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ABSTRACT

Stﬁdies>iere andertaken to ésséss thé nutritive value
of 1low glucosinoiate, low 9rucic acid‘rapeseed meal (00-_
FSN); cﬁltivarfTouer,,aé a source of protein fof ‘pigs and
. rats -écmpéred’uith ccmmercially available rapeseed meal (C-
RSM) and sbfﬁean‘meai‘(SEu). Stddies were also made tb
detérmine the éffecﬁs éf'théée frotein sources on thffqid

hormone function in pigs and rats.

A total of 80 piggAin one éxperiment..and 33 pigs in
énother‘ experiment as ‘well as SQ rats Qere used in these
studies. Treatments consisted éf feeding isonitrogendué
‘diets’ containing SEM,:' 00-RSM or C-RSHM és_ complete
réplacement for»SBﬁ 6: iscnitrogenous combipations of SBM

with either source of RSM. Diets were also isocaloric.

During the 'starting phase from u to 10 weeks of agé,
pigs'fed the OO0-RSHM die;s consumed more feed (P<.05), gained
faster (P<.05) and.convértéd‘feed to body weight 'géin more
efficiently (P<.05) +than pigs fed the C-RSM diet but
‘ consuﬁption of these " two ,diefs was not significa&ily
different. feed consumption was less ﬂP<.QS) for pigs fed
'OO—hSM than thosevfed SBN piQs fed O00-RSM diets. Partial
réplacement 'ofv SEM with O00-RSM resulted in performance
similar.to pigs fed SBM while pariiél replacement of SBM 5y

P
[
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C-RSM resulted iA per foxpance similar to pigs fed OO-RSH_‘
diets. |
l . .\\ . ! A“ ) ®

During the .growing and  finishing phases feed
consumption was nbt~significantlf diffefent for ény diet.
- Gain and efficxency of feed conversion were less (P<. 05) for
pigs fed OO—RSH'ccmparea with. SBM ih the growing period
although the latter ,parameterl was not significantly

‘ 3
different in the finishing pericd. These parameters were

.mérkedlf depressed for pigs fed"C—Rsn.compared with ail

other diets. _ » ’

. Feed consumptlon, galn,and feed conversion of rats -fed
OOfBSM dlets vas 51gn1f1cantly (P<.05) 10ue;‘than rats‘fed
SBM. Performance was depressed in frats fed” b§th‘ diets
contaihingcC—RSM; ) .

Z'Digestibility of energfr nifrogen aﬂd amino aéidé of
both plgs and rats. fed 00-RSH. and C—RSM dlets vas depressédﬁ
compared Hlth animals fed SBH but- these dlfferences vere not
con51stent1y 51gn1f1cant. DlgestlbllltYVOfAdletS in which
SEH was’ partlally replaced by ‘éifher source of”.RSM vas
1ntermedlate compqred with thc§é7c6ntaining:9niy SBM or RSHM.

Thyroid weight expre*c;as a functlon of body weight

was greater (P<.05) and thyror1ne levels of blood serum were
reduced (P<.05) for pigs fed toth d;etswvcontalnlng C-RSHM

compared with -pigSvfed'other-diets dﬁ%ép; Eﬁyroxine levels



o,

of pigs fed 00-RSM uefe gignificantly lower in one case than
piés'fed the SBM diet. Sgrum'chblesterol and glﬁcéSe' wvere
elevated (P<.05) -ahd alkaline phospﬁétase was depressed
(P<.05) in pigs fed thg‘C~RSH diets. These findings are
inaicative of a possible hypothyroid condition in pigs fed
high levels of C-RsH in these experiments. Thyroid function
of pigs fed high levels of Oo—ﬁsu'ﬁas similar to . pigs fed

-the SBM diets.

4
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INTRODUCTION

"Production of'rapeseed (RS) is of very‘ ancient‘uoridin
énd recorded usage is known from early Sanskr;t writings of
2000-1500 B.C.  (Downey, 1965). China - and Tndia still
account‘for the ma jority of the total world production of RS

(Armstrong, 1575). The first ccmmercial production of RS in

Canada was in 59u3 vhen Argentine-type FS (Brassica napus)
was gfown initially at the request Bf - the Canadian
qovennmént‘ fér" prcduétion of o0il for.marine aﬁd aifcfaft
engine lubricants. Prior to 1943, small émdunts of rape of

Polish fype (Brassica campestrisO were grown in the

'Shellbrook area cf Saskatchewan. Since these modest
Begiﬁnings,‘acreage devoted to Froduction qf.RS has exp;nded
- to 3,950,000 acres (1,598,000 hectarés) (Stdtistics Canada,

v1976) in 1975 and rapeseed is'now the.thi:d_major'cash .crop.

in the Western Canadian prairie provinces.

. Rape - is a member of the Cruciferae family and two
: . - ; ‘
summer species are. ccmmonly grown. in Canadas: Brassica

campestris L. -ccmmonly’ calléd.Polish’rapé-or turnip rape

and ggaséica napus L. Cdmmonly, called Argentine .rape.

—_—

Although B. naggg was initially the majqr speCiesAgrown,

’

‘the shorter gfqving pe;iod, greater drought _resistanée ‘and
shattering feSisfance of’the pods during'harvestingfof gi.
ggggg§££;§\hés‘prOVen to be of benefit ‘in more . ndttﬁern‘
afeas' whefe ‘the bulk of RS pro&uction is conéentrated.‘jﬁt.



v
the preéent time greatert acreage' is devoted to B.
campestris fhan fovgz vggggg although B. . napus produces a
gteatér.yield of seed and is resistant to stughead, a white
rust which is a .major disease problem in areas of B.

campestris production (Dcwney et al, 1975). "

)

Production of RS is dependent largely upon ‘demand for
0il and meal which governs the price of RS, as uéllvas price
ratios between uheat, coarse grains and}RS.‘ These cereal
érops compete for the same acreage aé RS (Runciuaﬁ and
Olsen, 1975) and within certain 1limits relative prices
\dictate fhe crops which will be grown on a gqiven area of
land. His#orically, raée'has been an emergehcy~crop, often
grown in a year when early crops' failed 'or seeding was

delayed.

RS is groénvlargely fbr the o0il éontént (aO%)‘wﬁich is
atilized mainly as an edible o0il in margarine and  co&king
0il (Runciman and blsen, 1975). The resulting meal, which
is a hy—producf of 0il extraction, contains a high level of
protein (36%, on an air dry basis) of good bidlogica1‘v51ue
(Bowlahd;.1965). The‘amino acid pattern of rapeseed meal
(RSM) is quite similar to thaf of soybegn meal (SBH) but RSM
vcontains a higher 1level of nmethionine and slightly less
lysine than SEM (Clandinin et al, 1§72). Therefore, RSM is

a potential partial . substitute. for SBM in livestock and

poultry diets. Currently a level of 5% rapeseed meal (RSHM)



‘

is recommended in the diets of starting, growing and
~ finishing pigs' and ,up' to 10% RsH ﬁay be used where a
favourable price ratio exists in favour of RSM compared with

\
\

other protein souréés (Bowland and Bell, 1972).

fhe féccmmehdatichs.féétrictiﬂg»thgbusé of Réu rini pPig
diets have been formul§£éd as a result of the potential
toxicity for pigs - of | ceftaiﬂ, compounés, calléd
glucbsinolates, vhich appear to be pre§ent in all species of
Cruciferaé (Ettiinger'aqd Kjaer, 1968). Glucosinolates have

been implicated as the. likely cause of depression in

performance and inhibition of normal thyroid metabolism when
e _ .

Qo

Ty

RSM 'is fed to pigs (Bowland, 1965{.

'Glucosinoiates are anions wifh the general structural
formula &s shown in Figure 1. Ettlinger and Lundeen (1956)
characterized fhe breakdown of glucosinolates by an enzyme 

system, . .myrosinase (thioglucoside glucthdrolaser  E.C.

'

3.2.3.1.)  yielding glucose, sulfate _jon ' and  an
isothiocyanate or products formed by . isothiocyanate
‘reactions.

Figure 1. General formula of glucosinolates

s - Glucose

/
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As a result of the ptoblems'aSSQCiéted vith using RSH
as a sdurce of.p:otein inllivestOCk diets, a great deal of
'résearch'has,been.conducted to.dévelop varieties of RS, sﬁcb
as the cultivar »Toier; ‘Which-;have ldu levels of ‘both
glucosinoldtesignd efuéic_écid, a 22-carbon'fétty &cid_which
has been linked tc dndesiréble‘cafdiéc'alterations when the.
oil Supplied a large part of the energy of the diet in male
raté‘ and pigs '(ROine, ef al, 1960; Beafe—Rogers and ﬁéra,
1972) . ﬁeafe~Roger$'et al (1974) suggested that certain
deleterious effects of ;g 0oil on a 'long-term basis may cause -
undesirable ch&nges, uheﬁ RS ' 0il is 'cdnsumed" by“man.
Recently Ahé;ne et al (1975), Friend et al (1975) and Ahécne
“et al (1976) have.$hown ,thafi no significth ‘histologié;l
diffefénces' vere evident ‘in' thé hearts of'pigslfed'aiets
containing high cr low erucic acid'RS'Qilf prdvided"pro;ein 
‘levéls ‘were  increased ‘to_ maintain éénstaﬁt daily brotein
infake écr635“511 diets. Thisf adjustﬁent‘ is.-reQUired to

allow 'ﬁgr the decrease  in- feed  intékeJ which occursliﬁA‘
monogastric-animals';hen dieté c§;£§igin§miér§;t ém§hpfS‘ of
0oil, and ‘whichf thus —hdvéb_higﬁ:'energf levels; are fed.
However, since RSE .is~'defatted and usually"only 2-3%
residual oii >remains in the méal fbllbwing :extracinn
(Clandinin et al, 1972) it is hoxllikely that erucic acid?is
of any significance in fglatiqn té{dsé of'RSH‘fih’ 1i§éstock
diets, ana erucic écid is;vtherefbpe;\not considered furthei

"in this report.



LITERATURE REVIEW

i

E£2222§_9£_§122951n.l§£§§

‘The gluccsinolatesA‘present in RS hav been knovn as
_potent g01trogens for more than 100 years (Gre r, 1962; Bell
and Belzile, 1965). A -rev1ew of the metaborlsm of 'the
.thyroid. and the effec¢ts of glucosinolates is appropriate,‘
paf&icularly' sinceud Paddock ' (1971) sugge%ted o that

,

’gluc031nolates were a major factor hlnderlng 1ncreased usage

of RSH. In addltlcn, the nutrltlve value of RSM as a so&tce

~

of proteln for 'pigs . and the 1mp11cat10ns of low

_glucOsinolate RSM will be considered in this review.

» - Thyroid metabclisnm .

The thyr01d in the plg is a concaue globular structure
located 1mmed1ate1y ventral to the trachea at the 1eve1 of
the thoracic inlet and just anterlo-dorsal to -the’ anterlor
vena cava (Dunne, 1970). 'Unllke‘most mammals including man,
in the pig _ the thyroid@ is not a bllobed structure. The

~gland is. well supplled with blocd from the. carotldéaarteryf
and.dralns into the internal jugu;ar»Vein; » M

Hlstologlcally, "the cells of the thyroiad are arranged

in folllcles uhlch have an 1nternal dense stalnlng-_collold
'.materlal Y(Bell et al, 1968); This proteinaceous celLoid is
‘termed thyrogldbuiin and is believed vto‘-be the 51te of

organic ‘iodination of thyrold hormones as uell as the maln_
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“neséxﬁoiﬁJ of -organically bound - iodine in the .,thxroid

(Harper, 1971). Secretion of the active hormones is

 accoﬁp1ishéd-by enzymatic hydroljsis of thé.peptLde'bonds by

which‘thése hormones are bound’ within® the tthoglqbuIin

molecule (Gharib and Hurd, -1973).

.The primary function of the thyroid gland is‘td prdducé
the thyrbid ‘ho;mcneé. The . two phyfoid hormones having
gredtest physiolagicglvactivity aré' 3,5,3'—triiodothyronine
(T-3) “and 3,5,3?,S'ftetraiodothyro$iﬂe‘ (T¥u) (Pitt-Rivers
and Rall), 1961) . Oppenhéimer'(1968) and Fobbins and Rall
(1967) showed that 90% of the‘organica11y bound iodine in
the blood was accounted for by T—ﬁ, T-3 is  considered to
have four fimes the calbfigehic aétivity‘of_T—u'thle using
only”75% as much Organgéaily bound iodine uhiéh may be of

} .

importance in jodine deficiency states (Greer et al, 1968)

Also, .. Chopra et <al (1971) have ﬁuggestéd that due to a

: _ : -
_shorter serum half life of T-3 'of 1.0 days vs 6-7 days for

Vifu,f and an estimated daily production cf apprOXimately_2§

ug of T-3 vs 80 ug/day fd: T-4, that T-3 may accéunt for
two-thirds of the total thyroid hormome effect in humans.

Further, Chopra et al (1971) nave suggested that more than

30% of the daily production -° -4 is ccnverted to T-3 in

the body outside the thyroid, .~ “her strengthening the
argument that the main functicnel ~yroid hormone is indeed

T-3. Mono~iodotyrosine and diiodoty-usine <«re also produced



by the thyroid as precursor compohnds of T-3 and T-4.

Biosynthesis of thyroid hormonesﬁis presented in Fig.
2. The 'basic mechanism. involves 'iodinatién of tyrosin
molecules in the‘3—positibn forming monoiodotyrosine or 3
the 3,5-positions. formlng dlodotyr051n These structure:

are then coupled to form T-3 and/or T- 4, (Harper, 1971).

Figure 2. Synthesis of thyroid hormones.
HO«QCHZCH(NHZXCOOH HOOO@ CH, CH(NH,)COOH

tyrosine thyronine . )
. _ \ . ‘ . "
[ : : 1 . o
HO @pHZCH(NHz)cooH ———— HO @CHZCH(NHZ)COOH |

3, 5 -dilodotyrosine

—

3-monoiodotyrosine:

-

. ] | '."] PP . | " e
HOQOOCHZ CH(NH,)COOH
1 E i o .
3,5,3,5'- tetraiodothyronine
(thyroxine)
The specific effects of thyrcid hormones still remain

somewhat unclears despite the well known effect$ of

increasing tasal metabolic rate (Lehninger, 1970). A



background level of thyroid hormones appears necessary for
~many functicns of the body but much confusicn has arlsen as
a result of admlnlsterlng unphy<1ologlcally high doses under
experimental condltlons. At. phy51ologlc -concentratlons,
thyr01d hcrmones appear to stlmulate lipid and cerbohydrate
metabollsm, largely - through effects on synthesis of adenyl‘
cyclase as related to glycogen and 11p1d metabolism (Harper,
1971) ' In addition, an anabolic effect has been suggested
-by increaeing RNA synthesis as weli.as augmenting protein
synthesis by Stimulating translation of: messenger RNA.
‘Pnoduction -of growth hormone is also reported to -be
stimnlated by thyroid.hormenes (Harper, 197i).” |

R _;_g osinolate involvement 'in thyroid metabolism

Deficieney of iodine wvas shown by'early workers to be
.the prlmary problem cau51ng thyroid- dysfunctlon resultlng 1n
,901tre (Coindet, 1820, c1ted_by Greer, 1962) . However, it
was discovered that ingestien of certain plants, gnotabl;
: canbage .as well as other Cruciferae also produced goitre,
.eVen in the presence of sufficient dietary iedine (Cnesney
et al, 1928, Hercus and‘Pufves, 1936, both c1ted by Greer,
1962). More recent work (Josefsson, 1970) has shown that
many glucosinolates occur in Cruciferae.. In rape, the major
'glucosinolates “have been syggested by Bell and Belzile
(1965) 'to be 3-butenyl gluc051nolate "(gluconapin), 4-

pentenyl—- glnc051nolate (glucokrassiconapin) and 2-hydroxy-3-
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bﬁtenyl—glucosinolate (prégoitrin). Direct quantification
'of glucosinolates is very difficult, consequently levels of
these ‘compounds | are. determined on the  basis of
identificatioh of .. end produ;ts. pfoduced by énzymapic
hydrolysis.  of the  glucosinolates. . Hydrolyéis. is
'accompiished b} myrosinase;.a thidglucosidase, ~which is a
naturaliy occurring eniyhe éresent in RS dnd which acts by

‘hydrolysis of the S-glycosyl bond of thé‘glucosinolafe.‘ Tﬁé7v
Acommonly accepted structure -and scheme Of hydfolysis. of
glucosinola£és vas elhéidafed by Ettlinger and Lundeen.

(1956) as in Figure 3.

The structure of the R-group is characterjstic of the
‘different glucosinclates. 1In the case of;progoitrinilwhere‘
a hydroxyl is presentv in the -R-groupbg'a’ cyclization of

6l

unstable isothiocyanate takes placé, ptoducing"S—vinfl

oxazolidinethionine (02ZT) (Bell and Belzile, 1965).

Clandinin éf al (1959) found  tha£ heat in -certéin;
circumstances  increased the vgoitrogepidity  of7 Rsﬁl by
codvertiﬁgvisothyocyanaie (TTC) to 0ZT. ‘Lofand Belll (19%2)
’found‘thatiOZT was more toxic for rats Phan ITC as indicated

by growth depression and 12SI uptake.

Nitrile formation may also occur with the‘Hso—~ion
eliminated in the initial reaction. " Also, the simultaneous

occurrence vof a nitrile and am ITC is known (Bell and
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Figure 3. The general structures of glucosinolates .and
products formed by enzymatic hydrolysis, fcllowed by

chemical. rearrangement reactions

s-C_H,,0 : ‘ .
// 671175 HZO L + Glucose
R-C. - . .
~ N ‘Nt Thioglucoside
N-O $o2o K - glucohydrolase’ + KHSO
GlucOsiholate
R-N=C=8§ , R—C N R S-C= N

isothiocyanate . . Nitrile Thlocyanate
+

Sulfur

N
1zile,'1965); baxeﬁbichlerw(1967) et'al'soggestéd thoﬁféﬁﬂ
d conditions of hydrolysis of p;ogoitrin, could inflﬁodoé
e hydrolytlc products formed. in situation$ inyolvingolou
ofi autoly51s ‘ of' gluc051nolates by thé‘ native
1ogluc051dase at rocm témper;ture, con51derable.guant1tle§w

nltrlles were formed frcm prog01tr1nn (Van Etten'_et al,
66). Tookey et al (1965) and Van Etten et al (1969) found
ch nitriles to be more tOXlC for rats than OZT con51der1ng
owth, thyr01d welght and hlstology as well as other tissue

thology. "This finding has been conflrmed by Lo and Hill

972) and more recently by Josefsson (1975) u51ng mlce.'*‘

The implication of these findings is that  in Unhéatedo
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RSM, nitriles can be formed by the native thy10g1u0051dq_\\

~n(myrosinase) 1n the meal under the low pH condltlons of the

‘

stonach of monogastrlc anlmals and that hydnoly51s ‘of these
N compounds occurs. 1n less than u hours (Lo and Hlll, 1972) .
_However, inh»the case vof_ heated RSM in whlch the native
‘QIUCOSldase was 1nact1vated, Lo and H111 (1972) found thath
OZT' was - formed and uas released to the an1ma1 from the éut,
“at' a lower concentratlon over a lcnger perlod f tlme (16 36i

o

Mhours) than 1n'unheated meals. Prev10us work\ y Lo and’ Hlll;
ttkléiie) had shown that, during 1ncubat10n “f ‘tlssue:hfrom'
numerous - organs, .h gluc051nolate' produotsh iére]faiﬁéa;“
'1nd1cat1ng that a thlogluc051dase uas 'not_ present hin 'theh
'tlssu The 1mp11catlon of thlS flndlng 1< that the enzymes:

»

'necessary to hydrolyze dletary gluc051nolates must come from
'v'outslde theoan1na1 body.' It has long been belleved that the
baeteriarﬁnormally éresent in the 1ntest1nes .can hydrolyze
Qlucosinolates. Recently, Harangos and H111 (197&) dlrectly‘
*”frr;*:f*‘"demonstretea the presence of’myrBEIﬁEse 1n. caecal contentsf
“-of chlckens and also 1n the ccntents of ‘the 111um and colon.
-fin'caecectomlzed blrds; but not in the' caecal uall. " The
enzyme act1v1ty could be - 1nh1b1ted hy neomyc1n. 'This-direct
denonstratlcn.,of .;;e 1enzyme-yii normal gut ‘microflora,
:'together«‘yith'lthe"brev1ousv uorh; clearly shows  the
involvenent ofygutyhaeteria-in;neteboiism of gl&cosinolateS'
1n the anlmal. 'This‘also raises .ah'hoSt cﬁ ranifioetions

, regardlng glucosxnolate"fmetabolisn vln rel#tlon to dletary
l',‘v N



.Greeh,‘i971).

12

. administration‘cf antibiotics; resiStance of the gut wmicro-
-organisms--to'Vthése antlblotlcs and»‘compositién -of .the .

'bacterlal population. ‘It~:isv p0551b1e that such 'factors

could account for some of the varlablllty of animal response

'7t6, RSM n the d1et observed under bouh exper1menta1 and-

N~

practlcal COHdlthDS.< '_” . : 9@3

,._Glucos1nolate effectg on thyroxd functlon

The. 1nh1b1tory effectsfhef' gluc051nolates on thyroid.

' functlon ‘cah' occur in\‘several 51tes Hlthln the thyr01d
v'dependlng ‘on ‘the type ~Qf hydrolytlc product whlch
'invdlved (Flgure 4y .- Thlocyanates (TC), 1nc1ud1ng ITC, may

'eCt intho ways~ by 1nh1b1t1ng the uptake of 1odlde from the'

plaSma »by thej thyr01d and by 1nh1b1t1ng ,the organlc

'iqdinetion 'of tyrosxne molecules 1n thyroglobulln (Greer et
al, 1966: Green,-1971).' Admlnlstratlon of hlgh ‘levels ‘Of

"iodinei.appear. to partlally ‘protect the thyr01d from the

hfeffectgfcf tﬂiocyanate and presumably ITC;. Greer (1962)

explained the protectLVe effect of hlgh levels of iodine in-

termstof”mass-actlcn effect'on.ccmpetitlve uptake of - TC ‘orﬂ

iodide by the thyroid. -

- Tﬁe maih* effects of thmonamldes,‘such as—OZT, on the

"thyr01d stems largely frcm an 1nh1b1t10n of the coupl1ng ,dg

tyr051ne resxduesw:_ form thyronlne .(Greer et‘ql,‘196u

'THE ONIVERSITY OF ALBERTA.
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Tﬂionamidés also inhibit = iodiﬁatioﬁ of tyrosine,
(Richards and Ingetar, 1959) but iodine transport dces not
appear to be affectéd (Gréen, 1971; Lo and Hill, 1971b).
The exact mech&nisms ct thionamide action on the thyroid are
‘not , clearly 'undergtood,. but administration éf ibdine does
not appear to te benefiéi@l-in téﬁms of  hormone production
but may partly .inhibit goitre formation in rats (Taylor and
Barrett, 1965). ‘Finnish researchers found enl&rgement‘ of
thyroids even when eiqess iodihe vas administered to rats

consuming small amcunts (0.5 ug/day) ‘of 0ZT in . water

(Krusiué and Peltola, 1966).

It 1is apparent that the géitrogens in RSM can cause a
disturtance in thyfoid metakolism. ‘fhe, effects of these
compounds . may result in two iypes of goitrous conditions
which have important implicationsvin ¥eg;£d to utilizatién
of RSM;

>m*u9) compensated goitre:'thyrcid enlarges in response to
stimukﬁs of thyroid' stiﬁdlating hormoné (TSH) Via; the
hypothalamic-pituitary feedback 1mechanism; i.e., géitfogenﬂ'
de reasc “fective thyroid hormcne secretioﬁ and 'plasma'
horar ~  levels decrease. A hypothalamic-pituitary respoﬁsé
to low circﬁlating tkjfoid hﬁrmones, results.‘in "increased
secretion of TSH. Enlargementiof thé gland:hnder sﬁimulus
’-_of TSH permits ncrmal (euthyroid) plasma T-3 and T-4 19vels‘

~-and normal or near normal growth occurs.
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b) uncompensated goitre: thyroid enlarges as above but

euthyroid T-3 .and T-4 1levels cannot be maintained. The

~

classical hypbthyroid condifioh then occurs.

Nutritional Implicagion§%gf Low Glucosinolate Rapeseed Meal

k3 - Removal of gluccsinclates or loweting of the content‘of
‘these compounds in.RS to metabolically 1n51gn1f1cant levels
for the animal con¢un1ng RSM should remove the major1ty of
the 1nh1b1§ory effects ¢cn growth observed when RSM‘is fed to
monogastric animals, 'particularly pigs (Bovland,’1965). A
low level of gluéosinélate‘ éhould thus wmarkedly- incréase
nutnitive' value of RSM and lead to Lecognition of RSM as a

good source of supplemental protein‘in the diet of pigs.

Recent rape breeding work in Canada and elsewhere has
resulted iﬁ the identificaticn of a variety of B. hgggg
from Polangd, BronowskiC which’ has a 1lower level of
giucosipqlates than' cthef varieties of rape (Kondra and
Stefansson, 1970; Aprelguist, 1972}:finlaysoh et al, 1973).
Alfhough this cultivar is nog( véll su1ted to éanadian
J,éonditions, it has served as a valuable source of genetic
matérial‘for improved lou—gluc051nc1ate, lcu—erucic- acid

cultivars, such as Tower, which also have improved agronomic

Characteristics'(Downey et ai, (1975) .

.Alfhough little information is available on 3the'

nutritive value of lcw glucosinclate, low-erucic acid meals,
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a considerable ‘numter of fécent publications on .the
nutritive value <cf Bronowski RSM are’ ﬁow availéble. A
review of this informétion is of value since Bronowski is
the most likely source of low-glucosinolate genes ih rafe‘iﬂ
the near future (Downey et al, 1975). The avéilable
information on the nutritive value of Tower RSM (00~RSHM)

will be inciuded in this review.

