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CHAPTER I 

INTRODUCTION 

A major concern of the feedlot industry is the sorting of feeder 

cattle into groups which will result in beef carcasses with uniform 

quality and cutability characteristics. Several methods have been 

used for sorting feeder cattle, many of which do not consider those 

factors which are responsible for differences in quality and(or) 

cutability of beef carcasses. These methods have resulted in diverse 

groups of cattle being fed together which ultimately yield some 

carcasses that are overfinished and have poor yield grades and others 

that are underfinished and have undesirable quality grades. 

Two factors which have been used in the sorting of feeder cattle 

and are used in the USDA feeder grading system are frame size and 

degree of muscling. Frame size affects the length of time on feed 

required to reach a certain quality grade. Degree of muscling is 

related to carcass cutabilty. Further, since it would be impractical 

to make objective measurements of frame size and degree of muscling 

on all feeder cattle coming into the feedlot, it is necessary to 

determine the usefulness of visual appraisal in their sorting. 

Another area of importance which has received much more 

attention than the initial sorting of feeder cattle is the subsequent 

evaluation of slaughter cattle. Both objective and subjective methods 

of live animal evaluation have been related to various measures of 

carcass composition. However, before these methods can be evaluated 

properly, it is Important to know how various measures of carcass 

composition are interrelated and how they relate to actual carcass 

value. 

Therefore, the objectives of this study were: 

1. to determine the effects of frame size of feeder cattle on 

subsequent performance and carcass characteristics. 

2. to determine the usefulness of visual frame scores for sorting 

feeder cattle. 

3. to observe the relationship of muscling and trimness scores of 

feeder cattle to subsequent carcass composition. 
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4. to evaluate various live and carcass measurements of slaughter 

cattle as indicators of composition. 

5. to examine the relationships among various measures of 

composition in beef carcasses. 



CHAPTER II 

LITERATURE REVIEW 

Predictors of Feeder Cattle Performance 

Feedlot performance. In general, it has been reported that 

larger framed cattle grow faster and are more feed efficient than 

smaller framed cattle. Many such results were found using various 

breeds of cattle to represent different frame sizes, therefore, 

genetic differences other than frame size may have been partially 

responsible for the variation in feedlot performance. The interval of 

evaluation also affects the outcome of experiments involving 

different biological types of cattle. If the endpoint to which the 

cattle are fed is not known, the results are meaningless. Other 

results which are often confusing and difficult to interpret are 

those relationships between performance and subsequent measurements 

or scores. Such measurements made "after the fact" are irrelevant and 

useless in predicting feedlot performance. 

Hultz and Wheeler (1927) reported that rangy Hereford steers 

made slightly more rapid and economical gains during a 156-d feeding 

trial than steers classified as intermediate or low-set. "Low-set" 

was defined as cattle having a greater chest depth and heart girth in 

relation to height. No measures of fatness were given. 

Lush (1932) found low positive correlations between body 

measurements of diverse types of feeder steers and subsequent gains 

or value of dressed beef. Conversely, Black et al. (1938) reported 

that large framed cattle grew slower and were less efficient than 

shorter, blockier type cattle when slaughtered at a constant weight 

of 409 kg. In this experiment, beef, dual purpose and dairy cattle 

were used to represent different frame sizes. 

Knox (1957) studied the interrelations of type, performance and 

carcass characteristics in beef cattle and concluded that body type 

did not affect feed efficiency (FE) when cattle were fed to a 

constant fatness or amount of time. When fed to a standard weight, 

however, larger type cattle were more efficient. He also stated that 

compact cattle fattened at lighter weights but not necessarily at 

younger ages. Similarly, Stonaker et al. (1952) fed comprest and 
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conventional type Hereford steers to a constant fat thickness and 

found that larger, conventional steers weighed 20% more and ate more 

feed than comprest steers but efficiency of gain or age at slaughter 

did not differ. All of the steers in these two experiments were of 

the same breed, and differences in type were the result of a simple 

recessive genetic trait which causes heterozygotes to be abnormally 

small and may have further implications in their growth and 

development. 

