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“INTRODUCTION

The praétice of castration of domestic animals is quite possibly.
as old as the domestication. of animals itself and-mayvhave originated
due td;easier manageacility<of'castrates and:especiallyxthe greatet '
ease ofbmanagement of castrated animals in the presence?of mature
females (Turton,-l962); Castration nottonly»modifies the body formn
but aISO‘thercomposition.of the body. Castrated males are'generally‘
fatter, not only in terms;of subcutaneous fat but also in terms of
intramuscular and peritoneal fat deposition: In the uncastrated
male-there is a telativelyigreater develoPment of tne forequarter
muscles and a greater_lpngissimuS‘nuscle areabcn a per unit weight
basis'(Turton,‘l962-and Hedrick,_1968). |

Hedrick (1972), inna.histcricaiﬁreviewdof Eeef*cattle'tyPe and
body compositlon, p01nted out that changes in de31red type and body
‘comp031t10n over the past 150 years are largely due to shlfts in -
market demands. In earller days, an1ma1 byproducts (e. g., tallow
and hides) accounted for as muchnas 15% of the value of the 11ve
animal; whereas, animal byproducts now account for 1ess than lOA of
the-live anxmal worth, w1th.the dressed carcass comprlslng the:;
remaining 90%. Certalnly, in past years, castratlon of beef cattle
has been compatlble w1th.market demands for beef tallow; but 1n
- light:of current demands for leaner more efficient beef cércasSes,‘“

a re-evaluation of the practice of castration is needed. = The opening - -



of the "Bullock".grade:and*the-incorporatiqﬁ offthel"yieid‘graﬁéﬁbin; 
- theZU.S,DiA.,grading;s§8temfin.1976vshould bexsuffieieﬁtﬂeeiﬁuli?for".‘
the beef producer to‘take.ebseiioue 1bok,at beef preducedeby'intactv
: male beef caﬁtle.» |
]The.stud§ reﬁerted.hefe is"a.multi—trait'inqﬁiry intb'the com-
~parison of bulls andwsteers; The,raﬁge»of characferistige:explored
eﬁcompasses the.total'grbwth and‘carcess'epptraét_betweeﬁ the intact
and castrated male cattle. ThrOugﬁout.ﬁhe:remaindef qf'this'repoft
" intact and cestratedﬁmalee wili'at times Be_referred to"as bulis.and
: seeefs, respectively, and are.cpnsidered to Be tﬁo~separete "sexes".
The objective of this study was to'ascefﬁein any exis;iﬁg dif—
ferences, or lack of'differences,'between“intactheﬁdicaetrated male
beef cattle. This was eveluated,oﬁer a'peried‘exteﬁding from'pfe—

weaning through slaughter.



LITERATURE REVIEW

-‘thh effort‘has been'directedstomardfthe~evaluationaofmeXiS?iﬁSﬂ""
.differences, or lack of dlfferences’ between bulls and steers.,‘The:“
‘-academic 1nterest in thls topic spans a time period from the late i,
1940's to the-present;,r‘ _. | | |

- Age of Castratlon

3 In con31der1ng the comparlson of or contrast between bulls and |
steers, it is necessary to examlne if 1ndeed the castrated males canik'
nbe grouped 1nt0"one serclaSSLflcatlont” In that the age of castration N
~ can and does vary, one must examlne any resulting differences.fn-
~Klosterman et al. (1954) explored the differences between: calves,f
castrated at one month.of age and those castrated at weanlng..AHeljl
vfound that the two steer groups: dld not dlffer 51gnif1cant1y in rate
or economy of galn in the feedlot, dress1ng percentage or carcass
quallty. The ohservatlon was made that the bull calves at weanlng
r‘dld exhibit: a WElght advantage' however,‘thls advantage was dimlnlshed
: followlng castration and hoth steer groups were 51m11ar in gain before ‘:
f‘belng-started on. feed The p01nt ls made that lt'may be advantageous
to breeders to walt untll weanlng tlme to select breedlng stock due
to greater accuracy of selectlon.v Unfortunately, castratlon at ;I‘
heavrer weights is more difflcult and llkely to be hazardous to the

anlmal. In a srmilar study conducted by'Wierblcki et al.- (1955),»,3-:

1nvolving calves castrated at one month of age and at weanlng, nearlyn,;f’



,d.identical restlts were:ottaided in steer'groupjdifferences for~averagé.
daily‘gain, dressingvpercentage_apd;carcass‘quality;»with.theldiffer—v
;ences'beingvsmalltandlnqnsignificaat, Also; norsignificant differ- .
.eacesiwere noted betweeﬁ.the.early'and<late.castrates for»livei"
: slaughter or carcass.welghts. ’ |
Glimp et al. (1971) examlned calves castrated at blrth and‘calves

castrated at approxlmately 200 days of age (weaning)pfcr.a w1de_range;‘
 of groﬁth;and carcass variables.v.Traits studiedtﬁere carcass weight,
dribeye area,*backfat thickness,-marbiing.score; Warner—Bratzler

shear test, carcass grade,,preweaningdaverage dailybgain, postﬁeaning
average‘dadly gain,»lﬁemoﬁtﬁs reight, dressingsﬁercentage, estimated:.‘
cutaBility, and’taste paneldparaaeters; fDifferences'for the majority
of these traits were small and nonsignificant. :Eostweaning average
daily gainvdifferencessbetﬁeen_the*two'steer’éroups wereﬁsignificant,
”althcugh quite small (.02 kg per day)'with,thevadVantagetbeing‘with,
the later castrated individﬁals,: waever, the‘steer groups differed '
:bless than 1 kg at the end of the trial (welghts belng adJusted to a
'scommon age of approx;mately 14 months)

Carroll et al (1963) conducted a study 1nvolv1ng two pa1rs of

Shorthornvmale tw1ns and two pairs of FrleSIan male tw1ns.. Within a
. paif, one twin was castrated at blrth and the remalnlng twin ‘was
vcastrated.at seven months of age.. WelghtS‘were obtalnedfforfall

animals at 4, 8, 28, 52, and 76 ‘Weeks’of age with amount of weight
galned for all poss1ble perlods of time belng calculated. These
researchers found that the early castrated animals were 31gn1f1cantly

'11ghter than latervcastrated anlmals.at‘28 weeks,of age'and,that,the



n

later castrated anlmals had- 51gn1f1cantly greater welght gains for

--both.the 4 to 28 week perlod and the 8 to 28 week perlod.' However,

; following castration the welght advantage of the late castrates was

d1ssmpated and the early castrates exhlblted a 81gnif1cantly greater

.'welght gain for the perlod of 28 to 52 weeks of age.a By 76'weeks'ofi

age there d1d not exist any 51gnif1cant weight dlfferences between

the two castrate groups, and no- 81gn1f1cant dlfferences were noted 1n.

‘ we1ght galn for the 4 to 76 weeks perlod Carroll et al. (1963) con-‘

cluded that castration of calves at either one or seven months of
age has 11ttle effect.on»the llfetlme performance“of anrmals<slaugh+»¥
tered at approximately 18 months of age. vTheywalso determined.that :

novsignificant_differenCe_existed.between'early,and iate castrates

“for either feed intake or'feediefficiency, Thls result is in agree—"

ment w1th.work by Champagne et al. (1964) where small and nons1g—v

niflcant dlfferences were_noted for the amount of hay'and-concentrate;

. consumed’per pound of gain:

Most studles comparing age of castratlon deal with animals
castrated at elther one or seven months of age.» Champagne_gt_alr
(1969)  looked at- four different ages of castratlon' .at:blrth, two._
months, seven months, and nine months of age.' The characterlst1cs
1nvest1gated were. yearllng welght, average dally gain. Cweanlng to

yearling), rlbeye area, backfat thlckness marbling score, Warner--

'Bratzler shear test value, carcass grade score, estimated and actual
'cutablllty, feed eff1c1ency and'dresslng:percentage. Carcasses of;

the animals castrated at nine.months of age had significantly less |

marbling'than'theycarcasses of»animalS'castrated at. two: and seven ‘-



- months of age but not less than those anrmals castrated at birth.‘,As
»mlght be expected the ‘carcasses of two and seven month castrates
graded higher than d1d the carcasses of ind1v1duals castrated at »"
birth and at nlne months of age. There ex1sted a trend in this study'

_for the’rlbeye»area to increaSe as.the age at castratlon increasedf

- however,vwhen the ribeye area was expressed on a per 100 kg body

weight basls,_these dlfferences dlsappeared The remalnder of thev
'dlfferences in carcass characterlstlcs and feedlot performanceVd
attrlbutable to age at castratlon were small and nonsignlflcant. :}

| The ‘literature CLted overwhelmlngly 1ndicates that dlfferences
'_'1n age at castratlon result in small and for the most part non51gn1fi;—3;
cant dlfferences in growth feedlot performance and carcass charac- |
teristlcs. When comparlng early castratlon to "late castratlon '
the effects of endogenous hormones in the lntact males may account

for a declded advantage 1n rate and economy of galn over the early

o castrates, however, this advantage 1s nullifled by the setback to |

~ growth, caused by~the castratlon operatlon (Turton, 962) " Due to

these consideratlons the remalnder of thlS endeavor w1ll ignore -
differlng ages of castratlon when comparlng steers w1th.hulls, with
’sthe exceptlon of descrlptlve purposes for some. stud1es.5

o Grom:h v Char-acterls'tlcs _and Feed ' Ef»flcxencga ‘

The percentage advantage or dlsadvantage of bulls compared to

. steers for weaning welght, yearllng weight and postweanlng average

_daily galn (ADG) 1s presented 1n tahle l The references have heen

‘numbered for convenience of dlscusslon. Percentage advantage or .

d;sadvantage has-heen.determined by“the divlding-of;traltjvalnes.w‘



-Continued—-

TABLE 1. -PERCENT ADVANTAGE (+) OR DISADVANTAGE (-) FOR SELECTED GROWTH
TRAITS OF BULLS (B) COMPARED TO STEERS (S)
Post- :
. ~ No, of Weaning Yea:ling weaning -
Reference animals weight (%) weight (%) ADG (%) Pertinent remarks
B S ‘ )
1  Anderson, D. C..(1976) 2.17 14,30
2 Arthaud et al. ‘(1977) 16 16 - .32 ~3.10 high energy ration
PRUERNE e ' : 16 - 16 ‘ 3.85 . 5.99 moderate energy ration
3 Bailey and Hironaka (1969) 18 .18 4,0 ' ' severe growth restrictions
4 Bailey et al, (1966) 39 38 . 1,10 ; L
N ‘ 19° 19 - 12.26 ‘feedlot situation
20 19 - 16.98 = feedlot situation
. : 200 19 .20.31 - growing ration
Brinks et al. (1961) 71327 1032 - 12.92 ' :
Carroll et al. (1975) 32 32 5.95 v B v ,
7 ,Champagne Eﬁ.ﬂl (1969) 20 10 ’ 8.58 - 18,27 castrated at birth i ﬁ:,i a:'v‘f‘
: ‘ 10 7.47 717,14 castrated ‘at 2 mo %a 1 pério W:S,-Y_L
10 11.62 . - 21.78 castrated at 7 mo v,:°W1¥e?P1“g o
: 10 - 12,55 25.51 castrated at 9 mo year ngy v
8:’Cobic,‘T,~(1968) : 10 10 - .48 5.74 16.41 received 1 kg conc/100 gain period ‘
: ‘ ‘ ' ) : - kg live wt of: weaning
o v .10 - 10 4.25 8.10 - 2.18 received 1'kg conc/day to 15 ‘mo
9 Cundiff et al. (1966)  4665.2368 10.95 ' - . :
10 Glimp et al. (1971) 20 20 1.31 | 6.25 castrated at birth
N N : © 20 , 1.51 1.71 - castrated at weaning
11 Gortsema et al. (1974) © . 13 ‘13 9.59 ' ‘ v ,
- Hedrick et al. (1969) - . 127 12 17.14 bulls were sig. older by 14 days
n ' B Co14 14 22,29 random half of both sexes were im- .-
T : planted w1th 24 mg DES, bulls were -
. sig. older by 14 days
13 Jacobs et al. (1975)% 29 36 18.75

= : — - . ‘ S S - =
~.In some instances the data from some references has been converted to a standardized. tabular form.
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TABLE 1 (continued). PERCENT ADVANTAGE (+) OR DISAbVANTAGE (;) FOR SELECTED

GROWTH TRAITS OF BULLS (B) COMPARED TO STEERS (S)2

Post-
No. of Weaning Yearling weaning
Reference animals weight (%) weight (%) ADG (%) Pertinent remarks
B S
b —— —
Jacobs et al. (1975) 40 39 .61 6.32 11.83 weaning to yearling . .
40 39 20.48 yearling to slgt. gain periods
Jacobs et al. (1976) 20 20 18.69
Jones et al. (1964) 10- 10 5.29
Klosterman et al. (1954 10 10 10.99 castrated at 1 mo - fed for same
and 1958) 10 10.99 castrated at weaning length of time
’ 12 12 . 25.00 castrated at 1 mo fed to same wt
12 23.60 castrated at weaning to necessitate
. greater degree
of finish on
steers (S-247
» days; B-210 days)
Lewis et al. (1965) 8 .8 59,38 weaning to 122 days beyond
) weaning gain
8 8 22.58 122 days beyond weaning to periods
) 152 days beyond weaning
Marlowe et al. (1965) 2856 8727 6.60 Angus and Hereford calves, no creep
’ 1995 1079 9.70 Angus and Hereford calves, creep fed
Tanner et al. (1970) 139 121 1.48 8.00 14.66 ADG is for feedlot
Tylecek, J. (1957) 3 4 . 26.14 feedlot position
Urick, J. J. (1972) 102 101 2,29 20.16 - feedlot situation
Warwick et al. (1970) 29 29 o 23.08
Williams et al. (1975) 23 11 4,88 4,31 high protein (12-14%), 90% conc. ration;
steers implanted once w/12 mg DES and
112 days later received 24 mg DES, 1/2
bulls implanted twice with 48 mg DES
22 12 12.87 15.45 standard protein (10-12%), 90% conc.
ration, same DES treatment as the above
‘ group :
Wilson et al. (1974) 107 10 8.37 12.16 15.93

a1n some instances the data from. some references has been converted to é standardized tabular form.



fepresenting bulls by‘fhose'values representing steers and re-

- expressing tﬁis,calculetion in percent adﬁantage (positive Vaiues)
or disadVantage (negative values) for bulls when compared to‘steersev o
Pertinent remarks have been made for greater clarity for some |
references.

WeaningIWeigh; and preweaning ADG. Tabulated values for weaning

weight ranged from a rd.&SZ'disadvagtageetq.a_12.92% edventage for
bulls. With the exception of Brinks et al. (1961) and Wilson et al.
(1974);>allvveiﬁes sﬁown iﬁ teble_l;afefeifherenoesignificent16r_were‘
‘~ﬁot stetistically teeted, ineludiﬁg‘the.one ndnsignificant negetiﬁe 3
value obtained by Coblc‘ et al. (1968) : The mean percentage value is
a 5. 30/ advantage for bulls for the thlrteen references llsted ThlS.
trend is 1n_agreementewitheKlosterman.gg_glf (1954)vwho reporte@ tﬁatv
bull calves were heavier_atvweaning‘then were_steei calvee; Alsb,‘
Burgess et al. (1954)‘and_Marlowe_and Gaines (1958) noted weight
advaﬁtages of 9.3 kg ' and 7.3 kg, respectiﬁely,-for bullecalves coﬁr
ﬁared ﬁO‘steer calves at weaning. An exhaustive‘inquiry‘conducted,
by Marlowe EE@Elf (1965), involving 2,766>bﬁll calves and 6,019
steer calves,rié_in agreement with these earlier studies. ’in that
study bull calves'wefe 10.4 kg (non—ereepifed) ;0,15;9 kg (creep‘
fed) heavier than steer.calves at weaning.: Also observed was a
highly~significant preweaning ADG (90 tov2§9 days of age),adventage'
of 6;6% and 9,7% for non~creep fed and creep fed bﬁll calves, respec—
tively,7when compared to non—creep‘fed_end'creep fed steer calves.
A significant bull celf adVantage'fdr preweening,ADG is:in general

agreement with most workers (Brinks et al., 1961; Cobic', 1968;



10

valosterman et al., 1954 Marlowe et al.y 1965 Wilson et’ al., 1974
and many others) ‘but not. w1th all workers (Bailey and leonaka,
1969; Bailey et 11_, ,-19,6_6a;,_<;1:;.;np et al., 1971; and Tanmer et al.,

1970).

Yearllng welght and‘postweanlng ADG. Tabulated.values for pér;b
cent advantage or dlsadvantage of ‘bulls compared to steers for o
yearling_weights ranged fromva —0‘327'disadvantage»tO’a'significant’
22, 297 advantage.: Of those studies (presented in table 1) Whlch sub— f‘
' Jected yearllng WELght differences between bulls and steers to
. statlstlcal tests, four (12, 14, 19, and 24) found bulls to have a
significant advantage over steers. Three ‘other studies (2 7 and 10)
noted nonsignificant advantages plus one nons1gn1flcant dlsadvantage,
observed by&Arthaud et»al. (1977),,for-bulls=compared toxsteers for.
,yearllng Welght.~ The mean percentage value for the ten references
llsted is-an 8.3% favorlng of bulls over steers for yearling WEIghtS;
Jacobs et al. (19755) reported a 36. 2 kg advantage favorlng bulls l
[over steers for 18 months welghts (P< 05) Thls:resultgls-ln:ffld.-
partlal agreement’Wlthxwork-conducted.by Arthauddetialb (1977)>nhol
”'noted a hlghly signlficant advantage of . 38 0 kg for bulls over steerS"

When both‘were fed a loW"energy*ration.v However, when both sexes

- were fed a hlghnenergy ratlon the dlfference of 17.0 kg, although

Stlll in favor of the bulls was non31gn1f1cant..i

“Turton (1962), in a survey*of prlmarlly European contrlbutors

involving nine studles,icalculated an 18.37% advantage'ln postweanlng,d"?

