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" ABSTRACT'

'“_; S1x*exper1ments were conducted at The Un1verszty of :

"rAIberta‘Swzne Unzt ut11121ng 454 plgs to determlne the
”replacement value of canola meal (CM) (rapeseed meal G
'rconta1n1ng less than 3 mg/g gluc051nolates) for soybean meal
(SBM) .in the dlets of starter plgs (7- 27 kg 11veweight) Injr»
the flrst two exper1ments, CM replaced e1ther 0 25 50 35

'or 100% of the proteln supplled by the SBM supplement 1n %P

, d'ison1trogenous and 1soenerget1c dlets based on barley, wheat

i and oat groats. In both stud1es, CM replaced up ‘to 50% of
fﬂlthe protezn supplement (17% 1n the d1et) wlthout reduc1ng '53
ithe average dally ga1n (ADG) of the p1gs,.although average
da11y feed (ADF) was'. lower (P<0 05). When CM comprlsed 75%
or more of the SBM supplement (27% or more 1n the\dlet) the .
ADG and ADF were 51gn1f1cantl\‘reduced The eff1c1ency of B
feed conver51on to body welght galn (FCE) was 51mxlar for
| \all d1etary levels of.. CM Ly51ne supplementatxon dld not
‘ ﬂ51gn1f1cantly 1mprove~starter plg performance. Each one
‘rpercent add1tlon of CM to the dleflresulted in a- llnear
(P<0 01) reductlon in ADF and ADG by-4 ané 2 ZK)
respect1vely : ﬁﬁg | | o X

In a third experiment the‘utilizatiOQEOf'nitrogen (N)
and amino acids fAA)vwhen CMbwas.fed attgraaed levels of .
‘protein to starter plgs vas examlned ‘The apparent dry
matter and’ energy dlgestlblllty decreased linearly (P<0.05)
as the level of proteln in the d1et 1ncreased The apparent

N dlgest1b111ty and the apparent net protein utlllzatlon

iv
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QEE(NPU) 1ncreased lmnearly (P<0 05) as the level of d1etary

4G(prptéln 1n¢reased The apparent and true N balance

o {

) qgﬁf~g451gnlf1cantly 1ncreased wlth 1ncrda51ng protf

;;fapparent fecal ava1lab111t1es of most of the tndxspensahle ;

1f;and dxspensable am1no ac1ds (AA) 1ncreased 11nearly (P<0 05)

, h“t;ﬂ;gjdxet 1ncreased The true b101091¢a1 value and NPy of CM for

:fwgstarter plgs was 70 1 and 57 3 respect1vely.

. The last three experzments were des1gned to examlne the

dlpéﬁatab111ty of CM whczf:nciuded 1N starter plg ratlons at

var1ous levels.'In the “fourth exper1ment p1gs were given a

'jch01ce between a SBM control rat1on .and one of four f‘ |
a1son1trogenous, 1soenerget1c ratlons conta1n1ng e1ther

‘5 10 15 or 20% CM P1gs fed from f1ve to n1ne weeks of age
fconsumed two and one-half times to sevén tlmes more of the
fSBM control d1et than d1ets conta1n1ng 5 to 20% CM |
dnérespect1vely when g1ven a ch01ce, §1gs oonsumed

51gn1f1cantly ‘less: of the dlet containing 5% cM than the SBM

‘ncontrol diet and 51gn1f1cantly reduced their consumption of

the'CMvsupplemented diets as the level of CM in the diet

increased to 20%. In the fifth experiment,_pigs were given -

-prior'adaptation to a 10% CM for varying:lengths of time‘andﬁ

then given a . choice between the 10% CM diet and a SBM
control diet. No Zignifiéant differerices were‘observed‘due

to length of adaptatlon to a 10% CM d1et and plgS'

subsequent selectlon preferences when glven a ch01ce between

the 10% CM diet and the SBM control diet. | l iﬁfv

y . )

fn levels. Thehif;

-,]and/or quadratlcally (#<0 05) as the level of proteln in the .

’
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f'ﬂEgS\ In the last palatabxl1ty $tudy an attempt wasvmade to

.g;ﬂ;nf enpe the consumpt1on of diets conta1n1ng CM by tke ny

'-h;ﬁadd1t1on of flavour add1t1ves Monosodlum glutamate (0. 15%)

(10%) and corn 011 (4 5%) were 1nc1uded 1n dlets of

}:dextrof
) jstart'n/pxgs in whlch CM replaced 50 or 1oox of the prote1n
‘Vsupplled by the SBM supplement No §{gn1f1cant differences

. in performance were attr1buted to theu1nc1u51on of these-

‘flavour add1t1ves. P1gs fed a SBM control d1et and a 50/50
‘.SBM)EM mlxture w1th dextrosd grew faster (P<0 05) than p1gs
fed td! 100% CM supplemented d1et with or wlthout ‘the threeﬂn
vflavour addltlves. Plgs fed' the 50/50 SBM/CM m1xture with
dextrosp consumed more (P<0, Q§) feed than p1gs fed the - 100%
 CM Supplemqnted d1et thh ar v1thout the flavour add1t1ves
“?he);CE s wereﬁsimllar’(P>0 05) for all diefs. No S -
‘~sxgn1f1cant changes vere found 1n consumpt1on patterns of -
.any of the. d1ets fed between week one and week four of the

. Q’ .4 . . 4
'exper1ment. ' :

R

vi
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, I. INTRODUCTION

Botan1cally, the word rape means turnip and is derived
from the Latin word’ rapum. Productlon of rapeseed (RS), an
o11 bearlng seed from plants of the Brassica genus, is of
anc1ent’orlgrn and recorded usage is known from early |
'Saﬁskrit writinés of 2000-1500 B.C (Appeiqvist and‘Ohlson
'T972) The cultivation of RS and 1ts usage as a lubr1cant
lumlnant and a soap are reported to have oe¢curred in ‘Europe
as early as.the thlrteenth century (Appelqyist and Ohlson
1972). Peak EuropeaanS production-occurred during the
m1d 1800 S and shortly thereafter rapldly declined due to
'st1ff competltlon w1th 1mported mineral o11 for 1llum1natlon
" and vegetable oil for margar1ne and soap product1on.
'Presently, RS ranks fifth worldw1de 'in oilseed product1on,
with Chlna and India as the main RS producers (ANON 1982).

There are two main spec1es of rape.grown for seed in

Canada. These are Brassica campestris (summer turnip rape)'

'~ which makes up .about 40% of the total acreage grown, and

BPaSSIca hapus (summer rape) whlch makes up the rema1n1ng
60% 0f the acreage grown for seed in the Praire prov1nces
(ANON,1982). '

The B. cémpestrks or Polish rape is early maturing (86
days) ahd thus suited to northern areas'for production. The
shorter gro;iqg period, and the greater drought and
shattering resistance of the pods during\harvestihg‘are the
main reasons Whyhthis species is‘grown in Canada (Downey and

Klassen 1977).
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The B. napus or Argentine rape is lafer maturing (104

vdays)'making these'varieties more suited to'the southern
areas. of productlon. B napus produces a greater yleld of

seed and is res1stant to staghead, a whlte rust wh1ch is a

major disease" problem in areas of B campestris productlon'

(ANON 1980).
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I11. CANADIAN RAPESEED PRODUCTION
Rapeseed (RS) grown and processed 1s 1mportant to

Canada as an export crop (75 -80% of %ﬁg crop has been

. exported 1n the recent past) and as a domest1c food supply

! (

(ANON 1978). Approximately 52% of the vegenable oils such as
margarines, shortenings, salad and cooking o1ls consumed 1n
Canada ‘are of RS ‘origin (ANON 1983) Because ofiits economic
and nutr1tlonal importance to Canada, plant bfeeders have
. been: worklng to improve the agronomlc performance of the
crop as well as the quality of the o0il and the %aﬁh -protein
residual meal (rapeseed meal) that remains after oml
extraction. ‘ } | o

Early plant breeding resulted in better adaptgdnd
varieties with 1ncreased seed and oil ylelds. In the liﬁe

1960's, cultlvars produc1ng a new kind of o0il were . . Vf

P

é‘r,
developed. These cultivars were essentially free of erucic "'

" acid, a long?Chain fatty acid component that was
characteristic Of oil from,most Brassica seeds. Thirty—three
to SO%Iﬁf the or191na1 RS oil trlglycer1des were from this
monen01c fatty acid (C22'1)(ANON 1978) Various studies
reported that diets containing more fhan 10% RS oil of the

" high erucic acid cultivars caused fat accumulation in heart
muscle;~some necrotic’ cardiac lesio%s and in some cases, an
overall reduction'in animal performance (ANON 1978).
Although the agronomic performance/ -of these new cultivars -
Oro, iephyr and Span - was not equal to the agronomic

performance of the existing high/erucic cultivars, producers




P

and processors faalized the importance of their oil quality.

bawaéy and Klassen (1977) claim that by 1973 mdrg ;han 85%

of the'Canadian gapeséed acraage was seeded with low-erucic
acid cultivars. Cdmbiniﬁg the low erucic acid characteristic

with Efgh seed yield in‘;he Midas\variéty'of B. napusiand

the Torchlvariety of B. campestfls, both released.ia 1973,

brought abaatva'compiéte changeover to the new oil type

~

(ANON 1978).

-~

~

Rapeseed meal (RSM) aerived\tggm/these new cultiQars’is
considered to be a valuable livestock feea,supplement.
Feeding high levals of RSM, however, may reault in metabolic
disorders, reduced weight gains an§ feed intake, especially
when fed to swine and poultry (Aherne and Kannelly 1982).

' Th}s problem was shoun?to be largely»dua to the presence in
ﬁSM of certain sulfur dompdunds known as glucosinolates
(Bell 1955). In 1967 an unadapted Buropean B. napus
cultivar, Bronowski, was discovered that,contained;a much
lower level of gluéosinolates and was subsequently
introdgced,into Canadiah breédiﬁg programs (Dowaey and
Klassen 1977). Bronowski, -however, contained relafivel} high
levels of erucic acid and wasjhot ;ell adapted to our
climate,‘producing seed of shbstandard quality (Bell 1975).

The licensing of Tower in 1974 marked the beglnnlng of

'{§ a change in rapeseed product;on in Canada to varigties which

':;f;;produced both low erucic acid oil and low glucosinolate meal
e

\

(Castell 1977). RS with a low glucosinolate (LG) content

produced’ap ‘improved quality protein meal which can be
e, : ’



‘~and Torch. Canada leads ‘the . world in the product1on of

yo—-

1nc1uded at higher levels in feeds formulated for l1vestock@

~and poultry (Bowland 1974; Bell 1975; Clandlnln and Robblee

1981). Consequently, LG-type RSM is a more readlly

marketable product than. meal from var1et1es such as M1das

?

LG- type RS. About 91% of Canada s 1982 RS crop of 4. 098
million acres was of the LG-type (ANON 1982). The most
w1dely planted variety'in Western Canada on an acreage basis
is the Polish type (B. Campestrls) Candle, followed 1n"
order by the B. napus varieties, Regent, Altex and Tower
(ANON 1982). ‘ |

Altex,'licenSed in 1978, .ishparticularly well‘adapted
to central Alberta and the parkland area of Saskatchewany
because it matures. several days earlier than Tower or
Regent. It 1is equal to Regent in seed yield. Altex is one or
two inches shorter than Tower and Regent, however, it is

somewhat more susceptlble to lodging (ANON 1980)

Candle, which 1s the only 11censed low erucic, LG- type

'B campestris variety, was grown on about’ 1. 3 million acres

in 198?, compr151ng 52% of the total Alberta RS crop (ANON

1982), This variety was developed by’ 1nterspec1f1c

’hybrldlzatlons 1nvolv1ng the spec1es B. napus, B.

