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Two experiments Were~conducted to study the eftects of

5., plementing swine diets with 0, 125 or“200 ppm copper to
e1ther JO kq 11vewe1ght or a marret47e1qht of 77 kg. S o f

In Experlment 1, 76 p1qs, 38 each of gilts and barrows, were -

-

fed 1soca10r1c, 1son1troqenous diets w1th prote1n supp]ements of .7
e1ther soybean meal (SBM) 1ow g]ucos1n01ate rapeseed meal (RSM)

. Trom Brassica naDus cu1t1var-Bronowsk1 rapeseed, or a comb1nat1on
.J) e

N - of $BM and RSM. ~Each- d1etary treatment was further supp]emented

13

\r .
w’th either 0, 125 or 200 ppm copper Jupp1enenta7 1ron and

y

manqanese, wath or: w1thout coope" supolemeqts, were aTse 1nc1uded

“in some d1etary treatments In Exner1ment 2, 48 p1gs equa]1zed )

as to sex, were fed protein and copper supp]ements s1m11ar to

' .those fed in Exper1ment 1, except that RSM from B. campestr1s seed.

’ was used. Some of the d1ets supp1emented wwth °OO ppm copper were

further supp]emented w1th 200 ppm zinc. 3" B - | ‘\-f ¥ l'ff}-'e}t

In ExDer]ment T feed 1ntake and eff1c1ency of feed ut111zat1on :h'fFﬁ‘iTﬂ
were nots10nrﬁcant1y 1nf1uenced by 1eve15 of copper or: by source Qf
'prot°1n - Rate of oawn averaqed O 66 kg per day for - pTQS fed ZOO'ppm
_"copper throuqhout wh1ch was super1or thouqh not s1gn1f1cant]y, : s -
. to that of any other treatment, squest1nq an advantaqe to us1ng
d 200 ppm d1etary copper compared w1th 0 or 125 ppm, copper and of

| ‘";3T keep1ng the 200 ppm copper ]n the d1et to market we1ght
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_ : , o . :
: Supp]ementa] 1ron and manoanese had no swgn1f1cant 4nf]uence on

vy e
( . 1

‘.resuTts Source of protewﬁ hwd Lo 1nf1uence on rate of qa1n

2 9‘-

o suoqest1ng that a 1ow q]ucos1no1ate RSM cou]d rep]ace SBi oq ‘an

',"~ )/ : . -./\

__1son1trogenous and 1soca10r1c hasqs In Fxper1ment ?, feed. intaPe,

rate of ga1n‘and eff1c1ency of foed ut1]1zat1on were not s1gn1f1cant1y

D

'_afuected by - suop]ementa] copper or copper and z1nc, prote1n source

' stOres Musc]e and" fat copper 1eve1s were not 1nf1uenced by

OY‘ sex- SRR 4 . ——
IR Yf‘ Lo - : -,

g D18est1on coeff1c1ents Were not s1dn1f1cant1y affected by

-

copper suop]ements, prote1n source or sex-in tne two exper1ments

In Exper:ment 1, p1ds rece1v1nq dietary’ copper “Had 1ower bacPfat

-

xth1ckness than qus rece7v1no 0 level supp]erenta] coooer Dress1ng

percentaoe and Toin area were s11qht1y 1ncreased bv d1etary copper in ;:

~

‘the two exper1ments Carcass character1st1cs were not“s1qn1f1cant1y

@

1nf1uenced by source of prote1n or Sex.
. ) ,
Copper conc:ntrat1ons in the 11ver and k1dney 1ncreased w1th

1ncrease in d1etary copper 1eve1s Peduct1ons in 11ver and k1dney

c0poer concentrat1ons were brouqht about bv wwthdraw1no copper

”supp]ementation at 40 kg 11vewe1qﬁ+‘or by supp1ementa1 z1nc D1etary

‘1ron and manganese d1d not 1nf1uence the 11ver and k1dney copper

",dietary copper, 1ron~and mangahese or zinc rng R
The proport1ons o%\unsaturated fatty ac1dsﬁwere h1uj .'1n the
depot fat .of pias rece1v1nq copper supp]ementatwon or RS 'compared

>

-

)

w1th those rece1v1ng no copper supp]ement or those.. fed SBM respectzve]y
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\ INTRODUCTION

&

It hés been well established that copper is essential for

2 normal arowth, devé]ocmﬁnt and functionina of plants and
i

siimals. Diets cornosed of normal & ,stustégéldom'contain less .

‘tfan 3 prm of connar, a level conswﬁéled adequate in terwf of

copper requ1r@menfs ot the pia (NAS-NPC, 1963). Beyond thé suck]ing.
stacevtherefa? s there is 11*t]e Tikelihood of trud Copper
>Hﬁf1c1tncv bcwno encountered. Indgkdg sunplerentation of most

K
- livestock and human diets is not cons1dered necessary and if

prac;1ced may -result in tox1c7t9
The pig can tole..te and often rescond to hiah Tevel copper
“supplerméntation of ihe dfet. The resoonse, when it occurs,_1s v
- manifested by 1rproved average daily cain and feed conversion
(Braude, 19€5). Copper surnlerentation is usuelly accempanied
.éﬂ? high conc =r éions of copper in Tiver and kidnev, Cohtradittory
reports ex- . n he literature reoard1nq the related effects of
;Qpper; zin ., iron and manganesg‘on Derformance and copper stores
of piﬁé. Increasing the c1etary level of 71nc abovo that found

1n norma1 d1ets has been shown -to decrease the amount of copper

‘ stored in the livers of pwos A]]en&g}_gl:, 195¢; O‘Hara, Newman



-~ . |
. _ E o : ‘ |
and Jackson, 1960; Hanrahan and 0'Grady, ]968).. However, other -

. - - o ‘ i
workers have not been able to reduce the coprer stores of rats /|

aﬁd'piqs by increasina dietary zinc ((u]wich gﬁjgl,,v1953;,60x
.and Hale, 19623 Kinnampn, 1966; siop, Poﬁd and Smith; T967);.
-A]so_high_dietafy Tevels of iﬁgp have been Shdwh!tg ﬁedﬁce.1TQer
copper stores in pias fed‘excess copper'(Kainﬁki 53_211;1967).
There is;no sinale  exnlanation fdr'fﬁéAJarféa.resqonses of pigs .to .
the addition of éﬁonfémenfql zinc and iron fb‘copper—Supp1emeqtéd :
e S o o . ,

Erom_the results 6f more'{han a decade of activé résearch on
" the value of rapeseed meal (RSM) a; a pnotéin Supp]eﬁent in swine
rations, a maximum level 6f 5 RSM of the typéé'now avai]abTe
Commercfa]hy has been regpmmehded to" be fed to‘starting, grdwing and
finisbing pigs (Bowland gz_gl:, 1966). Higher51evéls ahf not
regomménded'because,rapeseed contains an enzyme, myrosinase, which
can hydro]yzé the Q]ucosind]ﬁtes present in the seed to compounds

. -
potentially harmful to animals. In view of the fact L=t new

LebaN

varieties of rapeseed, 1ow‘in glucosinolate levels, will be
commercially available in Canada within the next few years,
studies to compare the re]atjvé values of low g]UCbéTho1ate RSM
and standa?d RSM with soybean meal (SBM).are desirables |

The present studies were Qndertaken betﬁ%en March, 1971, ané
¥Qahuary, 1973, to obtain further“informationiun_thé~éffects of
copper suppiementation on the growfh performance, carcass

chéracteristics and the depot fat composition of pigs; to examine

»



the related effects of wopper. zinc,. ironwand tanaanese or

performance and copper stores of pigs and ‘to eva1&%te two ‘vpes

of RSM as partial or fu]] rep]acements for SBM in the d1eta 0T

[

market pias.

5 ¥

Fa
Nty



A

LBT'QERATURE REVIEW

BACKGROUND | INFORMATION. L Lo

*helfikét_rgport that supplementation of dfiets with copper
sulfate improved growth. rate in pigs was that of Evvard, Nelson

and Séwe]] (1928), but very 11tt1e ‘attention was given to th1s /{___;;ﬂ__f—;—~

e

/..

Vreport untJl Braude~(%9ﬁﬂ7—a"§cr1bed how p1gs “chewed copper ‘rings-

which were a part of the structure of ‘their plaqery To test whether
this apparent crav1ng for copper refTEEEgd a d1etany\déf1c1ency,

8 and 14 week-01d D1GS were fed a basal diet conta1n1nq about 5 ppé

of copperfandzgome‘were given a)da11y supplement of 50 mg‘copp;;\\\\\\ .
in the form of copperjéuifate sotution, poured on their rations. o
During the first eight weéks_of one experiﬁenf, the addition of

. cdpper imprdved bofhﬁrate.of gain-andbefficiency of food conversion

3

this. Braude (194§}f1ater répbrted'that weaned pigs given a choice Q_

) by about 8%, but dat~ from the second ekperiment did not confirm

of minera1'iicks preferred those containinq copper. In‘anOther
trial, two p1gs ‘ate oreater mounts of a meal m1xture when 1t

conta1ned copper sulfate to Sué\\y 675 ppm COpper

Y
Mitchell (1953) offered SiX 11tters, consisting of 55 pigs,’

free choic access to two creép—feed‘type‘dﬁetsﬁ The basal diet

st ) . s



. céntained 10 ppm copper while the second was'supplemented with |
copper.(as CuSO4b5H20) te a level of 150 ppm. Feed consumpfion of
the two diets;was,mea§ured from two weeks of age until weaning at
eight weeks Of;ége. Durihg theﬁsfx week periodcthe pigs consumed -
54.4 kg of the basal diet and 161.0 kg of the copper supp]emented
diet. He cencluded thet the diet containing 150 ppm Cu was more '

| &

palatable. A Tater exper1m°nt 1nvo]v1ng 300 pias and the same

Tevel (150 ppm) of d1etary copper supp]ementat1on fa11ed to —
__,,__———~———-“‘““-”—f** :

wwmﬁm 955a) .
AN

EFFECTS OF COPPER SUPPLEMENTATLON Off LIVE PERFOPMANCE

A\éuggested growth promoting property of~eopper was
presented_bx»Farber éf al. (1955b) who studied the'e%fecté'of
| a commercial mineral m}xture XF con%ainina 4% copper su]fate,‘
L added at a dietary Tevet ef 2.5% -to supp]y 250 ppm Cu, to a rat1on
| fed fo sca]e to weanling pigs.for a period of eight weeks -While
there were no. stat1st1ca1 differences 1n weight ga1ns, feed consumption :
and eff1c1ency of feed ut111zat1on were improved for those pigs
receiving the squ]ement In Qrder to substantiate fhese findines,
~ Bowler et al. (1955 ) carried out a field trial-in which eight
(‘centers-cooperated Af four of fhe cenfeks'two replicates of the'.
test Were runﬁ The overa11 resu1t of the twe]ve rep11cates showed
| a stat1st1da}1y s1gn1f1cant improvement }n the qrowth rate and a

non s1gn1f1cant benef1t in feed conversion eff1c1ency when the

m1nera1 m1xture conta1n1nq copper;was 1nc1uded in the d1et ‘Mineral
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supplement studies of swine rations. at’ The Univehsity of A]berta

-in 1954 (Bouland, 1954) involving supp1ementa1 copper, manganese ,

cobalt, tron, magnesium and Zint fed individually or as a mineral”

mixture did not indicate any Significant‘oenefit.in{tate of gainnﬂ
VR

or eff1c1ency & feed utilization of the experimental-animals

.rece1v1ng the supp?é%enta] minerals.

' ' h ' Lucas and -Calder ( aermai—nmﬂﬂﬂT?TTﬁte of ga1n and

efﬁhc1ency of feed convers1on during the growing per1od from 20 O

to 47.3 kg in p1gs fed d1ets supp]emented with copper at a level iu’kd
of . 250 ppm; however betwcen 45.5 and 91.0 kg no s1qn1f1cant
d1fferences in these two parameters were found. Lucas et al.

(1961) observed that the overall effectpof copper on rate of gain

and eff1c1ency of feed convers1on to market weight 1s a reflection

of its effect during the growing period. Barber et al. (1957) ..

A .

reported that copper supp]enentat1on of d1ets fed to fatten1ng . 2
p1gs resu]ted in a non s1gn1f1cant 1ncrease “in feed consumpt1on R
~but a‘s1gn1f1cant increase in daily rate of gain.. | : '. .
This response in daily gainwhas been eonfirmed invhany | |
subsequent exper1ments ’Hawbaker et al. 196i Faqan et al.
19613 Be111s, 1961). In a 1arae scale coordwnated tr1a] Braude
. ) - gt_al_(1962)-recorded an 1mprovement of 9.7% i growthurate and
7.9% 1in the'efficiency¢of feed‘conversion when‘O.l% copper sulfate
‘was added to diets Lucas (1964) noted that When pigs were fed to
a sca1f/based on 11vewe1ght as is done in Europe the major

at~
.response to copper supp1ementat1on was prior to 45 5 kg ]1vewe1ght - b
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however, if pigs were fed,ad libitum, as 1is the practice in

North America, responses also occurred between 45.5 and 91 kg°

Tiveweight. The .latter response was related to increased feed | j'
intékéﬂ A 'series of studies conducted at The University of g

| A & | ,
‘Alberta (Bowland, 1963) indicated that growing pigs responded

more dramatical 1y to copper or antibiotic supp]ementatfon of
the dists prior to 34 kg Tiveweight than between 34 kg and 90 kg
meesi
vMgré_receﬁi,observatibné (Casfe1i'and Béw{and, 1968a;
‘Hanrahan and 0" Grady, 19685 Kline et al., 1971, 19725 DeGoey et
glx,-]971) agree with the earlier fepokts; Drouliscos et al.
.(1970) reportéa an 1mprovemeht;of'12% in growth rate of pigs féd
,A.fishmea1 dﬁetg suppléhented with 250 bpm cépper. Braude (1965}
1967).has pub]iéhea extensive reviéws;of 1ite?ature on the effects
of copper on average daijy gain and effiéf&ncy of feed conversion,
A11 trials reported in the‘]iterature up to mid-1965, in thch‘
“the performance of.growiné pigs receiving suppiemental cqppef at -
'a 1eye1 of 250 ppmVWas directly compared with that of similar
i'contrp1 animals,. were stmarized. .This,invo]ved 83 tr%als’énd
a toté1 of 1215‘§igs per treatméht. Copper Supp]ementation résu]téd
in an overall %mprovement of 8;1% for gronh rate and an overall |
' improyément of 5.4% for feed conversion. 'A'simi1af compilation
ofpekperimentS'invo1Vﬁng copper éﬁbp1ementation in the U;S;A;'was
made by'wa11éce (1967). From his ca]éu]ation, he observed tﬁat

“baby pigsfof.early'weaned pigs respond to copper feeding in.a __

-+



dramatic way. The average percentirespons in daily qgain was
22.1% and in feed conversion 8.3%. Inonly three of the 43 -
comparisons did copDer fail to improve wd1oh gain. .In on]y five

\ .
of the 43 comparisons did ‘copper fail to 1mprove feed conversion—

Growing pigs responded +6 57 in aain and +2, 30 1n feed convers1on, - O

wh11e drow1nc finishing pigs resoonded +3, 64 in uewnht ga1n and

>

+141” in feed convers1on

"; Failure to obtain response to copper s oo1ewentat10n has e

-been documenced in more recent dtudies by Pon \and. Sm1th (1967),

Bekaert et al. (1967), and Livingstone and L1v1ngston (]968).‘ SR A

: : : L B
EFFECTS bF'COPPER SUPPLEMENTATION ON CARCASS CHARACTERISTiCéz?ggéw
In h1s rev1ew of 11terature2 Braude (1965)_conc1uded thdt
the maJor1tv of reports concerned with copper suop]ementat7on of
: swine d1ets had 1nd1cated no .adverse effects on carcass qua11ty,
however, a few reoorts had c1a551f1ed the occurrence of soft carcaSs’
:fat attr1butab1e to dietary cooper supp1ementat1on as a less
favorable quality. ‘

- The observed/effects of dietary copper supp1ementat70n on d
dress1ng percentage backfat th1aness and carcass 1enoth have been |
extremely variable. Allen et al. (1958 1961) and Barber et al.
(196]b) reported a s1on1f1cant increase in dresswnq percentage when

dd1ets were supp]emented wvﬁh copper su]fate Barber et a]

B l /
(1960a) noted an 1ncrease in dress1ng percentage in one exper1ment

4
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but'fai1ed3t0‘confirm‘it subsequently. Caste]] and Bow1and Q1968a7n"
- ‘

-reported an 1ncrease in dress1nq percentage in one exper1ment bUL

L.._ .
- in another experiment, a decrease in: dreSS1nﬂ nercen+1"” M S—
observed DeGoey e (1971) observed a s]1cht1y réc . ced ’

| dress1ng percentade for pigs fed supp]ementaT cooper Fred1nq g
.rp1ds supo]ementa] copper as—COpper su]fate has recent]y been |
observed to resu]t Jn a non= s1on1.1cant h1gher d\\ss1no percentage -
as compared with contro] animals (Hyre< et al. 1972) Wallace

(1966b) have earlier observed that cooper supple~ entat1on
'd1d not s1on1f1cant1y affect dress1ng percentaqe _‘_7"

Barber et a] (1960a), Barber et a1 (1961a) and Bekaert

vet al. (1967) reported that copper supp}ementat1on of the d1et

. ~'tended to decréase carcass length. Barber.,. et al (1961b) and

Ha11ace et a]; (1966b) reported that d1etary cdpper supp]ementat1on’ |
fd]d not s1qn1f1cant1y affect carcass 1ength ““Caste]l and Bow]and \
B (1968a) and DeFoev et al. (1971) observed ?ﬁoenera1 tendency for
' p1qs that received supplemental copper t%gbave shorter carcasses

Resu]ts presented by Barber gi_ﬂ@gg(]QG]a and Allen et al.