'ADG for bulls compared nithtsteers. Hedrlck (1968), in a llterature :f”‘

rev1ew, ‘noted an 18% advantage for bulls compared to steers for
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postweaning ADG avefaged.across_14}references. Similarly, ?ield t1971)
in another literature review averaged across 15*references and obtained ‘
a 17% postweaning-ADG advantagevforltulls over steets.<?A mean value
 of 16.9% adﬁantage for bulls over steers for postweaning ADG was ob-
tained from‘the 17 references listed.in table 1. The‘Values‘range
from a nonsignificant 1.71% advantage to a nonsignificant'SQ.SBZ
advantage. Most of the studies surveyed 1nvolved feedlot SLtuatlons
.with finishlng rat;ons. Bailey et al. (1966) and Jacobs et al.»
.\ (1975b) reported on postweaning ADG for. animals on growing ratlons
band~obtained’values of a:significant‘ZO;Bl%-advantageiandia-nonsig-_
nificant 11 83/ advantage for bulls, respectlvely. Of the studles
(presented in table 1) that conducted statlstlcal tests on post—'
- weaning ADG several researchers: (4 7, 8, 10, 15, 14, 17 19 20,
22, and 24) found\those.d;fferences to be s1gn1f1cant, w;th.values‘
ranging from 6.252.to 26.14%; while others (2, 8, 10, 14, and iS)
found the differences to be nonsignificant, With{valuesfranging'from
a 1.71% to a 59.38% advantage for bulls. Nichols et al. (1964), in
a study‘involving ﬁolstein'tull_and steerscalves; looked at dif- .
fetences between bulls an&'steers'for.postweaning,ADG:for a petiod
from four months of‘age to one of‘tuO‘constant,slaughter‘weights;
either 363 kg or‘454 kg. They1noted:a signifioant advantage forg
bulls compared to. steers. for ADG, ‘Bulls were favored oﬁet steets
by 11.37% and 6.45% for the slaughter»weights,of_363‘kg‘and 454 kg,
respectively. However, there was’no statistically significant dif-
ferencenln ADG between the 363- and 454-kg groups.

‘PeriodiC'grOWthjrates. Gllmp et al. (1971) looked at dlfferences

\



12

’: in growth.between hulls'anaieteexsmfor fivehdifferenh:periqu‘invhime“
ae fdlloﬁs# 1) pfeﬁeaniné,:2)fweaniné‘fo;fbfdays‘Be§ond7weening3
3) 70 to 140 days beyond weanlng, 4) 140 to 210 days beyond weanlng,
and 5) weanlng to 210 days beyond Weaning. Durlng the first three i":ﬁ
perlods of the animal's llfe no 31gn1f1cant dlfferences exlsted -
betwaen bulls.and steers for ADG waever, the 1ast 70 days of the
- 210 day feedlng trlal revealed significant. dlfferences between bulls -
.and steers-castrated;at eltherfblrth.or weanlngvand favored bulls- s
‘_hy~eithefn0;l2.kg Or_0.67’kg ADG;frespectiVely;.'Bnlls exhihifedzai;
: ,signiflcaﬂt-O;O?lkgrAbé‘advanﬁegevover;seeeieacastretedvetfbirth’andf
e nonsignifieant'0 02 kg. ADG edVanﬁage over'eteers‘castrated-eh7lr
Weanlng for the entlre postweaning growth‘period from Weaning
(approxxmately 200 days of age) to the end of the feedlng trial
'(approxxmately 410 days . of age)

‘In another study 1nvolv1ng growth«periods from birth to elaughter,-pl
Bailey and;Hironaka»C1969) examined“ADG‘s-for=four,growth.perlods;<‘
The peiiods were 1) bixfhntpiweaning Capproximetely'lslvdays"of'eée;
| 2):181,fd 279 days of'ege (all.animalsgwere-Qn.pesturendnringja o
‘partieulerly~hafsh7winter); 3) 279‘£ov384”ieyeeof'age‘(ell:éhinals a
' reeeivedfa'gfawing ratibn'dnringFthie neriod) 4) 384-days-of‘age.£6"
-approx1mately~440 kg lxvewelght (all anxmals recexved a fattenlng |
ratlon during thls period). Castratlon did not 31gn1f1cantly affect n
' growth\rate in the first growth period nor in the second growth
l perlod (when there was no. appreclable gain in elther bulls or steersv

durlng the extreme cold of w1nter) Bulls dld exhiblt a 31gn1f1cantly

'l‘.superlor growth‘rate for the grow1ng phase, however, of 0.23 and- Q. 27 B



-kg in ADG, respectlvely, when compared to- steers castrated at two and
six months of age. A s1gn1f1cant 0 17 kg and a srgnlflcant 0. 21 kg
in ADG. advantage was - noted for the intact males when compared to theb
- early castrates and to the late castrates durlng ‘the fattenlng phase
l of the anlmal‘s life, When both the growth perlod and the fattenlng
‘perlod were: comblned bulls had SLgnificant advantages of Q. 24 kg and
0.29 kg in ADG over the early and late castrates, respectively.

Cohlc' (1968) compared the 1nfluence of castratlon on growth‘andb
-vthe level of energy (hlgh.and moderate) recerved durlng the growth
‘ phase (up to 240 days of age) of ‘the animal‘s life. Flve»growth
':perlods were examlned for dlfferences in ADG between bulls and steers.

wrthin levels of energy'in growth ratlons. The. growth perlods were

. as follows. l) blrth.to 120 days of age (steers castrated at 90 days

of age) 2). 120 to 240 days of age (growth phase) 3) 240 days of age

to slaughter»agev(a‘range,of3480,to 520‘daysrof age), 4) 120_daYS'of

o age to slaughter‘age’(inElddes-hothfthefgrOWth~and“fattening»phase)gv‘

, and 5) hlrth to. slaughter age.. Consrderatlon of the entlre llfe of

the anlmals revealed a 31gn1f1cant 7 4A superlor growth rate for

. hulls recerv1ng ‘the high energy'grow1ng ratlon ‘but a non31gn1f1cant :

3% advantage for hulls recerv1ng the moderate energy growing ratlon."’v

o The only period exhlbitlng any . statlstlcally 31gn1f1cant dlfference

in growth rate hetween bulls and steers was durlng the fattenlng

= - period in whlch‘bulls dlsplayed a srgniflcant 16 4/ advantage for

~the hlgh.energy grow1ng ratlon treatment and a nonsrgnlflcant 2 2%
advantage for the moderate energy growing ratlon treatment. - Cobic'

nfurther noted that dlfferenceslhetween bulls and steers were more
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:strongly expressed»in the animalsbthatireceiyed,the*high energy

N ~growing ration.

Arthaud et al. (1977)vexamined.ADG differencesrbetween‘bulls and

. steers When.fed either a-high.orﬁlowfenergy~finishing ration'and-fed>vaj'3

to dlfferent -ages (12 15, 18 and 24 months of age) Inﬁactualitj,
- the lOW‘energy rations were expected to produce U.S. D. A. ch01ce steers
- for each slaughter age group, and the use of the highnenergy rations

was an attempt to produce bull carcasses that Would eXhihlt similar

*f_carcass.qualityvtralts asathose of'steer3~fed“the’low~energy ratlon.'

-These researchers found that, regardless of the age at slaughter,

~ bulls. gained more rapidly than steers and that this advantage tended
to be greater for those animals receiving the higher energy fattening
-ration. They also reported ‘that: differences in carcass comp051t10n
of hulls-and'steers tendedfto be greater for those anrnals fed the '_Y.
| hlgh,energy ration, although.not signlficantly so.a_ | o

'Feed intake and’utillzatlon.' Bailey and leonaka (1969) reported

-a slgnificantly greater daily feed 1ntake of 8/ to - 10/ for bulls -when
7_compared to steers on a grow1ng ration. This increaseutended to
persrst when expressed on a metahollc weight basis by the magnltude'
'of,SA_to AA_greater 1ntake for hulls. Bullsrwere,alsorfound'to con~
sumeva»significant 8% to ld?rmore fattening ration.daily furing thed
finlshing ‘phase’ of the anrmal‘s life when slaughtered at a constant
440 kg live weight. ThlS is in. agreement with.Allen (1966), at least
in direction if not in magnitude, as he reported al. 8/ greater daily 1,
feed intake for bulls than for steers. Nichols et al (1964),

: their study involving Holstein—Frie31an calves, observed a 6.3% and



.15.

8.5% less total feed 1ntake for bulls than steers when slaughtered at‘
363 kg and 454 kg, respectively, and that steers consumed 7. 6A more S
’feed than bulls when”ayEragedvacross-both.constant slaughter“weights,;
" When feed intake was'expressed*assThN intake, they*foundbsimilar
results, as. steers consumed 7. SZA and 9.64% more total TDN than did
'bulls for ‘the 363 kg and the 454 kg slaughter weight groups, respec—
tively; Although_there seems.tovbe some dlsparity“between the
ufindings of - Ba11ey~and Hironaka . (1969) and Nichols et al -(1964) ,
these differences may be due to the basis on which.feed ‘intake is
,expressed. Both'studies‘fed_bu11Sﬂand steers t0'a~constant we1ght-5
in the- flnishing phase, resulting in a shorter period of ‘time required
by bulls to. reach the. . constant slaughter Weight. Also, steers are
: expected to be fatter than hulls upon reaching a’ constant slaughter
WElght thich W111 he discussed later), resultlng in a greater feed ‘f
’_requirement to. put on fat than is required for lean tlssue. If feed
.1ntake is expressed on a daily basis, as Was done by Bailey-and .
'leonaka, the increased fatness of steers at slaughter may not be
;_enough to offset the more rapid growth.rate of bulls, and conse- L

quently,-feed 1ntake;would,be greaterlfor the hulls.» However,lif‘i
| feed'intake'is-expressed as total'feed7consumed':the.shorter timejoi

. required by'bulls to reach a prescribed Welght, 1n splte of a va _f;;d
1, superlor growth rate, may‘not offset the loss in- efficlency displayed

‘by-steers as they deposit fat rather than 1ean tlssue 1n reachlng the
“ prescribed we1ght thereby resulting in a greater feed. 1ntake by
steers.lif"’ftil | U | H

Possibly a more enlightening calculation is the amount of feed =
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wits requiied to bringjahout.atunit ofuweight-gafn which will béf
referred to as feed convers1on. Klosterman et al (1954) noted that
although bulls consumed sllghtly‘more corn and cob meal per- head daily
than did steers, they~required considerahly less feed to produce a
v standard:unrtsofswe;ght'galn;than”dldvsteers;\ﬁThe,superrorltyfoff
»bulls.for feedfconversion‘hasvheen demonstrated hy‘numerous researchers:’ '
(Allen, 1966; Bailey et al., 1966- Brannang,>1960 Jacobs et al., 1975h«r]
Lewis et al., 19653 Warwick et al., 1970 Wilson et al., 1974 and
NlChOlﬁsfgifg:, ;964)7. Other'workers (Champagne,gg;al.,-l?Gé and-
Champagne:ggﬁgl:, 1969);looked¢at»the comparative_feed;conversion o
: between hulls andﬂsteersvfor-aﬁountief:hay and concentrate’COnsumed
~ and found that hullS-required:leSSﬂof'either'hay:or concentrate to
fproduce a unit gain inAbody:neight._ Slmllarly, NlChOlS et al. (1964)
expressed these feed components on a per unit galn in full llve
"we1ght, shrunk llve Welght and chllled carcass welght and found w1th—

v,out exception that bulls requlred less of both hay and concentrate

:than did steers. Balley and leonaka (1969) looked at dlfferences 1'

N between bulls and steers for feed conver31on at dlfferent periods of

tlme"ln the*anlmal’s-llfe;=vThey'found-that-hulls~required'31gn1f1-»‘
‘cantly less feed per kg of galn (8 467 and 10 19/) than d1d steers L
castrated at two and six months of age respectlvely, during the

’perlod of 279 to 384 days of age. - During the flnlshlng phase, bulls

requlred 2 99/ less feed per kg of gain than d1d steers castrated
at two months of age and 11,72% less than steers castrated at six
months of age. Furthermore, Coblc' (1968), in hlS study 1nvolving f;’

-vfour prevlously mentloned periods in the anlmal's llfe, observed an
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~overall-feedaconversionnadvantage?forfbulls'over'Steers;~’Also,-mored
eff1c1ent ut1112at1on of hoth.dlgestlhle crude protein and starch
-.equlvalents in their conver31on to kg of 1live . welght galn was. noted
for bulls.

Bidart5g£;§g,‘(l970§;lookedcinto'the conparative.eneréy utiliaa— -
| tion of bulls*andvsteers. These Workers were . concerned prlmarlly‘w1th:‘
two points of"consideratlon: 1) maintenance requlrements relatlve to_
growth_rate:and ultimatelY"to,body we;ght, and;Z)Qenergyputlldzat;on N
‘compariSOns'betneen'bulls'andlsteer§’expressed“lnvternsfof‘gain Sfi
" body components. The study dealt with dlvestlble energy (DE) unlts
,‘consumed which were assoclated With.gains in edlble product and
_ carcass trim (estlmated at 43% and 13% of 11ve Welght respectlvely)
and uslng an- average live weight calculatlon as an: 1ndicator of
maintenance requlrements., They found “by- partlal regressmon tech— h

fnlques, that bulls and,steers held at-a constant 320 kg Would be

-r'expected to consume 16 6" and 16 4 Mcal DE per. “day, respectrvely, to

vrmaintain that welght, excluding any gain in- weight of elther edlble
‘product or carcass trim.. Also,<hulls~would‘be’expected to consume’
"6 Q Mcal DE per kg of edlble product as compared to a: 31gnif1cantly
‘different expected expendlture of 12 8 Mcal DE per kg edihle product
~ for steers. ‘This dlfference was attributed to a higher proportlon of
fat (marbllng) in the edlble portlon of steers, reallzlng that. the ;
lenergy‘expenditure for fat is greater than that for lean tlssue., In»
concluslon, these workers: determlned that bulls produced 38/ more .
edlble product and 127 1ess trim per Meal of DE consumed -even though'

bulls-were heav1er*than steerS'durlng,the feedlng perlod. In agreef'
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‘ment with this study;iAlmgreen-gtmggfi(197l);reported,that bulls were -

more efficient'in,convertingAdigestibleienergyyto.bodyQWéightlthan"

" . were . steers.

, Wllllams et al. (1975) conducted a study comparing a hlgh crude

- protein ratlon (2 percentage unlts hlgher than the N. R.C. 1970 recom-

'Vmendatlons for steers and helfers) Wlth a standard crude protein '

ration as they~affected dally'gains of hulls and dlethylstllbestrol

' (DES) lmplanted“steers.' Their inquiry was hased on the premlse_that.’
'the faSter-growth‘andtincreased lean tissue'depositiOn~of hulls'might

E necessltate more- ‘ration protein than recommended for steers if bulls

. are to: reach thelr maximum potent1a1 However, no rmprovement in
'.dailyrgain»was-ohserved‘for:hulls~reCerving‘the5highfnrotein ration

' and only a sllght 1ncrease in daily gain for steers was- noted |

| Feed efflclency can he.deflned as a unit of welght gain per unlt

'of feed consumed Several researchers have revealed a dlstlnct
advantage inefeed~eff1ciency for,hulls-over’steerSJ(Allen,?1966'

Arthaud et al., 1969; Hedrlck 1968' and’ Prescott and Lammlng, 1964)

Comparlsons between bulls and steers for slaughter age, slaughter ,,'

ght, carcass Weight, rlbeye area, and hackfat thickness are f

'presented‘ln ‘table 2. Percent advantage or dlsadvantage in slaughter

: welght, carcass weight, rlbeye area, and Backfat thickness was deter—»

mined hy\drvidlng the. tralt values representing bulls by those
representlng steers and expres31ng the ratio. in percent advantage
(p031t1ve values) or dlsadvantage (negatlve values) for bulls compared

- to steers."Actual average slaughter ages andeelghtsvfor’bulls-and,
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12 Watson, M. J. (1969)

g
In some instances the data from different references has been convetted to a standardized tabular form.
Percent values represent a ratio of bulls to steers, positive values for slaughter weight, carcass weight, and ribeye area represent a bull advantage.
Negative values for backfat thickness represent a bull advantage. '

~Continued-

TABLE 2. COMPARISON OF BULLS TO STEERS FOR SELECTED SLAUGHTER TRAITSa
Animal number Slaughter age Slaughter weight Carcass Ribeye Backfat
Reference Bulls Steers Bulls Steers Bulls Steers % weight (%) ‘area (%) thickness (%) Pertinent remarks
Constant Slaughter Ages )
1' Arthaud et al. (1969) 77 80 455-480  445-480 10.93 7.58 -35.71 - approx. equal nos. were
. represented for each sex imn
both early (445 da) and late
. ) (480 da) slgt. ages
2 Arthaud et al. (1977) 64 64 429 410 4.63 0.67 -27.27 - high energy ration,constant
- ) slaughter ages of 12, 15,
18 and 24 mo for both sexes
64 64 432 387 11.63 14.65 -22,22 - moderate energy ration;, con—
{ stant slaughter ages of 12,
15, 18 and 24 mo for both
. sexes
Brannang, E. (1960) 11 10 763 763 483 451 7.10
Brown et al. (1962) 11 11 397 397 330 308 7.07 9.13 19.99
Carroll et al. (1975) 32 32 419 429 417 402 3.73 3.69 15.02 -14.29 - all steers were implanted
with DES
6 Champagne et al. (1969) 20 10 419 386 8.55 18.99 -43.86 - castrated @ birth _,
10 390 7.44 18.32 -29.67 - castrated @ 2 mo. °18t: @
10 375 11.73 18.22 -35.35 - castrated @ 7 mo c‘l’mp“a.‘
10 - 372 12.63 . 31.18 -23.81 - castrated @ 9 mo Dle 28eS
7 Glimp et al. (1971) 20 20 427 427 470 464 8.60 25.25 -31.39. - castrated @ birth
20 427 463 5.51 22.74 --33.80 ~- castrated @ weaning
8 Jacobs et al. (1977) & 16 19 559 555 464 " 426 8.92 3.16 14.15 -56.00
Jacobs et al. (1975) 17 17 589 585 503 454 10.79 9.09 18.35 -37.32
9 Lewis et al. (1965) 8 8 397 397 2.62 4.47
10 Prescott .and Lamming 315 314 433 407 6.34 5.10 =70.41
. (1964)
11 Tanner et al. (1970) 126 113 375 375 8.04 15.44 =25,52
™ 10 10 300 300 195 185 5.13

6T



TABLE 2 (continued).

