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ABSTRACT

An experiment \,Jas conducted to determíne how a barley-based concentrate

diet could be maniPulated to êqual a corn diet for the production of pínk

vea1.

In the gro!¡th tríal forty-fíve male Holstein calves ageð 7 - 13 d r¿ere

all0tted at random to one of five díets forr¡ulated to contaín one of the

following as the major source of energy: corn, barley, batley * 3.52 canola

oil (barley + oíI), barley * g.7Z Jex Sptoded Canola Seed (barley + JSCS), or

a 50-50 mixtuËe of barley + ltheat (barley + !rheat). Tr'ro calves Per treatment

were slaughtered at 180 kg líve weíght and 7 calves per treatfûent were

slaughtered at 210 kg líve weíght'

Average daíly gaín (A-DG) and the nrÍûber of days fron 6 weeks on test to

slaughter were símilar (P>0.05) for diets containing corn, barley, barley *

oil and bartey * JSCS, AÐG was lower on the díet contaíning barley 4 wheat

than on dlets containíng barley * canola oíl (P<0.05) or barley * JSCS

(P<0.f0). The calves fed the dieÈ contaíning barley + wheat took longer (24

d¡ p<0.05) to reach slaughter weíght than did calves fed díets containing

barley .t oíl- or barley * JScs. Daily feed intakes díffered among díets

(P<0.05) and feed efflciency Íatios tended to díffer among diets (P<0'10)'

Galves consumed 0.2 - 0.3 kg less feed per day on corn and barley + wheat

díets than on barley, barley * oil or barley * JSCS díets. calves fed barley

and barley + \,rheat díets requíred 10 - 182 rnore feed kg-1 th"n díd calves fed

corn, barley + oíl or barleY + JSCS'

A dígestíbility tríal was conducted ax 12 - 13 r'¡eeks of age wíth 6 calves

per treatrìent using Partíat collection víth a Cr203 marker. The apparent

digestíbilíLy coefficients foÎ: dry matter (DM), Sross energy (GE), crude

protein (CP) and total lípids (TL) did not díffer (P>0.05) among díets' The
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addítion of JSCS to the barley diet increased (P<0.05) the digestíbílity of

acid detergent fiber (A¡F) above that of the barley díet and the barley t

vrheat díet and had a higher (P<0.05) dígestibility of ADF than the corn or

barley díets (P<0.05). Rumen pH, ru¡nen annmonía nitrogèn (R-AN), runen volatíle

fatty acid (VFA) proPortions' total- rumen volatile fatty acids, and blood urea

nítrogen (BUN) díd not differ (P>0.05) among diets.

Dry mattet and crude Protein disappearance from nylon bags was determined

by íncubatíng 2 bags per díet containing 5.0 g of ground (lrur) sanple Ín each

of 2 steers for 0, 4, 8 and 36 hours. The disappearance of DM and CP r¿as less

rapíd for corn diets than for any of the barley-based díets' The effective

degradabilíty of DM was lower (P<0.05) for diets contåíníng corn than for any

of the barley diets, and the effectíve degradability of ÐM was lower (P<0'05)

for the barley * oí1 díet than for the barley or barley + wheat díets' The

effectíve degrartabíIíty of cP díffered (P<0.01) arnong díets and Patterns were

símilar to those for the effective degradability of DM'

Carcass weight, dressíng Z, kítlney fat weight, rib eye area at the 13th

ríb, the chemíca1 compositíon of the 12th ríb, meat colour at the brisket and

13th ríb, pH at the 13th rib and blood hematocrít and hemoglobin 3 d Príor to

slaughter díd not díffer (P>0.05) among diets, The proportíons of c18¡3

increased. and c16:0 decreased Ín the extracted fat of the longissínus dorsí

muscle at the 12th ríb by the addition of and JSCS to the barley diet'

In a sensory evaluatíon trial roasts were randornly selected fron ó calves

ín each dietary treetment for conparíson to Purchased roasts from milk-fed

calves. Panelists evaluated the roasts for tenderness, juiciness, flavour

pleasantness and flavour íntensíty and mechanical r0easurements of ¡neat qualíty

were rnade on cooked samples fron each roast.

Panelists rated the mílk fed veal and veal from calves fed barley + wheat
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âs beíng most tender (P<0.05) and meat from calves fed barley + JsCs was

judged to be rnore Èender than neat from calves fed corn (P(0.05). Panelists

ratings for juícíness, flavour pleasantness and flavour íntensity díd not

díffer (p>0.05) a¡nong díets. The Instron measurêment of meat tenderness

índicetêd that the meat fron calves fed barley + canola oil r,ras less tender

(p<0.05) than thê meat from ¡rílk fed calves but other dífferences among diêts

$rere not sígnlficant. Press fluid z a¡d cooking losses did not differ

(P>0.05) a$ong diets. Heat from mí1k fed calves r¿as lighter in colour

(P<0.05) and had more of a grayísh tínge (P<0.05) than did meat fron the grain

fed calves.
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I
INTRODUCTION

VeaI has traditíonally been raised by feeding eíther high proteín' high

fat níIk replacers or whole milk to young Holstein calves (<ZOO kg J"ive

weight). Recent vork in Quebec and Ontarío has led to the development of a

feeding systen whêreby calves are raised from weaning at 6 - 8 weeks to

slaughter at 200-230 kg on a hígh energy, corn-soybean neal based grower díet

(Beauchemín, 1980; Drevjany, 1986b). This system of feeding produces

carcasses that are of accePtable qualíty (Beaucher¡ín, 1980; Latrille et al.,

1983) although meat colour ís darker than that of the milk fed calves

(Beauchemin, 1980; Gardner and Wallentine, L97Z; Bouchard et aI., 1980). Feed

costs for graín fed calves are about half the feed costs for milk or rní1k

replacer fed calves (Beauchemin, 1980).

When fed ¡¿íth a 362 protein supplenent r¡hole corn gave better calf

performance than díd whole batley or whole oats (Latrille et al., 1983¡

Guertin et al., 1987a). Rolled barley has been shown to give comparable' but

s1íghtty less efficíent gaíns than díd v¡ho1e corn (Beauchemin, 1980 Guertín et

al., 19S7a). Carcass qualíty ís comparable on corn and barley díets

(Beauchemin, 1980¡ Latrille et a1., 1983). To date, no information ís

avaílable on the usê of rlheat ín grain-based díets for veal producti.on.

Animal fat additlons to barley díets for calves (136 kg have not ínproved

líve calf performance, but there ís sorne evidence that levels of 3 - 6Z added

animal fat enhances the degree of catcass fattening (Gardner and Wallentine,

1972: Bouchard et al., 19S0). Acidulated fatty acids (from canola oíI

processing) have ímproved calf performance on barley-based diets r'¡hen calves

ín the above weight range r¿ere studíed (Físher, 1980). t'Iork wíth heavier (200

kg) calves fed corn-based díets has shown added anírnal fat to be benefícíal ín

irnproving feed efficíency but not ín enhancing carcass fat (Stiles et al.,
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1974), However, the effects of addíng fats or oils to barley díets for calves

slaughtered at the 200-230 kg weight range has not been studied. Furthermore'

although extruded, whole fat canola seeds have been successfully incorporated

ínto calf starters (Sharma et al., 1976)' the effeets of canola oí1 or heat-

treated canola seeds in calf starters on carcass end eating qualíty has yet to

be exa¡níned,

Therefore, the objectíves of the studies were:

OBJECTIVES

1. To determíne íf the energy densíty of barley-based concentrates could be

íncreased to resul-t in calf performanee simílar to that docu¡nented for

corn-based díets.

Z. To determíne íf rumen degradability and/or apParenÈ total tract

dígestibílities differed among the varíous exPerímental díets.

3. To determine if feeding the experinental diets had any effect on selected

carcass parameteËs.

4. To compare the organolePtic Propertíes of the meat from calves fed the

experimental díets and to that of neat from níIk-fed veal.



I.

A.

I,ITER.A,TI'RE REVIEW

CALF PERFORMANCE

Veal calves have tradítÍonally been raÍsed as Pre-ruminants on míl-k or nilk

replacers containing high quality Proteln plus added fat. The raisíng of weal

calves as ruminanËs on high energy calf sLarters is a relatívely new concept.

Several authors have reported superior daily galns on ¡nilk based diets when

cornpared to grain based dieÈ. Kunz et al. (1969) fed a calf scarter containing

10S added anÍmal fat and 10t choPped alfalfa hay to a líve weight of 136 kg and

found that ADG wâs only 0.88 kg, courpared !¡ÍÈh 1.ll- kg for calves fed whole ¡nilk.

Bouchard et al. (1980) reported average daily gains (A-DG) Eo 113 kg of 0.553 kg

and 0.717 kg for calwes fed barley based concentrates and whole nilk

respeccively. Jones eÈ aL. (L97 4) rePorted inferior daily gains on corn-based

concentrates as compared to milk replacer, even when the crude Protein (CP) Ievel

in the concenlratê was as high as 22.8?.

oEhêr authors have not found superior ADG on nilk based dlecs. Jones et

aI. (1972) showed no difference tn daily gains for calves fed either corn based

calf starters contåining 53 added fat and 19t CP or a 218 cP 219 crude faE

cor¡mercial vealer ration to 104-ll0 kg live weighL. Gardner and Wal-lentine

(1972) showed inferior ADG for rnilk fed aninals (0.77 kg/d vs. 0.87-1.09 kgld)

relative to grain fed anÍmals. In a second Erial, Ithen calves r¿ere slaughtered

at J.25 kg and r¡llk was fed to appetite, grain fed anlmals gained as well (1.L2-

L.26 ke/d) as mÍlk fed (1.11 kgld) calves. Burnside ec aI. (1972) showed no

difference Ín daily gaíns when calves r¿ere raised to 128 kg on eíther a 238 CP

milk replacer or a 25t CP calf concentrate.

Beauchemin (1980) fed calves to a constanc carcass weighc of 88 kg on milk

replacer, r¿hole corn p]-us a proEein supplemenL or a barley based concentrate and
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found no difference in datly gaíns (0.86, 0.80, 0.82 kg/d). When slaughcered to

glve a carcass weight of 108 kg, ADG on the milk replacer dlec were slfghtly

inferior Ëo thosê on the dièE of corn plus Proteln supplenenc (0.82 vs. 0.93

kg/d) wlch daily gains for calves on the barley based concentrate siEilar to

those on the milk rePlacer diet. Sírnílarly, Lachance et aI. (1984) rePorLed ADG

of J-.0 kg/d regardless of l¡hecher rnílk replacer was offered for 6 wk, L2 l¡k or

to slaughter at 90 kg llve weÍght.

Even though si¡nilar daily gafns can be obtaíned by feeding grain dlets,

rnore dry natter (DM) is requlred to Produce a kilogran of live weight gåin than

is required wfth milk feeding. Grain DM consunPtlon was 2.6-3.0 kg/d to a live

welghc of 110 kg and 2.9-3.7 kg/d to a live weight of 125 kg (Gardner and

l{allentine 1972). Milk consumpclon by the nilk fed controls was 8.0 and 12'8

k1/d to 110 and 125 kg líve weight. Feed to galn ratíos ',tere 2.27'2.60 kg DH/kg

galn for the graÍn fed and 1.24-1.38 kg D!|/kg gain for the nilk fed calves' llhen

slaughter !¡etghÈs r¡ere less than 136 kg a simiLar range of feed efflciency ratios

(2.5-3.0) has been reported by other âuthors for grain fed calves (Kunz et al.

1969; Burnslde et al. 1972; Jones eE aL' L972, 1974; Bouchard et 41. 1980; ).

The range for nilk fed anÍna1s ín these trials r,tas 1.37 to 2.0 kg DM/kg of live

welght gain.

¡{ork wlth calves slaughtered at heavier weights has also shown an lncreased

requirenent of feed per unit of gain when grain rather than mílk l¡as fed.

Beauchenín (L980) obtatned feed conversion racios of 2.76'2,97 for graín fed

calves aÈ 167 kg lfwe !¡eight and these flgures r¿ere 69 higher when ani¡nals were

slaughtered åt 204 kg llve weight, The feeding of a nilk replacer to live

neights thaÈ yielded carcass \,¡eiShts that were conparable to those of the graÍn

fed calves êt 167 and 204 kg live welght resulted Ín feed Ëo gain ratios of l'65

and 1.86 kg DM/kg live weíghr gain. Lachance et al' (1984) found thac r¿hen an



acidifíed nílk fepLacer !¡as offered fron birth to either 6 wk, 12 wk or slaughter

aE 90 kg, the feed efficiency ratio was reduced fron 2.64 Eo 2.54 Eo 2.42. Ihey

calculated that the consurnption of 1 kg of nílk teplacer reduced by L.24-L.34 kg

Ehe Íntake of free-choice concentrate !¡ithout changing daily gaíns.

Cereals most connonly avaíIable for use tn Canada are corn' barley, oats

and wheat. In Ontario and Quebec the practlce has developed to feed a ceregl

grain and a 368 proteÍn supPle¡ûent separately to heavy calves after weaning'

Thís systen allows for rnore flexibllity ln choíce of cereals and r¡ore flexibÍllty

to adjust cereal Èo supplenent ratios to accotrnodate differing ProEein contents

of the grains and dlffering anir¡al needs during growth and fattening (llinters and

Lachance 1983 and Drevj any 1986b).

I.Iork by Latril-le et al. (1983) sholted Ehat when fed whole, al-ong with a

protein supplenent, corn gives acceptable calf performance to 200 kg live weight

but perfornance on barley and oat díecs is some\'¡hat less. Daily gsins were

dlfferent on all three diets (1276.3, 1186.1 and LOI9.6 g/d for corn, barley and

oat diets, respectively). Total feed consr.unptíon was higher for barley (417.3

kg) and oaEs (426,2 kg) rhan for corn (362,9 ke) based diets, due to lncreåsed

cereal consuúption. As â result, feed to gain ratios were inferior for diets

based on barley (3.50) and oats (3.70) than for those based on corn (2'86).

Fígures reporced by Kay et al. (1972), without staListics, furcher

illusrraËe the relaÈlve values of these cereals for young calves. Daily gains

for whole corn, barley, oats and wheåt were I.27, L.22, 1.18 and L.L2 kg/è'

respectlvely. Daity feed consumpElons were 5.96, 6.32, 6.49 and 5,83 kg gíving

feed !o gain ratios of 4,67, 5.18, 5,50 and 5.21.



6

Performance is sone\,:hat inproved when barley and oats are rolled. Work by

Guertin et al, (19874) showed that dally gaÍns to 222 kg wexe not different on

whole bartey, whole corn or rolled barley (1.19 kg/d) but calwes fed whole barley

consumed rnore feed (a.11 kgrzd) and required ¡oore feed to Produce a kg of gain

(3.49 ke) than dici calves fed whole cotn (3.37 kg feeè/d; 2.83 kg feed/kg gain)'

Feed efficlency on rolled barley diecs r¿8.s 10S greater than on whole barley díets

and sÍnilar to that on corn díets.

Beauchernin (1980) conpared the perfornance of calves raised fron 8 wk to

narket on a concenlrate bâsed on rolled bårley wfth that of calves raised on ad

ltbttu¡o whol-e corn plus a proteín supPlemenc. Although calves fed whole corn

tended to gâin fåster to a carcâss weight of 88 kg (0.804 kg/d for barley

concentrate vs. 0.8L7 kg/d f.or corn plus suPPlenenË) or 108 kg (0.818 kg/d for

barley concentrate vs. 0,928 kg/d for corn plus supplenent) the differences rcere

not significanc. At the lighter slaughter lteight, feed efficiency ratios (kg

feed/kg gaín) were 2.76 fot corn and 2.96 for barley based diets \thile at the

heavier slaughter weights these values were 2.93 and 3.16. Although barley-

concenÈrate fed calves tended to consune rnore feed, differences !¡ere not

signíflcant.

When rolled oåls lrere fed to calves up to 12 wk, AÐG were sÍ¡nilar \,¡hether

calves were given regular oats, high proceÍn oats or ground corn (Shíngoethe et

al. 1982). The ânount of feed required to produce akg of gain was 8,6t higher

for diets contalníng regular oaÈs than for dlets containing corn (P<0.05).

Higher protein oats gave slfghtly, but not signiflcantly higher feed to gain

ratios than did corn.

Data on the use of lrheat in calf starters are limited. The results of

trials lríEh calves up to 1970 were revfer+ed by Haldern (1970). They cited lfork

by Asplund (1961) that showed better gains to 4 no on a 208 CP calf starter
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containlng 648 \,¡heaL Lhan on a conmercíal sÈarter. Neither Ehe CP contenE of the

cornnerciâI starEer, the ingredient conPosition of the commercial starcer nor the

form of the wheat was reported. Grieve and Winchell (1970) reported

significancly reduced intakes and daíly galns !o 60 d on a barley based diet when

conpared to a !¡heat based diet. However, the CP content of the two dieEs

differed by 6 percentage units (L5.8t for the barley diet and 22.L* for the wheat

diet) and the level of inclusion of the grains differed (68.5S wheat; 90.8C

barley). Again the form of che grains was noc reported.

Kay ec å1. (1972) reported data for calves fron 100 to 400 kg that !¡ere

ratsed on diets conLaining whole wheat, barley, oâts or corn. No ståÈistics were

reported, but daíly feed consumption appeared to be lo\ter on the !¡hea! based dÍec

thån on the barlêy or oaL based diets (5.83, 6.32 and 6.49 kg' respectively) '

Consunptlon on corn based díets appeared Èo be internediate aË 5.96 kg/d. DaÍIy

gaÍns on wheat, corn, barley and oat based diets were 1.T2, 1,27,1.22 and 1.18

kg. Thus iÈ would appear that intakes and daily gains are soneshat íropafred on

wheat båsed diets .

Reduced feed intakes have been reporEed when wheât diets are fed to older

aninals. Oltjen et aI. (1966) reported lower gains when yearling beef steers

were fed díets containing 60 or 908 cracked wheat than when they were fed dlets

containing 60 or 909 cracked corn. Overall feed consumptlon and feed effÍciency

was noc reduced, but during the last 28 days of the clial feed constr.npcfon on the

high wheat diets was reduced, over a 20 d period Fulton et al. (1979) reported

an average inlake of 6.60 k/d on !¡heat based diets, conpared to 9.51 kg/d on corn

based diets. Warner and l{oods (1975) neasured intake over 29 d and found that

when lrheat replaced 50 or 1008 of corn in Ehe diet feed intake was reduced by 13

and 248, Koers eE aL (l-976) reported decreases ln DH intake of l-1.3Ê of body

weight lrhen Lhe percent wheaÈ based coneentrate in the diet was increased fro¡n
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0-928, but when Lhe concènÈrate \,¡as corn based, feed intake ltas noÈ decreased

when the percentage of concentråte Ín the dlec \,¡8s increased'

C. Effect of Added Fat

Addlng fat to calf starters has been vlesed as a way of increasing the

energy denslty of che dieL so âs to elther improve growth performance and/or

carcass fat cover. In general, AÐG are noL inproved with Èhe addition of fat Èo

the concentrate mix, Gardner and l,IaLlentine (I97 2) found that calves gåined at

si¡nilar rates to It4 kg when raised on barley diets containing 08 (1.09 kg/d) ox

5t (1.04 kg/d) added anirnal fat, when protein levels were adequate' In a second

trial 5g added aniural fat lowered daily gains to 1-25 kg by 0.12 kg buÈ

differences did not reach slgnificance (P>0.05). Sirnflar findings have been

reported by Bouchard et 41. (1980) using levels of 3 or 6g anínal fåt ln barLey

diets, and l.taldern and Fisher (1978) usÍng 58 aniEal fat in barley dÍets, in that

faE addÍtions did not irnprove daily gains to 115 kg. l'lrenn et al' (1979)

reported a decrease in daily gafns fron 0.902 kg/è to 0.834 kg,/d and 0.78 kg/d

when 5t faË or 5t faÈ pLus 1g cholescerol were added to corn based diets.

Although added anirnal fats do not ÍmProve daily gains, 5g acidulated fatty aclds

(from canol-a oil refining) irnproved daíIy gaíns in barley diets by 5.59 (P<0.05)

in the study by Waldern and Fisher (1978).

I,¡ork with older animals has shor¡n sinilar trends. stiles et 41. (f973)

reported daily gains to 200 kg of 1.02 kg and 0.92 kg for calves fed diets wíth

0 or 4t added fac (P>0.05). Chandler eu å1. (1968) in a study of fat and ProEein

levels, found that corn oll additions of up to 4$ did not affect growth of calves

fron I to 18 r¿k, but levels above 4s decreased gro\tth rate. Miller (1959) also

reported a depressíon in gains of 28t when 108 fac was added to calf sËarters.
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oEher authors (HenEges et al. L954; Erwin eË å1. 1956) have reported no íncfease

in dally gains vhen fat was added Eo faEtening rations for older animals.

Results are varÍab1e \,¡iEh regards to the effects of added fat on feed

consr.unpEion and feed effÍciency. Milter (1959) reported a 389 decrease in feed

consrapEíon l¡hen 10* brown grease, 10$ hydrogenated cottonseed oil, or 5g of both

were added co caLf starters. Sinilarly, Chandler et aI. (1968) reported that for

calves aged I to l-8 t¡k there r,¡as a decrease Ín feed incake of 20 kg for each 2*

increase ln corn oil up to 8t. They noted thaE at lor¡ levels of soy proteln

addltfons (0 and 78) decreased growth !¡as associated with comparable decreases

in feed lntake, buc at higher levels of soy Protêin (I4, 2T and 28t)' the

decreased growth resultlng from increasing dfetâry oí1 i¡as greater than decreases

in feed intake. These results suggest lol¡er feed efficiency when ol1 is added

to high protein diets.

other authors have not reporEed large decreases in feed intake a'hen faL \tas

added to calf starters. Gardner and Wallentine (L972) found thaÈ 5g added fat

in bar)-ey based dlets decreased feed consunPtton non- s ignfficently by 0-12*'

Ho\,¡ever, feed converslon effícíency was iroproved by only 3.6-6.6t (P>0.05). Feed

to gain rstios were 2.27 and 2,43 fox diets contaíning 5 and 0* added fat t,rhen

calves were raised co 114 kg, and 2.3g '2.47 (5t) and 2.48'2,58 (08) when calves

were raised to 125 kg. As dafly gains were not inProved, the extra dígestÍble

energy (DE) supplied by the added fat resulÈed in a (4-58) increase Ín Ëhe amount

of DE used to produce a kllogran of 1Íve weight galn.

Bouchard et al. (1980) did not find any dlfference in feed consunption when

barley díets for calves slaughtered at 113 kg conLained either 0, 3 or 6t added

fat. Feed to gain raLios r,¡ere similar on aII diets, but 6t fac in the dieÈ

increased (P<0.05) by BB Ehe aroount of tocal digestíble nutrienÈs (TDN) used to

produce a kilogran of líve weÍght gain. Siurilarly, l'¡renn eE al. (1979) found no
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difference in feed consu.nptlon or feed efficiency to 1L5 kg when diets contained

0* faL, 53 anirnal fat or 58 aninal fat plus 18 cholesterol. The amounÈ of DE

requlred per kilograrn of gain was higher for díets containing added fat (9.8 kcal

and l-0.9 kcal) Ehan for those containing no added fac (8.8 kcal).

Results with llghter weight calves aPpe¿r to be betËer l¡ith acidulated

fatLy acids. Waldern and Flsher (1978) reporced that rdhíIe 5* callov did not

change feed lnÈake or efficfency to 115 kg on barley diets, 5t åcidulated fatty

acids decreased feed consumptíon sLíghtly (166.1 vs. L54.6 kg; P>0.05) and

signiftcantly decreased feed required per kg of gain (2.10 vs. 2.33, P<0.05) when

conpared to control diets.

Older aninals appear to benefÍt from Ëhe addition of fat to grain diets.

Stíles eË aL. (L97 4) found thåE 4t anftnal fat in corn rstions for calves to 200

kg lowered feed consumption per day (P>0,05) frorn 3'88 to 3.42 kg. Feed

efficiency ratios were inproved slgnifi.cantly from 3.83 to 3.73. Ilork with

fattening beef steers has also shor¿n a decrease in the amount of feed required

per unit of gaÍn when fat is added co the díet (HenEges et al' 1954; Er¡¿in et al.

19s6 ) .

Results investlgacing the effects of protected fats on calf perfornance are

not conslstent. I,Irenn et aI. (1973) found thâE 139 ProEected sunflower oil in

calf starters decreased feed consunption comPared wiLh simiLar levels of

unprotected oil. Decreased intakes resulÈed in sub-oPÈinal protein íntakes and

daily gaÍns. Fisher (1980) found that while 10* Protected tallor,¡ reduced feed

consr,rmplion 208 protecEed tallor¡ did not affect consumpEíon. Gains were slighÈly

hÍgher for diets containíng 203 added faË (P>0.05) and feed conversíon efficiency

was better (P<0.05) for diecs containing 10 or 20c protected fat. Fallon ec al.

(1986) reported chat 5, 10 or 158 calcirjn soups of fat sígnífícantly lowered both

feed consr.unption and daily gains afÈer weanÍng.
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The wide variety of results wiÈh regards to rhe effects of added fat on

feed consumption could be relaLed to Ehe Patterns of feeding in the exPerínental

desÍgn. Heinrichs et al. (1982) shoç¡ed that the length and size of initiaL neals

$7ere reduced r¿hen 10* fat was added Èo the ration buC the nu¡¡ber and sÍze of

spontaneous meals tended to increase, so lhac daily consurnption of grain mixes

was not differenE. de Visser et aI. (1982) found that r'¡hen cows were given

concentrates containfng 123 added fat tshe rate of inÈake declined and the

concentrates were eåten ln seve¡al snall quântltles.

I,Ihen access to calf starters r,¡as lirníted, studles have shol¡n decreased

consuxnptfon with up to 5g added fat (Ilrenn et aI. 1979). ConsunPtion of starter

has also been decreased by added fat when it was offered once dally ín amounts

to ensure refusal (Caffrey eÈ al, 1988), Other sÈudies (Gardner and Wallentine

L972; Stiles et 41, 1974; Waldern and Fisher 1978; Bouchard et al' 1980) have

shown no effect of up to 5g added fat on feed consumPLion r¿hen calves were given

free access Èo feed. Chandler et al. (1968) shor,¡ed decreased consunPtíon when

calves were gíven free åccess Èo starters containlng more than 43 fat, but this

rnay also have been a pslatability problem !¡ich hígher fat levels' MÍller (1959)

showed Èhat ouÈ of 10 calves in a cafeteria study 9 preferred a control starter

to starters contalning 109 fat.

D. EffecEs of Protein Level

The optimurt proËein level in caLf starters would be of ínterest in veal

production fron a víewpoint of optÍmizÍng daily gafns and carcass lean dePosition

at nÍnin\rn cost. Gardner and l.lallentine (L9l2) reported greater and more

efflcient gaíns to 110 kg when the cP content of the DM \'¡as 14.18 or 15.69 than

when the CP was 12.68 of che DH. They rePorted that s racio of 34 kcal of DE pêr

gran of digestible proÈeín (DP) opÈinised calf perfornance, and that aË a l¡ider
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råLio (40.4:l) protein linlted calf growth. These resul-ts are si¡nllar to those

obtained for calves ralsed from 8 to 18 wk and sÍrnllar live weights (shurman and

Kesler 1974). In this study 14.39 CP in the DM gave better gaíns and feed

conversion (0.92 kg/di 3.71 kg feeò/kg gain) than did 11'5s CP (0.54 kg/d; 4.90

kg feed/kg gain) buc 26.0t cP did nou improwe chese Parameters. The oPtinal

DE:DP ratio in this sËudy \,¡as 36.0:1.

Bouchard et al. (1980) weaned calves ac 3 l¡k of age and found 5-6t better

gaíns co 136 kg on diets conÈaining 15 or l-8t CP Èhan on dieÈs conÈaíning 13t CP'

wigh no signifícant difference between the two hfgher levels. Calves consuming

thè 15g or 188 CP rations required tess (P<0.05) DM (3.00-3.03 kg) and the same

âmount of proteln (0.48-0.54 kg) per kg of gain as Ëhe calves consumlng the 13t

ïarlon (3.25 kg DM; 0.45 kg protein). sinitarly, Jones et aL. (L97 4) increased

daily gaíns co 136 kg by 0.22 kg (P<0.05) and decreased feed required per kg of

gaín by L.8 kg by raising the protein in the starter frorn 10 to 15.3t of the DM.

No inprovernent above the 158 level was rePorted for diets containing 18t cP.

Similar results wÍth younger calves have been rePorted by Stobo et al.

(1967) who found that 15.99 cP Ín the diet gave betÈer calf perfornance Lo 12 r¿k

Èhan did 12.1-8. A diet containing 20.9* CP did not Ínprove calf perfornance.

l,Iinter (1976) found Èhat HoIsteín bulls gained faster and more efficiently to 3

wk on diets contaÍning 188 CP than on dieËs concaining 13t CP ¡¡hen soybean rneal

was used as a proteín supplenent. Urea supp)-ementacion to 17.58 GP produced non-

signifícantly better gaíns (P>0.05) and significanEly better feed conversion

(P<0.05) than 139 CP but suPplexnentaÈ ion \síth urea to 2l'6C CP did noÈ inprove

perforrnance beyond levels attâíned \,:iEh 17.5t CP.

Gardner (1968) did not find any difference in calf perfornance Eo 91 or l-82

kg whether diets contained 128, L4-15s or 16-17s cP (air dry basis). The lack

of response to proleÍn level in the younger calf is at vafiance with the oËher
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reports revie!¡ed here and no explanatlon csri be reådily seen. However, other

authors (Stiles eE aL, L974) hawe found Ehat older calves (10 wk to slaughcer wE

aÈ 200 kg) did noL benefit from rations containfng Eore than l3t CP on an as-fed

basis, as increasing the proteln contenL to 15 or 188 did not (P>0.05) Ínprove

daily gains, feed intakes or feed to gain ratios.

Pinkerton eË al. (1971) raised calves Eo 92 kg on diets containing 18 or

15t DP (starÈer phase), fron 92 to L77 kg on 15 or 12S DP (grower phase) and froro

L77 to 286 kg on 12 or 98 DP (finisher phase). The higher Protefn level dld not

irnprove ADG or feed Èo gåin to 92 kg (P>0,05) but during the grower phase 15*

produced better gains and feed conversion than did l2C (P<0.05) snd during the

fÍnisher phase 12* CP lnproved weight galn and feed efficiency over 9* cP

(P<0,01). Furtherrûore, the auEhors nåintained thaÈ A.DG droPPed for abouÈ 2 wk

afte! both lowerings of the proteín leveL. As feed intake continued to rise

during this period, feed efficiency was rnarkedly inpaired. Í'lxey concluded that

procêin levels were premaLurely lowered and no reconmendatíons could be nade with

regard to lowering protein levels aÈ Ehese lreights.

Protein sources thaE are available for use in calf sÈarters ínclude planÈ

sources (cotËonseed meal, rapeseed Icanola] neal, soybean rneal, sunflower neal,

corn gluÈen mea1, dfstillers dried grains), aninal sources (neat rneal, blood

rneal, físh meal) or non-protein nitrogen sources such as urea. Of these Protein

suppleDenLs, soybean rneal would be considered the standard, against lrhich the

meriE of other supplenents is judged.

A revíest of the líterature indicates Èhat canola neal ís an acceptable

source of proËein for calf starters if low glucos inolate, low erucic acid

varielies (currently referred Ëo as canola) äre used, Stake et al' (1973) and

E.
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Stone and Wood (1"973) both report inferíor Perfornancê when rapeseed was included

in the starter at 26-308 and thÍs tnferior Perfornance was related !o reduced

feed Íntake. Ho\,¡ever, Ingalls and Seale (1971), Sharna and Ingalls (1973) and

Stone and l,Iood (1973) rePorced that Ehe feeding of 24X, or 20t and 6.8 or 13.7t

rapeseed neal, respectívety, did not adversely affect lntake or performance in

calves.

Differences in perfornance amongst studfes of raPeseed neal aPPear to be

related to varlety. Shlngoethe et al. (1974) rePorËed a decrease in feed

consunption of stårters contåinlng both connercial (htgh glucosinolaEe) ånd

Bronowski (a low glucosinolaLe variety) raPeseed rneals but found daily gâins and

feed efficfency on Bronottski cornparable to soybean neal. Tower rapeseed neal,

a low gLucosinolate, Io¡¡ erucic acid varíecy, ltas shown to have no effect on

dally gains or feed intake at levels up to 25c !¡hereas Target (high

glucosÍnolate) rapeseed neal at identlcal levels depressed dally Sains (P<0.05)

and tended to reduce feed consurnPtion (PaPas et 41. 1979). ltre To!¡er variety of

rapesêed meal has been used at 17t in calf sLarters withouc any ådverse effects

on calf perfornance to 12 wk (l,Iheeler eÈ al. 1980) Candle rapeseed roeal, another

low glucosfnolate, low erucic acíd variecy has been used at 20-25t in calf

starters without any effect on daily gains, starter intâke or feed effíciency

(Ftsher 1980) and thls agrees wlth Bush et 41. (1978) who concluded that this

varleÈy i.s equal Eo To\,¡er for ruminant feeding,

FÍems et aI. (L985) attribute the lo\,¡er consumPtion of certafn råpeseed

¡neaL conËaining starters to glucoslnolatè content of the rneals. In a growÈh

tríal, they found that the incluslon of l0 or 208 rapeseed neal depressed

consunptlon, chough not significantly so, Daily gafns and feed conversLon

efff.clencfes wère åIso sír¡ílar, However, feedíng a hlgh glucosinolate rapeseed

¡neal as 20* of the dieE significantly reduced sËarter inÈake Èo 259 '3 kg cornpared
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wlx:n 276.4 kg on the soybean meal diet. The reductlon in íntake due to the

feeding of high glucosinolaEe rapeseed neal has been aËÈributed to breakdown

products of glucosínolaces (Fenwick, L982).

Only limlted datå ís avallable concerning the use of oLher oilseed rneals

in caLf stârters. Sunflower rneal aÈ 22.6$ of. the starcer was shown co produce

daily gains, feed lnEakes and feed consr.rnpEÍon conparable to soybean neal at

17.72 of the starter (Stake eE at. 1973). Cottonseed Eeal, ho\'¡eveï, does not

seem to be satisfactory as å source of Protein in early gro!¡th. Gardner et aI.

(1971) found lower daily gains (0,70 vs' 0'92 kg) for calves on starters

containing cotconseed ¡neal as compared to lûeaÈ and bone neal up to 91 kg.

Overall daíly gains to 136 kg dfd not differ significantly. This v¿as also

reporÈed by Pínkerton et al. (1971) who found lnferior daily gains and feed

efficíencles for calves fed diets containÍng cottonseed neal as oPposed to those

containing a combination of soybean neal' meat neêI and fÍsh neal during the

sÈarter (bttth to 92 kg) phase, Daily gains and feed efficlencies during the

Ero\tex (92 to 177 kg) and finisher (177 to 286 kg) phases did not differ.

Urea can be successfully incorporaced lnLo calf starters at levels Eo

supply 30-40t of the dietary nitrogen (Leibholz and Naylor 1971; Leíbholz T972,

1975; Drevj any et aI. 198L). At higher levels of urea in the diet, feed

consumpcion and feed conversÍon efficíency are inPaired (Leibholz and Naylor

1971; Drevj any et aI-, 1981-). The addition of roolasses may ímprove feed

consumption at lower levels of urea inclusíon, (Leibholz 1975) but does not

appear to have any effect aE hfgher levels of inclusion. The Ínpaired feed

conversion efficiency would lir¡it the raÈe of urea inclusion to Lhe recorunended

levels of 2t of the dÍet or 33t of the dietary nitrogen, even if palatability Ís

not a problem. Urea tended to give lower A.DG than does SBM and less efficient
'gaíns than does SBM (Ilinter J.976),
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Recently the concePt of b)rPass proLein has received much attentlon ín

runìinanÈ nutrition. As surunarlzed by Kaufinann and Lupping (1982), Èhe use of

protected proteins that byPass rumen fernenEacion can íBProve arnino acid supply

to the animal wíthout increasing rumen annonía, so nitrogen loss through ruminal

escape of ar¡monia is ninirnized, Protein sourcès thaL have b]rPass Potential

include flsh meal (FM), meaÈ meal (MM), corn gluten neal (CGH), distillers dried

grains (DDG), blood neal (BM), fornaldehyde Èreaced ollseeds and oilseed neals,

and heaË treated oilseeds and oiLseed r¡eals.

The use of bypass protefn sources ln catf starters hås not given consístent

posftive results. Curnlnings et aI. (L982) found no dlfferences in daily gains or

feed efficiencies when all concenErale rations were forEulaÈed to contain 30, 45

or 608 rumen degradable nitrogen (RDN) using combinations of soybean meal,

cottonseed neal, corn gluÈen neal and dehydrated alfalfa' Trotta et al. (1-984)

reporÈed no advantage Ín daily gains or feed efficiencles l¡hen oat based dlets

were suppleroented wiEh drÍed brewers Srains to produce a range of soluble Protein

fron 12.8 to 31.3t across three proteln levels (13, 14-15 and 18t cP).

Sinilarly, Veen and VahI (1984) cornpared diets in which the difference between

feeds r¿ith raptdly degradable and slowly degradable nltsrogen r¿as 28 and 36t' as

neasured in two Erials by the nylon bag technique. Th.y used a variety of

proÈein sources but could deÌûonstrate no consistent trends in calf perfornance.

Galns were better on dÍets contaíning slovly degradable protein, but differences

were only sÍgnificånt in one Èrial. Feed efficiencies were generally better in

favour of diets containing slowly degradable Protein.

DrevJ any et al. (L986a) evaluaÈed blood meal and dlstillers graíns as

sources of bypass protein in (15t CP) corn díets and compared calf performance

gÕ ehat on a corn plus urea control. Dally gains were improved lrith the additlon

of blood neal and disEíl-lers grains to the dlet (0,81-0.95 kg/d) as conpared
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lrith those obtained on a diet conlainíng corn and urea (0.69 kg/d)' Feed

conversion was irnproved non- s igniflcantly by 14s. However, ic ís difficulE to

evaluaEe thelr results ín the absence of a corn soybean neal control. several

authors (I,iinters 1976; Híller et 41. 1983) have shoçn inferior daily gains and

feed effÍciency with urea as compared to soybeân Deal. Furtherrûore, Mlller ec

aI. (1983) have shovn that distillers dried grains did not irnProve daily gains

(0.33 kg vs. 0.95 kg, P<0.05) or feed efficiency (3.01 vs' 3.19 kg feedlkg gain)

over that of a soybean rûeal control. Zerbíni and Polan (L984) found that corn

gluÈen neal decreased feed consumpÈion by 70t and daily galns by 68 ås conPared

to a soybean roeal control. Soybean neal resulted ín ¡nore nicrobial nltrogen (N)

reachíng the abonasr.un.

Fornal-dehyde treatnent of oilseed rneals has nots ínProved calf galns or feed

conversÍon efficíency. Sharrna et al-, (L97 2) and Sharna and Ingalls (1973) found

no slgnificant lnprovernent ln calf galns or feed efflcfency when fornaldehyde

treated rapeseed neal was fncluded ín celf starters. Sinilar findings have been

repoxted for for¡uaLdehyde treated soybean neal (Miller 1983; Feims et al. 1987) '

The inclusíon of up to 15t rneat rneal in calf starters has been shol¡n to

give acceptable perfornance ln sLudÍes conparing neat neal to soybesn neal

(Bouchard et al. 1980; Miller et at. 1983) or urea (Leibholz and Kang 1973).

lnclusion of meat xneal- at levels above 13-15t results in palatability problens

(Leibholz and Naylor 1971; Leibholz 1972; I*lb}:.ol-z and Kang 1973; Leibholz 1975).

InÈake has been irnproved by nolasses addiÈions (Leibholz 1975), Thus it seems

chat resÈricting neat meal to a naxínun of 13-15t would circurnvenË palstabilíÈy

problens. Its inclusíon has not inproved calf perfornance in these trÍ41s,

despfte íËs value as a bypass protein,

Results in the inclusÍon of físh ¡neal in cali starters have been more

favorable, Fish meal r,7as reporËed by Whitelaw et al. (1961b) to give becter
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gains Ehån groundnut meal and å laEer report attributed the improvenenÈ to sone

bypass value of che fish meal as insoluble herring meal gave superíor calf

perfonnance to either groundnut meal or a nore soluble herring neal (!¡hítelaw eE

aI. 1963a). In subsequent sËudies, ¡¿hich were conducted with ad libicun feeding

over a longer tiroe period, fish neal Ímproved daily gains by 0.11 kg/d and feed

efficlency raEios by 0.4 units over those obtained wiEh groundnut neal (whitelalt

et å1. 1963b). Zerbíni and Polan (1984) reported slightly higher daily gains

(0,856 kg vs. 0.805 kg) and a sllghtLy lor¿er feed requirement per kg of gain

(3.08 kg vs. 3.35 kg) for diets contaínfng fÍsh meal as conPared with soybean

rneal,

Otlseeds !¡íth potential for use in calf starters to increase the energy

denstLy include soybeans, whole canola seed, sunflower seed and whole coEÈonseed.

Daníels et aI. (1973a) showed daily gains by 157 kg heifers of 1.06 kg whether

calves r¡ere fed starters containing rar,¡ soybeans or soybean neal plus anínal fat.