‘(1961) 1nd1cated that copper su Egg ation of the diet may
p

1ncrease backfat th1ckness of mé%%? 1qs, but other 1nvest1oators,'v

Barber et al. (1960a, 1967b), HatBRes et a1, (1966b), ‘Bekaert et al.

(1967), Castell and Bow]and (]968a) and Myres et al. (1972) fai]éd,
to-conf1rm this observat1on DeGoey et al. (]97E§ observed a |

‘ws1gn1f1cant reduct1on in backfat thickness when supp]ementa] copper“

" was fed.
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It has been qenera]]y obse ved that an 1ncrease 1n Toin eye

H

‘“7uarea resu]ts when p105 are fed d‘_ts supp]emented w1th copper

10

. (Braude et a] ]962 Lucas et a1 5 ]962 CasteH and BO\ﬂand gb
"*71968a and Defioey et al. 1971) o

Reports have apDeared in the 1aterature 1nd1cat1no that

.’d1etary copper supp1ements may 1nf1uence Dorc1ne fat tomoos1t1on

;'v':Tav]or and~Thomke (]964) and Thomke and Tay]or\(]964) reported

. .that the ,upp1ementat1on of d1ets fed to market p1gs wwth 250 ppm .

‘copper resu]ted in & sma]] but s1on1t1cant 1ncrease 1n the
Ef;1od1ne npmber of the backfat Bow]and and Caste11 (1965)
reported a gﬁeater 1nc1dence of soft fat in p1gs fed copper
wsupp]emented'dmts.iBekaert et a]. (1967) reported a sfmi]ar

trend.’ They observed a squ1f1cant decrease 1n the Dercentaqeur

e . of stear1c acwd and a s1on1f1cant 1ncrease in the Dercentaqe ofw-

o]e1c ac1d present in the backfat of pigs fed cooper supp1emented
d;ets as compared w1th contro] an1ma1s Moore et al. (1968)
reported that supp]ementat1on of pig diets with 250 ppm copper

"~ resulted in a slight 1ncrea§e in the percentage of 18:1 (0]e1c

ac1d) and a s]1ght decrease in the Dercentaoe of 18:0 (stearic
._‘aCJd) present 1n the bachat with no-change in the concentrat1on
*tof other const1tuent ac1ds “There was also a 10°C decrease in the d
.me]tvnq po1nt of the backfat of pigs fed suop]ementa] copper as

' compared w1th the contro] animals. Chr1st1e and Moore (1969)

reported a 1ower me]tlnq point for backfat of p1gs fed supp1ementary

3
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copper, Hiqher'amounts of‘unsatdratedﬁfattv ~acids have been

found in the backfat of p1gs fed sdpplementary copper (E1]1ot and

t

Bowland, 1968, 1970) * _ ‘ o

SUPPLEMENTAL'FORM OF COPPER o

‘ The ‘most common form in which coop?r is added to swine - ‘
d1ets is. as copper su]fate (CuSO4 5H20) In an exper1ment to . i o
determ1ne whether the cooper (Cu++). or the sulfate (SO ) radicaj .
'was responSIble for 1mprovement in hog performance Hawbaker et '
- al. (1959) fed three d1ets, ‘basal, basal + Na SO4 or basa]u+ CuCl

2
The pigs fed the diet'supp]emented with Na2504 agrew at a slower

o

rate and had a poorer ef f1c1ency of feed convers1on than those
' fed the controT d1et wh11e those fed the d1et supp]emehted w1th
CuC12 grew faster and had a better feed convers1on rate than the

control animals. ' They conc]uded that the Cu++ rad1ca1 was the

factor respons1b1e for 1mproved performance

v -
Lucas et a1 (1961) supp]emented d1ets wnth CuSO4 5H20 in both

.

a commerc1a] and a h1qh1y pur1f1ed/ferm - S1m11ar effects on - rate

of gain and eff1c1ency of feed codverswon were observed regard]ess L ; :
of pur1ty of the copper su]fate emploved J ey conc]uded that the |
effect was due to the copper rad1ca1 and not to impurities in-

- conmercial grade copper su]fate ','f o //) 3 R ,*"7.I;v
Several forms of copper: copper sulfate (CuSO SH 0) copper

ch]or1de (CuC12) tiopper su1f1de (CuS), copper. ox1de (CuO) copper

..) N

R



"carbonate (CuCO ).‘and copoer meth1on1ne have been used as.

..

2l

supp]emerts in’ pract1ca1 sw1ne d1ets ﬂ Ear]y studies w1th rats

, al,, ]936) Barber et al. (1960b) .and Barber, e ‘E (1961a)

. reported that supp]ementa] copper supo11ed as CuSO 5H20 resu1ted

',copper R R o ‘ o s

i

effect1ve in. promot1ng oa1n in p1gs
|

that copper-su1fatebbe used.in preferenc to'other cOpper‘sa]ts} " e

have shown that anem1c rats were'unab1e to use‘thevcopper»of

copper sulfide or copper porohvrzo, whereas the ox1de hydrox1de,

: jodide, q1utamate, q]ycerophosphate, aspartate, cntrate,

nucleenate, and DvrophosphMte were’ read11y ut1ﬂ1zeh (Schultze et ‘ ‘

»

.

Y

in s1an1f1ca t response 1n rate of gain and feed convers1on 1n

pJgs wh11e there was no response observed\éqen the supp1ement was

'jvivsupo1ned as CuS Bow1and et'a1 (1961)-1nd1cated thatfp1os

5

i":absorb copper. from cupr1c sulfide much-less eff1c1ent1y than that

from cupric su1fate} Bunch et al. (1064 11965) reported ‘that R " én

copper in the form of CuSO4 SHZO CuC0, or Cu—meth1on1ne when a ﬁ;;ﬁfg;;

' added to p1g dwets resu]ted in s1gn1f1cant1y faster: and more e_.h

LY

; -»»eff1c1ent anns than ‘were obta1ned from d1ets w1thout supp]ementa]

It,as c1ear that copper in severa] sa]t forms ican- be

!

here 1s, howeVer, a-reason

'for,the_ common usage Of'C“SO4'5H20' Braude (1965) recommended/

oecause the cohpound has a bitter taste and piGwaill refuse

~to consume rations conta1n1ng copper in th1s form/at dangerous1y

high ]eve]s
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LEVEL OF COPPER

b

' Ndmerous experiments havefbeen conducted to. determine the
level of d1etary copper suop]ementat1on requ1red to give optimum '

' response LeveTs of supp1ementa1 copper used 1n such exper1ments

- have ranged from 0 to 1250 ppm. Maximum performance has been

[0'

- V'assoc1ated cons1stent1y w1th 700 to 250 ppm supp]ementa] copper‘

(Barber et a1 s 1957 Hawbaker et a] 1959,‘196] Bunch et al,

: 1960,.1961, 1964,'1965 Ua]]ace et a] 1966 Caste]] and Bow]and
]968a; DeGoev et}aj _1971; and K11ne et a] s 1921, 1972).

a reeent'stddy.byBraude‘gzril;} (1970) three.]eve1s of
supp1ementa1 copper: 176% 21D'and 250 ppm were compared ‘NO"‘
“”s1gn1f1cant d1fferences were reported in: péptormance of p1gsn
rece1v1ng copper at the different Tevels. 1In a review by ha]]ace
(T967) he sugcested that the most approprtate 1eve] of supp]emental
’_copper to feed s probab1y nnt 1ess than 125 ppm and not more than

. 250 ppm.

¥ . ,‘.:‘:' ‘ ‘ ,’ ’ ~

»COPPER3METABOLISM

(a) Absorpt1on u : . .»(.

Fo]]ow1nq ora] adm1n1strat1on of rad1oact1ve copper to- humans,
-the act1v1tv appears very rao1d1y in the b]ood (Bush et al. 1955).
_These workers conc]uded that th1s observat1on seemed to squest |
: that eopper:absorpt1on'occurs in the stomagh or the dpper smaH~

~intestine or both in man. Thompsett (1940)) earlier reported that - -



[«

. jejunum in dogas. ;ln p{ds; Bowland et al. (1961) using Cu

&

a o

coprer cosorption takes place in the duodenum in man, while Sacks’

et al. (7943) = .- that copper was absorbed mainly from the upper

A
{

64

observed that the principal sites of copper absorption are the
d N .

smaT]-intestine'ahd cd]dn.'vHowever, the very }apid appearance
of 1abe1]ed conper 1in the.drihe suoaésted»sbwevdbsorntion %rom the
stomach. In rats, the sfqméch énd, to 'a lesser extent, the
duodenum are the major sites of-absorption'(vdn Campen and

Mitchell, 1965). Starcherf(1969) indicated that the absorptidn'

site for copper in chicks is -the duodénum. It has been reported

" that acid conditions favor copper absorption (linderwood, 1571)

"~ this could probably explain wﬁynthe stomach and upper small

intestine are the main abéorptive siteéAsincé acid conditions do
occur 1n thes~ segments of qastro1htest1na1 tract

There is Timited 1nformatwon on the Wechan1sm of absorot1on
of copper. Studies with mice by Gitlin §E:El:'(}96o> have

. . . ‘ ‘
indicated that two mechanisms mav be involved in cc-per absorption:

" one which follows first-order kinetics and the other an enzymatic
-process. Using an in v1tro techn1due, Crampton/et al. (1964)

were unable to show increased absornt1on of cooper abave a-

"”\

'concentratmon of 1 ppm. This observat1on does not suopont the

o first- ordnr kinetics port1on of the hjgzthesws A copper b1nd1ng

\/-—f\
prote1n has been: demonstrated by Starcher (]969) in the mucosal

cells of the duodenum of the chick wh1chwmay play-a role in
copper absorption in this species.
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-Studios have shown fﬁ?t the amount of copper ahsorbed can:be
profoundly affecLod by other dietary factors and the chemical

form, level and combinations of copner 1naested “Using thc chanq@&f

o in copDer concentration in the 1iver or blood as a measure of ‘

relative absorption, it has been. renorted that tyne and level of

protown in the diet (Beames and Lloyd, 1865; CoubJ__E__l., 1966

0'Donovan et al., 1566; Hanrahan and O’G:ady, 1962), Tevels of
otherumineféis notab1v molybdenum,: zinc aﬁd cadmiﬁm (Ku]wich

' et/al , 1953 AT]en et a1 , 1958; MiT]er et al., 1959, Barber,
Broudo and ! 1tch ell, 1960, Suttle énd Mills, 19665 Van Campen,
1969; Dé‘%ey et al., -[1.97_1;"K11'vne, Hays and Cromwell, 1971, 1972),
the Jevel of copner (Bass'et a]., 1956; Lucas and Ca1der,.1957;
U]Trej et al., 1960 A11en et al., 1961; Braude g}_glg, 1970)

or form of conper (Barber et al., 1965; Van Campen, 19663 Van
‘Campen and Scaife, 1967: thanger and Hgswig, 1977) céh influence
the,assimiiatioh of coppef from the diet.

In normal human subjects, accord1no to calculations of
Cartwright and antrobe (1962), copoer o1ven bv stomach tube was
better absorbed than ‘1gtary copner to‘the extent of 30 percent..
Even under optiwumvcohditions, it hés been shown that on1y&2 to
10 percent of the ingested copper is absorbed and reta1ned by the
pig (Bowland et aT , 1961).

L1tt1e is known of the chem1ca1 forms in which conper exists

in feedstuffs. Chanqes in theso forms affecting availability must .

occur because fresh herbage is signifﬁcaht]y less effective in

2
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promoting -body copper stores than hay or dried herbage of equivalent
total copper content (Hartman and Bosman, 1970). - In pasture
herbage, much of the copper ex.sts in bound form as wat:o- “»1uu\e
organ1c complexes. Aqueous extracts of fresh herbage have been \\—-/f.
shown by Mills (1955) to contain a small proportion of their
copper as free ions or as positive]y charged complexes. The
gr2ater part exists in the form of neutral or negatively charged
conp]exee. ‘hen fed td copper-deficient rats these complexes \§
'induce re rapid response, and greater liver copper stor ge, than
~ does :che feeding of eou1va1ent amounts ot ‘copper as copner sul fate.
As an outcome of these studies, M]]]S suggested that copper may
be trensnortea\¢hrough the 1ntest1na1 mucosa both as fonic copper
. and in the form of. complexes such as those encountered in herbage. ““\\ﬁ
- Seeleman and Baudissin (1954), (c1ted by M111°, 1955) observed that
_tne eodium sa1t of a cop r}a]]y]th1oureabenzo1c acvd comp]ex is
more’effect1ve in stimulating g"owth and é}féﬁooo1es1s in the .
rabbit than is inorqanic copper. Similar observations were later

‘made by K1rchqessner and Wesser (1965) ‘and Kirchaessner and

Grassman (1970)

(b) Copper Transport in the Body

e

A schematic representat1on of the major metabo11c Dathways of
copper 1n the bodv (Cartwrlqht and_w1ntrobe, 1964; and Dowdy, 1969)
is presented in Figure 1. From the intestine; copper moves into

blood Serum.‘ In mammals, serum copper'can be generally divided
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~ the a]bum1n- and amino ac1d bound fractions (Neumann and Sass- -’

- into two'forms:-a)»dtrect—reacting copper (because it reacts

directly in the serum with sodium diethy]dithiocarbaih%e, adcopper

chelator); and b) indirect-reactingcopper (becaUse it will not.
react directly with the Carbamate reagent)} Radiocopper given

orplly appears rapidly Qh the djrett reacting fraction and is

"believéd to be associated With‘albumin (Bearn and Kunkel, 1954;

Cartwright and Wintrobe, 1964). Later work by Neumann and

L , . ) . : . N : ‘(‘\
‘.iSass—Kortsak (1967) -sugagests that a small portion of the direct-

reacting serum copper is bound to. various amino'acids : About two

vhours fo11ow1ng oral dosage with rad1ocopper, peak act1v1ty in the h

direct react1nq fract1on is’ raached followed oy a rather prec1p1tous -
decline in serum activity. Subsequent]y, serum rad1oact1v1ty ‘
agajn 1ncreasesyrth1svtjme appearing in the 1nd1rect—react3ng
copper‘frattion which is believed to be, exclusively, the'cobper
prote1n ceru]op?asm1n (Ho]mberg and Laurell, 1948; Bowland gt_al,;
19615 and Neumann and -Sass- Kortsak, 1967) Nheh equi]ibrium is
reached, about 93% of serum copper is in cerdlop]asm1n and 7% in
—Kortsak, 1967; and Dowdy , 1969). Gubler gt_al,'(1953); using
normal huhan Suhjects,\réported'that a]buhin—bouhd copper is the

transport fraction in human system. Sternlieb et al. (1961)

;demonstrated that copper bounc to cerU]op]asmin s not exchangeable

"with ionic copper 1n v1vo -and is released only when the prote1n .

mo]ecu]e 1s catabo11zed The amino acid-bound fract1on is thought

to be 1nvo1ved w1th the movement of copper through membranes

<
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~(Dowdy , 1969). Evidence supporti

;o B 19 -

——

ng this contention is that amino
acids added in vitro facilitated copper uptake by ]iVer slices b/
under aerobic conditions (Harris and Sass—Korfsdk, 1967).

