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o | Ans'rme-r _

A series of experlments(a) weregundertaken at The \§N
University of Alberta Sylne Unit to determine the |
replecement value gf Canola Meal(Cﬁs for Soybean Meal'(SBM)‘
in the diets of starting{(6-20kg 11vewe1ght), growing - |
(20 60kg lxvewexght)and f1n!%h1ng(60 -90kg liveweight) plgs.
The effect of Tlavor add1t1ves on the feed intake of diets |
conta1n1ng CM was also studied.A total of 712, p1g;\eere used
in. these studies.

Dlets were based on barley and wheat and CcM replaced
-0, 25 50,75 ‘and 100% of the proteln suppl1ed by SBM on an
,1son1trogenous basis., , : ¢

_In the first three experlments (Sectlon A) the
teplacement value of CM in the dlets for starter pigs was
' htudled In exper1ment one, the results 1nd1cated that . w1th
.3wk weaned plgs fed to 10kg liveweight on 20% crude
prote1n(CP) diets, .average daily gain(ADG) and average daily
feed(ADF)'were reduced (P<0.05) when CM replaced more than
50% of the SBM protein. The performancelpf.these pigs was
51gnifieantly reduced whed/CM replaced more than 25% éBM t
proteln in an 18% CP diet fed to the p1gs from 10 to~ 20kg
11vewelght ~In exper1ment two, pigs were weaned at 3wks and
fed 20% CP dlets to a 20kg 11vewelght The results showed
that CM can replace 25% of SBM proteln without 51gn1f1cantly
affecting pig perfgrmance I'n experlment three, ADF and!ADG

of Swk-weaned pigs-fed on 18% CP diePs were ,

'depressed(P<0.05) when‘CM replaced more sthan 25% of the SBM



i .
(IS :

- protein. Feed conversion efficiency(FCE)'waS‘het‘affected'by
the’legel of CM\in the'diets} Regression analys%s of the
results ofﬂthese‘starting pig expefiments indicated that
replacement of 25% SBM protein by CM brotein (8% CM in the
diet) did not reduce the performaﬁce of'theVpigs‘fed CM A

y supplemented diet. “

" In two eiperiments (Section B) thé e%fett of flavor
additiQee on the palatebility of CMIsupplemented;diets fed
te 4~wk£}eaned pigs was studied. In ekperiment'oﬁe, results

showed that feed intake of pigs fed diets containing 100% CM
2

w1th flavors added was significantly hlgher than §ﬁ¢€ @“I

A Wy }' 4

pigs fed the 100% CM dlets without flavor. In experi

two,in a sirgle stimulus triai, pigs consumé&{more(?<0.05)
of the flavored diets than the non-flavored diets. | |
In three e;periments (Section C), the replaceméht value
of CM for SBM in the dlets of grow1ng flnlshlng pigs was / °
studied. The inclusion of up to 75% CM as a replacement for
SBM protein did not eignificantly affect the performance of
growing (20-60kg liveweight) pigs.The number of'aays to
attain 60kg increased as the level of dietary CM increased.
No significant differences were found in the digestibility
coefficients of dry matter, protein and-energy. Plasma
levels of the thyroid hermones Qere not sigwificént%y
reduced in growing pigs fed these diets. Dietary‘level of CM
did not signifieahtly affect the performance of finishing
(60-90kg liveheight) pigs. Canola meal levels did not

greatly affect any of the carcass parameters studied.
p . - ‘
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1. INTRODUCTION S
Rape is a- member of the Cruciferae family. Two summer
spec1es are. commonly grown in Canada Brassrca campestPls L.

commonly called Polish rape or turn1p rape and Brassica

napus L.,commonly called Argent1ne rape. Although B. napus ‘,\

'was initially-the major spec1es grown, the shorter grow;ng

per1od greater drought and\shatterlng re51stancF of the
pods durlng harvestlng of B. campestnls has made it ‘the
cultlvar of ch01ce in the northern areas where the bulk of
the rapeseed productlon is conCentrated(Downey and Klassan,
1977). ' | |

‘The 11m1tatlons 1mposed by gluc051nolates and eruc1cb
ac1d in rapeseed have prov1ded a major 1ncent1ve for. plant‘}

breeders to develop varieties of rape with reduced amounts

‘of these compounds(Bell 1982). S1nce the dlscovery o

low- glucos1nolate variety Bronowskl in 1967, there areA

1

“available commerc1ally in: Canada at least s1x double low(low

erucic acid, low gluc051nolate) rapeseed cult1vars. Andor, y"

'Regent, Tower, Altex, Candle. and Tobin. The oil and meal
fromwthese varieties is called Canola because the 011
conta1ns less than 5 percent erucic acid and ?he meal

4

contalns less than 3mg per gram of gluc051nolates.

The commercial production of Canola in Alberta has

f1ncreased rapidly during the last decade, from 0.8 mllllon

hectares to 1.01 m11110n hectares (Statlstlcs Canada
1984a) The ava11ab1l1ty of large supplles of Canola has

resulted in the development of ‘an oil seed processing

&



0 .

1ndustry based prlmarlly on, Canola. 1} 1983 productlonvof»
" Canola in Western Canada was 2,687,000 tonnes &hlch y1eldeé |
dabout 1, 061 365 tonnes of oil and 1,620, 261 tonnes of |
‘meal(Statlstlcs Canada 1984b) Canola oil now supplles‘v
approx1mately 50% of the oil used by Canada's edible o1l
industry (Mag,1983); The meal a by~product of 011 ?_/~f’“
extractlon, is used as a proteln supplement in d1ets for

-

livestock &nd poultry. s |

L1m1tat10ns to the use of Canola Meab'(C') in l1vestock
and poultry d1ets have been due to the presenee'of |
go1trogen1c subtances der1ved from the enzymat1c hydroly51s
of gluc051nolates. hlS, coupled with the low dlgestlble
energy, hlgh fiber and tannin- levels, reduced feed 1ntake,
due to palatab111ty of .the CM: supplemented d;ets and lower
amino acid ava11ab111ty have 11m1ted ‘the 1nclu51on rate of
CM in the dlets for pigs and poultry |

Numerous studies have been undertaken to determine the'
" optimum 1nclu51on rate of CM in sw1ne d1ets. There is a lack

of concensus as to the optimum level-of inclusion of CM in-

the diets of young.pigs.'This is due in part to differences

in : ‘ ’ : ‘ , | /
1.4 methods used in'producing the CM; , ///
‘2. vthe age and weight of,pigs used in}the test; v//

3{ ,the_duration of the test; » f - o N '//

4. the composition and nutrient levels of the diets;

5. the number of animals used in the experiments;

“oagling,

6. the method of~feeding:ad Jibitum versus restricted..



i

.’/‘
Based .on inconclusive data,»Bell and Aherne(1981)

recommended that CM can be included inpig starter diets at

levels up to 12 percént izi/;gp;gfbwing-finishing ﬁ%gs 10 to
‘ 3 : T h : ' . ‘ ¥
15 percent of the diets.

-

EE— : . ..
The following studies were underta%gn»tc‘determine the

optimum levels of ind}uéi;n of CM in tﬁe?diets of starting,
growing‘andifinishing pigs and aiso to determine if flévor
additiies might"increase feéd intake of starter pigs.fea CM'
suppléménteé dier.

-1



| I TERATURE REVIEW
2.1 NUTRIENT CONTENT OF CANOLA MEAL - e
L S o

2.1.1 Protein and Amino Acids’ |

Ceﬁola-Meal (CcM) may contaYn 35wto 39 percent,protein
(Beil end Aherne, 1981) This prote1n ‘content ‘may vary wltﬁﬁ“
cultlvar, growlng cond;tlons and proce551ng The- crude S
proteln content of CM. Egsm candle is approx1mately 35
percent while that from Tower, Regent or Altex is 38 to 39
percent (Cland1n1n and Robblee, 1981). i

- The amino acid contents of both low and hlgh ‘ : .
A glucosinolate canola varletles do not d1ffer apprec1ably |
(Clandinin and Robblee, 1978) ~ Lysine 1s generally the first
,llmltlng amino acid 1n pratlcal swine dlets(NAS NRC 1979). = ey
Canola meal protelnfls lower in lysine and’ hlgher in “
| sulfur-containing amiho acids than soybean meal ‘(SBM) (Bell,
'19755. The processing methods used in the production of CM |
cen affect the level and aQailability of lysine in the meal
Clandinin (1967) reported that rapeseed meal (RSM) produced
by prepress solvent or solvent extraction. is h1gher in -
avallable lysine than exo:ller type meals. According to
Clandihin (1967), the differences in lysine oohtent are
mainly attributable to the reduced heat damage occurring.in
the solvent exrrection process. |

Both ileal and fecal amino acid availabilities of CM
for pigs are lower rhah'thoge observed for SBM (Nwokolo et

X



2.1.2 Fiber | L /

TR ;
al. 1979;»Sauerbet al. i981). The true'ileai'availability of

lysine and threonine in CM is a proximately 10 percent.lower,

than the lysine and threon1ne in, SBM (Sauer et al 1982).

