 2001).
Numerous definitions for fiber exist. Now fiber wagfined as a number of
chemically different materials that cannot be digd$y the endogenous enzymes
of livestock (Dégen et al., 2007). Mostly the teromade fiber, neutral or acid
detergent fiber (NDF or ADF), or non-starch polydzarides (NSP) are used
(varel and Yen, 1997). Dietary fiber may be definad the sum of the
polysaccharides and lignin that are not digestethbyendogenous secretions of
the gastrointestinal tract (Trowell et al.,, 1976he substrates included in this
definition are the structural polysaccharides as$ed with the plant cell wall
(i.e., cellulose, hemicellulose, pectin), strucktuman-polysaccharides (i.e., lignin),
and nonstructural polysaccharides, such as gumsranilages secreted by the

intestinal cells (Varen and Yen, 1997).
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Fiber analyses have limitations. Depending on thktive contents of
cellulose, hemicelluloses, pectins and lignin, ertiber represents only a part of
the fiber intake of animals (Van Soest, 1973). Etreugh swine do not produce
enzymes capable of degrading dietary fiber (Varehen, 1997), fiber must be
considered as a factor in the overall energy-supglysystem to the animal
(Dierick et al., 1989). A reduction in nutrient dggion in the small intestine as a
result of feeding fiber must be considered whenluateng the energetic
significance of fiber fermentation in the hindgDidrick et al., 1989; Giusi-Perier
et al., 1989; Mroz et al., 1996). Such effects mpastially offset the significance

of the VFA contribution to the overall energy suppf pigs (Li et al., 1990).

Microbial digestion of fiber

Fiber is degraded mainly in the hindgut due to obal fermentation where
resulting VFA are absorbed. Cellulases, hemicedkda pectinases, and other
enzymes secreted by microbial species involvedber fdegradation process and
the degree of fermentation depends primarily onsinerce of dietary fiber and
the presence of N, minerals, and vitamins that essential for the overall
nutrition of the microbial populations residing tihe hindgut (Varen and Yen,
1997). High fiber diets enhance the number of td@ltic bacteria in the colons
of pigs. Bacteria populations may take 4 to 5 weaekestablish and stabilize in
the gastrointestinal tract of swine (Anugwa et 4889), likely due to a slower
bacterial growth rate related to more insolublessaices. These microorganisms

are most numerous in the cecum and colon of nomamis (Anugwa et al.,

19



1989). The lengthened residence time in the largesiine permits active
bacterial fermentation of fiber and fiber digestisnnherently slower than that of
non-fibrous dietary components (Wolin, 1981; Dermeged DeGraeve, 1991).
The final microbial fermentation products in thendgut are the VFA, which
mainly include acetate, propionate, and butyratd, the gases £1CQO,, and CH
(vVaren and Yen, 1997). The VFA are rapidly absorseth the hindgut and may
provide up to 30% of the maintenance energy remerdgs for growing pigs
(Rérat et al., 1987; Yen et al., 1991) and everenimr mature pigs (Varel, 1987).
Although the fibrous components of feeds are fetettin the cecum and colon,
they initially pass through the foregut and caneha®duce or interfere on the
utilization of other components such as proteirthaef diet (Dierick et al., 1989;

Schulze et al., 1995).

Effects of high fiber on endogenous nitrogen losses

The effects of dietary fiber on digestive secretiam pigs have been studied.
In pigs fed a high-fiber diet, more gastric, bijiaand pancreatic secretions are
found than in pigs fed a low-fiber diet (Dierick &, 1989). Dietary fiber can
affect the digestive conditions in the stomach amall intestine even before it
reaches the large intestine (Dégen et al., 200uiidnt digestion, especially for
protein, AA, and minerals, is usually reduced whiger is added to the diet
(Eggum, 1995). The reasons behind the reductiomutrient digestion are
increased endogenous N losses (Li et al., 199Qyauand Kaji, 1992; Lenis et

al., 1996; Yin et al., 2000) and the ability ofdityparticles to bind some nutrients
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and carry them into the hind gut where nutrienogtson is reduced (Lenis et al.,
1996). Furthermore, mechanical erosion of the malcaigrface may increase loss
of endogenous material.

Different fiber sources cause different ileal englogus N losses in young
pigs (Schulze et al.,, 1995). These losses coulddiee to physico-chemical
properties of various fibers; soluble and insolublietary fibers affect the
endogenous protein losses differently (Dégen et2807). Pectin did not affect
pancreatic juice and enzyme secretion (Mosenthial.et1994), but, insoluble
NDF stimulated pancreatic digestive enzymes (Lamglket al., 1987). The
endogenous N losses of the gastrointestinal trast fme significant in the case of
a diet containing high amounts of soluble fiber tluéncreased viscosity (Dégen

et al., 2007).

Effects of high fiber on rate of digesta flow

Some dietary fibers increase viscosity of the m@hch-Knudsen and
Hansen, 1991; Noblet and Le Goff, 2001; Owusu-Asietlal., 2006). Thereby,
the average retention time in the small intesttecreased (Bach-Knudsen and
Hansen, 1991; Le Goff et al., 2002; Owusu-Asiedal ¢2006) due to suppressed
intestinal contractions (Cherbut et al., 1990). &gehous N secretion is also
increased (Li et al., 1990) as well because supfmef intestinal contractions
leads to reduce mixing of dietary components wittiagienous digestive enzymes
(Johnston et al., 2003). The changes in the physih@aacteristics of the intestinal

contents due to the presence of specific fiber aomapts may influence gastric
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emptying, dilute gastrointestinal enzymes and dizgde compounds in the gut
and slow the diffusion or mobility of enzymes, swbdtes and nutrients to the
absorptive surface (FAO, 1998). Fiber in the det physicochemical properties,
such as a large water-holding capacity, that exativerse physiological action

along the gastrointestinal tract. The amount of digesta flow at the terminal

ileum of pigs fed a diet high in pea and pectirefilvas 5 to 6 times greater than
in pigs fed a diet high-fiber than in pigs fed avibber diet (Jargensen et al.,
1996). The extent to which fiber exerts these édfeepends on its chemical
nature, the way in which fiber is physically assded with other components, its
concentration in the diet, the age and weight efahimals or their physiological

state, and the transit time in the gastrointestiaai (Varel and Yen 1997).

Effects of high fiber on protein digestibility

Effects of different dietary fibers on digestibylicoefficients of CP and AA
are varied. Inclusion of rapidly digestible NSP jig diets may decrease
digestibility of protein and AA (Mosenthin et all994; Zervas and Zijlstra,
2002a). The reduction might be caused by pectin atiter gel-forming
polysaccharides that reduce absorbed AA and peptidghholding them from
absorption (Mosenthin et al., 1994). Dietary inadasof NDF is also believed to
negatively affect both the ileal and total tracpagent digestibility of protein and
AA (Lenis et al., 1996; Yin et al.,, 2000; Dilger ., 2004). However,
approximately 10% or more inclusion of fiber didtneeduce the protein

digestibility further (Li et al., 1994). When dieyasoluble NSP were increased by
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3.2%, apparent ileal and total tract digestibibfyprotein were decreased by 0.14
units. In contrast, when insoluble NSP increased3f, apparent total tract
digestibility of protein was decreased by 0.13 sijBach-Knudsen and Hansen,
1991). This discrepancy indicated that solubility MSP has an effect on
digestibility of CP and AA. The lowest value foropein digestibility was
measured when purified NDF was used in the dietstha reducing effect was
greater when the soluble NDF increased in the fdoerce (Dégen et al., 2007).
The effects of various fiber components (e.g., BlellDF or insoluble DF) on
digestibility are difficult to describe with certdy, because fibers are not
homogeneous (Johnston et al., 2003). Effects ofigdirnutrients are different
compared to nutrients present as constituentsad, fdue to the interactions of
nutrients (Dégen et al., 2007).

The possibility of potential interaction of fibem@ protein on protein
digestibility and on pig performance has been itigated. Dietary fiber and
protein did not interact for N excretion or N rdien (Kreuzer et al., 1998;
Zervas and Zijlstra, 2002a, b), indicating thateef§ of NDF and CP were
additive. With regard to apparent CP and AA didekty, NDF did not interact
with protein or AA (Fan and Sauer, 2002).

Some other factors affecting digestibility of fibkby pigs exist. Variability
among individual animals (King and Taverner, 197#®ktricted or ad libitum
feeding, adaptation, age and live weight of therahi(Henry and Etienne, 1969;
Gargallo and Zimmerman, 1981) are affected to digét/ of fiber. Level of

fiber in the diet (Farrel and Johnson, 1972; Gdogahd Zimmerman, 1981) and
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presence of other dietary components such as s(fglistaris et al., 1957) also

play a role.

Effects of high fiber on growth performance of pigs

Effects of high-fiber diets on growth performandep@s have been studied.
In theory, performance of growing and finishing ifgd dietary fiber will not
decline if formulations are such that pigs cons@tdequate amounts of NE, ileal
digestible AA and other essential nutrients (Dégeal., 2007). High fiber diets
reduce weight gain in swine by reducing feed intéRend et al., 1989). High
fiber not only reduces digestible energy intaket blso increases the basal
metabolic rate of animal (Pond et al.,, 1988). Dsgien in ADG and feed
efficiency with high fiber diets was observed darthe first 17 d indicating that
the adaptation to the high fiber diets by continéeetling in swine (Anugwa et
al., 1989).

High fiber diets may be associated with gastrotmattract hypertrophy and
reducing dressing percentage (Kass et al., 198k et al., 1983; Pond et al.,
1989; Bohman et al.,, 1955). Cellulolytic bacteridafel, 1987) and
campylobacter (Pond et al., 1989) are increasdtdriarge intestine of pigs fed
high fiber and high protein diets, respectivelyghifiber diets (containing 16.2%
of ADF) have increased the relative weight of lhampared to control pigs
which were fed 4.5% ADF (Anugwa et al., 1988nergy expenditure by the
metabolically active tissues such as liver, gut &ibheys is much higher than

energy expenditure associated with the carcassiBalet al., 1980). Therefore,
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high dietary fiber and protein indirectly increafiee animal's maintenance
requirement by causing a repartitioning of nutigseinbm the growth of the edible
carcass tissues to the visceral organs, consegueatéasing visceral organ mass
(Anugwa et al., 1989). The increase in organ mamsb gastro-intestinal tract
hypotrophy reduced dressing percentage at slayghteich has negative

economic consequences for the swine producers.

I mpact of high oil content of feedstuffs on nutrient digestibility in swine

In practice, fibrous diet components dilute nutisein feed. Therefore, a high-
fiber pig diet is usually supplemented with fatadrto compensate for the energy
dilution (Dégen et al., 2007). Pigs performed wordeen offered diets with a
similar calculated NE supply but composed of bydueis plus supplementary
(animal) fat, compared to pigs given diets basedayaals or by-products without
supplemented fat (Jongbloed et al.,, 1986; Bakk8Q6)L Fats and oils are
important dietary ingredients due to their highrggevalue, and their fatty acid
pattern is reflected in that of monogastric anipraducts (Duran-Montagé et al.,
2007).

Fiber has an effect on fat digestibility. Due te thigh energy content, dietary
fat contributes significantly to the energy conterit feed. Therefore, the
depressive effect of fiber on fat digestibility uegés the DE content of the diet
(Dégen et al., 2007). The impact of the NDF fractie significant, considering
that each g of NDF per kg DM depresses the didestdt content by 0.02 g

digestible fat’kg DM (Noblet and Perez, 1993; Nolaled Le Goff, 2001). Chain
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length, degree of saturation of fatty acids andrtla@rangement within the
triglyceride molecule are important factors in det@ing the degree of fat
digestibility in chicks (Calloway et al., 1956) apays (Eusebio et al., 1965). Fat
also influence nutrient digestibility by alteringtéstinal morphology; dietary corn
oil addition shortened the villus length of younigggp (Cera et al., 1988). Pigs
performed better on diets containing either soybagnchoice white grease, or
coconut oil than on diets containing tallow (Turlington, 198&)ietary fat

absorption depends on the fatty acids presentimdigt (Renner and HjlL961).

I nteraction of high fiber and oil in diets on nutrient digestibility in swine

Interactions occur between dietary fiber and fédtath nutrients are presented
in the diet at high concentrations (Noblet and S1994; Bakker, 1996). For
example, 70 g/kg of additional animal fat reduceetrgy supply prior to the
caecum by 2 and 5%, by combining fat in the diath @70 g/kg soy hulls or 260
g/kg cellulose, respectively (Bakker, 1996). A camaition of rapeseed oil and a
‘fiber mixture’ (wheat bran, soybean hulls, sugaebpulp, and wheat straw)
resulted in a higher measured ileal DE supply tvas calculated (Noblet and
Shi, 1994). The difference between the 2 resulty tma explained by either
vegetable oil vs. animal fat or pure vs. ‘mixeddi being used (Dégen et al.,
2007). Also, the addition of 10% fat increased ¢hergy density of the diet and
depressed voluntary feed intake (Li et al., 1990).

Soluble NSP depresses the digestibility of fat bgans of changing the

viscosity of the digesta (Dégen et al., 2007). €ktent of in vitro lipolysis with
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gastric and pancreatic lipase was significantlyrei@eed by emulsion prepared in
the presence of high viscosity guar gum compareti wnat obtained without
fiber or with low or medium viscosity guar gum (Bager et al., 1996). Insoluble
NSP reduces the transit time of the digesta irtdked tract due to the faster flow
in the hindgut and may result in a shorter timedigestive enzyme action (Dégen
et al., 2007). Increased dietary fiber may redymeaeent total tract digestibility
of fat (Dégen et al., 2007) due to fatty acid impmation into bacteria in the
hindgut (Dierick et al., 1990; Le Goff and Nobl2001). High fiber diet studies
reduced total tract, but not ileal digestibility fatt (Bach Knudsen and Hansen,
1991; Mroz et al., 1996). Some fibrous componerisoe bile acids in the
digesta, leading to the prevention of absorptiofatd/ acids and enhancing fecal
excretion of these derivates as reviewed by Kreatzaf (2002). This mechanism
may also explain decreased fat digestibility, beeaaf less emulgence in the
small intestine due to the binding of bile acid ¢Beé et al., 2007). Increased
solubility of dietary fiber increased the totaldraligestibility of fat (Hogberg and
Lindberg, 2004). lleal digestibility of fat was @.Gand 0.07 units lower than
expected when 70 g/kg fat was added diets contpidit® g/kg soy hull or 260
g/kg cellulose (Bakker et al., 1995). Thereforemfentable NSP and fat affect

each other’s total tract digestibility (Bakker, )9

1.6 Summary
Canola meal and glycerol are the main co-producteedoCanadian biodiesel

industry. Sustainability and profitability of thaofuel industry depend on the

27



value and market of biodiesel and co-products. foalpcts without market have
limited or no value, and add to the cost of biofpedduction. Biodiesel is made
from renewable feedstocks such as vegetable oienwnal fats. Depending on
the technology used at different crushing plantb/est extraction, expeller
pressing and cold-pressing are practiced for oitagtion. Therefore, solvent
extracted canola meal, expeller-pressed canola amebtold-pressed canola cake
are produced as co-products, respectively. Dutiegttansesterferication step of
the biodiesel production, crude glycerol is prodles a co-product. Nutritional
gualities of canola based biodiesel co-productehet been intensively studied
in swine. Canola based biodiesel co-products costaigh fiber and oil contents.
The effect of fiber on nutrient digestion of swimas been studied widely. Fiber is
degraded mainly in the hindgut due to microbialregons and then VFA
absorbed. In practice, fibrous diet componentstelihutrients in feed. High fat
diets also have a negative effect on fiber digésyibHigh fat contents in diet
reduce the hindgut fermentation which leads to c¢#do in fiber digestion.
Energy evaluation systems such as DE, ME and NEbased on digestible
nutrient profile present in the diet. Thereforasialways recommended to use NE
values and SID AA in swine diet formulation. Nutital qualities of canola
based biodiesel co-products are not intensivelydistl in swine research.
Therefore in order to use the canola based bidd@seroducts in swine diet
formulation, nutritional characterization and validn of these co-products are

necessary.
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In total, 3 studies were conducted to address #peilg knowledge. Study 1
was conducted to characterize the nutritional valtieexpeller-pressed canola
meal in 2 animal experiments: digestibility andfpenance. The hypotheses of
the studies were that expeller-pressed canola Imesla valuable energy and
digestible AA content and that feeding expellersgezl canola meal would result
in equal growth performance if diets were formulatesing NE and SID AA.
Potential changes in carcass characteristics atydpfieofile by feeding EP canola
meal could be reduced by feeding decreasing gréslexds of EP canola meal.
The objectives were to determine the DE and NEeaudnand digestibility AA
profile of expeller-pressed canola meal using iteainulated pigs (Exp. 1) and to
evaluate growth performance and carcass chardasref grower-finisher pigs
fed 0, 7.5, 15, and 22.5% and decreasing gradedsley expeller-pressed canola
meal (Exp. 2).

For study 2, residual crude fat content of coldspeel canola cake was
assumed to vary among processing conditions. Thethgsis of the second study
was energy and AA digestibility of cold-pressed alancake produced under
different processing conditions were varied and &#d energy digestibility of
cold-pressed canola meal would different from tbhexpeller-pressed canola
meal with or without whole canola seed. The obyadiof this study were to
characterize the effect of processing conditiomPA@nand energy digestibility of
cold- pressed canola cake and to compare coldgmesanola cake to expeller-

pressed canola meal with or without whole canoéalse
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For study 3, effect of inclusion of crude glycermlweaned pig diets as a
means of increasing energy content of solvent-etdchcanola meal was studied.
The hypothesis tested in this study was that dietsaining solvent-extracted and
expeller-pressed canola meal with or without glgtesould be fed in diets
formulated to equal NE and SID AA content to weapegs without negative
effects on growth performance. The objective ofghaly was to measure growth
performance and apparent total tract digestibditgnergy and protein in weaned
pigs fed four diets containing combination of glyaleand solvent-extracted
canola meal and expeller-pressed canola meal ippanson to a control soybean

diet.
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Chapter 2. Nutritional value of expeller-pressed canola meal for grower-

finisher pigs

2.1 Abstract

Expeller-pressed (EP) canola meal contains moreuasoil than solvent-
extracted canola meal, and might thus be an atteafgedstuff for swine, but has
been poorly characterized. In Exp.1, 6 ileal-caated barrows (36 kg BW) were
fed at 3 x maintenance either a 44% EP canola orddifree diet in a cross-over
design to measure energy and AA digestibility aattidate standardized ileal
digestible (SID) AA and NE content. In 10-d periogish sequentially a 5-d diet
adaptation, a 2-d feces and 3-d digesta collecioabservations per diet were
obtained. The EP canola meal contained 38.5% CBYd &ther extract, 2.42%
Lys, 1.54% Thr, 0.62% Met, and 23.2 pmol/g glucokites (DM basis).
Apparent total tract energy digestibility was 75.@td the calculated DE and
predicted NE content was 3.77 and 2.55 Mcal/kgD{), respectively. The SID
AA content (% DM) was 1.77% Lys, 1.04% Thr, and236Met. In Exp. 2, 1,100
pigs (25 kg BW) housed in 50 pens were fed 5 dyetagimes with 0, 7.5, 15,
and 22.5% or decreasing graded levels (22.5, 55,and 0%) of EP canola meal
over 4 growth phases to validate performance, sarcharacteristics, and the NE
system. Diets were formulated to equal NE:SID Lgs €éach growth phase
(g/Mcal; 4.04, d 0 to 25; 3.63, d 26 to 50; 3.2F1dto 77; 2.83, d 78 to 90). At
slaughter, carcass characteristics were measuredllf@igs and jowl fat was

sampled for 2 pigs per pen. For d 51 to 90, 22.%%c&nola meal was reduced to
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18% due to decreased ADFI in phases 1 and 2. OJer& to 90), increasing
dietary EP canola meal linearly decreasd<( 0.001) ADG and ADFI and
linearly increased H{ < 0.01) G:F. For 0 and 22.5/18% EP canola meal,
respectively, ADG was 978 and 931 g/d, ADFI was7/2aid 2.58 kg/d, and G:F
was 0.366 and 0.378. Increasing dietary EP canaal mid not alter carcass
backfat thickness, loin depth, or jowl fat fattyicaprofile. Pigs fed 22.5/18% EP
canola meal reached slaughter weight 3 d aRes (0.05) pigs fed 0% EP canola
meal. In conclusion, EP canola meal provided adegereergy and AA; however,
ADG was reduced 3 g/d per each 1% of EP canola nmehlsion in diets
formulated to equal NE and SID AA, likely due tagghidietary glucosinolates.
Thus, inclusion level of EP canola meal in swinetslishould be targeted to an
expected growth performance and carcass qualiballlyj the NE system did not
accurately predict growth for diets with EP canolaal with a high content of

ether extract and glucosinolates.