From the blood, absorbed copper is widely distributed to the
- /

.. tissues but.appears to accumulate mainly in the parenchymal ce]]s_

of the liver and kidney. Many investicators, including A]]en_gf‘gl;

. (1952),0'Hara et al. (1960), Wallace et al. (1966b), Castell. and

* Bowland (1968b) and Kline_ezugl.”(]97é)‘have observed that Tiver is

-

the major organ for coppek storage. At least threelimportant'cdpper

functions are associated with the 11ver: a) stofage, b) ceru]opfasmin‘

o

synthesis (Owen'qnd Haze]kig, 196€) ,4and c) preparet{on of the metal .

efor biliary excretion (Haze;f}g aﬁd Owen,‘1966); y
(c) Copper.Excrefion _

lBi]iery copper is emptied back ihto the intesffne and is
excreted as fecal copper. .In factfthe main fOute-for excretion of
.absorbed coppe? is throudh_the»bi1e. vIn'pieé,bBowlahd et al..
(1961){haveeca1cu1ated that the bi]e;c0u1d account for up to 403
of thé"total amount of cepper excreted in the feces; whf]ee
Cartwright ahd»wintrébe (T964)}indicated a Va1ue_of 80%’biliary

excretion of copper in human Subjects. In‘their'ca]cu1ation,

.‘fG% of absorbed COpber is .emptied back into the intestine through

the guf wall and only about 4% is excreted in the urine. Mahoney -

et al. (1955) indicated that pigs.under normal conditions excretevt

L.

~only small quan?{tiei\of copper-vfavthe kidneyé'or intestinal wall.

S
I
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(d) Metabolic Role'of Copper
Copper has var1ous ro]es in the body, each probab]y re]ated

to some catalytic function. One of the f1rst recoonized functions -

20

of copper was jn relation to hemOg]obin ?ormation (Hart et al., 1928).

Despfte ah'adequate subbly'bf 1hon,‘cohpeh 15 required to prevent
anemia. At least three dhvious possibilities are apparent for the
role of cohper in hematopoiesis.. First, copper could faci]itate»
iron absorptioh. ‘Second, copperfeou1d“be stimulatory to the

enzymes in the heme or;qTObin'biosyhthetic pathway(s) or both.

Th1rd, copper cou]d be involved in the mob111zat1on of stored 1ron,

//preparatwve to the 1ncorporat1on of iron into the hemog]ob1n
" molecule (Dowdy, 1969) . _Data‘concerning‘the role of_Copper in
- iron absorption are confTictianwith some workers reborting no

effect (Schultze, 1940), while others report that copper incréasesv’

iron absorption (Chase et al., 1952). 1In a review, it was

suaqested ‘that conper affects 1ron absorpt1on in an indirect

manner (Matrone, 1960) - Thus. in copper deficiencv, when hemoalobin

| synthes1s is decreased, iron accumu1ates in the bodv (Smith and

~E1Tis, 1947; Lahey et al., 1952). Th1s would stimulate an iron

load in the body'and'wou1d sigha1'thevab$orptive sites to block
further ifon absorptidh ~ When copper is édded back to the diet,

h wog]ob1n synthes1s would be initiated, body 1ron stores wou]d

Pl

: be reduced, and the absorptive s1tes would bed1n to function

(Dowdy, 1969 . Copper is apparent]y ne1ther an qct1vator-npr an

‘inducer for the heme biosynthetic pathway, since the enzymes

(3
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actually show dreater activity under conditions of copper deticiency
‘(Lee etha1 , ]969) Mortsonvand A]ten (1967) remarked that the -
most Drobab]e ro]e of copper in heroalobin format1on is 1ts |
~involvement in release of iron stores from the liver. ‘

In addition to d1etarv anemia, _copper def1c1ency has- resu]ted
in certa1n bone abnormalities in swine. Ad Tibitum feed1n0 of a
. who]e miTk d1et to yound pigs lgd to a oroaress1ve 1oss of use of '
the hlnd-, then fore ]egs (Teague and Carpedter, ]9G]) Supp]ementa]
copper at a rate of 2 ma/p1q/day appeared capab1e of arrest1ng the
/deve1opment of. the svmptoms Adm1n1stration of. copoer and . iron
resu]ted in a dearee og reversa] 1n the deqenerat1ve process but
~5upp1ement1na w1th v1tam1ns A and D had no effect Similar
ooservat1ons-were-reported by Lahey et al. (195 but'a shé]]er'
proportion o% deficient animals developed the sVyptoms, possibly -

N

as a result of a h1qher 1eve]‘of;t
| Invest1qat1ons of the effe ts of 1on~7eve1s of d1etary copper
revea]ed a marked d1m1nut1on of osteob]ast1c act1v1ty in bone
“sections from deficient pigs (Follis et al., 1955).  The authors
.remarked on the similarity of the symptoms to those of scurvy and
reported that both copper and ascorb1c acid seem to have a uhique -
.property in common, i.e. ab111ty to 1nterfere Soec1f1ca]1v with
the funct1ona] act1v1ty of the osteob1asts wh1]e not affect1na the
\f‘1ntedr1ty of cart11aqe ce11s The mechan1sm of copper in the process

'hof bone format1on has not been 1dent1f1ed

_Another role -of copper in the body-concerns'ehergy metabolism.
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Copper has been. shown to be a- eonst1tuent Q?i\

M

e,,a x } “‘”'U
The act1v1ty of this enzyme 1s marhed1y\reduced in the hear@; v _§§7 o '
.u S Geis ‘-r\{'- ’.;: _" R
Tiver of copper- ~deficient sw1ne @g ] t a] s 1957) v?? S e

':Ga11agher and coworkers (]956) deﬁdﬁi :

:..‘ -

?e@ a s10n1f1cant fa]]

-
% X0

1n C/tochrome ox1dase act1v1tv pt the brawn as we]] as of the

el

¢

heart and liver of rats in copper deficiency.
- Copber has been shown to be assdciated.with‘fnrmation of B t ELE

aortic e]astin'(O'De11.gt_§l:, 1961{ Starcher gt_gl., 1964;2and : |

HiT1, 1969). E]astin ie_avprOtein which providesie1asticity in

- blood vesseTs, whereas co]]égen'imparts e:iength7and rigidity

v(Benda]], ]964); A copper deficiency not only reduced by,50 pehcent

‘the concentration of.elastin in chick aorta (0'Dell et al., 1966),

but 1n,gw1ne reduced tens11e strength of e]ast1n as we11 (Carnes ~

gt_gl,, 1961). Recent ev1dence shows that copper def1c1ency

interferes with both elastin and collagen (Chou et al. 1968).

EFFECTS OF DIETARY-COMPONENTS ON RESPONSE TO SUPPLEMENTAL COPPER

(a)‘Mineral Bajence
i) ‘Molybdenum |
The effects of molybdenum on copper ut1]1zat1on and toxhc1ty
- are very. conf11ct1nq, espec1a11y w1th regard to various an1ma1

o

species. In ruminants, mo]ybdenum is effect1ve in counteract1n9>~*“hw~ue

. : . .
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copper toxicity. Dick (1953, 1954, 1955) and Hynne and McClymont

(1955) demonstrated thatxﬁiver copper stores of 'sheep could be

reduced by feeding adequate mb]ybdehum. .Reports'with rats (Comar'7‘7

et al., j949)_and‘pigs'(Ku1w1Ch et al., 1953; Pond and Smith,

1967) suggest that, in contrast to ruminants, the response of
non-ruminants to copper is less depehdentlpn the molybdenum
content of the diet. Kline,gt_él: (197ll‘indicated that'mo1ybeenum

added at 25, 50, 100 and 200 ppm to pig rations had no significant

~effect on-performance, hematology or tissuevCOpper stores of pigs

Vo

* fed 150, 200 or 250 ppm dietary coppér. Conver§e1y, Dowdy and ~

9 ~Matrone (1968a;b)’reported that copper offered'es a copper

_mo1ybdenum comp]exvin_the.diet was less available to‘baby pigs'than:
copper offered as copDer su]fate'or copper citrate for‘ceru1op1ésmin

synthesis, indicating a cohper—mo1ybdenum~antagonism in piglets.

Hoﬁ%ver, whaﬁger and Weswig (1970) failed to demonstrate copper

j,'unévailability by feeding a copper-moiybdenum qghp1exﬂto;rats.

i

o

ii) Zinc, cadmium, iron, silver and mercury
Several workers have shown that adding Targe quantities of
inncbto‘the diet of rats prevents an otherwise adequate‘aietary
'eopper supp1y freh meetiEQ’the rats’ requirements for copber (Smith
and Larson, 1946; Grey .and E1lis, 1950; Van Reen; 1953' Hil1 EE
, 1963). Cox,and ié?ér(1962) were, however, unable to

demonstrate a s1m11ar antagon1sm 1n the plg Ritchie - et al.. (1963)

. # Ny
have reported a protect1ve effect of-a IOOJppm z1nc supp1ement 34}ﬁ@& o)

.

aga1nst the tox1c effects of 250 ppm d1etarv copper- on_pig

- E
“A
s .
o
5




Allen et al. (1958), Barber, g}_él, (1960) and Hanrahan and

O‘Grady'(1968) indicated that liver copper stores of’piés'fed
250 ppm suppﬁementa1.copper wefe Towered by ad&itiona1>qietafy
) zjnc, ranging froh 125 to 250 ppm. Simi]é%]&, DeGoey g}fgl;
(1971) rgpofted that supplemental zinc and iren reduced hepatié ‘

vstqrage of copper in p{Eé fed 250_ppm dietary copper. However,

results presented by Kulwich et al. (1953), Gipp g}_gji (1967) and
__Klide et al. (1972) failed to‘deméwrate that dietary zinc
protected pig tﬁssueS'froh.high copper'1evé1s. Nonethe1ess, the
thesis tHat iipc is,antagonist{c to-copper seems well documented
{Duncan giugl.{ 19 ; Magée and Matrone, 1960; Hill énd Matrone,
1962; Hill et al., 1964; Van Cambéh, 19663 Vah‘Campgn.and Scaife,
| 1567 ngrico aﬁd Deutsch,1970; Whanger and Heswjg,_]Q?T)? The
_,meghanism'of this infef&étioh has npt‘beéntfu11y exp]ored.

It has been observed that cadmium actsuin'a manner similar

“to zinc in copper antagonism (HiT1 et al., 1963; Hill et al., 1964;

;and VannCampeh, 1966). A mechanism of interaction has been

proposed for both zinc and cadmium. Starcher (1969) f*rs{’identified

a copper-containing protein of 10,000 molecular weigﬁt in the ’

: chick ihtestine andlguggested that cadmium and zinc anfagqnize
’Fopperbabsorptibn by displacing copp%@;from this duoaenal pkotejn,

- Recently, Evans et al. (]970a)'éxam1;ed theimetabolism of coppe} and
- zinc at the molecular level and deﬁonstratéd'that the twoze]ements

aFE'bound to a single 10}000 moTecu]ar'weight*protein in the

'duodenum,/1ivef and kidney of the'rat. The characteristics of the
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1dent1f1ed prote1n 1n rat and ch1ck are similar to that of//
meta]loth1one1n prev1ous1y 1so1ated from equ1ne and human kidney '
/by Kagi- “and Vallee (1960, 1961) and Pu11do et al. (]966) Evans.

et‘a] (]970) further 1nd1cated that the major fraction of soluble .

<D

copper from hoth bov1ne duodenum and 1iver 1s assoc1ated w1th a
prote1n similar to metallothionetn and that the second fraction
of soluble copper is associated-with'a protein'simflar to c ‘v_ L - $-
cytocupre1n wh1ch has been descr1bed by Carrico and Deutsch (1969, | Lo 4§
1970). Kagi and Va]]ee (1961) and Pu11do et al. (1966) demonstrated "
that the metal® 1ons of meta]]oth1one1nxare bound to mercapto , |
groups “Since cadmium and zinc form stable mercapt1des, Evans

et_al. (1970a, b) suggested that these e1ements d1sp]ace copper )
from the su]fhydry1 binding s:tes on meta]1othione1n T ) | ‘- :
- f Severa] 1nvest1qators have shown that the add1t1on of copper;¥~1§&~.

to pig d1ets causes a. depress1on in liver 1ron stores (Cass1dy and >~

| Eva, ]958 Bunch et al., 1963 and Ritchie et al. 1963) Ka1nsk1

et al. (1967) reported that h1gh d1etary 1evels of iron reduced ‘ .4 - ~

Tiver copper stores 1n pigs fed excess copper while K]wne et al.

(1972) fa11ed to obta1n any protection aga1nst 1ncreased copper

_ accumu]at1on in the 11ver of pigs fed h1gh levels of opper’ and iron.

Silver and mercury may also alter copper metaboljsm (H111

- et al., 1964;_Van:§ampen, 1966;,and thanger and weswig, 1970)..

_Generally, the Cu+ ion forms tetrahédra1_comp]exes'jpd)the C '_'Lf\
Cuzf ion forms square cop]anar comp1exes, both ions have a.

p .
preferred coord1nat1on number of 4, Theoret1ca11y, any jon .
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capab]e of atta1n1nq these chemical character1st1cs can act as.

a copper antagon1st S1nce Cd2 Zn2 and Aq .ions can attainu

such character1st1cs, they cou]d be expectgd to act antagon1st1ca1]y

to copper Data presented by Hill et al. (1963),6H1ﬁ1‘gt_al.

(1964) and‘ Whanger and Veswig (1970, 1971) support this hypothesis.
(b) Level and Type of Protein : . ' '

ﬁf Level of'protein} , | |
Reports regard1ng the effects of Tevel of prote1n on the

‘response to d1etary copper supp1ementat1on are conf]1ct1nq Bunch
et a] (]961) reported that .the response toucopper was s1m11ar
in. corn-soybean meal -and corn—fishmeat diets containingweither‘ .

- -16% or 22%~protein. King (]965)-observed‘that in barle/ fishmeal
d1ets with a Tow (14. 57) protein’ ]eve], copper supp]ementatlonaﬁ'
resu]te¥%1n 1mproved rate of gain wh1ch was not observed in the .f&*
h1gh prota%p (18. 17) d1et  Similarly, Beames and Lloyd (1964) |
observed that copper supp]ementat1on, f swine d1ets conta1n1na a
1ow Tevel of soybean mea] (6%) resu1t:d\Ln 1mproved performance,r
while supp]ementat1on of d1ets conta1n1ng/a high level o® %gybean~

'meal (23%) did not affect ratecof qa1n but tended co reduce feed |

o
consumpt1oh Combs et al. (1966) observed that levels of prote1n
(]4'or 22%) as e1ther soybean mea1 or, case1n d1d not affect the
response to copper supp]ementat1on of the d1et Castell. and

land (1968a) 1nd%§ated that “the benef1c1a1 effects of. copper



\ o _ -
supp1enentat1on were more evident when diets of re1at1ve]y h1gh
prote1n content were’ fed Hanrahan and 0!Grady (1960) observed
that the performance of p1os fed a low prote1n d1et supp1emented
w1th copper was s1gn1f1cant1y §educed while that of p1gs fed a

high prote1n copper supplemented d1et was onTy s]1qht1y reduced

ii). Type or protein
F1shmea] is a common protein sépp]ement in Great Britain, where
L .
the initial stud1es of copper suppTeq.ﬂtat1on of swine d1ets w,‘L

carried out.' Early studies in Nor'th America, where soybean.mix"

'is/the‘protein suppjement geiera11y*used“ did not demonstrate the'
same response This . indicat d that the type of prote1n supp]ement
van1ma1 versus veoetab]e,qused in the d1et might affect the response

to dietary copper supp]ementat1on o .W% .
A]len et al. (1961) reported that when copper - a a/1;;e1 of

'“50 _ppm was added to diets containing e1ther f1shmea1 or dr1ed

\u

‘ skim’ milk as prote1n sources, response 1n terms of average da11y

%

ga1n, feed convers1on and feed 1utake, was greater in d1ets

"supp1emented w1th dr1ed sk1m milk than 1n d1ets»s -pTemented p1th

fishmeal. Braude et a] (1961) gbserved areater response tOx

{ _
’ copper supp]ementat1on of d1ets conta1n1ng f1shmea1 than 1n ﬂ1ets]
conta1n1nq soybean mea], whereas Lucas et al. (1962) did not‘
obta1n any d1fference in the effect of”copper supp]ementat1on of

) A
bar]ey f1shmea1 d1ets as compared with soybean meal d1ets as 1ong
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as dxetarv proto1n was adequate Similar observations have been -
mado by Combs et al. (196C) and O'ﬁonovan et al. (i966). However,
Castell and Bowland (1960a) and Drouliscos et al. (7969) -
reported'that the beneficia1.efféctslof copper were more cvident

in pigs fed diets supplemented with fishmeal than in pigs fed

diets containing soybean meal.