Knox and Koger (1946) fed rangy and low-set Hereford steers for 

168 days. Rangy Herefords made faster gains throughout the trial, but 

when gain was expressed as a percentage of initial weight, no 

differences were found among groups. Using Milking Shorthorn cattle, 

Kohli et al. (1951) found no significant relationships between 

measurements of feeder steers and subsequent rate or efficiency of 

gain when steers were fed to a constant weight. Standard deviations 

revealed that variation among individuals was small. They also noted 

that steers with higher average daily gains generally required less 

feed/kg gain. 

The relationship of conformation scores and body measurements to 

feeder cattle performance was investigated by Kidwell et al. (1959). 

Conformation scores were mainly indicators of condition and had no 

influence on rate or economy of gain. Although a low positive 

correlation between rate of gain and size of feeder cattle existed, 

none of the measurements or combinations of measurements were useful 

indicators of a steer's ability to gain rapidly or economically. 

Birth weight and six linear body measurements of Angus, Hereford 

and Shorthorn calves were taken within 24 h of birth by Flock et al. 

(1962). Birth weight was correlated (r=.30, .24 and .15) with 

preweaning average daily gain (ADG) in Angus, Hereford and Shorthorn 

cattle, respectively. Correlations between preweaning ADG and linear 

measurements also were low. They concluded that linear measurements 

at birth should not be used as selection criteria to improve weaning 

weights. 

Brown and Shrode (1971) attempted to predict postweaning ADG 

using a multiple regression equation. Variables were length of back, 
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loin and rump, total body length, width of hooks, heart girth, 

condition score and ultrasonic fat measurements taken at weaning. 

Coefficients of determination were .28 and .24 for heifers and bulls, 

respectively, when age and weight were not included in the model. 

Recently, studies with several breeds of beef cattle differing 

greatly in size and genetic background have shown that differences in 

rate and efficiency of gain between steers varying in size is 

dependent upon the interval of evaluation. Smith et al. (1976) 

reported that larger breeds of cattle gained faster to 405 d than 

smaller breeds, but variation in FE among breeds was much less. When 

evaluated between 240 and 470 kg, larger breeds both gained faster 

and were more efficient and considerable variation was observed among 

breeds. However, when fed to a constant fat percentage of the 

longissimus muscle, variation between breeds was small and rankings 

tended to change in favor of those that marble at lighter weights. 

Cundiff et al. (1981) found that larger breeds of cattle were heavier 

at birth, 200 d and 424 d and grew faster over weight constant 

intervals than small breeds. Large cattle also required fewer 

megacalories of metabolizable energy/kg of gain over time and weight 

constant intervals. They further stated that, when marbling or fat 

trim was used as an endpoint, those breeds reaching the final amount 

of fat in the fewest days generally required less energy per unit of 

gain. ADG was not evaluated for any of the fat constant endpoints. 

Although these two studies used breeds as opposed to more specific 

measurements of size, much knowledge can be gained about how cattle 

grow and develop with reference to various endpoints. 

Another endpoint which has been considered is a certain 

percentage of estimated mature weight. Barber et al. (1981) 

slaughtered Angus and Charolais steers at 86, 100 and 114% of the 

mean weight of the steers' dams in each breed, respectively. ADG 

decreased for both breeds as weight increased, and Charolais steers 

were older and heavier at each slaughter weight. ADG and FE did not 

differ between breeds when compared at equal percentages of mature 

cow weight. A major problem with this endpoint is estimating mature 

weight. Butts et al. (1980a) suggested that initial feeder calf 
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weight and initial height, adjusted for fatness, would provide an 

estimate of genetic size. 

McCarthy et al. (1983) individually fed large and small framed 

steers to final weights of 540 and 414 kg, respectively. Large framed 

steers required more days on feed than small framed steers, but were 

not different in quality grade from small framed steers. Results also 

showed that large framed cattle grew faster and ate more feed 

throughout the trial, but no difference in FE was detected among 

frame sizes. 

Schlegel (1979) fed cattle to low choice quality grade and found 

no differences in ADG or FE between frame size groups. Skeletal 

measurements were not correlated with ADG. McKeith et al. (1983) 

found no difference in daily gains between small and medium framed 

steers when fed a constant amount of time but time on feed was much 

less than those in the Schlegel (1979) study. 

Gosey (1983) reported correlations between ADG and foreleg 

length, body length, hind leg length and shoulder width to be .50, 

.54, .55 and .65, respectively. Neither the interval of evaluation of 

ADG nor the time at which the measurements were made was reported. 