2.2 Introduction

With the increasing cost of feed energy, altermatienergy-supplying
feedstuffs should be explored. Canola meal hagstitvadlly been fed as a protein
source, but its low in available energy, partly doefficient (95%) oil extraction
using mostly solvents in crushing plants (Spragd &ailer, 2007). In contrast,
canola oil can be extracted using an expeller pwaisout solvents, but oil

removal is less efficient (75%). Hence, expellexgzed (EP) canola meal
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contains 10 to 15% oil (Leming and Lember, 200%) tinay provide additional
energy in swine diets, and might also be a valuABleource.

Limited information exists about the nutritionallva of EP canola meal
(Leming and Lember, 2005). The ME content of EPotameal is higher than
that of solvent-extracted canola meal (Smulikowdl@g7, 2006). The EP canola
meal was included at 10 to 18% in diets for indinallly-housed grower-finisher
pigs without detrimental effects on growth perfono@ and minor effects on
carcass characteristics (Brand et al., 2001). Theselts must be validated in
group-housed pigs. Feeding diets containing anturegad fat source can reduce
pork fat quality (Whitney et al., 2006). Canolaisikich in unsaturated fatty acids
(Rowghani et al., 2007), and high dietary inclusadrEP canola meal may thus
soften the fat.

The hypotheses were that EP canola meal contaimledhle energy and AA
and that feeding EP canola meal would result irakgrowth performance if diets
were formulated using NE and SID AA. Potential des in carcass
characteristics and fatty acid profile by feedirig &anola meal could be mitigated
by feeding decreasing graded levels of EP canolal.niéne objectives were to
determine the DE and NE content and digestible Adfile of EP canola meal
using ileal-cannulated pigs (Exp. 1); and to evi@ugrowth performance and
carcass characteristics of grower-finisher pigs @ed7.5, 15, and 22.5% and

decreasing graded levels of EP canola meal (Exp. 2)
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2.3 Materialsand methods
Experimental Design and Diets

In Exp. 1, the EP canola meal diet contained 44%cé&hbla meal and the
ratio of corn starch, sugar, and canola oil wasitidal to the N-free diet (Table
2.1) to measure energy digestibility of EP cano&ah{Stein et al., 2006). In the
EP canola meal diet, EP canola meal was the solesof CP and AA. The N-
free diet was used to estimate basal ileal endagefusses of AA (Stein et al.,
2006). Chromic oxide was included as an indigestiblarker. Diets were
formulated to meet or exceed vitamins and minegguirements (NRC, 1998).
One sample of EP canola meal was obtained from ddatsal Proteins, Ste.

Agathe, Manitoba, Canada.
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Table 2.1. Ingredient composition and nutrient content ofgligded in Exp.1

Ingredient, % EP canola meal N-free
Cornstarch 48.63 85.32
EP canola meal 44.00 -
Sugar 2.85 5.00
Solka flo¢ - 3.00
Canola oil 1.14 2.00
Limestone 1.50 1.00
Mono/di Ca phosphate - 1.20
Salt 0.50 0.50
Mineral premix 0.50 0.50
Vitamin premix 0.50 0.50
Chromic oxide 0.38 0.38
K2COs - 0.50
MgO 58%Mg - 0.10
Analyzed nutrient content (% of DM)
Moisture 6.04 10.35
Ccp 17.21 0.57
Ether extract 7.10 0.66
Crude fiber 6.40 2.14
Ca 0.91 0.64
P 0.48 0.25
AA

Ala 0.75 0.03
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Arg 1.03 0.01

Asp 1.23 0.03
Cys 0.38 0.02
Glu 3.00 0.09
Gly 0.85 0.02
His 0.45 0.01
Leu 1.22 0.05
Lys 1.01 0.02
Met 0.32 }

Phe 0.68 0.01
Pro 0.98 0.06
Ser 0.66 0.02
Thr 0.71 0.01
Trp 0.22 0.02
Tyr 0.46 0.01
val 0.87 0.01

"Melojel (National Starch and Chemical Co., New Y,d).

EP canola meal is expeller-pressed canola meal.

®International Fiber Corp., New York, NY.

*Provided the following per kilogram of diet: Zn,A®ng as ZnS@ Fe, 80
mg as FeSg Cu, 50 mg as CuSOMn, 25 mg as MnSg 1, 0.5 mg as Ca(l¢),;
and Se, 0.1 mg as b&eQ.

*Provided the following per kilogram of diet: vitami, 8,250 IU; vitamin
D3, 825 IU; vitamin E, 40 IU; niacin, 35 mg; D-partienic acid, 15 mg;
riboflavin, 5 mg; menadione, 4 mg; folic acid, 2 ;nigamine,1 mg; D-biotin, 0.2

mg; and vitamin By, 0.025 mg.
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In Exp.2, the effect of including EP canola meal7d, 15, or 22.5% was
tested together with a control dietary regimen tdase soybean meal (0% EP
canola meal; Table 2.2 and 2.3). The Exp. was ocdedwver 4 growth phases. A
fifth dietary regimen was formulated with graduatlgcreasing, graded levels of
EP canola meal (22.5, 15, 7.5, and 0%) over thdabkgs. Within each phase,
diets were formulated to be iso-caloric and isordigswith a constant ratio of Thr,
Met, Cys, and Trp to Lys. The main ingredients weogn, wheat, barley,
distiller’s dried grains with soluble (DDGS), EPncéa meal, and soybean meal.
Diets were fortified with premixes to meet the &amineral and vitamin

requirements (NRC, 1998).

Experimental Procedures

The animal protocols were approved by the Universit Alberta Animal
Care and Use Committee for Livestock, and followgeddelines established by
the Canadian Council on Animal Care (CCAC, 1993he Tdigestibility
experiment was conducted at the Swine ResearciTadanology Centre at the
University of Alberta (Edmonton, Alberta, Canad@he growth performance

study was conducted at Drumloche Research Farngflerd, Alberta, Canada).

Exp. 1 Digestibility Study
Two diets were tested over 6 experimental pericdsgucannulated grower-
finisher pigs. Six cross-bred barrows (Duroc siréarge White /Landrace;F

Genex Hybrid; Hypor, Regina, Saskatchewan, Canadgl BW, 36.2 £ 1.9 Kkg;
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Table 2.2. Ingredient composition and nutrient content ofghase 1 and 2 diets, Exg. 2

Phase 1, % EP canola nfeal

Phase 2, % EP canola meal

Ingredient, % 0 7.5 15 225 0 7.5 15 225
Wheat 3460 30.82 26.92 23.03 3472 3094 27.04 .4822
Corn 30.00 30.00 30.00 30.00 35.00 3500 3500 0GBS5.
EP canola meal - 7.50 15.00 22.50 - 7.50 15.00 22.50
DDGS blend 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Soybean meal 15.76 11.70 7.66 3.61 11.54 748 4 3.4 -
Limestone 1.30 1.32 1.40 1.48 1.26 1.27 1.35 1.43
Canola meal 1.00 1.00 1.00 1.00 1.00 1.00 1.00 010
Tallow 1.03 1.40 1.81 2.21 0.30 0.67 1.07 1.55
Salt 0.44 0.43 0.43 0.43 0.48 0.48 0.48 0.48
L-Lys HCI 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.33
Mono/di Ca phosphate 0.34 0.31 0.28 0.25 0.18 50.1 0.12 0.09
PremixX 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
L-Thr 0.04 0.03 0.01 - 0.03 0.02 0.01 -
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CuSQ 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Calculated content, (as fed)

SID Lys, % 0.97 0.97 0.97 0.97 0.87 0.87 0.87 0.87
NE, Mcal/kg 2.40 2.40 2.40 2.40 2.40 2.40 2.40 02.4
CP, % 20.27  20.62 20.96 21.31 18.75 19.10 19.44 9619
Ether extract, % 3.84 4.99 6.17 6.64 3.26 441 955 6.83

Ca, % 0.70 0.74 0.80 0.86 0.55 0.61 0.67 0.69
P, % 0.56 0.61 0.66 0.71 0.48 0.53 0.58 0.60
Available P, % 0.30 0.30 0.30 0.30 0.21 0.21 0.21 0.21

SID Lys/NE, g/Mcal 4.04 4.04 4.04 4.04 3.63 3.63 .633 3.63

'Phase 1 diet was fed from 23 kg BW to 53 kg BW Bhdse 2 diet was fed from 54 kg BW to 80 kg BW.

EP canola meal is expeller-pressed canola meal.
*The DDGS was co-fermented from wheat and corn (H&tergy, Lloydminster, Saskatchewan, Canada).

“*Provided the following per kilogram of diet: Zn,8.thg as ZnO; Fe, 100 mg as FaSOu, 14 mg as CuSOMn, 25 mg as MnO; |, 0.3 mg as Cag®
and Se, 0.3 mg as b#eQ; vitamin A, 6000 1U; vitamin D, 1000 IU; vitamin,25 IU; niacin, 20 mg; D-pantothenic acid, 12 mbpflavin, 4 mg; menadione,

2 mg; folic acid, 0.5 mg; thiamine,1 mg; D-biotthl mg; and vitamin B, 0.02 mg.
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Table 2.3. Ingredient composition and nutrient content of Bese 3 and Phase 4 diets, Exp.2

Phase 3, % EP canola nfeal

Phase 4, % EP canola meal

Ingredient, % 0 7.5 15 18 0 7.5 15 18
Wheat 31.35 37.91 33.03 24.32 - 6.09 12.07 5.00
Corn 20.00 20.00 28.13  31.47 20.00  20.00 2412 646.
EP canola meal - 7.50 15.00 18.00 - 7.50 15.00 00Q18.
Barley 24.59 14.65 5.65 8.01 60.76 48.38 30.88 482.
DDGS Blend 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Soybean meal 5.83 1.71 - - 1.08 - - -
Limestone 1.20 1.26 1.33 1.37 111 1.18 1.26 1.29
Canola meal 1.00 1.00 1.00 1.00 1.00 1.00 1.00 010
Salt 0.46 0.46 0.47 0.47 0.43 0.44 0.45 0.45
L-Lys HCI 0.35 0.35 0.29 0.26 0.35 0.26 0.15 0.11
Mono/di Ca phosphate 0.09 0.05 - - 0.17 0.08 - -
Premi¥ 0.10 0.10 0.10 0.10 0.07 0.07 0.07 0.07
L-Thr 0.03 0.01 - - 0.03 - - -
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Calculated content, (as fed)

SID Lys, % 0.76 0.76 0.76 0.76 0.65 0.65 0.65 0.65
NE, Mcal/kg 2.35 2.35 2.35 2.35 231 2.30 230 023
CP, % 17.12 17.75 18.66  18.95 14.64 16.25 18.12 4718
Ether extract, % 2.77 3.53 4.44 4.93 2.89 3.63 344 490
Ca, % 0.60 0.65 0.71 0.74 0.55 0.61 0.67 0.69
P, % 0.49 0.54 0.59 0.62 0.48 0.53 0.58 0.60
Available P, % 0.24 0.25 0.24 0.24 0.21 0.21 0.210.21
SID Lys/NE, g/Mcal 3.23 3.23 3.23 3.23 2.81 283 .8 2.83

'Phase 3 diet was fed from 81 kg BW to 95 kg BW Bhdse 4 diet was fed from 96 kg BW to 118 kg BW.

EP canola meal is expeller-pressed canola meal.

*The DDGS was co-fermented from wheat and corn (H&iergy, Lloydminster, Saskatchewan, Canada).

*Provided the following per kilogram of Phase 3 di&n, 125 mg as ZnO; Fe, 100 mg as FgSt, 14 mg as CuSOMn, 25 mg as MnO; I, 0.3 mg as
Ca(l0;),; and Se, 0.3 mg as bEeQ; vitamin A, 6000 IU; vitamin D, 1000 IU; vitamin,25 IU; niacin, 20 mg; D-pantothenic acid, 12 migpflavin, 4 mg;

menadione, 2 mg; folic acid, 0.5 mg; thiamine, 1 ;nig+biotin, 0.1 mg; and vitamin B 0.02 mg; or 70% thereof in the Phase 4 diet.
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initial age, 91 = 7 d) were surgically fitted withT-cannula at the distal ileum.
The pigs were fed the 2 diets in a cross-over desigorovide 6 observations per
diet. Pigs were housed in individuaktabolism pens (1.2 x 1.2 m) that allowed
freedom of movement. Pens had a plastic-coatednebqul metal floor, polyvinyl
chloride walls (0.9 m high) fitted with plexiglassndows (0.3 x 0.3 m), a single-
space dry feeder, and a nipple drinker. To ovoid, @laily feed allowance was set
at 3 times the estimated maintenance requiremernfergy (3 x 110 kcal DE/kg
BW°"> NRC, 1998), which was fed divided into 2 equakiset 0800 and 1600.
Diets were fed as a dry mash and pigs had freesadoewater throughout the
experiment. The 10-d experimental periods consisteal 5-d acclimation to the
experimental diets, followed by a 2-d collectionfe¢es, and a 3-d collection of
ileal digesta.

Feces were collected continuously with bags replaceninimum of 2 times
per day at 0800 and 1600 h. The plastic bags wtaeh&d to a ring system glued
to the skin around the anus (Van Kleef et al., 19B4gesta was collected for 12
h each for 3 consecutive d using bags containingd@®ic acid attached to the
open cannula barrel for 10 h. Bags were removechener full or at least every
30 min. Collected feces and digesta were poolegigyand frozen at —20°C.
Before analyses, feces and digesta were thawedodmmzed, sub-sampled, and

freeze-dried.
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Exp. 2 Performance Study

The growth component of the study was evaluated®@od. In total, 1,100
cross-bred pigs (550 barrows and 550 gilts; Duioe @©esigned Genetics Inc,
Lockport, Manitoba, Canada) x Large White / Landtddne 277; Fast Genetics;
Saskatoon, Saskatchewan, Canada) with an initielddgo4 d were used. Per
gender, 25 pens with 22 pigs each were used. AeeBag at d O was 22.6 + 1.27
kg. Pigs were randomly placed within gender to pmms pens were blocked by
BW to diet. Experimental diets were randomly allecato pens of the same
gender within block. Hence, 5 BW blocks were créatad each block contained
all 5 treatments for barrows and gilts separatefyaf total of 10 observations per
diet. Upon arrival, pigs were fed a pre-grower @ioet5 d and then switched to the
phase-1 diets on d O.

The dimensions of the pens were 6.15 x 2.39 m.fl0oeing of the pen was
fully-slated concrete, and the siding was concpeateels with open slotting. Each
pen was equipped with 1 nose to nose wet/dry fe€@eystal Spring Hog
Equipment, Winnipeg, Manitoba, Canada) that wastkxt halfway along the
dividing wall between pens. One bowl drinker wasaled at the back of the pen.
The room was ventilated using negative pressurevasimaintained within the
thermo-neutral zone for the pigs, with a 12-h @i@700 to 1900 h), 12-h dark
cycle. Pigs had free access to diets as a dry madiwater. Pigs were injected
intramuscularly with porcine circovirus vaccine r€imvent; Intervet Canada

Ltd, Whitby, Ontario, Canada) 1 wk before and lafter weaning.
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Four test diet regimens (Table 2.2 and 2.3) witlneasing level of EP canola
meal were fed in 4 phases with change-over frorhdse to the next after a fixed
budget of the previous diet was consumed. Durirgses 1 and 2, dietary levels
of EP canola meal were 0, 7.5, 15, and 22.5%, yshiases 3 and 4, dietary
levels of EP canola meal were 0, 7.5, 15, and 1B%ts for the decreasing
graded feeding regimen contained 22.5, 15, 7.5, GAdEP canola meal for
phases 1 to 4, respectively. Pigs were weighedatirtitiation of feeding the
experimental diets (d 0), d 34, 64, 76, and 90dreas delivered to each pen, and
feed added was tracked using a robotic feed dglisgstem (Feed Logic; Feed
Logic Co., Wilmar, MN). Feed remaining in the feedes estimated on weigh
days for each pen by measuring feed left to theofofne hopper of the feeder.
Pen data were used to calculate pen ADG, ADFI,Gukd

Pigs were slaughtered at a commercial slaughtelitya(Britco Pork Inc.,
Langley, British Colombia, Canada). Pigs were fédde-4 diets until reaching
the predetermined market weight (118 kg); the fnigls reached market weight
on d 90. The warm pig carcasses were graded fdrfaaand loin depth using the
light-reflectance Destron PG-100 grading probe ({@&s Technologies,
Markham, Ontario, Canada). The probe was inser¢dden the 3rd and 4th last
ribs, 7 cm off the mid-line of the carcass. Jowldamples were obtained from 2
pigs per pen, returned frozen to Edmonton, andedied free of skin and meat

prior to grinding and homogenization for 10 pen gkas per dietary regimen.
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Chemical Analyses

For Exp. 1, diets, EP canola meal, and freeze-diligdsta and feces were
ground in a Retch mill (model ZMI, Brinkman Instrants, Rexdale, Ontario,
Canada) over a 1-mm screen. The EP canola meaanaygzed for CP (method
984.13A-D; AOAC, 2006), ether extract (method 928 3A0AC, 2006), ADF
(method 973.18A0AC, 2006), NDF (Holst, 1973), total dietary fibénethod
985.29; AOAC, 2006), ash (method 942.05;A0AC, 20@H ( method 968.08;
AOAC, 2006), P (method 946.06; AOAC, 2006), phytéMethod 986.11;
AOAC, 2006), and available Lys (method 975.44; AQAR006) at University of
Missouri, Columbia, MO Glucosinolate profile of EP canola meal was
determined by GC analysis at POS Pilot Plant C(8pskatoon, Saskatchewan,
Canada) using the method of the Canadian Grain Gssion developed by
Heaney and Fenwick ( 1980) and modified by DaunMn@Gregor (1981). Diets,
EP canola meal, and digesta were analyzed for Adtertt (method 982.30E;
AOAC, 2006) and diets, EP canola meal, digesta, fands were analyzed for
DM (method 930.15; AOAC, 1990) at the UniversityMissouri, Columbia, MO.
Chromic oxide in diets, digesta, and feces was rowted using
spectrophotometry (model 80-2097-62, KBUltraspécRharmacia, Cambridge,
UK) at 440 nm after ashing at 450°C overnight (Barand Fenton, 1979). The
GE content of diets, EP canola meal, digesta, andsfwas determined using an
adiabatic bomb calorimeter (model 5003, IKA-WerkdViBH and Co KG,
Staufen, Germany); benzoic acid was used as asstanigor Exp. 2, jowl fat was

analyzed for fatty acid profile using GC (metho®®%; AOAC, 2006).
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Calculations

For Exp. 1, the AID and apparent total tract didpgly values of the EP
canola meal diet was calculated using the indicatethod (equation 2; Stein et
al., 2007; Appendix 1). For AA, the direct methodswsed, because EP canola
meal was the sole ingredient contributing AA in thet. Each pig while fed the
N-free diet was used to calculate its own basabgadous AA loss (equation 3;
Stein et al., 2007). The SID for the AA in EP canaleal was calculated using
the AID and the basal endogenous AA loss (equatioBtein et al., 2007). The
SID AA content was calculated by multiplying the Asdntent in the ingredient
by the corresponding SID. For energy, the diffeeenethod was used (Adeola,
2001) to calculate digestibility of EP canola meaing the ratio of corn starch,
sugar, and canola oil in the N-free diet (Steimlet2006). The DE content was
calculated using GE multiplied by its digestibiliyalue. The NE content of EP
canola meal was predicted using an equation (emqudt Noblet et al., 1994),
using analyzed nutrient and the determined DE ente

The lean yield of the carcass was calculated usiegquation:

Lean % = 68.1863 - 0.7833 * Fat, mm + 0.0689 * Leam + 0.0008 * Fat *
Fat - 0.0002 * Lean * Lean + 0.0006 * Fat * Leamryvdloped by the Canadian
Pork Council (CPC, 1994).

The iodine value of jowl fat was calculated usihg equation (AOCS, 1998):
C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C1@3B16) + C20:1 (0.785) +

C22:1 (0.723)
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Feed cost and income over feed cost were calcufaegen and expressed
per pig (Main et al., 2008). Pork value was CAD3PB1kg dressed around the

time the pigs were marketed.