Hol¡ever, feed intake was hlgher and feed efficiency lower, for a diet contaíning

raw soybeans. Abdelgadir et 41. (1984) found a non-signifÍcant increase in

starËer consLuDption to I wk r,¡hen calves were fed raw soybeans raLher Èhan soybean

neal or soybean neal plus added fat. As a result, daÍly gains were slightly

increased. Differences between the 2 Erials were possibly due to Ehe young age

of calves in the trial of Abdelgadir eE al. (1984). These calves were tesLed

duríng a Ëime when more of their nutrients cane fron milk feedlng so Ehe exÈra

consunption of starter would possibly boost daily gains.

Sharma et at, (1-986) found lower gains from birÈh to 16 r¿k l¡hen canola ¡neal

was replaced with l2B whole canola seed but noL !¡ith 18s whole canola seed. Dry

¡natÈer intakes were slighËIy, but non- s ignificancly reduced at the 12t Ínclusion



I9

Iewel and feed effÍciencies dfd not diffPr between diets. In a second exPeriment

they found that Lhe inclusion of 10 or 20$ whole sunflorcer seed in calf starters

did not affect daily gains or feed íntakes, buE feed efficiency was lowered by

lhe inclusfon of 20t r¿hole sunflower seed. Anderson ec 41. (l-982) rePorted rhat

whole cottonseed at 258 of the sËarter gave sinílar daily gains and feed inÈakes

as control starters and that weights at 12 wk were higher for calves fed t¿hole

cottonseed.

Despite the proposed benefits of heat treating oilseed proteins there are

felr reports of ínproved calf perforrnance r¿hen treated seeds are fed. Daniels et

al. (i-937b) could find no lnprovenent in starcer consunPtlon, daily gains of feed

conversíon effÍciency when extruded (f18'C) soybeans replaced soybean meal plus

added fat ln calf starters to 95 d, When 157 kg helfers were used, neither

roasting (L08"c) nor exErusion (118'c) ínproved daÍly gains above those obtained

with ralr soybeans or soybean rneal plus anÍrnal fat (Daniels et al. 1973a). Feed

intake !¡as lo¡¿er for exErudêd soybeans than for raw soybeans, but the most

efficient feed conversion r¿as obtalned !¡ith Èhe soybean neal control. Extrusion

of whole canola seed (105-U0'c) did not inprove calf gains, feed intake or feed

efficiency above levels obtalned ltith unProcessed seeds or canoLa rneal (Sharma

et aL. 1986).

Usíng younger (blrch Èo 8 wk of age) calves, Abdelgadir et aI, (1984)

reporEed better resulcs when soybeans were processed Ín a Jet-SploderR. This

process Ínvolves heatÍng lhe seeds utilizing high tenperatures for short time

periods. As the seeds, containing superheated moÍsture at high pressure, leave

the uniË they are passed through a rolLer and "popped" or "exPloded." The exit

Ëemperature of Èhe seed is controlled by controlling lhe amounE of time they

re¡¡ain Ín the heating unít, Soybeans were heated to exit terûperatures of L38,

171 or 191'C, ground and added to starÈers, for comparison ltith ground raw
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soybeans, soybean rleâl or soybean meal plus added fat. Calves given soybeâns

heated Lo 171'C had higher daily gains than did chose fed raw soybeans, soybean

rneaL or soybean meal plus added fat, with calves given soybeans heaEed to 1,38 or

191'C gaÍntng at íntermediaÈe rates. Feed consunption v:as superíor wíth the

processed soybeans, and the highest consumPlion was wiÈh the soybeans processed

aË L7l'c.

Conflictíng resulÈs with regards to the effect of heat treaLed oilseeds on

calf perfornance can be explained on the basis of processing tenPeratures. In

studies showing no response to the lnclusion of heat treåted oilseeds in calf

starters (Danlels ec aI. 19734, b; Sharrna et al. 1986) processing temPeracures

l¡eie in the range of 105-118'. Hlgher (140'c) temperaÈures would be exPected to

gíve better response in terIûs of increasing rumen undegradable protein (Yu 1978;

Deacon e! al. 1988), Ihe only study shoving a resPonse to the Ínclusion of heat

Ereated oilseeds was one in which soybeans were JeÈ-splodedRto tenPeraÈures of

1"38'c, 171"C or 191"C, r¿ith ¡naximum response at 171'c (Abdelgadlr eÈ al. 1984).

ThÍs ís in conflicc with reports Índlcating thaË tenperatures in this range do

not reduce protein degradability beyond that obtaíned at 140'c (Yu 1978; Deacon

et al, 1988) and also tend !o reduce ín vivo protein digestibiliËy (Yu 1978).

Resulcs were Líkely more favourable aÈ l-71'C because of higher feed intakes.

Hornonal inplants contaíning anabolic steroids can be used to inprove calf

gaíns, feed efficiency or carcass lean deposition. Experimental work wiEh milk

fed veal calves sho¡vs lhat several hornonal lnplants are useful for improving

calf performance. Galf gains have been ínproved by 6 to 138 wíËh inplants of

tesLosEerone plus esÈradlol and by 3.5 eo 13t with Ímplants of progesterone plus

estradiol (Vander lial et aI. 1975; Roy 1980). Iniprovenents of up Lo 78 have been

G,
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Teported for irnplants containing estrådiol plus trenbalone acetate (Grandadâm et:

aL. L975i Vander Wal et al. 1975; Roy L980; Van Weerden, 1984). Zeatanol,

esEradíol , zeatanol plus Erenbalone aceEate or esÈradiol plus zearanol resulted

ín irnprovenents of less Èhan 7.78 (Vander Wal eE al. 1975; Roy 1980; Van Weerden

1984), Improvemencs in feed conversi<.¡n efficÍency are Lower in rûagnlÈude, \tith

improvenents of 8.8Lt reported for èstradiol Plus Progesterone, 2-11.32t for

estradiol pJ-us trenbalone acetate, 5.288 for zearanol and 6.68 for zearanol plus

trenbalone acetate (Roy 1980; Van Weerden 1984).

Work with grain fed veal calves lndicates sinilar trends. An imPIanE of

estradfol plus testosuerone improved calf galns by 21.5t and feed conversion by

16* (Drevj any et al. 1981), while inProvenents were less for ínplants of

estradlol plus progesEerone (13.11 and 7.4t) or zearanol (9'6 and 5.38). They

also shor¿ed Ëhac irnplantatlon of ner,:born calves wich L/4 of xhe adult dose of

estrogen plus testosterone irnproved daily gains and feed efficiency by 9-108.

InplantaEion rsith zearanol at 7 d ånd \tÍËh estradiol Plus testosterone at 49 d

írnproved gains and feed conversion by 1l-13* coxoPared with inPlants of zearanol

at birÈh and at 49 d. No advantage was gaíned with conbinaÈions of funplants when

conpared to single implanE preparations.

IÈ appears from the European work of Grandadan et 41. (1975) and Vander l{al

et al., (L975a) that naxfnum responses are obtained when calves are inplanted at

9-1-4 wk of age, with response peaking 3-4 wk later. These results are for

implantstion in the dew lap. Implanlation in Èhe ear results in sLower release

(Dorg, Pers. Coruu. ), so iE !s 11kely Èhac response woul-d be naximized íf

irnplanted at the early end of thls range.

II,

A.

DIGESTIBILTTY
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Diffetences in animal performance when lhe various cereal grains are fed

to young calves can be relaLed to the !¡hole-Èract digestlbility of the grains and

this in turn is related to characteristics of the grains and of the anirnals they

are fed to. Latrille et 41. (1983) rePorËed Ehat wíth calves 13 wk of age the

apparent digescibiliEy of DM and energy ltas about 758 for ç'hole corn and this \.¡as

noE staEistically different fron the value for barley (70.5*). The digestibility

of energy and DM Ín lthole oat díets was lower, at 629 (P<0'05). This figure for

D!,t dfgesEibility wlth barley diets conpares l¡ell wlÈh a value of 69.58 obtained

using 17-20 wk old calves (Guertín et al. 1987b). These åuthors rePorËed values

for corn that were higher (81.7t) than those rePorted by Latrille eL al. (1983)

and chåt were signÍficantly dÍfferent from those of barley' In contrast to the

results of Guertin et al. (1987b) and Ín agreernent wÍth Èhose of LaErllle et aI.

(L983). Kay eu al. (1972) rePorted no signifícant differences bet\'¡een the

digesLtbllity of DM for rvhole corn (79.5c) and whole barley (77.38) diets.

Digestibtlity values for corn diecs in these studíes are similar Èo those

rèported for older anÍÌnals. Orskov et å1. (1980) rePorted a DM dlgestÍbility

value of 82.9S for whole corn using yearling steers and Galyean et 41. (1979)

reported a value of 77 .L$ for DM dígestíbilicy using 272 kg si.eets, WhiËe eÈ al.

(1972) reported a hlgher (= 90t) value for DM digestibÍIicy using yearling

steers,

I{hole oals appear Eo be less well digested than are other gralns, Latrille

et aL (1983) found that DM digestfbllity when r¡hole oats were fed was onLy 62.2t

and thÍs agrees wich a value of 60,5t reporcêd by Orskov et al. (1980) using

yearlíng steers. Higher values have been reported by Toland (1976; f978) but

these anl¡!âls were also fed hay. It rcas shosn by Nordin and Camplin (1976) that

hay inereases tiue spenË rtuûinatÍng on corn based dieËs, Provision of hây did

not ínprove barley digestion despite increased rurûination (Nicholson eE al.



z3

1971). However, a large percentage of oat gralns is broken by runination (Toland

1978) and thus the effect of hay on grain digestibiltty nay not be enhanced with

oat diets.

I,Ihole r,¡heat appears Eo be srell digesÈed by catcle when fed without hay.

Kây eL al. (1972) reported a DH digestíbilicy of 81.3t, which was cornparable Eo

the DM digestíbilÍcy of whole corn (79,5s). Orskov eÈ â1. (1980) håve rePorted

values of 78.8 and 79.0t for DM and organic naÈter (OM) digescibillty Ín trhole

wheat, corresponding values for corn were 82,9 and 83.5t. six nonch old calves

appear to be able to digest lrheat as well as yesrling steers !¡hen a tati-on of 2/3

wholê lrheat and L/3 hay Ís fed (58.18 for calves; 58.5* for steers). There ¡¿as

no difference in the percent of whole grain voided in the feces (Kimberley 1976).

StudÍes which reported the digêstibiltty of wheaÈ r¿hen fed wich hay

indicâte that the DM digestíbility is 1ower, at 50-60* (Kirnberley 1976; Toland

L976, L978). This nay be due to shÍfts in ru¡nen microbial PopulaÈions when hay

i.s fed. To1and (1978) reporled thac 42* of \.theat grain breakage is due Eo rumen

fermentacl-on, L7 -222 to eåling and !7 -22\ to rumination, Thus, a shift in

rnicroblal populaÈions and fermentatÍon patterns r¿ould be of importance in wheat

digestíon.

Younger catÈLe appear to be able to digêst whole corn fairly well and chis

xûay be related to thelr capacity to chel¡ the grain thoroughly, longer tine spent

runinating and longer retention tine Ín the retlculo-rurnen (Nordin and Canpling

1976). Who1e trâct digestibilitles of DM and energy do noE appear to be affected

by grinding whole corn for yearling sceers (White et aL, L972; Galyean eu al.

L979). Víera and Macl-eod (1980) did noË find any benefic in grinding corn for

calves fed for 105 d starcing at. 92 kg, Daily gains, feed efficiencies and DM

diges Èib iJ-Íties were not different between ground and rolled corn.
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The dlgestibility of barley is irnproved by rollíng the grain, although the

improvemenc for calves is less than EhaE seen for older aninals. Macleod et aI.

(1972) found thac rolling barley for calves increased the digesÈibiliEy of DM

frorn 73,8 Eo 80.0t. NÍcholson et aI. (1974) fed nilled bårley Eo naÈure caÈtle

and found thaË DM and energy digestíbilitles e¡ere irnproved by about 20 percentage

units, but for younger heifers Èhe improvenent ltas only in the order of 6-7

percentage units. Later work by Guertln ec al. (1987b) showed lncreases in

digestiblè DM (74,3 vs. 69.5*) and digestible energy (73.1vs, 68t) when rolled

rather than whole barley r,¡as fed to calves aged 17-20 wk.

The digescbitity of dlets based on rolled barley Ís quite sirollar to that

of corn based diets. Beauchemin (1,980) reporÈs DM and energy digestibÍlities of

82-84s irrespecËi-ve of whether whole corn or rolled barley was the grain source

for heavy calves. Guertsin et ¿1. (l-987b) reported higher digestibilltles of

whole corn diets for calves aged 17-20 t¿k, but dffferences beÈween ¡¿hole corn and

rolled barley were not significant, Dry natËer and energy dígestibllitÍes for

whole corn were 81.7 and 80,88, rvhíle for rolled barley these figures were 74.3

and 73.1*. oltjen eÈ al. (L967) and splcer eL al. (f986) report DM

digestibilíties in the range of 80-84t for both cracked corn and rolled barlêy

using older steers.

ProcessÍng oåls may enhance digestlbility ro some degree. Kay ec al.

(1972) reported a dÍgestible DM value of 70.4t for whole, peLleced oats and this

is about 10 percentage units higher than values reported for whole oats (orskov

et al, 1980; LatrÍlle et aI. 1983). Dry naEter and energy digesEíbilties for

rolled oats, !¡ere not significantly different from those of corn (Shingoethe et

aL. (1982). Howevet, Toland (1978) has shown that rolling the grain did noÈ

inprove digesEibilicy of oåts (+7.49) as much as thaE of barley (+62.3t), when

aature sLeers were fed grain plus 2 kg of hay per day. Similar Erends hâve been
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reported by Morgan and Canpling (1978) ' although rolling the oats Sreatly

inproved starch dígestibility,

Rolling \.rheat inprovêd organic matter digestibility of the grain by 39.4t

when fed !n dièts containlng 758 grain and 25t hay (Toland 1976). The

digestibility of organic natter in the rolled wheat grain was 87.78, conpared

r,rith 85.28 for rolled barley grain and 81.0t for rolled oat graín. OltJen ec al.

(1967) reported a DM digestibtlity of 87.58 when cracked r¿heat was fed to 188 kg

Hereford steers.

LaÈrÍlle ec al. (1983) rePorted that starch was less conpletely dlgested

when calves were fed whole barley based dfets (86.4t) than eíther corn based

(97.08) or oat based dÍets (94.13), Barley fed calves voided signifícantly Eore

starch in the feces than did either corn or oat fed calves. Guertin et al.

(1987b) have also reporEed higher starch digesËibilittes when r¡hole corn (90.2c)

rather Ehan whole barley (69.38) was fed. Similar values for starch digestion

in whole corn have been reporled by Galyean et 41. (1979) and Beauchenin (1980)

llho reporced digestibilttfes of 90.2 and 88.28, resPectively' Orskov et å1.

(l-980) reported a starch digestibílity of 82.8* when whole \thea! l'as fed to

yearling steers; which was considerably higher than a value of 63.98 rePrted for

barley treaced wÍth L5 g/kg NaoH, Values for untreated barley, oats or corn were

not reported.

Processing corn does not ¿.ppear to inprove starch digesEibílity. Whole

tract digestÍbility of starch in corn was nou affected by grinding whole grain

(White et al-. L972; Galyean et a1, 1979). Viera and MacI-eod (f980) did not find

any difference in starch digestÍbiLiÈy when either ground or rolled corn r¡as fed.

Rollíng barley inproved starch digèstibiliLy fron 69.38 to 84.lt when fed to

calves aged 17-20 wk (Cuertin eE aL. 1987b). Morgan and Camplíng (1978) reported

ímproved starch digestibility when oats (73.4 vs. 100s) or barl-ey (50.9 vs.1008)
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were rolled for 17 mo old steers and fed 1n a 1:1 racio of hay: concentrace.

Toland (1976) sholred thaE rolling wheat inproved starch digesEibility by 59t r,¡hen

grains were fed with îoxage,

cuertin eu al. (1987b) found hlgher values for starch digesÈibility when

\,¡hole corn was conpared to rolled barley (90,2 vs, 84.1*) but differences between

díets lrere not significant. Splcer eÈ a]-. (1986) reported starch digesLibillEies

of 998 for boch cracked corn and cracked barley.

Guertin ec al. (L987b) reported lower apparent N digestibfliEy values for

whole barley (75.5S) than whole corn (80.lt). Ho\tever, when grains are

processed, there ls litcle difference fn apparent N digestibility. Beauchernin

(1980) reported values of 77.3s and 72.5t for the apparent N dígescíbílity on

whole corn or rolled barley based diets, wfch differences due to higher N intakes

on the barley diec, 01Èjen et al. (1967) reported values of 73,6, 76,8 and 77.68

for diets containÍng cracked corn, wheat or barley, respectfwely. Using older

steers Spicer ec al. (1986) reportèd apparent N digestibiliÈies of 66.17 and

68,2t when cracked corn or cracked barley were fed, Shingoethe et al. (1982)

reported slnilar N digesElbllllles when rolled oats (74.8, 78.6t) or ground corn

(81.59) r¡as fed to 13 wk old calves.

Processing grains for younger calves does noc inprove N digestibility.

Nicholson et aI. (1971) found an increase in cP digestibility of ll* when whole

barley was nilled for nature steers, but when the grain was rnilled for yearling

heifers there was no improvernenË (60,6$ for whole and 62.0t for mllled barley).

iìhite et aL. (L972) found GP digesÈibilities of 80-8lS when ground or \,¡hole corn

was fed, Viera and Macl-eod (l-980) found lor¿er N dlgesttbtlities for ground and

rolled corn (68-69C) but reporÈed no significant differences bet!¡een Ereatnents.

Very few studies conparing whole grains for younger calves have reported

fiber digesÈibilces. Latrille et al. (1983) reported acid derergent fiber (ADF)
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digestibílities of 38.8, 6.3 and 14.4* r¡hen whole corn, barley and oats were fed

to 93 kg calves. Dífferences were slgnlficant for the corn diet. When fed r¡ith

hay to 17 mo old steers, whole barley håd slightly higher cellulose digestíbility

than dld \,¡hole oats in 1 ÈrlaL but Ín a second crÍal liÉcle dífference was noted

(Horgan and Canpling 1978). orskov et al. (1980) reporÈed ADF digestibilities

of 52.0, 4L.9 and 17.08 l¡hen whole corn, wheat snd oaÈs !¡ere fed to yearJ-ing

stèers.

Grínding vhole corn has been sho¡,m to decrease ühe digestlbilícy of

cellulose 8,5 percencage unfÈs belor¡ that of whole corn (I,lhite et al. 1972).

llork \rith other grains has indicated that flber dlgesÈion of rolled graÍns is

conparable Ëo Ehat of corn. Shingoethe et al, (1982) reported similar ADF and

cellulose digestibilltÍes when rolled oat dÍets were compared to corn diets.

Beauchernin (L980) reported ADF digestibilties of 61".0 and 54.4* for dieÈs based

on rolled barley and ¡,¡hole corn, Fallon et al. (1986) have rêporced ADF

digesËibílities of 50.0 and 52.08 l¡hen rolled barley diecs were tested at 40 ånd

70 d. Fisher et aI. (1986) reported digestibiliËíes of 39.9 and 33,8t for ADF

and llgnín on oat based diets. Sharma et al, (1986) reported ADF digestibilties

of 39.9t for rolled barley and 39.9-43.lt for crushed corn diets.

B. Effects of Added Fat

Llterature on the effects of fat on dieÈ digestibility fn dalry co\.rs r¡as

revÍe!¡ed by Palnquist (1984). In general unprotected fats increased eEher

extract digestibílícy, but che effecËs on fiber digestibility \,rere nore varlable

and dependent on feed intake, rate of pâssâge and level of concenEraEe feedÍng.

T'hey sÈressed that highly saEurated faEs are less r¡ell digested than are

unsaturated ones, buÈ the effects are not as great as r¡ith non- runíninants .
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DaEa lrith regards to the effecËs of added fat on digestibility values

deÈernined wlÈh calves ís linited. Chandler ec al. (1968) found that dietary

corn oí1 addltÍons of up to 4* sltghEly increased DM, energy and N dlgestlbility

but additions of 4 Eo 8t corn oil decreased these values. Fatty acid

digesLibility was increased 15-20 percentage units $then 4g oil r¡as ådded to diets

contâíning 14 and 218 soybean neal but higher leveJ-s of added oil decreased

digesÈibilíÈy of fatcy acÍds. Wrenn et al. (1979) found no increase in fa!

digestibility r,¡hen 5* tallow was added to calf starÈers (458 vs. 488 for control

díeÈs). However, the åddition of 1g cholestêrol and 5g tallo\,¡ co the startèr

increased fat dlgescibillty to 588.

Protected tallow at 10 or 20* of the racion increased appârent fât

digestíbllity ln 9 wk old calves from 79,88 on a control diet to 86.5 and 87.lt

(Fisher 1980). DigesËÍbiliEies of DM, 0M, cP, Iígnin and ADF were noE affected

by d1et. Fallon et aI. (1986) found that at 70d 5 or L08 Ca soaps in calf

starters did not sffect DM or OM digestÍbilities buc 20$ Ca soaps depressed the

dígestibility of these components. Protein digesribilíty was hÍgher on diets

containing 20t added Ca soaps. Fat digestibiliÈy was increased frorn 36 to 59 and

56s (P<0,05) with 5 and 108 added ca soaps and increases to 20t resultêd in no

increase (44t; P>0.05) in faE dÍgesuibilicy. Acid detergent flber dfgestibllíÈy

increased fron 52t on unsupplenented diets to 6l-66t on Ehe faÈ supplenented

diets.

Sharna eE a1-. (1978) found ÈhaÈ 5, 10 or l5g protected tallow ín LacEation

râcions did noc affect digescibÍlÍty coefficients for DM, energy, cP or ADF.

Ether extract digestibilícies were 46.2,59.8,66.5 and 74,3x for each level of

added fat and corresponding vaLues for acid solvent extract digestibiltes were

L2,3,39.9,46.4 and 57.9t. They calculated the true digesÈfbiliÈy of ether

exÈract and acid-solvenL extract Eo be 90s. They reported thât this figure was
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constant for both supplemenEed and conurol rations, suggesËing no change in true

dÍgestibiity due to nethod of analysis. A siuilar value (94t) vras rePorted by

Sharma et at. (1986) for young calves fed canola or sunflor¿er seeds,

The apparenE digestíbility of the varlous nutriencs increases as Percent

6P in the diet is increased, VÍera et aI. (1980b) showed that the aPparenc

digestíbiltiy of DM and 0M increased linearly fron 71t to 75t as the cP conEent

of the DM was increased from 9.9 to 12.0, 14.2, and 16.0t. Nitrogen

dtgesttbilfty increased fron 61,6 Eo 72.2*, starch dígesÈibility froE 86.3 to

89.7* and ADF dlgestibÍI!Ëy from 36.2 Eo 44.8t. No effect was observed on eÈher

extract digestibility. I,Ihitela\,¡ eË al. (1961a) reported a range of

digestibÍlities of 74-788 for DM and 66-78$ for CP r¡hen dietary CP ranged frorn

l-5 ro 21.6s. In a second rrial, \{irh a range of 11.6t xo 22.6* CP in Èhe diet,

dígesttbilities increased from 75-80* (DM) and 61-779 (cP).

SÍr¡llar Èrends have been reportèd by Winter (1976) and Schurnan and Kesler

<L974). cårdner (1-968) however, reported no change fn apparenË dÍgescibilicy of

DM, CP, ether extract, energy or ADF when protein levels r¿ere raised fron 12 co

14 to 178, with digestiblltles ln the 16* raEion lower than those in the 12*

ration.

Sharma and Ingalls (1973) have reported low values for digestibility of

energy (68.3 and 69.4t), nitrogen (66.7 and 68.9*) and ADF (9.1 and 8.68) for

díets containing soybean rneal and rapeseed neal but could find no signífican!

dífference bet!¡een the cwo diets, SËake eE al. (1973) reported digestibility

coefficlenÈs of 75t for DM and energy and 80t for CP for'dieEs contaÍníng 26*

D.
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rapeseed meal and L7.78 soybean meal, Wood and SLone (1970) rePorted a tendency

for a rape-basal díet co be less well dígesLed a! naintenance coropared Lo growth

intâke levels, but could find no differences in the digestibilicíes of diets

containíng 50* rapeseed ¡neal or 50t soybean neal.

Others have reported lower digestibilities for rapeseed neal than for

soybean meal. Fiens eÈ al, (1985) reported depressed digestibility of all

parameters except ether èxtract when a calf starEer containing 20t rapeseed meal

was conpared wlth one containing 16.5t soybean rneal. Inclusion of only 10t

rapeseed rneal depressed dtgestiblllty of only the crude flber and nitrogen free

extract fractfons. At 208 inclusíon of rapeseed neal DM and CP dígestibÍllties

v¡ere 80.9 an 78.0t !¡h!Ie at Èhe Lot level these values were 83.5 and 85.L8.

Some of the observed differences between the digestibility of rapeseed meal

and soybean meal rnay be relaced Lo varieEy of rapeseed rneal. ShlngoeÈhe eE aI.

(1974) reported digestibilities of 84.1* and 80.6$ for Dl'l and niErogen ín soybean

meal containing starters. These values were higher than those for sËarters

containing cou¡mercial rapeseed meaL (76.5 and 66.5C) but sinilar to those for

starters contaÍnlng Bronowskí (a low glucosinolate variety) rapeseed meal (78.6

and 73.3s) . Fisher (L980) found no difference in DM, protein or ADF

digestibilíty for dÍeÈs conÈaining Candle (a low glucosinolate, low erucic acid

variety) rapeseed rneal or soybean neal. Sharna et al. (1980) found that a 50-50

mixLure of basal diet and either Tower (a low glucosinolate, lor¿ erucic acid

varÍety) or Candle rapeseed meal ¡ras lower in DM, CP and ADF digesÈíbility than

a 50-50 basal-soybean meal nixture. While iE is posslble that Èhese resulEs were

confounded by the high level of rapeseed neal in the nixture ånd increased

protein intakes on the basal-soybean meal díet, in situ data suggests that canola

meal (low glucosinolate, low erucÍc acÍd rapeseed) protefn ís Less digestible in

the lower gas trointes tinal tracE chan is soybean neal proÈein (Deacon et al.
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Low1988; Kendall 1988). ThÍs dePresslon in dÍgestibllity nay be due Èo the

digestíbility of the canola (rapeseed) hull fraction.

The apparent digestíbilíEy of the various fractions in Èhe oilseed r¡eals

were determined by difference ín the studies of Wood and SÈone (1970) and Sharma

ec al. (1980). Wood and stone (i"970) reported DM, cP and energy digestibiltes

of 89.1, 91,8 and 89.3ß for rapeseed neal and 88.6, 92.6 and 87.7t for soybean

rneal, with no dlffetencês between the two díels. They estinaLed Èhat rapeseed

meal had about 287 kcal more digestíbLe energy and 28 less digestible protein per

kg of DM than did soybean rneal. sharma et al. (1980) rePorted that DM and energy

digestÍbilties tended to be lo\ser for rapeseed meal (76-78c) Èhan for soybean

meal (86-87,5t). Crude protein dlgesÈíbilfty lras higher for soybean neal

(103.8C) than for canola neal (86.7-90.5C).

LÍrnited infor¡:nation ís available on the dígestlbility of raLions containing

other oLlseed neals. Scake et al. (1973) showed the DM digesÈibility of a diet

contafning sunflor¡er meal (67.5S) to be less than that of a diet containing

soybean neal (75,53) buL sirnÍIår Èo that of a dfet contalning rapeseed meal

(74.0t). Energy digesÈibiÍty followed a sinllar Pattern, and the digesËibillty

of protein was similar for sunflor¿er meal, soybean neal and rapeseed neal diets.

Urea in calf starters does not alËer the dtgestibility of DM, energy,

nítrogen free exlrac!, cP or elher exlract r,rhen comPared to soybean neal or fish

meal (Kay et aL. T967i llhite et a!, L972; l,linter 1976) ' Urea additions to calf

starÈers have slightly Íncreased the digestibility of DM when coxnPaled to neat

neal containing starters (Leibholz and Naylor 1971; Leibholz 1972, L975). lfhile

CP dtgestíbility remâíned unchanged (Leibholz L972, L975) cellulose digestíbility

¡¿as lower when whole corn \tas supplemented !¡ith urea but with gound corn Lhis

value r.ùas unaffectecl (I{hite et aL. L972).
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The ínclusion of protein sources with by-pass Pocential has not generally

âffected ration digescibtLity, Fish meal and groundnuc meal have resulted in

similar DM and N digêstibilltes (Whitelalt et al. 1961b; l'IhiLelaw et al. 1963a;

Preston et al. 1964). Curomins et å1. (1982) did noc find any effect on DM

digestibllity when dieEs were formulaËed !o contain 30, 45 or 60t ru¡nen

degradable N using cornbinaEions of urea, cottonseed meal-, soybean neal, corn

glucen neaL and dehydrated alfalfa in corn ratlons. Sírnilarly, Trotta eL al'

(1984) couLd find no differences in the digestibility of DM, organic mâtter, CP

or ADF lrhen percent solubl-e proteln \{as varíed fron 13-31t of the ratíon.

The effects of adding fornaldehyde treated oÍlseed neals Eo calf starÈers

on diet digestÍbllty is dependen! on Èhe level of formaldehyde treaLrnent. In

vl.vo data fron Sharroa and Ingalls (l-973) and Sharna et al. (1974) have shor¡n no

effecÈs on digestibilíty coeffieients $then rapeseed was treated at a Level of 0.7

g formaldehyde/L0} g rapeseed protein. FÍens eË 41. (L987) sho¡ved siuilar

results ¡,¡hen a level of 0.42 g fornaldehyde/L00 g rapeseed protein was used,

although their l¡ork did shor¿ a decrease in ether extract digestibility, Sharma

et aI. (L97 2) showed that 5.6 g formaldehyderllo0 g rapeseed protein decreased DM

and CP dÍgestlbflity. Thus, it appears that Ehe higher levels of formaldehyde

treåtrûent overprotect Ehe proteins, rendering then unavailable for comPLeÈe

díges!ion.

Uslng runinal and intestinal disappearance data Deacon et 41. (1988) showed

that extrusion of canola or soybean meal did not affect the overåll dlgescibility

of crude proEein.

E.

sharma et af. (1986)

of 7 wk old calves reduced

showed EhâÈ 12 or 18t whole

by 6-13t the dlgestibíltles

canola seed in che dieE

of DM, CP, ether extracÈ
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ênd energy and tended to reduce the digestibillty of ADF, At L5 tck of age the

díets contaínÍng whole canola seed were r¿ell digested, with only CP digestibility

depressed at the l-28 inclusion level. At both ages, the addition of r¿hole canola

seed increased the digesLibllity of ether exÈract when cornpared to a control diet

containing canola neal. At L0 !¡k of age 10 or 20t whole sunflo¡¿er seeds tended

to decreåse the digestibility of DM, CP and energy, but increased the

digestibílity of ether extract above that of a canola meal control (Sharma et aI.

1986). Diets contaÍnlng raw soybeans, however, have been shor¿n to depress Ehe

apparent dígestibilities of DM, cP ånd energy when cornpared to diets containing

soybean roeal (Daniels et aL, 1973s).

ExÈrusion of lrhole canola seed did not change CP digesEibilÍEy when

corDpared to untreated whole canola seed, unÈreated canola neal or extruded canola

meal r¡hen sampLes were ground (1 mn) prior to rumen incubation (Deacon eE al.

1988). Ttris contrasÈs l¡ith results of Shar¡na et åI. (1986) who sho¡qed that at

7 wk of age Ëhe apparenc digestibility of DM, energy, CP and AÞF was depressed

by 6-108 with the addition of both whole and exEruded canola seeds to calf

starters. By 15 wk of age che digestibiliÈy of the diet containing whole canola

seed was coEparable to thaL of Èhe canola neal control, buL apParent

digestibillties of DM, CP, ADF and energy were still lo¡,¡er on diets containing

extruded canola seed than on diets contaÍning canola meal. Pelleting the dieÈ

improved the digesEíbiIíty of all conponents excePt ADF and the auÈhors

attributed this to reduced parElcle síze of the seeds. Thus it appears that in

Èhe !¡ork of Sharrna et al. (1986) the êxtrusÍon process did not disruPt the seed

coåt enough for cornplete digestion, buÈ caused some heat damage as indicaced by

the depression !n dígesÈÍblllcy bèlos ËhaL of the whole, untreated seed.

I{hen roasted or extruded soybeans \rere íncluded ín calf sLarters apparent

digestibílity coeffícients for DM, protein and energy were equivalent to those
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obÈainêd for a soybean meal diet and higher than Ehosê obtained for a diet

conÈaining ground raw soybeans (Daniels et aI. 1973a). Daniels et al. (L973b)

reported similar energy and proteín digesËibiliLles wheÈher extruded soybeans or

soybean rneal was the protein source ín calf starters. Prâsad and Morrill (1-976)

reported a tendency !o inproved ether extracc dígestibillty when soybeans r,rere

roasted, bu! found tha! crude fiber digestlbllfty was depressed. Dry natter,

nitrogen and niÈrogen free extract digesÈÍbtÈil ttfes were unchanged '

Jet-Sploding canola seeds to an unsPecí.fled Eemperature reduced the ln

sacco digestibilíty of DM and CP in one experÍnent below that of canola meal,

r¿ho1e canola seeds or extruded canola seeds when sanples were ground (1- nn)

(Deåcon et al. 1988). In a second experinent they could not demonsLrate any

consistent trends in the data lthen the total tract dlsappêârânce from nylon bags

of canola seeds Jec-Sploded over a Èemperacure range of LL6-L77'C was evaluaLed,

although there were narginal decreases in total tract disappearance of DM and CP.

Yu (1978) showed chaÈ Jet-Sploded soybeans at Eenperatures of 100, 120 or 140'C

resulLed fn only a 4g decrease Ín Ín vivo nítrogen digescibíIity, but at

tenperatures of 160, L80 or 200'C in vivo nitrogen digestibility was reduced by

40* .

III . RWINAL METABOLISM. NUTRIENT Fi,OW TO THE INTESTINE AND NITROGEN AND ENERGY

RETENTTON

Digestíon in runinant anlnals can occur Ín the runen and/or in the post-

rurninal sections of the gas lrointes tinâl tract. The exLent of runinaL

degradation of a feedscuff rvill affect Èhe end products of dlgesEion and will-

deternine the proportion of digesta reaching the duodenun Èhat is bacterial in

origin and Ëhat whlch Ís feedstuff in origin. Ihe surn of rr.u¡inal and posE-
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r!.¡minal absorption wíll then deterrûine energy and procein reÈenËion in the

anínal.

A. Effeccs of Twpe of Gereal

Kay et al. (1972) reported Lhat about 600 g rìore starch per day passed

through the abomasum on whole corn diets lhan on whole barley or whole wheat

diets. Approxinately 40.0* of the corn starch escaped rumÍnal digestion r¿hereas

the values for whêat, barley and oat diets were 17.5, 19.0 and 27.0t. However,

processÍng both corn and barley has been shown to alter the site of digestion.

Pavlicevic ec al. (1972) reported thaE rolLíng barley redueed both the absolute

âmount of starch passing through the åbonasu$ and the percent of feed starch Lhac

passed through the abonasr¡¡n. Gal-yean eË 41. (1979) reporLed a decrease fro¡n L7t

to 0.5-3.58 in the amount of feed starch digesEed !n the inEesÈine l¡hen whole

corn was compared to ground corn. With ground corn diets 90-93t of the intake

sËarch was digested in the rumen whereas wiÈh whole corn diets this vaLue was

718. Spicer et al. (L986) rèported only snall dífferences in the percentage of

íngested starch digested in the rumen r¡hen rolled corn (83.7t) was cornpared wíLh

rolled barley (87.7C) .

Kay et al. (L972) have reported a lower proportion of bacÈerial N in the

abonasal N r¿íth corn diets (548) than with wheaL dieEs (748), barley diets (72t)

or oat diets (768). Spicer et al. (1986) reported that wiÈh ad libitum feeding

of corn diecs 53.4t of Ëhe non-arnnonia N in the abonasal conEents was bacteriaL

in origin. For barley fed aninals this value was 71.88.

The post runinal dlgestibllitÍes of barley and corn starch reported by

Spicer et al, (1986) vere quite hígh at 92.9 and 93.8t. The post rumínal

digestibiliEy of organic naLter in these grains was 71.1 and 61-.4t, while
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Nonitrogen in corn and barley !¡as 72.5 and 73.5t digesËed in the íntestine.

values were found for the posE rtrminal digestion of wheat.

On hígh concentlate diets, \,¡heaL and barley results in hÍgher total rumen

volacile fatty acid (VFA) concentraLions than does corn. Oltjen eE aI. (1967)

found that cracked r¿heat and barley resulEed in total ruminal VFA concentraÈions

of 150.2 and 148.2 ¡rnoles/l whereas for cracked corn the walue rcas 99.3 pmoles/I.

Similar results have been reported when cracked vrheat r¡as compared Èo cracked

corn for cattle (Oltjen et âI. 1966) or sheep (KreikeEeler et al. 1987). Fulton

et al, (1979) reported highet total VFA levels on crushed corn diets than on

crushed \,¡heat dleÈs, but lntake was higher on the corn diets, so more

carbohyd.rate ¡vas available for ruminal fernenEaÈion. Ttte greaLer production of

rurninal VFA's ls relaLed to the higher raÈe of DM and starch fernentation when

barley or l¡heat rather than corn is the substrate (Vârner and Woods 1975;

Kreíkemeier et al. 1987), PelleÈing and grinding cereal dieÈs has been shown to

íncrease toEal VFA concentrations ín the rr.rnen (WhÍte et aL. 1972; Orskov et al.

t974).

The molar proportions of aceÈate tended to be higher and those of

propíonate lower when sheep were fed ad libiEun rations containing ¡,rhole bårley

and r¿hole wheat than !¡hen they r¿ere fed diets containÍng whole corn (Orskov et

aL 1974). Butyrate levels ruere slighcly elevated on barley diets and símilar

on corn and \,¡heat díets. Ho$rever, olEjen et al. (1967) reported that when steers

were fed restricÈed quantities of Chese diecs in the cracked forn there was a

tendency to lower proportions of acetate and íncreased proportions of propíonate

on barley ånd wheat diets than on corn diets. Wheat diets produced higher

proporEi-ons of buÈyraËe and hígher acids than did corn or barley dieEs. Oltjen

et al, (1966) reported that on 909 concenErate diets there was a lower proportion

of propíonate and a higher proportion of butyrâle, but not acetaEe, on crushed
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lrheaE dieÈs ês conparèd to crushed corn diets. Sl¡nllar findings were reporced

by Fulton et al. (1979).

Processing cereals alters the proportions of VFA's produced in the rumen.

Grinding and pelleting lrheat and corn for sheep increased the proporÈions of both

propionate and butyrate, while acetate proportions were reduced (Orskov ec al.

1974). Whlte et aL. (L97 2) reported lower åcetate and higher propionate levels

on ground rather lhan whol-e corn, buu butyrace Ievels decreased when corn vas

ground. When barley was ground and pelleted for sheep, aceËate proportlons wêre

reduced \,¡hile proportfons of propionate were ificreased. Isobutyrace, butyrate

and isovalerate levels decreased when the barley was processed (Orskov et al.

Ls74).

The very rapid degradation of feedstuff proEein in the rumen via the

deamination of a¡ino acÍds will yield arnrnonia and Ëhis ís generally associated

l¡íth ineffÍcient protein usage. Rnmen annonia nitrogen (RAN) levels are slíghcly

eLevated on barley and \,rheat díets. olcjen et al. (1966) reported hÍgher RÁN

levels with wheat diets (18,7, 18.9 ngl100 nl) than !¡ích corn diets (l-5.0, i-2.6

ng/100 ml) under ad libitun feeding conditions. l,lhen steers rrere fed restricted

åÍounts, no differences were seen for RAN levels in corn (3.5 ng/100 nL), wheat

(3.1 rogl100 ml) or barley (5.4 ng/L00 nI) diecs (Spícer et al. 1986). Th"y

suggested that Èhe lack of response Ëo diet rnay have been due Eo sanpllng ciEe

(4 h post feeding).

Blood urea nicrogên (BUN) levels vere hfgher wíth lrhole barley diets (24.9

ngl100 nl) than with whole corn diets (14.7 mgl100 nl) (Guertin et aI. 1987b).

oltjen et aI. (l-967) have also shor¿n elevated BIJN levels on cracked barley diets

as compared to cracked corn dÍeLs (370.4 vs. 155 . 0 I'fnoles/lO0 nl) whereas levels

on wheac diets lrere íntermediaEe.
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Blood urea nicrogen nay aríse from elther Èhe absoption of nitrogen frorn

Èhe runen ln the form of RAN or frorn the deamination of excess amino acids afEer

absorption from the inEesÈine. Thus, the elevated BUN levels on barley and wheat

dfels could be either a refl-ectíon of higher RAN production on Èhese diets and/or

of the absorptÍon of a betÈer balance of anino acíds on Ehe corn diets.

O1tjen eL aI. (1967) showed that the cereal source affected the blood

levels of several amino aclds, Wheat resulted in higher levels of isoleucine and

lysine than either corn or barley. corn resulted in hlgher levels of histfdíne

thån barley, buÈ not vheat. Tyrosfne levels were higher on the corn diet than

on eíther the whea! or barley diers. spícer et al. (1986) showed Ehat the

abonasal flow of lysine was greaÈer and ÈhaÈ of leucine less on barley dlets than

on corn diecs. OÈher anino acíd levels did not differ. These results should be

vier¿ed with caution, howewer, as corn gluten meal provided the suPPlenental

protein Ín the corn diets but not in Ehe barley dlets. While corn is htgh in

leucine but loru ín lysíne, l¡ith 50t of the Iysine in che soluble fraction, corn

gluten neal is htgher in lysÍne, rrith little lysíne in the soluble fraction

(MacGreggor et al. 1978). Thus, the íncrêased lysine i.n the abonasal contents

of barley fed steers was likely due to the higher passage of bacEerial N co the

abonasu¡n on barley bâsed diets (112 vs. 80.8 g/d).

