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A total of four experiments were conducteC to investigate the

the potential utiiization of ( imnature ) r,rfhcle Canola Seerr

('¡¡CS ) by da i ry coh¡s .

Experiment L, manr:script L, invcl_ved 4 ram lambs in a Latin
Qnrr¡va rloeian feecììno tri¡l tO deteffnine ì:he rl .ioesi,'ihi'lìl-r¡ aâ¿ uv qsuL!¡Lir¡¡E u¡¡ç .¿¡yçÐutpII¿uJ u!

I,ì7CS. 0, 7, L4 or 2L% WC.S replaced a basal oat ration. These

rations v/ere fed in each cf four three week ceriods. Eecause

of consumption difficulties in the first Þeriod a fifth
period was conducted. A sixth period was executed in which

all lambs received 4,7%. Raw Canola Oil replacing an equal

amount of the basar ,.tior,. The a¡rparent digestibilrty of wcs

b/as determined co þe 17.5% for crude protein, 67.2% for ether

extract, 70.1% ior gross energy and iB.1".a for dry matter.

ABSTRACT

ilz-l¿¡:. imen i ? mãn!tq,^r i nr 1¿,

Lucas design expeËir¡ent

consumed by dairv cows anC

oroduct ion parameters . Fir¡e treatnent se(f uences !./ere

concÍucteo, each oi three weeks duration :,:r f our bi¡cks.
Diets trea-*ments consisted of Ltrnq ha.r' fe.f a[ 2.0

Kri.,/cow/day, concentrate ied according to prcduction at I kg

oi concentrate per day lor every 2.0 Kg oi miil< for ccws

invoLved 2A multiparous ccws in ð

to determine if bhe WCS woula be

what ef fect the hiCS wouLd ha.¡e on



above 7.5 Kg ol rnil-k, and Ad libitum corn sil-age for bl_oc;is

1, 2 and 3 and Àd libitum fababean silage for block iour,

wi.th either 0.0, 0.5, 1.0, 1.5 or 2.0 Kg of WCS top dressed

daily in two equal feedings. the top dressing of WCS had a

signif icant'linear ef fect on dry matter intake (P.<0.01-). 'vlCS

levels of t.0 and L.5 Kg./cow/day showed a trend for improved

Èour percent Fat Corrected Milk yieJ-d (FCH ) when covÍs in

Lt

early lactation cnly were considered.

Experiment tr. manuscript 2, was a nyl-on bag trial to

determine if rfCS was degraded by the ïumen bacteria. The IlfCS

was deterrnined to be a potential source of by-pass p-otein

and energy based on the dry matter loss of 23.3% and a crude

protein loss of l-8.1e6 f rom nylon bags incubated in the rumen

of a Jersey steer.

Experiment ?, manuscript 2, involved 3'7 cows blocked into a

3x2>:2 factorial design. Three rations were employed tc
determÍne the eflects of e:<truded or -,¡iCS on the productive

parameters of dairy covrs in ear Iy lactation . Extruded ot: VüCS

h/as incorÞo.ated into isonitrcgenous ì.ations to obtain 3.2%

added fat in the total rnÍxed rations. ?he experimental

period h/as tZ weeks in duration. The meen (+SE) stalrinq time

f ox alÌ cows was E + i days post-caiving. Mi ik produc*"iern

and feed intake were measured riaiiy. r,r/eekiy niik ;amples

were analvzed for fa|. , lrotein ano l-actose percent:.

Poiynomial -egression equations v/ere fitred to ihe data anC
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d ifferences .

Cows consuming the Extrr:ded Canola rations produced

(P=0.0523) .more milkrlovrer milk fateo (p<0.05) anC more miik

lactose (P=0.0525) than cows consuming the control ration.
The control group consumed significantly (P<.C5) less dry

matter than the I.ICS or extrr:ded rations. The ÌüCS srouÐ

produceo more milk fat (P.<0.05) than the control group.

Significanb differences in the milk fatty acid composition

were noted between the control, extruded and whole canola

seed groups.

and intake Þiofiies

II]-

'rrere analyZed for
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Rapeseed and cultivars that are low in. glucosinolates and

erucic acld (commonly such cultivars are referred to as

rrCanolarr and are the major varieties grohrn) is the major

oilseed crop gro'rrn in Canada (Jones 1979, Bell 1982).

1

This oll seed crop is a major source of lncome for Canadlans

as Canada is the leading producer and exporter of rapeseed

accordlng to Bell (1982). The oil is extracted from the seed

and the remalnlng meal has become a major source of protein

in the ratlons of cattle and to a lesser extent poultry and

swlne. An estlmated 37t of the domestic usage of canora meal

was used in caÈtle rations, 339 In poultry diets and 2gt in
swine. diets in L979 (BelI 1992).

INTRODUCTION

The use of rapeseed mear in the rations of dairy cattle has

been extensively investigated and with the advent of canora

varieties the paratabllity and goitrogenic effects of
rapeseed \dere decreased or eliminated. Be11 (1982) reported

on the frequency of research pertalning to whole rapeseed or

lts components Eox the period 1968 to 1979. The results of

his review show the number of research studies on seed at s6,

meal at 346, low fiber meal at 9, hu1ls at I, gums and

soapstocks at L2, flour and concentzate at 37 and oil at 103.

These studies included all types of livestock¿ poultry and

other animaLs. of 200 research trials that were conducted



between 1968 and 1979

ruminants ( Be I1 1-9 82) .

lhe inclusion of various types of lipids in the rations of

lactating .dairy cows has recentry received much attention by

numerous researchers (Banks et a1. L980, Banks et a1.1992,

chalupa et ar. 1984, Jenklns and parmquist 1984, palmquist

L985, Palmqulst and conrad 1980, smlth et al. j.g7g, storry
1981, Steele 1985, ifrenn et aI. 1976). The prlmary reasons

for lncruding 1lprds in dalry rations -are to increase the

energy denslty of the ration, decrease the revel of starch ln
the ration, and/or arter the composltron of the fatty acid
profire of the mllk fat. Dependlng upon the type and lever of
lipld fed alteratlons ln ratlon dlgestlbitity, mltk and fat
productlon and mlLk fat fatty acld compositlon have been

noted (Banks et aI. 1980, Kennelly 1993).

2-

only 15 ( 8t ) were conducted with

one of the primary reasons for includlng lipids in the

ratlons of dalry cor.rs ln early lactatlon is to increase the

energy density of the ratlon as these co$rs are most likery to
be in a negative energy balance for the first 6 to g weeks of

lactatlon. The use of gralns at hlgh revels (generarly

greater than 60t of the ratlon) provldes high levels of
starches that may lead to a 1ow milk fat syndrome.

lfhole unprocessed canola seed has not been extensivery
researched äs a potential source of Iipirl to high producing



dalry cor{s. There is a generar absence of rlterature
regardinE the utilization of the whole unprocessed seed by

rumlnants. rt is not known whether the whole unprocessed

seed ls palatabre to ruminants or if lt ls even digestible by

¡uminants.

Chrlstensen et a1. (197S) reported that protected rapeseed

(cv Tower ) slgnificantly increased the amount of milk
produced and the amount of mllk per 100 kg of feed when

compared to a low forage (35b) or a hlgh Eorage (sOt) ratlon,
but rrras not dlf ferenet from a protected soy-ta)-low product.
The amount of fat and the 4t Fat corrected Mirk (FcH)

produced by the cows fed Bt protected Tor¿er rapeseed trras

slgnificantry more than alr other treatments. Both forms of
protected lipid increased blood cholesterol over the control
levers with the protected rapeseed belng signiflcanÈly hlgher
than the protected soy-tallow product. rn a second experiment

candle rapeseed was added to the concentrate to supply a

fotal of 5t and 8% ether extract in the ration. This vras

compared to a control ratlon with z.z% eÈher extract and to a

ration containing Tower rapeseed at a level adequate to
supply 8t ether extract in the ratlon dry matter. There were

no differences in productlon or in milk constltuents.

-3

It is the lntent of thls study to investigate the uttllzatlon
of ( ImmaÈure ) trrhole Canola Seed ( ltCS ) and an Extruded r¡¡CS

product by lactating dalry cows. The hypothesis assumes that



t¡cs can supply high levels of ripid and rumen nondegradeabre

protein to the small lntestlne of clairy cor.rs in early
lactation to ald in increaslng the supply of nutrlents
necessary to malntain or increase mllk productlon. The

Extruded lfcs product that 'rras tested was included to compare

the effects of lfcs that had a greater rumlnal avairable
proteln and fat than the unprocessed whoLe seed. In
manuscrlpt lrexperlments 1 and 2 were conducted to deterrnlne

the dlgestibility of !ùcs for ruminants and to determine if
the whole unpxocessed 

.canola seed vras acceptable to dairy
cowsr respectlvely. In manuscript z, experiments 1 and 2 rvere

conducted to determine the degree of ruminal protein and dry
matter break down and productlon response of dalry cows ln
early lactatlon to whole unprocessed Canola seed or extruded
Cano1a seed productr r""n""tlvely.

-4



lfhole canola seed has been used in swine rations to provlde
protein and energy to growing and finishlng animals. castell
and Falk (L980) reported that 1eve1s of up to 15t rapeseed
(cv candre ) did not affect performance of growing and

flnishlng plgs but dld lmprove the amount of daily galn
achleved f or every Kg of f eed of f ere_d. The rapeseed caused

alteratlons In the types of fatty acids found In the backfat
of the pigs and generally increased the amount of unsaturated
fatty acids (especlarry ltnoleic and llnolenIc).

5

LITERÀTURE REVIEH

summe¡s et al. (1992) reported that rapeseed has been f.ed to
pourtry wlth varying resurts. They state thaÈ there may have

been a possibre effect of eruclc acid that caused. a

depression in growth and energy utllization whÌle 1ow erucic
acld oils had no effect on perfomance. They conducted a

series of triars to determine if the canora seed (low in
grucosinolates and eruclc acid) could be used in broiler
ratlons at levels of 17.5 and 3s%. They concluded that in
isonitogenous, isocaloric rations that were formulated to
contain equivalent levels of lysine and methionlne the canola
seed reduced weight galn and feed intake but the feed:gain
ratios vì/ere similar to the corn-soy contror ratlons. A¡lparent
fat retention was lower for the canora seed rations and they



courd not comment if this vras specific to the canola seed or

to the dletary fat level. They comment that palatabllity of

the canola seed may have been involved in the reduced feed

lntake problem.

Àt the initiation of the experiments conducted and reported

hereln, no direct studies appeared ln the lj.terature that
vrere conducted to establish digestlbillty values, effects on

milk productlon or effects on mllk constituents of the whote

unprocessed Canola seed when fed to lactatlng dalry cows.

chrlstensen et al. (1978) had investigated the effects of

Tower and candle rapeseed ln ratlons for dalry cows to
provide 5È and 8t ether extract. The rapeseed cultlvars were

pelleted through a 0.48 cm dle. There were no lmprovements in
milk yield or in mlIk constituents when compared to the

control ration (contained 2.2% ether extract). lJhen the Tower

rapeseed r¡.ras protected with formaldehyde there was a

signiflcant improvement in milk yield over high and low

foraEe contror ratlons but not when ccmpared to a soy-Èalrow

protected product. The Tower rapeseed significantly improved

the 4t FCM yleld and fat yield over all treatments.

-6

During these

not readily

in the total

leveI there

experiments one study reported that
adjust to lnclusion leve1s greater

ration (Kenne11y, L983). Àt the 6t

were no significant differences in

co\rs d id

than 6% lrrCS

i nclus i on

dry matÈer



intake, milk constituent or mirk production. The stage of
lactation \,ras noÈ mentloned in this report and may have been

an important factor. The incrusion of graded levels of l{cs

improved the digestibility coefficients for dry matter,
organic ma.t.ter, crude protein and acld detergent fiber whire

that for lipid was unchanged or reduced.

-7

Research wlth canola meal ln the ratj.ons of lactating dalry
cattle has recelved substantlally more emphasls than research

with whore canola seed. canola mear ls a by-product of the

canola o11 lndustry and 1s an economlcal repracement for
soybean mear in the rations of dairy catÈ1e in canada. canora

mear ls derived from the processlng of rapeseed cultivars,
such as Tower and candle, that are Iow in glucosinorates and

eruclc acld( Jones 1979, Bell 1982).

Be11 (1982), in a review, tabulated the progress of rapeseed

breeding and research with the var ious products and

by-producÈs of the rapeseed industry. His table of the

various rapeseed cultivars developed since lg54 is shown as

table I and can be referred to to chart the evolution of

Canola seed (and meal).



Tab1e 1. Canadlan rapeseed development.*

Var lety

-8

GoIden
Arlo
Nugget
lanka
Echo
Target
Oro c
Polar c
Turret c
Span c
Zephyr c
Torch c
Mldas c
Tower cd
Regent cd
Cand1e cd
Àltex cd
Andor cd
Tobln cd

TyPe

Bna
Bcb
Bn
Bn
Bc
Bn
Bn
Bc
Bn
Bc
Bn
Bc
Bn
Bn
Bn
Bc
Bn
Bn
Bc

Year

a
b
c
d

Brass j,ca napus .
Brassica campestls.
tov eruclc acld.
Low glucoslnolate.

Taken from 8e11, 1992.

1954
19 58
196 1
19 63
1964
19 66
1958
19 69
1970
19 ?1
19 71
1973
1973
L97 4
t977
1977
1978
19 81
19 81



Ingalls et a1.(1969) conducted a series of experirnents
designed to compare the intake and production parameters of
replacing soybean meal with rapeseed meal and or urea.
Àlthough there ttas no difference 1n production parameters the
lnclusion Lz and 13t rapeseed meal in place of soybean meai

caused a slgniflcant reductlon ln dry matter inbake of the
grain concentrate. The researchers could not explain Èhe

reason for the depressed intake. llhen urea replaced part of
the rapeseed mear in the ration there was no dffference ln
lntake from the 12ts rapeseed meal ratlon. Both rapeseed meal

rations and the soybean meal control ratlon supported hlgher
concentraÈe intakes than the ratlon contalnlng only urea as

the source of supplemental proteln.

-9

rngalls and seale (i-g?L) reported Èhat rapeseed mear (cv
Tanka) could support adequate lntake and growth of heifers
from birth through to the end of thelr firet lactaiion. Ifhen

L3.7t rapeseed mear repraced all the soybean mear ln the
raËion of the heifers there was a tendency for lower mirk
yierd but the effect was not significant. The replacement of
one half of the supplemental soybean meal with rapeseed meal

showed no differences frbm Èhe soybean mear control.

I{aldern ( 1973 ) reports that when rapeseed

11.8% of the total daily dry matter intake
lras compared tc a similar ration with

mea1, comprising

of lactating cows,

soybean rneal



comprlslng 10.6% of the total dairy dry matter lntake, the

digestibility of the total ration crude protein vras lower for
the cows f ed the rapeseed meaI. These corr¡S produced iess
mirk, 4% FcM, percent milk fat, protein and nonfat solids
than the .cows receiving the soybean meal ration (p<0.0s).

Arthough not mentioned thls adverse affect of the rapeseed

meal on productlon parameters may have been due to high

leveIs of glucos inolates as the rapeseed r^ras f rom a

commercially available source.
,;

Inga1Is and Sharma (19?5) compared the effect of Bronowski

( 1ow glucosinolate ) rapeseed mear replacing commercial

rapeseed meal (high glucosinolate). Compared to a soybean

meal control ratlon the Bronowski rapeseed meal vras consumed

at the same leveL and supported the same rever of productlon.

lfhen urea replaced 60% of the Bronowski mear protein the colrrs

consumed signiÉicantly less grain mix and vras not different
Èhan the commercial rapeseed meal in affecting intake. !Íhen

Bronowski rapeseed meal ,rras included in the ration at 10, L7

and 24e6 in replacement of soybeal meal th.ere r¡rere no

differences in ratlon intake or in productlon parameters.

Digestlbility of nutrients of these rations were compared.

There were no differences 1n apparent digestibiliÈies but

numerically the Bronowskl containing rations had higher

digestibility coefficients and higher nitrogen retention than

the soybean meal conÈrol ration. rn a third trial the

addition of molasses or feed flavor or pelreting did not

-10



improve the

compared to

contalning

consumpt I on

soybean meal

Sharma et a1. (19?7) found that dairy rations contalning
either commerical rapeseed meal or CanoIa meal (cv.Tower) at
levels of 25t of the concentrate or 12.5t of the total
rations were consumed as well as a soybean meal control
ratlon. There rrrere no observed differences in any of the
productlon parameters, rumen metaborites, brood serum urea oï

serum thyroxine levels. The authors concluded that rapeseed

meals of the Tower cultlvar could be included ln the ratlons
of dalry cor'rs at levels up to 12.5t of. the total ration
wlthout affectlng intake or production.

Span rapeseed

of commercial rapeseed meal vhen

control ration or to a ration
meal

Papas et aI.(1978) compared Tower and 'f1821" canora mears to
a soybean-meal-contalning control ratlon. l{hen LE2L canola

meal replaced all the soybean meal in the ratlon the cows

gave slgnificantry more mllk than cows fed the control oï
Tower rations. Milk iodine levels v/ere lower äs a resurt of
feeding the canora meal rations. Thiocyanate levers were

increased by the canora rations, and the Tower canola meal

produced higher levels than the i-921 variety. There were no

differences 1n plasma thyroxine 1eve1s between rations.

Fisher and Ingalrs (19sL) reported that canora meal ls
extenslvely used to supplement the protein requirements of



all classes of cattle. These include growing calves, bee#

cattle, especially growing and finishing feedrot cattre and

lactating dairy cows. They cautlon that canora mear does

have a higher flber content than soybean meal and this mall ln
some cases .depress the ratlon drgestibility. But when canola
meal is used in least cost ratlon formulations the problem of
hlgher flber levels can easlly be overcome.

satter and Roffler trgzsl suEgested that there ls an upper

effective limlt to the amount of the solubre protein that can

be used in rations fed to hlgh producing colirs to rlmlt the
level of ruminar ammonia to 5 mg/L00ml of rumen fluld. From

data provlded by Ha and Kennelly (1983a) the amount of Canola

mear that can be added to a barrey based concentrate and fed
In conjunctlon wlth alfalfa hay is about 6 to ?t of the total
ratlon if this level of rumen ammonia is not to be exceeded.