Statistical Analyses

In Exp. 1, means and standard error were calculatgdg the Means
procedure of SAS (SAS Inst. Inc., Cary, NC). In EXpdata were analyzed using
the MIXED procedure of SAS. Pen was consideredettperimental unit. Block
was the random effect in the model, and period thasepeated term solely for
analyses of growth performance variables. Analg$isariance determined the
differences among diets, gender, and the interadtetween diet and gender and
provided least squares means for each main eftecalf dependent variables.
Initial BW was only added to the model as a covaria estimate BW. Linear and
guadratic effects were tested by 2 contrast statesrfer diets with 0, 7.5, 15 and
22.5/18% EP canola meal, excluding the decreasiadeg dietary regimen. Proc
IML was used to create coefficients, because ph8sasd 4 had unequally-
spaced inclusion of EP canola meal. Decreasingegradclusions over the 4
growth periods were compared with the 0% EP camaal (control) diet using a
pre-planned contrast. Body weight at shipping wsesduas a covariate for analysis
of carcass weight. Warm carcass weight was used awariate for analysis of
carcass characteristics. To test the hypotheBess 0.05 was considered

significant. If pertinent, trends (0.05~< 0.10) were reported.
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2.4 Reaults
Chemical Characteristics and Nutrient Digestibility

The EP canola meal sample used for the presentaarsitudies contained
38.5% CP, 13.3% ether extract, and 28.0% NDF (DMidpalrable 2.4). This
sample contained 2.42% Lys and 2.16% availabledry86% availability. Total
glucocinolate content was 23.2 umol/g (DM basis).

The energy digestibility of the EP canola meal dvas 72.9% at the ileum
and 85.1% for the total tract (Table 2.5). The Aifxhis diet was 72.1% for Lys.

The AID of energy of tested EP canola meal samphs @1.0% and the
apparent total tract digestibility was 75.0% (TaBl6). After the correction for
basal endogenous losses, the SID was 73.2% for Lys.

The DE content of the EP canola meal was 3.77 Mgatf DM. The
calculated NE content was 2.55 Mcal/kg of DM (Tablé). The SID content was

1.77% for Lys, 1.04% for Thr, 0.52% for Met, an@%% for Trp (DM basis).
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Table 2.4. Chemical content of expeller-pressed (EP) can@alnkxp.1

Characteristic, % DM

EP canola meal

Moisture
GE, Mcal/kg
CP
Ether extract
Crude fiber
ADF
NDF
Total dietary fiber
Phytic acid
Ash
Ca
P
AA

Ala

Arg

Asp

Cys

Glu

Gly

His

lle

67

4.4

5.03

38.5

13.3

7.7

17.5

28.0

27.0

2.27

6.9

0.56

1.06

1.62

2.31

2.63

0.88

6.19

1.86

1.038

1.40



Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr

Val

Available Lys

Total glucosinolates, pmofig

2.65

2.42

0.62

1.51

2.20

1.41

1.54

0.47

1.06

1.90

2.16

23.2

IContained the following glucosinolates (umol/g o Eanola meal): 3-

butenyl, 3.42; 4-pentenyl, 0.25; 2-OH-3-butenyl23. 2-OH-4-pentenyl, 0.08;

CHgs-thiobutenyl, 0.16; phenylethyl, 0.21; Gi#hiopentenyl, 0.08; 3-CHindolyl,

0.39; 4-OH-3-CH-indolyl, 4.37; and total aliphatics, 8.99.

EP canola meal is expeller-pressed canola meal.
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Table 2.5. Apparent ileal and total tract digestibility ofezgy and apparent ileal

digestibility of AA of the expeller-pressed (EPhcéa meal diet in Exp.1

Chemical characteristic EP canola meal diet SEM

Energy digestibility, %
lleal 72.9 0.03
Total tract 85.1 0.02

AA digestibility, %

Ala 70.4 0.04
Arg 81.8 0.03
Asp 70.7 0.06
Cys 71.8 0.07
Glu 83.7 0.02
Gly 60.3 0.09
His 80.9 0.02
lle 73.4 0.04
Leu 78.0 0.03
Lys 72.1 0.03
Met 83.4 0.02
Phe 77.1 0.04
Pro 24.7 1.10
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Ser

Thr

Trp

Tyr

Val

69.3

66.2

83.0

74.1

69.4

0.05

0.05

0.04

0.05

0.04
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Table 2.6. Energy and standardized ileal AA digestibilityexfpeller-pressed (EP) canola

meal

Chemical characteristic EP canola meal SEM

Energy digestibility, %
Apparent ileal 61.0 0.16
Apparent total tract 75.0 0.02

Standardized ileal AA digestibility, %

Ala 72.1 0.04
Arg 83.1 0.03
Asp 72.0 0.05
Cys 72.7 0.07
Glu 84.3 0.02
Gly 63.6 0.08
His 81.7 0.02
lle 74.3 0.04
Leu 78.8 0.03
Lys 73.2 0.03
Met 83.9 0.02
Phe 78.0 0.04
Pro 35.2 0.80
Ser 70.6 0.04
Thr 67.6 0.05
Trp 83.9 0.04
Tyr 75.1 0.05
Val 70.5 0.04
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Table 2.7. The DE, NE, and standardized ileal digestible JSHA content of the

expeller-pressed (EP) canola meal

Chemical characteristic EP canola meal
DE (Mcal/kg of DM) 3.77
NE (Mcal/kg of DM) 2.55

SID AA, % of DM

Ala 1.17

Arg 1.92

Asp 1.89
Cys 0.64
Glu 5.22

Gly 1.18

His 0.84
lle 1.04

Leu 2.09
Lys 1.77
Met 0.52
Phe 1.18
Pro 0.77
Ser 1.00
Thr 1.04
Trp 0.39
Tyr 0.80
Val 1.34

72



Growth Performance and Carcass Characteristics

During the experiment, 113 pigs were removed arduebed from analyses.
Reasons were death (27%), lame (11%), twisted ¢ut),( scours (6%), poor
growth (6%), and tail biting (4%); removal appeanedt related to dietary
regimen.

Only the main factor dietary regime was descrilimtause a dietary regimen
by gender interaction on growth performance andcas® variables was not
detected. Increasing the inclusion of EP canolal tivezarly (P < 0.001) reduced
pig BW at d 34, 64, 76, and 90 (Table 2.8). Pigktfee highest inclusion of EP

canola meal were 3.7 kg lighter at d 90. Pigs fectelasing graded levels of EP
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Table 2.8. Effect of feeding expeller-pressed (EP) canolalroe@rowth performance of grower-finisher gigs

EP canola meal, % P-value
ltem 0 7.5 15 22.5/f8 Graded SEM Linear  Quadratic Graded vs. 0%
BW, kg
d 34 54.5 53.8 53.6 53.0 53.6 0.27 <0.001 0.833 0640.
d 64 83.8 82.3 80.6 79.4 80.7 0.67 <0.001 0.812 0640.
d76 97.2 95.5 93.7 93.2 94.3 0.61 <0.001 0.902 010.0
d 90 109.8 108.3 106.7 106.1 108.0 0.69 <0.001 00.98 0.901
ADG, kg/d
dOto 34 0.931 0.906 0.909 0.866 0.898 0.01 <0.001 0.199 0.008
d 35to 64 1.042 1.017 0.945 0.915 0.944 0.03 <0.00 0.867 0.002
d 65to 76 0.952 0.932 0.907 0.958 0.961 0.02 0.475 0.099 0.715
d77to90 0.988 0.998 0.972 0.983 0.975 0.02 0.327 0.684 0.281
d0to90 0.978 0.963 0.934 0.931 0.945 0.01 <0.001 0.010 0.201
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ADFI, kg/d
dOto 34
d 35to 64
d 651to 76
d 77 to 90

d 0to 90

G:F
dO0to 34
d 35to 64
d 65to 76
d 77 to 90

d 0to 90

1.949

2.829

3.130

3.163

2.768

0.478

0.369

0.306

0.312

0.366

1.856

2.725

3.188

3.149

2.724

0.487

0.375

0.295

0.318

0.369

1.833

2.552

2.873

3.159

2.598

0.494

0.370

0.317

0.309

0.373

1.769

2.432

3.021

3.092

2.579

0.491

0.378

0.320

0.321

0.378

1.795

2.558

3.085

3.260

2671

0.499

0.369

0.311

0.301

0.370

0.03

0.05

0.05

0.05

0.02

0.01

0.01

0.01

0.01

0.01

<0.001 0.421

<0.00

0.001

0.430

0.001

0.045

0.163

0.038

0.767

0.007

0.796

0.298

0.584

0.282

0.173

0.816

0.036

0.890

0.482

0.001

0.001

0.447

0.162

0.481

0.001

1.000

0.530

0.684

0.153

Treatment means are based on 10 pen observations.

2For d 0 to 34 and d 35 to 64, 22.5% EP canola nfieati 65 to 76 and d 77 to 90, 18% EP canola meal.

3For d 0 to 34, 35 to 64, 65 to 76, and 77 to 98tsdiontained 22.5, 15, 7.5, and 0% EP canola mesgiectively.
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canola meal also had a lowé& € 0.001) BW at d 34, 64, and 76 than pigs fed 0%
EP canola meal; however, pigs BW was not differeatween these 2 diet
regimens at d 90 (Table 2.9).

For the entire trial (d O to 90), d O to 34, andB% to 64, increasing the
inclusion of EP canola meal linearly? (< 0.001) reduced ADG (Table 2.8).
Inclusion of EP canola meal did not affect ADG 65 to 76 and d 77 to 90.
Pigs fed decreasing graded levels of EP canola haezhh lowerR < 0.01) ADG
for d 0 to 34 and 35 to 64 than pigs fed 0% EP leanmeal, but ADG did not
differ for d 65 to 76 and d 77 to 90 and overalO(tb 90).

For the entire trial (d O to 90), increasing thelusion of EP canola meal
guadratically reduced?(= 0.01) ADFI (Table 2.8). Inclusion of EP canolaah
linearly (P < 0.001) reduced ADFI for d 0 to 34, d 35 to 6dd a 65 to 76, but
did not affect ADFI for d 78 to 90. Pigs fed deiag graded levels of EP canola
meal had a lowerq< 0.01) ADFI for d 0 to 34 and 35 to 64 than pieg 0% EP
canola meal, but ADFI did not differ for d 65 to, @677 to 90, and overall (d O to
90).

For the entire trial (d O to 90), increasing thelusion of EP canola meal
linearly increasedR < 0.001) G:F (Table 2.8). Inclusion of EP canolaain
linearly increasedR < 0.05) G:F for d 0 to 34 and overall (d 0 to %)d
guadratically increasedP(< 0.05) G:F for d 65 to 76, but did not affect Golf d
35 to 64 and 77 to 90. Pigs fed decreasing graglezld of EP canola meal had a
lower (P < 0.01) G:F for d O to 34, but not for any otheripd or overall (d O to

90).
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Table 2.9. Effect of feeding expeller-pressed (EP) canolalrapacarcass characteristics and days followin@ de®juired for pigs to

reach slaughter weight

EP canola meal, %

ltem 0 75 15 22.5/8 Graded SEM

Quadratic Graded vs. 0%

Carcass weight, kg 957 94.8 938 93.1 94.8
Back fat, mm 206 204 195 19.8 20.2
Loin depth, mm 63.5 63.2 631 62.3 63.0
Estimated lean, % 599 60.0 60.4 60.2 60.1

d 90 to slaughter,d 26.5 281 29.3  29.6 28.1

0.5250010

0.007 .983®

0.1090.535

0.15102%0.

<0.0010.630

0.144

0.293

0.431

0.325

0.056

Treatment means are based on 10 pen observations.

’For d 0 to 34 and d 35 to 64, 22.5% EP canola niaati 65 to 76 and d 77 to 90, 18% EP canola meal.
3For d 0 to 34, 35 to 64, 65 to 76, and 77 to 98tsdiontained 22.5, 15, 7.5, and 0% EP canola mesgiectively.

“*Pen average number of days from d 90 until slaughte
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Increasing the inclusion of EP canola meal linegRy< 0.001) reduced
carcass weight and backfat, and linearly incregBed 0.05) lean yield and d to
slaughter (Table 2.9). Pigs fed decreasing graeleeld of EP canola meal did not
have different carcass characteristics than pig9% EP canola meal, but tended
to reach shipping weight 3 d latét € 0.10).

Increasing the inclusion of EP canola meal did aftect jowl fat fatty acid
profile and calculated iodine value (Table 2.10gsPfed graded levels of EP
canola meal did not have a different jowl fat fa#gid profile and calculated
iodine value than control pigs.

Increasing the inclusion of EP canola meal lineaglguced P < 0.001) feed
cost per kg of weight gained and linearly increa@ed 0.01) income over feed
cost (Table 2.11). Feeding graded levels of EP leam®al reduced” = 0.01)
feed costs by 2 cent/kg gained and tended to iserfa= 0.10) income over feed

costs by CAD$ 1.40/pig compared to feeding controls
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Table 2.10. Effect of feeding expeller-pressed (EP) canolalroedowl fat fatty acid profile and iodine vatte

EP canola meal, % P-value
Variable 0 7.5 15 22/18 Graded SEM Linear Quadratic 0% vs. Graded
Fatty acid, %
10:0 Capric 0.10 0.09 0.08 0.08 0.08 0.008 0.410 75@. 0.660
12:0 Louric 0.09 0.09 0.08 0.08 0.08 0.042 0.703 865. 0.421
14:0 Myristic 1.45 1.40 1.34 1.30 1.35 0.023 0.6000.280 0.160
16:0 Palmitic 23.22 2241 21.04 20.37 2142 0.11®2220 0.943 0.427
16:1 Palmitoleic 2.73 2.57 2.45 2.29 2.52 0.072300. 0.970 0.700
18:0 Stearic 9.78 9.36 8.38 8.27 8.85 0.200 0.625.8010 0.817
18:1 Oleic 3.39 3.43 3.58 3.55 3.53 0.049 0.333 6D4 0.349
18:2 Linoleic 11.34 12.02 13.10 13.47 12.17 0.198498 0.544 0.843
18:3a-Linolenic 0.72 1.02 141 1.60 1.23 0.023 0.176 ©60.8 0.495
20:0 Arachidic 0.18 0.18 0.17 0.18 0.18 0.005 0.0600.910 0.430
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20:1 Gadoleic 0.98 098 1.05 1.07 1.01 0.019 0.121®.480 0.290

20:2 Dihonoy-linolenic 0.55 055 059 0.59 0.54 0.012 0.670 90.6 0.700
20:3 Podocarpic 0.08 0.08 0.08 0.08 0.08 0.002 (0.530.020 0.500
20:4 Arachidonic 0.19 0.18 0.19 0.18 0.18 0.004 64.9 0.267 0.882
lodine value 68.9 69.9 699 704 69.7 0.99 0.320 869. 0.600

Treatment means are based on 10 observations.
2For d 0 to 34 and d 35 to 64, 22.5% EP canola nfigati 65 to 76 and d 77 to 90, 18% EP canola meal.

%For d 0 to 34, 35 to 64, 65 to 76, and 77 to 9@tsdicontained 22.5, 15, 7.5, and 0% EP canola rmespectively.

80



Table 2.11. Effect of feeding expeller-pressed (EP) canola madked cost and income over feed tost

EP canola meal, % P—value
ltem 0 7.5 15 22.5/18 Graded SEM Linear Quadratic 0% vs. Graded
Feed cost, CAD cents/kg gain 0.67 0.65 0.63 0.62 0.65 0.01 <0.001 0.742 0.001
Income over feed cost, CAD $/pig 40.05 41.33 42.32 42.25 41.45 0.56  0.003 0.536 0.098

Treatment means are based on 10 observations.

?For d 0 to 34 and d 35 to 64, 22.5% EP canola nemd} 65 to 76 and d 77 to 90, 18% EP canola meal.

For d 0 to 34, 35 to 64, 65 to 76, and 77 to 96tsdiontained 22.5, 15, 7.5, and 0% EP canola mesgiectively.

*Determined using the following feedstuff prices (@4&/1,000 kg): wheat, 205; barley, 195; corn, 24@ybean meal, 420; EP

canola meal, 210; solvent-extracted canola me@l, @heat:corn DDGS blend, 175; L-Lys HCI, 1900lcai, 700.
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2.5 Discussion

Canola is a major oilseed crop globally (RaymerQ20 Canola oil has a
reputation for excellent nutritional quality in tHeuman diet (Gebauer et al.,
2006), constitutes 40% of the seed, and is the malsiable seed component.
Three processes to extract oil from the seed tdym® raw canola oil for further
refining and a protein meal as an alternative fegflkave been developed over
the years (Canola Council of Canada (CCC), 2008)vedt-extracted canola
meal, EP canola meal, and cold-pressed canolaatakbe co-products of solvent
extraction, expeller pressing, and cold pressirggpectively (Leming and
Lember, 2005). Practically, inclusion of solventraxted canola meal is limited
to 15% in diets for grower-finisher pigs, despitggested maximum inclusion of
25% (CCC, 2009). The main reason is lower contémtvailable energy and AA
due to higher fiber and low CP compared to soybeeaal (Bell, 1993). The lack
of knowledge about the nutritional quality of EPfhoka meal and its effects on
growth performance and carcass quality charadesidimits its application in
swine feed formulation. In Exp. 1, the NE contetEP canola meal was
established at 2.55 Mcal NE/kg of DM and 1.77% &8 in the DM indicating a
valuable energy and AA content. In Exp. 2, feeddh@P canola meal, however,
resulted in reduced ADG and ADFI compared to pegsd control diet based on
soybean meal.

The nutritional value of EP canola meal varies agnaports. The EP canola
meal used in present study had a slightly higher(885 vs. 38.1%), a higher

ether extract (13.3 vs. 10.3%), and a lower cruderfcontent (7.7 vs. 12.1%)
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(DM basis) compared to the Dutch data base for &®la meal (CVB, 2003).

Expeller-pressed canola meal contained 41.1% of5C¥% of ether extract, and
23.8% of NDF in a recent Canadian study (Woyenga.eR009). The content of
CP, GE, and ether extract of EP canola meal usetthanpresent study were
similar to EP canola meal produced in Western Alistr(Spragg and Mailer,

2007). An Estonian study (Leming and Lember, 208&orted a lower CP

(36.1%) and ether extract (12.2%) content and mi@gte (5.14 Mcal/kg) content
(DM basis) than the EP canola meal in the presemtys A Chinese EP canola
meal contained 38.9% CP and 4.66 Mcal/kg of GE (Basis; Li et al., 2002).

Combined, these reports indicate that the macrimmitcomposition of EP canola
meal differs among samples globally. The great#&rdnces are observed in
content of energy-yielding substrates residual awii CP and therefore GE.
Differences are most likely caused by the efficadyoil extraction among

expeller pressing plants using various equipmedtamditions, thereby altering
content of remaining macronutrients (Leming and hem 2005). The

macronutrient composition of EP canola meal mag bks affected by cultivar of
canola seed, soil type, and growing conditions|(B&I93).

The measured DE content of 3.77 Mcal/kg (DM basisihe present study
was 0.57 Mcal/kg higher than the DE content of 3M6al/kg (DM basis)
included in the North American feedstuff tables @IR1998) for solvent-
extracted canola meal, but the DE content was Ma#al/kg lower than the DE
content of 3.92 Mcal/kg (DM basis) for soybean méakviously, a DE content

of 3.70 Mcal/kg (DM basis) was reported for EP danmeal (Mullan et al.,
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2000). Furthermore, a DE content of 4.11 Mcal/kg weported for EP canola
meal (Woyengo et al., 2009). The NE content of BRota meal used in present
study was predicted using the equation using thasored DE content and
macronutrient composition of EP canola meal (Equad; Noblet et al., 1994).
The NE content of 2.55 Mcal/kg (DM basis) in EP @ammeal was 0.81 and 0.34
Mcal/kg higher, respectively, than the NE conteint.@4 and 2.21 Mcal/kg (DM
basis) for solvent-extracted canola meal and soybasal (Sauvant et al., 2004).
These values indicate that EP canola meal hash@henergy value than solvent-
extracted canola meal and soybean meal mainly dua higher residual oil
content, because energy digestibility of EP camoéal is identical to the value
reported for soybean meal (Sauvant et al., 2004).

The EP canola meal is a good supplemental progsdstuff. In the present
study, CP digestibility of EP canola meal was 75.@%ilar to the 75.0% in the
Dutch feedstuff tables (CVB, 2003). The SID Lys tem of 1.77% (DM basis) in
EP canola meal was 0.03 and 1.06% lower, respégtivean the SID Lys content
of solvent-extracted canola meal and soybean nNRC( 1998). In canola meal,
the CP content is negatively correlated with residoil content (Spragg and
Mailer, 2007). Thus, SID Lys content is lower in E&hola meal due to its higher
residual oil content. The SID Lys content of EPatammeal used in the present
study was 0.32% (DM basis) higher than previousigorted (Woyengo et al.,
2009). Interestingly, 96% of Lys in EP canola meak analyzed as available and
thus assumed chemically intact, indicating thaarsteconditioning followed by

expelling does not result in heat damage to the(lzgs Barneveld, 1994).
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Formulating swine diets using the NE and SID AAtegss reduces the risk of
introducing co-products as alternative feedstuffssivine diets (Zijlstra and
Payne, 2007). In the present study, increasingrbleision of EP canola meal
reduced ADFI, leading to a reduced ADG coincidinghva slightly increased
G:F. The reduced ADFI reduces the NE and otheremitintake. The reduced
ADFI could be due to differences in energy contdr@tary macronutrient profile,
or residual anti-nutritional factors (Nyachoti & 2004) such as glucosinolates in
EP canola meal. Dietary energy content was maiethacross diets; therefore,
dietary macronutrient profile and glucosinolatesyreaplain the reduced ADFI.
The content of ether extract was 2.8% (as fed)drifr the diets containing 22.5
than 0% EP canola meal for d O to 34. Increasedidat may reduce ADFI of
pigs (Azain, 2001) in part because pigs eat to ntleeitr energy requirement
(NRC, 1998). Extra fat may also reduce feed intdikectly (Rayner and Miller,
1993), although 6% added rapeseed oil did not ed\@F| (Lauridsen et al.,
1999).

