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ABSTRACT
THE RELATIONSHIP OF SOME LINEAR AND PHYSICAL MEASUREMENTS
TO BEEF CARCASS COMPOSITION

by Deloran M. Allen

Eighty steer carcasses were selected for chilled carcass weight and
12th rib fat thickness (average of three measurements). Two weight groups
(500 to 550 1b. and 700 to 750 1b.) of 40 carcasses each and four fat
thickness ranges of 10 carcasses each (0.26 to 0.50 in., 0.51 to 0.75 in.,
0.76 to 1.00 in. and 1.01 to 1.25 in.) were selected within each weight
group. The carcasses were subjectively scored for each grade factor and
some linear measurements of fat and muscle were recorded. External fat
thickness probes were made 4, 8 and 12 in. off the dorsal midline of the
left side of each carcass, perpendicular to the anterior edge of the 5th,
8th and 1lth thoracic vertebrae, the lst, 4th and 6th lumbar vertebrae
and the 3rd and 5th sacral vertebrae.

The left side of each carcass was cut into wholesale cuts and physi-
cally separated into muscle, fat and bone with the exception of the round,
from which the rump was removed and then the two parts were individually
physically separated; and the rib which was cut into the 6-7-8, 9-10-11
and 12th rib sections and each section was physically separated. The
right side of each carcass was cut into boneless, closely trimmed (approxi-
mately 0.3 in.) retail cuts by wholesale cut.

In most instances, highly significant (P < .0l) correlations were
found between the fat probes and separable components, retail and fat
trim yields. As high as 96% of the variation in carcass separable fat,
external fat trim from the round, loin, rib and chuck and total retail
fat trim could be accounted for in either pounds or percent of these

variables by combinations of fat thickness, probes and carcass weight.



Deloran M. Allen

Percent separable muscle and fat from the 9-10-11 rib section and
the wholesale flank showed the highest and most consistent relationships
to percent carcass separable muscle and fat of any of the wholesale cuts.
The ease of separation and low economic value of the flank provided a
more rapid yet accurate cut than those presently used for prediction of
carcass composition. Eighty-eight percent of the variation in percent
carcass separable muscle, 947 of the variation in percent carcass separ-
able fat and 837 of the variation in percent carcass separable bone could
be accounted for by a combination of flank separable components and
objective carcass measurements.

Percent retail yield of the flank was also highly related (P < .0l)
to percent boned, trimmed round, loin, rib and chuck and total carcass
retail yield (0.81 and 0.88, respectively) and was included in prediction
equations to estimate both of these carcass yields.

Low, non-significant correlation coefficients were found between 1.
dorsi muscle potassium and sodium and 1. dorsi muscle weight, area and
total carcass separable muscle (range, 0.00 to 0.30). Means of the

organoleptic analyses were not consistent with compositional data.
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INTRODUCTION

Consumer research studies have repeatedly shown that the American
consumer selects beef primarily for maximum quantity of muscle with a
minimum amount of fat and/or bone. Today's retailer reflects consumer
demand for well muscled, trim retail cuts in his purchases of carcass
beef. Additionally, retail cut yield grade is an optional feature in
the present U. S. Department of Agriculture beef grade specifications.
Thus, the producer must market cattle with a high quantity of inherent
muscling and a minimum of trimable fat to provide the retail cuts demanded
by todayb beef industry and consumer. Beef carcasses commensurate with
these specifications should have at least minimum U. S. D. A. Choice
quality, external fat thickness between 0.25 and 0.5 in. and yield a
minimum of 657 boneless trimmed retail cuts. Such cattle exist today,
5ut many beef carcasses have excessive fat or deficient muscling and
combinations of these two factors.

Objective, yet practical, methods are needed to accurately identify
and measure carcass quantitative and qualitative differences. When such
methods become available, it is anticipated they would be applicable for
characterizing these same differences in live cattle; thus, providing
more objective criteria for selection of breeding stock to meet today's
consumer demand.

The most accurate methods to date for measuring carcass quantitative
differences necessitate destruction of at least a portion of the carcass

(physical separation and chemical analyses). Non-destructive methods

-1-



-2-

currently used involve various combinations of objective and subjective
criteria, but none accurately measures quantitative differences and/or
value. Breidenstein (1962) reported as much as a $13.54 per hundred-
weight difference in value within the same carcass grade. Previous beef
carcass composition studies have consistently indicated that degree of
fatness has a very marked effect upon yield of boneless, trimmed retail
cuts. Yet fat thickness as conventionally measured at the 12th rib has
repeatedly been found to account for less than 407 of the variation in
total carcass fat. Likewise,indices of muscling such as area of longissi-
nus doxsi as well as other muscles account for less than 40% of the
variation in yield of boneless, trimmed retail cuts.

Thus, this study was initiated in an attempt to more accurately pre-
dict total physically separable fat and muscle as well as yield of bone-
less, trimmed retail cuts using a rather comprehensive number of objective
measurements. The specific objectives of this study were: 1. To develop
a repeatable, accurate and practical method for measuring total separable
fat and muscle in beef carcasses. 2. To study the variation in percent
trimmed wholesale round, loin, rib and chuck from steer carcasses of
approximately the same weight and degree of fatmness. 3. To study the
variation in actual boneless, trimmed retail yield among steer carcasses
of approximately the same weight and degree of fatness from estimations
by several existing regression equations. 4. To develop a regression
equation in an attempt to more accurately account for the total variation

in boneless, trimmed retail yield.



REVIEW OF LITERATURE

Early Beef Cattle Evaluation Studies

Research studies during the last half-century have revealed the tre-
mendous variability in production traits and carcass characteristics
which exists within the beef cattle population.

The investigations of Lawes and Gilbert (1860) and Henry and Sanborn
(1883-1890) were among the first reported studies of carcass composition
following the growing and fattening period. Trowbridge et al. (1918)
conducted an exhaustive study of the chemical composition of gains made
by three year old steers during the fattening process to determine what
changes take place in the form of the animal. They observed a marked
increase in fat during the fattening period.

Robert Bakewell is credited with being the first great improver of
cattle. He developed a low-set, blocky, quick-maturing type of cattle
through selection. As quoted by Ensminger (1955), 'His objective was to
breed cattle that would yield the greatest quantity of good beef rather
than to obtain great size."

In the ensuing years, 'beef-type' cattle have become identified with
selection for increased quantity of muscle relative to other cattle types.

Wilson and Curtis (1893) reported limited data comparing performance
traits and carcass qualities of beef- and dairy-type steers. Dairy- and
beef-type steers had approximately equal gains and percent of high priced

cuts. These workers concluded, however, that the carcasses from the



dairy-type steers were deficient in conformation or shape of the high
priced cuts, as well as having less marbling. Moreover, they reported
excessive internal fat in the carcasses from some of the dairy-type
steers.

Knapp and Nordskog (1946a, b), using data from the U. S. Range
Livestock Experiment Station, presented the first known heritability
estimates of quantitative traits in beef cattle., Heritability estimates
have been determined for most of the economically important performance
traits in beef cattle (Black and Knapp, 1936; Black, 1938; Knapp et al.,
1941; Knapp and Black, 1942; Knapp and Clark, 1950; Warwick, 1958; Carter
and Kincaid, 1959; Shelby et al., 1960; Gregory et al., 1961). These
early studies were primarily concerned with production traits and type
studies (Knox and Koger, 1946). More recently, other traits such as
length of calving interval, maternal ability, dressing percent, 1. dorsi
muscle area, tenderness, and other carcass quantitative and qualitative
characteristics have been studied. Heritability has been established for
many of these traits (Knapp and Clark, 1950; Clark, 1954; Warwick, 1958;

Gregory et al., 1961).

Growth
The recent emphasis upon dietary weight control as well as the con-
troversial incrimination of animal fats in cardiovascular diseases has
precipitated much interest in body composition studies. Before attempting
to study composition, a knowledge of animal body growth and development

is necessary.



Meek (1901), Brody and Ragsdale (1924) and Lush (1928) were among
the early workers who studied post-natal growth. They studied external
body measurements and live weight and concluded that the latter increased
at a faster rate than any other single body measurement. In addition,
they found that linear skeletal measurements such as measurements of the
skull and height measurements over the shoulder and rump increased at a
slower rate than did measurements of fat and muscle mass. These workers
determined that the skeleton was better developed at birth than were
muscle and fat masses which constitute the greatest proportion of total
body mass at normal slaughter weight. The conclusions of these early
workers were supported by the findings of Hammond (1932), McMeekan (1941),
Wallace (1948) and Palsson and Verges (1952) resulting from complete
dissection of swine and sheep carcasses. These latter workers concluded
that a primary growth wave occurs from the cranium to the facial parts
of the head and posteriorally to the lumbar region. A secondary growth
wave starts in the metacarpals and metatarsals and continues down toward
the digits and upward along the limbs to the lumbar region. These findings
led to the measurement of area of the 1. dorsi muscle in the middle of
the back as an index of muscling. Palsson (1939) reported that muscle
development could most accurately be determined from the cross-sectional
area of the 1. dorsi muscle at the last rib, since this area of the animal
body is the last to reach full development.

Luitingh (1962) observed from dissection studies of cattle that the

cut, "the loin" was not the latest developing part of the animal. This



agrees with the findings of Butterfield (1963b) who concluded from his
studies with beef cattle that muscles along the spine were constant in
their rate of development when compared with the rate of development of
total carcass lean. In an extensive dissection study, he determined the
rate of proportional increase in muscle groups in different breeds of
cattle using as a control the proportion of these muscle groups from
pre-natal, but near full-term calves. He classified the different muscles
as early developing, late developing, very late developing and average
developing muscles. Muscles which he classified as early developing were
those muscles which at birth had a weight-relation to total carcass muscle
that was greater than the same weight-relation in the mature animal.

These were the intrinsic muscles of the forelimb and the distal intrimsic
muscles of the hind limb. Late developing muscles were those which had a
weight-relation to total carcass muscle at birth that was less than that
in the mature animal. Late developing muscles were abdominal muscles and
poximal muscles of the hind limb. Very late developing muscles were those
which had a weight-relation to total carcass muscle at birth that was less
than that in the mature animal and which do not increase relative to total
muscle until late in life. The intrinsic muscles of the neck and thorax
and muscles of the neck and thorax which are attached to the thoracic limb
were classified as very late developing. Average developing muscles were
those whose weight-relation to that of total carcass muscle did not change
during post-natal life and included only those muscles surrounding the

spinal column.



Fattening

Hankins and Titus (1939) stated that in young growing animals weight
gains are composed largely of protein and water; whereas, those of the
mature or nearly mature animal consist primarily of fat. These workers
reported that one of the best known and most obvious changes which accom-
panies growth and fattening is the increase in the ratio of carcass weight
to the weight of the entire body (dressing percent). Warner et al. (1934)
reported that as the hog grows and fattens, the percent ham, loin, shoulder
and head decrease. They also reported an increase in the percent bacon
and fat trim. Hankins and Titus (1939) found that in beef, the percent
rib, short loin, plate and flank increased as the animal fattened and the
percent round, sirloin and foreshank decreased. The chuck and rump showed

very little change.

Physical Methods for Estimating Carcass Composition

Physical Separation Studies. Physical separation data of entire beef

carcasses are limited because such studies are laborious, time consuming
and involve economic loss of product. However, physical separation of
wholesale cuts or parts thereof has been used rather extensively to measure

beef carcass composition.

9-10-11 Rib Section Separation. The most widely used method of esti-

mating beef carcass composition is physical separation of the 9-10-11 rib
section as described by Hankins and Howe (1946). They reported correla-

tion coefficients between the percent separable muscle, fat and bone from



the 9-10-11 rib section with the same components from the entire carcass
of 0.85, 0.93 and 0.83, respectively. The conclusions of these workers
were suéported by the findings of Crown and Damon (1959) who reported
correlation coefficients of 0.94, 0.98 and 0.73 for muscle, fat and bone,
respectively, between these components in the 9-10-11 rib section and

the same components in the carcass.

12th Rib Separation. Crown and Damon (1959) also reported correla-

tion coefficients between the percent separable carcass muscle, fat and
bone and the same separable components of the 12th rib section of 0.82,
0.96 and 0.75, respectively. They suggested using the 12th rib section
to predict carcass composition for greater economy of time and labor

since results were comparable to those from the 9-10-11 rib section.

Round, Chuck and Foreshank Separation. Cole et al. (1960) reported

high relationships between separable muscle of the round, chuck and fore-
shank and total separable muscle of the carcass (0.95, 0.93, and 0.81,
respectively). Separable muscle of these wholesale cuts was associated
with 90, 87 and 66%, respectively, of the variation in total separable
muscle of the carcass. These workers suggested the use of either the
round or foreshank as an index of carcass muscling due to their high pre-

dictive value and relative ease of separation.