Às graded revers of canola meal rrrere added to the ration the
rumen ammonia concentration, brood urea and duodenal total
nitrogen suppry \rrere increased. By adding canora meal to
provide dietary protein levels of greater than L4t the rumen

ammonia concentration Y/as erevated werl above the 5 mg/too ml

level and there lras no effect on intake or milk productlon
over that observed when a l-4t crude protein ration was fed (

canora mear comprised 12t of the concentrate). However, this
experiment vras a change over design and may not have been the
best design to evaluate the effect of protein level on

production. The ruminal ammonia concentrati ons wouLd be

It



reasonably indicatlve of what nright have been expected ln a

non change over design experiment. The two week periods

not have left enough time-between treatment seguences for
cov¡s to respond to the dif f erent ¡rrote in 1eve1, especially
higher proteln leve1.

-13

Laarveld and Christensen ( 1976 ) compared Span and 'f 1?ggr' (a

canola cultivar ) rapeseed mears against soybean meal

control ratlon. Elght and one half percent rapeseed replaced
?.0ts soybean mear ln a pelreted concenÈrate that was fed in a

50:50 ratio with ground hay. The proteln of the total ratlons
were 14%. There were no differences ln dry matter lntake or
production parameters. The cohrs comsuming the rapeseed meal

treatments did have a significantly higher digestible energy

lntake than the soybean meal contror. Digestibility of the

dry matter, eÈher extract, crude flber and energy were hlgher

for the rapeseed meal rations than for the soybean meal

ration. This v/as determlned at mainÈenance Intake leveIs
using Hereford steers welghlng about 240 kg. The high leveI
of glucosinorates found in the span rapeseed mear may have

produced symptoms of hypothyroidism.

nay

the

F isher and 9Ia1sh ( 19 76 ) conducted a tr iaI compar ing 'r lT BB "

canola meal at graded leve1s of 0, 11, 22 and 34% of the

concentrate in replacement of soybean meal. The total
replacement of soybean meal with i-?BB rapeseed meal caused a

reduction in ti; dry matter intake, rnilk yield, fat yierd,



protein yield, ractose yield and plasma thyroxlne revers.

Ration dry matter and nitrogen digestibiLltes were lower for
the 34t rapeseed mear treatment. The experimental j-7Ba

rapeseed was processed under similar conditions as comrnercial

rapeseed me.al but the level of ether extra was anaryzed to be

11%. This oil contained 5.5t erucic acid and would not be

consldered as canola meal. This leve1 of erucic acld may have

caused the dlscrepancy between this trial and the one

reported by Laarveld and Christensen (1976).
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Sharma et aI. (1977) compared commerclaÌ, Tower and 1?Ba

rapeseed meals (at 25% of the concentrate ) in partial
replacement of soybean meal. The ratlons were consumed

equally by cows ln early lactatlon in a Lucas switch-back

deslgn. There lrere no dlfferences ln milk yle1d, 4t FCM yleld
or butterfat t. The 1788 rapeseed meal ration promoted a

higher fat yield and lower milk protein t than the soybean

meal and commercial rapeseed meal rations. The leveI of serurn

thyroxine vras significantly lower than the soybean meal

contror ration but not dlfferent from the other rapeseed

rations. Tn a second trlal Tower rapeseed meal (at 25% of the

concentrate) or Tower (at 15t of the concentrate) wlth urea

were compared Èo a soybean meal control ration. The urea

containing ratlons vrere elther mixed into the concentrate or

extruded prior to incorporation. There wère no differences in
intake or production parameters on any of the rations. The

extruded Tower and urea ration showed a significant irr"t".lu



in the amount of nitrogen retained when compared to the other
rations. Àlthough the lever of grucosinorates was not
mentloned toz the L?8e rapeseed, it was likely Iow as the
paì.atibirity of the ration and the production of the cows

$tere good ln contrast to the results of Flsher and t{alsh
(1976).
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Laarveld et a1 . ( 19gl_arb ) investigated the ef f ect of
repracing soybean meal wlth Tower or Midas rapeseed mear at
incluslon rates of 5.7, 13.? and 1q.gt of the ratlon. Ar1

ratlons 'dere formulated Èo be lsonitrogenous wlth proteln
balanced at 18.9t. cows fed the Tower rapeseed meal had

simllar ratlon lntakes and mirk ylelds, fatt, protelnt and

so1lds-not-fatt. À11 Tower contalning rations had lower crude
protein and energy digestlbilities than the soybean meal

control ration. The¡e $rere no differences in the ether
extract or crude fiber digestibilities. Both rapeseed

curtivars caused decreased levels of milk iodine and

increased amounts of unsaturated nitrlle and thiocynate when

compared to the control ration. The nitrile and thiocynate
levels in the milk of colvs fed the Tower rations were Iower
than when Midas rations vrere f ed. l{hen thyrotropin-rereas ing
hormone h¡as used to evaruate the goitrogenic potential of the
Tower rapeseed meal it was found that there hres no difference
when compared to the soybean mear control ration. The cows

fed the Midas rations (]-3.2% and 19.9t) showed a significant
response to thyrotropin releasing hormone.



Laarveld et al (198lc) evaluated the effect of increasing the

concentration of dietar.y iocine in rations conbaining 2Ots

Tower rapeseed meal in the concentrate r¿ith L.Zr 2.2r 3.3 and

{.5 mg,zkg of iodine. The dietary lodlne concentration was f ed

for three weeks and then elevated to the next higher level.
The pre-trial ration (contalnlng 5% Tower in the concentrate)

had higher levels of mllk lodine (42 u9,/100m1) than the

ratlons containing higher Ievels of Tower rapeseed mea1. l,then

dietary iodine concentratlon was elevated from L.2 or ?..2

mg/kg the iodine concentration in the milk lncreased from 9.2

or 11.L u9/700m1 to 14.5 and 18.7 ug/L00ml for the rations

contalning 3.3 or 4.5 mg,/kg iodine respectively.
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sanchez and claypoor (1983) compared a commerciar brend of

candle and Tower canola mear against cottonseed meal and

soybean mear as the sources of supplemental protein in the

rations of dairy corrrs in early lactation. They f ound no

differences in the yield of milk, 4t FCM, fat or protein, or,

percent butterfat and protein. The corrrs consuming the canola

meal ration ate more feed than cows fed the other two

rations. AIso colrts of f ered the canola meal ratlon produced

more milk solids not fat and tended to produce more milk and

4% FCM (prob.= .12 and .103, respectivel-y) than co',rs fed the

other rations. There was no effect of canola meal in the

ration on the thyroxine level of the cows and the authors

concluded that canola meal could adequately supplement the



protein requirements of lactating cows.

DePeters and Bath ( 1985 ) compared canola meal versus

cottonseed rneal as the onry protein supprements oË rations
for first calf and mature cotrs. They found no differences in
dry matter intake, milk yield or constltuent, VFÀf s or

rumlnal ammonia concentratlon or in dry matter or protein

dissappearänce of the meals from nylon bags. They conclude

that CanoIa meal can replace Cottonseed meai on an equivalent
protein basis ln the ratlons of high producing covrs in early
lactat i on.

L7



Added lipid Èo ruminant_rations

Banks et al.(1982) reviewed the llterature on the amount and

types of fat that could be lncorporated into rations of

lactating c.or,rs. tlhen unsaturated and polyunsaturated f ats are

incorporated into the ratio., th"r" may be an overloading of
the bfohydrogenatlon system which can affect the amount of

volatlre fatty aclds (vFÀ's) produced and courd lead to a low

butter fat percent.

- l_8

Banks et al.(1982) state that when cows recelved a basal

ratlon that provlded 80 g per cotå, per day of naturar dietary
fat they noted a significant response in milk yield to added

dletary fat. Yet when the basal ration, of s lmilar
compositlon, provlded LL0 g per covr per day of natural
dietary fat there \das no response to added dietary fat. The

revel of production in these. cows r¿ras about L5 kg,/day and may

have had a bearing upon the response to added fat in the

ration.They recommend that an upper level of about 450 g of

added fat, per cow per day, will in most cases be the level
at which increases in milk yierd and/or fat yierd may be

seen.

orskov et ar. ( L980 ) , Palmquist and conrad ( 1980 ) , parmquist

and Jenkins ( 1980 ) andPalmquist ( rgBs ) comment upon the

detrimentar effect of unprotected lipid on ruminal fiber
digestion. The lipid when fed at a rate of about one pound



per cor.¡ per day or more decreases the digestibility of the

fiber, possibly due to a coating effect. rt is believed that
the lipid interfers with the microbial. popuration of the

Tumen and primarily inhibits the population that is most

directly lnvolved in flber digestion and lt Is postutated

that thls rn€ly be due to a toxic ef fect of fat upon certain
microblal populatlons. The lipld may be attracted to the

microbial celI wal1 and in some rrray inhibits cellobiosis. À

final effect may be a reduced cation availability from the

formation of long chain fatty acid soaps. It is not known if
this effect Is dlrect or lndirect through a decrease ln the

rumen pH.

- l_9

Storry (1981) states that added dietary fat may reduce fiber
dlgestion ln the rumen and that there may be a reduction In

the nilk butter fat percentage. He suggests that these

detrimental effects may be reduced or el.iminated by supplying

the added dietary fat as unextracted seed or in a form that
protects the fat from rumen fermentation.

Effects of added lioid on rumen dir:estion-

lfhen tipid that is high in unsaturated and poryunsaturated

fatty acids, such as soya oiI, ls fed in an unprotected form

to dairy covrs the lipid undergoes biohydrogenation by the

ruminal microbes (Kemp and Lander l_983, Kemp at a1 .

l9B4arb). This blohydrogenation process arters the potential



amount of unsaturated or polyunsaturated fatty aclds that
could be incorporated into the mirk fat. tfhen

polyunsaturated fatty acids are fed to ruminants the

hydrogenation of these fatty acids is accompllshed by many

different .rumen bacteria. tlnoleic acld can be hydrogenated

to stearic acld as werl as lts precursors, cis octadeconoic

acids and trans-L1-octadeconoic acid. This ts accomplished by

Group A bacteria. Recent work by Kemp and tander (j.994) shows

that for complete hydrogenatlon of linoleic acid to stearic
acid two groups of bac.teria (Group A and B bacteria) must be

present. The Group À bacteria hydrogenate the llnoreic acid
to trans-11-octadeconoic acid and the Group B bacteria then

hydrogenate this end product to stearic acid.
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chalupa et a1. (1984) lnvestigated the ef fects of lon.g chain

fatty aclds in varlous forms upon In Vltro VFA productlon anrl

the ratio of acetate Èo propionate. They concluded that rong

chain fatty acids of 14 and 16 carbon atoms and unsaÈurated

long chain fatÈy acids of 18 carbon atoms decreased vFA

production. The meltlng point of the long chaln fatty acids
accounted for 93 to 95t of the variation of the vFÀ

production and the acetate to propionate ratio. calcium soaps

of long chain fatty acids had little effect upon the

fermentation and this was also noticed with trlgrycerides.
Free tallow fatty acids at 10, 15 or 20t of the test teed dry
matter caused increases in propionate., decreases in acetate,
butyrate and total VFA production. These ef fects rrrere not



evident lrhen the same acids were incorporated as calcium

soäps, and the effects r,rere only minimal v¡hen the acids vrere

incorporated as triglycer-ides.

In contrast., the In Vivo fermentatlon of long-chain fatty
acids with a high melting point (stearic acidr r.p.=69

degrees C) and calclum soaps of long-chaln fatty acids

decreased the acetate:propionate ration ( 20t ) relative to

the control ration. But oleic acid ox tallow decreased the

acetate:proplo.nate ratio by 50-6Oq (Chalupa et aI. l-986 ) . The

authors conclude that long-chain fatty aclds or calcium soaps

of long-chain fatty aclds can protect the rumen microbes from

delete¡lous effects of added fat In the ratlon.

2L

Jenkins and Palmquist (1984) found similar results to those

of Chalupa et aI.(1984) when free tallord or soy fatty acids

as free oil or calcium soaps were fed to lactating cows. The

tallow fatty aclds reduced total fiber digestlon and rumen

fiber and dry matter digestlon. The calclum soaps of long

chain fatty acids prevented these effects but the

digestibility of the fatty acids vras reduced by 6t. They

conclude that calcium soaps of fatty acids are an effective
source of fat f.ot dairy cow rations.

tlhen soya o11, tallow or a palm oil,/palmitic acid mixture

vere fed at 10% of the dairy concentrate to Àyrshire heifers
the soya oil ration had no effect on rnilk fat percent where



as the other lipid sources both lncreased milk fat percent

Banks et aI. (1980). tfhen compared to the control the palm

oi1/palmitic acid mixture signiflcantly decreased the

solids-not-fat oÊ the mllk. The amount of unsaturated fatty

aclds add.ed to the ration was also 4ef lected in the amount of

long-chain f att.y acids f ound in the rnilk f at. This evidence

of lncorporatlon of dieÈary fat into nilk fat can be used to

alter the fatty acld composition of the milk fat by the type

of dietary fat supplied to the coer.
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Alterations of fatty acid composltion lrere noted by other

researchers and it is novr accepted that the fatty acld

composltlon of the milk fat can be altered by the

manlpulatlon of the dletary fat, the amount of dietary fat
and the degree of unsaturatlon of the fat (Itrenn et al. L975t

Smith et aI, L978, Macleod et ãI, 1978, Sharma et a1, 19?8,

Clapperton and Steele 1983, Storry et al. l-974, Storry 1981).

Steele (L985) investigated the effects of free oil addition

versus the addition of lntracellu1ar oi1 (crushed soybeans)

at two levels. The intracellular Fat addition at high levels

malntalned milk fat yleld and percent over the addition of

free oil at the same level. Both o11 types cause significant

reductions in dry matter and energy intake and j.n milk yield
(except for the high leveI soy oi1 addition). Steele states

that. in rations containing free oil the concentration of the

oi1, not the amount of oi1, is the primary deterrninant in the



reduction of the milk fat percent. The detrlmentat effect of

the fats in reducing total energy intake rrrere more apparent

wiÈh the free oil rations. The detrimental effect may be due

to a physical effect of the fat preventing the rnicrobes from

accessing o.ther dietary constituents (coating) or the fat may

exert a bactericidal effect causing changes in thg bacterial
populations. Czexkawski et a1. (1975) found increase<i

bacteria numbers and decreased protozoan numbers when linseed

oil r,./as added to the ration of sheeo.

Jentsch et aI.( l lg72) fed rape-seed o11 at amounts of ?00 to

1420 g per co\^r per day to dairy cows in various stages of

lactation. They concluded that feedlng rape seed olI caused a

decrease in milk yield and milk fat production and that the

energy requirement per kg of milk produced was increased.

They aLso noted an lncrease in the amount of proprlonic acid

and a decrease in the amount of butyric acid found ln the

rumen fluld.

the use of oi1 seeds in laetation rations.

The use of whole seeds that are high in fat has received much

attenti'bn. llhole cotton seed is one of the most ef f ective

sources of added fat as a whole seed (DePeters et aI. L985,

Bernard and Amos L985, Anderson et al. L979, Ànderson et al.
1984). The whole cotton seed repeatedly increases fatt, 4\

FCM and in most instances milk yield. l{hen compared to



sunflower seeds or extruded soybeans the cotton seed was the

most deslrable source of fai when all factors v/ere taken into
account (Anderson et al. '1984).

l{hole sunf.Iowe:: seeds have also been investigated as

potential sources of fat (Ànderson et a1. 1984, Drackrey et

aI. 1985, Finn et al. 1985, ) . ifhole sunflower seeds are not

effective in increasinE milk yield, milk fat or 4% FCM yieId.
l{hen llmestone rrras added to rations containing whole

:
sunf lower seeds impr.ovements In prod.uctlon parameters vrere

noted over rations containing whore sunflower seeds. But the

improvement þras not attributable to the formation of calcium

soaps of long chaln fatty acids.

24

tfhrte (1985) found that whole sunflower seeds improved the

milk fat percentage and mtlk fat yleld vrhen compared to a

control ration containing 3.Lt sunflower oi1 and a positive
control containing 3. ft sunflower ol 1 and lt sodium

bicarbonate. The added sodium bicarbonate resulted in a

non-significant trend towarcs, improved faÈ percent and milk

fat yield.

Kennelly (l-9S3) reports a trial in which cows were ËeA graded

levels of llCS (unextracted ground seed) at 6, LZ and 18% of

the concentrate. The 18t lfcs leve1 resulted in significantly
less milk and Cry matter intake. A1t f{CS treatments produced

significantly Iess 4t Fat Corrected Milk. Dry matter, organic



matter, crude protein and acid detergent fiber
dlgestibilities \dere significantry higher for the ç{cs

treatments than for the control treatment. The cows receiving
Èhe 18t and to some extent the L2% r,ücs treatments suffered
from diarrhea when first introduced to the ÞIcs treatment.

Handy and Kennelly (1983) compared the use of tfcs, ground

canora seed and 'tProtecrr to ä contror ration. The test
ingredlents \'rere incorporated into the concentrate at 6% oï
3.6t of the total ration. There were no signiflcant
dlfferences ln dry matter intake, mrrk y1eld or mlrk

component ylerd. The fatty acid profire of the milk fat from

cotrrs fed the wcs more closely resembled that of the control
ration than the ground canola seed or the ffprotecrr ration.
rrProtecfr is a protein-ripid source treated wlth formaldehyde

to reduce the rumen degradatlon of the product. The frprotectt

product is produced conmerclalry in Barrhead Àtberia by Alta
Lipids.

Macleod et al. (L985) reported that a 50:50 mixture of canola

mear and canola seed had lower dry matter, nitrogen and acid
detergent fiber digetibilities than the canola meal control
ration. These effects were similar when the miture or the

meal vrere treated with sodium hydroxide or blood to protect
the protein from ruminal rlegradation. The digestibility
studies !¡ere conducted on calves. rt appears that the
combination of Canola meal anrl seed had lor+er digestibilities



due to a lower digestibillty of the Canola seed itself but

the authors do not comment upon this. It rl./as not staterl

whether the Canola seed was processed in' any manner.
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RÀTION COLLECTTON ÀND ANA,LYSIS -MÀNUSCRIPT 1.

Experiment .1 involved four Dorset x Line M ram lambs in a

Latin square type digestibility study. Line M rine was

developed at the Universlty of Manitoba from foundation stock

consisting of Devon closewoor (43%), oxford (30ts.), southdown

(98), Shropshire (8t), Minnesota 100 (6%) and Suffolk (4t)

breeds. The lambs vrere group fed the ba.sal oats ration (Tabre

4 ) and the datry intakes were recorded for one week.