Glucosinolates are another factor in canola co4mtsl that may reduce
performance (Lee et al., 1984). Feeding higher |$ewd glucosinolates may
reduce ADFI, enlarge the thyroid, reduce plasmadidyhormones, and may
cause liver and kidney abnormalities and mortgBynting, 1981; Van Etten and
Tookey, 1983; Schone et al., 1997b). Dependinghennature of glucosinolates
and the reaction conditions, isothiocynates, oxdaa-2-thiones, thiocynates, or
nitriles may be formed (Pusztai, 1989) that canammgrowth performance.

Although canola contains less glucosinolates th#terorapeseed varieties,
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sufficient quantities of glucosinolates may remaifter processing to cause
reduced ADFI and ADG if fed to pigs for long persodnd (or) at high inclusion
levels (Mullan et al., 2000). Pigs fed diets comtay canola meal may have
reduced growth performance (Bell et al.,, 1991) altth uncertainty exists
whether improper feed formulation (not NE and SIDA)A presence of
glucosinolates, taste, or other factors in the,deth as fiber, reduced ADG
(Bell, 1993). Combined, the ether extract and giunalate data relative to the
existing body of knowledge indicate that glucosates and likely not dietary fat
was the main cause for reduced ADFI. Specificatlye content of total
glucosinolates was 5.2 umol/g higher in the diettaming 22.5% EP canola
meal than the control diet, whereas pigs tolerat® @mol/g of dietary
glucosinolates (Bell, 1993; Schone et al., 1997a, b

Pigs in the present study reached a high planeaMity performance. The
ADG for d 0 to 90 was 0.931 kg/d with diets contagn22.5/18% EP canola
meal, whereas ADG was 0.757 kg/d in an Australtayswith 20% EP canola
meal (Mullan et al., 2000). In the latter studyglusion of 20% EP canola meal
reduced ADG by 4.5% via reduced ADFI and G:F (Mul& al., 2000), whereas
reduced ADFI was the main cause for reduced AD@&eéenpresent study. In the
present study, carcass weight was reduced withdantical BW at slaughter,
providing further evidence that diets containingpcoducts high in fiber reduce
dressing percentage. Thus, up to a 3-kg heaviekehd@W should thus be
considered to mitigate the lower dressing percentagh the feeding of EP

canola meal.
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Feeding high fat diets to finisher pigs may reduaecass lean and increase
carcass fat (Verland et al.,, 1999). The decreagnagled feeding regimen that
gradually reduced inclusion of EP canola meal f&#trb to 0% over the 4 growth
periods provided more dietary fat during the enatggendant stage of growth
and less fat during the energy-independent stageuateract potential negative
effects of feeding high fat diets on carcass an@ gaality. None of these carcass
characteristics were different between the gradsdliihg and soybean control
regimens indicating that feeding EP canola mea &igh initial inclusion but
then gradually decreasing the level did not hancpecass quality. The continued
inclusion of EP canola meal throughout the studywdwver, reduced carcass
weight, indicating that increased EP canola mealsion reduced carcass value.
lodine value of fat has been used as a measurerkffat quality. Feeding diets
containing an unsaturated fat sourcerealuce the degree of saturation in pork fat
(Whitney et al., 2006). Adequately firm pork fatosid have an iodine number
below 70 (Lea et al., 1970), although more receatlgreshold iodine value of 74
for North American pork was suggested (Boyd, 19930ine value of jowl fat
from all feeding regimen was below 70 in the préssmdy, indicating that
feeding of EP canola meal did not hamper fat qualit

In swine diets, energy is the most expensive compband therefore energy
content of feed ingredients should be considerdded formulation (Zijlstra and
Beltranena, 2007). Feeding pigs is the single negiensive cost of pork
production accounting for as much as 70% of vagiaasts (Payne and Zijlstra,

2007). In present study, inclusion of EP canolalmeduced feed cost per unit of
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gain and thereby increased income over feed cdktimgreasing EP canola meal
inclusion. Practically, however, the increase it ineome can only be achieved
in barns with sufficient space to overcome the cedufacility utilization due to
reduced ADG.

In summary, EP canola meal is a good source ofggnand AA. The EP
canola meal can be included in swine diets to redaed costs per unit of gain
without impacting carcass and fat quality. Howe¥ inclusion of EP canola
meal reduced ADG by 3 g/d. Therefore, inclusiorE®f canola meal should be
targeted to ensure an expected growth rate ance&d marketing strategy targets.
Diets formulated to equal NE may still result inegnal ADG due to differences
in ADFI most likely caused by excessive glucositedantake. In conclusion, EP
canola meal is a valuable feedstuff to consideswimne feed formulation. The
inclusion level of EP canola meal in swine dietsudtd be determined not only by
targeting expected growth performance, but alseadnsidering animal flow and

barn turnover rate of a particular farm.
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Chapter 3. Effect of processing conditions on the nutrient digestibility of

cold-pressed canola cake for grower pigs

3.1 Abstract

Cold-pressed canola cake contains more residughanml expeller-pressed and
solvent-extracted canola meal and might be ancéteafeedstuff for swine. The
nutritional quality of cold-pressed canola cak@as$ well-described and can vary
with processing conditions. The cold-pressed camalee was processed at 4
different processing conditions; non-heated anddueeonditions at slow and fast
barrel speed. In total, 7 ileal-cannulated barr(@ékg BW) were fed twice daily
at 2.8 x maintenance either 44% of one of the d-poéssed canola cake or an N-
free diet. Diets with EP canola meal with or withavhole canola seeds were
used as comparison in a 7 x 7 Latin square to measnergy and AA
digestibility and to calculate standardized ileadedtible (SID) AA and NE
content. In 9-d periods with sequentially a 5-d diéaptation and a 2-d feces and
2-d digesta collection, 7 observations per dietenantained. On average, cold-
pressed canola cake contained 41.0% CP, 16.2% ethact (in DM), and 7.04
pmol/g total glucosinolates (as fed). Both AID dothl tract energy digestibility
of energy in cold-pressed canola cake was 36% hi@he& 0.05) in heated vs.
non-heated conditions and 8% high& <€ 0.05) in fast vs. slow conditions,
without interaction. The AID of energy of cold-psesl canola cake was 13 and
118% higher ® < 0.05) than EP canola meal and canola seed,atesglg. Heat

and speed interacte® € 0.05) for SID of AA of ingredients, but effect&ere not
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consistent among AA. The DE and NE content of goniessed canola cake was
0.73 and 0.52 Mcal/kg of DM higheP (< 0.05), respectively, than EP canola
meal, and did not differ from canola seed. On ayeraold-pressed canola cake
contained 4.17 Mcal/kg DE, 2.84 Mcal/kg NE, 0.87% &ys, 0.46% SID Met,

and 0.79% SID Thr in the DM. In conclusion, the teon of ether extract was an
important determinant of the energy value of calgsped canola cake: higher
residual oil in the cake increased the DE and NEed. Processing conditions
greatly impacted the digestible nutrient contentaold-pressed canola cake that

should be validated using a growth study in pigs.

3.2 Introduction

With the increasing cost of feed energy, altermatienergy-supplying
feedstuffs should be explored, including canolgpamducts. For small-scale oil
extraction, oil is extracted mechanically by expelbnd cold pressing that
produce expeller-pressed canola meal (EP canold e cold-pressed canola
cake, respectively, instead of solvent-extractatlzameal (Leming and Lamber,
2005). Higher content of residual oil in these coducts may provide more
dietary energy. The EP canola meal is a valuablesA&rce (Seneviratne et al.,
2009), but the AA value is unknown for and coldgs®d canola cake.

In expeller-pressing, seed is heated up to 1109Cdibect heat is not applied
in cold-pressing (Leming and Lamber, 2005; Spragg Mailer, 2007). In
expeller pressing, materials may double- or trjless seed to reach > 75% oill

extraction (Spragg and Mailer, 2007), while oilrextion is lower in single pass

96



cold pressing [Canola Info (CI), 2007]. Residuadlomintent in canola meals, thus,
depends on processing conditions that also imdacbginolates content and AA
quality due to heat application (van Barneveld, &00Nutritional quality
information for cold-pressed canola cake is scavddle some information is
available for EP canola meal (Seneviratne et 8092 Woyengo et al., 2009).
Moreover, the effects of processing conditionslendhemical characteristics and
nutritional quality of cold-pressed canola cake aneknown, and require
description to gauge the feeding opportunity of #o-product for swine.

In the present study, we hypothesized that enengly A digestibility of
cold-pressed canola cake would differ dependingomtessing conditions and
would be different from EP canola meal and caneleds The objectives of this
study were to characterize the effect of processmudition on AA and energy
digestibility and SID AA and NE content of cold-psed canola cake and to

compare cold-pressed canola cake to canola see@Rcdnola meal.

3.3 Materialsand Methods

Experimental Design and Diets

In a pilot project, cold-pressed canola cake sasplere collected across
the western Canada and analyzed for proximate csitipo Based on the results
(Appendix 2), cold pressed-canola cake was produgeder 4 processing
conditions using a cold press at Canadian IntesnatiGrain Institute (Biopress
200; Winnipeg, Manitoba, Canada) to have represigataold-pressed canola

cake samples for the present study. The cold messated with 2 barrel speeds
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(slow and fast) and barrel temperatures (heated rmmdheated) in a 2 x 2
factorial arrangement. Whole canola seeds wereir@atafrom a local canola
grower (Bentley, Alberta, Canada) and were in offidg quality with more than
5% dockage, discolored, 5% heated and moldy [@ffi@rain Grading Guide
(OGGG), 2009]. One sample of EP canola meal wasimdd directly from

Associated Proteins, Ste. Agathe, Manitoba, Can&lda.other ingredients were
obtained via commercial supply and were of unknowgin.

The cold pressed-canola cake and EP canola meslatietained 44% canola
meal and the ratio of corn starch, sugar, and eanibas identical to the N-free
diet (Table 3.1) to measure energy digestibilitycofd-pressed canola cake and
EP canola meal (Stein et al., 2006). To avoid mobWith feeding, 20% ground
canola seed was combined with EP canola meal. @anehl and seed were the
sole source of CP and AA in diets. The N-free dattaining 84.32% corn starch
was used to estimate the basal ileal endogenossdas CP and AA (Stein et al.,
2006). Chromic oxide was included as an indigestiblarker. Diets were

formulated to meet or exceed vitamins and mine@lirements (NRC, 1998).

Experimental Procedures

The animal protocol was approved by the Universitlberta Animal Care
and Use Committee for Livestock, and followed glires established by the
Canadian Council on Animal Care (CCAC, 1993). Thedg was conducted at
the Swine Research and Technology Centre at thevethiy of Alberta

(Edmonton, Alberta, Canada).
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Table 3.1. Ingredient composition and nutrient content of thsts

Cold-pressed canola cake Seeds+ EPEP
Non-heated Heated canola canola N
Ingredient, % Slow  Fast Slow Fast meal meal “free

Cornstarch —Melojel 48.63 48.64 48.64 48.64 40.37 48.64  85.32

CP canola cake 44.00 44.00 44.00 44.00 - - -

Canola seed - - - 20.00 - -

EP canola meal - - - - 33.00 44.00 -

Sugar 2.85 2.85 2.85 2.85 2.33 2.85 5.00
Canola oil 1.14 1.14 1.14 1.14 0.93 1.14 2.00
Limestone 1.50 1.50 1.50 1.50 1.50 1.50 1.00
Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin premi)? 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Trace mineral premfx  0.50 0.50 0.50 0.50 0.50 0.50 0.50
Cr,03 0.38 0.38 0.38 0.38 0.38 0.38 0.38

Analyzed nutrient content (in DM)

CP 18.64 17.80 18.22 19.85 19.35 18.60 0.47

Ether extract 8.10 9.73 7.37 5.25 13.16 6.40 3.73

L EP canola meal is expeller-pressed canola meata@bla cake is cold-pressed canola cake

*The N-free diet also contained 3.00% solka flo20% mono/dical phosphate, 0.50% KO

and 0.10% MgO.
®Provided the following per kilogram of diet: vitamiA, 8,250 IU; vitamin D3, 825 IU;

vitamin E, 40 IU; niacin, 35 mg; D-pantothenic gcléb mg; riboflavin, 5 mg ; menadione, 4 mg;
folic acid, 2 mg; thiamine,1 mg; D-biotin, 0.2 mapd vitamin B12, 0.025 mg.

*Provided the following per kilogram of diet: Zn,déng as ZnS@ Fe, 80 mg as FeSOCu,
50 mg as CuS®Mn, 25 mg as MnS@ 1, 0.5 mg as Ca(l¢),; and Se, 0.1 mg as b&eQ.
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In total, 7 diets were tested over seven experiaigrdriods as a 7 x 7 Latin
square design using ileal-cannulated grower-fimishgs to provide 7
observations per diet. Seven crossbred barrowsofDgire x Large White
/Landrace F1; Genex Hybrid; Hypor, Regina, SK;iahiBW, 26.1 = 0.9 Kkg;
initial age, 66 + 2 d) were surgically fitted withT—cannula at the distal ileum.
Diets were randomly allocated to pigs for the fipgriod. Pigs were housed
individually in metabolism pens measuring 1.2 mevid1.5 m length x 0.95 m
height (1.8 ) raised 0.4 m. Pens had a plastic-coated, expame¢al floor and
polyvinyl chloride walls fitted with plexiglass wadows (0.3 x 0.3 m), a single-
space dry feeder, and a nipple drinker.

Pigs were weighed at the start of each periodovad orts, the daily feed
allowance was set at 2.8 x the estimated maintenaaguirement for energy (2.8
x 110 kcal DE/kg BW'™ NRC, 1998) that was fed in 2 equal meals at G30D
1600 h. Diets were fed as a dry mash and pigs fesdalccess to water throughout
the experiment. The 9-d experimental periods ctedisf a 5-d acclimation to
the experimental diets, followed by 2-d collectmfrfeces, and a 2-d collection of
ileal digesta.

Feces were collected continuously with bags replaceninimum of 2 times
per day at 0800 and 1600 h. Feces were collectied ptastic bags attached to a
ring system glued to the skin around the anus (Kieef et al., 1994). Digesta
was collected for 10 h each for 2 consecutive dgibiags containing 5% formic
acid attached to the open cannula barrel. Bags meereved whenever they filled

with digesta or at least every 30 min. Collectetkfeand digesta were pooled by
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pig and frozen at —20°C. Prior to analyses, feaed digesta were thawed,

homogenized, sub-sampled, and freeze-dried.

Chemical Analyses

At the end of the experiment, feces and digestais@mns were thawed
pooled within animal and subsample were taken h@nucal analysis. Each diet
and test feedstuffs were sub sampled as well. D8et, feedstuffs, digesta, and
feces samples were ground in a Retch mill (model,Bfdinkman Instruments,
Rexdale, Ontario, Canada) over a 1-mm screen.

The cold-pressed canola cake, EP canola meal aradlaceeed were analyzed
for CP (method 984.13A-D; AOAC, 2006), ether extrémethod 920.39A,
AOAC, 2006), crude fiber (Method 978.10; AOAC, 200&8DF (method 973.18;
AOAC, 2006), NDF (Holst, 1973), ash (method 942.8&%)AC, 2006), Ca (
method 968.08; AOAC, 2006), and P (method 946.0@AL, 2006) at
University of Missouri, Columbia, MO. Glucosinolatprofile was determined by
GC analysis using the method of the Canadian G@ammission method
developed by Heaney and Fenwick (1980) and modbie@aun and McGregor
(1981) at POS Pilot Plant Corp, Saskatoon, SK, @ana

Diet, digesta, and feces were analyzed for DM (oe®30.15; AOAC, 1990)
and gross energy using an adiabatic bomb calorinfetedel 5003, Ika-Werke
GMBH and Co KG, Staufen, Germany); benzoic acid wssd as a standard.
Chromic oxide in diets, digesta, and feces wasraeted by spectrophotometry

(model 80-2097-62, KBUItraspec Ill; Pharmacia, Canhde, UK) at 440 nm
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after ashing at 450°C overnight (Fenton and Fent®79). Diets, digesta, and
feces were analyzed for AA (Sedgwick et al.,, 1981 )University of Alberta
(Edmonton, Alberta, Canada). Diets were analyzedCi®é (method 984.13A-D;

AOAC, 2006) and crude fat [Method 920.39 (A), AOAZDO6].

Calculations

The AID for energy and AA and total tract energyetitibility in cold-
pressed canola cake diets, EP canola meal dietEBndanola meal and canola
seed diets was calculated using the indicator ndefequation 2; Stein et al.,
2007; Appendix 1). The AID AA values also represem digestibility values of
cold-pressed canola cake and EP canola meal itmstuse cold-pressed canola
cake and EP canola meal was the sole ingrediemitilsoiing AA in the diet. Pigs
fed the N free diet was used to calculate its oasabendogenous loss (equation
3; Stein et al., 2007). The SID AA for ingrediemtas calculated using AID and
basal endogenous N loss (equation 7; Stein e2@0D7). The SID AA of canola
seed was calculated using difference method (Ad&@ldl). The SID content of
AA was calculated by multiplying the SID of a AA ®AA content of the same
AA in the ingredient. The AID and apparent totahctr energy (ATTD) of
ingredients was calculated using the differencenog{Adeola, 2001). Digestible
energy content of a ingredient was calculated bifiptying its GE and total tract
digestibility. The NE content was calculated usiing determined DE content and

chemical characteristics (Equation 4; Noblet etl#194).

102



Statistical Analyses

Data were analyzed using the MIXED procedure of &3S Inst. Inc.,
Cary, NC) in a 7 x 7 Latin square. Pig was congidehe experimental unit and
period and pen were the random terms for the mdi@d-pressed canola cake
means were analyzed as 2 x 2 factorial design ga¥ispeeds and 2 levels of
heat application and their interaction (Millikendadohnson, 1984). Treatment
means were separated by the probability of diffeeelby using LSMEANS and
PDIFF statements in case an interaction betweemtia factors occurred. The
EP canola meal and combination of EP canola meahtanola seed control diets
were compared to the group of 4 cold-pressed caraila diets using pre-planned

contrasts. To test the hypothedes; 0.05 was considered significant.

3.4 Results

The cold-pressed canola cake samples processedhedted barrel had a
7.75% (in DM) lower CP and 46.9% (in DM) higher etlextract content than
with non-heated barrel (Table 3.2). The EP canaalmsed in the present study
contained 6.53% and 14.66% (in DM) less CP and etkieact, respectively, than
cold-pressed canola cake. Canola seeds used stutlg contained 19.45% CP
but, canola seeds and EP canola meal mixture c@at885.51% CP (DM basis;
results not shown). The cold-pressed canola cakglsa processed with heated
barrel conditions had a 20.45% (DM basis) lower ltlgan with non-heated

barrel. Total Lys:CP was 0.04 for cold-pressed tamnake at non-heated barrel
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Table 3.2. Chemical characteristics of test ingredients (Dagis}

Cold-pressed canola cake Canola EP
Non-heated Heated Seed canola
Item Slow  Fast Slow  Fast meal
Moisture 9.60 7.63 6.35 8.70 5.58 6.09
GE, Mcal/kg 5.12 5.45 5.88 5.24 6.86 5.20
CP 4498 40.39 36.37 42.38 19.45 38.35
Ether extract 9.63 16.55 24.18 14.28 50.20 13.79
Crude fiber 7.28 6.46 6.78 6.67 6.28 7.89
ADF 18.79 17.15 1854 17.29 23.40 18.54
NDF 3146 29.06 3941 36.42 37.44 22.01
Ash 8.10 6.85 6.67 7.67 3.33 6.92
Ca 0.91 0.84 0.79 0.90 0.37 0.58
P 1.56 1.43 1.28 1.47 0.59 1.12
AA
Ala 1.49 1.51 1.35 1.47 0.57 1.51
Arg 1.76 1.60 1.42 1.83 0.92 1.80
Asp 2.24 2.75 2.10 2.86 0.57 2.38
Cys 1.16 1.04 0.97 1.09 0.57 1.07
Glu 6.11 7.83 5.72 8.06 0.42 6.51
Gly 1.97 2.12 1.67 2.16 0.35 1.95
His 0.69 0.58 0.57 0.66 0.25 0.60
lle 2.38 2.59 2.07 2.47 0.40 2.55
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Leu 1.79 1.93 1.55 1.86 0.64 1.94

Lys 1.58 1.55 1.16 1.33 0.57 1.64
Met 0.60 0.54 0.50 0.58 0.19 0.56
Phe 1.43 1.54 1.28 1.47 0.45 1.53
Ser 0.78 0.91 0.75 1.16 0.21 0.80
Thr 1.11 1.25 0.96 1.37 0.41 1.25
Tyr 0.82 0.80 0.70 0.78 0.31 0.83
Val 2.08 2.28 1.89 1.05 0.56 2.27

'EP canolaneal is expeller-pressed canola meal

condition while 0.03 for heated barrel conditidimne EP canola meal contained
16.72% more Lys (in DM) than the cold-pressed cacake.