‘campestris, and the mustard specles B. juncea, producing B,

Campestris with an even lower qucosinolate level than

Tower, and with a yellow seed color (Downey and Klassen

'1977)

’

A
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'The,deveiopmeﬁf_of yellow seed color had«been a’
breeding objeetive for a number of'years-becauSe yellow
seeds have a thinner seed coat than brown seeds, and
consequently e'lower crede fiber. bontenf (Bell and Shires
= 1982). In addition, yellow seeds contaln 2 to 3% Mmore o11
‘than brown seeds, ‘and frequentl’ta higher protein content.

To d:;ferentlate this new LG-type of RS and its
'prdaucts from those derived from high glucOsihelate Rs: the
name "Canola" was contrieved. This new peme refers to oil,
meal; protein extractE[ seed and seed-hulls.from or of
:.verietieSTWith 5% or less erucic acid and 0.3% or less of

the normally measured gluc051nolates (3 butenyl-,

4- pentenyl—, and 2- hydroxy 3-butenyl- (McGregor 1980).
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111, _couposx'r‘xdﬁ’ OF RAPESEED: MEAL.
A. Protein and amino acids ;

The prbteinvcontént of RSM va:ies with the climate and
soils conditions underwhich thevplant was grown, type of
cultlvar from wh1ch the meal was produced and the processing
methods used in its preparation. The crude proteln content r
‘of RSM from Candle is approx1mately 35% whlle that from
Tower, Regent or Altex is 38-39% (C;and1n1n and Robblee
1 1981). On an;equivalent protein_basié;_ghé.amino acid
content of RSM COmbares fa§odf&bl&5with soybean meél'(SBM)

(Bowland 1976). Bell kisjﬁ)fiﬁaicated that RSM has a higher
methionine-cystine coﬁtgﬁt than SBM while SBM contains more
iYsine. From this'sténdpdini these two pfotein supplements
complement each otﬁéf in terms of fheir'combinedfamino'acid_
balance. A | |
of prlmary concern is the level and ava11ab111ty of

A a
lysine in RSM since the level of lys1ne is comparatlvely low

and ava1l§L111ty may be’lower than in SBM (Sauer et
al.1982). Bowland (1976) reported that autoclav1ng RSM at
H21°C for 2 and ¢ hours reduced the ly51ne-content of the
RSM by 20 and 38%, feépedtfvely. The available lysine level
| in RSM may also be influehced‘by processing tecﬁpiqué and’

the degree of heat treatment (Josefsson 1975).



B. Enérgf_ . o O

Fuliffatfrapeseed has a high groﬁbiﬁhergy‘céntent of
~about 6.6ikcai/g due to its high 6i1Ac§ﬁtént kOchetim 1977).
The ehéréy content of the meal, h§wéver,,is»vafiaﬁlg_
depending on the oil Femaining‘in“the meal folloving
extréction and thefaﬁ6unt of gums which are added back to
the méél. This méy'be as high as 6-7% usfng the=ekpelierv

“procééé br as low as 2% using solvent extraction methods

(Yéhngs et al.1981).

.‘A?hﬁ actual metabdlizable energy (ME) and digéstible :
energy (DE) values for 'RSM are relatively low compared.tb‘?'
SBM,,particulariyufor‘thickeng, Récént aa:; reported by
Cléndinin and Robblee (1981),‘indicatgd that Tower RSM
contains 1900 kcal/kg and 2000 kcal/kg of ME for growing and
adult poultry, respectively. |

Bowland (.1976) and Clandinin and Robblee (1981) both
reported a ME value for RSM of 2700 kcal/kg for swine.
Bowland (1976) claims thaﬁ the low_ME of Réﬁ is dué
primarily to the high fibef congéht of the meal |

,(approxima§¢1y~13i). Ochetim‘f1§57) states present methods
of procesé&ﬁg rapeseéd have little or no effect on the crude
fiber,éontent of .the meal. ’ )

Clandiniﬁ éhd Robblee (1981) shégeSted that the
Caﬁédian method:of rgmovai of phe hulls, by regrinding ‘and
air-classification, has resulted in a-RSM protein content

similar to SBM. Thé meal, however, may be so finely gfound'

that it causes feeding problems (Bayley and Hill 1975).

3
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Aherne and'Kenhelly (1982) reported that French and Swedish

workers have removed the hull from the seed before 011 :
extractlon, resultlng 1n a prote;n meal that is more |
acceptable.as a»feedpsupplement than the hull-free meal .
produced4by the Cahadian.method In a study involving rats,_
Cland1n1n and Robblee (1981) reported that by reducing the

flber content of RSM by 60% using the French process of

' dehulllng, ‘the dlgestlblllty of RSM protein and the ME
" content of the meal were increased to those of SBM. They

,note, however, that one .disadvantage of the European

approach is that a small amount of oil is lost in the hull
fraction;‘Sarwar'et al.(1981) reported that the removal of

RS hulls increased DE and ME and the digestible¥crude

_protein content but ‘that the inclusion of hulls in hlgh

energy, non- rapeseed meal ‘diets had no adverse effetts on
growth. rate or feed efficiency when fed to mice.
Clandinin‘and Robblee "(13981) point out thatohoI} 
removal would result in a meal eSsé@tially-free of copdensed
tannihs sinoe they are for the most part located in the |

hulls of RS. This process could improve the proteln quallty\

,“of RSM’s1nce tannlns have been shown to have a negatlve

effect on nitrogen d1gest1b111ty (Mitura 1982)

CQVMinerals
The mineral content of RSM varies due to growing and
processing conditions but .generally it is rich in calcium

(0.61%) and phosphorus (1.9%) (Bragg 1974) . Both’cayt%uqaand
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~phosphorus occur at- approx1mately two- txmes the levels foundhf
“in SBM and should prov1de a reasonably good source of these
'relat1ve1y expens1ve components. Clandinin et al. (1972)
however, reported that from 34 to 71% of the phosphorus may
be present as phytin phosphorus and therefore the
availab111ty of phosphorus in RSM’ may be only sllghtly
greater than that found in SBM. S T

A RSM is also a good source .of iron a d.magnes1um
(Clandlnln et al 1978) and selenlum, manganese and zinc
(Ochetlm 1977) Ochetim (1977) also 1nd1cates that RSM is

r1ch in chollne, niacin, folic acid and r1boflav1n but the -

.”content of pantothenlc acid and th1am1n 1s low.'

D. Ether extract
The ether extract of banadian RSM tends to be higher”

'than that of SBM (Clandinin and Robblee 1981). This is
because in Canada RS gums are added back to RSM. at about the'

5% level. The gums, are*ebtalned during the ref1n1ng of RS
0il and consist of glycol}plﬁs and phosphollplds and ?,
variable amounts of trlgly‘ﬁrldes, sterols and fatty aclds.,’
The addltlon of . gums to RSM, 1ncreases the energy value of
Z_RSM Clandinin and Robblee (1981) found(fhat the addition of‘
up to - 6% of RS gums toCkSM had no detrlmental effects on the
‘ifedlng value of RSM for br01lers or layers. McCua1g and
Bell (1981) reported that nelther source (hlgh or .low
glucos1nolate oils) nor level of add1t1onal gums (1-4%) had

any effect on the rate of’ growth‘or'T%ed consumpt1on when
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‘fed tofgrowing-flnishing pigs.
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Iv. ANTI-NUTRITIVE FACTORS AFFECTING THE FEEDING, VALUE‘OF

TN

RAPESEED HEAL

A. Glucosinolates .
Y

w- The nutr1t1onal value of RSM has been of concern due to
the presence:of gluc051nolates in the meal agents
con51dered respon51ble for the go1trogen1c propertles ofr

: RSM. Although b;ologlcally innocuous themselves, condltlons_
leading to the hydrolysis of glucosinolates yields a variefyh
of goitrogenic and ﬁoxic compounds (Josefsson 1975). These

'v-compounds are also respon51ble for the pungent flavours of

RS (Chubb 1982) and they have been shown to cause growth

'depressxon and thyro1d abnormalities in swlne (McK1nnon and

Bowland l977; McKinnon and Bowland 1979; Ochetim et

al.1980a, 1980b). ‘ | |

.The level of gluc051nolates 1n CM is about one- EIthh
that of the older Canadlan h1gh gluc051nolate RSM and less'
than one tenth that of European h1gh gluc051nolate RSM

(Aherne and Kennely 1982). Clandlnln and Robblee (1981)

reported gluc051noIate values for Tower and Candle CM of
1.04 and 0,62 mg/g of the meal, respectlvely, whereas Bell -

and Jeffers.(1976) reported values of 8.5 and 6.3 mg/g of

%gluc051nolates for Canad1an h1gh glucos1nolate B. napus and

- o - .

B. campestrxs RSM, respectPVery ?V(g"”-{hegfg ~.°f(.,’~‘"

L Glu0051nolates are not con51dered to -be .toxic .. o .

P, . ¢ ».."—o\.a. B v
\{ themselves. G01trogens derlved from the enzymat1c hydroly51s

-of glucosanolates, hOWQVer can gause_thyrold:hypertrophyAby_fi,

e e - =
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diﬁinishrng thefsupplf of thyroid hormone available to the
body. This is eccomplishedvby either'reduciog the supply of
iodine'available to;the thyroid or by interfering with
orgahic binding of the iodide ion which reaches the thyroid'
(Paik 1980). "
Myrosinase

Hydrolysis of the glucosinolates occurs by the activity
of an enzyme with the triviel name myrosinase gsysfematic
name: thioglucoside glucohydrolase (E.C. -
3.2.3.1))(Fig.IV.1). When the plant or seed is crushed in
the presence of sufficient amounts of water (approximately
13% moisture in the seed), the dlucosinolates are autolyzed
by the liberation of myrosinase (Youngs et al.1981). The
major toxic.compounds formed from this breakdown are
isothiocyanates, thiocyanates, nitriles,and goitrin (Ochetim
1977; Sarwar et al.1981). The pattern and amount of
breakdown products from glucosinolates varies with the
nature of the glucosinolates and7myrosinases'ahd wirh
different hydrolytic conditions (Paik .1980). Thus‘great care
must be taken,inﬁprooessing or the seed to prevent formation
of these compounds. |

-Greer énd;Deedeyl61959)Jha§e‘demonstrated the existence

of myrosxnase in- certaln bacterla. An organism with the

capac1ty of produczng th1s enzyme is Escherlchla coli.

',,Therefore, although proper procedures of process1ng “which

B

destroy rapeseed myr051nase EXISt a'portron of the

: gluc051nolates 1n ‘the meal will still be degraded by the gut
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imicrborgahisms via ahﬁehzyme compér&ble to RS myrosinase
(Chubb 1§8§)f~The;é”is, hqwever; little indication in the
literature of the extent of activfty of this eniyme in the
gut, although it does not seem to significantly influence
the‘feeding'quality éf(properly prepared RSM.

Goitrin

Goitrin (5-vinyl-2-oxazolidinethione), tﬁe most active
breakdowﬁ product, is produced from the hydrolysis of
2-hydroxy-3-butenylglucosiriolate (Chubb 1982). The
goitrogenic mbde of action of goitrin appears to either
prevent organic binding of iodine or to prevent binding of
mono-iodotyrosine or di-iodotyrosine to form either
tri-iodothyronine (T,) or thryoxine (T,) (Ochetim ety
al .1980a). The net reduction in circulating T, and T,
results in a stimulation of the hypophysis to produce
thyroid stimulating hormone (TSH)_with the énd result being
-enlargement of the thyroid glénd.