!ücs was then introduced at a level of z% and increased at a

rate of 2t every second day until the lambs reached 90t of
their inltlar intake of the basal ration. The level of t¡cs

inclusion that was reached in thls manner was z|? t but by

visual inspectlon of the orts there appeared to be an

increase in the concentration of IfCS. Therefore the lnclusion
rates of 0¿ 7, 14 and 2L% Í{cs in replacement of the basal

rat i ons trere ut i 1 I zed .
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GENERÀL MÀTERIALS ÀND METHODS

The lambs were weighed on day J- of each period. During the

exper imental per iod Èhe lambs t^rere individually housed in L . 5

by 3.7 m pens for the first 1i. days of the ration acclimation
per iod. On day L2, at I A. M. the lambs \.rere placed in
collection crates. on day 13 of the flrst collection period

16 mr polyethelene collection tubes were glued to the lambs

at a dlstance of approximately J-0 cm around the rectum.



These collection tubes $/ere 1ef t in place f.or. the duration of

the experirnent and reglued as required. on day 14 of each

period, at I 4.M., the tubes were tied off at about zs cm

from the rectum. The feces 'r^rere corrected for seven

consecutive. tlays at 8:00 A.M. The succeeding period began,

after the final fecal collection, rrith the lambs being
t*eighed, placed ln the individual pens and placed on the next

experimantal ration.
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During the fecal colle,ction period a daily 5.0t, by weight,

sub-sampre r^ras dried at 60 c for at least 4g h or untir there
was no further weight loss. The seven sub-samples rcere then

pooled f or proximate analysis. The remainlng fecal sampÌ.es

ïtere frozen at -20 c untl.l all sampres had been colrected.
upon completlon of the corlection period the fecar samples

for each animal rdere thawed, pooled, mixed for zo min in a

Hobart mixer and a composite sample was obtained for drying
and proximate analysis. The pooled sub-sample served as the

dupllcate for the proximate analysis.

During the L4 day adjustment period the Ad Lib. feed intake

of the lambs vtas monitored. During the collection periorJ the

lambs were offered the 21% lfcs ration at an estimated 2x

maintainence level or at 90% Ad Lib. whichever was lower. The

remaining rations Írere fed at the same percent clf live body

weight as the 21t wcs ration was calcurated to be fed at.
The daily feed allotment was weighed into -ai=-tiqht prastic



bags at the beginning of each collection period and a sample

of the ration was collected for proximate anatysis. Dairlr

total orts were corrected, dried at 50 c.for at least 4g h or

until there was no further weight loss. The seven orts
samples hrere then pooled, mixed and ground through a 1 nm

screen in a ffillie Mirl and analysed for L00% dry matter,
crude protein, acid detergent flbre, ether extract and gïoss

energy (À.o.4.c. 1980). The same anarysis was performed on

the fecal and ratj.on samples. The analysis r.ras performed in
duplicate on the ration and orts samples.
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Experiment 2 invorved the use of 20 murti-parous dairy cows

in a tucas deslgn experlment (Lucas, 1955). The standard

milking grain ration v¡as fed in two equal daily arlotments

based on I kg of grain ration for every z kq of mirk above

7.5 kg of mllk. The cov/s received 2 kg of alfalfa hay in one

dalry A.H. feeding and Ad Lib. corn sirage (periods Lt 2 and

3) or faba bean silage (period 4) in two dally feedings. Idcs

\"as top-dressed at 0.0, 0.5, 1.0, L.5 and 2.0 kg per cow in
two equar daily feedings. !ühen the cows r./ere f ed the faba

bean silage the standard grain ration vras adjusted to supply

the same dairy estimated nutrient intake as when the cows

were consuming the corn s ilage ration. one corrr in the 4th

period was removed from the experiment as she had apparently
slipped in her stall and was sufferlng from the effects of
neär strangulation. This experiment was initiated in the fall
of L981, prior to my conmencing graduate studies. The stage



of lactation €or these cows varied

lactation to 60 days in lactation.

RÀTION COLLECTTON AI¡D ÀNALYSIS -MANUSCRIPT 2

- 30

À 454 kg Jersey steer hras used in experiment 1 to determine

the approxlmate rumlnal dry matter and protein

dlgestlbilities of the lfCS and to estimate the most desirable

extrusion temperature for the extruded Canola product using

nylon bags incubated in the rumen. The steer r'Jas

approxlmateley 5 years old and had been fistulated and fitted

with a 10 cm (i.d. ) diameter canula.

from over 200 days in

A mlxture of ?0% whole Canola seed and 30t rolled barley n by

weight, was extruded at varlous temperatures in a Brady farm

P.T.O. type extruder. The grain mixture wäs extruded at 82,

94, L04, !07, 110, and 113 degrees C.

Prior to initiating the nylon bag experiment various methods

of nylon bag attachment had been attempted. lfhen fish llne

vras used to anchor the bags through the canula the bags

became entangled and several bags came loose from their

mooring. À1I the bags had to be evacuated at the same time

and any bags that required longer incubation had to be

re-introduced into the rumen. This Þroceedure was time

consuming and could affect the subsequent dry matter and

protein degradation in the rumen. Àttaching the bags to a 2 x



2 x 15 cm stj.ck solved some of the tangling problems.

Dupllcate 5 g samples of -the extruded IfcS products and r,.tCS

!.rere incubated in the rumen with duplicate empty control

bags. The e.mpty conÈrol bags were used to adjust for any

inherent error in the incubation proceedure. The length of

the incubatlon periods vrere L, 2t 4, 6t 8t 10, L2, and 24 h.

The incubation bags were constructed of a 50 micron nylon

mesh and were approximately 10 cm by 25 cm with a rounded

boÈtom and tied at the top. They.'rüere modif ied from the

design of rcemptor, (1980) ln the followtng manner; the bags

had a 0.5 cm split-ring sevrn into the top corner opposite the

draw strlng. The bags vrere then attched by nylon cord to a

chain snap which in turn was attched to a metal loop that vras

v¡elded to a 1.0 kg metal weight. The metal weight and loops

trrere dlpped in rtPlastisolrf and completely coated to prevent

rusting and any potential mechanical damage to the rumen. AI1

sharp corners on the weight had been rounded. Ttris weight and

attachment method greatly aÍded in placement and removal of

the nylon bags. The weight vtas anchored in the rumen by a

nylon cord that extended through the canula and hras kept in

place by the canula cap.
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Experiment 2 involved 19 multi-parous cows and 18 first calf

heifers. They were used in a 3x2x2 factorlal arrangement over

a L2 week period. The three factors were: 1) 3 treatments

of a completely mixed ration;(control), extruded Canola seed



treatment ( extruded ) , and a whole CanoIa seed treatment

(WCS)t 2) 2 levels of a B-carotene top-dressing B1; no

carotene, B2 treatment 1e-ve1 of B-carotene (providing 200

1000 mg B-carotene,/cow/day)i 3) 2 levels of a dewormer

treatment; .TL, no dewormer (Tramisol ) and 12, one in jection

of 0.04a ml/k'g body weight of Tramisol at parturitlon.
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Four weeks prior to the expected calving date covrs hrere fed 2

year old hay low in B-carotene and their respective 81 and B2

top dresses. The concentrate portion of the rations $/ere

introduced to the cor,rs about 2 weeks prior to parturltion and

were increased slowly to provide 3 to 5 kg of concentrate at

parturitlon. Post-parturltlon, faba bean sllage was then

introduced to the cotts (separately) while they vrere still 1n

the calvlng pen. Cows vrere moved to stalls after at least

one ful1 day post-parturltion 1n the calving pen. The

completely mixed rations (Table 13) rrrere introduced 2 - 3

days post-parturition and data collection commenced 4 - 10

days post parturition. The mean (+ SE) for all cows on the

ration trealments was I + L days post-parturition. Rations

were fed Ad Lib. and \"ere adjusted daily to provide

approximately 10% orts. Daily milk yield and ration i.ntakes

$rere recorded f or the L2 week period. .4,11 covÍs hlere weighed

on two consecutive days prior to commencing the ration

treatments, once at 4 weeks and at I weeks lnto the

treatment period. and on two consecutive days immediately

prior to f inishing the treatment period. At 6 weeks all colrts



Ì/ere sampled via eosophageal tube at three times relative to

feeding (time=O, 2 and 4 h post-feeding). The rumen fluid
collected was inactivated by placing it into a bottle

containlng mercuric oxlde upon returning to the lab Èhe pH

r.ras recorded and the sample r.ras centrif uged at 10r 000x9 f or

i-0 min and the supernatant stored at -ZO degrees C until all

samples had been collected and could be analyzed for VFAis

and ammonia.

1?

MlIk samples r¿rere collected on two consecutive days ( morning

and evening samples from each day were composlted, based on

average relative A.M. ( 60q) and P.M. (40t) yield) and analyzed

for faf, protein, and lactose percents.. Prior to analysis,

an aliquot of milk was removed .ld stored at -20 degrees C,

for analysis of rnllk iodine levels and for the fatty acid

profiles of the milk fat. A weekly sample of the hay, faba

bean silage and the concentrates were taken as well as a

weekly sample of each cowfs orts. These samples were dried

in a forced alr oven at 60 deqrees C for 48 h and the

moisture percent \á/as recorded. ,t*nru= 'r{ere stored at roorn

temperature until they lrere analyzed for protein, fat (ether

extract), acid detergent f1ber, gross energy and l-00% dry

matter.

the data r¡¡as analyzed for dlfferences following the prccedure

of Allen (1983). To summarize this procedure; the data was

arranged as a 3x2x2 factorial split over time (weekly



periods). From this, regression co-efÊiclents vrere obtained

and the resurting profires were anaryzed for significant
differences. The bulk- of the data is displayed as graphs,

which were produced from the regressi.on equations.
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Three corrrs that had started the experiment r^rere replaced by

other cows of neär the same age and previous lactation mlrk

ylerds after the experiment was initiated. Two of the cor,¡s

were receiving the extruded ration and one cov/ was receiving
the l{cs ration. Arr cows that were taken off the experiment

were suf fering from ketosis and vrere off feed. They had all
calved in late July or early Àugust and the heat during this
time period may have affected their performance. Animals

that .t.rere already recelvlng the experlmentar rations also

appeared to have depressed appetlt.ies. one heifer that lras

scheduled to receive the extruded ¡ation aborted '¿hile on

spring pasture and rrras replaced. Due to the number of animars

that could not be used throughout the experiment we prepared

a total of six additional cows and heifers to start the

experiment. They Ïrere fed the appropriate forage and grain
mix prior to calving. one animal was not used and another

animal was started on the control ration when that cow should

have rece ived r'he extruded ratlon. The data collected f rom

this animal was used in the analysis of variance and

ùherefore the total number of covrs used in this exÞeriment
r/Ías 37 not the oriqinal 36 "
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In experiment L f our ram .lambs having an initial weight of

l-6.7 kg \rrere used to determlne the apparant dlgestibility of

v¡hole Canola seed ($¡CS ) in a Latin Square design experiment.

Four levels of !üCS (0, 7, L4, and 21t) r.rere included in a

basal oats ratlon. Four perlods each lasting three weeks r.rere

employed. The lambs were placed in digestibttlty crates for
the final ten days of each perlod and total fecal collections
rrrere obtained on the f inal seven days of each per iod. Due to

sorting of the !lCS, a fifth period $ras ernployed to obtain

additional data. The digestibility of \^rcs for dry matter,

crude protein, ether extract, and gross energy were 79.7 +

33.8, 77.5 + 17.2, 67.2 + L7.6, and 70.L + 35.6 (% + sE).
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Àbstract.

In experiment 2 | 20 multiparous Holstein cor^rs vrere used !n a

tucas design experiment with five treatment sequences of

three weeks duration in each of four blocks. The rations
were: long hay fed at 2.0 kg/cow/day, concentrate fed

according to production (l- kg of concentrate for every 2.0 kq

of mllk above 7.5 kg of milk produced), and Àd Lib. silage (

blocks Lt 2 and 3 received corn silage and block 4 recieved

faba bean silage). Treatment levels of IfCS were top dressed

at 0.0, 0.5, 1.0, 1.5 or 2.0 kq/cow/day split over two equal

feedings. The top dressing of v¡cs significantly increased dry

matter intake (P <0.01 ) . Four percent fat corrected milk
yield showed a non significant 'tendency towards improved



production at treatment levels of L.0 and

dressed llCS.

Introduct 1on.

fdCS is western Canadars f ourth leading crop in terms of

acreage seeded and tonnes produced. It is Canadars most

important oilseed crop. WCS has the potential to serve as a

source of energy and protein for dalry corr¡s due to its hlgh

1lpid and proteln content (4L,3% 1ipid, Biely and Daun, L980

and 25.14 crude protein as determined by this experiment).

Due to the croprs sensitivity to frost there is an ever

present danger of substantial amounts of the crop being

damaged by an early frost. This damaged seed could serve as a

potential feed source for dairy cows. Frost damaged !¡CS was

obtained for these experiments as lt was feLt that this type

of seed would be the source of seed most available to the

llvestock lndustry.

1.5 k9 of top

tfhen the literature was reviewed there vtere no reported

experiments where the apparent digestibility of whole Full

Fat Canola seed in its unprocessed state was determined tor

ruminants.

Gorrill et a1.(1976) state that the low erucic acid, low

glucosinolate rapesee<1 (cv Tower) when used to replace 50t of

the protein in the milk replacer did not significantly affect



nitrogen, dry matter or gross energy digestibilities by the

preruminant lambs when compared to a Tower protein
concentrate. The canora seed was dehulled, heated at 60

degrees C and water-extracted and then rnilled twice through a

0.04mm scr.een and spray-dried. The authors further stated
that when furl-fat rapeseed v/as incorporated into lamb mirk

replacers 1t resulted in reduced milk replacer digestibility
and poorer animal performance when compared to the Tower

protein concentrate or the meal.

Seoane et aI. (19?5) compared full-fat rapeseed (cv Tower) !.n

a colloid mi11ed form or dehurled, boiled ln water for 2 min,

leached ln 20 degee c wat,er Èwlce for 30 min each and drled
at 60 degrees c for 2 h. rncruslon of either form of rapeseed

to reprace 25 or 50t of the proteln ln the ramb mirk replacer
resulted in significantly poorer apparent digestibilities of

dry matter, nitrogen and gross energy and poorer nitrogen
retention when compared to the control milk repracer. The

researchers commented that the poorer nutritive value of the

unmilled rapeseed appeared to be due to a physicar rather
than a chemicar protection of the rapeseed particles. Thls

phys icaL property seemed to protect the particles from

enzymatic action in the gastrointestinal tract.
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christensen et a1. (L978) reported that protected rapeseed

(cv Tower) significantry increased the amount of rnitk

produced and the amount of milk pe; 100 lcg of f eed. This



product hras compared to a protected soy-ta11ow product and

significant differences were found between the two products

when 4% f at corrected . milk (FCM) yield v/as compared. The

protected rapeseed gave more 4% FCM than the protected

soy-ta11ow. ration. In a second experiment Candle rapeseed

(added at rates to supply 5.0 and 8.0 % ether extract in the

ration) and Tower rapeseed (added at a rate to supply 8.0%

ether extract in the ration) did not significantly alter rnilk

production or milk constituents. The rapeseeds were added to

the concentrate '*hich was then pelleted through a 0.48 cm

die, crushing the rapeseed.

- 39

There were no slgnificant dlfferences ln dry matter intake.
(Christensen et a1. L978 ) . But the cows fed the Candle

rapeseed treatment supplying 8.0% ether extract consumed on

average 0.9 kg less than the control cor.rs. In contrast, when

the protected rapeseed product was fed the intake was 0.9

kg,/day higher than what vras consumed by the corrrs fed the

control ration. But the differences vrere not significantly
different. Various researchers have reported similar intake

patterns where free lipid in the ration would result in a

lower intake, Steele (1985), r/an Horn (1984), Clapperton and

Steele (1985), Jenkins and Palmquist (1984) and a protected

lipid would increase the intake (this includes whole seed

thaÈ were not processed, such as whole cottonseed), Horner €it

a1. (1985), DePeters et aI.(1987), Fisher (l-979), Anderson

( 1979 ) . Although in most of the examples there were no



significant differences there are numerous reports in the

literature that indicate this general tendancy.

These experiments were designed to determine the apparent

digestibili.ty of whole unprocessed fu11-fat CanoIa seed by

ruminating sheep and to determine if thls seed would be

readlly consumed as a top dress by lactating dairy cows. The

ef fect of !üCS on milk yield and mj.lk constituent rrhen fed as

a top dress is of lnterest as l{CS has the potential to serve

as an excellent source of protein and energy.
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Mater1al and Methods.

In experiment l four Dorset x Line M ram lambs r.rere used ina

Latln square type digestiblllty study. Mean lnitial welght of

the lambs \.tas L6.7 kg. Line M was developed at the University
of Manitoba from €oundation stock consisting of Devon

Closewool ( 43%) , Oxford ( 30t) , Southdown ( 9%), Shropshire

(8t), Minnesota 100 (6%), and Suffolk (4%) breeds. The iaml¡s

\rrere group-fed a basal oats ration (Table 2J and daily
intakes t¡/ere recorded f or one ra¡eek. lfCS gias then introduced

at 2% of the daily ration and increased at a rate of 2% every

second day. This continued until the consumption of the

ration decreased to 90% of the initial intake of the basal

ration. The 90t intake level was useri assuming that I kg of

!üCS would supply as much protein and energy as 2 kg of the

basal ration. The leve1 of WCS that was reached by 909 Àd



Lib. intake was 24?". Visual inspection of the orts indicated

some increase in the concentration of l{CS. The inclusion

rates of 0, 7, t4 and 21,% l{CS in replacement of the basal

ratlon h/ere established as there was no indication of

decreased a.ppetite at the 22% $iCS inclusion.
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The lambs \./ere veighed on day 1 of each perlod. Durlng the

experimental period the lambs were lndivldually housed in L.5

by 3.6 m pens for the first 11 days of the ratlon acclimatlon

period. On day L2, at I À.M. the lambs were placed in

collectlon crates. On day 13 of the first collection period

16 ml polyethelene collection tubes were glued to the lambs

at a distance of approxlmately 10 cm around the rectum.

