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Introduction
Effect of Conformation on Bovine Muscle Yield

Traditionally, conformation has been scored by federal
mgat graders, who evaluate overall shape of the carcass with
little attention paid to the composition of that shape. Dure-
ing this evaluation process, thickness, plumpness, and full=-
ness of the various parts of the carcass are analyzed,

Traditionally, slight attention has been paid to
whether these dimensions were due to heavy muscling in the
absence of fat deposits or 1f they were caused by moderéte
muscling and heavy fat deposits.

Finished cattle that have a moderate to excessive
layer of external fat have received more favorable conforma-
tion scores than equally heavily muscled carcasses that
display limited layers of external fat. This has caused
many researchers to find and report a poor relationship
between conformation and carcass cut-out.

wWith the above in mind, thls study was designed with
the following objectives:

(1) To select live cattle of superlor conformation
by visual appralsal.

(2) To determine effects of conformation on quantity
of muscle yield.

(3) To determine effect of conformation on type of

muscle yleld.



(4) To determine effect of conformation on length,

circumference and weight of certain muscles and muscle groups.



CHAPTER I
'Review of Literature
Herltability of Carcass Characteristilcs

Many researchers have reported that most carcass
characteristics are highly heritable, Knapp and Nordskog
(1946) reported that heritability of rate and efficiency of
gain and of live welght at several ages were in general
highly heritable in beef cattle., Knapp and Nordskog (1946),
using 177 steer calves from 23 sires at the U. S. Range
Livestock Experiment Station estimated the heritabillity of
weaning score (.53), slaughter grade (.63), carcass grade
(.84), dressing percentage (.01), and longissimus dorsi
area (.69), These writers concluded that even though
measures of quality of product in beef cattle were less
highly heritable than measures of growth, successful selec-
tion for measures of product quality can still be accom=-
plished,

~ Dawson, Yao, and Cook (1955), who studied the herit-
abllity for five growth characteristics reported that birth
weight (.506), days to weaning (.451), and days to slaughter
welght (.566), were highly heritable and shdwed more promise
to improvement by selection than éid width of hip, length of
body, length of coupling and width of shoulder,

These same workers also reported high herltability
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for slaughter grade (.583), carcass grade (.667), and dress-
ing percentage (.691). In studying nineteen body measure=
ments these workers reported helght of withers, width between
eyes, wildth of muzzle and depth of chest had high herit-
abllities of (.401 to .655) and could thus be changed with
selection, The remaining live animal measurements wére
found to be low énough in heritability (0.00 to .335) to be
of questlonable value in a selection program.

Enfield and Whatley, Jr. (1961) studled 531 swine
carcasses and estimated the heritabllity of the following
carcass tralts, The means are as follows: length (29.2),
carcass backfat thickness (1.66), and loin area (4.05).

They also determined the phenotypic and genetic correlations
between these tralts,

Phenotyplc and genetloc correlations calculated between
these three traits on an intra-season, intra-statlon basls
were all negative but small in absolute magnitude.

Cox (1964) studied the heritability of backfat thicke-
ness in 7642, 154-day old Duroc and Hampshire pigs and
reported the heritabllity of differences within breeds of
(0.25)., This is about half the value reported by Dickerson
(1947) who found the heritability of carcass backfat to be
(0.54), Cox (1964) explained the lower herltablllity estimate
found as due to measuring backfat at a constant age causing

an increase in the environmental component among plgs within

litters.
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Farly work at Beltsville by Sheets (1932) and at the
Minnesota Station by Winters and leliahon, (1933) showed
definitely that cattle varied in ability to grow, in
efficiency of gains and In quality of final product as
measured by selling price. On the presumption that these
observed differences were, at least in part, heredltary,
preliminary proposals for record of performance procedures
for beef cattle were made.

Knapp and Nordskog (1946), using data from the U.S.
Range Livestock Experiment Station, llles City, Montana,
presented the first estimation known to have been made of
heritability of quantitative tralts in beef cattle. They
reported small to moderate estimates for birth and weaning
weights, and extremely high heritabllitles for gains during
a postweaning feedlot test, for efficiency of gain during
the test, and for final weight at the end of test. Herlit-
abilities were above 50 for weaning conformation score,
slaughter steer grade, carcass grade and area of rib eye
muscle. Several of these estimates approached 100, thus
appearing to be unrealistically large. The writers postu-
lated that extremely high heritabilities were possible due
either to 1) sampling error due to the relatively small
number of observations or 2) the possibility that some
environmental effects had been confused with hereditary
effects. Since 1946, numerous studies of the heritablllty

of economic traits in beef cattle have been made,
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Table 1 1s an attempt to summarize studies known to

have been reported to date,

Number of Average Range of
Carcass Tralts Estimates Estimate Estimates
Dressing Percent 2 71 69-73
Carcass Grade . 5 34 30=84
Rib Eye Area 3 69 | 69=72
Tenderness 2 61 41-81
Weaning Conformation
Grade 16 26 0=53

Two studles, Kincaid and Carter (1957) and Shelton,
Cartwright, and Hardy (1957) have lnvolved the mating of
selected high and low gaining bulls to equlvalent groups
of cows with the progeny being fed out under standardlzed
conditions and their performance compared with thelr sires.
Both tests indicate conclusively that rate of galn 1is a
heritable characteristic with heritability figures in the
neighborhood of 40. The results of Winters and McMahon
(1933) and of Knapp and Baker (1944) indicated that rate and
efficlency of galn were rather highly correlated in beef
cattle with rate of galn accdunting for 70 to 80% of the
total variation in efficiency of gain, provided‘the animals
under test were fed through a weight-constant perlod. This
generalization has been confirmed by a number of workers.

cundiff et al. (1964) estimated heritabllitles in
beef cattle of carcass welght per day of age (.39), rib=
eye area (.73), backfat thickness (.43), carcass quality
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. grade (,62), carcass yleld grade (.36). and estimated percent
retall cuts (,40). Their conclusions were that these carcass
tralts could be successfully selected for.

Apparently carcass tralts are of moderate to high
heritabllity and offer real possibilitles for lmprovement
through seléction. |

Growth

A lmowledge of growth 1s necessary when studying
conformation related to composition,

Meek (1901), Brady and Ragsdale (1924), and Lush
(1928) studied external body measurements and live welght,
The conclusion reached was that live welght lncreased at a
faster rate than any other single body measurement, They
also stated that linear skeletal measurements such as
measurements of skull and height measurements over the
shoulder and rump increased at a slower rate than measure-
ments of fat and muscle mass, They found that the skeleton
was better developed at birth than were muscle and fat
masses which constitute the greater proportion of total
body mass at normal slaughter welght.

Hammond (1932); McMeekan (1941), Wallace (1948) and
Palsson and Verges (1952) conducted studles in which they
completely dissected swine and sheep carcasses, Thelr find=-
ings agreed that a primary growth'wave'occurs from the cranium

to the faclal parts of the head and posterlorally to the lumbar



region., A secondary "wave" starts in the metacarpals and
metatarsals and continues down toward the digits and upward
along the limbs to the lumbar reglon.

Butterfield (1963) dissected beef cattle of 3 breed
types at varlous stages of development using as a control
group pre-natgli ﬁut near full term calves. From this
study he determined the following categories of muscles:
early developing, late developing, very late developing,
and average developing. The early developing muscles were
those which at birth had a welght relative to total carcass
muscle that was greater than the same ratio in the mature
animal, Muscles in this category included the intrinsic
nmuscles of the forelimb, and the distal intrinsic muscles
of the hind limbs, Late developing muscles were those of
the abdominal and proximal muscles of the hind limbs. The
intrinsic muscies of the neck and thorax and miscles of the
neck and thorax which are attached to the thoracic limb fall
in the category of very late developing muscles, These do
not increase relative to total carcasé muscle until aftexr
maturity is reached. The muscles surrounding the spinal
column do not change in ratlio to total carcass muscle and
thus are classified as average developing muscles. This
worker reported no difference ln the proportion of these
muscles between the breed types studled.

Hiner and Bond (1971) utilizing 51 Angus steers
slaughtered at 6, 12, 18, 24, 30 and 36 months, studled the



growth of muscles, separable lean and separable fat in
beef steers. These steers were randomly grouped into three
groups treated as follows: Group 1, full fed; Group 2,
restricted to 0;3# to 0.50 kg of grain per day; Group 3,
fed the same as Group 2 until 180 days before slaughter,
then full-fed. Significant differences were found in
slaughter andlchilled carcass welghts between the three
groups of animals at each age period except 36 months;
whereas; dressing percents were significantly different
only at 6, 30, end 36 months, but not at 12, 18, and 24
months, Group 2 animals had the lowest dressing percent
until 36 months of age, and Group 3 were intermedlate
except at 18 and 36 months of age. Rate of muscle growth
varied among age groups regardless of feeding regime. The
psoas_major and semitendinosus muscle tended to increase
in welght more raﬁidly than the rectus femoris and.gggggggg
muscle. The weight of muscles and weight of separable
lean increased more rapidly in Groups 2 and 3 than in Group
1. However, the increase in separable carcass fat welght
was more rapid in Group 3, increasing 12.49 times from 6 to
36 months, The most rapld increase in muscle weight occurred
between 6 and 12 months for all three groups.