Flank Separation. Hankins and Howe (1946), Hedrick et al. (1963)

and Miller et _al. (1965) reported that retail yield or separable muscle

and fat of the flank is highly related to total beef carcass muscle and



fat. Hankins and Howe (1946) reported that the correlation between per-
cent separable fat in the flank with percent ether extract in the carcass

was high (0.95). Miller et al. (1965) reported that the percent yield

of muscle from the wholesale flank showed the second highest relation to
percent total carcass retail yield, the round being the most highly
related. These workers concluded that yield of muscle from the flank

was relatively constant but that it was a fat depot and the amount of fat

in the flank was highly related to total fat trim or total separable fat.

Relationship of Individual and Groups of Muscles to Carcass Composi-

tion. The relationship between several individual muscles and total
carcass muscle has been shown to be quite high by several workers (Orme
et al., 1960; Dumont et al., 1961; Butterfield, 1963a; and Miller et al.,
1965). These workers reported a high correlation between 1. dorsi muscle
weight and total separable carcass muscle (approximately 0.90). Weight

of the biceps femoris muscle was reported by Orme et al. (1960) and Butter-

field (1963b) to be highly correlated to total carcass muscle (0.96).
Orme et al. (1960) also reported high correlation coefficients between

total separable carcass muscle and the semimembranosus plus adductor (0.92),

semitendinosus (0.83), quadriceps muscle group (0.93), psoas major (0.82),

triceps brachii (0.84) and infraspinatug (0.80) muscles,

Relationship of Individual and Groups of Bones to Carcass Composition.

Orme et al. (1959) reported that live weight, chilled carcass weight,

primal cut weight and estimated carcass muscle (from 9-10-11 rib physical
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separation) in almost all instances were significantly and positively
related to measures (weight and linear measurements) of the fore and hind
cannon bones. These workers found that when the effects of live weight
were removed, width and circumference measurements of the hind and fore
cannons were associated with 15 to 25% of the existing variation in area
of 1. dorsi muscle. These same workers concluded that even though cannon
bone measurements and radiographs of the lumbar vertebrae are related to
muscling, these relations are too low to be of any predictive value.
Henderson et al. (1966) reported significant correlations (P < .0l) between
total carcass bone and percent separable muscle (0.77), and percent
separable muscle from the four major wholesale cuts (0.73).

Butterfield (1963a) observed high correlations between the weight
of various bones and total carcass bone weight in beef steers. He re-
ported correlation coefficients between total bone weight and weight of
the scapula (0.96), humerus (0.99), radius and ulna (0.97), radius and
ulna plus carpus (0.98), or coxae (0.97), femur (0.98), tibia (0.97) and
the tibia plus tarsus (0.96). Orme (1963) reported highly significant
correlations (P < .0l) between total lamb carcass muscle weight and weight
of the following bones: radius and ulna, metacarpal, metatarsal, tibia
and the femur. He also reported highly significant correlations (P < .01)
between these same bones and total carcass bone weight (r = 0.80) as well
as between weight of bones from various wholesale cuts of lamb and total
carcass bone weight (total carcass bone with leg-bone 0.90, loin-bone

0.52, rack-bone 0.69, shoulder-bone 0.82 and foreshank bone 0.84).
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Relationship of Linear Measurements to Carcass Composition. White

and Green (1952) reported that various live animal measurements were
highly correlated with weights of major beef cuts (0.5 to 0.6) and linear
measurements of the live animal were of value for estimating weight of
various wholesale cuts. Cook et al. (1951), Green et al. (1955), Dawson
et al. (1955), Tallis et al. (1957) and Orme (1958) reported similar
results. Orme (1958) and Allen (1963) reported simple correlation co-
efficients (0.3 to 0.8) between live animal measurements and weight of
various wholesale cuts. Orme (1958) reported that when the effect of
live weight was held constant, most of these relationships were markedly
reduced. Cole et al. (1962) reported that carcass weight, carcass length
and 1. dorsi muscle area were related to total carcass separable muscle
(r = 0.75, 0.23 and 0.39, respectively). With carcass weight held con-

stant, Cole et al. (1960) stated that 1. dorsi muscle area accounted for

5% of the variation in pounds of separable lean in the carcass.

Specific Gravity. Pearson (1965) stated that the major problem in

determining specific gravity is that of accurately measuring volume. He
stated that this could be done by one of two methods: 1) gaseous dis-
placement and 2) water displacement. Morales et al. (1945) reported

data for guinea pigs which provided the basic information for the calcu-
lation of equations giving the density of the fat-free body. Brown et al.
(1951) and Whiteman et al. (1951) used the underwater specific gravity

method for estimating the composition of carcasses and cuts from farm

animals. Gnaedinger et al. (1963) using the helium dilution technique
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for determining specific gravity of market weight pigs, obtained poor

agreement between this value and chemical analysis.

Chemical Methods for Estimating Carcass Composition
Research workers have used various chemical methods for the deter-
mination of body composition. Among these are the antipyrene (Brodie et
al., 1949) and tritium (Pace et al., 1947) methods. Moore (1946) pre-
sents an excellent discussion of the principles involved in the isotope

dilution techniques for measuring total body water.

Relationship between Muscle Content of Potassium and Sodium and

Carcass Composition. Kirton and Pearson (1963a,b) reported that potassium

and sodium content of muscle tissue, as determined by flame photometry,
was significantly related to carcass composition in sheep and hogs. With
a group of 10 lamb carcasses, these workers found that the potassium
content of muscle tissue when measured by flame photometry was signifi-
cantly related to carcass composition but not when measured from K40
content. In another group of 20 lots of ground pork and 15 lots of ground
lamb, potassium content by both methods studied by these workers gave
approximately the same results. However, the flame photometry method

was more closely related to 7 water, fat and protein content of the
samples. These workers concluded that a degree of precision at least
equal to the flame photometry method was needed in a non-destructive

method before it would become useful. Similar conclusions were made by
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Kirton et al. (1961) for the K40 method of predicting carcass composition
in live lambs. Correlations determined by these workers were higher be-
tween measured potassium content of muscle and total muscle than between
measured sodium content of muscle and total muscle. Kirton and Pearson
(1963a) reported a species difference between sheep and swine with the
relation between potassium and total muscle being higher in swine than
in lambs. Gillett et al. (1965) further reported a significant differ-
ence in potassium and sodium content among various muscles of the pig.
They also reported a significant difference in potassium and sodium con-
tent between the two breeds of swine studied. It was therefore concluded
by these workers that due to the variations in potassium and sodium
content (especially potassium), constancy does not exist between the
muscle-element ratio and this is an important source of error when using

this method of estimating composition.

Linear and Multiple Regression Equations for Predicting Carcass Com-

position. Numerous linear and multiple regression equations for predicting
carcass composition have been developed. Hankins and Howe (1946) were
among the early workers to develop linear regression equations from the
percent separable muscle, fat and bone of the 9-10-11th rib section for
predicting beef carcass composition.

Cole et al. (1960) developed regression equations to predict total
separable muscle in beef carcasses from the pounds of separable muscle
in each of several wholesale cuts (round, sirloin, shortloin, rib, chuck

and foreshank).
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Butterfield (1963a) calculated multiple regression equations for
the estimation of total muscle, fat and bone weight from separable com-
ponents as well as from some linear measurements.

Orme et al. (1960) developed linear regression, prediction equations
for total separable carcass muscle using weights of individual muscles or
groups of muscles as predictive factors. The latter authors stated that
the fraction of the total sum of squares for separable muscle in the beef
carcass associated with the degree of freedom for linear regression ranged
from 63 to 917%. They reported that the four heavier muscles seemed to be
the best predictors but the four lighter muscles also account for a large
fraction of the variation in total carcass muscle.

Cole et al. (1962) developed a "simplified method for predicting
pounds of muscle in beef carcasses'. They reported that carcass weight
was more closely related to total separable muscle than any other single
measure and therefore should be included in the prediction equation. When
they combined one fat measurement taken at the 12th rib (described by
Ramsey et al., 1962) with carcass weight in a regression analysis, they
were able to account for over 707 of the variation in total separable
carcass muscle.

Kirton and Pearson (1963b) presented regression equations for the
prediction of % water, ether-extract, and protein in empty pig carcasses
using potassium content of ground samples as predicting factors. They
concluded, however, that the accuracy with which composition could be pre-

dicted from potassium content was unsatisfactory under the conditions used.
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Beef Carcass Retail Yield Studies
In recent years, numerous studies have been conducted to determine
the variability and factors influencing variability of beef carcass re-
tail yield. These have been concerned with quantitative factors as they

may be related to carcass value,

Variability of Beef Carcasses Retail Yield. Research data reported

by Butler (1957), Cole et al. (1960), Murphy et al. (1960) and Butler et
al. (1961) have shown that great variability occurs in the retail yield
of beef carcasses. These data indicate that carcass value differences
exist within as well as between grades.

Kropf and Graf (1959) reported that total carcass boneless, closely
trimmed retail yield varied from a high of 68.71% to a low of 57.63%
among U. S. Choice, Good, Commercial (Standard) grade steer, heifer and
cow carcasses ranging in weight from 400 to 900 1b.

Breidenstein (1962) found a range of 197% in retail yield and $13.55
per hundredweight value difference among 105 steer sides and both sides
of 94 heifer carcasses within the U. S. Good and Choice grades. He
eliminated the extremes from the study above, thus leaving a range of
14.47, between the low and high yielding carcasses which still included
95% of the original sample. This represents a value difference between
the low and high yielding carcasses of $10.32 per hundredweight or approxi-
mately $60.00 for a 600 pound carcass.

Brungardt and Bray (1963) conducted a similar study on 99 left sides

of U. S. Choice steers. These were selected at random within three weight



-16-

groups (260 to 288 pounds, 300 to 325 pounds and 332 to 360 pounds). The
light to heavy weight groups yielded an average percent boneless, trimmed
retail cuts from the round, loin, rib and chuck of 50.8%, 49.7% and 48.5%,
respectively. The range in percent retail yield was 47.0 to 54.6% in the
light weight group, 46.3 to 53.0% in the middle weight group and 45.5 to
51.5% in the heavy weight group. The ranges included only those 22 of
the 33 sides in each group closest to the average retail cut-out for the
group. The ranges in value per hundredweight were $6.56, $5.52 and $5.25
for the light, middle and heavy weight groups, respectively. While these
values were not as large as those reported by Briedenstein (1962), this
study included only the four major wholesale cuts of beef and one-third

of the extremes were not included in the ranges reported.

Factors Influencing Variability of Retail Yield. Since carcasses

are composed of three major tissue components, muscle, fat and bone; the
proportion of these three components influences retail yield. Retail
cuts as referred to in these studies consist of muscle plus fat trimmed
to approximately 0.3 in. Thus, any increase in the amount of fat and/or

bone results in a decrease in the percent retail yield.

Influence of Fat upon Retail Yield. Kropf and Graf (1959) reported

total carcass fat trim ranged from 10.78 to 27.167% among U. S. Choice,
Good and Commercial (Standard) grade steer, heifer and cow carcasses
ranging in weight from 400 to 900 1b.

Ramsey et al. (1962) reported that external fat thickness at the

12th rib varied from 0.1 to 1.1 in., kidney fat from 1.8 to 8.97% and
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separable fat in the carcass from 14.3 to 42.87% for carcasses within the
U. S. Choice, Good and Standard grades. Brungardt and Bray (1963) re-

ported that among carcasses grading U. S. Good and Choice, fat thickness
at the 12th rib varied from 0.35 to 1.60 in. and kidney fat from 2.4 to

7.8%. Cole et al. (1962) stated that, holding carcass weight constant,

external fat thickness at the 12th rib accounted for 347% of the variation
in separable carcass lean.

Lewis et al. (1964) reported correlation coefficients between the
third fat measurement over the 12th rib (described by Ramsey et al., 1963)
and percent retail cuts and bone-in, closely trimmed retail cuts of -.26
and -.04, respectively. These workers also reported that a number of
probes of subcutaneous fat over the rump and clod showed little relation-
ship to the third fat measurement over the 12th rib, yet were negatively
but highly significantly correlated with both percent bone-in and bone-
less, closely trimmed retail cuts. Carpenter et al. (1965) reported that
each of several measurements of fat taken on the exposed surface between
the 12th and 13th rib in lamb carcasses were significantly related (P < ,01)
to percent fat trim. These same measurements were also highly, negatively
correlated with the yield of leg, loin, rack and shoulder. Hedrick et al.
(1963) and Miller gf al. (1965) reported significant (P < .0l) negative
correlations between fat thickness at the 12th rib, and several other
carcass fat thickness measurements and retail yield. The latter workers

reported higher correlations between subcutaneous fat thickness measure-

ments and percent retail cuts than with weight of retail cuts. They found
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that subcutaneous fat thickness measurements (probes) were nonsignifi-
cantly correlated with weight of retail cuts except those measurements
and probes over the llth to 12th thoracic vertebrae which were signifi-
cant (P < .05). All correlations between fat thickness and percent
boneless and partially boneless retail cuts were negative and highly
significant (P < .0l). These same workers reported that probes taken

in the 11th to 12th thoracic vertebrae area were more closely related to
retail yield than fat thickness measurements at the 12th thoracic verte-
bra. They stated that degree of fatness has a greater influence upon
retail yield than 1. dorsi muscle area and an increase of 0.16 in. in
fat thickness at the 12th rib resulted in a 17 decrease in partially bone-
less retail cuts.