- Fenwick (1982), suggested that if CM is used to replace SBM

‘on a weight-for-weight basis then|lysine sdpplementatlon \

would be requiredﬁ

Canola meal contalns a substantlally h1gher crude flber
level than SBM and this may contribute to the lower

performance observed when CM is' fed as the sole protein

. supplement in diets for pigs' (Aherne et al. 1977;

Castell, 1977). The crude fiber levels of CM range from 11 to

13 percent (Fenwick, 1982, Bell, 1984). Values as highﬁas 16

percent have been reported by Jones (1979). The high fiber

_content of’CM‘results in lower values of digestible energy
" (DE) and metabollzable energy (ME) - (Bowland, 1976* Fenwick,

'1982) Aherne and Kennelly (1982) reported that French and

Swedish workers removed the hull from canola seed before oil
extraction which resulted in a ™ that'was more acceptable

as a ‘feed. supplement than the CM produced by Canadian

yw;_.h;fmethods The seed huIl forms an apprec1ab1e part of the

canola seed, thus 1ncreas1ng the dlfflCUltles of reduc1ng
the fiber content through genetlc selection (Bayley and

Hill, 1975). However, Bell and Shires (1982) reported that
the seed coat of yeliow coated varieties of CM is thinner

andiconstitutes a smaller percentage of, the whole seed and



thet a reduction of about 4 percent crude fiber vas possible
through the cultivation of yellbw seeded gultivars. Aherhe
and Kennelly (1982) confirﬁéd that varidties with a yellow
seed coat reduced the crudé fiber content of:theﬁgh by 1 to

2 percent. %

2.1.3 Enefgy‘

Gross energy of full-fat.caﬁola seed was determined as
27.5 KJ/Kg (Bowland, 197{). This'high:energy value is due
primarily to the high (40 percent) 0il content of the seed.
,(Mag, 1983)-. The energy content of the CM however, varies
depending on the level ‘of o0il remaining in the meal after
extractlon and the amount"of gums which are added back to
the meal The amount of gums added may be as hlgh és 6 to 7
percent using the expeller process or as low as 2 percent
using solvent extractlon methods (Youngs et\al. 1981). Gums
had no net effect on the diéestibility coefficienﬁ of energy
in CM by'g;owing—finishing_pigs up to a dietary level of 10
percenf (MdCuaig and Bell,1981) Thg metabolizable‘energy
A(ﬁE) andvdigeStible energy (DE) values for CM are lower than -
fﬁose of SBM (Bell, 1984). Clandinin and Robblee (1981),
reported the ME value of Tower CM to be 7.9 KJ/Kg and 8.3
‘KJ/Kg for growing and adult poultry reépéctively. The -
established ME value of EM for pigs is 1],6;KJ/Kg (Bowland,

1976; Clandinin and Robblee, 1981; Bell, 1984).



2.1;4 Mineﬁrls
Chemi;él analyses show that CM is generally a richer
‘source of minerals than SBM (Cléndinin and Robblee, 1981). «
However, the presence of fiber and phytaté in'CM redudes the
availability of phosphorus (P), caicium‘(Ca), zinc (Zn); '
magnesium (Mg), mangénese (Mn),band copper (Cu) (Nwokolo and
Bragg, 1980; Bell,‘1§84). In spite.of tqg lower
] availabilities of minerals‘in.CM as compared to those of
SBM, CM was shown to be a better source of Ca, iron (Fe),
.Mn, P, §elenium (Se) and Mg than SBM, whereas SBM was shown
to be a be£ter source of Cu, 2n, and potassium (K) than CM
" (Clandinin and Robblee, 1981).
: |
2.1.5 Vitamins
. Aherne énd Kennelly (1982) reportedhthat CM is not
generally lbéked upon as é major.sourCe»of’vitamins for
‘livestock. However, Clandinin.et al. (1978%, showed that CM
b *ﬁdg&gaiﬁs highef legels of choline, niacin, riboflavin, folic
aéid and thiamine, but iower levels of ‘pantothenic acié than

SBM.



2.2 FACTORS AFFECTING ‘THE NUTRITIVE IMVALUE OF CANOLA MEAL
2
2.2.1 Glucosinolate
‘Glucosinolates are present in all gruciferous séeds and
plants (Kjaer, 1960). The name "glucosinolate” was suggested
by Ettlinger and Dateo (1961) but the c;mpounds have also}

been called mustard oil glucosides or thioglucosides. The L

|

general structure of the,giucosinolate,-which was
established for sinigrin (Ettlinger and Lundeem, 1956),
shown in the following formula:

i
v

'/s - Ce¢H 1105

R - .' ‘ ‘2
' e St T TG,
-0 - SO'—[ ’ K ) et

Different glucosinolates vary only in the structure of the
side chain -R in the formula. All gluc051;olates aée coupled
with potassium (K) catlon except sinalbin which is a salt of"
sinapine (Paik, 1980).

4

2.2.2 Catabolism of Glucpsiholate

The pfesence of gld¢6;inblate'in CM represents the
single most iMportant factor limiting its pqtential as-a
protein supplement (Hill, 1979;‘C1andinin and Robblee, -
1981). Although biologically inéctive themselves, conditions

leading to' the hydrolySis of glucosinolates yield a variety

of goitrogenic and toxic compounds (Josefsson, 1975). Six



~

glucosinolate cohpounds shown in Table 2.1, are of
significance in CM (Bell, 1984). It 'is these breakdown
products which are responsible for the deletrious effects
associated with feeding of CM (Fenwick and Curtis, 1980).
14

2.2.3 Myrosinase

Myrosiﬁases &ge a group of enzymes which occur in all
cruciferous seeds and plants and have the éystematic name:
th1ogluc051dase glucohydrolase (E.C.3.2.3.1). In the
presence of sufficient amounts of water (approxlmately 13

percent moisture in the seed) (Young et al. 1981) myr051nase

.'-Zr‘

hydrolyzes the glucosinolates into a variety af compqunds

q‘ -

(Figure 2.1)(Sarwa¥ et al. 1981; Bell¥c1984).



Table 2.1. Major Glucosinolates Found in Canola Meal'

”~

f

Glucosinolate | Semi-systemalic Name , R
3 \ R

Progoitrin - 2-OH-3-butenyl- CH,=CH,CHOH.CH;
\Gluconapin 3-butenyl- CH,;=CH(CH,) 2

Glucobrassicanapin 3-pentenyl-

Napoleiferin _ 2-OH-4-pentenyl-
Glucobrassicin 3-indolyl-methyl
|

Neoglucobrassicin 1-methoxy-3

-indolyl-methyl

CH;=CH(CH3) s

cu,;ch.cu,.Iu.cng

‘OH

Ul
t N ’
H

yAdapted from Bell(1984)
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Figure2.! H§gr01?tic products of glucinolates

"Wf " @® in canola meal'’
1, w :

mmmmomsmmossssosmesmssseos >R-(;§\N +KHSO,+Glucose
: H,0 i

-0-S0,0°K"* .

3 >Isoth10cyana§g R-N=C=S§
o 4 . : .
— >Oxazolidinethione  0-G=S
(goitrin) - o '6)i\ H
T » CH,=CH  CH,
>Nitrile . R-CaN
o : A
->Thiocyanate/ = R-S-CaN

'

[

|
'Belll(1984)
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¢ The existence of myr051nase has also been demonstrated
by Greer and Deeney (1959) in certain bacterza such as
Escherlchla coll. Chubb (1982) suggested that a portion of
the glucosinolates in CM would be degraded by the gut
‘microorganisms via an enzyme sim@lar to the erosinase found
in CM. Hovever, there is no info;mation in the 1i£erature as
to the extent of the activity of this enzyme in the gut and
it does no} appear to significantly influence the feeding

qualit} of properly processed canola meal,

I2,2.4 Anti-nutritional factors relitad toyéluéosinolatos

Goitrin

Enzym&tic hydrolysis of progroitrin
(2-hydroxy-3-butenyl glucosinola}e) yiélds 2-hydroxy-3-
butenylf;othiocyanate whicﬁ is unétablé and cyclizes to
5-vinyl-2-oxazolidinethione (OiT) whiuch is also called
géitrin because of its strong goitrogenic effect (Kjaer,
1960);VGoitrégenscause thyroid hypertrophy by diminishing
thé supply‘of thyroid hormone available to the body. This is
éccomplished by either inhibiting"fhe’uptake of iodine by
the thyr01d gland or preventing the binding of
mono- 1odotyroszne or dllodotyr051ne with 1od1ne to form
either triiodothyronine (T;) or thyroxine (T4). (Ochetlm et
al. 1980). This results in a net reduction in circulatlng T,
and T., resulting in stimulation of thevhﬁpobhysisvtﬁ .
produée thyroid étimulating hormone,causing an enlargement

of the thyroid gland. Depressed cdncentfatipns of

-
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circulating Tu'(Aherne‘and.Lewis, 1978;;Mcxinnon and

:Bowlandl 1979) and thyr01d hypertrophy (slinger, 1977-

McKinnon and Bowland 1979) have been assoc1ated w1th

feed1ng CM to plgs.
oo ﬂfﬁ PR

‘2 2.5 Th1ocyahate

; Th1ocyanate ion has been known to act as a g01trogen1c
compound 1nh1b1t1ng the uptake of. iodine and suppre551ng 1&5 _
;1ncorporatlon 1nto dllodotyr051ne and thyrox1ne (Franklln et
al. 1944) The g01trogen1c effect of thlocyanate ion can be

prevented or 1nh1b1ted by Jncrea51ng the 1od1ne content of

ey

the d1et0(Van Etten, 1969).

d2 2 6 N1tr11es ‘ .
Another group of«compounds produced by hydroly51s of ‘
glucoslnolates are n1tr11es Aherne and Kennelly (1982) from
’a rev1ew of the literature suggested that these compounds
ffare not 901trogen1ctper se, but that the end products of
‘nitrile metabollsm, such as th1ocyanate, are 901trogen1c.»