In addltion Èo the shorcage of inforEaEíon on the effects of cereal source

on amino acid supply, lltEle fs known abouÈ the anÍno acid requirenenËs for young

bull calves. This is especially true for bull calwes Èh¿t âre fed as runinants

for maxim¡n growth. Uncil such tine as this informatlon becones availabLe it ís

of little use to speculaËe as to çhether or not Èhe differenc cereals roake

different contributions to Ehe anino acid supply of the animal, This is even

nore evident when it is taken into account that certsin diets (eg. barley, Spicer

et aI, 1986) resulc ín higher flows of bactertal N Ëo Èhe abomasun.



39

Energy retentíon is åIcered by the inclusion of dífferent cereals in the

diet. Guertin et al. (1987b) have found greater energy reEention of diets

containíng rvhole corn (77.3*) than on Èhose contaíning whole barley (64.78).

RoJ-Ling the barley irnproved energy reËention to levels inÈernediate between whole

barley and whole corn (69.7S). Differences in energy recentÍon between whole

corn and whole barley (12.6 percentage unlts) and betrseen whole barley and rolled

barley (5 percentage units) \uere comparab)-e Eo differences in DE (12.8 and 5'l

percentage units). Thus Ít seexns thac differences in energy rètention are

parallel to differences fn digestíbility, so tt ls likely that energy reEaíned

as a percenc of absorbed energy are conparable between the Ewo.

Nltrogen reÈention is not slgnlflcanÈIy affected by cereal source in the

diet of heavy calves. Whole barley fed calves hâd greaEer inLake and thus

excretlon of N thân did whole corn fed calves, buL overall N retenÈion was not

åffected (GuerEín ec al-. 1987b). oltjen eÈ al. (1967) also reported a tendency

to hígher urÍnary excretÍon of dietary N r¡ith barley diets. They reporced

slightly, non- s ignificantly lower N retention ås a percent of incake !n barley

dfecs (38.0s) thån on corn (42,58) or wheat (42.7*) diets, but this would be

expected fron the hlgher protein percenËage of the barley dleE. Grindíng corn

(white et aI. L972) or rolling barley (Guertin et al. 1987b) dÍd not

significanÈIy affect nitrogen retentLon.

Fallon eÈ al. (t-986) sholted that increasing the level of Ca soaps in calf

díets decreased the molar proportions of acetace, buEyrate and isobuLyrate in the

runen fluÍd. \,lrenn et al. (1979) showed a signiflcant decrease in the total

concentration of volatile fatty acids when calves rvere fed protecÈed sunflower

oi1 aó cornpared to calves fed unprotected sunflower oÍ1. Calves fed protecLed

R
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sunflower oll had loser nolar percentåges of acetaÈes, butyrate, isobutyrate,

valerate and isovalerate but molaf percentages of Proplonâte did noE differ on

the t!¡o diets. Caffrey et al. (1988) found no effect on rurnen pH when tallo¡v as

added to calf starters but Fallon et 41. (1986) rêPorted a tendency to lower pH

when Ca soaps lrere added Èo calf dlets. Runen an¡aonía ni¿rogen levels were

increased by the addÍtion of 5, l0 or 20* Ca soaPs to cålf starters (FaIIon et

al. 1986) .

Fisher (1980) found no chânge ln blood urea nitrogen levels when Protected

tallow was lncluded in oat based diets. Fallon et 41. (l-986) found that L0 or

20* Ca soaps in barley based diets decreased daily nltrogen retention and

nitrogen retained as a percentage of nitrogen inEake belo\,: chat obtained with

dlets containíng 0 or 5t Ca soaps. However, the Percentage of absorbed N uhau

rsas retained !¡as slightly higher for dieÈs containing 10 or 20t Ca soaPs, so

reducElons in dail-y nitrogen retentíon and ín the smounE of incake nitrogen thaE

was retaÍned were lfkely due to decreased feed intakes at higher fat levels.

vlera e! al. (1980a) varíed lhe protein level ín corn rations fron l0 to

168 by replacing corn with soybean neal and found that protêin level ín Ehe diet

had no effect on the apparenÈ runen digestíon of dry nâtËer, organlc natter or

starch. l{hen 146 kg steers were fed aË a rate of I g Dl,t/w0'757d, o*.n" "t "1.
(1973) found sinilar results when urea was added Èo corn díets for restrícted fed

lanbs buE Orskov et a1-. (1972) found thaÈ organlc Eatter disaPPearance frorn the

runen of lanbs increased as increasfng leve1s of urea were added to barley dÍeEs

for larnbs fed at nêar ad libitun levels. IL is likely that under conditions of

restricted feedíng energy levels will linit the rate of rumen degradation.

c.
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LThen soybean neal replaced corn in calf diets to increase proLein levels

frorn 10-16c CP there r¿as a línear increase in the flow of aunonia nitrogen, and

residual feed nitrogen, buc no effecÈ on the flo¡¿ of bacterial nitrogen, through

che abonasum (Viera et aL. 1980a). The neË result l¡as a lineâr increâse in the

total fLow of non a.mmonis nitrogen through Ehe abonasruû.

Total volatile fatty acids in the ruren fluld are not increased r¿hen

díetary protein leveLs are increased by the addition of soybean meaL (Víera et

al. 1980a) soybeân Eeal and drÍed brewers grains (Curnick et aI. 1983) or urea

(Viera and Macl-eod 1980) to corn based díets. Crude protein levels ín these

studies ranged frorn 9.4 to 17*. Molar proporEions of volalile fatÈy acids did

not change when soybean rneal (Viera et al. 1980) or soybean neal and dríed

brewers grains (Curnlck et al. 1983) were used to increâse dietary protein levels

but Viera and Macl.eod (1980) reporced a decrease in the Eolar proportion of

butyrate and an increase ln the nolar proporllon of propionate r¡hen 1.28 urea was

added to ground corn dlets. Addlng 1.28 urea !o rolLed corn diets did not change

the ¡nolar proportions of these fatty acids. Urea supplenentaÈion of both rolled

and ground corn diets has been shown to decrease rtrnen pH (Viera and Macleod

1980) buÈ supplenenlation with soybean meal and distillers dried gralns did not

affect runen pH (Curnick et aI. 1983),

Rumen anrnonÍa nitrogen levels increase when dietary CP levels Lncrease.

Over a range of 9-178 of the díet, this has been shown when urea (VÍera and

MacI-eod 1980), soybean meal (Viera ec al. 1980a) or a conbination of soybean meal

and dried bre\,rers grains (Curnick et al. 1983) were the source of supplemental

protein.

Studies evaluating levels of proÈein ín calf sCarEers consistently sholt

íncreased blood urea niErogèn levels as percenÈ CP ín the díee increases. Thís

response was shown when soybean neal (Viera eE aI. L980a,b), meat neal (Leibholz
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and Kang 1973), urea (Leibholz and Kang 1973; Viera and Macl¿od 1980) or a

combination of soybean ureal and dried brewers grains (Curnick et al. 1983; Trotta

et aI. 1984) r¿ere used as sources of supplexûental protein, As lndicaEed by

higher runen ammonia nÍcrogen levels, the elevated blood urea nitrogen levels

also indicate an inefficlent use of dietary protein as CP levels Ín Èhe diec

lncrease.

As a resulc of increased protein inÈâke snd digestfbiLity, absorbed

nítrogen Íncreases wfth higher dieÈary proteln levels under condltfons of ad

l-ibitum (Schurrnan and Kesler 1974; Gurnick ec al. L983) and resÈricted (Vlera et

al. 1980b) feedíng. Thls absorbed protein is utllized nore efficiently at lower

protein levels, Nitrogen retaÍned, as a percent of absorbed nitrogen, ís higher

at low protein levels (Cutnick ec al. 1983) because of decreased urínary losses

of nlÈrogen (Leibholz and Kang 1973; Schurnan and Kesler 1974; Viera et al,

1980b; Curnick ec al, 1983). The percencage of absorbed nitrogen thaË is

retained does not appear Ëo increase above dÍecary CP levels of 148 (Schurman and

Kesler 1974; VÍera et al. 1980b).

Nitrogen retaíned as a percent of niÈrogen intake does not change with

prorefn l-eve1s in the diet (I,Ihitelaw et al. 1961a; vlera et al. 1980b; Gurníck

èc al. 1983). Data by Schurrnan and KesleÌ (1974) showed that a higher percentåge

of nitrogen intake !¡as reEalned on a low protein dÍêc, but thís nsy have been a

result of low feed intake on Lhis dieL.

Ihe net resulb of tncreased nltrogen lnÈake and digestibílity and increased

urinary nítrogen excretion r¿ith increased dieÈary protein levels is thac nitrogen

retention per d Ís maxirnÍzed at higher protein levels. l,¡hltelaw ec al. (1961a)

found that nitrogen retention per d lras higher on diets containlng 19.4 or 21.6s

CP (14.5 and 13,4 g/d) Èhan on diets concaining L4.9 or L6.9t CP (10,3 and 11.5

g/d). In a second experinen! nitrogen retention rose fro¡n 8.6 to 14.3 g/ô as AP
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conten! Lncreased fron 11.6 to 20.4t but cP levels of 22.6\ d1d noE íncrease

daily nitrogen retention beyond this. These results, obtained under conditions

of restricted feeding, rvere confirrned by Viera et aI. (1980b) who found that

restricced feeding of díeLs ranging frorn 9.9 Lo 16.28 CP resulted in nitrogen

retènËions ranging fron 17.0 Ëo 25.8 E/d,

Results have been sirnilar when nítrogen balance trisls were conducted under

conditíons of ad libltu¡n feedÍng. Schurnan and Kesler (1-974) reported nlLrogen

retentíons of 19.1, 22.L and 40.3 e/d when diets containing 11.5' 14.3 and 26.0t

6P were fed to 19 ek old cålves. Curnick et al. (1983) reported values of 4.2

g/d and 2]-3 g/d l¡hen diets conLaining 1.2 and 178 CP ltere fed. Í.Itnter (1976)

found that as CP levels rose fron 12 to 16 to 209 there was a cendency for

nitrogen retention to Íncrease frour 5.1 to 7,5 co fI.5 g/d. Leibholz and Kang

(1973) found thåt nitrogen reLentlon ltas not affected by cP in the dieË unLil

values were corrected for feed j-ntake. When corrected for feed intake, nitrogen

retention was greater on 188 thån on 158 or 12t CP dieEs,

D. Effects of Proteín Source

ProÈein sources of various origlns are degraded to díffering extents ln the

rumen, and this viII affect the co¡nposition and digestibility of protein in Èhe

post-runinal sections of the gastro intes linal tract. orskov (1982) lists values

of 64,3-72.6*, 51.2S, 80.8*, 80.6t, 87.4t and 85.9s for the runínal degradabiLity

of fish Eea1, neat and bone meal, soybean Eeal, cottonseed, groundnuL neal and

sunfLower neâL at a runen oulflow rate of 0,02/h, AÈ an outflow râte of 0.05/h

Èhese vêlues ¡,rere 49.6-58.58, 45.4*, 62.5*,69.62,74.lt and 76.98 and at 0.08/h

the values were 41.58-52.4t, 41.28, 50.4$, 62.74,64.38 and 70.4t. NRC (1989)

lisËs vålues oi 49t, 558, 439, 60t, 498, 28t and 35* for the ar¡ount of
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undegradable procein in brel¡ers dried grains, corn gluten neal, cottonseed meal,

fish meal, meal and bone rneal, rapeseed neal and soybean neal.

Several- treatxnenEs have been used in attenpts to alter the runen

degradabilÍty of pJ-anc proEeins to make trore of the dletary proEein avallable for

posL-rumlnal dlgesËfon by che host aninal. Forrnaldehyde treatnent has been shor¡n

to reduce the degradabillty of both soybean neal and canola meal by 22-232 (Mí'r

et al. 1984; Fielos et al. 1987). ExErusion aÈ an unspecLfied Eemperature was

inêffective in redueing the degradabiJ-icy of eicher soybean neal or canola meal

(Deacon et al. 1988). Dry heat (110 or 120'c) has also been shown to be

Íneffectíve in reducÍng Èhe dègradâbility of soybean neâI, but was effectfve in

reducfng canola meal degradability by 6.7 percentage units (Mir eË al. 1984),

NRc (1989) lists values of 708, 82t, 809 and 78* for the anount of undegradable

protein in protected rapeseed neal, soybean neal dried aË 40'C, fornaldehyde

treated soybean meal and a forroaldehyde treated soybean- rapeseed meal nixture.

Sharna et aL. (L972) and Sharna and Ingall.s (1973) reported lower rumen

anmonla nltrogen levels when calves were fed starters concaíníng soybean neal

raÈher than rapeseed EeaI. Stake et al, (1973) reporced lor¡er ru¡nen annonía

nitrogen leve1s on rapeseed meal supplemented dlets, but chis nay have been

caused by reduced fnÈake on this dieÈ. Rr.rnen a-nmonfa nitrogen levels are Lowered

by Creatment of soybean and canol-a neaLs r¡ith fornaldehyde (Sharma et aL. 1972i

Sharma and Ingalls 1973; Kovalcyzk eE aL t982) and heat (Sharma et al. 1972).

Work wiEh fish rneal also Índicates thât the inclusíon of protein sources thaË are

lower in rumen degradability will result ín lor¿ered runen a¡¡nonia nitrogèn levels

(Presron ec aI. 1964; Kay eÈ al. 1967).

Sharna and IngaIIs (1973) found thaÈ the inclusion of rapeseed meal,

soybean meal or formaldehyde treated rapeseed meal ín calf starters had no efiecL

on either the concentracion of volatile facty acids in the ru¡oen fluid or oir the
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nolar proporcíons of volacile faÈty acids. Sharna ec aI. (1972) rePorted that

forrnaldehyde treaLmenE of rapeseed neal did not change Èhe molar proPortions of

wolatile fatty acids, buE reported that the total concentraElons of volâtile

fatty acids was higher for untreaËed than for forraaldehyde treated rapeseed meal.

PresËon eÈ at. (1964) reported lower runinal pH aE I h post feeding on a dieE

containing soluble groundnuÈ rneal than on dÍecs containing lnsoluble herríng meal

or soluble herring roeal. Higher concencrations of volatile faËty acids and lol¡er

runen pH ¡,¡ould result frorn faster degradation of the proteln source.

The differíng rates and extents of runinal degradatfon of Protèin sources

results in altered cornposltion of the digesua enËering the posc-runinal section

of the gas tro intes tínal tract. LeÍbholz (1980) reporËed thaË replacing mest neal

lrith urea Ín calf starters resulËed i.n a greater proporcion of DM being digested

prior to reachlng the duodemr¡1. When urea r¡as included in the diet the flow of

nitrogen Lo the duodenuû was reduced and the digesta reaching the duodenum

contained more snnonis ¿nd nicrobial proteln and less amino acld proÈein.

Similarly, Zerbini and Polen (1984) reported a higher percentåge of rnicrobial

nitrogen in the abo¡nasal nitrogen with soybean neal and coÈtonseed meal

supplenented diets thân with fish neal or corn-gluten meal supplemented diets.

Holrever, Sharma eE a1-. (L97 4) did noc show any dífferences ín the abomasal flor¡

of nÍtrogen due to the feeding of fornaldehyde treated rapeseed neal.

The ultinate value of a feedstuff that by-passes runen ferrnentaclon will

bê deterrûined by ícs poLential for supplying an inproved balance of anino acid

to che âninal, As calculated by orskov (1982) the protein required by a bu1l of

large breeds grolring at I rate of 1.0 kgrud up to 200 kg exceeds the estínated

anino acid contribution frorn microbial proÈeín by approxinately 888 in early

g-rowth (up to 100 kg) and by approxlnaÈely 38t in laler growth (200 kg), The

balance of anino aclds must be supplied by feed proteins so Ehe relaEive
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proportÍons of feedsLuff amlno acids that by-pass the rurnen must be considered

in evaluating the usefulness of a proteín source.

In soybean meaL L7-24* of all anino acids excepÈ argínine \,Iere in the

soluble fractlon whereas wíth brewers drled grains and corn gl-uten roeal less than

139 of each arnino acid ltas present in the soluble fracLion (MacGreggor et al.

L978). Shingoethe and Ahrar (1979) reported sírnilar values for the Percentage

of each amino acid in the soluble fractlon of soybean neal (13-26*) buÈ for

sunflower neal the range lras much broader (19-53t). They also found that heating

tendèd to reduce the solubillty of all arolno acids fn soybean neal to abouE the

same extenÈ, r,¡hereas the solubli,ity of several anlno acids in sunflower rneal

(rnethionine, threonine, asparÈic actd, glycine and serine) was hfgher Èhan in the

heated sunflor¡er meal.

Mir eÈ al. (L984) analyzed the protein resídue of untreated soybean neal

after a 12 h rumen incubaËion and found thåt runen fermenEatlon had decreased the

proportion of histidine, lysíne, arginíne and leucine. However, \,then Ehe residue

frorn soybean rûeal treated lrith 0.8c fornaldehyde was analyzed after 24 hours

rumen íncubation, only the proportíon of histidine was lower, indÍcating Ëhat

forrnaldehyde treatment had protected the oËher amÍno acids from degradation ín

the rumen. Sharma et aL. (I97 4) have showed forrnaldehyde treatnent of rapeseed

neal Lo be fneffecctve in changing lhe quantity of amlno acids passing the

abornasun, but this may have been due Ëo the lack of effect of fornaldehyde

treatment on runinal N metabolisr¡.

Urea in calf starters resul-ted !n the passage of l-00-1"708 of the intake of

a1l a¡nino acids except histidine, glutanic acÍd and proline Ëo Ëhe abonasal

digesta (Leibholz 1980), On neat neaL díels, ar¡ino acids !¡ere present in the

abomasal digesta at 58-L2l-t of intake. Totsal quanLirles of amino acids passÍng

through Èhe abomasum were greâler on neat neal diets. The increase ín che
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percenË of dÍetary amino acíds passing Èhrough Lhe gut on urea - supPlenented díeEs

!¡as due Eo microbíal synthesis of amino acids.

Calculations b¿sed on Ehe data of Deacon et al. (1988) indicaÈe that there

are dlfferences ín the incestinal digesLibÍlíty of dÍfferent feed Proteins after

rurninal degradaÈíon. After I h rumen incubation the Percent of undegraded fee<i

protein that disappeared in che intestine was approxÍnately 85t for canola meal

and 96* for soybean neal due Èo hÍgher (approximately llt) amounts of residual

CP for the canoLa neal sanpl-es. Kendall (1988) reported values of 81t, 80c and

68t for the intestinal digestibiltty of N in canola neal afcer 8' 12 and 16 h

rumen lncubation, Values for the inÈestinal digestibilÍty of soybean neal afLer

8, 12 and 16 h runen incubation were ) 90*. Similar trends r¿ere rePorted in thÍs

study for DU diges tibtllties . Thus, DM and nitrogen digesÈibillcies aPpeâred Eo

decrease with longer runen fermentation periods for canola neal bu! not for

soybean meal, The author attrÍbuted differences between canola neal and soybean

meal to the lower digestibilÍty of the canola nesl hull fracEÍon. Therefore, Ëhe

slighÈ depression in whole tract, appårent digescibility of canola meal when

compared to soybeân ¡neal ís likely due to the lower digestibílÍty of canola neal

hul1s. MethÍoníne dlgestibility in the lo!¡er guL was approxinately the sarûe for

canola rneal and soybean meal, but the digestíbility of other essentÍal arnino

acíds tended to be lor,¡er for canola neal samples (Kendall L988).

Extrusion of canola Ìûeal and soybean meal did not affecE the digesEíbilÍÈy

of CP in the lor¿er gut (Deacon ec aI. 1988). Ho!¡ever, Sharna et af. (f974)

showed that DM dígescibiliÈy in the loÌ{er gut tended Èo be lowered by creatment

of rapeseed meal wiËh 0.7 g forrnaldehyde per 100 g protein. Kovalcyzk et al.

(1982) reported that fornaldehyde treacnent at 22 E formaldehyde per 100 g

Tápeseed roeal redueed Dl{ dlsappearanee ín the intestine by 41 percenEage uniÈs.

Fornaldehyde treatment of ground whole soybeans aE levels of less than 3,5 g
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formaldehyde per 100 g protein did not change nitrogen digestíbílíEy in an acÍd-

pepsin solutíon, buÈ levels of 3.5-8.0 g fornaldehyde per 100 g protein reduced

acid-pepsin digestibiltty t>y 2L-26 percentage units (Yu 1978) . fhus, Èhe reduced

apparent digestibilities of DM and N associated ltith higher levels of

fornaldehyde treatnent are due Lo overproEecËion of the feedstuff and reduced

intestinal disappearance.

Blood urea nitrogen levels do nots show consistent responses Eo the

incluslon of rapeseed meal or soybean neal in calf starters. Ingalls and Shar¡na

(1973) reported hígher BIJN levels at I wk on test with rapeseed neal than wlth

soybean meal buÈ at 2, 4 and 8 wk BIJN levels tended to be higher on soybean rneal

supplenented díets. Flsher (1980) found slighcly elevated BUN levels on soybean

neal díets, but dffferences were noE significant. Stake et al, (1973) reported

lower BUN levels on rapeseed neål dÍets, but consurnption of starÈer was aLso rouch

lower on thts dlet,

Fornaldehyde ÈreatnenE of rapeseed neal tended to lo\,¡er BUN lewels at 1¡,¡k

on tesc (Ingal-ls and Sharma L973) but at 2, 4 and 8 wk BIJN levels vere not

Iolrered by forrnaldehyde treatnent of the rapeseed r¡eal. Sharna et al-. (I97 2)

showed significantly lower plasma urea nitrogen levels ín calves fed formaldehyde

treated rapeseed neal than ín chose fed untreated rapeseed neal. NíshlnuLa ec

al, (1973) showed thaL formaldehyde Ereatment of soybean neal for lanbs reduced

plasma urea nitrogen levels r¡hereas heat treacnent did not significantly reduce

plasma urea nítrogen levels.

Zerbini and Polan (1984) reported higher seru¡n urea levels on SBM, corn

gluten neal and cotton seed meal supplenented than on físh meal supplemented

diet. Kây et å1. (1,967) reporÈed non - s Ígni ficantly lower BUN levels in fish rneal

supplenented diets than on groundnut neal supplemeneed diets.
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Blood urea níLrogen level-s r¿ere not changed r.rhen raÈions containing canoLa

ueal r¿ere cornpared to raLLons contaíning 12 or 18t whole canola seed but

exEruding the canola seed tended to lower BUN levels while pelleting the diet

containing 183 whole canola seed tended to Íncrease BIJN levels (Sharna et aI.

1986). No change in Bul'I levels were reported çhen 108 l¡hole sunflot¿er seed was

added to caLf starcers, but 208 l¡hole sunflo¡¿er seed tended to lower BUN leve1s.

Rapeseed (canola) neal and soybean neal results ln equal N retentÍons when

fed for growth (Wood and Stone 1970; Sharrna et al. 1980). SeveråI åuthors (Stake

et al, 1973; Sharna et al. 1980) have reported lower N recention wíth rapeseed

roeal buÈ these results rnay have been due to lo\ter intakes of N on the rapeseed

mes.l díets. Variety does not appear to alter N retencion on rapeseed rneal

supplemented dleEs (Bush et al, 1978), Shar¡¡a et aI. (1980) reported hígher N

Tetentions for Tor¿er rapeseed neal but proÈein peÍcentåges were hlgher on this

diet. Sunflower neal also results in conparable N retention to soybean neal

(srake er aL 1973).

Sharrna ec al. (L972) teported reduced urinåry N excretíon on diets

containing fornald.ehyde Èreated tapeseed neal but due to Íncrêased fecal N

excretíon on this diet there was no dffference in daÍIy N retention, Thus, N

reËained as a percent of intake N was equal for the tlro dlets, but N reÈained as

a percentage of digested N ças 5 percentage units higher for the diets conËaining

fornaldehyde treaËed rapeseed neal. NishiEuta et sI, (L973) reported that

forrnaldehyde treâtEent of soybean neal slÍghtly decreased daily N retention and

the percen! of intake N that was retained, due to decreased digestibility of CP.

The percentâge of inÈake N that was retalned was non- s ignlflcantly hígher for the

forflaldehyde CreaLed dieË. HeaL treaÈment, while reducíng digestibility,

increased N retencion slightly, \,rhether expressed as g/d, as a percent of intake

N or as a percent of digested N,
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Replacernent of xûeat neal with urea does not affect N fetention at equal

feed lnLakes unless urea Ís lncluded at levels above 408 of dietary N (Leibholz

and Naylor 1971; Leibholz L972, L975). At higher levels of urea inclusion

niËrogen retenEion is reduced due co hlgher urinary losses of N (Leibholz and

Naylor 1971). Sinllar results have been obtalned lrhen 1,6 or 3.08 urea partíally

or completely replaced fish rneal in calf starcers (Kay et al. 1967). \,Iinter

(1976) did not find significanr differences fn N balance on isonitrogenous diets

containing urea or soybean neal buE N retentfon was higher on Ehe soybean meal

díet (13.1 vs. 9 .5 g/ò) .

Whíte1a!, et aI. (1963a) shor¿ed increased N retentíon values when insoluble

herring neal was compared to a more soluble herrfng meal, but noÈ when insoluble

groundnut meal r¿as compared to a soluble groundnut rneal. l{hitelaw et al. (1961b)

also shor¿ed higher N retention values on fish rneal supplemented diets than on

either soluble or insoluble groundnuÈ neal supplernented diets.

Curn¡nins el sI. (L982) forsrulated diets to contain 30, 45 or 60t rr.unen

degradable N using conbínations of corn gluten meal, cottonseed meal, urea and

dehydraÈed a1falfa. Results showed a Èrend towards increased N reÈentíon as a

g of RDN in the diet increased buc feed intake and Ëhus nícrogen intake was

increased slighcly as rveLL. As a percent of N lncake or as a percent of absorbed

N, N fetention tended to decrease wíth increasíng rul¡ên degradable N. Thus, it

appears Èhat åbsorbed N was slghtly less efficiently utii-ized when the protein

source \{as more degradable !n the rumen. TroÈca et aI. (1984) shor¿ed no response

in N retentÍon ¡,¡hen diets r¿ere fornulaced Eo conEain 12.8-3L,39 soluble N usíng

soybean ¡oea1 and dried brergers grains.
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Heat treatnents thaÈ have been used in attempts to improve the by-pass

protein value of oilseeds include dry-roasting, extrusion at lo$t temPeratures

using external noisture and Jet-Splodlng at higher tenperâtures using the seeds

internal moisture to create steam. As \,¡as the case with soybean xûe41, heating

soybeans at l-10'C for 2 h or at 120"C for 20 min \,¡as ineffective in reducing

proËein degradability in Ehe rumen (Mir et al. 1984). Yu (1978) found that

higher tenperatures (140'C) and longer heating tlmes (4 h) were necessary for

reducing the degradabtlÍÈy of protein ln fuII fat soybeans. Lower temPeratures

(110 or 120'C) or shorter heatlng times (2 h) were ineffeccíve Ín reducing

protein degradabiliÈy and llttle change in degradabÍlity was noted åt higher

Lenperatures (160, 180 or 200'C).

Deacon et al. (l-988) showed Jet-Sploding Ëo be an effective nethod of

reducing the ruminal degradation of r¿hole canola seed when sanples were ground,

but found lictle value in extrusion as ê Eethod of decreasi-ng rurolnal

degradaLíon. In a second trial they found rhaL the reducEíon ln degradability

of cP ln canola seed was Eaxinized st 149'C. At Ehls temperacure, protein

degradability was decreased to 378 fron 75t for Ehe control (ground whol-e canola

seed), No furËher decreases ín CP degradability !¡ere found when the temperature

was increased to 160 or L77'C. The values for CP degradabilÍty reported by

Deacon et a1. (1988) when seeds were Jet-sploded to exit temperatures of 116 or

L27'c (61 and 57t) agree closely wíth values of 57 snd 599 reporued by Mlr et al,

(1984) for canolg seed heaLed to 110'C for 2 h or 120'C for 20 rnin.

Wrenn et al, (1973) have reported higher levels of línoleic acid in the fat

of duodenal and plasma samples lrhen calves were fed formaldehyde protectêd

sunflower oil rather than unprotected oi1. Ackerson et al. (L976) found that

r,¡hile fornaldehyde treatnent of full fat soyflour provided good protection

agalnst the nicrobÍal hydrogenacíon of linoleic acid, treaLmenL of ground whole
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soybeans did not gíve as good resuLEs. Yu (1978) reporEed Èhât neither

foruraldehyde nor heaË (100-200'C for 4 or I h) adequately protected polyenoÍc

acids in whole soybeans fron rumen hydrogenaÈion. Rule and Beitz (1986) rePorted

that exÈruded soybeans did not change the proporEion of polyunsaturated fatÈy

acids ín the lipids of the duodenaL ingesta when compared to soybean neal,

indicating lhat the polJrunsaturaÈed acids ín both diets ltere hydrogenated Ín

sÍnilar proportions. Due to higher lewels of elher extract reachlng the duodenum

\.rhen extruded soybeans ¡,tere fed (18,1 and 20.9 vs. 13.0*) more linolefc and

linoLeic acíd lras found in the plasna of these aninals,

When compared Èo a canola neal control diet, 12t or 188 whole csnola seed

or 188 extruded canola seed did not change total vFA in Ehe rumen fluid, but

pelleting a diet containlng 18t whole canola seed increased total VFA

concentråÈions (Sharma et al, 1986). Dfetary treatment did not change the nolar

percenÈage of acetic acid, propionic acid or valeric acld, but che nolar

percentage of butyric acÍd was hlgher on a pelleted diet containing 183 whole

canola seed than on a diet contåining 12t whole canola seed or 188 extruded

canola seed and tended co be higher Èhan on a canola meal diet or one containing

18t whole canola seed. In a second trial these authors reporÈed that l0 or 20c

whole sunflower seeds did not change rumen pH or total VFA concentratlons. The

acetate : prop ionate ratto tended Èo be hÍgher on diets containlng whole sunflor¡er

seed, Anderson et al, (1982) found that while 25t lrhole cottonseed dld noÈ

change runen pH, there was a hlgher molar percentage of propionate in the ruüen

fluíd ltith rations contaÍning whole cottonseed,

Ilhen 12 or 188 r¿hole canola seed replaced canola neal ín calf starÈers no

dífferences were found fn RAN levels (Sharna eE aI. 1986). Extrusion of the

canola seed tended to reducê RAN levels r,¡hereas pelleting the dieÈ contaÍning

whole canola seed tended to increase R-AN levels. In a second study no



53

dlfferences r¿ere found in RAN levels when L0 or 208 whole sunflower seeds were

added to the diet. crumpelt (1987) found thac whole or extruded canola seeds ín

lactatíon rations díd not affect RAN levels but Kennelly (1983) reported a

reducEion in RAN levels when 18t, buË noE 6t or 12t whole canola seeds replaced

canola neal in lactation ratÍons.

Calculations based on daÈa reported by Deacon ec al. (1988) sho!¡ ËhaE Ehe

by-pass protein from whole canola seed r¿as less digestfble ln the Lntescine

(approximately 408) than !¡as the pËoteln from canola neal (approximately 85t).

Extrusion ånd Jet-Sploding the whole canola seed increased intestinal protein

dfgestibillty to approxÍxnately 62.5* and 74,0t respectively, resulting in

reduced residual losses of CP. Jet-Sploding whole canola seed over a tenperature

range of LL6-I77"C resulted in a range of inËestínal dlgestlbllfty of rumen

undegraded feed naterial of. 77-984 as cornpared to a value of 95.73 for ground

whole canola seed but Èhere wâs no conslsÈent effecË of JeË-Sploding tenpereture

on intestínal disappearance of ru¡nen undegradable proteln.

LiËcle infornation ls available on Ëhe effects of whole fat oilseeds on N

retenLÍon ín cal-ves. Prasad and Horrill (L976) reported hÍgher N retention (15.8

vs, 6.6 g/d) when diecs containing roasted soybeans were conpared to dieÈs

contalnlng raw soybeans for young (11 wk old) calves, The niÈrogen reLalned as

a percent of nitrogen intake (31.8 vs, 15.6*) was also higher in cslves fed

roasted soybeans, Abdelgadlr et aI. (1984) reported srnall, sígnificanÈ

differences Ín nitrogen retenLion when calves were fed raw soybeans (0.3L g/kg

body weight) as conpared to soybeans Jet-Sploded to exic temperaÈures of 138'C,

T7L'C or to 191'C and held for L0 min (0.32 g/kg body weight for all three

temperature regímes).

F. Effects of lmplanLs
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Work of Vander Wal et al. (1975b) revealed thac che rûaj or parc of the extra

weíght gained by horroonally lnplanted calves r,¡as due to lncreased N retention.

In Lwo experinents, iÍrplantation of estradiol plus testosterone increased N

retentíon by 136 and 240 g after 24 and 38 d. EsEradiol plus trenbalone resulted

in a 551 g increase after 38 d, while estradiol alone increased N retention by

88 and 53 g afÈer 24 and 38 d. Zearanol, testosterone, progesterone or

trenbalone by Èhernselves did not irìprove N retenÈion. Msxlnum response occurred

4 Èo 5 wk after treacnênt at 1l or 12 !¡k.

]V. CARCASS COMPOSITION

Carcass nuscling, confornation, external faE cover, ktdney fat and carcass

colour are the najor parameters considered in veal carcass gradíng (Goverrurent

of Ganada 1984), 0f Ëhese, nuscling, confornation and fat characteristlcs

deÈernine the najor grade classÍficaLÍons (4, B, C) wheteas carcass colour is of

lnportance only in determinÍng secondary classlflcaÈíon (1, 2, 3, 4). From a

consumer vier,¡polnt, however, neat colour !s stfll deened to be of rnaj or

inportance, the preferred neat beíng the pâle !¡hÍÈe neaË as r¡ould be obEained

frorn calves raised on low fat nilk or níLk replacers, Kídney fat cover is of

lmportance in assessing the degree of finish in caLves slaughcered hlde-on (ie,

without skinning). This practise is enployed to r¡inimize wåter loss from che

carcass,

A.

Brekke and l,IellÍngton (L969) report walues for percent water and ether

exÈract ín the carcass tissue of 76,5 and 3.0+ at birth, 68.9 and 11.8t aÈ 90 kg

and 64,8 and 6.58 at L31 kg, These nunbers díffered sígníficanÈIy between weíght

groups. Percent proteín did noÈ show consisten! trends, being htgher at birth

thân aÈ 90 kg (19.1 vs. 16.8t, P<0.01) and Ínrernediare ar l-31 kg (17.4t).
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Waldman ec a1 . (1969) report figures of L7.23,18,04 and 17.848 protein and 4.84,

6.82 and 15.32t fat at bÍrth, 9L and 227 kg, respectively.

I,laldman et al, (1971) studied carcass conposition ín Holstein steers at

birth, 91 kg, 227 kg, 341 kg, 455 kg and 590 kg. Their results sho¡¿ed that

percent protein in Ehe carcass tissuè Íncreased sltghtly from bitth (17.9t) to

227 kg (i-8.469) but åccounted for a lesser portion of the tíssue \,¡eight

thereafter (14.48 to 16.52c). Moisture levels decreased at all weights (P<0.01)

fron 75.55t at bÍrËh to 49.15* at 590 kg, whlle carcass ether extracË increased

(P<0.01) from 4.33 to 35.123, Plottlng percent echer extract in the carcass

against llve wetght ytelded a sígmoldal curve, wÍÈh the poinL of inflection

between 227. and 341 kg live weÍght. AE 227 kg Ehe carcass contaíned 65.48 \.¡aEer,

l-8.46t proteín and 14.14t ether extract.

At birth, the carcass of Holstein calves contai-n about 6-7* faL, 27t bone

and 63,64t muscle (lialdroan e! âI. L969; I,laldnan et aL 197l-). By 91 kg rhese

percenLages are 9g fat, 249 bone and 65t nuscle and ax 227 kg fat had increased

Èo L5-1"68, with a sllght decrease in ¡ouscle and bone to 63 and 20t (Waldman et

al. 1969, 1971), During this period the bone to nuscle ratio decreased non-

significantly frorn 0.42 to 0.33 and che fat !o nuscle ratLo increased (P<0.01)

fron 0.09 to O.24 (Waldnan er aI. 1971).

I{aldman eÈ aL (1971) sho!¡ed Èhar durÍng early gro\,rÈh (i.e, up to 227 kg)

rnuscle weight íncreased rapidly frorn 8.77 to 38.48 kg. Increases ín fat weight

(0.80 to 9.1-7 kg) and bone weight (3.70 co L2.71 kg) were sLower. Afi-.er 227 kg

however, faE deposition accelerated and paralleled incrèâses in muscl-e nass, In

reviewing the 1ÍËerature Berg and Butterfield (1968) reached sinilar conclusions,

ín Èhat nuscle growth proceeds at a fasler rate than fat growth in the early

slages. After Èhe onset of faË deposiËion aË about 150 kg carcass weight, fat

growch is parallel to muscle growth,
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\.Iald¡nan et al, (1971) showed chat increased Iípid deposlcion ín the

longissÍrnus dorsi (1. dorsi) and the seniÈendenosis ¡nuscles was coincidenL wlLh

the poÍnt of ínflection of the ether extracË deposÍtlon curve. Fron birth to 227

kg, total lÍpfds of ghese r¡uscles was less than 1.60t and the values did not

differ (P>0.01) ac birth, 9L ox 227 kg. After 227 kg rotaL lipid of the l. dorsi

muscle increased to 6,82* and thaË of Èhe senitendenosís muscle Íncreased to

5 .4ls .

Brekke and l,lellingÈon (1969) reported dressing percentages of 58.3, 60.9

and 63.2t for nllk-fed calves slaughtered aÈ blrth, 90 kg and 131 kg.

Diffetences were sígnifÍcant (P<0.01-) between wetght groups. In conErasL,

Butterfleld ec a1. (1971) did not show tncreases in dressing percentåges over a

weight range of 44 to 82 kg for nilk fed calves, Beauchemin (1980) reported a

slight decrease in dressing percentåge of milk-fed calves when carcass weigh! was

íncreased fron 88 to 108 kg, but dail-y galns were lor¿er ac Èhe heavier weighÈ.

ButEerfield et al. (1966) reported a decrease in dressing percentage fron

55.24 xo 46.078 when calves were slaughuered fron 4 through Eo 22 wk (41 to 90

kg). For this experiment this is likely due to increasÍng vlsceral growth

(Gardner and l.Iallentine L972) and poor daily gains. For calves slaughtered fron

L80 kg to 540 kg, Andersen (1975) reports an fncrease fn dresslng percentage \,¡ich

lncreasfng live weight; and also ¡,¡!Èh increasíng feeding levels. Beauchenín

(1980) reported a slight decrease in dressing percentage for barley concentraÈe

fed calves l¡hen carcass weight was increased fron 88 Èo 108 kg, but increasing

the carcass wefght increased the dressing percentage of corn-supplenent calves

fxom 52,7 Èo 54,98 (P<0.05). They attributed Èhis increase ro slightly berter

daily gains (0.82 vs 0.93 kg) r,¡hen calves fed corn were slaughtered at 108 kg

carcass lreight raÈher than 88 kg carcass weight. Anderson (1975) reported slighg

increases in dressing percencages when daily gains were Íncreased.
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Beef fac is generally characterized by high levels of saturated fatty

aclds, owing to Èhe reduction of fatty acid double bonds by hydrogen produced in

rumen fermentation. Moran (1986) lists Lhe najor fatty acids in beef fat as

olelc acid (C18:1), palnitíc acíd (Cl6:0) and steric acid (C18:0), these

comprising 47, 26 and 148 of the totâl fatty acids. HyrÍstic (Cf4:0),

palnitoleic (Ci,6:1), Iinoleic (C18:2) and linolenic (C18:3) acíds each nade up

less than 3g of total facty acids in beef.

Fåts of the various depots vary in fatty acid conposition, wiËh the degree

of saturation hÍgher in internal (kídney fat) depots than ln muscle depots, t¿hich

ín turn are nore saturaEed than subcutaneous depots (Callow 1962; Waldrnan et al,

1968). Ihis increase ín the percent saturaced fatcy acids is due prinarÍly to

an increase in the content of cL8:0 and a decrease in the contenc of C18:1 (and

to a ]-esser extenÈ, Cl6:1) ín the internal fat depots (Ostrander and Dugan 1962;

Wald¡nan et al. 1968), There ís also consíderable variation in fatty acÍd

cornpositíon due Ëo differenË rtruscles or sanple location (Callor¡ 1962; Ostrander

and Dugan 1962; Marchello et aL 1968; Waldnan et aI. 1968). In addltion, the

phospholÍpid fraction of nuscle faE differs from the neutral fraction in chac

phospholipids contain more arachldonic (C20:4), línoleic and linolenic acids, but

less palEitic, palnítoleic and oleic acids; the neE result beÍng a decreased

sacurated fatty acld contenÈ of the phospholipid fraction (Hornstein et al. 196I;

Ostrånder and Dugan J-962).