Genetic «crosses of Bronowski with cher‘RSACultiv;rs
containing average amoﬁnts of gluCééinolates "indicate that
the glucﬁsinclafe contenf is greater ‘than Bronowski but
~c§nsiderab1y less than fhe other high glucosinolaté parent
(Downey = et al, 18975y . ' Wettef (1965) determined

qlucosinolateﬁlevels'in B. campectris and BE. - géggg from

~

Canadian sources and found variation in the levels c¢f both

species: ITC—U£Q+7.2 (meaﬁ 5.4) ;°021-0.9-2.1 imean 1.2) mg/g
for él campestris and ITC-3.0-4.6 (mean 3.6); 1OZT—3.0—5.U
(gean 14.6) for B. 'ggpgg;. Both Wetter (1965) and Clandinin
et al, (1959) report that B. campestris had lower levels of

OZT than B. npapus. Appelquist (1972) .has,‘publishéd' an
'exfensive listing'of the glucosinolate conteﬁts cf European
winter and summer‘chltivars of both Spéciés of rape. Values
for tbtal glbcosinélate content expreséed és_gluconapin and
progoitrin ranged from 4.3-7.8 ng/g (mean 5.7) of dry matter-
in. the meal; . B. campestris valugs/ranged from 3.3-4.3"

—_—

”(meén 3.6) ma/q and Bronowski ranged frcm 0.2-3.6 (nean 1.5)
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mg/g. The values for Bronowski are cleafly,less‘than medium °
gluc051nclate varieties reported by Wetter {1965) . These

values have been ccnflrwed by Josefsson (1975) who found

" Jower levels than the wmean ‘values quoted above. These
reports effectively demonstrate the decrease in
glucosinolate content of RS due to advances in  rape

breeding. ‘

Bell et al, (1972) determined the ma jor glucosiﬁolate§
in RSﬁ from a number of‘ cultivars of rape 1nc1ud1ng
Bronowski (Table 1). The ihcluéion in this study of several
speciés of rape gave.a range of levels of‘OZT&plus ITC and-
the effects of these genetlcally determlned ccmbinations of

glucosinolates were evaluated by considering growth rate and

thyroid histology of rats and mice.

It is evident in Table 1 that Btowouski_containéd very
low levels of 'glucosinciates wvhile Qriental mustard or
Yellou sarson (a EB. campestris cultivar) contaiﬁed h;gh
levels of ITvaut noy 0zT. Target (B.  napus) cohtained‘gigﬁ
levéls of 0ZT. .Nitriles:were‘produced by - t;eatiné' Targe£
with ferrous sulfate. No significant'differences cn body
ueiéht gain, feed intake’(FI) or feed conversion efficiency
(FCE) wefe observed when elther Bronowski or casein was used
as a proteln source 1n the dlets of rats or m1Ce.. Grouth
rate and hlstopathology of the thyroid gland vere atfected

by the inclusion of the rareseed meals other than Bronouskl,
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fut ‘effects were much mcre prdnohnced with diets containing

high glucosinoclate RSN (Tatget);

Essentially the same findingé uere.repqrted by Lo and
Hill (1971;) ufor the growth prcmotiné effects of Bronowski
RSM but thyroidAQeights were significantly (Pé.OS) 'greate;
than controls“ fed casein. Also 12SI yptake was more rapid
in thyroids of rats fed Brcnowski meal and release raié of
1257 as thyroid hormone was slower than rats fed controi
diets. Rats fed high gluccsinolate B. jgggg RSM showed
12s7 metaboliSm patterns similar to cdntrolsA buf‘ at a
reduced fate. Later studies by Lo and Bell (1972y-with RSHM,
but not/includiﬁg Bronovski.showéd that groith of Trats was
depressed and 125I uptake and release was also depressed by
high glucosinolate B. -ggpg§ RSHM. Thé' results suggestegd
that RSM inhibited iodine ‘uptake; organic iodination and
coﬁplinq of tyrosine residues. Since RSM contains both ozrT,
wvhich is a thionamide, as well as thiocyanaté, theseiresdlts
can be attributed to the previbusly outlined effects of'ﬁoth
02T and ITC. Interpretaticn of  the grouth‘ dafa in ,ﬁhe
repbrt'of Lo and Bell (1972) is difficult since the diéts do
hof‘ appear to be either isocaloric or isonitrogenous. The ©
apparent confounding ¢f the. nutritional aspécts of this
trial should not, however, affect the wvalidity of the .
results of thyroid inﬁibition_ by RSM.  Earlier vorkA had

" indirectly demonstrated similar thyroid inhibition by the
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glucosinolates present in R$M (reviewed by Bell and Belzile,

1965) .

The goitrbqenic effect cf Brcnowski demonstrafed by Lo
and Hill (1971b, 1972) is noﬁ unexpected since the majo:ity
of . the glucosinclates present in RSM of B. ‘napus origin is
progoitrin (Van Etten et al, 1966; Eell et al, 1972). This
coﬁpound is known to be a more poteﬁt _goitrcgen than the
isothiocyanate gluccsinclates”'(Bell énd Belzile, '1965:
Tookey et al, i965) primarily aé a result of inhibiting the
tyrosine coupiing'reaction'a§ vell as inhibiting iodination‘
of tyrosine (Green, 1971). As was previously méntiOned,
Krusius and Peltola. (1966) ldemcnsfrated that chrcnic
administratibn of as little as 0.5 ug/dgy of rfpurified OZT;
i.e., the hydrclytic product of progoitrin,,caused thyroid
enlargément in ratsf As part of the same experiment, single
doses were orally administered as opppsed to continuous
dosage. It was demcnstrated that 0.1-0.5 ﬁg OZT per animal
was required to show a significant effect (P<.OA) cf one
oral dose of OZT.on thyroid function as evidenced by uptake

i

of 1317,

Tt is of interest to cémpare the levels of intake of
glucosinolates in the work cof Krusius and Peltola uith othefb
reports. Using the 4§aiues for glucosinolate.content and
feed intake given by Lo and-Hill_(1971b); and ‘assuming fhe

values given for gluccsinolate content of their diets are in
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mg/g of diet and not pprcent as stated, phe daily
glucosinolate intake of the rats used by Lo and Hill can be

calculated. The glucosinolate content of the Bronowski diet
was 0.3 mg/g and PI was 222.4 g for 21 dajs. The daily
intake of_glucosinélates of rats fed the Bronowski diet was
then 3.2 mg/day. For rats fed a RSM diet confaining
commercially available B. hapus and consuming 76.8 ¢ of a
diet with - a glucosinclate content of 2.6 ng/qg, the
glucosinolate intake would have béen 9.5 mg/day. Lo »and
Bell (1972) found that hydrclytic products of glucosinolates.
had alﬁost 2.5 tises the potency of the~glucosinolates iﬁ
RSM, therefore, the above values would have tc be reduced to
approximately 1.3 mg and 3.8 mgsday. for PBronowski and
commercial B, napus diets_ to -make even a very rough
comparison with the values of Krusius and Peltola (1966) .
This wofk,does indicate, however, that considerable amounts
of goitrogen were teing consumed by the animals even on
(Eronowski RSM. These levels of goitrogen may be sufficient
to cause thyroid enlérgement and inhibiticn of "thyroid
function when consumed on a chronic basis as evidenced by
.the work of Krusius and Peltola (1966). The difference 1in
daiiy gluéosinolate intake cculd 4perhap$ explain the
‘difference in 21-day gain of 95.3 g for Broncwski-fed rats

and 9.5 gn for ccmmercial B. napus.

Josefsson and Munk (1973) investigated the shape of
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dose-response curve of glucosinclates in RSM in mice by
using segregating F-2 lines from crosses of Eronowski'and a
‘ ,
high glucosinolate rape to produce 'differept glucosinolate
levels. Weight gain, feed intake and protein efficiency
ratio showed virtually a linear dose-response - relationship
‘between 1 and 3 mg ITC + 0ZT/q of d;ét with a correlation
coefficient (r) of 0.85, 0.78 and 0.81 between ITC + OIT

-

levels and gain, PI or protein efficiency ratio,
respectively. No effect on these parameters was noted - when
diets contained less than 1 mg/g of diet. Jcsefsson (1975)
evaluated_the growth inhibiting effects of unheated,' low-
glucosinolate (0.9 gm/g) Bronowski RSM in miée. Growth of
mice was markedly depressed on Bronowski RSM in which
autolysis of - the _‘ gluéosinolafes by the native
thioglucosidase syétem ‘occurred,. compared with properly
heated RSM or meal in which autolysed glucosinolates had
teen removed with methyléne chloride. Growth of mice fed
- heated Bronowski. RSM was similar to casein-fed. controls.

Nitriles were identified in extraéts of‘autqused meals  but
CZT and "ITC were not present. The toxicity'cf nitriles in
the amountsv which could theoret;callf be froduced frdm
Bronowski RSM was showh diréctlyvfo account fér the growth
depression observéd. This wofk explaihs, the  previous

findings of  Josefsscn (1974) that groﬁth of mice fed diets
containing unheated Brcnowski RSM was inferior.‘to, animals

;

fed heated meal. This.uork is supported by the findings of
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Tookéy et al (1965) and Van Etten et al (1969) ° who
demonstrated thét such nitriles wére much mofé toxic than
CZT or 1ITC. The results suggested that the growth-
inhititing effect <cf unheated, low-glucdsiﬁolateARSH was
mainly due to the presence = of factors, suggested to bé
enzymes, that direct the g%tolyéis éf glucosinolates toward
nitrile production (Josefsson,. 1975).. It méy be - of
Farticular relevance, considering the above findings by
Josefsson (1975), that in the animal, hydrolysis in the
stomach' occurs in very acid FH conditions ana at body
temperature, conditions which Van E£ten (1969) found were
conducive to nitrile formaticn when autclysis of RSM.
occurred. Lo and. Rell (1§71) showed that 02T and ITC- wvere
the main products of'hydrclySis of glucosinclates in heated
meals and that those products were péleased ~slowly over a
"period of several hours resuiting’in a love£ glucosinolate.
"load" to the animal thaﬁ from. unheated RSH. Recently
Marangos and Hill (1974) ' demonstrated that myrcsinase
éctivity occurs in gut micrcflora thereby elucidating the
method of hydroiysis of glucosinolatés in heated méal*where

the native myrosinase had Feen inactivated.

The important implication of the toxicity of unheated
low-qluCOSinblate RSM 1is that such 'toxicity is due to
nitrile producticn. Large amounts of unheated  low-

qucbsinolate rapeseed should not therefore, be fed to non-
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ruminant animals.  Also, volunteer rape even of low-
glucosipolate cultivars wmsay continue to be a problem in
swine nutrition.

Rapeseed Meal as_a_Source of Protein_for Pigs

.Honogasfric animals such as swine geéuire a’ ﬁietary
source of prétein sufficient to meet their essential amino
acid reguirements.; Quantitatively it is necessary‘to‘supply
‘sufficient amino acids to meet the genetic poteqtial of ‘the
animal to syntheéizé protein as well as to meet requirements
qualitatively in' ternms ,of‘ aminol acid availability. In
Canada'the main source of protein for swine is SBH,ihowevér,
"a great deal of research has been éonduéted fo.determiﬁé the
value of RSM in pig diets; The pri@ary intefest is economic
as RS can be extensively.grown in HWestern :Eapqga,' whereas -

soybeans cannot.

Recent publications (Clandinin et al, 1972) on RSH\aﬂQ
SEM from Canadian sources iﬂdiéates that the anmino acid\
'paftefn of BRSM 1is similar to SBM when éalculatéd as a
percent of the protein. Crude protein‘fCP) 1ev¢1$j of Rsiu
are 35-37% vs 45% for SBM with hulls-(Clandiﬁin eﬁ él, 1972)
or HB.S—BO% for dehullead SPH (NAS-NRC, 1973)l. Because of
the di%ference in prctein levelé, amino acids in RSM on an

"as fed" trasis are lower than in SBN.



RSM for younq rigs

“

The young pig teguires' a highly‘nutritious readily
acceptable diet of at least 18% CP (Meade et al, _1565) and
3500 kcal c¢f digestible enerqgy (Dﬁ)/kg for haximum
perfofmance (NAS-NRC, 1973), althcugh 0'Grady and Bowland
(1972f_ obtained satiefactofy_ perforﬁance. with 3.2 to 3;u
ﬁcal/kg“in 18%,CP diete. ‘The young pig must ‘contend with
the .shock of weaning' whlch usually results in a grouth
depre551on for 7-10 days (Smlth and Lucas,‘ 1956; Okai and
Rherne,  1976). Although 11ttle 1nformat1qn is'available on
use of RSM for very ycung pigs,‘Huscar aﬁd .Bowland (1959a)
did npot find any depre551on of feed 1ntake from use of RSM
in the diet if 3 week old Figs were not given a choice of
diets. - Houever, plgs of thls age consumed less of a'RSM-
tased diet compared with SEM if given a choice of diets
coafaining RSHM at levels frcm'Oeto 10% of fhe diet; In more
‘reeent studles Manns and Eowland (1963), using pigs of 9-23
kg observed that when all cf the SBM _was replaced on  an
_1son1trogenous ba31s by solvent extracted B. campestgig RSHM
 in dlets with 17% CP average daily gain- (ADG), FI and FCE
were 51gn1f1cantly (P( 05) depressed.'pA recent: Fepbrt by
Bowland (197Ua) u51ng” 11 5% Btonouskl .RSﬂ in diets,as a
complete replacement for SEM has not shown any depre551ng

- effect on growth parameters for barrovs froa 6 to 12 weeks

of age but ADG, FI ahd ICE were 51gn1f1cantly (P<.01)



Hdepressed ~for gilts. There were .no differences tetween

sexes in digestjibility vhich would acCount”for the effeCts

in gilts. In Another study, Bowland (197ub) found that plgs
vfed . the ‘"ac‘epts" fracticn of a1r—c1a551f1ed Rsn as a

partial or complete replacement for SBM greu more slowly and .

consumed less feed frcm 3-10 ueeks of ’ age than pigs fed SBM.

Work by Bowland (197“) u51ng 19.5- 22% 00-RSM as 1a¥ complete
replacement lforl SBM in. starter grower dlets has not shoyn»
any sionlficant»depre551on in performance,'of ‘young igg>
oEowland et al (1975) also fed 00- RSH in partlal repla ementv
for SBM or’ faba beans as a proteln supplement .atlevelsl of;

3.7—1&.5% of rthe dlet and did 'not,ufind any\depréSsingf

effects of 00-RSM on perfornance.'

9

"o RSM for‘qrouinq and finishino.pigs
Hussar and Bovland (1959a) found that less than 10% RSH
of 2; Q_Bus orlgln did not depress performance of grou1ng-_
flnishlng pigs. but at a. TO% level, reduced rate of grovth ;
and inferior FCE in‘ pigs 1vas noted.‘ Manns. and" Bowland
(1963) . 'répdrted’ significant (P<.05) reductlons of ADG, FIi‘
-and 1nfer10r FCE frem 23-50 kg 11veuelght when 50% :a; 100%
of the supplemental proteln came from B gggggstggsrtype of
RSM. Addltlon of 0.2% L-lysmnevto dlets containing 100%'RSM
as a proteln supplement uas wvit out any s1gn1f1cant effect
~on performance. The 100% RsSH supplementatlon prov1ded 15. 6;

‘and 9 6% of the total d1et der1ved from RSM ‘for growlng and.

*
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finishing diets, respectively. The RSM used in the studies
DU

in the above -eport were high glucosinolate, varieties.

Om?le and Bowland (1974a) found no significant
differences in AbG, FI;' FCE or .igestion coefficients in
dietsvcontaining 14.5% protein level frcm either RSM or SBHM
from weaning to; market. Similar results vere found in a
second experiment using Bronowski RSN (Cmole and Bcwland,
1974b) . it isl~ihteresting to note that in the above wo;k
which ﬁaé'designed to study copper and‘zinc.supplementation,
no’differences due tc mineral supplemenﬁ%tioﬁlwere noted in
growing pigs but McLaughlan '"et al, (1975) noted a severe
transitory zinc deficiency in rats just prior to and at
parturition which was atfributed to very qigh'phytate levels
in RSM. Although resulfs‘;n ércwing pigs'cannqt be directly
compaféd to raps it parturitioﬁ,,ige report of McLaughlan et

al  (1975) indicates that factors othe: than glucosinoiéte

may be important regaigipg.utiiization of RSM by animals.

R

Bell (1975) found no significant' differences in - pigs

from feeding Bronowski RSM or SBM on performance or carcass

charactetistiés:but ADG, FI and FCE were significantly

U

- (PL.05) depréssed , 0N diets ‘which contained Span, a low

erucic acid, medium—high.glucosinolate RSH of B, camgeStr;§-'

fype. | o o ,
Studies by orok ‘et al (1975) showed that ADG, FI, and
o . s

-

! s
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FCE vere significantly (P<.05) reduéed‘ when Span RSM-
completely replaced SBH in diets for éigs~and rats. Bowland
et al (1§75) using double-low réﬁeseéd meals from two
sources . found ﬁo Significaﬁt effects of partial,feplacemen{
of SBM by 00-RSM for pigs in the 'growing rhase nor bf
~complete replacément of SBM by 00-RSH in the finishing
phase. 1In thié repért,»all pigs were fed diets containing
11% of SBM 'during the starting phase fronm u‘to‘9‘weeks of
age and 5.5% SBM dﬁring the growing phase from 9 to 14 weeks
of age. -

Crude fibre levels_in RSM and SBNM

In Western Canéda,iparticularly, the sén used 'as the
main protein supplement for livestbck diets 'is uswually
produced  from  dehulled soybeans. Thebretically;A a
comparison between dehulled SBM and RSHM, whicﬁ at the
present time cannot Ee economically dehulled dué to the
smdll size of rapeﬁeed, is not without bias.- oOn thé‘other
hand,_the facts are that dehulled SBM is the main protein
_soUrcé? used- in ”the ‘}éed 1nduCtry and it is the standard
agalnst thCh altirnatlve proteln sources are compated in
the 'fleld ' Thus, aLthough comparisons of RSH may .be made

agalnst dehulled SBM, such compar1sons should be evaluated‘

in perSpectave of the mate@ials being ccmpared.

The significant 1up11catlon regarding the amounts of

hull in RSK is the dlrectorelatlcnshlp of hulls to crude
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fibre (CF) levels and the inverée relationship of CF to DE
(Drennan and Maguire, 1970; King and Taverner, 1975). Sében
and Bowland (1971) published value of 12.65-13.25% CF for

RSM. DE values were found to be 2900 kcal/kg. 1In the same

‘experiment, CF and DE values vere reported as 6% and 3300

kcal/kg respectively for dehulled SBH. Ccmparable values
for SBM wlth hulls were given by NAS NRC (1973) as 2.8% and
3300 kcal DE/kg.

Qigestibility of RSM_for pigs

"Hussar . and Bowiand (i959b) did not observe any
significant effects on apparént digestib;lity of dry matter,
energy or nitrogen of pigs.ueighingv7, 28 or €0 kg; when féd
diets~¢dnt£ining 0, ’2. qr 10% ‘ESH.iaS‘ an iSonitrcgenous
replacément for- SBM. The highest levél of Rsh‘did'cause a
non-significant‘depressicn in body weight»géin, _ Manns and

Bowland. (1963) observed a significant‘ reduction in

digestibility of dry matter but not in energy .o:‘ nitrogen

digestibility for 34 kg pigs when 100% of supplemental -
protein”came from RSM rather than SBM. “Saben - and Bowlénd
(1971) in an extensive series of trials designed to

specifically investigate DE levels in RSH, found DE levels

of 3370 kcalskg in the dry matter of RSM and 4370 kcal/kg

for SBN. In a sec0nd report (Saben 'et -al, 1971)
corresponding values vwere 3210 and u21o kcal DE/kg for RSH'

and SBM, teSpectively.‘ Hay and Bell (1971), also 1n a large

| Aﬁ\\j
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comprehensive study, determined DE values cn dry 'matter
tasis of 3355 kcal/kg for RSM but only 3734 kcal/kg for SBHN.
The dif ference "in DE for SBM between these findings and
those of Saben and Bowland (1971) and Saben et al (1971) may
have reSulted‘from'oSe of dehulled 50% orotein SBM by 'Saben
and "Powland (1971).ccmpared with SEM with hulls used by May
and Bell (1971) as.notea from the dietary ingredients rable’
of these reports. ' Energy digestibility coefficienis of 67%
for RSM.and,87%;for SBM were observed by Saben and . Bowland
(1971) while May and Bell (1971) reported 69% and 79% for
RS M and SBH, recpectively. i

-’Cho and\ Bayley (1970) have investigated apparent
digestibilities 'in semi-purified diefs using RSM or SBM as
protein sources. Rednetions ﬁere'observed cin | coefficients’
of dlgeStlblllty for dry matter, CP, energy and nitrogen of

RSM vs SBM- based diets. Nitrogen retentlon and' apparent

'blologlcal value of RSH dlets vere. 1ower than those for SBM

diets. The data in the report of Cho yand ‘Bayley (1970)

indicate that dlqestzblllty of‘nutrients in Rsu'may'be only

85% of that in SBM. It is of interest to note that the“SBM

' nsed by these workers was dehulled. CF was relatively less

well dlgested-ln-RSH than in SBH. Another 'factor in this

vwork,vwhich may have 1nfluenced results vas that diets were

isocalorlc on a gross energy basis- but not on a DE- ba51sp

since DE coeff1c1ents‘ wvere 74.9 for RSM but 85,3Afpr SBM-
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tased diets. Apparent digestibilities of aminc acids ranged
“from 75—92.@% and were within the same range as those for
other nutrients. Apparent digestibility of both lysine and
methionine was 87% in’ . RSM. For SBM, ,dige;tibility
coefficients of aminc acids ranged frcm 85-92% uith'a value
for lysine of 90.4 although digestibility of methionine was
only  79%.  Sarwvar et al (1975) similarly found true
digestibilitiés of aminc acids of Span RSM "and certain RS
isolates were less than those obtained for SBM or a soybean
¥solate for rats fed diets Hhich were isocaloric on a. gross
enerqgy basis. The other parameters of digestibility
includgd by Cho and Eayley (1970) were not considered by,
Sarwar. - et al (1975). - Reduction of digesti?liity was
observed forjRS isolates -uhicﬁ shopld' not have iﬁcludéd
appreciable amounts <c¢f fibre "as well as fér RSM ccmpared
with SBM or soybean isolates. The reduction éf true
digestibility -for RS isolates was, however, less than with
RSM, but weight gain of rats fed Both RS .and soybéan
isolates_uas less than the corresponding meals. This effect
uas.-attributed by Sarwar'and Bowland to losses during the
isolation process. The suggestion from this.wofk was  that
lysine particularly, as well aé nitrogen'aVailébility, was
lower in RS derivatives rthan in soybean [products. The
effects of energy levels on‘ thesé ‘results cannot be
_evaluated since it is not known if the actual DE . levels

received by the animals were different.
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No depression of was found‘ for diets containing
Bronowski RSM (Bowland, 195aa; - Bell, 1975) or for two
unlicensed 00-RSM varieties ccmpared with SBM (Bowland,
1975; Bowland etl-al, 19795) . Also, no depression of
digestibility of diets containing Span RSM was observed by
these .auihors. Sarwar and Bowland (1976) found that
apparent digestibility of protein was 84% while apparent
lysine digestibility was 78% with a level of 14% 00-RSM in
the diet. With 7% supplementation of RSH in diets based on

white wheat flour, digestibility cf lysine was 72%.

The general conclusion that can be drawn from. these

‘reports ' is that the digestibility coefficients of diets
‘containing high leﬁels cf BRSM may be reduced to a

' significant degree in comparisonbwith de-hulled SBM-based

diets. Howevef, when‘fed at ccmmon levels cf usage, no
significant reductions of digestibility should occur in
isocaloric diets. ‘vAt ﬁigh ievels of suppleﬁentation,
feduction- of apparent idigestibility ‘may occur for dry
matter,‘énergy;.nitrégen and amino acids as shown by ﬁhe

work of Manns and Bowland (1963), Cho and Bayley (1970) and

‘Sanwar et al (1975).

a

In summary; the net gfféct ‘of RSM 1in the diets of
starting, growing .and finishing pigs appears to be related

to glucosinclate 1level with a marked difference in

’&..
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‘éerformance of pigs fed low‘and high glﬁcosinélate varieties
of RSM. It is clear that reduction of levels of these toxic
‘ 9 :
compounds greatly’ improvés FI, ADG and FCE, even when RSHM
completely replaces SBN. It has, however, beén ;noted that
although sibnificant differences were usually not observed
when 1low glucosinolate Bronowski RSH was completély
sibstituted for SBH, there were,. certain inconsigtent results

for the sexes (Bowland, 197&5); and with high and low hull

- I
fractions {(Bowland, 1974Db).



OBJECTIVES . : e

The present experiments wére designéd to investigate
the nutritive value of 00~ RSH (cultivar Tower) for stafting,'
growing and finishing‘pigs and to determiné the effedts_of
00-RSM on fhyroid functicn.compéred with commércial RSH  and

SBM.
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PART 1. NUTRITIVE VALUE OF DOUBLE-LCW RAPESEED MEAL
'AS A SOURCE OF EROTEIN FOR STARTING, GROWING
/ AND FINISHING FIGS
!

Introduction

Considerable information has been obtained with piés
and rats on the nutritive value of the 1low glucosinolate
rapeseed cultivar Bronowski but information is limited on
varieties wvhich are agroncmically better suited to Western
‘Canéda, énd which will be used in commercial ppoduction.éf
rapéseed in the future. Bowland (1975) and -Bow1énd et ‘al
(1975) reported that 00-RSM could bé safiéfactorilf used in
diets for vyoung pigs. at much -higher .leVels than were
previously recommended fcr RSN with high glucésisglate
levels. Moodf et al (1976) reported similar resulfs but
Castell (1976) otserved. that performande was 7%_less when
pigs were fed diets ccntaining 15? Towér RSM from the 1974 °
crop, compared with SBM. 'Howevér,.performance of pigs fed.
Echo or Target RSHM, Qas 18% less than pigs fed SEM. These
'latter rapeseed cdltivars are not low glucosinolate types.
With the release fecr cqmmercial rroduction of the O00-RSM
culfivar, Toﬁe;,l it was conside;ed desirable to extend the .
Frevious studies at The University of Alberta to a larger

more definitive experiment including measures of growth,

carcass,\composifion, digestibility and  thyroid hormone
R A
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lgvels

L .
The objectives of this study were to compare RSM from a

low glucosinolate, 1low erucic acid cultivar Tower (00-RSM)
and from commercially available rapeseed meal (C-RSM)}, from
a low erucic acid, medium-high glucosinclate variety likely

o
of - B. __campestris origin, - as  partial ‘or complete

replacements for SBM in the diets of starting, growing and

finishing pigs.