COMPARI,_SON OF BULLS TO STEERS- FOR SELECTED SLAUGHTER TRAITS?

Animal number Slaughter age Slaughter weight Carcass Ribeye ~ Backfat
Reference Bulls Steers Bulls Steers: Bulls Steers weight (%) = area (%) thickness (%) . Pertinent remarks
13 Williams et al. (1975) 23 22 392 392 467 445 4.88 26.17 -16.28 - protein all steers were
i ] . : (12-14%) implanted twice
. . with 24 mg DES;
11 12 392 392 485 430 12.87 24,67 +13.16 - protein 1/2 bulls im-
. o (10-12%)  planted once
- : . . with 48 mg DES
14 Wilson et al. (1974), 10 10 409 409 489 436 12.16 16.53 17.41 -33.33
Constant Slaughter Weights )
15 Bailey and 18 18 ' 6.03 - all animals were adj. to
Hironaka (1969) 18 18 ) . . 6.37 250 kg carcass wt
16 Cobic, T. (1968) 480 512 477 472 - high energy ration
514 520 . . 472 463 P - moderate energy ration
17 Gortsema et al. (1974) . 13 13 476 506 .- 467 457 0.17 23.85 -66.67
18 Hedrick et al. (1969) 6 12 480 534 445 434 17.68 -33.33
19 Jacobs et al. (1976) 20 20 439 469 480 463 2,81 13.16 -53.28 - 15% rough > 85% co -
' v e . trate, castrated @ 2-3 mo
20 Landon et al. (1978) 9 9 495 529 - 471 476 3.22 -47.32 ~ castrated @ birth Char x
' 9 ’ 477 o 483 2.87 -29.76 - castrated @ weaning Her calves'
9 9 482 518 472 471 5.74 -31.58 ~ Hereford calves :
21 Nichols et al. 15 15 303 337 0.13 13.80 -33.33 - slgt @ approx 363 kg
, 15 15 395 420 -0.84 7.21 -21.05 - slgt @ approx 454 kg
22 yrick, J. J. (1972) 102 101 13.07 ~44,90 - slgt @ comp. wt (454-476 kg)
23 Warwick et al. (1970) 29 29 9.92 . ~36.60
Miscellaneous Slaughter Criteria
24 Albaugh et al. (1975) 8 8 488-519  488-519 ' 501 484 9.66 14.09 -16.15 ~ half of bulls and steers
o : . - implanted with DES .
25 Anderson, D. C. (1976) 62 73 503.5 470.4 7.04 18.24 -28.65 - slgt @504-522 kg or low
. : . T choice whichever came first
26 Jacobs et al. (1975) 29 36 467 506. . . 466 438" 6.53 6.53

Sl

N

2In some instances the data from ‘different references has been converted to a standatdized tabular form.

o ©

Percent values represent a ratio of bulls to steers, positive ‘values for slaughter weight, carcass weight, and ribeye area represent a bull advantage.
Negative values for backfat thickness represents a bull advantage.

0¢
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steers are given, aﬁd references'ére g?duﬁgdiaécofding t@‘cbnétant
slaughter ages, constant s;aughtér weights and misﬁellanéous‘slaughter
- criteria for the sake of_clarity3 The refefences h3ve beeﬁ ndmbefédl
for convenience of»discussion.V_Pertinent :gmarks have been made for
some refefencés Wﬁen neeessaryifqr clafifiéation.
Slaughter ages'for Bulls and steers are~presentedﬁin table 2 for

all sfudies that gaveithé’ageé'of thé twd sexés at slaﬁghter. For
- convenience and'ease'of coﬁparison§, they have been divided into tﬁb-
groups: '1)vthose studies élaughtering anihalé at abcoﬁstant weight,
(16, 17, 18, 19, 20;:aﬁd 21); and .2) thoée sléughﬁere& at a constant
age (1, 3, 4, 5, 7, 8, 9, 10, 11; 12, 13, and 14). In the firsﬁ
V,grbup,with.the exception of*Landon‘gE“gi, (1978), all studies cited
indicated that bulls would reach a constant weight in less time than
would steers. Landon et al. (1978) fed both bulls and steers to a
constaﬁtﬁslaughtér weight of 477 kg and found:Charoiais x.Heréford
steer calves (castrated at‘weaning):required>18 days less time than
did the intact males of the same breeding and five days less time
than Hereford bulls.A The range of the studies listed ran from a 3.77%
more time required by bulls to a 10.11% less time required by'buils
 to reach a constant slaughter'weightfthan tﬁat required by steefs.

In the studies listed, bulls and steers averaged 452 and 482 days of

age at slaughter, respectively. In other words, bulls required an

average of 5.5% less time than did steers to reach a desired slaughter
weight.
Among those'studies'éited in table 2 in which animals were fed

to a constant slaughter age (1, 3, 4, 5, 6, 8, 10, 12, 13, and 14),
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several foqnd bulls to be significantly heavier at slaﬁghter than
steers (1, 8, 10, and 14). Percenﬁage values ranged from aLB,ZBZ_to

a 12.87% advantage iq slaughter"weight for bulls comfaredzto steers

of approximately the same age.  Bulls averaged 8.48% greater slaughter
weights than steers of comparable ages for the‘teﬁ refeienceé'con-
sidered.

, Likewisé, carcass Waighthpresented in tablé 2) ﬁill.be con~
sidered in two parts: 115 tﬂasé stﬁdies slaughteringfaniﬁalsfét
r;on»stant ages (1, 2, 4, 5, 7' 8, 9,10, 11, and 14); and 2) those
slaughtering animals at constant WElghtS (17 19 and 21) Although ;‘i
some researchers (1, 7 11, and 14) noted slgnificantly greater car—-
‘cass, weights for bulls thanvfor=steers of,comparable age,:several :
others (1, 4 5, 7, 8, 9, and 10) found this advantage to ge nonsig-
nlﬁlcant. The range in values are from a non31gnif1cant,0.67% to a
-significant 16.537% carca33‘weigﬁtla&vantage for bulls, with a mean
value of 7.52% advantage for BullS'amqng the ten’referencesiéoﬁ-
sidered. It would be of some interest also to see if bulls would
exhibit greater carcass weights than steers if’both;sexgs were
slaughtered at approximately the same live wéight. The‘differencés
in carcass weights between‘bullswand'steers were small and nonsig-
nificant for the three references listed iﬁ tahlé 2, ’Possibly.é
more revealing look at differences between bull and steer carcass
weights would he to express it in terms of carcass Weightiper day of
age, Carroll '51_':_"‘3_}.-‘..-(1963)>;..Gortsema et al. (1974); Tanner 'g_g_@_l__;,
(197Q) ; and Wilson‘gé;gi, (1974) have all reported greater carcass

weights per day of age (P~<.05) for bulls than for steers, with
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values ranging from a 0.03 to 0.097 kg per day advaataée for bulls.
Several other wprkers have reported euperior carcass weights éer day
. of age for bulla comparedfto,steers,'although differencee were nonsig-
nificant (Arthaud et al., 1977; Jacobs et al., 1975a,b; Jones‘et’al.,
1964; Landon et al., 1978 and Urlck, 1972) Landon et al (1978)
reported a .03 kg. and a 01 kg greater carcass welght per day of age
for Charolals X HEreford steers castrated at weanlng than for bulls
of the same hreedlng or for Hereford hulls,,respectrvelyu With the
exception of thelr report, the 1iterature overwhelmlngly supports a
carcass weight per day of age advantage for bulls, whlch is reasonable
to expect in view of the previously drscussed-snperlor growth.rate of
bullsr |
Ribeye area, aS‘Was‘carcass-Weight,.Will first be considered for
bulls and steersdslaughtered at a,coﬁstant age and, secondly, for
those aniﬁals slaaghrered at:a conscant Weight,iasvpresented in:table
2.. Of those studies concerning riheye comparisons for bulls and
steers slaughtered at the same age (2,»4,.5, 6, 7,-8,.9, 11,.13, and
14), the majority found bulls to have significantly greater ribeye
areas than steers (4,_5;-6,”7, 8, li, and 14). .Thisabull advantage'k
ranged.frbm'4m47%«te a highly significant.Bi.lB% value, with a mean
advantage of 7.52% for the ten references listed. Siﬁilarly, of
those studies that fed animals to a constantvweighr (15; 17, 18, 19,
20, 21, 22, and 23), seyeral found bulls to have significantly
- greater ribeye areas than steers (17, 18, 19; 21, aﬁd 23). The mean‘
adﬁantage for bulls was 1Q0.24% for the eight referencesvconsidered,

~ with a range of 2.87% tc'a'aignificant 23.85% advantage for bulls
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compared to steers. These resuithare'in agreement Witﬁ‘those
‘reported‘by'HedriCR (1968) in a review of literatﬁreoinvolving'ten-
dreferences. Another Wayoto express ribeye area is to divide it by
a unlt of body We1ght (e 8- rlbeye area per 100 kg llve body‘welght)
Nichols et al. (1964) observed that bulls malntain superlorlty of
ribeye area when expressed on a: per unlt of body'welght ba31s CP<.05)
HOWever, these researchers also noted a signlficantly greater rlbeye »? 
area for animals slaughtered at 454 kg WElght than for those slaugh—~
tered at 363 kg we1ght, suggesting a need for any sex dlfferences in
_ribeye area to either be adjusted to a constant we;ght‘or expressed
as a ratio to body-weigﬁt. Anderson (1976)‘and-Tanner;g£_g£,1(1970)
hoth noted greater riheye areas>per onit.of,Body“ﬁeight,for bulls
than for steers. This leads one to.the'concluaionythat not only do
buiis attain heavier weights quicker but also ﬁhat there is enhanced
~ growth of muscle tissuedindependent of'thisienoeriorigrowth»rate.

Kidney'fat, conversely to ribeye»area;‘ie~greater-in'eteers,
whether expressed in werght units (Arthaud et al., 1969) or as a
percentage of carcass weight (Klosterman et al., 1954 and 1958)
Prescott and Lamming (1964).and-Tanner gg_gg,_(1970),_respectrve1y,
‘notedﬁpercent kidney weight (percent of'carcass“weight)vdifferencea‘
berWeen;bulls and steers of 1.31% (P <.01) and‘0.90% (P < .05) for
animals.slaughtered'ar the same age. Werwickngng,.(1970) noted a
highly significant 0.57 percent.kidney‘weight‘difference between
bulls and sreers slaﬁghrered at essentially the same Weighx.

A review~ofdliterature,by'Hedrick:(1968) noted a,greater'degree

of'finish,‘bothﬁinternally and externally, for steers than for bulls.
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Also, Fieldv(l97i)'reported mean fat thicknesses overvthé'longissimus_
mﬁscle of 9.3 and 14.3 mm'for bulls aﬁd steers; reépecti?ely;iaﬁeraged
ovér twelve references. ,Béékfatvtﬁickness is presented in?table 2 |
and will be disc,usseg»inrt'erms of those animals slaughtered at a
'conétant ége and thosé animals slaughtere§'at a constant;wéiéht(
Negative percentage values in,the,tahleurepresent the degree to
WhiCh:bullé are 1ésé fat than steers and is to be considered an
'advantagé rather.than’afdiéa&vantage. ~Among the‘tenlreferences
(1, 2, 5, 6, 7, 8, 10, 11, 13, and 14) Whichjslaught;ered bulls and
| steers at a constant age, eight (1, 5, 6, 7, 8, 10, 11, and 14)
:foundIBUIis ﬁo_display significantly less fat'cove:-thanvsteeré;
WilliamS‘ggggir (1975)vreported‘one case where bulls exhibited more:
-ﬁackfat than steers, but both bulls and steers were impianted'with
DES. The range in'backfat.thickness.ﬁas‘fiom a 13.16% more fat
cover in bhulls to a significant 70.41%vless:fathOver in bulls. Bulls
averaged a 30;77% less backfat than steers for the ten-réferencesv
listed. Sipilar results were obtained,from'the seven:referenCeS‘(l7,
18, 19, 20, 21, 22, and 23) which slaughtérEd animals at avcbnstant a
Weigﬁt; all of whiéhyrepcitgdHsignificanilyilessufat'cqvertin bulls
than in steers.‘ Valueé’%#ﬁéédff;dﬁ 21.05% t0'63€67%*significéntly
less hackfat”;hickness'injbulls; w@;h;a,mgah v§1§§_of,39.782 less.
The'literaturé, wiﬁhufeW"eiceptibns;;suppéfﬁsvthe §iai@ that :

bulls attain heavier‘slapghtgr weights than steers at gomparable égés
and furthermore tpat bulisiféacﬁ¥é=comparéﬁlé”targetfweight-quicker'
than steers.- Alsb?kbulls,appear to produce cafcasses that generally

exhibit greater ribeye areas and less fat, both internally and
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externally, than steer carcasses of either comparable age of‘weight.f

Carcass Quantity and Quality

A comparison of bulls to steers for yieldAof-léén‘ééts,jmérbling
scores, cércass~quality gfades,yand-Warner-Brat21er shear tésts (as
_anvindicator of tendefness):is presented in table 3. Ag in préceding o
‘  tables; the.refefencgs are ‘grouped according to slaughter criteria
and_ﬁumbered for convenience of ‘discussion with pertinent remarks |
‘ beiﬁg>made for greater clarity of particular studies. |

In a reviewiof primarily European'literature*téncerned»with,comr
parisons Between'bulls and steers, Turton (1962) noted a higﬁer
dreésing perceﬁtrfof,bullé in five of the six references cited. HOWb
ever, all differenceS'wére less than 2 perceﬁfage pointé apart.
Hedrick (1968)9c6nduCted a 1iter#ture investigation and determiﬁed '
that no éonclusions could be dréwn about dressing perbent différences
between bulls and steers but does étate that othefvfécﬁors influence
-dressing percent to a greater extent'thaﬁAdoes sex. field (1971)
pointed out thaf aithough it is reasonable to expect bulls fo have -
lower. dressing percents thag steers due to 1eSs‘fat in'bulls,vsuch is
not nécessarily'the case. Of the fourteen references he cited, eight
showed bulls to exceed steefs in dressing percent while the remainder
of the feferenceS'found the opposite to be true. This trend seems fo
he'the.case»throughout the literature as several referencés (Andérsbn,
1976; Dahl, 1962; Glimp et al., 1971; Jacobs et al., 1975a; Prescott
and Lamming, 1964; and Wilson et al., 1964) have reported bulls having
higher dressing percents than steers, while others (Cahill gg‘g;,;“

1956; Carroll et al., 1975; Gortsema et al., 1974; Jacobs et al.,



TABLE 3. COMPARISON OF BULLS TO STEERS FOR SELECTED CARCASS QUANTITY AND QUALITY TRAITS®

484 484 9.23 ’ 7 10

27n some instances the data from different references has been converted to a standardized tabular form.
Percent force required to shear (Warner-Bratzler) ‘through a standardized core of bull beef relative to the force required for steer beef. An increase
in force relates to a decrease in tenderness.
€2-3 = practically devoid; 4-6 = traces; 7-10 = slight; 11-13 = small; 14-16 = modest; 17-19 = moderate; 20-22 = glightly abundant; 23-25 = moderately

d

abundant; 26-28 = abundant.
6~8 = standard; 9-11 = good; 12-14 = choice; 15-17 = prime.

~Continued-

Marbling Carcass Yield
Animal numbers Slaughter age Tender- scores® quality graded of lean
Reference Bulls Steers Bulls Steers ness ()b Bulls Steers Bulls Steers cuts (%) Pertinent remarks
Constant Slaughter Ages
1 Arthaud et al. (1969) 77 80 445-480°  445-480 26.00 21.0 25.5 10 11-12 traits adj. to a 235 kg carcass wt-
2 Arthaud et al. (1977) 64 64 25.42 11.8 16.0 11 13 high energy ration, constant slgt
ages of 12, 15, 18 and 24 mo for
both sexes -
64 64 4.83 10.6 14.4 11 12 moderate energy ration, constant '
slgt ages of 12, 15, 18 and 24 mo
. for both sexes
3 Brown et al. (1962) 11 11 397 397 1.75
4 Carroll et al. (1975) 32 32 419 429 10.00 11.0 14.0 11 13 all steers were implanted with DES
5 Champagne et al. (1969) 20 10 - 1.47 8.3 10.4 9 11 4.57A castrated @ birth
9.28E
10 11.98 11.2 11 3.47A cagtrated @ 2 mo
9.36E . slgt. @ com—
10 9.54 11.4 11 3.47A castrated @ 7 mo parable ages
8.01E
10 10.14 9.8 10 2.75A castrated @ 9 mo
7.65E
6 Glimp et al. (1971) 20 20 427 427 15.07 8.5 13.0 8 11 6.53 castrated @ birth
20 427 26.89 13.0 11 6.05 castrated @ weaning
7 Hunsley et al. (1971) 10 10 19.76
8 Jacobs et al. (1977) & 16 19 559 555 17.89 12.0 18.0 11-12 13-14 17.33A A = actual
(1975) : 17 17 589 585 11.94 9.0 15.0 10-11 13 7.23E E = estimated
9 Klosterman et al. (1954) 10 10 11 14
& (1958) 10 . 14-15
10 Lewis et al. (1965) 8 8 397 397 10 11
11 Reagan et al. (1971) 20 23 385 385 40,00 11-12 11-12 Angus, Hereford and Brown Swiss
' ' breeding
23 24 Charolais and Santa Gertrudis

crosses

Lz



TABLE 3 (continued). :COMPARISON OF BULLS TQ STEERS FOR SELECTED CARCASS QUANTITY AND QUALITY TRAITS?