The cold-pressed canola cake samples processethedtbd barrel had 2.44%
(as fed) higher total glucosinolates than with heated barrel (Table 3.3). Total
glucosinolates content of EP canola meal was tédihigher than cold-pressed
canola cake.

The AID and ATTD of energy in cold-press canola ealliets was,
respectively, 20 and 8% highd? € 0.05) in heated vs. non-heated barrel and 22
and 7% higherR < 0.05) in fast vs. slow barrel speed, withouerattion (Table
3.4). The AID and ATTD of energy of cold-pressedhaa cake diets did not

differ from diets containing the EP canola mealvat without canola seed.
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Table 3.3. Composition of glucosinolates of test ingredidatsis basis)

Cold-pressed canola cake Seed EP

Non-heated Heated canola
Item, umol/g Slow Fast Slow Fast meal
Allyl - - - - 0.05
CHS3-thiobutenyl - 0.06 0.05 - - 0.17
CHS3-thiopentenyl - - - - - 0.07
Phenylethyl 0.20 0.14 0.17 0.14 - 0.15
2-OH-3-butenyl 150 1.27 1.89 1.02 1.01 4.39
2-OH-4-pentenyl - - - - - 0.07
3-butenyl 1.07 0.83 1.23 0.74 138 3.10
3-CH3-indolyl 0.24 0.17 0.27 0.15 0.05 0.23
4-OH-3-CH3-indolyl 1.81 1.39 2.09 1.06 0.71 2.61
4-pentenyl 0.19 0.07 0.20 0.06 - 0.22
Total aliphatics 278 218 3.34 1.83 144 7.79
Total glucosinolates 779 6.11 9.24 5.00 459 38.8

'EP canola meal is expeller-pressed canola meal
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Table 3.4. Apparent ileal (AID) and total tract digestibiligATTD) of energy and apparent ileal digestibilityAA of test diets

Seed + P-value
Cold-pressed canola cake EP EP Speétkat Speed CPCCvs. CPCCyvs.
Non-heated Heated canola canola x EP meal £P canola
ltem Slow Fast Slow Fast meal meal SEM Heat seed meal
AID energy 62.07 74.45 73.42 90.71 71.26 7186 74.%.012 0.015 0.628 0.426 0.491
ATTD energy
83.00 86.71 87.67 95.28 86.14 8586 1.29 0.0020010. 0.224 0.162 0.112
AID AA
Ala 63.78 61.70 86.99 87.29 67.75 7116 1.24 0.369.001 0.236 0.004 0.200
Arg 69.14 69.74 86.85 86.77 72.81 80.52 159 0.86M.001 0.820 0.030 0.161
Asp 58.91 54.17 8232 87.78 62.23 6797 165 0.828 <0.001 0.012 0.009 0.351
Cys 66.83 70.15 89.00 89.46 79.59 67.17 0.98 0.046.001 0.116 0.652 <0.001
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Glu
Gly
His
lle
Leu
Lys
Met
Phe
Ser
Thr
Tyr

Val

67.59
40.12
48.84
66.85
64.15
40.8%
81.90
72.29
35.96
49.33
60.53

61.75

71.71
33.81
53.20
69.66
66.04
48.88
76.17
71.80
46.33
49.60
55.11

66.12

88.71
76.73
84.53
87.68
86.48
80.29
81.94
89.59
80.10
87.55
83.48

85.71

91.24
79.40
85.23
89.80
88.65
82.77
91.78
90.51
80.18
81.44
81.05

88.88

76.11

46.95

69.87

71.85

67.89

67.56

85.16

73.41

54.28

49.14

65.45

68.58

80.85

53.18

82.34

78.18

70.10

77.27

80.06

76.28

73.11

69.01

74.12

66.49

2.04 0.13D.001

3.21 0.429

251

0.3%0.001

0.94 0.06®.001

1.28

0.134.001

1.05 0.001 <0.001

122 0.103 <0.001

1.00

2.81

2.08

1.54

1.57

0.846.001
0.060.001
0.18D.001
0.02D.001

0.03%.001

<0.001

0.755

0.128

0.498

0.637

0.909

0.025

<0.001

0.454

0.072

0.154

0.486

0.701

0.457

520.0

<0.001

0.035
0.019
0.001
0.249
0.008
0.101
0.001
0.294

0.092

0.693

0.429

0.279

0.966

0.012

<.0001

0.253

0.015

0.001

0.347

0.041

0.001

#Means within the same raw with the same superdetiggr are not differenf(> 0.05).

'CPCC is cold-pressed canola cake; EP canola meapaller-pressed canola meal.
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Barrel heating and speed interact®d<(0.05) for AID of Asp, Lys, and Met
(Table 3.4). The AID Lys of cold-pressed canolaecdiets was 20% higheP <
0.05) in non-heated-fast vs. non-heated-slow cardit The AID Met of cold-
pressed canola cake diets was 7% lowexk (0.05) in fast vs. slow barrel speed
for non-heated barrel while 12% high@ < 0.05) in fast vs. slow barrel speed for
heated barrel. The AID of Lys of cold-pressed carzake diets was loweP (<
0.05) than diets containing the EP canola meal witithout canola seed.

The AID and total tract energy digestibility ofexgy in cold-press canola
cake were both 36% highd? € 0.05) in heated vs. non-heated barrel and tended
both to be 8% highelP(< 0.10) for fast vs. slow barrel speed, withouéraction
(Table 3.5). The AID energy of cold-pressed carcdie was 13% and 118%
higher P < 0.05) than EP canola meal and canola seed,atbaglg.

Barrel heating and speed interactBd(0.05) for SID Lys and Met content of
cold-pressed canola cake (Table 3.6). An increadearirel speed at non-heated
barrel increasedP(< 0.05) SID Lys content by 21% while barrel spekd not
affect SID Lys content under heated conditions. i@ Lys content of cold-
pressed canola cake was lower<{ 0.05) from EP canola meal and canola seed.
Fast barrel speed at non-heated barrel conditidocesl P < 0.05) SID Met
content by 6.46% while fast barrel speed at helaéeckl condition increase® K
0.05) SID Met content by 12%. The SID Met conteintad-pressed canola cake
did not differ from EP canola meal and canola seed.

Barrel heat and speed interact&d<( 0.05) for DE and predicted NE content

of the test ingredients (Table 3.6). An increaskarrel speed at non-heated barrel
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Table 3.5. Apparent ileal (AID) and total tract digestibilifATTD) of energy and standardized ileal digesifpibf AA of test

ingredient$
P-value
Cold-pressed canola cake EP Speddeat Speed CPCC CPCCvs.
Non-heated Heated canola x VS. EP canola
Item Slow Fast Slow Fast Seed meal SEM Heat seedmeal

AID energy  59.67 67.78 84.66 88.20 3440 64.72 95.90.084 0.001 0.432 <0.001 0.003
ATTD energy

60.70  68.15 85.52 89.60 57.58 66.06 5.79 0.0960010. 0.468 0.001 0.009

SID AA
Ala 64.14 62.80 88.09 8794 8153 7177 145 0.540.001 0.623 0.083 0.156
Arg 69.89  70.65 87.07 8741 5268 8117 1.75 0.7§8.001 0.907 <0.001 0.391
Asp 59.24  55.82 8256 88.14 8935 68.05 1.89 0.583001 0.052 0.001 0.372

Cys 67.87 71.30 89.33 90.00 81.27 67.25 1.15 0.05001 0.179 0.608 0.001
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Glu 67.67 72.48 88.80 9146 4732 80.89 231 0.120.001 0.631 0.337 0.744

Gly 40.62  36.89 78.07 81.29 7631 5329 354 0.944001 0.355 0.337 0.274
His 49.72  56.06 84.58 85.31 65.09 8291 268 0.220.001 0.326 0.511 0.001
lle 67.66  70.43 88.08 90.13 86.48 78.36 1.43 0.028.001 0.670 <0.001 0.015
Leu 65.16  66.98 86.81 88.90 9496 70.17 1.07 0.208.001 0.925 0.020 0.995
Lys 41.4f 50.00 80.76 83.02 7827 7752 1.22 0.004 <0.0010.040 0.001  <0.001
Met 82.07 76.77 82.06 91.85 86.87 7995 145 0.139 0.001 0.001 0.365 0.174
Phe 73.05 72.60 89.89 90.80 73.34 76.27 1.13 0.8%B001 0.529 0.187 0.140
Ser 37.19 46.16 80.61 80.81 70.22 73.46 3.31 0.KR2001 0.205 <0.001 0.002
Thr 50.94  50.29 88.69 82.05 6519 69.11 240 0.192.001 0.249 0.758 0.646
Tyr 60.80 55.81 83.69 81.53 74.45 7455 1.78 0.026.001 0.407 <0.001 0.028
val 63.05 67.25 86.31 89.13 62.08 66.65 1.75 0.080.001 0.701 0.007 0.003

#9Means within the same raw with the same superdetiigr are not differen(> 0.05).

'CPCC is cold-pressed canola cake; EP canola meapiler-pressed canola meal.
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Table 3.6. DE, NE, and SID AA content of test ingredient®ill basis

P-value
Cold-pressed canola cake EP Speed Heat Heat CPQ@PCC vs.
Non-heated Heated canola x VS. EP canola
ltem Slow  Fast Slow Fast Seed meal SEM Speed Seed meal
DE, Mcal/kg 3.18 3.76 508 4.68 3.93 344 0.20 0.515 <0.0010.001 0.355 0.001
NE, Mcal/kg 2.08 256 355 3.19 2.99 232 0.14 0568 <0.0010.002 0.412 0.001
SID AA
Ala 095 0.95 1.19 1.29 0.46 1.08 0.02 0.018 <0.0010.011 <0.001 0.612
Arg 1.23 113 1.24 1.60 0.48 146 0.03 0.003 0.001 0.001 <0.001 0.001
Asp 1.33 154 1.72 252 051 1.62 0.05 <0.001 <0.001 0.001 <0.001 0.016
Cys 079 o0.74 0.87 0.9 0.46 0.72 0.01 0.013 <0.0010.001 <0.001 0.001
Glu 413 568 508 737 020 527 014 <0.001<0.001 0.027 <0.001  0.057

Gly 0.80 0.78 1.30 1.76 027 1.04 0.07 0.020 <0.0010.015 <0.001 0.163
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His
lle
Leu
Lys
Met
Phe
Ser
Thr
Tyr

Val

0.34
1.55
1.2¢
0.65
0.49
1.0%
0.29
0.57
0.50

1.37

0.32
1.74
1.35
0.77
0.4F
1.12
0.42
0.63
0.45

1.53

0.48
1.80
1.36
0.94
0.4T
1.18
0.60
0.85
0.59

1.63

0.56
2.20
1.68
1.1F
0.53
1.34
0.94
1.17
0.64

0.94

0.16

0.35

0.61

0.45

0.17

0.33

0.15

0.27

0.23

0.35

0.50

2.00

1.36

1.27

0.45

1.17

0.59

0.86

0.62

1.51

0.02

0.03

0.02

0.02

0.01

0.02

0.03

0.03

0.01

0.04

0.102

0.001

<0.0010.019

<0.0010.018

<0.001<0.001 0.002

0.001

0.015

0.001

0.001

0.001

0.995

0.001

<0.0010.001

0.039 <0.00%0.001

<0.0010.009

<0.0010.007

<0.0010.009

0.001 0.009

<0.001 0.001
<0.001 0.673
<0.001 0.003
<0.001 <0.001
0.166

<0.001 0.956
<0.001 0.893
<0.001 0.029
<0.001 0.350
0.057

0.009 <0.00%.0001

29\leans within the same raw with the same superdetiigrr are not differenf(> 0.05).

'CPCC is cold-pressed canola cake; EP canola meapiler-pressed canola meal.
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condition increasedP( < 0.05) DE content of cold-pressed canola cakd 3%
while barrel speed did not affect at heated baroeldition. Fast barrel speed at
non-heated barrel condition increas@<{0.05) the NE content of cold-pressed
canola cake by 24% while fast barrel speed at Hdaderel condition reducedP (

< 0.05) NE by 10%. Both the DE and NE content dflgmessed canola cake did
not differ (P < 0.05) from canola seed but, was lowr< 0.05) for EP canola
meal. Heating and speed of the barrel interad®ed Q.05) for SID AA content of

test ingredients and effects of interaction werecomsistent among AA.

3.5 Discussion

Cold-pressing of canola seed to extract crude eanilis practiced in on-
farm biodiesel production facilities. During coldegsing, seed is subjected to
mechanical pressing without heat application (kldessling, 2007). However,
temperature of the seed might be increased up°@ @&e to the friction build up
in the press (Spragg and Mailer, 2007) or the bamight be heated directly,
depending on the equipment model. In cold-pressmy,recovery is low
compared to solvent extraction and thus, resuléde@ ecnay contain 18% residual
oil (Leming and Lember, 2005). Such a high residulatontent will increase the
DE content relative to solvent-extracted canolalnpesn Barneveld, 2008), and
may thus facilitate a path to utilize on-farm proéd cold-pressed canola cake in
swine diets as not only a supplementary proteinrcggubut also an energy-

supplying feedstuff.
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Processing conditions vary greatly among oil exioac plants; therefore,
quality and nutritional value of cold-pressed canchke varies greatly (Leming
and Lember, 2005; Appendix 2). In the present sted{d-pressed canola cake
samples from different plants were analyzed forxpnate composition and 4
processing conditions were selected to producengeraf cold-pressed canola
cake samples. The lack of knowledge about the obwofedigestible nutrients and
anti-nutritional factors in cold-pressed canolaecakd the effects of processing
conditions on nutritional quality have limited thee of cold-pressed canola cake
in swine diets. In the present study, applicatibmeat to the barrel of the press
during oil extraction increased the digestible umir content of cold-pressed
canola cake while the effect of barrel speed waowsistent.

Cold-pressed canola cake has not been intensiwatiyesl in animal models
but its chemical content was characterized in agtwlies. Processing conditions
during oil extraction greatly affects the nutritadrand chemical content of press
cake (Weigal, 1991; Glencross et al., 2004). A grkbks with an output of 8 to 9
kg/h produced a canola cake with 19.4% ether extracan Estonian study
(Leming and Lamber, 2005). In Australia, cold-pegssanola cake contained
30% of canola seed oil as residual oil (Spragg Etailer, 2007). With cold
pressing, residual oil content is 60 to 70% (Mwstat al., 2000). A high
efficiency cold press designed to press 200 kgddyred a canola cake with 27%
ether extract (Thacker and Petri, 2009). Canolad segh more than 20%
distinctly green seeds processed into a canolawékel6% ether extract by the

same cold press. The 11% lower ether extract contend be due to less residual
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oil in the meal because green seeds have a thth (&8GG, 2009) that may
enable more efficient oil extraction. Another pb$sireason is that green canola
seeds are immature (OGGG, 2009) compared to regatasla seeds and might
have less oil deposition (Fowler and Downey, 19¥Djhe present study, the cold
press produced 0.8, 2.5, 1.7, and 4.8 kg/h of poédsed canola cake for non-
heated slow, non-heated fast, heated slow, andedhdatt barrel conditions,
respectively, and contained 10, 17, 24, and 14%retktract. Barrel speed and
heat interacted for ether extract content of pikssd&e and effects were not
consistent. Increasing barrel speed at non-heateditoon increased the ether
extract content of pressed-cake by 7% likely beeaasola seeds have less time
to get crushed and pressed though the screw tharetgasing residual oil in the
cake. In contrast, heated barrel together witheiased barrel speed might more
easily disrupt the cell walls of the seed and fatéd removal of oil that is
encapsulated by cell walls (Armstrong, 1993) thgnefgiucing residual oil in the
cake. Stir-frying condition had a remarkable effectdropping the residual oil in
pressed-cake (Kunjie et al., 2004). Thus, residuklcontent of cold-pressed
canola cake varied with processing conditions amality of seed. In the present
study, one sample of off-grade canola seed wasepsed into cold-press canola
cake; thus, variation in residual oil content wadely due to changes in
processing conditions.

Composition of cold-pressed canola cake primaglgted to the efficiency of
oil removal. In the present study, ether extractteot of cold-pressed canola cake

was correlated with GE content. The highest GE weported for cold-pressed
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canola cake with the highest ether extract condwet vice versa. The CP and
crude fiber content of pressed-cake was concedtrathen more oil was
extracted. On average, cold-pressed canola cakieeipresent study contained
30% more CP and 44% less crude fiber (DM basig) thathe Estonian study
(Leming and Lember, 2005). In Alaska, for cold-pexs canola cake had a CP
content of 28.3% of DM (Geier, 2004). In the Unitgtates, cold-pressed canola
cake processed on-farm had a CP content of 36.9®%Mf(Lardy, 2008). In
Canada, cold-pressed canola cake contained 3292622 NDF, and 20% ADF
on DM basis (Thacker and Petri, 2009). The EP @anwal used in the present
study had 7% lower CP and 16% higher crude fiban tthe cold-pressed canola
cake on DM basis. The cold-pressed canola cake ias#te present study had
111 and 8% higher CP and crude fiber respectitbbn the parent whole canola
seed in DM basis. Overall, the higher levels ofadid crude fiber in cold-pressed
canola cake and EP canola meal than in whole caead could be attributed to
the increased concentration of components dud extaction.

Processing conditions of cold pressing may affagestibility of energy,
likely due to altering densities of macronutrienibe AID and ATTD of energy
of cold-pressed canola cake was lower for slowfast barrel speed, perhaps in
part due to a higher fiber content at slow barpsesl that may have reduced
nutrient digestibility (Widyaratne and Zijlstra, @0). Furthermore, AID and
ATTD of energy of cold-pressed canola cake wasédrghth a heated than non-
heated barrel. This difference could be due toeased in fat digestibility of

pressed-cake due to heat application (Danicke.e1298; Mujahid et al., 2003).
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Fats and oil are rich in energy value (Jgrgenseh,62000; Duran-Montagé et al.,
2007) and highly digestible if provided in free rfoin the diet (Noblet and Shi,
1994). Canola oil as a supplementary fat source was vaggstible with ileal
digestibility above 90%Jgrgensen et al., 2000). Canola meal with 14%tdt a
5.52 Mcal/kg GE had 17.7% higher energy digestibilhan canola meal with
2.2% fat and 4.68 GE Mcal/lkg for red seabream (Glzss et al, 2004).
Therefore, the high energy digestibility for heabedrel conditions might be due
to high ether extract content and improved fat stidity.

The DE content is a function of GE content and gyetigestibility. The
measured DE content of cold-pressed canola cakiedvdrom 3.15 to 5.08
Mcal/kg (DM basis) in the present study. A highemtent of ether extract
resulted in with a higher DE content for cold-pexkganola cake indicating that
residual oil content is directly related with thee xontent of the meal (van
Barneveld, 2008). The average DE content of coé$ged canola cake was 0.97
and 0.25 Mcal/kg higher than the DE content of 3a2@ 3.92 Mcal/kg (DM
basis) included in the North American feedstuffléab(converted value NRC,
1998) for solvent-extracted canola meal and soybeaal. The DE content of
cold-pressed canola cake was 21 and 24% (in DM)ehighan EP canola meal
and canola seed respectively. The NE content aFprdssed canola cake used in
present study was predicted using an equationitithides the measured DE
content and macronutrient composition of cold-pgdssanola cake (equation 4;
Noblet et al, 1994). The NE content of cold-pressaubla cake was 22% higher

and 15% lower (in DM) than EP canola meal and @sekd respectively. These
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values indicate that cold-pressed canola cake Hagher energy value than EP
canola meal mainly due to extra residual etheraektin the cold-pressed canola
cake.