' However, Van Etten et al. (1969) demonstrated that nitriles
are‘toxjc to rats causing lesions in the liver and kldneys.
- Feeding autolyzedeM,‘which contains a high level of
nitrile,.depressed the growth rates‘of'rats*and chickens
i(Sriva%taua et aj.l975¥.f S

3

|



2. 2 7 Tann1ns
Tannlns are polyflav01d compounds whlch tend to //'
,‘accumulate in the seeds of the canola plant (Leung et’ !
1’1979) Durkee (1971). 1nd1cated tha; most of the condensed
tannins in canola seed are found 1nwihe hulls and that their
,removal by dehull1ng of canola seed” has been shown to
'1mprove prote1n and energy dlgest1b111t1es of th@ meal for‘
rats (Lesﬂle et al.1973) and plgs (Sarwar et al 1981)
Both hydrolyzable and condensed tannlns have been shown
to have adverse effects on»the‘performance of mice (Glick
‘and Josl?n, 1970), poultry fClandinjn‘1961;'Vohra-et al.
| 1§66) an; pigs (Almond et-al.1979) Yaper_and'Clandin;n.
(1972) and Seth and ‘Clandinin (1973) reported‘that tannins
reduced the metabollzable energy of the diet of br01ler
chlckens However, Mltaru et al.(1983) suggest that tann1ns

'1n canola hulls have no deleterlous effect on the nutrltlve

value of CM ‘for non-ruminants. T

2 2.8 Slnap1ne

|
b
i

Although the content of chollne in CM is nearly three
times that found in SBM, -most of this occurs as. 51nap1ne*
the ester of 4- hydroxy 3, 5 dlmethoxy cinnamic ac1d

‘ (Fenw1ch 1982) Clandlnln and Heard (1961) reported that
B 51nap1ne produced no growth depress1ng effects on chlckens.
o However, 51nap1ne in CM has been’ suggested to be respon51ble
for some of the palatability oblems assoc1ated with the

feeding of CM‘(Clandinin and Heard, 1961; Fenwick and
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' Curtis, 1980). Fenwi;k (1982) from a review of the
literature cbnclUdethhat whilst methods have been proposed
for the decomp051tlon of the s1nap1ne in CM, the economic

]
advantages of such processes are doubtful

2.2.9 Fiber

‘Canola mealvcontains a'higher crude fiber level.than'
SBM (13 ‘percent versus 6 percent) and this nay contribute to
the lower performance observed when CM 1s fed as the sole
: proteln supplement in the dlets of young p1gs (Aherne et
al. 1977 Castell 1977). The productlon of low- flber and (idﬁ
hlgn energy fractions of canola su1table for inclusion in
anzmal and poultry diets can be achieved by dehulling
(Fenw1ck 1982) The low-hull fractlon contalns |
51gn1f1cantly lower levels of both flber and tannins- and has
‘dlgest1b111ty ‘and metabolizable energy values similar to
those of SBM (Clandinin and Robblee, 1981). Yellow-hulled
strains o?ﬁCM contaln less hull and and the hull contalns
less crude f1ber and l1gn1n than occur in brown hulls (Bell,
1984). Further 1mprovement in the. yellow seed coat varletles
ﬁwith their lower percentages of hulls m1ght 1mprove the
nutrltlve value of CM for swine and poultry. However, .
Kennelly.et al.(1978) reported that reduc1ng the hull’
content of CM d1d not result in any s1gn1f1cant 1mprovement

in its mutrltlve value. for swine.



2.3 CANOLA MEAL AS A SOURCE OF"PﬁOTEIN FOR SWINE!
Monogastric'animals such as swine‘require,a dietary
source‘of protein sufficient to meet.their essential amino
acid requ1rements. It wou&d be de51rable that the proteln
requ1rements of . swlne for ali phases of the life cycle be

met by using feedstuffs avalfable in the local geograph1c=

‘ T

. / .
areas where swine productlon occurs. Plants will continue to

supply a versy ;gh percentage of the proteln in anlmal
feeds. In Canada the main source'of‘proteln for sw1ne is
soybean'meal (SBM) . However, a great deal of research has
been conducted to determlne the nutr1t1ve value of canola
“meal_(CM) for swine. The primary - 1nterest is economic as
canola. can be extensively grown.in Western Canada, whereas
soybeans cannot. L ‘_ o e |

Several‘experiments have demonstrated the superiority'
vof CM over rapeseed meal (RSM) (Aherne et al 1977' Cland1n1n
and Robblee, 1981). However,: hlstorlcal prejudice agalnst CM
due to experlences with RSM coupled with difficulties of
:handllng two proteins on the farm and low pr1ce dlfferencest:
per unit proteln between CM and SBM has 11m1ted the
v,1nc1u51on of CM in the d1ets for swine. (

ngh flber, lower energy (Fenwick, 1982), 10w lysine
avallablllty (Sauer et al. 1982) and the’ presence of
gluc051nolates, tannins and’ 51nap1ne (Q&gl 1984) limit' the
amount of CM used in swine d1ets; Both RSM and.CMfare'
reported to have a sharp bitter taste (Clandlnln 1960) and

reduction in the voluntary feed intake of pigs has been



= 17

reperted wheanSM er'CM'were included in swine’diets (Manns
and Bowland, 1963; Bowland and Schuld, 1968; McIntosh and
Aherne, 1981). In a'review, Aherne et:al. (1977)'indicatea'
ithat CM was super1or as a proteln source to RSM due to its
low content of gluc051nolates. Con51der1ng the s1gn1f1cant
reduct1on in gluc051nolate content of CM there is lack of
agreement as to the optxmum levels of 1nclu51on of CM 1n the
d1ets of plgs (Aherne ‘and . Kennelly, 1982) Rundgren 619&3)
in a review noted that thts lack of . agreement may be due to
dlfferences in the exper1menta1 procedures used in testlng
CM, among such dlfferences are : age and weight of anlmals
used, levels of productlon achieved, basal 1ngred1ents used
and their relative'nutritional values, the processing
methods employed'éuring oil extraction,ane othér

experimental'methods and procedures adobted.

2.3.1 Canola meal for starter pigs

.-Bowlana (1975) used 19.5 to 22 percent'CM as a complete
reblacement,tor SBM and did not obserVe any significant
denression'in'weanlimg;pfg performance. In another
experiment, Bpwland et al:(19755%fea CM as partial
replacement for SBM or faba beans in the diet of starting
" pigs. They observed no‘siénificant depression in_big |
performance. | ﬂ

The results of McK1nnon and- Bowland (1977), 'suggest

that CM may be 1ncluded in starter pig d1ets at levels as

high as 25 percent of the diet, with no significant

i
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reduction in piglet performance. Ochetim et al. (1980)
reported that levels of 17 to 20 percent CM in the. d1et of |
starter plgs (5 to 20 kg l1vewe1ght) W1ll significantly i Qﬁ>
reduce plg performance. Gold J% al. 1976) ‘found no
reduction in performance when CM vas’ 1ncluded in the diet at.
a level of 9 percent, however, feed wastage significantly
inCreased5 Canola meal at'7 5 percent‘in‘the diet of*starter-
p1gs (10 to 32 kg) resulted in a 51gn1f1caht decrease’in
. growth rate and feed: ‘conversion eff1c1ency compared w1th
:those fed SBM supplemented diets (Castell 1977). But Salo
vv(1980) reported no reduction in performance of pigs (11 to
25 kg) when 10 percent CM was 1ncluded in barley- skim mllk-
bated dﬁets. McIntosh (1983) reported decreased feed intakes
and average daily gain (ADG) with increasing levels of CM in
kthe diet. However, feed conver510n eff1c1ency (FCE) was not
| 51gn1f1cantly reduced by 1nclu51on of CM in the dlets.
‘Mclézosh (1983) 1nd1cated that CM can safely replace up to
50 percent (16.6 to 18 percent CM in the diet) of the SBM
protein without s1gn1f1cantly reduc1ng the growth rate or.
FCE of starter pigs (8 to 25 kg llvewelght) The current
recommended level of 1nclu51on of CM in diets of starter

pigs is 12ipercent o%ithe diet (Bell and Aherne, 1981).

2.3.2 Palatability of Canola meal supplemented dxets
Clandinin (1960) suggested that the bltter taste in RSM.
was due to sinapine. Lee and Hill (1980) reported that the

substances present in CM that may be associated w1th low'
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pelatabillty arg glucosinolatesh tannins, and sinapine. In
another report, Hill and hee’(1980) sUggested that the
glucosinolates ideM are the'najor_factor reducing its
palatablllty Chubb (1982) in a review article indicated
that reduct1on in feed intake may be due to reduced
palatablllty of the meal assoclated with the presence in the
meal of fiber, tannlns, phytlc acid, 51nap1ne,
gluc051nolates, and thelr breakdown products.

Experlments w1th starter pigs fed CM supplemented diets
have conslﬁtently noted a reduct1on in feed intake (Mchlnnon‘
and Bowland, 1979; Ochetim et al. 1980; McIntosh and Aherne,
1983)"Mc1ntosh (1983) suggested that 5 to 9 weeks old

.-plglets were able to detect as little as 5. percent CM in
their d1et and consumed 2. 5 to 7 times more of ‘a SBM |
supplemented diet than of a CM diet when given a choice. In-

i free chorce gxper}ment,,Castell (1980), observed that pigs
preferred diets~containing lower levels of CM. The use of
selectedtflavors‘or;feed‘processing procedures. may:

1. increase the acceptance of diets of low palatability,

2.. further increase intake of palatable diets

‘3._ increaée”acceptance of dietséduring periods:of stress:
(Bradley 1978). | o

Success in the use of- flavors for these purposes has

- been variable; partly because feeds preferred in free choice
or single s@imulus tests do not necessarily result in

improved performance under conventional feeding practice

McLaughlin et &l. 1983) Aldinger et al.(1959) reported that
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pigs preferred sdcrose to gldcose or saccharin in
free-choice tests, but the.performance oprigs offered feed
with sucrose did not differ from that of pigs of fered feed @
containing glucose. McIntosh (1983) repgrted that no
significant differences in feed intake or pig p@f@h&mance
were attributed to the addition of monosodium glutamate
(0.15 percent), dextrose (10 percent) and corn oil (4 to 5
'percent) to diets in which CM replaced 50 or 190 percent of
he protein supplied by SBM.
‘ : 1
2.3. 3 Canola meal for growing-finishing pigs

Aherne and Kennelly (1982) in a review indicated that
most of the research determining the nutritive value of CM t
for pigs involved grow1ng finishing pigs (20 to 100 kg
liveweight). In several of these experiments it is
frequently impossible to separate the performance of the .
pigs during the growing and finishing periods. However,
National Academy of Sc1ences - National Research Council,
(NAS-NRC, 1979) indicated that growing pigs (20 ‘to 60 kg
liveweight) have different nutritive. reqUirements than

finishing (60 to 100 kg) hogs, and therefore should be fed

: different nutrient levels.