Zinn et al. (1963) reported a negative correlation (-.81) between
percent fat trim and boneless round, loin, rib and chuck in beef carcasses.
With multiple regression analysis, they found that each 17% increase in
carcass fat trim, resulted in a corresponding decrease of 0.34% boneless
round, loin, rib and chuck. Miller et al. (1965) reported negative and
significant correlation coefficients (P < .0l) between fat trim from the
right and left sides with retail yield of the round, loin, rib and chuck
and with total carcass retail yield. The latter workers concluded that
variation in percent fat trim accounted for more of the variation in bone-
less and partially boneless retail yield of the carcass than any other
variable studied. They stated that an increase of approximately 1.10%

in fat trim decreased partially boneless retail yield 1%. Butterfield
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(1965) reported that when separable fat is increased above 207%, the
proportion of expensive muscles in a beef carcass is markedly reduced.

Brungardt and Bray (1963) reported correlations between external fat
thickness measurements taken at various points on the carcass and percent
retail yield from the round, loin, rib and chuck ranging from -.63 to -.73.
Retail yield was also negatively correlated (-.54) with percent kidney
and pelvic fat. Percent kidney and pelvic fat were also reported to be
negatively correlated to retail yield by Butterfield (1963a).

Murphy et al. (1960) reported high negative correlation coefficients
between retail yield and a single fat thickness measurement at the 12th
rib and with percent kidney knob (-.83 and -.66, respectively). Brown
et al. (1962) reported on a study involving 453 steer carcasses. They
observed a high negative correlation coefficient between estimated (physi-
cal separation of 9-10-11 rib) separable lean and fat (-.84). Breiden-
stein (1962) reported that for each one pound increase in kidney fat there
was a decrease in partially boneless retail yield of 0.377 for steers and
0.447 for heifers. Kropf and Graf (1959) also found more trim fat among
heifer carcasses than for the same weight and grade steer carcass.

The above results agree with those of Callow (1947) who reported that

fat is the most significant variable in beef carcass composition.

Influence of Carcass Weight Upon Retail Yield. Many research studies

have shown that carcass weight is negatively related to retail yield, Cole

et al. (1960), Butterfield (1963a), Breidenstein (1962), Cole et al. (1962,
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Brungardt and Bray (1963) and Swiger et al. (1964). Kropf and Graf (1962)
observed that increased carcass weight had a significant depressing effect
upon total carcass retail yield.

1. (1960) reported that carcass weight was more closely re-

Cole et
lated to total separable muscle (0.77) than any other single variable
studied. Butterfield (1963a) also found that carcass weight was more
closely related to pounds of separable carcass muscle than any other
variable. Swiger et al. (1964) reported that the simple correlation co-
efficient between carcass weight and percent retail yield was -.48. These
workers stated that carcass weight alone accounted for 93% of the varia-
tion in retail yield.

Brungardt and Bray (1963) reported that heavier carcasses contained
significantly more fat per unit of carcass weight than lighter carcasses.
Cole et al. (1962) found that as carcass weight increased, the average
percent steaks decreased and the percent waste increased. Breidenstein
(1962) reported that a 100 lb. increase in carcass weight resulted in a
reduction in retail yield of 1.427%. Murphy et al. (1960) also reported a

a negative relationship between carcass weight and retail yield.

Influence of Conformation Upon Retail Yield. Briskey and Bray (1964)

reported that although conformation has long been included in grading
standards, its inclusion is based upon the supposition that it is related
to yield of retail cuts, especially those from the round, rib, loin and
chuck. They stated that this trait is related primarily to the shape and
fullness of the round, loin, rib and chuck. They concluded that confor-

mation is related to muscle development, i.e., thickness, depth and length,
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but that it is also largely influenced by fat deposition both subcutan-
eous and intermuscular.

Breidenstein (1962) reported no significant relation between confor-
mation score and yield of retail cuts in steers grading primarily U. S.
Good and Choice. However, they observed that a one-third increase in
conformation score in heifer carcasses was accompanied by an increase of
0.347 in partially boneless retail yield.

Butler (1957) reported data from beef carcasses with a wide range
of conformation scores, but the percent of individual wholesale cuts was
very similar. This agrees with findings of Wilson and Curtis (1893) and
Branaman et al. (1962) comparing retail yield of dairy- and beef-type
steers. Brungardt and Bray (1963) reported that while variation in um-
trimmed wholesale cut yield is small, when the cuts were trimmed to
approximately 3/8 in. external fat, the yields of these trimmed wholesale
cuts between beef carcasses were markedly different and closely related
to boneless, trimmed retail cut yields.

In a study involving 96 carcasses, Zinn et al. (1961) reported signi-
ficant (P < .01) correlations between conformation score and carcass fat
thickness at the 12th rib (0.50) and with percent trimable fat (0.69).
This agrees with results of Miller et al. (1965) who reported that dressing
percent and conformation score were not related to retail yield but slightly
related to fat thickness at the 12th rib and to trimable fat. The latter
workers concluded that higher conformation scores were due largely to

excess fat which was subsequently trimmed off. These data agree with
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Hedrick'ss‘gl. (1963) who concluded that it is difficult for superior
muscle development to compensate for excess fat deposition.

In a study involving British, Zebu and dairy breeds of cattle, Cole
et al. (1964) reported that Holstein steer carcasses had the highest per-
cent separable muscle in all wholesale cuts, except the chuck and plate.
Brahman steer carcasses had the highest percent separable muscle in these
two wholesale cuts. Holstein carcasses had the lowest percent total
separable carcass fat and were lowest in percent separable fat in all
wholesale cuts, except the chuck where Brahman carcasses were lower.
These authors found that the British breeds yielded the lowest percent
muscle in all wholesale cuts except the foreshank where they yielded a
higher percent muscle than Zebu cattle. The British breeds yielded the
highest percent total carcass separable fat as well as percent separable
fat from all wholesale cuts. These workers concluded from their results,
that any effect conformation might exert upon percent yield of separable
muscle (wholesale cuts or carcass) was overcome by the depressing effect
of fat upon yield of separable muscle.

Kirton (1964) stated that intensive selection of breeding ewes for
and against conformation had little influence upon the amount and value
of the meat produced by their lambs. He concluded that carcasses with
better conformation had less muscle and more fat than carcasses with poor
conformation.

Briskey and Bray (1964) stated that it is difficult to determine
muscular development in heavily fatted carcasses, since a heavily finished

carcass is more likely to be scored higher in conformation than one with



less finish. They stated that from the literature available it seemed
safe to conclude that conformation influenced retail yield to a far lesser

extent than did degree of fatness, especially external fat.

Influence of 1. dorsi Muscle Area Upon Retail Yield. The ease with

which this measurement can be obtained has led to extensive use since it
is recorded in almost all beef carcass research studies.

Cole et al. (1960), Brungardt and Bray (1963), Butler et al. (1961),
Hedrick et al. (1963), Gottsch et al. (1961), Cahill et al. (1961) and
Breidenstein (1962) have reported significant, positive, correlation co-
efficients (0.40 to 0.60) between 1. dorsi muscle area and retail yield.
However, these same authors showed that on a carcass weight and fat con-
stant basis the correlation coefficients were significantly reduced. Since
area of 1. dorsi muscle is at least partially a function of weight, this
would be expected. Field et al. (1963) reported that although the area of
1. dorsi muscle-weight relationship existed, it was a nonlinear relation-
ship in their study. Brungardt and Bray (1963) reported that 207 of the
variation in retail yield could be accounted for by differences in area
of the 1. dorsi muscle. They also reported that with carcass weight, per-
cent kidney fat and a single fat thickness measurement at the 12th rib
held constant, the standard partial regression coefficient of boneless,
closely trimmed retail yield from the round, loin, rib and chuck on area
of the 1. dorsi muscle was only 0.16.

Briskey and Bray (1964) concluded that although the influence of area

of 1. dorsi muscle upon retail yield is small compared to that of fat,
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emphasis upon size of this muscle may be justified because it comprises a

large proportion of two of the high priced cuts of the beef carcass.

Influence of Bone Upon Retail Yield. Wythe et al. (1961) and Hender-

son et al. (1966) reported positive relationships between the amount of
bone and retail yield.

Wythe et al. (1961) studied the weight, length, and length-weight
ratio of the metacarpus, metatarsus, tibia, femur and the radius-ulna in
relation to the yield of trimmed retail round, loin, rib and chuck. They
observed significant (P < .0l1) and positive relationships between bone
measurements and retail yield. Henderson et al. (1966) reported signifi-
cant correlations (P < .0l) between percent total carcass bone and percent
total retail yield (0.64) and percent total retail yield of the four major
wholesale cuts (0.68). Good et al. (1961) reported significant correlation

coefficients between circumference of cannon bone and muscling score (-.32),

circumference of round (0.30) and 1. dorsi area (0.13).

Regression Equations for Measuring Differences in Retail Yield. Mur-

phy et al. (1960) developed a regression equation from data of 169 cattle
varying widely in grade and weight. This equation was developed to pre-
dict the estimated percentage of boneless, closely trimmed retail cuts

from the round, loin, rib and chuck. They compared predicted retail yield
with actual retail yield and obtained a correlation of 0.906 with a stan-
dard error of the estimate of 1.9%. Palmer et al. (1961) conducted studies
with 138 cattle varying in slaughter weight, breeding and quality grade.
They reported a correlation coefficient between actual and estimated re-
tail yield (Murphy et al., 1960) of 0.76 which accounted for slightly

less than 607 of the total variation in retail cut yield.
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Comparison of actual boneless, trimmed retail yields with those esti-
mated by the equation of Murphy et al. (1960) ranges from a low of 35% of
the variation in retail yield accounted for to a high of 80%, Briskey and
Bray (1964). In a review of the literature, the latter authors stated
that the equation of Murphy et al. (1960) probably accounts for 50 to 70%
of the variation in the boneless, trimmed retail yield from the four major
wholesale cuts.

Brungardt and Bray (1963) developed a regression equation designed
to measure variation in percent boneless, trimmed retail yield from the
round, loin, rib and chuck. Using this equation, they were able to account
for 81% of the variation in boneless, trimmed retail yield.

Kropf and Graf (1959) and Breidenstein (1962) reported marked retail
yield differences between steer and heifer carcasses and the latter author
developed a separate regression equation for each sex. He was able to
account for 72% of the variation in retail yield of steer carcasses but

that for heifers, although similar, was slightly less accurate.



EXPERIMENTAL PROCEDURE

Source of Material: Eighty steer carcasses were purchased from

several beef packing companies in central Michigan. Selection was made
pre-slaughter to insure procurement of steers of the three major British
beef breeds. Carcass selection involved the following two criteria:

1) chilled carcass weight and 2) average fat thickness (12th rib measure-

ment) as described by Naumann (1952).

Grouping: In an attempt to minimize the effects of carcass weight
and fat thickness upon composition and cutability, the carcasses were
equally divided into two weight ranges; 500 to 550 pounds and 700 to 750
pounds. The two weight ranges were further subdivided into four fat thick-
ness (av. at 12th rib) ranges: .26 to .50 in., .51 to .75 in., .76 to
1.0 in. and 1.01 to 1.25 in. Ten steers were selected within each of the

resulting eight groups as shown in table 1.

Table 1. Distribution of carcasses within weight and fat thickness groups.

Average fat thickness (12th rib)

Carcass weight ,26" to .50" .51" to .75" .76" to 1.0" 1.01" to 1.25"

Group I Group II Group III Group IV

500 to 550 1b. 10 carcasses 10 carcasses 10 carcasses 10 carcasses

Group V Group VI Group VII Group VIIIL

700 to 750 1b. 10 carcasses 10 carcasses 10 carcasses 10 carcasses

-26-
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Slaughtering Procedure. Conventional slaughter procedures were

followed except the carcasses were not scribed or the necks pinned.