These same four measurements were correlated .51, .68, .71 and .68 

with final weight, respectively, indicating that linear measurements 

accounted for 25 to 50% of the variation in growth rate and mature 

size. Klosterman (1972) stated that no one size of cattle has a 

distinct advantage in FE, and when fed to the same quality grade, 

little difference exists in efficiency of gain among different sizes 

of cattle. Both Klosterman (1972) and Gosey (1983) agreed that 

selection for rate of gain can be expected to increase mature size 

but that selection for size alone would reduce the response in growth 

rate. Klosterman (1972) also concluded that selection for growth rate 

can be expected to increase FE, but selection for mature size could 

only be expected to affect ADG and not substantially affect feed 

efficiency. These statements indicate that ADG and FE are more 

closely related to genetic potential for growth than to size. 

Spivey et al. (1983) compared the feedlot performance of Angus 

and Simmental bulls of the same age. Bulls of both breeds weighed the 
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same at the beginning of the trial and did not differ in ADG or FE 

during the first 99 d on feed. However, Simmental bulls grew faster 

the last 40 d of the trial. This clearly demonstrates that cattle of 

different genetic backgrounds have different genetic potentials for 

shape of their growth curves and rates of maturing. 

Carcass composition. Differences in subsequent carcass 

composition between feeder cattle of various types depend primarily 

on the endpoint to which the cattle are fed. Klosterman (1972) stated 

that when cattle are fed to the same weight, the larger, faster 

growing cattle are likely to be leaner and grade lower. Therefore, 

cattle that are larger and later maturing must be fed longer periods 

of time before reaching a given level of fatness. This fact was 

demonstrated by Koch et al. (1976) who compared 1,121 steer carcasses 

from several breeds. Carcasses were evaluated from steers fed to a 

constant age, weight, fat trim percentage or percentage of fat in the 

longissimus muscle. At a constant age or weight, the large cattle 

were found to have a higher percentage of retail product and bone and 

a lower percentage of fat. But at a constant percentage of fat in the 

longissimus muscle, differences were much less. When evaluated at the 

same percentage of fat trim or fat percentage in the longissimus 

muscle, carcass weights were significantly different among cattle 

types. The different biological types of cattle in this study were 

represented by breeds, and frame size was not the only factor 

affecting mature weight or composition. 

Barber et al. (1981) fed Angus and Charolais steers to equal 

percentages (86, 100 and 114%) of their dams' mature weights. Angus 

steers had higher quality grades at the lightest slaughter weights 

(Ch vs Ch-) but quality grade was the same for both breeds at the 

two heavier weights. Fat thickness and yield grade increased for both 

breeds as weight increased and was greater for Angus within each 

weight class. Low choice longissimus muscle fat content was attained 

at shrunk body weights of 368 kg for Angus and 464 kg for Charolais 

steers. These weights represented 77 and 76% of mean mature cow 

weights for Angus and Charolais, respectively. These data indicate 

that intramuscular fat is not directly related to subcutaneous fat 
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thickness but that quality grade may be positively related to the 

percentage of mature weight attained. 

McKeith et al. (1983) fed small and medium framed steers for 

either 90, 125 or 160 d and found that medium framed steers were 

heavier, had lower quality grades and had lower yield grades than 

small framed steers. They concluded that small framed steers should 

be marketed after shorter periods of feeding than medium framed 

steers for optimum carcass composition. 

Butts et al. (1980a) fed Angus, Hereford, Angus x Hereford and 

Charolais crossbred feeder cattle to a constant estimated 

subcutaneous fat thickness (12 mm). At the initiation of the trial, 

the cattle were physically described for withers height, subcutaneous 

fat thickness (ultrasonic measurement), body depth, weight and breed. 