When CM completely (11.5 percent of the~diet) replaced ‘
the SBM suppl%ment in the diets of pigs‘from 6 to 100 kg
liveweight, the performance: of barrows fed the CM
supplemented diet was not Significantly different from that

of barrows fed the SBM control diet (Bowland, 1974).
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However; gilts feddfﬁewéﬁdbaeal diet had lower average daily
feed-(ADF), average daily gain (ADG}\ang feed conversion
efficiency (FCE) than gilts fed the §E§fcontrbl diet.
Bowland (1975) suggested that CM may completely (20 percent
of the diet) replace SBM in diets of starting-growing pigs
with no depression-in performance. Bell (1975) reported that
ADF, ADG, and FCE were depressed as the level of CM in the
die;;,df'growing—finishing pigs increased put the
differences were not significanf. Castell,(1977) observed a
significant reduction in pig perferménce wﬁen SBM was
replaced by 12.5 percent CM in.the diets of
growlng f1n1sh1ng p1gs

I'n a study with rats and plgs; Orok et al. (1975)
reported that ADF, ADG, and FCE,were 51gn1f1cantly reduced
~when CM completely (19.8 percent‘CM) replaced SBM in diets
of pigs ‘and rats: McKinnon and Bowland (1977) observed that
complete substitution of SBM:by 19{8 percent CM in the diet
of growihg pigs significantly reduced ADG and FCE.CIn
" contrast, Rowan and Lawrence (1979) included'CM at levels as

high as 25 percent of the diet of pigs fr kg

liveweight with no significant reduction in h rate er
FCE. However, in another experiment Singham and Lawrence
Q197§3f%eported that thefinciusioh of 23 or 25 percent CM in
the diets of pigs from 23 to 67 kg significantly reduced
growth rate and FCE. Aherne and Lewis (1978) reported that
g1lts (20 to 60 kg liveweight) fed a SBM supplemented diet

grew significantly faster, and had better FCE than those fed
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CM supplementeg diets. HOwever,.partial replacement of SB
protein by CM #rotein (9 percent of the diet) or total
replacement (1§\b€rcenﬁ) did not significantly affect the
vgrowth rate or FCE df the gilts during the period from 60 to
100 kg liveweight. ;

In a review, Aherne and Kennelly (1982) reported that
there were no significant differences in performance of bigs
fed diets containing 10 or 20 percent of a French low
glucosinolate rapeseed meal (I’GRSM) dgring the growing (30
to 60 kg) or finishing'(éo to 100 kgf periods. However, the
overall results (30 to 100 kg) indicated that pigs fed\Siets
containing the 20 percent LGRSM had a slower growth rate and
pborer FCE than SBM gupplemeﬁted diets. No significant
effects on ény of thé carcass measureménts were noted. Bell
et al.(1981) fed 5 or 15 percent CM in the digts,of pigs
from 23 to 88 kg ligeweight and -observed a significant
~ reduction in;growth rate énd FCE, but' no such differences
wefe observed with pigs fed a 10 percént level of CM. There
was a significant 7 or 8% advantage(from amino acid
supplementatibnlof 15% CM diets wheﬁ;lysine and iodine
treatments were combinea(Bell et al.1581) In.a review, Bell
and Aherne (1981) indicated that levels of 15 percenﬁ CMviq i
the diets of growing—finiShing pigs would not significantly
reduee pig pefformance. |

A review of the literature involving the'feeding value
of CM for finishing pigs (60 to 90 ké liveweight)‘would.

suggest that CM can replace -all of the protein supplément'
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without adversely affecting performance or carcass quality
_(Bowland, 1976; Aherne et al.1977; Aherne and Kennelly,
1982). Aherne and Kennelly (1982) suggested that when CM is
' fed during the entire period (20 to 100 kg liveweight) or
during tﬁe finishing period (60 to 100 kg liveweight), ‘it
may be used at 10 to 15 percent of the diet (total
replacement of SBM) without significantly affecting growth

riate, FCE or carcass qQuality.

2.3.4 Digestibilities of CM by growing pigs

Studies of the utilization of CM by starting and
growing pigs have usually indiéated that complete
substitution of CM for -SBM in diets resulted in a depression
in feed intake and growth rate, but partial substitution
usually had no significant influence on pig performance.
This depression in performance has sometimes been
- .accompanied by lowered digestibiiities of energy and

& '
nitrogen in the diet.

vy

‘Bowland (1975) reported no significant differences in
the apparent nitrogen utilization whereas McKinnon and
Bowland (1977) observed lower digestibility“of energy,
<nitrogen and emino acids with complete replacement o£‘SBM
with CM. However, Bell et al.(1981) indicated that there
were no significant treatment differences with the
coefficients OT digest?bility fof dry matter, energy, and
protein in die#s supplemented with SBM ahd CM or with CM as

the sole protein supplement. Despite similar apparent
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. digestibility coefficients for brotein,in CM supﬁlemented

- diets, Sauer et al.(1981) showed that availability of amino

Nl

acids in CM is generally’lower than in SBM, °

9 T4

2.3.5 éarcass*\;asurements

| The carc;;é quality of pigs fed CM diets have usually

been siﬁi}gr to tﬁose of pigs fed a contfol diet (McKinnon
" and BoWléﬁé, 1977; Aherne and Lewis, 19;8; Castell, 1977).

In a conclusion from a reviéw, Rundgren‘(1983) stated that

the taste QUality of:meét from pigs fed CM diets did not

differ signifTééntly\from’that of hogs fed ¢SBM suppiemented

diets.
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2.3.6 OBJECTIV] .
P e .
ydies were:
1. To déterminevtht opti ‘m‘nutritional level of inclusion
of Canola Meal(CM) in ﬁhe diets of.starting(6—20kg),
growing(20-60kg)'and finishing(60:90kg) pigs.
2. To examine the effects, if any, of flavor additives in.
CM supplemented diets fed to starter pigs(4-9weeks) .
3. To estimate the digestibility of CM supplemented dieté
fed to grower pigs. .
4. To study the effect of CM supplemented diets fed to

finishing pigs on carcass quality:



3. GENERAL EXPERIMENTAL PROCEDURES

\ AN
3.1 Animals and Diets

A total of 712 crossbred(Yorkshire X Landrace) pigs
equalized between barrows and gilts was used for these

studies. Feed(steam-pelleted) vas available ad ]/bltum from

# )
o
self- feeders for all studies except the single st1mu1us

experzment Water was available free- cho1ce in each pep, The
eHVironmental temperature was maintained at ‘\approximately
23°C for the starter and flavor, exper1ments and at 21-23°C .
for the grow1ng-£1n1sh1ng exper1ments. Pig wexgyt and feed
intake were recorded veekly.

Diets were based on wheat, barle&, capoia meal (CM) and

*‘sbypean mealﬁSBM). The Ehemicaﬁ compesition of CM and SBM is
shgwn in Table 3.1 and the corrésponding amino acid
compositions are shown in Appendix 1; With the exception 05
digestibbetenergy(DE) all diets met or exceeded the nutrient
requirement recommen@gtioné of the National Academy of
Sciences —ﬁational Research Council (NAS-NRC)(1979) for e
starting‘(6~10—20kg), growing (20-60kg) and finishiné
(60-90kg) pigs. ’

‘ The percent crude protein, gross energy, dry matter,
crude fiber, ether exyract and ash were ' determined according
to the Association of\Official Analytical Chemists(AOAC
1981). ;' ! |

; Total dietary amino acid'levels were determined

following acid hydrolysis in,6N'HCL(Blackbufn,1968), using a’_
. A , A

ro 26
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Table 3.1 Chemical Analysis of Protein Suppi;ments

“Protein Supplements - Soybean Meal . Canola Meal

Chemical Analysis ’ e I
Dry Matter (%) . ‘ :
Crude Protein(%)

> \D

ONUINEe OO
- WV

Ethér Extract(%)

Ash(%)’ _

Gross Energy(MJ/Kg) 1
‘Oxazolidinethione(mg/g)

ON I~ N WP
.
ovnwun®oy,
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Beckmaﬂf{21MB-amino acid analyser. The'amino acid

compds§t1on of ‘die¥s and NAS NRC(1979) requ1rements for
5-10kg pigs are s%own in Append1x 2, for 10 20kg pigs in
Appenﬁix'3 20 60kg pigs ‘in Append1x 4 and 60 90kg pigs in
vAppendlx 5. The‘felatlve cost of the,dlets were estlméted
with current (June, 1984)'quoted merket prices per tonne:
Soybean meal; $4i5;xcanola meal,_$21$; wheat, $151; barley,

$119; and blended animal fat, $507' quoted pr1ces of flavor
‘ , v

edditives'per kg: Pig Krave, $6.63; Hy Sugr Ade, $8.06.
3. 2 Statistical Analysxs

»Anely51s of varxance was performed on all the data
"collected accord1ng to Steel and Torr1e(1980) Where
approprlate, treatment means were tested for 51gn1f1c;nceA
(pP<0. 05) u51ng Student-Neuman Keuls(SNK) multiple range test
when preceded by a 51gn1f1cant F- test Additional analyses

were computed u51ng llnear response where approprlate -

,accord1ng to Steel and Torr1e (1980). , B



3.3 SECTION A

' 3.3.1 Canola Meal|as a Protein Supplement for Starter Pigs

3.3.2 Materials and Methods
1. Experihent One | ’

Slxty crossbred (Yorksh1re X Landrace) p1gs, 3- wks of
age were weaned and randomly allotted within sex ‘to one of
- five d(gtary treafments shown in Table 3.2. Canola meal (CM)
replaced 0, 25,'50,’75f or 100 percent of the ‘protein
supplled by soybean meal(SBM). All diets were formulated to
. be 1son1trogenous and in terms of dlgestlble energy(DE) to
be isoepergetlc. Diets containing 20% crude crude proteln
(CP) (fable 3. 25 were fed to‘3wk—weaned from weaning untll
the plgs welghed 10kg l1vewe1ght ‘and dlets conta1n1ng 18% CP
were fed from 10 to 20kg liveweight as recommended by
NAS-NRC(1979). The pigs were individually housed in 0.6m X
1.2m pens.with Tenderfoot floors. | ”
2. Experiment Two

Sixty crossbred'(Yorkshite X Landrace) pigs ayeraging
6.1kg in weight at 3-4wk of age were allOtted to the five
d1etary treatments (Table 3.2) and 1nd1vudually housed in
1 2m’X 1.2m slatted floor pens Canola meal ;éplaced 0, 25,
: 50, 75, or, 100 percent of the prot 1n supg i;é:by soybean
meal (SBM). All diets were formulated,to be isonitrogenous

and in terms of digestible energy (DE) to be isoenergetic.