Except for Met and Lys, the SID of AA contents waftected independently
by heat and barrel speed. The barrel heating migddtivate the myrosinase
which is a heat —labile anti nutritive factor (Mahevari et al., 1980) present in
the cake which in turn increased the digestibitityAA. Furthermore the crude
fiber content of cold-pressed canola cake was Zhi$her for non-heated than
heated. Increased fiber content may reduce thestulgay of AA. Nutrient
digestion, especially for protein, AA, and minerassusually reduced when fiber
is added to the diet (Eggum, 1995). This primanlgicates that higher SID AA
contents are not due to high CP but increased tibgeag of AA and crude fiber
that affected by processing condition.

Barrel heating and speed interacted for SID Lystern When the speed of
the barrel increased from slow to fast, SID Lysteahwas increased for non-
heated barrel but, had no effect for heated bafie. EP canola meal had more
SID Lys content than the cold-pressed canola cdkeexpeller pressing,
temperature of meal could increase up to 110°Caffgprand Mailer, 2007).
Lysine is susceptible to heat damage (Klein-Hagsl#007; Spragg and Mailer,
2007). The total Lys of EP canola meal was 17%édrnighan cold-pressed canola
cake. Therefore, higher SID Lys content may be tdulkigher total Lys content
present in the EP canola meal. Total Lys: CP ofl-poessed canola cake was

0.03 while that of EP canola meal was 0.04 indmgptihat SID Lys content
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differences are not directly due to the processimgdition, but CP content that
affected by processing conditions. The source obleaseed for cold-pressed
canola cake and EP canola meal was different. Tdrexethe reason behind
having more SID Lys content in EP canola meal #@ld-pressed canola cake is
likely due to high CP content of EP canola meal différences in parent canola

seed.

In summary, cold-pressed canola cake is a souratigefstible energy and
AA. On average, cold-pressed canola cake contadntd Mcal/kg of DE, 2.84
Mcal/kg of NE, 0.87% SID Lys, 0.46% SID Met, and@% SID Thr (in DM).
The nutritional quality of cold-pressed canola calgied with the processing
conditions used during the oil extraction. The Dil &ID AA content of cold-
pressed canola cake were higher than EP canola amehicanola seed. The
macronutrient profile of cold-pressed canola cakeufd be analyzed prior to
swine diet formulation. In conclusion, the contesft ether extract was an
important determinant of energy value of cold-peescanola cake; higher
residual oil in the cake increased the DE and Niterd. Processing conditions
greatly impacted the digestible nutrient contentalfl pressed- canola cake and

should be validated using a growth study in pigs.
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Chapter 4. Effect of crude glycerol combined with solvent-extracted or
expeller-pressed canola meal inclusion on growth performance and diet

nutrient digestibility of weaned pigs

4.1 Abstract

Co-products from the canola and biodiesel industrgy be alternative
feedstuffs to reduce feed costs for swine. Soleattacted canola meal contains
little residual oil and thus has low energy conté&xmbining canola meal with
crude glycerol may be a strategy for increasinggneontent of canola meal.
Expeller-pressed canola meal might also be combwagid crude glycerol. In
total, 5 diets were formulated: a soybean meal robrtiet and 4 canola co-
product diets were fed in a 2 x 2 factorial arranget, with the 2 types of canola
meal (solvent-extracted and expeller-pressed) gigrtreplacing soybean meal
and 2 levels of crude glycerol (0 and 5%). In to24l0 weaned pigs (6.3 kg BW;
27 d initial age) were housed in pens of 4 pigs &dl for 28 d. Pen feed
disappearance and individual BW were measured wesld feces were collected
on d 17 and 18. The solvent-extracted and expptiessed canola meal contained
43.7 and 40.4% CP, 2.4 and 10.2% ether extractlamtiand 9.9 % crude fiber
(in DM), respectively. Glycerol contained 49.6 %eather extract (in DM). For d
0 to 28, ADG, and G:F did not differ between théyges of canola meal and 2
levels of glycerol, and did not differ between danoo-product diets and the
control diet. For d 0 to 7, ADFI was 10% high€r< 0.05) for solvent-extracted

than expeller-pressed canola meal diets. For daBtADFI was 6% highe(<
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0.05) for the control than canola co-product di€tycerol inclusion increased (
< 0.05) G:F for the solvent-extracted but not fopaler-pressed canola meal diet
for d 8 to 14. Canola meal type interact&d<( 0.05) with glycerol inclusion for
apparent total tract energy and CP digestibilind ®E content of diets. Glycerol
increasedR < 0.05) energy digestibility by 1% and DE contbgt0.14 Mcal/kg
of DM for the solvent-extracted canola meal dietcontrast, glycerol reduce® (
< 0.05) CP digestibility and increasdd € 0.05) DE content by 0.04 Mcal/kg of
DM for the expeller-pressed canola meal diet. TReaid energy digestibility of
canola co-product diets was lowd € 0.05) than that of the control diet, while
the DE content did not differ. In conclusion, 15%etther solvent-extracted or
expeller-pressed canola meal or in combination wi#h glycerol can partially
replace soybean meal in diets formulated to eqiiabNd SID AA content fed to

weaned pigs from 1 to 5 wk after weaning withotdéeting growth performance.

4.2 Introduction

Feed costs are the highest variable cost of pam#tymtion (Payne and Zijlstra,
2007). Feeding canola co-products may provide dppities to reduce feed
costs. Crude glycerol is a primary co-product afdmesel production (Groesbeck
et al., 2008). Currently, sufficient crude glycemoight be produced for inclusion
in swine diets. A major limitation for inclusion sblvent-extracted canola meal
in swine diets is the available energy content IarCouncil of Canada (CCC),

2009) and adding an energy source such as cruderglyLammers et al., 2007)
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may provide a solution. Mixing of glycerol into exfer-pressed canola meal
might also create an opportunity for a new altevedeedstuff for swine.

Crude glycerol has been evaluated in swine die¢sn@ et al., 1978; Kijora
et al., 1995; Simon et al., 1996; Zijlstra et a009). These studies replaced cereal
grain with crude glycerol that is absorbed by thenogastric gastrointestinal tract
(Tao et al.,, 1983). Adding crude glycerol may haasitive effects on ADFI
(Groesbeck et al., 2008; Zijlstra et al., 2009) amtteased energy digestibility
(Zijlstra et al., 2009). Crude glycerol is a reaslolly source of energy containing
3.21 Mcal/kg of ME for growing pigs (Lammers et, &007). However, research
determining the value of glycerol as an energy Bmpnt and the effect of
glycerol on growth performance of weaned pigs ameitéd. Furthermore,
research combining crude glycerol with solvent-gstied canola meal to increase
energy for weaned pigs has not been conducted.

The hypothesis was canola co-products can be felieis formulated to be
equal in NE and SID AA content to weaned pigs withonpacting growth
performance. The objectives were to measure gr@stformance and apparent
total tract digestibility (ATTD) of energy and Ch weaned pigs fed 4 diets
containing either solvent-extracted or expellerspesl canola meal with or

without crude glycerol in comparison to a soybeaaheontrol diet.
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4.3 Materialsand methods
Experimental Design and Diets

The experimental design was a randomized complieiek lesign with 60
pens divided into 12 blocks according to the vatibh gradient of the room. In
total, 5 diets were formulated including a soybeasal control diet (Table 4.1).
The 4 diets were in a 2 x 2 factorial arrangemeith \& types of canola meal
(15% solvent-extracted or expeller-pressed) andvel$ of crude glycerol (O or
5%). Diets were formulated to be equal in NE an® &ls contents (2.26
Mcal/kg of NE and 1.07% of SID Lys, as fed basiajl d0 meet or exceed
vitamins and mineral requirements (NRC, 1998). Angbluble ash (Celite 281,
World Minerals, Santa Barbara, CA) was includedaasindigestible marker.
Diets were mixed and steam pelleted (70 hp; CPMw@rdsville, IN). Expeller-
pressed canola meal and crude glycerol were soudroed Associated Proteins,
Ste. Agathe, Manitoba, Canada and Milligan Bio-Tdeébam Lake, Saskatoon,
Canada respectively. Solvent extracted canola maslsourced from University

of Alberta feed mill from unknown origin.

Experimental Procedures

The animal protocol was approved by the Universitlberta Animal Care
and Use Committee for Livestock, and followed glirs established by the
Canadian Council on Animal Care (CCAC, 1993). Thedg was conducted at

the Swine Research and Technology Centre at theeksiiy of Alberta
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Table4.1. Ingredient composition of diets (as fed bdsis)

Canola meal
Soybean meal Solvent-extracted Expeller-pressed

Ingredient, % Control - Glycerol  + Glycerol - Gol  + Glycerol
Wheat 62.83 53.05 48.99 56.58 52.52
Soybean meal 15.00 7.50 7.50 7.50 7.50
Canola meal

Solvent-extracted - 15.00 15.00 - -

Expeller-pressed - - - 15.00 15.00
Lactose 10.00 10.00 10.00 10.00 10.00
Crude glycerol - - 5.00 - 5.00
Soy protein concentrate 2.50 2.50 2.50 2.50 2.50
Herring meal 2.50 2.50 2.50 2.50 2.50
Canola oil 2.00 4.50 3.50 1.00 -
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Limestone 1.13 1.00 1.00 1.04 1.02

Mono/dical phosphate 1.10 1.05 1.08 1.00 1.05
Salt 0.50 0.50 0.50 0.50 0.50
L-Lys HCI 0.35 0.35 0.36 0.34 0.35
L-Thr 0.16 0.14 0.15 0.14 0.15
DL-Met 0.09 0.06 0.07 0.06 0.07
L-Trp 0.01 0.02 0.02 0.01 0.01
Vitamin premix 0.50 0.50 0.50 0.50 0.50
Trace mineral premfx 0.50 0.50 0.50 0.50 0.50
Choline chloride 60% 0.03 0.03 0.03 0.03 0.03
Celite 0.80 0.80 0.80 0.80 0.80

lvitamin premix provided per kg of diet: vitamin 8,250 1U; vitamin B, 825 IU; vitamin E, 40 1U; niacin, 35 mg; D-partienic
acid, 15 mg; riboflavin, 5 mg; menadione, 4 mgidaicid, 2 mg; thiamine, 1 mg; D-biotin, 0.2 mgparntamin By,, 0.025 mg.
“Mineral premix provided per kg of diet: Zn, 100 @ ZnSQ; Fe, 80 mg as FeSOCu, 50 mg as CuSOMn, 25 mg as MnS©|,
0.5 mg as Ca(l§),; and Se, 100 mg as p&eQ.
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(Edmonton, Alberta, Canada). In total, 240 weanigg pDuroc x Large White
/Landrace I Genex Hybrid; Hypor, Regina, Saskatchewan, Canadéh an
initial BW of 6.3 £ 0.94 kg and initial age of 27 2d) were used. Pigs were
weaned at approximately 20 d. The study was coedurt 3 rooms that were
equipped with floor level pens (1.1 x 1.5 m) witlagtic flooring and plastic solid
partitions at the front and between pens. One tadjles height nipple drinker was
attached to the back wall of the pen. A multiplaespself-feeder was attached to a
side pen partition. Each room had 20 pens that Wexked across the ventilation
gradient to provide 4 blocks per room that eachiaiored the 5 diets, for a total of
12 observations per diet. Two gilts and 2 barrovesenrandomly selected from
light and heavy BW groups and randomly assignee@dach pen. Experimental
diets were randomly assigned to pen within bloagsmad ad libitum access to
feed and water throughout the study. Individuah@liwas the sampling unit for
weekly BW measurements. Feed disappearance wasiradaseekly and fecal
grab samples were obtained on d 17 and 18. Avetatle gain, ADFI, and G:F

were calculated weekly and for the entire trialgi@h d O to 28).

Chemical Analyses

Diets, ingredients, and freeze-dried feces weramtan a Retch mill (model
ZMI, Brinkman Instruments, Rexdale, Ontario, Canadeer a 1-mm screen.
Diets, ingredients, and feces were analyzed for hthod 930.15; AOAC,
1990), CP by combustion analysis (method 990.03AB02006), ether extract

(method 920.39A; AOAC, 2006), and crude ash (me®#2l05; AOAC, 2006).
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Diets and feces were analyzed for acid insolubte (@¢kinson, 1984) and GE
using an adiabatic bomb calorimeter (model 500&;Werke GMBH & Co KG,
Staufen, Germany); benzoic acid was used as aathn@anola meals and diets
were analyzed for crude fiber (method 978.10; AOARDP6), ADF (method
973.18; AOAC, 2006), and NDF (Holst, 1973). Dieteras analyzed for AA
(method 982.30E; AOAC 1990) and available Lys (rodtB75.44; AOAC 2006)
at University of Missouri, Columbia, MO. Glycerolag analyzed for Na and K
(method 956.01; AOAC 2006) and Cl (method 9.15%43.01; AOAC 2006).
Total glucosinolates content was determined by @G&yais using the method of
the Canadian Grain Commission method developed bsnkely and Fenwick
(1980) and modified by Daun and McGregor (1981P&S Pilot Plant Corp,

Saskatoon, SK, Canada.

Statistical analysis

Pen was the experimental unit. Data was analyzied) (FROC Mixed in SAS
(SAS Inst. Inc., Cary, NC). Initial BW was usedasovariate for ADG, ADFI
and G: F. Diet was the fixed effect in the moded &fock was the random effect.
For the whole study, data were analyzed as repeagedures analysis and week
was the repeated term. Bayesian information cotewas used to determine the
best variance covariance structure for the repeatethsures (Wang and
Goonewardene, 2004). Canola co-product means weitgzed as 2 x 2 factorial
design having 2 canola meal types and 2 leveldyalegl and their interaction.

Soybean meal control diet was compared to the élaato-products diets as a
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group with a pre-planned contrast. Treatment meaase separated by the
probability of difference by using LSMEANS and PPBlKtatements in case an
interaction between the main factors occurred. dbdfices were considered

significant if P < 0.05.

4.4 Resaults
Solvent-extracted canola meal contained 3.27% r@¢te1.52% more crude
fiber, and 7.81% less ether extract than EP canwal (Table 4.2). Crude

glycerol contained 49.58% ether extract (DM basis).

Table 4.2. Analyzed nutrient composition of canola co-proguy@M basis)

Canola meal Crude
Nutrient, % Solvent-extracted Expeller-pressed celgl
CP 43.71 40.44 0.85
Ether extract 2.43 10.24 49.58
Crude fiber 11.38 9.86 -
Crude ash 8.02 7.25 10.76
ADF 20.55 16.65 -
NDF 32.89 25.68 -
Total glucosinolates, pmol/g 2.69 7.79 -

Crude glycerol contained 0.02% Na, 3.36% K, anav& not detected.

The CP and AA content was consistent among canela diets, with a lower CP and total
Lys content for the soybean meal control diet (€ahB). The ether extract content was higher for
diets with than without glycerol, and higher folvent-extracted than EP canola meal diets, and

was lowest for the soybean meal control diet.
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Table 4.3. Analyzed nutrient composition of diets (DM babis)

Soybean meal

Canola meal

Solvent-extracted

Expeller-pressed

Nutrient, % Control - Glycerol + Glycerol - Glycg + Glycerol
Moisture 10.45 11.15 10.25 9.95 10.34
GE, Mcal/kg 4.36 4.54 4.65 4.42 4.50
CP 21.86 22.26 22.03 23.00 22.71
Ether extract 3.81 6.45 8.07 4.26 5.60
Crude fiber 2.32 3.70 3.51 3.25 3.44
Crude ash 6.59 6.74 6.83 6.53 6.87
ADF 4.03 6.42 6.17 6.19 6.05
NDF 14.45 20.46 22.30 25.00 17.96
AA

Ala 0.86 0.93 0.91 0.90 0.93

Arg 1.26 131 1.30 1.28 1.33

Asp 1.73 1.67 1.68 1.64 1.72
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Cys 0.31 0.38 0.38 0.39 0.42

Glu 4.40 4.49 4.29 4.43 4.45
Gly 0.92 1.02 1.01 1.00 1.03
His 0.50 0.54 0.53 0.53 0.55
lle 0.86 0.89 0.85 0.89 0.91
Leu 1.51 1.59 1.56 1.54 1.61
Lys 1.32 1.42 1.42 1.34 1.41
Met 0.31 0.37 0.37 0.36 0.38
Phe 0.97 0.98 0.96 0.97 0.99
Pro 1.36 1.44 1.40 1.42 1.43
Ser 0.84 0.90 0.95 0.87 0.91
Thr 0.83 0.90 0.95 0.87 0.93
Trp 0.31 0.29 0.29 0.31 0.30
Tyr 0.60 0.62 0.60 0.60 0.60
Val 0.98 1.07 1.04 1.05 1.09
Total 19.98 21.01 20.72 20.60 21.19
Available Lys 1.26 1.33 1.34 1.28 1.34
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Canola meal and glycerol did not interact for AD@&idg any period of the
study (Table 4.4). Canola meal type and glycerdlrbt affect ADG. The ADG
of pigs fed canola co-product diets did not difiem pigs fed the soybean meal
control diet.

For d 0 to 28, canola meal and glycerol did noe&ffADFI or interact for
ADFI (Table 4.4), similar for d 15 to 21 and d 22 28. Pigs fed canola co-
products diets had a 6% lowdP & 0.05) ADFI than pigs fed soybean meal
control diet. For d 0 to 7, ADFI was 10% high@r< 0.05) for pig fed solvent-
extracted than EP canola meal diets. For d 8 tocadpla meal and glycerol
interacted P < 0.05) for ADFI. Glycerol in the solvent-extradteanola meal diet
reduced P < 0.05) ADFI by 12% while inclusion of glycerol ithe expeller-
pressed canola meal diet did not affect ADFI.

For d 0 to 28, canola meal and glycerol did no¢efiG:F or interact for G:F
(Table 4.4), and G:F of pigs fed canola co-prodliets did not differ from pigs
fed the soybean meal control diet, similar for @, 15 to 21, and 22 to 28. For
d 8 to 14, canola meal and glycerol interacted<(0.05) for G:F. Glycerol in
solvent-extracted diets increased € 0.05) G:F by 21% while inclusion of
glycerol in the EP canola meal diet did not afl@dt.

Canola meal and glycerol interacted for energy @rddigestibility and DE
content (Table 4.5). Specifically, glycerol reduc@d< 0.05) CP digestibility by
3% for the EP canola meal diet, but increadea (0.05) energy digestibility by
1% for solvent-extracted canola meal. Glycerol@ased DE content by 0.14 and

0.04 Mcal/kg of DM for solvent-extracted and EP @lanmeal diets, respectively.
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Table 4.4. Effect of canola meal and glycerol on growth perfance of weaned pibs

Soybean Canola meal P-value
meal Solvent-extracted Expeller-pressed Cont©anola Glycerol Meal x

ltem Control - Glycerol + Glycerol - Glycerok Glycerol SEM vs. Rest meal Glycerol
ADG

dOto7 0.270 0.272 0.252 0.268 0.256 0.025 0.759.999 0.494 0.866

d8to 14 0.419 0.400 0.427 0.391 0.380 0.023 30.450.236 0.751 0.455

d15to 21 0.528 0.512 0.475 0.471 0.503 0.026 740.1 0.800 0.940 0.228

d 22 to 28 0.650 0.595 0.638 0.651 0.635 0.021 610.3 0.227 0.540 0.205

dO0to 28 0.469 0.445 0.448 0.445 0.443 0.013 @.150.870 0.956 0.860
ADFI

dOto7 0.286 0.303 0.295 0.285 0.257 0.011 0.896.016 0.108 0.394

d8to 14 0.555 0.585 0.470 0.516" 0.540 0.021 0.056 0.267 0.371 0.035
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d15to 21 0.757 0.743 0.741 0.710 0.699 0.032 0.292 0.209 8290.

d22t028 1.022 0.931 0.961 0.950 0.986  0.026 0.017  0.450 2510.
d0to 28 0.655 0.624 0.606 0.616 0.619  0.017 7.030.909  0.642

G:F
dOto7 0.945 0.914 0.878 0.945 1.006  0.087 0.912.315  0.868
d 8to 14 0.758 0.782  0.909 0.76% 0.706  0.041 0.598 0.027 0.233
d15t021 0.704 0.695 0.650 0.658 0.731  0.031 0.502  0.466 6540.
d22t028 0.637 0.644 0.664 0.688 0.644  0.020 0.215  0.543 5830.
d0to 28 0.711 0.713 0.741 0.720 0.718  0.008 2.180.323 0.115

0.887

0.930

0.573

0.579

0.018

0.074

0.134

0.094

#Means within the same item with the same supetsetiigr are not differenf(> 0.05).