Initial weight was unrelated to days on feed and initial withers 

height was positively associated with days on feed. The authors 

concluded that feeder cattle could be grouped with reference to days 

on feed using frame size and degree of fatness. They suggested that 

initial fat thickness provided an estimate of initial stage of 

maturity, and initial weight along with initial height provided an 

estimate of mature size. In another phase of this experiment (Butts 

et al., 1980b), the feeder cattle were visually scored for fat, 

muscle and frame size and fed to 12 mm estimated fat thickness. In 

general, fat score was negatively related and frame score positively 

related to days on feed, but the addition of frame and fat scores to 

models including Initial weight and breed classifications explained 

only an additional 5% of the variation in days on feed. Muscle score 

was not related to days on feed or any of the other variables 

measured in this study. Twenty-three of the Charolais crossbred 

steers failed to reach the 12 mm fat thickness criterion before they 

were slaughtered. Fat thickness was unrelated to quality grade in 

this study. 

Daley et al. (1983b) visually scored feeder steers of various 

breeds and crosses for condition, muscling and frame size. The steers 

then were assigned to one of four feeding groups based on projected 

days on feed. Large framed and (or) thinly fleshed steers were 
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assigned to longer feeding periods than smaller framed and (or) 

fleshy steers. After the four groups were fed their allotted lengths 

of time, this technique proved accurate in grouping steers in final 

yield and quality grades. The authors stated that, because initial 

muscling score did not differ among groups, muscling score would have 

been ineffective for sorting cattle into compositional endpoint 

groups. Actually the opposite may have been true because, just as 

with muscle score, compositional endpoints were similar among feeding 

groups. No difference in initial weight was observed between feeding 

groups. Frame size, muscling and condition (fatness) all affect 

initial weight of feeder steers (McKeith et al. 1983; Weatherbee, 

1981; Butts et al., 1980b). In the Daley et al. (1983b) study initial 

weight and muscling were not different among groups, and differences 

in initial fatness were reflected by differences in frame size. In 

fact, had the steers been allotted by frame size only, rankings for 

days on feed would have remained the same. 

Schlegel (1979) fed Charolais crossbred steers to low choice 

quality grade. Steers were placed in one of three feeding groups 

based on their average initial visual frame scores. Small, medium and 

large framed steers required 153, 193 and 225 d on feed, 

respectively. No differences in initial muscling score or fat 

thickness were found, but larger framed steers were heavier at the 

initiation of the experiment. 

McCarthy et al. (1983) slaughtered large and small framed steers 

at 504 and 414 kg, respectively. They found no significant 

differences in quality grade, but small framed steers had twice the 

fat thickness and higher yield grades than large framed steers. Small 

framed steers were Angus and Hereford crosses while large framed 

cattle were Charolais and Simmental crosses. Other breed effects in 

addition to frame size could have been responsible for observed 

differences in composition. No measures of muscling were used in this 

study. 

Weatherbee (1981) fed Charolais crossbred steers of the same 

frame size for 195 d and found initial muscling score to be 

significantly correlated with ribeye area and yield grade. Quality 
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grade did not differ among groups when steers were sorted according 

to initial trimness or muscling scores. However, feeder steers scored 

as trim and(or) heavily muscled tended to produce carcasses with 

higher cutability than wasty and(or) thinly muscled steers. 

Live Animal Evaluation 

Visual appraisal. Visual scores and estimates of composition of 

feeder cattle, breeding stock and slaughter steers are used 

extensively by breeders, feeders and buyers throughout the cattle 

industry. Although such "subjective" measurements are many times 

looked upon with skepticism by the scientific community, they will 

continue to be the quickest, cheapest and most used method of live 

animal evaluation. Therefore, animal scientists must continue to 

assess the accuracy of various visual estimates and scoring systems 

so that they can be used most effectively. Gregory et al. (1962) 

visually evaluated yearling steers for fat thickness at the 12th rib, 

ribeye area, kidney, pelvic and heart (KPH) fat percentage, 

cutability and slaughter grade. Results indicated that graders could 

account for 20 to 25% of the variation in carcass traits using live 

estimates and that cattle could be appraised more accurately for 

cutability than quality. In a similar study (Gregory et al., 1964), 

trained personnel could estimate group means accurately for 

cutability and quality in live cattle; however, the precision for 

ranking individuals was less than desired for purposes of selection 

of breeding stock. Live estimates accounted for 25 to 35% of the 

variation in cutability. 

A committee of six judges was used to study live-animal 

prediction of beef carcass characteristics (Wilson et al., 1964). 