B
B
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Table 3.2 Formulat1on and chemical composition of starter

2  (6-10kg)pig diets supplemented with soybean meal(SBM)
and canola meal (CM) _

. SBM/CM RATIO . 100%SBM 75%SBM' 50%SBM 25%SBM
o == 25%CM  50%CM 75%CM 100%CM
Level of CM in diets(%) 0.0 8.8 17.6 26.5 35.3
Ingredients
Wheat ‘ 20.0 20.0 20.0 20.0 20.0
Barley ' 49.6 45.6 41.4 37.2 33.0
Soybean meal . 25.4 19.0 12,7 6.3 0.0,
Canola meal’ 0.0 8.8 17.6 26.5 35.3
Blended animal fat 0.0 1.5 3.3 5.0 6.7
Iodized "salt - 0.4 0.4 0.4 0.4 0.4
dicalcium phosphate 2.0 2.0 2.0 2.0 - 2.0
Ground limestone 1.5 1.5 1.5 1.5 1.5
‘Starter premix'’ 1.0 1.0 1.0 1.0 1.0
- L-lysine(HC) 0.10  0.12 0.13 0.14 0.15
. w . |
Chemical Analysis?. ‘“ o o
Dry matter(%) - 86.1 " B6.6 89.7 87.2 87.2
.Crude protein(¥%) - 19.9 19.9 19.9 19.9 20.0
Gross energy(MJ/KG) =~ - 15.4 15.6 16.4 16.8 17.3
‘Ether extract(%)"* 1.3 2.7 4.7 6.5 8.0
Crude fiber(%). 4.0 4.3 5.0 5.6 6.2
" Ash(%) ' 6.0 6.1 6.6 6.9 7.2
Lysine (%) ’ 1.25 1.25 1.25 1.24 1.24
Relative cost : 100 97 96 94 93

"S\é¢ter premix provided the follow1ng per kg of diet: -
120mg. zinc, 12mg. manganese, 150mg iron, 12mg copper,
0.1mg selenlum 500mg choline chlorlde 50001U wikamin A,
~ 500IU vitamin D,,ZZIU vitamin E, 12mg rlboflavv
45mg niacin,200ug biotin,25mg caLc1um pantothe

'30ug vitamin B,2,275mg ASP250 ”
2Determined values reported on an aq?ied ba51s unless
otherwise indicated’ Y,

//”

’
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i
‘.

. In-contrast tO'eiperiment one, pigs were fed 20% CP diets
fromvweaning to 20kg 1iveweight.
i;_Experiment Three -

Sixty 5-wk-old crossbred plgs (Yorksh1re X Landrace)
averaging 9 8kg 1n welght were randomly allotted within sex
to one of f1ve exper1mental diets shown/ln Table 3.3. The
p1gs were fed these diets unt11 they reached 20kg
~l1vewelght Thlrty pigs vere 1nd1v1dua11y housed in 0 ém X

Te ﬁm pens w1th Tenderfoot floors, the remaining 30 were

1nd1v1dually housed in 1.2m x 1.2m slatted floor pens.

3.3.3 Results:

‘}% 1. Experlment One

| The 1nclu51on of up to 25.7 percent CM in the dlets of
6 to 10kg llvewe1ght pigs did not 51gn1f1cantly reduce l
average da1ly feed 1ntake (ADF) However, average da11y gain
(ADG) was depressed (pP<0. 05) when CM was included in “the
dret at a leve%hof 16.8 percent (Table 3.4). Feed conver31on
efficieney.(FCE)wyas not atfected by level of CM in the
diet. Regression analyses‘of the'data indicated that each
oercent addition of 'CM to the diet resulted in a linear
(P<0¢001) decrease in ADF and ADG of 1, Qg and.- 1. 3g |
respectively, w1th an 1ncrease in the average Nnumber of days

on test (ADT).by 0.16.

il

t
U‘ <
S

Y'(ADF )

0.380 - 0.0019 (% CM) r

Y(ADG)

It

- T

0.208 - 0.0013 (% CM) r

o
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Table 3.3 Formulation and chemical composition of starter

(10-20kg)pig diets supplemented with soybean meal(SBM)
and canola meal (CM) o : :

SBM/CM RATIO  100%SBM [75%SBM 50%SBM 25%SBM <
S . 2207 25%CM 50%CM  75%CM  100%CM -

Level of CM in diets(%) 0.0 6.3  12.7 19.5 27.0

A

Ingredients (%) . ,

Wheat ‘ 20.0 20.0 20.0 20.0 %0.0
Barley 56.3 53.9 50.9 47.9  44.8
Soybean meal 19.3 14.6 10.2 5.4 0.0
Canola meal 0.0 6.3 12.7 . 19.5 27.0_
Blended animal fat 0.4 1.3 2.4 3.4 45
Iodized salt | 0.4 0.4 0.4 0.4 0.4
dicalcium phosphate 1.5 1.5 1.5 1.5 1.5
Ground limestone ‘ 1.0 1.0 1.0 1.0 1.0 -
Startetr premix' - 1.0 1.0 1.0 1.0 1.0
L-lysine(HCl) 0.05 0.07 0.09 0.13 0.15
Chemical analysis

Dry matter (%) 88.6 - 88.9 89.6 89.3 86.7
Crude protein (%) 18.1 18.2 18.1 18.1 . 18.1
Gross energy (MJ/kg) 15.9  16.4 16.4 16.9 17.1
Ether extract (%) 2.3 3.8 4.9 6.0 ~ 8.3
Crude fiber (%) 4.4 4.5 4.6 5.1 5.2
Ash (%) ' 7.4 7.9 7.7 7.2 8.3
Relative cost 100 98 97 96 94

'v.‘Starter’premix provided the following per kg of diet:

120mg zinc, 12mg manganese, 150mg iron, 12mg copper, 0. 1mg
selenium,500mg choline chleride,5000IU vitamin A,500IU
vitamin D,;,22IU vitamin E, 12mg riboflavin,45mg niacin,
200ug biotin,25mg calcium pantothenate,30ug vitamin B,.,
275mg ASP250

\
\
\



Y(ADT) ="18.76 + 0.1600 (% CM) r = .68

During the period 10 to 20 kg\liveweight ADF and ADG
were decreased when (P<0.05) CM protein replaced more than
25 percent of the SBM protéin (Table 3.4). Feed conversion
rggficiency was not siéﬁifiCantly affected by the level af CM
E‘ié the diet. Regression anaiyseS‘of the results indicated
‘that for every percent addition of CM to the diet,-ﬁhere was
a linear (P<0,001) decrease in ADF and ADG of.9.7gr§nd 7.59g

and an increase in days on test by 0.32.

I(ADF) = .996 - 0.0097 (% CM) r = -.76"
Y(ADG) = .592 - 0.0075 (% CM) r = -.88
'Y(ADT) = 16.93 + 0.3200 (%°CM) r = .90

Results of the combined periods, 6 to 10 kg and 10 to
20 kg liveweight (Table 3.4)”iriespective of protein levels,
indicated that pigs fedAdiéts'ih_which mofe%than 25 percent
of the SBM prdtein waslféplaced by CM'prbtein had depressed
ADF and ADG. The level of CM .in the diet did not affect the
FCE. - | A |
2. Experiment Two 4f S

Resﬁlts from pigs fed diets cqntéining 20 percent crude‘
protein from 6 to 20 kg livéweight indicated that
replécement of moreéthan 25 percent of the SBM protein~hy CM
protein resulted in 2 siéhificant reduction in ADF and ADG
(Table 3.5). Feed conversion efficiency was ‘not affected by
the level of CM in the diet. Rggression analyses}of the
results showed that for each percent -increase of CM ih the:

diet, there was a linear (P<0.001) decrease in ADF and ADG
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by 3.7 and 2.5g respectively and an increase in ADT by 0.30.