These collection tubes were left in place for the duration of

the experiment and reglued as required. On day 14 of each

period the tubes were tied off at about 15 cm from the distal

opening at I A.M. and the feces vtere collected each

successive day at I A.M., for ä total of seven consecutive

days. On day 1 of the following period, after the final

fecal collection for the preceeding period, the lambs vrere

weighed and individually penned and placed on the next

exÞerimental ration.



Tab1e_2: Composition
Seed Rations' Study
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Basa1 Ratlon

lfhole Canola
Seed

TotaI

of Basal Oat
F'ed to Ram

0t I{cs+
(ks)

Ration and
Lambs In the

+ The 0t IfCS ratlon conslsted of 96.4t oats, 2.01 molasses,
1.01 limestone, 0.5t salt and 0.1t trace mlneral premlx
that provided 70.0 g of ZnQr 40.0 g of MnOr 2009 of
FeSO4.7H2O, 1 g of E.D.D.I. and 0.5 g of CoCO3 per tonne.

100 .0

Ratlon

?t wcs
(kg)

100 .0

lfhole CanoIa
Digestiblllty

93.0

7.O

100.0

14t rfcs
(ks)

86.0

14.0

100.0

21t IJCS
(ks)

79.0

2t.0

100. 0



During the fecal collection period a daily 5.08, by weight.

sub-sample r¡ras taken to be dried at 60 C for at leas-.48 h or

until there was no further weight . loss. The seven

sub-samples rdere then pooled foi proximate analysis. The

remaining f.eca1 samples ,.rere frozen at -20 C until aIl
samples had been collected. Upon completion of the

collection period the fecal sampJ.es Êor each animal were

thawed, pooled, mixed for 20 min in a Hubler mixer and a

composite sample was obtained for drying and proximate

analysis. The pooled 5.0t sub-sample served as the duplicate

for the proximate analysls.
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During the 14 day adjustment perlod the Ad Llb. feed lntake

of the lambs was monltored. During the collection period the

lambs lrere offered the Zit WCS ration at an estimated two

times maintainence leve1 or at 90t Ad Llb. (Ad. Llb. was

esÈablished during each adjustment period) r¡hichever rras

Iower. The remalnlng rations rdere f ed at the same percent of

l ive body we ight as the 2L% WCS rat i on. The cla i ly f eed

allotment ,,ras weighed into air-tiqht plastic bags at the

beginning of each collection period and a sample of the

ration v¡as collected for proximate analysis. Daily total

orts vrere collected, dried at 50 C for at least 48 h or until
there \,{as no f urther we ight loss . The seven orts samples

l.rere then pooled, mlxed andrwhere appropriate sub-sampled,

ground through a l- nìm screen in a tfillie MilI and analysed

for dry matter, crude protein, acld detergent fibre, ether



extract and gross energy (^A,.O.À.C., L980). The same analyses

were performed on Èhe fecal and ration samples. Analyses were

performed in dupllcate.

À f ifth rat.ion vras tested ln a seperate period to contrast
the effect of the digestibirity of Èhe !ücs. This ration was

the basal ration with 4.7% crude Canola oil added to brlng

the level of added lipid equivalent to the analyzed level
found in the l-4% TdCS test ration. All the ram lambs were fed

this ration during the sixth period with the criterion being

the same as the dlgestibility trial.
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The data Here analyzed uslng the General Linear Model (GLM)

proceedure of SAS (L982). Treatment means vrere generated and

seBarated for signlflcant effects uslng Duncanrs Multtple

Range Test (Snedecor and Cochran, 1980).

In exper iment 2 r?0 multlparous Holstein cosrs rrrere randomly

assigned within a block to one of five treatments of top

dressed VICS. The treatments r¡rere 0.0, 0.5, 1.0, 1.5, and 2.0

kg of top dressed IfCS,/cow/day split over two equal feedings.

The lfCS tdas top dressed on top of the dairy concentrate. The

dairy concentrate v/as fed in equal ÄM and PM feedings at a

rate of 1 kg concentrate for every 2 kg of nilk produced

above 7.5 kg. Corn silage was fed Ad Lib. in AM and pM

feedings and was adjusted daily to give at least 5% orts the

next morning. Due to the length of the trial the fourth block



received faba bean silage as corn silage was no longer

available. Alfalfa hay was f ed at a rate of ?,a kg/cow/d,ay to
all cows prior to the pM mirking. À1r feedings were weighed

and the orts were welghed each AM and a pooled orts sample

was collected weekly and dried to adjust for the dry matter
intake. lfeekly samples of the wcs, silage and hay were

collected, drled at 50 degrees c for 4g h rground through a 1

mm lfiley mi11 and analyzed Eox crude protein, gross energy,

acid detergent fibre, ether extract and moisture according to
A.O.À.C.(].980).
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The experimental period within each block was three weeks in
duratlon, the flrst two weeks were used to equlribrate the
cows to the new treatment and the last week vras used to
collect the data. The data collected. was daily mlrk yield and

dal1y feed intake. on the last two days of each sampre period

a pooled AM and PM rnilk sample rrras collected and analyzed for
fat, protein and lactose percentages by infra red

spectroscopy (Milkoscan Moder 203, Fosselectrlc, cornwarr,
ont. ). Four percent fat corrected milk yield rrras carculated
using the equation 4tFCM=O.4 x My + j-5(My x f,aE%/100), where

MY is nilk yield.

Ànalysis of the data r.ras performed using the general linear
model proceedure (GLM) of the statistical analysis system
( sAs, 19 82) . Least squares means were generated and

compar isons r,v-ere made by the orthogonal poJ.ynomials ( snedecor



and Cochran , L9 80 ) .
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Results.

Experiment 1.

The proximate analysis of the added oil ration and the .four
test rations âre given in table 3. The apparent digestibility
of the Tlcs r,ras 77.5 + lr7.2% for crude protein, 67.2 + l-2.6%

for ether extract, ?0.1 + 35.5% for gross energy and ?8.? +

33.88 for dry matter. Tabres 4 and 5 give the ration
digestibilities f or the Latin squar-e and f or the f ive
periods. Lambb rrrere adept at sorting the FIcs from the rolled
oat basal ration which r.ras most evident when the 7% r¡ics

treatment vras belng fed. Due to the large standard errors for
the dlgestlbility means the percent ltcs that was,actuarly
consumed was calculated. The difference between the ration
offered and the orts collected was calculated using the

analysis for crude protein, ether extract and gross energy

and then averaging the results for each carculation to
achieve the actual percent of ttcs consumed. only
determinations where the calculated $iCS intake was greatei
than 4% of the total dry matter intake r^rere used to calculate
the digestibility of the wcs. The digestibility for each

component of lfcs investigated was calcurated us ing the

equation (L1oyd et äI., 1978):
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Dlgestlbi I ity
co-efflclent =

of test rat.ion

component
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Digestlbility of basal

ratlon component

As can be seen in figure r, the effect of sorting had a large

effect upon the apparent digestibility determination of the

!{cs.' This is primarily due to the fac.t that Èhe standard

error of the proximate analysis determination was the main

source of error in the calculation and at low leve1s of lfcs

intake would contribute over 50t of the varlation found in
the calculated dlgestlbility. Àt levers of lntake above lot
of the ratlon thls effect becomes less signiflcant and more

confidence can be placed ln the results. The digestibility of

the tfcs components is given in table 5 and as shown by the

large standard error of the means the effect of row ievels of

ltcs intake had a profound effect on the confidence of the

experi"¡nent. However, when the mean digestibility of a

component is compared to the mean of that component when the

wcs intake vras greater than 10t, there \¡ras l ittre di f f erence

and this gave confidence tð the apparent mean digestibilities
determined for the lücs at levels of intake between 4 and 20%

of the basal ration.

percent inclusslon of test materlal

Digestibility of

test ratlon
.component



Table-3: Proxlmate Analysis of The Basal and Test Ratlons
Fed to Ram Lamhs in the Determination of the
Digest ibi 1lty of Ì{ho1e Canola Seed . Values
are on a 100% Dry Matter Easis;

Rat 1 on
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Basal

7%r{cs

14t!üCS

21tr¡cs

Àdded
(4.?t

Crude
Proteln

(t)

11.3

L?.2

r.3,1

13.9

oil 10.5
)

Ether A.D.F.
Extract(r) (r)

5.7

8.2

10. 0

11. I
10.1

TABLE 4: Àpparent Dlgestlblllties
Ratlons t{hen Fed to Ram
Des1gn Trial.

14.8

L4.2

13 .9

14.3

15.3

Gross
Energy
(KcaI . /kgl

DlgestIbllltles
(r)

45? I

4 715

4835

4955

4840

Dry Matter

Crude Proteln

Ether Extract

Acld Detergent

Gross Energy

64.8

71.1

88.8

Flber -5.4

54.1

of the Basal
Lambs in the

Basal

* standard error.

Rat I on

Tqwcs l4qlrcs

and Test
tatin Square

58.7

?0.5

88.6

L2.8

67 .2

70.7

72.3

87.1

15.6

58.8

2ltncs gE*

67 .2
'-4.

88.6

87.0

L2.8

65.4

2.4

2.I
2.4

7.9

2.4



TÀBLE 5: Apparent Digestibilltles of the
Rations Fed to Ram Lambs in the

. Square (flve periods) Trlal.

Dlgestibilities
(r)
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Dry Matter

Crude Protein

Ether Extract

AcId Detergent

Gross Energy

64 .8

7L.6

88.9

Flber -5.4

64.0

BasaI

* standard error.

TABLE_6: DlgestlblIlty of
(DlgestlblLlty of
Comparlson. )

Rat I on

?tI{CS 14thlcs

Basa1 and Test
Extended Latln

69.7

'tL.9

88.9

14.6

57. I

Digestibilities
(r)

68.7

71.5

86.5

9.7

66.6

Dry Matter

Crude Proteln

Ether Extract

Àcld Detergent

Gross Energy

2ltÌ{cs sE*

67 .5

72.3

87.0

L2.8

65.8

the BasaI
the 14t

68.7

71.5

86. 5

F1ber 9.7

66.6

2.4

2.0

L.2

7.3

2.4

14tr{cs

Plus Àdded
WCS Ratlon

x standard error

Rat ion

Àdded Oil SE*

Oil Ratlon.
ls Shown for

69 .1

14.6

91.3

24.3

58.3

(added oil ratlon only).

L.1

r.2
0.7

3.7

1.0
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The desired level of added oil was confirmed by ether extract
analysls and by the gross energy determination. lfhen compared

to the 14% l{cs ration the'digestibility of the ration with
added oil vras numerically higher and the standard error of

the mean traÞ approximately one harf of that for the 14t lfcs

ration (table 6).
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Experiment 2.

The cows consumed the $ICS treatments rtrith no apoarenÈ

refusals.

The analysls of the standard dairy concentrate, corn and

fababean silages, arfarfa hay and tücs are glven ln Table 7.

The lfcs appeared to increase (P<0.0L ) dalry dry matter

intake (Tab1e I ) . There ,rras no signif icant ef f ect (p>0.05) of

top dressing with I{CS on milk yield and 4t FCM and on mtlk

composltion (Tables 9 and 10 respectively).



TABTE 7:

Ingredient

Proxlmate Ànalysls of Ratlon Componets Fed to
Dairy Cows to Determine the Effect of Top
Dresslng lfhole Canola Seed at Varlous tevels.
Values Given on'a L00t Dry Matter Basis.

Standard
Concentrate

Àlfalfa Hay

Corn Sl1age

Fababean
S llage

!{cs

Crude
Prote I n
(r)

Ether Àcld
Extract Detergent($) Flbre (t)

21.0

20. 3

7.7

L7 .7

25.L

6.0

2.L

2.5

1.8

36.1

11.0

35.1

31. I

37.9

L7.2

Gross
Energy
( Kcal . /kgl

4503

4526

4 339

4377

6433



TÀBLE 8: Influence of Top Dressed l{ho1e
Dry Matter and Forage Intake of

Treatments

(wsc kslday)
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0.0

0.5

1.0

1.5

2.0

sE*

Orthogonal
Polynom1aIs.
Llnear

TotaI
Intake
( kglday )

20.0

21.0

2r.7

22.6

22.5

0.4

Forage
Intake
( kglday)

Canola Seed on
Dalry Cows.

* standard error.
** Prob <0.01
N,/S not significant

8.2

9.1

9.1

9.4

8.9

0.5

Forage
Intake as t
of total
lntake. (t)

4L

44

42

42

39

2.0

N/S rf/s



TABTE_9: Effect of Top Dressed
M1Ik Yield and 4t Fat

Treatments
(wcs kglday)
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0.0

0.5

1.0

1.5

2.0

sE*

MlIk Yield
( kglday )

!üho1e Canola Seed on
Corrected Milk Yle1d.

* standard error.

T.àBIE_10: Ef f ect of Top Dressed
HIIk Constltuents of

27 .9

28.5

?8.0

?8.2

28.L

0.7

T¡eatments
( trcs kglday)

4ï FCM Yleld
( kglday )

25.4

25.4

26 .0

26.L

25.2

0.9

0.0

0.5

1.0

1.5

2.O

sE*

Fat
(r)

lthole Canola Seed on
Dalry Cows.

3.5

3.4

3.7

3.6

3.3

o.2

* standard error.

Prote 1n
(r)

3.1

3.0

3.1

3.1

3.0

0.1

Lactose
(r)

4.6

4.8

4.5

4.6

4.7

0.1



Dlscussion.

Experiment 1.

A smaller standard error was expected in the digestibility of

the added oil ration as there was no period effect involved

in the dlgestlblllty determinatlon of the ration. There

appeared to be no detrimental effect of added oil upon acid

detergent fibre digestibillty. In fact fiber digestibility

trras enhanced by the added oil, from a determlned average of

-5.4% in the basal ration to a leveL of 24.34 in the added

oil ration. One of the observed effects of added oil to the

ration of cords can be a decreased fiber digestibility
(Palmqulst, L983 ).
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The digestibility of the added oi1 ratlon compares well wlth

the digestibility of cottonseed oil found by She1l et al.
(1978) ln a ground alfalfa and steam processed milo ration.

The digestlblllty of rapeseed oil containing rations as

detemined by Jentsch et aI. (1972) also compares well with

these results. This lndlcates that the free oil itself is

probably not the primary reason for the poorer ether extract

digestibility of the tiCS. As Seoane et al. (l-976) commented

lt may be that the Canola seed offers a physical protection

from enzymatic digestion.



This experimenÈ showed that WCS r.{as digested by sheep '*hen

included at graded levels in a basaL oats ration. The sheep

were able to sort out some of the !¡CS and therefore the

actual percent lrfCs consumed vras generally less than the

amount included in the basal ration. Many of the

determinations of the "pp-r"rrt digestibilities of the lfCS

components were conducted at lnclusion leve1s of 4 to 10t and

the standard error of the proximate analysis r"rould contrlbute

up to 50% of the standard errot of the determlnation of

digestibility. The mean determlned digestibility of lfCS at

inclusion levels greater than 108 was in close agreement with

the overall mean and thls gives a greater measure of

reliabllity to the observed apparent digestibilitles.
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Using the apparent digestibilities of the milk replacers

reported by Seoane at a1. (L976) the apparent digestibility
of the rapeseed cån be calculat.ed. Using the reported values

the mean calculated apparent digestlbility of the rapeseed

ì.ras 36.6t f or the dry matter, L8.2% f or the nitrogen and

45.5È for the gross energy. The present experiment suggests

that t{CS is digested to a greater extent by ruminating lambs

than by pre-ruminant lambs used by Seoane et al. ( 1976 ) .

Sharma et aI. ( 1986 ) determlned that the apparent

digestibilltles of complete calf starter ratlons contalning

LZ or L8% !üCS r.rere depressed when compared to the control
ration. The crude protein, dry matter ether extract and



energy digestibrities at 7 weeks of age !í/ere arL

significantly lower in the !ücs rations than the control
rations but at L5 weeks of age onry the- crude protein and

energy digestibilities v/ere depressed in calves fed the Lz?

wcs ration.. This may have been due to a depression in the
amount of crude protein present in the L2B !ücs raÈion, ls.0%

compared to 16.24 ln the contror ratlon. Ha and Kennerry

(1983) showed that urea and canola meal increased microblal
nltrogen fLow from the rumen when compared to soybean meal

and dehydrated alfalfa. This wourd indicate either an

lncrease in rumen microbial numbers or a faster growth rate
r*hich in turn would increase proteolysis and deamination,

resulting in a higher ruminal ammonia concentration. The t¡CS

is very slowly degraded in the rumen (Manuscript. zl
Experlment 1) and wourd not srgnlficantry contibute proteln
for the microbial requirements and the microbial population
could have been limited by a lack of available free amino

acids or peptides. rf this !¡ere the case then the hlgher
digestj.bility of the 18t itcs ration diet courd be exprained

by the increase in the amount of proteln provlded (15.5%).
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Experiment 2.

There appeared to be a numeric

when 1.0 and 1.5 kglday ot

early lactation

impr orreme nts i n

( blocks 3

both rni 1k

improvment in the 4% FCM yield
ltCS h¡as top dressed to cor¡rs in

and 4 ) . This was due to
yield and fatt over the control



cows. Cow weight rrras not monitored durlng this trlal and

weight gain may have had a significant effect upon the lack

of response to the additional energy supplied by the WCS

treatments, especially to col{s in mid to late lactation.

-59

The effect of additional lipid and/or energy at various

stages of lactatlon $ras not taken into account in this
experiment. Banks et aL.(L982) and Storrey (1981) state that
due to the higher levels of circulating growth hormone in

early lactation as compared to mid and late lactation added

lipid w111 be mosÈ efflciently used to support milk and fat
productlon in early lactation. In the first and second block

the cows rlrere all In mld to late lactation at the start of

the experiment, whereas in the third and fourth blocks the

cords !Íere all in early lactati on ( <100 days post-partum at

the start of the first period). The rav¡ data would suggest

that the cows in the third and fourth blocks responded more

to the VICS treatments than the cows in the first and second

blocks when milk yield and 4t FCM yield \rrere considered.