The weight of the psoas major, biceps femoris and
triceps brachil increased in proportion to total lean as
the animel matured, The semitendinosus muscle was &pprox-

imately the same proportlon of the total lean throughout the
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growth period. The longlsslimus, semimembranosus, rectus

femoris and adductor muscles decreased in their proportion
of total lean as the animals matured.

Carcass dissection studies by Hammond (1932) and
McMeekan (1940) have established relationships between
quantity of muscle and bone and the effect of animal
maturity upon muscle development., The loin was found to
be the latest developing reglon and McMeekan (1950) found
strong positive correlations between percent bone and

muscle,
Fattening

Hankins and Titus (1939) stated that a young growlng
animal 1s composed of protein and water for the most part;
whereas, a mature one is composed mainly of fat, They
noted that one obvious change with growth and fattening is
the increase in ratio of carcass weight to welght of the
entire body. These workers indicated that in beef, the
percent rlb, short loin, plate and flank increased as the
animal fattened and the percent round, sirloin and foreshank
decreased. There was little or no change in percent_chuck
end rump,

Welss et al, (1971) studled 44 Poland China barrows,
22 from a lean strain and 22 from a fat straln, Carcass
dissection and proximate analysis showed selectlon for

muscling resulted in increased muscle and protein deposlition
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that decreased as welght increased from 1 kg. to 137 kg.
Total fat depositlon was greater in the fat strain and
increased significantly in both strains as body welght
inereased. Intra-muscular fat deposition Increased at a
faster rate in ?he lean strain with increasing weight to
91 kg.

_ Warner et al. (1934) studied development of swine
and indicated that as the Porcine grows and fatiens, per=-
cent of ham, loin, shoulder, and head decreases but bacon

and fat trim increases,
Linear and Visual Live lMeasurements

Gregory et al. (1962, 1964) and Wilson et al. (1964)
reported on the extent to which carcass tralts can be pre=
dicted from 1ive characteristics in beef cattle, Thelr
data included use of subjective technlques of appraisal in
selecting breeding stock from relatively homogeneous popula=
tions under simllar feeding regimes. These workers con=- '
cluded that subjective live scores can account for only 20
to 40% of the variations in carcass traits and are of only
moderate value in ranking individual animals for selectlon
from a breeding population.

Lewis, Suess and Kauffman (1969) selected 55 cattle,
55 swine and 24 lambs to represent different market welghts
and types. The animals were subjectlvely evaluated and

slaughtered, These workers concluded that live welght was
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not a rellable indlcation of carcass cutability measurements,
and dressing percent and loin eye area were not easily de-
tected., Approximately 807 of the variation in lamb grades
could be assoclated with live estimates; whereas the value
was U477 for cattle, perhaps due to the difficulty in estimate
ing marbling.

Gregory et al. (1964) subjectively evaluated 204
steers for live and carcass tralts at about 452 days of
age, Live estimates were made of dressing percent, fat
thickness at the 12th rib, rib eye area at the 12th rib,
percent kidney fat, cutability (percent primal cut yield)
and slaughter grade, Carcass data obtained on these steers
included carcass weight, fat thickness at the 12th rib, rib
eye area at 12th rib, estimated percent kldney fat, carcass
grade, estimated cutabllity, and actual cutability., These
workers concluded.that trained personnel can estimate group
means accurately for cutabllity and carcass grade in llve
cattle, Results also showed that live cattle can be appraised
more precisely for carcass cutabllity factors than for car-

cass quality grade.

Muscle to Carcass Composlition Relationship

Presently much emphasis is given to the meat-type
steer and its identification alive and in the carcass. In
the past, cross sectional area or the "Shape Index" of the

longissimus dorsi muscle has been extensively used as an
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index of total muscling of a partlicular carcass., Palsson

(1939) indicated that the degree of muscle development could

be estimated best by observing longissimus cross-sectlional

area at the last rib, since this area 1s the last to reach
its full development as explained by the body growth gradient
theory. _ :

Hammond (1932), McMeekan (1941), Wallace (1948),
Palsson and Verges (1952), and Branaman (1940) all working
with pork and lamb carcasses, reported the area of loln eye
to be a fairly good index of total carcass lean,

Palsson (1939) reported correlation coefflclents
of 0.77 in lambs and 0.81 in yearling sheep between weight
of carcass lean and the depth plus the length of loin eye.

McMeekan (1941) working with 20 pigs, bacon of 200
1b. welght reported a correlation of 0,84 between the sanme
factors, Both Palsson (1939) and McMeekan (1941) obtained
a better estimate of total carcass lean when carcass length
was combined with the depth and length of loin eye.

Kline and Hazel (1955) reported the positional
variability of loin eye area in pork carcasses, Data on
cut out and chemical analysis of pork carcasses suggest
that loin eye is not hlghly related to total muscling of
the entire carcass,

Cole, Orme and Kincaid (1960) studied area of loin
eye, carcass weight, the separable lean of a particular

beef cut and various linear carcass measurements to evaluate
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thelr usefulness for predicting total carcass leanness,
Variation in area of the loin eye accounted for only 18%
of the variation of separable carcass lean, and 5 to 30%
of the variation in the separable lean of the more valuable
cuts., Likewise, the relationship of varlous linear carcass
measurements with either loin eye area or carcass separable
1ean was qulte low, Carcass wldth and circumference measure=
ments were more highly related to loin eye area, while
various linear measurements descriptive of carcass length
were more closely related to total lean, Bone welght of the
entire carcass was highly related to total separable carcass
lean (r = 0.75)., Separable lean of a particular cut of beef
was found to be more descrlptive of carcass leanness or
museling than either the area of loin eye or various carcass
measurements. Correlation coefficlents between total separ=
able carcass lean and lean of various wholesale cut were
0.95 with round, 0.93 with chuck; 0,81 with foreshank, 0.80
with sirloin; and 0.75 with shortloin. Using regression
equations; total carcass lean was found to increase by 2.94
and 20.43 pounds for each pound increase in separable round
or foreshank lean. The high relationship of lean content
in these and other beef cuts (especlally the round), to the
total lean of the carcass is an indication of thelr useful-
ness to predict total carcass muscling in a particular beef
carcass,

Wythe, Orts and King (1961) studied the relationship
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of bone to muscle in beef carcasses, They reported that
strong positive correlations obtalned indlcated that bones
of an animal developed proportionally in length and weight
and suggest that a real assoclatlon existed between bone
thickness and muscling of‘the cattle studied.

Kemp and Barton (1969) studied 126 lamb carcasses of
the prinme, cholcé, good, and utillty grades, Cut-out values
'showed that leg,; shoulder, shank, neck, kidney and waste
increased as a percent of carcass from prime to the utility
grade, Loin, rack, breast, flank, and velvic fat percentage
decreased, percent separable fat of rack decreased and per-
cent separable muscle and bone of the rack Ilncreased with

each lower grade.
Carcass Traits and Their Influence on Carcass Retall Yleld

Pearson gg-gl. (1970) using data from 1,002 hogs
related live and carcass value to other carcass parameters.
They reported that a single measure of backfat thickness
taken at the last lumbar vertebra more accurately reflected
carcass value than did average backfat measurement. Similarly,

area of the M, longissimus at the 10th rib was a better

indication of carcass value than area at the last rib,
Carcass length was showm to have little relationship to
percent lean cuts, percent primal cuts or carcass value,
A regression equation incorporating lilve slaughter welght,
dressing percent and backfat thickness at the last lumbar
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vertebra gave the best estimate of live value, accounting
for 72% of the variation, Similarly, use of cold carcass
welght, backfat thickness at the last lumbar vertebra, and
area of the M. longissimus at the 10th rib accounted for
69% of the variation in carcass value,

Kemp, Lambuth, and Barton (1970) working with 126
New Zealand lamb carcasses, varying from 7.98 to 22.90 kg.,
measured and cut them into wholesale cuts, The right side
and several selected cuts were analyzed for water, fat,
ash and protein content, All linear measures were related
to carcass welght and some were highly correlated with per-
cent fat in the side. Pefcent rack and loin were directly
related to percent fat in the side while percent leg and
shank were dlrectly related to percent water, ash and protein
in the side.

Percent shoulder; rack, loin and leg were all signifi-
cantly (P <.05) correlated with the respective chemlcal
components of the side, Composition of the rack usually
had the highest relationships with carcass composition
components, Carcass welght, percent or welght kidney and
pelvic fat, and U.S.D.A, grade all had highly significant
(P <.01) and positive correlations with percent fat in the
gide and (P <.01l) negative correlatlions with percent water,

ash and protein in the slde.

Fat Thlckness

The most accurate predictors of muscle and fat in
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beef carcasses reported to date include fat thickness over

the longissimus dorsl between the 12th and 13th ribs, car-

cass welght, area of longissimus dorsi and quantity of kidney
fat, Brungardt (1962) reported a correlation coefflclent

between area of,longissimus dorsi and percent retall yleld

of 0.45 which was in agreement with work by Cole et al.
(1960)., Thus, Longissimus dorsi area accounted for 20%
of the variation in retall yleld.