Twelve pen observations per diet. Treatment meaneeported as least squares means.
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Table4.5. Apparent total tract (ATTD) CP and energy digdltipand DE content (Mcal/kg; DM basis) of diéts

Soybean Canola meal P-value
meal Solvent-extracted Expeller-pressed Contf@hnola Glycerol Meal x
Item Control - Glycerol + Glycerol - Glycerol + Glycerol SEM vs. Rest meal Glycerol
Digestibility, %
CcP 77.87 73.92  76.18F 76.82 73.72 107 0.007 0.818 0.662 0.009
Energy 84.05 80.95 81.96 80.98 80.54 041 <0.001 0.019 0.339 0.020
DE content 3.66 3.67 3.8F 3.5¢ 367 0.02 0523 <0.001 <0.001  0.002

29vieans within the same raw with the same superdetiigrr are not differenf(> 0.05).

Twelve pen of 4 pigs per diet. Treatment meanseperted as least squares means.
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Digestibility of CP and energy of the soybean meattrol diet was 3.5%
higher P < 0.05) than the canola co-product diets; howether DE content of the

soybean meal control diet did not differ from canob-product diets.

4.5 Discussion

In western Canada, canola is a major cash cropowAoly processing for oil
extraction and subsequent biodiesel productionaraay of canola co-products
will be available for incorporation into swine diefThe capacity for oil extraction
is increasing in western Canada and biodiesel mtamiufrom renewable energy
sources has experienced explosive growth (Kerrl.et2807) to reduce the
dependence on petroleum-based fuel products antceetheir environmental
footprint (Hill et al., 2006). Canola co-productavie been used in swine diets
with varying success. Canola meal may reduce grpe&tformance in young pigs
(Mcintosh et al., 1986), in part due to feed inta&sponses or by feeding diets
formulated using DE that did not rank canola meabprly to other feedstuffs.
Grower-finisher pigs fed expeller-pressed canolaalmean maintain G:F
(Seneviratne et al., 2009), but excess may rediel And thereby ADG. Crude
glycerol is a principal canola co-product of bis#keproduction (Ma and Hanna,
1999; Van Gerpen, 2005; Thompson and He, 2006l W8t g of crude glycerol
generated for every 1 L of biodiesel produced (Thsom and He, 2006). The
increasing capacity of canola crushing and biodlipseduction in Canada will

provide ample opportunities to use canola co-prteduncswine diets.

141



The use of solvent-extracted canola meal is limitedwine diets due to its
lower content of available energy and AA than seybmeal. The energy content
of crude glycerol is higher than canola meal, andle glycerol, as energy source,
may play an important role in meeting the energgdseof pigs (Lammers et al.,
2007). Therefore, adding glycerol to solvent-exdccanola meal may create a
feedstuff combination for use in swine diets, alijio some oil still needs to be
added to meet the energy needs of the young pignb@ang crude glycerol and
expeller-pressed canola meal may also be possiblee expeller and biofuel
processing plants are co-located. In the presewtystADG and G:F of weaned
pigs fed with combinations canola co-products anybean meal control diets did
not differ, indicating that the feeding of canola-mroducts is a worthwhile
pursuit.

Crude glycerol is not a purified feedstuff and ncaytain variable amounts of
other components. The crude glycerol in the presenty contained 1.24 %-units
less Na and 3.35%-units more K than glycerol fratreo studies (e.g., Lammers
et al., 2007), indicating that different salts awsed during the biodiesel
production process. Furthermore, the used in tlesgmt study contained 49.6%
ether extract, crude glycerol in previous researghtained 13.1% (Thompson
and He, 2006), and more purified glycerol contaif@d2% ether extract
(Lammers et al., 2007), indicating that compositadrcrude glycerol may vary
widely. Thus, knowing the composition of the spiecliatch of crude glycerol

prior to feed formulation is important to ensuregictable growth performance.
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In the present study, ADG for the total study peneas lower than achieved
in other recent studies. For example, in corn aybsan meal-based diets, ADG
was 0.570 kg/d (Groesbeck et al., 2008). In a rtestrdy in the same facility,
ADG was 520 to 560 g/d using wheat-based diets. fdoed, these results
indicate that growth performance of pigs in thesprég study was 10% below
expectation; reduced animal health was not observed

In the present study, ADG and G:F was similar fer soybean meal control
and canola co-product diets for d 0 to 28. Pigsciatbla co-products diets ate 6%
less than pigs fed soybean meal control diet. S¢wexplanations are possible.
First, canola co-product diets contained 60% mdanereextract than the control
diet. Increased dietary fat may reduce ADFI of @i§gain, 2001) in part because
pigs eat to meet their energy requirement (NRC8)198econd, the presence of
glucosinolates in the diet may reduce feed intaleetd its bitter taste (Fenwick et
al., 1982). Glucosinolates content of solvent-ested and EP canola meal diets
used in the present study was 2.7 and 7.8 pumeagpectively (Table 4.2). These
levels were above the 2.5 pmol/g of tolerance le¥gjlucosinolates (Bell, 1993;
Schone et al., 19974, b).

The addition of canola meal in the diets considgrairreased fiber content
compared to the soybean meal diet. Fiber is knamweduce digestibility of CP
(Eggum, 1995) and AA (Grieshop et al., 2001). Theduced CP and energy
digestibility could be due to increased fiber comtén canola co-products.
Degradation of fiber in the swine intestine depewndssource of fiber, other

available nutrients, and microbial population rexydin the hindgut (Varen and
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Yen, 1997) and VFA produced by microbial populatcam supply about 30% of
the maintenance requirement of the pig (Rérat et 1087). However, the
efficiency of utilization of dietary energy decreaswith more fiber in the diet
(Noblet et al., 1994). The increased content ofafad therefore DE content in
canola co-product diets counteracted the negaitbez €ffects on energy and AA
utilization to some extent.

Overall, feed intake did not differ between the ypeis of canola meal;
however, ADFI was 9% higher for d 0 to 7 for pigsl fsolvent-extracted canola
meal than pigs fed expeller-pressed canola medbk.didegative effects of
glucosinolates on animals are relative to its djetaoncentration (Tripathi and
Mishra, 2007). Based on feedstuff analyses (Tald§ desidual glucocinolates in
the solvent extracted canola meal diets was lowan tin the expeller-pressed
canola meal diets (0.40 vs.1.17 pumol/g). The redufsed intake of diets
containing glucosinolates is due to the presena@nagrin and progoitrin, as both
glucosinolates are associated with bitter tastewiiek et al., 1982). Expeller-
pressed canola meal diets contained less ethexcesind less free canola oil as a
specific feedstuff than the solvent-extracted camokal diet, but contained more
residual canola olil still bound inside the feedstBerhaps, pigs may eat more of
free canola oil than oil bound to the meal. ThehbigDE content for the solvent-
extracted than expeller-pressed canola meal dieticdted that the extra GE
added as canola oil to the solvent-extracted camaal was digested well. Pigs
do not use the oil in canola seed as effectivelythey used free canola oil

(Thacker, 1998).
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In the present study, adding 5% glycerol by rdptaavheat as an energy
source did not affect growth performance. Crude@lyl in swine diets did not or
marginally affected growth performance in a ranfeswine studies (Mourot et
al., 1994; Kijora et al., 1995, 1997; Kijora and gsagh, 2006). Adding crude
glycerol may have positive effects on ADFI (Groeadbet al., 2008; Zijlstra et al.,
2009). Even up to 10% glycerol did not have negateffects on growth
performance of grower finisher pigs (Lammers et2007) indicating that crude
glycerol can serve as energy source for pigs wigxisting logistical and feed
processing constraints.

Adding crude glycerol by replacing wheat enhanaselgy digestibility of the
solvent-extracted canola meal diet. This diet aoeth 1.62% more ether extract
with glycerol than without (DM basis). Solvent-eagtion of canola oil is
practiced using a solvent (hexane) to maximize redovery from the seed
(Leming and Lamber, 2005). Therefore, residualcoihtent is very low and by
adding a more available energy source as glyc&meir (et al., 2007), the energy
content of diets containing solvent-extracted canwmleal can be enhanced to
partially counteract the low energy content, makiagola meal a more attractive
feedstuff in feed formulation for swine. Inclusiohcrude glycerol increased the
DE content of the solvent-extracted canola medl digh a smaller effect for the
expeller-pressed canola meal diet. In the solvetrteeted canola meal diet,
adding of 5% glycerol provided extra DE, becaustae6E was provided and
energy digestibility was increased. In contrast, @Btent was slightly increased

energy digestibility was not altered for the expefpressed canola meal diet.
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Adding crude glycerol reduced CP digestibility feP canola meal in the
present study. The EP canola meal diet with glyceootained 6% more crude
fiber than without glycerol. The inverse relatiortlween fiber content and
digestibility of CP has been well established (&mn&p et al., 2001). For example,
increasing either soluble or insoluble non-starolygaccharide by 3% reduced
the apparent total tract apparent digestibilityG#t (Bach-Knudsen and Hansen,
1991). Furthermore, glycerol may stabilize protia thereby make protein more
resistant for denaturing (Feng and Yan, 2007). dfoee, reduced CP digestibility
might be due to the protein stabilizing effect bfcgrol.

In summary, canola co-product diets resulted in A& G:F as similar to
soybean meal control diet for ADG and G:F, eveuginADFI was 6% lower for
pigs fed canola co-products diets. For the solesmtacted canola meal diet,
adding 5% glycerol provided extra DE and increaseergy and CP digestibility.
Crude glycerol can thus be added to solvent-ex@dacanola meal to enhance the
energy content. In conclusion, 15% of either saheiracted or expeller-pressed
canola meal, or in combination with 5% glycerol caartially replace
conventional soybean meal in diets formulated tcegeal in NE and SID AA
content fed to weaned pigs from 1 to 5 wk after nieg without affecting growth

performance.
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Chapter 5. General Discussion

In an effort to reduce dependence on petroleumebdsel products and
reduce their negative impact on the environmenlil @dial., 2006), production of
biodiesel from renewable energy sources has expatieexplosive growth (Kerr
et al., 2007). The canola crushing industry in eestCanada is expanding and
will produce more co-products that will be marketedthe livestock industry.
Furthermore, the biodiesel industry in Canada wasnpted by the Canadian
federal and provincial governments with the objexgi of reducing dependence
on petroleum-based fuel and green house gas emissmproving rural
development and enhancing and stabilizing farmnreoand thus represents an
additional economic opportunity for agriculture @Ra 2007). The biodiesel
industry based on canola complements the existmgla crushing capacity for
canola oil for human consumption. The main co-potslwf canola crushing for
the biodiesel industry are canola meal and glycé@&l Biofuels Canada and
Saville, 2006). These co-products are of high edkeras potential alternative
feedstuffs for swine to increase global feed coitipehess. Therefore, the canola
and biodiesel industries open up opportunitiesther livestock industry to use
canola co-products to develop cost-effective feggrograms. Characterization
of the nutritional quality of co-products followdxy validation utilizing growth
performance experiments is required for use in ewdnet formulation. The
animal work conducted in this thesis is specificdlbcused to address this

knowledge gap.
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In Chapter 2, the EP canola meal was nutritionalaracterized; then
inclusion of increasing levels of EP canola meak vimvestigated in grower-
finisher pigs in diets formulated using NE and SAB determined previously.
The EP canola meal contained dietary energy partilye form of residual oil and
also contained AA that were digestible, resultimgan interesting digestible
energy and AA profile. Therefore, the thesis hypsth that EP canola meal
contains valuable energy and AA was accepted.\alidation study, 1,100 pigs
were housed in 50 pens and fed 5 dietary regim#s imcreasing and gradually
reduced levels of EP canola to measure growth anchss characteristics and to
validate that the use of the NE system predictgoerédnce and the NE value of
EP canola meal. Overall, increasing dietary EP leameal linearly decreased the
ADG and ADFI and linearly increased the G: F. Teéduced ADFI indicated that
even though diets were formulated to equal NE cantggowth performance may
differ because a reduced feed intake due to factbwsr than energy in the diet,
such as residual anti-nutritional factors. Dietghycosinolates caused metabolic
disorders such as gastro intestinal tract and hypiotrophy that in turn increased
the maintenance energy requirement of the pig tialy reduce growth
performance. Therefore, the hypothesis that feeiRgcanola resulted in equal
performance was rejected, although carcass chasdicte were not different. The
reduction in ADFI for the EP canola meal diets panhaps be compensated by
using increased dietary AA to ensure that AA intekmaintained. In conclusion,
EP canola meal is a valuable feedstuff to consiuewine feed formulation, but

there are risks to use this alternative feedshat should be managed carefully.
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In Chapter 3, the effect of processing conditionghe nutrient digestibility of
cold-pressed canola cake was investigated usingalBBla meal and canola seed
as comparisons. On-farm, canola oil extraction ¢sthy done by cold pressing
and cake quality is greatly affected by processingditions (Van Barneveld,
2008). To have representative samples of cold-pdesanola cake, 4 processing
conditions were applied using 2 speeds of the pradswith or without external
heat applied. Cold-pressed canola cake contains nesrdual oil than EP canola
meal and solvent-extracted canola meal, and e#tigact content of cold-pressed
canola cake varied from 12 to 27% among procesingitions. The application
of heat and speed during oil extraction interacted nutrient digestibility,
indicating that friction and heat affect energy edigbility using different
mechanisms. Cold-pressed canola cake is a goodesotidietary energy having
a content of NE in the range of 1.82 to 3.28 M@(RM basis) and SID Lys in
the range of 0.65 t01.10 % (in DM) depending onglecessing conditions used.
Therefore, the thesis hypothesis that cold-presmlaacake is an acceptable
feedstuff was accepted.

In Chapter 4, combinations of canola co-producteevetudied in comparison
to soybean meal fed to weaned pigs. Solvent-extacdanola meal contained less
residual oil than EP canola meal and cold-presaedla cake. A major limitation
of the value and inclusion of solvent-extractedotarmeal in swine diets is the
available energy content (CCC, 2009). The additcdncrude glycerol was
beneficial. Interestingly, growth performance duwt differ among the canola co-

product diets and not even in comparison with tllgbean meal control;
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indicating that canola co-product may play a maogaiicant role in the feeding
of young pigs compared to current practice. Theokygsis that diets containing
canola co-products can be fed in diets formulatecequal NE and SID AA
content to weaned pigs without effects on growttiggmance was thus accepted.
Overall, growth performance was not excellent. Thsts contained 15% canola
meal where only 5% is recommended for weaned p§3Q, 2009) but other
reasons must have played a role as well, becaug@mpance was not different
from pigs fed the soybean meal control.

In summary, the present thesis fills some of thisteyg gaps in the lack of
knowledge about the nutritional quality of canotaproducts for swine. For the
canola industry and associated biodiesel industhe work conducted is of
importance because the pork and feed industry Hmeen identified as an
important market for the increasing volumes of codoicts produced. The new
technical information in this thesis will supporaisions for risk management,
feed formulation, and placing an economic valughenco-products. For the pork
industry, the detailed characterization of the itiotral value of co-products from
the canola and biodiesel industry creates largeomppity to use these co-
products as alternative feedstuffs to enhancedhgetitiveness of this industry.

In general, 3 studies were conducted in well; havelimitations were
identified. Diets of the highest inclusion levelE®P canola meal were formulated
to 22.5% EP canola meal; however, inclusion lewel this regime had to be
reduced to 18% to counter the lower feed intakeh@ regimen during phase 1.

This resulted in unequal spacing by having 18,715,and 0 % EP canola meal in
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the test feeding regimens that had to be corrdotedNutritional characterizations
of alternative feedstuffs are first carried ouindividually-housed pigs. However,
the nutritional values should be validated in grtvgpised pigs with free access to
feed. This is an important component of researchthtd use of alternative
feedstuffs. Another important control for the studguld be a sample of solvent-
extracted canola meal. We could only analyze favl jlat sample, because we
could not reduce economic value of the carcass.éadew analysis of fatty acid
profile of belly fat might have given the betterdenstanding of impact of high
inclusion of EP canola meal on processed meat ptedidror Chapter 3, the
processing of cold-pressed canola cake was timeaxdimg. Specifically,
processing condition at speed 2 and without heplicgtion only produced 0.4
kg/hr of cold-pressed canola cake. Parent canatdssef cold-pressed canola
cake and EP canola meal were different and thisonsafor differences in some
variables could not be fully explained. Effect nfaraction of barrel heating and
speed on oil removal was not fully explained witlrrent data, but electronic
microscopy images might help. In Chapter 4, thaderglycerol was obtained
from the producer and was not analyzed for its amsitpn prior to feed
formulation. We assumed that the composition waslai to previous batches
from the same producer that we have used. The gnratge of glycerol found in
the literature was used in feed formulation; howettee energy value of glycerol
may vary drastically with changes in compositioesiRual compounds such as
methanol, ethanol, Na, and K; the most importaapswontent in crude glycerol

may also affect growth performance, and these weteconsidered during feed
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formulation. The seed used to produce cold-press@wla cake of the present
study was heated and moldy that indicated thatdéesroould use off-grade canola
seeds for cold-pressing and still the cake wouldabeacceptable feedstuff. To
have more efficient oil extraction, heating of seed farm level and different
screw configuration are suggested.

In future studies, cold-pressed canola cake coallthdluded in diets for
grower-finisher pigs to validate its suitability smvine diet formulation. Very few
studies have been conducted to evaluate the cotigposf cold-pressed canola
cake; therefore, the effect of cold-pressed cacaka on growth performance and
carcass characteristics should be investigatedh&umore, a representative
sample of cold-pressed canola cake could be stddraohpact of high fat and
fiber diets on carcass and pork quality. Expandedyaes on NSP of EP canola
meal and cold-pressed canola meal is suggestedd®dae various types of
polysaccharides in canola which individually orleotively could influence the
nutritive value of the meal (Slominski and Camphb&890).

Few data on the chemical composition of crude gbldeave been published.
Furthermore, limited work has been completed onlifee crude glycerol as an
energy-supplying feed ingredient in pig diets. #dlem to indicate that logistical
and not biological limitations will be the main araints for inclusion into feed.
Crude glycerol is not currently an approved feedredient in Canada. The
quality of crude glycerol is highly dependent ooility and therefore, quality of
crude glycerol should be assessed in any futuearel experiment. Methanol is

poisonous at low concentrations and may cause wiletallisorders and
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blindness. Future research to ensure the safetigenfing crude glycerol and
identification of specific analyses may facilitatgproval as feedstuff before
recommending crude glycerol as a competitive enstgpplying feed ingredient

for swine in Canada.
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Appendix 1
Equation for digestibility and Explanation of DE and NE content
calculations

The AID AA was determined by quantifying the nuttientake in feed and
digesta at terminal ileum. Digesta collection wastnicted for 10 h and thus
indigestible marker was included in the feed. Tfeee marker concentration in
feed and digesta was determined and values wesitsiiddd for the following
equation.

AID =[1- (AAg4/ AA¢) X (Cr/ Crg)] x 100% [Eq. (2) of Stein et al., 2007]
where AID is the apparent ileal digestibility of am (%), AAg and AA are the
concentration of that AA in ileal digesta and fégtkg of DM), respectively, and
Crg and Cy are the GiOs; concentration in the ileal digesta and feed (@kBM),
respectively.

The IAAcnq Of each AA was determined based on the AA valuedeal
digesta of pigs fed with N—free diet and was caltad using following equation.

IAA eng = [AA4 X (Cr / Cry)] [EQ. (3) of Stein et al., 2007).

where 1AAenqis the basal ileal endogenous loss of an AA (gkDMI).

By correcting the AID that was calculated for ed@oh of each test diet for
IAA .ng the standardized ileal digestibility (SID) value®re calculated using
following equation.

SID = [AID + (IAA¢ng/AA¢) x 100], [Eq. (7) of Stein et al., 2007).
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where SID is the standardized ileal digestibilifyaa AA (%).

SID AA content in the ingredient was calculatedal®ws;

AA content in the ingredient x SID % = SID AA conten the ingredient
AID and total tract energy digestibility of expeemtal diets were calculated
using equation Eq. 3 of Stein et al (2007) subtstiduenergy values instead AA.

AID and total tract digestibility of a nutrient wasorrected for other
ingredients that contribute same nutrient and wasutated using following
equation.

AID, % of nutrient = ((TX Dny) — R X Dnd (P))
where Tis the sum of percentage of the sources contngut the nutrient in the
test diet, B is the calculated digestibility of the nutrienttive test diets, Hs the
percentage of the other contributing sources ferrtlitrient of concern, [Ris the
digestibility percentage of the nutrient in otheuces and Pis the percentage of
the ingredient in the test diet.