Sub jective Carcass Evaluation. Following selection of the carcasses,

each was subjectively scored for the characteristics shown in table 2.
Conformation was scored with a conscious effort to evaluate degree of

muscling irrespective of quantity of fat.

Linear Carcass Measurements

Linear Fat Measurements at the 12th Rib. The fat thickness measure-

ments obtained at the 12th rib are shown in Figure 1. In addition to
average fat thickness as previously described (av. of A, B and C), four
other fat thickness measurements were taken at the 12th rib (D, E, F and
G). The site for measurement D was determined by extending a perpendicu-
lar from the ventral tip of line W-X to the fat seam over the 1. dorsi
muscle. A perpendieular line was drawn to the outer edge of the subcutan-
eous fat from the point at which the previous perpendicular bisected the
fat seam. Measurement of the latter perpendicular was recorded as fat
measurement D, Line Y-Z which is the same length as line W-X, was drawn
from the point where the perpendicular of measurement D bisected the fat
seam to the fat seam at point Z. Measurements E, F and G were made from
perpendiculars drawn from the outer edge of subcutaneous fat to points
located on the fat seam at one-fourth, one-half and three-fourths the

length of line Y-Z.

Fat Probes. Probes of subcutaneous fat were made on the left side

of each carcass at the sites shown in Figure 2. The following vertebrae
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Table 2. Characteristics and scores used in the subjective carcass
evaluation.

Characteristic Score

Carcass conformation
Hindquarter conformation
Forequarter conformation
Round conformation

Maturity score

Marbling score

Final grade

Estimated kidney knob weight

'n.lmlolJmlm’mlm

Characteristic Score
Low Av. High

8Conformation and/or grade

U.S. Standard 1 2 3
U.S. Good 4 5 6
U.S. Choice 7 8 9
U.S. Prime 10 11 12
bMaturitx - Av. +
A 1 2 3
B 4 5 6
C 7 8 9
CMarbling - Av. +
Devoid 1 2 3
Practically devoid 4 5 6
Traces 7 8 9
Slight 10 11 12
Small 13 14 15
Modest 16 17 18
Moderate 19 20 21
Slightly abundant 22 23 24
Moderately abundant 25 26 27
Abundant 28 29 30

dyeight in 1b.




Figure 1. gluatntion showing fat thickness measurements taken at the
th rib,




Figure 2. Illustration showing the pattern of the fat probes taken 4, 8
and 12 in. from the midline on the carcass.
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were used as skeletal reference points for the location of these sites:

The 5th, 8th and 1lth thoracic, the 1lst, 4th and 6th lumbar and the 3rd

and 5th sacral. Fat probes were made with a scalpel and metal ruler per-
pendicular to the anterior edge of these reference vertebrae, 4, 8, and

12 in. laterally from the dorsal tip of the vertebral cartilage. All

probes were recorded to the nearest mm.

Length and Circumference of Round. These measurements were made

with a flexible steel tape in accordance with the procedures described by

Naumann (1952).

Depth at 10th and 12th Thoracic Vertebrae. These measurements were

taken with a sliding T-square as described by Macleod (1964).

Depth of Fat over the Brjiskei. This measurement was taken, with a

sliding T-square, perpendicular to the first sternebra as shown in Figure

3.

Cutting Procedure

Both right and left side of each carcass were cut into conventional
wholesale cuts according to the procedure described by Wellington (1953),
with the following two exceptions. The plate was removed from the whole-
sale rib cut by measuring 10 in. ventrally from the spinal colum, at
both the loin and blade ends of the rib, and removing the plate along a
line connecting these two points. The brisket was removed from the chuck,
by extending the cut where the foreshank was removed, on a line parallel

with the dersal side of the chuck.
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Figure 3. Illustration showing the measurement of fat depth over the
brisket.
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Left Side. The wholesale cuts from the left side were individually
physically separated into the components: muscle, fat and bone with two
exceptions. The wholesale round and rib were further sub-divided. The
rump was removed from the round according to the procedure described by
Wellington (1953), and the wholesale rib was cut into three sub-parts;
the 6-7-8 rib section, the 9-10-11 rib section and the 12th rib section
following the procedure described by Hankins and Howe (1946). All three
rib sections and the rump and rumpless round were then individually
separated into muscle, fat and bone. All physically separated components

were weighed and recorded to the nearest 0.05 1b.

Bone and Muscle Study. Weights of the following individual and bone

groups from the left side were recorded to the nearest 0.05 1lb.: radius
plus ulna, humerus, scapula, tibia plus fibula and the femur.
Muscle weights were recorded for the following individual and muscle

groups: semitendinosus, semimembranosus, biceps femoris, rectus femoris,

triceps brachii, supraspinatus, psoas major, longissimus dorsi, semimem-

branosus plus adductor, and the quadriceps muscles.

Right Side. The four major wholesale cuts from the right side (round,
rib, loin and chuck) were trimmed of external fat to approximately0.3 in.
Weight of untrimmed and trimmed wholesale cut and fat trim from each was
recorded to the nearest 0.05 1lb. All wholesale cuts were then cut into
closely trimmed (approximately 0.3 in. external fat) boneless retail cuts.
Weight of retail cuts, fat trim, and bone from each wholesale cut was

recorded to the nearest 0.05 1b.
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Tenderness Studies

The section of the left 1. dorsi muscle from the shortloin of each
carcass was frozen and stored at approximately -10°F for subsequent
chemical and organoleptic analysis. The frozen muscles were removed
from the freezer 24 hr. prior to organoleptic analysis and four, 1 1/4
in. steaks were removed from the anterior end of the muscle and numbered
1 through 4 with 1 designated the most anterior steak. Steak number 1
was rewrapped and replaced in the freezer for subsequent chemical analysis.
Steaks 2, 3 and 4 were then allowed to thaw overnight at approximately
38°F.

A thermometer was placed in the steak through the dorsal edge of the
muscle to the approximate center of the cross-sectional area of the steak.
The steaks were cooked in deep fat (lard) at a temperature of 300 * 2°F.
The steaks were removed and allowed to cool for 20 min. Four, one inch
cores were removed from each steak parallel to the muscle fibers. The
four cores from steak number 2 were used for Warner-Bratzler shear values.
One shear value was determined from each core and the four values were
averaged and recorded as shear value for each steak. Cores from steaks
3 and 4 were cut into two equal portions perpendicular to the orientation
of the muscle fibers and served to a trained, eight-member taste panel.
Evaluation of flavor, juiciness and tenderness was scored by the panel
on a nine-point hedonic scale with nine designated as most desirable.
Position of the cores within each steak was kept constant for each panel

member.
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Chemical Analysis

Steak number 1 was removed from the freezer, allowed to thaw over-
night at 38°F and then ground to obtain a sample for chemical analysis as
outlined by Orme (1958). Percent moisture and protein were determined by
procedures as outlined by Benne et al. (1956). Ether extract was deter-
mined by the method described by Orme (1958).

Potassium and sodium analysis were determined on each muscle sample
using the TCA extraction procedure of Mounib and Evans (1957) as modified
by Kirton and Pearson (1963). A Beckman DU spectrophotometer with a
model 9220 flame attachment was used for the analysis. Potassium and
sodium content of each muscle was calculated by use of a standard curve
determined by plotting the percent tramsmittance against the ppm of these

electrolytes in standard solutionms.

Statistical Analysis

The statistical procedures followed were described by Snedecor (1956).
A 2 x 4 x 10 factorial analysis was calculated to determine treatment and
interaction effects on several measures of carcass composition and cuta-
bility. The multiple range test of Duncan (1955) was employed to evaluate
significance of individual differences. Simple correlation coefficients
were calculated on a total, within weight and within weight-fat thickness
group basis. Where applicable, multiple correlation coefficients were

calculated on a total and within weight group basis.



RESULTS AND DISCUSSION

The means and standard deviations for the carcass traits which were
correlated with all objective and subjective measurements are presented
in tables 3, 3a, 4 and 4a. These means are presented for the combined
and individual weight groups, within fat thickness ranges and within

weight and fat thickness groups.

Effect of Carcass Weight upon Pounds and Percent Carcass Separable Compon-

ents, Retail and Fat Trim Yields. Carcass weight had a highly significant

(P < .01) effect upon pounds of all the carcass separable components,
retail and fat trim yields (table 3). Carcass weight also had a highly
significant (P < .0l1) effect upon percent retail and fat trim yields but
not on the percent separable carcass fat,muscle and bone (table 4).

It is interesting to note that the 200 1b. increase in carcass weight
from the 500 to 550 1b. weight group to the 700 to 750 1b. weight group
resulted in an 88 1lb. increase in separable muscle and a 94 1b. increase
in total retail yield. Bone accounted for approximately 20 1b. of the
total 200 1b. difference in carcass weight. Fat accounted for the remain-
ing portion of this weight difference. Carcasses of the 500 to 550 1b.
weight group were obtained from steers weighing approximately 850 1b.
alive and those from the 700 to 750 lb. group from 1150 lb. steers. Thus,
less than one-third of this live weight difference between these two car-
cass weight groups was separable muscle or total retail cut yield.

It is also of interest that the percents separable fat, muscle and
bone as well as percents retail and fat trim yields between the two car-
cass weight groups (table 4) are markedly similar.

-36-



-37-

*SSAUNOTY3 IeF JO §309FF9 9yl 03 Snp Jud

-1933TP (10" > d) A13uedr3Tudis A1y3Fy @21 s3idraidosiadns JuaiaIITp BujAey SUF] SwWeS 3Y3 U0 mﬁwam«vao
*3y3ToM SSBOIBD JO §309JF9 dY3l 03 Snp

Jua1933 TP (10° > d) A13ueoryTudys LTySyy =18 s3dyadsiadns JuaiaIITP SurAey SUFT SWES dYj uo SUBI ¢y

*Jonyd pue qra nd.._no.w qwgom = UM.HMV ‘UOTIBTASP paepuel§ = .Q.md
[8°12 el 96°91 %e el 7%°61 1691 G8°¢6 ‘a’s .
00°1€9 S0°0€9 0€ "829 SS 919 TSTLIL  TY'WES  86°SC9 uesy ‘q1 *3m ssedxe)
80°0 80°0 S0°0 60°0 920 9z°0 920 *a‘s ‘ur ‘ssawdTYI
80'1 98°0 %9°0 rAM] LL°O 9L°0 SL0 uesy  3IBF QI YIZT AV
20°1 901 65°1 16°1 79°1 VIR L9°1 ‘a's ‘ur ‘bs ‘saie
8501 €L°01 6L°01 29°11 98°11 00°01 €6°01 uesy a1dsnw TSI0P°T
10°% 82°S £9°9 LY 7%°S %09 89°9 ‘a's ‘qT ‘Oy'Ty wox3
306 L1 p96°21 ol%'6 265°9 q61°ST  wlZ'8 €L 11 uedyy WFIl IBF TBUAINIXY
L9°11 05°91 88°81 6981 XA €591 6%°61 *a‘s q1
a%0°9. 25289 p66S " LS 2LT°8Y q0S°SL e8S°6%  #S°T9 uesy ‘wpal 3ey Telol
1%7°€€ $6°ST L9°%2 91°€2 8¢ €1 L et VAKX *a’s ‘qr ‘p1aT4
pl6°€8T  po06°681  o€6°S6T 2€9°661 q88°STC ®Z8°89T SE'T61 uesy 1Te381 TB30L
%€°92 8L°12 %6°02 €0°02 Z8°01 1€°01 9%°22 ‘a‘s q1 ‘04
pI8 IST  p¢9%°9ST 5457091 oM1'%9T  ql6°LLT ZS°8ET  %2°8S1 uedly woxy pIaFL TFEIY
86°C 87°9 80°9 87°S 9z'% 8L ¢ g9 ‘a's 'q1
pEY°ZE p61°€E al%°9€ 2GL°8¢ qlT1’'0% gZ€°0€E 12°S¢€ uesy ‘suoq a1qexedss
0%°12 LL12 SL'T1Z 11°%2 19791 S0°L1 62°SC ‘a‘s q1
al%°921 o10°€2T  p¥S 111 280 %76 q€9°2€T €6°%6  8L°ET1 uesp ‘3ey 91qeaedag
15°%2 20°2e L6°ST %2°S¢ 68°21 TARRY 61°S2 1°0°S q1
oL IST  ofpYE’#ST  plO0 191 oSE'TLT %79 18T wlS°LET  09°6ST ues)y  ‘a7osnu sqexedss
GZ'1-10°'T___00°1-9/°0 GZ°0-1S°'0_0S°0-9¢°0 ‘91 0SZ ‘9T 0SS sdnoxd ITRIlL
(sdnoa3 jysTom pauyquod) -00L -00S Iy31am
sa8uex SSaIWOTYI I8 pauTquo)