Backfat thiclness has been used as a measure of
carcass fatness for many years, although proof of the
existence of such relationship was poorly documented until
Hankins and Fllis (1934) showed that backfat thlclness and
percentage of either extract in the carcass were related.

Brown et al. (1951), Whiteman et al. (1953), and
Pearson et al. (1956) found that specific gravity of the
carcass was & more preclse measure of leanneas than was
backfat thickness. Pearson et al. (1956) studled the use
of the fat-lean ratio in a cross section of the rough loln
at the last rib as a possible measure of carcass leanness.
Corielation coefficlents of approximately 0.60 between the
fat-lean ratio and several measures of carcass cut-out
indicated the relationshlp may be high enough to be useful.

Spurlock and Bradford (1965) reported that specifilc
gravity was very accurate for estimating the percent fat
of carcasses that varied considerably in fatness. This

agrees with the findings of McManus and Goldstone (1965)
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who reported a signiflcant correlation between speclfic
gravity of the half carcass and pércent fat of the carcass,
Munson (1966) suggested that specific gravity data should
be combined witﬁ other carcass measurements to provide
reliab&e estimates of carcass composition,

Aunan and Winters (1952) and Kline and Hazel (1955)
used a carcass coring device to estimate the proportion of
fat and lean tlssue of swine carcassés. These workers indie
cated that the ratio of fat to lean tissue in the core samples
taken at a 5th-6th rib location is highly assoclated with

the ratio of fat to lean tlssue of the carcass,
Loln Eye Area

Area of longissimus dorsl muscle and thiclmess of
subcutaneous fat over this muscle are two measurements
used most frequeﬁtly in beef carcass evaluation, A proce=-
dure for determining longissimus dorsi area and subcutaneous
fat thickmess was described by Naumanmn (1952), Stouffer
et al. (1961) proposed that a standardized ribbing procedure
be adopted to minimize differences in longissimus dorsi
area due to inconsistent ribbing practlces,

Hedrick et al. (1965) made longlssimus dorsl muscle
and subcutaneous fat measurements on 1096 good and choice
steer carcasses welghing from 158,8 to 385.6 kg, Muscle
area increased approximately 50%, and subcutaneous fat

thiclkness inereased approximately twofold from, the 158,8



19

to the 385,6 kg, welght group. Differences 1n subcutaneous
fat thickness measurements were 2 to 3 times more highly
associated with the variation ln retall yield as were

longissimus dorsi area measurements. Longissimus dorsi

muscle measurements were more highly associated with welght
than with percent retall cuts, Conversely, subcutaneous
fat thickness measurements were more highly assocliated with
percent than with weilght of retall cuts,

Cole et al. (1960) reported positive correlation
coefficlents of 0,40 and 0,60, respectively, between the
longissimus dorsi muscle area and separable carcass lean,

Brungardt and Bray (1963) indicated that 20% of the
variation in retail yield could be attributed to the dif-
ferences in area of the longissimus dorsi muscle, It has
been generally concluded by Briskey and Bray (1964) that
influence of area of longissimus dorsi muscle upon retall
yield is small compared to that of fat,

McReynolds and Arthaud (1969)~reported a correlation
of 0,95 between the longissimus muscle estimated before

slaughter and the area measured on the carcass,
Carcass Welght

Butterfield (1962) reported than an increase in
carcass welght had a depressing effect upon total retall
yield. This is in agreement with Brungardt and Bray (1963)

who reported that heavier carcasses contained more fat per
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unit of carcass welght than lighter ones, Cole et al. (1962)
also indicated as carcass welght increases the average per=-
cent of steak and roast meat decreased and percent waste
increased.

Swiger gg al, (1964) reported the correlation coef=-
ficlent between carcass welght and percent retail yleld to
be -,48, Thus, researchers are in general agreement that as
weight increases percent muscle decreases and percent fat

increases,
Conformation

Historically, considerable emphasis has been placed
on conformation in the selection, production and marketling
of beef cattle. Conformation is included in U.S.D.A, beef
carcass grade standards (1965) because "superior conforma=-
tion implies a high proportion of weight of the carcass or
cut in more valuable parts". Subjective assessment of con-
formation is influenced by muscle thickness, depth and
length, and to a variable extent by subcutaneous and intra=-
muscular fat deposits, Some disagreement is found in the
literature as to relatlionship between carcass conformation
and yleld of retall cuts,

Pierce (1957) reported a small but significant posi-
tive relationship between conformation grade and yield of
closely trimmed retail cuts from the beef round, loin, rib,
and chuck. Likewlse, Martin et al., (1966) observed a slight
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advantage of choice vs, standard conformatlon 1ln yleld of
thick muscles., Briedenstein (1962) reported no significant
relationship between conformation and yleld of retall cuts
of good and ohoice steer carcasses, but a slight positive |
relationship was observed‘between conformation and retail
yield of heifer carcasses, Tyler et al. (1964) observed no
significant d;fférenoe in yleld of boneless retail cuts
from carcasses differing in conformation from low goo& to
high choice having similar U.S.D.A. yleld grades.

Hedrick, Stringer and Krause (1969) using 48 average
choice and 36 average good conformation steer carcasses,
studied the effect of carcass conformation, hot carcass
welght and fat thiclkness at the 12th rib on yield of uni-
formly trimmed retall cuts. Average choice conformation
carcasses ylelded a higher percent (P< .05) of total retall
cuts than average good conformation carcasses mainly due to
a higher yleld of minor retall cuts and less bone. No signi-
ficant differences were noted in percent of retall cuts from
the primal wholesale cuts or percent thick retail cuts,
roast and steaks attributable to conformatlon, Carcass
welght had no significant effect, Fat thickness at the
12th (1.31 to 2.0 vs, 0.8 to 1.3 cm) had a more consistent
effect on weight and percent of retall cuts than conforma=
tion or carcass welght.

Hankins, Knapp, and Phillips (1943) studlied muscle=-

bone ratio in 1135 steers, These early workers reported
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that no significant relationshlip was found within types
between muscle-bone ratio and percent of separable fat 1in
the carcass, In addition, no significant relatlionship found
between live animal measurements and the muscle-bone ratlo,
and they concluded that selectlon could not be made on the
basis of conformation as evaluated by such measurements,

Pierce (1957), Butler (1957), Kidwell et al. (1959),
and Goll et al. (1961), have shown that finlsh exerts more
influence than conformation on yields of high value portlons.

Murphey et al., (1960) reported that measures of finish
were four and one-=half times as important as conformation
scores in predicting yields of closely trimmed wholesale
cuts,

Martin et al, (1966) working with ten low cholce and
ten high standard conformation steer carcasses found that
standard conformation carcasses produced longer, wlder,
thinner muscles and muscle systems than cholce carcasses.,
However, the advantages in length andlwidth for the standard
carcasses disappeared %hen the muscles of less than 2 inches
thickness were excluded. The most striking advantages of
cholce conformation were found to be in the ratlio of total
muscle to bone, and thick, high value muscle to bone, Thus,
among carcasses of approximately the same degree of finish,
carcasses grading higher 1in confofmation were superlor in
terms of thick steak and roast cuts (at least 2 inches thick)

and total lean to the lower grading conformatlon carcasses.
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Regression Equatlons Used for Predicting
Carcass Retall Yileld

Hankins and Howe (1946) found composition of the
9=10«1lth rib cut to be closely correlated with the com-
posltion of the carcass, Additlonally these workers
developed equat;ons for estimating carcass composition
based upon the composition of this three-rib seétion.
Hankins (1947) developed prediction equations for lamb
using separable fat, lean and bone of a wholesale rib
cut containing 9 ribs (4 through 12),

Cole et al. (1960) found a correlation coefficient
between bone welght and total pounds separable muscle of
the beef carcass of 0.75. Individual muscle welghts and
total separable muscle in the carcass have been studled
in cow carcasses by Orme et 2l. (1960). Holding slaughter
welght constant, the partial regression coefficlents between
welght of separable muscle in the carcass to muscle welght
was: blceps femoris, 0.97; sirloin tip muscle group, 0.82;
and longissimus dorsi; 0.79.

Crown and Damon (1960) have reported a highly signi-
ficant assocliation between the composition of the 12th rib
cut and the 9=10-11th rib.
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CHAPTER II

Effect of Conformation on Edible Portion and
Quantity of Steak and Roast Yleld of
Carcasses and Wholesale Cut Yield 1n Bovines

Subjective evaluation of conformation has been wldely
criticlized as a means of ﬁeasuring muscling in live animals
and carcasses, Most research has shown low positive to
highly negative relationships between conformatlon and
measures of muscling.

Pierce (1957) reported a small but significant posi=-
tive relationship between conformation grade and yleld of
closely trimmed retail cuts from the beef primals, Like=-
wise, Martin et al., (1966) observed a slight advantage in
yield of thick (at least 2 inches thick) vs. thin muscles
when comparing choice and standard conformation, Working
with ten low cholce and ten high standard conformatlon
steer carcasses, these workers found that standard confor-
mation carcasses produced longer wider thinner muscles and
muscle systems than did choice carcasses, However, the
advantage in length and width for the standard carcasses
dlsappeared when the muscle less than 2 lnches was excluded.
The most striking advantages of superlor conformation were
found to be the ratio of total muscle to bone, and "thick,
high value muscle" to bone, Among carcasses of approximately
the same degree of finish, the carcasses grading higher in

conformation were superior in terms of "thlck meat! and



31

total lean compared to the lower grading conformation car-
casses,

Briedenstein (1962) reported no significant effect
of conformation on yield of retall cuts when comparing good
and choice conformation using both steer and helfer car-
casses, However, a slight advantage in retall yleld was
observed for choice conformation when using only helfer
carcasses, |

Tyler et al. (1964) observed no significant difference
in yield of boneless retall cuts from carcasses differing
in conformation from low good to high cholce but having
similar USDA yleld grades.