Thiocyanate.

The'compound thiocyanate has been shown to prevent
 acti;e uptake of iodine (Ochetim et al.1980a). The
goitrogeﬁic effect of thiocyanate ions can be prevented or
inhibited by increasing the iodine content of the diet (Van
Etten et a].1969; Ochetfm et al.1980b). The isothiocyanate
loh is relatively unstable, undergoing further hydrolysis to

form a free thiocyanate ion (Van Etten et al. 1969).
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Nitriles

Thg final group of lendogenous breakdbwn compounds are
‘nitrilés. Paik (E?BO) ffomia,teview of the literature
suéggsted that since nitfiles are much more toxic than
goitrin, which in turn is more toxic than either
isothiocyanate or.thibcyanate, nitriles andigoit;ipj;gndﬂpq '
be of greater importance in the utilization of RSM'Y by -
livestock. Van Etten et al. (1969) demonstrated that
nitriles are téxiC'to';ats, causing death through'}esidﬁs in
the liver and kidneys. Srivastava et al. (1975) reported

similar results for both rats and chicks.

B. Tannins -

Another group of compounds which may infiuence the
feeding value of RSM are the tannins (polyflavoid compounds
which tend to accumulate in the seeds of the rape -
'planf)(Leung et al.1979). Both hydrolyzable and condensed
tannins have been shown to have adQerse'gffects on the
performance of mice (Glick and Joslyn 1970), poultry
(Clandinin 1961; Vohra et al.1966) and swine (Almond et
al.1979). Mitaru (1982) concludeé, however, that the
majority of RSM and CM tannins are unfeac;ive and
‘unextractable and thus do not show adverse effects on animal
growth, and digestibility of energy and nitrogen by
non-ruminants. Yapar and Clandinin (1972) demonsfratgd that
¢ondensed tannins extracted from RSM and added to SBM

significantly reduced the ME vélue‘of SBM. Fenwick and
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*ftannln content.of RSM, but 1nd1cate that no tannin- 1nduced
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"lmetaborlc -disorders. should occur’ 1n ch1cks prov1ded RSM is

kept below 10% of the d1et.

C anapxne s 3

Slnaplne 1s a chol1ne ester of

4- hydroxy 3,5- d1methoxyc1nnam1c ac1d occurlng in both B

. ;_1napus (1 9%) and B. campestnrs (1 4%) (Mueller et al. 1978)

S1nap1ne may be respon51ble for. some of “the unpalatablllty

fi;of RSM due to 1ts bztter taste (Schwarze 1949) Clandin1n

(1961) and Josefsson ‘and Uppstrom (1976) found that sinapine’

_produced no growth depress1ng effects when fed to chicks and

_v‘ R L Y v ‘l."q.v Cdet o e

m1ce, respectlvely S1nap1ne 1s the Causatlve agent v1a ,f”* “’j

tr1methylam1ne 1n "f1shy” eggs produced by brOwn shelled egg ‘
layers (Hobson -Frohock et al. 1978, Goh et al.1%882a, 1982b) Q:-
It is of interest to note that some ahimals‘may’be'
classified as "tasters" and-fnon—ta;ters" aceording to their
reactions to the bitter phenylthioarea compounds (PTC)
(Goatcher and Church 1976). These groups can be further
broken down into sehsitive and insensitive groups atcording
to their reactions to quinine. Sensitive "tasters” of.the
bitter PTC and qpinine, differentiate foods more than do
"non-tasters"” of the same two bitter compouads (Fischer et.
al.1961). Thus ruminants, poultry aad mice may not respond

to the sinapine of CM in the same manner as swine (Kare et

al.1965)..
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b. Fiber ‘

The fiber content of RSM varies‘from abbutllz to 1é;:“‘
depeﬁéing on the cultivar and the proceseingvmethods
employed during oil extraction (Aherne and KeniellnyQBZ),'
RS contains 16. 5 18.7% hull on a dry matter basis
(Appelgvist and Ohlson 1972). After oil extraction the
' resultrngnmeal conta;ns about 30% hnils. Raoeseed-hulls
contain about 20%'celloiose;.23%v1ignin, 9%vpectin,.20%
‘protein and 5% ash, but llttle free carbohydrate or 11p1d
(Bell and Shires 1982) Bell and Shires (1982) reported ‘that
hull from the brown seed of. B napus contalned more f1bre
and llgn1n than of hulls from the yellow seed of B.

hé'méﬁtioned removal of the hulls of ; RSM may- 1mprove

‘;“ixts feedlng value by lowerlng the flber content of the meal

,Results from experlments 1nVolv1ng hull removal have been
promlslng, although 1n practlcal appl1cat10n due to the
small grain 'size of RS, this practice has yet to prove
economical. Kennelly et al. (1978), however, found }hat a 2% .
reduction in the fiber level of RSM when fed to rats did not
improve their performance. Bayley and Hill'(1975).reporteo )
that reducing the fiber.level of'RSM'to 8% had no
Significant influence on its DE or ME values for 25 kg pigs.
Increasing the dietary level of CM hulls from 6 to 30% in
the diets of growing pigs erressed the digestibility.of dry
matter, energyz crnde fibre and ether extract (Bell and

Shires 1982). Bell and Shires (i982) indicated that the



protein of hulls of B. napus (cv Tower) was indigestible,
whereas that from hulls of B. campestris (cv R-500) was 2

digestible.
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Vt INFLUENCE OF NEW PROCESSING METHODS OF RAPESEED ON THE.
- mznmc VALUE OF RAPESEED MEAL
_ The pfeSent 1mproved value of RSM as a llﬁestock‘feed
a51de from the progress that has been made in the breednng
of the new LG type var1et1es, can be attrlbuted to the
development of processing methodS»wh1ch have been dlrected:
towards destruction of the myrosinase enzyme»ef RS'whiLe
still maintaining a good qﬁélity ofvprotein,.Processin&-is
accomplished in three stages: (1) crpshingzof the seed to
provide access to the o0il; (2) cooking to destro§ the
myrosinase enzyme and (3) e&%faction'of the oil, (ANON 1978).
A, Heatihg and Crushieg
Youngs et al. (1981) indicate_the necessity in

maintaining a moistufe level of between 6 and 10% to prevent

hydrolysis of gluc051nolates by myr051nase (as hydroly51s

.will occur qu1ckly at m01sture levels at or above 1
~Following ‘the crushing of the seed, again to m1n1mlze

"hydrolysis of the dlucosinolates, the Crushed'seed‘is heated .

as rapidly as possible te 80 to 90°C. This process serves to
inactivate the myrosinase enzyme. = | . :

" The crush1ng and heating processes ‘are perhaps the most
crucial in determlnlng the quality of the final product. FQr
example,awlth insufficient heat or heat for an inadequate
period of-time, hydrolysis of the glucosinolates will result
thus iowering the feeding value of the meal. On the other

hand, too much heat or for too long a period of time will

*
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oo~ availability may - occdr from 1mpropé?'paocessrng’technlques g
(Ochetim et al.1980k. - AT _‘A‘,éf’:-*“‘ﬂ'j‘w

jeopdrdxze the proteln qpal1ty,~aga1n lower1ng its feed1ng
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Youngs et al. (1981) reported that exoessxve heat w111

also affect the oil qual1ty. Temperatures of 110 C and oo

above, partlcularly in the presence of water, reduces the

ablllty to hydrogenate the extracted 01ls. This reaction is

due prlmarlly to the presence of the hydroly51s products of

4

: the gluc051nolates. Therefore, ‘the f1nal product s qual1ty

1s greatly 1nfluenced by processing procedures,

B; Commercial methods

4

The flnal proce551ng steps of RS are extractlon and

_purification of the oil. Three methods of extraction are #

| presently utilized iq.éenada-and all result in a good’

quality‘product.if properly employed (ANON j978).

1'.

The first of these is the expeller—pressing~ektraction’

method The method is purely a mechanlcal means of

simply pre551ng 011 from the crushed cooked seeds. . Theu

method is reasonably effectlve, however, the resultlngl
meal usually st111 contalns 6-7% oil. |
The se nd method 15 prepress solvent extract1on.,Ground

\

cooked rapeseed 1s subjected 1n1t1a11y to the expeller

‘process which lowers the oil content of the seed to 15

to 20%. The meal is.then subjeCted,to extraction usiﬂé.'

hexane by one of several means. The result1ng mea;

Pt
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ontalns only about 2% 011

.fa The final method employs ouly solvent extract1on of the
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o The temperatute employed durzng the extractlpn procesé

. . will directly. affect the quallty‘of the resultlng meal., - - - - -

¥oungs.et al.‘(1981) clalm temperatures of less than_105°C
must«be employed when extractlng oil from.the RS, otherwise

the quallty of the protein in the meal will be lowered.
ki * %k Fl e .
t, '

'Cﬁ_Reierenges- i LA hww © s s b s -y

Fon

ANON, 1978 Canad1an Rapgﬁeed 0Oil. Properties, proce551ng
and food quality. Rapeseed Association of Canada. Pub.
No.54' pp. 1-38. Butterworths. London. )

. JOSEFSSON, E. 1975, Effects of variation of heat treatment
_ condltlons on -the nutritional value of low glucosinolate
‘rapeseed meal. J. Sci. Food Agric. 26: 157—164

. OCHETIM, S., BELL, J.M., DOIGE[ C.E. and YOUNGS €C.G. 1980
The feeding value of Tower rapeseed for early weaned
pigs. I. Effects of methods of processing and of dietary
levels. Can. J. Anim. Sci. 60: 407-421. v

YOUNGS Cc.G., WETTER -L.R., BOULTER, G:S. and HOPKINS, D.S.
1981 Processing of Canola seed for quall?y meal. In "
Canola for Livestock and Poultry". Canolai{Council of

Canada. Publ. No. 59. E4. D.R. Clandinin. pp. 4-7.

\‘.



'f.ln growth rate, feed consumptlon and dlgeStlblllty -

. V1. RAPESEED ,AND CANOLA MEAL FOR SWINE - > - - -

-

‘Whéﬁ'rapeseed meal (RSM) from the main'twO'species of"
; fRS in Canada- became available to swine producers back in the

o

early 1950 s, dlsturblng results began te emerge. Reductlons

coeff1C1ents for energy and nitrogen along w1th funct1onal
abnormal;tles of the llver and kldneys were associated with
the feeding of RSM to swine (Bell 1955; Hussar and Bowland
1959; Bayley et al.1969;Cho and Bay1ey 1970). The observed
advehse effects related to RSM when fed at high levels were
" partially attributed teAthe'hydfél;sis'ﬁré&ucté;d? the =~
glucosinolates found in the meal (Bewland 1971; McKinnon end
Bowland 1979)' ﬁhen the new "OO" (low eruc1c acid, loy
gluc051nolate) cu1t1vars of RS such as Tower eﬁeréed in
1974, hope was again gestored for.the use of RSM as a
protein supplement in swine rations (Castell 1977a).

Comparative studies between-the high and low gluc051nolate

.,varieties 1nd1cated an 1mprovement in p1g performance,

5'09

although some reductions in performance were still found at -

high supplementatlon levels (Bowland 1974; Bell 1975;
McK1nnon and Bowland 1977). Current recommended levels of
1nclu51on of canola meal (CM) (low erucicd acid,RSM‘ |
containing less than 3 mg/glucosinolates) in swine rations
may vary accordlng to the age of the animal or stage of
‘productlon cultivar used, basal 1ngred1ents and their
relative nutritional values, the proeessing methods employed

during oil extraction and the egperimenfal'methods and

28 ,
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A

‘procedures followed.