Pxperimental

Animals and diets

Altotal.of eighty 3-4 week o0ld crossbred (Lacombe X
.Yorkshire) pigs from The University of Alberta Swine
Research Unit averaging 5.3 kg 1in weight énd with equal
number of barrows and gilts weré allctted to five
‘experimental diéts (Tablg 2). The experiment was carried
out in tvo time periods (April to September, 1975 and July
1975 to January,‘1976) with 40 pigs‘in each period; Data
vill Dbe presented on the basis cf alstarting périod from 4-
10 weeks of age, a growing .period from. 10—15 weeks and
‘finishing reriod frcm 15 weéké to market.

o

Pre-weaning management "followed the standard pra;ticq

at this unit as outlined.by Aherne ef al (1974). A standard

creep feed was allowed during the suckling period and males
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were castrated at 10-14 days of age; All rpigs vére weaned-
at 3 weeks of age. An approximately one veek adjustment
period was allowed during which time pigs uere.assigned to
treatment and introduced to the experimeqtal diets. The

éxpériment commenced at 4 weeks of age.
g4
During the starting and growing phases, two pigs (one
bartov,ybne gilt) were kept in each pen (0.6 x 1.2 m) on

!

partially slotted concrete flocrs. Feed was available ad

libitum from self-feeders. Two pairs of pigs which had been
fed_the'samé diet were grouped‘together during the.finishing
period in pens with concrete floors measuring.1.5 x.u.2 m.
Individuai feeding stalls vere providéd‘in the front‘1.5 L
section of the pen. \Each pig was allo;éd access to the diet
for two periods of 1 hdut per day during the finishing
phase.. | Water was av?ilable .free—choice in each pen.

" Environmental témpgrature was maintained at 21-23 C.

- Diets were formulat~d .to be isonitrégenous and
isocaloric on a DE basis and to meet the recommepded
hutritional requirements of pigs (NAS-NRC, 1973) during the
three phases (Table = 2). Proximéte”analysés of diets are
.given_in Table 3. The experimental diets were based on
tarley .and wheat and"cqntained as supplementél protein
sourCes'éither Tower double-low RSHM (00-RsSM) from the 1974
crop Year, ' commerciai RSN (C-RSHM), SBM v'of 50550

isonitrdgenous cembinations of 00-RSM or C-RSM plus SEM.
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Nutrient compcsition of the protein sources is presented in
‘Table 4.

R

Dlets vere formulated to contaln the followlng nutrlent

levels: starter, 18% CB and 3170 kcal DE/kgq; grouer, 165 cp

' and.f'31u5 kcal_ DE/kg; and 'flnlsner, 14% .CPvnand: 3130;

kcal/DE/kg.

Feed consumptlon and body welght vere determlned on ?‘
weekly ba51s-throughout the’ experlmentu»'Plgs uere marketed‘

through a commer01al slaughterlng plant as they reached an‘

v

s 0o e A s A

1nd1v1dua1 velght of 85 kg on the weekly uelgh1n9 except"

that the - 1lghtest anmmal in"each fpen Qf four‘ pxgs - was .

- marketed B when the ‘next heaviest‘fréaéhed_ISS. kg . “AlL.

P Lo ot el

‘carcasses, except one 1n the c- Rsn grbﬁp;',uére-rgraded- by

aCanadlan' Hog Carcass Valuatlon :System: (CDA, 1969).‘:Thé

‘animal“ not marketea failed o grow ‘nornally and . was

_submltted f't ‘necropsyl at" the termlnatlon of - the.

Pt

experlment. No clin1ca1 or hlstolog1cal ev1dence of dlsease'

%

-;Gas_ found to- account for the abnormﬁlly slou rate of growthn-

L

. of thlS plg.».ﬁ,f‘ o ﬁ“‘.‘:.—;.4

Hetabollc studles i B

'1'plge§_;b111‘1 of diets =~ o .

,ﬁsfimafes='of',apparenf' digestibility of ‘energy and

lVeterinary Serv1ces Branch Alberta Agriculture, ,Edmonton;
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|
Table 4. Proximate analysis and amino aci‘
. composition of protein sources
Q -
Protein source SBM’ .. O0=RSM C-RSM
- as fed in protein as fed in protein ap fecd in protein
% % % % % %
Dry matter : 9.4 . 92.5 ‘ - 92.1
Crude protein 48.6 38.6 33.2
Fibre - 4.6 o 12.3 ‘ “13.1 "
Fat : 2ol : : 2.1 . 2.2
Calciur 0,31 0.59 ’ 0.77
Plosphorus 0.70 . ‘1.05 o 1.11
Selenium (ppb) 371 - 1580 L 385
Amiho acids
Essential ) . i -
Arginine 3.46 7.12 " 2.27 't 5,90 . 1.86 5.63
Histidine 1.29 . 2.66 1.05 2.74 0.90 2.74
‘Isoleucine 1.50 - 3.09 1.47 3.83 - 1.27 - 3.85
Leucine o 3.57 737 2.64 6.88 - *2.19 6.62
Lysine- 3.04 7 6427 - 2.14 . 5.57 - 1.93 5.83
Methionine 0.66 . - 2.86 0.74 2.47 0.64 3.83
Phenylalanine 23 - 8.14 1.52 6.43 1.31 6444
Threonine - 1399 4413 1.70 . Lo 45 Y. 46 §.20 &
Valine o 2.34 4,80 1.95 . 5.01 1.64, 4.97
Non-essential
Alanine. 2.08 4.28 1.70~ Lolh 1.45 L4.37
Aspartic acid S5e45 11.23 2.74 7.16 2.26 .- 6.80
Cystine 0.38 . 0.78 0.48 1.25 0.32 - 0495
Glutamic acid " 8413 16.73 6.39 16.68 5.34 16.09
Glycine 2.05 4.22 1.88 4.91 1.60 4.81
+ Proline 2.53 5.20 2.46 0.42 - 2613 T beh3
Serine 2.45 5.04 1.69 - Iy 1.40 L.22
Tyrosine 1.52 3.13 0.69 2.52 0.81 2.43
Oxazolidinethione ) i
ﬂs /s - N - 0.9 200
“=othiocynates C -
mg /g L .- Com- 0.2 3l

£ SBM= soybean meél; OO-RSM:_rapeéeed meat”frdn Tower rapeseed (16- 5lucodiﬁolate,
low erucic acid); C-RSM= commercial rapeseed meal. - ! .
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" e

nitrogen - were determined between 9 and 10 ueeks of age.

.Digestibility‘determinations were made using a male and a
female in each of thé 2 reélications within the 2 time
periods. The total collection method outlined by: Castell
and Bowland (1968) was fcllowed except that 10 metabdlism

crates were used in each replication.

A 3-day ;djustment Feriod was allowed followed by a 3-
day collection of feces and urine. éigsfwere fed 3 times
per day during the digestibility trial at a level of $0% of
- the mean daily feed intake of the pair of pigs in the same
pen i; ;he pfevious week. The pigs weighed an average of

15.1 kg during the period of collection.

The entire' 3-day feces of each pig was sﬁored and
‘representative sampleéuwere‘oven—driedi at 60 C fof‘72 houts
and then ground in  ‘an 8-inch ‘1aboratory miilz.
Representative samples  of urine were greezefdried3-(shelf

temperature -38 ( for 48 hours)prior to analytical .

[

determinations. ‘

Gross enérgy was - measuréd for feed, feces and.urine
using - a_ Parr adiabatié:,»oxygen bomb calorimeters.
— ‘_l, 7 . . L
1Style V31, Dispatch Oven Co., Minneapolis, Minn., U.S.A.
~2Christy and Norris Ltd., Chelmsford, England.- ’ .
3Repp ‘Sublimator, Model SRC42, Division of Virtis Co., Inc.,
Gardiner, New York. v - _ '
4Parr Instrument Co., Moline, Illinois. Temperature changes

‘registered by a Brown Electronik Recorder, Minneafpclis-Honey
Regulator Co., Philadelgphia, Penn.
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Appropriate analyses of dry matter, total Kjeldahl nitrogen

and CF of feed, feces and urine, vere nadé accofdinq,to‘ the

methdds of AL :C- (1970). A commercial "Kel—?ak"! was .
4

W ) ‘ o \
used to supply the” gatalyst for nitrogen determination and

ammonia was collected in 4% boric aciqd.

Amino_acid_analyses

Amino acid analyses of the diets'(Table 5) and. feces
were obtained with a Type S5AH amino acid analyzer2 following
the methods outlined by Orok (1973);

Thyroid_hormone_studies

Following the digesfibility' trials,: all pigé in: the
stﬁdy were,blgd‘by anteriér vena céva» phncturé, (Carie -and
Dewhirst, 1;42)* 4 iﬁours after éeeding a meal bésed'on the
average daily feed intake (ADF) cf the previoﬁ§ veek. | All
bleedings wefe preéeded by an overnighf‘fast of 15-16 hours.
All feed not consumed_uithin 30 minutés‘uas removed and the
amount'consumediwas regerded. Approximately 15‘m1 qf‘ blood
‘ was withdrawn using 174é;ugé,'u—inéhk(10 cm) neédlés and 20 .
ml plastic syringes. ‘Blood vaé transferred' fov,test - tubes
and allowed to .stand for 20 minutes prior to centrifugation
at 2,500 rpmv(1.01 g) for 10 minuteé. Sérum"was tﬂen stored"
at =20 C ih sealed tubes for 1-3 months prior to analysis,'

iMatheson Sciegiific, East Rutherford, ©New Jersey. This
supplied a mixe®:atalvs: containing ‘ v
2Japan Electron Cpti Ccey, Ltd., Tokyo, Japan
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Tab}o 5. Amino acids provided by expefimental_diets and

Treatment no.

Protein source

Crude protein %

Amino acids
Essential

Arginine.
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine
Methionine +
cystine
Phenylalanine
tyrosine

Non-essential
Alanine’

Aspartic acid
Cystine

‘Glutamic acid

Glycine
Proline
Serine
Tyrosine

v o«:»'o§~oéac

1
SBN{

17.7

LI ]
N OWS) OV e~
OV NONWNO M

2

00-RSM
17.8

" 0.96

043
0.64
1.17
0.80
0.29
0.71
0.68

0.84 -

0.50

1.07

OOHO\.)‘OHO
NN D

# 5SBM = soybean meal; ‘00-RSM =

sinolate, low erucic acid); C-RSM =

B(O\\O\O\.ﬂb-‘\lu

3 . b
00-RSM C-RSM
+SBM
18.0 17.9
0-99 0‘93
042’ 0.41
0.67 " 0.6k
1.39 1.31
0.82 £.87
0.27 . 0.31
. 0.75 0.71
0.65 0.69 !
0.82 0.82
0.47 0.48
1.13 1.06
0.71 T 0.73
1.29 1.15
0.20 0,17
3.56 345
0.75 - 0.81
1.3 . 1.32
0.78 0.76
0.38 0.35

QO OWOHO
.

amino acid requirements of starting pigs

5

C-RSM
+SBM

18.1

.98
0.42
1 0.66
1.17
0.87
0.28
0.75
0.65
0.80

0.45
l.12

)
AV ES AV RS RN RV ]
BRSEVRV, R W VRS AV 3 o

. Amino

ments
1973)
(5-10

0.28
0.25
0.69
0.83
0.96

0.62
0.69
0.69
0.69

44

Acid Require-
(NAS =NRC,

xg) (10-20 kg)

0.23
0.20
0.56
0.68
0.79

6131
0.59

0.56
0.56

rapeseed meal from Tower rapeseed (low glucd-
gommcrcial rapesaed meal.
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-
Analyses of . triiodothyronine uptake (T-3 uptake),

triiodofhyroﬁine | radioimmunassay (T-3 RIR) and
tetraiodothytonine (T-4) levéls were conducted by a
commercial laboraforylt\ T—B uptake was determined by the
metﬁod of Leoﬁards (1974) yhich is based on_tse competition
'betwéen serum thyroxine binding protein (TBE), and Sephadex
G—-25 for‘ 125I—triiodothyronine; This method estimates the
percentage of free T-3 by determining “the excess binding
sites on TBE in ccmpetition with the Sephadex column fur.
ZSI—T—B; T-3 RIA was determined by radibimmunoassay
procedure of Chopra et al (197&) and T-4 by thé simplified
- radioimmunoassay as outlined by Krahn~et» ali (1974)% Bdth.
these procedures | depend upon ‘dissociafion .of> thyroid
" hormone:r . Hm thyroxine bihding proteiné and reaction with a
fi*ed qua: ~ty of specific T-3 and T-4 antigens with 125I-T-

3 or T-u.

A value designated T-7 vas célculated as ' a free

thyroxine index: - N ' K
T-7 = T-3 uptake x T-42
100

Howorth and MacLagan (1969) suggested that this ratio was

valuabIe to indicate relative changes in thyroid hormone

ipr. P.M, Krahn, Box &7, R.R.#2, Site 9, Sherwood Park,

Alta. ,
2Dr. S. - Hanson and Associates, Medical Laboratory,

Edmonton, Alberta.
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levels where either T-3 or T-4 wmay be elevated and is
therefore a good indicator of thyroid metabolism.

Glucosinolate determinations

Levels of glucosinolates for bo£h the OO—RSH.and C-RSHM
used 'in this study as well_as glucosinolate 1levels of all
diets were determined using the method of fquan ézd Hetter
(1957) 1. Inlthis met hed oxazolidinethione jOZT) is measuted
spectrophotdmetrically followihg isclation in diethyl ether
from a methyl chlcride system and isothiocyanates are
measured by comparing fhe retention times with  known
\standards én-a gas—liquid‘chromatograph. Results‘ of these
analyses ére included in Table 3 for the diets and in Tagle

4 for the 2 sources of RSM used in this experiment.

Statistical analyses

Datg_were analyzed Statisfically~ using a mnmulti-way
analysis .of eKariance (ANOVA) péogram available-frqm The
University'of i}bertd Computing Centré. Means were compared
using Duncan's Multirle Range Test (Steel and Torrie, 1960)
preceded by a significant _P-test (Waldo, 1976). A

*probability of 0.05 waé selected as the éoint of

‘significance between means. The sources of variation were 5

diets and 2 sexes. All sources of variation except periods,

v

lhnalyses supplied by Dr. Z.P. Kondra, Plant Science
‘Dept., The University oﬁ-Alberta,_Edmonton; Alberta.

A
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replicates and animals were considered as fixed. Notations
used to indicate level of significance are: *(P(.OS),
**(P<.01), ***(P< 001). Heans not 51gn1f1cantly dlfferent

bear the same superscript- ¢cr no superscrlpt

In period 2, one pig fed the control diet died Aduring
the starting phase of causes.unrelared to the experimental
treatment and one éig fed the C-RSM diet grew abnormaily
slowly and vas: reuoyed frcm the experiment. Heau
performanee and carcass values for the same dietary
=treatment, sex and period were substituted and two degrees

- of freedom for the error term were removed.

During the finishing fperiod, +treatment mean squares
were initiaily .tested against pen mean squares since four
Pigs on the same diet were contained in a single -éen with
individual. feeding stalis. The bPen mean square Wwas tested
against the residual mean sguare_ and found .to be vnon—
significant, subsequently the two terms were pooled and used
asbthe error mean square. Perlod and repllcate mean squares
were tested against the period x replicate mean square. |

i

Results and Discussion

The results are considered under the ‘following
categorleS' live anllal performance, dlgestlblllty,' carcass

characteristics and thyroid hormone levels.
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Live animal performance

The  three Fhases of growth considered in this
experiment will be presented, follovéd'by'a summary of . the
overall performance from 4 weeks of,age‘tb market weight at

85 kg.

Starting Ehase

During the starting phase frcm 4 to 10 weeks of age,
pigs fed the diets containing SBM or 50:50 isonitrcgenous
mixture of 00-RSM and SBM (00-RSM+SBM) showed similar ADF,

' ADG and feed/gain ratio (F/G) as shown in Table 6.

Repiacement ~of all sSBM by O00-8fSM, C-RSH or a 50:50
isonitragenous mixture of C—RST and SBM (é—Rsn+SBn) resulted
in a significant (P<.05) decfease in ADF.  With  the
‘exception of pigs fed the C-RSM diet, ADG and F/G were not
significantly differént frcm those observed for the piés fed
the éBﬁ diet but vere, houeger, numeriqally .léés for pigs
fed the 00-RSM and C-RSH#SBH‘diets.' Complete replacement of
SBM. by C-ESH resulted in marked depression of ADG and F/G.
Also, piqs fed C-RSHM veighed;sign;ficantiy'(P(.OS) less at
10 wveeks than pigS‘fed.other diets. _Pigs féd 00-RSM and C-
RSM+SBM weighed somewbhat leés than those fed §BM or 00-.

RSM+SBM bug differences were-not statistically significant.

No sifnificant sex differences were cbserved in the

starting period. Pigs were penned in pairs of 1 male and 1

'

4
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female in theé starting period, thus sex effects on ADF could

nbt be determined nor could F/G te calculated.

Pigs in periodq31 ‘(April—September, 1975) gained
significantly (P<.01) faster, consumed significantiy (P<.0T)
1ess'feed per unit of body weight and were éignificantly
‘(P<.05) heavier at 10:yeeks of age than pigs during period 2

"(July, 1975-January, 1976).

o

The differences for ADG and F/G betuéen Feriods are
substantial although the same facilities and procedures were
empldyed,in both beriods. Pigs.in' period 2 wvere started
durking | the summer nmonths thch may have resulted in
| uﬁdeéirable conditions iﬁ'the barns although environmental
temperatures were maintained within the desifed range (21-23
c). Inspection of the ueekly mean welghts during the
Starting phase'shovs that a period of slower growth occurred
during the sévepth and eighth weeks of age in rperiod 2.
This Ainterval of siowe; growth did not occur in,period 1,
which may account for the reriod differences. As no pigs
were slauéhtered at this tiﬁe, it was not possible to check

whether any acute or chrcnic disease condition existed.

An explanation cf the slightly slower rate of growth of
pigs fed 00-RSM compared with pigs fed SBM appears to be
-rélated_ to a éignificant (P<.05) reduction in ADF and

inferior conversiqgf)of feed into body tissue although
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differeﬁces between diets were not statisticélly significant
for the latter. parameter. The same explanation may also
account for the similar results observed when 50% of the SBM
was replaced bty C-RSM. Differences between 00-RSM and C-

D

RSM+SBM diets wdre not significadt for ADF, N\DG or F/G
h ! : )

although these parameters were 'numerically,‘ ~but nét

significantly infericf tc performance of pigs fed the SBHM

and 00-RSM+SBM diets. -

Reports by Hussar and Bowland (1959a) Aand Manns and
Bowland L(1§63) suggestéd that no depfession of performance
occut;ed when up to 10% of RSM was included in pig starting
dieti. At levels gréatef‘ than 10% RSM, significant
depression of growth, feed intake and feed conversion
efficiency was observed.» The RSM usedb ié these early

siudieé had high glucosinolatevlevels. Manns énd Bowland

(1963) reported 02T levels of 5.6 mg/g and iTC_of 4.2 -mg/g..

Bowland  (1974a) and  Bell (1975) using the low
glucosinolate FSM culti#ar Bronowski, as vwvell ﬁs Castell
(1976)* using Tower RSM, reported depression of performance
of pigs fed low glucosinclate RSHM compared with SBM but such
effects were ﬁuch less severe than with SpaanSM. However,
Boﬁland (1975); using a OO—RS& Hhiéh hés now been lidehsed,
as .Tower ffom the 1973 crop vyear, found O00-RSM was
satisfactory as a complete replacement for SBM for young

pigs. Growth of pigs fed - 00-RSN as the . scle source of



L

52

supplemental protein in the <current study wvas somewhat
sloﬁer~but not significantly less than pigs fed SBM although
AbP was significantly  (P<.05) less. The partial replacement
of SBM by 00-RSM resulted in perfcrmance nof significahtly

different but slightly less than S qued pigs. Perfcrmance

of pigs fed the C4RSH+SBM.d§éff o luﬁg to that of pigs

fed the 00<RSM diet. .

-
o mehd ipzfnterpretation

s

One factor which must be.

- 2 g
. "'-

pd

of ‘thé results of“~the“ presehffgéﬁﬁy during the starting
phase is that.the ledels of RSM in these diets were very
high ~ (Table 2). The amounts of RSM used in the 0C- ’RSM and
00-RSH+SBM diets vere 25.3 and 11.9% “and 31.3 and 14.1%,

respectively for the C-RSM and 00-RSM+SBM Qdiets.

The high glucdsiﬁolate levels of RSM are genérally
considered to be the main cause cf the reduced performance
when  large amounts éf RSM are fed (Bowland, 1965). The
nutrient compositicﬁ of the two érotein sbqrces is shown ‘ig.
Table 4. This - indicates that low levels of total

glucosinolates were present in 00-RSM but rather high levels

.in C-RSM. Of the gluccsinclates in 00-RSM, O0IT dompriséd

the major part. Krusius and Peltola (1966) aﬁd Lo and Be11
(19&2) have shown that 0ZT is a mcre potént_ goitrogen for
rats than  ITC: The results of the above ﬁentiqned
researchers can be predicted based on the site of action of

these two glucosinolates as revieved earligr. 0ZT inhibits

- y :
Ry
: .-
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the 1od1nat10n of tyros1ne as well as the tyros1ne‘ coupling

‘-reactlcn to form thyronlne whereas the main. effect of ITC is

latter is a reVersible reactlon whlch can be overcome in

some cases by higher 1od1ne supplementatlon (Green, 1971).

KruSiuS'and Peitola (1966) found that 0.5 ug/day of

pure. CZT- when fed 1in the water was sufficient to cause .

o o (- o .
thyroid enlargement\in rats. = Alsc, levels of 0.5 mg/day of

0ZT in a single dose interfered with 13171 uptake. Lo apd
Hillh(1971b) found that diets contalnlng 0. 3 mg/g of}dtptal

gluc051nolates- from Btoncuskl Rsn resulted 1n a more rapld'
uptake of 12S] frcm the plasma and in a slover..release of

1257 as thyr01d hcrmone compared wlth rats fed caseln.-

'_Josefsson (197U), on the other hand, reported that growth of

mice was not affected if the total gluc051nolate (levell‘l

the diet from RSH~uas-1eSS<than 1 ®2g/9. The dlfferencevin

these results may be explained by the fact that Kru51us ~and .

P

Peltola (1966) ‘fed_‘pure compoundS‘;in the water whereas
Josefssonﬂ (197u) fed heated.-"Rsu ' contalnlng R lntact
glucosinolates; ,HIt must also be kept in . mlnd that Kru51usi
and Peltola (1966) 1nvestlgated thyr01d response to’ VQZT “in
rats whereas Josefsson 'and_;Hunk‘(1973) fed RSM to mice.vz

Thus, although routeS'of'adninistration of. gluc051nolates,if

parameters -measured and spec1es tested vere dlfferent these

reports 4o give some 1nd1cat10n of 'the’_range"of =

-
8.

-
'3
»
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glucosinolates which may affect the thyr01d ahd, also
‘indications of levels at uhlch llve anlmal performance may
. be affected, No s1m11ar studles have been made vlth plgs.'

ta
{

It - s hot . known if the' levels of‘ glucos1nolates;

partlcularly OZT, found in the 00~ RSM diets (TabLe 3f ;are.

:j'suff1c1ent1y «hlgh to alter thyrond metabollsm 1n pigs but

the p0551b111ty cannct be completely ruled out.

3BSH has ~ a high CF 1évé1 (Table 1) v‘thus ‘ the.u

recommendatioo that maxlmum CF levels should not exceed 3%
g for youno pigs {ARC, 1967) was exceeded. AS can be seen in
,Table 3, the. flbre 1evel for dlets’w1th complete replacementlr
of SBM by ‘RSM resulted 1n CF levels of 6 2% for OO~%SH andv
7 4%, for the C-RSH dlet. In the case of OO—RSM_,th;s “high
level of fibre inllight of the very high levels of RSM ?sed
as a complete substltutlon for SBH could have beed a ‘major
cause of the poorer growth of startlng plgs compared with
.animals fed(nsBM—based dlets. ' Althougbx the posslblllty
cannot  be ruled  out that rthe; level 'ofh'residuair
grucosinolates Present dn the 0o- RSH ‘used in .this study

*could have affected performance of plgs fed the OOORSM dlet,

,:the fact that the depress1on thch dld occur uasanotﬁiargea~f

.would 1nd1cate the cause was some factor with a donszstent
“but small effect. Such effég&s, were. demcnstrated for'
digestibility "of = the- 00-RSH ' diet. leferences iﬁ

. ]

performance of pﬁgs fed 0Q0~RSHM dlets compared wlth SEM,



alﬁhough significant (P<.05) for ADF, are 'not large.
Because of the inverse‘relaticnshib of DE anq CF (Dreqnan
and Maguire, 1970; King and Tiavefner, 1975); a major effect
of high fibre,levels is to louerv DE. The diets in‘ the
presenf study vere formulated.ts be isocaloric on a DE basis
by, the addition of fat using data of Sabeh et al (i971) and
Ha;Land.Bell.(1971). ‘The éffec;s ny high levels of (F
should be evident 1in differences in digeétibility between
quBM‘aqd RSM diets. Such differences should then be noted in

i studies of digestibility which will be discussed. later.

Tk

The high levels of fibre in C-RSM cannot account for

. the severe depressio. of ADG and P/é:ratios cbserved in pigs
"fﬁf ~~ . fed this diet. ADF was not significantly different from 00-

[y RSM  or c—’Rsmssn‘:d’?efts but ADG and F/G were marke@iy’

. g ' ‘ ‘
ﬂgpressed (PL.05) ccmpared with all other- diets. In a

by
comparatlve trial where anlmals and env1ronmental conditions
are 31m11ar, growth can be considered largely gs a function

of feed lqtake and - of the conversion ratio. of feed into

&
)

anlmal boﬂy tassué'wahus, the severe depression in ADG of

attributed to a severe

. ‘\1'*‘*

atl 331der1ng the well-known grouth
" AR qluc0°1n01ate RSM in pigs and’ the
R ,W} '1‘5‘"« o

gﬁ ﬁh the C-RSH dlet, the results " in
not unexpected. Manns and

v

t7° 108 of high gluccsinolate RSH
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depressed performance of young pigs and the ‘amounts of C-RSM

used in the present study greatly excgeeded that amount.

Isonitrogenous replacement of 50% of ghe SBM by C-RSH
resulted in a significant (P<.05) improyeméng'of ADG.and F/G
compared with C-RSM. ADF was significantly (P<.05) and ALG
and 'F/G slightly, but not sighificantly‘inferior to SBM or

00-RSM+SBM diets. Overall performance is quite similar to

that of _pigs fed 00-RSM diets. It is likely that

8

glucosinolate levels "in the C-RSM+SBM diet affected

'performance, but = because lower levelgpof C-KSM were used,

the results are similar to the resﬁlts ‘0of earlier work
reviewed by Bowland (19€5) vhere a mixture cf SBM and RSM
cften produced performance'similar to SBM diets.