*§93uBl SSI3UNDOTYI I pPuB 8ANOIZ JY3T3M TenpTAFPUT

puUB PAUTQWOD 3Y3J 10J SSIWOTYI IBF qFI Y3z 93eI19AB pUB BIIB ITISNW [SIOp ‘T ‘SPIOTL wlal
JeJ pue JIe3Iax ‘sjusuodwod 37qeiwvdas s8s®IIBD JO S83YSTOM JO SUOTIVTASP PIPPUBRIS pPU®R SUBSK ‘¢ 9[qBL




» s g eptr s weslores svnder. > B RS
e . » &5 s g TEETF 7




-38-

*jonyo pue qii ‘uyol ‘punoy = JIT,

‘UOTIBTASP PiBPUBIS = ‘(°St

€0°'%Z 89°GT 8G°61 CS°'SI 8%7°61 8TI°'0T 98°¢€T 8%°01 ‘as .
09°€2L O08°'€ETL 00°%2L O0L°80L O%°8E€S 0€°9%S 09°2€S 0%°'02S usajy ‘qT “°*3IM s8BIOIR)
01°0 60°0 90°0 60°0 90°0 L0°0 %0°0 60°0 ‘a's ‘up ‘ssawdTY3
0T°'1 L8°0 S9°0 Sh°0 90°1 98°0 79°0 o%°'0 ueap Iey qrx Yagl ‘Ay
88°0 8€°1 1€°1 6€°1 Y1°1 09°0 £€8°1 €9°T ‘a's ‘ur ‘bs ‘eaxe _
¢T'IT  8€'IT  99°11 LT°€T £€6°6 80°0T ¢6°6 80°01 UuBap 9TosnuW TSI0p°]
€6°C £e'y 82°9 01°€¢ 70°% 0% 8L°C 6L°1 ‘a's *q1 ‘Od4Td wWoxz
¢6°61T %T°'9T 90°%1I  €S°0T 88°ST 0L°6 88°Y %9°¢ Uesy  WRA3 3IBF TBUIIIXY
(A% ) %6°L €L°CT 62°01 668 8C°¢€l 8679 25°9 'a‘s ‘q1
79°¢8 $%S°08 6C°€EL TSI 789 96°SS 06°1% 20°¢C¢ uespn ‘wral 3ey 1elo]
C0'9T €L°0T LT'€T 98°€l 9L°0T TT°€T L%°L 9L°L ‘a's ‘q1 ‘p1eTL
08°€TC (%'T1C 2TL'LTIT €S°61C H%O'%ST TE'L9T 8I'%L1 %L 6L1 uesj TFe3iax Te30]
¢S°IT TIT°0T  L0°11 66°01 12°8 %L°6 9Z°S SS°L ‘a's ‘q1 qwumqm
99°GLT 8%°SLT GT'6L1 O0S°I8T 96°LZT1 *H%°LET 06°TYT 8L°9%1 uedly wWoxy PIITL [TEISY
09°¢ €LYy €6°E €5°C %1 66°1 ¥2°¢ SL°¢E ‘a's ‘q1
€9°LE TE°'8E 8S°'IY 16°tY ¢¢'LZ 90°8C O%°'1€E 09°%¢E uBay ‘ouoq ayqeaedag
VA 9¢€°'€T 6C°€T SS°T1 ¢8°0T %6°6 SE°6 92°C1 ‘a's ‘q1
¥6°¥91T HY1°TYT CL°6C1T 69 %11 00°80T (L8'%#0T 9€°€6 8%°€L uBap ‘3e3 a1qeaedag
%C°'6 SO'IT L%°6 S9°01 9201 %S°9 0L°9 ¢6°01 ﬁ.n.m ‘q1
YL°€LT 00°%LT1 OT°S8T TL'€E6T OL'%#2T 89°HET T6°9€T 86°8%H1 uean ‘o1osnu arqexedag
-m.N-H :oo..H :mhao :om..o -WN.‘H :cc-.ﬁ -.mN~° :cmoc UHQ.HH
“ulI0°T -4,9L4°0 =,IS°0 =,92°0 “4I10°'T =-,9L°0 -,I1S°0 =-,92°0

I1IA IIA IA A AT III 11 I

dnoxnp dnoxns dnoixn dnoao dnoxn dnoas dnoan dnoad

dnoa3 3y3tem 'q1 0SZ-007

dnox¥ 143FoM 'q1 055-00S

*dnox? 3YySToM UO®o UJYI[M SoZuel SSoWOTU3 I8F [ENpPTALPUT

9yl X0J SSOUNOTYl 3IBI qTI Yiz[ PU®R BII®R I[OSNW [SIOp '] ‘SPI9TL Wil IvF puw
178391 ‘sjusuodwod ITqeiwdos ssedaed JO SIYSTOM JO SUOTIRTASP PIBPURIS PUR SUBSN °‘BE 9I1qB]



-39-

*SSIUNOTYI JeF JO S3093FS 9yl 03 snp JU3AIIITP

(10° > d) A13ueosyyTuldrs L1y31Yy 92ae sidiaosiadns juaaajIFp SujABy SUF[sWES 3Y3 UO mammzm«oqv«o
*3y379M sS®OIBD JO §309JJ9 3yl 03 anp Jud

-19331P (10° > d) A13ueorIyTuldys L1y37Yy oae sidyaosiadns jJuaiazyIp SujAey Suyly swes 3ay3 uo SUBI ¢y

*3onyd pue qra ‘ujoy ‘punoy = YT, ‘UOTIBTAIP piBpuels = °*0°Sy
0€°1 €91 6L°1 1€°'1 %61 62°'2 €0°2 ‘a's % ‘O¥Ty woigy
218°¢ pll’Yy 216°C o%0°¢ qle’¥ e€1°€ cL’e Uy WIX3 JBF TBUISIXY
81°€ 98°¢ 66°€ (VYA %S¢ 60°9 €1°¢S ‘a's
389°%¢ 2¢6°1¢ va.wa o%G °S1 qs%°1¢ e8L°'81T 11°0¢C ugs % ‘wrxl 3IeF TBIOL
S6°¢C 1L°€ 6%7°¢ 9¢€°Y %0°¢€ LE"S LSy ‘a‘s % ‘PIoTLk
ac0°6S  ap8%7°19 pLL €9 209°99 q8C°'19 STI°'Y9 2L°CT9 ueay 1Te3sx 1eljol
20°¢ 70°€ 09°¢ 8¢ 65°¢C 90°Y %e°¢g ‘a’s % quumqm
29L°8%  a¢p¥9°0S pet’is YA 1 q€S'0S e¥9°CS 8S°IS uesy Woxy PIITA”TTeIY
12°0 96°0 %6°0 SC'1 €1'1 8G6°1 Le"1 *a-'s
20€ ‘01 £6°01 p69°11 20L°C1 g0C'IT 80711 O0€°'T1 ugsy ¢ ‘suoq a1qexaedsg
26°¢C 8€°¢ ¢C’¢E VAR rA/A 98°¢ 12°S ‘a’s
alZ 0% 210°6¢€ p6s °S€ 26¢C '0¢ e”0°LE 8HS°SE  6T°9¢€ ueaj] % ‘Iey o1qeaedss
GL°CT S9°C 29°C 9% °¢ €9°¢ SS'Y 11°% 1as %
ot€ '8y 201 °6% peS 1S 2€6°6S ell°0S L9°1S TT'1S uesy ‘arosnu arqeredag
GZ°1-10°'T 00°1-92°0 SL°0-1S°0 0S°0-92°0 °'91 0S. ‘91 0SS  sdnoxd 3Teil
(sdnoxd jysFoMm pPaUTQUOD) -00Z -00S y3iom
so8ue1 SSaUNOTYI Ivd pauTquo)

*s93uBl SSOWOIY3 IBJ puU® SANOAS JYS[oM [BNPTAJPUT pUR PaUFquoOd oYyl 10J SPIITA Wil
Jey pue IB3Iax ‘sjusuodwos a1qeiedas sSEOIRD JO Juddiad JO SUOTIBRTAIP PIBPUBIS pUBR SUBIN °4 IIqelL



*SSaUNOTYI 3IeJ pur IY3TOM SSBOIBD JO UOTIOBISIUT 9Y3l 03I anp JUSIIIITP
(10° > d) £13ueorzTudrs L1y3Ty @21 sidiadsiadns JuaiayyIp SutaBy SUTT SWES 9Y3l UO maumzwaonvqoqﬁnw
ass

*jjony> pue qix ‘urol ‘punocy = DYTHg ‘UOTIBTADD pIBpUBIS =
16°0 YA 8L°1 ¢6°0 e9°'1 6%7°1 90°'1 69°0 ‘a's % ‘OdTy woxj
309°S 3‘‘pl9'% p‘ol6’E 2¢qS0°€ 32079 p‘ol9°’¢E q‘e98°'T 820’1 uBdl WII3 Jey TBUIIIXY
G6°C 82°C 8L°€ 11°¢€ 11°¢€ 16°% 6S°¢ 1% AN ‘a's
2¢plS el 2‘pl6°2C poTL'0C 0¢ql9°8T %8°ST p‘ol6°0C q‘8l6°ST wl%'CT UBSH 7 ‘wpal 3jey (eI0L
86°C 00°2 91°¢ €0°€ 6L°C gL'y 06°1 88°¢ ‘a's % ‘PI9TL
& p¢oT16°6S pfo6€°09 pfoth'1I9 o¢ql¥’€9 vua.wm 2¢qL§°C9 qI1°99 08°69 UBSN TTe3dax 1e30]
I
' %0°¢ JANN4 29°¢C 8%°¢ 86°1 9G°¢ 12°1 8L°C ‘a's % qwumqm
pfotl 6y p‘o88°6% poBS°0S 0o¢qEY’TS p8T8Y pfofqO¥ IS q98°€S 200°LS UBSN WOiy PIoTA 1Te39y
€8°0 ¢C’'1 86°0 99°0 8S°0 09°0 ¢6°0 SH°1 ‘a‘s
°01 ¢L° 01 GS'11 11°21 LT1°01 1€°01 €8°I1 8Z°'€l uesK ¢ ¢‘suoq @a1qexedsg
6%°¢ LS°€E A 3 01°¢ gev'e 8Z°¢ 00°¢ SL'Y ‘a‘s
92 0% 1S°6€ G0°9¢ 9€°ce 62T °0% 16°8¢€ 21°G6E 278z uesW 9 ‘Iey 91qeaedsg
66°1 LLec 9L°¢ 06°¢ oY ¢ 19°C 19°¢C 99'¢ 1°a’S %
72°8% 1L°8% L?°1S 89°HG  I¥°8% 6%°6% 65°1S L1°LS uesn ‘o1dsnum a1qeaedeg
T TAN! w00°1 uSL°0 u0S°0 uSc'1 w00°1 uSL°0 u0S°0 ER3-2hA
=a10°1 “u9L°0 -ulS°0 -u92°0 -w10°1 -u9L°0 “uI15°0 -u92°0
ITIIA IIA IA A AT III II I
dnoasn dnoxs dnoao dnoaxs dnoxg dnoas dnoas dnoasp
dnoi3 3y3TaM 'q1 0S/-00L dnox3d JyaTam °"ql 05S-00S

*dnox3 3JYSToM yo®eo UJUIJM So8UBI SSOUWOFYJ 38 [ENPFAIPUT 9U3 10J SPIoFA WFi3
ey pue TFelI9x ‘sjusuodwod aTqeivdas SS®OIBRD JO S3U’d1Iad JO SUOTIBTASD PIVPUBIS PUB SUBSK °BYH I3]qB]



-41-

Effect of Fat Thickness upon Pounds and Percent Carcass Separable Compon-

ents, Retail and Fat Trim Yields. Fat thickness had a highly significamt

(P < .01) influence upon pounds (table 3) and percent (table 4) carcass
separable components, retail and fat trim yields. These results were as
expected since the fatter carcass yielded significantly more separable
fat, and fat trim than trimmer carcasses and lower yields of separable
muscle, bone and retail cuts.

Even though the range within each of the four fat thicknesses was
equal (0.25 in.) variation in yield (pounds and percent) of separable
muscle, fat and bone was greater between the first two groups (0.26 to
0.50 in. and 0.51 to 0.75 in.) than between the second and third (0.50
to 0.75 in. and 0.76 to 1.00 in.) and was least between the third and
fourth fat thickness ranges (0.76 to 1.00 in. and 1.01 to 1.25 in.).
These data provide further evidence that 12th rib fat thickness is not a
good indicator of total separable carcass fat. Similar findings were
reported by Cole et al. (1962), Ramsey et al. (1962), Brungardt and Bray
(1963), Hedrick et al. (1963), Lewis et al. (1964), Butterfield (1965),

Carpenter et al. (1965) and Miller et al. (1965).