The C18:1 content of beef faÈ is positively correlated \,rith age, carcass

weight and carcass fat percent, bue negâÈively correlated with daíly gain (Link

et al. 1967; I¿aldtrån et al. 1968). Carcass \,¡eighr díd not affecË Èhe

concentratÍon of C16:0 or CL8:0 but Èhe concenËraÈions of C14:0, C16:1, CL8:2 and

C18:3 were loHer at heavÍer carcass weÍghts (llaldman et al. 1968). T'he contenL

of Gl8:0 r.tas negatively assocíated with carcass faE and the content of Cl6:0 rvas
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negatively associated wíth age. The CL8:2 contenc of beef faL was negatÍvely

associated with daíly gaín. Thus, as summarized by l.ialduan et al. (1968), it

appears that as the animaL approaches physiological naturity (i.e. increased age,

carcass lrelght and carcass fat) the concentråtion of C18:l Ín the faE increâses.

BuÈterffeld et al. (1971) reported Ehat milk fed calves up to a !¡eight of

82 kg did not differ in the anount of fat or bone in the carcass írrespecEfve of

Ì¡hether milk was fed ad libitun, at l0-15S of body weight or at levels aimed aË

keeping the calves at starting body weight fox 72 d, Although muscle weight was

different between the three planes of nutrÍÈion (after adjustnent for live

wetght), Ëhe Duscle to bone ratio did noÈ díffer, whether adjusted for

dífferences in live \,reight or not. Fa! percentage in Ehe carcass did not differ

between the three planes of nutrítlon vhen adjusÈnènts were made for wariations

in líve weight. SirnÍIarly, BuErerfield er al, (1966) reporred rhar up xo 22 wk

calves that suffered an early weaning check were lighter, had lighcer carcasses,

nuscle weights and bone weights at any given Èfne, buc afÈer these parameters

ltere adjusted to equal weights of nuscle plus bone no differences were apparent

between feeding levels.

Worklng lrith older (birth to 590 kg) ani¡nals l.laldnan et aI. (L971) found

that feedíng calves at a high or a nediun level did not Ínfl-uence r¡eight of

carcass fat, nuscle, or bone at equal- live weights. Although the bone:muscle

ratio !¡as slighLly altered in favour of aninals fed at a high level, the ratío

of fat to nuscle rvas not altered by treatnenE. Andersen et al. (1975) found chaË

when bulls were slaughtered at lo¡,¡er weights (f80 kg live weight) differences ín

percent nuscle, fêE and bone in the carcass rsere snall despiÈe large dífferences
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in feeding levels. Again, the muscle to bone ratío was sllghtly hfgher in favour

of bulls fed on an ad libitu¡n feeding regÍ!ûe.

From the above sÈudies iÈ appears thaÈ the percentage of a carcass that is

nuscle, fat and bone is nore a function of aninal weíghÈ than of feeding level

Differences in feeding level appear only Èo alËer the rate at whích an ani¡oal

reaches â cerËain body conposition. However, l,Ial-dnan et aL. (L971) reported an

increase ín * ether extract and a decrease in g moisture at 91 and 227 kg when

calves were fed on a high rather than a medium plane of nutriElon. Percent

protefn in the carcass decreased with increased feeding at 9l kg but not at 227

kg. These results are âÈ variance with results for che physfcal dissection of

carcasses in the sâme trfal. Kerz et al. (1982) reporEed Ëhåt the I fat

increases and the t waEer decreases !n subcutaneous adipose tissue !¡hen anímals

are fed ad lfblttun rather than restricced levels. It ls probable then, that on

a high plane of nutriÈion rDore fat is being deposited in the adipose tissue that

Ís present, even if Ëhe âmounË of carcass faÈ renains unchanged.

Butterfield et al. (1966) showed a decreåse in dressing percentage when

calves suffered an early weaning check to live welght gaíns. Dressing percentage

of nilk fed animals (up Èo 82 kg) has been shorrn to decrease fn response to

decreased levels of feedÍng (ButEerfield et aL 1971). This finding did noc

change when dressing percencage \sas adjusÈed for ltve !¡elght or for carcass

wèÍght. Andersen (1975) reports decreased dressing percèntages for calves fed

restricted amounÈs of feed when slaughtered at 180-540 kg. This effect of lower

plane of nutrition on dressing percentage has been âttributed to the laying down

of relatlvel-y xûore fat in Ëhe carcass, rather than the non carcass, parts in

animals fed at higher levels (Berg and BuLterfleld 1976).
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Bray et a1 . (1959) and Jones eÈ al. (1974) report inferior grades for

carcasses of grain fed aninals compared to grades for milk fed ¿nirnals when

grading systens emphasízing kidney fat, fat cover and color r¡ere used. However,

Gardner and Wallentine (L97 2) found that the carcasses of grain fed animals

graded símílarly to those of roilk fed aninals. When fat was added tso grain

dleEs, they maintained Èhat more fat was deposited externally and over the

kidney, and that thls fat was similar ín quallty (1.e. firn and white) to that

of nilk fed veal. A study by Beauchernín (1980) showed that Íncreasl.ng slaughter

weights inproved Èhe gradíng of carcasses, especially those on a corn- suppl-enent

feeding system. FurEhermore, they showed that a gradfng systen whlch ernphasized

general carcass confornation as well as external fat cover resulted in irnproved

grades for grain fed veal calves. Under such a system, roilk fed and grain fed

carcasses graded s inilarly.

The carcass yield (dressing percentage), as a percent of live weight, is

lower for grain fed calves than for rnilk fed calves. Studies have reported

dressing percêntages of 53.3 and 60.8 (Kunz et ¿1. 1969), 53.8 and 60.8 (Gardner

and Wallentíne L972), 59.0 and 67.5 (Jones eÈ al. 1974) and 50.5 and 56.5

(Bouchard et al, 1980) for graln fed and ¡nílk fed calves, respecÈivel-y, when

slaughter weÍghE was less Èhân 136 kg. A! heavler wefghts the trend Èo\,¡ards

higher dressing percentages for milk fed aninals is also evídenL. Beauchernin

(1980) reports values of 53.4 and 57.1t for grain fed and rnílk fed calves

slaughtered Lo yield 88 kg carcasses. When calves r¡ere slaughtered to yield 108

kg carcasses, values r¿ere 54.3 and 56.0t. Brisson et al. (1979) reported

dressíng percentages of 55.3 and 59,5t r,rhen grain fed and níIk fed calves were

slaughtered at approxirnately 150 kg líve veight. I,Ihen the slaughÈer weighÈ was

1-70 kg these values l¡ere 52.8 and 55.58. The lor¡er dressing percencage of the
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grain fed animal is due to greater runen developrnent and gut fill with grain

feeding (Gardner and l{alLentine L972),

Only small differences are apparent !n the carcass cornposition when grain

fed anirnals are compared to nilk fed anírnals, even when slaughter weíghts dÍffer.

Bray êt al. (1-959) slaughterêd calves at 6 wk of age and found slgnificantly less

fat ín Lhe 1. dorsi ¡nuscle of calves fed limited nilk or nilk replacer plus

stârter and hay (0.448) chan of those fed sd libitrür nilk diets (0.61 and 0.79C).

Kidney fat vas hÍgher for the nilk fed groups (1.04 and 1.07t of body weight)

than for grafn fed groups (0.55 and 0.25* of body !¡eight). Kunz et al. (1969)

reported ether exÈråct and CP percentages of the 11-12th ríb section Èo be 5.8

and 20.6t for grairr fed calves and 8.3 and 22,8t for rnlLk fed calves, KÍdney fat

weights were 1214 g and 769 g. These c¿lves were slaughtered at 136 kg live

weight,

Seewald et al. (1987) slaughtered calves ac 4 no of age, resuLting in live

slaughter weights of 158 kg for milk fed calves and 123 kg for grain fed calves.

They found that nilk fed calves had rnore total lipld in the 1. dorsi nuscle, the

supraspinitus nuscle and the subcutaneous fat (1.31-, 1.58 and 74.35*) than did

grain fed calves (0.89, 1.17 and 69.908). The percent toËal lÍptd in the

perinephric fat did not dÍffer between the Èwo groups (88.01 and 86,08).

llhen both niLk fed and grain fed calves were slaughtered at 113 kg live

weight Bouchard et aI. (1980) could find no difference in the percent dlssectible

fat at Èhe 12th rib, whích r¿as approxirnately 16t for both groups. However, they

found that grain fed calves had less muscle ar rhe 12rh rib (57.6 vs. 60.3t) and

a srnaller rlb-eye (27.7 vs. 32,2 cn2) than did rnilk fed calves. In contrasE,

Beauchernin (1980) found no difference in these neasurenents when grain fed and

nilk fed calwes r¿ere compared at 167 and 204 kg llve welght and llald¡nan et aI.

(1971) have reported Èhat at 9L and 227 kg feeding level does noE greatly
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influence the percentage of physically separated bone, rnuscle or fst in the

carcass. However, Pínkerton et al, (1971) showed snaller rib-eye area r¿lth lor¿

protein díecs and Donnelly and HuÈÈon (1976) reporE lower proteÍn gains and

percent protein in the carcåss [rith lo!¡er dieÈary procein. Thus, the lower

percenc nuscle at the 12Eh rib as reported by Bouchard eL al. (1980) may have

stenmed frorn lnadequaLe dietary protein quantity or qualiËy,

Ga.rdner and Wallentine (1972) could denonstrate no differences in the

chenÍcal cornpos!Ëion of either Ëhe llth-12th rib section or the seEitendenosís

rnuscle when graln fed or rnÍlk fed anf¡nals were slaughLered at 110-ll4 kg ox L25

kg live wefghÈ. MÍlk fed anlnals had sL!ghtLy higher levels of ether extract and

slíghtly lor¿er levels of CP in these nuscles than did graín fed calwes but

dlfferences were not significånt. Kidney fat weíghts were hÍgher for nÍl-k fed

calves in rrial II (L2L4 g vs. 490-699 g) buE noc Ín rrial I (335 g vs. 257-625

8).

Beauchenin (1980) reports a hlgher percentage proLein (84.5, 84.Lt) and a

lower percentage fat (5.3L, 6.08t) fn the l. dorsi rnuscle of grain fed anÍnals

as coxûpared to the same muscle fn rnilk fed.rrÍrrt" (8I.6& protein and 6.968 fat).

These values are averâges for carcasses weÍghing 88 and 108 kg. At these carcass

weights, graln fed aninnals weighed 167 and 204 kg and rnilk fed aninals weighed

L50.5 and 1-82.6 kg, Batra et af. (1973) reported an íncrease fn the percent fat

in the nÍnor and najor culs of 3.70 and 2.67 percentage units when rnÍlk fed

calves were coropared to graÍn fed cslves at i-28 kg. Sirnilarly, Brisson et aI.

(1979) reporc that mflk fed carcasses had 2.28 nore fat and 0.5* Iess protein

than did grain fed carcasses when calves were taken to 150 and 170 kg live

weight.

In su¡nmary, increases in fâÈ percencage in the carcass DM of nilk fed

anirnals are in the order of 2-3 percentage uníts. Increases in the percentage
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vísual fat aL Ëhe 12th rib have noE been reporced, Kídney fat is usually heavler

\,¡ith nilk fed calves, buE Lhe percentage fat in the kidney fat is courparable for

both mllk fed and grain fed calves.

The 18 carbon faEEy acids appear !o be the trost abundanL fatËy acids in

nilk fed veal. Ostrander and Dugan (L962) cornpared the polyunsaturated fatty

acids of beef and veal and found that the oleíc acid contenÈ of veal

intranuscular, Ínternuscular and covering faE rvas 34.L,43,3 and 48.0t of total

fat. Corresponding values for beef fats were 42,6,41.9 and 44.9t. veal fats

had a higher percentage of linolefc acld in the inÈranusculår depots (4.2C) Ehan

did beef (1.lt). VeaI had higher levels of linolenic acid in the intranûuscular

depots (2.0*) than in the internuscular or covering depoÈs (0.6C). In beef fats

these leveLs were similar Ín all depocs at 0.2-0.33.

Ono et al. (1986) reported values for Èhe fatty acid conËent of raw lean

fron arn steaks, blsde steâk, rib roâsËs, loin chops, sirloÍn chops and cutlets

of milk fed weal. They also found the C18 fatty acids to be the most abundant.

StearÍc acid ranged from 0.14 g/I00 g rar¿ lean in the cuLLec to 0.42 g/L0O g xaw

lean in the rib roast. The ranges for oleic and línoleic acid were 0,47 to L,57

and 0.18 to 0.33 g/LO0 g ra¡¿ lean. They found that palEitic acid was presenÈ in

quantities ranging from 0.23 to 0.69 g/LoO g raw lean, !¡hile nyristic and

pai.neÈoleíc acLds were present at less than 0.14 E/LOO g rar¿ Ie¿n. Values for

bob veal (less Ehan 4 wk of age) followed similar patterns but \,zere nuch lower,

and bob veal had proportionacely less myristíc and linoleíc acÍds Ehan did nilk

fed veal,

osËrander and Dugan (1962) reporced the arachadonic acid content of veal

intranuscular faÈ to be 2.1*. Values for the iriternusculâr fat and covering fat

of veal and for beef were less than 0.2t. l.Ihen they separaËed the ¡ouscLe fat

into phosphaEldes and neutral fac they found that lhe arachadonic acid conÈent
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I,Ias higher Ín the phosphatide fraction for both veal (1.4 vs, 0.7t) and beef (3.7

vs. 0.008). Hornstein et at. (1961) also found hlgher levels of arachadonic acid

in the phospholipid fraction than in the neutral fat fractlon of beef fat. Ono

et 41. (1986) reported that veal contains 0.05-0.06 g arachadonic acid/1-00 g raw

lean. The phosphatide fraction of veal contaíns less linoleic acid than does the

neutral fat (0.1- vs. 3.9t) whereas quanËities of llnolenic and pentaenoic acids

are sirnilar. The phosphatide fractÍon of beef fat contains more llnoleic,

llnolenic and penLaenolc acids than does the neutral fåt,

Seewald et al. (1987) cornpared the fatty acid contenË of milk fed veal wfth

that of grain fed veal. They found that oleíc and linoleic acLds each nade up

20-30C of the facty acids in che 1. dorsí and supraspinaÈus muscles. Palmiric

acid ranked third in abundance, makÍng up 19-25S of the fatty acids, Unlike the

fat of nuscle EÍssue, the perÍnephËic and subcutaneous fat contained < 5*

linoleic actd. Oleíc acÍd on the other hand rnade up 34-40t of the fatty acids

in perinephric and subcutaneous tissue,

Stearic acid rnade up 11,48 of Èhê fatcy acfds in the L dorsí nuscle of

nilk fed calves and L4.2X of. the faÈty acids of this nuscle in graín fed calves

(P<0.01). In the supraspinaÈus nuscle these values were 14.7 and 16,2t (P>0.05).

Likewise, stearic acid was nore abundan! ín Èhe perlnephric and subcuLaneous fac

of grain fed anlmals. Lauric (C12:0) and nyristlc acids (C14:0) were nore

abundant ín the fet of ¡nilk fed calves, and differences \,/ere statistícally

signifícant for all cases except lauric acid in the subcutaneous and perÍnephic

fat depots, Arachidonic acid nade up Ëo f .i.g of the fatty acíds of boÈh ¡nuscles

with lo!¡er value (P<0,05) for the nÍlk fed calves, Only trace anounts of this

acid vas present in the subcutaneous and perínephric fats.

The polyunsaturated faÈ Eo sacurated fat raÈio $ras reporced by Ono et al.

(1986) to vary from 0.31 to 0.59 for nllk fed veal. Bob veal had lo!¡er ratÍos
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(0.19 to 0.40) due to the lo\.¡er levels of linolenlc acld in thía meat. osErander

and Dugan (1962) reported that veal intranuscular ' íntermuscular and coverfng fat

had 5L, 49.7 and 41.49 saÈuraEed fauty acids, while for beef these vålues were

59.3, 52.L and 48.8t.

Work by LstrÍlle et al. (1983) Índlcates that barley and corn both give

acceptable carcass qualiËy l¡hen animals are slaughtered at L85 kg liwe !¡eighË'

carcass quality was some\,rhat deficient in oat fed calves. Whereas 74t of barley

fed and 838 of corn fed calves graded A, only 558 of oat fed calves graded A.

oat-fed calves had lower dressíng percenEages (50.0*) and carcass weíghts (97.9

kg) than did corn (53.29, 114.8 kg) or barley (54.3t' 110.0 kg) fed calves.

These results are likely due to â conbÍnatfon of lower daily gains and lower

carcass lteights with oats, as discussed in sections IV, A and B.

OLher authors have rèported liÈtle dlfference in carcass roeasurênents on

corn and barley díets. cuertfn et al. (1987a) found no differences in the muscle

compositlon of the 12th rib or in the composition of the 9th-l0th-11Èh rib

section when caLves vere fatÈened on whole corn, rolled barley or whole barley,

Carcass weights and dressing percentages r¡ere Iower on whole barley (111.5 kg,

52.0t) than on rolled barley (118.8 kg, 53.6t).

Beauchernln (1980) reported no differences in rÍb-eye area, conposítion of

the 12th rib or chemic¿l composÍtion of the 1, dorsi section at the l2th rÍb when

aninals were raised on elLher r,¡hole corn plus supplement or barley based

concentrâtes. Ho\,¡èver, åE heavier slaughter weighÈs corn fed calves had higher

dresslng percentages than at líghcer welghts (54.9 vs. 52.78) whereas barley fed

calves did noÈ (53.6 vs, 54.08). Thus it appears that the slight inprovement in

daily galn with corn feeding nay inprove dressing percentage. Andersen et al.
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(1975) noÈed inproved dressing percentage r,¡ith increasing slaughter weíght and

with hÍgher energy levels.

No r¡ork could be found relating Eo !¡heat diets for calves in thÍs !¡êight

range but work r¿i¿h older aninals (Oltjen et al, 1966) indícaces no effect on

carcâss parameÈers when wheat was cornpared with co¡n. This was true desPite

reduced live perfornance wlth r¡heaE diets.

Dressing percenÈage does not åPpear to be affected by fat additions to the

dlet. cardner and llali-entine (L97 2) and Bouchard et al. (1980) showed no change

in dressing percentage wiÈh fat additions co barley diets of uP Èo 6s. Flsher

(1980) added 10 or 20s protecLed tallow to barley dieEs and found no íncrease Ín

the carcass yield. I,Iork with corn diets has also sho¡,¡n no effect of added fat

on the dressing percentage (Wrenn et af. 1979). No infornation was found for

calves slaughtered at 200 kg.

Reports are contradícÈory as to lthether added dietary fat increases cercass

fat deposltion. Gardner and Wallenuine (L97 2) found no dífference ín the

chemical conpositÍon of the 10Lh-ll-ch-12th rib section or of the semitendenosis

nuscle when barley based diets containing no added fat were cornpared to diets

!¡iÈh 5t added fat, They stated that external faE cover was inproved when fat was

å.dded to the dlet but thls observaÈíon was not quantÍffed. Furthernore, grades

were not inproved with added fat in the díet. Kidney fac deposition however, was

increased 1008 r,rith 5s added fat at a slaughter weÍght of 1-14 kg and by 30c at

a slaughcer weight of 125 kg. Fisher (1980) also found that kidney fac as a

percent of body weíght íncreased frorn 0.57 to 0.61- to 0.69* when percent

protected tallow in the ration was increased fron 0 to 10 to 20c.
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Bouchard et al. (1980) reporced chat the percent physically dissected fat

in the 12th ríb íncreased by 2.0 and 2,9 units when 3 and 6g faË was added to

barley diets. Percent nuscle in the rib was decreased by 2.5t and rib eye area

dêcreasêd non significantly with 6t fat fn the diet. This is !n conErast to the

results of Gardner and l.lallenÈine (L97 2) who reported no chenge in the chenical

composition of the rib sectÍon with added fat, and Wrenn et al. (1979) who found

that the meat from half carcasses díd not vary in lipid or protein percent when

58 fat or 5* fêt plus lt cholesterol was added to corn diets,

Stiles et af. (1974) slaughÈered corn fed calves at 200 kg and found a

slighÈ, non-significant decrease !n percent ether extract wíth 4t added fac in

the diet (22.0C vs. 31.5* for controls), Protein percenË l¡as increased non-

significantly frorn 64.5* at 0* dietary faË to 68.It at 4* dletary fat.

Furthermore, Ehere \,¡as a significant inÈeraction betl{een percent dietary pÍoteln

and percent dÍeÈary faE for ether extract conÈenÈ of the meat samples. As

dietary protein decreased frorn 18 to 15 to 12S aE 0C dfetary fat, percent echer

extract ln the neat sanples increased fron 20.1 to 30.0 xo 37.22. These values

for dfets containing 4t added fat !¡ere 19.3, 22.6 and 23.2*.

Work with beef cattle ÍndÍcates thaË hÍgh concentråte diets support runen

nÍcroblal populations that are less active in bfohydrogenation of pol)¡unsaturated

fatty acids than do high forage diets (Cabezas ec al. 1965). The feeding of 68

safflorver oil was found to be effective in íncreasing the unsaturated fatty acid

content of beef fat, whereas aninal fat either caused no change or an increase

ín the saturated fatty acid contenE (Dryden and Marchello 1973), Dinius et aI.

(1974) showed an increase in the (C18:1 contenc of beef fac then unproÈected

saffLower otl r¿as fed Èo beef steers. Thus Èhere is potentíal for changing the

fatty acld contenÈ of meat by feeding supplenental oil in high concentrate diets.
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The feeding of up to 4g corn oil ín calf starters increased total blood

1Íplds whereas levels greater Ehan 4t decreased blood lipids (Chandler et al.

1968) but no infornaËion on the fatty acld conposition of Ëhe blood lipÍds or of

the cârcass lipids r,ras given. I,Irenn et al. (1979) reporced that 5g tallow or 5g

Èallow plus lt cholesterol increased plasna 1lpÍds, but their results showed no

change in the fatty acid composition of the carcass fat,

The feedíng of Ca soaps aE 5, 10 or 20* of calf starters r¡as effective ín

increasÍng plasroa lipids (Fallon et sI. 1986). wrenn et al. (1973) reported an

increase in the concentratÍon of linolelc acid and a decrease in the

concentratlon of nyrÍstic and palnitic acids in biopsy samples and in the fat of

the chuck ånd round cuts lrhen calves r¡ere fed ¡nllk that was hígh in linoleic acid

and starters contalning protected safflower oÍ1. The feeding of protecÈed

safflor¡er oi1 (Dinius et al. 1974) or a supplemenË of protected whole sunflor,¡er

seed and soybeans (Garrett et al, 1976) to beef steers has also been effective

in increasing the content of linoleic acid in the faÈ. This increase was

concurrent wlth a decrease Ín the anount of C14, C14:1, C16 and 616:L. Adding

extruded soybeans to beef steer rations to raíse the fat content of Èhe dleÈ to

6t has also been shor¡n to be effective ín incteasíng the pol)runsaÈuraÈed fat

contênc of lhe carcass fat (Rule and Beitz 1986). In this case, Ehere \,ras an

Íncrease in the proporcions of C18:2 and C18:3.

F. Effects of Proteln Source

Information on lhe effects of varíous protein sources on carcass quality

of calves in this weight range ls lí¡nlted. Pinkerton et al, (1971-) conpared

carcasses of calves raised Ëo 286 kg on diets conÈaining soybean neal, fÍsh ureal

and neaÈ neal with those of calves raised on diets containing coütonseed neal.

They found thaL rib-eye area and rib-fat thickness was slightly lower on diels
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containing cottonseed meal. Carcass grades r,rere sinllar on both díets. Bouchard

et al. (1980) found chat loeaE and bone neal gave larger ríb-eyes and a greater

* fat and a lower g bone at the l-2th rib than dld soybean rneal. In a comparison

of soybean r¡eal and rapeseed neal, soybean rneal resulted ln signlficanLly xûore

kidney fåt (Físher 1980). Dressing percentage lras not affected in any of these

studies.

Work ltith pre-runinant calves has shown that increasÍng protein levels in

Èhe diet increases protein deposition in Èhe carcass (Berg and Butterfield 1976;

Donnelly and HutËon 1976). SímÍlar results have been obtâined for rumínant

calves slaughtered at less than 300 kg.

SÈiles et al. <L97 4) found that increasing the CP contenË of the

concentrate nix fron 12 to 15 to 189 produced a significant linear increase in

proEein content of the carcass DM fron 63.3 to 65.8 to 72.08. Ihere was a

Ëendency for ether extracÈ content to decrease, dropping f¡on 31.2 to 26.3 to

19.78. Wåter contenc of the neat samples was 68.8, 70.L and 71.88. cardner and

I¿allentine (1972) reported a sfnÍlar increase in protein content of the l-Och-

llth-12th rib section but Eheir resulÈs did noÈ reach significance. Lor¿er

protein in the díet (L2.6t CP vs, 14.Lt CP) resulted Ín 178 ¡nore kidney fat.

Bouchard et al, (1980) reported thaÈ Che percent physÍcaLly dlssected

muscle at the 12th rib was similar for calves fed diets contaÍníng 13 or 158 CP

(56.1, 57.4t) but 17.5t CP in the diet sfgnlflcantly increased the percent muscle

(59.4t). Fat content was decrêased wi.th hlgher protein levels (18.6, 16.8 and

L4,2\). Rib-eye area Eended to be higher on higher protein levels (28.4 vs. 27.L

emz). Pinkereon ee al. (1971) have also reported larger rib-eyes in calves

raised on higher proteÍn dÍets.
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Dlerary GP levels tn the range of l2-18t cP dld noE affect carcass yields

when calves were slaughÈered at lighter (< 125 kg líveweight; Gardner and

WallenÈfne 1972; Bouchard et al, 1980) or heavier (285 kg llvewelght; Pinkerton

eÈ al. L97l) slaughcer !¡eights.

Neither grades nor carcass color are affected by dieEary protein levels

(Pinkercon et aL. 1971; cardner ånd wallentine 1972; Bouchard et al. 1980). The

lack of response in carcass grades to dietary protel-n levels was llkely due to

the emphasts that these gradlng systèns place on fst cover and catcass color.

crandadan et al. (1975) found that iEplantatÍon with estradiol and

testosteronè sígnificantly improved carcass grades, due to inproved ¡neatiness of

the carcasses. They also found that the graders tended co place more of these

carcasses in the !¡hÍte, rather than the pink or red categoríes, and that Èhe

carcasses tended to be less fat. Van Weerden (L984) also showed meåËinêss .Iras

judged to be slightly better 1n es Ëradíol- tes los terone or es tradiol - trenbålonê

ímplanted calves, but Èhey could denonsErate no effect on meat color. Dressing

percentage is not affected by fnplantalion (Grandadan et aI. 1975; Van Weerden

1984) but carcasses of implanted calves are usually heavier, due to heavler live

s¡êights at slaughter (Grandadam eÈ al. 1975).

Data presented by Van l,leerden (1984) indtcaces that there is no reål effect

of Ínplantation with estradiol plus testosterone or trenbalone on the che¡nÍcal

analysis of nuscle tlssue. The 1. dorsi rnuscle had slightly less water (0.4-

0.6t) and slfghtly nore protein (0.3-0.9C) when iúplanted with estradiol plus

trenbalone acetaLe, but analysis of the l. dorsi, pectoralis profundus and rectus

fernorÍs rouscles of calves inplanted l¡ith zearanol plus Èrenbalone acetate or

escradiol plus Lrenbalone acetate in a second trial revealed no dlfferences frorn



t7

A.

7T

conLrol, uninplånted groups. ?hus lt would seem that the inplents exert their

effect through Íncreased rouscling and noË through increased proteín concentracLon

in the nuscles.

I4EAT COLOR

The color chå.racteris Èics of veal rneaÈ change l¡Íth increasíng age of the

aninal at slaughter. Beauchemln (1980) reported a decrease in color readlng (and

hence a darker colored neat) as slaughter weight fncreased to gíve å carcass

weight of 88 or 108 kg (58,8 vs. 50.18 reflectance). This decrease 1n meat color

readings occurred when calves r,rere fed nilk (72,7 vs. 60.6t), concentrate (50,7

vs. 46.18) or corn plus a protein supplenent (52.8 vs. 43.3*). Sheper (L978)

also reported that raisÍng the slaughter weight over a range of 80-175 kg

resulted in a darker colored xneat. Using biopsy sanples of the vastus laceralis

muscle SÈ. Laurent and Brlsson (1967) found å constant increase in the redness

of the muscle over the age range of 15 to 60 d. They reporced that the

brightness and yellowness readings appeared to decrease fron 15 to 45 d and then

íncrease fron 45 to 60 d, but these differences were not significant.

B, Effect of SuppLementary Iron

In calves fed solely on nilk replacer lhe level of supplernentary Fe in Che

rnilk replacer will affect neat colour. SupplenentaÈÍon of rnilk replacers wfth

less than 40 ppn Fe in the DM has no effecc on meat colour (MacDougall et aI.

1973; Brernner et al, 1976) but supplementatÍon at levels above 40 ppn Fe in the

DM have been shown to result in darker-coloured meat (MacDougall et a1. 1973;

Bremmef ee aI, L976; McFarlane et aI. 1988). When calves were slaughtered at 60

d, St. Laurent and BrÍsson (1968) reported less pronounced effects on neat colour
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when dietary Fe was supplenenLed at a raEe of 50 ng/calf/d but DM intake lras not

reported. However, feeding supplenental Fê åt å level of 24O ng/calî./d was shown

by Bray et al. (1959) to have a pronounced effect on meat colour çhen calves were

slaughtered at 6 !¡k. Injesting Fe at a rate of 800-900 mg/d, over 12 rveeks has

also been shov¡n Èo result in darker coloured neat (Mollerberg et al. 1975).

When Fe leve1s in the basal díeÈ were 8-10 ppm the feeding of only 5 ppn

supplemental Fe has been sho\,¡n to darken xneat colour at 2l-23 l¡k (I.Iensing et al.

1986). However, Ehese authors reported no effect on !ûeat colour at 2I-23 wk íf

supplenental Fe feedfng was discontinued at 1.6 \,¡k. l.lcFarlane et al, (1986) also

reported that supplemental Fe (L40 ppn) in Ëhe early (<3-4 wk of age) growth

ståge does not affect neat colour if Fe levels thereafÈer are lor,¡ (5 ppn).

Feeding milk replacers Èhat are low in Íron results in a nicrocyÈic,

normochrornic aneniå, the s)¡mptons of l¡hich Ínclude reduced blood hernoglobin

level, reduced red blood cell counts, reduced packed cell volu¡nes and reduced

plasrna iron concentrations (Brenner and Dalgarno 1973; Blaxter et al, 1975).

Supplementatíon of dieÈs with 40-45 ppm of iron or 50 ng Fe/d appears to be

adequate to improve the heEaEological staEus of the blood (St. LaurenL and

Brisson 1968; Brernner and Dalgarno 1973; MacDougall et å1. 1973; Brenner et al.

1976) but ís insufficient to effect large increases in nyoglobin synthesis (SE.

Låurent and Brisson 1968; MacDougall et aI. 1973). Higher levels of Fe

supplenentation (l-00 mg Fe/kg DM or 240 ng Fe/d) increase royoglobin conLenr of

the ¡nuscle (Bray et al. 1959; MacDougall ec al. 1973). Ihus ir seens Ehar

increasing dtetary iron will first allow the calf co increase its requírexnent for

herooglobin s)mÈhesÍs, and furlher inereases ¡ui1l allow for increased rayoglobin

synthesis. Hence, narked changes in neau color in response to dietary iron will

likely only occur when changes in rnyoglobin content are possible.
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Feeding grain to calwes results Ín neat that ís darker in color than does

the feeding of nilk. Bray et at, (1959) reported that feedíng calves to 6 r,¡k on

milk or rnilk replacer plus starter and hay resulÈed in neat color readings of

28.38 as cornpared to values of 29.58 for calves fed only whole ¡nilk. The lower

nunbers indicate lower percencage reflection and hence a darker neat. Bouchård

et aI. (1980) reported color readings of 48.4 and 58.4t for graln fed and milk

fed aninals respectively. Beauchernin (1980) reporced that rdhen veal calves were

fed nilk replacer, barley based concentrate or whole corn plus ¿ proËeín

supplemenc the color readings averaged over 2 carcass weights (88 and f08 kg)

wexe 66,7,48.0 and 48.4*, with significant dÍfferences between nllk fed and

grain fed anínals. I.lood and Froehlich (1981) reported that rnilk fed veal was

less pink in color, but not llghter, than graÍn fed veal as neasured l¡ith a

Hunter Color Meter. A Èrained panel also judged the nilk fed veal to be less

pink than the grain fed veal. Differences beÈween grain fed and ¡¡iIk fed veal

however, generally disappeared wtch cooking and with freezing the mea!. An

exception to this r¿as the instn¡nencal neasurenent of degree of redness of the

rounds, whích was sígnifÍcantly different betlreen Èreatnents after 4 rno Ín the

fteezex. Gardner and Wallen¡ine (I97 2) also reported that the neaE of milk fed

calves was judged to be llghter than thaL of starter fed calves and thaE the

difference dísappeared when the neaE was roasËed. S¡nulders and Visser (1988)

reported that HunÈer color readings were higher (and thus the neaÈ lighcer) for

calves fed nilk replacer than for calves fed nilk replacer and wheaÈ straw or

rnilk replacer plus calf starters.
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E.

GuertÍn et al. (l-987a) found no dlfference in Èhe neat color of heavy

calves regardless of \,¡hether they had been fed whole corn, whole barley or rolled

barley. BeauchernÍn (1980) found similar Eeat color readings for calves fed diets

based on whole corn (48.4) or rolled barley (48.0). Latrille et å1, (1983)

reported that 75-808 of calves fed r¿hole corn or whole barley graded A vhereas

only 55* of oat fed calves graded A. They dld not report color readings but

reporÈed that the inferior grades of oat fed calves r¡as due to inferior fÍnlsh

on the carcass.

SupplemenLation of få.t uo skin nÍlk dfets dfd not signÍficantly affecc r0eaË

color but there r,ras a cendency towards lighce! colored t[eat at higher levels of

fat supplernentation (Johnson et al, 1988). This was probably related to

increased narblfng åt these hígher levels of fat supplenentaEíon. Bouchard et

af. (1980) however, have reported that added fac in grain raEíons resulted Ín a

darker colored neat, Gardner and Wallentine (1972) reported that 5.0t fât in

grain ratÍons did noc change visual color ralings of the carcass.

F. Effects of Protein Source ând Protein Level

HÍgh leve1s (298) of fish proteín concentraEe in a níIk replacer resulted

in a rnore reddísh colored ¡Deât as assessed by a colorineter when raw or visually

by a taste panel when cooked (JenkÍns et aI. 1982). Thís uost likely occurred

because of an elevåtion !n Fe content of the nilk replacer when fish protein

replaced rnílk protein, as has been reporÈed by Huber and Canpos (1982). Bouchard

et al. (1980) found thaÈ the Ínclusion of Eeat neal Ín cålf starters resul"ted in

a llghter colored Eeat than did soybean neal änd they aÈtributsed thls to the
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lower levels of dicalcium phosphate (a rlch source of íron) needed when ¡neat meal

was the protein supplenent. Protein levels (1-3.2, L5.4 or 17.78) did not

slgnificantly affect the meat color in the study by Bouchard et aI. (1980).

vr.

A. Effects of Ase and lleiqht

Age and/or wefght of the calf a! slaughter appesr to exert sone effecÈ on

the organoleptic propertles of the neåÈ. When calves were slaughËered over a

weight range of 80-175 kg water binding capacfty deterforated lrith increasíng

slaughter weight (Shepex L978). However, over a range of 100-500 kg Zupka et al,

(1970) reported an inprove¡nenË in water bindíng capaclty as slaughter weight

íncreased. Brekke and Wellington (1972) slaughtered calves aE 44 kg (3-4 d), 91

kg (8-11) wk) or I24 kg (L3-14 wk) and found that l,Iarner - BraËzler sheat values

'were lower for calves slaughtered at 44 kg (2.23 kÐ than for calwes slaughÈered

at 90.0 kg (3.29 kg) ox L24.2 kg (3.23 kg), thus indicating decreasíng tenderness

as che anlmals Lncreased in size end/or age. I,Iarner et al. (L988) have also

reported that xûeat from the 1. dorsi and seni¡oernbranous muscles decreased in

tenderness as aninal age Íncreased fron 10 to 18 r¡k. As determined by a triangle

palatablllty tesc there were significant differences in the pålatability of leg

roasts from Ëhree !¡eíght groups wÍth the grealest dÍfference between those calves

slaughtered at 44.L kg and Èhose slaughtered at L24.2 kg (Brekke and llellington

L972) .

B, Effect of DíeÈary Regime (Mílk vs. Crain Feeding)

Despite concern over the eating quâlity of grain fed veal there is little

evÍdence froB Ëhe literature Èo indÍcaÈe thaÈ feeding regÍne per se affects Ëhe

eaËing quallty of veal. Hanning et al, (1957) publlshed resulËs fro¡n an
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evaluation of vesl roascs and chops froE calwes raised under four feedÍng

regÍrnes: 1) Iiberal whole nilk, 2) liberal whole nlIk supplenented with iron and

copper, 3) Ilnited whole nilk plus hay and concentrate ad libittutr, and 4) llberal

mílk replacer plus ad libicun hay and concentrate. DespiÈe the more favorable

carcass grades of calves in groups l and 2 and Ëhe lighter neat colour and lower

henoglobin and nyoglobín values for calves Ín group 1 (Bray et al. 1959;

Neiderrneier et al. 1959) only calves fed liberal whole nilk plus iron and copper

produced Eore tender neåt, as neasured by eftheE the Warner-Bratzler Shear values

or the ev¿luacion of a sensory panel. Varlatlon anong sarnples within treaÈment

(i.e. arnong anftnals) and variation among judges r,râs qu:.te high but varÍation

beEween duplicaËes was quite low. Total t cooklng loss, g drip loss, I

evaporatton loss, or panelísÈs evaluation of juiciness did not differ anong diets

but the g pressed júice was lor¡er for calves reared on only milk than for chose

fed nÍlk or rnilk replacer plus hay and concentrate.

I,Iood and FroehlÍch (1981) evaluaLed loin and round roasts (fresh and

frozen) from grain fed (200 kg 1lve welght) and rnilk fed (100 kg lÍve weight)

calves. PaneLists judged fresh grain fed veal to be rnore pink than fresh nilk

fed veal but this dífference disappeared wíth cookíng and wiÈh freezing,

Likewise, Ehe colour differences neasured by the Hunter Color Meter dlsappeared

with cooking and \,¡ith freezÍng of the loins. Panellsts did not judge thê roasts

fron Èhe 2 feeding regimes Eo be different for flavour, Juiciness or general

acceptabilíty. Fresh round roascs fron nÍlk fed calves were judged to be nore

tender than were fresh round roasts frorn grain fed calves. Ihe Warner BraEzler

Shear values for fresh round and loin roasËs from mllk fed calves (1L29 and 990)

l¡ere Lo¡,¡er than those for fresh round and loin roasts fron gråin fed calves (2131

and 1614). Also, the frozen roast from nÍlk fed calves had lower l,Iarner Brârzler

Shear úalues than did Ehe corresponding roast from grain fed calves (1318 vs.
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1872). Howewer, Èhe 100 kg dífference ln Lhe live weight of calves at slaughter

rnay have contributed to some of the observed dífferences ín tenderness (Brèkke

and Wellington L972i Warner et al. 1988). Cooking loss ¡vas lower for the fresh

loins from rnilk fed cålves Èhan for fresh loins from grâin fed calves (15.56 vs.

18.18C) but no other differences rzere significant.

Brisson et a1. (1979) reported no differences between graín fed and nilk

fed calves for the Instron neasurenent of cende¡ness on thalred meats after

freezlng fot 2, 4, 6 or I wk. Water loss on thawing was different for the 2

groups (P(0.05) but the nagnitude of this dÍfference was only 0.33 and probably

of little practícal significance, Cooking loss duríng roasËlng of the Loin

samples did noc díffer between nilk fed and grain fed calves. Warner Bratzler

Shear values for cooked loin samples were higher for graín fed (7,I7) than for

ùilk fe¿ (5,95) calves and panelists judged rhe nilk fed veal to be nore tender

than the grain fed veal (P<0,05). Judges r¿ere unable to detecË differences

bet\¿een dfets for sensory parameters oEher than Cenderness.

Brisson et al. (1979) reported that the variation ln tenderness ratings

!¡ere more related to differences iriherenÈ to the evaluators rather than to

differences between samples. The F-value for the betr,¡een sample variance was

significant for the grain fed, but not the nilk fed calves, r¡hereas the F-value

for the variâCion due Èo evaluator Ì,ras significant in both cases, Evaluations

of flavour, texture and order of preference also revealed Ehat there was ¡nore of

a relaÈionship between these paraneÈers and Èhe evaluator Têther than the

sanples. ThÍs may have been due to Che absence of training for the evaluators,

However, theír results were consisÈenc wÍth those of Hanning et al-. (1957) and

Wood and Froehlich (1981) Ín that diet exerËed sone effect on Èenderness ratings.

Snulders and Visser (1987) found no difference ln sarcomere lengchs or

shear force values for calves fed Eo 24-35 r¡k on ¡nilk replacer, niLk replacer
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plus wheåt stra\,r, nilk replacer plus wheat sËråw plus high energy calf starter,

or rnllk replacer plus lrheat straw plus hígh energy calf starter wÍth added faE

even though Hunter Color Meter readings showed that calves fed nilk replacer only

had lighter meat. Tt¡e percent dríp loss on cookíng was hÍgher for calves fed

nilk replacer plus whea! straw plus calf starÈer than for those fed ûÍIk replacer

plus !¡heat straw or uilk replacer only.

Ihese sEudies indicate thåE despice neasured differences in rneaÊ colour

bet!¡een grain fed and Eilk fed calves panelisÈs r¡ere unable to differentiate

between treatEents for any sensory para.ueler excepE cênderrress (Hanning et al.