Grbwing phase ,

a

Results during the phaSe from 10 to 15 weeks ot age
show similar trends to those observed in the startlng phaée
and are summarized in Tableﬁ6.‘ ADF was not significantly
different for any' diet Althohghudihtake .of C-R§§'and Cc-
RSM#SBM was slightl} but not significantly less " thap -other
diets. ADG was greatest fof‘the SBM and OO—RSH¥SBH diets
4ith the 00-RSH significaﬁtly (P<.05) less. ‘than the Ffirst

tvo _C-RSH diet} produced the lovest gain . (P<.05) .

F/G y&é si‘ 1d$nt1y (P< 05) less for 00-RSM and C-RSHeSBH

v sl
-

- “‘7"-' d . -

‘C~RSH dleta ;as narkeﬁly infericr to other dlets,\as 1n#the

7
2
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starting phase (P<.05). Bcdy weight at the end of the
growing phase at 15 weeks was significantly (P<.OS) less for
pigs fed 00~-ESM cempa;ed uith' figs fed 'the SBH diet.
However, weight of pigs fed C-RSM was 51gn1f1cant1y (P<.05)
less &han'that of pigs fed all other diets.

Sigﬁificaht " (P<.01) sex effects vere noted during the
crﬁéiéﬁ phg?b%' Barrows gained anp’ average -of ' 0.61 kg/day
Hbll &gnlts gained 0.51 kg/d{y-_’Thle flndlng is typ1ca¥iy
obsegghd 'in pig expendmentiy‘during -the growing phase

Y

(quland, 197ua- Bell,. 19&5).; ;It"was . not possihle to

\I
determine sex effects Eor ADP or F/G because limitation of
. 5

‘fac111t1es made it necessary to house plgs in . pairs of 1

.r
wom

male and 1 female as ln the starting phaSe.

-

. pe .
Unlike the starting period, no significant differences

. between the two periods were noted for ADF, ADG or F/G

ratio.

P

ADG and P/G of pigs"fed 00-F . were significantly
(P<.05) inferior to pigs fed SBM and 00-RSM+SBM diets during

the . growing’ phase. .Heuever, for the C-RSM - diet the

depression was not as marked as during the startlng phase .

. i N7
although ADG and /G were 51gn1f1cant11 (P<.05) ;eSs than

pigs fed other diets. Feed intake was similar for 00-RSN

‘ and SBM dlets but vas sl1ghtlyhrreduced, ~although not

51gn1flcantly, for both diets Ulth C-RSHM. E{G of -pigs fed ¥

2]
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.C—-RSM+SBM was intermediate compared to pigs fed 00-RSM and

SBM-rased diets.

The $imilar;ty of trends in performance during the
growing phase to those in the.startinq phaze 1s evident in
the moderate deprg sion of growth of pi £ - 00-RSM and C- -
RSM+SBM but severe depression of pigs tred C-RSHM dietg
compared with pigs fed SBH diets. In all cases, however,
the depression was less severe than during the starting
phase fér pigs fed the C-RSM diet. Whether this effect wés
due to the 1lower levels of RSM used in the diets or is an
age—:élated response in that fhe cffects of RSN causes . less
interfépenée with grcwth as the animal groﬁs older or due in-
part to both facto.s is nqtvkno¥?.

Finishing phase

.

The resulté of ADF, ADG and F/G ratio during the

finishing‘ghase are-also.presented in Table 6. XDF of the

PR

" pigs receiving the diets. containing SBHN, 00 RSM an¢§00~

RSM+SBM were not siguificantly different. 1Intake of the c-

RSM diet was signifitantly (P<.05) less than all other dlets

‘*\‘.b

and intake of the C-RSM+SBM was intermediate betveen SBM and
C-RSM. No‘significant,differences in ADG were apparent for
SBM, 00-RSM, 00-RSM+SBN or C-RSN+SBM diets. Gain.of pigs on
the C;Rsnvdiet was_significaptly (P<.05) less tham that of

pigs fed all other diets.
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Results of F/G for finisher are somewhat different from

the starting and growing phases in that no significant

differences were observed for this parameter. However, pigs

fed C-RSM and C-RSM+SHM tended to consume the 1least amount
of feed per wunit of gain which is the opposite of the

situation in .the starting and growing phases.

B It is apparen{‘that the rate 6f growth of pigs fed the

C-RSM diet was affecéSE less during the finishing «han in

eardier phases of this experiment. The improved F/G of pigs

.

fe§JC-RSM'compared with pigs fed wotper diets .during this

phase may be accounted for in the relatively long time these

pigs were fed the finishing diet. All pigs in each period

vere moved to the finishing pens. on the same day, thus pigs
fed C-RSH weighed 1less than pigs fed the other diets and
consequently a greater proporticn of the total weight gained

'S

during the trial is accounted for during  the finishing

period. Since it is evident from th§ data in Table 6 that

greater amounts of feed were required per unit of gain as

the animals grew = clder, animals which were lighter at the

start of this phase would have a greatef proportion of the

more efficient growth period at lighter ieights accounted

. for in the finishing period.

"Seéx effects during the finishing period were similar to

the growing period. Barrows had 'significantly higher ATCF

(P<.00%, ADG (P<.01) and inferior F/G (P<.01) compdted with

N

ol
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females. ADG and F/G were significantly (P<.05) better in
period 1 compared with results in period 2 duringk this

phase.

The pre#iously observed effects of ADF and PF/G
reflected invvalues of ADG are seen in the finisﬁing period,
as in earlier phases. Although the best F/G was. noted for
C—Rsﬁ and C-RSM+SBM diets, the depressed intake of the C-RSH
diet appeared td have resulted in a reduction of ALG

. Mty g .
compared with other diets (P<.05). It biﬁr: \ﬁg noted,

however, that the differences in performance were all much

-

‘less than in the starter or grower phase indicating that the

-}‘deleterious effects of RSM were less_#severe with older

T

Cn

_animals. Another possibility is that the lower levels of

RSM required to meet the protein levels during this phase
accounted for the less severe effects particularly in pigs
e .
fed the C-RSM diet. As was indicated previously the effects
o A

of these .two factors cannot be differentiated in this

.experiment.

An important observation during the finishing phase is
that ADF, ADG ang“F/G‘éf rigs fed O00-RSM are much less
severely deprQSSed than in the starting and groiing phases.

‘ ST b . .
This observation-is Cgnsistent with the previously mentioned

poSsibie inVolveiénﬁ?:of hiqﬁ*fCF levels leading to a

reduction in digestjibility. 1 ;f%;khown that high CF levels

y .

cause less depreséjq:o‘n.of ’perfbrmanck'fin' older 'pigs than in

pad
H

BAP VAN
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young pigs (ARC, 1967).

Comparison of the data during the éroving and finishing
phases indicates that some restriction of gtouth in all
treatments prqbably occurred during. the finishing ‘phase.
ADG was virﬁually the same as in the growing phase, whereas
it ﬁould be expected to be mére rafid during the finishing
Qphase (NAS-NRC, 1973). In this trial the animals were
individuélly fed during the fiﬁishihg period for two 1-hour
periods per day. In large studies coﬁducted at several
éentres in Englénd, Eraudé (1971) reported that Late of
growth of growing-finishing pigs was not affected by feeding

two or three times daily.compared with ad libitum feeding

—_— S

a
but apparently pigs were not fed individually as in the

present study. However, fprevious work at The University of
Alberta {Bowland, 1966) suggested that ‘performancegggai be
lowered by individual feqding‘tﬁo tihq; daily‘&s_gﬁ%figlggg
feeding.‘ Aiso, Beli‘(1975) reported that pigs fed Bfonouski
RSM showed a 16% increase in feed éntake and 10% faster
growth when fed ad libitun  as conllpared'u.ith those fed I
times daily'for a total'period‘of one hour. A factbr that -
-may explaiﬁ the growth rate debression observ:; as a‘result
of individual_feedihg’in the present study is that water wvas
not available during'the'fﬁo ‘feeding periods. Pigs . wvere
usuaily observed to be 'vety‘ thirsty vhen let 6ut of thé
individual féedimg pens.'.ﬂatef vas not’ available to, pigé

% T
¥

- é .
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Hgﬁring the feeding vpericd in the experidents reported by
Bell (1§75$. oﬁg factor which must be kept in mind is that
although the level 9f feeding in the present‘uo;kland that
of Bell was obvsiously restrictive for a1l Pigs. The intake
of pigs fed fhe C—-RSH dieI in the present study appeared to
be 1less than that of pLgs fed cther diets. Thus, facfors
such as palatability 6; the C-RSM nay haQe caused a
i

reduction of feed con#umption even under restricted feead
‘ | .

intake. j

Qverall perfcrmance .
' &r 3 ' i

B

The treatment orden for- number of days required to

‘reach market vnght clOSely approx1mated the cfder for ADG,

as‘woulq be expected (Table 6). Pigs fed‘the SBH d1et were
shipped' significantly '(P< 05) earlier .than pigs fed other
‘dlets, except 00—RSH+SBM fcllowed by pigs fed O00-RSM+SBM,
00-RSK and c-rSMesBEN (9< 05). Pigs fed the C-RSHM diét took
significantly (P<.05) lopger than any other pigs to reach
market weight. This garameter does reflect in a rather
dramatic and‘meaningful way the differences in growth rate.

Pigs fed 00-RSHM and c- RSH+SEU on the average took 12 and 11

%

days longer, respectlvely tg\reach 85 kg while pigs fed C-

RSM required 22 days longer than those fed SBHN.

No significant differences were observed for ADF but

ADG of pigs fed 00-RSM and C-RSM+SBM was significantly

o~

(P<.05) less than for pigs fed the: SBM diet. ADG and F/G of
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pige fed the C-RSM diet was significantly (P<.05) inferior
toﬁ%iés fed other diets. Pigs fed the OO-RSM diet tended to
show a poorer conversiOn. efficiency than pigs on the SBM
diet or partial substitdtion of SBM with either source of

RSM, but the differences were not significant.
" ‘

Sex differences for the overall data were similar to
the observatiQns during the growing and fihishine phases
with significantly infericr results for Qilts compared.with

barrows for ADG kP<.OD1), and days—to—market (P<.01). As

L
i

¥as indicated previously, sex di'fferences usually occur in

- swine nutrition trials, with ADF and ADG of gilts being

_inferior to barrows, and F/G being better.

'51gn1flcant dlfferences were noted 'in AWF and days= to—markét"“’

Period effects were significant for ADG (P<.05) and F/G

(P<.01) uhich vere better in period 1 than in period 2. VNo

between the perlods cn an cverall basis.

The results cf the present study agree u1th the work .of
Moody et al (1976) that part1a1 replacefent of SBHM wlth ‘00~
RSM , does not result in anx- statistically significant

reduction of ADF, ALG or F/G ratio. In the pfesent study,

 however, performance of pigs fed :the SBM diet tended to be

BN
N

’consiétently better ‘than pigs fed' 00-RSM+SBN.. Castell

(1976) found that 15.6% OO-RSHM as a partlal replacement for

SBM caused a 7% reduction in performance which is greater

8]
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than in the present study, even for starting pigs. 5Boyland

. (1975) found that OO-RSM could serve as a complete

" replacement for SBM but in the present study mcderate

depression in ADF, ADG and F/G was noted although such

. differences were not statistically significant in all cases.

Higher levels of 00-RSM were used in the present study than
in any of the earlier experiments which would tend to
magnify any differences of nutrient content of the protein
sourees. Alsc, the fpresent work as well as that reported by
Moody et al (1976) and Castell (1976) are baSeae on work
carried out with RSM of the 1974 crop year. The work of
Bowland (1975) and Bowland ef al (1975) was carried out‘uith
meal 6f the 1973 crop year. The year-to-year variation may
account .at. least in part, for the apparent differences’

between experlments.

Dlgesiiblllty studles

Apparent digestibility of diets

- -

Apparent digestibility of energy and nitrogen are

ggaseﬁted in Table 7. In both periods, pigs receiving C-RSHM

‘were 51gn1f1cantly (P<.05) llghter in welght than those fed

other diets. Because of the lower' weight of these pigs,

feed .consumption of the C-RSM diet was less than other

diets. Also pigs in period 1 uelghed 51gn1flcant1y (P<. 001)
more than in the dlgestlblllty tr1a1 in period 2.. Results.

were, hovever, quite consistent and uniform within treatment
! : . :
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groups. Several authOrs at thlS and other statloﬁs have not
found any effects‘bof"%exght on dxgestlblllty w1th1n the
limits of 19-60 kg (Cunnlnqham et al, 1962; Lawrence, 1967;
Saben et .al, 1971; Bovland and Hardin, 1973; Bowland,
197Ua), thus the differences in body veight should not have

1nf1uenced the results.

Digestible energy .(DE), metabolizable.energy‘(ME) and

digestible nltrogeﬁ\(DN) vere sighificantly - (P<.05) ‘lower

for pigs fed the 00~RSM and C-RSM diets than for Piy: fed |

the SBM diet. DE and ME of the oo—nsn diet wer: not

&r

signific:antly different frc*dlets wJ.th pactlal replacement

~of SBM by either source of RSH: DN of 00-RSH and . c- RSM

dlets was reduced (P<,95) 'ccmpated_ Hlth the SBM and 00*

.M_W~WRSﬁ+SBﬂA*ﬁiétsr““vi§e§ff511ity cf the idiets . with 50%

‘substitution of .SBM with either source of RSM was

intermediate Letween the * other 3 "dietsg Nitrogen

) retained/DN was greatest for the C~RSN diet and least for

'SBM or 00-RSM+SBM. Differences between the C-ESM diet and

SBM and OO RSM+SBM dlets were 51gn1f1cant (P< 05).. The 00-
RSM diet was 1ntermed1ate. No 51gniflcant differences ‘'due
to dietary freatmeht ‘were evident in .nitrogeg
retaiped/nitrogen 'nitrogen intake. DN/kg of diet .vas
significantly (P<;05) greater for the mi*tures of proteie

sources than for either diet with complete substitution of

SBM by RSM, while the SBM diet was Ihtermedlate. DE and
- o ST e ‘:Z
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ME/kg of diet were not cignifi’cantly'affected by . treatment.
However, mean values for C—RSH for both parameters of energy
digestlblllty are approximately 100v kcal less * than other

diets.

Manns and - Bowland (1963) _observed‘a non—significant
depre551on in DN and DE with dlets contalnlng 15.6% RSH as a
COmplete-replacementﬁfor SBEM. No depre551on was noted from
25 or 50 percent substitution‘of.SBH‘by Rsn.p Cho and Baylev

(1970), obtained lower digestibilityfof”enEtquand n;troge'

in dlets supplemented ulth 9.6% RSH ~compared with those

~supplemented Hlth SBM. éoﬁland_ (19743, 1975) - found no

depression ofienergy or nitrogen digestibility‘ vith{ieither:'
] . . , .

lou—giuoosinolate or Span BRSM compared with SBM.

'.Sexr effects were not significnnt except’for nR’end N
réteined/DN (P(,bS). - Greatérr tetention of‘_nitnogen was
observed for females ccmpdredtwtth males.v OrOK'etsal'(1975f
reported siniiar effects;‘. Period._peffeots nerep'not

Significant. A significant sex x-diet (P<.OS):‘intetaction

ocourred _forA} all 'enetgy‘: and nltrogen digestibility

parameters. InspeCtlon of the datq suggests that  a 'Lowet

overall ‘dlgestlblllty may ‘“have cccurred in the 00-RSM diet

for males than for females.{ Th1$ effect was not apparent

. for 'other ‘treatments and was not found in dlgestlblllty'

.studles in Part. 2 of this the51s nor in Part 3 wlth rats.

-
“.



~Bowland (1971, 1972) found significant sex differences

for DN and DE coefficients of pigsufed RS or RSM ccmpared

vith pigs fed SBH hut not in later ‘work using 00-RSH oE Span

'RSM (Bowland, 1574a; 1975). Orok et al, (1975) found N~

digestibility coefficients, N retention as a‘percentage ul
intake and N retained/DN were all greater for gllts than

barrous uhlch was 51m11ar to the pnesent experiment.  Thus,
'3 oot

' 1t appears that dlfferences betveen sexes may - nq}édﬁ*in

dlgest1b111ty studle

Apparent dlgeStibilitx of amino acids .

4.

Apparenyiagestibility of amino acids”is presente.d in
g

Table 8. nlflcant (p<. 05)‘ dlfferences' of apparent

'-digestibility were . found for’ the followlng ecsentlal amlno

s N ! N . o
acids: arginine, histidine, 1Soleuc1ne, leucine - and

- phenylalanine. The non-essential amino acids aspartic acid,

proline, - serine ~"~and | tyrosine also ‘showed significant

treatment differences as did amino acid recovery as a

' percentage of total Frotein.

The- feature whlch appears most str1k1ng of the data in

(4

the present report is the consxstent trend for dlgestlblllty

: of amlno ac1ds in OO-RSH and C~ RSM dlets to be 1oqer than.

cher dlets_ and ' generally - t to be 51m11ar to. each other.

.DigestibiiitY'of amino acids in the SBM. diet was generally

bestwgéith llntermedlate results for the part1a1 replacement
of SBH ulth RSH. In some cases, treatment dlfferences' vere

1
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nsiqnificant dﬂ%\ in some cases they were not but 1t is felt

1

that the. consxstency of the trend is the  most meanlngful

feature. In all cases where siﬁhificant differences were

o

observed, the abovebmentioned trends were‘ evident Also,

" amino acid d1qest1t111ty of the 00-RSM and C- RSM. dLets was

¢ -

\

51gn1f1cantly (P< 05), less than the SBNM dlet in cases =where

u

significant differences cccurred.’ It 'is also obv1ous that

the tr%nds obserVed in d1gest1b111ty of amino a01ds parallelv

the dlfferences between dlets o%served for other measures of.

-dlgestlblllty. .
\) Slgnlflcant dlfferences of apparent dlgestlblllty for

‘ggltaln essentlal amlno acids appear tao be: assoc1ated with

thelr known 1nterrelat10nsh1ps but thlS may only ‘be a caSual
-4

r

effect not related to treatment differences. Fot' example,t

a-

the ba51caﬁ amino ac1ds ' arglnlne 'and hlstldlhe have,
L . / & .Av‘,
V-H

51gn1f1can&ly (P< 05) gﬁ@ater dlgestlblllty in the SBH than

in QO0- RSM o§ C—RSH dlets.b D1gest1b111ty~of these am1nd°

{, ' } o
acids in the other two dlets i's interme Th b anched
¢ e d&&% e E

i

chaln amino ac1ds‘ lsoleuc1ne and leuc1new§s vell as the

(

phenollc amino acids phenylalanine _and §§r051ne -all sh0w

relatlvely ' 51m11ar- 51gn1f1cant (P<.05) treatment

’

“dlfferences, although absolute value of the digesxihillty

coefficients differ | for each’amino acid. Thus the above-
mentioned ,trends of lowest digestihility 4V§lues¢ were

@bsefved for diets containing 00-RSM and Ceésnvaua'highest

-
T

4
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; values f6r # wlth SBH ulth the oxceptlon cf leucine and

v

4 v
# 1ntermed1ate yaluesv for those wltp partial substitution of

L
L

. RSy for SBM. | S,

Y " The non essentlét amlno ac1ds 1n51cate similar trends
5 : »

in digPStibllity uhxch wer jdent for, essential amino
acids. ngestlb%i;ty of amin 's in  00-RSM and }C-RSH

r -

L5

dlets tended to be lover than SBJ? wlth 1ntermed1ate results j .
. . \ -'-'\h;";
o obtalned from partlalpj:ement of 'SBM with either RSH.
: !

-ngnlflcant dlfferences for .spartlc acid and tyroshne- were

slwllar to the s1gn1f1cant dlffiremces uhlcﬁ occur

m

amlno ac1ds, ~with 00 RSH and C~- Rsu

the essentl»

v

p) Ty .
51gn1f1can ly (Pé%OS) 1ower Elgest1b111§1es than the SBM. g%" LA

< dlet dld dlffer {p<. 05) frcm the an ‘diet.
-7 ""-' . . . L K I3 i‘ a .

o . _ & , k . DT : “"bu.
Comgarlspn of the amlno ac1d dlgestlbllltr%s 1ng

[ . ',,\ )3

v 9 ultb energy and nltfoégn d1gest1b111€y coefflcxeﬂ

o7 1nd1cates. clqugy that these same trends are ev1dent | Q)

»

. - DlgeStlbllltY coeff1c1ents of energy and nltﬁggen of the SBN
' vdleﬁ vere greatest _and OO-RSH ahd C "RSH “had lowest

dlgest1b111t1es (P<. 05).' The tuo diets vlth mlxturps of the

- = proteln ‘sources were 1ntermed1ate 'for 'all parameférs of

d -

Idigestibiiit}. Since sinilarAdifﬁerenqes-are apparent\.for
! 'digesbibilify of .amino ' acids. it is - clear that overall

&
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N of the '00-RSM and C-Rsu diets and will- be»dlscussed later in

'f%naxacteriStic is: -1ncorporated B 1n$o lcommeft1al 5 fape'
W3 o’ . . ,
productlon (Strlngh [ et a]dgﬁglu). e
? ’ % W"

dlets §1th cq.;:n starch A,ﬂf,!d' corn sugar as ene% rces '

whereas pract1ca1 drets using barley ﬁand qheat. as \energyr

» S

, N

d1qest1b111ty of the diets must, be COn51dered in  this wogg
d ‘H\‘ '

and not avallablllty of Qpecifiq,amlno aCLds.w The - reasons

b

for the overall depre551on of apparent dlgestlblllty of the

tOO—RSM and C—RSM,compared u;th SBN dfets must be con51dered.

Tﬁb hign levels #4f CF in both sources of RSEM in light of the
. outcs s at

hlqh levels uSed may‘account'for'thé reduced digestibility

more‘_detall.-‘ Recent 1dent1f1cat10n ' oﬂ yellow—seeded

4

variéties' ﬂﬁ.'rape which have ioVer levels of ¥1bre than

present varieties, lncludlng Tover, §npu1d large}‘ 0verc§§f
g N ey dy
N A3

the effects “of hlgh’ thre levels uﬂén t,f ARSI -
‘ ' ’ S : AR SSRIRE |

~ . .
?u’ S v -
w L)

In qeneral, th.e $dlgest1b111t1es 'fduod 1n ‘this @f,udy&

.

appear lower than apparent dlgestlbﬁgatles determlned by Ch:&»y

<

fdund 1n the gact ‘that Cho and Bayl@yf_fedv seml—purlfled

-

sources were used in the present stddy. e .

» - . . . T

;r The amlno acids llkely éo be limltlng in.diets wlth SBHf

>and‘ RSM as; supplementary proteln sources vl.e.,_ly51ne and.

methlonine, do not exhlblt 51gn1f1cant dlfferences, due to

N e

=

and Bayley (1970) qﬂé;planatlé% di the d1f£erences may be

 dietary - effects yet ~the trend N“lover dlgestlblllty in !tr;e '
. : 5 :

RSM-diets ls~p;esent.ﬁ Alsc, it is ;nterestlng to~note‘ that

e

gy
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both lys'

4
-

vy
moapd,

L

lysine,*“methionine and tAreonine, the amino acids most

%

. llkely to be limiting in diets based on small grains (Rerat,

L .

1972 Ivan, g97u- Aw-Yong and Heanmes, 1975),'shou the ;pwest'

dlgest;bxllties qf all amino 1cids. "Ranking the i

. . Ca R R o e .
amino acids across the 2ts show that the sant ¢_iat1ve

o

differences hold for all @ .no acxds. For'example;q h1ghest

digestibilities were foundﬁ for arglnlne in all dlets and

,

- i ! .
lovwest for lysine im diets qontainlnd RSM 'but 1lowest for

methionine in the SBHN diet.. Tne latter results may indicate

v

. Y , . :
first-limiting amino acids. Orok et al, (1975) suggested

“that lysine availability was iewet “in  RSM’ than in SBN.

Sarwar et gl; (1975) found that true dlgestlblflty of ly51ne
o .
ih Span RSY§ was 51gn1f1%antly less than ghat ﬂh~S&H

rats. Later work (Sarwar apd Bowland, 1976) 1nd1cateﬂ that
o

plgs. -ThlS latter report. lndicatgs that ly51ne avallablllty

Y

of 00-RSN should notﬂpﬁ?a najor p:oq;em.' Bell (1§75) found

‘ " that methlonlne may be llnltlng in, RSH 51nce the addition™df

- 3 L
0.1% ‘synthetlc methlqnlne resulted in an- 1ncrease of ADG inm
b .

pigs fed elther BEOHOHSkl,Cr SpanoRSH

Al -

3
In the present uork, it appear< in Table 5 that sulfur
s »~

-~

“amino acids o not meq&_the ﬂlhulregents (NAS-NRC, 1973) for

;; ,40~or 10 20 kg p1gs.» ‘Alseo, the ly51ne level may. have been

7

'marglnal .for‘ 5~10 kg p;gs.; These results nay be reflected

4

8 :
and - prctelg of Op RSM were uell*dlgested in’

-

'in=the: relatively s leuf performance -of all‘ plgs "in the

o AP,

o

-
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'durlng hydroly51s of t

74

starting phase. However, since all diets show similar

]

levels of lysine and methicnine, the dietary levels of these
two amino acids do nct acccunt for the differences observed
Bl . ' N a

in performance. This is fparticularly the case with the SBM

diet, which had the lowest l-vel of sulfur amino  acids but

,'hiqhest Ferformance. Cystine values may, ‘however, . be

underestlmated in these determlnatlons becagse of conversion

v , 4
of cystlne to cyst51ne ;%:ch occurs tQ a llmlted{ extent

the sample._ Cysteine -§s not included

v e

¢

in the. anal%ﬂbs of « cystlne. '

“In the present - Study, digestfbility of amino acids

appeared tl t telated to cverall dlgestlblllt of the diets
: R 3 A - -

-

"@;rticular” Problems £ &'5iiability of
y ! ¥

speC1f1c amino acx@s. quest;plllty éSefflciﬂﬂts”~of am1no.r

.‘ac1ds reflect the same trends observed for energy &k‘we;ﬂ as

'digestlblllty coeff1c1ents whl h dld occu

“RSU f:iu'\ thxs experlment 'uere ~due’“t

nitrogen and"ipr live an;mal .perfcrmance, The present)'

report is in agreement with the  data of  Cho and Bayldy -

{(1970) who showed that reduced dlgestlblllty Qi amlné acxds

1n diets: conta1glng RSM was reflected rn a s;nllar reduction

»

>of energy and nltﬁggen dlgestlbﬁllty 1n sem1 purlfled dlets.:

R R

% e .