Correlations between live estimates and carcass measurements were 

.33, .32, .25 and .44 for ribeye area, KPH fat percentage, quality 

grade and carcass cutability, respectively. In this case, carcass 

cutability was determined using a prediction equation rather than 

actual cutout of the carcasses. Visual estimates of fat thickness 

were more closely related to adjusted fat thickness than to a tracing 

of actual fat thickness (r=.51 vs .38) indicating that overall 

fatness of the carcass could be predicted with moderate accuracy. 
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Cundiff et al. (1967) found that live weight was a more accurate 

indicator of the total weight of steak and roast meat than were 

visual scores of conformation, muscling or slaughter grade. However, 

weight of cuts is not a measure of composition. Kidwell et al. (1959) 

concluded that conformation scores were primarily indicators of the 

amount of fat in a carcass. 

Lewis et al. (1969) determined that visual appraisal by trained 

personnel could account for more than one-half of the variation in 

carcass traits of cattle, hogs and sheep. Untrained personnel could 

account for only about 25% of the variation in carcass traits. Visual 

appraisal accounted for 75% of the variation in fat thickness. Live 

estimates acounted for 80% of the variation in lamb grades, but only 

47% of the variation in cattle grades was associated with live 

estimates due to the difficulty in estimating marbling. Live weight 

was not a reliable indicator of carcass cutability. 

Sixteen subjective scores and five estimates of carcass traits 

were evaluated as predictors of edible portion in 745 Hereford steers 

(Busch et al., 1969). Subjective scores, including various 

conformation and condition scores, were of little value in predicting 

edible portion which was defined as weight of boneless, closely 

trimmed retail cuts and lean trim. Slaughter weight accounted for 75 

to 88% of the variation in edible portion, but weight is not a 

measure of cutability. Correlations between estimated and actual fat 

thickness ranged from .41 to .67 over all graders. 

Jeremiah et al. (1970) used large numbers of Angus, Hereford, 

Shorthorn and crossbred steers to determine whether marbling score 

could be predicted from the live animal. Results showed that 

differences in subcutaneous fat and live weight existed among breeds 

at equal degrees of marbling. However, estimation of marbling score 

on a within-breed basis showed little accuracy. 

Live and carcass shapes of cattle and hogs were used (Kauffman 

et al., 1973) to study the effects of two shapes (muscular and 

nonmuscular) on gross composition. They found that nonmuscular 

animals were considerably fatter than anticipated when evaluated 

subjectively and muscular ones were slightly thinner than 
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anticipated. Muscular animals contained a slightly higher percentage 

of fat-free muscle due to a higher muscle to bone ratio. However, 

when weight and fatness were held constant, the weight of various 

anatomical parts of the carcass were similar for both shape groups, 

indicating the proportionality of both muscles and bones. It was 

concluded that shape is a factor in determining composition, but 

degree of fatness is much more important. Evaluation of 674 show 

steers over a 3-year period indicated that steers appraised as 

heavily muscled had larger ribeye areas than steers evaluated as 

lightly muscled (Good et al., 1961). 

Visual appraisal of cannon bone size was evaluated as it relates 

to performance and carcass traits and actual metacarpal measurements 

in steers (Dikeman et al., 1976). Correlations over all breed crosses 

indicated that cannon bone size scores were positively correlated 

with birth weight, 200-d weight, ADG and slaughter weight. Scores 

also were positively correlated with cutability and retail cuts 

percentages but negatively correlated with marbling scores, quality 

grade and carcass fat percentage. These results suggest that large 

cannon bone size is associated with larger, later maturing cattle and 

that the steers in this experiment were not fed to the same 

physiological endpoint. 

Butts et al. (1980a,b) used both measurements and visual scores 

to describe feeder cattle. They found that visual frame score was as 

effective as objective measurements in relating to carcass weight and 

days on feed but that subjective estimates of condition were less 

effective than objective estimates of fat (ultrasonic). Daley et al. 

(1983a) found no difference in the accuracy of visual appraisal and 

subcutaneous fat probe in estimating actual carcass fat thickness, 

and correlations with fat thickness were almost identical for the two 

methods. 

Schlegel (1979) used the scoring system of Long (1971) to sort 

cattle into small, medium and large framed groups. He found that 

linear skeletal measurements were different among frame size groups 

and concluded that cattle can be visually sorted into uniform frame 
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size groups as determined by skeletal measurements. Weatherbee (1981) 

drew similar conclusions. 