A. Starter pigs

Bowland (1974) observed that from 6 to 17 kg

liveweight, pigs fed:a barley-wheat-based diet containing '

11.5% LG-type RSM (cv Bronowski) gained weight'sighifiéaﬁfik

more slowly than pigs fed a SBM control diet. In another
study, Bowland (1975) indicated that' CM (cv Tower) could
completeiy replace (20% CM in the diet) soybean meal (SBM)
wlthOUt adversely affectlng performance. No s:gn1f1cant
‘d1ffe{ences in the utilization of dietary nitrogen or energy
were observed between.diets supplemented with SBM, CM or a
50/50 mixture of SBM/CM. Bowland et a). (1975) reported that
RSM (B. Napus 1788) could safely replace approximately 56%
of the SBM (on a nitrogenpus basis) when included in the
diet at a level.of 14.5% for pigs fed from 7 to 23 kg
livew;ight. McKinnon and Bowland (1977) concluded from their
studies that CM (cv Tower) could be included in the diet at
a. level of 25% (complete repiaqement of SBM) in starter
diets (é -~ 20 kg liveweight) without significantly reducing
éverage daily gain (ADG) or feed conversion efficiency
(FCE), although average daily feed intake (ADF) was
significantly reduced. In this experiment, the CM . )
supplemented diet had a significantly lower, apparené
nitfogeﬁ and energy aigestibility but a higher apparent

biologicai value than did'tbe SBM/CM mixture or the SBM

oS
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control diet. The overall apparent digestibility of the
indispensable amino acids of the CM supplemented diet was
significantly lower than the SBM/CM mixture or the SBM

control diet. Castell (1977) however, observed s1gn1f1cant

T—

"“'fféaéeéiénéfih ADG énd FCE ‘but, not’ in ADF among plgs Erom. 10

to 32 kg liveweight fed a 7.5% CM (cv Tower) dlet when'
compared to a SBM control diet. On the other hand, Salo
(1980) reported that from 11 to 25 kg liyeweiéﬂt”there were
no significant differences'in~pérfdfﬁéﬁ¢e‘ofipiQS“fed
barlgywskmm’mllkmbased -diets, supplemented-ﬁﬁéﬁ'é;ewatﬁout s
10% CM. Ochetim et al. (1980a) suggested that no more than
20% of full-fat, crushed, cooked CM (cv Tower) should be
used in the diet of early Qeaﬁed'ﬁgésl Based op such ""i_,
inconclusive data, Bell and'Ahérhe (1981) recommended that
no more than 12% CM be in;luaed'in starter pig diets.
B.,Grower—finishér pigs -« "t

<+ Due to the phanging nutrieht requirements of swine with
bod& weight é;in (NAS-NRC 1979), growing pigsi(20-60 kg) are
fed at different nutrient levelszghan are finisher pigs
(60-90 kg). In some studies when pigs aré fed -from 20 to 90
kg liveweight, the same protein and‘energy 1ev¢ls are
maintained thus making it impossible to sepaféte the
performance of pigs into grower and finisher phases of
production (AKerne and‘KennellyQ%QBZ), For this reason, only
overall results (20~Qdikg 1i€ewei§ht) should be reported for

these types of studies.

 Q
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Under restrlcted feedlﬁg c6n61t1ons frbm‘23’td’90 k‘t_:j‘w };';%;t

'11vewelght, Bell (1975) reported no slgnlflcant performance
dlfferences for pigs fed d1ets 1n whlch RSM (ev Bronowskl)

- replaced either 0, 25,“50, 75 or 100% of the SBM supplement
althcugh there were trends for ADG and FCE to deterlorate as
the level of RSM 1ncreased “The results of thelr - |
dlgest1b;llty‘studies indicated that as-the_dietary levels

" of RSM increaSed the“digestibility’coefficients-for protein

- and energy decreased Bowland {1974) observed ‘that when RSM

o - o o -« - -~ - L

B ’(cv‘Bfonowsk1) completely replaced the SBM supplement ‘of " ; ST
diets fed to pigs from 6 to 100 kg liveweight, the
performance of barrows fed a RSM supplemented-diet was not
51gn1f1cantly dlfferEnt to that of barrows fed a- SBM control Ce
diet. However, g1lts fed“the RSM dlet had lower ADG s, ADF's .
and FCE's. than gllts fed the SBM control d1et ‘The Fotdl -
replacement of SBM with CM‘(cv*Tower) (1& 5% in the dlet) in
the diets of pigs fed frdm 33 to.94 kg l1vewe1ght resulted

-

in a 2.7% reductlon 1n ADF and a 5.1% reductlon in ADG when

ey -
- e 228 N N W 5o

compared to the SBM control dlet }Castell 1971)3 The % R

supplementation of either 15%BTower or 15% Candle CM in’the
pdietswof pigs&;rom 33‘to:90.kg'did_not significantly reduce

ADG, ‘although FCE was lower (P<0.05) . (Grandh1 et al. 1§?§$i

Grandhl et al.(1980) observed. that .in one of two

experiments, ADG and backfat .were s1gn1£1cant1y r;ducedTWhen

CM (cv Tower) cémprised 15% of the corn based diets fed from

23 to 90 kg compared to the SBM control diet. Narendran -et

al. (1981) reported no differences (P<0.05) in AbG, ADF,



FCE hacliat*thrckness”and dre551ng percentage between plgs

.....

fed corn SBM d1ets:contaan1mg 0 to 25% CM (cv Tower)

]

"'vr‘-"
-~ « a2 e

P1gs fed barley wheat based d1ets from 23 to 90 kg
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4~11"e"°19ht ‘suppletented 'solely with SBM,. 15% Tower. CH ox 53" :

iCandle CM had 51m1lar (p>0. 05} ADG s--and ADF's. although plgs
fed the 15% Tower CM d1et had 51gn1f1cantly lower FCE's than
- pigs fed the other two d1ets (Bell et al “1981).- The o
-supplementat1on of the~two CM dlets with 0.15% iysine or
0.05% methlon1ne 1mproved the value of CM from 74 to 78%

relative to the cost of SBM on. a welght ba51s. These_

. -

author's!” suggésted that the obseryed.:eguqt1on in_

v * =
»

performance associated w1th CM supplemented dlets may be
partially due to a reduction in the energy digestibility of
ithe‘diet“ a marg;nal lYSLne def1c1ency and perhaps

suff1c1ent gluc051nolate hydroly51s ln VIVO to affect

metabollsm “r - .

- ‘

Some experlments have shown that CM (cv Tower) can
totally. (Bowland 1975) or. partlally (Mcxlnnon and Bowland
1977; Pearson and.Bowland 1978) replace .SBM in grow1ng and

“finishing pigldiets without having adverse effects on
performance, while other studies have shown that complete
(McKinnon and Bowland 1977) or partlal (Kennelly et al.1978)
substitution of SBM with CM ch-Tower) adversely affects pig
performance. Aherne and Lewis (19785 and Kennelly et
,a7.(1978) spggested'that ADG and FCE of growing pigs from 20
to 60 kg liveweight are significantly reducedehen CM is

v _

intluded in the diet at a le\‘l as low as 10%. Pigs fed‘ ‘SBM

1

L
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supplemented dlets grew 51gn1f1cant1y faster and requ1red

1ess crude proteln per un1t ofvéaln than plgs from 23 to 67

:kg llveweaght fed barley—based d1ets contalnlng 25% CM (cv':» )

-

r.rTower)JSAngham and. Lawrence T979) Sauer et al. (1982)

‘lreported that in' barrows fed puf1f1ed dlets from 50 to 60 kg
’11vewe1ght ‘the true. 1leal ava1lab111t1es of amino acids
.were h1gher for pigs fed the SBM supplemented d1et than the-d
CM supplemented d1et. The true ileal avallabllltxes for
.ly51ne, threon1ne and methlonlne were 88.3, 81.1 and 89.5%,
respectlvely, for the SBM d1et ‘and 77.7, 72.7 and'84.5%,
respectlvely, for the CM diet. o | o

Studles involving" the feedgng value of CM for fﬁnlshgr
pigs (60 to 90 kg l1vewelght) would suggest that CM can

;satlsfactorlly replace all of the proteln supplement in
flnlsher diets w1thout adversley affectlng performance or
carcass quality (Bowland 1976; Aherne et al. 1977- McKinnon
and Bowland 1977; Aherne and Kennelly 1982) .

3ell and Aherne (1981) suggested that for growing pigs
(20 to 60 kg) CM should not replace more than one- half of

f the supplemental protein of the diet. However, when CM is

fed during the entire grower-finisher phase (20 to 100 kg

liveweight) or during the finisher phase (60 to 100 kg

“\\\liveueléhtf then it may be included at the level of 10 to
!

15% in the diet without significantlyﬂréducing ADG, ADF or

\the carcass quality of the pigs (Aherne and Kennelly 1982).
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C. Breedxng swxne fﬁ<;5>¥mlt~"‘

. :ov 0 Receft, nesearéh.lhvbivzng the effects of feedlng CM to

v

gllts and SDHS'substantlated 1ts use 1n femaie breed g’“ﬁ*

o A e S

-

‘and‘Dufou:.(1977) Lewls et al (1978) and Lee et aI (1980)

| would 1nd1cate that CM can partlally and/or completely
rep{ace.the SBM supplement in breeding sow and gilt ;ations
without caueing a reduction in any aspect of sow

reproductive performance.
I
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'Vii.'CAﬂOLAAMEAL AS_A PROTEIN SUPPLEMENT FOR STARTER PIGS.
A. Abstract
Two experiments were éonducted to evaluate the
replacement value of éandlé meal (CM) for‘soybean meal - (SBM)
in isoenergetic, isonitrogenous diets for starter pigs (8—25—
kg liveweight). In Experiment One, 72 cfossbred pigs (four
weeké.of age), equalized for sex and with an average initial
weight of 8.4 kg, were réndomly allptted on the basis of
initial wéiéht to one of three dietary treatments. CM was
added to the diets replacing either 0, 50 or ﬁOO%lof the SBM
supguemeht (on an isonitrogenous basis). Pigs fed the SBM
and the 50/546 SBM/CM diets grew 51gn1f1cant1y (P<0 05)
faster than pigs fed the 100% CM supplemented diet. Pigs
consumed more (P<0,.05) of the SBM control diet than diets
supplemented with either 50 or 100% CM. Feed conversion
efficiency (FCR) wae similar (P>0.05) for all treatments. Tn
Experiment Two, 130 crossbred pigs (four wee%g of age),
equalized for sex and with an average initial weight of 6.9
kg, were randomly allotted to one of five Aietary treatments
on the basis of initial weight. Perfermance dagg between 7
and 18 kg liveweight and digestibility coefficients for
proteln and dry matter were determined for the diets in
which CM replaced 0, 25, 50, 75 and 100% of the SBM
supplement. Average daily gain (ADG) and averagé daily feed
intabe (ADF) vere reduced (P<0.05) when CM:replaced 75% and

"0% respectively, of the SBM supplement. The FCE angd the
. P
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digestibilify of protein and dry mattér were not affected‘
(P>0.05) by the level of CM in the dieﬁ. Rggressions of ADG =
and ADF on percent CM in the diet’ for both triais_indicated
that for each one percent addition of CM to the diet, ADC

and ADF were linearly redhcédvby 2 and 4 g, respectively.
‘These two studles indicated that CM (approxlmately 17% in

the dlet) replaced 50% of the protein supplied by the SBM

supplement without significantly affecting the growth rate

or the FCE of stn''er pigs.