: Marbling Carcass Yield
5 Animal numbers __Slaughter. age = Tender- b scores® quality grade of lean
; Reference Bulls Steers Bulls Steers ness (%) Bulls Steers = Bulls = Steers cuts (%) Pertinent remarks
‘12 Tanner et al. (1970) 126 113 375 375 6.0 12.0 5.31
13 Watson, M. J. (1969) 10 10 . 300 300 14.84 . .
14 Williams et al. (1975) 23 11 392 392 6.0 7.0 11 11 ~ protein (12-14%) all steers were
- ) implanted twice -
22 12 392 392 6.0 8.5 11 11 - protein (10-12%) with 24 mg DES;
1/2 bulls im-
planted once
with 48 mg DES
15 Wilson et al. (1974) 10 10 409 409 8.5 10.0 0.97 - Holstein calves . : )
Constant Slaughter Weight )
16 ‘Anderson, D. C. (1976) 62 73 10.0 12.0 11 12 - slaughtered @ comparable ages
17 Gortsema et al. (1974) 13 13 476 506 38.51 10.0 15.0 11 12-13 ) }
18. Hedrick et al. (1969) 6 12 480 534 - 9.36 6.0 11.0
19.Jacobs et al. (1976) 20 20 439 469 10.0 15.0 11 13
20 Landon et al. (1978) 9 9 495 529 6.0 12,0 10 13 - castrated @ birth  Charolais x
- 9 477 10.0 12 - -~ castrated @ weaning Hereford calves
9 9 482 518 8.5 10.0 10 12 - Hereford calves
21 Nichols et al. 15 15 - 303 337 2.0 8.0 7 7 - Holstein-Friesian calves slgt. at
- 363 kg
15 15 395 420 5.0 10.0 7-8 7 - Holstein-Friesian calves slgt. at
C 454 kg -
22 Urick, J. J. (1972) . 102 101 10 11-12 6.50 - slgt @ comp wts (454-476 kg) -
23 Warwick et al. (1970) 18 18 3.03 25.0 28.0 13 14-15 - involves 18 pairs of monozygotic
- - twins where one twin was left as .
a bull and the other twin was
castrated @ 5 mo of age
24 Wierbicki et al. (1955) 10 10 11 14-15 - early castrates
' ’ 10 14 - late castrates
12 12 9 13 - early castrates
12 13 -

8In some .instances the data from different references has been converted to a standardized tabular form.

i “Percent force required to shear :(Warner-Bratzler) through a standardized core of bull beef relative to the forc

in force relates to a decrease in tenderness.

2-3. = practically devoid; 4-6 = traces; 7-10 = slight; 11-13 =

dabundant; 26-28 = abundant.

6-8 = standard; 9-11 = good; 12-14 = choice; 15-17 = prime.

small; 14-16 = modest; 17-19

~Continued-

late castrates

e,required'for steer beef. An increase

moderate; 20-22 = slightly Abhndant; 23-25 = moderately

827



" TABLE 3 (continued). COMPARISON OF BULLS TO STEERS FOR SELECTED CARCASS QUANTITY AND QUALITY TRAITS?

Marbling Carcass Yield
Animal numbers Slaughter age Tender- scores® quality graded of lean
Reference Bulls Steers Bulls Steers ness (%) Bulls Steers Bulls Steers cuts (%) Pertinent remarks
Miscellaneous Slaughter Criteria
25 Albaugh et al. (1975) 8 8 501 484 4.48 8.5 12.0 10 11 - 1/2 bulls and steers implanted
co with DES
26 Cahill et al. (1956) 10 10 10 13 - both sexes implanted twice with
’ ' 84 mg DES
w 10 10 11 12
27 Jacobs et al. (1975) 29 36 467 506 . 12.0 15.0

aln some instances the data from different references has been converted to a standardized tabular form.
Percent force required to shear (Warner-Bratzler) through a standardized core of bull beef relative to the force required for steer beef. An increase
in force relates to a decrease in tenderness. )

€2-3 = practically devoid; 4-6 = traces; 7-10 = slight; 11-13 = small; 14-16 = modest; 17-19 = moderate; 20-22 = slightly abundant; 23-25 = moderately

abundant; 26-28 = abundant.

6-8 = standard; 9-11 = good; 12-14 = choice; 15-17 = prime.

6¢
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1975b; Jacobs et al., 1976; Urick, 1972; and Wilson et al., 1969)
observed the converse.

Throughout fhe literature, bulls have repeatedly exhibited a
distinct advantage in carcass cutability when compared to steers
regardless of how cutability is defined (Field, 1971, and Hedrick,
1968). Yield of lean cuts is presented in table 3 in terms of
percent advantage for bulls. In all of the étudies cited for yield
of lean cuts, animals'were slaughtered at -a constant age, with the
exception of Urick (1972), who found that bulls yielded 6.507% more
iean cuts than did steers of comparable slaughter weights. Of the
remaining references, most (5, 6, 8, aﬁd 12) réported bull carcasses
yielding significantly more lean cuts than steer carcasées,' It is
interesting to note the difference in bull-steer comparisons between
actual and estimated cutability. Although Champagne et al. (1969)
observed highly significant differences favoring bulls over steers
for yield of lean cuts, regardless if actual or estimated, these
differencesvweré maximized when yield was estiﬁated and suggest a
possible need for the re-evaluation of estimatioﬁ procedures.

Carcass yield grades mirror the superiority of bulls for yield
of lean cuts. Studies conducte& by Anderson (1976) and Gortsema
‘et al. (1974) revealed: that bulls exhlblted yleld grades of 0 95 and
2. 22 units (P <.05) less than. steers, respectively, ‘when both.sexes

were slaughtered at a common weight. Jacobs et al (1975 and 1977)

reported yield" grades for bulls of 1.20 to 1. 60 unlts (P <.01) less
than those for steers when both sexes were slaughtered at a common

age.
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In the previous discussions it was pointed out that bulls pro-
duce leaner, more muscular carcasses of greater quantity ?han steers
of either similar'agevo; weight. Also, bulls exhibit less fat both
internally and»externaliy. Howe#er,ythe qgestiog of cargass quality
_ nownbecomes paramount;

| In the literature review condﬁcted‘by field (1971)5 i# wés'found
thét mafbling scores (as an indicatof,of quality) were oné.to two
degrees higher in steers than:in-Bulls forfﬁhg'eight”reférénces cited.
Marbliﬁg scores for steers ranged from "slight" to "ﬁbdéréteﬁ; where-
as; for bulls the range w53~from "traces" to "modest". Mhrbling
scores for bulls and steérs are presented-in table 3. Scorés listed
are conversionS‘éf actual scores info standardized scores.for coherent
' discussion of the trait‘énd,may, theréforg,‘lack accuracy in magnitude
'of bull-steer differences, but they adheré strictly to the direction
of these differences. Of the references listed in which the animals
were‘slaughterédiat a éonstant age (1, 2, 4, 5, 6, 8, 12, l4,.and.15)53
several reported that’stéers displayed.significantly~moré marbling
(2, 4, 5, 6, 8, and 12). As might be expected, those féferences
- concerned With'énimaISgslaughtered at a constant»Wéight (16, 17, 18,
19, 20, 21, and 23) also hadﬂméﬁy:reports of bulls exhibiting sig-
‘nificantly less marbling than did steers (17, 18, 19, 20, 21, and 23).
Regardless of‘slaugh;ef criteria, bulls‘displayed:a‘meaﬁimarblingv
score of "slight" compared to“tﬁat‘of‘;éma11;(+)"”f;r ;teers.when
averagé& aqrcss~the sixteen references.

Cércasé‘qualitﬁfgrﬁdeéslisted in table 3‘aregai36 con§éréioﬁS 9f"

actual grades and limitations inherent to the converted marbling
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scores also applyrto these quality grades. Mean values we#e essen-
. tially equivalent for bulls and steers regardless of the slaughter
" criteria with carcass quality grades of "good" and "good ()" for
bulls and "choice (-)" for steers. Of the 18 references giving -
quality grades, most reported steers to grade significantly higher
- than bulls (2, 4, 5, 6, 8, 11, 17,>19, 20, and 23).

The Warner-Bratzler shear test is a measure of tenderness in
fhat itiis the measure of the amodnt of force necessary to cut (shear)
through a standaidized core of lean meat. Tenderness values ﬁresented
in table 3 are actually the calculations of Warner-Bratzler shear
forces for-bulls divided by those for steers and expressed in terms
of peréent-additional force required. Positive values are to be con-
sidered as percent additional fOICE'reqﬁired td shear through a core
of bull meat as compared to that necessary for steer meat with the
opposite béing true for negative values. The»majority"qf the
references listed slaughtered animals at comparable ages (1, 2, 4,

5, 6, 7, 8, 10, 11, and 13) of which five reported significantly
greater Warner-Bratzler shear forces for bulls than for steers (2, 6,
7, 8, and 11)._>With.the exception of Champagne et al. (1969), all
references iﬁdicated bulls réquired more forée than éteefé; These 
researchers found steers castrated at birth apd slaughtered at the
same age as their intaét male countérparts'wefe'slightiy téugher but
not significantly so. Percentage values ranged from 1.47% more
force required by steers to a significant 40.07% more force required
by bulls. Mean percenﬁage-value averaged across 10 references was

15.75% more force for the Warner-Bratzler device to shear through a

T
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cube of bull beef Three experlments (17 18, and 23) slaughtered
‘:bulls at constant WElghtS, one of whlch (17) reported bulls to be
51gn1f1cantly tougher by Warner-Bratzler shear’ test whlle ‘the two '
remaining references: noted non51gn1f1cant dlfferences between bulls
‘and.steers. Hedrick‘gtuglt‘(1969) reported.534-dey—old steers to be
tougher-than 480-day-old bulls, but not-significantiy;so. The mean
tenderness value for these‘three references is a 10.73%vmore-shear
forcehrequired for bulls than for steers. Both these mean values
are in general agreement with:Field (1971), who reported bull beef
to be less tender than:steer meat for ell seven references that he
cited. Several workers have indicated that the age of the animal

at slaughter contributes the most to ‘tenderness and that sex of the
animal is less important than age (Reagan et al., 1971; Warwick et al.,
1970; and Wierbicki gg_g;;, 1955). Other workers have alluded to the
chronologieal'age of the*animal having a greater adverse effect on
- tenderness of steaks from bulls than from steers.  Arthaud et al.
(1977), in a study which involved four slaughter ages of 12, 15, 18,
and 24 months; failed to find any decrease in tenderness with in-
creasing age or any decrease in tenderness peculiar- to bulls with
increasing‘age.at slaughter.

Tenderness, as determined.by-taste panel, is very similar to

those reports on tenderness determined by Warner-Bratzler shear»test.

However, most researchers found that the difference between bulls and
steers for taste panel tenderness determination was small and nonsig-
nificant (Albaugh et al., 1975; Bailey et al., 1966; Brown et al.,

1962; Cahill et al., 1956; Glimp'eg;g;., 1971;.Gortsema'g£_§l., 1974;
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Jacobs et al., 1975b; Jones et al., 1964; Warwick et a_l_“.., :197}0,; rand
Wilson et al., 1974) -'AlthoughAother‘workefs noted‘éfeer meat to be
significantly more tender than bull meat (Arthaud et al., 1977;
Hedrick.gg.gl., l969;»Hunsley}EE_g£., l97l;land Watson, 1969), the
vast majorlty of the references cited here indlcated that bull meat
was acceptably tender. Wierblckl et al. (1955) looked into the
correlations between taste-panel tenderness (aﬁte:'a lSﬁdaybaglng -
period) and marbling ‘and carcass quality gtade, These WOrkers
observed that wﬁen bulls and eteers were~considered;tqgetﬁer a
‘relaﬁiOnship betweenvﬁarbling and tenderness. did exist, but when
‘Beth‘sezes were studied inaependently, :hiS’reietionhip'disappears,
They concluded that'mafbling meyfindeed Eeeeﬁeindiceteefeffsex raﬁher
thanatendernees of meat. _Carcass.quality‘grade_tended to correlate.
rather Weli;withstenderneés when bbth.éekes*%éfe,cbneidefe&ijoiﬁtlﬁ,: o
but a Bias did exist agalnst bulls for carcass quality grade. Wheﬁv
bulls and steers were conSLdered separately, the blas was removed

and the correlation between tenderness-andvquality grade dlsappeared.
“Prancis gghgi,'(1977)-campared marﬁling scores of "slight" end "moﬁest"
as they'affected,tenderness. These Workere found'that’tenderness was
not affected by either of these scores.

Possibly the best indicator of carcass quality is an overell
acceptance rating determined by taste’panels; Although one study -
(Wilson et al., 1974) did report a significantAadvantageror bulls:
over steefsbfor overall acceﬁtability, otﬁers (Reagan;ggdgl.,'197l)
have{repbrted'a significaﬁt favoring of sﬁeer meat."prever, most

investigations report small and nonsignificant favoriﬂg for steer

<
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meat when compared to bull meat (Glimp et al., 1971; Gortsema et al.,

1974; Jacobs et al., 1975b; and Lewis et al., 1965).



OBJECTTIVES

The;general objective of this study was to explore existing dif-
ferénces,,or lack of,differences, between infact aﬁd»céstiated-ﬁale
beef cattle for a Wide,tange of growth and carcass~trgits.- Specifi-
.célly, bulls and stee#éiw;re‘céﬁbﬁfed.é£ weéﬁi@g,fapﬁfoximétely_lZ:

months of age, approximate1Y‘18 months of age, and at slaughter.
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MATERTALS AND METHODS

Data for this study were cdllected at the Bland’Correctional
-Center as a part of a long-range'cooperativé catfle‘breeding research
. frbjéct between the Animai Science:Department of Virginia Polytechnic

Institute and StatévUniversity,.Blacksburg,'and fivé correctional
>Centers.underﬁthe‘Adult'Division_of‘the Virginia Deparﬁment.of Correc-
tibns, Richmond. | |

The Center is located in the AlleghenyﬂMountains-about 75 miles
west of‘Roanoke, Virginia, on Virginia highway 42.and 15 mi;eé east
of Bland, Virginia. Pastures oﬁ the farm consist primarily of blue-
grésg and white clover and are grang.in the spring, summer, and fall
6f the year; ‘The cows are wintered on corn silage aﬁd hay which is
largely comprised of pasture ciippings‘or,orchard graés with some red
clovér.‘_Thekcows maintain sufficient flesh;and,heﬁlthy condition onv
this feeding regime in both the summer and winter.

| The céttle used for théseicomparisons were the ﬁale offspfing of
the phaée I (Sire.breedreﬁaluation),and pﬁase‘II (cow breed évaiua-:
‘tion) cows in the long range study. Phase II cows were produced from
-phése I matings, except that the 21 Charolais x Holsteiﬁv¢ows:were
prodﬁced-in other corrgctiqnalvfarm herds. All phase I cattle were
sired by Charolais, Hereford and Simmentél bullsﬁan& éuﬁ_of‘Hereford'
cows except for theAstraight Angus which.were out of a small straight-
bred Angus controlfﬁérd._ TherﬁhaSé Ii'éaﬁtle_w?reiou;IOf Angus,

Hereford, Charolais x Hereford, Charolais x Holstein and Simmental x
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Hereford cows sired by Angug,'Charolais; Hereford and.Siﬁmental buils.
| Phase;I éattle werevweaned~&uriné Ehe Years.dfvié70#thfo§§hr1975, and
tﬁevphase iI{CAttle;were Weaﬁed du:;ng-l972-through 1977. A detailed
éxplanatiOnﬁdf théfmétingischeme tﬁét*pfoﬁucedfﬁﬁéj¢§£;ie'used.in‘; .
thié.study,can be found in»the published reports by'Marloﬁefand: -
Saunders (1976) and Marlowe et al. (1979).

Preweaning Management of Calves

All male calves wereuleft‘intact dpring’tﬁe first two calf crops.
'(1970 énd 1971). A fandom'half'of all male calves iﬁ‘eachgbreed group
in the 1972 and 1973 calf crops weie castrated at two to three months
bdf age. All male calves pfoduced in the 1974‘aﬁd 1975‘ca1f crop were
aléo castrated atttwﬁvto three months of age.g.HeiferSNWEIe repre-.
sented in all six years. The numberlof‘calves'repreéehted byieadn
sex_group-within each year is presented in Apéeﬁdix table 3. VSplit
calving seasons were employed to provide a year round suppl&?of beef
to the prison cafeteria. Calves were‘weaned-at two.or fhreé times
during the year, nécessitated by the éplit calvingISeasons, so that
,weaning:ageé were as near to seven months of age’aS’possible. Weaning‘
weights (WWT), preweaning average daily gains:(ﬂADG), weéning condi-
tion ScoieS;CWCOND), and weaning grades (WGR)’WEre-obtained on all
animals. |

'Bull and steer calves were fed together on corn silage and hay,
supplemented with .65 to .90 kg of protein §Upplement‘per‘head daily .
during the first winter. On or about March 1 of each yearvtheAlarger

bulls and/or steers were placed in separate feeding ‘areas and were
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given a full feed of silage sﬁpplemented daily with 1 kg of concen-
traﬁe per 100 kg of body weight until slaughtered. The conCentrate
ration was compbsed of 75% ground.copn and 257% soybean oilvmeal. The
remaining male cattle were grazed until they were pulled out for their
shert feeding period beforefslaughter. Animals were slaughtered as
needed by the prison cafeteria generally within the age renge of 18 -
to 27vmonfhs;--The average_elaughter.age wes l9;5_£mnths. As addi-
tional animals were needed, they were pulle&:bff'paeture and ﬁlaeed
en feed, so that'they:were'dﬁ feed 60 to 90 days. prior to slaughter.
Heifer calves were treated the same ae ﬁhe Eulis and steers
except that those selected for the breeding program were not placed
on the 60 to 90 day finishing regime.
Data were collected at two times during the pestweaning period,
at approximately 12 and 18 months of age.' Growth variables, measured -
.or calculaﬁed, were jeafling‘weight (IwT), yearling average daily
gain (YADG),_yearling weight per day of‘ege (YWPDA), yearling condi-‘
tion score (YCOND), yearling grade (YGR), lB—ﬁonthsvﬁeigﬁt‘(FWT),
‘18-months average daily gain (FADG), 18-months WEight pef day of age
(FWPDA) , 18-months condition score (FCOND), andelS-months grade (FGR).