These findings would also be supported by Yang et aI. (19?8)

who found that with long ter¡n supplementation of fat the

lactation length of the cows was decreased. " In this
experiment the length of time that fat was supplemented in

the ration would not be more than 9 weeks but for cows ln mirl

to late lactation this may be long enough to cause metabolic

changes. These may be due to increased lipid deposition and a



decrease in lactation length.

one cow in the third peri.od of the f ourth brock vras f ound in
her stall suffering from near stranguration. she had

apparently .slipped during the nlght and could not move to
rel ieve the pressure of the stalr t s head gate on her

windpipe. The cow courd not be replaced and because of this
there '¡ras no data collected in the third per lod f or this co!r.
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Because of the missing. data the GLM procedure was emproyed to

analyze the data and to generate the reast squares means.

This proceedure allows the analysis of experiments based on

the Lucas design but can al-so analyze thls type of experiment

r+hen there ls missing data, which is not easily determined

using Lucasrs approach.

The vlcs when fed as a top dress on the standard dairy
concentrate r.ras consumed without refusar by the cotds. The wcs

significantly increased the dry matter intake of the cov/s.

The results of this experiment warrant further research into
the use of Îr¡cs in the rations of high producing dairy cows

in early lactation to maintain or increase mllk yield and,/or

nilk component yie1d.
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rn experiment 1 a 4s4 kg rumen canulated Jersey steer vras

used to determine the ruminal dry matter and protein losses
of [fhole canora seed ($Ics) and a mixture of 70e" Idcs and 30%

barley, extruded at various temperatures, from lyron bags

incubated in the rumen over various time periods. The gics had

significantry lower dry matÈer and proteln losses than the
extruded !ücs products at the same incubatlon times (p< 0.05).
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Abstract.

rn the second experlmentr 3T co\ds in a 3xzxz factorial
arrangement were used to assess the influence of i{hole or
Extruded canola seed on intake and production parameters. The

cows consuming the lfCS and extruded rations ate more than the
cows on the control ratlon (p<0.0S). Only the cows on the IdCS

consumed more as a percent of body weight than the control
group (P<0.05). There was a trend Êor the cot/s consuming the
extruded ration to produce more mirk and milk lactose (g,/day)

Èhan the controL group (p=0.0523 ) and (p=0.0526 )

respectively. The col^'s fed the extruded ration produced milk
with a lower fat percent than the contror group (p<0.05). The

cor"s fed the rücs had a higher percent of fat than the control
group (p<d.05) .

Introduction.



The method of incubating nylon bags in the rumen of canulated

anlrnals can be success-f u1ly used to estimate the potential
degradability of feedstuffs in the rumen (Kempton 19g0,

orskov eÈ a1.1980 ) . This method gives reasonably accurate

measurements of rumen degradability and has the added feature
of being a relatlvely quick and simple method.
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The use of rapeseed meal that was high in glucosinolates and

in erucic acid in the diets'of ractating cows resulted in
decreased dry matter lntake t golterogenic effects and 1n some

cases poorer milk production. Although many researchers found

no significant differences when rapeseed mear replaced ar1 or

part of the control soybean meal there lJas a consistent trend
throughout the 1iÈerature lndlcating a rower productron from

cows fed rapeseed diets (Waldern 1973, Ingalls and SeaIe

L971, rngalls et a1. L968, Ingalrs and sharma Lgjs, Fisher
and lfalsh 1976, lfittenberg 1982 ) .

llith the genetic improvement Èhat.pi.ant breeders have made

over the years the Rapeseed cultivars norrr available are low

ln erucic acid and glucosinorates. These Rapeseed curtivars
are better known as canola. The effects of the eruclc acld
and glucosinolates are no longer evident. Many trials have

shown that canola mear can be effectively used to replace
soybean meal and other protein sources in the diets of cows

and calves ( Sharma et a1. L977, Claypool et al. l-9g5,



DePeters and Bath 19I6, I{hee ler et al . 19 B 0 ,

Claypool 1983, Laarveld and Christensen 1975).

Research with canola meal in the diets ot lactating oairy
cattle has received substantially more emphasis than research

with whore canora seed. canola meal is a by-product of the

canola oIr industry and is an economical repracement for
soybean meal in the rations of dalry cattle in canada. canola

meal is derived from the processing of rapeseed curtivars,
such as Tower, that are low in grucosinolates and erucic
acid.
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Satter and Roffler (1975) suggested that there 1s an upper

effectlve Limrt to the amount of readily degradabre proteln

that can be used ln dlets fed to high produclng cows to rimlt
the level of ruminal ammonia to 5 ^g/tO0ml of rumen f1uid.
other studies suggest maximum microbial protein synthesis at
34 mg./100 ml (Kel1away and Liebho1zr 1980 ) and rnaximum

cel1ulose digestion at 43 mg,/l00 mr (Hooverr1986) of rumen

ammonia. From data provided by Ha and KenneIly (19B3b)the

amount of canora mear that can be added to a barrey based

concentrate and fed in conjunction with alfalfa hay is about

6 to 7q of the total ration based on the data by satter and

Roffrer (1975). The addition of graded levers of canora meal

to the ration resulted in a linear increase in the

concentration of rumen ammonia.

Sanchez and



The incrusion of various types of lipids in the rations of
Iactating dairy cows has'recently ïeceived much attention by

numerous researchers (Banks el a1. L980, Banks et ar. Lggz,

chalupa et. a1. L984, Jenkins and palmquist L984, palmquist

and conrad 1980, smith et a1. L978, storry 19Bl, steele 19gs,

lfrenn et a1. L975). The primary reasons for includlng lipids
in dairy rations are to increase the energy density of the

ration, decrease the level of starch in the ration, and alter
the amount and. composi.tion of the rnilk Êat. The type and

leve1 of lipid fed have causedalterations in ration
digestibility, milk and fat production and mlrk fat fatty
acld composrtlon have been noted (Banks et ar. L990, Kennelly

1983).
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Banks et aI.(L982) reviewed the literature on the amount, and

types of fat that could be incorporated into diets of
lactatlng cows. lfhen unsaturated and polyunsaturated fats are

incorporated into the diet there may be an overloading of the

biohydrogenation system which can affect the amount of
volatile fatty acids (VFA's) produced and could Lead to a Iow

butter fat percent.

chalupa et a1. (L984) investigated the effects of Long chain

fatty acids in various forms upon rn vitro vFA production and

the ratio of acetate to propionate. The authors concluded

that long chain fatty acids of ress than l"B carbon atoms and



unsäturated long chain fatty acids of 1B carbon atoms

decreased vFÀ production. The melting poini of the 1ong chain

fatty acids accounted for'93 to 95% of the variation of the

vFÀ production and the acetate to propionate ratio. carcium

salts of lo.ng chain fatty acids had little effect upon the

fermentation and this was also noticed with triglycerides.
Free tallow fatty aclds at 10, 15 or 20% of the test feed dry

matter caused increases in propionate, decreases in acetate,

butyrate and total VFA production. These effects rdere not

evident when same aclds rn¡ere incorporated as calcium

soaps, and Èhe effects were onfy minimal when the aclds were

incorporated as triglycerides.

Jenkins and Palmqulst (1984) found simllar results to those

of chalupa et al. (L984) when the effects of free talrow or

soy fatty acids as free oi1 or calcium soaps r.rere fed to

lactating cows. The talrow fatty acids reduced total fiber
digestion and rumen fiber and dry matter digestion. The

calcium soaps of these fatty acids prevented these effects
but the digestibility of the fatty acids lras reduced by 6t.
They conclude that calcium soaps of fatty acids are an

effective source of fat for dairy cow rations.
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orskov et aI. (1980) and Palmquist and conrad (L980) comment

upon the detrimental effect of unprotected lipid on ruminal

fiber digestion. The lipid when fed at a rate of about one

pound per co!., per day or more decreases the digestibitity of



èhe Ëiber, possibry due to a coatlng effect. rt is beLieved

that the lipid interfers with the microbial populatlon of the
rumen and primarily inhiÞiÈs the population that ls most

directly involved in fiber digestion and it is posutated that
this may be. due to a toxic effect of fat upon certain
microbial populations. The lipid may be attracted to the
microbiar cerl walr and in some way inhibits cellobiosls. A

final effect may be a reduced cation avairability from the
formation of long chain fatty acid soaps. rt is not known if
this effect direct or indirect through a decrease in the
rumen pH.
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steele (1985) investlgated the effects of free oi1 addrtlon
versus the addltlon of intracellular oil (crushed soybeans)

at two Ieve1s. The int¡acerlurar fat addition at high Ievels
malntained milk fat yield and percent over the addition of
free oi1 at the same leve1. Both oil types cause significant
reductlons ln dry matter and energy intake and in mirk yield
(except for the high level soy oil addition). steele states
that in rations containing free oir, the concentration of the
oiI and not the amount of oi1 is the primary determinant in
the reduction of the milk fat percent. The detrimental effect
of the fats in reducing total energy intake rôrere more

apparent with the free oir diets. The detrimental effect may

be due to a physical effect of the fat preventing the
microbes from accessing other dietary constituents (coatÍng)
or the fat may exert a bactericidal effect cJ-ising changes in



Ehe bacterial populations.

Jentsch et aI.(L972) fed .rape seed oil at amounts of 700 to

L42O grams per cow per day to dairy cows ln various stages of

lactation. .They concluded that feeding rape seed oi1 caused a

decrease in milk yield and milk fat production and that the

energy requirement per kg of milk produced ïras increased.

They also noted an increase in the amount of proprionic acid

and a decrease in the amount of butyric acid found in the

rumen fIuid.
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The use of whole seeds that are high in fat has recieved much

attention. llhole cotton seed ls one of the most effective

sources of added fat as a whole seed (DePeters et aI. L985,

Bernard and Amos 1985, Anderson et aI. 19?9, Anderson et aI.
1984). The whole cotton seed has consitently lncreased fat
percent, 44 FCM and in most instances milk yield. r¡Jhen

compared to sunflorver seeds or extruded soybeans the cotton

seed rr¡as the most desirable source of fat when all factors

vrere taken into account (Anderson et al. 1984).

l{hoIe sunflower

potential sources of fat (Anderson et aI. L984, Finn et al.
1985, !ühite 1985). VlhoIe sunf lower seeds are not ef fective in

increasing milk yield, milk fat or 4% FCM yield. !{hen

limestone or sodium bicarbonate were added to rations

containing whole sunflower seeds improvements in production

seeds have also been investigated as



parameters Ì'tere noted over rations containing whole sunflower

seeds.

Kennelly ( L983 ) reports a trial in which cows rdere f ed

groundrunex.tracted WCS at 6, 12 and 18% of the concentrate.

The 18t WCS leve1 resulted in signlficantly less milk and dry

matter intake. À11 IfCS treatments produced signiflcantly less

4% Fat Corrected Milk. Dry matter, organic matter, crude

protein and acid detergent fibre digestibilities were

significantly higher f.or the lfCS treatments than for the

control treatment. The cows receiving the 18ts and to some

extent the 12% ldCS treatments suffered from diarrhea when

f irst introduced to the IICS treatment.

- 69

Handy and Kennelly (1983) compared the use of l{CS, Eround

Canola seed and ftProtec'r to a control ration. The test

ingredients lrere incorporated into the concentrate at 5 or

3.6t of the total diet. There were no signlflcant differences

In dry matter Intake, milk yield or milk component yield. The

fatty acid profile of the milk fat from cows fed the IJCS more

closely resembled that of the control diet than the ground

Canola seed or the trProtec'r diet. rfProtec'r is a protein-Iipid

source treated with formaldehyde to reduce the rumen

degradat ion of the product . The trProtectt product is produced

commercially in Barrhead, Alberta, by Ai-ta Lipids.



The object of these studies vras to investigate the

utilization of immature and extruded lfcs by lactating dairy
cows. The hypothesis ass'umes tfrat llcs can suppry high levels
of lipid and rumen nondegradeabre protein to the smarl

intestine .of dairy cows in early lactation to aid in
increasing the supply of nutrients neces.sary to maintain or

increase milk production. The extruded i{CS product was tested
by nylon bag methodology to determine the differences that
extrusion temperature may have had upon protein and dry
matter losss compared to the raw !fcs. the wcs extruded at 107

c was used to compare the effects of lrcs that had a greater

ruminal available protein and fat.

?0



MATERIALS ÀND MEIHODS

one rumen canulated Jersey steer was used in experiment 1 to
incubate nylon bags in the rumen. The steer weighed 4i4 kg

and was approximately 5 years oid. The bags employed were

constructed as' described by Kempton (19g0). The nylon used

had a 52 + 7 micron pore size. Duplicate 5 gram samples of
the feedstuffs were incubated for periods of !, z, 4t g, Lz

and 24 h À11 bags r.rere removed at the end of each time
period. Dupricate ernpty bags were incubated. with the bags

containing the feedstuffs to correct for any inherenÈ error
in protein or dry matter losses while in the rumen.

., 1IL

The extruded lfcs product was a mixture of zot s¡cs and 30%

ground barrey extruded ln a farm type Brady p.T.o. extruder
at 82, 94, L04, L07, 110 and 113 degrees celcius. visual
observation as the product was being extruded showed that at
the L13 c temperature some oil loss was occuring. The protein
content of the !{cs and the Extruded canola seed product is
shown in table 11.

À1r incubation periods started at g:00 A.M., immediately
prior to the once per day feeding of the steer. The diet wês

a brome grass alfarfa hay mixture fed free choice and z.s kg

of the standard milking cow ration used at the university of
Manitoba ( see manuscript, experiment Z, table 7 ).
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Table 11: Crude Protein of the tfCS and
Products Incubated i.n Nylon
of a Mature Steer.

Crude
Prote in(r)

!Ícs

24.5

82c

22 .0

94C

22.0

Extruded CanoIa
Bags ln the Rumen

104 C

22.O

107 C

2r.6

110 C

2L.6

113 C

2L.6



The data h'ere analyzed by the General Linear Model

(GtM) using SÀS (1982).-Treatment means for each

rrrere separated using Duncanrs multiple range test
and Cochran, 1980).
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Exper iment 2 involved thirty-seven Holste in-Fres ian cor..,s .

Nineteen multi-parous and eighteen first calf heifers were

used in a 3x2x2 factorial arrangement over twelve weekly
periods. The three factors were:. 1) 3 treatments of a

completely mlxed ratlon; A control ration (cont,rol), B an

extruded Canola seed treatment (extruded)rand C WCS. ; Z) z

1eve1s of a B-carotene top-dressing, B1 no carotene and Bz

supprementar B-carotene treatment providlng 200 1000 mg

B-carotene,/cow,/day ¡ 3l z leveIs of dewormer treatment
(Ànthelmintic ) , T1 no dewormer (Tramisor ) and Tz one

injection of 0.04 4 ml/kg body weight of Tramisol at
parturitlon.

procedure

i ncubat i on

( Snedecor

Four weeks prior to the expected calving date cows rdere fed 2

year old hay low ln B-carotene and their respective BL and

82 top dresses. Table Lz shows the feeding stadegy and levers
of vitamins provided by the B1 and BZ ( B-carotene )

supplemenÈs. The concenLrate portion of the rations were

introduced to the cows about 2 weeks prior to parturition and

lrere increased slo-nrly to provide 3 to 5 kg of concentrate at
parturition. Post-parturition, Faba bean silage rvas then



introduced to the cows (separately) while they h¡ere still in
the calving pen. Cows rr¡ere moved to individual stalIs after
at least one f uII day pos't-partur ition in the calving pen.

?he completely mlxed ratlons (Tab1e 13) vrere introducecl z-3

days post-parturition and data collection com¡nenced 4-10 days

post parturition. The mean (+ sE) starting time for arl co!/s

on the ration treatments vras I + 1 days post-parturition.
Rations r.tere fed Ad Lib., once daiIy, and vrere adjusted daily
to provide approximately 10eo ort,s. Daily rnllk yield and

ration intakes_ \rrere zecorded for the twelve week period. AII
cot^rs were weighed on two consecutive days prior to commencing

the ration treatments, once at 4 weeks and at B weeks into
the treatment period, and on tr¿o consecutlve days immediately

prior to finishing the treatment period. Àt 6 weeks aIr cows

were sampled vla eosophageal tube ( Ingalls et al., 19O0) at
three times relative to feeding (time=Or 2 and 4 hours

post-feeding). The rumen f luid collected ráras inactivated by

pracing it into a bottre containing mercuric oxide. upon

returning to the laboratory the pH was determined and the

sample r¿ras centrif uged at 10r 000xg f or 10 min and the

supernatant was stored at -20 degrees c untir all samples had

been collected and could be analyzed for vFÀ's and ammonia.

\IFA! s in the rumen f luid were determined by gas

chromatography (Erwin et a1., L961 ) . Rumen ammonia was

determined by an ammonia electrode (Moder 95-10, orion
Research, Cambridge, MA).
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Table 12: Daily Vitamin Supplementation of Early tactatlon
Dalry Cows.

HlIk productlon
( L,/daY)

Dry Cows

Lactatlng coYrs:

<20

20 29

30 39

>40

Vitamins D and E

B1

Vitamln
Supplement

Vltamln À (I.U.)

80r 000

160, 0oo

240,000

320, oo0

400, 000

Similar for

Vltamln

Vltamln

B2

B-carotene* (mg)

D

E

400

600

800

1,000

boÈh treatments.

*Source = Rovimix B-carotene 10q (Roche).

6,000 r .u.

2 I.U. f or every 11 000 I.U. of Vltamln À
equlvalent.

200



Table_l3: Ingredlent Composition of Experimental Rations
Fed to Dairy Cows in Early Lactation.

- 76

BarIey

Corn

Canola meal

CanoLa seed(extruded)

Canola seed(whole)

Molasses

Urea (feed grade)

Trace mlneral premlx*

Salt (cobalt-iodlzed)

Limestone

Phosphorus supplement
( biophos )

Hay

Fababean silage

Rat i on

360.5

97.'0

L25.6

k{,/tonne

41:'s

85.3

?9.0

15.0

5.0

4.5

3.0

9.2

7.5

176.0

196.0

15. ?