Y(ADF) = .658 - 0.0037 (% CM) r = -.76
Y(ADG) = .395 - 0.0025 (% CM) r = -.87
 Y(ADT) = 35.25 + 0.3000 (% CM) r = .84

g
2. Experiment Three

Feed intake and ADG were significantly depreesed when
CM protein replaced more than 25 perceht of the SBM protein
(Table 3.6). Feed conversion. eff1c1ency was not
significantly depressed until CM replaced 75 percent or more
of the SBM supplement. The followiné regression analyses{of
the results indicated that each percent inclusion of 'CM to
the diet resulted in a 11near (pP<0. 001) decrease in ADF and

ADG by 4.6 and 4 29 respect1vely and an increase in ADT by

Y D B
'+ Y(ADF) = .82§gf‘0.0046 (% CM) r = -.56
 Y(ADG) = .457 - 0.0042 (% CM) r = -.78
Y(ADT) = 22.89 + 0. 2400 (% CM) r = .72

The results of thlS study showed that CM protein can
replace 25 percent of the SBM prote1n without 51gn1f1cantly
reducing ADG dr FCE of plgs‘weahed at 5 weeks and fed 18% CP
diet from weaning to 20kg li&eweight. )

- :
3.3.4 Discussion. }
’ ‘The regre's!si‘on analyses of the results of the three
experiments'ihdicates‘that every percent additicn of CM to

the diet would result in reduction in feed intake and growth

rate. The performance data indicates that when CM completely



37

(<60 C-dy Juedtyiubisuou = SN 160 0>d 18 @duediiubts (ed131S13e3s. -

sueaW jO JOJJd pJepuRlsS,
pa) AjlenplAtpul juawieada) dad sbBid g,

SN 96 0  TU ¢ to'¢ z6 1 8L 4 98 1 o . uien:paay
. 106Gt 0 0GE 0 0oLe O 00r o otr - 0 09 . (Byureb Apieq
. 90 €¢ 0 00¢L 0 OrL 0 09¢ 0 08L - o'v8 (B6)paay Areq
N €6 O ot 8Z 9z X4 £T ¥s8)} uo sAeg
¢ L0 0O 0 0C 00t 0 02 z oz v oz ©(Bx)aubBiam eutd
10 0 8 6 8 6 5 6 8 6 N (Bx)iybBram Leritul
o tLe S 64 LT €9 00 (%)32ip 88Ul Ul WD 40 Sstanran
(91S 35 WOZ00 WO7SL WOL0S’ WO%SZ ---
Was7se W85%0G WasyGeL Was%0ot OILVY¥ WO/WSS

Y3 im pajuswa(ddns s3alp paj

(WD) leaw eloued pue (NgS)lesw ueaqios

sB|d paueam pPlO-%M-§ JO BIUBWJIOjJad abedase a8yl 8°t aiqel
= )



38

replaced SBM a significant" reduction in perferhance was
observed. This does not agree with results of Bowland (1975)
who reported that complete replacement of SBM‘prdteln by CM
protein (20% CM.in,the diet) did not affect performance of
pigs fed the CM supplemented diers..These“experiments
indicate that 25 percent replacement of SEM protein by CM

_ protein did not affect pig performance:;The results of }
McKinnon and Bewland (1977) suggest that CM may be included
in starter diets at levels as high as 25 percent of the
diet, with no eignificant reduction’in pig performance.
However, Castell (1977),_Ochetim,‘etval,(1980) and MclIntosh
(1983) suggest that levels of 17 to 20 percent cM’in the
diet of'srarter (5 to 20 gg) pigs will significantly reduce
pig performance. Castell (1977) included CM at 7.5 percent
in the diet of starter pigs and observed a significant
decrease in pig performance. This observation agrees ;ith
the results obtained with pigs fed the 18 percent crude
protein diet from 10 to 20 kg where more than 6.3 percent CM
'in the diet caused a significant decrease in performance
McIntosh (1983) concluded from two startlng.ilg experlments
that- CM (approximately 17 percent in the diet) can replecer
50 percent of the proﬁein supplied by SBM without
significantly affecting the growth rate or the FCE of .
starter pigs. This observationﬁis consistent with data
obtained in this study using pigs from 3 weeks of age to 10
kg (Experiment 1). However, the overall results indicated

"~ that 50 percent replacement of SBM protein by CM protein
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caused a depressmon in performance.

The slower rate of growth of pigs fed CM supplemented
diets compared w1th pigs fed SBM control d1et appears to be
related to a significant reduction in ADF. Possible reasons ‘
for the reduction in‘ADF may be due to the'influence of the
hydrolytic products of the glucosinola£e9 in the CM
(McKinnon and Bdwland, 1979: Ochetim et al, 1980; BeiL,
1984), the palatability of the meal (Singam and Lawrence,
1979; McIntosh apd Aherne, 1981), the higher fiber levelsiof
CM supplemented diets (Kennelly et al, (1978). Rundgren
(1983) in a review indicated that the substances in CM
assoeiated with low palatability are the breakdown products
of glucosinolates, tannins and sinapine but the produéts of
glucosinolates seeped most likely to be associated with
reduced fegd intake. o Py

The results of these starting pig experiments would
’suggest that CM can safely be included at a level of 8

percent in the diet of startlng pigs (6 to 20 kg llvewelght)

without affecting performance.
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3.4 SECTION B

3.4.1 Effect of flavor additives in canola moil'diets
3.4.2 Mqterxals and Methods
1. Experpment One

Thikty -six 4-wk-old crossbred,pxgs were randomly
Jallbtted W1th1n sex to one of six dxets'shown in Table 3.7.
This experiment wég designed as a 3 X 2 factorial with diets’
cbntaining 0, 50 and 100 cM percent r;placing equal amounts
of brotein from SBM‘Qith or without the addition of two feed
flavbré; The flavor additives (Hy Sugr ADE and Pig Krave)
obtained from Feed flavors Internatiénal Incorporated,
Illinios, U.S.A., were added at levels recommended by the

manufacturers; The pigs weregf ndjvidually housed in 1.2m X

1.2m slatted floor pens fow "1128 day duration of the
experiment. : |
2 .Experiment Two ‘

Thirty 5;§k-old crossbred pigs were individually housed
in 0.6m X 1.2m flat decks. This feed preference experiment
employed the Slngle Stimulus method first desct1bed by >
Aldinger and Fitzgerald(1966). With this procedure pigs wefe
alt;;natély given access t6 two of the six' diets shown in"-
TéPle 3.7. Each pig was exposed to one of two diets with or
w1thout flavo; but containing the same CM level. For

example, a non-flavored diet was placed in the pen for a 4ht

period followed by a second 4hr period of access to a.
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flavored‘diet. This feedfng pattern was maintained from
0800hr to 2400hr and repeated for 28 day duration bf the
experlment The feeder was, however, not, changed from 2400hr

to 0800hr.

3.4.31Resd1ts N ' :n
1. Exper1ment One - | _

Feed intake and welggt gain were reduced(P<0 05) as the
level of CM in the diet increased w1th or w1thout 1dded
flavor (Table 3.8). Pigs offered flavored'feed.containing CM
as a complete’ replacement for SBM ate (8%) more . (P<0. 05)"
than pigs. offered the non-flavored feed with the same level
~of CM. Although, the feed intake and growth rate'of pigs fed
the flavored 50:50 SBM:CM diets'incréased;,the difference
relative to a similar noh-flavoredfdietvwas notrsignificant.
‘Feed conversion efficiency was not affeCted(P>0.05) by the
level of CM in the diet or by the addition of flavor,‘ /
‘however, p1gs fed.CM supplemented d1ets w1thout flavor had
'.»poorer FCE.
v2tﬁxperimeht Two

The preference of starterypigs for-flavored or
non-flavored diets vas investigated in expriment two and- the
results are summarized in Table 3:8. The pigs' preference
for the flavored diet was shownuby the increase in the feed,
intake of all the.flavoredvdiets compared with the
non- flavored diets. The increaseuin feed intakeVOf‘the :

flavored dlets decreased as the level of CM in the d1et

¢



increased. The correspondlng increase in feed intake of

_flavored diets containing 0, 17.6 and 35 percent CM in the

W

diet were 29, 26 and 21%..

3.4.4 stcu551on
These results 1nd1cate that the flavored subtances (Hy
Sugr ADE and Plg Krave) d1d 1nfluence feed intake of plgs

fed CM supplemented dietd. However, the increase in feed

vl

1ntake of flavored CM supplemented diets decreasedéas the
level of CM 1ncreased. Several studies have indicated
possible reasons for the low pakatability of CM supplemented
diets. Slngam and Lawrence(1979) suggest that the poorer o
3 acceptab111ty of CM relatlve to SBM for pigs might be due to,
tannlns Chubb(1982) concluded that the reduced palatab111ty

of the cM’ may be due to the presence of tannins, phytic

9
acid, sinapine, glucosrnolates and their breakdown products

el

and fiber. S | ,
"McIntosh(1983) suggested'that‘pigs werelable to.detect

5% CM in the diet and consequently reduced feed intake.

McIntosh(1983) reported that there was no, influehce of

supplementary mono-sodium glutamate, dextrose or corn 011 on
' rﬁ‘
the consumptlon of CM diets in which CM replaced 50 or 100

¥ \

percent of the proteln sbppl1ed by SBM. The addltlon of

flavored subtances in the current experlment did 1ncrease
'Q

feed 1ntake oéﬂéﬁgs fed CM~ supplemented diets, however,-the

performance of&these plgs was below the performance of pigs

I)

fed the SBM control diet. Thus, the flavor additives did not

.,‘\ I
- & .
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completely mask the effects of the subtances fesponsible for
low feed intake of the CM supplemented diet

J',
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3.5 SECTION C

3.5.1 Canola meal as protein supplement for

’growiqg—finishing pigs

3.5.2 MateriaIsfand Methods
1.pExperiment One

| ~ Thirty six crossnred (Yorkshire X Landrace) pigs with
an average initial welght'of 20.3kg were used in this:
experiment Eighteen of the 36 pigs had been‘previously fed
a 50 50 SBM: CM supplemented diet and the rema1n1ng 18 were
-fed a SBM supplemented d1et during the starter phase(10 20kg
llvewelght) ‘Nine pigs from each of these groups continued
on the diet they were fed during the starter phase whereas
the other 9 pigs were ‘changed to a SBM or 50:50 SBM:CM diet. -
The tomposltlon of the diets is shown in Table 3. 9. Plgs
~were housed individually in 1.2m X 1.2m slatted floor pens.
The experiment. was terminated when pigs weighed 40kg.
2.‘Experiment Tuo | | |

Seventy crossbred (Yorkshlre X Landrace) .pigs w1th an

- average initial weight of 20 1kg were allotted on the ba51s
gf sex and weight to one of the flze dietary treatment shown
in Table 3.10. Diets were formulated to cpntain‘16% crude
protein, but were not equalized for energy. ihe pigs were
‘individually penned in 1.2m X 1.2m partially slatted floor
‘pens from 20 to 60kg liveweght. The pigs were bled by

anterior vena cava puncture at 45kg 11vewelght Serum was



Table 3.9 Formulation and chemical composition of
diets for growing(20-40kg) pigs supplemented with

soybean meal(SBM) and canola meal (CM)