Hedrlck, Stringer; and Krause (1969); using 43
average choilce and 36 average good conformation steer
carcasses, studied the effect of carcass conformatlon,
hot carcass weight, and fat thiclkness at the 12th rib on
yield of uniformly trimmed retall cuts. Average choice
conformation carcasses ylelded & higher percent (P< .05)
of total retall cuts than average goéd conformation car=
casses mainly due to a higher yleld of minor retall ocuts
and less bone, No significant differences in percent.or
retail cuts from the primal wholesale cuts or percent
nthick" retail cuts, roast and steaks were attributadble to

conformation,
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Experimental Procedure

Four groups of 20 steer carcasses were selected and
used in this study., A summary of specifications and selec=
tion criteria is presented in table 2,

Carcasses were selected at packing plants in the area
and the left side purchased and brought to the Kansas State
University meats lab for fabrication. The left side was cut
into conventional wholesale cuts according to the procedure
described by Wellington (1953) with the following two excep=
tions., The brisket was cut along the same llne as the
shank such that a square cut chuck resulted. In additlion
the rump was not separated from the round. The average
side weight of the four groups varied by 2.2 kg, from
156.0 to 158.2 kg. (table 3). Carcass welght range was
restricted so as to avold differences ln cut-out due to
carcass welght,

Selection groups included two groups each of 1low
conformation and high conformation, Groups I and II were
selected with external fat thickness at random, whereas in
Groups III and IV the outside fat was restricted between
0.76 to 1.02 cm,

All sides were cut into boneless; closely trimmed
edible portions (0.64 to 0.76cm.). Weight of steak and
roést meat muscles and muscle systems (5 cm, or thlcker)

from the primal cuts was determlned. Ground beef was
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made with trim from all cuts and fat content was standardlized

as near 25% as possible,
Statistical Analysils

The stat%stical procedures followed are described by
Snedecor (1956)., A 2 X 2 factorial analysls with 10 car=
casses per cell was used to determine treatment and inter-
action effects. Fisher's least significant difference (LSD)
means separation ﬁrocedure was used to evaluate signifilcance
of individual differences among interaction means, Silmple
correlation coefficients were calculated on a within treat-
ment subclass basis and were pooled to estimate the relatlion=-
ship among most carcass measurements, Least sguares analysis
of variance (Kemp, 1970) was used to analyze all varlables
in which there was missing data,
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RESULTS AND DISCUSSION

Carcass trait means for conformation and fat thick-
ness groups are shown in table 3. The low prime or higher
conformation group was obviously higher (P< .05) in confor-
mation score than was the average good or lower group, This
same difference exists when studying the four groups selected
within conformation and fat thickness constralnts with
groups I and III having lower (P< .05) conformation scores
than groups II and IV (table 4), Final quality grade fol=-
lowed the same trend with those carcasses selected for
higher conformation scores having higher (P< .05) final
quality grades (tables 3 and 4). This is expected since
conformation is a factor that partially determines final
grade, Final quality grade was also higher (P< .05) in
the group selected with random external fat than in those
carcasses selected with restricted external fat (table 3).
Carcasses that are fatter usually tend to be higher grading
carcasses due to the fact that external fat thlckness and
length of time on feed are usually positively related.

When observing differences in external fat thilckmess
(tables 3 and 4) the groups selected with random outside
fat were ratter (P< .05) and those groups with higher confor=-
mation scores were also fatter (P« .05) especlally for those
selected for random fat thickness., It should be noted in

table 5 that conformation and fat thickness are related at
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Table 3, Conformation and Fat Thlckness Group
Means for Carcass Tralts

Conformation groups

Carcass Average good Low prime

_traits or lower or higher P
Hot carcass wt., kg. ‘ 320.5 326.8 N.S.
Chilled side wt., ks, 156.6 157.6 N.S.
Carcass conformation; 17.3 2247 <.05
Final quality gradel 17.9 19.6 <.05
Fat thlckness, cm, 0.8 1.3 %05
Loin eye area,; sq. cm, 76.1 86.5 <,05
Kidney kmob % L,2 2.9 <,05
Yield grade 3.0 2.9 N.S.
USDA cutability? 49,8 50,2 N.S.

Fat thlclkness grourps

Carcass Random Selected
tralts external external
fat fat P

Hot carcass wt., kg. 7 A | 324.7 N.S.
Chilled side wt., ksg. 156.0 158.2 N.S.
Carcass conformationt 20.0 19.9 N.S.
Final quality gradet 19.1 18.3 <.05
Fat thickness, cm. 1.4 0.7 <.05
Loin eye area; sq. cnm, 78.7 84,5 <.05
Kidney Xnob % 3.6 3.5 N.S.
Yield grade 3.4 2.5 <05
USDA cutability? 49.0 51.1 <.05

loarcass conformation and quality grade score: High prime = 24,
average prime = 23, low prime = 22, hlgh cholce = 21, high good
= 18, low good = 16, .

2Est1mated percent boneless, closely trimmed retall yleld from
the round, loin, rib and chuck,



37

‘JURIRIITD

(60° > d) £T3Ued0TJTUdTS 8I8 SIS qdiaosxedns qQuUeISJJTP Y3TH MOX owes dY3 UT SUBOl o¢qte
*{ony?

PUB QT *UTOT ‘Punox 9yq woXF PIOTL TTB3eI POWUTI} LT9s0TOo *ssoTouoq FULOJI9d POJVWI]SH
*9T = Po03 YSTH ‘T2 = 20ToYO UITH 22 = smjxd

MOT *€2 = ourad oFBIeAY *42 = ouwtad YITH :9I008 9pwIT £4TTendb pus UOTRBWIOIJUOD SSBIIBD
*qB] TBUISIXO PO309TeS ‘UOTRBWIOJUOD XUBTY JI0 emfad MOT

*qp] TOWISAXe POJOSTOS ‘UOTHFBmIOJUOD JISMOT IO POOZ 938IOAY

*qgJ] TBUISZX® WOPUBI *UOTIBWIOJUCD J9YIBTY J0 SWTId MOT

*q8] TEUILIX® WOPUBI ‘UOT4BUIOJUOD JIOMOT JI0 POOT 8TFBISAY

- NN O

ol 1S qf1° 08 gl eh. gt "6h gfaTTIqE3N0 VUsA
i qé°? o5 "€ oC € 9PBIZ PISTX
0°€ 04 82 €Y g qowy Loupty
of 06 : pn:.mn . pm.Hw &5 "5l ‘w0 *bs ‘*wexw 949 urol
pm.o a2 0 o8°T po.H ‘WO *S9SewWOTY] 3%d
€61 2 LT - 8°6T #°8T cOPeid £37Tenb Teutd
ﬁo.mm 691 of1°22 pm.mﬁ cUOTABUIOJUOD SSBITED
nmo.mmﬁ nm.&MH nmlmma 287EST "8y ¢ °qM 8DTS POTTITUD
0°#2E geget IAL YA #°91E *SY *°qM SsBOIBO 40H
:>H dnoxn mHHH dnoan NHH dnoad HH dnoxn 8131813

$580I8)

Sq97BIJ, S§SBOIB) J0J SUBOK dNOIH UOTIVSTOS ‘4 9TQBL



O
[4hY

*yonyo

pue qTI ‘UTOT ‘PUNOX oyy WOXJ DTOTA TTw39I poumtay L[9s0T0 {ssoreucq jusdxed POJULTISH L

(10° > d) 3usoTJITudls oJ8 G20 SUOTIVISIIOD
(S0° >d) 3UedTITUITE edw 052°0 SUOTIBTRLIO)

00°T i * O~ gE*0 g9° - 29°0-  HT°0O- Hhﬂﬂpﬂa vasn
00'T g2°* 0= 02*0 €10 6€ *0- qow{ AUPTN ¥
00°T rA 0 #10°0= 02°0 vaas ofo UugoT
00°T gt ‘0 92°0 SE0W{OTYs 38d
00°T 92°0 epead L97Tend
00°'T UOT3BEUIOJUO O S580JI8)
Q k%Y e B o0
=
S R S |
& o'k 7 o o
B g ct ® b o P
[ o 2 w & Hn
n
Ly < ® [e) m
5 7 i
- o
=

£4TTTaeIN) VSN PUB S37BI]L 5880I8) USSMled

gysed dnoIn UTYZTM B U0 POT00d SFUSTOTIJO0D UOTRBISXIOD °§ O0TqE]



39

0.26 (P<.,05).