5.0

4.5

3.0

9.2

7.5

176.0

196.0

419.5

85.3

?9.0

15.0

5.0

4.5

3.0

9.2

7.5

176.0

196.0

tTrace mineral
CuSO4, 202 mg
Mg as MgO.

premlx supplied per kg of
Zn as ZnO, 168 mg of Mn as

dlet:L10 mg of Cu
MnO2-HZO and 6 g

AS
of



l{eekly milk samples were collected on two consecutive days

and analyzed for fat, protein, and lactose percent by infra

¡ed spectroscopy (Milkoscan Model 203, Fosselectr ic,

Cornwall, Ont. ). Morning and evening samples from each day

trrere composited. An aliquot of milk rátas removed, and stored

at -20 degrees C, for analysls of milk iodine levels and for

the fatty acid prof iles of the milk f at. Milk f at \das

extracted from the samples according to Lambert (1954) and

the molar ratiós of fatty acids of milk fat rrtere determined

by injections of a me.thylated sample (Metcalf e et è1, l-956 )

onto a GP 3t SP 23L0/2% SP 2300 on L00/L7.0 Chromsorb !üAId 2.44

m by 0.635 cm packed column. Peak areas for each fatty acid

were analyzed using a Varian 402 Data System and values were

expressed as a percent of the total fatty acids. A weekly

sample of the hay. faba bean silage and the eoncentrates vtere

taken as well as a weekly sample of each cowts orts. These

samples ltere dried in a forced air oven at 60 degrees C for

48 hours and the percent moisture was determined. Samples

were stored at rgom temperaÈure until they \{ere analyzed for

protein and fat (ether extract) according to Association of

Of f icial Ànalytical Chemist ( 1-980 ), acid detergent f-iber

according to Goering and Van SoeSt ( 1970 ), gross energy

determined by Parr Àdiabatic Oxygen Bomb Calorimiter and dry

matter. Total mixed ration proximate analysis is shown in

table 14.
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Table 14: Proxlmate Ànlysis
Fed to Dairy Cows

78

Nutr lents
(dry matter basis)

Crude protelnrt

Ether extractrt

Àcid detergent
f ibre, t

Gross energyrKcal,/kg

Ca 1c 1um, t

Èhospnorus, t

of the Experimental Ratlons
in Early Lactatlon.

Control

19 .1

2.3

20. 3

4467

0.94

0.62

Extruded

18.8

3.3

20.7

4545

0.95

0"60

wcs

18.8 0.1

5.7 0.3

21.0 0. 1

4542 L7

0.94 0.05

0.63 0.03

SE



SoIids corrected nilk (SCM)

equation: SCM (kg) = 12.3(F) +

where F=fat, SNF=solids-not-fat
( r.97s ) .

The data hras analyzed for differences following the procedure

of Àlren (l-983) and Allen et aI. (1983). To summarize this
procedure; the data r^ras arranged as a 3x2x2 factoriar split
over time (weekly periods ) . From this, regression

co-eff icients erere obtalned and the -resulting prof iles \rrere

analyzed for signiflcant dlfferences. To reduce the effects
of co\rrs in their first lactation the cows were grouped into a

flrst lactation group and a multiparous group and the data

was anaryzed with age as a class effect. The bulk of the data

is displayed as graphs, which were produced from the

regression equations.
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was calculated using the

6.55(SNF) - 0.072(M)

and M=rnilkr Maynard et.al

Three cor.rs that had started the trial were replaced by cows

having a similar age and previous lactation mirk yierds after
the trial was initiated. Two of the replaced cows r.rere

receiving the extruded ration and one corrr was receiving the

ttcs ration. All cows that were taken off the trial were

suf fering f rom ketosis and were rrof f -f eed". They had all
calved in late July or early August and the heat during this
time period may have af f ected thelr perf ormance. Ã,nima1s

that were already receiving the experimentar rations also

appeared to have depressed appetities. one heifer that was



schedured to receive the extruded ration aborted while. on

spring pasture and rrras replaced. Due to the number of

animals that were leaving'the trial we prepared a total of

slx animals to start the trlal by feeding them the forage and

grain mix prior to calving. One animal tras not used and

another animal r'ras started on the control ration when .she

rdas requi red to rece ive the extruded rat l on . The data

collected from thls animal was . used in the analysis of

variance and therefore the total number of animals used in

this experiment rrras 3? not the original 36.
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RESULTS.

Experiment L.

The effect ot rumen incubation upon dry matter and protein

disappearance from lfCS and extruded Canola seed are shown in

Tab1es i-5 and L6, respectively.
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Experiment 2,

The profiles for dry matter intake, milk yield,4% FCM, SCM,

fat percentage, protein percentage, lactose percentagerfat

yieId, protein yieldrlactose yield, dry matter lntake as a

percentage of body weight and body weight were generated

using the following equation:

= C0 + C1 x (week) + eZ x (week x week) +

C3 x (week x week x week) + C4 x (week x rr¡eek x week x
week ) .

lthe¡e C0, Cl, C2, C3 and C4

equation co-efficients. ( For

are the generated

further details see

regress i on

Àppendix).



Table 15: Dry Matter Disapearance of
IfCS Ifhen fncubated in the

Product

-82

ftcs

82

94

103

107

110

113

0.4a*

12 .3b

14 .4b

19 .0b

16.6b

1? .9b

18.lb

Incubation Length (hours)

c

c

4.7a

19 .5b

24.Abc

25.9bc

32.0 c

31.3 c

25.8bc

ldCS and.Extruded
Rumen in Nylon Bags. +

7 .la
35.8b

38.0b

39 .4b

36. 4b

38.2b

39.2b

* ãrbrc Means
are dlfferent
+ Expressed as

8. 0a

52.7b

54.4b

58.3b

53.4b

55. 8b

52.9b

t2

9.3a

57 .6b

60. ?b

60.8b

58.3b

57 .7b

61. 8b

withln a
(P<0.05

Percent

24

column wlth dlfferent
).
of Initlal Dry Matter.

23.3a

65.0b

69.7b

68.3b

67.5b

71. 4b

68.7b

superscr lpts



Tab1e_16: Crude Proteln Disappearance of IdCS and Extruded
fdCS lfhen Incubated ln the Rumen ln Nylon Bags. +

Product

83

I{CS

82

94

103

10?

1L0

113

I

-1.5a*

21.9b

25.0b

31. ?b

25.4b

25 .2b

23.0b

c

c

c

c

c

c

2

Tlme (hours )

3.9a

39.8b

33.4b

34.1b

37.3b

36.3b

30.2b

5.7a

36.6bc

42.4 c

40.?bc

33.2b

40.Sbc

37.2bc

* arbrc Means
are dlfferenÈ

+ Expressed as

4.8a

61. 3b

61. 8b

58.lb

62.3b

55 .5b

58 .lb

L2

5.8a

61.5b

62.3b

61.4b

54.9b

51.3b

59 .8b

wlthln a column with dlfferent suDelscrlpts
(P<0.05 ) .

Percent of Inltlal Crude Protein.

24

18. La

70.9bc

69 .lbc

74.5 c

67.Zbc

65.3b

64.5b



The dry matter intake of the co\,rs consuming the extruded and

llcs were significantty different (p<0.0s) from those

consuming the control rat'ion. The dry matter intake prof iies
are shown in Figure 2. The intake of the cor,{s fed the control
ration approximated a normal intake curve. The cows fed the
extruded ration showed a rapid increase in DMI (dry matter
lntake) from the start of the experiment to the end of the

second week, leveled off for 6 weeks and then gradualry

increased to the end of the experiment. The DMr of co$/s fed

the $tcs ration was signiflcantly (p<0.0s) higher than the

control ration at Èhe start of the experiment but the shape

of the curve was not significantly different after 2 weeks.
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Flgure 3 shows Èhe effects of the treatments when DMr is
expressed as a percent of lIve body weight. The shape of the

three curves doesnrt change but the positition of the curve

for the extruded ration was increased relative to the control
and Ì{cs rations. The extruded ration vras consumed at a higher
percentage of the cows body weight (p<0.05) and the WCS

ration tended to be consumed at a greater percentage of body

wieght (P=0.115 ) .

The body weight of the cows over the experimental period is
shown in Figure 4. There r.tere no significant differences in
live body weight, but the covrs assigned to the extruded

ration did sho'¿ a numericaLly lighter body weight which

accounts for the shift of the DMr as a percent of body weight



curve for the !ücs and extruded rations.Àtthough there vras no

significant differences it is noteworthy that the co*,S on the
extruded ration did not rose body weight throughout the
experlment, while the cov/s on the contror and r,fcs rations
lost body weight during the first weighing period. This ross
of body weight wourd indicate a negative energy balance.

The statistical analysis of the data showed a strong trend
for dlfferences in the mllk yield of the cows receivlng the
experimental rations. 

.*n" cows receiving the extruded ration
tended to glve more rnirk than corrrs receiving the control
ratlon (P=0.0523) Figure 5 shows the profile of the milk
yleld as expressed by the co-efficlents that vrere calculated.
The cows receiving the control ration had a lower peak milk
yierd and reached that peak earlier in the trial than cows

receiving the extruded ration.The profile of the milk yield
of the cows receiving i{CS was slmilar to the extruded ration
but not significantly different from the control ration.

B5

The milk fat percent of the covrs fed the extruded ration was

significantly lower (p<0.0S) than the control ration. The

control ration rnilk fat percent showed a much sharper decrine
over the first three weeks of the trial than ÍJcs. The

extruded ration had a simirar decline äs the contror ration
but after the initial decline the mllk fat percent of the
colds receiving the control ration gradualry increased and the
milk fat percentage of the cows receiving the extruded ration



continued to gradually decline. The profiles of the extruded

ration and stcs were significantly different frorn the control
ration. Figure 6 ilrustra'tes the effect of ration on milk fat
percent.
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The milk fat yields were also significantly different among

treatmenÈs (P<0.05). rfCS had the greatest yield at any given

time period and the decline in yield over trme was less than

for the control ratlon. The extruded ration had a similar
profile to the control. ration but with a greater intercept.
The profiles of mlIk fat yield are shown in figure i.

Figure I illustrates the effcet of the ratlons on the 4t FcM

yierd. There rrrere no signlf icant dif f erences. The¡e vras a

non-signlficant trenA towards an interaction between the wCS

and the control ratlon wiÈh and r¡ithout the supplemental

B-carotene (P=0.1005 ) .

Figure 9 shows the scM yield response to the rations. The scM

yield was not significantly affected by the dietary
treatments and resembled the 4t FCM profiles.

Figure L0 illustrates the effect of ration on the mirk
protein percent. The profires ró¡ere a1l paral1e1 with no

significant ration effect on milk protein percent. The mirk
protein yields, g per day, were not different but the slope
of the extruded ration protein yield profile v/as different



from the control ration (Figure LZ).

There were no significant' diferences between rations in mitk
ractose percent (Figure 11). The yierd of mirk lactose. in q

per day (Fi.gure 13) tended to be higher f or the extruded
ration when compared to the contror ration (p=0.055) and

resembled the milk yield profiles.



Flgure 2: Effect of Whole or Extruded Conolo Seed on
Dry Motter Intoke of Doiry Cows In Eorly Loctotion.

(Pooled Residuol Stondord Deviotion : 3.1 )
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Figure 3: Effect of Whole or Extruded Conolo Seed on
Dry Motter Intoke of Doiry Cows in Eorly Loctotfon,

Expressed os o Percentoge of Live Body Weight.
(Pooled residuol Stondord Deviotion: O.53)
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FÍgure 5: Effect of whole or Extruded conolcr seed on

"" "1

the Milk Yield of Doiry cows in Eorly Loctotion.
(Pooled Residuol Stondord Devic¡tion:4.g)
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Figure 6: Effect of Whole or Extruded Conolo Seed on
Milk Fot Percentoge of Doiry Cows ln Eorly Loctotlon,

4.60

(Pooled Residuol Stondord Deviotion : O.61 )
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Flgure 7 z Ef f ecf of Whole or Extruded Conolo Seed

ro?a

on Milk Fot Yleld of Dolry Cows ln Eorly Loctotion.
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Figure 8: Effect of Whole or Extruded Conolo Seed on
4% Fot Corrected Milk Yleld of Dolry Cows in Eorly

Loctotion.
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FÍgure _9: Effect of whole or Extruded cqnolo seed
on solids corrected M¡lk YIeld of Dolry cows ln Eorly

Lq ctotlo n .
(pooled Residuol Stondord Deviotion : 4.S)
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Iiggfg_l 1 : Ef f ect of Whole or Extruded Co nolo Seed on
Milk Loctose Percent of Doïry cows In Eorty Loctotfon.

(Pooled Residuol Stondord Deviotion: O.28)
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Flgure J2: Effect of Whole or Extruded Conolq seed onMilk Proteln Yleld of DoÍry cows in Eorly Lc¡ctotion.(Pooled Residuol Stondord Deviotion ': 146)
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Fïgure 13: Effect of Whole or Extruded Conolo Seed on
Milk Loctose Yield of Dolry Cows ln Eorly Loctotion.

(Pooled Residuol Stondord Deviotion : 27 6)
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The effects of rations, B-carotene and Tramisol on ruminal

VFÀ's, ammonia concentration and milk iodine was analyzed

using the general linear models (GLM) proceedure of SÀS. The

data was anaryzed as a sprit-plot over time moder and the

main treatment effects and interactions were separaLed and

anaryzed using cow(ration x B-carotene x Tramisol) as the

error terrn.

- l-00 -

The ration treatments showed no significant effects on

ruminal ammonia concentration bo! there was a significant
time effect (Tabre LB). The concentration was lowest at time

0, peaked at time 2 h and slightly (P>0.05) declined at the 4

h sampling period. The pH of the rumen fluid was not

different over the ration treatments nor r.ras there a

significant effect of sampling time.

VFA concentrations, rumen Ë1uid pH values

concentrations vrere not affected by

(P>0.05) or sampling tlme (P>0.05) (Tables

and mi 1k i odine

dietary treatments

L7 and 18).



Table 1?: The Effect of Îfhole or Extruded canora seed on
Ruminal \IFArs.

l_0L

SubstraÈe

À,cetIc acld
(molar q)

Proplonic acld
(molar. t)

Iso-butyric acid
(molar g)

N-butyrlc acld
(mo1ar ti

Iso-valerIc acid
(molar $)

N-valeric acld
(molar t)

Total \/F'Àr s
( mmo1e,/100m1 )

Ratlo of Àcetlc
to Propionic

CONTROL

62.O

24 .6

0.9

9.3

1.5

1.6

69.6

2.73

Ratlons

EXTRUDED

53.1

24.9

0.9

8.5

1.3

1.3

6L.4

2.79
* SE, standard error.

wcs sE*

59.8

23"4

L.4

L2.0

1.8

1.6

64,1

2 .66

006

005

001

003

001

00L

9s0

095



Table 18: Effect of time
pH and of tlme

L02

Sampling tlme.
(hours relative
to feedlng)

0

¿

4

Rumen Àmmonla Rumen pH
( mg,/100m1 ) SE*

and ratlon on
on milk iodlne

Rat lon

?.4a** 0. ?

15.9b

13.lb

CONTROL

EXTRUDED

!{cs

rumen ammonia and
concentrat i on .

* standard error.t* means wiÈhin a column that have
are different (p. <0.05) .

11.5

12.9

L2.O

7 .L7

6.98

6.80

Milk fodine
SE* lug/ L. ) SE

0.05

0.? 7.01

6.97

6.90

0.05 50.8 1,.4

47 .6

54 .1

a different superscript



The fatty acid composition of the milk fat showed that Èhe

effect of the extruded canola seed rrras.more pronounced than
that of the llCS (Table 19). Both canola seed treatrnents
caused a higher level of total unsaturated fatty acids than

r+hat l¡ras seen in the contror diet. The prof ire of the mllk
fatty acids in this experlment compare well with those

observed by Cadden et aI. (1994) and Handy and Kennelly
(1983).
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Table 20

pr oduct i on

the means of

of the data.

shows the means and standard error of the
parameters measured. The numbers tabulated are

the raw data and are shown as a quick reference



Table 19: Effect of Rations 9n the Fatty Acid composrtion
of MiIk Fat.

Fatty Àcid
(welght t)

C {:0x

C 6:0

C 8:0

CLO:0

Cl2:0

C14 :0

Cl4 :1

Cl6: 0

C16 :1

Cl8:0

Cl8:1

Cl8: 2

C18:3

C20:0

C20:1

C2220

C22zL

Total saturated

Total unsaturated

- 104 -

CONTROL

0.6? ar*

1.56 b

I.32 b

3.52 c

4.41 c

L2.70 c

1.31 c

33.36 c

2.02 b

10.47 a

24.8O a

2.36 a

0.27 a

0.63 a

0.40 a

0.18

0.14 a

58.94 a

31.06 a

EXTRUDED

0.7Zab

L.37 a

0.95 a

2.38 a

2.88 a

9.72 9
1.09 a

23.08 a

2.07 b

14.28 c

35.89 c

2.7s b

0.34 c

1.10 c

0.96 c

0.16

0.22 b

56.58 c

43.42 c

f{cs

0.74

1.52

L.27

3.02

3 .67

11.44

* first number denoted the number of carbon atoms, the numberafter the coron denotes the number of double bonds.**arbrc Means withln the same row wlth different superscrlptsare dlfferent p<0.05.

1.15

28 .46

1.68

13.73

29.L9

2 .39

0. 29

0.74

0.55 b

0. L5

0.15 a

64.72 b

36.28 b



Tab1e 20: Summary of productlon Responses
the Contro1, Extruded or tfhole
Rations in EarIy Lactation.

Product I on
Parameter

- 105

M11k Yle Id ( kg I

4t F.c.M. (kgl

Solids Corrected
Milk YieId (kg)

Dry Matter Intake
(kg)

Fat t

Proteln È

tactose q

Fat Yleld (gl

Protein Yleld (g)

tactose Yield (g)

Control

26.5

22.8

23.3

17.5

3 .18

3.08

5.08

809

805

1356

of Cows Fed
Canola Seed

Extruded

Rat ion

32.6

26.2

26.9

18.2

2.77

2.86

5.19

879

925

1696

* standard error.

tdcs

27 .8

24.7

24.9

19 .6

3. 31

2.94

5.05

909

813

1405

sE*

0.4

0.1

0.1

0.6

0.07

0.02

0.02

10

11

25



Discuss ion.

Experiment 1.

The highest two extrusion temperatures showed some oil
leakage from the stored material and because of this these

two products rrrere not considered for use in experiment z,

manuscript 2.
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Significant differences (P<0.05) between the extruded Canola

seed product extruded at different temperatures v¡ere noted

only at the 2 h incubation time period in the amount of

dry matter reaving the nylon bag. Àt this incubation time

the materiar extruded at 107 and 11,0 c had more dry matter

loss than the product extruded at g2 c. The Ïfcs had

sì.gnificantly less dry matter loss at all incubation times

than all the extruded products (p<0.0S).