L957; Wood and Froehlích 1981). In the study of Brisson et al. (1979) Ëhere !¡as

an observed, but not quantified, difference between grafn fed and nflk fed calves

for neat colour but agaln only the evaluation of tenderness differed between

diets. InstrunenLal neasurenenls made in these studÍes generally supported

panelÍsts conclusions regarding tenderness and jufcÍness. However, the

relationship betlteen neat colour and tenderness is not clear. In several studies

the lighter coloured rnilk fed veal was judged and neasured to be nore tender

(Brisson et aL. L979; Vood and Froehlich l98l-) buE in the work of Hanning et aI.

(1957) Ehe darker coloured meat fro¡n iron supplenented nilk fed calves was nore

Cender than neaÈ from eiÈher grain fed ealves or nllk fed calves receiving no

supplenentary iron. l,Iarner eÈ al. (1988) reporced Lhat lrhile calves r¡eaned onto

pasture and concenÈrate pellets aÈ I \,rk produced a darker neaË with higher

pigúent concentration than díd calves raÍsed Ínside on nilk and concentrate

pellets, Warner Bratzler Shear values did not differ between the two groups of

calves. Sinilar conclusions r¿ere reached by Snulders and Vfsser (1987) for

calves raised on milk replacers or rnilk replacers plus lrheaË sÈraw and calf

starEers.
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C. Effects of Added Fat

I,Iork by Johnson et aI. (1988) showed that supplenentation of sklnn xûilk \,rírh

aninal tallow to provide increasing energy densities (54, 100, 123 and L47 Y,J kg-
'I-) increased kidney (0.11, 1.13, 1.36 and 1.08 kg), external (O.53,2.92,2.05

and 2.60 nm) and intrâmuscular (0.18, 0.96, 1.31 and 1.448) fat deposition, while

muscle color remained unchanged. Ca1ves fed unsupplenented skiu nilk had hlgher

l,Iarner Bratzler Shear values, I drip loss ênd Iolrer sensory panel scores for

t€nderness in both the 1. dorsf and the semitendinosis nuscles and 1o¡¿er

juiclness ratings ln the semitendenosis, buc noÈ the 1. dorsl rnuscle. TocaL

cookfng loss, flavour ratings and cooked colour neasurements did not differ

between diets for either nuscle.

Beyond the lowest level of added fac there was no sdvanÈage Ín íncreasing

the i.evel of fat in the diet (in Èerms of sensory qualitíes). Calves fed the

lo!¡est level of added fåt had Èhe híghest * drip loss of the supplenènted groups

and those fed Ehe highest level of faÈ had ínÈernedlaÈe juicíness raEíngs.

Warner BraÈzler values dÍd not differ between the three hlghest fat levels.

Stiles ec aL. (L97 4) added 48 ånitral Ëa11o\./ to grsin rations for veal

calves and observed a decresse in taste panel ratings for flavour, tenderness and

overall satisfåcCíon of rib roasEs. They found no dÍfference in julciness

ratings, They also reported a non-significanË decrease fn percent carcass faL

when fat was added to the dÍet. External fat neasurenents !¡ere noË reported.

A review by Moran (1986) indícates lhat while the eaÈlng qualiÈy of neaLs

ís influenced by the presence of faE, there is poor correlaÈfon beü¿een eating

qualicy and the âmount of fat ín the mea!. Others have reporÈed that external

faÈ cover nay be of importance in prêvenling !¿ater loss during chillíng and

cooking (Lawríe 1985) and in prevenLing EuscIe shorrening during ehtlling (Smith

et a!. 1976). I{ith beef, sone auËhors reporÈ a relatÍonshíp between narbling and
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palatability trâits (Jênnings et al. 1978; Snich et al, 1984) while oEhers report

that narbling accounts for very little of the variation tn tenderness ratings (2-

38) or acceptability ratÍngs (6-8t) (Crouse and SnÍth 1978).

Calves fed fat supplemented diets in the study of Johnson et aI. (1988) had

more tender neat but went Èo narket at heavÍer weights (40-50 kg), which,

according to Brekke and l.lellington (L972) decreases tenderness of the meat. No

further fnprovenents ln sensory properties wêre noLed when addftlona1 fåt !¡as

given to the calves. Thus it seems that r¿hile a certain base level of fat is

necessary for adequate eaEfng quality of the meat, íÈs effecÈs on organoleptic

aspecËs beyond this point åre unclear. Given the conplex nature of the factors

Ínvolved in the accepcability aEtributed of meat (Lawrie 1985) Ít wouLd likely

be the case Ëhåt beyond the ninÍmum required for acceptable eatlng quality fac

level alone would be of relatívely minor innporËance in deter¡ûining neaÈ qualfty.

Low-erucic acid rapeseed oil has been successfully incorporaÈed into milk

replacers lriEhout adverse effects on cooking losses, drlp losses, or neat flavour

(Seoane eE aI. 1978). The tenderness rating was decreased at an inclusion rate

of L8g rapeseed oil buË the Warner-B¡atzler Shear valuès díd not substantiaÈe the

panelists' evaluation.

D.

St, Laurent and Brisson (1972) added up to 19,2t fish proLeín concentraEe

to calf nilk replacers and found no undeslrable odou! or flavour. Gorrlll et a]-

(1975) found that ffsh proteín concentraEe at 159 of the nílk replacer did not

affect taste panèl ratings for odour, flavour or tenderness but 19* herring meal

tesulted in undesirable odour and less tender neaÈ. Flavour of the rneat rvas

raEed lo\rer with herring neal, bu! not signÍfícantly so. Jenkins et âl-. (1982)

reported that ¡,¡hile 15 or 298 partÍally hydrolyzed fish procein in a nilk
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replacer did not affect total loss, S drip loss, Warner-BraLzler Shear values,

tenderness ratings or juicÍness ratings, the flavour and overall acceptability

raËíngs were inferior and the ntunber of off-flavour scores \{ere Íncreased when

fÍsh protein wås added to the diet. They thus reco¡¡mended limiting the ínclusion

of fish protefn concentrate to 50t of Èhe total protein and using a wichdrawal

period to avoid off-flavour problems.

Stiles et aL, (L97 4) evaluaced Ehe effects of incteased protein Ín the

concencrate (12 vs. 15 or 18t CP) on the taste panel raElngs of the l. dorsi

muscle. Percent protein in the diet had no affect in Èhe evaluation of flavour,

juiciness, Ëenderness or overall satisfacËion.

E. Effects of Anabolíc AgenËs

It appears fror¡ the report of Van Weerden (1984) that ÍEplants of estradiol

and trenbalone acetâte do not affecc water binding capacity, lreight loss ât

boiling or the shear force values. Collagen content of the neat lras noÈ affected

by irnplancs of zeranol plus crenbalone acetate or estradlol plus Èrenbalone

acetate, nor dÍd these Ínnplants affect shear force values or Eenderness ratings

of the pectoralis produncis or the rectus fenoris, Shear force values did noÈ

differ ben¡een conErol and implânted calves lrhen the 1. dorsl muscle rvas examined

but Èhe evaluatíon of Eenderness for this muscle was lower in lhe calves

irnplanted lrith estradlol plus Erenbalone. OÈher authors cíEed in Ehis report

also índícate that while pH, \,rater holding capacity and cooking losses do not

differ bett¡een control and treated groups, Èhere is Índication that ímplanted

calves have less Eender 1. dorsi rnuscles (as roeasured ínstrumenLally) thân do

control anlnals.
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M,A,TERTALS AND METHODS

I . GROI,ITH TRIAI

tr'orty-fíve male Holstein calves were allotted at random to one of

five dietary treatments. Diets lrere formulated to contain one of the

following as the dietary energy source: corn, barley, barley * canola

oíI, barley * adctecl oí1 in the from of Jet-SplodedR canolâ seed (JSCS)

or barley + wheat in a 50:50 ratío (ta¡te t). All diets except the

barley díet were formulated to be ísocaloric ât a calculated DE content

of 3696 kcal/kg. Díets \,¡ere isonítrogenous at 167. crude protein (CP)

(fa¡te Z) víÈh canole meal supplying the supplemental proteín in the

corn, barley and barley * oil díets and JSCS supplying the supplemental

protein in the barley + JSCS diet. No supplemental protein Þras

r:rcessary to formulate a L67" CP diet using barley + wheat.

Over the period from Decenber 1986 to November 1987 calves were

obtained from three sources: the University dairy herd, a local daíry

farm and a local auction barn. Príor to starting on test they were fed

r¡ri1k at a rate of 1.8 - 2.0 kg/head/d in 2 equal feedings. When calves

!¡ere at least 7 d but not more than 13 d they were started on test. A1I

calves v¡ere fed ¡nílk replacer as per Table 3. HiIk replacer was bucket

fed r,¡arn two tines per day. During the 5th r¿k of the sehedule the mí1k

replacer allotment was cut by half and during the 6th ¡¡k milk replacer

îeeding was díscontínued. Hater was avaíIable ad líbitum at afl tínes

during the test per iod.

Test diets r¿ere offered ad líbítum to the calves as soon âs they

started on test. Fresh feed was given daíIy and weekly feed weighbacks

were recorded on the norníng folloving weÍghing of the calves. After

weaning the test diet wâs the only feed offered until ¡narket. Calves
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starter diets fed from start ofTable 1. Ingredient composítíon of calf
test to fína1 market weíght

Ingredient (Z) Corn
Barley * Barley * Barley +

Barley oil- JSCS \,¡heat

Corn

Barley

Wheat

Canola meal

JSCSR

Canola oÍ1

Corn gluten meal

Molasses

Limestone

Biophos

Potassium chloride

Co-I salt

Trace rnineral prernixf

Vitanin prerníxf

78.2

- 87.8

13,5 3.4

2,8 3.0

2.8 3.0

r.0 1.1

0 .24 0.32

0.28 0.34

0.40 0.40

0.48 0.50

o .20 0. 20

81.5 45.6

- 45.6

82.7

5.0

3.5

3.0

3.0

1.r

0.34

0. 36

o.42

0, 50

0. 20

9.70

3.0

3.0

t,2

0.30

0. 34

0.40

0.50

0.20

3.0

3.0

L.2

0.24

0. 38

0.40

0.50

o ,20

Total

fFormulated to províde 22 mg copper sulphate, 0.11 mg selenium, 28 ng zinc
oxide, 28,5 mg nanganese oxide, 750 mg nagnesium oxide, 2'000 mg potassir¡m
chloride and 1'600 rng cobalt-iodízed salt per kg of mixed diet.

fFormulated to províde 7,000 IU vitamín A, 3,000 IU vítanín D3 and 6 IU
vítamín E per kg of mixed diet.

100100r00r00100
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Table 3. Schedule for feedíng rnílk, milk
diets fron birth/arríval of calves
of test at 7-L3 days of age

85

replaeer and experímental
to 6 weeks after the start

MílK
( keld )

MílK
replacer
(ke/d)

l,¡ater Calf
(1/d)+ starterf

Bírth/arrival

Days on test:

8-14

L5-2t

22-28

29-35

35-42

start z.o

0.340

o ,454

0. 560

o.784

0. 500

2.00

2.75

3.75

4. 50

2.50

as líbítum

ad libitu¡r

ad libitum

ad líbitun

ad líbitum

ad libitum

f,later was also avaílable free choíce throughout the experiment.

{Each calf was offered ad libítun the diet to which it was randomly
assígned.
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were \,¡eíghed bí-weekly, and feed intake was tabulated in the períods

corresponding to the weigh periods. Overall veíght gaisn and total feed

intakes \,¡ere tabulated for the prer,¡eaning (0-6 ¡,¿k on test) and

post\,¡eaning (6 wk on test to slaughter) periods. The number of days to

slaughter was calculated as the number of days from 6 weeks on test to

the first weígh day on r¿hich the calves weíghed > 210 kg live!¡eight.

.Average daily gains, daily feed intakes and feed to gain ratios Here

calculated using overall weight gains, total feed intakes and the nr¡mber

of days to slaughter.

Two calves in each treatment (dÍet) were implantêd v¡ith 4 pellets

of S¡'novex CR at 100 kg. The remaÍning 7 calves per greatnênt were

implanted at 80 kg live weight as it becane clear that the origin¿l

slaughter weight decíded on was not hígh enough to obtaín reasonable fat

cover and muscle development.

Calves r,rere housed ín individual 1.2 x 1.8 m pens bedded r,¡ith wood

shavíngs until t 180 kg, At that tirne calves were noved to índívidual

I.4 x 3.7 m pens where they wêre kept until narket weight, Lightíng was

controlled at 16L:8D.

Feed samples were taken fron each batch of feed as it cãrne into the

barn by samplíng the bags with a sámpling probe. These were dríed at

60"C for 2 d, ground through a 1 rnn screen and stored for 1âter

analysis. Because of a problem \,¡ith the vítâmin-mineral premix in the

first batch of feed, this batch was analyzed separately and wí1I

henceforth be referred to as composite 1. All other baLches were

lomposíted over tirne ínto three composites and analyzed as such. AII

chemícal analysis except the nineral analyses is presented as the

âverage value for the four conposites (Tabfe 2),
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The grouping of calves by díetary treatment, ímplant weíght,

slaughter weíght, season of marketing and source of calves is gíven ín

Appendíx Table A.

II. DIGESTTBILITY TRIAL

A digestíbílity tría1 was conducted r¿hen calves reached 1I-12 wk of

age, Calves were given their respective test diets containíng 0.32

chromic oxíde for l0 d prior to fecal collection. Iecal samples were

collected every morníng and eveníng by grab samplíng fron harness bags

for 5 d and frozen for later analysis. On the 5th d of the collectíon

period blood and rumen samples were taken at l and 3 h followíng feeding

ín the morníng. Blood was collected in a VacutaínerR containing heparin

and spun. The plasma ¡,¡as decanted and frozen for later analysís. Rumen

fluid was collected usíng a syringe and rubber tubing wíth a screened

ball on the end for screeníng out feed particles. A pH reading was

taken i¡nmediately usíng a Digí-senseR digíta1 pH meter, model 115994-10

(Cole-Parmer Instrument Co., Chieago, IL). The samples were then spun

at 4354 G and the supernatant \,ras then frozen (-20"C) for later

analys is .

After collectíon had been made from 6 calves per tteatnent fecal

samples were thar¡ed and compositèd over 5 d (f0 collections) for each

calf. These r¿ere dríed at ó0"C for 3 d and ground through a 1 nm

screen.

Grab sarnples of chromic oxíde contej.ning díets were taken on the

Friday prior to fecal collection froro each calf, These r.¡ere dríed at

60'C for 2 d, ground through a 1 mm screen and then cornposited according

to trêatment to obtaín a single sarnple. Those sarnples from calves given
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the first batch of feed were analyzed as a separâtê cornposite because of

the problem with the vitamín-mineral prenix.

III.

A.

RIJMEN DEGRÄDABILITY TRIAL

Protein Sources

Protein sources testêd wêre canola meal, the Jet-Sploded canola

seed used in the gror,¡th trial (JSCS) and the Jet-Sploded canola seed

,sampled at the end of the Jet-Sploding run when the exít temperature was

properJ-y regulated (End Sampte). The canola meal was incubated âs

received and thè Jet-Sploded canola seed samples were íncubated as

intact seeds.

Aníma1s and Diets

Two rurninally fistulated mature steers (1 Angus and I Jersey) were

fed a totâl mixêd díet of alfalfa hay, alfalfa silage and daíry

concentrate míx at a ratê of 14.3 kg/head/day, The concentrate portion

of the díet contaíned rolled corn (28.82), rolled barLey (28.47.), beet

pulp (8.22), canola meal (24.67"), molasses (2,37"), urea (0.52), tallor¿

(3.0Z), and vitamin-mineral premÍx (4,27") and the ratio of

forage: concentrate eas 68:32.

In Situ Incubation

Five gran samples of each protein

sewn 7.0 x 11.0 cm nylon bags and the

ThírÈy-six bags (18 bags per steer)

source, Two bags per steer per treatment

weight ín the runen for 4 and 8 h and

source were weighed ínto double

bags were tied at the top.

were prepared for each protein

were suspended by clips on a

2 bags per steer per treatrnent



89

were washed (tirne=O h) to obtain estímates of soluble DM and CP. Bags

\,¡ere introduced ínto the rurnen in reverse sequence and all bags were

removed at the sâme tíme. After rurnínal incubation bags were rinsed

t¿íth cold tâp \tater to renove surface debrís and then vashed, once for 5

min and agaín for 2 mín ín an old r,rringer washing machine.

Washed nylon bags were dried at 60'C for 3 d in a forced air oven

to dêtèrmíne DM loss. Single, empty bags were incubated in each steer

for each tine of íncubatíon and the change ín weíght was used to adjust

ÐM loss for DM pícked up ín the bags themselves. Bag contents were

analyzed for CP (n x 6.25) using the mícro Kjeldahl procedure as per

AoAC method /17.015 (Associatíon of Offícial A¡alytícal Chemísts, (AOAC)

1984).

Dry natter and CP disappearance after 0, 4 and 8 h rumen íncubation

were expressed as a peËcent of the inítíal anounts of DM and CP present

in the bags.

B. Experímental Diets

Ground (1 mm screen) composíte sanples from cornposítes 1, 2, 3 and

4 oî the experimental diets from the growth trial (corn, barley, barley

plus canola oil, barley plus JSCS and barley plus wheat) were eonposited

to obtaín one sample per díet.

Anirnals and Diets

Two ruminally fistulated nature stêers (l Angus and I Jersey) were

fed alfalfa hay at a rate of 9 kg per head per day,

In Sítu Incubation of ExÞerimental Diets
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The in sítu incubation procedure vas as descríbed for the ín situ

incubatíon of proteín sources wj-th the exception that CP ând DM

disappearance at one additional time of incubation (36 h) was evaluated

also, duplícate empty bags per steer per time period were íncubated to

adjust DM loss for DM picked up by empty bags. The effectíve

degradabílity of ÐM (EDDM) and CP (EDCP) r¡as calculated using the

equation of Orskov (1982):

EDDM or EDCP = a * bc
.+k

where a = disappearance at 0 h.

b = disappearance at 36 h - disappearance at 0 h.

c = rate of degradatíon per hour from 0-8 h.

k = outflow rate = 0.08.

IV. CARCASS DATA

Two calves per treatment were slaughtered at 180 kg líve weíght.

The remaíníng seven calves were slaughtered at 210 kg live weight ín an

attempt to obtain inproved rnuscle development and fat cover. Calves

were weíghed unfasted 1 d and 4 d príor to slaughter. Four days príor

to slaughËer blood samples were taken for hematocrit and hernoglobín

determinâtíon. The liveweíght at sl"aughter was taken as the average of

the unfasted weights takên at 1 and 4 d príor to slåughter, Calves were

slaughtered víth the hide off accordíng to routine procedure at a local

plant.

Warm carcass t¡eights were recorded inrnedj-ately after slaughtêr.

The dressing percentage vas calculated using the \,Jarm carcass \.reíght and

the unfasted average líveweight at I and 4 d prior to slaughter.

Twenty-four h after slaughter color readíngs were taken on the brisket
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åccording to Agriculture Canada Specífícatíons and on the 1. dorsí

muscle between the 12th and 13th ríbs using a MínoItaR reflecLance

meter, A pH reading was taken at the same point on the muscle using the

FisherR pH-temperaturê meter #119 (Fisher Scientifíc, Wínnípeg,

Manitoba).

At this time the kidney plus renal fat and the 13th ri.b sectíon

l¡ere rernoved by the packing house staff. A tracing was made of the 1.

dorsí muscle on the ånteríor síde of the rib for determínatíon of ríb-

eye areâ, The kídney fat !¡as rernoved frorn the kidney and veighed.

HaIf of each carcass was pícked up by a local butcher shop where,

after agíng for 5 d aÈ 2"C the 12th rib and a 5 ríb roast fron the 7th

to llth rib inclusíve r¿ere removed and frozen in plastic wrap at -23"C.

AfÈer all aninals had been slaughtered the 12th rib sect.ions ¡¡ere thawed

and the 1. dorsi muscle ¡¡as removed. All intermuscular fat and

connective tissue r.¡as removed from atound the muscle. The muscle was

then freeze drÍed for 2 d for DH deteñ¡ínation and ground using a coffee

grinder. Samples were then refrozen until analysís. Rib roasts

remaíned frozen (-23"C) until used for sensory evaluatíon (Section V).

V. SENSORY EVAIUATION

Veal rib roasts cut fron the 7th to llth rib inclusÍve were

obt.aíned from calves in the gro\,rth ttíal. Anir¡als had been slaughtered

at varíous tirnes dependíng on the date they reached slaughter \,¡èíght,

therefore roasts went into frozen storage and were held for differíng

tíne intervals (f-9 months). The anímals had been slaughtered ând cut

at Eâst-Wêst Packers ín Winnípeg, Manítoba. l,leíghts of the rib roasts

ranged ftom 1.9 to 3.0 kg, and the grades ranged from Al to C4,



Figure 1. Sanpli¡g fron l: dorsi muscle for sensory and insLrumental
meâsurements
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Six roasts per treatment were selected at random' Roasts were

thar¿ed for 72 h ax refrigerator temperature and weighed' Thermocouples

were ínserted into the center of the l' dorsí muscle' The roasts were

placed on a rack ín an open pan and roasted at 160'C until the ínternal

temperature reached 65'C (medium doneness) ' After the pans were rernoved

fron the oven, the roasts were a1lor'¡ed to sít on the racks for 30 mín'

The cooked roasts and the dríppings were thên wèighed separately'

Cooked roasts were placed on cutting boards and the 1' dorsí muscle

was removed fron thê roast. Working from the posterior to the anteríor

end, the slíces !¡ere taken from the muscle for Huntet Color Meter

readíngs' Warner-Bratzler Shear and press fluid determinations and for

sensory êvaluatíon.

Cookíne Losses

Total cooking loss was calculated using thê \'¡eíght of the cooked

roast, dríp loss was calculatetl using the weíght of the drippíns and

evaporatívelossesverecalculatedasthedifferencebetweentotaland

dríp losses. Each of these losses were calculâted ås a percentage of

the rar¿ weíght (Anerican Meat Science Association, 1978)'

Press tr'luid

Pressfluíd!'asdeterminedíntriplicate'esanadaptationofthe

method of SLanley and Swatland (1976). Tr'¡o 5 cm square pieces of

alurninum foíl were preweighed. A sample of cooked veal (0'5 8) ât 21"C

taken from the centre of the slíce, vas placed between the foil squares'

Three Hhatman ttI-L2,s cm filter papers \.reÏe placed on each síde of the

foíI, The sarnple packages were placed bet!¡een plexíglass plates and
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compressed for 1 mín at 12,500 lbs pressure. The filter Pâper was

renoved and the pressed meat and foil veíghed' Press fluid l¡as

calculated as the percentage of fluíd lost over thê origínal !¡eíght.

Hunter Color Dífference Metet

A Hunter-Lab D25-9 Çolor Difference Meter (Hunter Associates

Laboratoty Inc., Reston' Virgínía) was used to obtain CIEI,AB values for

the cooked meat. The machine was calibrated using a whíte Plate wi.th a

petri dÍsh over the snall porthole. Samples r'rere cut, wrapped ín

plastíc wrâp and then taken to the ínstruaent to be read (21'C)'

Samples were Placed in the petri dish, read once and then turned' 90'

and color values read again.

Instron Iorce

An Instron Universal Texture Testíng Machine (Instron Canada ltd.,

Burlington, Ont. ) ¡,ras used to evaluate tenderness of the cooked veal'

The 3-blade Warner Bratzler attachment wås used with the 91 kg load

cell. A 4 cm slice (¡'igure 1) r¿as turned on its sÍde and three cores

(1;3 cm díameter, 4 cm length) \,¡ere taken parallel to the muscle fibers'

Evaluatíon was carríed out r,ríth the App1e II (Apple Computer Inc.,

1985) computer assisted Engineering and Statistícal Research Instítute

(Agriculture Canada) Texture Data Acquisitíon and .{nalysis System

(Timbers et al. 1985), Peak force r,¡as neasured with a crosshead speed

of 10 cm/mín and a maximurn force of 80 kg.

Sensory Evaluatíon

(a) Training:
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Sive training sessions were carried out prior to the actual Panels'

The purpose of the training sessions !¡âs to familiarize panelísts wíth

the veal, sÍnce it was not frequently consumed by the panelísts' As

well, familiarity \,¡ith the sensory characterístícs juiciness and

tenderness was developed ând the techniques for evaluatíon defíned.

Traíning sessions âlso gave Panelísts experíence using the scales on the

ba11ot.

(b) Penels:

An eíght-member panel consisting of graduate students and staff ín

the Departrnent of Ioods and Nutrition at the University of Manitoba

evaluated the veal, The panel èvaluated 6 díetary treatnents of veal:

corn, barley, barley * canola oí1, barley * canola meal, barley * wheat,

and nilk-fed animals. To ensure consistency of samples arnong grades of

veal, only the B grade roasts were used for sensory evâIuatíon ' Roasts

for each sessi.on r¿ere selected at random fron the B grade roasts' Milk-

fed veal (grade A) roasts were purchased locally and were handled like

the other roasts.

Slices for sensoty evaluation (Flgure 1) were sampled so that each

panelíst receíved three cubes of meat, Panelists receíved sarnples frorn

the såme posítion ín the roast at each session to avoÍd any differences

that might have occurred due to posítion in the roast' Samples were

placed ín 30 rù. ceranic egg cups and covered t'¡ith Plastic lids' Cups

were coded wíth 3 digit random nurnbers. Sarnple cups were presented !o

the panelists in water baths (50'c, 15 min prior to evaluatíon) ' Veal

was evaluated for juiciness, flavour íntensíty, tendetness and flavour

pleasantness. One cube of veal vas pícked uP with a toothpíck, placed
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!¡ith the grain running cïosswise bet!¡een the molar teeth and evaluated

fírstly for juiciness ancl then flavour intensity' A second cube r-ras

then evaluated for tenderness and flavour pleasantness' The third cube

was used by panelists only íf they wanted to verify their first tlro

j udgments .

The technique for evaluatíng juiciness and tendêrness was defíned

during training, and descríptions weïe presented on the ballot (Appendix

Table C). An eight-poínt intensity scale with verbal descríptors was

usedtoscoretheveal.Sarnples\'¡erepresentedrandornlyanddístj'lIed

r,¡ater and unsalted crackers were used to rinse and clear the mouth

between sanples.

VI. CHEMICAT ANALYSIS

Growth Trial

Dry matteï of the feed sa¡DPles was determined after dryíng at 60'C

for 2 d. Acitl detergent fíbre was determíned as per AOAC method 7'076

(AOÀC 1gg4) using a Fibertec systen 1020 Hot Extractor (Tectator AB'

Hoganas, Sr^,eeclen) ' cP (n x 6'25) in the feed samples was determined

usíng the macro-Keliljahl rnethod as per AOAC method 7'015 (AOAC f984)'

Amino acids were analyzed accordíng to a revision of the procedure of

Sauer ( 1976) as f ollor,¡s:

a) for amino acids other than methíonine and cystine:

1) weígh 100 mg of sanple into 19 mm hydrolysis tubes

2) add 4 ml 6NHCI to the såmPle

3) evacuate the sanple and hydrolyze at 110"C fot 24 h

4) after hydrolysis' neutralize with 4.1 ml NaOH (252)

5) bríng volume to 50 ml using a sodíum citrate buffer (pH=Z '2)
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6) shake mixture and filter using a Hhatman No' 40 fílter paper

7) apply 50 pl of filtered sarnple to a 4151 Alpha PIus anino acid

anaLyzer (LKB Biochrom, Cambrítlge, Engtand) and determíne amino acid

content using a Hewlett Packard 3393.{ íntegrator (HP (Canada) Ltd.,

Mississauga, Ont. ).

b) methíoníne and cystíne were determined according to the procedure

of Hírs (1967) with the foLlowing nodífícations:

1) after oxidation add 0.5 mI conc' HCI mix and let stand for 3 h

2) add 2 ml 6NHCI

3) evacuate and hydrolyze at 110"C for 6 h

4) after hydrolysís, neutralize solution with 2'3 mI NaOH (252)

5) proceed wíth stePs 5-7 ín a)'

Fats \,Jere extracted usíng a 60:40:1 ratío of

chloroform: methanol: HCI according to the procedure of Marchello et aI'

(197i). Iollowíng deternínatíon of percentage fat in the feed sarnple a

10 ml aliquot of the fat tlíssolved in chloroform r¿as stored ín the

freezer under nitrogen for subsequent fatty acíd analysís' Prior to

fatty acicl analysis the alíquots from the 4 composites of each treatment

were pooled, the solvent was evåporated under a strean of nitrogen and

fatty acíds were methylated accordíng to the ptocedure of Shehaeta et

al, (1970) as descríbed by Seevald et al' (1987)' Following

transesterf ication I ¡:1 aliquots \'¡ere injected ínto a Vísta 6000 gas

chromatograph (Varian Canada Inc., Georgetown, Ont')' The program was

started at 140'C and increased by 5'0"C Per mínutè to a final

tèmperature of 210'C. Peaks were identífíed by conparíson wi'th the

retentíon times of the stanctard fâtty acid methylesters (Supelco Inc"

Oakville, Ont. ) area under the peaks were calculated using a Vista 402
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Data System (Varian Canada Inc., Georgetown, ont. ) and the indívidual

falty acid rnethyl esters vrere reported as a percentåge of the total

amount, A flame ionization detector was used ín the procedure'

Preparation of the feed sanples for mineral analysis was done

accordíng to the following procedure:

1) weigh 1.0 g sanple into dígestíon tube

2) add 6 nl concentrated HN03 and let stand overnight'

3) on the followíng morníng add 3 nl conc' HCL

4) míx and dígest over Iow heat until the solution becomes clear and

colorless, then di.gest over high heat untíl near dryness

5) add 2.5 nI conc. HGL to resídue and let sit overníghÈ'

6) on the folloçing morning add l0 mI of distíIled r¿ater to each

sample, shake and let sít untíl the next day

7) fílter each sanple usíng Whatman ll 42 Ashless fílter paper ínto a

50 ml volunetric flask using 3 washes of 10 ml of distilled deíonized

water

8) bríng to volume (50 ml) and invert several tines

The 50 ml of solutíon was then analyzed for Ca, P' Mg, S, K' Mn,

Zn, Cu and Fe usíng an ICP 3510 (Àpplied Research Co', Scarborough'

Ont. ) at the Feed Testing Laboratory, Manítoba Agriculture'

DÍsestibility Tria1

Dríed, ground feed and fecal samples were analyzed for CP (Nx6'25)

ADF, DM and fat content as described for the growth trial' CR2O3 ín the

feed and feces was determíned according to the procedure of lt¡illíams et

aI. (1962). The gross energy content of the feed and feces r¿as

determíned by complete cornbustion in an AdiabaLic Bomb Calorineter (Parr
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Instrunents company Inc., Moline IL), The dígestibili.ty coefficíents

form DM, energy' CP, fat and ADI were cal-culated accordíng to the

equations of Maynard et al. (1979).

VolatíIe fatty acids in the rumen fluíd were deternined by gas

chromatography (Erwin et al., 1961). Rumen arnmonía was determined by an

ammonia electrode (Model 95-10, oríon Research, Cambridge, ì'fA) ' Blood

urea nitrogen was determined using an autoanalyzer (Marsh et a1', 1965)'

Carcass Trial

The DM content of the meat samples was determíned after samples

were lyophiti zed' fot 2 d. Crude protein (Nx6'25) was detennined by the

mícto Kjeldhal nethocl as per AOAC t¡38.014 (AoAC 19ó5) usíng a Kjeltec

ÀuÈo 1030 Analyzer (Tectator AB, Hoganas, Sweeden) ' The fat content of

the meat sample was determined according to the procedure of Seewald et

al. (1987) and fatty acids were determíned as described for feed

samples. Ash content was determíned by a nodífícatíon of '{OAC method

#7,009 (AoAc 1984) after subjecting I g sarnples to 550"C Íor 24 h'

Bloorl samples taken Prior to slaughter r,lere analyzed for hematocrit

and hemoglobín content usíng the microhematocrit nethod and the Spencer

Hb-Meter (American Optical Go., Buffalo, NY) as described in Benjamín

(1e78).

VII. STATISTICAL ANALYSIS

Growth Tríal

Growth and feed consurnptíon data for the períod fron start of test

to 6 r,¡k on test were analyzed usíng diet as the main effect and weight

at start of test as the covariate. Data for the Period from 6 r'¡k on
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test to slaughter \,Jere analyzed usíng diet as the main effect, weight at

6 wk on test as the covariate and one of the followíng as the blockíng

effect: s laughter grouP' implant grouP, source of calves or marketing

season. AI1 data were analyzed using the General Linear Model (GL,If)

procedure (statístical Analysis Servíce (SAS) Instítute Inc., 198ó) and

multíple conparison analysís of least square meâns \{as completed using

the Bonferroni optíon under GLM'

Ðíeestibílitv Trial

As was the case ín the gro!¡th triâI, composi.te I of the GR2O3

eontaíníng díets contained an excess of ¡nícronineral prenÍx. Therefore,

the effect of composite was fírst tested in the GLM Procedure. Sínce

composite affected (P<0.05) the dígestibility of gross energy' ADF and

CP and tended (P<0.10) to affect the digestíbility of DM (Appendix F)

and sínce composite 1 was not represented in treatnent 4 i't !,as decided

to omít those calves receiving cornposíte 1 of the Cr2O3 diets from the

statístícal analysis. Data r,¡ere analyzed usíng díet as the maín effect

under the GLH Procedure (SAS Instítute Inc. ' 1986) and multíPle

comparison analysís of the least squares neans was conpleted using the

Bonferronírs opt j.on under Gll'l '

Ru¡nen fluíd volatile fatty acíds, ru$en fluíd pH' rumen fluid

am¡nonia nítrogen and blood urea nítrogen uere analyzed usÍng a split

plot desígn (Steele and Torríe, 1960) with díet as the maín plot and

sarnpling tí¡ne as the sub-plot. Data wer.e analyzed using the GLM

Procedure (SAS Institute Inc., 1986) and multiple comparíson analysís of

the l-east squares means was comPleted using the Bonferronirs option

under GLM, Only data for ëalves fed composite 2 of the CrZO3 diets were
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used ín the analysis.

Runen Degradabílity Trial

Dry matter and CP disappearance from the Proteín sources at 0' 4

and 8 h were analyzed using protein source as the maín effect and steer

(p¡oteín source) as the èrror term under the Anova optíon (SAS Instítute

Inc., 1986) and the means were compared using Duncans Multiple Rânge

Test (SAS Institute Inc., 1986). Because of missíng values, the DM and

CP dísappearance from the experimental diets at 0, 4, I and 36 h ¡¡as

analyzecl using the GLM Procedure (SAS Instítute Inc., 1986) and least

squares tneans lrere compared using the Bonferronirs option under GLM

Procedure (SÀS Institute Inc., 1984). Ðíet was used as the main effect

and steer (¿iet) \.¡as used as the error term. The effectíve

degradabíIíty of DM and CP was analyzed usíng díet as the naín effect

and steer as a blockíng effect using the GLM Procedure (SAS Institute

Inc,, 1986) and least squares means were compared using Bonferronírs

optíon under GLM.

Carcass Trial

All slaughter data (carcass weíght, dressíng percenL' kidney fat

weight, I2th ríb conPosítion, rib-eye årea ât the 13th ríb and

henatocrit and henoglobin at thè tíme of slaughter) were analyzed using

diet as the rnain effect and slaughter SrouP as the blocking effect.

Data were analyzed using the GII'Í Procedure (SÁS Institute Inc', 1986)

and multíple comparíson analysís of the least squate means l¡as completed

using the Bonferronírs optíon under GIJ'I.
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Sensory Evaluation

Data for the paramters measured for meat qualíty (Harner - Bratzler

Shear press fluíd, cookíng losses, and Hunter-Lab colour readings) were

analyzed usíng the GL,Il Procedure (SAS Institute Inc., 1986) and multíple

comparíson analysís of the Least Squares Means r'¡as completed using the

Bonferronirs optíon under GLM. Al1 data were analyzed using diet as the

maín effect and panel as the blockíng effect.

The followíng model r¿as used ín the statistical analysís of the

panelistsr evaluation of cooked meat samples:

TR, JR, FIR, FPR = EVAL DIET EVAL * DIET PAN DIET .* PAN

where TR = Tenderness Rating (Scale of 1-8)

JR = Juicíness Ratíng (Scale of l-8)

FIR = Flavour Intensíty Rating (Scale of f-8)

IPR = Ilavour Pleasantness Ratíng (Scale of 1-8)

EVAL = Evaluator (n=8)

DIET = Ðiet (n=6)

PAN = Panel (n=6)

The data were analyzed using the procedure described by Christían and

Harvey (1985) and línear contrasts ¡¡ere used to conpare the least

squares means.
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RESULTS AND DISCUSSTON

I. GROWTH TRIAI

Díets

Corn, barley and barley-wheat díets had similar gross ênergy (GE) values.

The slightly hígher value for the corn díet was due to a higher lipid content

(ta¡te Z). The analyzed lipid content of the barley diet !¡as increased by

4.29 anð 5.52 percentage units t¿ith the additíon of 3.52 canola oil a¡ð,9.77"

Jet-Sploded Canola Seed (¡SCs), Corresponding increases in GE content nere

170 and 220 kcaLlke. These fígures were 44 and 392 less than the expected

íncreases of 326 and 361 kcal/kg with the additíon of 3,57" canola oíI or 9.7 7,

JSCS. The GE content of the díet containing barj-ey * JSCS was hígher than

that of the barley + canola oil diet es would be expectêd \,¡ith (+1,232) Iipid

content of samples from thís díet.

Measured dígestible energy (DE) Ievels for a1l díets were below the

forr¡ul-ated levels of 3596 kcal/kg for the energy supplenented díets, and

reasons for thís will be díscussed in Section II A. As r¿as íntended by

expeÌímental desígn, the ÐE content of the barley diet was below that of the

other díets.

Díets were formulated to contain L67. cr.uð.e protein and aII díets fell

within the range of L5.5 to 16.62. Using barley rather than corn as an energy

source reduced by 10 percentage uníts the amount of canola meal needed to

formul-ate a diet contaíning 162 CP (Table 1). When a 50:50 míxture of barley

and wheat r¿as used as the ênergy source no supplementary protein was

necessary, âs wheat ín thís year contained high levels of crude protein. Acíd

detergent fíber (ADF) levels in the barley and barley i oil dieÈs were

simÍlar, but the addition of JSCS slightly íncreased the AÐF levels, while

adding wheat or replacing barley with corn decreased ADI levels.
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Mineral levels in all diets were fornulated accordíng to the NRC (1979)

specífícatíons for calf starter mixes. However, composíte 1 of aII diets

contained high levels of a micromíneral premix and as a result several

mínerals were present in thís cornposite at levels !¡ell above the formulated

Ievels (Table 4). Zinc (980-1300 ppm) and Cu (300-430 ppm) levels were in

excess of the maxírnum tolerable Levels of 300-1000 ppm (Zn) and 200 ppm (cu)

as set by NRC (1980), Manganese levels (720-820 ppm) r¿ere below the ¡¡Rc

(1980) maxinun tolerable leve1 of 1000 ppm. Actual levels of Ca, P, Mg, S and

K were within range of the formulated levels (tatte ¿).

Addítional íron was delíberately withheld from díets in an attempt to

mínimíze íts effects on meet colour. However, íron levels Ín the dÍets (100-

270 ppm) q'ere still in excess of the NRC (1979) reco¡unendat ions of 50 ppm.

Additional íron would have come fron the graíns and protein supplements and

possíbly from the other níneral supplements.

Puls (1981) lísts normal serum zn levels as 0,7-L.4 ppn and toxíc serum

Zn leve1s as 5.2-7.5 ppm. Normal copper levels are listed as 0.8-1.50 pprn and

high-toxic Cu levels are listed as 2.5-11.0 ppm. Blood samples taken from

tl¡elve calves when the mistake ín premixes r,¡as discovered (at this tíme tested

calves had been fed the diets for periods rangíng from 4 to 19 weeks) shoved

copper levels to be wíthín the normal- range (0.76-1,68 ppm). However, six out

of twelve calves sampled (on test fron 9-19 weeks) had toxic serum Zn levels

(5,86-12.57 ppm), four out of twelve calves (on test from 9-16 \,¡eeks) had

borderline toxíc serurn Zn levels (4.58-4,78 ppm), one (on test 5 weeks) had

elevated serum Zn levels (2.24 ppm) and one (on test 4 r,¡eeks) had normal serum

Zn levels (I.70 ppn) as determíned by the Manítoba Veterinary Services

Laboratory.