Carcass Weight and Fat Thickness Interaction upon Pounds and Percent Car-

cass Separable Components, Retail and Fat Trim Yields. Only the percent

retail and fat trim yields (table 4a) were significantly (P < .0l1) effected
by carcass weight and fat thickness interaction.
The mean 12th rib fat thickness of the eight carcasses within corres-

ponding groups (I and V, II and VI, III and VII, and IV and VIII) (table
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3a) are similar but percents separable muscle and bone were higher, while
fat was lower, for the 500 to 550 1lb. weight group than the corresponding
fat thickness ranges of the 700 to 750 1b. weight group (table 4a). As
previously discussed, these separable component (pounds and percent)
differences were greatest between the first two fat thickness ranges (I
and II, and V and VI) than between the third and fourth fat thickness
ranges (III and IV, and VII and VIII). Pounds and percent total retail
yield varied more widely within the 500 to 550 1b. weight group (approxi-
mately 25 1b, and 11.5%) than in the 700 to 750 1lb. weight group (approxi-

mately 5.75 1b. and 3.2%) (tables 3a and 4a).

Relationships between Subjective Carcass Scores and Separable Components,
Retail and Fat Trim Yields

Correlation coefficients between subjective carcass scores and car-
cass separable components, retail and fat trim yields for the combined
and individual weight groups appear in tables 5, 6 and 7. In general,
correlations between these characteristics were very similar for pounds
and percent comparisons.

Low negative correlation coefficients were found between subjective
conformation scores and pounds and percents separable muscle and measures
of retail beef yield in the combined weight groups and within the two
weight groups (range, -.1l1 to -.38). Significant (P < .05) negative cor-
relations were found between percent total carcass separable muscle and
percent retail yields with marbling score and carcass grade in the combined

weight groups and the 500 to 550 1b. weight group (range, -.39 to -.51).
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Correlation coefficients between marbling score and carcass grade with
percents separable muscle and retail yields for the 700 to 750 1b. weight
group were considerably lower than in the 500 to 550 1b. weight group
(range, -.21 to -.35). The relationships between pounds of separable
muscle and retail beef yields were also negative but in most instances
lower than for percents, on both a combined and within weight group basis.
These low relationships between conformation scores, carcass grade and
marbling with retail yields support the findings of Cole et al. (1964)

and Kirton (1964).

Positive correlation coefficients were observed between conformation
scores and both weights and percents of separable carcass fat and fat
trim yields in the combined and individual weight groups (range, 0.18 to
0.48). While carcass and forequarter conformation scores were more highly
related to percent separable fat and fat trim yields than roﬁnd and hind-
quarter conformation scores, little difference in the magnitude of these
correlation coefficients existed between the two weight groups and com-
bined weight groups. These data indicate that conformation score is
influenced by degree of fat even though a deliberate attempt was made in
this study to evaluate degree of muscling without regard for fat. This
was accomplished onthe ribbed carcass after measuring fat thickness at
the twelfth rib. These results substantiate the statement of Briskey and
Bray (1964) that evaluation of conformation is influenced by fatness,
especially in very fat carcasses. These results also agree with the find-

ings of Cole et al. (1964) and Kirton (1964) and support the statement of

.
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Hedrick et al. (1963) who stated that '"for a carcass to have a high cut-
out, it is difficult to compensate for excess fat deposition with superior
muscle development."

Carcass grade and marbling score were also positively correlated
with carcass separable fat and fat trim yields in the combined and indi-
vidual weight groups (range, 0.09 to 0.66). Highly significant (P < .0l)
correlations between these characteristics were found in the 500 to 550
1b. weight group (range, 0.45 to 0.66).

Carcass maturity score was positively related to measures of carcass
muscle and bone (range, 0.10 to 0.64); whereas, it was negatively related
to percent separable carcass fat and fat trim yields in the combined
weight groups and to both pounds and percent separable carcass fat and

fat trim yields within weight groups (range, -.06 to -.56).

Relationships Between Linear Fat Measurements and Separable Components,
Retail and Fat Trim Yields

Simple correlation coefficients between the fat probes and fat measure-
ments at the 12th rib with pounds and percent separable components, retail
beef and fat trim yields for the combined weight groups as well as within
weight groups appear in tables 8, 9 and 10.

Correlation coefficients between fat measurements and percent separ-
able components and retail yields were considerably higher, in most
instances, than weight comparisons in the combined weight groups (table
8). This difference in magnitude of correlations was not observed for

pounds and percent between fat trim yields and the linear fat measurements.
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These data suggest that linear fat measurements, in similar fat thickness
groups but different weight groups, were similar in magnitude; whereas,
the pounds separable components and retail beef yields were widely differ-
ent between weight groups (table 3). However, fat trim yields were
similar between weight groups and the relationships between the linear
fat measurements and pounds and percent fat trim yields were more constant.

In contast to the combined weight groups, the within weight group
(50 1b. weight range) correlation coefficients (tables 9 and 10) between
linear fat measurements and pounds and percent separable components,
retail and fat trim yields were similar. These differences in correla-
tions between weights and percents on a combined weight group basis agree
with the results of Orme (1958), Orme (1963), Allen (1963), Hedrick et al.
(1963) and Miller et al. (1965).

The fat measruements most highly related to percent separable com-
ponents and retail yields for the combined weight groups were: the 5th
thoracic fat probe at four inches, fat measurement C over the 12th rib
and the average of fat measurements A, B and C (range, -.57 to 0.78).
These three linear measurements of fat also showed the highest relation-
ship to both pounds and percent separable components and retail yields
in the 500 to 550 1b. weight group (range, 0.69 to -.86). However, in
the 700 to 750 1b. weight group, most of the relationships between these
fat measurements were markedly reduced (range, -.36 to 0.73), but all
correlations involving percents and most for weights remained highly

significant. These findings support those of Lewis et al. (1964) who
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reported significant (P < .05) correlations between fat probes and mea-
surements and percent retail yield of the round, loin, rib and chuck.
Since correlations were higher within the 500 to 550 1b. weight group

than in the 700 to 750 1b. weight group, it appears that linear measure-
ments of fat are more accurate indicators of separable muscle, fat, bone
and retail yields for lighter carcasses than for heavier, fatter carcasses.

Within the 700 to 750 1lb. weight group, the fat probes in the lumbar
region were more highly correlated (range, -.22 to 0.76) with separable
components than the same probes within the 500 to 550 1lb. weight group
(range, -.34 to -.74). These data indicate that in the heavier carcasses,
covariances between fat probes in the lumbar region and separable com-
ponents, retail and fat trim yields were greater in most instances than
those in the 500 to 550 1lb. weight group. Correlation coefficients be-
tween fat probes and measurements and fat trim yields for the combined
weight groups as well as within weight groups were highly significant
(P < .01) in most instances (range, 0.27 to 0.84).

Depth of brisket fat was negatively correlated (P < .0l) with percent
separable muscle, bone and retail yields for the combined weight groups
(range, -.42 to -.60), but positively correlated with pounds of these
components (range, 0.01 to 0.06). Within the two weight groups the depth
of brisket fat and separable muscle and bone and retail yields were
negative but significantly (P < .05) correlated when expressed as either
pounds or percent. Depth of brisket fat was highly significantly corre-
lated (P < .0l) with pounds and percent separable fat and fat trim yields
for the combined as well as the two individual weight groups (range, 0.42

to 0.63).
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Relationships Between Some Linear Carcass Measurements and Separable
Components, Retail and Fat Trim Yields

Simple correlation coefficients between linear carcass measurements
taken and separable components, retail and fat trim yields for the com-
bined weight groups and for each weight group appear in tables 11 and 12.
Correlation coefficients between depth of rib measurements and separable
components, retail and fat trim yields were generally lower (range, 0.00
to 0.36) than those between other measurements and the same components.
This was true in the combined weight groups as well as the two weight
groups.

Length of round was highly correlated to pounds of separable muscle,
bone and retail yields in the combined weight groups (0.82 to 0.92).
However, these relationships were reduced when calculating correlations
between this measurement and percentages or for pounds and/or percentages
on a within weight group basis (range, 0.02 to 0.61), except for percent
bone. In the case of bone, the correlation coefficients were still large
enough to be useful for predictive purposes (range, 0.43 to 0.82). Length
of round was negatively related to pounds and percent separable fat and
fat trim yields within weight groups (range, -.47 to -.70). These findings
are similar to those of Orme (1963) who reported measurements of carcass
length and length of fore or hind legs in lambs was negatively related to
measures of carcass fat. Cole et al. (1962) also reported a negative
relationship between length of carcass and separable carcass fat.

Circunference of round generally showed a higher relationship to

measurements of carcass fat than to bone or carcass muscling for the



-57-

"90UILSFUWNDAFD = *IITD,

*jonyd pue qrx ‘urol ‘puncy = YTy
*(10° > d4) IuedTITuldys aie [8Z°(0 < SUOTIB[3I10)
*(S0° > d) JuedyyTudys 3ie 0gZ°'0 < SUOFIBTD110D

20’ - 01°'0 S0°-02°0 LO°0 09°0 ¢1°0 29°0 10°- 8%°0 L1°- §2°0 9T'0 [9°0 ®o1® I[OSnW TSIep'T

(A" 86°0 6£°099°0 O%'- SS°0 o%°'- 9S°0 GZ'- €%°0 TE'0 69°0 62°- €S°0 punox 3o ,°d1)

11°- I1°0 91°-92°0 ¢€0°0 ¢8°0 ¢0°0 €8°0 €7°0 26°0 €Z°- LE'O 61°0 ¢8°0 punox yo y3j3us]

e0°- 90°0 00°0 €1°0 %0°0 Z€°0 90°0 €€£°0 90°- 81°0 S0°0 22°0 €0°- €2°0 qQT1 Y3zl yidag

80°0 81°0 L0°07CC°0 %0°- 9€°0 %0°- 6€°0 1¢°- 61°0 81°0 S€E'0 STI°- ST'O qQ11 Yy3p1 yadeq

% ‘q1 %L ‘41 % ‘q1 % ‘q1 % ‘491 %» 41 % __'ql  3IUSUSINSEBIW IBSUTT]
J4'Ty WOiF WAl wyal PTo1X 17321 (D4 1re3al auoq 383 91osnu
JeJ [eux33Xg 3JeJ TBIOL poumIl powmTIl 91qeaedas 9r1qeaedsags aI1qeasdag

‘pauog ‘pauog

*sdnox8 3y3yom pauTzwod 9yl 103 SPTTL Wril eI pue [IRIax ‘sjusuodwod
91qeirdos §SBOIRD pUR SIUSWAINSEBOW SSBOAIBDO IBSUI] SWOS UIIMIIQ SIJUSTITIIS0D UOTIRIaI100 ayduyg 1 919el



.uuamuomnsuu«o = .ouﬂUN

*jonyd> pue qIx
*(10° > d) 3ued1yTudys aie
‘(S0° > d) 3Juedyyjudys aie

‘agol ‘punoy = O
€0%°0 < SuOofIB[31I0
21€°0 < SUOT3IBI3110)

o'~ 1I%°'- Ly'=- 06"~ 16°0 1€°0 L%°0 0€°0 0€°0 SZ°0 g8y~ 6%°- 0S°0 S%#°0 @®©a1e ITosSNUW T8I0p° 1
S%'0 9%°0 L%°0 0S°0 Gh'=- T€°- 9= G¢°= he'- 0€°- 6%°0 6%7°0 16°- 8%°- punox jo °211D
' ¢S~ 6%°- €G- 8h%°~ 62°0 LE°0 8€°0 9%°0 18°0 ¢8°0 GG~ (Y- €%°0 2S°0 punox yo y3aSua]
% %0°- 10°0 ST1°'- %0°~- LT°0 S%°0 €1°0 2¥°0 ¢0°- 60°0 I1°0 02°0 €1°- %0°0 qrx yizt yidsq
! 60°0 €1°0 90°~ €0°0 I1°0 1€°0 ¢0°'0 Sst¢°0 0z'- 11°- €2°0 62°0 AR A B q11 y3apt1 yadeg
dnox3d Jy3Tsm °q1 0S. ©3 00L
e€1°- €1°- 1°=- 21°- ¢¢'0 ST°0 0€’0 %E°'0 91°- 11°- 81 '~ €1°- 1€°0 #¥%°0 ®©°1e 9Td>snu F5I0p' T
¢¢'0 ¢t°0 €2°0 22°0 G1°~- G1°- €1~ €1°- 9¢°'- 62°- 91°0 #1°0 ¢1°- €1°- punox jo N.ouﬂo
G9°- 99°~ 69°'- 0L°- 19°0 €S°0 96¢°0 8%°0 28°0 08°0 6G°~ 19°- 8%7°0 9¢€°0 punox Jo y3i3uo]
I1’- o0o1°'- ¢0°- 000 60°0 91°0 €1'0 ¢¢°'0 90°- €0°~- €0°- 00°0 L0°0 €1°0 q1x yag1 yadsqg
0"~ LO°- 20°'0 €0°0 €0°0 1IT1°0 80°0 LT1°0 0c°'- %1°- 80°0 21°0 €0°- 60°0 qIx y3iQ1 yadaqg
dnoxd 3y3Tam °q1 0SS ©3 00S
% ‘q1 % ‘q1 % ‘q1 % *q1 % ‘q1 % *q1 % "qT JUSWOINSBIUW IBIUT]
4Ty WOXF WTI} wixl PI®TA TFe3I= 104 TTB3I=x auoq Jel 97osnu
Je] TBUXOIXY jey BIO0] PELy & &1 pawmtIy a1qeaedag a1qeaedas 91qeaedag
‘pauog ‘pauog

*sdnoid Iy3Fem qr 0SL O3 00L PU® 'q1 0GS O3 00S °43 103 SPI9TK Wii3 383 pUue [je3ol '63ud
-uodwod 97qeiedas 6SEBOIRO pUR SJUSWAINSESW SSBOIEBD IVSUT] SWOS UIIMIDQ SIJUSTOTFFS0O UOTIRIAI10d o1dwyg °zT °919®l



-59-

combined weight groups. In the500 to 550 1b. weight group circumference
of round showed low relationships to both weight and percent separable
components, retail and fat trim yields (range, -.12 to -.29).