Linear measurements. Objective measurements of skeletal size and 

fatness of the live animal have been used to predict performance and 

estimate composition of cattle. Use of skeletal measurements has 

gained wide acceptance in live animal evaluation because they are 

simple and easy to take. However, some measurements of skeletal size 

are affected by the stance of the animal, the angles of the animal's 

joints or the person taking the measurements. In these cases, 

measurements may be either inaccurate or have low repeatabilities. 

Tallis et al. (1959) found height at the withers, height at the hips, 

circumference at the navel and heart girth to have the highest 

repeatabilities among several body measurements taken before 

slaughter. Length of body, depth of chest and width of hooks also had 

high repeatabilities but had greater error components. Depth of twist 

and forearm circumference had wery low repeatabilities. 

Cook et al. (1951) reported that shorter-bodied, low-set steers 

with large heart girths had higher slaughter grades, carcass grades 

and dressing percentages than rangy steers. Similarly, Kidwell et al. 

(1959) concluded that taller steers produced lower grading carcasses 

with less fat and more bone and muscle. The endpoint to which the 

steers in these studies were fed was not given. 

Similar results have been found by researchers who have measured 

slaughter steers at a constant body weight (Black et al., 1938; Yao 

et al., 1953). These workers found that withers height and hip height 

were negatively associated with carcass grade and fatness at 409 kg 

live weight. Yao et al. (1953) also noticed highly significant 

correlations among various measurements of skeletal size. 

Wythe et al. (1961) reported that correlations among both 

lengths and weights of various bones were significant. These findings 

were further substantiated by Ramsey et al. (1976). They took carcass 

skeletal measurements of bulls, steers and heifers of two frame 

sizes. Skeletal measurements of bulls were greater than those of 

either heifers or steers and differences also existed among frame 

size groups. However, when expressed as a percent of some other 
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length to obtain body proportions, differences between sexes and 

types were eliminated. The authors concluded that variation in 

skeletal proportion is unfounded. Proportionality of the musculature 

also has been documented by Berg and Butterfield (1976). These 

results suggest that skeletal size or degree of muscling evaluated at 

one point on an animal should be indicative of the animal's overall 

size or muscularity. 

Skelley et al. (1972) found that neither weight, length, 

circumference or density of bones was significantly related to fat 

thickness or specific gravity of beef carcasses. Williams and Bailey 

(1984) found that frame size was not related to the percentage of 

boneless, closely trimmed retail cuts from the round, loin, rib and 

chuck in steers of various breeds about the same age. Abraham et al. 

(1968) found that carcass length was related to carcass weight and 

weight of boneless cuts (r=.80 and .82, respectively), but was 

negatively related to percentage of boneless cuts in beef carcasses. 

Also, carcass length was not significantly correlated to weight of 

boneless steak and roast meat when carcass weight and fat thickness 

were held constant. 

The relationship of bone and muscle weights was studied by Wythe 

et al. (1961). They found significant correlations between bone 

weight and weight of trimmed retail cuts and ribeye area among steers 

fed for a constant time. With carcass weight held constant, bone 

weight and bone-in trimmed retail cuts were more closely related than 

bone weight and boneless retail cuts. Muscle to bone ratios were not 

measured. 

Hankins et al. (1943) determined muscle to bone ratio of beef 

and dual-purpose Shorthorn cattle from the 9-10-11 rib cut. Beef type 

Shorthorns had higher muscle to bone ratios, but muscle to bone ratio 

was not related to the percentage of fat in the carcass. Berg and 

Butterfield (1966) found differences in muscle to bone ratio among 

six breed groups when evaluated at either a constant muscle, fat, 

muscle plus bone or carcass weight. Their data also showed that 

muscle to bone ratio increased as carcass weight increased because 

bone tissue is earlier maturing than muscle. 
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Objective measurements of fatness have been used on the live 

animal to estimate composition. These methods include the fat probe 

and ultrasonic measurements which are not without error. Fat probe 

measurements of fat thickness using a thermistor thermometer were 

found to be useful at cool temperatures but accuracy declined with 

higher environmental temperatures (Warren et al., 1959). Brackelsberg 

et al. (1967) found correlations of .21 to .90 between fat probe fat 

thickness measurements and carcass measurements within various 

breeds, sexes and years. A prediction equation using fat probe 

measurements at the 9th and 13th ribs accounted for 45% of the 

variation in actual fat thickness in animals uniform in sex, age, 

breed and management. Daley et al. (1983a) found a single fat probe 

estimate of fat thickness to be correlated (r=.81) with actual 

measured fat thickness on 140 steers of diverse biological type. 