‘Carcass Data

Animals were slaughte?ed every two weeks or as beef was needed
to feed the inmates. Slaughter groups we:e.usually comprised of six
to ten head of animals with an attempt to have all breeds represented
in each kill. Slaughter and processing of the carcasses were:perf
 formed at the Center's slaughter facility. Carcass traits recorded

at the slaughter plant were live sleughter weight (LW), carcass
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We1ght (CW), kidney and kldney fat we1ght (KWT), ribeye area (RA),
:backfat thickness (BF), marbllng score (MAR), and tenderness measure—vf
ment W1th Armours' Tenderometer/(ATEN) ' Addltlonal variables were |
then calculated from these carcass traits as’ follows.blcarcass weight
perrday of age (CWPDA) percent kldney'and kldney fat (PCKWT), rlbeye:Z
area per hundredwelght of carcass (RAPCW), percent lean cuts (PLC),

carcass yield grade (CYG), and carcass quality grade (CQG)

: Statlst;cal»grocednres. The data analyses,were,drvrded in two“
'stagea.'rSincewbnlls:and.SteerS”were notaépread‘over'all years, it =
wae necessary tounSe‘the heifer'dataltofontain year;effects:for
»adjustingvthe bull and'steer“data. Therefore,'the heifer data'were
utillzed to obtaln partlal regre331on coefflcients for year effects
on all traits Wthh were then used to adjust bull and steer data for
yearveffects."The statlstlcal model used for'thla‘purpoae;was:

.+.

Tigiam = Ut Ay W+ S + Dy 4D (Xlijklm X..)
14 5k1m ~ ii...) +B (XZJ.Jklm ’_‘2) * Bijkin

: Yljklm,=rthe trait being studied |

u = the effect common to all subclasses

Al = the effect.of.the ithrseason~of‘birth‘(i‘e l tc 2)1
W& = the effect of the jth:weaning year G =1,...,6)

Sk = the effect of the kth.sire breed‘(k = 1,;..,4)

Dl = the effect of the lth,dam breed (1 - 1,...,5)

bl = the linear regression coefficient of the trait on

cow age
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Xlijklm - 21... = dev1atiop of age of cow in years from mean -

- Xijkim

By ikim

cow age

the quadratic regre331on coefflcient of the trait on
cow~age

the linear regression coefficient of the trait on calf
age in days

—.iz = deviation of age of calf in days from mean

calf age

= random error

" After adjusting for year effects, the bull and steer data were

sﬁbjected to least squares analyses using the second model to obtain

._1éastvsquare'means_for all growth and carcass traits. This model was:

Model I

Y4 4kim

¥y 5kim

=u+ A+ S+ D+ G (SO + (DO

-+ bZCX

k
by (g ) * e ® % )7
1@ = 51,0 T o 1ijkin ~ 1.,

24 jkim ° Xz...) * B sim

= the trait being studied

e

the effect common to all subclasses

the effect ofAthe ith--season of birth (i =>1-to 2)
the effect of the jth.siré breed (j = 1,...,4)
the effect of the ,th dam breed (k = 1,...,5)

the effectfof"the‘lthisexvof calf (1 =1to 2)
the interaction between the Jthsire breed and the -

1th.sex of calf

the?llnear regression coeff1c1ent of varlous traits
on cow age C
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Xlijklm - Xl._.:=-dev1acion of age of coviin years from mcan cow.

age
¢4 0= the quadratic regre331on coefficient of various tralts
T on cow age ; o :
bzz» o= the linear regression coefficient of various traits on.

"r_calf age

X2ijkim - fé..;' dev1ationvof age of calf in days from mean
calf age :

Eijklm = random'érfcr: | |
,Since'inclgsicn;of»the‘sire,breed X dam bfée&iintcréccion

‘ resclted in confusing and virtually;uninterp;etaﬁlevfcsult51due to
- missing énd_small~subclassrnumbcrs, i;-was dropped frcﬁtche'mpdel.

Analysis of variance tables for weaning data, yeafling“data, 18-
months data and carcass data are ﬁresente&'inaAppecdiX‘tables 4
cthrough 7. |

‘Mean differences between hulls'and'steersywere Subjecced to a
t-test of significance for all traits. A modiiiechuncacfs'Mnltiple
~ Range Test,(Duncaﬁ,vl953)1was performed for mean separation on those"
‘traits that,werc significantly'affected‘by‘thQVBréed of sire x sex
of calf'interacticn, .

Simple correlation ccefficient81were obtaincd for all traits
within sex subclasses.i;The traits ﬁithin sex subclasscs were
adjuctcdiby the linear regression of'variouscciaité’on the age of
the calf at which those tfaits were measured in a preliminary
anclysis. Within éubclass simple'cor:elations'WEre obtained from

the error term of the following model:



 Model IT

%5 4k1

Ce g - %Ll

i3kl

e
[

©u B>
] ]

Fp.
]

o
"

Xigk1 ~ %

1]

©1

Bkl

- the effect of the
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Ut Ay RS Dty Ky - X 07

2
t Bk

= the ‘trait being studied

the effect common to all subclasses

the effect of the th season of birth (i 1 to 2)

- the effect of the jth sire breed G = 1,..'.,,4)

L th dam breed (k = 1,...,5)

the linear regression coefficient of various traits

on- cow age

= deviation of age of cow in years from mean'cow
age :

the quadratlc regre531on coefficlent of various traits
on cow age S

= random.error

Correlatlon coeffxc1ent dlfferences between bulls and steers

were tested by converting the correlatlons to z values, and then

testing the 31gn1ficagce~q£-the difference between the two z's

(Snedecor and Cochran, 1974).

Finally,‘the‘following'model was:used for the within sex

prediction equations for effects on Armour tenderometer measurements. -

Model III

iK1

-

=uch Ay RSy Dy by Ry - X
1 Fqggx1 - Xl...) By Cignr ~ %L )
-X +

P3aig01 = %5, Y0, Fyi1 — %4, )
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-

sigk1 = %50 ?’6,(4 jk1 Xs...) +
b CX?iJkl X0

:¥ijkl = Armourﬁtendefoﬁéter&péésurement.(ATEN)

b5 (

u = the effect common to all subclasses
A = the effect of the ith season of birth. (i 1 to 2)
Sj, = the effect of the jth sire.breed (j = 1,...,4)

‘Dk = the gffect'of the kthﬁdam breed (k = l,...,S)

bi = the iiﬁear regression»cOefficient of ATEn on cow;age

liJkl 21.._ - deviation of age of cow~1n years from.mean
cow age .

the'quadratic regression coefficient of ATEN on cow age

=
II

9 the partial regression coefflcient of " ATEN on the
calf age at slaughter

XZijkl - iz'.. = deviation of age of calf in days from mean
calf age. :
h3 = the partlal regxe391on coefficient of ATEN on the calf
carcass WElght

KXosurqg ™ XKy = dev1at10n of calf carcass weight in kg ffom
3ljkl - 30 L) - . - .
mean calf carcass weight

b4 = the partial regression coefficient of ATENAon calf
‘ribeye area
X puq = X dev1atlon of calf ribeye area in’ cm2 from S
4ijkl 4...
mean calf ribeye area

bs = the partial regressioh‘coefficient of ATEN on calf
kidney and kidney fat weight

XSi’kl | 5 = deviation of calf kidney and kidney fat welght
J ***  in kg from mean calf kidney and kidney fat
weight-
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b - = the partlal regreSSLOn coeff1c1ent of ATEN on calf
backfat thlckness

dev1atlon of calf backfat thlckness 1n mm £rom

Xosurq = X
61kl 6... mean calf backfat thlckness

b7 = the partlal regreSSLOn coeff1c1ent of AIEN on- calf

: marbllng score

‘X7ijkl - §7 o= dev1at10n of calf marbling score from mean
- oo calf backfat thickness '

With the exception ‘of some tests of significance, ali statistical
'.analyses were performed through SAS 76 (Statistical Analysis System)

of the SAS Institute, Inc.



RESULTS AND DISCUSSION .-

o Cc?)ﬂt;l‘;'aﬁts‘f at Weaning:
Least squéres‘means for preweaning and weaning data are presented
| " .in table 4. Records énvthe 217 bulls and.le steers were adjusted to
‘.a comﬁon-age off205 days. Bulls weré‘l6 kg.(7.8%) heavier (¢ %.05)
thah Steeré.‘ This difference is somewhat 1arger'than'the'9.3 and 7.3
kg Wéight advantégésvfor bulls reported by'BurgQSS-gg_éi. (1954) and
by Marlowe and Gaines (195'8); respéctivél-y, but closely parallel those
reportéd by Marlowe g£.§l, (1965) and by!the vast majority of reports
vin the literature. Buils grew 0.08 kg péé day faster (P <.05) than
steers. Even thgughﬁfheée,animals did noﬁ_receivé‘c:éép feed, their
performance agrees closelyfwith‘thoée observed.by5ﬂaridwe et .al. (1965)
for creep fed bulls and steers. The sire breed x sex of calf inter- -
action was signifiéént fo: preweaning ADG (table 5). Bull-steer dif-
ferences were significantly greater for the Hereford, Simmental and
Charolais sife_breeds than for the Angus sire breed. . Because most of
these calves Werg:crossbreds,'direct comparisons  to literature sources
are difficult. Tanner et al. (1970) reported no significant differ-
énce between bulls and steers in pfeweaning growth of Angus galves.
Glimp et al. (1971) also failed to observe a sex difference in pre—
Wéaning ADG of Angus and Hereford calves. ‘However, Marlowe et al.
(1965);foundva distinct preweaning ADG advantage for bull calves of

the Angus and Hereford breeds relative to steer calves. Marlowe and
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TABLE 4. LEAST-SQUARES MEANS AND STANDARD ERRORS
BY SEX OF CALF FOR WEANING TRAITS

» ‘ Traits =
Sex of . Weaning Weaning Weaning Weanin§
calf Number Age weight (kg) ADG (kg/day) 'conditiona .-grade
Bulls 217 205 220 + 3.84¢ 0.90 + .02¢ 8.41 + .219' 12.60 + .19
Steers 211 205 204 + 2,929 0.82 + .02¢ 7,18 + .16 12,98 + .14

26-8 = Standard; 9-11 = Good.
2-14 = Choice. , ~ . '
¢ Figures with different superscripts in each column are significantly different (P <.05).

LY



. TABLE 5. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF SIRE
BY SEX OF CALF INTERACTIONS FOR PREWEANING AVERAGE DAILY GAIN (kg/ DAY)

Bull o : Steer

Breed of Numbervof ' Least-squares Number of Least—squéres - Bull-steer
sire observations means observations means difference
Angus 36  0.78 + .04 43 0.80 + .03 ~0.02
Hereford 82 ) 0.86 + .03 83 0.77 + .02 0.09
Simmental B 0.98 + .03 27 - 0.86 + .03 | 0.12
Charolais 68 10.96 + .03 58 0.83 + .02 _ 0.13
ab |

Figures with different superscripts in each column are significantly different (P <.05).

8%
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;,Gaines (1955)Afoend that Aagﬁs;-Herefefd.'and:Shorthorh hﬁils grew
faster during preweanlng perlod than steers.. Evaluatlon of preweanlng .
‘ growth rate between sexes’ of HEreford breedlng has yellded confllctlng
’results w1th some workers reportlng a: s1gn1f1cant bull calf advantage ‘
(Brlnks et al., 1961 ‘and Klosterman et al., 1954) whlle others have :Aff
reported no sex dlffeaence (Balley_ggﬁgl.,51966a_and.Bal}ey and
Hirenaka, 1969). Studies involving the 1argervcat£le:breeds‘(e.g.,
‘Yﬁgoslav Simmental and Holstein) found a significantrpreweaning-growth
advantage for bull calves relative to steer calves (Cobic', , 1968 and
Wilson.gglgl,, 1974). Data in table 5 suggest that the dlfference
Betweeﬁ bulls'and‘steers for preweaning ADG increases as the size of
the calf‘sire'breed increases.

Weaning grade‘(tjpe ecore) is composed of several considerafions .
(e.g., frame structure, muscling, symmetry and'balance,.lack of coarse-
ness, condition, thriftiness, and structural‘souadness)»and is dis~
cuseed in detail in the Virginia Agricultural Experiﬁent Station
- Bulletin 283. Weaning grades for bulls and saeers afe preSentedbin
table 4; Grades at weaning were in the choieefrange-and did not dif-
fer significantly for Buils,and steers. However, the analyais of
variance revealed a significant breed of dam x sex of calf interaction =
for weaning grade, which appeared to be associated with the fospring
of Charolais x Hereford cows. Least squares meansifef this interaction
are presented in table 6. The lack of a distinctvadvantage'of bulls
over steers for weaning grade, particularly invcalves witheHereford
dams, fails to agree with other reports CMarlbWe, 1962; Marlowe and

Gaines, 1958; and Marlowe et al., 1965).



TABLE 6. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM
' BY SEX OF CALF INTERACTIONS FOR WEANING GRADE SCORES?

Bull - ' . Steer

: ' vNumbe»r of VLe_ast—s‘qv'lia‘res ‘vN'_u“mber of : Léast—Squarés Bu!ll—'steer

Breed of dam - observations 7 _means observations means - difference
Angus 22 13.01 + .36 21 12.84 + .33 0.17
Hereford st CILAT 4 .14 19 12.21 + .14 ~0.74
Charolais x Holstein 6 12974 .55 9 12.61 + .44 - 0.16
Simmental x Hereford 5 13.70 + .60 16 1377+ 34 ~0.07
Charolais x Hereford 27 _.,,_'_'_127.05 + .27 46 1345+ .jzo | -1.40

89-11 = Good; 12-14 = Choice.

0§
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The breed of dam x sex of calf interaction significantly influ-
enced éeveral qther traits throughout this study, all of,whith Were 
seemingiy associated with the offspring of either~Charolais x Holstein
 or Simmental x'Hereford cows. These interactionsrandxany‘subséquent
interpretations are suspect due to the small numbersvdf”bulls aﬁd-
steers with Charolais x Holstein and Simmental‘xxﬂeféfOfd dams. Thére—
,fore; the remainder of this text will omit any discussion of-ﬁhe‘bréed
of &am x sex of calf interacﬁion.. The interested readér may refer to
appendix tables 12 through 23 for the least squares means 6f all |
" traits significantly'influenced by‘this inﬁéraction. |

Weaning coﬁdition scores are presented in table 4 and indicate
that bulls wareisignificantly fatte;,at weaning'than-sﬁeers. The
'oﬁerall higher condition scores of bulls was not expected.

Contrasts as Yearlings

;.Least squares meaﬁs for"jearling data are pxesénted in table 7.
Thé 217 bulls and 211 steérs were adjusted to a common agé 6f.377
days.: Bulls 37 kg (13.6%) heavier (P‘%.OS) than steers as yearlings.
Bulls giEW*lz kg/day'(30.8%),faster from weaning to.yearling age than
steérs (P <.05). On a weight per day of age Basis,'bulis gained 0.10
kg'faster (P <.05). The mégnitude of the bull-steer difference
reported here for ADG is greater thén that reported:by‘Bailey_ggﬁgl,
(1966) and Jacobs é£d§1,1(1975b); Yet the direétion of tﬁese dif-
ferences in this study is in agreement with their work with animals
on growing rations. | :

Yearling grades were very similar to those receivéd'at weaqing;

Altﬁough,bulls graded‘higher than steers (P?i.OS) the difference was



TABLE 7. LEAST-SQUARES MEANS AND STANDARD ERRORS BY SEX OF CALF FOR YEARLING TRAITS

Traits

Sex of ’_-., - Yearling Yearling Yearling® Yearling‘D Yearling®
calf . Number . Age  weight" (kg) ADG (kg/day) . = WPDA (kg/day) condition grade
Bulls 217 377 310 + 6.44° 0.51 + .03 = 0.83 + .02° 7.42 + .13 12.41 + .18¢°
Steers 211 377 273 +4.86% 0.39 + .02f 0.73+ .01f 7,11+ .10  12.85 + .14

zYearling weight per day of age.
6-8 = Standard. . - -
©12-14 = Choice.

jevFigures with different:super3cripts in each column are significantly different (P< ,05).
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' sméll»Cless:than a thifd of a grade). Grades of both bulls and
: ‘éteers fell iﬂto the ldw*to,middle choice range. Bulls and steers
did not differ in'conditioﬂZét yearling‘age.