Key Words:STARTER F7G, CANOLA MEAL, SOYBEAN MEAL, PROTEIN

SUPPI,LEMENT

B. Untroduction

The ihprOV”ﬂ valur of canola meal (CM) (rapeseed‘meal
containing less than 3 ﬁg/g glucosinolates) as a livestock
feed suppleme ' hne arisen through advances in breeding and
processing of t'e seed. (Youngs et al.1981). Aherne and
Kennelly (198 ' repnrted that the nntritionél valne of CM in
the diets for A ~wing and finishing;swine-is well
documented. Hrwever, the optimuh replacement value of CM for

coybean meal (SBM) in the diets of starter rige has not yet

Some studies hgt.;x;cwn that CM cnmplete]y (Bowland N

1875; Bowland et al, 197‘)“nr parr1alLX (McKlnnon and Bowland
1977; Salo' 17R0) replaved the supplemental protein snurra,in"
>

the diets of rrarter rigs without adversely affecting

K'Y
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performance, whereas other experlments 1nd1cated that
complete (Mcxlnnon and Bowlahd 1977)'or par€1al (Castell
1977) substltutlon_of‘the SBM supplement ‘with CM caused a ﬂ;
_.fredUCtion in pig performance.. n
pThevlack“of'a concensusfastto}the optimum level of CM
in the dietssof starter}plgs indicatedfthat further research
: . S : - LR

- on this topic was required 'The objective of these. -

experiments was to determlne the opt1mum replacement value \
0

of CM for SBM in the d1etaof starter p1gs with an average 4
xﬂ » . -
1n1t1al weight of 8 kg

~ ”,
' .
~

C..Materials and‘Methods?

Experiment One

jSeventf-two‘crossbred (Yorkshire X Lacombe) pigs (féur
weeks of age), equéli\ged'for %ex and withlan average initial
»yEignt of 8.4 kg.were randomly.allotted to one of three
dietary‘treatments.on the basis of initial weight. The
experimental diets were based’on wheat, barley and oat
groats and Were‘formulated tb meetlor exceed National
Academy of Sciences - National'Research’Council (NAS-NRC
1979) re¢ommended levels of nutr1ent requ1rements (Table
VII.1). The d1ets vere formulated to be 1soenerget1c on a
dlgest1ble energy basis and 1son1trogenous on an as fed
basis. The CM (cv- Candle) was added to the diets replacing
either 0, 50 or 100% of the SEM-supplement (on an |
‘isonitrogenous basis) such that CM comprised eithe& 0, 17 or

36% of the diet.



"Pigs were housed in pairs (one barrow and one gilt) in

1.2 X 1.2 m eiatted floor pens. The pigs were aliowed_ad, ’
libitum aecess to feed (steam-pelleted) and water. Pigs were"
weighed weekly.and feed consumption wes determined on a .pen
‘basis at the'time of weighing. The environmental temperaturel
was maintained at 21-23 °C throughout the 35 day study.

The percent'cfude protein, gross energy and dry matfer
in the diets were determined’aqcording to_the‘Associaﬁion of
Official Analytical‘Chemiees'TAOAC 1975). %o?al dietery
lysine levels were determined, follewing acid h§d;olysis in
6 N HCL (Blackburn 1968), on a Beckman 121MB amino acid
analyzer. | o

Analysis of'variance.df the data was pefformed'
}éccording_to Steele and Torrie (1980).IWhere apbropriete;
treatment means were tested for signifisance (P<0.05) using
Student-Newman-Keuls (SNK) multiple range test when preceded
by ‘a 51gn1f1cant F-test.
Experiment Two

One huﬁdfed and thirty crossbred (Yorkshifelk Lacombe )
pigs:(four Qeeks of age), equalized for sex and with an
average initial weight of 6.9 kg, were randomly allotted to
one.of five dietary freatments on the basis of initial
weight. The experimental diets were based on wheat, barley

: "

and oat groats and were formulated according to procedures

described in Experiment One (Table VII.2). THe CM was added

to the diets replacing either 0, 25, 50, 75 or 100% of the
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s comprised 0, 9, 18, 27, or 36% of the diet. The diets
3 containlng CM were supplemented with Ly51ne HCL to a level

.equal to the calculated available lysmnerievel of the SBM

control diet usxng fecal data of Sauer et .al. (1981) and

‘Sauer et al. (1982) Dyspr051um (DyC1-6H, 0) was added to each

diet at a. le el of . 10 ppm- as. an, 1nert digestive 1nd1cator
v

according to” procedures by Kennelly et al. (1980)

: Thirty-five pairs of pigs (one barrow and one gilt)

-

were housed in 1.2 X 1.2 m slatted floor pens and 30 . pairs

- of pigs were housed in 0.6 X 1.2 m flat decks with

Tenderfoot flOoring,AThe pigs were managed in the same way
as in Experiment One.

The'percent'crude protein, dry matter, ether extract,
gross energy and lysine;leVels of the feed and fecal samples
were determined according to procedures described in

Experiment One. The digestibility coefficients for dry

.

matter and nitrogen were determined using the instrumental

neutron activation analysis (INAA) procedure desctibed by

Kennelly et al].(1980). Fecal grab samples were collected

" from each pig en day 7 and day 28 of the test period.

The statistical analysis of variance of thé data was
determined acrording to procedures described in Experiment

One.
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D. Re#ults and Discussion
Experiment One _ .
' Pigs fed the SBM and the 55/50 SBM/Cﬁlébpplementedw
diefs grew significantly faster ‘than pigﬁ.féa the}fOOXICM;
supplemented diet (Table VII.3). Average aaily'feed iﬁlak;
(ADF) decreased (P<0.05) as the level of CM in the diet
incfeased, Feed conversion efficiency (FCE) was not affected
(P>0.05)‘by the level of CM in the diet (Table 3). The
fblloﬁiqg regression analyses indicated that each one
‘percent“additiéﬁ-of.CM to the diet resulted in aﬁlinéar
(P<0.01)vdécreasé in average daily gain (ADG) and ADF of 2

and 4 ¢, respectively. *

fl

Y (ADG) = 0.441 - 0.002 (%CM) r=-0.400

Y (ADF)

0.848 - 0.004 (%CM) r=-0.355
The results from this study indicated that CM replaced

50% of the SBM shpplemedt withoufysignificantly reducing the
growth rhte or the FCE of young piés.
Experiment Two

| Pigs grew significantly slower when fed diets ih which
CM replaced 75% or more of the SBM supplement. The ADF was:
reduced (P<0.05) when 50% or'more of the SBM supplement was
substituted with CM. The FCE's were not significantly
affected by the level of CM in the diet (Table VII.4). The
following regression analyses indicatedvthat each one
 percent addition of CM to the diet resulted in a linear:
(P<0.001) decrease in ADG and ADF of 2 and 4 gq,

respectively.
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Y (ADG)= 0.306 - 0.002 (%CM) r=-0.533
Y (ADG)= 0.568 - 0.004 (%CM) r=-0.552

These results are in agreement with those obtained in
Expériment One. When CM replaced 50% of'the SBM supplemeﬁt
in the diets of stattér pigs, no significant feductions in
ADG or FCE were observed, althdugh ADF was significantly
1ower; | , N

&ﬁe §ighificant reduction in ADG when CM Eomple;ely
replaced‘éBM in starter pig diets @oes not agree with the 
results of Bowland (1975) and Bowland et al. (1975).
McKinnon and Bowland (1977) also reported that CM (25% in
the diet) completely replaced SBM .in starter pig diets
without significéntlf redycing ADG and FCE, although ADF was
significant}y reduced. They did repor®, however, that pigs.
gained significantly less weight during the growing périod
when fed a diet in which;CM (20% in the diet) completely
replaced the SBM supplement. On the other hand, Castell
(1977) reported that sfarter pigs fed a diet containing 7.5%
Cﬁ (cv Tower) gained significantly less weight and converted
feed to body wéightAgain less efficiently than pigs fed a
SRM Coﬁéfol diet.

Although differences (P<0.05) i% the digestibility of
protein and dry matter of the diets were detected (Table
VITI.5), no consistent ?e]atiohship (P>0.05) was observed
between digestibility coefficiemts and the ievel of CM .in
the diet. Bowland (1975) found no significant differences in

nitrogen digestibility of young pigs fed diets supplemented

.
A

R
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with 100% SBM, 50/50 SBM/CM Qr-lOO%lCM. McKinnon and Bowland
(1977) howevéf, reported thgé starte; pigs consuming a diet :
supplemented with:100% CM exhibited a lower (P<0.05) |
nitrogen digestibility than pigs fed either a SBM or a 50/50
SBM/CM supplemented diet. - | -

Neither the.éigestibility data nor the FCE values
obtalned in thls experiment accounted for thﬁ reduct1on in
pig performance assoc1ated wlfh an increase in the level o{
CM in the diet. Adjustment of ADG for the observed
differences in ADF removed (>0,05) thi'freatﬁent
differences in ADG between the CM and SBM supplemented
diets. The supplementation of Lysine-HCL on an available
lysine basis (0.94%) did not improve the ADF of starter pigs
in Experiment Two. Aherne and Nielsen (1982) failed to
improve the ADF of starter pigs (7-19 kg liveweight) fed SBM
supplemented diets by the add1t1on of L-lysine HCL to diets
containing 0. 87 or 1.,17% available lysine and 18 or 20%
crgde protein. Tt would therefore appeér that the reduction
in feed intake of diets containing CM is not due to a
dietary deficiency of lysine nor to a reduction in the
utilization of nitrogen from CM.

The progressive decrease in feeé intake as the level of
CM in thé diet increased appeared to have éccounted for the
observed differences in growth rate between pigs fed the CM
and SBM supplemented diets. Possible reasons for the

reduction in feed intake of diets containing CM may be due

to the influence of glucosinolates on thyroid function
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(McKinnon and Bowland 1979- Ochetim et al. 1580a, 1980b)
and/or the palatablllty of the meal (Slngham et afx 1979;
Chubb 1982; McIntosh and Aherne 1983). .