Lonzissimus muscle area was greater (P< .05) (table 3)
in carcasses selected for superlor conformation as well as
in those carcasses selected for restrioted outside fat,
Table 4 shows that longlssimus muscle area in group IV was
larger (P< .05) than all other groups. Group II was also
different (P< .05) than group I. The two groups with the
greatést mean longissimus muscle area were the two superior
conformation groups II and IV (81.9 and 90.3 sq. ch.,
respectively). The data on longissimus muscle area in
table 3 and 4 would indlcate that part of the evaluation
of superior conformation could have been determined by
size of the longissimus dorsi muscle. Loin eye area 1s
negatively related with external fat thlclmess (=,52).

This would 1ndicate that carcasses with greater amounts

of outside fat within the same conformation constraints
tended to have smaller longissimus muscle areas than dld
those with restricted outside fat., This could mean that
greater amounts of outside fat can mask slize of longissimus
muscle and influence conformatlion score.

No significant difference was noted between the two
fat thickness groups in percent kidney knob but low confor=
mation carcaéses had greater (P < ,05) amounts of internal
fat than did high conformation carcasses (table 3). The
correlation between percent kidney lmob and carcass confor-

mation was negative at - .39 (table 5). This agrees with
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the findings of Wilson and Curtis (1893) who reported that
carcasses from dailry steers which tend to have low confor-
mation scores also had more internal fat, No significant
differences were noted in percent internal fat between the
four groups selected within conformation and external fat
thiclness constralnts (table L),

Yield grade and estimated percent cutabllity were
not different between conformation groups but were affected
(P<.05) by external fat thickness (table 3). The correla=
tion between predicted cutability and external fat thicke-
ness was highly negative (-.68) (table 5). This would be
expected due to the great'influence of external carcass
fotness on yield grade and percent cut-out. This relation=
ship has been reported by several workers; Cole et al.
(1962), Lewis et al. (196k4), Hendrick et al. (1963); and
Miller et gl. (1965). In looking at USDA yleld grade and
cutability means by group in table 4, it 1s obvlous that
those carcasses selected with random external fat have less
(P< .05) desirable yleld grade and less estimated percent
cut=out. Between groups III and IV, with the only difference
in selection criteria being conformation, group IV with
superior conformation also had (P< .05) the most desired
mean yleld grade (2.3) and the highest percent’ estimated
cutability (51.7 percent),

Welght and Percent Wholesale Cuts "
When comparing the high and low conformation groups



i1

(table 6) it should be noted that there is no signiflcant
difference in weight or percent of round, plate and flank,
There 1s also no difference (P < .05) in weight of chuck but
there is a difference (P< .05) in percent chuck with the
low conformation group having 0.6% more of its carcass
weight 1in chuok:

. In studying table 6 1t is apparent that the weight
and percent loin and rib were higher (P < ,05) in carcasses
with low prime or higher conformation., Loins from superilor
conformation carcasses weighed 1.1 kg. more and made up
0.6% more of the side weight. Ribs weighed 0.9 kg. more
and made up 0.5% more of the side weight (table 6). Part
of these differences can be explained by the fact that the
superior conformation carcasses had larger loln eyes as was
seen in table 3 (10.4 sq, cm, larger),

Comparing the other cuts it should be noted that the
low conformation carcasses have less (P< .05) weight and
percent brisket than do the high conformatlon carcasses.
However, the low conformation carcasses have greater (P<.05)
weight and percent of shank and kidney knob (table 4

Selecting carcasses with restricted external fat
compared with random external fat resulted in a difference
(P< .05) in the weight of the round, loin, chuck, plate and
flank (table 6). Carcasses with restricted outside fat had
greater (P< .05) welght of round (1.9 kg.), loin (0.9 kg.)
and chuek (1.4 kg.) but less plate (0.7 kg.) and flank
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(1.4 kg.). When these cuts were expressed as a percent of
the carcass the slgnificant difference in the round was lost
but percent loin and chuck was greater (P <.05) (0.4% and
0.5% respectively) in the carcasses with restricted external
fat and the percent plate and flank were less (0.6% and
0.9%, respectively). Thls would agree with the findings of
Miller et al. (1965) who concluded that yleld of muscle from
the flank was relatively constant but as fatness increased
the flank served as a fat depot with greater and greater
amounts of fat being deposited as the anlmal fattened, Cor-
relation coefficients of carcass trailts and welghts and
percents of wholesale cuté appear in tables 7 and 8. Fat
thickness when compared to the weight and percent rib and
flank showed a positive relationship (0.32, 0.37, rib weight
and percent and 0.65;, 0.67, flank weight and percent).
Conversely, fét thiclmess when compared to the welght and
percent of other primals and to total primals showed nega-
tive relationships (table 7). In the case of the relation-
ships between fat thickness and the ﬁeight and percent
round end total primals the correlations were highly signi-
ficantly (P <,01l) (table 7 and 8) negatlve.

In studying table 9 (groups selected for both fat
thickness and conformation), group I ylelded lighter welght
(P <.05) loins than the other groups. Though the dlfferences
in loin welght between the other 3 groups were not signifi-
cant; groups II and IV (high conformation groups) tended to
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Table 9. Selectlon Group Means for Welght and Percent
Wholesale Cuts
Trimned 1 2 L
Wholesale Group I Group II Group 1113 Group 1V
cuts kg, kg, kg, kg,
Round 33,18 35.0% 6,02 5,82
ﬁi%n fg.ga 23,87 23.6b 210D
. 1 -0 12.9 l o? :
Chuck 43,0 by, 22 16. 2P 4:3%- g%
Plate 13.1 13,7 12.8 12.6
Shank 5.4 5.0 L el
Flank 11,5 11.2 9.9 10.5
Kidney knob 6.7 I, 5 6.6 4,8
% % % %
Round 21.5 22,1 22,6 22.8
Loin 14.3 1.5.0 14,8 153
Rib 8. a 8.8a 8.1b 8.7a
Brisket 4,0 4. 3 3.5 h.3
Plate 8.5 8.7 8.0 8.0
Shank 3-5 3-1 3.5 3'3
Flank Z.ﬁ 7.1 6,2 6.7
Kidney knobd y 2.8 4,1 3.0

1Average good or lower conformation, random external fat,

2Low prime or higher conformation, random external fat.

3Average good or lower conformation, selected external fat,
ulow prime or higher conformation, selected external fat,
a'bMeans in the same row with different superscript letters

are significantly (P< .05) different.



L7

have greater weilght and percent loin than did group I and
IIT (low conformation group).

Group III (low conformation, restricted fat group)
had more (P <.05) welght and percent chuck than did the
other 3 groups (table 9). Groups I, II and IV each had
27.9% of their carcass welght in chuck and group III 29.0%
chuck, This 1s possibly due to the fact that lower confor-
mation carcasses have a greater welght and percent bone
when compared to superlor conformation carcasses,

These findings indicate that carcasses with superlor
conformation tend to have a greater welght and propvortion of
thelr welght in loin, rib; and brisket., Low conformation
carcasses have a greater welght and proportion of thelr
welght in chuck,; shank and kidney knob, Part of the advantage
in weight and percent loin and rib in high conformation car-
casses 1s explained by these having an obvious advantage in
size of loin eye.

Weight and Percent Primal Cut Steak and Roast Yield

This study shows that carcasses selected for superlor
conformation do yield greater amounts of steak and roast
meat in the rib and loin than do poorer conformatlion care
casses (table 10). Conformation score also shows an effect
(P < .01l) on steak and roast meat yleld from the four primal
cuts (table 11 and 12)., Correlation coefficlients between

carcass conformation, fat thickness and yields of steak and
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roast meat are given in tables 13 and 14, Fat thickness
shows a highly significant (P < .0l) negative relationship
to weight and percent steak and roast meat from the round,
loin, chuck and total from four primals (table 13 and 14).
This agrees with the findings of Allen (1966). Correlation
coefficients between conformation score and ylelds of steak
and roast meat were none-significant and near zero (table
13 and 14), This simply indicates that when conformation
is evaluated without taking external fatness into considera—
tion it is of little value predicting yleld of steak and
roast meat from the carcass, Within groups selected for
both conformation and fat.thickness; the superior conforma=
tion carcasses yielded more (P< .05) steak and roast meat
in the loin and rib (table 10). When comparing groups I
and II (table 10) it should be noted that poor conformation
carcasses yielded a slightly greater amount of steak and
roast from the chuck, When comparing groups III and IV
(those with restricted outside fat) 1t should be noted that
greater amounts of steak and roast meat were obtained totally
and in each primal except the rib from those carcasses with
more desirable conformation.

Carcasses with superior conformatlon ylelded more
(P< .05) kilograms and percent of their primal cut yleld
in the form of total steak and roast meat from the four
primals (table 10). Superior conformatlon carcasses also

had more (P <.05) steak and roast yleld from the loin and
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rib, Differences in yleld of steak and roast meat from the
round and chuck were not significant at the (P <.05) level
but were still in favor of high conformation carcasses,

When comparing the yleld of steak and roast meat
between random and restricted fat groups, carcasses with
restricted external fat yielded more (P < .05) steak and
roast meat totally and from all primals except the rib,

Within groups selected both for external fatness
and conformation, group IV (high conformation restricted
fat) showed an advantage (P< .05) in percent yleld of loin
steak and roast meat (table 15) over all other groups.
Weight and percent rib steak and roast meat yleld was also
highest (P<.05) in group IV (6.8 kg. and 4,3%), with group
II having the second highest yield (6.3 kg. and 4,0%) belng
greater (P<.,05) than group III but not greater than group
I. Group III had the lowest percent yleld of rlb steak and
roast yield (3.7 percent) (table 15) of any group.