Accuracy, expressed as a mean absolute deviation of preslaughter 

estimates from carcass measurements, was .23 cm. Estimates were most 

accurate among cattle with .76 to 1.52 cm fat thickness. 

Conversely, Williams and Bailey (1984) reported a correlation of 

.24 between live fat probe estimates and actual measurements of fat 

thickness. Fat probe estimates were only slightly related to 

cutability (r=-.24). They did not recommend the fat probe to estimate 

composition of young beef bulls. In this study, weight was most 

highly related to carcass fat, and cutability of all the variables 

observed. Variability in fat thickness was less than in the 

Brackelsberg et al. (1967) and Daley et al. (1983a) studies. 

The use of ultrasonic techniques is another objective method of 

evaluating fatness and muscling in the live animal. Hedrick et al. 

(1962) found correlation coefficients between estimated and actual 

fat thickness varied from .11 to .63. Davis et al. (1964) reported 

much higher correlations (r=.67, .90) between ultrasonic measurements 

of fat thickness at the 12th rib and actual carcass measurements. 

Davis et al. (1966) found that correlations of ultrasonic 

estimates of longissimus muscle area and fat thickness with actual 

carcass measurements of these two traits were not significantly 

different. Alexander et al. (1961) compared live and actual 
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measurements of longissimus muscle area and fat thickness between 

right and left sides of beef carcasses. Correlations between live and 

carcass longissimus muscle area for the left and right sides were .79 

and .89, respectively. For fat thickness the correlations were .53 

and .63 for left and right sides, respectively. 

Temple et al. (1965) summarized the errors associated with 

ultrasonic evaluation of live cattle. Errors in predicting lean and 

fat were due to animal variation, tissue change during slaughter, 

interpretation (correlations between interpreters ranged from .61 to 

.94) and machine manipulation. In this study, 80% of the fat 

thickness estimates were within .25 cm of the carcass measurements. 

Measures of Carcass Composition 

Several carcass characteristics and measurements have been used 

to describe carcass composition. Some of these measures of 

composition are highly related to actual chemical composition while 

others are more closely related to carcass cutability and yet others 

may only be associated with weight of cuts. It is important, 

therefore, to know how these measures of composition are interrelated 

and how they can be used most effectively. One factor that has been 

used to predict composition is live weight (Cundiff et al., 1967; 

Busch et al., 1969) or carcass weight (Abraham et al., 1968, 1980). 

Preston (1971) concluded that body weight had a greater effect on 

carcass composition than did plane of nutrition. This and similar 

studies (Winchester et al., 1967; Burton and Reid, 1969; Ridenour et 

al., 1982) which have shown that composition is highly dependent on 

live or carcass weight, have used animals that were similar in size 

and biological type. However, when cattle of various breeds and 

biological types are fed to a constant weight, large differences in 

carcass composition are seen (Koch et al., 1976). Thus, "instead of 

thinking that live weight or carcass weight determines the percentage 

of fat and protein, it may be more correct to say that body 

composition is a function of the proportion of mature body weight 

which has been attained at any given live weight" (Preston 1971). 

Nonetheless, in most beef carcass populations, carcass weight is 
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found to be negatively related to carcass cutability (Murphey et al., 
1963). 

The present USDA yield grades for beef are based on the 

following equation by Murphey et al. (1960): Percentage of boneless, 

closely trimmed, major retail cuts = 52.56 - 1.95 (actual fat 

thickness, cm) - 1.06 (KPH fat, %) + 1.06 (ribeye area, cm^) - .018 

(carcass weight, kg). Crouse et al. (1975) and Kauffman et al. (1975) 

suggested that yield grades discriminated against larger, later 

maturing cattle with heavy mature weights because of the negative 

relationship of carcass weight to estimated cutability in the yield 

grade equation. Abraham et al. (1980) found no particular pattern of 

overestimation or underestimation of cutability by the yield grade 

formula when carcasses were grouped on the basis of weight, fat 

thickness or muscling. 