DE content in the ingredient was calculated a®vad!;

GE content in the ingredient x ATTD = DE contentloéd ingredient

NE content in the ingredient was calculated a®vad!;

NE = 0.703 x DE — 0.0041 x CP + 0.0066 x EE — 0100€F + 0.0015 x ST
(Noblet et al., 1994).
where, EE is ether extract, CF is crude fiber afdisSstarch content of the

ingredient
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Appendix 2

Composition of cold-pressed canola meal samplesin DM basis

Crude Crude
Plant Condition Moist CP fat fiber Ash NDF Ca P
CIGI cold / speedl 9.51 33.31 15.27 8.08 5.53 18.720.54 0.86
cold/ speed2 9.11 3210 17.11 7.65 5.49 18.70 4 0.50.84
cold / speed3 9.01 31.13 18.67 7.79 5.35 17.37 3 0.50.83
cold / speed4 8.80 36.80 20.39 7.51 5.21 17.44 1 0.50.79
cold / speed5 8.59 31.01 21.28 6.39 5.19 17.72 1 0.50.81
cold/ speed6 8.36 30.32 21.64 5.91 5.23 17.61 0.50.82
heat/ speedl 5.84 29.34 26.01 6.16 5.08 20.25 0.49.75
heat / speed2 6.20 30.46  23.89 7.51 5.22 19.39 1 0.50.80
heat/speed3 6.51 30.62 22.69 7.81 5.28 18.05 0.9382
heat /speed4 6.79 30.68 22.08 8.07 5.28 19.41 0.9282
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heat/speed5 7.09 31.14  21.48 7.90 5.34 18.04 0.5182 0
GFC 6.18 32.93 12.32 8.57 6.27 27.24 0.64 0.99
Ecoseeds Cold press extruder (comet type),

One time through 6.28 2590 3242 7.18 4.38 15.700.42 0.65
Wineglassranch  With about 6 mm die opening

No. 1 canola seeds 8.72 26.6 27.72 5.93 5.31 17.830.48 0.77

Cold press extruder (comet type),

One time through with about

6 mm die opening, off grade canola 6.1 30.42  21.257.13 5.58 38.54 0.52 0.92

5 tons cold screw press (Chinese)

off grade canola seeds 8.65 31.10 15.12 6.87 5.6982.64 0.53 0.90
Camelina meal 789 3245 18.16 8.75 4.48 31.31 0 0.30.74
Associated
Protein 4.67 36.42 12.51 9.05 6.64 21.39 0.54 1.01
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Wineglassranch No 1 canola seeds 6.93 1951 4592.86 4 3.85 20.49 0.34 0.56

Off grade canola seeds 4.69 18.15 49.22 6.75 3.4230.05 0.29 0.50
Camelina seeds 6.25 23.56  38.28 7.27 3.26 32.11 2090. 0.527
Bifrostbio 13.52 37.42 20.18 7.09 6.26 17.65 0.571.10

CIGI- Canadian International Grain Institute- Resvikirk —rnewkirk@cigi.ca;GFC- Gowans Feed Consultancy — Malacky

Young —malackyy@telus.neEcoseeds - Adam LalLiberteeeoseeds@telusplanet.nédtineglassranch - Parker , CO - Judy Bowcott

/Ken Herlinveaux - wineglassranch@abnorth.com paiged Protein - Manitoba - Robert Teffaine - T#4) 882-2565 ext 225;

Bifrostbio - Manitoba - Roy Eyjolfson - info@bifrtésso.com - TP: 204-376-3075.

165



Appendix 3

Final Presentation

Nutritional Characterization of Canola
Co-products for Swine

Ruwani Seneviratne

Introduction

« Canola — major oil seed crop in Canada
— 9 million tonnes/yr
— 50% crushing in Canada

Increased canola crushing capacity
— Qil - Human food, feedstock for biodiesel
— Canola meal — livestock feed

Different processing technology

Flow Chart of Canola Crushing and Biodiesel Process

ing

(ccc, 2009)

Introduction

Expeller-

Solvent- Cold-

Extraction | | Extraction Pressing IAlcohol ‘ |Catzlvst ] [chummcd oil ]
)| Animaitat/ Transesterification
[ Canol Oil | Vegetableoil Reactor

Co-products Availability
— 2.4 million tonnes/yr canola meal

— 0.24 million tonnes/yr EP canola meal

[ centrifuge |—f Crude Biodiesel |

Canola
Pressed
Cake

Canola || EPCanola
Meal Meal

Glycerol / Alcohol

Biodiesel

Necessity for alternative markets

Feed costs are the highest variable cost of

Crude Glycerol

Adapted from BBI Bio fuel Canada and Saville, 2006

pork production  (payne and zijstra, 2007)

Co-products: potential alternative feedstuffs

o

A
&2

Gap in Knowledge

» Co-products characterization
— Nutritional quality

— Economic value

» Validation

— Growth performance study

Thesis - Hypotheses

.

EP canola meal (Study 1)
— Good source of energy and AA
— No detrimental effects on growth and carcass quality

.

CPCC (Study 2)
— Good source of energy and AA
— Nutritional quality varied with processing conditions

.

Canola co-products + Glycerol  (Study 3)
— No detrimental effects on growth of weaned pigs
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Study 1

.|
_

5 e

Nutritional Value of Expeller-Pressed

Canola Meal for Grower-Finisher Pigs

Journal of Animal Science ( Submitted)

Introduction

EP canola meal
— Oil and energy content
— Protein source

At 12 to 18% in grower-finisher pig diets  randetal,
2001)

Higher ME than solvent-extracted canola meal
(Smulikowska et al. 1997, 2006)

* Residual canola oil unsaturated  (Rowghanietal., 2007)

S
s %

&, Flow Chart of Expeller Pressing

Seed Storage

Pre Heating

<
<K=

(Adapted from Leming and Lember, 1999)

SR 2,

@a‘ Gap in Knowledge

> Ui

« Limited info about nutritional value of EPCM

« EPCM - not intensively studied in swine

Hypotheses

EPCM had a valuable energy and digestible
AA content

Feeding EPCM would reduced feed cost,
and resulted in equal growth performance if
diets formulated using NE and SID AA

Potential changes in carcass and fat quality
characteristics could be mitigated by
feeding decreasing graded levels of EPCM

or

@’ Objectives

e
»

* To determine the DE content and digestible
AA profile of EPCM sample  (Exp. A)

» To evaluate the growth performance and
carcass characteristics  (Exp. B)
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Materials and Methods

Exp. A - Digestibility Study

* 6 ileal-cannulated barrows (36 kg)
* N free diet and EPCM diet

* EPCM - sole source of CP and AA
* N-free diet

— Estimate basal ileal endogenous losses of CP and
AA (stein et al., 2006)

— Control for energy digestibility
» Chromic oxide as an indigestible marker

AR
@g Ingredient Composition of Diets
(Exp. A)

Ingredient, % EPCM diet N-free diet
Cornstarch 48.63 85.32
EPCM 44.00 -
Sugar 2.85 5.00
Solka floc - 3.00
Canola oil 1.14 2.00
Limestone 1.50 1.00
Mono/dical phosphate - 1.20
Salt 0.50 0.50
Mineral & Vitamin premix 1.00 1.00
Chromic oxide 0.38 0.38
KCO, - 0.50
MgO 58%Mg - 0.10

Materials and Methods

Exp. A Digestibility Study

* Two equal meals at 0800 and 1600
» Free access to water

« 5-d acclimation to experimental diets
» 2-d collection of feces

« 3-d collection of ileal digesta

v o

IR
&' Chemical Characteristics of EPCM

(Exp. A; DM Basis)

Item EPCM  Canola Meal *
GE (Mcal/kg) 5.03 461

CP 38.5 39.6
Ether extract 13.3 3.9
Crude fiber 7.7 14.0

Total Glucosinolate (umol/g) 23.2 7.2

INRC, 1998; Sauvant et al., 2004

5’@%
Q24 DE and NE Content and SID Content of AA

(DM basis)
Item EPCM CanolaMeal ! SBM!
DE (Mcal/kg) 3.77 3.20 3.92
NE (Mcal/kg) 2.55 1.79 2.17
SID Lys (%) 1.77 1.80 2.83

Available Lys (%) 2 1.52 - -

INRC,1998
2AOAC Official Method 975.44, 2006

;w‘ Exp. B - Performance Study

« At Drumloche Research Farm ( Alberta, Canada)
¢ 1100 pigs (22.6kg; Duroc x Landrace/Large white)
« 50 pens (in 5 blocks of 10); 22 pigs per pen
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Exp. B - Performance Study

« 5 feeding regimens 0,7.5,15, 22.5% and
decreasing graded levels of EPCM

Grower 1 and 2 Diets

(Exp. B)

Grower 1, % EPCM

Grower 2, % EPCM

¢ 4 phases — Grower 1, 2, 3, and Finisher Ingredient, % 0 75 15 25 0 75 15 225
Wheat 346 308 269 254 347 309 270 225
EPCM %25 Corn 300 300 300 300 350 350 350 350
0 (Control) EPCM - 75 150 225 - 75 150 225
20 a75 Wheat:corn DDGS 150 150 150 150 150 150 150 150
s Soybean meal 158 117 77 60 s 75 34 -
® Tallow 10 14 18 20 03 07 11 16
10 w225
®Graded Calculated nutrients
5 NE Mcal / kg 240 240 240 240 240 240 240 240
SID Lys% 097 097 097 097 087 087 087 087
0
Growerl Grower 2 Grower 3 Finisher
22-53kg 54-80kg 81-95kg 96-110kg
Grower 3 and Finisher Diets Exp. B Performance Study
(Exp. B)
» Feed disappearance and BW gain
Grower 3, % EPCM Finisher, %EPCM )
Ingredient, % 0 75 15 18 0 75 15 18 * ADG, ADFI, G:F
Wheat 314 379 330 243 - 61 121 50 o Carcass measurements
Corn 200 200 281 3L5 200 200 241 266 Jowl § |
EPCM - 75 150 180 - 75 150 180 * Jowl fat sample
Barley 246 146 56 80 608 484 309 324 — Fatty acid profile (Method: gas chromatography)
Wheat: corn DDGS 150 150 150 150 150 150 150 150 — lodine value (AOCS, 1998)
bean Meal 58 17 - - 11 - - - . .
o * Mixed model in SAS
Calculated nutrients * Pen as exp. unit
NE Mcal/kg 235 235 235 235 230 230 230 230
SID Lys% 076 076 076 076 065 065 065 065
Growth Performance Carcass Characteristics
30 P Diet x Gender; P >0.10
Q: P=0010 % *Control vs. Graded; P >0.05
25 | EPCM, % P-value
’ Item 0 75 15 22518 Graded’ SEM L Q
20 -
uo Carcassweight, kg 957 948 938 931 948 087 002 001
075
15 Backfat, mm 204 203 196 201 201 055 043 030
L; P =0.001 ®15 (control)
1.0 | 92000 * 225 Loindepth,mm 628 630 634 630 628 071 094 027
mgraded o
05 Lip=0007 Lean, % 600 600 603 601 601 026 044 033
il
ADG (kg/d) ADFI (kg/d) GF
1 Control vs. graded ; P > 0.05

Increased dietary fat == Reduced ADFI (Rayner and Miller, 1993; Azain, 2001)
Glucosinolates =2 Reduced ADFI (van Etten and Tookey, 1983; Schone et al., 1997)
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Jowl! Fat lodine Value

lodine Value Diet x Gender; P >0.10
& *Control vs. Graded; P >0.05
L,Q;P>005

71 -

69

67

65

15 22.5/18 Graded

(conlrol)

Threshold iodine value for North American pork = 74 (Boyd, 1997)

Feed Cost

*Control vs. Graded; P > 0.05
L; P=0.010
80
Q; P=0.010
70 -
% L P=0.050
60 Q: P=0.020
50 - o0(control)
40 m75
. m15
m225/18
2 m Graded
10 -
0
Feed cost, income over feed cost,
CAD centsikg Sipig

Conclusions and Implications

« EPCM
— Good energy and AA source
— Reduced feed costs
— Did not impact carcass and fat quality

* ADG 3 g/d lower per 1% inclusion of EPCM
— Residual glucosinolates
— Inclusion of EPCM should be targeted to ensure an
expected growth and to meet marketing strategy targ

« Diets formulated to equal NE may still result in
unequal ADG due to feed intake differences

ets

Effect of Processing Conditions on the
Nutrient Digestibility of Cold-Pressed
Canola Cake for Grower Pigs

Introduction

« On-farm oil extraction
+ No heat treatment (Spragg and Mailer, 2007)

« Different in chemical composition  (eming and
Lamber, 2005)

O

R
@‘ Flow Chart of Cold-pressing

Canolaseeds

canola
pressed-cake

/
Screw press

Canolaoil Barrel heating

(Adapted from Leming and Lamber, 2005)
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9, Gap in Knowledge

 Limited research
— with swine
— effect of processing conditions

¢ Limited info on nutritional quality

Hypotheses

* CPCC - good source of energy and AA

» Energy and AA digestibility of CPCC would
differ depending on processing conditions

« Energy and AA digestibility of CPCC would
be different from EP canola meal and canola
seed

Objectives

« To characterize the effect of processing
condition on AA and energy digestibility

* To calculate SID AA and NE content of CPCC

* To compare CPCC to canola seed and EP

Materials and Methods

« A pilot project
— 22 canola meal samples
— Chemical contents
—12-27% EE

* 4 processing conditions
— 2 barrel speeds (slow, fast)

canola meal
— 2 barrel temperature ( heated , non-heated)
LY Ingredient Composition of Diets

&L Materials and Methods

7 ileal-cannulated barrows (26 kg)
. ‘CPCC, EPCM, EPCM+ Seed,‘and N free diet
¥

sole source of CP and AA
* N-free diet
— Estimate basal ileal endogenous losses of CP and
AA (stein etal., 2006)
— Control for energy digestibility
« Chromic oxide as an indigestible marker

Ingredient, % CPCC EPCM  Seeds N-free
diet diet diet*
Cornstarch 48.64 48.64 40.37 85.32
Pressed cake 44.00 - -
Canola seed - 20.00
EPCM - 44.00 33.00 -
Sugar 2.85 2.85 2.33 5.00
Canola oil 1.14 1.14 0.93 2.00
Limestone 1.50 1.50 1.50 1.00
Chromic oxide 0.38 0.38 0.38 0.38
Salt 0.50 0.50 0.50 0.50
Vitamin premix 0.50 0.50 0.50 0.50
Mineral premix 0.50 0.50 0.50 0.50

“The N-free diet also contained 3.00% solka floc, 1.20% mono/dical phosphate,
0.50% KCO;, and 0.10% MgO.
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or

an Materials and Methods

>
sl

¢ Two equal meals at 0800 and 1600 h
» Free access to water

« 5-d acclimation to experimental diets
« 2-d collection of feces

¢ 2-d collection of ileal digesta

Materials and Methods

e AID, ATTD energy

AID and SID AA digestibility
DE and NE content

Mixed model in SAS

Pig as exp. unit

2 X 2 treatment structure

2 controls

Results

Chemical contents of test ingredients on DM basis

Cold-pressed canola cake Canola EP
Non-heated Heated Seed canola
Item Slow  Fast Slow  Fast meal

GE, Mcal/kg 512 5.45 5.88 5.24 6.86 5.20
cp 44.98 40.39 36.37 4238 19.45 38.35
Ether extract 9.63 16.55 24.18 14.28 50.20 13.79

Glucosinolates ~ 7.79 6.11 9.24  5.00 4.59 18.85

e

o
1%
‘

@ AID Energy of Test Ingredients

Speed x Heat; P >0.05
AID Energy, % Heat ; P < 0.05

100 *Controls vs. test; P <0.05
)
80
70
60
50
40
30
20

slow  Fast , \Slow  Fast Seed  EPCM

Non-heated Heated

Sk,

& ATTD Energy Test Ingredients
ATTD Energy, % Speed x Heat; P >0.05
100 Heat ; P < 0.05
*Controls vs. test; P <0.05
920
l:l
80 i
I:I
70 :.:
60 l:l
Ll
50 l:l
i
l.l
Slow Fast Slow Fast Seed EPCM
Non-heated Heated

Fat digestibility could be increased by heat application (panicke et al., 1998;
Mujahid et al., 2003)

e

SR 2,

@5, SID Lys of Test Ingredients

Speed x Heat; P <0.05

SID Lys, % *Controls vs. test; P < 0.05

90

80

70

60

50

40

30

M
Slow | Fast,  Slow | Fast Seed | EPCM

20

Non-heated Heated
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DE Contents of Test Ingredients

DE, Mcallkg
61 Speed x Heat; P <0.05

*EPCM vs. test; P <0.05

IS
o

Tslow_ | F:

AR
@ NE Contents of Test Ingredients

NE, Mcal/kg Speed x Heat; P <0.05
4 *EPCM vs. test; P <0.05

3.5 4

34

o

2.5

e

2

154

Cn

14
0.5 4

ast low Fast, Seed  EPCM ':' '
Non-heated Heated 0 —Siow t low Fast Seed EPCM
Non-heated Heated
T Summary Ty Conclusion
« CPCC

— Good source of digestible energy and AA

* CPCC contained
— 4.17 Mcal/kg of DE
— 2.84 Mcal/kg of NE
— 0.87% SID Lys

¢ CPCC quality
— Processing condition

« EE — important determinant of energy
* Higher the residual oil == <»higher DE, NE

 Impact of processing conditions

Effect of Crude Glycerol Combined with Solvent-
extracted or Expeller-pressed Canola Meal on
Growth Performance and Nutrient Digestibility of

Weaned Pigs

=
R
:

Wy Introduction

e

« Solvent extracted canola meal — low in
energy (ccc.2009)

» Crude glycerol — energy source  (Lammersetal., 2007)

« EP canola meal — more energy than canola
meal
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Gap in Knowledge

« Limited research evaluating glycerol as an
energy supplement

« Limited info about effect of glycerol on
growth performance

« No research combining crude glycerol with
canola meal to increase energy

Hypothesis

» Canola co-products diets formulated to equal
NE and SID AA content could be fed to
weaned pigs without reducing growth
performance

Obijectives

e To measure
— growth performance
— total tract digestibility of energy
— total tract digestibility CP

e
2
L

@a‘ Materials and Methods

o

* At SRTC

* 240 weanlings (120 barrows and 120 gilts)
» 2 gilts and 2 barrows per pen

e 60 pens, 12 blocks

» Testfeed at27 d

» 5diets

Main Ingredient Composition of Diets

Canola meal
Soybean
meal Solvent-extracted Expeller-pressed

Ingredient, % Control - Glycerol + Glycerol - Glycerol + Glycerol
Wheat 62.8 53.0 49.0 56.6 525
Soybean meal 15.0 75 75 75 75
Canola meal

Solvent-extracted 15.0 15.0 - -

Expeller-pressed - - - 15.0 15.0
Lactose 10.0 10.0 10.0 10.0 10.0
Crude glycerol - - 5.0 - 5.0
Soy protein
concentrate 25 25 25 25 25
Herring meal 25 25 25 25 25
Canola oil 2.0 45 35 1.0 -
Celite 0.8 0.8 0.8 0.8 0.8

Materials and Methods

* Ad libitum feeding
* BW & feed disappearance - weekly
» Fecal grabs on 17d and 18d

e Pen — Exp. Unit

* Mixed model in SAS
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Growth Performance

Meal x Glycerol; P >0.05
*Control vs. test;, P >0.05

*Control vs. test; P <0.05
mCM
@& CM+ Glycerol
@ EPCM
8 EPCM+Glycerol

Energy Digestibility

Meal x Glycerol; P <0.05

*Control vs. test; P <0.05

ECM

m CM+ Glycerol
@ EPCM

@ EPCM+Glycerol

@ SBM Control & SBM Control
ADG (kg/d)  ADFI (kg/d) GF
Increased dietary fat may reduce ADFI of pigs (azain, 2001) Efficiency of utilization of dietary energy decreases with more fiber (Noblet et al., 1994).
Meal x Glycerol; P<0.05
DE, Mcalkg *Control vs. test; P>0.05 Meal x Glycerol; P <0.05
385 *Control vs. test; P <0.05
38
375 mcu ucM
a7 EICM+ Glycerol OCM+ Glycerol
@EPCM mEPCM

365
36
355
35
345

EEPCM+Glycerol

WSBM Control

Summary

¢ Similar ADG and G:F for Canola co-product
diets and SBM control diet

¢ Glycerol in Canola meal
— Extra DE
—Increased energy digestibility
—Increased CP digestibility

B EPCM+Glycerol

| SBM Control

Fiber is known to reduce CP (Eggum, 1995) and AA digestibility (Grieshop et al., 2001)

Conclusion

» 15% canola co-product with or without
glycerol == =» Partially replaced SBM
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Thesis - Conclusion

« Fills gap in knowledge
— Nutritional quality of canola co-product

« Have importance to canola and associated
biodiesel industry

* Provide technical info
— Risk management
— Feed formulation
— Placing economic value

Sk,

L) Thesis - Implication

=,
sy

< Creates an opportunity to use canola
co-products as alternative feedstuffs
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