In comparing total steak and roast meat yield between
groups in table 15, no differences (P < .05) were noted.
However, comparing groups of slmilar fatness, the higher
conformatlon groups tended to yleld more kilograms an§ per-
cent steak and roast meat with group IV having the greatest
amount. This agrees with the findings of Breldensteln (1962)
who found no significant relationshlp between conformation
gcore and yleld of retall cuts 1n steer carcasses of cholice

and prime conformation, In contrast Martin et al. (1966)
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reported that carcasses of cholce conformation ylelded
greater amounts of thick vs thin muscled cuts compared to

standard conformatlion carcasses.

Weight and Percent Primal Cuts FEdible Portion

Carcasses with superior conformation yielded & hilgher
(P< ,05) percent of total primal cut edible portion than
did the poorer conformation carcasses (table 16). Weight
of edible portion was not significantly greater from the
superior conformation carcasses. Low prime or higher confor=-
mation carcasses had greater (P< .05) weight and percent of
edible portion from the rib (table 16). Superlor confor-
mation carcasses also showed a non-significant advantage
in both weilght and percent edlble portion from the round
and loin, with lower conformétion carcasses yielding
slightly more from the chuck (table 16).

Comparing the yield of edible portion between random ‘
and restricted external fat groups, the restricted group
yielded more (P <.05) weight and percent edible portion in
(2.4 kg. and 1,4%), loin (1.9 kg. and 1.1%), rib (0.5 ke.
and 0.2), and echueck (2.9 kg, and 1.6%); therefore, 1t is
obvious that total primal cut edible portlon would be
greater (P <.05) in the group with restricted external
fatness (7.8 kg, and 4,3%7) (table 15). Outslde fatness
has a highly significant effect on welght and percent yield
of total carcass edible portion (table 17 and 18).
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Correlation coefficients between carcass conforma-
tion, fat thiclness and ylelds of edible portion are given
in tables (19 and 20).Fat thickness showed & highly signi-
ficantly (P <.01) negative relationship to welght and per-
cent edible portion from ;he round, loin, chuck and totally
from the four primals (table 19 and 20). Correlation
coefficients between conformation and ylelds of edible
bortion were non-significant and near 2zero (table 19 and
20), This simply indicates that when conformation is
evaluated without taking external fatness Into consldera-
tion it is of little wvalue in predicting ylield of total
edible portion from the carcass,

Within groups selected both for external fatness and
conformation, group IV {high conformation restricted fat)
showed an advantage (P <.035) in percent yield of rib edlble
portion (table 21). The superior conformatlon restricted
fat group (group IV) oute-ylelded all other groups 1n welght
and. percent edible portion totally from the primals and
from all individual primals except the chuck (table 21)
where the low conformation restricted fat group (group I I1)
ylelded the most,

Weight and Percent Primal Cut External and Internal Fat Trim

Superior conformation carcasses ylelded more (P<.05)
welght and percent of external fat trim from all primals

than dild the low conformation carcasses (table 22). Superlor
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conformation also resulted in more (P < .05) internal fat
trim in all primal cuts except the round (table 22). When
comparing total external and internal fat trim from all
four primals, high conformation carcasses have more (P <.05)
external fat trim and slightly but non-significantly more
internal fat trim (table 22). |
Comparing the yleld of fat trim between groups, as
expected carcasses with restricted external fat ylelded
less (P< .05) welght of external fat trim from all primals
as well as totally (table 22)., The restricted fat group
also showed less (P < .05) internal fat trim (welght and
percent) from the primals which normally have considerable
amounts of seam fat (rib and chuck) as well as less total
internal fat trim (table 22). The round which also usually
has considerable seam fat yielded less (P < .05) percent fat
in carcasses from the restricted fat group (table 22).
Within groups selected both for external fatness and
conformation, group II (high conformation randon fat) yielded
the greatest (P< .05) external fat trim in kilograms and
percent from the round and loin (table 23). Thls group also
had the most (P< .05) kilograms of internal fat trim from
the round and loin (table 23). Group II ylelded the greatest
(P< .05) percentage of total external fat trim with group
TIII (low conformation, restricted fat) showing less (P<.05)
percentage external fat than any group except group IV (high

conformation, restricted fat),
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When comparing groups, groups III and IV parallel
each other with the only significant difference in fat trim
between the two groups being in the weight and percent of
external fat trim from the round (table 23). These results
point out that carcasses ;n group I, even though they were .
selected with random fatness, did not have as much fat trim
as dld the carcasses in group II (also random outslde fat-
ness). This would indicate that carcasses with poor confor-
mation do not get as fat externally on the average as do

carcasses with superior conformation,

Weight and Percent Bone

Tables 24 and 25 show that conformation has a highly
significant effect on ﬁhe weight and percent bone in each
primal cut as well as totally from all primal cuts, Superilor
conformation carcasses yielded less (P< ,05) kilograms of
bone in the round (0.9 kg.), loin (0.4 kg.), Tib (0.4 kg.),
chuck (1.3 kg.), and totally from the carcass (7.5 kg.) than
did the lower conformation group {table 26)., Thls agrees
with the findings of Martin (1966) who found that the most
striking advantage of choice conformation carcasses over
standard conformation was a higher ratlo of total muscle to
bone,

Comparing the yleld of bone between the random and
restricted fat groups, carcasses with random external fat

ylelded less (P< .05) kllograms of bone in the round, rib,
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and totally from primal cuts than dld the restricted external
fat group (table 26)., There was also less (P <.05) percent
bone in total primal cuts and totally from the carcasses in
the random extefnal fat group.

Within groups selected both for external fatness and
conformation, group III (lower conformation restricted fat)
yielded greater (P <.05) welght of bone in the rib, chuck,
totally from ﬁrlmal cuts, and totally from the carcass than
did the other groups (Table 27). Group I (Lower conformation
randon fat) also yielded more (P <.05) bone than groups II
and IV (higheﬁ conformation groups), totally from the car=
cass, from the primal cuts and individually from the chuck
and rib (table27 ). The low conformatlon groups (I and III)
also tended to yleld more bone from the round and loin than
did the high conformation wholesale cuts, This trend follows
the findings of Mértin (1966) that bone to muscle ratlo was

greater in the lower conformation carcasses,
summary

Four groups of 20 steer carcasses each were used in a
2 X 2 factorial design with two conformation levels (average
good or poorer vs low prime or better and two fat selectlon
groups (random vs 0.76 to 1.12 cm.)

Results of this study showed that superior conformation

carcasses tend to have larger (P«< .05) longissimus dorsi

muscles area, Indicatlions were that carcasses with greater



™M
o~

*(996T) USTTY £q

-2UO0P S® punox JOo Ujdus pue ‘squsuodwmod o TqBIedes JUBTJ guysn pejeu}lse duoq SsSeOIBY TBIOL T

S0° S$°0T L6 *S°N 4ege 0°4E (5580180 woIy

uoq TB30l

G0"> 9°TT T°TT G0° > G°81 A s3no Tewyad

euoq TejlOL

*S°N AL 0" *S*N A €9 Fonud

‘SN 9°T 1 | Go°*> w'e £°2 qQtd

*S*N 0°2 6°1 *S°N rAd 4 6°2 utoT

"S°*N 6°¢ L°E Go* > f1°9 LS punoy
¢ 4 % *3N * BN ¥ suoq

d 187 Teuilil 3el d 38J Teudel -3el Ino Teuidd

=X3 P9299T8S IBUISQXS WOPUBH -X3 P2309Te8 TBUIe4X9 WOPUBY
sdnox? ssauqotTya 3svd

go* > 26 0°TL G0°s T°HE 9°TH [S580ae0 wWoxJ

euoq Ie30l%

Go*> £°01 H°2T ¢o°, £°S1 76T squo Temiad

auoq Iv3iol

-m.z N--m m-.; mo.v w.m H-N_ Mo.ﬂﬁﬁmo

‘S°N 1 LT G0°*> 22 9°2 qT¥

"S°N 8°T T°2 G0°*> 6°2 €€ ugol

*S°N G*e 1°4 Go*> c*c 7°9 punoy
% 4 % i * 3y - 9% suoq

d I2YyITYy J0 JOMOT IO d JaysTy Io JI9MOT IO qano TeulId

suTIxd MOT pood aFwIoAY smtad mMOT pood adevIsAY

sdnoJxd uojgeEWIOIUOD

auog qU90I9d PUE QUITSM X0J sueol] dnoxdh sSsSIWHOTUL 38d PUB UOTIVTLIOIUOD

"92 °TqBl



(S0° >d) £T3ug0oTJTuUEs 9av sI9333 adtIosIadns jusxalJ
*qgl] TVUIOZXD PO309TesS

qUSISIITP

1P U4TM MOX omwBS 8Y3
¢ UOT4BWIOJUOD JIBYUITY

*qe] TRUIDQXS Paj08Tes ‘UOTIBUIOJUOD J9MOT JXO
*qaB] TBUISZXS® UOPUBI ‘UOTFBUWIOJUOD IayI Ty

*qg] TEUIOIXS WOPUBI ‘UOTIELWMIOIUOD ISMOT IO

ug suseyl 90°q‘s
J0 ouwtJad MOT 4
Po0R® oIvISAY £
J0o smiad MOT 2
pood 93uIeAy T

9°6 71T L°8 40T 9PTS mWoxJ
auoq Te3ol
#°0T 6°2T €°0T 8°' 11 sano Teuixd
woI} auoq Te30l
9 € 081 g€ nm.: yonyo
°1 Al ! 1 9°'T qQiy
8°1 2°2 8°T 0°¢ utol
9°€ AL f1°€ 6°€ punoy