Significant differences (P<0.05) between the extruded Canola

seed product extruded at different temperatures werenoted at
the 4 and 24 h incubation time periods for the amount of

crude protein leaving the nylon bag. Àt the z h incubation
time the material extruded at L0? c had ress crude protein
loss than the product extruded at 9 4 c. The proriuct

extruded at the other temperatures $rere not different from

elther. At the 24 h lncubatlon time the prodr"rct extruded at
104 c had a hlgher crude protein loss than the products



extruded at 1L0 and L13 c. The product extruded at the other
temperatures vrere not different from those extruded at 110

and L13 c. The stcs had significantly less crude protein loss
at all incubation times than alr the extruded products

(P<0.05 ) .

The dry matter losses from the nylon bags of the extruded
canola product extruded at l-07 c resembled that of Tower

canola meal for the 1 and 2 h incubation periods but appeared

to be f aster_ at the 4, B, Lz and 24 h incubation perio,ås,

sharma (unpubllshed, !983). This may have been due to the
barley that was used as a carrier for the canola seed. Barley
has a row acid detergent fiber level and would under go

ruminal bacterial degradation faster than Canola meal which

has a higher flber 1eve1. Mehrez and Orskov (lg77l estimated
a dry matter disappeareance of rorled barrey from nylon bags

at 3 h of rumen incubation at about Lst, and a 73t
dissapearance after z4 hours. t¡ith canola meal there appears

to be a soluble pool that quickly disappears and then a

larger more slowly degraded poor (Ha and Kennelry, 19g3). The

crude protein losses of this product were higher than what

r,tas observed for the canola meal. This may have been due to
the barley carrier as well. Mehrez and Orskov (l-9?T) found

the crude protein dissapearance of rorred barrey to be about
80% after a 24 h incubation period.

- 107 -



The protein

bags found

hours. This

(1-983) who

dissappearance of Tower Canola meal from nylon

by Sharma (unpublished l-983) was 63.Sea at 24

compares well-with that found by Ha and KennelIy

determined that the degadability of canola meal

was 67.7"o using nylon bags.

- L08 -

l{hen allowances are made for the barley carrier, the protein

and dry matter disappearance from the extruded Canola seed

product did not appear to be different than that of untreated

Canola meal. There did not appear to be an effect of the oit
hindering dry matter or protein loss of the extruded product

from nylon bags incubated in the rumen of a steer.

From the nylon bag tests the 107 degree c product was chosen

for use in experiment 2 because it was the nignest

temperature that we were abre to reach without leakage from

the stored product after extrusion. we wanted to be sure that
the seed coat t'/as disrupted so that the product would be able

to under go rumen bacterial degradation. From the nylon bag

experiment the hlcs appeared to under go limited ruminal

degradation but appeared to be able to serve as a potential
source of thru-pass protein. By inference, the \,¡CS was

estimated to be able to serve as a potential source of

thru-pass fat due to the 1or* crude protein and dry matter

losses from the nylon bags. However extent of digestion in

the lower gut ls not known.



Experiment 2,

The production of mi1k, fat percent, protein percent, lactose

percent and 4t FCM from covrs fed the IíCS ration r¿ras not

significantly different from the cows fed the control ration.
This compares welI with the findings of Meilke and

Schingoethe (198L) and Stern et a1. (1985). Meilke and

Schingoethe (i.981) found no differences in production when

covrs $/ere fed whole or. heat treated soybeans (extruded at

160 C). Stern et al.(1985) used unheated whole soybeans and

whole soybeans extruded at L32 and L49 Ct and found no

differences in production when compared to a soybean meal

control diet. The cows in the whole soybean studies vrere 7

weeks post-partum or nid to late lactation, respectively.

-109-

There appeared to be no effect of the WCS on milk protein

percent. As has been noted ln trials with whole cotton seed

(Ànderson et al. 1979, DePeters et al. L985, Smith et aI.
L98l), protected tallow ( with soybean meal as the protein

carrier ) (Dunktrey et a1. L977. Vincente et a1. 1984)rand

soybean oil (Steele 1985) there can be a significant decrease

in the milk protein percent when lipid is added to the

ration. In contrast this experiment agrees well with the

findings of Beaulieu ( 1986 ), Handy and Kenneily ( 1983 ) ,

Kennelly ( 1983 ) and Vincente et al., ( 1979 ) when whole or

ground canola seed or protected tallow ( with canola meal as



the carrier ) were fed there h¡as no depression in milk
protein percent. Depeters et a1. (19g5) determined that the
casein fraction of the milk proteln vras.depressed when whole
cottonseed was fed and that the nonprotein nitrogen as a

percent of the totar milk nitrogen increased as the amount of
whole cottonseed in the ration inceased. This contrasts the
findings of Dunkley et aI. (L977) who found that both the
whey and nonprotein fractions of the mirk nitrogen vrere

increased ( as a t of total milk N ). I{ith the differences
between protected tarrow with soybean meal or canola mear as

a carrier and the rack of milk protein percent depressron
when whole or ground canora seed or crushed soybeans (steere
1985) are fed, the milk protein depression found when certain
types of lipid and protein may be more complex than simpre
lipid-protein lnteraction and cannot be explained by this
exper iment .

- 110 -

The milk protein percent of the cows fed the extruded ration
was similar to the control and \{cs rations. The responce is
comparable to that noted by Steele ( 19g5 ) when crushed
soybeans 'r¡ere added to the diet. yet when soybean oir was

added to the diet to provide the same level of added oil as

the crushed soybeans there was a depressÍon in the mirk
protien percent.

The milk fat percent of the êo'n¡s fed

slgnificantly different from that

the ttCS ration was not

of the control group



although the profi)-e r¿/as. This was arso seen by Beaulieu
( 1986 ), Handy and Kennelly ( 1983 ) and KenneIly ( 19g3 ) . These

researchers found that i{cs did not influence milk fat percent
when added to the diets. The response of the cor¡rs fed the 1fcs

ration, when compared to the control ratiolr is similar tr:
that of 1or 1eve1s of protected tallow added to the diet
(beÈween a 2 to 4% increase in the totar dietary ripid) as

found by Handy and Kennelly (1993) and Sharma et al. (]-9Zg).
But Fisher (1979) and vincente et al.(19g4) found increases
in milk fat percent, milk and 4% .FcM- yields when protected
tallow was fed at these levels.

The lor¿er (P<0.05) mirk fat percent from the cows fed the
extruded ration could have been due to the processing of the
canola seed, ãllowing the oil access to the rumen environment
where it could exert a deterimental effect upon the microbial
popuration. This response vras similar to that noted by
Beaulieu (1985) where canora oil was added to Èhe diet and

caused a significantly lower milk fat percent than the
control or canola presscake diet. rt is unusual that
extrussion would cause a depression in milk fat and the
presscake did not. The canola presscake is the product of
pressed canola seed prior to hexane extraction (Beaulieu,
1986). The amount of oir remaining in the presscake was 21t.
The amount of oil from the presscake added 1.7% ripid to the
total diet and the amount of added canola oil added 1.9t
lipid to the total diet. rn this experiment the amount of



added lipid was hlgherr. at ?.9% for the extruded ration.
Because of the higher lever of oil, more free oil may have

been available to influence the microbial population in this
experiment. Steele (f985) observed that the concentration of
extracellular oi1, not the total amount of oi1, caused the
decrease in milk fat percent.

LL?.

Finn et al. (1985) compared the addition of limestone to
whole ro1led sunflower seeds to ä control ration of_soybean

meal and corn or sunflower seeds without added limestone.

They found that the additlon of the rimestone improved the 4t
FcM, milk fat percent and total sorids percent when compared

to the sunfLower seeds a1one. They attributed this
improvement to the effects of rimestone post-ruminally
possibry preventing a postabsorptive effect of the oir. rn

thls experiment the amount of limestone added was 0.92t and

in Finnrs experiement the amount of limestone added to the
totar ration dry matter was 0.99%. The effect of the

limestone as a source of carcium for the formation of
insolubre sarts of fatty acids wourd have been similar. The

rations used in experirnent 2 were formulated to contain 0.9t
calcium which is the lower level of calcium suggested by

Palmquist (1983).

The use of added limestone in this experiment contrasts that
of Beaulieu (1986), who only added biophos (mono-dlcalciurn

phosphate) prlmariLy as a source of supplementar phosphorous.



Kennelly (1983) and Handy and Kennelly (19g3) added calcium
carbonate at 1.4% of the concentrate ( about 0.7 to 0.gt of
total feed ) but did not report the finar calcium lever in
the feed. The addition of the limestone to achieve ä calcium
level of approximately o.9t of the dry matter may have been

beneficial in increasing the totar dry matter intake of the
rations with Èhe added oil. This was noti.ced by Finn et al.
(1985) who saw an improvement in dry matter intake by adding
limestone to the whole sunflovrer seeds, but both whole
sunflower seed. rations. were not iqnsumed as well as the
control ration.
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lühite (1985) noted an

decrease in protein

compared to a control
or without added

experiment increases in milk fatty acids of Lg carbons was

noted with a decrease in the short chain fatty acids (c 4 to
1n\

Selner and Schultz (1990) found that trans fatty acids of C

18:1 were the primary cause of fat depression in mirk when

these acids were fed to lactating dairy cows. They åt"o
observed that the fat depression started about z weeks after
the fat source r¿ras incorporated into the ration and that the
effect was not noted 2 weeks after the fat source vras

removed. rn this experiment the fat percentages of the

improvement in milk fat percent and no

percent when whole sunflowers were

ration containing sunflower oii (with
sodium bicarbonate ) . Similar to thÍs



control and extruded rations started diverging after 3 weeks

into the experiment and may have been due to the trans c 1g:j.
ln the l{cs. This is only speculation as the positional
isomers of the fatty acids rrrere not determined in this
experiment.. Kennelly (1993) and Handy and Kennelly il.9g3)
determined that tfcs increased the c 19: L content of the
rations and that trans c 18:1 rrras increased in the mirk of
covrs fed ground or protected canora seed, respectively.

The reduction in the rnilk f atty acids betr¡een c 6:0 and c

16:0 is likely due to the inhibition of acetyr-coenzyme À

carboxylase (Palmquist and Jenkins, 1990), and is consistent
with results found by others including clapperton and steele
( 1985 ) , DePeters et aI. ( 198? ) , Dunkley et al. (J.gT? ) ,
Drackley and Schingoethe (19g6), Handy and KennelIy (1983)

and Palrnquist and Conrad ( 19?g ) .

- 1L4 -

It appears that lfcs had no detrimental effects on any of the
production parameters or on \,/eight loss r¿hen compared to the
control ration. The extruded l{cs product had significant
effects upon milk production, rnilk fat percent and mirk
protein percent. Because of this profiles for other
parameters were also signif icantly af f ected. The l,tcs

treatment produced an effect that can be best generalized as

intermediate, farling between the control ration and the
extruded ratlon.



Milk iodine concentrations, rumen vFA, pH and ammonia

concentrations were not significantly affected by the
rations, and the iodine values are similar to those founc by

taarveld et. al. (L983c) when iodine lras added to the ration.

L15

The profile of the weight ross of the cows receiving the

extruded ca.nola product l¡ras intersting. The cows did not lose
r+eight during the trial period. This would indicate that they
!¡rere not in a. serious. negative energy balance. They may have

been in a negative energy barance at the tissue level and the
weight gain may have been lluid. Assuming that the
composltion of the weight loss or gain was equar across all
treatments the group of cor^rs receiving the extruded ration
$tere not in a negative energy whire the co!,rs on the other
treatments were in a negative energy balance for the first 4

weeks of the exÞeriment.

The colts consuming the t¡CS ration consumed significantly more

dry matter than the cows receiving the control and extruded

rations. The cows fed the extruded ration produced

significantly more milk (p=0.0523) and Iower milk fat percent
(P<0.05 ) than cows f ed the control and trrcs rations. There

vtere no significant effects of ration on milk iodine, rumen

VFÀrs or rumen ammonia concentrations. The covrs receiving the
lùcs responed to the fat in a manner typicar of a protected
fat fed at low revels, this may be due to. incomplete



post-rumlnal digestion. The cows receiving
canola producÈ responded in a manner typical of

when free oil is fed at leve1s of 400 to G00

per day.

-trb-

The Ìtcs can be used in the rations of dairy co!,fs in earry
lactation at levels up to 7,9% of the ration dry matter with
no adverse effects upon ¡nilk production parameters or weight

loss. The extruded canola seed product could be used to
improve the milk yield of covrs in earry lactation but the

lower milk fat percent may not be of economic advantage.

the extruded

the response

grams per co!.t



GENERÀL RESULTS ÀND DISCUSSTON.

Manuscript l.Resu1ts.

rn experiment 1 two of the sheep became quite adept at
sortlng the wcs out of the basal oat ration. This contributed
to the large number of observations between 4 and 10t wcs

inclussion in the diet actuarry consumed. rn one period one

of the lambs effectively sorted out virtuarly all of the v¡cs,
the carculated intake of this lamb in the period was -1.4t
and prompted the use of data only above the 4% I^Ics incrusion
rate.

LL7

one of the sheep developed diarrhea which continued for the
last three days of the f if th collection per iod. He \rras

diagnosed as having pnuemonia but r¡/as not treated. After
leaving the coLlection crate he recovered from the diarrhea
and lras used

sixth period

no animal

the re for e

in the sixth period. on the rast two days of the
this animal again developed diarrhea. There were

differences in the analysis of variance and

digestibility tria1.

Exper iment

the three

findings or

the data collected from this animal was used in the

2 r'ras initiated prÍor to my invorvment with two of
blocks being completed. There hrere no abnormal
behavior reported to me concerning in* cor¡/s in



the first two blocks.

The intent of this experiment

palatability of the ifCS when fed

dairy cows and there appeared to
with the consumption of the IíCS.

col.rs being fed the highest 1evel

tL8

appeared to have a mild case of

attributed to the oil from the t{CS.

During the fourth period vre started to collect milk samples

to compare the infra-red milk fat analysis versus the Babcock

and Gerber proceedure. Ile had analyzed lz samples vrhen one of
the cours left the experiment due to an accident in her staIl.
Às the data was incomplete for this animal we did not
statisically analyze this data but there did appear to be a

numerical difference in the infra-red results when compared

to the Babcock and Gerber proceedures. The infra-red analysis
appeared to be lower than the other fat percent

determinations and this was most evident fcr the cor¡rs

receiving the l{cs. But there rcas only enough time to analyze

the milk of one co\¡r receiving the contror treatment.

was .to determine the

asa

be no

After

of

top-dress to lactating
problems encountered

about 7 to 10 days the

}¡CS top-dress (2 kg )

scours and this was

The silage '^ras fed ln both the mornlng and the evenlng with
the hay belng fed at noon. The orts were weighed in the
morning prior to the silage belng fed. It is not known

whether there were dlfferences between treatrnents as to the



composition of the orts as they

concentrate and l{CS treatments were

were no reported instances of these

Manuscript 2.Results.

- L19

The intenÈ of the nylon bag trial was to compare the

differences between the l{cs and the extruded canola seed

products. This was accomplished by removing all the bags from

the rumen the same time and anaLyzing the results for
differences at that t1me. This type of trial would not allow
for the development of rate of dry matter or crude protein
leaving the bags over the entire 24 h incubations.

l.tere not analyzed. The

fed seperately and there

feeds being refused.

À trial was started to determlne the dry matter and protein
losses of the completely mixed rarions used in experiment z

from nylon bags incubated in the rumen of a steer but oniy
one determination vtas completed. The steer hras able to remove

the cannura cäp, it is suspected from rubbing on the side of
the pen. Àt this time the steer was kept in a 3.5 by 3.6 m

pen. The rumen contents found on the floor of the pen with
the cannura cap led to the conclussion that he had been

rubbing on the pen. The steer vras being fed the control
ration f ed to the corrrs in experiment z. He was placed on an

ad lib. hay diet for 4 days, then fed ? kg of the completery

mixed contro] ration fed to the cows with ad lib. hay for 4

days and then fed 3,2.3 kg of the control ration for 4 days.



on the evening of the fourth day the steer had again removed

the cannula and the rumen contents vrere again armcst

completely evacuated. He uas praced on aR ad 1ib. hay diet to
recover. This trial tdas not completed as he rrras required f or

another trial. The results of the single determination of the
three completery mixed rations fed in experiment 2 ar.e shown

in table 2L. Àlthough the data are rimited, the protein
degradation rate of the extruded canola seed ration appears

less than that of the contror (canola meal) ration.

During experiment 2 the cows fed the extruded and the sics

rations did not show signs of scouring as cor¡/s had when fed

the highest leve1 of top-dressed !{cs in manuscript j-,

experiment 2. This is surprising as col{s fed the tfcs would

have been consuming as much or more added oir per day than

the cows in the previously mentioned experiment. The greatest
dif f erence rras that in this experiment the covrs were fed a

totally mixed ratlon and the intake of the t{cs would have

been consumed over a longer period throughout the day.

- 120



Table 21: The Crude proteln and Dry
Control, Extruded and !üCS
Incubated in the Rumen of

- LzL

Tlme
(h)

Rat I on

Control Extruded I{CS

2

4

6

Dry Matter
Losses (t)

L2.6

L6.4

29.6

40.1

46.7

71.8

I
L2

24

Matter Losses of the
Rations From Nylon Bags
a F istulated Steer.

14.1

2t.7

28.2

38.5

50.8

62.2

Crude Protein
Losses (t)

15. ?

20.0

25. 0

36.2

49 .1

62.L

Rat i on

Control Extruded ltCS

L5. 3

?0.7

2L.6

30.9

43.4

76.9

6.9

7.9

10"0

lt .6

35.7

51. 5

5.9

8.9

19.4

22.A

42 .6

60.2



The summary of the crude protein, acid detergent fiber, dry
matter, ether extract and-gross energy intakes are summärizerl

in table 22. These values are corrected actual intakes using
the proximate orts analysis. Às with the dry rnatter intakes,
the intakes of crude protein and acid detergent fiber rrrere

different (P<0.05). As expecte\d the intake cf ether extract
and gross energy were different (p<0.05) with both extruded

and !{cs rations supprying more ether extract and gross energy

than the contr-ol ration. The fatty acid composition of the
oil from the whore canola seed used in the experiments
described in manuscripts 1 and 2 is shor¡n in tabre 23.