R T} L
Dlets vere formulated -'be 1soca1§r1c .as . well 5%_

1son1trogenous- thus, the dlfferences 1n energy and nltrogenf'
,-ﬁ

4
dlﬂterences in

-
a - - M
A R R ’ ALy SR

'dlgestlblllty.' It appears that SOme fact_r an H% ‘h jseurces','

' for 00- RSH ‘and C~



. fibreq ‘ . L B %%4 ?’:.
R o Vg

:wdecreasesfhas "the  animal matures and body uelght inc

—'iOuid be expected tﬁ@t*&liferences betueg;e

of RSHM caused. a depre551on in digestibility. Two factors
con51dered during’ the startlng phase of this experiment to

have been likely causes of decreased performance of pigs fed
. ' . : N

00-RSM were a reduction in feed intake%d also a high fibre
u

level 1in both - sources of RSH. Numerous authors using

varlous methods of estlmatlng fibre levels have- shown that

DE decreases with 1ncrea51ng fibre levels in diets of pigs,

€.g. Lucas (1949-cited by A.Rr.cC., 1967) using,‘Weendeﬂ:CF

v N

methods; .Drennan' and Maguire “(1970) using acidideteréent“'

fibre; King and Taverner (1975) * ueing neutrag!?detergent

E (R . v
R . .y
A S

L % &
& ? .‘

<&

Con51der1ng that the dlfferences 1n dlgestlblllty were‘

*

‘ne_lewels nould haVe

ngt large, tbe k%own effects‘%f hlgh
g,
been most serlqus in the startlng phaS‘

.t
~ - A

‘dlgestlblllty stndles were made. It is. probable f&af hlgh

fibre levels of the. OO—RSM d1et resuitlng frcm the very hlgh
Y

‘}evel of 1nclu51on of 00 -RSM, cau51ng a sllght depression in

»dlgestlblllty can, in’ ccnjunctlon leth the reduced feed,

r'd

_1ntake, account for the dlffere\fes in performance in the

“

startlng phase ccmpared wlth plgs $fed .SBY - dlets. ) ThiS‘

teffect woulﬂ‘ then be manlfested in a reduced F/G,_whlch in

»

fact-occurred.‘ The growth depress1on due to high‘CF 'Lelels

Se s

R

v(Cunningham'e Q’ 196?), thus in the flnlshrng period. :

\

|

which- is ';dn'the*‘



g, o

[ A

l:"l':‘\’

-.depressigf

R

the RSHM coula

determined in

9. No 51gn1f1cant dxfferences uere found in carcass uelght, glﬂ

diets would be /minor. Other factors such ac< palatability of

ave affected feed'intake but it cannot be

hrs tr1a1 the effects such fa. ors could have

5

on idigest"ibi 1ty.‘ As was dlSCUSSed prev1ously, the above

explanation i regards to-CFvcann9¥‘account for the severe-

depression hich occurred ‘when CJﬁsﬁ' ﬁasf;rq; so&e

supplementa% roteﬁggsource. Since both 1bre 1eVels and#

digestibilié@ of oo—Rsu and CgRSH drets uere 51m11ar,‘1t o
. . 3

., .1 .
ted that: ﬁlbre leVels <uould therefdrem have

- ' O A R

milar 1mpcrtance Tin . both dlets. The Severe .

& . | .
u\‘J'- J.'i“‘-l.

woula'be,expe

relatively &

v

\%5 plgs fed c- RSH was attrlbutej tq‘ja.

very . 1n/ ik the QStantlng peﬁ[od thch could be- S,

assoc1a%ed the 9100051nclate Level& ;qvthevC-RSn. -;,iw
' Lo ‘o oy .
Carcd'sh studies - R ‘
o N ":A’V \.x ) v

s
ResulJé of the carcass studles are presehhed in Table' _

.......

dre551ng percentage, length »average and total backfat Slean

‘/
K

“in  ham ‘“face or R.O. P. score.. L01n areas for pigs fed SBM

R
vere signfficantly (P( 05) larger compared Hlth plgs fed 00-

RSM and C-RSM Qiets;' Helght of ham also shoued »sxgnlflcant

: . . -

"Fdifferences" but are v1rtua11y the reVerse of E}ln eye area

values. Plgs fed OO—RSM,; C—Rsusgaﬁd C—RSH+SBH dlets had

"of welght of 51de than plgs fe SEH.;: _ «5

.

“w51gn1f1cant1y (P< OSy’greatef weight. of ham as a percentage

v

i \71. . ‘< -.I:. b,v .. \v . . ‘ “‘
Cas can be seen:ih TableJQ;\fhe differences in carcass

r» . : S . ; E - L : AN
Sl L = - N
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measurements are not large. Lean in ham face reflects the
amount of muscle in the ham but may not ‘necessarlly be
related to total weight of ham: The latter parameter is

hecessarily the sum of the'ueights of lean tissuegand fat in

the ham. The inference cannot be drawn .that mot; of ‘the ham
: . \

weight in pigs fed the RSM diets was fat even though lean in
the ham face was significantly 1less than  pigs fed SBM.

Dissection of fat and 1lean _aré required to draw such an-

inference.

o

’ b3 3 i )
LAny iqportawt differences in carcas; fat should be
“un
‘refﬁecﬁed' in dlfferences 1n backfat sinceée’ thlS parameter is
14 -

correlatedéuxth carcass fat content (Fredeen et al, 196&;{}

2

s

r=0.69 - gfg -total backfat vs. % yleld of lean cuts).

Rlchmond and Berq (1971) reported simllar effects. Backfat

. ¢ ~

~ ‘ * thlckness in conjunctlon with carcass. welght is the baszs of

» ~ the Canadlan Hog Carcass Valuathn System (CDA,>1969). It
(} . K .
must be appreciated: that backfat thlckness in  this preFent

1 : :
study is' less than usually Jreported- at'_this station
(Bovland;'197ua;xBowland et al, 1975) ppt’pigs‘wesé lightér

than the usual slaughter weight of 90-92 kg.
« 4. ' .

| Tyéical sex . differences aera  observed. vith 5arrows

- .hdiinc sign%ficantly thicker backfat (P?.QQ1)\ bu£ .gilts
havingb greater (P<.05) lean in ham face and R,ﬁn?.‘ score
(P<.001) .  The . significant difference in _ihe,__la;tér

parameter is accounted for " in the calculaticn of sex-

| Stz
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e
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corrected R@ %"’1; score. Thus, no _s:.gnlflcar* sex
- ¢ .
. j'dlfferences ‘ aprarent when the correction is aprlied.

Results 4dre similar to those of Newell and Bowland . (1972)

and Qrok et al Ti975).

L] 9

'Eackfat measurements. were significantly (P<.05) gréater
in Périoq 1 thgg Period 2, th Qgight of hamy/weight of side.
aﬂd lean in ham face wé;e sighifiéantly_greater (P<.001) in
Period, 2 than Period 1.  Also, R.0.P.  scores wefe

significantly (P(,Ol) greater in Feriod 2 than in Period 1.

Thyroid hormone_levels

@

<y Thyroid hormone data are summarizefA in Tablge 10.
Initialiy both fperiods  were - consideré{,=~e-éthe ;g a

. N
factorialzgnélysis but because of large dis

mean values .for the 2 periods, separate analyses were then =

‘made. Vo

Yy

;In‘peiiod 1, no significant differences were found for

™4, T-3 RIA or T-7. T-3 uptake was. sxgnlflcantly é;( 05)§&
' @

greater for the pigs fe SBM than other dlets. Howeve:, -3

Iy

. . Lo . . . ~ “ .
RIA and T-3 'wptake, do not show the same +trends, “thus
. 4 ' . . . .
e . o , , ) e
. evaldatiog of these results is uncértain. ’

T a . M T ’ . .
. ot - P Y -

[N

“In périoq'éi stgnificake di@égreﬁqes\occurged forlT~a[
T-3 uptake 3nd =7, .but}_not‘ for T- RIA. v T~ﬁ, lévels
~.approximated -perfo;lance values jn that hlghest T-4 levels :

. ol . . .
¢ ~ were produced by SBM~and. lowest by C-RSHM (ES.OS). ‘Pig$ fed =

- . . - . : . . 4
- S {
. : . '
L - . : . . )
L : . :
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v
C-RSHM and C—RSH+SBM had 51gn1ficantly ’(P< OS) lower -4

1gvels than plgs fed SBM dlets._ No 51gn1f1cant dlfferences=

, Ooccurred between 00-RsSHM, 'SBM or 50% replacement of SBH by'

Oogrsn ‘for T-4. -3 uptake Ievels were >51§n1f1cantly'
505) 1owé£ for. oo-RsM, 00- RSM+sBHN and c- Rsn diets than'
SBM or ‘the C-RSM+SBM dlets whlch was: also- sxgnlflcantly‘
',05) less than - that cf plgs fed the SBM dlet.l TF3;RIA;;'

s

ags not s¢gn1ficant1y dlfferedt for any dlets. S valhes '

vere hlghest for plgs fed SBM and least for pigs fed C=

npth of” whlch vere s1gn1f1cant1y (P< 05) d1fferent from each'
o%her and from the other three dlets.‘;" ' ;,';ff»f",, ﬁ%;:* o

'H? If‘erpretatlon cf thece results is - dlfflCUlt fin“thaf,fu

large"4 dlfferences 'occurred betueen berlods /and ellftle

‘1nformatlon is avallable on the euthyr01d ranges of ~thxroid .

’

hormone 1ewels 1ﬁ blocd or serum of Plgs-,3,.::d "
Bowland (1975)’ répdrtéd ‘sesaa Tt levels of 2. 2 3 3"

P ‘\)

ug/100 ml of plasma for plgs at{é weeks of:age and 2 u—u 5

-ug/100'ml for p1gs at 14 weeks of age.‘ Louest levels of T 4

.

were found in plgs rece1v1ng. Span WRSH. Eghulwe (197§

reported T4 values that ranged from Lu 5-5 5 ug/100 qql.

Onaghlse (1976) reported T~ u levels of 1. 8 3 5 ug/100 ml for'

e

J plgs 1n the growlng Fhase. Aherne et al (1976f reported T—av

‘ringes of 3 3+3. 8 ug/100 ml for f9 kg plgs, 5.0- 6 a ug/100-'
36

'3

QFI for 87~kigplgs and 4.3<6. 1“!5/100 nl for ‘prgs? 130 - kg.

:Onagnlse'-(l 76),_also reported T-3 uptake ranges‘of 33L9-’

i

Lo e R .
[ - \\ . SN o _ . . A “

Lo
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T - \

40.3% and T-3 RIA Oof 46-117-ugs100-ml of setunm.

The resqlts- of T—Qe determlnatlon in. period 1 are

greater than those rg;orted by Bowland (1975) or Onaghlse

P’ . L)
(1976) but sllghtiy less than those of Egbulve (1975)-« - In

perlod é; hovever,‘T—u levels were less.]'an those found by 7

I

Bovland (1&75} but T—3 ugﬁgke and T u levels vere 51m11ar to -
N g

o those repor::d b? Dnaghlse (1976).. However, T } RIA 'was e
| generally hl%%,E 1n perlod 1 and lover xn%per;od 2 thaﬁ the ,?A
Values rdeport%A by Onaghl,se (1976) 'thCh vere det.ermuned’ .at\ Q:Q
the‘ same tlme 'andftjh' the same laboratory as.the‘presentin «
fﬁﬂ‘Thepihportantjpoihts%that ean be‘ascerta;ned from thls : o
study oé thy201d hormong%levels 15 that ;n1Mp;ovement in ;Jﬂ
sertn thvr01d hormone effects vas noted fod plgs fed .
-:,veryiv_'7 ._xeiefgi of 00~RBM compared vlqh plgs fed’ CiRSM .
i'diet{", ~V:nf1rms other uork reported n thls' thb51s‘l -
th&f“' al gluc051nolates bﬂ Tovet Rsn d1d not ause ” i

_ e : t P r
did h1gh 1evels of C-RSH. "Ehhs,- the

a performaq& plgs fed OO-RSH uhlch ocCurred and W 1ch vas ‘-/

non-51gn1f;cant in most cases compared vldg plgs feﬁ SBH can

then 1argely be attrlbuted to other factors, In 7hls stud A
|

L
{heSe factors Tappear 'to be a 1nfer10r feed/lntake and

——
\:’:L L
- i

decreased F/G, p0531bly assocxated Hlth hlgh CF levels En 'J

OO—RSM cauSLng a.:sllght reductlon in dlgestlblllty.; The

R - R . . B ) L Y . R . ".
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thyroid hOdQSif levels found in pigs fed the C-BRSM lict

~

although not consistently significantly lower than those of
pigs fed other diets, tend to be lower than pigs fed SBHN
diets. T4 levels, particularly, reflect these trends and

" were found in Part 2 of this study to ‘closely agree with
- »
other indicators of thyroid status. The results suggest
T J ,
that some inhibition of thyroid function occurred 1in pigs

d

fed C-RSM. Studies on net synthesis and degradation of

thyroid hormones would be required to definitively determine

wvhether thyroid inhitition occurred.
-.‘

Summary ad

A total of 80 pigs averaging 5.3 kg in weight at
allotment were fed five experimental diets from 4 weeks of

age to market weight in_ twc time periods. The objectives of

the study were to ccmpare a lew—glucosinolate, low erucic
acid BRSM and commercially available RSM as complete or ~

pertial replacements for SBM in starting, growing and -

fiﬁishing diets for pigs.

A partial replacement of *~ SBM by 00-RSH resulted in
similar ADF, ADG and f/G4 even though rather high levels

(6.1-11.9%) . of O00-RSM were used. Complete substitution of

SBM by O0O0—RSM resulted in scme reduction of ADF,. ADG and

<

inferior F/G. The difference in body weight gain'betveen

SBM and 00-RSM was likely due to reduced feed intake, and to

t




‘high_fibre levels in the 00-RSM diet which may have caused a:
lower apparent digeﬁtibilitf of energy, nitrogen and amino
acids. This ‘reduced digestibility was associated with.én
"inferior F/G and conéequentlf slower gains of pigs_ fed 00-

RSM ccmpared to pigs’fed SEM dieis.

. )
ADG and F/G of pigs fed C-RSM was markedly inferior to

pigs fed other digts.[ Feed intake was less than other diets

3
~.

but differed significantly only duringvtpe‘starting rhase.

Such. effects have been attribtuted to high "levels of

glucosinolate found in C-RSM. Factors such as high fibre
, 'S', B ) 3

levels and 1lack of palatability could Lte expected to

contribute in a similar manner in both 00-RSM ~and C-RSH

diets. -Performance * of pigs fed C-RSM as a partial

rép;acement of SBM was similar to pigs fed 00-RSM diets.
/ » \ . .
/ . \
_ Minor effects of the dietary treatments were ‘observed
)
on carcass characteristics. Greater loin area was observed
in pigs fed . SBM than in pigs fed diets with complete
replacement of SBM by either scurce of RSM. Pigs fed SBM

diets had lowest weight of ham as a percentage of the side.

Determination of thevthjroid hormone (T-3, T-4) 1levels
‘suggested that no major depression of thyroid metabolism
occurred from feeding 00-RSM diets. This iS consistent with
thyfoid héfgone levels, histological studies and weight of

 thyroids determined in Part 2 of this study, which showed

n



g5

a

that Tower RSM did not cause large adverse effects on
thyroid metabolism as did C-RSM diets which inhibited

thyroid function.

v
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pARr 2. EVALUATIC& 6é’DOUBLF;LOH RAPESEED MEAL AS A
SOURCE(??PROTEIN 'POR YCUNG pIGs; GROHTH,
» -« DIGESTIBILITY OF DIETS, THYROLD "FUNCTION,
¢ AND BLOOD»SERUH CONSTITUENTS

/ : . ¢

.Introduction

. | e
A great deal of nutrltlonal research has béen carried.

out to determlne the nutrltlve value of RSM for pigs. ‘The -

general concluslqn of this work is that depressxon of ADF,

J

ADG amnd F/G occurS"'1f plqs are fed diets contalnlng more

-

-than 10% RSH durlng the\grovlng and flnls{ing phase (Manns

and Bowland, 1963; Bcwland, 1965; Bell, 1965; Bayley et al,

ﬁ969- Bowland.and EBell, 1972). The ‘main cause of the. growth

,depressxng effects of RSH has’ been attrlbuted to hlgh levels

of gluc051nola¢es contalned 1n the meal whlch results in an

v -

,1nh1b1t10n of thyro1d metabollsl (Bouland, 1965). Numeroué‘

<

" species cf "the Brassica’ family have been described as

N

goitrogeﬁid, for more than 100 years (Greer, fgéé)..,grdsiusfu

and Peltola (1966), Lo and Hill (1971b) and Lo 'and Bell

(1972) have demonstrated that ‘the glucosinolates in RSM are

capable of causing tkyroid hypertrophy and ihhibition of

~ thyroid@ hormonal function. Such effects are known to cause

clinical or  subclikical hypcthyroidism  (Kaneko and

' Cormelius, . 1970). ‘The hypothalamic—pituitaryv control -

-mechanism of thyroid function resronds to decreased levels



87

of .éircglafing thy*oid’hcrmones by‘ﬁncrgésing the sécné?ion
of" thyrgid stimulating hCrméné {TSH) yhich lcausés‘rthel'
'thyroidh tég_énlarge. “This eqlaigemént éf goifre.qay or‘may} 
‘not ﬁesult in sufficiéht émpunts“éf ’éhyréid._hormone 253
maintain feuthyroid conditions, and thus‘normai growth, in
thé pfgéence of an active goitrcgen. Diagnosis ~of this

" condition .can- be Dbased on thyroid hormone levels in the’

- +

piésma, thyroid”hiétdlogy ahd thffoid veights at nechpsy as
vell as-various biochemica; tests'spéh as 13l1;pptaké $y the.
thyroid' coﬁmohly appligd ih - humans.(;\\§1evatgd sgrﬁm-
»cholesterolg_and-;gfz ose& as well as de¢:easeé,leve1$ ofA 
| élkaline 'phosphataée' ~are  often seén in = cases of
hypothyroidism in,anihalg (Mia; 1976) . | |

.

bevelopment of loQ-glucosinolaté _RSH is therefore of -
prinéry imporiahce thincreasing'utilizat}on‘ of' RSM. The
'objéctives of this sfudf were to eva;uate rate of groqth,
digéstiﬁi1ity of diets,.thyroid function'agd- certain. bléod
serum consfituents of pigs fed O00-RSM ‘(cultiyaf‘Toﬁer)

compared with SBM and C-RSM.

Experimental

Animals _and diets

¢ Thirty;three crcssbred pigs>(Lacombe x Yorkshire) vere

assigned‘ to ‘five experimental diets. (Table '11) in an
F Y . ] .
experiment conducted at Theg University of Alberta Swvine



/ . .
~ s P‘ c ~ L ‘ .
Table 11._Formu1ation of dieta (percentage basia - as fed)

. ﬁ"‘ . T S g A S
Treatmeht no. A S -2 4 b s
. Protein source . ssnf, 00-RSM - 60-RSM+SBM* C~RSM .C-RSM+SBM
" Ingredients . . T ° , : s .
Wheat . 56.2 . © 49.5 ‘ 53.4 | ‘474 52.7
Barley 1& 7 - 16.5 - 1?.8 : 15-8 - 17'5
Soybean meal (48.0%) 19.1 I P 7 10.9 ST - 1l.4
O0O-Rapeseed meal . i : . - . '
: (38.6%) e . e= .. 255 10.9 _ - - --
C-Rapeseed meal i . 12 . : L )
(33.2%) - - ’ - 28.3 11.4
Animal gallov 1.5 4.0 245 4.0 2.5 .
Iadized salt 005 : 005 005 0'5 005
 Limestone (ground) 1.0 1.0 1.0 1.0 1.0 -
Calcium phosphate 1.5 - 1.5 1.5 1.5 1.5 -
Minergl—vitamin pre- ‘
mix 1.5 1.5 . 1.5 1.5 1.5
Comgosition—determined' \
‘Dry matter % 90.8 91.1 91.1 . 91.2 91.1
Crude protein % - 18,5 18 6 19.1 18.1 18.3
Calculated digestible . » o :
energy kcal/kg .. 3167 321} : © 3187 .- 3219 3187
€rude fibre % 1005 7.2 ST : 506 ) ) 8.1 . 6.5
Ether extract % 3.5 6.9 4.6 L 5e? 4.7
Calcium % - 0.93 1.02 0.94 bo1.02 . 0496
Phosphorus % 0.75 0.84 0.83 . . 0,87 0.79
Oxazolidinethione mg /g O - 0322 . 0.07 . 045 : 0.55
0 0o 0. 0. 44 "0.64

Isothiocyanates mg /g

# SBM= soybean meal; 00-RPSM= rapeseed meal from Tovor rapeseed (low glucosinolatq
low erucic acid); C-RSH= commercial. rapesoed reale. . .

e as in starter diets - Part 1, - , ' -

s



Research TUnit from Jandary .to ‘March, 1975. Pigs vere
equalizéd as to weight and se;ffolfeuing_weaning at 3 weeks
of age and alloﬁed a cne week adjustment beriod du;ing'vhich
time the eiperimental diets were int:oduced; The experiment

was conducted from ‘4-10 weeks of age after which all pigs

were sacrificed for thytoid, liver and muscle studies.

Initially 30 pigs Were assigned to this experimen

~a number of pigs died on al; treatments during the inX
week of the’ exferiment. Deaths were vdiaénose
result of collbacc11051s aSSOClated wi .anvoutbreak at th¥s
station of a v1rulent gz coli 1nfect};§3 Pigs ¢£ ‘similar
weighte‘and sex were substituted_ where possible incudi d
additional‘extra femele cn each treatmeht‘giving a total o
33 plgS uere used for growth and thyroid studies Lkut because
of - 51gn1f1cant repllcate effects, oniy 28 plgS coulafbe used
fo: serum chemlstry studles,. o/ - : Do

Plgs uere housed 1nd1v1dually in pens 0. 6u x 1.2 m with

”~

partaally. slotted floors. Feed uaS<ava11able ad llbltum'

4

frdm self feedefs. Water was available free-choice in ;each

pen. N o ' ' . ' - )

Dlets wére formulated to be 1son1troqenous by replac1ng\

an equlvalent amount of SBH by RSH and also to be 1socalor1c

- 1Dpr. D.H. .MacDénald, Veterinary Services ‘Branch, Alberta
Agriculture, Edmonton, Alberta. Lo
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‘on'"a DE basis. ' The diets were based on tarley and wheat

pe

_were made in the minth week of age. Two pigs of each sex'

J/éach replicate. Pigs were fed at a level of 90% of the feed

and, contained 00-RSM, C-RSM, SBM, 00-RSM+SBM, and C-RSM+SBM.

as in Part 1.

Diets were formulated to provide .18% CP and 3170 ' kcal
DE/kg. Feed consumpticn and body weight gain were

determined on a weekly basis from 4-9 weeks of age.

‘Digestibility studies

Determinations of digestibilityvof nitrogen-and energy

were utilized in two replications, with. the exception that

e _
no male animal was available for the 00-RSM+SEM diet .in the

first replicate. The total collectionvméthod/cf Casteil and

Bowland (1968) was followed using 10 metabolism .crétes in

st .
' & B
consumption of -the previou feek.

An initial 3-day adjustment period was allowed followed
by a 3-day collection cf feces' and urine. Feces vere

subsequently dried for 3 days at €0 C in a forced air_o?en

v

and ground in a laboratory‘mill. ~ Representative samplés of

urine were freeze-dried prior tc analytical determinatiohns

of‘feed, feces and urine as in Part 1.

Analyses of dry matter, Kjeldahl nitrogen and fibre of

diets as 'well as dry matter and nitrogen of feces ane'urine

y

vere made according to A.0.A.C. (1970) methods. Energy was



determﬂiii%:n an adiabatic oxygen boamb calorimeter. |
. Ca ss_studies : . ‘

At the conclusion of the trial at 10 weeks, all pigs
were sacrificed in 2 replicates one veek apart.and.thyroids'
vere removed ihmediately;;lueighed and fixed‘vin a 10%
buffered formalin for 'h}stdlogical studies. A 59;60 g
sample of the right lébe of the liver\and 10-20 g sample of
the longiésimus muscle ffom the area of the tuelfth rib on’
fhe-right»side was removed and frozén in liquid"nitrogen.
Livef and muscle samples were subsequently freeze-dried and

then stored at ~-20 C until required for analysis.

Determinations iﬁ ‘dupliéaﬁe'_of fat aﬁd\ Kﬁeldahl
hitroqén‘ on the 1liver andf muscle samplés -uetegmadé‘ip
series. Crude fat wa§. determined on a éreViously dried
sample and nitrogen was determined on the same dfiéd,'
defatted sampléx Nitrogen and fat were deﬁefmined accordin§
to R.0.A.C. (1970) methods with low boiling point (35-60 C)
\petgpleum ether used as -the fat solvent;v Samples were
refluxed for 8: hcurs on a Gdldfinch -faf° extfactibn
apparafus. |

Histological studies .

Sections were cut from the thyroids after 48 hours,

fixed and stained _uithv~haematoxylinAand,eosin.’ A visual



appraisal'.was made b& Dr. -R.E; Clugstont. A rating was:

nade by assigning 1, 2 or 3 to denﬁte normal, some  change

and marked change frcm norsal as fdllpus:
follicle size - uniform = 1, some variation in size .

= 2, -warked variation in size =.3.

¢

colloid strain - uniform = 1, moderate variation in

staining =2, skvere variation in

staining = 3.

M

colloid-amount - adequate = 1, diminished = 2,

‘ very diminished = 3.

colloid vacuoles - some = 1, numerous = 2, marked

= 2

-~ e

: follicular epithelium - cubQ&dal'of columnar =.1,
. hyéercellular = 2.

»

'An'ovefall'£h7roid hlstological score wés‘qalculated by
.aéhlng 100 to each'valug énd éalculating’tﬁe heah corrected
score. Initially.an analySisAofhvafiance vas calcqlated{for

“each’ parametef ‘ffcn' abov%; “however, no significant

'~differences. vefe fouand. The,ovefall thyroid hiétological.

scqfe thus appeared to be the mcst_appropfiate measure - and
is therefore the paramgter reported. ™

Blood constituents

1Veterinary Se:vice§ ﬁranéh; Alberta Agricﬁlture,' Edmonton,
Alberta. o ‘ L L

LI : ' -



All pigs were bled.,by* anterior vena cava punctyre EEN
' ’ ' L R 1

(Carle and Dewhirst; 1942) at 6 and 9 wveeks of age in. 2 '
rqpllcatlons with one week between each bleed1ﬁ§.%”ﬁt 65¥lefi
weeks all plgs ‘were bled 4 hours after feedlng a meal :Ehlch
was preceded by an cvernlght fast as in Part 1. At 9 weeks
pids,were bled prior to feedrug”(o hours) and at 4, 8'and 12
- ,uours‘after feeding. This series uasdalso preceded by an
oyernight fast and a meal as in Part 1 anduall'food vhich
was refused.wasvweighed_and recorded. A-“15—ml} sample of
blood was oollected, allowed_:to'stand for 26 minutesvandv

centrifuged at 2500 rfm (1.1 g).