It ís díffícu1t to assess the impact of the Zn toxicity on animal
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Table 4. Mineral analysís of díets fed from start of test to slaughter

Díet

Míneral Batchf
Barley

Barley oil
Barley * Barley *

JSCS wheât

ca (2")I

P (7")+

ue e)I

s (7.)+

K (7,)+

I't" (pp.)f

z" (ppr)f

cu (ppm)f

¡'. (ppr)t

0.76 0,9i
0.68 0.7L

0.58 0.63
0.55 0.55

0 .21 0. 16
0.23 0.20

0.28 0.2s
0. 25 0.20

0.55 0.91
0,83 0.89

7 t9.L 820.5
32.6 40,9

LL56.2 t027.7
48.0 51.ó

300.1 359.5
13 .4 17.0

195.9 235 ,6
L06.4 t27,7

1

2

I
2

1

2

I
2

1

2

1

2

1

2

1

2

1

2

0. 98 0. 81 0. 9s
0. 66 0. 73 0. 70

0.60 0.58 0.58
0.58 0.55 0.54

0. 15 0. 16 0.14
o.20 0,21 0. 19

0.25 0.23 0.23
0,2L 0.2r 0,18

0. 99 0.91 0. 88
0.89 0.90 0.92

774.6 717.3 732.8
163. 5 32.7 38. I

977.2 7112.6 1294.6
102.30 58. 1 50 . 5

433.9 30i.5 326.5
37 .9 L9.4 15.3

271.2 270.4 238,2
148.3 L44.6 L26.7

+DM basis.

flatctr t ís the values for míneral analysís of batch 1, l¡hich conÈained
excessíve amounts of nícro-míneral premíx, Batch 2 ís an average of the
values for míneral analysís of eomposites 2, 3 aîd 4 (normal
micromineral premix),
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performance due to the lor¿ number of anirnals on test at this time, Also, rnany

of the calves that received these díets were also slaughtered at the lighter

(180 kg) slaughter weight, so thís may have confounded the effects of the Zn

toxícity. Comparative perforrnance parâmeters are lísted, without statístics,

for calves fed Zn-toxíc diets for ât leâsÈ 5 weeks versus those ¡,¡ho díd not

receíve any Zn-toxíc díet (Table 5), Daíly gaíns and daíly feed consumptions

appeared to be reduced and the feed requíred per kilogran of gain appeared to

be íncreased for the calves fed Zn toxíc díets. The ímpaíred calf performance

agrees wíth reports by OTT et al. (1966a; 1966b) who also found that high

díetary Zn levels for steers (eOO ppn) and lanbs (1500 ppm) reduced feed

íntake, daí1y gaíns and feed conversíon efficiency. Theír reports índícate

that the reductíon in feed intake when diets contain hígh levels of Zn was in

part due to a palatability problem,

Despíte hígh díetary copper levels in these diets serum copper levels

were not elevated. Thís is líkely explained by the interactions betrleen Cu

and other metals in the gastro íntest inal tract. Therefore, it seems like1y

that the reason for the absence of elevated serum Cu levels was the high

levels of Zn ín the diets. Ivan and Gríeve (1976) reported reduced copper

absorption ín young calves r¿hen the basal dietary Zn levels r,¡ere raísed from

50 mg/kg to 100 ng/kg. The ínhibitory action of Zn on Cu absorption r¿as shor+n

to occur in the rumen and the small íntestine, It ís known that hígh levels

of dÍetary Zn causes íncreased metal-Iothionein synthesís in the intestine of

rats and chicks (Richards and Cousins 1975a,b; Starcher et al. 1980¡ Menard et

al. 1981). High levels of Zn cause accumulation of copper ín the murosal cell

(Evans and Hahn 1974; Fischer et aI. 1983; Oistreícher and Cousins 1985) due

to the binding of Cu to metallothionein (Iischer et a1. 1983). As a

consequence, the rate of transfer of copper to the plasna is impaired.



Table 5. Effect of premíx
slaughter

107

on calf performance from 6 weeks to

Compos itef

No. of calves

Days to slaughter (kg)

Average deíIy gein (kg)

Average daíIy feed (kg)

Kg feed ÐM/kg gain

16

125.56

1.07

3.2L

3.06

29

119 . 00

1.31

3. ór

2.7 7

{Average growth performance and feed consumptíon data for those calves
fed diets contaíníng high leveIs of micromíneral prex¡íx for at least 5
test ¡,reeks (Composíte 1) and those receívíng only normal diets
(Composite 2).
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Calf Pérformance

Although ínítíal weights for calves on the fíve dietary treatments varied

fron 43 to 48 kg no differences ¿rmong treatments lrere found (P>0.05), as was

the case for age at start of test (Tâble 6). Average age and weíght at the

start of Èest were 10 days and 47 kg. There were no dífferences (P>0.05)

among díetary treatrnents for consumption of milk replacer, calf starter or

total dry matter frorn 0-6 r¿eeks. Slight differences in nilk replacer

consurnption were due to feed refusals as animals adjusted to the milk

replacer. Daily gaíns and feed conversion effíciency did not differ arnong

dieÈs (P>0.05) but the sJ.ight differences in daíly gaíns resulted in lower 6

week weights (p>O,OS) for calves on the barley-wheat diet. For thís reason,

a1I subsequent (6 l¡eeks to market) data has been adjusted by covariate

analysís for weíght at 6 r¿eeks on test.

Daily gains from 6 wk to market on the barley + wheat diet were lower

(P<0.05) than on the barley * oíI diet and tended to be lower than on the

barley t JSCS diet (Table 7), Average daily gains on barley and corn based

diets r,¡ere intermediate to, but not different (P>0,05) Than, those on the

barley + wheat and barley * oi1 or barley + JSCS diêts. Although the GLll

procedure showed signíficânt (P<0,05) dífferences among treatments for average

daily feed (Appendix Table E); the means separation test was unable to

distínguísh where the dífferences \,rere (Table 7). Calves fed diets based on

corn or barley * wheat had the lowest apparent daily feed consunptíons,

averaging 7-92 Less feed per dey than those fed barley, barley * oil or barley

+ JSCS. SimíIar1y, although the differences among the least square means for

feed effíciency ratíos approached signifícance (P<0.10), the trends were not

detected with the means separation test. tr'eed efficiency ratíos were lowest

on díets contaíníng corn, barley * oil and barley * JSCS, with those calves



Table 6. Effect of diet on the
feed consumptíon data
on test

least square means
from stârt. of tesÈ

r09

for calf growth and
at 7-L3 d to 6 ¡,¡eeks

Díet

Barley +
Barley oí1

Barley * Bar1ey *
JSCS wheat

No. of calvesf

Age at start (d)

Ht at start (kg) 5

tlt at 6 !¡k (kg) I

A-DG to 6 wk (kg ) 5

99

9.33 11 . 33
(0.s21)+ (0.821)

47.67 46 ,44
(1.36) (1.36)

60.66 62.70
(1.8s) (1.82)

0.347 0.396
(0.044) (0.043)

8

9,75
(0.870)

47.L3
(r .44)

59 .40
( 1. e4)

0.317
(0.046)

0.480 0.455
(0.020) (0.021)

0.345 0.258
(o.o3s) (0.037)

0.825 0,7 14
(0.036) (0.038)

2. L5 2.s6
(0.4s6) (0.487)

99

10.89 8.33
(0.821) (0.82i)

45.78 43.44
(1.36) (1.36)

60.18 60.22
( 1.82) (I.e1)

0. 336 0. 337
(0.043) (0.04s)

0.447 0.462
(o. o2o) (0.02r )

0.353 0.294
(o. o3s) (o. 03i )

o,799 0.756
(0.036) (0.037 )

2;80 2.96
(0.4s6) @.477)

Feed consurnption l

r'ß. r DM/d (ks) o. 461
(0.020)

srarrer DM/d (kc) 5 o.3o¿
(0. 03s )

rorar DM/d (uù 9 // 0.76s
(0. 036 )

Kg DM/kg gain s 2.57
@.464)

þne calf from the treatment barley * canola oí1 was omitted from the
analysís because of íll-health duríng this period.

fftlumbers in parentheses are the standard errors of the least square
means .

SAdjusted by analysís of covariance for dífferences ín weíght at start
of test,
f'' lIR = milk replacer.

//Includes milk replacer and starter DM.
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perfed barley or barley + wheat díets apparently requiríng 10-182 more feed

kg of liveweight gain (Tab1e 7).

Ðai1y gains and feed effíciency ratios obtained in this study for diets

containing corn and barley are in good agreement with those reported elsewhere

in the literature (Latrille et al. 1983; Guertín et a1. 1987a). Stiles et al.

(1973) and Beeuchemín (1940) have reported slightly lower values but this was

possíbly due to a lower starting l¡eight and the addítíon of l0Z hay to the

díet. Reports comparíng whole corn and rolled barley have indícated that

daíly gains are comparable on the two, but as was the case ín the present

work, more feed appeared to be required to produce a kg of gain !¡iÈh barley

díets (Beauchemin 1980; cuertin et al. 1987a).

The 92 reduction ín daíly gains observed l¡hen 502 of the barley was

replaced r¡ith wheat appeared to be due to a simíIar reductíon ín average daíly

feed intake, as feed effícíency was similar for both díets (Table 7). Work

with calves weighíng 100-400 kg has also shown that replacÍng barley wíth

wheat reduces daily gains and feed intakes by about 82 but does not affect

feed efficiency (Kay et aL. 1972). However, the apparent 152 decrease ín

daí1y gaíns when díets contaíning barley * wheat r,rere compared to those

contâining corn were not acconpaníed by a sirnilar apparent reductíon in feed

intake (Table 7). Feed effíciency appeared to be greater (P>0.05) on the corn

díet than on the barley wheat díet by about l8Z. Similar findings have been

reported by Kay et aL. (1972) ín that \,¡hen wheat was compared to corn as an

energy source for calves veighing 100-400 kg, daily gaín and feed efficiency

was ímpaired but feed intake remaíned unchanged. Thus, the intake problems

associated wíth feedíng wheat ín comparison to corn to feedlot cattle (Oltjen

et al,. 1966; Varner and Woods 1975; Fulton et al. 1979) are not apparent \^'hen

wheat íS fed to younger (< 400 kg) calves at a level of 457 of the DM.
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The addítion of oil to a barley based diet, eíther ín the form of canola

oil or JSCS, díd not reduce average daíly feed intake. Others have also found

that díetary fat additíons of up to 62 have not depressed feed íntake when

diets were offered ad 1íbiturn (Gardner and Wallentine 19721' Stiles et al.

1974¡ tlaldern and Físher 1978; Bouchard et aI. 1980). The slíght (P>0.05)

increase ín daíly gaíns obtaíned when canola oil was added to the diet

contrasts wíth the fíndings of Gardner and Wallentine (1972), Stíles et a1.

(1974) and Bouchard et al, (1980) r¿ho found no íncrease in daíly gains when

anírnal fat was added to calf starters. Hor¿ever Waldern and Fisher (tS7g) have

reported that while 52 ani¡nal fat did not change daily gains, 52 acidulated

fatty acids from canola oil processing increased daily gains.

As feed intake r,¡as not changed l¡hen canola oil was added to the barley

díet the apparent increase in daíly gaíns was due to a slightly (P>0.05) rnore

effícíent use of feed (Table 7). Work r¿ith older animals that are possíbj-y

layíng down more body fat has shown a decrease in the amount of feed required

per kg of gaín when fât ís added to the diet (Hentges et al. 1954; Erwín et

al. 1956; Stiles et â1, I974). Wílh younger (<136 ke) animals, feed

conversion effíciency was not changed when anínal fat was added to the starter

(Gardner and llallentine I972i Iialdern and Fisher 1978; Bouchard et al. 1980)

but the addítíon of acídulated fatty acids fron canola oíl processing

significantly improved feed effícíency by L07" (Waldern and Fisher, 1978).

These results indicate that the inclusíon of JscS did not benefít calf

performance beyond the ímprovements obtained by adding canola meal and canola

oi1 separately. Other authors have shor,m that 182 extruded canola seeds

(Sharna el al., 1986) or 16-172 roasted or extruded soybeans (Daniels et aI,,

1973a; i973b) díd not ímprove calf perforrnance, even though ín one study

(Sharma et al,, 1986) ether extract contents were hígher for diets contaíníng
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the extruded canola seeds. Work with calves less than 8 weeks of age has

shown better calf gaíns with soybeans processed at 171"C than wíth raw

soybeans, soybean meal or soybean meal plus added fat, but no evídence v¡as

provided of whether feed effíciency or the extent of rurûen bypass vas changed

(Abdelgadír et al. , 1984),

Average liveweight at slaughter was 200-203 kg after adjuslment for

!¡eíght at 6 weeks on test and for weight group at slaughter. As was íntended

by experimental. desígn, this díd not díffer anong treatnents (P<0'05)' wíth

calves in all treatnents gainíng âpproxinately 134-140 kg fro¡n 6 weeks to

slaughter (Table 7), As a result of lower daily gaíns on the barley + wheat

diet days to slaughter was hígher (P<0.05) on this diet than on the barley *

oil or barley + JSCS diets.

Total- DM consumptíon frorn 6 weeks to sleughter tended to díffer anong

treatments (f>O.tO; Appendix Table E) but trends were not detected using the

means separatíon test (Table 7), Diets containíng corn, barley * oil and

barley + JSCS resulted ín thè lowest apparent total feed consurnptions.

Although daíly feed intake was apparently lowest on the barley + wheat díet'

the longer tine to market for these calves appeared to result in higher total

feed consumptíon. Total feed consuned on the barley diet appeared to be

símii.ar to that on the barley + wheat díet. Higher total feed consunption of

barley diets as conpared to corn díets for conparable weight gains have been

reported elser¿here (Beauchemin 1980¡ Latrille et a1. 1983).

Although calves slaughtered at 180 kg liveweíght gained less weight than

those slaughtered at ZIO kg liveweight, days to slaughter did not differ

(P>0.05) betweên the two groups (Table 8). This discrepancy was due to the

lor,¡er (P<0.01) daily gains of calves in weight group 1. Feed conversion

efficiency was sinílar (P>0.05) for the two groups.



Table 8. Effect of
grouth and
slaughter

slaughter weíght on the
feed consumptíon data

li4
lêast square neans for calf
from 6 weeks on test to

Slaughter weight

180 kg 210 kg

No. of calves

Initial 6 r¡k ereíght (kg)

Live neight at slaughter (kg)+ 5

Weíght gain on test (kg)f 5

Days to slaughterf

Average daíly gain (ke)*

Total feed consurned (kg)f

Average daily feed (kg)f

Kg feed DM/kg gainf

t0

59. 90
(2.66)+

185. 584
(1.se)

122.47 A,

(2.75)

LzL.34
(3.7e)

1.044
(0.044)

363 . r2A
(Lz.46)

3.04A
(0.071)

2.96
(o. ro4 )

35

60.37
(1 .42)

216.798
(0.8s)

152.988
(L .47 )

LZL.33
(2. 03 )

T.278
(0. 024)

483. 408
(6.66)

3. 588
(0.038)

2.85
(0.0s6 )

ArB Means in the same ro\,, with dífferent letters are sígnifícantly
different ( P<0.01) .

fNurnbers in brackets are the standard errors of the

fleast square means adjusted by covaríate analysis
of period (6 weeks on test).

5 Líveweíght at slaughter and likely weight gain on
due to experirnental des ign.

least square means.

for weíght at start

test were different
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The results of other studies that deal v¡íth calves of vårious weíghts

from 110 to 222 kg l¡ould índicate that anímals slaughtered at lighter weights

have símilar daily gains but more efficient feed conversion than do those

slaughtered at heavier weights (Gardner and Wallentine 1972i Stiles et al.

L974i Bouchard et aI. 1980; Latrille et al. 1983; cuertin et al. 1987a).

Results in this experíment were likely confounded by the high levels of micro-

mínerals ín the premíx of composite 1, The effect of premix on daí1y gains

and feed conversíon effícíency was si:níIar to the effect of slaughter group

(fafte S). All calves slaughtered at 180 kg (Table 8) recêíved composite l of

theír respective diets for part of the growth trial.

Although it appears that calves gained faster (P<0.01) and more

efficíently (P>0.05) r.rhen implanted at 80 rather rhan 100 kg (Table 9) this

effect lras likely the effect of calf weíght at slaughter and/or premix.

Appendíx Table A shows that all but I calf that was ímplanted at 100 kg were

slaughtered at 180 kg. tr'urtherrûore, the effect of slaughter group was almost

identical to the effect of implant group (Tabtes 8, 9).

A signíficant (P<0.05) ínteraction occurred between source of calves and

treatnent for the feed effíciency ratío. It appeared that calves from outsíde

sources fed supplemental energy ín the form of canola oil, JSCS or wheat were

less efficient aÈ utíIízing feed than ¡¿ere calves from the Universlty herd fed

the same diets (Table 10). No explanation can be suggested for these results

and since several cells contaíned only a few anímals no valid conclusíons can

be drawn from these data. No other parameters r,¡ere affected by source of

calves (Tabre 11) .

When season (i.e. the last two months príor to slaughter) r¡as used as a

block effect in the statístical model the GLI'Í procedure indicâted a

signíficant effect of season on growbh and feed constrlnptíon parameters. Due



Table 9. Effect of weíght at implantíng on the
calf grovth and feed consumption data
slaughter

r 16

least square means for
from 6 weeks on test to

Weíght at inplanting

80 kg 100 kg

No. of calves

I,leíght at írnplant (kg)f

Age at ímplant (d)+ +

Inítial 6 !¡k weight (kg)

Live weíght at slaughter (kg)f

Weight gaín on test (ke)l

Days to slaughterf

Average daíly gain (kg)+

Total feed consurned (kg)t

Average daíIy feed (kg)f

Kg feed DM/kg gaínf

35

83.3r4
(0.70)s

80. 9lA
(1.4e)

60 .49
( 1 .41)

2!5 .714
( 1 .40)

151.934
( 1 .8s)

rzo . 46
(2.18)

L.27A
(0.02)

428 .68a
(7 .6r)

3 .574
(0.04)

2.84
(0.06)

10

r04. 018
(r.31)

l08.1lB
(2.7e)

59.50
(z.64)

189. 358
(2.6t)

126 . 158
(3.46)

LZt+.38
(4. 08 )

1.048
( 0.04)

379.66b
(r4.24)

3.108
(0.07)

3. 00
(0.10)

A,B,a,b Means in the same row wíth different letters are signíficantly
different; A,B - P<0.01¡ a,b - P<0.05.

fleast square means adjusted by covaríate analysis for weight at start
of períod (6 weeks on test).

fi,leight at Ímplanting and age at implânting were different due to
experimenLal design.

5 Numbets ín brackets are the stândard errors of the least square means.



Table 10. Effect of interaction
least square means for

IT7

of source of calves and díet on the
feed efficíency ratíof

Corn
Barley +

Barley oí1
Barley + Barley +

JSCS r¿heat

Uníversity Herd 2.73 (5)+

Outside Sources 2.74 (4)

3.03 (3) 2.60 (4)

2.99 (6) 2.78 (s)

2.7 5

2.92

(4)

(s)

2.8e (7)

3.7e (z)

{Least square meens adjusted by covaríate analysís for weight at start
of períod (6 ¡,¡eeks on test).

f\urobers in brackets are the nunber of calves ín each ceII.



Table 11, Effect of source of calves on the least
gro!¡th and feed consumptíon data from
slaughter

r 18

square means for calf
6 weeks on test to

Source

Univers ity
0utside
sources

No. of calves

fnítíal 6 week weight (kg)

Live weíght at slaughter (kg)f

WeighÈ gaín on test (kg)*

Days to slaughter (kg)f

Average daily gain (kg)+

TotaL feed consurned (kg)f

Average daíIy feed (kg)f

Kg feed DM/kg gainf

23

58. 10
(r.6s)+

208.37
(3.43)

145. 85
(3.72)

1r9.80
(z. Be)

L.24
(0.04)

404.96
(1r.11)

3 .42
(0.08)

2.80
(0.06)

22

62.34
(t .7 4)

2L2.23
(3.62)

144.88
(3. e2)

t23.64
(3.0s)

1.18
(0. 04)

436.90
(11.71)

3.54
(0.08)

3. 04
(0.07)

{Numbers in brackets are the

fleast square means adjusted
of period (6 weeks on tesÈ).

stendard errors of the

by covariate analysis

least square means.

for weíght at start
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to the high number (101L2) of calves slaughtered in the suÍuner that çrere

slaughtered at 180 rather than 2IO kg (Appendix Table A), the sr¡nmer

slaughtered calves gained less weíght (P<0.0f) and had lower daíIy feed

intakes (P<0.01) than did those slaughtered in fall or winter (Tâble 12).

Less clear are the effects of fall and wínter períods on growth and feed

consumptíon data. Although these calves r¿ete of simílar slaughter weight

(P>0.05) and had equívalent weight gaíns on test (P>0.05) (Table 5), wínter

slaughtered calves gaÍned faster (P<0.05) and took less time to reach market

(P<0.05) than díd faII slaughtered calves, The calves slaughtered in the

lrinter utilized feed more efficíent1y for gaín (P<0.01) Èhan did fall

slaughtered calves, As all calves were on sí¡nilar light regi-nes no

explanatíon can be offered for these rêsults other than a temperature effect,

II.

tibílítv Tríal

The digestíbílity of DM, energy and CP was not affected (P>0.05) by

dietary treatnent (fa¡te t¡). The additíon of wheat to the barley díet

increased ADtr' dígestíbílity above that obÈaíned on the corn and barley diets

(P<0.05). Acid detergent fiber digestibílity was hígher (P<0.05) on the

barley * JSCS dÍet than on the barley díet end tended (P<0.10) to be higher

than on the corn díet. There r¿as a tendency (P<0.f0) for the digestibílity of

TL on the barley díet to be lower than that on the corn diet.

Values for DE and DM digestibilíty as determined ín the present

experiment (Table 13) were lorler than the literature values of 75-907 f.or cotn

(Kay et aL L972; Whíte et aI. 1972i Orskov et al. 1980; Beauchernin 1980;

Latrille et al. 1983¡ Guertín et a1. 1987b) 75-852 for rolled barley (Oltjen

et aI. 1967¡ Nicholson et 41. 1971; Macleod et aL. 1972; Beauchemin 1980 and



Table 12. Effect of marketíng season on the
growth and feed consumption data
slaughter

120

least square means for calf
from 6 veeks on test to

Marketíng seasonf

Summer Fall Wínter

No. of calves

Inítial 6 week lreight (kg)

Live weíght at sLaughter (kg) I

l,leíght gaín on test (kg) 5

Days to slaughter 5

Average daíIy gaín (kg) I

Average daily feed (kg) 5

Kg feed DM/kg gain 5

15 18

59.03 60.85
(2.27) (2.04)

zL7,368 2L6.148
(2.14) (1.e1)

152.008 153.488
(2.87) (2.s7)

L27.}La 115.07b(z.er) (2.61)

L.zLb 1.34c
(0.033) (o.o3o)

3.638 3.568
(0.060) (0.0s4)

3.05A 2.678(0.073) (o.o6s)

!2

60. 13
(2.52)+

189.57A
(2.37 )

126. 804
(3.17)

L22.9Oa
(3.22)

1. 06a
(0.037)

3.094
(0.066)

2.964
(0. 081)

A,B,a,b Means r.¡ithin row wíth different
different. A'B - P<0.01¡ a'b - P<0.05.

+Refers to the season during which the
occurred .

fi\umbers in brackets arê the standard errors

5 Least square means adjusted by covariate
of períod (6 ¡¡eeks on test).

letters are signíficantlY

last two months of growth

of the least square ¡neans.

analysis for weíght at start
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Table 13. Effect of diet on the least square means for the apparent

dígestíbílíty coeffícients of dry matter (llt), energy (Cn),
crude protein (CP), acid detergent fiber (ADF) and total lípíds
(TL)

D iet.

Corn
Barley + Barley * Barley *

Barley oil JSCS wheat

No. of calves

DH inrake (kg/d)

cP ínrake (kg/d)

Digestibility of:

Dt't (z)

GE (Z)

cP (z)

AÐF (Z)

TL (Z)

2.92 2.67
(0.231)+ (o.2se)

0.432 0.399
(0.034) ( 0.038 )

68.82 64.38
(2.83) (3.16)

67,53 62,58
(2.e6) (3.31)

6L .37 59. 12
(3.16) (3. s3 )

7.98ab 5.27 a
(4.3s) (4.86)

62.05 35.7L(s.8e) (6.s8)

64
2.80 2,85

( 0.211) (0.2se)

0.424 0.440
(0.031) ( 0.038 )

5

3.07
(0.231)

0.435
(0.034)

7 L.66 7L.66 75,57
(2.83) (2.s8) (3.16)

69.39 69.24 74.17
(2.e6) (2.70) (3.31)

65.04 65.23 69.72
(3.16) (2.88) (3. s3)

20.04abe 24,6lbe 30.85c
(4.3s) (3.e7) (4.86 )

53. 16 48.27 52.L4(s.8e) (s.37) (6.s8)

a,b,c Means in the sa¡ne ro\,¡ wíth different letters are sígnífícantly
differenr (P<0.05).

{Numbers in parentheses are the standard error of the least square rneans.
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cuertin et aI. 1987b) anð 78-822 for wheat (OLtjen et al. 1967; Kay et al.

1972¡ Orskov et al. 1980). MacGuire et al. (1966) reported that digestíon

coefficíents determined wíth the Gr2O3 method r,¿ere lor¿er thân those deterrnined

r¿íth the total collectíon method duê to lor,¡ (94.22) recovery of Cr2O3.

Substituting thís value into the calculatíon for apparent dígestibility as

suggested by Lucas (1952) díd not increase digestíbility coeffícíents to

values obtained in other studíes (Table f4). Whíle it ís possible that

extremely low Cr203 recovery nay have resulted in lower dígestíbility

coeffícients (Schneíder and Flatt 1975) in the absence of Cr2O3 recovery data

thís speculatíon cannot be verifíed.

Other ãuthors have not found significant differences in DM and energy

dígestibilítíes when corn díets were compared to rolled barley díets for

cattle (Oltjen et al. 1967¡ Beauchemín 1980¡ Spícer et al. 1986¡ Guertín et

al, 1987b). The absence of signíficant differences between the dígestibility

coefficíents for barley-wheat dlets and barley or corn diets ís also in

agreement r¿íth the work of others ¡,¡ho found no difference ín DM and energy

digestíbílítíes r¡hen wheet was cornpared wíth barley or corn (oltjen et al.

1966¡ Kay et aL. L972i Orskov et al. 1980),

Crude protein digestíbílíty coefficíents for diets contaÍníng corn,

barley or barley * wheat (Table 13) were lover than values of 70-802 reported

elser¡here by Ottjen et a1. (L967), Macleod et al, (1972), Beauchenin (1980)

and Guertín et al. (i987b). This was likely related to the lower

digestíbility coefficíents obteined for dry matter and energy in the Present

r¿ork. That there were no differences in the CP dígestibility coeffícíents for

corn, barley and barley + wheat diets is ín agreernent with the work of Oltjen

et al. (1967), Beauchemin (1980) and Spicer et aI. (1986) who found no large

differences ín N dígestibilities on cereal diets when rolled wheaÈ or rolled
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Table 14. Effect of diet on the least square means for the apparent
digestíbilíty coefficíents of DM, GE, CP, ADF and TLf

Diet

Corn
Barley + Barley * Barley +

Barley oil JSCS \.¡heat

No. of calves

Dígestlbí1íty of

Dtt.e)

GE (Z)

cP (z)

ADr (Z)

TL E")

70.63 66 ,45
(2.67)+ (2.e8)

69,42 64,75
(2.7e) G.r2)

63,61 6r.49
(2. e8) (3.33)

13.31ab I0.7 7 a
(4. r0) (4. s8 )

64.25 39.44(s.s4) (6.20)

73.31 7 6.99
(2.43) (2.e8)

71.03 75.67
(2.s4) (3.12)

67.24 7t.48
(2.72) (3.33)

28.98bc 34.86c
(3.74) (4. s8)

51.27 54,92
(s.06) (6.20)

5

73. 3l
(2.67 )

7L.16
(2.7e)

67 .07
(2.e8)

24 .68abc
(4. 10)

55.87
(s . s4)

a,brc Means ín the same row with different letters are signifícantly
different (P<0.05).

þoeff icients of apparent digestíbility calculated tsíng 94,27" recovery of
Cr2O3 (HacGuÍre et aI., L966).

{Numbers ín parentheses are the standard error of the least square means.



124

barley diets were compared to corn díets.

The digestibilíty of total Iípids on corn and barley reported in this

study were lower than the literature values of 64-807" digestibílity of ether

extract (Parrott et a1. 1969; Whíte et a1. L972i Shíngoethe et aI. 1982¡

Sharna et âI. 1986). Fal]on et al. (1986) reported a value of. 362 f.ot the

dígesttbilíty of acíd solvent extract ín barley based calf starters,

Therefore, the lower nr¡¡nbers obtaíned ín thís study were probably a functíon

of Èhe acid solvent-method of extraction, whÍch has been shown by Sharma et

al. (1978) to yield lor¿er coeffícients than does ether extraction, No studies

¡¿ere found reportíng fat dígestibí1íties on wheat diets.

The apparent dígestibilíty of acid detergent fíbet in the corn-based diet

reÞorted ín the present r¿ork r,¡as lor¿er than values reported elsewhere for

diets containing whole or processed corn (38-672; Beauchenln 1980, orskov et

al. 1980¡ Shín8oethe et al. 1982; Latrille et aI. 1983¡ Sharrna et al. 1986)'

Also, the apparent dígestíbility of ADF in the barley dÍet was 1ovêr than

values of 60-612 reported by Beauchemín (1980) and Fallon et at. (1986) for

rolled barley díets, but símilar to the value of 6.37. reported by Latrille et

aL (1983) for a r,¡hole barley diet. Diets that are hígh in easily digested

carbohydrates have lower fiber d,igestibi 1ít íes (Schneíder and Flatt, 1975) but

as Èhere was líttle dífference betr,reen díetary AIF levels ín the present work

(talte Z) and those reported by Beauchenín (1980) (4.4'7.62 lÐî) or Latrí11e

et al. (1983) (6.0-8.22 !ÐF). The Iow acid detergent fiber digestíbilitíes

reported in Èhís study âre probably related to the low dígestibility

coefficíents for dry nattèr and energy. As was reported by Beauchenin (f980)'

the ADF digestíbílttíes for rolled corn and rolled barley diets were not

dífferent ( P>0.05 ) .

Adding wheat to the barley-based diet íncreased (P<0,05) the
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dígestibilíty of ADI over that of corn or barley-based diets (Table 13). As

the barley díet contaíned slíghtly hígher AÐI levels than did the barley-

wheat díet, it would be expected that the ADF digestibílity would be similar

on the two diets, or slightly higher for the barley diet (Schneider and tr'latt,

1975). Replacíng high moisture corn with dry rolled grain sorghun in the

díets of finishing cattle resulted in e lineer íncrease in Ä.DF digestibility

(Stock et al., 1987 ) .

Other authors have found that adding up to 57" fats or oi1 to calf

starters has little effect on diet dígestibility, Dry matter and organic

matter dígestíbilities !¡ere not affected by the additíon of 10 ox 2OZ

protected tallow (Fisher, 1980) or 5 or 107. Qa soaps (Fallon et a1., 1986).

Chandler et aL. (1968) found only slight íncreases ín dry rnatter and energy

digestíbílities when 47" eorn oil was added to corn-based díets. Higher leve1s

of fat additíon has been shown to depress dry natter and energy

dígestibílities (chandler et al., 1968; I'allon et af., fSSO). The absence of

any effect on CP digestíbílity !¡hen 3.52 canola oil r¿as added to the barley

diet ís in agreenent wíth results of Chandler et aI. (1968), Iísher (1980) and

Fallon êt at. (1986) who found no effect on crude proteín dígestibility !¡hen

42 cotn oí1, l0 or 202 proÈected fat or 5 or 102 Ca soaps r¡ere added to calf

starters.

The íncrease ín fat dígestíbilíty when canola oíI l¡as added to the barley

diet díd not reach signíficance (P>0.05) due to high varíabilíty of the data.

Other authors (ChandLer et al., 1968¡ Fisher, 1980; Fallon et al., 1986;

Shanoa et al., 1978) have reported íncreased apparent dígestibíIity

coeffícients of fat ¡,¡hen fat is added to diets. As díetary fat íncreases, the

depressíng effect of metabolíc fecal fat on fat digestibilíty coefficients is

díluted.
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Dry natter, energy and CP were as well dígested in diets containíng wholè

Jet-Sploded canola seed as in those contaíníng canola meal or canola meal plus

canola oil (fa¡fe t¡), As was the case r¿hen canola oíI was added to the

barley diet the digestibílity of fat was not affected by the addítíon of JSCS.

The slight, non-signíficant increase in the value for apParent fat

digestibílíty was probably due to a dilutíng of the effect of metabollc fecal

fat on the percent digestibílity. Others (Prasad and Morrill 1976; Sharma et

al. 1986) have reported improved fat digestibílity when oíIseeds are added to

calf starters.

The additíon of JSCS to barley díets incrêased (P<0.05) the digestíbility

of A-DI above that of the barley díet. Canola oí1 at 3,57. also resulted in a

hígher digestibilíty of AD¡' but because of hígh variabilíty results díd not

reach sígnifícance. fn contrest, Sharrna et af., (1986) reported that l8Z

extruded canola seed reduced ADF dígestibílíty as conpared to a díet

containíng canola meal r¿hereas whole canola seed dÍd not affect ADF

dígestíbility. Prasad and Morrill (1976) have also reported a decrease in the

apparent dígestíbílity of crude fíber r¿hen roasted soybeans were added to calf

starters. However, the addítíon of Protected tallow to calf díets (Iísher'

1980) had no effect on A.DF dígestibilíty and Ca soaps in calf startets have

been shorm to inprove ADF dígestibility (Fallon et al., 1986).

Sampling time did not affect (P>0.05) the runen concentration of total

volatíle fatty acids' rumen ammonía nítrogen' molar proportíons of volatíle

fatty acids, rumen pH or blood urea nítrogen. Values for two sarnpling tines'

therefore, are combíned for further discussíon (Tables 15 and 16).

Cereal source had no affect (P>0'05) on the total concentration of

ûolatíle fatty acíds, molar proportíons of volatile fatty acids (Table 15) or

on rr¡men pH (Table 16). Others however, have reported higher tolal volatíIe
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Table 15. Effect of diet on the least square means for rumen volatile

fatty aclds on the 5th day of the digestibitity tríal

Diet

Corn
Barley + Barley *

Barley oil JSCS
Barley *
wheat

No. of calves

Total VFA
(mol/100 mr)

mol/100 mo1 of:

acetåte

s45
8.581 8.891 7.842

(0.772)+ (0.s63) (0.772)

42.8 45,6 45, s
(0.841) (o. e4r (0.841)

43.6 41.7 4I.7
(1.2s) (1.43) (1.28)

7,7 6.4 6.6
(o.s8e) (o.6se) (o.s8e)

0.6 L.2 0.9
(0.148) (0.16s) (0.148)

4,5 3.6 4,3
(0.3e4) (0.440) (0.3e4)

0.8 L,4 1.1
(0.173) (0.1e4) (0.173)

0.99 1.15 1.r0
(o. o7o) (0.078) (o.o7o)

64

7,95L 7.257
(0.70s) (0.863)

45.7 42.0
(0.768) (0.e4r)

39. 9 47 .3
(1.t7) (1.43)

7.3 6.2(0.s38) (0.6se)

1.0 0.6
(0.13s) (0.16s)

4.7 3. 1
(0.360) (0.440)

1.3 0.9
(0.1s8) (o.rs¿)

1 . r8 0.89
(0.064) (0.078 )

propionate

butyrate

ísobutyrate

valerate

isovalerate

acetate/propionate

fNurnbers ín parentheses are the standard error of the least square means.
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Table 16. Effect of diet on the least square means for rumen anunonia

nitrogen (RAN), blood urea nítrogen (BIJN) and rumen pH on the
5th day of the digestibility trial

Treatment No. of RAN
calves (me/100 ml)

BIJN
(me/100 ml)

rurnen pH

Corn

Barley

Barley * oil

Barley * JSCS

Barl-ey * wheat

s.0e8 (1.ss8)+

7.666 (r.742)

72.427 (t.s58)

8,s40 (r.422)

6.8e7 (1.742)

5.42s (0.s67)

6.131 (0.634)

7.469 (0.s67)

8.810 (0.s18)

s.82s ( 0.634)

6.19 (0.r72)

ó.39 (0.1e2)

6.OZ (O.L7z)

6.23 (0.r72)

6.16 (0.222)

5

4

5

6

4

{Nunbers ín parenthesis are the stândard error of the leåst square
means .
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fatty acid production on wheat and barley dÍets than on corn diets (oltjen et

al, 1967 I Kreikemeíer et al. 1987) and rumen pH has been reported to be lowêr

on wheât diets than on corn diets (oltjen et al. 1967; Varner and Woods 1975;

Fulton et al. 1979; Kreikemeier et a1. f987). Other âuthors have also

reported changes in the molar proportions of volatile fatty acíds (less

propionate and more acêtatê and butyrate) when wheat and barley diets are

compared to corn diets (Oltjen et at. 1967; Orskov et aL, I974i Fulton et aI.

1979).

Oltjen et al, (1967) reported slgníficantly lor¿er rurnen anmonia nítrogen

levels on corn dlêts than on wheat diets but differences among cereals in the

present study did not reach significance (p>O.OS¡ Table 16). Likewíse, blood

urea nítrogen levels ín Èhís study were not different anong diets (P>0.05)

although Oltjen et eI. (f967) reported that corn diets results in lower blood

urea nítrogen levels than did barley diets, whíIe levels on wheat díeÈs Here

ínternedíate .

The addition of canola oil or JSCS to the barley diet had no effect

(p>O.OS) on any of the rumen or blood parâmeters measured (Tables 15 and 16).

Sharma et al. (1986) aLso reportêd that 12 or 182 whole canola seed or l8Z

extruded canola seed in calf starters had no effect on total volatÍle fatty

acíds in the rumen fluid, molar proportions of volatíIe fatty acids or rumen

amnonía nitrogen levels. LittLe information was found on the effect of

unprotected oils in calf startets on rraen neasurenents. Caffrey et al.

(1988) found no effect on runen pH when tallow was added to calf starters.

III.

Rurnen radabilítv Triel

The dry matter ånd crude proteín disappearance (Table 17) frorn JSCS



Table 17. Effect of proteín source
and crude proteín (CPDIS )
runen incubatíon

130

on disappearance of dry matter (DIDIS)
from nylon bags at 0, 4 and 8 hours

Incubatíon Tíme (hours )

DMDIS
(z)

CPDIS
G)

D}fÐI S
(z)

CPDIS
e')

DMDIS CPDISe") e")

Canola meal-

Jscs+

End of Runf

tSEMS

31.054 25.58a

6.408 3 . 19b

11.408 9.83c

r.7 r 2.20

47.724 53.684

L7.728 14.838

22.68Ç 27.90C

1.60 1.65

61.48a 68.344

26,67b 2s.428

32,84b 38 ,67C

3.66 3.81

A,B,C,a,bre Means ín the same colunn with dlfferent letters are
signíficantly dífferent A,B,C, P<0.01; a,b,c, P<0.05).

fSarnpte of canola seeds used in growth trial.

þarnpl-e of canola seeds from end of the Jet-Sploding run. At the begínning
of the run seêd temperature did not reach the desíred l-eveJ.

I t standard error of the nean.
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samples was consistently lower than the DM and CP disappearance from samples

obtaíned at the end of the Jet-Sploding run and thís was sígnifícant for CP

disappearance at 0 (P<0.05), 4 (P<0.01) and 8 (P<0.01) hours and for dry

matter disappearânce at 4 hours (P<0.01). These lower values were likely due

to the fact that JSCS samples had less broken seed coats than did sarnples fron

the end of the run. Crude protein dísappearance fror¡ the canola meal sample

was wíthin the range reported by Kendall (1988).

Values obtained for CP disappearance from sanples taken at the end of the

Jet-Sploding run after 0 and 4 h runen j.ncubation were conparable to values of

11.6 and 27.32 xeported for JSGS by Kennelly and de Boer (f986). In their

work, incubation for 8 hours díd not result ín hígher CP dísappearance (28.12)

whereas in the present study 38,72 of the CP disappeared duríng an 8 hour

incubatíon. Thís ís conparable to a value of 39.97. at 12 hours in the work of

Kennelly and de Boer (1986). Thus, ít would appear from the results Presented

here ín relatíon to those of Kennelly and de Boer (1986) that the Jet-Splodíng

treatnent used ín thís study was adequate for protectíng dry matter and ctude

protein from ruminal degradatíon, províded the Jèt-Splodíng temperature was

properly regulated.

Dry mattêr and CP disappearance from nylon bags was more rapíd for

barley, bâ.rley + oil, barley * JSCS and barley * wheat díets than for corn

diets (Tab1e 18). The effectíve degradabilíty of DM was lower for the corn

diets than for eíther of the four barley based diets (P<0.05). The analysi.s

of varíance procedure shor,¡ed that there r¿ere differences (P<0.01) in the

effectíve degradabilíty of CP but the Bonferronírs test did not detect which

means \,rere dífferent. However, the data suggest that the effêctíve

degradabilíty of CP folloved a pattern simílar to that of the effective

degradability of DM. The lower degradabílíty of corn díets as compared to
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Table 18. Effect of díet on the least square means for dry ¡natter (DH) and

crude proteín (CP) disappearance from nylon bags at 0, 4, 8 and
36 hours and on the effective degradabilíty of DM (EDDM)+ and CP
(EDCP)+

Ðíet

Corn
Barlêy + Bar1ey + Barley +

Barley oil JSCS wheat

DM dísappearance at:

o hr (Z)

4 hr (%)

8 hr (Z)

36 tu (1t)

CP dísappearance ati

otu(z)

4tu(z)

8tu (%)

36 ht (Z)

EDDM (Z)

EDCP (Z)

23,77ab 27.37bc 20.83a
(o.eo6)+(o.eoó) (o.eo6)

29.11 50.76 37.95(r.rs) (1.3s) (1.3s)

35.ZLa 65.26cd 56.57b
(1.62) (t.62) (1.62)

83,22 86.77 83.95
(1.s3) (1.s3) (1.s3)

28.96 28.48 22.23(r.s3) (1.s3) (i.s3)

34.93 37 .40 3i.54(1.7e) (r.7e) (r.7e)

35.10 45.90 4r ,55
(3.07) (s.oz) (3.07)

64.25a 82.66b 76.81b
(2.16) (2.16) (2.t6)

35.51a 59.54c 50.54b
(1.08) (1.08) (1.08)

34.09 44.87 38.67
(2.48) (2.48) (2.48)

24,37bc 28.69c
(0. e06) (0. e06 )

42.77 52.86
( 1 .3s) (1.3s)

59.15bc 70.00d
(1.62) (r.62)

88. 76 87. 33
(1. s3) ( 1. s3)

28.39 28.44(1.s3) (1.s3)

35 , 34 33 ,65
(1.7e) (1.7e)

42.39 53.83
(3.7s) (3.07)

86. 12b 81 .65b
Q.L6) (2.16)

55.64bc 62.33c
(1.0s) (1.08)

43.03 48.35
(2.48) (2.48)

a,b,c Means in the same row wíth dífferent letters are sígníficantly
differenr (P<0.05).