-L22-

I{hen compared to the proximate anarysis of the rations fed
Èhe actual intakes by the cor,vs strowe¿ that the orts were

random and rittle or no sorting of feed occurred. This is
evidenced when reviewing the.crude protein, A.D.F. and ether
extract percentages of the dry matter consumed



Table-22: summary of Dalry Dry Matter, crude protein, EtherExtract, Acid Detergent Fiber and Gross Energy
Intakes of Cows F,ed the Control, Extruded or
stcs Rations. (values are on a 100t D.H. basis).

Nutr ient

t23

Dry matter
( kg/day)

Crude protein
( S,/aay¡

Crude proteln (S)

À,cid detergent
fiber (S/day¡

A.D.F. (È)

Ether extract
lø/day¡

Ether extract (g)

Gross energy
( Mca 1/day )

Rati on
Control Extruded

17 .1

323 0

18 .8

3415a*

19 .9

380a

2.2a

7 4.4a

*Means within a roht
P < 0.05.** standard error

L8. 4

3446

18.8

3 7 69ab

20. 4

1012b

5. sb

83.2ab

lfcs

19 .9

3730

18. ?

4115b

20.7

1143b

5. 8b

89 .0b

sE**

with different superscripts are different

0.03

38

CI.03

44

0.05

18

0 .08

0.9



Table_23: Fatty Àcld
Used ln the
1 and 2.

Fatty Àcid

-124-

16:0*

L6:1

18:0

18 :1

18¡2

18:3

20 :0

20 zt

2220

22:l

24 zO

Compos 1t ion
Exper iments

c

tJe ight Percent
of t{hole Canola
Seed Oi1.

c

of the lfhote
Decribed in

8.418

0.589

2.607

44.703

24 .67 0

IL.7 44

1.371

3.467

0.695

1.295

0.347

c

Cano1a Seed
Manuscr ipts

c

* first
number

number
after

denotes the number
the colon denotes

of carbon aÈoms, the
the number of double bonds.



Manuscript 1.Discusslon.

lhe digestibility of the ltcs could have been affected by the
age (stage. of maturity) _ of the lambs. Schneider and Flatt
(l-975) suggest that young adurt animals or growing animals
reaching maturity be used in digestibility triars. rt should

.be noted that the resurts of this digestibirty trial are
applicable to sheep and could onry be used to give an

indication to whether Wcs is digestible, in its
unprocessed form, by other ruminants. These data may not
appry to cattle as suggested by the perfoïmance of the cows

fed the slcs in experiment z, Manuscript 2 where the fatty
acid profile shows that there was a changer pïobabry due to
the added $ics, but this change was not a large as that seen

with the extruded ration. À1so the data of sharma et
al.(L986) show that rdcs is poorry, if at alr, digested by

calves.

1?q

rn experiment 2 the cows used in the first and second blocks
were in mid to late lactation. There appeared to be no

respocne to the top-dressed canora seed in these blocks.
Because cor¿rs were not weighed on this experiment it is
difficult to determine if the increased energy that could be

supplied by the wcs \./as used to increase weight gains or if
the wcs \as not welr digested and simpry passed through the
co\¡¡s. washing of several wet f ecal samples of colvs f ed, the



high leve.l of top-dressed vlcs showed some lfcs had passed

through the cows. upon inspection of the seeds they were

sma1l and shrivaled and -appeared the -same as the frost
damaged seeds prior to feeding.

\ùhen cows in the first trimester of lactation, past peak rnilk

yield, rrere used in blocks 3 and 4 there appeared to be a
production response to the top-dressed \.¡CS. diet. This was

evidenced by a significant difference in the blccks in the

analysis of variance determination.

Manuscript 2.Discussion.

-L26-

The use of nylon bags to determine the relative degadabirity
between feedstuffs is a quick and reasonably accurate

method. rn this experiment it was the intent to rank the llcs

and the extruded products as to theeffect of processing and

the suitability of the extruded product. The rimitation of

animal numbers and time hampered any further investigations.
The replication of the limited data obtained for the dry

matter and crude protein losses of the three rations used in

experiment 2 would have added valuable insight to the

results.

rn experiment 2 the cows received the rations as total mixed

ratlons. The rations h¡ere formulated to contaln at least 2LÞ,

A.D.F. on a L00% D.M. basis. The discepancy between the



actual results and those formurated aïe probably due to the
use of the L9B1 crop year À.D.F. varue for the fababean

s i lage, which \das L . 4t higher than the Lggz crop year A. D. F.
which was actually used. Àrso the hay was core sampled and

this core . sample vras used in formulating the rations. The

äverage determined varue of the À.D.F. in the hay used was

1.L% lower than the core sample. These two findings are the
largest causes for the rower À.D.F. values found. This did
not appear to affect the fat percent as the contror and tlcs

rations had an .v"'i"gu of about 3.3t f at. The average f at
percent f or the herd vras 3.?q from the 1991 R.o.p. test.

- L27

The amount of added oiÌ supplied by the extruded ration was

on average 632 grams per day whire the I{cs ration supplied an

average of 763 grams more pex day.The amount of oil added by
the rdcs is comparable to the amount fed by Jentsch et al.
{L972) in his first series where approximately 5% rapeseed

oil rdas added to the ration and suppied T0o-800 grams of oil.
The digestibility of the oil ranged between 91.6 and 9s.Bt in
the diets fed. BuÊ even at the 5eo incrusion rate the added

oil depressed feed intake, mirk yield and energy corrected
nilk yield. The results of this experiment contrast that of
Jentsch et al. (L972) because r,re sa!, a dignif icant increase
in dry matter intake of Èhe tfCS ration.

This experiment would support the findings of steele (19g5)

when he suggests that it is the free oir that causes the milk



faÈ percent depression and that intracellular oil does not

have this effect. The lfcs oil could be considered as trury
intra-cellular but whether the extruded canola is
int¡a-cellular is difficult to ascertain. steele il-gg5) only

commented that crushed soybeans provided the intracellular
oiI, but did not indicate how the soybeans were crushed.

L28

The increase in dry matter intake of the I{CS in its
unprocessed form in both this experiment and experiment ? of.

manuscript l- have not been noticed in other trials where

lipid has been added to the diet. The generar consensus is
that added lipid in the free form will decrease dry matter

intake but that energy intake will remain constant or be

slightry improved. Even when protected ripids are fed there

is no general increase in dry matter intake but an increase

in energy intake will be observed. From experiment L it can

be seen that the wcs is reratively poorry digested in the

rumen. The wcs by being virtually inert in the rumen may

enhance intake as it is not bulky ( bushel weight =60

pounds ) . This could partially explaÍn the improvement in dry
matter intake. But if the rr¡cs \dere truely inert, it would be

reasonable to expect an increase of no more than 7.9% in dry
matter intake (I{cs inclussion of the ration) when the

observed increase was approximately 16.3t or more than doubre

the amount of lfcs that were incruded in the ration. This is
also noted when the dry matter lntake of the rations ls
vlewed as a percentage of live body wetght. Both added oil



rations increased (P<0.05) the amount of feed consumed,

approximately 0.4% of the live body weight.

Both the Ìtcs and Èhe extruded canola seed can be used in the

rations of. lactating dairy covrs in early lactation. The

extruded canora seed would decrease the mirk fat percent, but
both forms of canola seed increased dry matter intake which

can be beneficial in early lactation.

- L29

The Iücs would warrant further investigation. rf the seed, coat
courd be softened, perhaps by soaking or other process that
vould not damage it, to arrow for better post-ruminal
degradation it courd be a potentiarry more usefulr product.

The extruded seed was most probably ruminarly availabre and

this could have been the reason for the detrimental effect
upon milk fat percent. lfith less processing this effect could

be overcome.

by

GENERAL SUMMARY.

1. The !üCS in both experiments conducted with
caused an increase in the dry matter intake.

2. The $iCS b/as f ound to

lambs but this may not

3. The canola seed

be digestible

be applicable to

extruded at 107 C caused a depression in

dairy colls

by ruminating ram

dairy cows.



the rni 1k f at percent

mill< lactose yieId.

4. The tlcs showed lower dry matter and crude proteirr rosses
from ny.lon bags incubated in the rumen of a steer than
that obsreved for the canora seed-barley mixture extruded
at various temperatures.

- 130 -

5.

and an increase in milk yield anC

Neither the lfCS nor

detrimental effects
the extruded canola

upon animal health.

seed had any
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Multivariate Analysis

data and regression

Manuscr I pt

APPENDI X

of Variance, Raw milk yield

co-ef f icients generated,

2, Experiment 2.



Tabl-e l: Raw Mil-k Yield Data.
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hANOUA lEsÍ cRITER¡A FoR TflE nypotilESIS OF NO ouERALL RAT EFFECf
I = IYPE tIf SscCp n/trRtx FOR: RAr
E = eRROR SSCCp ñATRIX
| = RANK OF lHoEl = 5
9_= HyporHEsls oF = !
!E= nF OF E = 2{: : n!r!f r9r = zI :.:!Aqst?-st-rf = t.õN = cSlNE-Pl - 9¡5

,¿ILxs. cRIrERroH L = DETtEt./DErlrl+E' = o,3962O7e5 l5E€ RAO t973 p 555'EXacr F = l¡-sqRTtLll./sqnrlLtrtrE+q_p_ll,/p ¡{tt¡ ¿p Ar¡D alNE+e_p_¡, DF

MANOVA Test-ing Equivalent Milk Yie1d Profiles

PILLAITS fRAcE u = lRltt*t'ulltl.tt = o'r3f,o'ror rsEE pILLAtrs ÌABLE û21F APPnoxInATloN = l¿Nlst,/t2ñrs+t t ¡ v/ls-ut utrH srrn+s+t, Ar¡o st¿r.tsr DFFflor{lf = A.{f, pROo > F = o.oZl9

HOTELLI^IC-L

.F

Fllor4ol =

ROYIS HAXtñUN ROOÍ CRITERION = o.77Bf9ó9t ISEE Afls UoL 3l p órS!
FT RSl CATJOHTCAL UARI AOLE Y!ELD5 AH F UPPER !,OU!{D

AULEY TRACE = TRIEÂ._t.ftt = 1.197ó1202
APPrloxlttATIoN: lzs^N-sr2t*rRlE¡r-t.tll/f s*sûtzñ+sr¡tt HrrH st2nûstrt AND 2sÌr{-s+z DF

2.35

Ff lOrJOl =

PROD>Fsoeo269

Fl5rll | =

2 .24 PROtt > F = O.Of,3{

J.z7 I UPPER BOUI{DI

I 5EE PTLLAI¡ S TABLE 8f, 
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ll'able

HANOUA fEsT CRt TER¡A FOfr r}IE }IYPOTIIESIS OF I¡O OVERALL RAT EFFECf
H = TYPE TTI SSTCP TTATRIX FOR: RATE = ERROR S55cP I{Af RI x

MAI¡OVA 'fesl-ing Parallel MiIk Yield Profiles.

P Ë RÁHK OF IHIEI E
Q = HYPOllrESls DF 6
ñE= DF OF E =s = ¡tlrúlPrQl =lrr = c5lA0slP-ql-ll =H = ¡S{HE-P| =

.l

P ILKS T CR ITER TOH

. ExAcT F = ll-sQRÍlLll,/sQRTtLr*tr|E+q_p_rtlp
Fl8¡{21= 2¡oo pRoB> F= o.otoz

PILLAIIS

a
2

2+
2

Oo 5
I O, O

IRAC$ U =

F APPROX I r"lAT f Ot{ =

Fl8¡.41 =

}{OIELLI NG-LAHLEY TRAcE =

F APPRNX IÈtAT I ON

FfBr{Ol

L = DETIEI/DEfIHTEI =

R OY ' S FIAX I¡IUB RÛOT CR I TER

FT RST CAHONICAL

, Fl{r22f

lRlll.INUllllEll =

fzNùslllz¡ï+s+tf a

2.O9 PROB

ÏRfE*r-latll =

= f25¡fi-StZl {tRlErr-¡

= ¡.91 PROB >

o.52+{Aó2O

TOH =

UARIABLE YIELDS

= 2e3ó |

o.55Oó9O27

u/ ¡s-v I

> F = o.('573

f sEE RAO t9t3 P s55l
ut r'| 2P Ar¡O 2 f HE +Q-P-t I DF

o.76329{f,O
ànl/lsâsrt2H+sltt,
F = O.O85ó

o "4 29ae38f,
AN F UPPER gOT'I{D

UPPER BOUNDI

I 5EE

UTÏH

PILLA¡I5 T'TBLE !2I
sl2n+slt, A',¡D sl2N+Sf DF

IsEE P¡LLAtT
uIlH Sl2n+st

f sÊE Arr5, uoL 3t P 625t

5 TAELE Ëf I
I I AND 25'H-5T2 DF
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mlLl ^I dUfE

T1 A¡\¡OUA TEST CRIIERIA FOR rIIE HYPOT,IEStrS OF
! = rYpE tIt SSsi
5 : Fllia 

-iitËË'Íï.äîlott FoR3 RAY

i .. ;!Ëä¡ ,îË,I i- ã¡ ': i
I = n¡r¡tp¡õl = 2ó

il.:3¡i¡;i;-er-rr . 
=p.Ë= I l.o

MAI.IOVA Testing Equivalent Curvature of MíIk YieId. Profiles.

uILxsc cRfrERIoH L = DETlEl./DETrtlEt = o.7326o{as fsEE RAo r97J p s5s,ExAcr F = (¿l-sqRllLl l/sqnrl¡-¡r(NE+q-p-rt/p 
l¡trH ap Aflo arHe+q-e-¡ ¡ ppFl4r{61 = 1"9+. pROB> F = O.t2O5

---------PILLAT'5 TRAcE u = TRftlrINul,'+El! = o-a7J9a79o tsEE p'LLArrs rABLE rrtF APPRoxIñArIotr = l2H+sl/1zn+srtt & u'lts-vt utr'r sr2ñrsrt¡ AilD sf2il+s, DFFl4r48t = t.9O pnOA> F= O.t2SO

ÌlorELL¡Nc-LA¡'¡LEY ÍRAcE = f RIEá4-l attt = o-3s6075¡9 f sEE p¡LLaJ.s rABLE rf,,F APPRoxtHArtoH = 125ûN-5+2'rrRfE¡r-t*ttlrsrs*ran+s+rt, 
..trH slañrsltf AHD 2sr¡{-s,.z DFF(4¡{{l = 1.9ó PROS > F = o.tt76

QOYrS HAX InUfl ROOf CRI fERION 
= oc32o96S8f lsEE Ans uoL 3t P 625fFI R5I CAT¿ONICAL UARIADLE YIELOS AH F UPPER BOUHDFl2r2t, l = 3095 |UPPER 8()ur{D,

NO OUERALL RAf EFFECÍ
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lgÞlg É' ¡lANoVA Test-ing
HANOVA TESf CRITEN¡A FOR

}I = TYPE II T ss6cP ñAIR IxE = EnROR SSCCP rlAIRIX
P = RANK OF lltlEt =q = HYPOÍ]tE5t5 DF =NE= DF OF E a
5 = ñIHlPrQl z
rl = r5f ABSIP-ql-ll =lJ = osltJE-Pl =

I.¡ILK5I cRTTERToT¡ L = DETIEI./DEf III+EI É

EXACT F = ll-Ll./Lrtr¿E0Q-Pl/P

Equival-enL i,filk
TilE ltYPOfltEsls oF

FOR: CONTRSTI

5
t

3t
I

1.5
I f,. O

PILLAITS IRACE U =

F APPROX¡nAf lOt{ =

Fl5¡271 =

IIOTELLI HG-LA¡¿LEY TRAcE =

F APPROX IñAT I Oil

F 15 r 27 ,

Fl5¡27f =

Yield Profiles Between ContrçI
NO OUERALL CONIRSf! EFFECT

ROY.S ñAXTñUIî ROOT CRTfERTOH =

FI R5 f CAHOT¡ICAL UAR¡ ASLE Y TELDS AN F

Fl5r27l = 2.51 PROB

2.5r

ÌRflt*IHVlHrEll -
l2¡¡is l/l2Hrslr I r

2.5{ PROE

TRIE.¡-lrHl = O,i7¡¡JA7{l
= f 25rH-S+ 2l rIRl E*¡- l. nl / I5À 5. ( 2r,lr5 û I i I
E 2o5{ PROB > F = O.OSå3

PROB>F=O.O52f

0.68O I 2O63

and Bxtruded Rations.

o.119a7937
u/(s-vl
) F = O.(,52f,

fsEE
ta I Ttl

RAO t973 P 5551

P AHD NE}q-P DF
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) F = O.O52f
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TalrIe

HANOVA TEST CRIIERIA FOR fHE,tYPOrI{ESIS OF HO OVERALL CONfRST2 EFFECT
ll = IIIç r t f ss¿c,p_ñArn rx FoR: Cor{rRsf 2! = FRROr{ SSCCP HAfRtx
: = ll!{ oF t l+E t -- ..-= 

5q_= Hypotuests oÈ = iN€= OF OF E.::i¡ylþ,i¡ = 3i
: : .:llgslP-ql-rt = r.åN = ¡slNË-pl = tf,.o

MANOVA Testing Equivalent Milk Yield Profiles Bel-ween ConLroI and tùCS Rations.

uILxs! cRIT€Rto' L = DErtEt,/DETtHlEr = o,7'o2r85r fsEE RAo tgrJ p sss¡EXACr F = lt_Lr./L.lNE+q_Pl./P
I'T YH P AI{ D }¡ET q-P DFF( 51 271 = t.5Z PROB ) F = O.2t 6{

PILLAITS TÂAcE u = rRlrtr¡¡vlHfElt = o.zl9tór+6 rs€E pILLA'.s 
'ABLE 12,F APPRoxI¡lATIoN = l2Nlsl/lznrslt I I u/fs-ul grrH sr2nrsltr AHD sr¿,n]s, DFFl5¡271 =t¡52PRO9>F=o.2¡6¡l

llorELLf NG-LAt¡LEy TRACE = f RlEre_t Àtil =

R OY I S

F AFpROX¡r.tATION = l2sr¡_5r21{rRlE**- t.il, f(s*s¿f 2nr5+lt,

AX lHttH Dnñr ..rFIAX IHUn RoOT CRI TERTON =
FIRST CANOTJTCAL VARIABLE VIELDS Â,{ F UPPER BOUNT¡

Fl5¡ZIl= to52 PROA> F= O.Z!ó{

Fl5r27l = I ¡ 52 PROð>F=O.Z¡6{

o.20t ó59f ó
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