The faster growth‘rate‘of bulls was fﬁrther eﬁphasized at 18
-months of agé, Leastisquares,means for bulls and-steers-ét.l8 months
of;age are presented in table 8. The average’age, desigﬁated as 18

months, was 533 days. Bulls averaged 68'kg heaﬁier at this period
than did steers (P <.05). Similar differences, but smaller, were
‘réported by Arthaud et al. (1977) and Jacobs et al (1975b). The
WEight'adﬁantage-of bﬁ1ls was : apparent, whether-expressed ésvtotal
weight §r as weight per day of age, in that bulls exhibited 0.13.kg
more weight per-day §f age'than‘did‘steers (P <.05). Wéight per day
of age was significantly:affected.by'the sire breed x sex of calf |
interaction (;able 9). Bulls were heavier than éteeré én a per day
of age basiS'for»ailwéixe @ieeds; :HOWEVer; tHi§{diffe;gnce was
greater for calves sired by Simmental bulls thanaforfcaivés siréd by
Angus or Heréfotd Bélls (Pr<;d5)f‘ In»general, bull calves siredgpy»:
the twsrexotié breeés had greéterkpostweaniﬁg gaihs thénvthoséBSirédlA
by either of the twoyEgglish.h;eeds.'jThis may ;ccount.fq; the bull-
steer differences in weight per day:of agé being'grea;effin cé;vés
sired by Simmental and CharoléiS’bulls. Neverthéless,“the éex‘éif—v.{
ferences in calves sired by Charolais bulls were‘not significantlyw’
different from those éired‘By‘Angus bulls or Hereford bulls. Bulls
~ gained 0.16 kg more‘per‘da§~from ﬁeaning to 18'mpnths-théﬁ*did steefé
(P <.05). The 187 advaﬁtage'in postweaniﬁg ADG of bulls over_sﬁeers‘

is almost identicél to the 17% and 18% average advantages reported



TABLE 8. LEAST-SQUARES MEANS AND STANDARD ERRORS

BY SEX
OF CALF FOR 18-MONTHS TRAITS

o : . . o '_Traits . _

Sex of R 18-mos ~ 18-mos ~ 18-mos® ~ 18=mos" 18-mos®

. calf Number Age Weight (kg) =~ ADG (kg/day) - WPDA (kg/day)  condition ‘grade
Bulls 217 - 533 449 + 7.55€  0.70 + .02¢  0.85 + .01® 9,06 + .21°  12.40 + .18°
Steers 211 533 381 i 5,722 o0.54 + .02f  0.72 4+ .01f  7.46 + 16T 13.11 4 .13f

18—months weight per day of age.

-Pg_g = Standard; 9-11 = Good.

¢ 2—14 Choice. .

x Figures with- d1fferent superscripts in each column are significantly different (P <.05).

%S



TABLE 9 . LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF SIRE BY SEX

OF CALF INTERACTIONS FOR 18-MONTHS WEIGHT PER DAY OF AGE (kg/DAY)

Breed of
sire

Bail ,

 Steer

.Numberﬂof»v'
observations

Least-squares

means .

Nuﬁbérﬁéf

‘observations

Least-squares

means

- Bull-steer

difference

Angus v
Hereford
Simmentgl

Chardlais

32
82
31

68

0.81 + .02

0.77 + .02

0.90 + .02

0.90 + .02

43
83
21

,‘58.

0.72 + .02

0.67 + .01

0.73 + .02

0.76 + .01

0.092"
0.102

0.17°

© o0.14%

ab

Figures with different superscripts in each'column are Significantlyfﬁiffetentﬂ(P <(05);

1
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by"Field-(l97l) and,Hedrickl(1968},:respectiyely. ’Table-lo.presentsf
the least squares means=for the breed.of sire X sex of,calf‘inter-
‘actlon, whlch 31gn1f1cantly affected ADG to 18 months of age. ' The
'1argest sex dlfferences occurred in calves 31red by Simmental bulls.
| Ih;s.dlfference 1Srs1gn1f1cant1y'greater'than:that of calve3’31red
by either AnguS"or'Charolais bulls, which was significantly greatern
-than»calves’eired\by~Hereford bulls. The ‘least squares means‘for-
] vsteers_siredvby the different'breeds‘are_all'very similar'to the
overall least squares mean of 0.54 kg per day for steers. ﬁbWever,
the least squares mean for bull calves sired by“Hereford'bulls is
substantially loWer than that of bnll,calveS'si?ed‘byiotherjbreeds,‘
as ‘well as the onerall value of 0.70 kg for,bulls; |

| Steer calves at 18 months of.age graded‘middle cnoiCe and graded
one-thlrd of a grade hlgher than bull calves at’ 18 months of age
(P < .05). At earller ages, weight was p031tively correlated (30 tok
40%) with grade, however, at 18 months ‘of age bulls exhlblted only a -
25% correlation between welght and grade and steers exh1b1ted a lack
- of association between the two tralts (non31gn1ficant negatlve cor-
relatlon coeffrcrent of 13) The correlatlon dlffered SLgnlflcantly
between sexes. WEight“of the animal stlll'played an'lnherent part in
the»grading of bulls at 18 months of age; yetu the weight’of the
animal was not’ assoclated with the grade 'the anrmal receives for
steers and suggests that the extra weight that steers gain is p0531bly
fat. Oncegagaln, bulls rece;ved hlgher‘condltlon,scores that steers
at 18 months of age (P <.05). Condition,Scoreaﬁat 18 months of'age

were significantly affected by the breed of sire x sex of calf inter-



TABLE 10. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF SIRE
BY SEX OF CALF INTERACTIONS FOR 18-MONTHS AVERAGE DAILY GAIN (kg/DAY)

Bull ‘ Steer

Breéd of Number of - Least—squares Number of Léast-squérés -Bull-steer
sire observations means "~ observations . means difference
Angus 36 0.73 + .04 43 0.55 + .03 0.182
Hereford 82 - 0.59 + .03 83 0.51 + .02 0.08"
Simmental 31 0.72 + .04 27 0.51 + .03" 0.21¢
Charolais 68 0.76 + .03 58 ‘f . 0.58 + .02 0.18?

ab

cFigures with different superscripts in each column are significantly different (P <.05).

LS
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action. Least squares me#ns for this interaction are presented in
table 11. Bull-steer differences for calves sired by Charolais bullé
were less than those sired by Hereford or Simmental bulls. However,
‘regardless.of the breed of the sire, bulls were scored slightly higher
for condition~th;niwére steers. Similérly, the disparity of sex dif-
féreﬁces between sire breeds was not large.

Summary of Growth Contrast

Without question, bulls were heavier than steers at each weighing,
whether expressed as total weight or as weight per day of age. Pre-
weaning ADG;and the two ﬁostweaning-ADG'S'found bulls to have an.
advantage over steeré.i Wlth the exceptlon of calves at: weanlng,
steers graded higher than did bulls (P-<.05) Although at 12 and 18
months of age steers graded significantly higher than bulls from a
statlstlcal p01nt -of view, the dlfference between them was so small;
as to make the biolqglcal implications questionable. Surprisingly,
bull calves recengdisignificéntly higher éoﬁdition séofeé than did
steers at weaningiandlat 18 months. One explanation’ls that bulls
weré more aggreséive in- their eating habits, both in terms of
obtaining milk from their dams and in the feedlot, resulting in
heavier weights and thriftier appe?ranceS'at each weighing. At
Weéning, the association bétween weight and condition score was
greater in bulls (.63) than in steers (.24) (P <.05). (Cdrrelation
cpefficients are presented in Appendix tables ‘8 thrqugh_ll.) Condi~
tion scoreé did not differ between sexes at 12 months, but the
association between condition'score:and'grcwth rate fiom weaning to...

12 months did differ in bulls (.50) and steers (.24) (P <.05).



TABLE 11. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF SIRE BY SEX
| OF CALF INTERACTIONS FOR 18-MONTHS CONDITION SCORES?

‘Bull : v Steer

Breed of . Number of = Least-squares Number of Leastésquarés - Bull-steer
sire observations ‘ means observations means difference
Angus 32 9.04 + .35 43 7.97 + .27 1.07°¢
Hereford 82 9.57 + .26 83 7.53 + .22 2.04P
Simmental 31 9.10 + .33 27 6.82 + .33 2.28°

Charolais 68 8.55 + .27 58 7.53 + .23 1.02°¢

36 to 8 =.Standard; 9 to 11 = Good.
Crigures with different superscripts in each column are significantly different (P <.05).

6



60

Neither bulls nor steers displayed any great degree of external fat

at weaning or yearling age, indicating that condition scores would

net be based solely on the amount of external fat the animal displa&ed.
The degree of relatedness between welght and condltlon score at 18
months was dlfferent in bulls (.26) and steers (.67) (P‘<.05) The
greater assoc1at19n of ‘the two-tra1ts-1n-steers eoupled thh,objective'
carcass fatvmeasﬁfements suggest that as steers became heavier they"‘
‘also became fatter and that .condition scores in steers were mere
reflectlve of the greater»degree of external~fat;_ Apparently, ‘the
weight of bulls at 18 months was not necessarily releted to a greater
degree of external fat deposition. <Consequently, condition scores
in bulls at 18 months were not any more reflective of external fat
‘than they were at weaning or 12 months.

Carcass Data

Animals were adjusted.to. 593 days of age for sex eomparisons-of
live slaughter weight, carcass weight and carcass weight per day of
age end to 598 days for all other carcass ﬁrait comparisons except
for Armour tenderometer measurements which were adjusted to 588 days.
Least equares means and standard errors for all carcass traits of
bulls and steers are presented in table 12. Bulls were 87 kg
heavier at sleughter than were steers which equates to a 217 weight
advantage in favor of bulls (P~<;05). ‘Although this difference is
slightly greater thaﬁ most reports, it is in general agreement with
previoﬁs‘studies and more recently with Arthaud et al., (1977);
Carroll et al., (1975); Jacobs et al., (1975); Williams et al.,

(1975); and Wilson et al., (1974). Bull-steer differences in carcass.



TABLE 12. 'LEASTjSQUARES MEANS' AND STANDARD ERRORS BY SEX OF CALF FOR CARCASS TRAITS
: .- " Traits s ‘ Traits ) Traits
Sex of ) Live slaughter - Carcass Carcass” ‘Sex of ] Kidney and Kidney Pereént.b ) Ribeye Ribeye aEea
calf No. Age weight (kg) weight (kg) . WPDA (kg) . “calf ' No. Age fat weight (kg) kidney (%)” No. Age . area (¢m’) per cwt (cm /kg)
Bulls 217 593 501+ 7.67% 281 + 5.10  0.48 + .01% Bulls' 199 598 - 4.02 + .248 1.59 + .018 198 598 34.06 + .658  12.21 + . 20;
Steers 211 593 414 +5.83% 219 + 3.88" 0.39 + .01® Steers 211 598  5.35+ .18" 2,58 + .01 211 598 26.42 + .48" ﬁ 12.21 + 15:
i
. }V
B d Trait . S ) Traits .
Sex of Backfat Marbling ; Armour- Sex of .- Carcass : - Percent Carcass f%
calf No. Age thickness (mm) &core - No. Age Tenderometer (kg) - calf .-No. Age quality grade® No. Age lean cuts (%) yield grade

Bulls 198 598  2.79 + .33  2.87 + .17 176 588

Steers 211 598 ° 3.56 + .25  2.69 + .13 138 588 -

8.25 + ‘.175' Bulls 198 598

7.09 +.15" © Steers 209 598

9.17 + .208

9.71 + .15"

53.9 + .195  1.29 + ;088

52.5 + .14

198 598

211 598 1.90 + .06"

Carcass weight per day of age.

Percent kidney and kidney fat per carcass weight.
dRibeye area per hundredweight of carcass.

2 = traces; 3 = slight.

e9 11 = Good; 12-14 = Choice.

g& = leanest carcass; 5 = fattest carcass.

Figures with different superscripts in each column are

significantly different (P < .05).

i
i
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weights essentially‘mirrored the-srtuation in live slaughter weights;
.buils_had a 62 kg‘advaﬁtage inmcarcaSS‘weigﬁt»over steers (P ?,05).
This bell—steerﬂdifference;in'carcasa weight waa‘in general agreement
witﬁ.the vast-majOrity*of.previous_studies. 'Carcass~weight per day of -
age further empha51zes the superlor growth rate of bulls. Bulls
bwelghed-O 09 kg more per day than steers at 593 days of age (P <.05).
This value falls in the range of 51gn1f1cant bull advantages of 0.03 |
to 0.10 kg reported_by many‘reeearchers (Carrolllggﬂgl.; 1963;
Gortsemapggdglf,v1974;’Tannertg£J§;{, 197O;Lanerilson_egd§;;, 1974).
waever,~Landon_§£;a£,, (1978) reported slightly'greater,carcass
weights per day ofvagevfcr‘Charolaisvk Hereford steers when compared
to bﬁlls»of‘the samevbreeding.‘,

For the'kidney~and kidney'fat weight:(actual or percentage of
carcass weight)-comparison there were 199 ﬁulls an& 211vsteers. Bulla
had 25% less kldney*and kldney fat weight than steers (P <.05). When
kldney‘and kldney fat welght was expressed as a percentage of the
vcarcaSS'welght, the kidney and kidney fat accounted for almost lA less
rof the carcass Weight 1n the bull carcasses than in the steer

carcasses (P-< 05) The greater amount of per1tonea1 fat in steers
agrees Wlth Arthaud et’ al.<(1969) Klosterman et al (1954 and 1958),
_Prescott and Lammlng (1964) Tanner et al (1970) and Warw1ck et al.
(1970).u , : RO

Bulls ylelded 7.6 cu® more riﬁéye' than did steers when adjusted
‘to the aame age (P <. 05) The greater rlbeye area of bulls agrees

Wlth\Hedrlck's (1968) review of 1iterature and more recently*w1th

Albaugh et al. (1975), Carroll et al. (1975), and Williams et al.
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v(1975). When ribeye area Was-expréssed dﬁ a per 100 kg of caﬁcass
weigﬁt.basis, sex differences disappeared ih this.study. ThiSvfinding
fails to agree with:Anderson"(1976),'Nichols~g£“g;,‘(1964), or Tanner -
et al. (1970). These researchers all found bulls to have greater rib-
eye areas per 100‘kg ofvcarcass~weight.: Nicholsiggwgl,-(1964)~also
‘notedtthat‘animals:slaughtéred:ét_454 kg exhibited larger ribeyes on
a‘per-uhit of carcass weight basis than did animals slaugﬁtered at
363 kg. 'Bﬁlls.in this study were also heaﬁier‘thén,steers‘at slaughter,
yet no%differenée in ribeye area per 100 kg of carcass ﬁeight‘was
‘noted:heEWEen,the sexgs;  Based ﬁponusuggéstions by Nichols et al.
(l964)vthat.ribeye aréé»either‘he.adjusted:to.a‘constantvcartass
Wéighﬁ orvexpfésséd'asfa ratio»tq carcaSS‘Weigﬁt,‘thé.precediﬁg,dis—
: cussicﬁ_concerning greater ribeye areas in Buiis_of this study 
bgcomeslduestibnéhle. Préétﬁéﬁly,.if!the.bullsﬁaﬁdusﬁeers in this 
study:had been SIaughtered at the Same weight,‘réther.fhan édjus£ed
toAthe'Same,age;bno app?eciable_difference in'the;éizelbf the ribeye
wouldvhavé'heen'detéctéd.bétween the sexes. Nb‘explanation is forth-
coming'as-té"whyfthe'findings of'thiéisfudy.arefatfvariaﬁce‘wi;h;the
- findings of other reséarchers. | | ’
There were 198 bulls and 211 steers on which backfat»thickness
was mgasured and‘mafbling scores'weré‘assigned.q*Bulls exhibited a
nonsignificant.0.77 mmfléss backfat.than didvsteers;'_ﬁbwever,
‘ neither‘bulls-nor.stgers in thié stﬁdy'were fat.r‘They‘displayéd Fat
~_cover thicknesses of only 2.79 and 3.56 mm,;reSPectiVelyhl'This is
not in total agreemEntfwith;thé'1itérature reviews of Hédrick'(1968)

- and Field'(l97l). Had ﬁhg‘animals'réceived‘a high concentrate
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fatteningbration;'the expected-degree of finishron'steerslmost likely

- would have been. expressed Slmllarly, the degree to whlch anlmals

:‘1n thls study were not allowed to be fattened may*explaln the lack of
‘any sex dlfference in marbllng scores. The llterature over- the past
‘25 years. 1ndicates that steers will achleve higher marbllng scores
than bulls 1f glven the opportunity to . do so.» v |
Armour tenderometer measurements were" avallable on 176 bulls and

138 steers for'comparisons. Bulls requrred»l.l6'kg more‘force to
penetrate their'carcasses than,did steers (P‘<'05)t The?variation in
: Armour tenderometer values was greater for bull carcasses as indicated
by standard dev1ations of 2, 56 kg and 1.64 kg for bulls and steers,
respectlvely. Producers of thls device have 1nd1cated a force below
8.2 kg is sufflclent for the carcass to fall 1nto the choice grade.
ThenSlgnlflcantlyggreater force requlred to penetrate bull beef 1S'in'
agreement Withyseveral researchers using the Warner-Bratzler shear‘
udevrce (Arthaud et al., 1977 Gllmp et al., 1971; Hunsley et al.,
1971' Jacobs et al., 1977 and Reagan et al., 1971) Predlctlon
equatlons for Armour tenderometer measurements ‘indicate that the
tralts affectlng tenderness were dlfferent for hulls than for steers.
"Tenderness decreased as carcass weight 1ncreased for both bulls
v'r(h 0067 P <. 05) and steers Ch = .0040Q, P < 05) but 1ncreased for
-hulls as kldney~and kldney fat Welght in bulls and steers increased
(b = - 4212 P=< 05) After adJustment for main effects and age of
dam carcass Welght accounted for 2.99% and 4. 63/ of the re31dua1
'Yarlation:ln tenderness in bulls and steers, respectively. .Kldney