A serum chenistry. profilet vas = determined . by ~a
'ooumercial laboratory? using a',rfechuicoud SNA - 12/60
Autoanalyzer 'JTechnicon.instruments Corporation, Tefrytovn,
ﬂew York). Bowland (1975), Egbuive (1975) ‘and perrin (1975)

2

have descrlbed the procedures in detall.

At the 1n1t1a1 and u—hour bleedlngs, determinations
uere also made at the saue laboratory of. serum therXIRGKLBF
4) acoordlng "to the serunm thyroxlne rad101mmunoassay of
Krahn et al (1974). Protein bound iodine (P.B.I.) was
determined by  the nethod deueloped by the TechniCOn
Iustruments Corooration, hesearcu ParkL Chauncey, New ‘York

s S

1pr.  S. Hanson and Associates. Medical Laboratory,"
Edmonton, Alberta. : s ‘



v (Technicon Insttuction Manual No. PB/0-1).

Y

§Lg£;§£;ggl_!gsh.g-

Ay

Multi-way analyses of varianc

(ANOVA) ‘were computeds
. |

using the petﬁod of un+-weighted fecans. outlined by _.Bancroft

.(1968) . This was necessitated be %%se of the unequal number
of pigs within treatments .and éexes. The error term is

obtained in this procedute bycadjustment of the mean square

l v
-

derived from a one—way analy<ié of variance for each

'parameter based on the harmonlc mean'

Adjusted mean -square 1 X”~One-way' error’ ‘mean square
-(Bancroft, 1970). ‘ o . L .

/
Treatment ﬁeaﬁ; fvere»cénpgred usiag‘Duncan'svHuftiple
‘RangevTéSt'(Steele aﬁd Torrié, 5960) Hhicnluas'preceded\by a
signifi&ani F—tesf (Waldo, 1976).  A probab111ty of 0. 0//uas:'
seleceed as the p01nt of 51gn1f1cance between "eans.ﬁ .The
'sources of varlatlon vere 5 diets and 2 sexes. All gdurces' 
of variation except replzcate and anlmals were con51deﬁéd as‘
fixed. Notatlons used to indicate level pf 51gn1£;canqe o
are: * - *(p<o os),_ ¢*(p<o 01), " #%+(P<.001).  Méans not
51gn1f1cant1y d1fferent bear the samef sdéersctipt =or'vpo _

EE e A
S | .
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superscript. ' 6
A2

L5

Results and Disaussion u - . - . ¢

A 2 o .
o .

- ® , ' . '
The' results wwill be considered in the order of live

animal perfOrmance from 4- 9 weeks of age, ,faf and _Erotein

determination of carcass liver and muscle, digestibility of
_diets, thyr01d funcilon and blood constituents.
° ¢
' Live anigal perforgance

dey wveight at:ccmmencement of the 'trial éveragedf‘5.6
kg (Table 12) . Significant © (P<.05). sex differencesminv

weight were eVLdent at ccmmencenent of the trial at 0 ‘weeks’

of age with females averaging 5 1 kg and males 6.0 kg.

@9 ’eks. of age, no 51gn1ficant treatment differences
vere -apparent although mean bcdy veights as 1nd1cated in:
_Table 12 differed ccnsiderably. Notable‘ animal-to—animal
variaﬁion in Dbody ueights at 9 weeks was cbserved in this
trial (8.2~ 223.7 kg) and thisvjlarge variation has beem
’attributed to~‘tne'diseasefrroblem in the early part of'the

experimentlas mentioned earlier. Although pigs on - all

Co treatments uene' affected, thbse animals on the 00-RSM+SBH

diet (Treatment 3) appeared to be affecte%7nost and 3 pigs‘
% :
died. The means of the data are based on pigs (3 males, i

females) per « treatment except treatment 3 which had 5 pigs.-
¥

,These ,means‘ are rindicative“of the performance achieved on
‘ i 3
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the different diets.
\ B

ADP was not-sigqificantly different for the 5 diets.
However, a definité trgnq was ndticed for pigé fed C—RSH
diets to consume'less feed thaﬁ other pigs.. Pigs fed 0O0-RSH
tended to consune -éomewhat less. than pigs fed SBAM.
Consumption of diets with 50% of the SBM replaced by OO—RSH

LY

or C-RSM was intermediate between SBM and 00-RSM diets, but

e

differences were not significant. P

Average-daily g;ig showed that gain of pigs fed SBMywas
superior ta, other diets,i and was significantly (P<.05)
greater than pigs fed theTOO—RSH or O0-RSM+SEM rdiets while
ADG of pigs fed the C—ﬁsu'd%et was significantly (p<;os)
iess tﬁan vtigs fed otter diets. ADG of pigs on Fﬁev C-
RSM+SBM “diet was intermediate between SBM and the two dieté
with 00-RSM and was not significanlly d::fer :nt from either.

F/G feflecfed ALCG and ADF .inveKSGI; Bt differeqceé
were ‘not signifiéant. Lack of significa.: differeﬁces may
be an effect of the'vafiébility of results as seen in the
iange _sténdard error. However conversion of the 00-RSM+SBM
diet iﬁto body weight gain éppeared to be qgrkedlx inferior
compared with pigs fed SBH or»OO-RSH diets. This treatment
includedAone_pig-which‘gained only 3.9 kg during the 35 days-
of the éxperiment., Although-this-uas the lowest gain of anj
pig in the experiment, it was not removed "because certain

-
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other animals in other treatments performed similarly. It
was thus not possible to make a subjective decision to
remove some animals from sonme t;eatménts and not 6ther
animals. Since the - 00-RSM+SBM contained considerable
amounts of SBM "as did - the C-RSM+SBM diet, it would be
expected that F/G would be at least as good, if ;ot better

than pigs on C-RSM+SEN diet consuming the high glucosinolate

RSM used as the source of C-RSM. 1In Part 1, performance of
» ’ '

pigs fed the O00-RSM+SEM diet was not éignificantly different

from pigs fed the SBM diet. It is probable that the

colibacillosis syndrcme c¢ccurring in the early part of the

trial cdntributed to the unfavourable response .of pigs fed

the 00-RSM+SEM diet. Dunne and Bennett (1970) have

indicated that the intestinal wall may be thickened im pigs

surviving colibacillosis. This condition may then result in

reduced nutrient absgrptive capacity and a reduction in the

rate of';routh for a variable period of time or permanantly.

Although this conditicn occurred- across all treatments it
may- have had a more severe effect in pigs on the 00O-RSM+SBHM

diet. Also, the comdition cccurred in the first 10 days of

~the trial and the affected pigs may ‘have recovered in the

latter stages, of the experiment. Inspection of the veekly
body weight records indicated that growth in the last 3

vweeks of the trial was verj‘rapid.' ADG of pigs in this

trial was inferios to the results of Bowland (1975) in a
&

trial-designed to study the use of 00-RSM for young pigs.
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However, ADF was also lower in the present experiment which
may account for the lower rate of grcwth ccmpared . with the
work of Bowland (1975) and Bowland et al (1975).

Perfermance of pigs in thlS present study appeared similar
to the starting phase 1n'Part 1T wlth the exceptlon of pigs

fed the 00-RSM+SBH diet.

Work reporfed‘in part 1 of fhis theéis using a large
number of ?igs showed that ADF, ADG and F/G of pigs fed
isonftrqgenous combinations of 00-RSM and SBH were 'similar
to that ‘of pigs fed SBH. A non-significant but consistent
trend uas, however, noted toward s11ght1y lover ADF, ADG and

F/G during the starting period as well as to market by the

partial replac f SBM by 00-RSM. Moody et al (1976)

and Castell 1<o using partial’replaceuent of SBM by’
fbwer-RSH show: hat' perfcrmance of plgs fed RSM fronm Tower
rapeseed was not 51gn1f1cantly dlfferent tut consxstently
slightly less than plgs fed sSBM diets. Thus, it can be
‘cOnCluded :that‘perfcrmance of pigs oh the'QO-ESH+SBM in the

present experiment was abncrmal.

Although V differential results of live aninal
performance are not as‘clearly‘evident in this trial as/;n
Part_1,.theemain effects are }escernable. ADF,_ADG and F/G
of pigs‘ fed 'the 00-RSM - diet was numerically vsupetior
coﬁpared\~uitﬁ ‘pigs  fed  C-RsSH, "although signifiéaht

differences were obtained " cnly forv ADG. However,
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perfofmance of pigs fed‘ diets ‘with O0O0-RSHM compleiely
replacin§ SBM was not éguivaléﬁt to thosevreﬁeiving‘the SBHM
diet in terms of ALF or ADG al;hdugh F/G was“similar in this
experiment. No significanthex 6r~,répiicate effects were
‘n'o"t‘eﬁ at 9 weeks of age. |

Digestibility of diets

*The determindtion_df.the digestibility of the diets are
summarized in. Table 13.' No significant effects of diétary
. treatments were-obsérved for any of the pafameters heasured.
However, trends for ‘the ‘digestibility coefficients fof
.nitfogen and energy,indicaté treatment di?férences similar
to those obtained in the digestibility trial in Part 1.
Digestian coefficientg for both soﬁrces of RSM' are

'numerlcally less than SBM both for energy and ‘nitrogen in

the present trial but were not significantly dlfferent as in

Part 1.

_ The appafent treﬁd touafd lovered F/G of the C-RSM diet

'is not evident in reduced digestibility of pigs fed C-Rﬁﬂg

The lover petfofmance of pigs on _.the \001R5H+SBH diet
(ADG=0.28 kg) vs (0.38 on»SBﬁ) is also not reflected in the

digestibility ratios and nay be»abcounted fér by the fact

that the digestibility trials were run in ﬁﬁe ninth veek of

age. The piés from . this treatnenﬁ wvhich were included in

' o~

. the digestibility study may not have been severely affected

by the colibaccillosis conditicn mentioned previously or may
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have recovered by this tine.

Signlflcant {(P<.05) sex effects were noted for DE and
ME digestibility coefficients and DE/kg of d1et. However in
Fart 1 of this work the dlgestlhlllty of energy by females

[y

vg&¢not ,dlfferent ftcm that of males. I Also, nitrogen

retenbion data: vere not ' significantly different in the

present experlment but were in Part 1. Other workers have

also shown varlable' sex effects.“ Orok et al,(1975) found

*
“that nitrogen retention was 31gn1f1cant1y (P<.05) better ‘in

gilts than barrows but Bowland (1974a) 1nd1cated that sex’

effects on digestibility.may be variable.

Carcass liver and muscle determinations

Results of liver and puecle‘ fat and protein-

o

determinations are rresented in Table  14. Such

determinations are commonly carried out in [pcultry studies
with B®SM (Olomu, 1974) and give an estimate of carcass

composition in young pigs.

No-significant treatment effects vere noted for liver

dry matter, fat, protein on a defatted basis nor for muscle

°

dry matter, fat.or protein. However, standard errors for
liver and muscle fat are large and are llkely associated

with inclusion  of variable amounts of fat“with the sample.

Liver protein on a dry matter basis was significantly .

| (P<.05) less in pigs fed the C-RSM diet than pigs fed other

&

1
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diets. However, standard errors for 1ivef and‘_musclé fat
are large énd are likely .assoqiated uithi incluéion of
variable amounts of fat with the sampies. ~ diets. This
effect nmay be due to the fact that pigs fed C-RSM diet were
"much lighter at. the end of the trial. However, 1liver dry
mafter, fat and . protein on a Ary defatted‘basi;’are not
signifi;antly different. Fat and protein levels were higher
iﬁ muscle than in liver although the. dry matter cbnteﬁts

EY

were similar.

Sex effects for 1liver and muscle dry matter, fat and -
protein were not significantly different at the  time these

pigs were killed.

A .significant (P<.01) differencé for replicates was

observed for fat content of muscle tissue. A value of 7.7%
Wwas' obtained in re%licate 1 and 1115% in replicate 2.

Inspection of the data' indicates that conSiderqble
va;iability existed for fhis parameter. Although
superficial fat and connective tissue vere removed, the
possibility éxisté that a variable amounf of fat'déposited
'in the nuscle was_ipcluded in the -sample' taken from 'the  
longissimus muscle. Data for fat in the liver.are much morev
uniform ~which may‘ be a result of takihg allarger size of
sample, thus any anonaly'iﬁ sawpling would not have such a

large influence on the results as in the case for muscle

'samples.
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Although significant treatment ‘differences for liver

-

"and muscle protein were noted cnly for liver protein on a
dry matter 5asis, similar but. hOn—significant trends vere
noted for liver.aﬁd muscle protein on a dry, aefattéd baéis.
Thesg differences may be related to uéight of pigs ét the
énd of the tfial; It may be anticipated in. young very
'éctively growing animals such as these pigs, that increases
of protein would occur very .rapidly leading to greater .-
protein cohtent-witﬁ increasing body weight. Riéhmond et al
(1970) and Richmond and Berg (1971) also found .that body
protein levels increased wifhvweight in the weight rahge of
pigs in this study.

Assessment of thyroid function

Thyroid hordoné' levels and thyroid histology data éfe
presehted in Taﬁle 15. Pinal body weight at 10 ﬁeeks of age
showed similar trends of f:eatment response tc the 9 veek
weights. Pigs on SBM diets were heaviest and those on the
C~RSHM diet were lightest at the end of the trial, but

differences were not significant althdugh'nuierically’1arge.

Thyroid veights show that pigs on the C-RSM+SBM diet
had thytoids wvhich were ;ignificantly (P<.05) Heavier than
other pigs. Pigs 6n the C-RSM diet tended to have thyroids
» vhich vere inte;mediatevbetﬁeen pigs fed C-RSM+SBM and 'fhe

pigs_ on SBM orC OO-RSHLdiets. These differences were not



106

g EHSY =D uAvﬁum oTonJe MoT .ouaﬂonﬂnoozﬂm.-oav voomowaw

1€
on*

*50°0>d ua,pnououuﬂu,»Avaapﬂuaumﬁa“aoa.oua 183307

N.o
0°*

"o

d .. —

-

®

umroy mOJJ Teem pecvedex

6t T wey 6°¢ 23 ALY 24
2°2 Wl€ Yz o ez "9r2 WAL
LG 1°9 605 1] g*h
6°S 6°¢ hey weg 18d4 €9

62T . 16T 82T 611 T LET
g2*o 220 e<€°0 »0£°0 qf1°0 qe°o

6o gvg ©°" 5 AL
84T £ 9T 4°81 6°21 0°6T 1A

L L X S
H d RESYHSH=D  WSH=D  WHS+HSY-00  WS¥=00
xog 6 h L€ 4

5 ‘
£3070387Yq puv s3yITem PFOIAYL ° ST eTa®y

ou Jo uouaow hsru °U3 QITA AOX 0W®B 8Y3} UT SULE)

o¢qte

> | : . SgUeem JO JOJIO paepue3s = K 3.5 + .

*sTeeu peoseded. [eTolemmod
=HSY~-00 !{Yeem uesqhos. =xgs ¥

*9 1@ 001/9n sxeea § -
h 1@ 001/9n syeen 9 =
outxoxAyqy,

4°¢  1u 00T/In syees 6 -
S°6 1w 00T/3n SHeea 9 -
SUTPOT punoq uTa3oLg

81028 Aauawowoumﬂs -
TTeI8A0 PO320II0)
vy 2
A hwon
Teut/*3a proakyy

€ 8 ea pyoafyy
12 3x 1yftea Apoq yeuUTy
A 881d 30 aequny

02JN0S UTO30Jg
1 . eou juemjweJy



107

statistically significant.

Calculation of thyroid weight as . a function of body
weight removed ,sbmé of the cbﬁidds‘relatiohships betweeh
body‘weight énd‘vthyroid weight; "AS ‘a result, thyroid
hyperfropﬁy is apparent ih pigs fed'ﬁbfh C~RSM aﬁé.t~RSH+SBH“

(P<;65) .éomparéd with .pigs fed‘fhe other 3 diets. Thesed
findings are in agreeménf,ﬁith thosé of S@hombing“et al .
.(f97u) who showed th;t goif#ogeﬁsbincluding 0.5$ApotassiUm
thioc}anate resulted’in thyfoia'weight/bbdy ueight'values of
0417 &s 0.42 for diets.vith‘aﬁdvvithqut 0;2 pfm'of ‘iodine.
Feeding  0.075% Tapazolé (i;ﬁéthy1—2-me;baptoimidézolé)
fesuiteq;iﬁ similér thyroid weigﬁt/body weight values af
0.18 and 0.34 in diets with'and_without;O;anpm'of'iodiﬁe;
The iodine 1&vels/prcvided in the diets in the present
experimént _exCeeded ‘the ﬁAS-ﬁRC (1973) recoamendgd -
.'t;gui;ement of.O,Z épm, u&ich'vas_ féuhd. in Uthe ~stﬁdy of
.Siﬁomﬁing -éi al (1974) to permit hotmal thyroid function.
In the present expériment,'evidence,pf>hypertfo§hy ‘occurred
in 'tbél‘presencé  of adeguéte. iodine in both C-Rsh'diets.
containing high levelé of glu;oSinolates. Ih the repo%t of
sihgubing et al‘ (iS?Q), theireductioﬁ in the weight géinsd
due to preseﬁce of goitrogen in the_feed_was atfiibuted to
decreaseé‘in féod‘intake. In the'ypesent expe:iﬁeht_thyroid
 weight/body. weighé waérfa150>significant1y (P(.OS) greater

for pigs fed both 00-RSM diets than those fed the SBN diet.
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These welghts were 51gn1flcantly (P< 05) leSs fo; both 00-

A RSM diets: than for pigs fed either C—RSM d1et 1nd1cat1ng

that C-RSHM had a greater hypertrophlc effect on the 't&?roid

than aid 00-RSM. LA
N ) ] . N
P.B.I. was ’not significantly different between diets

at 6 or 9 weeks of age, although at 9 weeks P.B.I. . values

were numerlcally less for pigs fed C-RSM diets than for

-
U ——

‘ other pigs. 'Sex effects were variable. Wo clear evidenoe

. was found of a difference at 6 weeks compared thh 9 weeks.-

Manns ~and Bowland (1963) Obtalned average P.E. I values of
3.1-5.3 ug/100 nl of serum_;n.market plgs‘wlth values of 5.3

ug/100 ml for pigs receiving, 50 to‘ 100%\\ RSH as the

- sdpplementary protein source; Kaneko and Cornellus (1970)
» .

&

reported P.B.I. ]values of 2 7 for Landrace plgs and 4.4 for °

"‘ftarge Whites;' Bowland (1975) reported average P.B.1.

values of 8.6 ng/1QO pml.  In the'”studles 'by ‘Bowland -

dlffe;ences 1n p. B.r.f 1evels'were not significantd Between

bleed;ng_ at 8 or 1& weeks of age. Egbuive . (1975) reported ,

P.B.I: ranges of . 2-6.1  ug/100 " nl -for " pigs - of

"approx1mate1y 40 kg body welght., Aherne et al (1976) found

P.B.I. values of 7 yeek old plgs ranged fron 3.8- u 2 ug/100

nl of serum, at 87 kg ranged from 4. 0-5 2 ug/100 ml and gat

130 kg ranged frcm 3M-5.3 ug/100 ml.; It is evident that

 P.B.I. values at,6 and 9 weeks- found %n thiS' study,:are

within'the apparently normal range in pigs.
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T—4 levels vere hot signifiCAntly different af-ﬁfueeks
of age but ‘at 9 weeks, serum T-4 levels were3'significantiy
(P<.05)v rsduced for both dlets contalnlng C-RSHM and also by

the 00-RSM diet. Levels of T-4 apparently increased from 6
to 9 ueeks pﬁ age 'buf it is ﬁot ?ossible'£o qeteEmine
whether this is an ;gé of a yeight;:elated‘phénéﬁeg&h in the
present stuéy and‘uésinot%tesfed statistiqaliy. | |
| l‘;v b T ‘ _ * : i S

Interpretation of the results ofLP.B‘I.J.and T~4 tests
in . 1i§htv 0f the normal range in the literatdre,citéd above
and in Part 1 of thiggstbhy indicates a‘ﬂzrmalraﬁgevqf,Z.Z-
10.5 ug/100 ml of §érum fbr T~4 ‘(Eowland, j975; Egbuive,
197?;_ Aherné, 19’%;»”dﬁé§hisé; 1976f'dnd 3Q1—8:6 ug/iOOlml;

»for,P;B,I; In the presént'stUdj however, %hjroid wéigh£ as
a . function of ,body weight ‘at2194‘9eeks showed».afcléar
relati9nship tc an éppareni hyper€rophic condition .6f the

‘thyroids of'pigs fed c—Rsm'or c-nsn+san diets.  ,

=1

T-4 at 9 weeks of age of tfe plgs fed the 00 RSN dlet
was 51gn1f1§ant1y (P<. 05) ‘less: ‘ thyr01d ‘welght/body.
weight  was greater (P< 05) than for plgs fed the SENM dlet
These effects did rot appear as severe as ;n-plgs fed elthe;x
diet.yifh C-RSM. Ccn51der1ng ‘fhe workcbéf Kruéiﬂé» and
Peltola (1966);, Lo and HlL‘k(1971b) and Lo and Bell (1972)'

 thaE,suffi¢iént residual'glucosinclatg_remainedminvBrondvski

'RSM to interfere with release of thyroid hormones or cause
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‘ . : g,
thyroid hypertrophy in rats, the effects:of the 00-RSM diet

6n thyroid function found in this experiment cannot be
unexpected. This factor 1is gspticularly relevgnt in
consideration of the high levels of supplement&tion in the
00-RSM diet.- |

sufficient goitrogen was present in bofh the C—RSM.and
C-RSM+SBM diets to cause thyroid enlargement and to - produce.
a significant (P<.05) reduction_ih T-4 level. However, T-4
ievels in this e%pq;iment) including the values for the pigs
fed the'C—Rsn diet, are within the normal range found in the
previous trial reported in Part 1 (period 1:4.1-4.6 . ug/100
mly Period 2:2.1-2.8 wugs100 ml) and also within the
apparently normai ranges for pigs (2.2f10.5 ug/100 ml) found

'by several other wcrkers cited in Part 1 of this thesis.

-

.

No- significant differences bétueeh treatmenté were
found = in the hisfological data. Althcugh a visual
migroscopic assessment was mnade, no consistent indications
could - be found of major cellular disfuncticn. The glands
were chosen randcmly for examination. These results
indicéte that massive changes did not occur at the cellular
Llevel in pigs fed C-RSH diets buﬁ do not rul$ out the
pos;ibility_ of scme degree of impairmert of. thyroid

function.

»

I+ is evident that a major problem occurred in -
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utiliiat}on of high Jlevels of C-RSM as evidenced bf the
inferior ADF, ADG and P/G cf pigs fed this meal. However,
the levels qfl C-RSM fed are considerably in excess of the
cmrmently recommended levels of RSM for pigs (Bcwland and
Béll, 1972) and in excess of the level of high élucosinmlate
RSM shcwn éxperimentally‘to result in significant reductions
of ADPR, %DG and P/G (Bowland, 1965). | \

Serum chemistry andlyses

Serum analyses are reportéd in Tables 16a-¢e" for all
pigs im this study; An initial bleeding was made at 6 weeks
followed‘by a series of.u tleedings at 9 veeks of'age after
an omerniéht fast. éleedings aﬁ 9 weeks were made -prior to
feeding (0O-hours) and at u; 8 and 12 hdurs after ingestion

of a meal of the apprcrriate diet.

Con.. .oble animal to animal variaticn was observed
- for - bloou constituepts as evidenced by the 1atge
standard «.rors of the means. Also,” hemolysis was observed

in "a number of samples after centrifugation. As a result,
some enzyme values may have’ been ‘abnormally hlgh since
certaln transam1nase= and particularly lactlc ,dehydrcgenaSe
(LDH) from thg rupture cf red blood cells may lead to
serious test errors. (Freedland and Kramer, 1970). However,
Flnlay et al (1969) fcund cnly minor effects cr constltuents
in . serum, presumably of human origin, in which hemcly51s

échrred. Alsc the levels of alkaline phosPhatase, LDH and

-1
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b

serum glutamic oxaloaqetjc transaminase (SGQOT) were not

seriously altered in the latter study.

No significant differences in serum constituents were '

noted at 6 weeks cf age. At the 0-hour bleeding prior to-
feed}ng»at 9 weeks, significant (P<.05) differences betvween
diets were noted for: the - following parametérs:'gluGOSe,
" cholesterol, alkaline fhosphatase and- SGOT. llThe éigé fed
.;hej c-RSM diet showed significantly (P<.05) higher levels
for cholestefol and SGOT tﬁah pigs fed the SBM diet. 810061
glucose was significantly (P<.05) higher.for pigs fed OO—FSM
and O00-RSM+SEM than. pigs’ fed the SBM or C-RSHM diets.

Alkaline phosphatase levels of pigs on the‘ SBM diet vere
isignificantly- (é<.05) higher than thése of pigé fed the 00-
RSM, C-RSM or C-RSM+SBM diets. values of the above
parameters for pigs fed tge C-RSM+SBM ‘diet tended to be
intermediate. Elevated serum cholesterqll and glucose and
déCreased alkaline phosphatase are typically found_in éases
of hypothyrdidism in animpals (Mia, 1976). Also, Kaneko and
vcbrnelius (1970) suggested that elevated serum cholesterol

wvas indicative of hypothyroidism vhen -used -with otherk
measures  of th&roid funcficn. :The above findiﬁgs
particularly cholesterol levels, in conjunétion with
‘significantly (P<.05) increéséd‘thyfdid weight/body’weight
and significantly (P<.05) lower T-4 values of pigé fed both

C-RSM diets, indicate that a hypcthyroid condition may have
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existed in pigs fed the C-RSM diets. The cholesterol levels
at this time may be particularly important in comparison to
other times since Kaneko and Cornelius (1970) suggestedithat

animals be fasted prior to bleeding.