4 % % % suoq
no Teuwixd
8 €€ o9 “EH o1 HE ol "6€ op1s moIj
sauoq T®30lL
& 91 09 " 02 o€ 9T q¢ 8t sqno Teuwjxd
moIJ suoq T80T
el l A/ g & Q99 xonyo
A o872 &' e aty
6°2 4°¢ Qe T1°€ utoa
9°S 8°9 f°S T°9 puncy

* 3N it * 3y * B auoq
ﬁbH dnoxn mHHH dnoxsn mmw dnoxn |HH dnoxn o TsuilId

auog quedIs8d Pus 3uIfeM JoJ suwdl dnoxh pajo8Tes

‘42 °Ta®lL



75

amounts of outslde fat within thersame conformation con-

stralnts tended to have smaller longlsslimus nuscle area

than did those with restricted outside fat. Thils could
mean that greater amounts of outside fat can mask size

of longlssimus muscle and influence conformation score,
Low conformation carcasses had greater (P< ,05) amounts
of kidney knob than did high conformation carcasses.

Yield of loin, ridb and brisket in both welght and
percent were higher (P< .05) in superior conformation
carcasses. Low conformation earcasses have more (P< .05)
welght and percent kidney knob and shank and a greater
(P< .05) percentage chuck than do higher conformation
carcasses,

Carcasses with restricted outside fat had greatef
(P <.05) welght of round, loin, and chuck but less plate
and flank,

Superlor conformation carcasses had more steak and
roast yleld from the loin and rib as well as total from
the four primal cuts. Carcasses with restricted outside
fat levels yield greater (P< .05) welghts and percentages
of steak and roast meat totally from the primals as well
as individually from all primals except the rib,

Superior conformation carcasses ylelded greater
(P <.05) amounts of edible portion in the rib In both

welght and percent as well as totally from the four primals,



76

Klthough no difference (P< .,05) was noted, it 1s apparent
that the higher conformation carcasses out-ylelded the
poorer conformation carcasses in the edible portion from
the round, and loin. Yield from the chuck slightly favors
the low conformation group.

Superior conformation carcasses yielded greater (P< .05)
amounts of external fat trim from all primals than did the
low conformation carcasses, Superior conformation carcasses
have more (P <.05) external fat trim and slightly but non-
significantly more internal fat trim from all primals than
did the low conformatlion carcasses,

Superior conformation carcasses ylelded less kilograms
of bone in the round, loin,; rib, chuck and totally from the

carcass than did the lower conformation group.
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CHAPTER III

Effect of Conformation on Quantity of
Muscle Yield in Bovine

Controversy exlsts in the literature as to whether
animals of widely different body types and breeds are llikely
to have any major differences in the proportion of their ‘
muscle distribution., Butterfield (1963) stated that 1t 1s
generally believed that what 1s regarded as good beef con=-
formation produces a relatively high proportion of most
valuable meat cuts. Exponents of many beef breeds belleve
that their breed has the most meat "in the right places",
If these claims are sound, we must assume that differences
of conformation between breeds are brought about largely by
variation in the distribution of muscle, or fat, or both.
Conversely, Martin et al. (1966) reported that carcasses
having cholce conformation ylielded significantly more steak
and roast yleld than carcasses with standard conformation.

This study was undertaken to attempt to determine if
individual muscles differed in proportion to total carcass
muiscle in steer carcasses of widely differing shapes.
Breidenstein et al. (1962) reported that of nine ma jor pork
muscles from-the pelvic limb, back and thoraclc 1limb, the
supraspinatus, semitendinosus and adductor muscles differed
most between left and right sides but averages were not

significantly different, Right sldes averaged 0.5 ecm, longer
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and yilelded loins weighing 0.5 kg. less than left sldes.
They suggested that an off center split permitted the side
with less skeletal support to stretch more during chilling.
Consequently, that side would be longer and would yield a
lighter weight ?holesale "loin",

Butterfield (1963b) reported, apart from indicating
that differences of muscles welght distribution.are prob-
ably small, studles on ylelds of meat cuts show limited
value in clearly defining what part fat and muscle play
in producing differences.

The distribution of muscle welght over the carcass
of cattle is the result of response to functional demands
by the animal to meet the challenges of its environment
as stated by Butterfield (1963b). This vital anatomical
response is capable of strongly resisting changes animal
breeders would like to force upon it, Efforts to increase
the total amount of muscle per animal have been more produc-
tive than "attempts to upset intrinsic muscle relationships
of this functionai locomotor system", Some individual
muscle welghts reported by Hiner and Hamkins (1939).
Breldensteln et al. (1964) and Topel et al. (1965) are
summarized in table 28,

Martin et al. (1966) working with ten low cholce
and ten high standard conformation steer carcasses found
that standard conformation carcasses produced longer, wider,

thinner muscles and muscle systems than cholce carcasses;
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Table 28. Individual Muscle Welghts
Hiner &
Hankins Breldensteln Topel
mean mean SD mean  SD

Average line
welght, kg. 102,0 100.0 9545
Muscle, gm.
Adductor 171.8 212 28
Biceps femoris 818 131  764.,3 112.4
Psoas major 233.0 43,4
Quadriceps femoris 758 89 - .
Rectus femoris 238.7 282,9 38.2
Semimembranosus 480, 6 653 93 623.4 79.1
Semitendinosus 219.4 313 50
Longissimus dorsi 1514 235 1282,1 221.2
Supraspinatus 324 38
Triceps Wrachil 533 52
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however, the advantages in length and width for the standard
carcasses disappeared when muscles thinner than a 2 inch
minimum thickness requirements were not included. The most
striking advantages of cholce conformation were found to be
in the ratio of total muscle to bone, and of thick, high
value muscle to bone. Thus, among carcasses of approximately
the same degree of finish, carcasses grading higher in con=
formatlion were superior to the lower gradlng conformation
carcasses in terms of thiek meat and total lean,

Richmond and Berg (1972) used 14 sides of boars and
gilts and dissected individual muscles, Those muscles
representing the expensivé carcass cuts were combined into
three "expensive muscle groups", They were expressed as
percentage of total slde muscle in boars, barrows and gilts,
respectively with the following results: Ham, 32.5%, 32.5%
33,4%; Ham + Loin, 49.7%, 51.0%, 51.6%; and Ham + Loin +
Shoulder, 62.4%, 62.8%, 63.8%. They clalmed sex had no
significant effect on muscle distribution but slight dif=-
ferences among boars, barrows and giits were noted., Gllts
had a slightly greater proportlon of muscle in the proximal
hind 1imb than either barrows or boars, and barrows had a
greater proportion of spinal muscles than elther boara or
gllts. Boars had a slightly greater proportlon of musecles
in the neck, thorax and fore limb than elther barrows or
gilts,

Warwick (1958) concluded a review of investigatlon
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of the yield of high priced cuts by stating that "it, thus,
appears to be qulte definite that if heredlitary differences

in the percent of high-priced cuts do in fact exist, they are
not closely related to the factors most of us have been taught
to look for in evaluating the external appearance of beef

cattle®,
Experimental Procedure

Four groups of 20 steer carcasses were sSelected and
used in this study. A summary of speciflcations and selec-
tion criteria is presented in table 2.

Carcasses were selected at packing plants 1In the area
and the left side purchased and brought to the Kansas State
University meats lab for fabrication., The average slde
weight of the four groups varied by 2.2 kg. from 156.0 to 158.2
kg. (table 3). Carcass welght range was restricted so as

to avold differences in cut-out due to carcasses welght,

Muscle Dissectlon

The following muscles were 1lndividually dissected
(fat trimmed to 0.75 cm.) from the side during fabricatlon:

psoas_major, longissimus dorsi, semitendinosus, blceps
femoris, gluteus madeus (blceps from the loin), supra-

spinatus, and gsemimembranosus,
These muscles were individually weighed and the

majority measured for length at thelr longest point, Three
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muscles wére measured for circumference with the psoas
ma jor being measured at a distance of 40% of its length

from the posterior end of the muscle, The semitendinosus

and supraspinatus were measured for circumference at 303

of their length from the more medial end of each,

Total carcass muscle was estimated using the-separ-
_able flank components as predictors according to the method
of Allen (1966). The proportion of this estimated total
muscle mass made up by each individual muscle was determined
by dividing the individual muscle welght by the weight of

the estimated total carcass muscle,
Statistical Analysis

The statistical procedures followed are described by
Snedecor (1956). A 2 x 2 factorial analysis with 10 car-
casses per cell was calculated to determine treatment and
interaction effects on muscle ylelds and measurements,
Fisher's least significant difference (LSD) means separa=
tion procedure was used to evaluate significance of individ-
ual differences among interaction means, Simple correlation
coefficients were calculated on a within treatment subclass
basis and were pooled to estimate the relationship among
most carcass measurements, Least squares analysils of
variance (Kemp, 1970) was used to analyze all variables In

which there was missing data,
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RESULTS AND DISCUSSION

Cconformation showed a highly significant (P < ,01)

effect on weight and percent biceps femoris yleld from the

caercass (table 29). A similar effect (P <.0l) 1s noted on

the percent yield of the semitendinosus and semimembranosus

(table 30). External fat thickness had a highly signifi-

cant effect on the welght of semitendinosus, semimembranosus,

and biceps femoris (table 29).