þalcullted usíng the equatíons of orskov (tgSZ) at an outflow rate of
0.08 h *.

frlumbers in parentheses are the standard error of the least square means.
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barley or barley * wheat diets ¡¿ould be expected as others have shown reduced

rumínal digestion of starch and nitrogen when corn is compared to barley and

wheat (Kay et aI. 7972: Spícer et al. 1987).

The additíon of canola oil to the barley diet appeared to result in a

less rapid dísappearance of ÐM and N from nylon bags and a reduced effective

degradability of DM (P<0.05) (ta¡te i8). A símílar trend was noted for

effectíve CP degradability but Bonferronírs test could not detect differences

at the P=0.10 level of significance, The addítion of JSCS to the barley-based

diets did not change the effective degradabilitÍes of DM or CP (P>0.05) \then

compared to the barley-only diet,

Deacon et at. (1988) reported that \,rhen samples were ground through a 1

nm screen, the degradabílíty of DM and GP of who1e, untreated canola seed was

hígher than that of canola meal r¿hereas the degradability of DM and CP in Jet-

Sploded canola seed was less than that of canola rneal. In the present study'

there was no improvement ín the bypass value of the complete feed when ground

JSCS was used as a proteín source. Results of the evaluation of unground

seeds indicated that the JeÈ-Sploded product used in this study was less

degradable than canola neal (Table 17) but consídering that there was no

effect in the ground, complete díets ít r¿ou1d be reasonable to assune that

thís difference ¡¿as from a failure of the Jet-Sploding EreatrnenÈ to adequately

dísrupt the seed coat. This is also supported by the observatíon that the

seeds from the end of the Jet-Splodíng run, which had more broken seed coats,

were more rapidly degraded ín the runen than were Èhe seeds used in the growth

trial,

Kovalczyk et al. (L976) reported that free faÈty âcids reduced

proteolysis ín the rumen. Thís may explain the reductíon ín effective

degradabilíÈy when canola oil r,ras added to the barley diet. The JSCS did not
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appear to have thís effect, and thís could possibly have been due to a lower

availabílity of in-seed fats, even though the samples were ground.

IV. Comparíson of daíty calf performance wíth calculated available energX-3!!

atíve to NRC

For the Þurposes of this discussíon energy and proteín utilization refer

¿o the number obtaíned when daily requirements for energy (Mcal NEG) and

protein (g) were subtråcted fron daily intakes of energy and Proteín. Daíly

requirenents for dígestíble energy (DE)' net energy for Eaíntenance (NEM), net

energy for growth (NEG), crudê proteín (GP), undegradable íntake protein (UfP)

and degradable íntake proteín (DIP) (Table 21) were calculated using actual

calf gains at 100, 150 and 180 kg (Tablê 22) and NRc (1989) requirements for

DE, NEm, NEg, CP, UIP and DIP. DaíIy intakes of the nutríent fractíons !¡ere

calculated usíng actual daíly feed intakes (Table 22), exPerímentally

deterníned values for DE, CP, UIP and DIP, val-ues calculated usíng NRC (1989)

values for DE, NElf ' NEG, CP' UIP and ÐIP in the indívídual feed ingtedients

and values for NEM and NEG as calcuLated using experírnental velues for DE and

NRc (1989) equations for NEM and NEG (Table 19 and 20)'

As would be expected from the low experímental values for DE, calves

showed a negatíve energy utllizatíon when NEM and NEG ín the feed was

calculated usíng experímentaL DE values (Table 23)' However, when NRC (1989)

values for NEH and NEG in the individual feed ingredients were used to

calculate NEM and NEG the net energy utilÍzation values were posítive at aI1

three weights. Thus the calculated energy intake was suffícient to suPPort

slíghtly nore growlh than was actually observed. Thi.s may have been due to

the high level- of concentrate feedíng in Èhe Present study, as this t¡ould

Iíkely result ín nore faÈ deposition and hence a higher requírement for energy



T
ab

le
 1

9.
 S

ur
on

ar
y 

of
 

en
er

gy
 v

al
ue

s 
fo

r 
ex

pe
rí

m
en

ta
l 

dí
et

s 
as

 m
ea

su
re

d 
ín

 v
iv

o 
an

d 
as

ea
lc

ul
at

ed
 f

ro
m

 N
R

G
 (

19
89

) 
ta

bt
es

D
ie

t

C
or

n

B
ar

Ie
y

B
ar

le
y 

* 
oi

l

B
ar

le
y 

* 
JS

C
S

B
ar

le
y 

+
 w

he
at

D
E

 (
M

ca
l/k

g)

M
ea

su
re

d{
 

N
R

C
{

{M
ea

su
re

d 
in

 v
iv

o 
at

 1
2-

13
 lr

ee
ks

.

{C
aL

cu
ta

te
d 

us
in

g 
N

R
C

 (
19

89
) 

va
lu

es
 f

or
 i

nd
iv

id
ua

l f
ee

d 
in

gr
ed

ie
nt

s.

S
C

a1
cu

la
te

d 
us

in
g 

ex
pe

rim
en

ta
lly

 d
et

er
m

in
ed

 D
E

 v
al

ue
s 

an
d 

eq
ua

tio
ns

 o
n 

pa
ge

 9
 

of
 N

R
C

( 
1e

8e
) 

.

3.
 0

03

2.
57

 Z

2.
97

 2

3.
t3

2

3.
06

4

3.
 6

8

3.
74

3.
75

3 
.6

7

N
w

 (
M

ca
l/k

g)

C
al

cu
1a

te
dS

 N
R

C
+

L.
57

t.z
5

1 
.5

3

r 
.6

7

r 
.6

2

2.
05

1.
99

2.
09

2.
09

2.
04

N
E

G
 (

M
ca

l/k
g)

C
al

-c
ul

at
ed

S

0.
97

4

0.
 6

8s

0.
95

4

1.
05

6

1.
 0

13

N
R

c+

1 
.4

0

1.
35

I 
.4

4

I.4
3

1 
.3

9



T
ab

l-e
 2

0.
 S

un
un

ar
y 

of
 

cr
ud

e 
pr

ot
ei

n 
(C

P
),

 r
um

en
 u

nd
eg

ra
da

bl
e 

pr
ot

ei
n 

(U
fP

) 
an

d 
ru

¡n
en

de
gr

ad
ab

J-
e 

pr
ot

ei
n 

(¡
tp

) 
to

r 
ex

pe
rim

en
ta

l 
di

et
s 

as
 d

et
er

¡n
in

ed
 í

n 
sÍ

tu
 

an
d 

as
ca

lc
ul

at
ed

 f
ro

m
 N

R
C

 (
19

89
) 

va
lu

es

D
ie

t

C
or

n

B
ar

le
y

B
ar

le
y 

* 
oí

J.

B
ar

le
y 

+
 J

S
C

S

B
ar

le
y 

+
 w

he
åt

A
na

ly
ze

dÇ
P

 (
Z

)

fC
al

cu
la

te
d 

us
in

g 
N

R
C

 (
 1

98
9 

)

fE
ffe

ct
iv

e 
de

gr
ad

ab
ili

ty
 o

f
82

 p
er

 h
ou

r.

16
.6

3

15
. 

61

16
.0

7

Is
.5

1

16
.1

1

N
R

c+

16
.0

16
.0

16
.0

16
.0

16
.0

In
 S

itu
f

10
.9

6

8.
61

9.
86

8.
84

8.
32

va
lu

es
 f

or
 i

nd
iv

íd
ua

l 
fe

ed
 i

ng
re

di
en

ts
.

N
 w

as
 d

et
er

m
in

ed
 (

S
ec

tio
n 

III
) 

as
su

m
in

g 
a 

ru
m

en
 e

sc
ap

e 
ra

te
 o

f

N
R

c+

6.
7 

3

4.
 8

3

4.
 8

3

5.
79

4 
.4

5

In
 S

itu
f

D
T

P
 (

Z
)

5.
67

7.
 0

0

6.
27

6.
67

7 
.7

9

N
R

c+

9.
27

11
.1

7

T
7 

.1
7

ro
.2

r

11
.5

5



T
ab

le
 2

1.
 S

un
m

ar
y 

of
 c

al
f 

re
qu

ire
m

en
ts

 f
or

 e
ne

rg
y 

an
d 

pr
ot

ei
n 

at
 1

00
, 

15
0 

an
d 

18
0 

kg
 t

ív
ew

ei
gh

t

Li
ve

w
eí

gh
t

(t
te

)

10
0

15
0

18
0

A
D

cl
(k

e/
d)

fA
ve

ra
ge

 o
f 

da
ily

 g
ai

ns
 f

or
 c

al
ve

s 
fe

d 
co

rn
, 

ba
rle

y,
 b

ar
le

y 
+

 o
il 

an
d 

ba
rle

y 
+

 J
S

C
S

 d
ie

ts
.

{D
ai

ly
 r

eq
ui

re
m

en
ts

 c
al

cu
la

te
d 

us
in

g 
eq

ua
tio

ns
 o

n 
pa

ge
 8

 o
f 

N
R

C
 (

19
89

) 
an

d 
ac

tu
al

 c
al

f 
ga

in
s.

$C
al

cu
la

te
d 

us
in

g 
N

R
C

 (1
98

9)
 r

eq
uí

re
rn

en
ts

 a
nd

 a
ct

ua
l c

al
f 

ga
in

s.
 A

 li
ne

ar
 r

el
at

io
ns

hi
p 

be
tw

ee
n 

ca
lf 

ga
in

s
an

d 
pr

ot
ei

n 
rê

qu
ire

m
en

ts
 w

as
 a

ss
um

ed
.

I.T
4

I 
.5

0

1.
66

N
E

M
+

(n
ca

l/d
)

2.
72

3.
69

N
E

(m
ca

G
+ rld

2.
05

3.
17

3.
80

C
P

s 
U

T
P

 5
(s

/d
) 

(e
/a

)

50
5

65
5

80
6

47
0

43
7

40
2

D
IP

 5

G
/a

)

97

19
9

29
8



la
b1

e 
22

. 
S

un
nn

ar
y 

of
 

ac
tu

al
 d

ai
ly

ex
pe

rim
en

ta
l d

ie
ts

 a
t 

10
0,

D
ie

t

C
or

n

B
ar

le
y

B
ar

le
y 

* 
oi

1

B
ar

le
y 

* 
JS

C
S

B
ar

le
y 

* 
w

he
at

10
0 

kg

A
D

G
 

A
D

T
(t

e)
 

(r
e)

ga
ín

s 
an

d 
(A

D
c)

 f
ee

d 
in

ta
ke

s 
(¡

nt
) 

on
15

0 
an

d 
18

0 
kg

 l
ív

ew
ei

gh
ts

7 
.1

2

1.
15 f.i
9

1.
11

1.
16

Lí
ve

w
ei

gh
t

15
0 

kg

A
D

G
 

A
D

F
(t

e)
 

(r
e)

2.
96

, 
oo

3.
 0

0

3.
07

3.
02

L.
45

I 
.4

9

r.
54

L 
.5

2

t.4
4

18
0 

kg

A
D

G
 

A
N

T
'

(k
e)

 
(t

e)

4.
2.

5

4.
 8

8

4.
54

4.
97

4.
57

1.
69

I 
.6

5

L 
.6

6

r 
.6

4

1.
40

5 
.4

3

5.
40

4.
98



Table 23. Su$mary of daíly net
livel¡eight using NRC

NEG

energy utilízation{ at
(1989) or calculated{

139

100, r50 and 180 kg
values for NEM and

Diet
Daíly Net
Energy Utí1ízation
(Mcal/d) at: Corn

Barley + Barley * Bârley +
Barley oíI JSCS wheat

100 kg liveweight

NRc ( 1989 )
Calculated

150 kg liveweight

NRc ( 1989)
Calculated

L80 kg líveveight

NRc ( 1989)
Calculated

+0. 23 +0. 14
-0.8s -L .49

+0.26 +o.92
-I.32 -1.85

+0.91 +0.85
-t.14 -2.30

+0.40
-0. 88

+0.82
-1.14

+1 .02
-1.31

+0.48
-0. 53

+1 .03
-0.77

+0.30
-0. 69

+0,24
-1.39

+1 ,41 +0 .67
-0.26 -0.85

þalculated using llRC (1989) values for energy requiremenÈs (Table 21),
actual intakes of experimental díets (Table 22) and NRC (fSgg) or
calculated values for NEM, NEG ín experínental diets (Table 19). Daily
Net Energy Utilízation = Daily Energy Requírenents - (Feed Intake x Energy
Content of Díet).

fialculated usíng experimentally determíned values for DE ând equations
fron NRC ( 1989).
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per unit of liveweight gain. Conversely, when experimental values for DE are

used to calculate the NEM and NEG content of the diets calculated energy

íntakes were ínsuffícient to support even the observed growth rates. Thus,

calf performance as compared to NRC (1989) energy requírenents suggests Ehe

dígestíble energy values obtained fron the dígestíon tríal are low, as was

also suggested by conpsíron wíth other reports in the literature.

The estímates of undegradable íntake proteín ín the experímental diets

s¡ere 53 to L047. greater when calculated using the determined in situ values

than when calculated using NRC (1989) values for the percent undegradable

protein in the indívídual feed ingredients (Table 20). The net daíly protein

utílízation values relatíve to requirements for undegradable intake proteín

were negative at alL three liveweíghts r¡hen NRC (1989) estímates of

undegradable feed proteín were used. l,Ihen experímentally determíned values

for undegradable feed protein were used only thê net utilization at 100 kg

liveweight gave large negatíve values (Table 24). Crude proteín utilízatÍon

values were negative only at 100 kg liveweight, whereas degradable íntake

protêín values were posiÈive at all \,reíghts exa¡níned.

It ís diffícult to determíne where the discrepancy líes betr,¡een NRC

(1989) calculated proteín utilization and experimentally determined values for

protein utilization. NRC (1989) values for undegradable feed proteín are

estímates detêrmined by dífferent laboratoríes over a lride range of

conditíons, whereas the values determined ín the presenÈ study \,rere estinated

usíng steers on a basal diet of alfalfa hay. As protein degradabilíty of

plant proteín sources is higher when the basal díet ís forage rather than

graín (orskov 1982) ít ís likely that our estinate of undegradable intake

protein is lower than that whích would be truly applícable for calves fed on

hígh concentrate rations. Also, the díets r¿ere ground prior to incubation so
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Tabl-e 24. Surnmary of daily utílízatíonf of crude protein (CP), rumen
undegradable protein (UIP) and rumen degradable proteín (¡fp) at
100, 150 and 180 kg liveweíght usíng NRC (1989) or experimenta$
values for CP, UIP and DIP

D iet
Dâi1y

Proteín Utílízatíon
(e/¿) at: Corn

Barley + Barley * Barley *
Barley oí1 JSCS r¿heat

100 kg líveweight
NRC

CP
UIP
DIP

Experímental
CP
UIP
DIP

150 kg líveweight
NRC

CP
UIP
DIP

Experinental
CP
UIP
DIP

180 kg liveweíght
NRC

CP
UIP
DIP

Experimental
CP
UIP
DIP

-4L
-t+70
+I72

-13
-148
+ 7I

+25
- 1s0
+195

+52
+29
+42

+63
-37
+205

+97
+193
+ 10

-27
-327
+237

-38
-2L3
+tL2

+126
-z0L
+346

+107
-17
+743

+ 74
- 133
+324

+ 63
+78
+92

-25
-325
+238

-23
-174
+89

+ 7L
-zL8
+308

+ 75
+ 11
+83

+53
- 143
+302

+57
+127
+35

-74
-?92
+zI6

-29
-204
+104

+140
-t49
+308

+116+z
+132

+58
-89
+253

+32
+ 75
+62

-22
-336
+252

- 19
-zz0
+137

+ 76
-234
+329

+ 81
-57
+157

-9
- 180
+277

-4
L2

+90

fcalculated usíng NRC (1989) values for protein requírements (ta¡le Zl),
actual intakes of experimental diets (Tab1e 22) and NRC (fggg) or
caLculated values for CP, UIP and DIP (falte ZO¡. Daíly Protein
Utílízation = Daily Proteín Requírmeent - (Daí1y Feed Intake x Proteín
Content of Diet).

fExperírnentally determined vaì-ues for effective ru.rnen degradable and
undegradable proteín.
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this may have increased degradabilíty values by íncreasing the surface area

available for mícrobial action.

The requirements for CP, UIP and DIP at the actual daily gaíns observed

ín the experíment were calculated assuníng that thê linear relatíonshíp

between daíly gains and protein requírement extends beyond the maxímum daí1y

gaíns of 1.0 kg/d lísted by NRC (1989). fn early (100 kg) growth the large

negatíve values for undegradable protein utilizatíon as determined usíng both

NRC (1989) and experimental values for undegradable feed protein would

indicate that proteín intake was ínadequate for growth at thís stage.

However, actual observed daíly gaíns do not support this conclusion, so it is

possible that NRC (1989) estiúates for undegradable íntake proteín are higher

than what ís actually required. This ís not surprisÍng, in view of the fact

that the requíremènt for undegradable protèin at this weíght ís 932 of the

total requirement for crude protein. Another possibílíty ís that the linear

relatíonship between average daíly gains and undegradable protein requireoent

does not extend beyond the NRC rnaxímun daíly gaín of 1.0 kg and that at hígher

daily gaíns more fat ís deposited, so protein required would be less than that

predíctèd from the linear relaÈionshíp. This mÍght be expected to be a factor

at the highêr weights rather than at the 100 kg \,reíght.

v.

Carcass Tríal

Treatment did not affect (P>0.05) carcass weight, dressing percent,

kídney fat ereight or kidney fat weíght expressèd as a percent of carcass

weíght (Table 25). As r,¡as intended by experimental design, carcass \,reights

differed (P<0.01) for the two slaughter groups (Tabte 26) but not among

treatment groups. There was no effect (P>0.05) of slaughtgr group on dressíng



Table 25. Effect of diet on
dressing percentage,
carcass !¡eíght

the least square fneans
kídney fat and kidney

143

for carcass weight,
fat as a percent of

Diet

Corn
Barley * Barley * Barley *

Barley oí1 JSCS wheat

No. of calves

Líve slaughter
weight (kg )

Carcass weight (kg)

Dressing Z

Kidney fat (kg )

Kídnèy feÈ
(Z carcass wt)

202.86 201.L6 200.82
(1.eer)+ (i.eer) (1.ee1)

107.55 104.00 102.56
(1.643) (1.6s3) (1.6s3)

52,92 5L,67 s0.98(o.s6z) (o.s6z) (0.s62)

0.581 0.502 0. s30
(0. osz) (0.0s2) (o. osz)

0.544 0,482 0.519
(0.048) (0.048) (o.048)

200.48 200.64
( r. ee1) (1.ee1)

l04.6tr 105.48
(1.6s3) (r.6s3)

52.21 52,61
(o.s62) (0.s62)

0. s73 0. 580
(o.os2) (o.os2)

0.554 0. 555
(0.048) (0.048 )

fNtrnbers in parentheses are the standard error of the lêast square means.



Table 26. Effect of líve slaughter weight on
carcass weight, dressing percentage,
as a percent of carcass veíght

t44
the Least square means for

kidney fat and kidney fat

Slaughter Height

180 kg 210 kg

No, of calves

Live slaughter weight (kg)

Carcass weight (kg)

Dressing Z

Kidney fat (kg)

Kídney fat (Z carcass wt)

10

r85.60A
( 1. s7i )+

95.89A
(1.304)

51 .66
(0.443)

0.541
(0.0411)

0.564
(0.0378)

35

216.798
(0.840)

113.808
(0.6e7)

52 .50
(o .237 )

0 .566
(o.ozz3)

0.498
(0.0206)

A,B Means in the same ro\r \ríth differènt letters are sígnificantly
dífferenr (P<0.01).

{Numbers in parentheses arê the standard êrror of the least square means.
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percent, kíäney fat weight or kidney fat weight expressed as a percent of

carcass r+eight (Table 26).

Other authors have found that dressing percenteges are sírnilar on corn

and barley based diets (Beauchemin 1980; LatríIle et al. 1983; cuertin et a1.

1987a). No studies were found concerning the effects of wheat on cârcass

parameters ín young calves but work wíth older animals (Olt¡en et al., 1966)

would indícate no sígnificant effects on dressing percentâge.

Results of tríals with younger calves (<136 kg liveweight) have also

sho$n that addíng fat to calf starters had no effect on dressing percentage

(Gatdner and Wallentíne !972; Wrenn et aL. L979; Físher 1980), fn the present

trial, adding oil (canola oil or JSCS) to the bartey-based díets had no effect

on kidney fat weight. Thís contrasts with results of Gardner and Wallentine

(1972) eîd Fisher (1980) r,¡ho found that adding fat to calf starters increased

kídney fat depositi.on. However, differences rnay have existêd in the percent

of fat ín the dry matter of the kídney fat depots (Kerz et al. 1982).

Alternatively, these authors sho!¡ed that dífferences Ín percentage fat ín the

kidney fat bêtseen Holsteíns fed on a high plane of nutrítíon and those on a

low plane of nutrítion r¡ere not as great as the dífferences found in the

subcutaneous depots at liveweights símílar to the slaughter weíghts in the

present work. Thus ít is possible that at these slaughter weíghts dífferences

ín diets or plane of nutritíon lrill not be reflected in the kídney fat depots,

as this earlíer maturing depot (Callow 1961; Berg and Butterfíeld 1968) nay be

already fÍlled to physiologícal capacíty.

Ðíet had no effect (P>0.05) on the chemícal compositíon of the 1. dorsi

muscle at the 12th ríb or on the rib eye area at the 13th rib (Table 27). As

would be expected, calves sleughtered at the heavíêr (210 kg) weíght had

larger (P<0.01) ríb eye areas than those slaughtered at the lighter (1S0 kg)
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Table 27. Effect of dlet and slaughter group on the least square means fot
chemical conposítion of the dry natter of the 1. dorsí muscle at
the 12th ríb and on rib-eye area at the 13th ríb

12th rib 13th ríb

Slaughter No. of
Diet Group calves 7" CP 7. fat

No. of Rib-eye
7" asln calves r..r (Lr2)

Corn 1

2

x+

Barley t

z

X

Barley
+ oíl I

2

X

BarIey
+ JSCS 1

2

x

Barley
* wheat I

9t.r7 7.77
(r.103) (0.778)
88. 71 8. 16
(0.637) @.44e)
89.94 7 .96
(0.637) (0.44e)

89.53 9.57
(1.103) (0.778)
90.99 6.53
(0.seO) (0.416)
90 .26 8.05
(0.626) (0.441)

9L.22 6.78
(1.103) (0.778)
90.50 7,77
(0.seo) (0.4i6)
90. 86 7 ,27
(0.626) (0.441)

88.29 7,70
(1. r03) (0.778)
90.32 7.2L
(0. se0) ( 0.4r6 )
89.30 7,46
(0.626) (0.44r)

90.36 7,65
(1.103) (0.778)
88.92 8.04
(0. se0) (0.416 )
89.64 7.85
(0.626) (0.441)

2

7

9

2

7

9

z

7

9

z

7

9

2

6

I

2

7

9

2

7

2

7

I

2

72

X

4.73
(0 .0e4)

4 ,67
(0.0s4 )
4.70

(0. 0s4 )

4,77
( 0.0e4)
4.74

(0.040)
4,63

(0.0s3 )

4 ,63
(o.oe4)
4.64

(0.0s0)
4.63

(0.0s3 )

4.54
(0.0e4)
4,77

(0.0s0 )
4 .66

(0.0s3)

4 .59
(o.oe4)
4.77

(0.0s0)
4 .6t

(0.0s3)

31.90
(3.s38)
46.89
( I .8e1)
39.39
(z. 006 )

3s,29
(3.s38)
47 ,09
(i.8ei )
4t.19
(2.006)

28 .54
(3.s38)
42,94
(1.8e1)
35.74
(2.00ó)

42.65
(3.s38)
44.35
(1.8e1)
43.50
(2.006)

40.L4
(3.s38)
4r.97
(1.8e1)
41.06
(2.006)

Slaughter
group I X

Slaughter
group 2 X

90.11 7.89 4,65
(0.4e3) (0.348) (0.042)

89 . 89 7 .54 4.69
(0.268) (0.18e) (0.023)

10 35. 70
(1.s82)

44.65
(0. 846 )

þombined data for staughter groups I and 2.

35
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weíght. Slaughter group did not affect (P>0.05) the chemical composítíon of

the 1. dorsí muscle at the l3th ríb.

Beauchernin ( 1980) found no dífference in ríb eye area, physical

compositíon of the 12th ríb or chemical composition of the I. dorsí nuscle

when calves were fed diets based on eíther ¡^'hole corn or rolled barlêy,

Guertin et a1. (i987a) have also reported that diets based on whole corn,

whole barley or rolled barley díd not affect the physícaI composítíon of thè

gth-loth-11th rib sectíon or the chemícal composítíon of the muscle ín the

12th rib. Hork wíth bèef steers (OItJen et aI. 196ó) r,¡ould also índícate Èhat

when compared to corn, wheat results ín cornparable values for marblíng score,

rib-eye area and fat ove. the rib-eye. Sinílarly, fat addítíons to calf

sterters were shown to have no effect on the chèmical conpositíon of the rib-

sectíon or the semltendenosís nuscle (Gardner and Hallentine L972) or of the

carcass (Wrenn et al. 1979¡ Stíles et al. 1973), although Bouchard et aI.

(1980) shorqed an increase ín the percent dissectable fat at the 12th ríb r¡hen

3 ot 62 fat was added to calf sta¡ters.

There existed a sígnifícant (P<0,05) interaction between diet and

slaughter group for percent fat ín the 1. dorsi muscle and for rib-eye area

(Appendíx Table J). It appears that the rib eye area for calves on diets

containíng barley plus JSCS or barley * wheat increased less frorn 180 to 210

kg slaughter weíght than did the rib-eye areas of calves on the other díeÈs,

due to the higher ríb-eye areas of calves fed barley + Jet-Sploded Canola Seed

or barley plus wheat in the 180 kg slaughter group. For percentage fat ín the

1. dorsí muscle the interaction occurred when percent fat in samples from

calves fed barley-only díets dropped fxon 9.572 at 180 kg to 6.337 at 210 kg

whereas for the other diets percent fat was similar for both slaughter groups.

Such a dtop ín fàt percentage would not be expected when slaughter weíght i.s
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increased (Brekke and Well-íngton 1969¡ Waldman et al. 1969¡ tlaldman et at.

f971). However only 2 animals per trèatment were slaughtered at 180 kg so

wíth this low number it ís líkely that the results were due to indivídual

varíation rather than a true díet x slaughter group interactíon.

Ðj-ets containing barley and barley + wheat were símíIar ín fatty acíd

composition (ta¡te ZA). Corn-based diets had higher proportíons of C18:1 and

lower proportions of Cl8:2 than did diets contaíning barley or barley + wheat.

Adding oil as JSCS to the barley-based diet increased the proPortíons of

C18:0, C18:1 and C18:3 and decreased the proportíons of C16:0 and C18¡2.

Differences between díets containíng canola oil and those containing JSCS were

IikeJ-y due to the hydrogenatíon of canola oil in the refíning process (Vaísey-

Genser and Eskin, 1982).

Values for the proportions of C18:2 and G20:4 in the extracted fat of the

1, dorsí muscle reported in the prêsent study (Table 29) are lor,¡er than values

of 25,7 and 7.37. reported by Seewald et af. (1987) for the sa$e nuscle ín

grain fed calves slaughtered at 123 kg líveweight. These authors reported

l-ower values for the proportions of C16;1 and C18:1 (11 and 23.32) than r¿ere

found ín the present ¡tork. These differences are most 1íkely due to the

effects of age and fatteníng on the fatty acid composítion ín the carcass

(Waldrnan et al. 1968), as calves ín this study were older than those ín the

study of Seewald and Eíchinger.

There r,¡ere no dífferences (P>0.05) in the fatty acid proportions in the

fat extracted from the 1. dorsí nuscles of calves fed corn, barley or barley *

r,'heat. Adding canola oíl to the barley based díet decreased Ëhe proportion of

C16:0 ín the l. dorsi fat below that obtaíned with a díet of barley * wheat

and tended to reduce the proportíon of C16:0 below that obtaíned on a barley

diet. The additíon of JSCS reduced the proportion of this fatty acid below
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Table 28. Fatty acíd proportions+ in the experimentâl diets

Iatty acídf Corn
Barley +

Barley oil
Barley * Barley

JSCS nhêât

ClO:0
cLz2 0
C14: 0
Cl6r0
C16rI
Cl8:0
C18: I
Cl8:2
Cl8¡3
C20:0
CZO: L

C20t4
C22: L

C24t0
Unídentífied

¡¡¡ 5 ND ND

ND 0.106 0.000
0.226 0.635 0.778

?-5.424 24.904 28.87 t
0, i37 0.510 0. 175
3.17 6 1.640 4.319

29.768 19.900 42.324
35.67 4 44.835 16.695

1. s90 4.779 L.432
0,847 0.417 ]-246
t.344 0.74L L.6L2
0. 368 0. 711 0. 7r1
L.275 0.191 0.568
0.804 0.257 0.696

ND ND

0. 055 0. 048
0.296 0.339

72.168 22.889
0.760 0.L26
2.17t L.973

48. 856 L7 .7 4L
25.811 49 .435
6.388 4.356
0.733 0.620
1.340 r,107
0,527 0.370
0,126 0.159
0.292 0. 708

{Expressed as a percenÈage by weight of total fatty acíds.

fFirst nunber denotes the nurber of carbon atoms, the ntunber after the
colon denotes the nu!ûber of double bonds.

SNot detected.
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Table 29. Effect of díet on the least square means for fatty âcid
proportions{ in the 1. dorsi nuscle at the 12th rib

Diet

Fatty acidf Corn
Barley +

Barley oil
Barley * Barley

JSCS r,¡heat

No. of calves

G10:0

CL2:O

Cl4: 0

Cl6:0

Cl6: I

C18:0

Gl8: 1

CL8:.2

G18:3

C20:0

c20|L

C2024

Ç222L

C24:0

Unídentified

89

0.019 0.061
(0.034)5 (0.033)
0.070 0.08s

(0.017) (0.016 )
2.09 2.23

(o.203) (o.2oo)
22.83abc 24.64bc
(o.s77) (0. s67)
3.36ab 4.38ab

(0.334) (0.328)
13 . 15 13 .07
(0.678) (0.66s)
39.11 37.89
(0.847) (0.832 )
13.29 10.13
(0.818) (0.803)
0.339a 0.482ab

(0.068) (0.0ó7)
0.s28 0.552

(0.101) (0.0ee)
1.11 t.47

(0.1e7) (0. ie4)
z.4L 2.28

(0.2e3) (0.288)
0.439 0. 715

(0.122) (0.11e)
0. 019 0. 055

(o. o1s) (o. ors )
t.23 L.92

(0.284) (0.27e)

999

0.013 0.020 0.035
(0.033) (0.033) (0.033)
0.075 0.073 0.088

(0.016) (0.016) (0. oro )
2.22 2.19 2.42

(0.200) (0.200) (0.200)
22,35ab 2L.83a 24.80c
(0.567) (0.s67) (0.s67)
3,59ab 3.I2a 4. 39b

(0.328) (0.328) (0.328)
L4.32 15.03 12.98
(0.66s) (0.66s) (0.66s)
39,34 39.2L 38.09
(0.832) (0.832) (0.832)
11.13 ll.59 11.07
(o.803) (0.803) (0.803)
0.631bc 0.810c 0.467 ab

(0.067) (0.067 (0.067)
0,4ó0 0,676 0.513

(0.oee) (0.oee) (0.Oee)
1.40 1.10 1.03

(0.1e4) (0. 1e4) (0. 1e4)
2.r5 2.30 2.07

(0.288) (0.288) (0.288)
0,750 0.483 0.55ó

(0.11e) (0. ile) (0.11e)
0.034 0.050 0.022

(o.o1s) (o.o1s) (o. o1s)
1.60 r.49 L.54

(o.z7e) (0.27e) rc.27e)

a,b,c Means ín the same row different letters are sígnifícantly dífferent
(P<o. os).

fExpressed as a percentage by weight of total fatty acíds.

fFirst nurnber denotes the nu¡nber of carbon atons, the number after the
colon denotes the number of double bonds.

5 Nurb""" ín parentheses arè the standard errors of the least square
means .
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that obtained on díets of barley or barley + wheat, but not belo!¡ that

obtaíned on diets of corn or barley t canola oil. The additíon of canola oil

to the barley diet did not change (P>0.05) the proportion of C16:l in the

intramuscular fat as compared to díets containing corn, barley or barley *

nheat but JSCS resulted ín a reduction (P<0.05) in the proportion of this

fatty acid when conpared to a diet contaíning barley * wheat and tended to

reduce the percentage r,Jhen compared to a díet containing only barley. The

C18:3 content of the extracted fat in the 1. dorsí muscle of calves fed JSCS

v¡as símílar (P>0.05) to that of calves fed canola oil and hígher (P<0.05) than

that of calves fed corn, barley or barley + wheat. The content of Cl8:3 was

higher ín calves fed canola oi1 than ín those fed corn. Other changes ín

fatty acid proportions díd not reach signíficance.

Dryden and Marchello (1973) found íncreased proportions of C18:l and

C18:2 ín the subcutaneous and internal fat dèpots r¡hen 62 safflower oi1 was

added to beef rations and Dínius et al. (1974) reported that when safflower

oí1 was added to beef rations the content of Cl4, C14r1, C16 and G16:1 in the

adipose tíssue tended to dec¡ease as that of C18:1 increased. Extruded

soybeans have been shorm to increase the proportíons of Cl8:2 and C18:3 in the

adípose tíssue (Rule and Beitz 1986). However, neiÈher Dryden and Marchello

(1973) nor RuIe and Beítz (1986) found that the fatty acid proportíons in

muscle lípids changed when safflower oil or extruded soybeans respectively

r,Jere added to beef ratíons. In the present work, neíther added canola oí1 nor

JSCS affected the proportíon of C18;1 ín the 1. dorsí muscle, despite hígher

Ievels of C18:1 ín these dieÈs. Simílarly, although addíng JSCS increased the

anount of C18:2 ín the diet there was no increase in the amount of C18:2 ín

the 1, dorsi muscle. Thus, ít appears frorn the present work and the reports

of Dryden and Marchello (1973) and RuIe and Beítz (1986) that thè proportions
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of C18:1 and C18:2 ín thís muscle do not respond to dietary changes ín the

proportÍons of the fatty acids present ín the díet.

Animals slaughtered at 180 kg had higher (P<0.05) proportíons of C20:0

and Ç24:O ín the fat of the 1. dorsí muscle Èhan díd animals slaughtered at

210 kg (Tabte 30). No studies comparing directly the effects of age and/or

carcass weight on these fatty acids were found elsewhere ín the literåture,

but ostrander and Dugan (1962) have reported higher levels ín veal

intramuscular fat than in beef intra$uscular fat, so there ís possíbly an

effect of age on these fatty acíds.

Meat colour readíngs from the present trials (Table 31) are within thê

range of 36-522 teported elsewhere for graín fed calves (Beauchemín 1980;

Bouchard et al. 1980; Wood and Frohlich 1981). Diet had no effect (p>0.05) on

the colour of the meat at the brisket or at the l3th ríb. This is ín

agreement wíth the results of Beauchemín (1980) and Guertín èt aI. (1987â) who

found no difference in meat colour when corn or barley-based diets were fed.

fn contrast to the results of Bouchard et al. (1980), who found that 3 or 67.

added fat resulted in a darker meat, neither canola oíl nor Jet-Sploded canola

seed additions ín the present work had âny effect on meat colour.

AJ-though supplernentary iron was not added to the díets in this tríal'

dietary iron concentratíons (Table 4) were ín excess of the NRC (1979)

requirements. tr'rom work ¡víth mílk fed calves (Bray et aI. 1959; MacDougall et

aI. 1973) ít would appear that these levels r,¡ould be adequate for synthesis of

both hemoglobin and myoglobin. Blood henoglobin and hematocrit levels (Tab1e

31) are ín the normal range for hernoglobin (8-15 ng/lOO mt) and hematocrit

(35-372) as reported by Bênjamin (1978) and agree wíth hernoglobin values of

L0-I2 trlg/IOO m1 and hematocrit values of. 34-362 reported elsewhere for graín

fed calves (Neidetmeíer et at. 1959t Kunz et al. 1969¡ Beauchemín 1980; Fisher



Table 30. Effect of slaughter group on the
acíd proportions{ ín the 1. dorsi

I53
least square rneans for fatty

nuscle ât the 12th rib

Slaughter Group

Fatty acidf 180 kg 2r0 kg

No. of calves

C10 :0

C12:0

C14: 0

C16: 0

C16: I

C18:0

C18: I

ÇL8 z2

C18:3

C20:0

C2OzL

C2024

Ç22 r L

Ç24:0

Unidentified

10

0. 0235
(o.0264) e

0.0834
(o.0130)
2, 164

(0. 1s7)
23 .4LO
(0.447 )
3. 9s3

(0. 2s8)
L3.322
(o. szs )

38. 013
(0. 6s6)
11 . 820
( 0. 634)
0. s94

(0.0s3)
0.66la

(0.078)
1.299

(0.1s3)
2,r40

(0 .227 )
0 .649

(0.0e4)
0,051a

(0.012)
1.776

(o.zzo')

34

0.0355
( 0. 0143 )

0 .07 34
(o. oo71)
z.309

(o.086)
23.t65
(0.243)
3.578

(0.140)
14.097
(0 .28s )
39.428
(0.3s7)
11.070
(0.344)
0.498

( 0.02e)
0.43rb

(0.043)
L,L47

(o.osr¡
2,344

(0.123)
0. 528

(0.0si )
0.021b

(0.006)
I .335

(0. 120 )

a,b Means follor¡ed by dífferent letters are sígnífícantly dÍfferent
(r<o. os).

fExpressed as a pêrcentåge by weight of total fatty acids.

fFírst nurnber denotes the number of carbon atoms, the number after the
colon denotes the number of double bonds,

5 Nurnbers ín parentheses are the standard errors of the least square
means ,
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r55
1980).

Calves slaughtered at 180 kg liveweíght had I íghter-coloured meat at the

12th rib (P<0.05), lower hemoglobin values (P<0.01) and lower hematocrít

valuès (P<0.01) than did calves slaughtered at 210 kg liveweight (Table 32).

Beauchemín (1980) rèported that grain-fed calves slaughterêd at 166 kg had

llghter coloured meat and lower hemoglobín values than did calves slaughtered

al 204 kg. However, Beauchenín (1980) reported no dífference ín hexlatocrit

values when slaughter weíght was íncreased. The darker coloured neat at the

heavier slaughter weight would be due to íncreased pígraent concentration in

the meat of heavier calves (Zupka et aL. 7972i Sheper 1978).

Of the 45 carcasses graded at the slaughter house, only 11 received A

grades (Table 33). This nr¡nber díd not differ anong diets, wíth 2-3 carcasses

per diet grading A. It was thought origínally that increasing the slaughter

weíght from 180 to 210 kg would irnprove grades but this lras not the case. 0f

the 34 carcasses that were given B or C grades, 32 wete downgraded because of

inadequate musclíng and/or inadequate kídney ot external fat. Only 2 were

downgraded solely because of ínadequate kídney or external fat. Thus ít

appears that ât these slaughter weights carcasses are not of the proper

conformatíon for Grade A veaL.

VI. SENSORY EVALUATION

Hunter Lab value for thê degree of líghtness (L), degree of redness (a)

and degree of yellow (¡) in ttre cooked meat sanples did not differ among the

five graín treatnents (P>0.05¡ Table 34), Meat sanples froro the milk fed

calves had hígher (P<0.05) L-values than did rneat samples from the grain fed

calves, índícatíng a líghter colour for the míIk-fed veal, Although it ís

generally accepted that raw meat fron milk-fed veal is lighter in colour than



Table 32.
r56

Effect of liveweíght at slaughter on the least square means
for neat colour of the brísket and 13th ríb, pH at the l3th
rib and on blood hematocrít and hemoglobín 3-4 d príor to
slaughter

Slaughter l,leight

180 kg 210 kg

Meat colour at brisketf

Meat colour at 13th ribf

pH at l3th rib

Hematocrit (Z)

Hemoglobin (ng/100 mf)

48.30 r 3-.614+
(10) s

46.30 ! 2.631a
(10)

5. 70 t 0.091
(io)

29.L4 ! 0.665^
(to¡

10.73 t 0.317A
(to¡

42.6L ! L.995
(33)

38.83 r 1.475b
(32)

5.66 I 0.050
(34)

32.01 t 0.3558
(3s)

11.99 r 0,1708
(3s)

A,B,a,b Means in the same row l¡ith different letters are sígnificantly
dífferent (A,n P<O.Ot; a,b P<0.05).

{Meat colour expressed as Z reflectance; the hÍgher the numbers, the less
reflectance and hence the lighter the meat.

fleast square means t standard error of the least square means.
5
" Numbers ín parentheses are the number of anímals per slaughter group for
each measurement.