47

sm‘m RATIO

100%SBM 50%SBM
-r- 50%CM

Ingredient (%) | :
Wheat an.7 39.5 :
Barley 40.0 40.0 Q
Soybean meal 13.0 6.5
Canola meal 0.0 8.2
Blended animal fat 1.5 . 2.0
Iodized salt 0.4 0.4
dicalcium phosphate 1.2 1.2
Ground limestone 1.2 1.2

. Grower premix'’ 1.0 1.0
L-lysine(HC1) 0.0 0.02
Relative cost 100 94
Chemical Analysis

Dry matter (%) 86.8 87.2
Crude protein(%) 16.3 16.9
Gross energy(MJ/Kg) 16.3 16.6
Ether extract(%) 2.2 3.2
Crude flber(%) 4.3 4.9
Ash(%) 4.1 4.9

‘Grower premix provided the follow1ng per kg of dleiL
120mg zinc, 12mg maganese, 150mg iron, 12mg copper, 50001U
vitamin A, SOOIU vitamin D,;,22IU vitamin E, 12mg
r1boflav1n 45mg niacin,25mg calcium pantothenate 30ug

vitamin B,
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Table 3.10 Formulation and chemiéai’pomposition of

non-isoenergetic diets for growing pigs supplemented
with soybean meal(SBM) and canola meal(CM)

' SBM/CM RATIO © 100%SBM 75%SBM 50%SBM ~ 25%SBM,

--- 25%CM 50%CM 75%CM 100%CM
Level of CM in diets(%) 0.0 3.6 7.3 10.9 16.8
Ingredients (%) , ‘ .
Wheat ’ ' 40.0 40.0 40.0 40.0 40.0
Barley 44.8 43.8 42.6 41.4 39.4
Soybean meal 11.4 8.8 6.4 3.9 0.0
" Canola meal 0.0 3.6 7.3 10.9 16.8
lodized salt , 0.4 0.4 0.4 0.4 0.4
dicalcium phosphate 1.2 1.2 1.2 1.2 1.2
Ground limestone 1.2 1.2 1.2 1.2 1.2
Grower premix' 1.0 1.0 1.0 . 1.0 1.0
L-lysine(HC1) 0.01 0.02 0.03 0.04
Relative cost . 100 97 95 92 88
Chemical Analysis , ' : .
Dry matter (%) 86.6 86.9 87.3 88.2 88.1
'Crude protein(%) . . 15.6 16.0 1670 -16.0 16.0
Gross energy(MJ/KG) 15.7 15.4 15.2 14.9 14.8
Ether extract(%) 1.0 1.1 1.1 1.4 1.1
Crude fiber (%) : 4.3 4.4 4.9 5.1 5.7
Ash(%) | 4.2 4.4 4.8 4.9 5.2

'Grower premix provided the following per kg of diet: 120mg
zinc, 12mg manganese, 150mg iron, 12mg copper, 500010 vitamin A
500IU vitamin D,;,221U vitamin E,12mg riboflavin,45mg niacin,
25mg calcium pantothenate,30ug vitamin B,., 500mg choline
chloride. ' ’ -
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separated and divided into two portidns, for analysis of
triiodothyrpnine(T;) and thyroxine(Tﬁ) respectively. Samples ’
were stored at -20°C until analyzed. The T; was determined
by rad101mmounoassay with a kit of reagents(T; RIA (PEG)
Diagnostic Kit, Abbott Labs. Illinois, U.S.A) and the T, by
a. competitive binding method also using a kit of reagents
(T, RIA (PEG) Diagnostié Kit, Abbott Labs. Illinois).
DysprosiumkDyCl,GHzo) was added ﬁo each diet at a level of
10ppm as an inert marker according to procedures described '
by Kéhnelly et al, (1980). The digestibility coefficients for
dry mattef;’energy and protein were determined using the
instrumental neutron activation analysis (INAA) procedure
described by Kennelly et al.(1980). Fecal grab samples were
collected from eéch pig on days 30, 31 and 32 of the test
fperiod. The fecal sémples were frozen, freeze-dried, ground
and stored for analysis.
3. Experiment Three ~ ‘ |

. Two hundred and forty crossbred pigs with an initial
welght of 20. 7kg were randomly allotted on. the basis of sex
and weight to one of five experlmental diets shown in Table
3.11. The pigs were housed in groups of foﬁf(two barrows,two
gilts) in'goncfete flLored pens measuring 1.5m X 3.9m from
20 to 60kg liveweighi.

Oné huhdred and twenty of the growing pigs when they-
attained 60kg liveweight continued/on the same éxberimental

diets but the crude protein level was reduced to 14%. The

growing-finishing pigs were kept in the same pens from 60 to
!
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90kg liveweight. Pigs were marketed through a commercial
slaughtering plant as the average weight in the pen .
approached 90kg liveweight aflthe weekly weighing. Canadian

grade index and record of performance (ROP) measurementé

(Canada Department of Agriculthre,1971) were recofﬁed for

each carcass. The ROP yield, which is an estimate of the

_pércentage Yield of wholesale cuts, was calculated from the
7

’ y

" formula:
Y=51.68-1.273TBF+.161LEA+48.5HW/SW+.827HLA/HW

where\' TBF=The sum of three backfat depth (shoulder,
midback, and loing |
LEA=Loin eye area, in cm?
HWw=Ham weight, in kg
SW=Side weight,in kg
HLAéAreé of lean in the ham face in cm?.
3:5.3 Results
1. ETperimént One
, No significant effect of CM supplementation on pigb
perflrmance ;as)obsefved(Table 3.12). However, pigs fed the .
SBMd%upplemented diet grew faster (p>0.05) than pigé fed CM
vsupplemented dieté during the growing period. Previous N
exposure to CM supplemented diets or lack of it did not
influence ADF or pig'performancé during .the experiméntal

period.
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2. Experiment Two

When diets were not iéoeangetic ADF tended to increase
as level of CM in diet increased (Table 3.13). Growth rate
was depressed (P<0.05) when CM replaced more than 75% of the
SBM supplement. However, FCE was not significantly affgcted
by an increase in the level of CM in the diet. The folibwing
regression equations indicate that every percent addition of
'CM to the‘diets‘would result in 5.6g increase in‘feéd intawﬁb
and 6.8g reduction in growth rate. |

| fY(ADFN=2.02+0.0056(%CM) r=.17

Y(ADG,=0.80—0.0068(%CM) r=-,45
A linear (P<0.001) increase in the number of aays on
test (ADT) was observed as the level of CM in the diet
increéséd as indicated by the following regfession equation:

“Y(ADT)=51.79+.4418 (%CM) r=.45

Althouéh the pigs fed the CM supplemented ﬁigts had

lover apbarent digestibility coe?ficients for energy,

protein and dry\matter‘than those of pigs fed the SBM
controf diet, the differences were noﬁ signifiéant (Table
3.135. Serum T; and T, concentration of pigs at 45kg
1{veweight were not significantly éffected by the level of
~CM in tﬁe-diet(Table 3.13). Ho;eveé, there was a tendency
for plasma thyroid hormone levels to decrease with an

increase in CM in the diets.
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. 3. Experiment Three

Grower Period . o ST

Y

ﬂo 51gn1f1cant dlfferences in ADF and FCE were observed

1

w1th 1nqlusxon of CM in the diet, though there was the

tendency for each of these cr1ter1a to deterlorate w1th the

L]

1ncrease in CM in the dlets (Table 3.14). Dally gain was
lower (P<0 05) for p1gs fed d1ets in whi®h. 75 percent ér //‘p
" more of thé SBM proteln was replaced by CM protein (13. 2//

percent CM in the diet)., Regre551on analyses of the resﬁlts
R - . . B
“."  indicate that for each percent addition 6{4CM-1n\theyd1et
. .. there was a 3.2g reduction in ADF, a 4.4g depressién in ADG

and an increase of .23 days to orowvfrom;from 2@'to 60«kg:

\f‘y(ApF3 = 1.86 - 0.0032 (% CM) r =-¥.12/

, Y(ADG) = 57 -'610044 (% CM) r = -.49
‘ y(apT) = 53.01 + 0.2360 (% CM) r =ff§2 o~
Flnxsher Period . “';_' A

Complete replacement of -SBM prote1n by CM protein in
the diets of f1n1sher plgs dld not. affect (P>0 05) any of
the parameters studled (Table'3.14) Regre551on analyses of*
the ;esultg showed that for each‘percent addltlon of CM to

" the d1ets r&sulted in .2, 3g decrease in ADF,and 6g reductlon
"}n growth rate. The number of days taken to grow from 60 to
E féd‘kg iiveweight increesed'by 0.25 for every,percent- B
addition of CM to the ddet. o

. i
o . |
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|
(e}

a Y(ADF) = 2.73 - 0.0023 (% CM) r

- \ . .
Y(AQG) = 0.939 - 0.006 (% CM) r = -.39
" y(aDT) = 32, 24 + .253 (% CM) r = .36

Overall perlod (20 to 90 kg. llvewelght)

Canola meal supplementatlpn of the;_ increased the .

number of days requ1red by. the plgs to 1rmarket weight

. (Table 3 14) and also reduced average dally ga1n (p<0. 0%)-
.There was a decrease (P<0. 05) in ADF as the level of CM in
the d}et 1ncreasedj—Feed conversion eff1c1ency decreased
when'CM‘reﬁiaced 50 percent of the,proteinlor.mbredof the
SBM protexn supplement, buththe.differenpes;were not
’51§n1f1cant ‘ -

A summary of the results of the carcass measurements is |

presented in Table 3. 15 Whlle there were no 51gn1f1cant i

treatment differénces in flnal weight, plgs fed the 100

percent CM suppleg ented diet had lower killing-out percent
and lower carcass we1ghts (P>0.05). There was a trend fon ‘.%7
total. backfat (the sum of three measurements' shoulder,

back and loin) to décrease as the level of CM

ﬁwggﬁ;mentat1on/1n the diets 1ncreased Ham welght, area

';_lean in hamh c erc1al grade index and ROP score showed no

as;gnifi@ant,di ferences across tleatments.
i R . / . ' o . -
. l‘@ky @ ““‘
; v‘ f,‘ . . 4 ’ ) .
3.5.4 Discussion . t o f
Canola meal inclusion at any level from 4.9 percent to

.19 6 percent of - the d1et of grow1ng and finishing pigs dld

not 51gn1f1cantly affect the feed 1ntake These results are
: : . O I
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_ cons%:tent with those of other experlments (Bell 1975;
‘Castell 1977; McKinnon and Bowland 1977; Aherne and Lewis,
1978 - The regre551on ahdlyses of the results indicated that
‘fér every percent addition of CM to the diet of grower plgs
“~fed isonitrogenous and 1soenerget1c d1ets, ADF and ADG
Rdecreased by 3.3 percent and 4.4 percent respectively Plgs
;ed the CM supplemented d1ets, however, had lower growth
“ rates and poorer FCE.