'and:kidney'fat weight accounted for 32;65% of the residual variation
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:in tendernessgin»bulls,»after adjustment for main~effects and age of
R dam., After.adjustment to'a.constant carcass weight'and,a censtants»
kldney and kldney fat welght 1n hulls, nelther age at slaughter, rib-—
. eye area, backfat thickness nor degree of marhllng srgnlflcantly
fflnfluenced tenderness in bulls or steers. Backfat thlckness and the
sdegree of marhllng were not allowed to he expressed fully in bulls or
steers, but- the omlss10n of kidney fat, as an indicator of perltoneal
"Vfat, in 1nfluencing tenderness in steers bears closer scrutiny. Car-
cass WEIght of,steers ls»correlated‘(474)1With.k1dney<and kldney‘fat,
.indicating:that_an'increase in‘kidney‘fat is closely assoeiated with
'_anhincreaserin tarcass Weight.'.(Correlation COefficientslare pre—
sented in;apnendix'tahleSIS<thrqugh;ll.>rvThe elose'associatien of
,.theseutWO-tralts,;plus-the negative:influence Offcareass weight :
'vjlncreases on tenderness, seem1ng1y~mask the positive 1nfluence of
kidney fat 1ncreases on tenderness. waever,,k;dney fat did exert»a;
: posrtive‘lnfluence'on tenderness lnfhulls, Carcass Weight in hulls a
is-net'aaéoeiated.withjkidney fat (nonsignificant‘negative .b7),
-rndlcatlng that ‘an increase in carcass weight is not necessarily

accompanled by an lncrease in kldney and kldney fat wemght. What

fappears to he happenlng in bulls is that 1nd1v1duals that are fatter

at a glven carcass’;tlght are exhlhltlng a true propen31ty to lay
down perltoneal fat 1ndependent of carcass Welght increases and,
therefore, the fatter hulls w1ll tend to he more tender. iR
Carcass quallty grades were avallable on 198 bulls and 209 ’
'steers. Although bulls graded 51gn1f1cantly lower than Steers

:statistlcally, the sex dlfference was less than one~third of a
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quality grade. Since both.bulisuand'éteers graded from low good to
mlddle good 11tt1e, if any, blologlcal significance can ‘be attached
-to sex dlfferencesxlnuquallty:grade. However, other researchers have
'.noted'a Significént tﬁpﬁfhirdS'ofﬂa grade to:a:whole'grade'dlfference
between bulls and steers (AIthaud.gE“§;,, 1977; Champagnevggugl;;
1969; Gortsena et al., 1974; and Landon et al., 1978). |

Percent of lean cuts and carcass yleld grade were computed on. 198
bulls.and'21l steers. Bulls yielded 1.4% more lean cuts per carcass
than.did steers (P <.05). .Carcass’weight was positively correlated
(27%) with percent lean cuts yield in bulls, whereas these two traits
were ﬁegatively correlated. (-29%Z) in steers. Carcass weight increases
in steers were accompénied By-or composed of iﬁc:eased'fat deposition,
resulting in a decrease-in.percent‘lean.cut'yield’per carcass. vHow4
ever, carcass weight gains in»ﬁulié were cohposed of lean tissue gain,
resulting in an increase in peréent'iean éuts per carcass. The
findings reported here,are’in complete agreement with literature
reviews by Field (1971) and Hedrick'(1968) who reported an over-
whelming bull advantage1f6r yield of lean cuts.

Although both bulls and steers exhibited favorable carcass yield
g:ades, bulls graded .61 of a grade point more favorable than steers
‘CP <.05). The bull advantage in percent lean cuts yield is mirrored
by carcass yiéld grade. Similar relationships exist between carcass
weight and yield as did fetWeen carcass weight and percent lean cuts
yield. Carcass yield grade results reported here are in agreement
With previous reports by Anderson (1976), Gortsema et al. (1974), and

Jacobs et al. (1977).
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‘Bulls ie'this studYxettained_heavier slaughter'weights than did
steets’andrpreduced'greater.percentages‘of‘lean euxsuin their car-
_‘c5§sés. Comparlsons for ‘Sex: dlfferences in degrees of fatness are
 fnot approprlate 31nce nelther bulls nor steers were fat at slaughter.
‘On*the other‘handf the anxmals dl&-dep091t*per1t0neal’fat'(e Ees
kldney and kidney fat weight) and this trait revealed a 31gnif1cant1y v
greater dep051t10n of fat by steers.' As steers attalned heaV1er
weights, the compos1tion of their gain was”envinctee31ng'percentage
vvofifat, thus-lowerlng'peteeptage ylelds;of lean-euts‘end raising
carcass yield gre&es;.ﬁhile producingehigﬁer Carcass‘quelityegrades;
'F6r1the'efficient pro&uetiOn of 1ean,.acceptable»beeftbulls exceed
v steexs;‘provided that‘edeqﬁate facilities are.eteiiebie'and:that the
'3bu11s are:ﬁanaged ie.such.a-wey as to be‘slaughtered'prior'tb 16

‘months of age.



SUMMARY AND CONCLUSTONS

The purpose ofithls study was to explore ex1st1ng dlfferences, or
'lack of dlfferences between 1ntact and castrated male beef cattle
' from_blrth to slaughter and'included‘several carcass tralts. Data
for-this study-werepcolleoted.from 217 bulls and:2ll:steers at‘they
'Bland CorrectionalﬂCenter; hiandthirginia;q Sinée‘neither'hulls nor
steersiwere represented in all six years of the study (1970 through
":1975) 1t was necessary to remove Weanlng year effects from all male
_cattle.: Weaning year adjustments were. accompllshed through regre531on
analy51s on 453 helfers represented in all 31x years of the study.
The adJusted bull and steer data were sthected to least squares
'analy31s and least~squares-means were«obtalned-forjall growth and
vcarcass traits. ;t |

Bulls andfsteers Were-weighed, graded'and-scored for condition at
‘;Weaning,vapproximately a year-of age and‘at_approximately-18 months of
: ége; 'Buils WeighedlmOre thanhcomparahly agedésteersvat'ali three
'W61gh perlods ®< .05) and exhlhlted superior. growth rates for the
‘v-preweanlng perlod and both postweaning perlods (PA< 05) A‘slgnlflcanthf'
WEightrpervday of age advantage»favored'hulls at’ yearling:ages. There
wasvnO'difference in grades reeeived byvbuils and steers at Weaning.
Steers‘graded,significantly higher'than‘huils athapprokimately 12 and
'iS‘nonths of’age;-but the difference was*smail,(less than one~third of

- a grade) and lacked.biologicalysignificanCe;p'Bulls,Were;seored higher

68
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for condition than éteers at the weaning and 18 month weigh periods -
< .05‘).‘

The growth and weight superiérity of bulls compared to steers of
comparableuage was further emphaéized in terms of 1ivé,$laughter
'weight, carcass.weight; and carcass weight per day (P< ;05). Although
bulls.displajed'larger ribéye areas than did.steers (P< .05), thié
advantage disappeared whgn :ibeye aréa was expressed on a per 100 kg
carcass ﬁgight basis. Kidhey and kidney fat ngght, conversely to
ribéye area, was greéter in steers than,bulls,of'comparabie age when
,expréssed either”as‘total weight’or as a ﬁercentage{of éarcaés‘ﬁeightf
CP< .05).‘ Howevef, neither bullsbnor'steers in this study were fat.
No éex differendesrwere present in term§ of backfét thickness br
ﬁarbling scores. Bulls received‘significanﬁly iowgr caréaés quality-
grades'thanfsteefs;‘yet‘this difference:accounted for less than a
third of a grade With bullé:grading low good and steers gradiﬁg low 1
foAmidAIe gon. .Bﬁlls wefe éignificantly less~tender»than‘steers as
" determined by Armour tenderometef measurements (P< .05) but both
Wefe'acceptably ténder according to the manufacturers of the tender-
ometer device. Bulls produced more lean cuts yield‘andrthe lower
carcass yield grades (P< .05). Neverﬁhéiéss, the percéntage of lean
'cpté.yielded was favgrabié for both bulié an& steers.

.;  Based ﬁpon the minimal sex differences‘in'cércass quality and
thé added advantagé‘for bulls in terms of faster growth rates and
greater %eighté, the present market bias against bull beef is
. unjustified} The demand for‘leaner; more efficient béef may bestkbe

served by the production of intact male cattle, provided that ade-

*
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quate facilities are available and that the bulls are managed in

such a way as to be sléughtered prior to 16 months of age.
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 TABLE 1. NUMBER OF CALVES REPRESENTED IN EACH BREED
'~ OF SIRE BY SEX OF CALF SUBCLASS -

Breed S Sex of calf , ,
~.of sire’ . - Bulls Heifers ‘ Steers - Total

Mgus . 36 83 43 162
 Hereford 8 175 83 340
 Simmental 31 76 27 13

Charolais _68 119 58 245

. Total 217 453 211 880
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' TABLE‘2. NUMBER OF CALVES REPRESENTED IN EACH BREED
OF DAM BY SEX OF CALF SUBCLASS

Breed c.o .o . Sexof calf .
of dam - .. - " Bulls =~ Heifers @ _Steers = Total

Angus o 22 | 50 ‘   : 21 93
Hefeford 'v o 157 o  296 | -119 572‘A.
qustein x Cﬁaréiéis,  "i"6 ‘,  :151.f  - 9 30
Simmental x Hefefbfd-.;v 5 -‘.;  45 7’~j 16 65
Charolais x Hereford 27 47 46 120

Total 217 453 211 880
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TABLE 3.7 NUMBER OF CALVES REPRESENTED IN EACH YEAR
OF WEANING BY SEX OF CALF SUBCLASS

Year of ' Sex of calf

~weaning = Bulls Heifers Steers Total
1970 70 65 - 135

1971 8L . 48 - 129

1972 26 78 39 143

11973 40 83 44 166

974 — 104 98 202

1975 - 5 300 105

~Total - -~ . 217 ‘ 453 211 - g880
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TABLE 4. ANALYSIS OF VARIANCE OF PREWEANING AND WEANING DATA

L Mean squares . »
' . Weaning . Preweaning Weaning Weaning
Source -of variation Lodof.- ’;inght ‘. - L ADG- ;‘condigion ‘grade |

Season of birth 1 3542.2 0.04 0.3 0.001
| Sire breed (8) 3 79535.5% . L.26% 421 33.009%%
Dam breed (D) fuiéf”ff'65176.é£*”:l 1.32% fﬁ‘i-lo:oo**_<>v?26;511*# 
Sex of calf () 1 39828, 8% 1.05%% | 48.26%% 4.528
sxc S sesné o3 26 304

Dx¢C

L

- 2407.6. - 0.11 10.50%% - 4,519%

Linear regression .
Age of dam
Age of calf

82880. 4** 1.01%% 1.50 29.689%%
838865, 6%+ 0.40% 3.61 3,294

=

_’Quadratic regression

© Age of dam 65605.3 - 0.58% . 1.08 " 35,068%%

s

“Residual - : 408 7765.8 0.10 2,11 1.707

 %$<0.05.
**%P <0.01.



‘TABLE 5. :ANALYSIS OF VARIANCE OF YEARLING DATA

Mean squares

Yearling

- Yearling

#%P < 0,01.

‘ : k : Yearling Yearling Yearling v
Source of variation . d.f. ‘weight ADG WPDA -~ . condition grade
Season of birth 1 103721.0%* 1.43%% 1.19%% - 16.98*%% 3.820
Sire breed (S) 3 34573.7%% 2.69%% 1.87%% - 2.09 25.010%%*
Dam breed (D) 4 78252.8%% . 0.38. 0.51%% 6.74%% 13.770%%
Sex oftcalfv(C) 1 216505, 7%% - 2,23%% 1. 44%% 3.05 : 6.060%
S x C. - ' 3 9328.2 - 0.07 0.11 0.71 _ 1.740:
Dx C N 4 18044.1 0.57% 0.24 2.76%% 0.250 -
Linear regression o . : : o ' . S

~ Age of dam 1 48259,5% 0.14 0.32% 0.33 26.280%*

~ Age of calf o1 208755, 1%%* 0.30 C4,02%% 7.26%% . 8.990%
Quadratic regression o . B \

Age of dam 1 37988, 8% 0.16- 0.25 0.42 22,370%%

Residual 408 19650.7 0.18: 0.08 0.81 1.550
*P< 0.05.
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'ANALYSTS OF VARIANCE OF 18-MONTHS DATA

Mean squares

" T8-mos.
-weight,,“-

18-mos.

18rﬁoé.

Season of birth-:

~Sire breed (S).. .

. Dam breed (D)

Sex of calf (C)

SxC

DxC :

"Linear regre331on
Age of dam
‘Age:of calf.

Quadratic regression
Age of dam -

‘Residual o

Source offﬁariéfion v ﬂQ7d;f; f_¢7

WS W

P

‘ifjﬁ03

75538*

3911888

34411%

671183%%

29222

;;§;37303 SR
v765716**

32432
- 13166

zo 74** ”',o;zi*v
C1.55%k  1,42%%

ADG WPDA

0.11 O 0.12%%
3.95%% 2, 45%%
0.38% - 0.15%
0.43 0.16%

0.04  0.16

0.03 - 0.14

S 0.11 0.05

conditicn 

. 32,38%%
- 7.85%
. 7.31%%

79 36**

8., 89%*
5.49%

1.24

© 13.07%

1.33

- 2.08

grade

0.75

30.26%%
16.62%%
15.77%%

2.85 -

0,45

9.48%

©14,23%%

8.06%

o147

’*P'<O;05,
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TABLE 7. ANALYSIS»OF VARJANCE OF CARCASS DATA

Mean squares

Live élaughter

Kidney ]

Kidhey

**P <0.01,

Source of Carcass Carcass
variation - d.f. weight weight . WPDA. . weight percent
Season of'birth_ 1. 18689 . 32865% 0.05 75.30% 0.021
Sire breed (S) 3 ~ 518065%* 204374%% . 0.59%% 101.27%% 0.008
- Dam breed (D) . - 4 36771% ' 28641 %% 0.07%% 8.89 0.008
Sex of ‘calf (C) -1 1178478** ’ 596492%% . 1,52%% 267.55%% .0.305%%
sSxC . 3 11173 4420 0.02 22.63 - 0.016.
- DxC - 4 -~ 34071% 13853 0.04 18.49 0.018%
Linear regression ‘ ‘ - ‘ . ' ‘
Age of dam 1 28006 . 38832% 0.10% 0.25  0.001
. . Age of calf - 1 1523023** 573444%% 0.87%% 596.13%% 0.288%
‘Quadratiec regression ’ : ' - ' N
Age of dam ' 1 23764 35051% 0.09% 1.67 0.0001
Residual 408" 13806 6117 0.02
Residual © 390 ' : : 13.32 0.007
*P < 0.05. -
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- TABLE 7 (continued). .ANALYSIS OF VARIANCE OF CARCASS DATA

Source of
variation .

CAlf.

- "Mean' squares -

Ribeye -
~ area

“Ribeye

" area/cwt

Backfat

. ; Marbling
~ thickness = score.

- Armouy
- Tenderometer

Season of birth
- Sire breed (S)
 Dam breed (D) .-

Sex of calf (C)
sxc
DxC

Linear regression - - -

- Age of dam -
Age of calf

Quadratic regression

Age of dam
Residual
Residual

WS W

0.023
0.388%%

0.018
0.000
0.043
0.078

10.263%
2.418%%

0.276%

0.060

0.041%
T 0.023%

. .0.009
© 0.009

10.007

- 0.008

9,38%%

0.026 1.03
1.59

0.02
0.414%%

0.009

15.12%%

7.19%%

©17.45%%

*P <0.05.
#%P <0.01.
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TABLE 7 (continued). ANALYSIS OF VARIANCE OF CARCASS DATA.

o Mean squares
- Carcass quality  Percent

‘Source of Carcass yield

.variation

d.fo ’

grade

. lean cuts

grade

Season of birth
Sire breed (S)
Dam breed (D) -
Sex of calf (C)-
sxC.
DxC
Linear regression

‘Age of dam

Age of calf
Quadratic regression
- Age of dam

Residual

Residual

WS W

e

387
389

29, 7%k

15.3%%
5.2%

0.59
1.82
0.49
56.81%%

0.04

6.78%*

2.40
104.63%*

2.91

1.65

1 0.09°
0.39
0.15

11,644+

0.01
1.20%*

0.49
20.55%%*

0.62

.0.33

P <0.05.
#%P <0.01.
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TABLE 8. SELECTED CORRELATION COEFFICIENTS FOR GROWTH ‘TRATTS®-

:vGrowth traits

- FWT

" FADG _ FWPDA

“ YADG

- a
bB = bulls; S = steers.
*p < .05, c

" Sex® WADG  WCOND  WGR  YWL . YADG . YWPDA — YCOND  YGR. FCOND __ FGR
WWT . B - .63% - - .33% L 70% - - 54% - .56% - -
s - L24x - - 21k J52% - - .35% . - .34% - -
" WADG B - .66% - - . .33% - - - - - .55% - .02%
RS s - .22% - - -ar - - - - - .34% - .27%
WCOND ‘B- ‘ - .78% . 66% WT7* - - «54% - .55% .59% -
e ] 129% .03 . 34% - - .28% - .25 .34% -
"WGR. B - - - - bk - - - J21% -
s - - - - J71% - = - ~.12 -
YWT - . B .86% - <995% - - 63% - J64% 57% .04
‘ - J49% .95% - - 6% = J45% .39% .30%
‘B .87 . .50% - bk - b .56% -
) S JAb% W 24%. - .13 - .13 J21% -
" YWPDA B : - - J73% - .63% - -
B s - - J46% - 42k - -
YCOND B - - J34% - - -
. ‘ s - - 11 - - -
YGR B .38% .29% .39% - -
. S - .08 -.14 .07 - -
FWT B . - - .26% .25%
' 5 - - 67%  -.13
FADG B - .10 - -
S - .57% -
. FWPDA B L26%  L24%
. ] .67% -.13
FCOND "B : _
’ ‘ s -
Only correlation coefficients that differ significantly between bulls and steers are shown (P< .05). . .
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TABLE 9. SELECTED CORRELATION COEFFICIENTS FOR GROWTH AND CARCASS TRAITS?