Table 33. Effect of diet and slaughter r.reight on carcass grades{

Calf No. Díet sIcR (ke) Grade Comrnentsf

287
6683
6583
7283
L287
6481
2587
3087
4287
6383
6786
7583
9983
6883
6981
7081
3387
4687
6986
6783
6483
7 483
628r
2687
2887
3487
738L

Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Barley
Barley
Barley
Barley
Barley
Barley
Barley
Barley
Barley
Barley * Oil
Barley * Oil
Barley * Oil
Barley t Oi1
Barley { Oil
Barley * 0i1
Bar1ey * 0i1
Barley + Oi1
BarJ.ey * Oí1

180
180
210
2r0
2L0
2L0
2r0
2t0
210
180
180
2LO
2L0
2LO
2LO
2L0
2L0
2L0
180
180
210
2L0
2L0
2L0
2r0
2LO
2L0

82
B1
A2
A1
B1
82
82
AJ
B3
BI
82
82
A2
B2
B2
82
g5
82
B3
B1
IJJ
B1
A1
A3
B3
82
B3

K
MFK

M

M

v
M

I'lFK
MF

I
M

MF

M

MF

M

M

MFK
M

Y

t'1F

M

M
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Table 33. (con't. )

Calf No. Díet sIcR (ke) Grade Corrunentsf

987
7383
7083
t487
6 381
6781
7 181
3687
4087

487
7186
1187
6983
6681
2287
2787
4LS7
4487

180
180
2L0
2r0
zr0
2t0
2r0
2r0
2t0
180
180
210
2L0
2L0
2r0
2t0
2L0
210

A1
BZ
B1
cl
82
B4
82
BI
A5
B3
B1
B4
A1
AZ
A1
82
B4
82

Barley * JSCS
Barley * JSCS
Barley 'l- JSCS
Barley + JSCS
Barley * JSCS
Barley * JSCS
Barley * JSCS
Barley + JSCS
Barley * JSCS
Barley * Wheat
Barley * Hheat
Barley + Wheat
Barley + llheåt
Barley * Wheat
Barley + Wheat
Barley * Wheat
Barley * Wheat
Berley + Wheat

M

M

MF

M

M

t'.tF

Y

M

M

:

;
M

M

þraded hide-off 24 hours post-slaughter accordíng to Agriculture Cenada
Specíficatíons.

fRefers to the reasons gíven by graders for do\,¡ngrading to a B or C

grade. M = inadequate musclíng or conformation; F = inadequate external
fåt cover for qualíty; K = ínadequate kidney fat cover.

5V"lo"" for colour readings were míssing so no colour classífication (1-
4) was gíven.



ls9
ralr meat from grain-fed calves (Bray et al. 1959¡ Beauchemin 1980¡ Bouchard et

al, 1980; Smulders and de Visser 1988), tlood and Froehlích (1981) have

reported that cooked meat samples fron graln fed calves were not darker than

cooked meat sarnples from mílk-fed calves. Sma1l, negatíve 'ra'r values indícate

that the cooked neat sarnples had a slight grey tinge, and this lras more

promínenÈ (p<0.01) ln ttre sa.rnples of míIk-fed veal (fa¡te :¿). Again thís

contrasts with the results of l,lood and Froehlích (1981) who reported thât

differences between niLk-fed and grain-fed veal samples for the degree of

redness disappeared when the neat was cooked. The "brt values did not differ
(P>0.05) betlreen samples from rnílk-fed and grain-fed calves and this has been

reported elser.¡here for cooked meat sânples (Wood and Froehlích 1981).

Appendix N shows the analysis of variance for the ratíngs of the sensory

panel. Expressíng the sum of squares for each conponent as a percentage of

the total sum of squares indicates thaÈ a consíderabJ-e portíon of the

varíation ín juíciness, flavour intensity and flavour pleasantness ratíngs was

due to the evaluators or Èo interactions between evaluators and treatxûents

(Figures 2-5). When the variatíon in tênderness ratÍngs was expressed ín this

rnanner the evåIuators became relatively less Ímportant as a source of

varíation whíle treatment and treatnent x panel interactíons accounted for

more of the variatíon ín ratings.

Other studíes have also shown that a consíderable portíon of the

variation in taste panel ratings ís due to variatíon among judges, Hanning et

aI. (f957) reported that sensory tenderness ratings were quítê variable among

judges. Brisson et af. (1979) found that variatíons in judges râtÍngs for

flavour, texture and order of preference were more a function of varíation

arnong judges than variation among samples. Variation in tenderness ratÍngs

anong judgês \,ras also quite hígh (Brisson et aI. 1979) but differences among
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treatments were large enough to reach sígnifícance in both studies (Hanning et

al, 1957¡ Brisson et al. 1979),

In the prêsent study judges were unable to detect differences aruong

treatments for any trait except tenderness (Table 35), Milk fed veal was

judged to be more tender (P(0,05) than veal from any of the graín fed calves

except those fed barley + !¡heat. Arnong the graín fed calves, Èhose fed wheat

were judged to have the nost tender neat (P<0,05), Meat from calves fed

barley + JSCS was judged to be less tender (P<0.05) than meat from calves fed

corn .

Hanníng et aL (1957), Wood and Froehlich (1981) and Brisson et al,
(1979) have also reported that only judges' râtings for tenderness reached

statistical signíficance when meat fron graín fed calves was compared to that

from milk fed calves. Brisson et a1. (1979) and Wood and Froehlich (1981)

reported that milk fed veal was judged to be nore tender than grain-fed veal

but Hanning et al. (1957) reported that aÈ 6 weeks of age rneat from calves fed

mílk supplemented wíth copper and iron r,ras judged to be more tender than was

meat fron calves fed unsupplemented milk, or 1imíted milk or nilk replacer

plus hay and concentrate.

Volatile, drip oË total losses frorû the meat during cooking did not

differ (P>0.05) among dieÈs (Table 36). Thís is ín agreement r¿ith results of

Hanníng eù al. (1957) and Brisson et aI. (1979). The hígher cooking losses

for mílk fed veal reported by Wood and Froehlich (198f) !¡ere not evÍdent in

Èhís study. No differences among diets were observed for the percent press

fluíd (P>0.05). This is ín agreement with the results of Hanning et a1.

(1957) and lends support to the results obtaíned from the taste panel

evaluation of juiciness.

The Instron measurenent of the force (in Newtons) requíred to rupture the
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Table 35, Effect of diet on the least square means for panel evaluations

for juicíness (JR), tenderness (TR), flavour Íntensíty (FIR) and
flavour pleasantness ( FPR)

Diet

Corn Barley
Barley * Barley * Barley *

oil JSCS wheãt MíIk

No. of
Observations

JR+

TR+

FrR+

FPR+

38 46

5.22 5.02
(0.37s)+ (0.364)

5.15b 4.42ab
(0.2ee) (0.281)

5.93 5,72
(0.331) ( 0.313 )

5.51 5,71(o.z7r) rc.252)

46 46

5.54 5.15
(0.364) (0.364)

4.73ab 4, LLa
(0.281) (0.2ee)

5.52 4.98
(0.313) (0.313)

6.04 5.44
(0.2s2) (o.252)

38 46

5. 7s 5, s2
(0.37s) (0.364)

6.52e 7.00c
(0.2ee) (0.281)

5.08 5.42
(0.331) (0.313)

5.74 5,78(o.z7r) (o.z5z)

a,b Means Ín the sâ!¡e ro\,r with dífferent letters are sígnificantly
dífferent (P<0.05).

flower nunbets denote a less favourable score,

ftlunbers in parentheses are Èhe sÈândard errors of the least square means.



Table 36. Effect of díet on the
of rneat quality made on

least square means for
cooked meat sarnples

r67
instrumental measurements

Diet

Parameter Corn
Barley .t Barley + Barley +

Barley oil JSCS r¿heat Mí1k

No. of calves

Instron Force (N)

Z Press Fluld

Z Drip lossf

Z Volatile lossf

Z Totat lossf

81 .65ab 104.87ab 126 , L6a(13.7s)+ (r2.30) (12.30)

40.51 40.39 42.67
(1.7e) (1.60) (1.60)

1 ,88 2.06 2,05
(0.30) (0.27) (0.27)

11,99 12,09 LL,43
( r. 01) (o. eo) (o. eo)

13 . 87 14. 15 13.39(1.06) (0. es) (o. es)

656

103 . 62ab 77 . Slab 73 .5ib
(12.30) (13.7s) (12.30)

38.84 42,2L 42.30
(1.60) (1.7e) (1.60)

1 , 86 L.gZ 2,25
(0.27) (0.30) (0.27)

12.19 12,J.7 13.58
(0.e0) (1.01) (0.e0)

14. 05 14.09 15. 83(o.es) (1.06) (o.es)

a,b Means in the same rors wíth dífferent letters are significantly dífferent
(P<0.10).

{Numbers ln parentheses are the standard errors of the least square means.

floss duríng cooking.
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meat was higher for the calves fed barley * oil than for those fed milk

(P<O,OS; Table 36), No Òther differences reached significance (P>0,05),

although numerically the trends were símilar to those reported for the judges

evaluatíon of tenderness (Table 36). Brísson et a1, (1979) and Hood and

Froehtích (198I) have also reported that ínstrurnental rneasures of tendetness

lênd support to the taste panelístsr conclusíons regarding Èenderness and that

milk fed veal vas more tender than grain fed veal However, results from

other studies (Hanning et al, 1957; Smulders and Visser 1987; Warner et a1.

1988) do not support the conclusions that milk fed veal is more tenrler than

graín fed veal.

Results are contradíctory as to \.rhether added fat affects the quality of

veal meat. Johnson et aI. (1988) reported that calves fed skirn milk had less

tender meat than did calves fed fat- supplemented skím níIk but could

demonstrate no effect of dífferent fat leve1s on tenderness beyond the lowest

level of fat inclusíon. Furthermore, there was a 40-50 kg difference ín

Iiveweight between calves fed fat supplenented and unsupplernente¿l diets.

Seoane et a1. (1978) reported that 182 tow erucíc acíd rapeseed oil in mílk

replacers decreased the paneListsr ratíng fot tenderness when the meat fro¡n

these calves \{as cobpared to meat from calves fed Èal1ow supPlemented milk'

although the Warner Bratzler Shear values did not support this conclusion.

Stiles et aI. (L974) reported t}'at 47 tallo¡,, in graín based díets tesulted in

a less tender meat es judged by a taste panel. The calves fed barley * canola

oil in thís study had hígher Instron force values but values lterê not

dífferent (P>0.05) from those of the calves fed corn, barley, barley * JSCS or

barley * wheat.
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SUMMÀRY

GROWTH TRIAL

Average daily gaíns fron 6 weeks on test to slaughter did not differ

(p>O.OS) for calves fed corn, barley, barley * oil or barley + JSCS.

Àverage daily gains were lolrer (P<0.05) for calves fed barley * r¿heat

than for those feil barley * oí1 and tendetl to be lower (P<0.10) than for

those fed barley + JSCS.

The number of days required for calves to reach slaughter weight was

símilar (P>0.05) for calves fed corn, barley, barley * oil and barley *

JSCS but calves fed barley * wheat required âpproximately 24 days longer

to reach slaughter weight Èhan did those fed barley + oil or barley *

JSCS (P<0.05).

Daíly feed intake tlíffered arnong the grain dÍets (P<0'05) but the means

separation test was unable to dístínguish which means were different. Tt

appears that feed intake was lower on díets contaíning'corn and barley *

wheat than on diets containing barley, barley * oil or barley + JSCS'

feecl efficíency ratios tentletl to tliffer among díets (P<0'10) but the

mêans separation test. could not pick up the trends. It would aPPear,

hor.rever, that calves fed corn, barley * oil and barley t JSCS had more

efficient gaíns than díd those fed barLey or barley + wheaÈ.

DIGESTIBILITY TRIAL

The apparent dígestibilíty coefficients for dry matter, gross energy and

crude proteín did not differ (P>0'05) among the graín diets'

The apparent digestibility of acÍtl detèrgent fíbre was similar (P>0.05)

for diets contaíning corn, barley and barley * oí1. The additíon of JSCS

to barley diets increased (P<0'05) the digestíbillty of acid detergent
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fiber above that of di.ets containing barley only ând the addition of

wheat to the barley diet resulted in a higher (P<0.05) aPParent

digestibility of acíd detergent fiber than vas obtained for eíther the

corn or barley-only diets (P<0.05).

Rumen pH, rumen annmonia nitrogen 1eve1s, rumen volatíle fatty acid

proportíons, total rumen volatíIe fatty acid levels and blood urea

nitrogen levels at 1 and 3 hr post feedíng were not affected by diet

(P<o. 05) .

III. RIJì'IEN DEGRÁDÀBILITY TRIAL

- Dry natteï and crude protein dísappearance in the rurnen was more rapid

for díets containíng barley, barley Ì oíI, barley * JSGS and barley *

wheat than for díets conteíning corn'

- The effectíve degraitabílity of dïy matter was lower (P<0.05) for díets

contaíníng corn than for those containing barley, barley * oil' barley *

JSCS and barley t wheat. The effective degradabílíty of dry natter wâs

lower (P<0,05) for the diet contaíníng barley * oil than for diets

containing barley or barley * wheat.

- The effectíve tlegradabiLity of crude protein differed (p<0.01) anong

grain díets but the means seParation test could noÈ distinguish where

these differences \,rete' Numerícally the paÈterns appeared to be slmilar

to those for the effectíve degradabíIity of dry natter.

CARCASS TRIAL

Carcass weight, dressing Z, kldney fat weight, rib eye area at the 13th

rib, and the chemical cornpositíon of the I' dorsi muscle at the 12th rib

díd not differ arnong diets (P>0.05)'

rv.
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Adding canola oil or JSCS to the barley díets increased the ProPortíon of

C18:3 in the extracted fat of the 1' dorsí rnuscle at the l2th rib. Calves

fed diets contaínín8 JSCS had higher (P<0.05) levels of this fatty acid

than did those fed corn, barley or batley and r¿heat and calves fed canola

oi1 had hígher levels of G18:3 (P<0.05) than di.d those fed corn but not

higher (P>0.05) than those fed barley or barley Ì wheat.

Atlding canola oí1 to the barley diet decreased (P<0'05) the proportion of

C16:0 in the 1. dorsi fat below that obtaíned \,rith a diet of barley 4

wheat and tended to reduce (P<0'10) the proportion of C16:0 below that

obtained on a barley-only diet' The additíon of JSCS reduced the

proporÈion of the fatty acid below that obtained on diets of barley and

barley * wheat buÈ not below that obtained on díets of corn or barley *

canola oil.

The arltlitíon of JSCS to the barley diet reduced the Proportion of C16:1

(P<0.05) in the extracted fat in comparison to a diet containíng barley *

v¡heat and tended to reduce the ProPorÈion of the fatty acid in conparison

to a diet containing barley only (P<0.f0)'

Meat colotlï at the brísket, neat colour at the 13th ríb, pH at the 13th

rib, and hematocrít and hemoglobín levels 3 d prior to slaughter were not

affected by thè varíous grain diets (P>0.05)'

SENSORY EVAIUATION

The Hunter-Lab readings for colour íntensíty and degree of redness of the

cooked meat wete not different among the 5 graín diets but cooked samples

of milk fed veal were lighter ín colour (P<0.05) and more grey (P<0.05)

than r¡ere âny of the samples fron the grain fed calves. The degree of

yellowness of the cooked rneat samples di<t not differ (p>0'05) a¡nong
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diets.

The varíation in panel ratíngs for juícÍness, flavour intensity and

flavour pleasantness \,¡as moïe a function of evaluator and ínteractíons

betweèn evaluator and díet than of díet aLone' In the evaluatíon of

tenderness however, evaluator and evaluator x díet interactions became

less ímportant and clífferences âmong díets teached signifícance (P<0'05)'

Milk fetl veal was judged to be rnore tender (P(0.05) than veal from any of

the graín fed calves except those fed barley * wheat. Meat from calves

fed barley + wheat was judged to be more tender (P<0.05) than that frorn

the other diets. Meât fïom caLves fed barley * JSGS was judged to be

less tender (P<0.05) than that from calves fed corn, wíth no differences

between the meat of calves fed corn, barley or barley * canola oil.

The Instron meâsurement of the peak force required to rupture the neat

was hlgher (P<0.05) foï those calves fed barley * canola oí1 than for

those fed milk, but other dífferences did not reach sígnificanee

(P>0.0s).

Other rûeâsurenents of neat quatity (ptess fLuí.d 7' volatile, drip and

total cooking losses) did not differ (P>0'05) a¡rong diets'
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GENERAL SUHHÀRY AND CONCLUSIONS

These results indicate that feedíng díets containing rolled barley

or rolled corn results ín sirnilar ADG for calves up to 210 kg

líveweíght, but feed effieíency is sonewhat reduced on rolled barley

diets because of the slightly lower DE contênt. However, replacíng 502

of the batley lrith wheat çou1d not be recornmended as calves consurning

diets containing wheat apPeared to have reduced íntakes and daily gains'

Despíte the greater DE content of the wheat díet, feed efficíency was

sínilar on the barley ând the barley * wheat diets. Iurthermore, ít

appears that the barley Ì wheat diet affectecl perforrnance rnaínly in the

latter part of the growth trial, so the ptoblem r¡íth feed intake míght

be intensífied if the growth Period were extended to 230 kg as is

recommended in Quebec and Ontario. Àdding either canola oil or JSCS to

the barley diet appeared to improve feed conversion effici.ency to that

on a corn díet.

Wíth Èhe exception of minor changes in the proportions of C18:3,

Cl6¡0 and G16:1 in the lean ât the 12th rib, carcass Parâmeters were

unaffected by díet. Only 2 to 3 carcasses fro¡n each dietary treatnent

received A grades and the reason most often given for downgrading to a B

or a C grade was insuffícíent muscling' In general, meat frorn calves

fed nílk or batley + ¡{hêat !¡as more tender than that from calves fed

corn, barley, barley * oíI or barley * JSCS. The data suggest that

added oil, in the forn of free canola oil or JSCS' may decrease

tenderness of the neat. Cooked meat from milk-fed calves was lighter

and more grey in colour than meat from grain fed calves.
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Appendix A. Implant age, slaughter group,
source of calves on test
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season of marketing and

Calf No. Diet
Slaughter Marketíng

Inplant Wt. Group Season(te) (te)
Sourcef

287
6583
6683
7283
L287
6481
2587
3087
4287
6383
67 86
7583
9983
6883
6981
7081
338 7
4687
6986
6483
67 83
7 483
628L
2687
2887
3487
7381

987
7383
7083
L487
648t
678t
7181
3687
4087

487
7186
118 7
ó983
6681
2287
2787
4r87
4487

Surmer
Sr:¡uner
Sunmer
FaIl
Fall
Fal-1
Wínter
Wínter
Wínter
Sumner
SurDroer
IaLl
Fa11
FaII
Wínter
Winter
Winter
Wínter
Sunmer
Susmer
Su$mer
Fall-
Fa11
Wínter
Winter
WÍnter
Winter
Sumrner
Su¡ûmer
Fa11
IaIl
tr'a11
FaLl
Wínter
Wíntêr
Winter
Su$mer
Summer
I'a11
FaII
FalL
WinÈer
Wínter
14inter
Winter

Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Barley
Barley
Barley
BarIey
Barley
BarLey
Barley
Barley
Barley
Barley + 0í1
Barley t Oil
Barley { OiI
Barley * Oí1
Barley * OíI
Barley * Oil
Barlêy + Oíl
Barley * 0íl
Barley * 0i1
Barley * JSGS
Barley { JSCS
Barley * JSGS
Barley * JSCS
Barley * JSCS
Barley * JSCS
Barley * JSCS
Barley * JSCS
Barley * JSCS
Barley * Wheat
Barley * Wheat
Barley * Wheat
BarJ.ey * l,Iheat
Barley * Wheat
Barley * Hheat
Barley * Wheat
Barley * Hheat
Barley + Wheat

100
80

r00

80
80
80
80
80

100
100
80
80
80
80
80
80
80

100
80

100
80
80
80
80
80
80

100
80

100
80
80
80
80
80
80

100
100
80
80
80
80
80
80
80

180
210
180
zro
2L0
zro
2L0
2t0
2LO
180
180
2ro
zLo
2L0
2t0
2r0
270
zL0
180
2LO
180
2LO
210
zro
2t0
210
zLo
180
180
2LO
2L0
2L0
zr0
210
zLo
2LO
180
180
2t0
2ro
2LO
2to
2LO
2t0
zro

U

o
0
o
U

o
U

U
U
0
U

o
o
o
o
0
U

U

U

o
o
o
o
U
U
U

o
U

o
U
U

0
0
o
U

U

U

U

U

o
U

U

U

U

fU-Uníversity herd, O-Manj.toba daíry farns.
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Appendíx B. Rar¿ data for calf weíght gaíns, total feed consumption
and the mrmber of days from ó weeks on test to slaughter

ID

2fJ7
6583
6643
7263
1287
6.18 t
25'¡7
3047
1247
6343
G786
7543
9943
6483
GgSl
?oat
334?
¡168?
G986
G¡I83
Gta3
71Ag
€28t
2647
2AA7
3¡187
738t

987
7383
7043
l¿187
638 t
GTAl
718 t
368?
¡K!37

¡187
7t86
I187
6983
668t
22A7
2747
4<et
11A7

I
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
1
1
1
4
1
1
1
4
1

5
5
5
5
5

5
5

SLGR

t
2
I
2
2
2
2
2
2
I
I
2
2
2
2
2
2
2
I
2
I
2
2
2
2
2
2
I
I
2
2
2
2
2
2
2
t
I
2
2
2
2
2
2
2

I{TGAIN FEED DAYS

t20 339.47 133
tst r 3.98 llg
t lO 274.90 8¿l
tcg 475.44 126
t57 466.70 t26
!€3 ¿t69.36 133
t3a 401 .79 I 19
tsl 353.90 SA
lss 399.38 112
l3¿l 392.40 126
l2O ¿l¡14.2O 117
139 43¿1.5¿t lO5
16¡1 453.Of¡ l4O
152 ¡162.43 l¡lo

'' 15¿l ¡t70.9€ I 19
t3? 114.21 lo5
la? 399.3s 98
lst ¡1O9. t¿l I 19
l¿t3 ala.75 l¿lo
t¿t¿t 10/9.11 lig
to3 293.Of' a4
t56 ¿l4a,73 126
IGO ¿133.33 172
163 121.31 112
l€3 ¡1{)l.60 ll2
t55 368.02 tos
157 4lA.lO I t9
f3t 364.56 ll2
tta 320.6i 98
t59 492.6s 133
163 536.37 t5¡¡
t39 122.10 tos
153 152.O1 126
t32 376.07 lO5
i6l 390.5't 126
t55 377.G7 los
I 16 385.?¡¡ 133
l3¿l ¿1O5.¿O l€ I
ls¡t ¡¡23.¡tg 133
to6 ¡l55.of 133
162 532. t3 117
t6t ¡l€0.66 '12€
t53 ¡t50.67 I t9
163 ¡129.94 133
t64 431.99 133
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Appendíx C. Sample ballot for panelists evaluatlon of meat juicíness,
flavour íntensity, tenderness and flavour pleasantness

Nanne: Date!

Take I cube of meat and evaluate Juíciness, then Flavour Intensity.

Juicíness: The amount of líquid released after 2 chews betr,teên the
molâr teeth.

Juicíness Flavour Intensity

8 Extremel-y juicy 8 Extrenely íntense
7 Very juícy 7 Very íntense
6 Moderately juícy 6 Moderately íntense
5 Slíghtly juícy 5 Slíghtly íntense
4 Slight1y dry 4 Slightly bland
3 Moderately dry 3 ModeraÈely bland
2 Very dry 2 Very bland
1 Extremely dry 1 Extrenely bland

Take 1 cube of meat and êvaluate Tenderness, then Ïlavour Pleasantness.

Tenderness: The amount of work required to masticate a sarnple that is
teady for swallowíng.

Tenderness Flavour Pleasantness

8 Extrenely tender 8 Extremely pleasant
7 Very tender 7 Very pleasant
6 Moderately tender 6 Moderately pleasant
5 Slightly tender 5 Slíghtly pleasant
4 Slíghtly tough 4 Slightly unpleasant
3 Moderately tough 3 Moderately unpleasant
2 Very tough 2 Very unpleasant
1 Extremely tough I Extrernely unpleasant
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feed consunptíon dataAppendíx D, Analysís of varíance of growth and
from start to 6 r,¡eeks on testfd

Parameter Source df Type III MS F-Value Pr>Ff

Age at start D

Error

Weight at start D

Error

Weight at 6 ¡¿eeks D

Hr0
Error

A-DG to 6 l¡eeks D

l,lr0
Error

Milk replacer
consuoptíon D

l,lr0
Error

Starter consunptíon D

l,¡r0
Error

Total DM

consumptíon D
Í,¡r 0
Error

Teed:Gain ratio D

t¡r 0
Error

0.38 0.8242
r.47 0.2322

1 . 18 0, 3357
25.81 0.0001

1.36 0,2668
0,07 0.7942

0.43 0 . 7 853
0.07 0.7942

4
39

4
59

4
I

38

4
I

38

13. 1016
6.0613

23. 980r
r6.5865

L3 .4464
1258.4039

29.8077

0. 0076
0.0571
0. 0169

0.0014
0.0053
0.0036

0.0129
o .2824
0.0109

0.0156
0. i290
0.0115

0. 8060
0, 1290
I . 8699

2L .6

1.45

0. 45
42.22

0.45
3. 38

0 . 0914

0.2373

o.7709
0. 0001

0.7709
0.0737

4
I

38

4
1

38

4
i

4
I

38

fAge at start and weight at start of test analyzed using diet (D) as the
main effect; aII other parameters analyzed using diet (D) as the ¡nain
effect and ínitíal weíght (Wt 0) as a covaríate.

flevel of significance.

dOne calf l¡as onítted fron the analysis because of illness during this
períod,
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Appendíx E. Analysis of varíance of growth and feed consumptíon data
fro¡n 6 weeks on tèst to slaughter usíng Díet (D) as the
naín effect, slaughter group (S) as the bloekíng effect
and ínítíal 6 week weíght (fn Wt) as a covariate

Parâneter df Type III MS F-Value Pr>F{

Slaughter weíght

Weight gain on test

Days to slaughter D

S

DxS
In Wt
Error

Average daily gaín D

s
DxS

In Wt
Error

Total feed consumed D

S

DxS
In Wt
Error

Average daily feed

Feed:Gaín ratio

D4
s1

DxS 4
In Wt I
Error 34

D4
s1

ÐxS 4
In Wt 1

Error 34

7.034I
7 s70 .2825

2,9679
6. 0401

25.2226

33.91ó6
7232.L439

9.6222
3335.5667

7 5.8342

654, 0848
0. 0014

323,7 543
3937.203L

I43 ,87 64

0. 0586
o.4rz9
0.0166
0.0L77
0,0194

3298 .7 s?8
38393.4051

L468.L423
r2L78,62L6
r551 . 3245

o. L425
0.2902
0.0797
0. 6832
0. 0507

0.2705
0.0987
0 .0900
0 , 1663
0. 1078

0. 28 0,8896
300.14 0.0001

o.t2 0. 9753
o.24 0.9753

0,45 0,7736
95.37 0.0001
0.13 0,97L7

43.99 0.0001

4,55 0.0048
0.00 0. 997s
2.25 0.0841

26.67 0.0001

3 ,01 0.0313
2I.2s 0.0001
0,86 0.4999
0.9r 0.3469

z.L3 0.0989
24,7 5 0, 0001
0.95 0,4492
7 . 85 0. 0083

2.8r 0.0406
45.16 0.0001
1.57 0.2043

t3.47 0.0008

z.5L 0.0600
0.92 0.3455
0.84 0.5124
1.54 0,2227

D
c

DxS
In Wt
Error

D

S

DxS
In l,lt
Error

34

4
I
4
1

34

4
1

4
1

34

4
I
4
I

34

4
1

4
1

34

flevel of signifícanee.
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Appendix F. Analysis of variance for DM, GE, ADF, CP and TL
digestibilÍty coef f icients

Source DDM DGE DADF DCP DTL

Díet

df
Type III MS

F-VaIue
P>F+

Composite

df
Type III MS

F-value
P>F

Diet x Composi.te

df
Type III MS

F-VaIue
P>F

Error

df
Type III MS

44
i24.5685 166. 1899

3.01 L.02
0,04L4 0.4L76

11
203,3254 929.9540

4.9L 5 ,73
0.0378 0.0261

33
68.0923 272.8527
1.65 1.68
0,2093 0.zot4

2I
4r.39

44
80.8228 339.2464
1.76 2.03
0.1763 0,127 4

11
755.3333 368.9376
L6.37 2.20
0. 0006 0. 1525

33
3,6632 2L.5529
0.0006 0, 13
0.9705 0.0420

4
117,s683

3.10
0. 0373

1

tzl.7242
3.2L
0.0874

3
70,311

1.86
0. r679

2L
37 ,87

2I
t62 -27

2T
46.13

2I
L67 .39

{Level of signifícance.



DM, GE, ADF,
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CP, TLAppendíx G, Analysis of varíance for
dígestibility coef f icientsf

Source DDM DGE DADF ÐcP DTL

Díet

df
Type III MS

tr'-Value
P>F+

Error

df
Mean square

444
70.4108 70,1527 s23. s89s
r.76 1.60 5.53
0. 1788 0 .2t44 0, 0040

44
68.7923 404. Lt6L
1.38 2.33
0,2789 0.0928

19
t73.22

19
40 .02

19
43.76

19 19
94,63 49.93

{Data analyzed for only those calves constuníng Composite 2 of the Cr2O3.

flevel of signifícance.



198
Appendíx H. Analysís of variance for dry natter (DM) and crude

protein (CP) disappearance from canola rneal, mi11
sanplesf and samples from the end of the runf after 0, 4
and 8 hours rumen incubatíon in nylon bags

Parameter Source df Type III MS F-Value Pr)F 5

DM dÍsappearance et:

0 hours Diet 2 679.48 58.10 0.0040
Steer (Diêt)b 3 11.70

4 hours Diet Z LO34.78 100.26 0.0018
Steer (Diet) 3 10.32

8 hours Diet 2 1380.16 25.72 0,0129
Steer (Díet) 3 53.66

CP dísappearance at:

0 hours Diêt 2 529.04 27,34 0.0119
Steer (Díet) 3 29.35

4 hours Díet Z 1562.57 143.01 0.0011
sreer (Dier) 3 10.93

8 hours Díet Z L928.82 33,30 0.0089
Steer (Diet) 3 57.92

fSanple of canola seeds used in the gror,rth tríal.

fsanple of canola seeds frorn end of run, when temperature vras regulated
ProPerly.

5 Level of sígnfícance.

LError terrn for díet effect.



t99
Appendix I. Analysís of varíance for dry matter (DH) and crude

protein (CP) disappearance from experimental diets åfter
0, 4, 8 and 36 hours rurnen íncubatíon in nyJ-on bags and
for the effectíve degradabílíty of CP (EDCP)+ and DM
(EDDH)+

Parameter Source df Type III MS F-VaLue Pr>Ff

DM dísappearance at:

0 hours Díet _ . a 4 38.61 14.87 0.0055
Steer (Díet)' 5 2,60

4 houts Díet 4 375.51 2.f7 0.2085
Steer (Diet) 5 I72.8I

8 hours DÍet 4 7!6.26 15.39 0.005f
steer (Diet) 5 46.55

36 hours Diet 4 2L.99 L,20 0.4127
sreer (Díer) 5 18.28

CP disappearance ag3

0 hours Díet 4 32.36 5.17 0.0504
Steêr (Díet) 5 6.26

4 hours Diet 4 18.78 0.27 0.8880
steer (Diet) 5 70.53

8 hours Diet 4 187.18 3.79 0.0884
Steer (Diet) 5 49.45

36 hours Díet 4 290.98 20.82 0.0026
Steer (Díet) 5 13.97

EDDM Diet 4 2Z4.lI 95.56 0.0003
Steer 1 r38. 37 59. 00 0.0015
Error 4 2.35

EDCP Treetment 4 61.55 5.00 0.0740
Steer 1 16.93 1.38 0.3059
Error 4 L2.30

{CalculateÇ usíng the equatÍons of Orskov (1982) using an outflo¡l rate
of 0.08 h '.

flevel of signífícance.

SError term for DH and CP dísappearance at 0, 4, 8 and 36 hours.
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Appendix J. Analysís of varíance for carcass r,reíght, dressíng Z, kidney
fat and kídney fat as å percent of carcass weíght

Carcass Ðressíng Kidney Kidney fat
Source Weight % fa1- (Z carcass wt)

Diet

df4444
Type IrI MS 2L.2948 3.6990 7.8329 5.8981
tr'-Value L.25 1.88 0.46 0.41
P>r+ o .3072 0. 1353 o .7 6tr 0 . 7988

Slaughter Group

df1llr
Type III MS 2495.4202 5.4207 4.7982 3.3478
F-Value L46,74 2,76 0.28 2,34
P>F 0.001 0.1056 0.5971 0.1355

Diet x Slaughter Group

df4444
Type III MS 9,77L4 3.0281 5.5625 4'2731
F-Value 0.57 1.54 0 ' 33 0.30
P>F 0.6829 0.2LL6 0.8s58 0.8769

Error

df 35 35 35 3s
Mean square 17.0061 L,9641 f6.8553 14.3193

flevel of signifícance.
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Analysis of variånce for chemical composítion of the lzth
ríb (DM basís) and ríb-eye area of 13th rib

12th rib

Source Z fat 7. CP Z Ash
13th rib-eve

area ("r2)

Diet

df
Type III MS

I-Value
P>T+

Slaughter Group

df
Type III MS

F-Value
P>F

Diet x Slaughter Group

df
Type III MS

F-Value
P>F

Error

df
Mean square

4
0. 7008
0.58
0. 6803

1

0.9437
0.78
0.3837

4
3.9594
3.27
0 .0227

34
L.2tL9

4
2.2L7 4
0.9r
0.4689

I
0 .37 64
0. 15
o .6967

4
5.6L20
2.31
0.0780

J4
2,4352

4
0, 0197
T,L2
0, 3613

34
0. 0175

4
69.0468
2,76
0.0430

34
25.0393

44
0.0r92 5L.5466
1 . 10 2.06
0.3737 0.L074

11
0.0161 622.60L8
0,92 24.86
0.3448 0.0001

{Level of sígnificânce.
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Analysis of variance for fatty acíd proportionsf ín the 1.
dorsi muscle at the 12th rib

Fatty acídf Source df Type III MS F-Value Pr>Ff

C10:0

CL2z0

Cl4: 0

Cl6:0

C16: 0

C18: 0

G18:1

Cl8: 2

C18:3

C20: 0

D5
s1¿

DxSl
Error

D

SI
DxSl
Error

D

S1
DxSl
Error

D

S1
ÐxSl
Error

D

SI
DxSl
Error

D

S1
DxSl
Error

D

s1
ÐxS1
Error

D

SI
DxSl
Error

D

s1
ÐxSl
Error

0 .00230
0.00111
0 . 00199
0 .00696

0. 00037
0,000779
0 .000177
0.00169

0. 09c6
0. 1620
o .4102
0.2479

11 . 4258
0.4648
I .9833
1.9978

2 . L4L2
I .0875
0 . 5211
o,6677

5.2208
4. 6358
o . t937
2.7 549

2.8285
15. 4785

4 ,322t
4. 3060

8 . 1920
4,3471
4 ,542t
4. 0r54

0.2003
0. 0703
0.0358
o.oz76

0. 0402
0.4103
0.0956
0.0614

D

S1
DxSl
Error

4
I
4

34

4
I
4

J4

4
I
4

34

4
I
4

34

4
1

4

4
1

4
54

4
I
4

34

4
1

4
J4

4
1

4
34

4
I
4

34

0.33 0.8558
0. 16 0.6926
0.29 0.8852

0.22 0.9263
0.46 0.5027
1 .05 0.3972

0. 37 0. 8315
0.65 0.4244
I . 65 0. 1832

5.72 0.0012
0.23 0.6326
0.99 0.4248

3,2r 0,0245
1 . 63 0. 2105
0. 78 0.5457

I . 90 0. 1339
I . 686 0. 2033
0, 07 0. 9906

0.66 0.6262
3. s9 0. 0ó65
1.00 0.4t92

2.04 0. 1107
I . 08 0. 3055
r. 13 0.3583

7 .25 0. 0002
2.55 0.1199
r.29 0.2918

0. 65 0 .6277
ó.68 0.0t42
1.56 0.2082
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Appendix L. (con't. )

Fatty acídf Source df Type III MS F-VaIue Pr>F{

C20:1

CZOt4

C22z 4

Unídentífied

1 . 04 0,4011
0,77 0.3863
o.z5 0.9049

0,20 0.9349
0.62 0.4347
2,40 0.0694

L.32 0.2816
t.z7 0.267 4
0.80 0.5367

D
SI

DxSl
Error

D

SI
ÐxSl
Error

D

S1
DxSl
Error

D

sl
DxSI
Error

D

S1
DxSl
Error

1.19
5. 16
0. s9

4
I
4

34

4
i
4

34

4
1

4
34

4
1

4
34

4
1

4
34

0.2424
0.1996
0. 0593
0.2331

0. 1048
o.3zz4
t.2370
0. 5160

0 . 1175
0.1129
0.0706
0.0888

0. 0016
0. 0070
0. 0008
0.00136

0.3780
L .4959
0.1681
0.4850

0 ,3327
0.0296
0.6715

0.78 0,5465
3 . 08 0. 0881
0.35 0,8445

fExpressed as a percentage by weight of total fatty acid.

+First nunber denotes Èhe nr:mber of catbon atons, the nunber after the
colon denotes the number of double bonds.

5 D=Diet.

dSl=Slaughter Group (180 vs. 2I0 kg).
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Analysis of variance for Hunter-LabR readings for colour
íntensíty (t), degree of redness (a) and degree of
yellor,rness (b) taken on cooked meat samples

Parameter Source df Type III MS tr'-Value Pr>F{

Diet
PaneI
Error

Díet
Panel
Error

Díet
Panel
Error

53.265
9. 991
7. 680

5. 991
157 .480

0. s605

0. 579
17 .424
0.5905

5
5

19

5
5

1g

5
19

2.94 0.0008
I . 30 0. 3050

10.69 0. 0001
280, 98 0. 0001

0.98 0. 4561
29,5L 0.0001

flevel of sígnifícance.
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Appendíx N, Analysís of variance for taste panel ratings for juícíness'
flavour intensíty, tenderness and flavour pleasantness

Juciness Ratíng

SS Z of TtlSS MS I' ProbSource

Evaluator
Díet
Eval. x Díet
Panel
Deít x Panel
Renainder
TotaI

Source

Evaluator
Díet
EvaL. x Díet
PaneL
Díet x Panel
Remaínder
Total

Source

Evaluator
Diet
Eval. x Diet
Panel
Deit x Panel
Remaínder
Total

Source

Evaluator
Díet
Eval. x Diet
PaneI
Díet x Pånel
Rêmaínder
Total

167.08
16. 03
67.08
22.87
64 .20

254.93
s92 . L9

28 .2L
2.7 L

11.33
3. 86

10. 84
43.05

100.00

Z of TtlSS

12. 08
4.7t

18.17
0.55
7.5t

56.98
r00.00

6.45
27 .06
6.40
4.79

26.89
28.4L

100. 00

Z of TtISS

10. 05
t,97

L2.66
r,2r

L3.77
60. 33

100.00

7

5
35

5
23

184

7

5
35

5
23

184

7

5
35

5
23

184

23.87 17.228 0.0000
3,2L L.673 0. 1669
1.92 1.383 0.0892
4.57 3,301 O.OO7Z
2,79 2.0i5 0,0059
1.39

Flavour Intensity Rating

DF

7

5
35

5
23

184

SS

7L.t6
27 .77

107.06
3.23

44.26
335. 78
589. 26

MS

10. 17
5. 55
3.06
0.65
7.92
1. 82

10, 33
60.7L
2.05

10.75
13.11
L.73

Prob

Tenderness Rating

SS Z of TtlSS MS

5.571 0.0000
1.816 0.1353
L.676 0.0158
0.353 0.8800
1.054 0.4007

4.381 0.0002
1.090 0.3829
1.104 0,3297
o,737 0.5989
r,827 0.0156

F Prob

5.963 0,0000
29.59L 0.0000

1 . 184 0. 2360
6.208 0.0000
7.570 0.0000

Prob

Flavour Pleasantness Ratíng

7 Z.3r
303. 57

71.81
53,77

301.63
318. 75

ILZT.84

51.77
10. 16
85.21
all

70.92
310.6 i
514.89

MS

7 .40
2.03
1.86
L.24
3.08
1 .69 '



206

Appendix O. Analysis of variance for objective measurements of meat
quality made on cooked meat samples

Parameter Source df Type III MS F-Value Pr>ff

Instrom Ïorce

Z Water Lossf

Z Drip Loss I

% VolatíLe Loss 5

Z Total Loss 5

2358.65
510. 93
907.46

t2.96
26.20
15. 34

o . 1247
0. 6153
0 .4233

3.04
3.25
4. 89

4, r02
5.485
5. 36

2.60 0.0527
0.5ó 0.7272

Díet
Panel
Error

Diet
Panel
Error

Diet
Panel
Error

Diet
Panel
Error

Díet
Panel
Error

(
5

23

5
5

23

5
5

23

5
5

23

0. 84
L.77

0.?9 0,9109
1 .45 0,2432

0.62 0.6852
0,67 0.6534

0.77
I .023

0.5322
o . 1727

0.5842
0.4280

5
5

23

{Level of sígnífícance,

fÀs determíned with the Carver Press.

S Loss cluring cookíng,