Fcd

RAPESEED MEAL AS A PROTEIN SOURCE

Most of tne early work concernina nopper supn]eméntation in
swine rations either involved fishmeal or snybean»mea1 as protein
sources. In necent years in Canada, considefaB]e attention is
bei%gdgiven to the utilization of rapeseed meal in swine djets.

‘ Bow]and.(1966) reyiewed extensiye]y the feeding value of
rapeseed meal fo} swine. Schuld and Bowland (1968) reported thaf

8% rapeseed meal in the starting and groving diets for pigs, when
repTlacing soybean meal on an iéonitrogenous basis, ha. no depressive
effect on feed consumption, but did depress growth performance

and efficiency of feed utilization. Bayley et al. (1969) found

no efféct on perfofmance during the finf@gﬁnc pnase by adding 11%
rapeseed meal to reo1ace an: equwva]eﬁ% “Tevel of protein from

Sy
soybean meal. Elliot and Bowland % 76) us1nq copper supp]emented
v &
diets, observed’ that pigs fed bar]ey f1shmea1 and barley-soybean
meal diets performed better in tevms of weicht ga1n and feed -

conversion than those fed bar]évxmeat meal and bar]ey rapeseed
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meal diets, but there were no interactions between level of copper
and protein source.  Saben and dowland (1971) reported that 8¢
rapeseed meal, wien replac1no soybean meal on an.isonitroaenous

-bas1s fed to sows both in the aestat1on and Tactation periods for

tvo reproductive cyctes, had no sianificant effects on feed )
'ilconversion eftﬁcicncy, qestation weight aains or Tactation weld g
| losses. |

In early studies with so]vent—extracted rapeseed meal of
Brassica cannestris typeAand free of the enzvme m/ros1nase Bell
(1965) obtained no reduct1on in_ energy d]oest1b111ty of the diet,
when the meal was fed to‘gr0w1na and finishing pias. The additidn of
around rapesEQd screenings added as the source of the enzyme
E myrosinase, caused a denressicn 1n the d1qest1b111ty coefftcients of
Lenergy and protein.

The dnoxth 1nh1t1t1ng properties of raneseed mea] appear
dependent upon hydrolysis of alucosinolates (th1og]ucosjdes) into
isothiocynates (2—hydroyv¥3-buteny1) and bxazo]idine thione. The
’hydro]ysws is affected by the enzyme mvros1nase, norma]]y pres in
unheated rapeseed (Greer 7956' Kjaer, 1060 Virtanen, 1965) Gz::veral
'bacter1a] spec1es in the aastrowntest1na7 tract have heen found to
possess envymes capable of hydro]vz1na th1oq1ucos1des (Bell and
Belzile, 1965). ) \

Be11_and‘8e1zf]e‘(]965) indicated tdat“commercially proddced
‘venzyme—free rapeseed meal, eonteining unhydro]yzed glucosinolates,

is free of most of the undesirable properties if myrosinase is not .
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reintroduced by other dietany'means or by intest nal bacteria.
Lodhi et al. (1970) fed diets with and without myrosinase, and
containing up to 30% rapeseced meal, and showed no effect of
dietary rapesged meal on- the metabd]izéb]exenergy value of cHick

diets.

3
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GENERAL EXPERIMENTAL

MANAGEMENT QF EXPERIMENTAL ANIMALS

&

A1] p1as used in th1s work were‘farrowed at The Un1vers1ty
of A]berta ‘Edmonton Research Station and were of Hampshire X
Yorksh1re breeding. | "

| ﬂeTne standand management - practices followed in Tne Uniyersit;
of AToerta Swine Pesearch Unit vere fo11owed ~A1T pigs vere
11dent1f1ed by ear-notch at birth and ”blacP” teeth were cut off

For prevent1on of anem1a, a 2 ml intramuscular 1nJect1on ot
saImpos11 200! (an iron dextran compound cont 1ing 100 mg of
vinjectab]e 1ron/mi) was adm1n1stered to each an1ma] at approx1mate1y
4 days of age. Ma]e pigs were castrated at ]0 days bf age, and a]]
p1ds were weaned at three weeks and fed a prestarter ratlon conta1n1ng
approx1mate1y 207 cnude prote1n Between f1ve and s1x weeks of

-age, pias were_treated for=ascar1ds,vus1ng a_p1peraz1ne.der1vat1ve2

- and for skin parasites, using lindane3 spray.” Vaccination against

1 Fisons of Canada Ltd 26 Pr1nce Andrew P1ace Don M11ls, Ontar1o
2‘Western Brand‘Products Ltd. Edmonton A]berta 616 mg/]OO kg feed‘

3 Gamma-benzene hexach1or1de supp11ed by Frank]wn Laborator1es Ltd
Ca]gary, Alberta : , : oo



' 1nd1V1dua1]y Each pen measured O 58 x 1.17 m and was -equipped

32

' erySipe1as using a subcutaneous‘injection~of @ commercial

e e § e e

bacterinl was carr1ed out when the pigs vere approx1mate1y 8 weeks

old.

A1l exper1menta] D1qs vere paired in concrete-floored pens

' unt11 they atta1npd'ﬂ0 Pa we1ght when they were separated and fed

Y

with a feeding sta]] and an automat1c waterer. Both experiments

were ‘conducted in the same building at an approximate temperature
of 65°F. |
Diets were mixed and bagged at The Un1vers1ty of A]berta feed

m11] and were stored in the barn where the pigs were on exper1ment

~ METABOLISM STUDIES

&

Metabo11sm crates as used previously by Hussar . (1958),

~ measuring 73 cm high, 116 cm deep and 43 cm2%1de, situated

approx1mate]y 60 cm above the concrete f]oor were - used in the .
i

present study. They were constructed of angle iron and ga]vanIZed

sheet meta1 The floor of the'crate consisted of a ro]Ted expanded
meta] sheet with 18 x 45.mm mesh. - Beneath e31s mesh ‘was a 6 X 6 mm
a]um1n1um screen above a collection tray which had a gradua] s]ope

from the edges to a centra1 drain hole. Urine was collected 1in

@ container situated under the tray. Feces were, to.a_Iarge-extent,

~

1 Agricu]tura] Division, Chas. Pfizer and Co., Inc., New York, N.Y.
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’

co1]ected on the expanded metam sheet, and the remaTnder were

forced through the perforated f]oor and retr1eved from the
co]cht1on tray Feed and water contawners were attached at the

tront of the metabolism crate

COLLECTIOMﬁAND HAHDLfNG OF SAMPLES

(a) Feed Samples .
Samp]es of feed for - determ1nat1on of dry matter, gross energy

and crude orote1n were obta1ned at the-time of mixing with the a]d

of a seed samp]erl‘_ One sawo1e was_ taken from each baq in the mix.

v

“The samD]es viere. pooled prwor to samp11nq for analyses.

.(b)‘Feca] Samples T . _ o L
Feces vere collected each.morning durinag the'metabolism

oeriods.. Each day's collection was placed in a labelled plastic

,bag'and stored at 3°C. After final collection, total feces

collected from each pig were thofoth]y'mixed andvWeighed,' The

tecal samples were then'dried in a forted air oven2 for 72 hours at

*60°C, allowed to equ111brate with the air for a further 24 hours

before final wewgh1ng. Subsequent]y, the samples were ground in a

Crand N ]aboratory<mi]]3, to pass throuah a 2 mm mesh. screen and

1 Seedboro Equipment Co., Chicaao, I11inois, U.S.A.

2 Style v31, Despatch Oven Co., Minneapolis, Minn., -U.S.A.

3 Size 8, Christy and Norris Ltd., Chelmsford, England.
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representative sarples retained for later analyses..

(c) Urine.SampleS N

CoTTectioﬁs of ur{ne were made at the same time the feces
werébcollectéd. VoTume was‘heasuﬁed énd'rgcorded‘at the time of
collection. . A1ioudts'of u;?he were placed in jars, sealed and
stored at 3°C such that a total" vo]ume of anoroxwmate1y 250 ml was

’ Aco]]ected over the three day period.

(a) Liver and'Kidney'
The livers and kidneys of the test an1ma1s were obtained from
the Sw1ft Canadian packing p1ant in Edmonton short]y after s]auahter '

- The samp1es were stored in sealed p]ast1c bags in the freezer at

-16°C prior to ana]yses.

(e) Fat and- Muste | v ‘

A porP chop from the vicinity of the 7th and 8th r1bs of the i
Teft side was obtained from‘each pig. This chop of about 150" g
fresh weight consis%ed df a st?ip of béckfat,‘approximately 2.5_¢m

- wide, and the longissimus muscle. Chops were stored in sealed

plastic bags in the freezer at -16°C prior tovéna1yses,




35

CHEMICAL ANALYSES

o

(a) Dry Matter : .
. o

1)Uﬁnm ' : L

»Appfoximate1y 200 m1 of urine'was‘weighed into an aluminium

foil dish and placed in a freeze-dryer! for 48 hours. Urine dry

matter was computed on the basis of.dry weight.

-ii) Liver, kidney and muscle:

. Weighed samples of tissue were dried in a freeze—dryerkfor
48 hours and transferred to a forced-air oven for “hother é4 hours .
at 110°C. The §amp1és were thehvcooléd-in a dessicator‘unti1 o

~ constant weight was obtained.

. o
D (b) Hitrogen |
The nitrogen (N) diﬁ%ent of feed and feces was determiheddby

T . v
the Kieldahl method of na]yses'(AOAC 1960). A commercia] Kel-Pak2 .

'

was used to provide the requ1red amount of cata]yst for the acid
digestion. The ammonia“ u1t1mate1y produced was reta1ned ina 4%

bor1c acid so]ut1on and t1trated d1rect1y w1th standard H2504

~

1 Repp Sublimator Model-SRCA2. Division of Virtis Co., Inc.,
-~ Gardiner, N.Y. 12525, U.S.A. ‘ |

.2 Matheson Sc1ent1f1c East Rutherford New Jersey. Supplies '
HgO K SO4 and CuSO4 _ BRI -



(c) Gross Energy
Gross enerqy - .of feed feces and urine was determ1ned using
a Parr Oxygen Bomb Ca]or1meter1 equipped with a Brown Electronik
recorder?, =
™
(d) Lipid Analysis
. o

i) Lipid extraction -
The method of Folch éﬁ.il- (1957) was used to extract fat

samples. A 1 g sample was homoaenized with 20 m] of CHC13:CH3OH

- (2:1) in a Virtis "23" homogenizer3, Thevhomogenizing.vésseJ was

surrounded by ice.

. 11) Preparation of methyl esters

0 Methyl esters were prepared from the extracted 11p1ds by

'transester1f1cat1on accord1no to a s11oht modification of Ihe

\

'ﬁethod of Morrison and Smith (]964 for tr1q1ycer1des n- pentane '
‘replaced benzene in s omee hod The 11p1d1extracts were f1rst_

' fg]tered through_anh/drous FEZSO4 to remove any water, -the solvent

removed under N2 on a klash evaporator“ and approximately 50(?9

1 Parr Instrument company Mo11ne I111n01s, u. S A.

| .2 M1nneap011s - Honeywell Recu]ator company, Ph11ade1ph1a,

M Rinco Instrument Co., Inc.,

Pennsv]van1a, U.S.A.

3 TF% V1rt1s company, Yonkers,g.Y_.,, U.S.A. |
G

eenville, I]Tinois,'U.S,A.

O 5y

g
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of the 1ipid so obtained transferred undér N2.to a 150 x 25 mm

screw cap culture tube! for methanolysis.

ii{) Gas-liquid chromafoqraphy o
Each sample of methy! ester was chromatoaramm@d 1n duplicate

us1ng a Bendix Gas Chromatoqraph 25002 equipped w1th a flame ‘

1on1zat1on detector Separat1on of the methyl esters was ach1eved

on a 366 cm long and 0.3 cm 1nner d1amete" a¢less column packed with

15% diethylene g]yco] succ1nate on 100-200 ch“omogorb W. The following

- isothermal conditions prevailed: column temperature 200°C, injector

and detector temperature 230°C, helium flow rate 50 m1 per minute.

The suppression was set at 1000 and slope sensitivity at 8.

iv) Identification of acids

Individual fatty acids were identified by comparfng their
‘retention times with the retention timeé of pure fatty acid methyfa
esters. The fo]]owing fatty acid;_wére identified: 14&0, 16:0,
16:1, 18:0, 18:1, 18:2, 18:3, 20:1%. Several other minor ’
‘components (Tess than 0.5%) were preseﬁt,‘but these were not
identified; The acid; 14:0, 16:0, 16:1, 18:0; 18:1 and 18:2

together accounted for more thén 98% of the fatty acids evaluated

1 Cat. No. 9826. Corn1ng G1a$sworks, F1sher Sc1ent1f1c, Edmonton

2 Bendix International Operat1ons, 605 Third Avenue, New York,
N.Y. 10016, U.S.A. ‘ Ce

3 14:0 myristic acid; 16:0 pa1m1t1c acid; 16:1 palmitoleic acid;
18:0 stearic ac1d 1811 oleic acid; 18 2 11n01e1c ac1d 18: 3
- linolenic acid; 20 1 gadoleic acid. :
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in the samples. The RSM might conta1n traces of eruc1c acid (22 1)
from residual rapeseed 011 however no eruc1c acid determ1nat1on

was carried out in these studijes.

v) Methods of ca]cu]atton

- 1. Calculation of peak areas:

Peak areas were obta]ned with the aid of a V1dar 6300 d1q1ta1
electronic 1nteqrator1 attacheg to the recorder2,

2. Calculation of percent composition: = © .
Correct1on factors for detector _response were obtavned by
chromatooramm1ng each day a standard sampie of known we1qht percent
composwt1on wh1ch approximated the composition of porC1ne depot

fat.. The percentaoe compos1t1on of the standard samp]e was -

determ1ned from the ‘peak areas and correct1on factors - obta1ned by

B compar1ng these figures with the known we1qht percent composition

of the ~sample. Al] correct1on factors der1ved for a g1ven ac1d on
a given column were averaged and app11ed to chromatograms run on
that co]umn to arr1ve at corrected peak areas. The corrected
areas were tota]]ed and the 1nd1v1dua1 -‘areas expressed as a-
percentaqe .of the total to arrive at weight percent comoos1t1on
(ej Copper determjnation

9

rThe.method of anaiysisvfor copper content of pig tissues #

A Vldar Auto]ab s 77 Ortega Ave., Mountain: Vvew, Ca11f 94040 U S. A.

2 M1crocord Mode] 44. Photovold Corporat1on 1115 Broadway New York,
N.Y. 10070, U.S.A.
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was based on the procedure descr1bed by Middleton and Stuckey (1953)

-and’ rev1ewed by Anderson (1972) 7 A11 alassware was thorough]y ;

-cleaned with hot detergent so]ut1oﬂ, rinsed and soaked overn1ght'

in 1:1 nitric acid. After soak1no, q]assware was r1nsed with
hot tap water,'d1st111ed water and dem1nera11zed water, then

dried at 110°C. Before use, the q]assware was stered separate1y

from other conta1ners and protected from contam1nat1on Only -

deminera11zed water was ‘used throuqhout the analvsis. To obtain
dem1nera11zed water, d15t111ed water was passed through @ Bantam
Demmerahzer1 equ1pped w1th a standard cartr1d0e

. Each dry samp]e was thorough]y ground to obta1n as homogenous

a sample as’ poss1b1e Dr1ed samp]es we1gh1ng 1 g were p]aced in.

- porce1a1n evaporat1ng dlshes and ashed in a contro]]ed temperature

vmuffle furnace2 The furnace was set at an initial temperature

o of 250°C for s1x hours, 1ncreased to 400°C for a further’?our

: hours and f1na11y adJusted to 500°C fo(/a tota1 ash1ng per1od of

24 hours. The samp]es were then coo]edkand 5 ml of concentrated

nitric acid were added to the ashed samn]e After stand1ng for -

'approx1mate1y one hour, the sanp]es were transferred to 100 m]

'vo]umetr1c fTasks and d11uted ta vo]ume with de1on1zed water.

Copper concentrat1on.was measured_by d1rect‘aspiratﬁon_into i
a model AA-4 atomic absorption spectrometer?.