L. dorsi muscle area was highly significantly (P < .0l) correlated
with pounds of separable muscle and retail yields for the combined weight
groups (range, 0.60 to 0.67). Correlations between 1. dorsi muscle area
and percent separable components and retail yields on a combined weight
group basis as well as within weight group correlations were markedly
lower. Cole et al. (1962), Field et al. (1963) and Henderson et al. (1966)
show the same relationships between 1. dorsi muscle area and weight and

percent measures of carcass muscling.

Multiple Regression Analyses of Objective Carcass Measurements on Separable
Components, Retail and Fat Trim Yields
Only those multiple correlations which were high enough to be useful
for predictive purposes and include a practical number of independent
variables will be reported in the results and discussion portion of this
manuscript. Other regression analyses which were calculated will be found

in the supplement.

Multiple Regression Analyses of Total Carcass Separable Fat on Objective

Carcass Measurements. In the combined weight groups, 867% and 947 of the

variation in percent and pounds, respectively, of separable carcass fat
could be accounted for with a combination of carcass weight and seven

probes and fat thickness measurements (suppl. p. 168).
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In the 500 to 550 1b. weight group, 907 of the variation in weight

of separable fat and 897% of thkewvariation in percent separable fat could

be accounted for using the combination of variables in tables 13 and 14.
Table 13. Coefficient of determination between weight of carcass separable

fat and a combination of objective carcass fat measurements,

and the regression coefficient for each of the measurements
(500 to 550 1b. weight group).

Regression Beta Level of R2T

Independent variables coefficients weights sig. deletes
Constant -143,153 0.00

Carcass wt. 0.348 0.338 0.00 0.82
Probe-5th Thor.-4 in.2 1.826 0.445 0.00 0.81
Probe-6th Lumb.-8 in.3 0.383 0.200 0.01 0.88
Probe-6th Lumb.-12 in. -.379 -.175 0.03 0.88
Fat depth over brisket 4,718 0.207 0.01 0.87
Fat measurement D 0.699 0.223 0.01 0.87
R% = 0.90 Standard error of estimate = 5.91

lyalue of the coefficient of determination if that variable was deleted
from the analysis.

2Thor. = Thoracic vertebra.

3Lumb. = Lumbar vertebra.
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Table 14. Coefficient of determination between percent carcass separable
fat and a combination of objective carcass fat measurements,
and the regression coefficient for each of the measurements
(500 to 550 1b. weight group).

Regression Beta Level of RZT

Independent variables coefficients weights sig. deletes
Constant -8.412 0.54

Carcass wt. 0.045 0.127 0.09 0.88
Probe-5th Thor.-4 in.2 0.742 0.538 0.00 0.78
Probe-1st Lumb.-8 in.3 -.178 -.254 0.03 0.87
Probe-3rd Sac.-12 in.%4 0.180 0.271 0.00 0.84
Fat depth over brisket 1.812 0.232 0.00 0.86
Fat measurement D 0.400 0.371 0.00 0.83
R? = 0.89 Standard error of estimate = 2.10

lvalue of the coefficient of determination if that variable was deleted
from the analysis.

2Thor. = Thoracic vertebra.
3Lumb. = Lumbar vertebra.
Sac. = Sacral vertebra.

In the 700 to 750 1b. weight group, 887 of the variation in pounds
of separable carcass fat could be accounted for using nine variables
(suppl., p.169). These same nine variables were responsible for 897 of
the variation in percent separable carcass fat (suppl., p. 169 ). These
results indicate that accuracy can be attained with a combination of ob-
jective carcass fat measurements to predict either percent or pounds of
separable carcass fat. The standard error of estimates, for the prediction
of percent separable fat, in the combined weight groups, 500 to 550 1b.
weight group and 700 to 750 1b. weight group, were 2.10, 2.10 and 1.66%,

respectively. These compare favorably with the standard error of estimate
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of 2.347% found by Hankins and Howe (1946) for their prediction equation
for percent separable carcass fat from percent separable fat of the
9-10-11 rib section.

In the combined weight groups, using only the five variables listed
in table 15, 927 of the variation in weight of total carcass separable
fat was accounted for. It can be observed from this table that earcass
weight has the greatest effect in this prediction equation. Using essen-
tially the same variables minus carcass weight and including one more fat
measurement, 8l% of the variation in percent carcass separable fat was
accounted for (table 16). Using only these five independent variables
Table 15. Coefficient of determination between weight of total carcass

separable fat and a combination of objective carcass fat

measurements, and the regression coefficient for each of the
measurements (combined weight groups).

Regression Beta Level of R2L

Independent variables coefficients weights sig. deletes
Constant -35.266 0.00

Carcass wt. 0.159 0.590 0.00 0.68
Probe-5th Thor.-4 in.2 1.686 0.271 0.00 0.87
Probe-1lst Lumbar-12 in. 0.424 0.123 0.02 0.91
Probe-Av. 3rd Sacral3 0.914 0.178 0.00 0.90
Fat measurement D 0.588 0.133 0.00 0.91
R? = 0.92 Standard error of estimate = 7.58

lyalue of the coefficient of determination if that variable was deleted
from the analysis.

2Thor. = Thoracic vertebra.

3Av. of 3 probes taken at 4, 8 and 12 in. off the carcass dorsal midline.
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Table 16. Coefficient of determination between percent carcass separable
fat and a combination of objective carcass fat measurements,
and the regression coefficient for each of the measurements
(combined weight groups).

Regression Beta Level of RZt
Independent variables coefficients weights sig. deletes
Constant 21.678 0.00
Probe-5th Thor.-4 in.2 0.626 0.488 0.00 0.67
Probe-8th Thor.-8 in. -.282 -.262 0.00 0.79
Probe-1st Lumbar-12 in. 0.134 0.189 0.01 0.79
Probe-Av. 3rd Sacral3 0.393 0.372 0.00 0.74
Fat measurement D 0.276 0.303 0.00 0.77
RZ = 0.81 Standard error of estimate 2.34

lvalue of the coefficient of determination if that variable was deleted
from the analysis.

2Thor! = Thoracic vertebra.

3Av. of 3 probes, 4, 8 and 12 in. off the carcass dorsal midline.

resulted in a standard error of estimate of 2.347 carcass separable fat,

which is the same standard error of estimate reported by Hankins and Howe
(1946) using their prediction equation for carcass separable fat involv-
ing separable fat of the 9-10-11 rib section . This same multiple regression

analysis in the 500 to 550 1b. weight group was responsible for 857 of the

variation in percent carcass separable fat with a standard error of esti-

mate of 2.46% (suppl., p.170 ). In the 700 to 750 1b. weight group, 83%

of the variation in percent carcass separable fat could be accounted for

using these five fat measurements with a standard error of estimate of

1.93% (suppl., p. 170).
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Multiple Regression Analyses of External Fat Trim from the Round, Loin,

Rib and Chuck on Objective Carcass Measurements. In the combined weight

groups, 79% of the variation in external fat trim from the round, loin,
rib and qhuck (RLRC) was accounted for using two fat probes, carcass
weight and length of round (table 17). It can be observed from the data
in this table that weight is the most important variable in the regression
equation. These same four variables, in the combined weight groups,
accounted for 717% of the variation in percent external fat trim from the
RLRC (suppl., p. 171).
Table 17. Coefficient of determination between weight of external fat
trim from the round, loin, rib and chuck and a combination of

objective carcass fat measurements, and the regression coeffi-
cient for each of the measurements (combined weight groups).

Regression Beta Level of RZ*

Independent variables coefficients weights sig. deletes
Constant 11.933 0.08

Carcass wt. 0.050 0.700 0.00 0.6%
Probe-4th Lumbar-12 in. 0.320 0.332 0.00 0.73
Probe Av. 3rd Sacral? 0.416 0.307 0.00 0.73
Langth of round -1.498 -.434 0.00 0.73
R% = 0.79 Standard error of estimate = 3.13

lvalue of the coefficient of determination if that variable was deleted
from the analysis.

2Av. of 3 probes taken at 4, 8 and 12 in. off the carcass dorsal midline
at the 3rd Sacral vertebra.

In the 500 to 550 1b. weight group, 837% of the variation in the exter-

nal fat trim from these same four wholesale cuts could be accounted for
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using the independent variables shown in table 18. It should be noted
from the data in this table that when the analysis was calculated within
weight groups, carcass weight had little effect upon the weight of exter-
nal fat trim from the RLRC. Ninety-three percent of the variation in
percent external fat trim from the RLRC in the 500 to 550 1b. weight
group could be accounted for using 15 variables, all of which had a sig-
nificant (P < .05) effect upon percent fat trim (suppl., p. 171).
Table 18. Coefficient of determination between weight of external fat
trim from the round, loin, rib and chuck and a combination of

objective carcass fat measurements, and the regression coeffi-
cient for each of the measurements (500 to 550 1b. weight

group). .
Regression Beta Level of R4

Independent variables coefficients weights sig. deletes
Constant -8.324 - 0.62
Carcass wt. 0.004 0.10 0.88 0.83
Probe-3rd Sacral-12 in. 0.199 0.290 0.00 0.77
Fat measurement A 0.238 0.297 0.01 0.79
Fat measurement C 0.509 0.494 0.00 0.74
Fat measurement E 0.367 0.526 0.00 0.77
Fat measurement F -.320 -.490 0.01 0.79
RZ = 0.83 Standard error of estimate = 2.71

lyalue of coefficient of determination if that variable was deleted from
the analysis.
In the 700 to 750 1b. weight group, 96% of the variation in pounds
or percent of external fat trim was accounted for using the 22 variables

given in the supplement p. 172.
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Multiple Regression Analyses of Total Retail Fat Trim on Objective Carcass

Measurements. The six independent variables given in table 19 were re-

sponsible for 877% of the variation present in weight of total retail fat
trim for the combined weight groups. Eighty-one percent of the variation
in percent of this same trait could be accounted for using the 12 indepen-
dent variables presented in the suppl., p. 17.
Table 19. Coefficient of determination between weight of total retail

fat trim and a combination of objective carcass fat measure-

ments, and the regression coefficient for each of the measure-
ments (combined weight groups).

Regression Beta Level of Ré*
Independent variables coefficients weights sig. deletes
Constant -2.572 0.87
Carcass wt. 0.158 0.762 0.00 0.72
Probe-4th Lumbar-12 in. 0.438 0.156 0.01 0.85
Probe-Av. of 3rd Sacral2 0.709 0.179 0.00 0.85
Fat depth over brisket 3.810 0.169 0.00 0.85
Length of round -2,748 -.273 0.00 0.85
Fat measurement C 0.562 0.161 0.02 0.86
%Z = 0.87 Standard error of estimate = 7.41

Value of coefficient of determination if that variable was deleted from
the analysis.
2Av. of 3 probes 4, 8 and 12 in. off the carcass dorsal midline at the 3rd
Sacral vertebra.
Within the 500 to 550 1b. weight group, the coefficient of determina-
tion for weight of total retail fat trim was 0.85 using the five indepen-

dent variables presented in table 20. Eighty-four percent of the variation
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Table 20. Coefficient of determination between weight of total retail
fat trim and a combination of objective carcass fat measure-
ments, and the regression coefficient for each measurement
(500 to 550 1b, weight group).