The reéults of these rwo,experiments indicated CM
(16.6-18% in the diet)psafely replaced up to 50% o{,theXSBM
supplement without significantly redueinglthe'growth rate or

FCE of starter pigs fed from 8 to 25 kg liveweight.
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' VIII. UTILIZATION OF NITROGEN AND OF AMINO ACIDS IN CANOLA
' MEAL BY STARTER PIGS. |
lAQ-}Bstract e
The utilization ‘of nitr6€En'(N) and amino acids (AA)
was determined in canola ﬁeallfcﬁ) supplemented diets
fornulated to contain 7'8 13.2, 17.0 ‘and 23. 8% ‘crude
protein. Eight crossbred barrows with an initial weight of-
9.0 + 0.9 kg were allotted to one of four isoenergetic diets
on the basis of initial weight in a replicated & X 4 Latin
square design. Diets were formulated by varying the amounts
of cornstarch and CM. Endogenous levels of N and AA in feces.
were determined by the regression analysis method. The
.apparent digeStibility cdefficients for dry matter and
ener decreased lineariy (P<0.05) as the .level of protein
/{:: diet increased. There:was a linear (P<0.05) increase
in the apparent N d1gest1b111ty and the apparent net protein
utilization (NPU) as the level of dietary. protein 1ncreased
" The apparent and true N balance‘51gn1f1cantly (P<0.05)
increased with incredsing protein:levels. True N digestion,
biological value (BV) and NPU were. not significantly
affected by the level.of protein in the diet. The apparent
availapilities among all thé indispensable and dispensable
AA, except proline, linearly CP<O.QS) and/or quadratically
(P<0.05) increased as the leve} o;‘protein in the diet
‘increased. At the 7.8% crude protein level, methipnine,'

isoleucine and threonine’nad the lowest apparent

54
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_availabilities among the indispensable AA, Tyrosine, alanine
l'and aspartic acid had the lowest apparent availabilities BN
among the dispensable AA. The true availabilitles among all
the AA were not affected (P>0.05) by tr?atment The estimete
of true BV and NPU for the starter pigs fed CM supplemented
diets at graded protein 1evels ‘was 70.5 and 57.7%,
. . 3 ’ o i
respectively.! , -

i
i

Key Words: STARTER PIG, CANOLA MEAL, NITROGEN BALANCE, AMINO
* : ‘

ACIDS

B. Introductiqn"

Preyious studies for determining the protein quality
and amino acid (AA) availability of canola meal (CM) and/or
soybean meal (SBM) for swine have been primarily performed |
on growlng finishing animals (Armstrong and Mitchell 1955
Sauer et al.1982). The protein quality and AA avallability
of CM for young pigs has’received much less attention.
Bowland (1975) reported no 51gn1f1cant differences in the
apparent nitrogen (N) utilization whereas McKinnon and |
Bowland (1977) observed differences in apparent
digestibility coefficients (ADC) for N and in biological
value (BV) when CM completely replaced the SBM supplement in
grain-based starter pig diets. McKinnon and‘Bowland“(1977)
also stated that the ADC for energy“and for the
indispensable AA for a 100% CM supplemented diet were

significantly lower than for pigs fed a diet partially
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subsﬁituted-with CM or a SBM control diet. McIntosﬁ and-
Aherne (1983), however, did not obserQe a significant
;eductign in g£é ADC for N as the level ofdtﬁ in grain*baéed
diets of starter pigs increased from 0 to 36%.

| The objectives of this expepiment were (1) to aetgrmine
the digéétion abéorption and réténtibn of the protein (N x
'6.25) derived from CM and.(2) to determine the avallablllty

of AA of CM when .included in 1soenerget1c starter pig d1ets

at graded levels.

c. Matefials»end Methods

hEight crossbred (Yorkshire x Lacombe) barrows, four
ﬁfrom;each of two litters, with an average iniiial weight of
9.0+ 0.9 kg were aésigned'to a 36 day stuay. The four
wéxperimental diets were formulated to meet or exceed
National'Academy of Sciences-National Research Council .
(NAS—NRC 1979) recommended levels &f nutfient requirements,
‘with the exception of profein. Protgin in the diet wés
supplied by cM replacing cornstarch at levels,qf 7.8, 13.2,
17.0 and 23 8% (Table VIII.1), The dlets were balanced for
d1gest1ble energy by the’ addltlon of corn o1l Dextrose was
included at a level of 10% to potentlally improve
paiatability. | |

Pigs were fed'the diets in a mash form at a vel of
- approximately 4% of body weight in‘tﬁree eqﬁal amounts at
0800, 1300 and-1800 h. W;ter Qas supplied ad ] ibitum from a

low pfeséure drinking nkpple. The barrows were individuélly



conf1ned 1n 0.5 X 1. 0 m metabolic crates wh1ch perm1tted '
separatlon and quantitative collect1on of feces and urine.
The enV1ronmental temperature of the unit was maintained at
23°C throughout the experiment. : . -

Animals were allotted to one of four dietary treatments
on the basis of initial weight in a replicated 4 X 4 Latin
square désign Each of the four test perlods lasted: n1ne
days. The pigs were af‘owed to adapt to each diet for the
first five days of each period and feces and urine were
collected for the néxt four days.

Urine was collected daily.in 20 1 plastic péils
containing 35 ml of 0.1 N HCL, mixed tho;oughly and a 1%"
aliguot was t;ken. Urine and fecal samples were kept frozen
until analyzed. At the conclusion of the exper&mehﬁ, tbe
fecal samples were freeze-dried, weighed, ground in a;ﬁiley
mill through a 1 mm mesh and throughly mixed before samples
were txken for analysis. |

'Analysis for protein (N x 6.25), dry matter, ash, ether
extract, and energy content were carried out gécordlng to
the Assoc1ag1on of Analytical Chemists (AOAC 1975) methods.
Acid detergent fibre and neutral detergent fibre analysis of
feed and feces were determined accbrding to procedures
described by Goering and Van Soest (1970). The AA levels of
feed and feces were determined, ‘following acid hydrolysis in
6 N HCL (Blackburn 1968), on a a Beckmaﬁ 121MB amino acid
ana]xier. Tryptophan and cystine levels Qerg n determined

in this study.
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'bata were analyzed by the least-squares anélysis of
variance for unequal ﬁg?bers‘according to Harvey (1975‘.
Sources of variation included replication (n=2), t;éétments
(n=4) and period (n=4). Where appropriate, means were
compared for 51gn1f1cance (P<0.05): u51ng the
Student-Newman- Keuls (SNK) multlple range test when preceded
by a 51gn1f1cant F-test (Steele and Torrie 1980). For each
variable an additional analysii—vas computed in which fhe
treatment sum of squares (SS) was subdivided into linear,
quadratic and cubic responsé curves (RC) and tested for
significance (P<0.05) using Duncan's multiple range test
(Steele and Torrle 1980) |

.The term fecal avallablllty of AA in this study refered
to the portion of AA present in a dietary protein which are
potentially available for growth, devélopment and/or
maintenance, measured by the difference of the AA éonsumed Aﬂ*
ana void in the feces. The fecal method, however, does not |

4
take intd account the modifying action of the microflora in

the hindqut'on AA metabolism‘as does the fileal method (Sauer
et al.1982). Estimates of metabolic fecal AA and N were

determined according to the regression method (Mitchell

1924). - i

D. Results
The chemical analyses of the diets are presented in
-} .

Table's VIII.1 and VIII/4 The pigs gained an average of

168+ 24 g/day in 11vewe1ght over the 36 day trial. Two pigs
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~incurred digestive upsets near the end of the trial and were

taken off test. The ADC for dry Eatter (DM) and energy

.liﬁeariy (Pgp.05) decrea§2d as the level of protein in the

diet increased (Table VIIi.Z). The ADC for N ang the
apparent N balance linearly (P<0.05) increésed with
incrgased levels of protein (Table VIIi.3). The apparent BV
was nog sigqificantly affected by Fhe level of protein in
the diet, bUt’tendéd (P<0.055) to improve as the level of
protein in the diet increased. There was a lingar (P<0.05)
increase in the apparent NPU as tﬁe protein level in the
diet i;creased. 7

Thé'éstimation of 1.65 g of metabolic fecal N (MFN) pef
kg of DM -consumed was determined using individual data
values from regression analysis to 0% crude prote{ﬁ (Ccp)
intake (Fig.fofﬁ1). The estimation. of 0.02!»9 of end§genous
urinary N (EUN) per kg of boéy weight’*®* (MBW) was similarly
determined to 0% true N-absorbed (TNA) (Fig.VIIT.2).

Y (MFN) = 1.645 + 0.291 (%CP) r=0.922
v (EUN) = 0.025 + 0.299 (TNA)1f=0.97O

The true N balance increaged linearly (P<0.05) with
increased protein level. The level of protein intake had no
significant effect on true N digestion, tru; BV ar true NPU.
The coefficients for true BV and NPU were 70.5 and 57.7%,
respectively.

With the exception of proline, the apparent

availabilities of all the indispensable and dispensable AA

linearly kP<0.05) increased as the dietary protein level

P
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iricreased (Table VIII.S).VThe_prarent availabilities of all
the AA , exéeptlvaiine,valanine, prolinevand
serine,ihcreased\auadratically‘(P<0ﬂ05)‘With increasiﬁg
levels of dietary protein; At the 7.8% CP level, methionine,
isoleucine and threonine had the lowest apparent
availabilities among the indispénsable AA. Tyfosine, alénine
and aspartic acid had the lowest apparent availébilities
among the dispensable AA. No treatment differences (pP>0.05)

were detected for the true availabilities of the AA measured

(Table ¥111.6).

E. Discussion

The observed differences among the ADC for DM and
energy were most probably due to the increase in CM (high in
fibre) at the expense of cérnstarch which is low in fibre
and higﬁ in digestible energy (DE). Taverner et al.(1981)
reported negative cgﬁ%élations of fibre content to the
digestibility of DM and energy for cereal-based diéts fed to
aQrowing pigs.

The extrapolated value of 1.645 9 ofWMFN per kg of DM
cohsumed falls within the range of values (i.e. 0.63 to 2.00
93 reported by Armstrong and Mitchell (1955) for growing
pi;;\?gg a variety of diets and by Gjefsen and Opstvedt
(1980) (1.27 and 1.89 g) for starter pigs fed a dry skim
milk and a fishmeal-whey diet, respectivély..The amount of
fecal N excreted in their study remained fairly constant

vhereas in the present study the fecal N output increased as
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" the level of proteih in the diet intreased. This reepense
may again be due to influence of the fibre level from CM.
Sauer et al.(1977) and ﬁergner (1982) reported lhat
increasing the fibre‘content of tﬁe\giet from approximately
% to 15% increased microbial fermentatlon and the amounts of
fecal N and AA in, grow1ng and young pigs, respectlvely

The extrapolated value of 25.1 mg of EUN per kg of MBW
falls below that of Armstrong and Mitchell (1955) (133 mg),
Carr et al.(1977) (150 mg), Wllson and Lelbholz (1979) (141
mg ) and Gjefsen and Opstvedt (1980) (103 mg). This may be
partially explained ty the‘different set of nutritional,
environmental and experimental conditions under which
studies of this nature were conducted. Armstrong and

‘Mitchell (1955) and Gjefsen and Opstvedt (1980),
example, did not utilize data from protein levels exceeding
16% end 18%, respecthely, in their statistical analysis of
EUN. The EUN values reported by Carr et al.(1977) and Wilsen
and Leibholz (1979) were obtained by feeding protein free

"diets. Sauver et al.(1977) and Taverner et al.(1981) néteé
the concern of many nutritionists that the values ohrained
for MFN and-éﬁN_by feeding érotein free diets may
overestimate the actual amounts of N lost dajily compared to
those obtained wit? animalsmfed diets that support both
maintenance and growth. Other fectors sucp as body size and
DM intake;‘source, density and ratios of dietary energy and
protein; species, sex and physiblogical‘age of the animals;

and the experimental, technical and statistical procedures
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employed can have a pronounced affect on the defermination
of N and AA utilization (Forbes and Yohe 1954; Munro 1964;
Mason and Palmer 1973; Sauer et al. 1982).

It is generally accepted that under standardized
conditions, as the level of protein in the diet'increases,
the apparent N digestibility, BV and NPU and AA availability
increases, the true BV and NPU decreases and'the true N
d1gest1b111ty and AA availability remains constant. (Eggum
1973). 1In the present studf/there was a linear increase
(P<0.05) in the apparent dlgestlbrllﬁy of N and the apparent
NPU. There was also a significant. linear and quadratic
increase ié'the apparent AA avaiiability as the level of . .
dietary protein increased. The true N digestibility and AA
availabifity also remained constant over the graded protein
levels tested. However, the grue BV’and NP 4id not
significantly change with increasing protein levels. Diets
were not equalized for fibre so ag,to give a realistic
esfimation of the BV of CM for starter pigs. The Ealcu%qted-
values ' for the frue BV and NPU of CM for starker pigs were
0.5 and 57,7%, respectively.