Carcasses with superior conformation ylelded heavier

(P <.05) semitendinosus and biceps femoris muscles than did

carcasses with lower conformation (table 31). Superlor
conformation carcasses also yielded greater percent (P <.05)
of semitendinosus, blceps femorls, senimembranosus, and
Gluteus medius (biceps from the loin) (table 31). However,
low conformation carcasses ylelded more (P< .05) kilograms
of supraspinatus than carcasses with superior conformation
(table 31).

Carcasses with restricted fat ylelded (P <.05) greater

weight and percent of semitendinosus and semimembranosus

than did the random fat group (table 31)., Restricted fat
carcasses also had greater (P <.05) proportion of supra=
spinatus than did those with random fat, but the latter had
greater proportions of psoas major (table 31).

Within groups selected both for external fat thickness
and conformatlon, group IV (high conformation restricted fat)

showed an advantage (P < .05) over all other groups in the
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yield of semitendinosus in kilogram and percent (table 32).

It was interesting to note that no semitendinosus difference

exlsted between groups I and II (low and high conformation
random fat groups) (table 32). Group IV (high conformation
restricted fat) showed an advantage (P< .05) in the welght

of psoas major over groups II and III (table 32) but not

over group I, Group I had a larger perceat (P < .05) psoas
major muscle than all groups except group IV.

Table 33 shows that superior conformation carcasses
have shorter (P <.05) muscles that are slightly (but not
significantly) larger in clrcumference, Thils same_table
shows that carcasses that have restricted external fat
cover have longer (P <.05) muscles for all muscles measured
except the supraspinatus and semitendinosus where the
carcasses with random outside fat had longer muscles. This
would indicate that except for these latter two muscles,
carcasses with superlor conformatlon and/or limited outslde
fat had shorter muscles (table 34). Group IV carcasses
(superior conformation restricted outside fat) ylelded psoas
major muscles that were larger (P <.05) in circumference as
well as being slightly longer (non-significantly). This is
in contrast to other muscles which were longer in the ﬁoor
conformation-groups (table 34).

| Carcass conformation and fat thickness had a signifi-
cant (P <.05) or highly slgnificant (P <,01) effect on muscle

length except for no conformation effect on the length of the
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psoas major (table 35). These findings agree with those

of Martin et al. (1966) who found that poorer conformation
carcasses had longer, thinner muscles.

Correlation coefficient between conformation, fat
thickness and we}ght; length and circumference of varlous
muscle systems are given in table 36, Fat thickness showed
a highly significantly (P .0l) negative relationship in all

muscle systems except for the longissimus dorsl welght and

the semitendinosus length, The semitendinosus length shows

a significantly (P .05) negative relationship. A very low
(=.14) non=-significant negative relationship is shown in the
longissimus dorsi welght. Correlation coefficlents between
conformation and the varlous muscle systems shows a non-
significant negative relationship except for the supra=-
spinatus weight (=-.27), length (-.48); Quadriceps welght
(=.32), length (=.22) and longlssimus dorsi length (=ol),

Summary

Four groups of 20 steer carcasses each were used in
a 2 x 2 factorial design with two conformation levels
(average good or poorer ¥vs low prime or better) and two fat
selection groups (Random vs 0.76 to 1.12 em.)., The follow-
ing individual muscles were separated from the left side of
each carcass, weighed and measured for length and circum-

ference: biceps femorls (from round), Quadriceps (from



L

round), Longsissimus (from loin), psoas major and semltendine

osus, Total carcass muscle mass was estimated using the
flank separable components as predlctors according to the
method of Allen (1966). Each individual muscle percent of
vestimated total carcass muscle mass" was calculated to
attempt to estimate differences exlsted in proportions of
muscles between carcasses of widely different shapes.
Superior conforration increased (P< .01) percent of semi-

tendinosus, semimembranosus and round bicevs femoris by

0.2, 0.6 and 0.8% (of estimated total carcass muscle mass).
Museles from carcasses with poorer conformation are longer
(P< ,05) and tend to be sﬁaller around in cilrcumference
except for the psoas major which was found to be longer
(non-significantly) in group IV carcasses (superior confor=

mation-restricted outside fat).
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Table 36, Correlation Coefflclent Between Carcass
Conformation, Fat Thickness, Welght,
Length and Circumference of
Muscle Systems

Carcass Fat
Confor= Thick=
matlon mess
Supraspinatus, welght -, 27 -, 54
Supraspinatus, length -. 48 -.56
Supraspinatus, clrcumference -.11 -. 49
Psoas mjor, welght -,12 -, 36
Psoas major, length -,18 -,32
Psoas major, circumference 0,06 -, 36
Semitendinosus, welght 0.01 -. 54
Semitendinosus, length -,17 -.25
Semitendinosus, circumference 0.13 =-.37
Biceps femoris, welght -. 04 -, 56
Biceps femoris, length -,10 -
Quadriceps; welght -.32 - b2
Quadriceps, length -, 22 -, 54
Longissimus dorsi, welght -.05 - 14
Longissimus dorsi, length - bl -.35
Longissimus dorsl, clrcunference -,18 -.32

Correlation 0,250 are significant (P<.05)
Correlation 0,325 are significant (P< .01)
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Four groups of 20 steer carcasses each were used in
a 2 x 2 factorial design with two conformatlon levels (aver-
age good or poorer VS low prime or better) and two fat
selection groups (Random vs 0.76 to 1.12 em.).

While four groups were selected, within these four
were two conformation groups (low conformatlon and high
conformation). Group I and II were selected with external
fat thickness at random, whereas in Groups III and IV the
outside fat was restricted between 0,5 and 1.0 cm,

The left side from all carcasses was cut into bone-
less, closely trimmed edible portions., Welght of steak
and roast meat (muscles and muscle systems 5 cm, oOr thicker)
from the primal cuts was determined, Ground beef was made
with trim from all cuts and fat content was standardized
as near 25 percent as possilble.

The fdllowlng muscles were individually dissected
from the left side during fabrication: psoas major, longis-

simus dorsi, semitendinosus, blceps femoris, supraspinatus

and semimembranosus, These muscles were individually weighed
and the majority measured for length at their longest point,
Three muscles were measured for clrcumference: the psoas

ma jor, semitendinosus, and supraspinatus.

Total carcass lean was estimated using the flank
separable components as predlctors. Each individual muscles
percent of the estimated total muscle mass was determined to

attempt to estimate 1f there were differences in the propor=-



tions of muscles between carcasses of wldely different shapes.
Superior conformation carcasses tend to have larger

(P< .,05) longissimus dorsi muscles. Indications were that

carcasses with greater amounts of outside fat within the

same conformation constraints tended to have smaller longis=-

simus muscle area than did those with restricted outsilde

fat. This could mean that greater amounts of outside fat

could mask the size of the longissimus muscle and influence

conformation score. Low conformation carcasses had greater
(P <.05) amounts of kidney Mnob than did high conformation
carcasses,

Yield of loin, rib and brisket in both welght and
percent were higher (P <.,05) in superior conformation car=-
casses. Low conformation carcasses have more (P <.05)
welght and percent kidney knob and shank and a greater
(P <.05) percentage chuck than do higher conformation car-
casses,

Carcasses with restricted outside fat had greater
(P<.05) weight of round, loin, and chuck but less plate
and flank,

Superior conformation carcasses had more steak and
roast yleld from the loin and rib as well as totally from
the four primal cuts, Carcasses with restrlicted outside
fat levels ylelded greater (P < .05) welghts and percentages
of steak and roast meat totally from the primals as well as

individually from all primals except the rib,



Superior conformation carcasses ylelded greater
(P <.05) amounts of edible portion in the rib in both
welght and percent as well as totally from the four primals.
Superior conformation carcasses ylelded greater
(P <.05) anounts of external fat trim from all primals than
did the low conformation carcasses, Superlor confofmation
carcasses yielded less kilograms of bone in the round, loin,
rib, chuck and totally from the carcass than did the lower
conformation group., Superior conformation had a highly

effect (P <.,01) on percent of semitendinosus, semimembranosus

and biceps femoris (from round) with these muscles making

up respectively 0.2, 0.6 and 0.8 percent more of the estimated
total muscle mass, MNuscles from carcasses with poorer con-
formation are longer (P< ,05) and tend to be smaller around

in circumference except for the psoas major,