R,

’
{
o

. o : ' e _‘,'"' & . »
-1 Barnstead Still and Steri1izer Co., Boston 31, Mass., U.S.A.

2Lindbc‘erq'Hev*«zduty F1sher Sc1ent1f1c Co. Ltd.:, 8505 Devonshire
Poad Montrea] Quebec oo

3 Atom1c Absorpt1on Spectrometer 23r31 Is?1nqton Street, MeTbourne,
N S. h 5. Austra]1a e s v T
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C'STATISTICAL ANALYSES v

Ana]ys1s of var1ance was used 1n stat1st1ca] ana]vses of the

7data Because of the two add1t1ona1 treatments of supp]ementary

1ron and manganese for pigs rece1v1ng SBM or RSM alone in

Exper1ment 1, it was necessary to perform two separate sets of

anajyses. The first analyses consisted'of protein (n-- 3),
copper (n = 5), sex (n = 2) with four pigs per treatment group;
while the second/analyses cons1sted of prote1n (n =2), mineral

(n=17), sex (n = 2) with four pigs per treatment group. . One set
of analyses was made in Exper1ment 2 cons1st1ng of protein (n = 3),
mineral (n = 4) and sex (n 2) w1th four pigs per treatment group.
A11 sources of variation except pigs were cons1dered as f1xed o

There were no first .or second order 1nteract1ons 1n exper1ments

‘No discussion of three factor or higher" 1nteract1on9-w11] be

_,

made

4 .
Computat1on was made on an IBM 360/67 computer ‘using L1brary

| program CSO]? Un1ver51ty of Alberta (1968) modified-bv Weingardt

(1972) D1fferences between three or more treatment means were
compared using. Duncan s mu1t1p1e range test (Stee] and Torrie,
1960). Missing data were rep]aced by the mean of that treatment
group with the consequent 1oss of one degree pf freedom in the

P
error term per rep]acement (Steel and Torr1e .1960).

! Ray Weingardt - personal communication.:

TR g ST
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EXPERIMENTAL OUTLINE

In Experiment 1,started in the spring, 1971; 76-ear1v-weanéd .
pigs, equa117ed as to sex and averaq1no 6 kg in we1ght were a]]otted
to 19 treatment groups of 4 pigs €ach (Table 1) The crossbred

. Hampsh1re Yorkshfre D1os wereeﬁ]otted at random within sex and were

fed a SBM-suppTemented dmet, a RSM (Brass1ca hapus cultivar
Bronows“l;i1ow 91ucOsino]ate)—supp1emented'diefaor-a_diet supp1emented
with 50% each of protein from SBM'and RSM (TabTe 2}. MWithin each o
&, dietary orotein source, further sub d1v1s1on was made on the’ -
bas1s of 1eve1 of supp1ementa1 copper (0, 125, or 200 ppm) pr sence
or absence of supp1ementa1 iron and manganese and withdrawal of '

S W copper at 40 kg ]1vewe1oht or cont1nuous copper supp]ementat1on to.

"ﬁhe end of the exper1ment : ‘ d ' o o . ) *\

1, exceot that RSM fﬁ%m B campestr1s cu1t1var Span seed was used

This is a 1ow eruc1c ac1d (LEAR) tvpe of rapeseed The same d1etary
'.formulat1ons (Tab]e 4) of. approx1mate1y 14.4% crude\prote1n were fed
throughout with no tment in ‘protein’ or other nutriehts. A]]
diets contained.SO ppr. zinc ~hich meets?reCOmmended requiréments
(NAS?NRC 1968)' Some of Lne dlets supp]emented with 200 ppm |
copper were further supp]emented w1th 200 ppm zinc. -

S In both exper1ments, p1qs were fed ad: ]1b1tum and had free L

-
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Table 1:  ALLOTMENT OF PIGS 1IN EXPERIMENT 1

Source of  Level of added Conner (ppm)

SuonTerental Suppiemental

Treatment

Number Protein to 40 ka 40 ka to marke* diron and manganese
] SBM 1 0 0 0
2 SBM 125 0 0
3 SBH . 125 . 125 0 -
2 sBM 200 . C0 L
5 SBM 200 200 0
6 SBM 0 .0 +3
7 - - SBM 200 S 200 +
8 . SBM + RSM 2 0 0 0
9 . SBM + RSM 125 : 0 0
10 SBM + RSM 125 ° 125 0
1 " SBM + RSM 200 0 0
12 SBM + RSM 200 200 0.
13 RsM 0 0 0
14 RSM 125 0 0
15 RSM 175, 125 0
16 - RS ~ 200 0 0
17 CORSM 200 200 0
18 RSM - ) 0 +
19 . RSM & ) 200 +
1S = soybean héa]-(d%% protein)
2 RSM:= rapeseed méa1'(§J nanus, c! 1ti-ar Bronowski; 37% protein)

3 To prévide 41 ppm i}on (Fe) as ferrous sulfate and 8] ppm
mannese; (Mn) as manaanese sulfate \

-

-
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Table 2: FO”1ULATIOI AYD CO”POSITIO” OF BASAL DIETS FOR PIGS

IN EXPERIMENT 1

2.2 a choline chloride, 15 mg

To supply 440 mn r1boF1av1n, 8en mo ca1c1um pantothef
folic acid, 1 ma vita

Source of Supplerental . . SBM SOM 3+ RSH
Protein start  40kg start  40ko
to to to 0
Period © 40ka market  4&0ka market
;Ingredients u ‘
Mhedt (around) 47.0- 10.0 59.7  20.0
Barley (“round)- = N0 77.0 15.0 65.9
Soybean meal: (44%) - 20.0 10.0  10.0  5.°
Rapeseed meal (37%) - - 12.3 6.
Ground limestone 1.0 1.0 1.0 1.0
Calcium phosphate! 1.1 1.1 1.1 1.1
Todized salt 0.5 0.5 0.5 0.5
Trace mineral - 0.4 0.4 : 0.4_',¢D.4~
vitamin mix2 S
Composition (ca]cu]ated)
_Digestible Energy’ Ica]/kq 3289 3128 ° - 3281 3129
DE supolied £ SBiF kcal/ke | 330 165
- DE supplied kv -RSM kca]/kg 344 161
Crude protein ........ 5o, 18.4 14.3 - 18.5 14.4
Crude protein Trom SRM..% 4.5 2.3
Crude protev* Trom RSM..% 4.6 2.
Lysine ...... ?...Huﬁ.#;.%. 0.86 0.69 0.82 0.66
Methionine and Cystine..% 0.56  0.46 0.55 0.45
Calcium ................ %» 0.73 0.72 - 0.75 0.73
"Phosphorus ............. % 0.63 0.61  0.66 0.62
The calcium phosphaté contained 18. 5% Ca and 20.5% P

43

: RSQ

startv 40kg
to - to
40ka market
72.4  30.0
- 54,7
4.6 12.3 '
1.0 1.0
1.1 1.1
0.5 0.5
0.4 0.4
3274 3149 .
18.5  14.5.
0.78 0.64
0.54 O-"r“/l’ .
0.79 0.75
0.64

""“%8-

&, 2 g niacin, .
piaRi2, 500,000 1.U -

Vitamin A, 66,000 1.4 Vitamin D->,7.000 1.U \1tam1%‘E and 113 mq cobalt
per 100‘kg d1et It also suop11es 50 ppm zinc, 10 ppm copper

iron and 37 pbom manganese.
3 D1gest1b1e Energy = DE

|
B

112 ppm



' Table 3:  ALLOTMENT OF PIGS IN EXPERIMENT 2

* Treatment Source of ‘»,' Levéi of addéd Level of added
MNumber -Supplementa] Protein Cooper {ppm) Zinc (ppm)
! | e 0 0
2 S L1 0

3 s a0 0
e Som. 200 200
5 . SBM + RSM2 _A,:.. R L
6 o smaRs 125 0
7 SBM + RSM 200 0
8~'_>w " SBM ok RSM 200 200
" , o \
o RS - : | 0 0
10 - RsM 15,?7. s 0
1 ) .;*RSM;f{ ; © 200 0
12 Qggﬁ' o 200:» - 200
; .

1 SBM =.$§§@§én meal (44% protein)

2 RSMQ%ZrapeSéed'mea1 (B. campestris, cultivar Span, 37% protein)

T



.

L Ra

Y
4
N

Tablegd: FOPMULATION AND COMPOSITION OF BASAL DIETS, FOR PIGS
- 'IN EXPERIMENT 2 '

\\Sourée of SuppJémenta]f

\ Protein SBM o - SBM + RSM - RSM
. Inaredients . ) B , i ,
Wheat (around) 0.0 2000 30.0
_ Barléy'(dround)‘ L ' 77.0.° -~ 65.9 . - 54.7

Soybean meal (44%) -  10.0 5T -

Rapesead-r 9N . 6.1 12.3
~ Ground Timestone 1.0 ' 1.0 S 1.0
Calcium phosphaté1 I S ORI
Todized salt 0.5 S 0.5 0.5
Trace mineral 0.4 0.4 0.4
vitamin mix2 ‘ '
Cbmpositionz(ca]tulatéd) | | ,
Digestible Eneray® kcal/kg 3128 - 3129 3149
DE.supplied by SBMrkCa1/kg§Q ) ' ]65
DE supplied by RSM kcal/kg e
Crude protein ..........% 143 - 144 . 145
Crude protein from SBM..2 ' = 2.3
Crude protein from RSM..% , 2.3 -
LySine .....ovevviiio % 0.69 Co066  0.64
Methionine and Cystine..% - 0.46 -« ~ 0.45 0.44
Caleium .oeieiiiii.d - 0.72 0.73 0.75
Phosphorus ........... % 0.6, 0.62  0.64

! The calcium phosphaté contained 18.5% Ca and 20.5% P.

2 To supply 440 mg riboflavin,- 880 mg calcium pantothenate, 2 g niacin, .
2.2 g choline chloride, 15 ma folic acid, .1 ma vitamin Bi2,
500,000, 1.U vitamin A, 66,000 I.U vitarin D2, 1,000 I.U vitamin E,
and 113 mg cobalt ‘per 100 kg diet. It also. supplies 50 ppm zincy

- 10 ppm copper, 112 ppom.iron and 37  ppm manganese.
3. Diaestible Energy = DE, A_ o v
. ‘ ﬁ . - . t Ty ’
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access to water. Pig weights and feed consumption were recorded

once weekly.

. At

Metabolism studies were conducted in both experiments;
In Experiment 1, 42 pigs, 21 each of barrows and gi1ts,‘weke selected

R v‘: B »for digestibi1ity‘and ret;ntion studies on the basis of weiaght,
minera1 and profein'treatmért groups\ﬂ\lgénf;;four_éigs,'z (1 bar?ow
and 1 gilt) from each of the 1Eijzgg;gggzg_ueﬁe_selee%ed—for’STmTTEF_~—#_”#M_—
__iﬂ-e—f—ﬂ4*‘ff”’§fUHTEEvgﬁ-Eﬁgﬂg;E;;E-;;;ériment. Metabolism cages as described |

o SN
under 'Gencral Experimental’ were used. : \

Because of space limitations, pids in both'éxperiménts were
ma;keted at an average 11veweight of 77 kg. This is below the
usually recormended weight of mérkét pigs. However, the‘wéight was
suffiéiént]y heavy te a]]ow the carcasses to fa]] in the norma] rangé '
for routfne grading by Canadian standards and assignheht of a grade \‘

A
al

index under the "Hog Carcass Valuation Syétem“. : ' \

ROP CARCASS EVALUATION

. In Canada, measurements of carcass quality for pigs on Record

of Performance (ROP) for swine are based on the revised ROP

sténdards of the Canada Department of Agriculture, The carcass
ROP .core provides an indirect estimate of the combinedpﬁercent

yﬁe1d.6f the four lean cuts of a carcass and is calculated thus:

ROP = 51.68 - 3.234(A) + 1.0381(B) + 0.485(C) + 11.76(D) + E
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ﬁoin, in )

“ B = Loin area (area of loin at 14th rib, sq7in) ’

C é'ﬁﬁﬁ/carcas (%)

;whenﬁ% % = Total backfat (sum of shoulder back and

47

&

D = Area lean of ‘ham/ham weight (sq in/1b)

- E = Sexcorreetion factor (+ 1.1 percent for barrows;-
° ’ - 1.1 percent for gilts).
\
o .
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RESULTS AND DISCUSSION. -

GROWTH PERFORMANCE..

(aj Effects of Copper Supplements

fhe meén values for feed intake, daf{y gain and efficiency
of feed Convehsion tor Experiment 1 are presented in Tables 5
and 6. Feed 1ntake da11y rate of gain and eff1c1ency of feed
ut111zat1on were not s1an1f1cant1y affected bdeietary copper
dur1ng the start1ng per1od to 40 kg']1vewe1qht At th1s we1ght
copper suop]ements were. removed from the diets of a port1on of
the pigs. .For the overall exper1ment daily feed intake and -
eff1c1ency of feed conversion did not d1ffer among any of the
treatment groups However, D]gs that received 200 pom copoer

throughqut the exper1ment ga1ned 0.66 kg per day which was }

non- s1on1f1cant1y more rap1d than the gain for n1qs in any other -

treatment. - The averaqe 1mprovement was approx1mate1y 8A over

p1gs rece1v1ng no supp1ementa1 copper These resu]ts agree with
.those reported in rev1ews “by Braude (1965)* ‘and wa]lace (1967) and
research reports by Behber et al. (1955), Hawbaker gt_gl, (1961)
'.Casteil_and‘Bowland (19686) énd.Yogng‘gtlgl.A(1970)‘whd observed:

' 1mproved‘performanee in pigs with supplemental dietary copper at -

kg
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“that trere is an advantage in Teaving 200 bpm copper in the diet o

v

levels up to 250'ppm. The results in-this experiment suggest

to market we1ght compareawﬂtm remova] at 40 Pg 11vewe1qht This

"ggfervat1on is s1m11ar to that reported by Barber ef al. (1957)

but differs from the data presented by Lucas et al. (]961)
suggestﬁng that the overall effect of copper'onirate_of gadn and
efficiency of feed convension to market weight is & reflection of
its effect durinq the qrowing per{od

Table 6 of Exper1ment 1 poo]s seven treatménts over two prote1n
sources to 1nc1ude ereatments w1th added iron and manganese in”
add1t1on to diets w1th or w1thout dietary copper. Inc]usdon'of
jron and manganese in the diets of pigs did not affect feed 1ntake,
rate of gain or eff1c1ency of feed conVers1on In qenera]

performance of pigs receiving iron and manganese without copper was

similar to that of pigs receivina the control diet without copper,

' wh11e the addition of iron and manganese to the copper- supp]emented

d1et did not result in a more rapid gain than that of pigs .
. W
rece1v1ng 200 ppm copper These resu1ts suqqest that there™ S no

advantaqe in feeding supplemental 1r0n and manganese at the 1eve1

i

emp]oyed in this exper1ment vihen d1ets are based on- barTey and wheat

| with SBM or RSM or both as protein supp1ements

In Exper1ment 2 (Tab]e 7), dietary copper did not significantly

,increase feed “intake and efficiency of feed conversion. However, as

in Experiment 1, pigs fed 200 ppm copper without zinc gained non-

.significant1y more rapfd1y than pigs in any_other treatments.
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Generally, dietary copper resu]ted in a slight but nonésign;ticant

" increase in efficiency of feed utt]iiation Aveérage feed tntake-'
was 2 41 kg per day, average gain 0.67 Pg per day and eff1c1ency of
feed ut111zat1on 3 60 kg feed/kg gain wh1ch were similar to

, performance‘obta1ned in Experiment 1. The performance of pjgs
receiving additjona] zinc with copper was simi]ar to»that of pigs
receiving the diet without suép]ementa1 zinc These resu1ts indicate

; that. the add1t1on of 200 ppm zinc to diets conta1n1ng high levels
of copper did-not 1mprove p1g ‘performance. Data presented by .
K]ine et al. (1972) demonstrated that addition of 200 or 300 ppm
dietary zincvto copper—sppp1emented diets resulted in depressed
growth as tompared with copper-supplemented dietsdsupp]emented ~
w1th 100 ppm zinc. Two hundred ppm ztnc was added to.a diet . |

: conta1n1ng 50 ppm zinc in the present exper1ment and 1t is. poss1b]e

that this 1eve1 of 250 ppm zinc was excess1ve

a(’ )
i S
(&% E%fects of D1etary Prote1n

fﬁm - The effects of source of’supp1ementa] prote1n on performance
of grow1ng p1gs 1n xper1menta1 1 are shown in Table 5. Feed1ng
SBM, a comb1nat1on of SBM and Tow g]ucos1no]ate RSM or RSM at