} Petersen and Schulz (1978) observed that feed intake of
'p1gs fed 1son1trogenous but not 1soenerget1c diets 1ncreased
wrth decreasxng energy content»'gak1ng the energy
comsumpt1on between treatments equal The results of
experzment %ﬁarconflrms this observation. Several stud1es
have showq that all of the supplemental protein in grow1ng
pig dlets can begptov1ded by CM without significantly
reduc1ng performance (Omole and Bowland, 1974; Bowland,
1975- Bell et al. 1981) However,-Aherne and Lewis (1978),

and-McK%nnon and Bowland(.1977) observed a 51gn1f1cant

reductlon 1n feed 1ntake when CM completely replaced SBM

-
W

' supplement in dlets of growlng plgs.,The results of the

.

Scurrent experlments also indicated that complete replacement

s

‘of SBM;proteln by CM protein produced a reduction (P<0.05)
in growth‘rates of the pigs. Bell et al, (198ﬁ) reported
that poorer growth rate and FCE resulted as the CM level
fncreased in the d1ets*from zero to 15 percent. Kennelly et

" al, (1978) and Aherne and Lewis (1978) reported that growth

rate and.FCE may be 51gn1f1cantly reduced when CM

ko]
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‘constltutes levels as low as 9 to 10 percent of the diets of

grow1ng pigs (20 to 60 kg). The present work suggests that
13 percent CM or more in the dlets of grow1ng plgs may
51gn1f1cantly depress their growth rate.

Aherne and Lewis (1978) reported that CM could serve as

. a complete replacement for SBM in diets of fznlshlng plgs.‘

In the present study moderate depre551on (P>0.05) -in ADF‘

-ADG, and .poorer FCE' s were noted when CM totally replaced

SBM in the diet of finishingvhogs, but the effects,were not
significant. |

| Canola meal supplementatlon to d1ets of finishing pigs
did not affect carcass measurements (McK1nnon and Bowland
1977° Aherne and Lewis, 1978) These observatlon; agree w1th
the results reported in thls experiment where no s1gn1f1cant

dlfferences were found in carcass weight, dre551ng

percentage, ham we1ght, area of lean in ham, commercial

grade 1ndex and ROP score. However, total backfat and loln

eye area decreased (P<0.05) as the level of CM in the‘dlet

increased. Aherne et al.(1977) concluded\?hat_for finishing

pigs (60 to 90 kg) CM can be used effectively to provide all

‘of the supplemented proteln w1thout s1gn1f1cantly reduc1ng

ADF, ADG FCE or carcass quallty of hogs.

The results of experlments reported hereln 1nd1cate

that CM protein can replace 75-percent (13 percent CM in the

diet) of the SBM protein in the dietsvof growing pigs (20 to

-60§kg liveweight) and total (12 percent CM in the' diet)

replacement in the diets of finishing pigs (60 to 90 kg e



& liveweight) without affecting performance or carcass

quality.
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4. GENERAL SUMMARY,/AND CONCLUSIONS

The experiments'reported erein indicated that canola
meal (CM) af the only protein upplement in diets based on
wheat and barley for starting, growing and finishing pigs
resulted in reduced feed intake and pig performance compared
with pigs fed soybean meal (SBM) supplemented diets.

Generally feed conversion efficiencies (FCE) were not
affected by'the level of CM in the diet for all phases of
pig grov}\th _»

Regre551on analyses ot the results of 3wk-weaned pigs
fed a 20% CP diet to 10kg l1vewelght indicated that for
every percent add1tlon of CM to the diet resulted in
reduction in ADF and ADG of 1.9g9 and 1.39g respectively.
However, there was.no signdficant difference in perﬁormance
when CM protein (16 8% CM'in the diet) replaced %0% of the
SBM prote1n. When the protein level of the dlets was reduced
to 18% CP and fed to the pigs from 10kg to 20kg 11vewelght,
performance deteriorated when CM p:otein replaced more than
25 percent of the SBM protein. The results:of the
experiments in which pigs were fed from 6 to 20kg liveweight
with CM supplemented diets containing 20% CP indicated that
'replacing 25% or more of SBM protein with CM protein :
resulted in a significant reduction inrperformance.

There was no advantage in feeding the pigS'a‘ZO% CP
d1et from 6 to 20kg liveweight over feedlng them two levels

of prote1n 1n the diet(20% CP from 6 to 10kg and 18% CP from

.10 to 20kg 11vewelght). This confirms the recommendation by

N Y
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NAS-NRC(1979) to feed two levels of protein to starting

pigs. The performance of 3wk-weaned pigs fed CM supplemented‘

diets to 10kg and 20kg liveweight, was better (p>0.05) than
pigs weaned at five weeks and”fei CM supplemented. diets to
20kg liveweight. This observatio

‘ \
pig requires a period of time, after weenlng, to adapt to

may suggest that the young

its new environment before it exhibits complete acceptance
to 1tsAnew diet. Generally,the starter exper1ments 1nd1cated
that CM can be included in the diets of starting pigs (6 to
20kg liveweight) at a level of 8 percent without affectipg
performance.

Although flavor additives did increase the feed‘intake
of CM supplemented diets, the increase in feed intake
decreased ae CM level in the diets increased. The usage of
the flavor additives‘increases the cost of the feed by 4
percent. The flavor additi;es did not improve the
perforﬁence of pigs fed CM supplémented diets, compared with
the SBM control *with no fiavor aQﬂitives. Thus the
relatively high cost of the flavored diets seem to indicate
that not much benefit may be accrued from supplementing CM
diets with flavor additives.

The grower experimepté would indicate that CM can be .
included in the diets of growing pigs (20 to 60kg) at a
level of 13 percent without affecting performance. The.low.
digestible energy of CM compared with .SBM increases the coet

' of"CM diets due to the supplementation of CM dietégyith:

blended animal fat. The growth rate of growlng p;e<f

don

N

4
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3

isoenergetic diets was similar to pigs fed diets not
supplemented with blended animal fat. Apparent digestibility
coefficients of dry matter, protein and energy in diets wlth
CM supplementation was similar to SBM control diet. However,
,wa trend towards lower digestib&lity coefficients with

increase 1n CM ;in the diets was apparent. This trend could

lbe due to the hxgh f1ber levels of the CM supplemented

),,‘
i)

diets. (¢
Complete replacement of SBM protein supplement by CM
(12 percent CM) in the diets of finishing pigs (60 to 90kg
liveweight) had ‘no. s1gn1f1cant effect on performance.
However, the nuMber of days to attaln market weight
increased (P>0. 0;) with the level ‘of CM in the diet. Average
‘total backfat and loin eye area decrepsed with increase in
CM 1n the d1ets. This observat1on may be attributed to the

&

ll slower growth of pigs fed the CM supplemented d1ets.

L These studies would suggest that the current
vrecommended level of 12 percent CM infthe diet of starter
pigs (6 to 20kg lxvewelght) may be hlgh However,vthe
optimum level of inclusion of 13 percent CM for grower plgs
(20 to 60kg liveweight) and 12 percent CM for f1n1sher pigs
(60 to 90kg liveweight) does notlnegate the cUrrent
recommended levels of 10 to 15 percent CM for grower‘and
complete substitution for finisher pigs.

The feed intake and growth rate of the starter pig are

suppressed when fed diets with increasing levels of CM,

however, the FCE's are affected to a lesser extent. It seems
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that the problem of feed intake is not associated with
bitterness per se but’may be as a result of metabolic -«

a
disorders due té'the anti-nutritive factors in CM. Further
studies could be performed to determine‘precisely what
causes the low feed intake of canola meal supplemented diets

and how to overcome those depressing effects.
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5. APPENDi ES |
Appendix 1. Amino Acid (AA) Compos1t10n of Protein Sources
. - ‘ L S ! o
Protein source ' SBM' e v
as fed in protein as feﬂ,”imﬁprotéin

o S % % L%

St T . ~
Essential AA " e R
Arginine ° ' 3.01 | 6.51 2,200 ¢ 6 26.‘
Histidine ' 1,15 2.48 1.01 - -2.86
Isoleucine _ 1.85 4.00 1.47 4.16. *‘“
Leucine - ¢ - 3.35 7,23 . 2.65 7,49 ¢
Lysine v.84 9 6.12 Co2.18 0 6.6
Methionine , 0.60 4 1.30 © 0.62 1.75
Phenylalanine 2. 39 - 5.15 1.38 3.92
Threonine R 3.68 . 1.67 4.73
valine 2 06 -4.45 !«1 45 . 4.1
Non-Essential AA R " m// '
Alanine ' , 1.94 Ny 1.61 F4,57
Aspartlc Acid 5,43 2.89 8.18

tine : 0.45 0.29 0.84 ..
Glutamlc Acid. 7.96 . o 6.71 18.96
‘Glycine . 1.88 ¥ 1,92 " 5.45
Rfdline 2.49 "2.23 6.31
Sérine T - 2.37, 1.68 . 4.77 ,
Tyfosine ' 1.26 0.90 - 2.55

AA Nit:rogen'Fi&?‘bvery2 - 86.48, o 563

'sBM’ - Soyaben Meal; CM - Canola Meal
Nitrogen contalned in. AA expresseéd as a percentage of
total n1troqbn in diets -

¥,
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