- Growth traits

.01 .10

Sex? WWT — WADG WCOND  WGR . YWI _ YADG  YWPDA YCOND ~ YGR FWT  FADG = FWPDA FCOND FGR
LW B J57%  58% . [56% .28%  67% 52 .66% - ALK - - - LATR -
s .38% 37+ JA8% 0 —,03 45 W23% 0 41% - .02 - - C= 0 69% =
cw B .57%  .58%  [54% .30% 67+ J55% L 67% 2% bk - - - - -
: s .38% 36% .12 .02 AT% 27% J40% .19% .08 - - - - -
CWPDA B - - . .53% L29% . 69% .58% .68% J42% bb* - - - - -
. s - - .12 .01- . .50% J28% L .18% 09 - - - - -
. KWT B - - -.20% - =24k - 35k - 24% - - - - - -.32% -
g S - - .06 - . 26% A3 .22+ - . - - - - .25% -
PCKWT B = - - - =46k - [54% < 45% - - - - - -44% -
_ S - - - - .09 .01 .03 - - - - - -.16 -
‘RA B - - A47% - - - - - - .58% - .58% - -
s - - 4% - - - - . = - J40% - 40% - -
"RAPCW B - - -.19% - - -.29%  -,32% -,18% - - - = - -
S - - $23% - - -.05 -.04 . 20% - - - - - -
BF B - - - - - - - - .15% - - - - -
: s - - - - - = - - -.12 - - - - -
MAR B - - - - - - - - - - - - - -
s - - - - - - = - - -0 L = - - -
|ATEN B L25%  ,26%  (34% .23%  43% L4k L43% - - - -.11 - C42% -
s .01 .01 .08 -.05 .06 .00 w12 - - - $20% . - . 20% -
cQG B - - - - - - - - - - .51% - .06 -
S - - - - - - - - - - .25% - AL -
PLC B - - - - .29% .28% L28% - = - .28% .21% $27% G 16% -
S = - - - .01~ -.05 .05 - - 00 - -,05 -.02 -1 . -
CYG B - - - - =.30%  -,30% -.29% - = =27% . =20%. -,26% -,17% -
'S - - = - -.01 .03  -.05" - - -.01 04 -

a0nly correlation cdefficients that differ significantly between bﬁlls and steers

PB = bulls; S = steers.
*P < .05.

are sﬁbwn (P <.05).
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CORRELATION COEFFICIENTS FOR SELECTED GROWTH AND CARCASS TRAITS

.25%

" TABLE- 10.
. _ » : L - Traits _ . _ :
Sex® * WCOND WGR YCOND =~ YGR ~ FCOND . FGR KWT ~  PCKWT “RA RAPCW BF MAR
. WeoND® B - - w .59% - -.20% - AT - 19% - -
: e S ’ - - - e 34* - ._06.‘1; - W 34% W 23% - -
WGR' B .35% - AL L21% - - - - - - -
. S .30% o - Jlx 0 =12 - - - - - - -
YCOND B .61% L26% - - - - - - -.18% - -
S J45% .26% : - - - - - - .20% - -
YGR B . L24% YA . 29% - - - - - - .15% -
o 5 A2 .71k 35% - - - - - - -.12 -
FCOND B .59% .21% . 40% 11 - J32% - 44k - - - -
'S 4% -12 27% -,08 - 25%  -.16 - - - -
~ FGR B -.05 . ..39% - |11 - .78% . - 15% - - - - - -
v S -.05 . . .50% . ,22% . 7k . - 23% o = - - - - -
KWT - B -.20%  -,12 11 .08 -.32% .18% .81%  -.18% - - 01
A s .06 .06 11 .04 - . 25% .04 .68%  ,29% - - 29%
PCKWT B -.45% .22k .13 .02 ~ L% A1 81% YA - - -
. S -.33% .05 -0 .16  -.16 .26%  ,68% -.13 - - -
‘RA B RAL .23% J31% [ 28% .33% J19% - 18% - 47% : W31% .04 -
S S J34% 11 J35% 07 .43% .05 L29%  -,13° L54% .28% -
RAPCW B -.19%  -.12 -.18% . -.21°  -.26%x  -,01 -.07  -.01 .31% - -
) s $23% .08 .20% - -,02 . -.15 .02 -.14 - -.16 .54% - :
BF - B .05 -.10 A2 15% .31% -.11 .30% J33% -.04 -.33% 27*
g S .12 -.12 213 0 -12 .36% -.11 - .36% .21% .28%  -.22% : .52%
'MAR B .36 -.01 .24% 0 ,03% .31 . -10 -,01 - -.31 J45%  —,08 J27%
o s -.05 222% —~,08...  45% =.20% 0 .29% -2 J39% -.11 J52%

Correlation coefficients above the diagonal are those that differ significantly between bulls and steers (P< .05).

' “Correlation coefficients below the diagonal represent the degree of relatedness between two traits, either signifi-
cant or nonsigniflcant »and ‘do not necessarily differ between sexes. "

*P <.05.
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TABLE ll WITHIN SEX CORRELATION COEFFICIENTS FOR CARCASS TRAITS

Carcass R , j E f'f' ‘ »“ ' ?“‘. y” Carcass traitsbsvf”f‘ : - o o
traits®  Sex®  OF  CWPDA KW  PCKWI  RA  RAPCW = BF AR ATEN CQR  PLC e .

.95 @ -.07 -1 - L= a7 - - . .28 .33 .33 .
.92 - .39 -.09 - - W42 - - .48 =15 0 .15
.97 0 =07 =37 - - 23 - - 24 27000 =27
W99 LA7S 070 = = S84 = e - 49 =29 .28
=09 -.36 - - .23 - - .18 24 =24
L4304 - - .50 = - A7 =027 .26 -
.81 . -,18. | - ' .01 -.53. - - =
.68 .29 - S .29 -.04 - .
- =7 - - - -59 - -.70 700
- -13 - - - -.21 - =.48" .50 -
I | -04 = - - .78 =79 7
C W54 28 - - - A3 = 44,ﬁ}h”

LW

oW

CWPDA
“KWT

PCKWT -

RAPCW
BF

.88 .31 - -.31 .
.96 :f.18”‘:
-.17 - ,*.39“ -
A5 -1 -
‘ 10
=130 .,

" ATEN

PLC

NN NENE NI NENERNENE NE O E 0

bOnly selected correlation coefficients that were significantly different between sexes are llsted.
LW = live slaughter weight; CW = carcass weight; CWPDA = carcass Weight per day of age; KWT = kidrey and. kldney
fat Weight, PCKWT = percent kidney weight; RA = ribeye area; RAPCW = ribeye area per hundredweight of carcass,
= backfat thickness; MAR = marbling score; ATEN = Armour_ tenderometer CQG = carcass quality grade, T
PLC percent lean cuts, CYG = carcass yield grade. L :
bulls, S = steers. o



. Hereford 157

TABLE 12, LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM =~ |

BY SEX OF CALF INTERACTIONS FOR WEANING CONDITION SCORESa

 Bull

Steer .

Breed of dam observations

Number of ‘Least—

means .

squares -

Number of
observations

‘Least-squares
... means

HBﬁlifsteer
difference

Angus E : 22

Charolais x Holstein 6
Simmental x Hereford 5

Charolais x Hereford 27

9.99 + .40

'8.95 + .16

I+

7.86

7.32 + .67

7.94 + .30

.61

- 21

119

16

46

7.68 +

6.27 +

7.38 &

36

.49
7.54°+ .38

2 3 :

15

2

101

1.59

20.22

10.56

868 = Stan&ard; §—11.= Cbod.
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TABLE 13. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM BY SEX
: OF CALF INTERACTIONS FOR’ YEARLING AVERAGE DAILY GAIN (kg/DAY)

“Bull . Steer _
Number of Least- squares Number of Least-squares Bull-steer
Breed of dam observations - _.means observations means difference
Angus 22 0.65 + .05 21 0.43 + .05 0.22
Hereford 157 0.55 + .02 119 0.32 + .02 0.23 -
Charolais x Holstein 6 0.39 + .08 9 0.37 + .06 0.02
Simmental x Hereford 5 0.47 + .09 16 0.42 + .05 0.05
Charolais x Hereford 27 .04 0.42 + .03 0.08

0.50

+
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TABLE 14. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM BY SEX

OF CALF INTERACTIONS FOR YEARLING CONDITION SCORES?

. “"Breed of dam

Bull B ' ’ Steer

,Numbef"df ‘ Least-sqﬁarés“ Number of = Least-sq#areé-4’ Bull-steer

observations. =~ means. = observations = means =~ . difference

Ahgusk.

'Herefofa

Charolais x Holsgein
. Simmental X Hereford

Charolais'x_Hereford

22 8.7 +.25 21 . 7.40

I+

23 o 13;2:

I+ 1

1+

6 e2x.8 9 e3r.al 0.0

5 7.03

|+

41 | 16 7.64 %+ .24 -0.61

27 ) 7.56

I+

18 4 - 7.18+ .14 - 0.38

a

“6-8 = Standard; 9-11 = Good. -

%



“TABLE 15. LEAST-SQUARES MEANS AND- STANDARD ERRORS BY BREED OF DAM
BY SEX OF CALF INTERACTIONS FOR 18-MONTHS WELGHTS

Steérs'_

Number of .BullLeast~squares o ﬁumber of _Least—sqﬁafes Bull-steer

Breed of dam vobservationg means ’ qbservations- means difference
Angus 22 453 + 14.34 21 367 + 12.99 86
Hereford 157 454 +5.61 119 349 + 5.43 105
Charolais x Holstein 6 429 + 21.73 9 406 + 17.67 23
Simmental x Hereford 5 444 + 23.96 16 398 + 13.51 46
Charolais x Hereford | 27 463 1;10.59J 389 + 8.20 74

46
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TABLE 16, LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM BY SEX
OF CALF INTERACTIONS FOR 18-MONTHS WEIGHT PER DAY OF AGE (kg/DAY)

;Bteedvof dam

U Balls

_Steers_

“Number

" observa

tions .

‘Least:

-squares

- means’

1Nﬁmberﬁof'
‘observations

" Least-squares

‘means

Bull-steer
. ‘difference

Angus

-Hereford

ChafOlais X HolStéin ’
. Simmental X ﬁéfeford

Charolais x Hereford o

22

157

27 .

1 0.85
'O¥815
0.84

- 0.87

+

+

+ .

0.85 + .03

21

119

16;, 

46 -

~ 0.66

0.69 +

0.77 +

0.75 + .

0.73 +

+

0.16
019
"’0,64
0.09

0.14

6



TABLE 17 . LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM BY SEX
OF CALF INTERACTIONS FOR 18-MONTHS AVERAGE DAILY GAIN (kg/DAY)

_Bull L ' . 'SfeefuL

Number of ‘Least-squares Number of Least—seuares Buil—éteer

Breed of dam qbseryations o means ~'v‘ _Qbservations' means difference
Angus | 22 0.70 + .04 21 0.9 +.04  0.21
He'f‘efp’rd o 157 0.>79v_-t .02 119 ' .0.51- + .Oi 0.28
Charolais x Holstein 6 0.60 + .06 | 9 0.57 ¥ .05 0.03
Simmental x Hereford 5 0.694.07 16 0.58 + .04 0.11

Charolais x Hereford 27 0.72 % .03 46 0.54 + .02 ~0.18

g6



 TABLE 18. LEAST—SQUARES MEANS AND STANDARD ERRQRS BY BREED OF DAM BY SEX
S ‘ o OF.. CALF INTERACTIONS FOR 18—MONTHS CONDITION SCORES :

| Bull L R Cgreer AR )
T S Number of Least—squares Co Number of Least—squares © Bull-steer -
Breed of dam - _.v‘observatlons omeans observations ~ . means ' differemce -

bngus 22 1@._313{_-.40"‘ . 7~.7_.4 +.36 2.57
Hereford 157 946+ .16 119 7.33+.15 0 2,13

’ Charbl_ai‘s_‘ b HolS:tein' e ‘,».v»: 869_-_!-__.60 - 9 . 7.36 i 49 - 1.33

S.inamentai k,;Hereford 5 840 + .66 .7 . ;-_;,f.l6 RN 76114;37 ' 0.79

'Ch_a,rolvais x Herefor'd' _ >”2‘7' g "“ - 8.46_4; $29 ’ 46 - 7.26 + .23 - 1.22

26-8 =.Staﬁdard; Q%ll;=EQQod.  >5‘A;gg.;’



TABLE 19,

LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM BY snx
| OF CALF INTERACTIONS FOR LIVE SLAUGHTER WEIGHT (kg) »
: ST _Bull;. : , Steer Y }
S Number of .. Least-squares Number of Least-squares = . Bull-steer
Breed of dam observations means observations means difference
Angus 22 515 + 14.86 21 403 + 13.26 112
Hereford 157 505 + 5.80 119 391 + 5.58 114
Charolais x Holstein 6 471 + 22.27 9 440 + 18.09 31
Simmental x Hereford - 5 488 + 24.41 16 415 + 13.83 73
Charolais 27 527 + 10.82 46 421 +

X Hereford

|+

8.33

106

L6’



TABLE 20, LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM BY SEX
. OF CALF INTERACTIONS FOR PERCENT KIDNEY AND KIDNEY FAT PER CARCASS WEIGHT (%)

o Bull Steer oo
S . Numbet of  Least-squares Number of Least-squares  Bull-steer
‘Breed of -dam observations . means observations . means difference

Angus. 18 1as.02 21  2.66 4 .02 -1.55

Hereford 146 1.23 + .01 o119 2.64+ .01 -1.41

Chéroléi’s xivH"olstéin 6 g “2.01. 03 _ 9 2043+ 03 R 40.2;2.

I+

[+
o
=

Simmental x Hereford =~ 5 . 2,05+ 16 . 2.55+ .02 ~0.50

Charolais x Hereford .~ 24 -~ 1.56 + .

I+

46 2.63+ .01  -1.07

86



TABLE 21. LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM
" BY SEX OF CALF INTERACTIONS FOR RIBEYE AREA (cm?)

. . v Bull - : ... Steer - : we T
_ Number of Least-squares =~  Number of Least-squares Bull-steer
‘Breed of dam - observations ~_ means observations means difference
Angus | 17 35.74 + 1.32 21 26.06 + 1.09 ~9.68
Hereford | 146 34.49 + .48 119 24,33 + .46 10.16
Charolais x Holstein 6 33.55 + 1.85 9 26.82 + 1.50 . 6.73
Simmental x Hereford 5 31.57 + 2.03 16 27.64 + 1.14  3.93

Charolais x Hereford 24 34.93 + .94 46 . 27.15+ .69 o 7.78.

66



TABLE 22 LEAST—SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM

.pBY SEX OF CALF INTERACTIONS FOR PERCENT LEAN CUTS (¢3)

"vB£eéd'of da

Bull T x Steer

Number'of - Least-squares'{j Number of Least—squares "NBﬁilésteér

observations _ means L observatlons -~ means - . difference

Angus-

Hérefbrd ’

Charolais x Holstein

Simmeﬁtal x Hereford

Charoléié X HefefOIHE

| 17 o 54371 39 = S s2.23 +.32 204
Cwe 0 sas2 414 119 52.06+ .13 2.26
e e | 53.78 + .54 9 52,924 .44 0.86
S5 smrlss 16 s2eTald o

24 53,97 + .27 46 52,60+ .20  1.37

00T



23, LEAST-SQUARES MEANS AND STANDARD ERRORS BY BREED OF DAM

| TABLE - BY SEX OF CALF INTERACTIONS FOR CARCASS YIELD GRADE
e Builv , : Steer e B :
c .~ Number of Least-squares Number of - Least—squares Bull-steer
Breed qf dam ob‘ser‘vations mgans ob‘se.rvationsr means diffex_fence
Angus 17 1.08 + .17 21 2.03 + .14 -0.95.
Hereford 146 1.13 + .06 119 2.11 + .06 ~0.98
Charolais x Holstein 6 1.28 + .24 9 1.73 + .19 -0.45
Simmental x Hereford 5 1.70 + .26 | 16 1774 .15 -0.07
Charolais x Hereford i‘ 09 - -.-(7).6-1‘

24 1.25 + .12 46 1.86

10T
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: tBULL-STEER COMPARTSONS. FOR GROWTH
.~ AND CARCASS TRAITS

by

"Wayne‘E;_W?att’
© (ABSTRACT)

. Data for thlS study was collected over a 31x—year perlod (1970 .

ff‘through 1975) on 217 bulls and 211 steers at the Bland Correctlonal

. Center, Bland Virglnla. Anlmals of thlS study were prlmarily cross—

;breds of Angus, Charolais, Hereford Holsteln and Slmmental breeds

The obJectlve of thds study was to compare* bulls and steers for.
vgrowth and carcass traits. Bulls (220 310 449 kg) Welghed more
1‘than dld steers (204 273 381 kg) at Weanlng,,12 and 18 months of
age, respectlvely, CP< .05), and scored hlgher on condltlon at .
_weanlng and 18 months of age (P< .05) { Bulls (501 281 0 48 kg)
were also heav1er than steers (414, 219 0 39 kg) for llve slaughter :
,Welght, carcass’ weight and carcass weight per day of age, respec—
tively, CP< 05) : Bulls and steers:dld not'dlffer in ribeye area '
_per 100 kg of carcass Welght backfat thlckness, and marbllng scores.
'Percent kldney and kldney fat per carcass”welght was less in bulls
"(l 59/) than steers (2 58/) @< .05) Bull carcasses-graded low-goodi
whereas steer carcasses graded low to m1dd1e good. Armour tender--;
»ometer measurenents were 8.25 kg and 7.09 kg for bulls and steers,
::respectlvely, (P<- 05), w1th any read1ng below 8. 2 kg belng of

acceptable_tenderness. Carcass y1eld grades were 1.29 and 1. 90 for



bulls and steers, regpectiveiy, CP< .05). The superior growth rate
of bulls and the minimél sex diffefences in carcass quality'rendersv

'ithé present ﬁarket bias against bull beef'qUeStionablé.
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