“ 1son1trogenous, 1soca10r1c ]eve]s did not *esult in any- s1gn1f1eant
dtfferenoe;tn dai1y feed intake (aVerage 1.91, 1.85 and 1.99 kg
per day), rate ofvgain (average 0.62, O 61 and .62 kg per
day),-or»eff%cfency of feed ut1112atton.(averageA3.08, 3.04 L

g SN R AT AN
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er

| c?nvevgton averaq1ng 3 33 kg per kg ga1n for pigs fed SBM was -,

_ supp]ementa] prote1n

\“ R
and 3.22 kg feed/kg gain) respectively.. These resu]ts suagest '

”that a low g]ucos1no]at§}RSM could rep]are SBM on an equivalent

protein and -energy basis. These'reSu]ts contrast.someWhat with

_ those of Bowland (1972).. In his report, qilt performance but not

bahrow performance was depkessed when Tow a1ucosino]ate RSM repTaced

SBM, but in the present study both sexes performed‘s1m1]ar1y when

e1ther RSM or SBM or a comb1nat1on of the two provided the

4
In Experiment 2 (Teble 7) daily feed 1ntake was not affected

by the d1fferent sources of supp]ementa] protewn P1gs fed 'SBM

7appeared to perform better than pigs. fed e1ther RSM or. a comb1nat1an

A

‘ﬂ M d SM’Wn terms of rate of gain and eff1c1ency of feed
i -
The daily gain for SBM ‘fed pigs averaged 0. 67 kg '

compared with the Tower (P < 0. 10) mean va]ue of 0. 56 kq for p1gs

ﬁ%ﬁtRSM or the 1ntermed1ate da11y average of O 63 kg for pigs fed

1{"

3%hd?comb1nat1pn of the two protein supp]ements Efficiency of feed

J;numer1ca11y beuter than the mean valle of 3.76 kg feed per kg gain

for p1gs fed RSM or 3 7T kg feed per- kg gain for pigs rece1V1ng the }

”comblnat1on of SBM and RSM. The RSM used~1n th1s exper1ment was

d1fferent from the Tow g]ucos1no]ate RSM used in Exper1ment 1, and
this d1fference could exp1a1n Jhe trends toward d1ffer1ng comparat1ve "

,resu]ts in the two exper1ments In prev1ous stud1es with standard

o,

.1commerc1a] RSM Bow]and (197] 1972) ob;erved a depress1on in gain -

i of market p?gs when 5 or 10 percent RSM was fed.
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(c) Effects of Sex .
In both experiments (Tab1es 5 and 7), d11ts and barrows d1d

not differ s1qn1f1cant1y in daily feed intake, daw]y rate of gain

and eff1c1ency of feed converswon However, in Experlment 1,

barrows ate non- s1on1f1cant1y more than g11ts w1th an average of
__/-""

12.05 kg feed/day for barrows and 1,80 kg feed/day for gilts.
-In Exper1ment 2 feed consumpt1on averaged 2. 28 ko/day for barrows
and 2.21° kg/day'for gilts.. Higher consumot1on'by barrows in

Exper1ment R resu]ted in a s]1ght1y (non- s1qn1f1cant) increased ga1n

but Tower eff1c1ency of feed conver51on, an observat1on 31m11ar to-
¥

) that reportedgby Young et a1 (1968) Sk1tsko ?pd Bowiand (1970)
and Pierce and Bowland (1972) ~;’ § -

DIGESTIBILITY. AND RETENTION

(a) Effect of MineraT'Supp]emenﬁs

Means for digestible N (DN), Néretention (RN), dfgestdble

- energy (DEY and metabolizable énerGy (ME) for Exper1ments 1 and 2

o

are presented in- Tables 8 and 9 respect1ve1y D1etary copper, 1ron

" and manganese or zinc d1d not s1gn1f1cant1y (P < 0.05) alter DN

or RN in e1ther exper1ment However, in Exper1ment 2, copper '

supp]ementat1on resu1ted in a non- s1qn1f1cant 1ncrease in DN

-Copper ~-fed pigs averaged 84. 5 DN as compared w1th the mean of

82.67 DN for basa] pigs. DE or ME was not s1on1f1cant1y a1tered

by feedwng d1etary copper or iron and manqanese in Exoer1ment 1

RIS/

AN !
- . //
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In Experiment 2, DE and ME were incrgtged (P < 0.05) by feeding

either 125 ppm or 200 ppm 3unp1ementg““‘50per The proportion

Y

of total DE metabolized was s1qn1f1cant1y increased on1y vhen

ZQO,ppm copper with or without dietary Zinc was fed. It;appears

that the benefit obtained from supplementing pig diéts with 200 .
ppm_copber jéldUe, at least in part, to the action of that e
quantity.of copper in increasing dﬁgeséibilitfes of the energy and
protein components of the diet; .Additional ziné seems to nullifys

the benefit bf'topper bygaecreasinq diaestibility of the enerdy

: _ A : \
fraction. This effect could be associated with a direct interaction

between zinc and copper resulting in slight depression in growth

when hiah le els of zinc are fed.

e

v

‘ ; , _
(b) Effects of Source of Dietarv Protein

In Experiwent 1 (Table 8), percent DN was not sianificantly

affeéted by the source of supplemental protein. However, percent

. of PN per kg of feed and Rh as a percentaqe of 0ro<s MN-intake was -

1

h1aher (P < 0.05) for.p1gs fed a comb1nat1on of low qlucosinolate

. RSHM and S8M diets as compared with pigs fed either SBM or RSM

dieté..lThe pkopdrtion of RN of DN averaged 57.6% for the SBM-RSM

meal which was significantly (P < 0.05) higher thah'the-means of

L 47.4% and‘46 8% obta1ned for SBM and RSH d1ets respect1ve1y In

Experiment t 2 (Tal (Ta b] 9), where standard RSM was used, percent DN
was non- s1an1f1c‘nt1y higher for pigs- fed e1ther SBM-RSM or RSM
alone than forvp1gs fed SBM. On the other hand, RN and the proportion

o~



SBM-fBd p1gs than for SBM- RSM or RSM fed p1gs o

X3

. &i;ﬂ =
of RN of the totaé{N 1nta¥e were non- s1gn1f1cant1y depressed by-

the standard RSM. Similar to the observation in Exper1ment 1, the -

~coribination of SBM'and RSM resulted in increased retention values

for N above thevvalues tor either SBM or RSM diets. Manns and »
Bowland (1963) noted a trend toward reduced digestibility of

energy and N when pigs were fed 100% RSM in substitution for SBM.

‘The data obtained in this study suoqest that a comb1nat1on of SBM

"

~and RSM has a complermentary effect as prote1n supp]ements insofar,

as RN is concerned. N

In Experiment 1, DE and»Ht~were'not'affected h& the“source of
protein supD]ement S1m11ar f1nd1nos have beeq reported by Be]l
(1965) In Experiment 2, the DE va1ues were h1qher (P < O 05) for
pigs fed either RSM a1one or a combwnaﬁnon of SBM RSM than for p1gs
fed the SBM dwet : Resu1ts s1w11ar xo these were obta1ned for rats

by Bowland and Stand1sh (1965) There were no s1qn1f1cant

(h

‘d1fferences in the ME- va]ues amonqst the three protewn sources.

\r

: However, the proport1on of DE 4 metaboﬁwzed was s]1qht1y h1qher for

o

(c) Effects of Sex

1'/‘

Gilks and barrous d1d not d1ffer at P < 0. 05 in any of the

'd1gest1b111t and retent1on cr1ter1a stud1ed Resu1ts of Brooks

- o

(196“) “and Bow]and (1972) differ from those 0bta1ned in this study'

] 1

as these workers obta1ned sex d1fferences However, other resu]ts

1nc1ud1nq those presented bv Anderson and Bow1and (1967), Sk1tsko
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and Bowland (1970) and Pierce and Bowland (1972) agree with the
results rep01ted ‘herein. " There is no apparent exp1anation as
to why barrows and gilts may differ in d1qest1b111ty and retention
in some stud1es and not in others
CA’RCAES s‘;‘%?«’rfgi ”5
SRR v

(a)”Ef%ects_of Copper Supplementation S 2

The mean values for carcass‘measurementé'ror market pigs-in
Exper1ment 1 are presented 1n Tables 10.and 11 and éngxper1ment 2 .
in Table12. 1In both exper1mencs, the dressing percentages were .
. non- s1gn1f1cant1v 1ncreased in p1gs fed copper supp]emented d1ets
Other workers.(Lucas and Ca]der, 1957 Barber et al.,.1960; Allen
et a].; 1961; and DeGoey et al., 1971) haveuobserved a general trend
toward 1ncreased dress1nq percentaqe 0° p1qs fed dietary copper
Caste11 and Bowaand (1968a) reported an 1ncrease in dress1ng
percentaqe from feed:nq supp1ementa1 copper in one exper1ment but
in the other exper1ment observed a non—°1gn1f1cant1y decreased
dre551nq percentaqe¢by feed1ng supplementary copper.
- - In Exper1ment 1, backfat th1cknessvwas reduced by the feeding
oflcppper. This decrease was sidnifdcantv(P‘< 0.05) for pigs fed

either 125 ppm d1etary copper to market weight or 200 ppm to 40 kg

_:11vewe1ght The reduced backfat for pigs fed 125 ppm copper to

_40 kg 11vewe1qht or 200 ppm throuqhout the exper1ment was not
ks1gn1f1cant1y d1fferent from that of the basal p1qs It appears"

- that 1f rate of qa1n is improved by copper supp1ementat1on as”

b
t
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':‘-;A‘-"’)‘ ’ ;' o
Table T1. "EXPERIMENT 1. EFFECTS OF SUPPLEMENTARY COPPERS TRON. s . -+ s
| AN MANGANESE ON CARCASS:CHARACTERISTICS®,

OF MARKET PIGS?

| Copbér-LeVe1$3(pbm)H' ” .

2540k 195 Ao dnh e o ep 200
D 125-40kg 125 200-40kg ;200 -OFesm 200N
| | SR e,

o

,z%r of pigs. =~ - 8.~ 8 8 8:_ Q; 8 . ';gQiy':58‘

Carcass Xfight ..kg .59.8 9.2 5816 59.8 60.4. 505" 584
CDressing %........ % 77.7 L77.3 77.3 79.3 786 1 76.6 76.7

Total backfat ....cn =104 9.5 9.4 8.5 1000 10.4 8,

4
Jﬁ Loin area C...lsq ch 26.3 267 1 26.2 .25.1. 28.] \i24;1,a.26.8
Ham/carcass vt 270 267 269 27.8 " 27.0 :'27.o[]f27;3"
Lean in ham face.. % 48.7 48.4 8.6 50.4 477 49.2 - 5o.8
-1Carca$s length i.on 73.1 73.4 73.4° 78.9  73.% TR 780
ROP score . 68.4 f69.2- 63.7 70.6  68.1 67.4.70.6

Grade index - 98.4 . 97.5 07.4 101.0  98.1 98.6.  97.6

D This table does not include data from treatments
.. 8,9, 10,11 and 12 reeeiving the combination N
of SBM and RSM proteink§ybp1ements.5 :
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. occurred when 200 ppm copper was fed the advantage 1n decreased

(vbackfat thickness is reduced comoared w1th that obta1ned by copper
1eve1s where there is no effect on gain. In genera] the resu]ts.
on backfat th1ckness 1h E;per1ment 1 agree w1thlthe data,presehted
by Barber et al. (19602, 1961b) , Wallace etal (1966b, 1968),, |
Bekaert et al. (i967) Caste11 and BowTand (1068a) and DeGoey et
al. (1971). However, 1t 1s 1n contrast wwth the resu1ts of
Allen et al. (1961) ahd Barber et al. (1061a) who reoorted that

) ~

copper squTementat1on may actually increase backfat thickness of
pigs. Reéu]ts obtatned .n Exoer1mentf2 o% Lh]S‘StUdy did not show
any def1n1te pattern as recards the effect of copper feed1nq on
backfat thickness. |
| There'was a geheraT trend fdr copDeh‘supp1ements to prodhce
v1eaner carcasses as 1n41cated by measures associated with carcass
1eanness ~Lloin area was non s1an1f1cant?y ‘increased by feeding
supp]ementary copper 1n both exper1ments A s1m11ar effect upon
the eye musc]e was reported by Braude et 31(1(1962) Lucas et al.
(]962) Caste]] and . Bow1and (]96?a) and DeGoey et al (197])
';The proport1on of Tean in ham face was s1qn1f1cant1y (P < O 05)
) f1ncreased by feed1no either 125 ppm copper to market we1qht or
ZOO me copper to dO kg %&véwe1oht However, feed1nq 125 ppm
copper d1d not resu1t in a s1an1f1cant 1ncrease 1n this rat1o in .
Exper]ment 2: .‘ . -
| The ham as a.pevcentaqe of carcass and- ,the carcass 1ength were

‘not affected by d1etary copper Barber et-al. (1960a), Barber et al.



pigs which’

1ength. Hrﬂ 7ijg;other resu]ts 1nc]ud1ng those presented by
Barber et al. (1961b) ba]]acevgg_gl.'(]966) and DeGoey et al.
(1971) agree with the results reported'herein

Feed1ng pigs 200 ppm supp]ementary copper to 40 kg 11vewe1ght
resu]ted in a significantly (P < 0.05) higher ROP score and grade

 index over the basal pigs. These advantages seemed-to be lost

65

" when pigs. were fed 200 ppm copper to market. The smaller reduction

in backfat thickness for pigs fed 200 pom copber waé»part?y

responsible for the lower ROP rating and grade 4index for these pigs.

Zinc or iron- and manganese supplements had no effect on any of

the carcass characteristics. Similar results were obtained by

DeGoey et al. (1971).

(b)}EffeCts of Dietary Protein

. Source of supp]ementa] protein had no 1nf]ue1ce (P < 0. 05)

dress1ng percentage backfat th1ckness, loin area, carcass 1ength ROP

score or grade index in either exper1ment (Tables 10 and 11). However,

- in Experiment 1, feeding a comb1nation‘of'SBM and RSM or RSM alone

resulted in a significantly (P < 0.05) higher proportion of lean in the

- ham face comparedeith féeding SBM as the_éole,SUpp1ementary protein.

In the experiments of Manns and Bowland (1963), carcass measurements

- and carcass grades were not significantly influenced by the additidn
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- of solvent-extracted RSM as a replacement fdr up 7 100% of

the SBM %n thé ration. Similar]y,)8e11 (1956) obs -ved Tittle N v &
fhf]uence of myrosinaseéfree RSM on carcass qualit These earlier
workers, however, did nbt observe the proportion ¢ 2an iﬁ ham

facg as one of the carcass characteristics of‘pigs fed RSM. ’

Higher lean in ham face coupTed with lesser bacPfat thic?neéé may

be 1nd1cat1ve of 1eaner carLasses brouoht about by higher RN for
3

p1gs fed the combination of SBM and RSM diets.

(é) Effects of Sex

Gijts and barrows did not varv signifiéént]y in most of the
carcass characteristics in this study (Tab]es]O and T]) Ponever,
there was a conswstent trend toward Tesser bacPfat thickness for
‘the ailts than_bgrrows, an observat1on consistent with that of
numerous researchérs inc]uaing'wagnef et al. (1963) and Friend
and MacIntyre (]970f., In E%beriheﬁt 2,'pe%céﬁt ham of the carcass
:‘1n gilts was sianificaﬁt]y (P < 0.05) higher than that for barrows.
This agrees with the prpv1ous reporus of SP]tsko and Bowland (1970) -

~and Young et aT (1968)

TISSUE COPPER LEVELS

(a) Liver o ' o ' -
Tiésue copper Tevels (dry matter basis) for Experiment - are

presented in Téb]es 13-and 14. Dietary copper increased (P < 0.05)"
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|

the 1eve1svof‘copper in th% 1iver. Liver copper concentration for
‘,pigs receiving no supplemen.al copper averaged 17.8 ppm, nhi1e the-.-
11ver copper stores for those rece1v1ng 125 ppm copper averaged

99 ppm which was . s1gn1f1cant1y (P < 0.05) Tower than Fhe mean of
378.9 ppm for pigs fed 200 ppm dietarv copper. Bass_g;_gl:-(1956);
Allen et al. (1958), Younq et al. (1970) and Kline et al. (1972) /
have reported 1eve1s of 1260 887.5, 252.7 and 114 ppm copper on a"
dry matter basis respect1ve]y in Tivers of pigs fed 250 ppm copper.