Regression Beta Level of R21

Independent variables coefficients weights sig. deletes
Constant 42,998 0.51

Carcass wt. 0.119 0.119 0.15 0.84
Probe-Av. 3rd Sacral? 0.725 0.385 0.00 0.73
Length of round -3.243 -.237 0.02 0.83
Fat measurement A 0.663 0.302 0.00 0.79
Fat measurement B 0.432 0.282 0.01 0.82
R2 = 0.85 Standard error of estimate - 6.80

lvalue of coefficient of determination if that variable was deleted from
the analysis.

2pv. of 3 probes 4, 8 and 12 in. off the carcass dorsal midline at the 3rd
Sacral vertebra.

in percent total retail fat trim could be accounted for in the 500 to 550
1b. weight group (table 21) using five carcass measurements. Carcass

weight showed little effect on either pounds or percent total retail fat
trim within weight groups.

In the 700 to 750 1b. weight group, 80% of the variation in weight
of total retail fat trim was accounted for using eight variables (suppl.,
p. 173). Using six variables (suppl., p.174 ), 73% of the variation in
percent total retail fat trim could be accounted for in this weight group.

These results indicate that estimating yields of separable fat or
fat trim from objective measurements was more difficult in the 700 to 750

1b. weight group than in the 500 to 550 1b. carcasses. However, comparable
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Table 21. Coefficient of detemination between percent total retail fat
trim and a combination of objective carcass fat measurements,
and the regression coefficient for each of the measurements
(500 to 550 1b. weight group).

Regression Beta Level of Rel

Independent variables coefficients weights sig. deletes
Constant 34.189 0.16

Carcass wt. 0.012 0.032 0.70 0.84
Probe-3rd Sacral-12 in. 0.272 0.393 0.00 0.72
Length of round -1.246 -.247 0.02 0.82
Fat measurement A 0.264 0.327 0.00 0.77
Fat measurement B 0.168 0.296 0.01 0.80
RZ = 0.84 Standard error of estimate = 2.58

lyalue of coefficient of determination if that variable was deleted from
the analysis.

accuracy to the 500 to 550 1b. carcasses could be attained in the 700 to
750 1b. weight group by increasing the number of variables in most in-

stances.

Multiple Regression Analyses of Total Separable Carcass Muscle on Objective

Carcass Measurements. For the combined weight groups, 937 of the variation

in weight of total separable carcass muscle could be accounted for using
the five independent variables listed im table 22. As can be seen from the
data in this table, carcass weight was the most important variable in pre-
dicting separable carcass muscle. This agrees with the findings of Cole
et al. (1962). Carcass weight, 5th thoracic fat probe &4 in. off the car-

cass dorsal midline, average of 3 fat probes at the 3rd sacral vertebra
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Table 22, Coefficient of determination between weight of separable carcass
muscle and a combination of objective carcass measurements, and
the regression coefficient for each of the measurements (combined

weight groups).

Regression Beta Level of RZ*
Independent variables coefficients weights sig. deletes
Constant 25.362 0.00
Carcass wt. 0.241 0.896 0.00 0.49
Probe-5th Thoracic-4 in. -.779 -.126 0.01 0.92
Probe-Av. 3rd Sacral? -1.175 -.230 0.00 0.91
Fat measurement C -.501 -.111 0.01 0.93
L. dorsi muscle area 1.407 0.093 0.03 0.93
R% = 0.93 Standard error of estimate = 6.78

lyalue of coefficient of determination if that variable was deleted from
the analysis.
2Av. of 3 probes 4, 8 and 12 in. off the carcass dorsal midline at the 3rd
sacral vertebra.
and fat measurement C were responsible for 737 of the variation in percent
separable carcass muscle (suppl., p. 174). These data indicate that car-
cass weight contributed much less to determining percent separable carcass
muscle than to weight.
In the 500 to 550 1b. weight group, three variables accounted for 717%
of the variation in weight of total separable carcass muscle (suppl., p.174).
These same three variables accounted for 787 of the variation in percent
separable carcass muscle (table 23). The multiple correlation coefficient
between these three objective measurementsand percent separable carcass
muscle (0.88) compares favorably with the correlation of 0.85 between per-

cent separable muscle of the 9-10-11 rib section and percent separable

carcass muscle determined by Hankins and Howe (1946).
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Table 23. Coefficient of determination between percent separable carcass
muscle and a combinationof objective carcass measurements, and
the regression coefficient for each of the measurements (500
to 550 1b. weight group).

Regression Beta Level of R21
Independent variables coefficients weights sig. deletes
Constant 86.511 0.00
Carcass wt. -.046 -.168 0.08 0.76
Probe-5th thoracic-4 in. -.436 -.407 0.00 0.70
Probe-Av. 3rd sacral? -.437 -.491 0.00 0.63
R? = 0.78 Standard error of estimate = 2,20

lvalue of coefficient of determination if that variable was deleted from
the analysis.

2Av. of 3 probes 4, 8 and 12 in. off the carcass dorsal midline at the 3rd
Sacral vertebra.

In the 700 to 750 1b. weight group, low coefficients of determination
were observed for pounds and percent éeparable carcass muscle using ob-
jective carcass measurements as the independent variables. Three variables;
1) carcass wedght, 2) probe 4 in. off the carcass dorsal midline at the
5th thoracic vertebra (figure 2), and 3) the average of 3 probes taken at
the 3rd sacral vertebra were responsible for 687% of the variation in
pounds and 65% of the variation in percent separable carcass muscle (suppl.,
p. 175).

These data indicate that it was more difficult to predict pounds or
percent separable carcass muscle in the 700 to 750 lb. weight group than
in the 500 to 550 1b. carcasses. This may possibly be attributed to

greater Intermuscular fat deposition in the 700 to 750 1b. weight group

than in the 500 to 550 1b. carcasses.
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Multiple Regression Analyses of Total Carcass Separable Bone on Objective

Carcass Measurements. In the combined weight groups, 91% of the varia-

tion in pounds of separable carcass bone could be accounted for using the

independent variables listed in table 24. This equation is a practical

and accurate method for prediction of separable carcass bone as it employs

four easily taken measurements and has standard error of estimate of 1.94

1b.

Table 24. Coefficient of determination between weight of total carcass
separable bone and a combination of objective carcass measure-

ments, and the regression coefficient for each of the measure-
ments (combined weight groups).

Regression Beta Level of Ré:
Independent variables coefficients weights sig. deletes
Constant -21.423 0.00
Carcass wt. 0.032 0.468 0.00 0.87
Probe-5th Thoracic-4 in. -.292 -.187 0.00 0.90
Length of round 1.499 0.457 0.00 0.87
Fat measurement C -.197 -.173 0.00 0.90
R? = 0.91 Standard error of estimate = 1.94

lvalue of coefficient of determination if that variable was deleted from
the analysis.

Using these same four variables, 807 of the variation in percent
separable carcass bone was accounted for in the combined weight groups

(table 25).
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Table 25. Coefficient of determination between percent carcass separable
bone and a combination of objective carcass measurements, and
the regression coefficient for each of the measurements (com-
bined weight groups).

Regression Beta Level of R2T

Independent variables coefficients weights sig. deletes
Constant 4.209 0.02

Carcass weight -.008 -.575 0.00 0.73
Probe-5th Thoracic-4 in. -.103 -.306 0.00 0.76
Length of round 0.503 0.712 0.00 0.70
Fat measurement C -.063 -.256 0.00 0.77
RZ = 0.80 Standard error of estimate = 0.63%

lyalue of coefficient of determination if that variable was deleted from
the analysis.

In the 500 to 550 1lb. weight group, 787 of the variation in pounds
of separable carcass bone was accounted for using carcass weight, 5th
sacral fat probe - 4 in. (figure 2) and the length of round measurement
(suppl., p. 175. These same three variables accounted for 837 of the
variation in percent separable carcass bone in the 500 to 550 1b. weight
group (suppl., p. 17¢). Carcass weight, average of 3 fat probes at the
3rd sacral (figure 2) and length of round accounted for 807 of the varia-
tion in pounds of separable carcass bone (suppl., p. 176.) and 777 of the
variation in percent separable carcass bone (suppl., p. 176) in the 700
to 750 1b. weight group.

On a combined or within weight group basis, the largest standard
error of estimate for the prediction equations presented was 0.687. This

compares favorably to the standard error of estimate of 1.297 associated
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with the prediction equation for percent separable bone of Hankins and

Howe (1946).

Multiple Regression Analyses of Retail Yield Measures on Objective Carcass

Measurements. In the combined weight groups, 917% of the variation in

pounds of boned, trimmed round, loin, rib and chuck retail yield was

accounted for using the variables listed in table 26.

Table 26. Coefficient of determmination between weight of boned, trimmed
round, loin, rib and chuck retail yield and a combination of
objective measurements, and the regression coefficient for
each of the measurements (combined weight groups).

Regression Beta Level of RZ*

Independent variables coefficients weights sig. deletes
Constant -5.504 0.76

Carcass weight 0.206 0.860 0.00 0.76
Probe-5th Thoracic-4 in. -.303 -.055 0.33 0.91
Probe-8th Thoracic-8 in. 0.242 0.521 0.34 0.91
Probe-4th Lumbar-12 in. -.579 -.178 0.00 0.89
Probe-Av. 3rd Sacral? -.746 -.164 0.00 0.90
Length of round 1.925 0.166 0.03 0.90
RZ = 0.91 Standard error of estimate = 7.06

lValue of coefficient of determination if that variable were deleted from
the analysis.
2pv. of 3 probes, 4, 8 and 12 in. off the carcass dorsal midline.
Using these same variables, 887 of the variation in total carcass

boned, trimmed retail yield could be accounted for in the combined weight

groups (table 27). On a percent basis in the combined and within weight
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Table 27. Coefficient of determination between weight of total carcass
boned, trimmed retail yield and a combination of objective
carcass measurements, and the regression coefficient for each
of the measurements (combined weight groups).

Regression Beta Level of R2T

Independent variables coefficients weights sig. deletes
Constant -2.973 0.87

Carcass weight 0.247 0.851 0.00 0.74
Probe-5th Thoracic-4 in. -.510 -.076 0.23 0.88
Probe-8th Thoracic-8 in. 0.425 0.076 0.22 0.88
Probe-4th Lumbar-12 in. -.739 -.188 0.00 0.87
Probe-Av. 3rd Sacral2 -.867 -.157 0.01 0.87
Length of round 2.262 0.161 0.07 0.88
RZ = 0.88 Standard error of estimate = 9.66

lvalue of coefficient of determination if that variable was deleted from

the analysis.

Av. of 3 probes, 4, 8 and 12 in. off the carcass dorsal midline.
groups, accuracy was poor in the prediction of percent of either retail
yield from the round, loin, rib and chuck or total carcass retail yield.
Also, on a within weight group basis, prediction accuracy of pounds of

either of the retail yield measures was poor using only objective carcass

measurements as independent variables.

Relationships Between Wholesale Cut Separable Muscle and Carcass Separable
Components, Retail and Fat Trim Yields
In this study, pounds of separable components, retail and fat trim
yields were correlated with pounds of separable wholesale cut components,

retail, fat trim and bone yields. Percent separable carcass components,
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retail and fat trim yields were correlated with percent wholesale cut
separable components, retail, fat trim and bone yields. Percent whole-
sale cut separable components, retail, fat trim and bone yields were cal-
culated as a percentage of each individual cut rather than as a percentage
of the entire carcass.

Simple correlation coefficients between pounds and percent separable
wholesale cut muscle and pounds and percent of total carcass separable
components, retail and fat trim yields for each weight group as well as
for the combined weight groups appear in tables 28, 29 and 30. Correla-
tions between pounds and percent separable wholesale cut muscle and pounds
and percent total carcass separable muscle, bone and retail yields were
highly significant (P < .0l) for the combined weight groups (range, 0.48
to 0.98) except those for pounds and percent of brisket muscle in most
instances and percent foreshank muscle (range, 0.02 to 0.61). While with-
in weightgroup correlations were lower than in the combined weight groups,
those between pounds of separable rump, foreshank and flank muscle with
pounds of total carcass separable muscle, bone and retail yields were
markedly reduced.

Correlations between pounds and percents total carcass separable
muscle and pounds and percents wholesale round, loin, rib and chuck separ-
able muscle indicate a high relationship (P < .0l) exists in the combined
and individual weight groups (range, 0.67 to 0.98). Pounds of separable
chuck muscle showed the highest relationship to pounds of total carcass

separable muscle for combined weight groups (0.98) as well as within
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