Comparison bétweens Phe highest and lowest apparent
fecal AA availabilities obtained by Sauer et al.(1982) for -
CM (cv Candle) bupplemented diets (10% CP) fed to growing
pigs and at the 13.2% CP. level in this study are almost
identical. Among the indispensablgiAA;_isoleuciné (75.2% vs
~75.8%) and valine (74.5% vs 77.5%) had the lowest and

-

arginine (86.3% vs 87.5%), histidine (86.0% vs 90.4%) and
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lysine (79.6% vs 79.6%) hgd the highest apparent’
availabilities of AA in this study compared to thét of Sauer
et al.(1982). Among tﬁe dispensable AA in both studies the
ranking of availabilities was identical, with tryrosine
_(65;2% vs 74.3%) and alanine (74.3% vs 81.6%) having the
.lowest and glutamic acid (87.6% vs 90.0%) and proline (83.5%
vs 87.1%) the highest availabilities of AA in rhis<§;pr
comparéd to that of Sauer et al.(1982), /

It has been suggested that the fecal method for
evaluating protein guality may not be as reii;ble as the
ileal method due to endogpnouq secretlons into the d1gesf1ve
fracf and the effect of the microorganisms in the caecum 3ndA
colon (Taverner.et al. 1981; Sauer et al.1980). Mason and
Palmer (1973) stated that the amount of N egqreted in the
feces was primarily determined by the 1evé11;f bacterial
Aactivity in the hindgut,; which in turn was influenced by “he
type and pretreatment ~f the c~arbohyArates in the Jiet.
Comparative stnudier of the ?ecal 364 ileal mefhﬁgs teo
deterﬁige the rate ~f digsappenrance of N an»d AN in the largn
intestine have shrwn that the feral m;rhpd Tay averegtime' -

N utilization and certain AA =~ rilahilitiee (Gauner @f

1.1981; Saner ot al.1982). :
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IX. SELECTION PREFERENCES OF STARTER.PIGS FED CANOLA MEAL

AND ,SOYBEAN MEAL SUPPLEMENTED DIETS.

"A. Abstract .

Three experimeets were conducted to deteré&ne the
selectlon preferences of starter p1gs from 7 to 27 kg
l1vewe1ght for barley-wheat- oat groat-based dletS'
supplemented with soy?ean meal (SBM) and canola meal (CM),
In Experiment One, 16 starter pigs were offered a_chdice
between a SBM control diet and.any one of four |

isonitrogenous, isoehergetic CM supplemented diets
~

containing either 5, 10, 15 or 20% CM. Pigs fed from five to -
A‘ . / . . ] s

nine‘weeks’of age consumed'two and dne-half to seven times
more of the SBM, controi diet than diets conta1n1ng 5 to 20%
CM respect1vely. When glven a choice, pigs consumed .
significantly (P<0.05) lese of theediet containing 5% CM
than the SBM (control diet ana significantly reduced their
consﬁmption'éf the CM supplemented diets as the level of CM

in the diet increased to 20%. In Experiment Two, 12 starter

;>pigs were given different periods of time to adapt to a 10%

-

CM diet (4-24 days) and were subsequently.given a choice

betweennthe‘lo% CM_&iet and a SBM control diet; Duration of

the adaptation period to a 10% CM diet had no effect

(p>0. 05&“.Ithe subsequent selection preference of starter

plgs fed a SBM or CM supplemented diet. When given a cho1ce
L ]

“pigs consumed approxxmately three and one- half tlmes as much

of a SBM control dlet than a diet conta1n1ng 10% CM, with or
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without prior adaptation to the 10% CM diet. In Experiment
Three, the influence of supplementary monosodium glutamate
(0515%), dextrose (10%) and corn o0il (4-5%) on the
consumption of diets in which CM replaced 50 or 100% of the
protein supplied by the SBM supplement was ‘studied. No
significant differences in feed intake or pig performance
were att;ibuted to the addition of these flavour additives
to diets containing CM. Pigs fed a SBM contqol'diet and a

. 5 N .
50/50 SBM/CM mixture containing dextrose grew faster (P<0.05)

thap pigs fed thg 100% CM supplemented diets with ¢r without
‘the flavour additives. Pigs fed the 50/50 SBM/CM diet
eontaining dextrose consumed more (P<0.05) feed than pigs
fed the 100%‘§n supplemented diet with.or without the
fla;our additives. Feed cenversion efficiencies were similar
(P>0.05) for all diets. No sig;ificant changes were foﬁnd in
consumption patterns of any of the ratiens fed between the

>
first and last week of the experiment.

Key Words:PALATABILITY, STARTER PIGS, CANOLA MEAL, SOYBEAN

MEAL.

B.'Introdnction‘

Studies 1nvolw1ng the replacement value of canola meal
(CM) for soybean (SBM) in starter pig diets have shown with
few exceptions, that as the level of 'CM in the diet was
increased there was a‘cbncomitant decrease. in performance.

McKinnon and Bowland (1877) and Castell (1977)'reported



?

significant reductions in starter pig performances when CM
was included in the dieﬁ at levels o; 25.3 and 7.5%,
respectivwely. More recently, McIntosh and Aherne (1983) have

shown that for each one percent addition of CM to the diet,

average daily gain (ADG) and average daily feed intake (ADF)

were reduced by 2 and 4 g, respectively. This-relatibnShip
(520.001) resulted ih a significant decreasg in pig b
per formance when CM replaced 75% or more of the protein
'supplied by SBM (2?% or more CM in' the diet).

Possible reasons -for the reduction in feed intake of
diets containing CM when fed to starter pigs may be the
influence of glucosinolates on thyroid:function (McKinnon
and -Bowland 1979; Ochetim et al. 1980) and/or the reduced-"
~palatability of the meal-aSSociated with presence in the
meal of tannins, phytic acid, sinapine, glucosinolates and
their breakdown products and fiber (Chubb 1982).

Since the d;rreasn in performance noted when CM was
included in the ration appear=s tn be aSSOCiated with
de~reased feed intaké, %t seemed desirable tno determine
whether or not this ?bserved reduction. in XDF was caused by
T a dec;eased palatability of the meal. Consequanrly,
palatabilify studies were conducted to determine: (1)
whether young pigs,“when.given a choice, would select a aiet
containing SBM in preference to diets contéiniﬁq,varyinég‘

levels of CM; (2) whether feeding a diet containing CM prior

to condﬁcting a palatabf!ity'study would have any influence

on subseqguent selection préferences of starter ﬁlgs given a

\

7
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choice between a SBM and a CM supplemented diet and (3)
whether the COnsumptiqn.level{bf starter pig diets
containing CM replacing 50 or '100% of the SBM in the diet
would be éffected by the inclusion of three feed flavour

additives. Lo
. | \
., C. Materials and Methods
'ExperimentVOne
+ Sixteen crossbred (Yorkshire x Lacombe) pigs (five
weeks Of‘age) edualized for sex and with an average initial
w?ight’of 9.6 0.5 kg were assigned to a 28 day study.
Animals were randomly allotted, to one of four groups on the
basis on initial weiéht in avreplicafed 4x4 Latin square |
aesign. Eaéh of the four test periods lasted seven days.
;ﬁach group Va; given ‘Eq choice thawSBM supplemented diet
(#0) and one of four experimental diets containing either 5,
10, 15 or 20% CM (#'s 1, 2, 3, or 4, respectively, Table
IX.1). Thus in any one test period each pig had accéss to
two feedérs,‘one containing the COnﬁgbl.diet (#0) and the
.other eontaining a CM supplementedldiét (#'s 1, 2, 3 or 4).
The 1ocat%on§ of, the two feeders in each pen were changed

daily.

)

The five diets were based on barley, wheat and oat \

groats and were formu}ated to meet or exceed National

‘

Academy of SciéncesLNational Research Council (NAS-NRC 1979)

-
recommended leveds of'nutgient requirements. The.diets were

formud¢ated to be isonitrogenous on an as fed basis, to be

-
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isoenergetic on a digé§tib1e energy basis and were equalized
for total lysine content by the addition of sYnthetic lysine‘
(L-1lysine hydroch;ofide, 78%). Commercially available éM (cv
Candle) was added to the diets at the expense of SBM and
barley.

| Pigs were kept in individual flat deck pens (0.6 X
.2m) with feed (mash form) and water available ad 7ibitum.
The environmental tempéraﬁhre was maintained at 23°C
throughout the 28 day étudy.

The percent crude protein, gross energy, dry‘métter and
ether extract of the feeé\samples ;ere determined gccording
to the Association of Anélygical Chemists (AOAC, 1;75).
Total dietary lyéine leveYs were determined;'following acid
hydrolysis in 6 N HCL (Blackburn 1968), on a Beckman 12iMB
amino acid analyzer. ’ |

Feed qonsumption data (expressed as a percentage of the
total intake of the two digts offered) and weight q;ins vere
measured daily and data combined for day 1, days 1 3 anfT
days 1'1-7 of each period. NData obtained for ea~h die;ary

combination and their analogous ARC-SINE transformations
were analyzed for significance according to Least Squares
analysis‘of variance procedures as described by Harvey’
(1975). Where appropriate, treatment means were tested for
significance (940.01) using Student-Newman-Keul's (SNK)
multiple randge test when precededigy 3 significant F test

(Steele and Torrie, 1980).

-



73

Experiment Two

«:

Twelve crossbred pigs with an initial weight of 8.2
kg wé?é divided at-random intd six groups of two pigs (one
barrow and one gilt) each, placed in individual pené and
were managed in the same way as in Experiment One. Féed
consumption and weight gains were measured at ¢ day
intervals.

Initially all twelve pigs were fed a 20% protein
starter diet (Table TX,1, Diet #2) containing\LO% CM, Af%er
4 days one group of pigs (one barrow and one gill).yéfo
given a choice. betweer the CM diet and a-SBM control diet
(Table IX.1, Diet #0) for the remainder of the trial.
$ubsequently, safter each 4\day interval another pair of pigs
were given a choicé between the CM and SBM supplemented
diargﬁjFiq. TX.2). Thue pairs ~f pias were aaapted to the MM
supplrmented Aji~t for 1. 8, 12 16 20 and 24 ﬂéys befrre
being ~ffered » Vajre ha'vean the 1N0Y OM djar an? +he QRIT
~erfrol diet .

Due f the natﬁre ~f the experimental design, it “n-
necessary for ease of "ninterpretaticn. tn statigtjrally
analyze the data for significance (P-0 05) in four
groupings. The~e groupings were baced on the combination Pfﬂ
(1) days giver a ch ice hetw-an CM ~1d SaM, ;nd (") Anyr of

adaptatisn ‘o M ome 1 ga.

L
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Groups Days Given a Choice Days of Adaptation
1 4, 8, 12, 16, 20 4, 8

II 4, 8, 12, 16 " 4, 8, 12

171 4, 8, 12 4, 8, 12, 16

1V 4, 8 L 4, 8, 12, 16, .20

The variables analyzed were: (1) guantity of CM
consumed (kg); (2) CM o‘ﬁsumed as a percent of total
consumption; and (3) CM'VQ SBM consumed (kg). Variableé (1)
and (2) were analyzed-using a 2—way.Analyisis of Yarianée.
(ANOVA) w*ih days given ‘a choice and days of adaptation to
CM a= factors. Variable (3) was anhalyzed using a 3-way ANdVA
with days given a choice, days‘adaptation to CM and the two
diets as factors. Daté analysis of' variance was performed
according to Steele and Torrie (1980). Where apprapriate,
treatment meang were tested for significance (r<0.05) using )

Student Newman Keul's multiple range ‘es+ when preceded by a

significant F test. |

Evpearimant Three

Two-hﬁndred and sixteen crosshred (Yorkshire x lLacombe)

pigs (feug weeks of age) ~qualized fo' sex and with an
@%vegage initial weight of 7.4 +0.2 kg were randnmly allott-:

to one of nine dietary treatmerts on the. hacie of initial

weight, The diets were based on wheat, barley and oAt  grratea

and were formulated to meet or exceed National Academy of
“Scienres-National Researc% c~u¥cin (NAS“N#C 1970)

cgcomqended levels of nutrient reqnirem_entq (Tab}o 1X.3).

ha Aiete wore formulated to he ignencrgetic ro - Jigestible

hY
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energy basis and isohitrogegbus on an as-fed basfs. The CM ©
(tvECandle) was added to eight of the diets repiacing either
50 or 100% of the protein supplied by the SBM supplement (17
and 34% CM in the diet, respectively).