A non-significantly 1ower mean df 81.9 ppm for copper in the
Tiver was obtaired fdr nﬁgs fed 125 ppm diefarv copper 10 40 kg
1iveweiqht compared with the mean oF 99.0 pdm.nhen the same amount
of supp]ementary copper was fed to market weight. The jiver
copper stores of pigs fed 200 ppm d1eLary copper to 40 kg
Tiveweight was s1gn1f1cant1y (P < 0.0S)»]ower than th-se that -
;eeeived the same amourt of dietary copper 'to market“ﬂ262;3 ppm
versus 378.9 ppm). This resu]t‘agreee ﬁl}b the find?ngsAdf Lucas
and Calder (1957) that removal of copper from’the diet we11 in
advance of market we1qht 1owers copper’ Tevels stored 1n the 11ver
compared w1th an1ma1s fed copper ‘to market weight. However, in
the present study cooper Tevels in the 11vers of-anima]é where
supp]ementa1 copper was removed at 40 kg liveweight wev etil] mhch
' hwgher than the 1ever of the-control animals receiyving the basal-
d1et k |

Add1t1on of a combination of iron and mancanese to diets !

conta1n1na 200 ppm copper did not offer any s1on1f1cant protection



Table

- Kidney

13: EXPERIMENT 1.

68

EFE@C#E OF DIETARY COPPER ON TISSUE
COPPER oL EVELS? *2 -

Copper Levels (ppm)

Number of p{gs

Liver .

“Muscle3

et

"2 Dry matter basis_f

Fat® -

1 This table does n
and ‘19 receivin

0  125-40kg 125~ 200-40kg 200

12 2. 12 12 12
18.7a 83.8b 100.1b 266.0c . 285.3d o

11.7a 73.7b  84.3b  89.4c 105.2d

3.9 3.8 4.2 4.0 4.2

¢

12 1.2 LR 12 1.3

ot include data from treatments‘6,f7; 18
g iron and manganese supplements.
. \’ - .

i

3 Longissimus dorsi

4 Backfat.

‘a, b, ¢, d Values
- no 1etter‘are n

from 7th and 8th,rib of the left sidé.

in_éach row with a common . letter or
ot significantly. different (P < 0.05)
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-against accumwlation of copnrer ir the liver. Conper levels in the

Piver of wics. fed additionad iron and manaanese with copper
. averaaed 358.4 pom while thnse fed [dictary copper without iron

and manganest averaacd 372.2 opm. Suttle and Mills {1966) and

Kline et al. (1972), have presented similar results, but Kainski

et ai (1967) indicated that iron and manaanese Tow red copper

concentration in the liver. Howover, fainski and coworkers

ATl Ay ad ET2 s Sammn Flom Lamd S Ly LSl i agad : PR 3 b
ciploved 573 wmagdvan/lka feed in their onvoriment as corvared with
B3 L&d . : :

the values of 153 tpm total iron used in this study, 144 npm and

3 ppm;supp?ewenta1 iren used bv'Sutt]e “nd 1i17s in thotnqbgwk

~

oybe 110rts or Tﬂ nom di @L ry wron cmolovod bv “iine and coworlers.
[ Q .
T In Experiment 2 (Table 15);'th.\1wver cmﬂn@w concentrations
. - :

N

on a dry matter basis of copper~fedfpﬁos were hiqher (P < 0.05);

aanv0\1rat@1y wa .]d, |nr Duqv suno1eW°ﬂted uwtn 12” pm copper

557“ B

b
Py ¢

~and approxwmate?y*twe]vé~fo]d for piqs sunplemented with-200 ppm
copper as corwared with Tivers from linsd@hlemented pios. _These
. . 4’ A")‘ e - :.‘ . - J. ’ ' - ;9 “
results follow the same general pattern as in Experiment 1.

-Addiha 200, pom zinc to the diet aTready containing A0 npm zinc in

— ~ -

acdwtwon to ZOO Do rnooer t@ndpﬁ to "%dure thp lwver coppern

’

StO”CS of 0103, bUL the U1Tference wcs not SI”PI|7canLTV (P<<.0.05)

~difféneht from’thosg>reqéivingkZOO'ppm¢cmoper without dietary“,
. . b l; - 4 ) . . ‘4 . “'. ' . “' F) . ; . 6 ‘4 . _ ‘
zinc (75 -9 opm versus 312.2 Dnm\. Sarber e (196N) reducea

o .‘.

;.
tal.
Tiver CODDPP cdncentrauwon o‘ n1a< fed. 250 op %: per’ rom 83( Dom
]

e 332 ppw on 2 dry matter-ba is bw feedwno an add1twona1 259 Drm

a

zinc. Similarly,~DeGoey et al. (I97]) Herredsed conpor snore&
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| A

of pigs Ted '250 pnoin cooner from /,n ppm te 175 ppm on-a moisture- N
—fﬁpe Dasisiby teeding an addifiona1 100 ppm‘eaeh'of'zinc and .
iran.

(b)'Kidﬁey

A ?

In Eiperiment 1, feeding either 125 ppm or 200 ppm dietary
copper significantly (P.« 0.05) increaséﬁ nicaey copper 1evels:ai/ +
ccmparedlwith kidnéys from unauUuleventéd piys (Jables 13 and ]%6. . .

, -

Simiiar]y, kidney copper stores of pias fed 200 pom tonngr werJ
Significént]y'(b < 0.05) hicher than thosé fod 125 pomvcobner.- v .
The Fkidney cF%ﬁer cohcentration was non~siqnﬁjicant1y Towered by

terminating 125 ppm copper sunoTementation,at 40 ka Tiveweiaht as

cempared with. feeding the sare coopcw 10ve1 tw merket weiaght. The

o]

. mean of 87.2 oD kidney conner’ concentratzon for pins fed 200 ppm

' Ridney-copner W~1s oﬁ n1os fed 125 pD” conper and e1@ht—no1d

frdm unsun “Jewcnt d ﬁiqs These V@sults f ]1ow the same opwera1

. - .

copper to 40 kg Tiveweiahtuwas swcnifwcon Tv ( < N.05) Tower than

SO
- 5 BN

the'mean of TO@.Z ﬁpm Tor pigs fed 200 me to market: (Table 14). } h !
- - : . » . : S

In Exoerirent Z (Table»]S), there was a’four—fo]d increase i@ e
. P L e

1 . ' ‘

increase for .those ™} rece1v1hq 200 ppm ronpar as Lomnared vTth k?dneys:ﬁz

)
1 B

x . CERPY SEEEN \— e "‘:T' QB
pautern as tﬁOﬂe fr m ferxr qt onm c‘ sowe otnrr rmporbs )

»'(Fanrahcn and 0 Cr1ay 1968 Castell and Lowfanﬁ 19F9b)f ‘In the

presenc stuav ﬁnc1uswon of 200 ppm ard1nwona1 z1nc in a dTEL

a

supplemented with LOO poM copper resu1ued n a s1qn1T1Cd [ (‘ O.D5)~'

decrease in kidney capper concgntrations naen gnmn°r”ﬁ with kidneys



4

A

1

from pigs receiving 200 ppm copper without zinc. «Tﬁﬁs result

BT D Y P R A - (o
S U w*bbb Litau v wius are el

ian coppec Gevels,obolhn Tiver
arid kidney can obtain some protection .against hiah copper <

~accumulation if high Teveéels of zinc are fed.
\ i Ay .

@ L

Pl
(¢c) Muscle. ' :
e ¢ ' :
In both experiments, thor@ was no difference (P < 0.05) 1in N
o

~

muscle copner 1ovn1s (dr/ matter hasis) for capper-fed nias and
basal pigs. “In Experiment 1 (Table 14), the average muscle copper -

concentration for pigs -receiving cepper atseither 125 ppm or 200 ppm

. » -

jther to 40 kq*Tliveweicht or wanﬂt vieight was 4.1 ppm’
iy reQ} ﬁhh the level of 4.0 prm for the ba sal pias. In Experiment

2 (Tab1e<75), pias raceiving 200 pprt copper With or without'ziﬁc L

supplementation averaged 3.5 ppm copper 1n thewr muscWe wn11e a mean
. -~ " (

of 3(7 po~W§5 obtained for pigs fed’ 1{5 me d1etcry cdn o Basa7 -

. - \ N
pigsvaverage6‘3.4 ppm. Tnvest1oﬂt1rg the-erxect-@f.feﬂd1ng 250 ppm .
. , « o, S
“dietary cnnoer ‘on.the cooper concentrat10n of 10ﬂ”WSS1WLS dors1 e .

A '« \

SR}

: musc]e Tay}or @nu ;homx (1964) foind no dift erence het\'pon samp]es

: A

gfrom DaSa] and conper fedmp1qs In contrast, cunch ét al. (]B?)) .
reporLed an 1ncrease OF\ drv Uxter basf% |r0ﬂ 5. O ppm,to,]6.%’ppm S

. - - > R T C9 -t e T
)n th coooer coqcen raL1on in® the 1o1n mUwae when 250 ppm o t
<upp1ementary conper wos fed. Barber e a?.’(]961)-r€ported that
the copper;concentrati;h of the psoas muscie (dry matter basis)
increased from 3.0 ppm to- 5.0 ppm when the“diei was supplemented with

"b) repersed—romT

250 ppm of copper. Casizl] and Dowland. (196
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’

4 —s1qn1f1cant dec11ne in -conper concentration of musc1e from 4.8 ppm

btk 2. 4 pom on a dry matter basis bv leeding 250 ppm sunplementary

’

copper to growing pigs.

(d) =z ‘ . .
There was no sianificant difference between copner Tevels, in the

fat of conper-fed pics and those fed basa diets.  In Experiment 1,

pigs receiving cbpper at either 200 ppm fed to 40 kg 1iveweight or
market weight and pigs receiving basal dwets averaqed 1.2 ppm copper

on a dry matter bas1s in.their backfat. Similar results were

I

obtained in Exnerﬁment 2, wheve %ésa? pigs.averaged 1.3 ppm while
" 'copper supplemented \pigs averaded 1.2« m7co5 er in backfats
pper supp \P1g aged 1.cggpm copp ' bagg

- | Sy
D‘: ) . . ~ E "
’ . (e) Effects of Protein Source - o Cooe

SBM or RSM or a comb1nat1on of the w0 protein sources did not

’

seem tQ‘haVD any 1nf1uence on the ab111tv of 11ver kidney, musc]e'

®

“or fat to store _copper, 9S1m1Tar to th1s finding is the *eportﬂof S

\ . . :
o . Sutt]e and Mills™(1966) whoxd1d not observe any a]tﬁrat1on in copper,

- s m@,abo11sm die to-the e of whaLe fish meal, dr/ “skim m17k or .
- { A

]
e . sbBya- bcﬁn meal as the <ource of suob?emenua1 prote1n for pRys fed

..
~ Coee _— . .
’ . . L - el e

- % 2250 ppi e ,,.f;‘ S
P /;'Q) . RN ”,A :_2-< L R -

. P Lo

’v. Lo L (F) Ef%ects of Se'x'~ .» &1~

) LN S ’ . -
G Tma e . Y ,____—-——/

. fb: | L There,was no d;ﬁlere ce V‘E—CUUU§F~EGEE:H€F;t1OH of |7ver,
. « ___‘_____,a——v——"‘—’_'__ B
;————*ﬁ’”ﬁ“’”—L—Eqaney, mUSr1e or».at of barrows and qw]ts There. are no-pub11shed
e . cud1es Thdwcat1ng whether or not gi]ts and barrows Stbre copper e
e dif Ferent1v foer S _ : “\

:4 .".- B : -;5’ A‘i. | >1' { .  } o : | A .,':;:_:

3

R

f
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o

FATTY ACID COMPOSITION ; o »

(a) Effects of Copner : 71 ' . R ’

To facilitate presentation of the data, the sum of the .. o
. e : . : o

]

saturated fatty'acids (SFA) (12:0 + 16:0 + 18:0) and the sum of the

T o vy . . o A
‘gadoleic acid (20:1) was détected in Experiment 2. Together, the N

~

“7ésen¢ed-dreater than 0) percent
oT the fatty ac1ds,
In both exner1menus there was a numer1ca11v oreater percenuage

(non—s1gn1f1cant1y d1fferenu) ot UFA for pias rece1v1ha the copper

X
)

zromna;ed vith those fed basal d1ets

.A

s . supplemented die
(Tab]e 16), there was a squ1.1cnnb1y (P < 0.05)

. T
n Exoer1menL 1

Jheater amounit of 6:1 in depoL Sat when 195 po coooer was ed to . ;
. 4 R ) "

a \
. wiﬂarket ue1cht or when ZOO ppm cooper was’ 'ed 0 e1thc1 AG kg
C : ' A
' .*;gg”< 11vewe aht or market,w°1ohu compa;ed with basaT pias. ~In Experiment
B -2 (Table-18 ) there was no d1 ference’ in the "evel of 16:1 in the .

13

depoL fat of p1gs fed basal or. copper supn?emenued dweLs It is not

:,ade”e”t vy the pigs. d?»fered bDL\egoi

‘”Der1monus in “e1au1on to /

the 1h?}u9nce of’ dleuary copmer on Tcy'
- o ,_fat. In. both eAP?ﬁl@ﬁﬂiﬁ,_ﬁﬂﬂzeﬁ—;cvﬁ1Lﬁcw ation resu1uea ih L
1ncreased DCﬂcentaqes or 18:1 in. danoc rau In Exner1ment-],,the

"amounts 1ncreased non-siqnifﬁCant1v 2ith increase in TeveW of copner

_ supp]eﬁc”tat1on and with lenath of time for nich copper-was fad.
: % R S

In Exoer1ment 2, copper.supplementatwon resulted in q siagnificant

(
3

K ‘-
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" Table 17: EXPERIMENT 1. PERCENT FATTY ACID, COMPOSITION OF DEPOT
O TUTH U FAT OF PIGS FED COPPER, KON AND
MANGANESE SUPPLEMENTED DIETS!
- ¢ Copper Levels (ppm)>  
. 0 123-20kg 125 200-40kg 200 O+FEstn 00
‘,;Number_bf‘pigs & 8 8 8’ & ' 8 8
Fattz'aCids
14:0 14 1.8 1.8 L7 1.6 .
C16:0 0 25.5  26.0 24.7 24.8 2.5 247 24.3\\
16:1 | lEdhO3.4ab 3.2 3.8bc 3.8bc 2.8a 4. it
18:0 ~ 3.8 12.92 12.5ab 11 2b 10, Qb‘\\Z 6ab 10. 1b
~18-1 S 5.9 440 47:2  46.9 48.1,,47.5 48.0
: 13 - 7.7 8.3 83 8.8 8.1 8.0 8.9
18:3 + 20: T 176 1.8 1.2a 1.8 1.8 1.7b 1.8
. SaturaLed bl 40.7° 41.7  39.0 37.8 37. O- TBZ{é %0
] R  Unsaturated n =3 575500 BT 3 61.0  61.6  63.0 |
. : . . - : : 'J,'Td,

. L, oam e : .
. N 1 . . f . "
\ , ‘ - o e -
. -, 3 -

{   B 2 This table :jeswndﬁ include data “rom treatments
v I © 8, 9,710, 11 and 12 vreceiving the. combination
~of SBM + 2SM grotein supplements. K ‘ v

“a, b,.c Valies in each row with a common letter
- 0or no‘let 2r-are not significantly different
(v < 0.05 . . ; o

S
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(P < 0.05) increase of 18:1 in depot fat. /// R

g
Y AF T0.0 .
The nercent comnes 1t1 noer.le:?