Although-vsiighlty greater amounts of tallou were used
in the C—RSH than in the SBM dlet, the same levels were used
in' the OO-RSH and in the C-RSM diets (Table 11).  Swanson
(1970) suggested that tallow could elevate ‘cholesterol
levels inlpigs, but the fact that the cholesterol.levels of
the 00-RSM and SBN diets were not significantly different
btut both were significantly (P<.05) less thanrthe C-BSH diet.
at 0-hours would indicate that tallovilevels vere not a main
factor influencing cholesterol 1e§els. This view is
supported by the facg that chclesterol levels_of pigs fed
the C-RSM+SBM diet haviné 2.5% tallow vere not significantly

different from pigs fed the C-RSM diet.

At 4 hours post-feeding, 00-RSM and botﬁ diets with C—
Rsu showed 1ncreased levels of chclesterol ccmpared Hlth the
other ' diets. Alkaline ‘_phosphatase, although not
51gn1f1cant1y lower for either diet ulth C—-RSM or the 00-RSHN

‘diet than for other two dlets at th1s_Ei!gl,_g§_~nnmer;ea%%y——————

, 1ess.

At 8 hours, glucose levels in pigs fed the 00~RSM+SBH

diet were considerably higher than other pigs (P<.05) but.
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wvere ‘not significantly different frcm those fed the 39BN
diet. Uric acid was significantly (P<.05) depressed in pigs
fed C~RSM+SBM diets ccmpared with pigs fed the 00-RSH, ~ 00-

RSM+SBM and C-RSH diet’s.

At 12 hours glucose ﬁas‘significantly (P<.05) greater
for pigs fed SBM and OO—RSH+SBH‘than other pigs. | Al%umin
values were significantly 'higher for pigs fed these diéts
‘than was the case with 00-RSM or C;RSH_diets (P<.05). ﬁDH
values were significantly (P<.05) higher'éor pigs fed the
00-RSM+SBHM diét'than for animals fed the O00-RSH bdr C-RSHM
diets. Bilirubin was‘significgntly higher for pigs fed OO—
RSM+SBM than piés fed cther diets. SGOT  was. also
significantly (P<.05) greater for éigs fed 00—§SH+SBH and

— ‘

for pigs fed the c~-RSM diets than - pigs fed the cther 3

diets.

\

Sex differences wvere / apparent for a numbér of
parameters: body ueighgS at bleeding (F<m, P<.05)y, feed
consumed at bleeding at 9 weeks (F<H, P<.01), phosphorus at

0-hours (E<M, P<.05), aric acid at 4 hours (F<H, P<.05).

‘Numerous significant replicate effects are apparent —in

Tables 16b-d. However, since these animals were all treated
in,?he same manner and only one week separated‘the replidate
bleedings, the cause of the significant replicate effects

cannot be deterniﬁed. These ettec£s~ may demonstrate the
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large amount of variability which was apparent in the

results.

Sigﬁifiéantldifferences between bleedings were gvident;
‘consegdently further statiétical analyses qe{é made using
bleeding times (initial, O0-hours, u-hours,-g—hours aﬁd 12f
hours) as a factog in the analysisiof the data from each

bleeding time.. The overall data of bleeding times are

" presented in Table 16f.

A conSiderable number of intefa;tibns of bleeding times

E. . B ~ .
with various other parameters occurred in the .overall

analysis which were not evident when bleeding times were
analyzed separately. These interactions are not consistent
across treatments, sexes or replicates> for the various

‘parameters and will mot be ' considered " further. However,

~
.

since the results in Table 16-fj?do' show 'some%'lafge
differehces associatéd-uithAtine cf bYeeding, it is;of1Value
that these paramététsbshould be considered* in an oyerall\\

analysis.

The highest value for serum calcium vas found at the 0-

hour bleeding and 'was lowest @t 12?hou s.v Although these

differencés were_Significant (P<.05), the actual‘differencgs o

are small and within'fhe'ncrnal range found by Kaneko and
Cornelius (1970), 'Bowlana (1975), Perrin (1975), Egbuive
(1975), Aherne et al (1976) and Mia (1976) for pig: of the

e

) 'l:/?"
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veight range of the animais in the present expetriment.

No significant differenees between bleéding times were
found for phosphorous and the range of the values are-within

normal limits shown by the above authors.

Glucose levels were significantly (P<.

depressed at
fhe. 0-hour .bleedinu q@mpared.tith ether bleeding time an
at the initialdbleedind at 6. ueeks glucosé‘ levels wver
sienifieantly *(P<.05) . depressed compared to. ‘cther values.
'Also,_values.at thours after a meal vere significantly
:(P< 05) higher than at cther t1mes. The minimum and maxjmum
values‘ noted above agree wlth tomuon’ gluCose metabolic

“theory. that glucose levels increase durlng absorptlon .of a

‘meal as seen in the h1gh value at 4- hours and decrease in &

the post-absorptlve state as seen in_ the values at 'O%hoursr

3

"(Lehnlnger,v1970).
Urea nitrogen was'?significantly (P(.OS) higher at 4-
. 1 . T
hours and 51gn1f1cant1y (P< 05) 1lower at Of and 12—hours

than - at,other t}mes.‘ Values at 12 hours vere significantly

t

d;,ﬁferenses"\vere not

. (P<.05).
7 ~

large., Orok éhd Bowland (1375)arequted 1ncrea$e of .plasma

{
»ﬂurea from 0-7 hours after feedlng. The present resultS'

«©

o
indicate that the gpak blocd‘urea concentratlon occurfed at

5

about #4-hours after feedlng when measured at 9 veeks of age:

but OFok and Bowland . (1975) fpund that much individual -
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animal - variation ~occur, ed in thev‘time_ of  peak. ' urea
‘production. Con51der ble"’ _variation"also occurrediin the
present study. In Ta les 16b—e 1t appeared that urea level

: ,of the, pigs fed 00- ”n+SEH was, hlgher ‘than values for plgs
N

on other diets but dlfferenCes for urea nltrogen uere: not

slgnlflcant at any bleedlng time,. .

- Uric acid was Significahtlf' (P<Q05) ‘higher "at:the
1n1t1al bleeding at 6 weeks than any ofifhe bleedlngs at 9

weeks. rThe 1n1t1a1 value \is markedly hlgher than those

o

lreported by Bowland (1975) and were found; con51stent1y in

the data at 6 weeks. The‘ values for 'serumuur;c acid

/ . R A
LI

;reported by Bowland (197‘) for comblned ‘3 -and’ 9 - week
. :

sampllngs ar nllar to the result of the present study at
Qﬁ%

l9,weeks‘ "‘ ' s _ o 4 e ]

Cholesterol ‘increased'”sfgnifioantly' (P<‘05y with age
from 6 to 9 weeks, but values vlthln the same day at 9 weeks
vere generally 51n11a5, although 51gn1f1c€htly (P< 05) less

at 8 hours than at O—hours follov1ng an overnlght fast. As

vas*noted*rn“the—analyses~cf—the—tfeatmea%—e4£ects~_a _each-
‘tlme, . plgs ;"fed both f diets contalnlng C RSH showed
holesterol levelshthat~vere _51gn1flcant1y (P< 05) higher
::.for pigs fed C-RSH compared i:o\anlnals fed SBH or 00- RSM+SBB‘ -
‘:_at the O and u—hour bleedlngs but«not-at the 8 an " 12-hour
'bleedlng. Cholesterol levels of plgs fed ‘the 00- RSN diet

vere generally 1ntermed1ate betveen the above dlets., Al'so
. ‘ . ¢

g
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o

at 8 and 12 hours no consistent trends- in serum cholesterol

1evel§ were noted. Interpretation of these data is
i e

difficult since treatment effects were not consisteﬁt but in

7
.

general are within the ranges suggested by the data’ of
Bowland (1975) and Aherne et al (1976). Diets'uitb high and
low o0il contents were included in both of Egese reports and
show thét serunm chélesterol was significantly (P<.05) h}éhet
in pigs fed high fat éompared vith low fat diets. Bowland
(1975) found that 2% RS oil added to an SBN diet cadsed
significant F(P(.OS) elevation in cholesterol in pigs.

Swenson (1970)’indicated in a review of the literature that

A

large amounts.ofktailcw could elevate serum chclestercl but
no eyidence could "be found-to ipdiéate whether the tallow
lévels in thése diets would likely causé any difference ih
serum cholesterdl, Research on effects cf cholesterol
apparently ;nvolvev gider differences in fat than these .

<77
"studies. In the”

fFresent sthdy“ fat levels were slightly
higher ih the C-RSM diet than C-RSM+SBY diet (Table 11).

However, the same levels of fat were included in the 00-RSH
‘as in C-RSM diets but cholestercl levels. of pigs fed the
former diet were noﬁ significantly different from pigs fed
thé SBM diet at the initial 0, -8 'or 12 ‘hour bleedings but
were sigpificanﬁly' (P<.05) different 'at 4 hours .agter
bleeding. Theséﬁresults while nct completely éonsistent, do

indicate that the elevated “serum cholesterol in'pigs fed the

~-RSM diet was likely a reflectign of a reduction in thyroid

e ’ ’
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function and not due to the small differences in tallow in

" the diets in this study.

Total protein and albumin increased significantly
(P<.05) from 6 to 9 weeks. Values for total protein were
highest (P<.05) at O-hours but albumin. values were not

significantly different at any bleeding time at 9 weeks.

Bilirubin showed oppésite trends to glucése and urea
nitrogen and was highest\(P(.OS)‘at 12—h6urs and lowest at
U-hours+after feeding. Bilirubin was significantly lower at
u'hours than‘at 0-hours. This may reflect £hev$ecretionv of
bile auring' digestion. These‘vélues for bilirubin appear

higher thapﬂthose repcrted ty Bowland (1975).

Alkaline phosphatase levels at the initial and at the

8- and’th§312-hdur bleedings were significantly (P<.05) 1less

. £
than at O-hours. The findings at O0- and 12-hours are
somewhat contradictory in that both represent reriods of

fasting and would be exfpected to show similar‘trgnds.
" L . - g
Results of adkaline phosph@tase determinations must  be

considered in light of the ‘respcnses to treatments as were

found for cholesterol, i.e. decreased alkaline phosphatase
[ 4 ’ :

levels often found in hypothyroidism. Alkaline phosphatase,

is, however, a very non-specific enzyme (Lehninger, 1970)

~which can be affected by many factors.

LDH and SGOT showed similar patterns of response to

/
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aikaline phosphatase with values at.12—hours siqnificantiy
(P<.05) greater than initi#l, 0- and 4-hour bleedings.  The
marked .depression of SGOT at thoufs is unusual in
comparison with other values but still within- ‘the range

indicated as normal by the ucrk of Bowland (1975). The
results at 12-hours post‘prandlal are nearly double those of
Bowland (1975),’Perr1n (1975)., Egbuive (1975) vand; Aherne
(1976) . Differences between treatments were significant

4

(P<.05) only at 12-hours for LDH and SGOT when analyses of

treatment effects were made at each bleedlng tlme. These

high values may be related to the hlgh readlng at  12- hours;

'on an overall basis.

With the exception of bilirubin at 12-hours, the
results obtained lie within the normal rénges determined by

other  workers.

TheAuSefulﬁéss cf these tests has been well established
as diagnostic tcols imn ‘human and -veterinary Clinical
medicine (Van Kampan et al, 1972; Mia, 1976). As such, it

is possible to conclude that no major nyophathies‘ér ofher

degenerativé'conditiéns occurred during this trial.

N

The 1live animal performance. in  this _éxperiment

approximated the results in Part 1 of this thesis uith the

Y
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exception of the 00-RSM+SBM diet. The depression of ADG and

F/G for this trehgment was not typical of rerformance of

"pigs on this  type of diet. Results in Part 1 were much

better for the OO0-RSM+SEM diet  than 1in the present

experiment, ‘and are "also ’similar to findings_ of other
workers.
ADG of pigs: fed 00-RSM diets was signififantly (P<.05)

S 4 .
better = than pigs fed C—-RSM but significantly (P<.05) less

than_pigs,fed{SBH._'ADf aﬁd.F/G.yere also markedly depressed
.in‘pigs_féd é—RSﬁ, but differences were not siéhificant,v
'mqstb»likely an effec{ .oft the large variation'ofianimals
ruithin treafmenﬁs. Partial replaqemeht of SBM, by;vé—RSH
‘resulted in a  rate of gpoﬁth‘interMediate tetween SﬁM'And

00-RSH ‘diets.

No.significant differences due to treatments were found
in the present study fof_DE, ME, DN ééefficien£s hor'for DE,
ME or DN/kg of diet.  Houev§r, results tended to be slightly

better for the SBM diet than for any of the RSM diets but

differences were not significant.

Pat and . protein estimates of carcass liver and muscle

'f vere nbt‘influen¢ed .by dietary treatments to any dgreat

éxtentt,>’ﬂovever, proteih content on a dry, defatted basis

K df-lijers'of_pigsﬁ-fed the C-RSM diet was significantly

(P<.05) less than that of pigs fed other diets.-

s
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Thyroid weights at 10 weeks of- age showed thaf
enlargement of the thyrcid occurred in pigs fed toth diets
containing C-RSHN. Also,. 51gn1f1cant1y (P( 05) lower T-4
leveld were found in the serum of pigs fed those diets
- compared with the SBN angd OO-RSﬁ#SBH diets, but were stiil'
within the euthyroid range found 5; cther workers. It is
thel possible - to 'conCIude that C-RSH cauéed thyroid
hypertrophy, but because the' T-4 values fell .vithin the
eafhyroid range of other  workers, and seram aholesterol,
glncbse and alkaline phosphate were  not changed
consistently, it cannot be deterllned in this study vhether
or not a hypothyr01d condition _deflnltely existed. .+ The
possibility of a hypothyrdid condition was probable for pigs
fed C-RSHM as the sole ';ource of protein consideriné the
‘severe defressian of live animal pérformance for these'pigs.

These flndlngs do not invalldate the general recommendatlons
| for feedlng RSM to pigs because 1evels of C—Rsu used (11.“—,'

28.3%) were much higher than currently recemnended leéels of
. 5% RSM in the diet.
The analyses of serum constitueats indicate that no

gross myopathies or cther degenerative_conditicns occurred.

The most 1mportant f1nd1ng of this experlment wvas that
the thyr01d response ‘of pigs fed: the 00-RsSH diet was

markedly improved ccmpared with plgs fed the C—-RSM ' diet.
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'ﬂlso, the hypértrophf which occurred vitﬁ pigs fed both of
the C-Rsh diets did not cccur to the same e*tent in pigs fed
the O00-RSM diet. This is of particular  importance
considering tﬁe very high levels of OQ—RSM which wére‘fed.

It can therefore be concluded that'the ‘residual 1levels of

glucosinolates in Tower RSH _shbuld not be a barrier to‘
increésed utiiization of this prptein-source " for starting,

growing and finishing pigs.
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PART 3. EFFECTS OF DOUBLE-LOW RAPESEED MEKL ON GROWTH,
APPARENT CIGESTIBILITY, CARCASS CHARACTERISTICS |

AND THYROID WEIGHT OF RATIS

Introduction

Recent research has indicated'thét low\gldcosinolate
'_ﬁsn is 6f’c6h$iderably_higher nutritional value than high
glucosinolafé A Rsﬁ. Bell et al (1972)' found that no
sigqifichnt diffgrénceS‘in feed consumgtion, body = weight
‘gain or feed efficiency vﬁere Qbsérved in rats fed diets
containing 'either ‘Eronowski ~Rsn 6r' casein as  protein
léources. . A high glucosinolafe RSHM éroduced "markedly
v‘inferior performance. Josefgson and Huﬁk (1973) = and
Josefsson. (1974) ;eportéd-'that ‘no depréssion occurqed in
feed intake or body veight gain of mice fed diets contaiming
RsH with less than 1 mg/g of tOtal glucosinclatés. Also,b

the grdwth response curve was inversely correlated with

‘glucosinolate content.
_ | | -
Little information is available on the natritive value

pf .OOfRsn for rats. .Hovever, Seoane Aand Gorrill (1975}
feeding ‘diets with sewi gurified‘enérgy ‘sources coptaining
rapeseed flour- and rapeSeed’oil frcm.fower rapeseed foundf
" that feed intake and body - weight gain was significantly -
(P<.05) less for the rats fedAToﬁer rapeseed flour than for

rats fed soybe flour and corn oil. FCE however was

P : - ’
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significantly (P<.05) better for rapeseed flour 'than soybean
flour. Also enerqgy and fprotein digestibilitiesv vere
51gn1f1cant1y (P<.05) 1mproved for diets contalnlng rapeseed

flour compared with tats fed diets with soybean flour.

.

The objective of the fresent study was 1to ‘assess the
nutritive value of 00-RSM as a source of protein using

‘weanling rats as the test species.

~ Experimental

Animals and diets

Fifty weanling rats of the Sprague Dawley straln at the
Department of Anlmal 501ence, The_vUnlver51ty 'of- Alberta,
were fed the 5 diets used In the starting phaserf the pig
experiment in Part 1'df_tbis‘thesis (Table‘17). Diéts 'wer?';
formuiaﬁed _to-'he 'iScnitrogenous and isocaloric with ;
protein/calorie rafio (mg ‘prOtein/kcal gross .enérgy) of

42.6-44.5. ’4NAS—NRC (1972) suggests that a proteln/calorle

ffratlo of 33 is .adeguate.

. The éxperiméntalipériod was.u veeks, froi 3-7 veeks of
age. A total of 20 females, 4 on each diet and'jo males; 6
on each dlet, vere nalntalned in ,individual cages- in 2
batteries in the same temperature ana humidity controlled

rocm (22 C, 45% RQH.)._ Feed and vater were availatle agd

i

iibiggg.
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”T§51§>17. Formulation of diets (percentags basis - as fed)

Treatment no. “ ! ;w 2 l 3y 4 -5
Protein source o SBM‘ 00-RSM 00-RSM+SBM C-RSM C-RSM+5BM

Ingredients

Wheat 56-3 . ‘0?!2 51-7 100-7 ‘08-8
Barley 20.0 20.0 20.0 20,0 20,0
Soybean meal (48% C P) 17.7 1] 9.4 0 10,0
0O0~Rapeseed meal
(38% C P) : 0 T 25463 11.9 -0 (o]
C-Rapeseed m-al (33% CP) O 0 o] 31.3 14.1
Animal tallow ‘ 1.5 3.0 2.5 3.5 2.6
Jodized salt 005 0.5 0.5 . 005 ’ 005
Limestone (ground _ 1.0 1.0 1.0 1.0 1.0
Calcium phosphate 1.5 1.5 1.5 1.5 1.5
Mineral-vitamin premix 1.5 1.5 1.5 1.5 1.5
Composition-determined
Dry matter % - 90.9 90.5 . 91.9 92.3 . 92.5
Crude protein % Yo 1767 17.8 18.0. - 17.9 18.1
Gross energy kcal /kg 3987 4175 4030 4051 4018
Crude fibre %. 4o 6.2 5.0. 74 5.7
Calciua % . 0.93 1.04 . 0.98 1.11 0.99
Phosphorus % 0.75 0.87 0.78 0.97 0.89
. Oxazolidinethione mg /g o - 043 0.1 0.5 0.3
Isothiocyanates mg. /g’ 0. oy - -0 0.8 0.3
j} 0.1 1.3 0.6

Total glucosinolates mg /g O. -0
, - ’ 4
-
£ SBM= soybean meal; 0O-RSM= rapeneed(neal from Tower\;lggseed_(lbv glucosinolats,
low erucic acid); C-RSM= commercial rapeseed meal, . ‘

® s in starter diets - Part 1. » \

¢
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N -
Males aéeraged 63.5 g at allottment and females 58.8 g;
this difference was statistically significant (P<.05). ‘Body

weight and feed consumption were determined wveekly.

Digestibility studies ;l

A digestion trial was conducted from.days 11Q1u with 3
male and 3 female rats in each ireatment in cne 'battery‘ of
caoes. Feed coosumpfion was determihed daily during the
digestibility study., fecee were also collected daily and
stored at 4 C until the end of the collection period, dfied
at 105 C for 2 hours and then ground 1n a labcratory »mill.
Digestibility coeff1c1ents vere determined by the total
' colleetion method. Digestibility of enefgy and nitrogen was

determined by the method of Sibbald et al (1957).

Apparent dlgest1bility of amino ac1ds of . feed and feces
was made using a Type 5AH amino acid analyzer! following the
method outlined by Orck (1973).

Carcass analysis

e
Ty } . A
; At the end of the U week feeding period all maleS'add 2.
i fenales in each treatnent vere veighed and then killed using
‘chloroform. The remaining females vere kept for other
stqdies. Thyr01ds of rats that were killed vere removed and

veighed. Digestive tracts were removed, freed of 1ngesta

tJapan Electrcn Optics Co. Ltd., Tokyo, Japan..
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and returned to the 'abdcpinal cavity. The weight of
individual ingesta - free CarcaSS was récorded as empty body
weight. Each carcass was then oven dried at 60 C for 5 déys'
until weight loss stabilized at about 1 g per day. After
equilibrium to.atmospheric conditions, weights vere recorded

as air-dry body weight.

The entire driéd rat cafcass .was then dissélved _By
réfluxing _in 6N-HC1 followlng the method outlined by ‘Olomu
(1974)y. The amount cf acid used for dlgest1on vas based 'on
4 ml of acid per gram of dried carcass weight. The digesta
of rat carcasses was'ﬁéde’up {o a standard volume'of 500 nml

by addition of distilled water.

Analyses’ of . carcass dry wmatter, fat ahd; Kjeld#hl
nltrogen uere made accordlng to standérd A.C.A.C..  (1970)
methbﬁs using a 5 ml sample. Initial results”indicated that
it- was necessary to heat the carcass digesta for a short
time under a hot water tap and to stir wusing a maénetic
ﬁixer uhiiei sangling. : This prccedure resulted in ﬁniforn'
dispersibn of fat which cthervise tgndéd torc611éct at the

top of the digesta.

Statistical methads

Ahalyses of variance (ANOVA) of the data were computed
using the method of dnweighted qeans  outlined by Bancroft

(1968) . This procedure was necessary since preliminary
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analyse; indicated that significént differences foccqrred
\betweén- the two tatteries used to house the énimals. fhis
feffecE is identified as Location in the tables and may have
been 'caqSed bty freguent handling of the animals‘during‘the.
digestibility trial. 'Houever'the éffe;ps shculd~ have been
consiStent"actoss treatments and shoﬂid hotghave infiuéncéd.
: : i
the results on ani‘one'treafment.  §ince> 3 females and 3
males in each treatment were used’ in the digestibility
studiés, a total of 30 rats veré housed in Loéation 1 and 20
in Location 2. Also, two female§~in each treatment used in
:the digestibility trial were retained at'the’conpletion of
the_étudy, therefore uhequal representation of .thé sexes
-occurred in the . carcass studies.: Calcﬁlatioﬁ "of the
adjustment required for the errég mean square vas - outlined

in Part 2 of this thesis.

°  fTreatment means uefe compared usiﬁg’Duncén;s Maltiple
’.Range Test (Steel and Tbrrié, 1960) uhich was preéeded by a
éiénificant F test lWaido; 1970) « A probabilify of 0.05 wvas
selectédv_as the. point.df.significance:betueén means. The
sources of yariation.uere s diets and 2 sexes. . ill factors
vere tested against the adjuéted error ~mean square és

outlined by Bancroft (1568). . ' ) ,

211 sources of variation except location, replicate and
animals were considered as fizxed. thétions used  to

indicate - level of ‘significanée are % (P<.05), % (P<.01)



, 136
**%%(P<.01). MNeans not significantly different bear the same

superscript or. no superscript.

Results and Discussion 

The fesults will be cqnsidered in ‘the qrdér of live
animal 'perfdrmahqe, digestibility of diets, carcass
com?bsitién and thyroid weights. - .

| Li.zé;_a.'aiﬂé.l;.ps.__.._‘rf ormance

'Body'ﬁeigh£ after 4 weeks on the experimental ‘diets

showus that‘IAts fed-SBu‘and OO*RSH{SBH~wei§hed‘sign;ficantly |
- (P<.05) more than :rats fed the OO-RSH_diet dr'the_Z diets
containing C-RSH (Table -18) . The same ‘signifiCAnE  (?<;052
trenq wés foqﬁﬁ fcr feed cdnsumption..(FC) ‘as for‘bodf
veight. Boaytﬁeight gain'(BWG) and FC of rats fed':004RSﬂ,
.w¥as .significanfif (P<.095) less than rats féd SEn or 00-;
RSM+SBM diets. Rafé fed both diets céntaining»C¥RSH‘ gained
.signifiéantif' (P<;05) .iess than rats fed other diets. FC,'
BWG and 4-wveek yeigbt _of rats fed the,-C—RéH diet uaé
'siénifirantlyl (L(-OS) bleés_tﬁan fhaflof :ﬁts~fed'éil_other 
die£s. Alsd;‘rafé.féd C-RSHM iequi;ed more feed perlunit of
dain (P<.05) than'othér rats. F/G of fats recéiviﬁg half of
the prbﬁein. supplement from C-RSM wvas not.significahtly -
differeﬁt from rats reCeiving_QO-RSM but{ was significantiy;

(°P<.05) inferior to rats fed SBM and 00~RSM+SBH.

o
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5 Tadle 18.. Inrluence of dieta and aox on rood conaumption, body
‘weight gatin® and Iaed- 5aLn ratio A Ieeka) in rata : ‘ ,
‘Treat- - - Nuamber Starting - heweek Food | ‘ Body
ment Protein  of = - wt, - wt. . consumption wte
no. ' Bource uaninalo £ ”‘.._'= Y SR .3aip g - -Feed/gain
. b ‘. f : ) c Ce Ce . : . ) s \' .
1 sow? _ ‘10 61.5 - 192, .78 Yh6a2p - 131, 2;, 3,505,
2 : 'O0~RSM - 10 . 60,6 174, by 413, 2, 113, Sa 3. 76
3 O0-RSM+SBM 10 © 63,5 19047 434,23 o 127.9 o 3. 51
e C-RSM - 10 " 60,3 . "1s0. o 32e.2d © 90.4d g 23m
5 - C-RSM+SBM 10 597 162 9‘ ©039197¢  103.2¢ . 3,95
Sex . h s  lf  S
- F 28.8 . W29 0 3748 0 . 89,1 3.3
M - 63.5 2Q1.,0%** - hkﬁ.&?"'_11137.5"' 270"
Location C S . B S S : .
-1 : L 6046 . L 169.6% b16.4 7 109.0%* © 4.0
*  Grand mﬁ&n : “\ : :‘ 61 1 . djz.a kld}} “‘.7 '11};5 ?.é
sEn* . 115 325 siee U292 0409
R : ' S ' : s T
‘.v ’ v . . y..