The diets containinq CM were supplemented with or
without 0.15% monosodlum glutamate (ﬁgG) 10% déxtrose or
4-5% corn oil. The diets containing CM were supplemented
with lysine-HCL to a level equal to the calculated available
ly'sine level of the SBM control dief using the fecal Eata of
Sauef et al (1981) and Sauer et al (1982). The péﬁéent crude
protein, gross energy, dry matter, ether extract ‘and the -
lysine levels in the diets were determined as in Experiment
One, |

Fo;ty-five pairs of pigs (ong barrow and one gilt) were
housed in 1.2 X 1.2 m slatted floor pens and 63 pairs of
pigs were housed in 0.6 X~1 2 m flat decks with Tenderfoot

e

floorxng The palrs of E&gﬁuwgmefﬁllowed ad lfb?tum access
::"1'% ¥y

to feed (maah water. Pigs were welghed week]y and

was determined 6n a pen basis at the time
environmental temperatdre was maintaiped at
»fuf the 28 day study.

AR N \
s&nal,ylsw; of variance of the data was ierformed S
aq&ord1ng to Steele and To%§1e (1980). Where’ apprrpriate,
treatment means were tested for significance (P<0.05) rsing
Student Newman Keul's (SN®) multiple range test when

pre~eded by a significant ¥ test.
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:ﬁ,;n Results and D:scussxon

| ﬁldeqrease (P<0 05) 1n consumpt1on of the CM d1ets as the

“level of CM. in the d1et 1ncreased from 5 to 20% on days 1 -3

e

. . N ~ [ . . o N .
S S o SR e ‘
S . : . : . - 3 - Coa .

o N Lo

}aq S Cee i T K
ot 41 E!P'rxnent One f§;‘_? | ;;uo ’,- ,

'
.

When ngen a ch01ce, starter pxgs prefenred (P<0.01)

'"ﬁthe SBM control dlet (#0) more than any of the four CM- ]
:‘psupplemented dxets (# s 1 Qq 3 or. 4 Table Ix.2) ovgr'the

,three time. per1ods stud1ed. There was al 6 e 51gn1f1cant

lﬁk@

'Tand 1 7 (F1g. 1x.1) These d1fferences were- consxstent w1th

‘the ARC- SINE transformatzon ana1y51s. Average dally ga1n
T

'(ADG) and feed conVer51on effec1ency (FCE) were fot affected

(P>0 05) by the d1etary comblnatlon offered.

Starter plgs were able to detect (P<0 05) the presence L

“of CM at a level as low as 5% in the dlet, consum;hg two and

d

‘yone half’ t1mes more. of a SBM. control diet, As the level of \\;~

.

"CM in the diet. reached 20%,_p1gs consumed seven t1mes more',

of the SBM control d1et qhan the CM dlet when g1ven -a’

_chorce. The reSults from 'this study 1nd1cated that when

g;ven a cho1ce, starter p1g preference for dlets

5 supplemented w1th CM decreased (P<0 05) a’s ‘the 1evel of cM

TS

A;1n the d1et 1ncreased The reason for the decreased

preference for d1ets conta1n1ng CM was not . apparent.,

Poss;ble reasons for the reductlon in feed’ 1ntake of CM

fo%supplemented dlets by starter plgs may be due to some of the

_.ant1 nutr1t1ve factors present 1n the meal (Singham and

Lawrence 1979 Chubb 1982). Factors such as. 51napine

(Mueller et al 1978,rGohret_?I 1982) tann1ns (Leung,éf: .



:137.7 M1tura 1982) gluc051nolates and thelr breakdown

_'Exper1ment Two

‘\subsequent acceptance of the meal When the p1gs wgre

,supplemented d1et did not s1gn1f1cant1y 1ncrease theark'\t

N

e L]

:produets (n;tr1les, 1soth1ocyanates, thlocyanates) (McK1nnonn;,f"

and - Bowland 1977 Ochetxm et al. 1980)and f.a.ber (Aherne and |

,ernnelly 1982 Bell and Sh1res 1982) alone or 1n ft‘
'1'comb1nat10n, may have had a negat:ve effect on the feed

“]1ntake of the starter p1gs.' ) o ‘,,ﬂ\f

N P
, v,

. N
s

The reSults obtalned (F1g Ix 2) 1nd1cated_that prlor ff'

I

adaptat1on for 20 days of starter ngs to a 10% CM

t

allowed a cho1ce between the CM and)SBM d1€ts, they consumed

»

“51gn1f1cantly (p<0, 01) more of the/SBM supplemented d1et

T

dthan the d1et conta1n1 10% CM~ regardless of thelr prlor'

adaptat1on to the 10% CM d1et

‘The overall consumpt1on of the CM and SBM dlets by

.starter p;gs,_rang1ng from 8. 2 to 24 2 kg l1vewe1ght, was
. 24.0 and 76.0% of the1r total feed\1ntake,-respect1vely.
fThese values compare favourably w1th 24, 4 and 75.6% obta1ned

31n Exper1ment One for the consumpt1on of the 10% cM d1et and 1'_;5

the SBM. control dlet, respectlvely, by starter plgs w1thout

A\

.pglor adaptatlon to CM (Flg 1X. 1) S y ‘ B

-
\

Exper:ment Three

“No 51gn1fcant dlfferences in plg performance from 7 4

“to 18 0 kg 11vewe1ght were attr1buted to the 1nclus1on of

0 15% MSG 10% dextrose or 4~ 5% corn o11 1n CM supplemented
d1ets (Table IX. 4). P1gs fed a SBM control d1et and a 50/50

A
A



QSBM/CM supplemented d1et conta1n1ng dextrose grew faster

\(E<0 05) "an plgs fed the 100% CM supplemented dlet w1th oru

a:w1thout the flavour add1t1ves. P1gs fed the 50/50 SBM CM

”:dxet contalnxng dextrose consumed more (P<0 05) feed*than

Tt_pxqs_iedathe 100% CM supplemented diet w1th or w1thout the
flavour. add1t1ves. Feed conver51on eﬁf1c1enc1es were s1m11ar

(p>e 05)ofor all diets. No S1gn1f1cant changes vere observed_l”

1n the- feed consumptlon patterns of pxgs fed any. of the

'rat1ons 1ﬁ=tﬁe f1rst and last week o the-experlment.

~

Although no response was. observed in thlS study, the

"taste modlfler MSG has been shown to suppress aculty of

undes1rable flavors and 1ncrease fobd consumpt1on (Ald1nger

1371969 Goatcher and Church 1970). Fenar011 (1970) however,

‘,_suggested that MSG can enhance the pungent flavor of

' (Speer

’.’vw.

-tthlsocyanates to 1ntolerab1e levels, thus reduc1ng dletary
lacceptg;ce, The addltlon of dextrose or d1fferent types of

fat to sw1ne d1ets have been shown to st1mu1ate feed 1ntake

/1976 Chapple et al 1982) In the present. experlment

‘”there wvere Nho. 51gn1f1cant d1fferences in consumptlon between -

CM supplemented d1ets wlth or wzthout O 15% MSG 10%

extrose or 4 5% corn 011
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__ Adaptation to a:10% C M Diet (daysj

I 7

_ 18" 200 ' 24

d SBM :

" Selection P.eribds Between CM an

Supplemented D’__i’e‘tg (days)

" FIG.IX.2 percent consumption of a diet containing 10% Canola Meal (CM)
B " by starter pigs when given a choice between the CM diet and a
- Soybean*Meal (SBM) control diet following 4-24 days adaptation _
to the CM diet. - .- - - o -
(Each number within a block represents the amount ot CM consumed during a
“four day selection period expressed as a percentage of the total intake of two
diets offered during that period, } ' : -



x concwsxon

The results of the f1rst two feedang trzals suggest

;f:that cM (cv Candle) may replace up to 50% of the protexn

7starter pngs) w1thout sxgnxflcantly affect1ng performance.

Each one percent addltlon of CM to the d1et resulted in a

linear (P<0 05) reductlon in average da1ly feed 1ntake (ADF)
and average da1ly ga1n (ADG) of 4 and 2 g, respectzvely.
is of lnterest to note that the conver51on of feed to body

,welght gain and the dlgest1b111ty coeff1c1ents for dry

matter and n1trogen were not affected by the level of CM in
the d1et. The: supplementatlon of lys1ne-HCL d1d not

51gn1f1cantly improve the performance of starter p1gs fed

'graln bersed d1ets‘conta;n1ng CM relatlve to the SBM control"

The apparent d1gest1b111ty coeff1c1ents for dry matter

and energy decreased 11nearly as the level of proteln from B

CM increased in the d1et fhe apparent N- d1gest1b111ty and'

‘-fapparent het prote;n ut111zat1on (NPU) also llnearly

-rncreased as ‘the proteln content of the d1et 1ncreased The

apparent and true N balance 1ncreased (P<0 05) With

1ncrea51ng protein levels,-The apparent fecal avallabilities

of most of . the 1ndlspensable and dispensable amino acids

1ncreased 11nearly (P<0.05) and/or quadfat1cally (P<0.05) as

' the level of protein in the -diet 1ncreased The true

ﬁsupplled by the SBM supplement (17 18% CM.1n the dxet ofﬂd».’i“

v e

b1olog1cal value and NPU of CM for starter plgs was 70 R and:'

57.3, respectlvely It appears from thls study that the -
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‘1ncreas1ng levels of fiber had a- greqter‘reduc1ng effect on . .
~i;the ut111zat1on of dny matter and energy than on n1trogen.
| The results of the palatab111ty studles would 1nd1cate
that when g1ven a cho1ce, regardless of’przor exposure to _; E
d1ets conta1n1ng cM, p1gs exh1b1t a s1gn1f1cant preference
Lifor SBM supplemented dlets than d1ets conta:nlng CM As the
"level of CM 1n dlets 1ncreaspd from 5to 20%, plgs, Mhen:d‘

| glven a ChOlce, consumed 51gn1f1cantly more of a SBM AR

ct
4

supplemented d1et than a dxet conta1nLng CM‘ The 1nc1u51on )

of 0. 15% monosodlum glutamate (L Glutamxc acid), 0%

& .
dextrose and 4-5% corn 011 had no. s1gn1f1cant 1nf1uence ono ¢

©the consumptlon of dlets in WhICh CM replaced elther 50 or

"hv

100% of the SBM supplement (on a n1trogenous ba51s)

Whether the observed reduct1on 1n feed 1ntake by 4p:~
) ;starter pigs of dlets contalnxng CM ‘is due to the E[f“}

‘1wpalatab111ty of the mea,g(gluco51nolates, tannlns, srgaplne,

Tflbre, bltterness or- pungency) Emlno ac1d avallablllty e
h

(other than ly51ne) or due to t ‘effeét of the

o glucos1nolates ‘on thyr01d functlon and overall metabol1sm 1s
a

unknown at thls tlme.