-~ 1 ~
i [ (RSN I O i §

50 increasid by copper£,

St &

“in Experiment 1, but not in Experiment 2. The proportions of 18:

and 20:] were not af ected bv dvetary copper

.ok N

“Iron and nanncneqe 3unn1o‘_nts in Experimeiit 1 resulted in no
change 1in fatty acid comnos7u1on of derot fat conndred with that of

Pigs receiving the same levels of d]@tary.copner without iron or

—s

ot

manaanese suno]ements Supnlemental zinC’*n adaition to copper did

not influence depot fat COHDOb?LTOn 1n _Aper1menu 2.
Ihere are three posg1b1e means bv which a depot fat can be
softened: by an 1ncreese in the proportion of UFA nresent; by an

increase fn‘the»probortion of shert chain xattv acids present:

N

_by changes in tne struczure of. tne component tP1Q]yCQ£1d°S The

1

resu]ts of these exner1n°nts 1nd]catg that conpar supo]enentat1on

of the dwet softens the depot :at of D1gs by increasing the

proport1onfof UFA, nofab]y 12:1 proesant theredtnr—ProVions experiments

at The University of ABerta (Bowland and Castell, 1674; E1140t and
Bowland, 1968, ]969,'79705 and Myres and Bow?and 1972) support the

obcervat1on that Qonper SUDplen@ntat1on sortens deoc fat 1n p1qs

_ andﬂuhai ‘the reason for.the, snrth1nc 1s assoc1ated with - the’ e g
'proport1ons of UFA and SFA Dresont in the fat. o \; _A": A o y k"‘\
Tay]or and” Thomke (19,:) have suqqested that high Tevels of - +. o -

v

dieucny copper cou]d inf]uencé~the ébéo pt1on 0* d1et3ry fat
conponents, 1nf1uence the nob111zat1nn from or dOpos1t1on of ty

(5

acids in the depot fat or thau cepper scorod in the T1ver m1th

N
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interfere with endoqenous fat m@fabolish This study does not

revea1 the mode of act1on of copper in fat mefabo11sm

~An increase'in Jingl

L

eic-acid (18:2) 1in the depot fat of copper

- supplemented pigs was observed in Experimentn1. E11iot and Bowland

(1970) and Myres and Bowland (1972) also observed a similar increase

in

S m
LUl

app

18:2. Linoleic acid 1

iISidered o be Synthesi

ear. o be a net synt

s an essential fatty acid generally ot

zed by the pig and therefore recuired in

hesis of this acid. Increases in-the

Drobortion of 10;2 in the back at of p1as would tend to 1nd1cate

7/

that the etfect of copper.on fat wetabo11<w may be one of either

[N

promotina Dreferenu1a1 depos1t10n of unsaturated fatty acids in the

dep

and

ot fat or, converse]v

Thorze (1964). This

studxf\hOWever, does not -reveal the specific

)

- /
the diet, a]thouoh Babatunde et al. (1967) have indicated that theréﬂ

v

(=

ECtsTeT LU{} ‘on-batk

Tat“tcmpos1tnon 01 pigs. In general, the

results of this jnvestication aaree very closely with those reported

by Eiliot and Boland (1970) and ygps and Bowland (1972) for

- bar

Wey;%ishmeal dééts;

s

(b) Effects of Dieta

The total UFA in the.

N &,
rv Protein N~
i,

depc™ fat.of_pigs recéiving the three

different protein supplements did not iffer significantly (P < 0.05).

In
UFA:

Experiment 1 (Tab]e‘?

-

16:7, 18:1 ano 18:2

); the percent composition of the individual

reased g{13ijij;1n 9S' oy RSHM - \BH fed
l -
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pﬁgs'comﬁared vith fhose fed4SBH. The incfease in the proportion

of 18:3 + 20:1 was significant1y(P < 0.05) different amongst the

three brotein sources: 1.4%, 1.7% and 1.9% for SBM, RSM + SBM and |
RSM, respectively. Experiment 2 (Table 18), did not show any

| specific trend in the,pr0394tTons of individual UFA as regards the
three nrotein. sources. E,oar1 ient 1 of this study seems to jndicate

‘tbAt RSM d1et; mav result in softer deoot fat than SBH d1ets when

'neH to pias but this was not supported by- Exper1ment 2. The

d1r\frent sources of RS1 used in the two stud1es cou]&“be the

vEananat1on for these d1fferences

(c) Effects of Sex _
'Ig Experwwent_l (Table 10), the_depot fat.éf barrows contained
,1esser-(? < 0;05) amounts of UFA and areater (P < 0. 05) amodnts of
SFA than did that of qi]ts' Thws result sunports s1m11ar f1nd1nos

by Fr1end and uunn1nﬂham (196 7)'and E]]1ot and Doﬂand (1“70) The

' 1nd1v1dua1 SFA, notab1y 16:00 and 1810, uer§ >1qn1f1canuly (P <D. 05)

‘h1gher for barrows than gi 1ts, Hh11e the individual UFA 1621 and

18:2, were corrgspondingly hiaher (P < 0.05) for giTts than barrows.

~ : *

in'Expériment 2 (Table 1%), the percent cdmpositipn bf“ﬁﬁe
depht fat of O1]LS conLa1ned non- s10n1f1cant1y (P « O.CSl/higher
amountsfof UFA. 16 0 was s1qn1f1caqt1v (p <‘0.05) hiqhef for
barrbws, whd]e 18:1 and 18:Z were n&n—sjgnifﬁcant]& (P. < 0.05)

higher for gilts.

A



GEMERAL DISCUSSION

ne responses (o 5v001ementa1 copner for piags obua1nod in

these experwmentg were similar to those renorted in ‘the }¥terature.

Because ot the variations encountered, the results can be dic~ussec

onTv as 1nd1cat1ve of trends rather than Uregnnt1nq conc]us1ve
ev1dence for proposed metabol1c roles,.of supp]qmentary copper

Dne of the predom1nant effects obse:ved dur1ng the stud1e \V/as
an 1mprnvement in rate of aain obLawned by .eed1na 200 ‘ppm copp r
‘and the 1ncreased Pf(1c1ency in feed ut111zat1on from- bhe addition

/

_of copper, Severa1 research wnrlers have reporied a similar o

s

e

_effect, notab]v Iucaq et al. (1@615 Lucas ot 31._11Q55)Qandu‘
. /\ 5 A Lt

KTine et a] (1972) The Drescnt stud1es 1nd1cato an advanuaqe
£
in 1ecv1na copnet in the d1et to market weight and in leedwnc ‘ :

: . 20q ppm cooper . comDarLa w1tn a 1eve1 of 123 pp ‘ Th1s T1nd1ng

Q

s cons1atent vw(% tha suggestion’ 6f HawbaPer et al. (1967\ that
v . thp action of supolementarv copper~could be a resu]t of itsx‘

e : effect on gut ﬁlg;ﬁ Based on- tke d1gast:on studies in Experwmer“‘
‘2, dietary_ copper 1ncreased protein and energy uc111/dxxon

\

f1n01ng wh1c\ is st111 consistent w1th the suaqosu1ons of Hawbaker

\
\na‘\oworkers.

L



The apoarent benef1c1a1 growth effocts of copper were 1ost by

“feeding 250 ppm zinc with 200 ppm copper in compar1son w1th 50 ppm

~zinc and 200 ppm copper. Th]s,coqu be due to an antagon1sm

resulting from competition between the two minerals for site of - -

absorption and action as previously sugqé;ted by Starcher (1969).

" The antagonism of zinc on copper is further demonstrated by the

effects of Zinc on liver @nd Kidney coppér Cﬂ"tonthationsl' ”hethar

Vi

such antagon1sm is enter1c, system1c or both 1s not revea]ed by
q;

“this study.

Y

vth carcass - data jndicate that & considerable improvement in

f . N
! \ 2

carcass qua?ity Was brought about by copper supplementation. The

requwres .urther study

——

" consistent increase in area of Toin ma> be re1atgd to 1ncreased

“’NR by copper-fed pios Lesser backtat th1c!ness nay be. due to’ the

H 2
act1on of copper 1n uac111tat1na thn me tabo]1sm ol mob1112ed t

| . g
tnerehua:equc1nq the rate of re- deDos1t1on ThTS:aS;

. | i

4 /
Dercent cochs1tzon of UFA “This observedtchanae cou]d resu]ﬁ from

the a]teratwon of known FdebO]1C pathwavs for the endogenou

1

synthesws of. fatty acids.. The &ooaxent 1ncrease of 18 2 re:u]tlng .

3

from d1etary copper n Lhe Tirst exoer1ment may be, in. fq t an
2 « :

1ncrease in the 18:21a 6, 9 unsaturated fatty ac1d wh1

‘can svnthea1ze rather than an 1ncrease in the 18 2 9

unsaturated 18 carbon ac1d consxdered essent1a1 This was. previously !

suggected by E111ot and bou]and (1970). o { "i P _NW{’_;

83

‘of the uork g

, j.
The T1ip 11p1d ona iyses show “that Jlet“rj copp —TWCTEHS“S Lne/-~:;t"

- -



, - The use of RSM that contained normal alucosinolate Tevels as,
"-‘,\ >,

\3 prote1n source in pig diets (Experivent 2) caused a reasonab]y
N
1ar0e depress1g2 in garowtn (swan1f1canv at P < 0 10) wh1ch differed )

~—

from the resu1ts dbta1ned from feedina Tow a1ucos1no1ate RSM.
-~ {' )
G1ucos1no1ates may be 1mp11cated in depressed protewn ut111zat1on N

4

[r

resu1t1nd in denressed growth The glucosinolate ¢ h
has'been gne of, the factors 1imiting the most effwc?Znt-Ut111zatlS§§ +
of RSM by. 11vestock Genotynes of rape have been found which contain.
rvery 1ow 1eve]s of g1ucos1no]ate in the seed and emphasis is h;1ng F““/ 7
given in p]ant breeg;nq programs to deve]op these strains and )
- var1et1es for commercial use. (PaDeseed Assoc1at1on Og Canadat 1972).
The research renorted here1n has ‘many pract1ca1 implications.
g; . “Most " research, 1nc1ud1ng th1s study, 6551qned -to e%a]uate copper as
- growth promotant has 1nd1cated that copper supn]ementat10n of the ;‘
4+ d1et improves rate of ga1n and eff1c1ency o7 feed conversion and
resu1ts in pigs go1ng to market at'a younger . age and at 1ower cost
| per un1t of gain. The economic advantage of- th1s to the farmer is . TN
further enhanced by~ the 1mnroved carcass qua11ty of such copper fed |
p1ds wh1ch includes hwqher dress1nd percentaoe, Tesser backfat and
. &

larger, Toin area.

~
]

'High'1eve1 conDe ;eed1nc has not been accepted bv the Hea]th -
Protect1on Branch, De artment of. Nat1ona1 Health and Ue]fare Canada
or the Food and Drug Adm1n1strat1on in the U.S.A.; one.of the reasons.
.benngvthat h1gh levels of copper fed‘over a lona period of t1me may
.a1terutheebacterda1 pobu1atfon invlagdonsmso thatvprpper oxtdatiqn.,

a N . . . ’.



does;not‘take p]ace.' The feca] material when spread may also’ add
rather 1aroe quant1t1es of copper to the sof] A]thouoh these
;///Egns1derat1ons are 6f potential concern, there appears to be np
| pub11shed data to. support the possih111ty that d1etary copper poses
a problem %n these areas. It is, however,,an area_that syould be
researched :\\ngp g ) - ‘ , _ ' h
Kochvgt\al, (19685;1havé suggested that since_the composition
of porcirfe depot fatsucan’easiiy be aitered by”dietgry means, they ’
couidfserye.as a'potentja] SOurce.of'unsaturated fat in the‘huéan~
.diet for the reduction of serum choTestero1 1eveLs: Based on the
results presented herein:_copper suppTementatjon,of;p#g diets as well
~as the use of-a/]ow 91ucosinp]ate Rﬁm as”a:protein supp1ement fOr o
growing p1gs, could offer a part1a1 a1ternat1ve to the use of o
»h1gh1y unsaturated vegetabie fats in the human d1et
On.theyothervhang, Tipid compos1t1on may be an 1mportant fattor _
in meat quality and in.the keeping'characterfstics ot meat? Fats
containing re]ative]y high(propOrtions;of unsaturated fatty.acids
are subject toﬂoxidatjon, the eRd. products of which result in
undesirable odors and ftavors in the product.uith‘which the fat
is associated. Therefore,‘dietaﬁy treatments‘SUCh as copper ‘
_suppTementation or the'use of Tow g]ucosinolate RSM which.increase
the proport1on of un&aturated fatty acids present in the depot fat
\ B could resu%t in adverse effects on the storage life of pork

High copper concentrat1ops'were obta1ned 1n the 11vers

\ : and k1dneys of the copper—fed pigs. Sheep livers norma11y



. . | ‘ . b y
———‘_\u . L\ . ) - A ‘

contain copper ]eve]s as h1qh~as those obta1ned for + 2 Tivers

from copper- supp1emented pigs.- Uynne and McC]ymo t )55)ﬂand o
.K11ne et al. (1971) obta1ned 306 and 769 ppm copper on a dry matter ?;‘
basis respective]y tor‘ijers of sheep,ted diets onsupplemente
with copper as comparediwith the va]ue_of 77 ppm copper obtained by

| K1f§é and coworkers for 1ivers of pigs fe 200 ppm copper-in the |
same stpdy or the high»of 37879 ppm copper of-dry tissue ohtained
for- 11vers of pigs fed 200 ppm copper in stud1es reported herein.
Moreover, 4t is unlikely that hog 11ver and k1dney w111 constitute .
3 sufficiently large proport1on or human diets to maﬁled]y influence
copper'intake The muscle and fat tissues, which .orm a major

'hconponent of ' humen d’ets, were not increased in copper level by
‘supp]emental d1etary copper

¥ Further research is requ1red before the pract1ca1 effects of -

‘eopper supplementation. and/or the use of RSM in swine diets on
'_.carcass qua]1ty‘and fatty acid’ compos1t1on_of porcine depot fat,'
can be fully elucidated. R
| L

=
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: GENERALJ?UMMARY

Responses of p1as to 1nc1us1onw”f copoer sulfate to supply
. 125 or 200 ppm copper in the feed were stud1ed qnder conditions
1nvo]v1na w1thdrawa1 of copner at’ AO ka 11vewe1qht or cont1nuous
- copper supp]emeQEat1on -to market -weight, feed1n0 a2d1t1ona1
j’d1etamy manganese and iron. in one exper1ment.and'1ac1us1om_of
206 ppm'dietary zinc in another experiment. In Bothéexperiménts;'
diets.wereﬁsuppiemented-With’either sdybean,mea] (SBM), kapeseed .
“meal (RSM) or a'combinatfon-of SBM- and RSM. In Experiment 1, Tow
| g1ucosino1ate'RSM from §; napus, cu]tiyar Bronowski was used, while
”a‘RSM from;§:'campestris.cu1timar Span'was used in the secdnd |
expefiment,& _ |
Data from'these studies indieatE»that‘there:is‘an adﬁahtaae in v
feeding 200 ppm rather than 125 ppm d1etary copper and 1n reta1n1nq
the 200 ppm copper’ to market we1qht rather than term1nat1ng
_psupp1ementat1on at 40 kg ]1vewe1qht There was no apparent benef1?
from add1t1ona1 supp1ementa1 1ron or manqanese (41 -and 81 ppm -
respect1ve1y) A11 d1ets conta1ned 87 ppm manqanese and 112 ppm
_’iron.~ Supp1ementa1 z1nc at a 1eve1 of 250 ppm d1d not prove

'benef1c1a] in increasing rate,of.growth compared with diets containing

Vo




, = . JERE
2 : , . . «

, : A
~ 50 ppm ‘Zinc but did reduce the 11ver and kidney copper stores
v FrQ@ resu]ts of didest1b111tv trials during the rear1nq
‘ner1od it cah be suqdested that nigs fed 200 ppm supp]ementary .
o copper were ut111z1na their diet more eff1c1ent1y than any other
treatment qroup ———
Carcass data sugoest that- dressing percentaqe, area of loin
and lean-in. the ham face were':ncreased and backfat th1ckness was
o reduced by copper supp]enentat1on of the d1et, resu1t1nq in an
- overall 1mprovement in carcass qua11ty
decreased percentaqe of saturated fatty acids (SFA) and,an
1ncreased percentage of unsaturated Fatty acids (UFA) in the depot
fat. The decrease in the proportion of SFA ‘resulted from decrease
in we1ght perc nt of 16: O present 1n4the deoot fat, whw]e 1ncreases
in we1qht pe. ~nt of 18: 1 and 18 ' in the depot fats accounted for
~ the 1ncrease 1n the proportion of UFA.. |
* Comparison between the prote1n sources indieated that a ]ow :
glucosinolate RSM could rep]ace SBM on an equ1va1ent prbte1n and
energy bas1s The standard RSM deoressed growth and was 1nfer1or
', ° to SBM as a‘protein supp]ement for p1g d1ets Carcass qua]1ty was
not s1gn1f1cant]y different when e1ther SBM or RSM were fed,
although RSM apparent]v 1mproved carcass qua11ty, incyeased the
percent compos1t1on of UFA and decreased the percent compos1t1on of

: 1
\/SFA in B‘ackfat o

<

O
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