£ SB!~ soyhean meal-'OO-RSH-_rapeaeed neal frbm Tower- rapeaced-(lo' gluéoainolato, .
lo' erucic acid) C~RSH- commercial rapeseed meal. . :
T Y N . . . . -
. ¢
* SEM= Standard error of means.

a,b,c Means in .the same ‘row vith tho'sqme letter or no letter are not slgiiricantly
difrerent at ‘P<,05, i ) ) : . : . i
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These findings in the main reflected the results of the
pig studies except ihpt‘ rats appéared ‘relatively ﬁore
affected by the meaiun—high gluccsinolate RSM used as .the
source’ ‘of C-RSHM i? this ™ study than did pigs. This was
) .
‘avidenced by the fact that in this present work FC, BWG and
F/& of rats fed C—-RSM+SBM iwere significantly {P<.05)
inferior to raté fed 00-RSM. * These differeﬁces were not
foﬁnai in the pig experiment. Hussar and Bowland (1959)
‘found that BWG and‘F/G‘vere,depresseé for rats fed 10% of a
high qluéosinolqge B. ' napus RSM and that .growth of pigs vas .,
also dQepressed by 10% but not by 2% RSM. oOrck et al (1975)

_founds that rats were affected to a greafer extent by Spén

FSM than were pigs,. as in the present study.

The present' wcrk was not ehtirely ;bnsistentvwith’thé
repérts of josefssbncand Munk (1973) which showed that diefs
.qntaining RSH aﬁd having less than 1 mg}g of glucosinolate
in the diet did not result in recuctﬂmin FC, gain or F/G

for mice. 1In the rresent experlment, consxsgggg____dﬂgilan_____
,____—~—~——#——*~—"‘—‘——‘“‘“‘"‘”ﬂd——_

in performance was observed in rats fed the C-RSM+SBH dlet‘
containing 0.6 mg/g of tqtal gluccsino{gtes (Table 17). The
RSM _use. in the C-RSM.. diets | contained cbnsiderable
quantities of ITC' as shown in Table 4, whe;eas 00-RSM had
véty‘lit£1e. Thus,‘the’combination of the levéls of ITC énd

CZT present in the C-RSHM used in this study.appear to have

affected growth at a level of 0.6 mg/g of diet. The. results



M.

139

suggest a continuous improvement in overall performance as

glucosinolate level cf the diets decreased. 1In Table 17 a
ranking of the diets according to glucosinolate 1level
indicates: C-RSM>C~RSM+SBH>OO—RSM>kOO—RSM+SBM=SBM). " Inverse .
ranking was observed faor performance; The resdlts.fcf tﬁe
present triai indicate that growth respohse of'rats fed RSHM
may show a continuous improvement as glucosinolate levels
decrease, -whereas for pigé, levels of 0.6 mg/g'of diet
resulgéd in performance simiiar to 00-RSM diets containing
0.3 ng/g of totalhglucosinolétes. The results‘noted above
for rats and pigs ccmpared to mice in the work of Josefsson
and Munk (i973) may be true species differences and indicate
that caution ‘is required in extrapolatihg growth responses
to glucosinolate levelszfrom,one species §f t§§t animal to
other species. {heﬁkdata of Bell et al (1972) support the‘
view of a greatet depfession of grohth in réts than mice qto

a variety of gluccsihclates, as inditatedvby greater number

of signifdcant differences | and  relatively inferier——

performance of rats fed high gluccsinolate B. napus, yellow

. Sarson, -Oriental mustard - or hjdroxynitriles compared with

mice.

Typical sex differences for rats were found with males
significantly (P<.001)  superior to females for all
'parameters of performance cbnsidered. Newell (1973) and

‘Orok et al (1975) cbtained similar resulds.
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Certain significant lccation effects were found.  Ra£s
in the battery of cages used for tﬁe_ digestibility ‘trial
(Loc;tiOn 1) :Qeiéhed significapfly ‘(?<;05) lesé after’u
veeks on tfiai‘and gained significantly f(P<.05)“1§ss .than‘
rats in the other battery. F/G tended'tb bevinferiot fof.
the rats loéated 'in  the battery used for »digéstibiiity
sfudies; . Also, feed iptaké appeared igreater'”for‘ rats
maintaiqea in fhe_digestibility Lattery although differences

) ) . o . W
were not statistically significant for the last two

-

parameters. .

‘Digestibility of diets

Appaceht. digestibility ~coefficients ' for . energy ‘and
nitrogen of the SBE and C-RSM+SBM_diets ‘veré significantly
(P<.05) greafer than for.%hg‘C—RSHvdiet (Table 19). DE and
DN of the OO-RSH: and 00-RSH+SB§ diets were “intermediate
between the C-RSM and C-RSgigﬁn__aﬁd_SBn_gie£skbﬁ%—these‘-'—"

.differences were not significant.

DE/kg of diet showéd_that the DE of the C-RSN+SEM diets
was Significantly (P<.05) higher than for' all other diets
except O0O-RSHM yh%‘i the otper 3 diets ﬁere“not different
frdm'each other. Siznuif ran:.differoncés (P<.05) Qere found
for estimates of DN/kg ! diet wit: nigier (P<,05) estinates
for C—RSH+SBM than‘thé other 3 diets ui?h 'RSM, ‘but “not
significantlf different between the SBM and C-RSM+SBM diets.
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Lower DN values were found.fdr 00-RSM than for the SBM or C;
RSM+SBH diets” (P<.05). Pigs also showed reduced
digestibilities on diets in which either RSN completely
replaced SBM. ‘ Hussar and Bowland (1959b) found that
digestibility cof eneigy and‘nitrogen as well as DE andvDN/kg
cf diet was significantly (P<:01) dépressed in rats fed
diets containing 10% RSM of B. papus origin compared to
confrols fed SBM diets. In the same report of Hussar and
_Bowlénd, a definite but npn-significant‘frend in pids .vas
also néted for lowered digestibility of diets.bykanimals fed
10% Rsﬁ in t ¢ "iét ccmpared with pigs fed SEM. Bowland and
Standish (19¢ found no depréssiqn Qf‘ digestibility of
enerqgy or p;otéin in rats fed RSM of B. campestris origin‘
when RSM comprised 15i of the diets. | Glucosinolate levgls

. . “
~in this' report were not stated., Thus, it appears that‘t?e

effect of RSM on coefficients of digestibility are variab%e

but in the main, it is afpparent from the present work.thak,
very high . levels cf BRSM may cause a reduction iﬁ\g
digestibility ~of energy and nitrogen in rats as well as in N

pigs. ' ‘ . _ \\

N Amino aci¥is
By e SeESSE==

Significant (P<.05) differences vere found fpr-apparent

~digestibilities of histidine, = isoleucine, - 1lysine,

o

. phenylalanine, threoninine, c&Stine, glutamic acid, proline,‘

serine and tyrosinme (Table 19). Digestibility of the above



143

amino aciés in the C—RSH+SBH> and SBHM diets, with tﬁe'
exception of histidine and cystine, waa significantly
A(P<.055 greater than the 00-RSM+SEM diet. The 00-RSH and C-
RSM diets tended to have intermediate digestibilities, but
were not. significantly better than the 00-RSM+SBM diet for
anf of the above amino acids. Recovery of amino acids as a
percentage of’ protein was significantly (P<.05) better for
the SBM and.significantly (P<.05) lower for the oo—ﬁsﬁ diet
than _for the 00-RSM+SBM or the C-RSM diet. Lovest
dlgeStlbllltleS of amino acids across all the diets occurred
for lysine,‘methionibe and threonine. These are the .amlno.
acids most likely» to be defieient in diets based on small
‘grains and SBM or RSH (Rerat, 1972; Ivan, 1974 ; Aw-Yong and
ABeames, 1975) . Thﬁ same asino acids were also found to have
the lowest apparent dlgestlbllltles in the pig trial except
that lysine was s1gn1f1cantly lower.in the OO—RSH+SBH diet
than in the SBM and C—RSH+SBH dlets for rats. It is not
possible to conclude £rom the present study that a problem
of availability occurred for these amino acids within the
different diets. A ranking of~r$e digestibilities of all
the amino- acids across diets shows that the same relative
\differeneesioccurred across all diets. Similar results were
.”observed in the pig experimeat.

No sex differences in anp parameters of ,digestibility

were found.ln the present study. This uork is in agreement
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\

with Bowland and Standish (1966) but Hussar . and Bowland

- (1959)) found that digestibility of diets containing RSM was

lover iﬁ femaled than male r;ts.

The overall trend of the digestibility of amino a@ids
is fhat_lower'appérent diéestibility yas‘found in the 00-
‘RSH, 00-RSM+SBM and ‘in the C-RSM diets than in the SBM or b—
.RSH+SBH diets. These< findings ére not teflectedvin the
pérfofmance data. BWG of rats fed diets containing O0O0-RSHM
vas bsigniﬁic;ntly (P<.05) better than either C-RSM diet.
The’relatively high digeStibility bf.amino acids in réts fed
the C-RSM+SBM diet andlléw'digestibility in the 00-RSM+SBM
diet is puzziing‘ in that this effect was not reflected in

. -~ o . .
performance of the rats, whereas the . amino acid

. digestibilities were reflected in the perfcrmance of ‘the

pigs. The opposite situation existed for O00-RSM+SBM with
low digestibility but high performance in rats, énd’high
digestibility and. ﬁigh perfcrnancek in pigs. }Since
digestibiiity frials by necessity are conducied over a short
period of time'rélative to the entire exéerimental feriod,

the possiblity exists that ‘the results of digestibility

‘studiés may not agree with overall perfdfmancé for the uholé

experimental period (Bowland, 1972, 1975).

The most important «implication ofuthis digestibility
work is that the digestibility of amino acids is directly

related to digestion of the entire diet. This is evidenced
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by the fact ‘that all estimates of energy and nitrogen
diqestibility\ show the_'sahe trends as seen‘in amino acid
digestibilities (Table 19) including the high estimates for
the C—ﬁSH+SBH_diet. In the pig experiment in Part 1 of this
report, apparent. digest}bility of amino'acids also close1y 
approximated digestibility of energy and nitrogen. sarwar
. et al (f975)_suggested that lysine availability was lower iq
RSHM than .SBH for rats ‘but  this finding ceuld not be
evaluated'in this rresent study.‘ Later work by these.
authers using ‘OO-RSH for pigs didvénot show reduced
availability of lysine. A major difference between pigs and
. rats ip the preseat dlgestlhlllty study was that the 1low
.digestibility of the 00-RSM+SBM diet with rats was not
reflected-in iov performence;. Grcwth of rats fed 00 RSM+SBN
vas equ1valent to that of rats fed the SBM dlet “In plgs,

both dlgestlblllty and rfperformance on the 00-RSM+SBM diet

‘were uniformly h{gh and equivalent to pigs fed SBM diets. .

: . The main point,cf'the digestibility work.with rats is
that the findings with plgs of a reduction of dlgestlblllty
ulth complete substltutlon of SBM with very h1gh levels of
RSH vare_a ‘confirmed. ‘Eoth spec1es showed a feduced'
" digestibility of dlets with comrlete substltutlon of SBM by
00-RSM or C-RSHM. Although this depression of dlgestlblllty.
'was not large it may account for the noderate reductions of

F/G observed in pigs-+and rats fed OO—RSH compared with SBne
R ‘ . ';—3
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diets. The moderate depression of digestibility of C—?SH
dieté 'éannoi ‘éccount for the ;evefe 'depréssion in
petfofmance which was attributed to hiéh 'giucosipolate
levels. ‘ |

Carcass studies

As was mentioned_in Part 2! chemical analyses of animal

. carcass tissues are cften carried out in poultry studies in
RSM work (Olomu, 1974) and . also in rat studies (Sarvar et
al, 1975). Thesé analyses give some indications of effects

~of RSM on carcass charactéristics as are obtained with

. market pigse— .

Final weight, empty body weight aﬁd‘dty body weight
were significantly (P<.05) greater for rats fed the SBM
diets than rats fed 00—-RSM or éither‘diet,containing.C-RSH.
Weights of rats fed 00-RSM+SBM were intermediate Letween
rats fed 00-RSM+SBM diets. ' Weights of rats fed do—ﬁsn vere
’significahtly {(P<.05) greater than those fed RSM or C-
RSM+SBM diets. The empty and the dry B.W. of rats fed the
C—RSH+SBH diet weré significantly (P<.05) greater than those
fed C-RSM. These results are to be expected since they are
based on live animal body weights which shoved similar

.

trends of differences.

No signifiCantAdifferehces vere found for dry matter or

carcass protein  estimates. Body fat estimates showed that
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rats fed both 00-RSM diets had significantly (P<.05) higher
cércass fat than rats fed SBM or C-RSM. Rats fed the C-RSM
diet were 1eanestvbut fhis may have“heen a reflection of the
lighter liie body:weight of the rats on fhis' treatment at

/

the end of the trial.

The carcass fat analyses suggest that rats fed the 00-
¥ RSM diets retained a greater proportion of the feed consumed

as fat ccmpated with rats fed the SBM diet. This effect of . -

-

greater fat in animals fed OOfRSH was not observed in pigs.

Sex differeqces. were found only for carcassfweights.

Ha1e§ weighed'significantly (P<.001) mére than 4fema1es.
‘This finding vould_ be expectea from the gain and U-week
weigﬁts observed /for live animalf,perfbrﬁance. It is
interesting that no.:differénces iﬁ carcass fat were noted
for séx in the rat studies whereas barrows 'im the pig“-study“

had . greater backfat as'reportéd:in Part 1 of this thesis.
No metabolic‘ differénces‘ in digéstibility ‘or carcass
charactéristics due to sex vere evident in the ppeSent vork.
| This'effect was also nofed in the report of Orok and EBowland

(1975).

Thyroid.ueights : ‘ v

No "significéﬁt ‘differences 'betueen treatments were
found for tthoia'ueight {Table 21). The standard error of

the means for these parameters is high indicating that
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Table 21. Influence of dlets, sex ar pereight on
‘(‘ weight of rat nt.hyr'o &
| : o a -, D! Thyrota wt./
Treatment - Protein Nuaber of : * final BW+
no. source animald’ , mg /1008
a— '| . B P " . .
1 - S SR R SR
2 7T O0-RSM e 8 ' -~ 643
3 " Q0~RSM+SBM 8 11.0 ° 5.8
4 C-RSM ‘ -8 9.6 6.3
5 C~RSM+ SBM '8 9.7 64l
Sex . o
- { 10.1 5.5
11.3 6.7%""
Location ) - . : C .
2 Y - .'10.8 5.9
Grand mean ‘ . L 10.7 6.1
seN’ | o | 0.71 .32

5

# SBM= soybean meal; 00-RSM= rapeseed meal from Tower rapeseed (low glucosinolate,
low erucic acid); C-RSM= commercial rapeseed meal.

+  SEM= Standard error of means.

4+

BW="body weight.
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considerable variation’occu;red inllthyro}d weights. This

factor may be a reflection of the difficulty in accurately

_removing and weighing all thyroid tissue in young rats ~due

“to the small size of the gland. ﬂovever, a non-significent

[/

trend was apparent 'WIth glands of rats fed toth diets

containing C~RSM weighing slightly'less than those of other

' .rats. The body welgh cf rats fed C-R5M diets also was less

than other rats, thus tg; difference in thyroid. uelghts
disappeared vhen expressed as a function aof boﬁy veight.

The latter findings, pafticularly, are not consistent with
the results of the pig eiperimeﬂt in Part 2, vﬁete thyroid

weight/body weight was'Signifieantly‘(P<.05) gteatet in pigs

' fed the C-RSM and C-RSM¢SBM diets. It is possible that the

lafge “between—animal variation_and-telafively small number
of .animals in 1light  of the 1argeb variation ,ﬁay have
contfibuted’ te lack of 51gn1f1cant differences in these
results.. Such effects have been found by Lo and Bell (1972)

‘vhere diets contalnlng rapeseed meal with up to 4 mg/g of

A

gluc051nolates falled to e11c1t 51gn1f1cant dlfferences 1n»

thyroid wveight. In a previous trlal Lo and EBell (1971b) had

shown_ significantly (P<.05) ,ingreased thyroid veighfs of’

&

rats fed diets containing 2.6 mg/gfof total!gluCOsinolate.

‘Thus, interpretation of thyroid veight data in rats as an

indication of thyroid hypertrophy is uncertain.
¢ . . \ P - . ‘
Thyroid weight/body weight showed ,tK;t thyroids of

.«
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@
females vere -significantly  €§<;001) larger than hales.\
similar _obsérvatibns Tvétéev‘-'repc‘ul:ted‘s.h‘y HuSéar and Boﬁland
(1959a);-nann§ and’ Bovland "(1963),.iﬁoy1ana and Standish
(1966) , and O:ok (19735.‘ Né intéractiong between‘Sex‘and\
) diefary_freathgnts‘ﬁere~noted in'the‘present study Inor: in
' ‘ofher réporté. This ‘indicatesv'that .Rsuﬂdoes not h?vé a

*“*f“%é—w~greaterbeffect on thyroids of females than males.
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*iln no cas équal ol ¢r bet

GENERAL DISCUSSION OF PARTS 1-3

Pigs fed 00-RSM as a complete replacement for SBM as a
protein supplement in diets based on barley and wheat gained
faster (P<.05) and converted feed to body weight gain more

efficiently (P<.05) than did pigs fed C-RSM in the starting,

“‘growing and finishing phases and in the overall experiment.

ADF was significantly different in the starting .phase with

pigs: fed SBM or 00-R. +SEM ccnsuming \significantly (P<.OS)

- more feed than pigs cn the other 3 diets. 1In the tinishing

phase pigs fed both C:‘SH dletc consumed less (P<.05) thant

péﬁs fed the SBM diet. Pigs fed -diets containing 00-RSM in

&

substitution " for SEM Qdid not perform as well as those fed
SBM,: although the  differences were not consistently

sigdificant. . In the\ starter phase ADF of pigs fed 00-RSM
)
was 51gn1chant1y (P( 95) less ‘than pigs fed SBM diets but
7 ﬁ AR

. 4?»

'F/G and in the finishing

pd
3 .05) less for the pigs fed
ecVPerformance of pigs fed the

y ".: '. 4
,plgs fed the SBM diet.

-SO‘ percent of. the SBM

Ly

é%f than SBM. These flndlngs Wwere

«__the,rax experifent and. are confirmed by otherc
SR ] : S - '
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-
d
Substitution of C-RSM for 50% of the SEM resulted in

performance similar to pigs fed 00-RSM  but ‘_complete
substitution markedly depressed performance, particularly
FAG in pigs. In .rats, FC, EWG- - and F/G ;Ere markedly
depressed by.fOth C—RSM diets. These findings suggest that
the rat is relatlvely more sensitive td’ meSRUm high 1levels
of qluc051n91ate than tis the rig but;very.hlgh levels of
commercial rapeseedtcaused a depressiqn of ¥C in the early
stages of growth as well as severe reducticns in rate ar’

efficiency of growth throughout the trials ip rats an. pigs.

A,

Apparent d1gest1b111t1es of emergy, nltrcgen and aminc
acids in diets -with comrlete substitution of SBM by both

- sources of RSM were in some cases 51gn1f1cant1y reduced in
/

plgs and in rats but in other cases the, alrferences were not

VR

51gn1f1cant. A trend to lower dlgestlblllty of .the 0Q~RSM

and C-RkSM diets was apparent. Lowest digestibility of &wmino

acids was found for lysine, methionine and threonine, but

:

the same relatlve depre551on in dlgeStlblllty of these amlnol

!

acids wasa mpted across . g11' diets. Therefore, 1t is not

p0551ble to qoﬁci&d% from the results. of this study that

g;r.l« Chd

avallablllty of amlno ac1ds was a factor 11m1t1ng growth in -

(N

diets contalnl RSH.J A parent dlgeStlblllty of amino ac1dsf
P

;.«

was closely related to ‘the, ‘overall digestibility of 'the

:widiets 1nclud1ng energy and nltrogen. It was suggested that .

the 1ower dlgestlblllty of both diets contalnlng‘ RSM as a

ZN

#
Z

&

(S:l

w
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complete substituticn for SBM may have been due to the high

fibre le{els as a result of high levels of inclusion of 00-

RSM and 'C-RSM “in these diets. In the case of the 00-BSH,

liw

[N

the 13?er' dﬂ?te5510n of dlgestlbillty whiCh' hid occur

A

couldy L2

accounteé&tor the moderate jepresi$pn in performance of plgs

-

< "

A
M

_Lats @ fed t 00- RSH - dxe¢. “ The hlgh level = of
e T : R y
. . A «(— -
glucosinolates in'«qq@netéial;jRSH were suggested to be the
g 8%

cause of the severe depression’in growth of pigs fed the C-
. . E N :
RSM diet. o ‘ "
. ! . : \'j’ ‘_‘ ’ R ) \

» N . \

T -
“ P4

No important effects of the diet on carcass composition
were found in this study. Measurements on the carcasses of

market pigs following slaughter and also on muscle'and liver
5 |
tissue and serum constituents .af .10-weei -~ 1 pigs as well as

entire rat carcasses indicated that normal proﬁein' and fat

L

‘metabolism occurred. Differences 1in <carcass composition

which did occur 'couléf*be attributed 1largely to carcass

‘i-\.‘A‘.‘

weight_and sex. S

P - N s
At .o . LAy

Thyr01d function was 1nvest1gated by determining blood
»k

serum thyr01d hormone levels as well as%rserum cholesterol,

glucose and ‘alkaline phosphatase as well ws,,veight of
. ! - ' ;

thyroid-glands in gigs and. rats and assessing thyroiad
hlstology ’in pigs: -3 and T-4 and P.B.I. levels of serum
vere found to be v1th1n the euthyr01d range found by other

: g
workers althpugh latge mean &dlfferences for -T-3 and T-U

g
&7

- .

Sl : . . .
B4 / b : ) .

- Xy

4
\tcdn]unctlon with ’reduced *feed 'intake, have-
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occurred bet;een the two time periods in on- pic experiment.
Serum T-4 levels wery found to increagé fr -m 6 *. 9 weeks of
age but P.B.i. did not change in  tu... intervalz
‘Significantly (P<.05) lower T-4 levels were found in piés'at
9 weeks .of age vhich‘ﬁad been fed both diets containing C-
RSM as well as 00-RSM 1in bne'éase, compared with pigs .fed
otﬁer diets; Pigs fed both C-BSN: diets also shoved
siénificant (P<.05) enlargement cf thyroids relative to bogdy
?eight as well as éignificantly (P<.05) elevgted serum
é@plesterol and vglu,osé and depr%?Sed alkaline phosphatase
coméared with piqs_fed SEM. Althcugh T-4 levels were within
the eutﬁyroid range cf.2.7;16.5'ug/100 ml fcund by other
workers, thevperforhancé cf both pigs'énd rats was.mﬁrkedly
depressed On diets with C-RSM as a complete substitution fof
SBHM. Pigs:fed C—RSM.aA a/;artiél replacement fdr SBH gié&
at a rate simiiar to pigs fed” 00-RSM vpereas growth of rafs

A

was markedly depressed by this Jdiet. Since in Part 2,

thyroid weight/body weight of pigs fed the 00-RSM diet$ was

greater than»pigs.fed the SBM diet and thyroxine levels in
certain instarices were not écmpletely equivalent to fhose of
?igs féd’ ;he SBH diet,_it‘mu$t~be concluded that very high
. kevels of OO;RSM méy have had “somé -effects on thjrbid
'funétibn. Hovévep; such“effectsvégpear to ﬁe mincr and much
less severe than the.tHYrOid iphibitory effects of C-RSH.

-

As;'a result of the tgyroid“fuhction assessment, it can

v o~
[

’

r

et

!
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fhed

be suggested that hypotﬁyroidism possibly occurred in
animalé fed the C-RSM diet. 1In the case of pigs fed C-RSM
as a partial replacement for SEM, thyroid hypertrophy
apparently occurred: but gfowth rate was similar to pigs fed
» the 00-RsSM diet. In the case of complete substituti®n of
~!§hk ’ f¥$£Bﬁ by c-ésny thyroid functicn in pigs was similar to pigs
K;fjvfjgﬁt?ifcd'%-RSdeBM‘diefs but perQanénce was markedly depressed.

N 'xdfq éerformance of'ratsrfed both C-RSM diets was inferior to

rats‘ on other diets. The results suggest that high levels

of C~RSM not only caused thyrcid hypertrophy but also

A~

markedly‘7depr§ssed F/G which resulted in pocr performance.
- Rats appeared to be affected to a relatively'greater extent\

than  pigs particularly in terms of the ferfcrmance

characteristics, ) - .

These results "o not negate current recommendatlons " on
thé‘;nse' of commercial RSM becayse much higher levels (7.2-
v"’ . 33.1%) were used in the dlets of pigs included in this study

’than are currently recommended.

The most important findings of this work are that high?

levels of Tower RSN (low glucosinolate, low erucic'acid)

used as a. complete replacement for SBM resulted in a rate of

~growth vhlch vas markedly. 1mproved ~compared 'with RSHM
'curtentlv available ccmmercially. Moderate" reductlon (8%)
in the overall rate of galn occurred in pigs fed Touer RSM

/
as a complete replacement for SBM when compared to SBHM.

A
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This efféct_gas largely attributed to reduced diges£ibi;ity
énd some réduction cf feed intake of the diet resulting in
less efficient conversion of feed into body weight gain..
'Reduced digestibility of the dietary enérgf, nitrogen and
amino acids may have been associated with higher CF in diets
containing RSM. Partial feplaéement.of 50 perggg% waf the
SBM by Tower RSH resulted in no significant reduction of

. “:ADF, ADG and F/G.

*'v It can therefore be concluded that -the gluécsinolates

‘ﬂ(w:“aiwa%sg@ﬁﬁining in Tower RSM are not a major concern in the diets

of starting, growing and finishing pigs and are not a
barrier tO'increased usageépf Tower RSM as a proteiﬂ sour&e
for pigs. “Levels up to‘11’§eréent RSM from Tower RS in the
@iet or: one;half cf. the. supplemental protgin should not
result in any significant reducticn in growth, feed intake

or feed AconversionA efficiency. Lower fibre levels in RSH

uouid-be of benefitupérticularly for young startiﬁg pigs.
. .". . - . ) )\ .

¢ : C Lo .
g It is' also recommended that in breeding. of rapeseed
qg?- + cultivars, lysine an& 'methionine 1levels be maintained or -
. 7 . - - >~ - s . .
R oA )
increased. o R _
4 . - - T
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