Fat thickness is the most important variable in multiple 

regression equations predicting carcass composition (Abraham et al., 

1980). Cole et al. (1962) found that prediction equations using only 

fat thickness and carcass weight were associated with over 70% of the 

variation in separable lean. In a study by Ramsey et al. (1962), 

neither carcass grade nor yield grade was superior to a single 

measurement of fat thickness for estimating percentage of separable 

lean or fat in beef carcasses. They found no advantage in using three 

measures of fat thickness rather than one measurement at the 12th 

rib. Abraham et al. (1968) also found that average fat thickness was 

not more closely related to boneless retail cuts than a single 

measurement. Fat thickness had little effect on yield of boneless 

steak and roast meat for Charolais cattle in the Abraham et al. 

(1968) study due to less variation and a lower level of subcutaneous 

fat deposited in the Charolais cattle than in other breeds. 

Murphey et al. (1963) found simple correlations between 

percentage of closely trimmed, boneless retail cuts from the round, 

loin, rib and chuck and a single fat thickness measurement and 

adjusted fat thickness of -.72 and -.75, respectively. A multiple 

correlation coefficient using a single fat thickness measurement, 

ribeye area, KPH fat percentage and warm carcass weight was .88. A 
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subjective adjustment of fat thickness improved this relationship 

(R=.90). Similarly, Crouse and Dikeman (1974) reported that 

correlations of adjusted fat thickness with percentages of carcass 

moisture, fat and protein were -.87, .86 and -.85, respectively. 

Simple correlation coefficients between carcass chemical composition 

and actual fat thickness were slightly lower. Yield grade showed 

about the same relationship with chemical composition as adjusted fat 

thickness but retail product percentage was more highly correlated 

with carcass moisture, fat and protein percentages. 

Abraham et al. (1980) reviewed several factors which might be 

used in revising prediction equations for yield of boneless, closely 

trimmed retail cuts. They found that adjusted fat thickness, KPH fat 

percentage and ribeye area, in that order, were the most important 

factors in predicting carcass cutability. Crouse et al. (1975) and 

Kauffman et al. (1975) suggested that marbling score should be used 

in the yield grade equation. Abraham et al. (1980) revealed that, 

when marbling was substituted for carcass weight in the yield grade 

equation, the accuracy of the prediction equation which accounted for 

83% of the variation in carcass cutability was not affected. When 

muscle to bone ratio was used in the yield grade equation instead of 

ribeye area and carcass weight, the equation had a higher coefficient 

of determination than the original equation. These results are in 

agreement with Berg and Butterfield (1966) who stated that "a 

desirable steer carcass has a minimum amount of bone, maximum amount 

of muscle and an optimum amount of fat." They proposed that muscle to 

bone ratio along with fat percentage was the best measure of carcass 

composition. 

Hankins and Howe (1946) found the chemical composition and 

separable physical components of the 9-10-11 rib cut of slaughter 

steers to be highly related to the composition of the entire carcass 

and developed equations for predicting carcass composition based on 

rib composition. Similarly, Crouse and Dikeman (1974) reported 

correlations of .84 and .95 between rib chemical composition and 

whole side chemical composition, respectively. 
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Other less valuable cuts also have been shown to be highly 

related to carcass composition. Brackelsberg et al. (1968) found that 

muscle and fat content of various sections of beef carcasses were 

related to total carcass muscle and fat content among steer carcasses 

that were similar in age, type and weight. The relationship of total 

carcass bone to the bone content of carcass sections or wholesale 

cuts was much lower. Percentages of muscle, fat and bone in the round 

were correlated (r=.89, .82 and .28) with carcass percentages of 

muscle, fat and bone, respectively. Brungardt and Bray (1963) found 

that percentage of trimmed round was the best single predictor of 

retail cuts percentage and carcass muscle percentage with 

correlations of .83 and .81, respectively. Trimmed round percentage 

along with a single measurement of fat thickness accounted for 81% of 

the variation in percentage of retail cuts. 

Orme et al. (1960) used the weights of six muscles and two 

muscle groups to estimate total carcass lean in beef carcasses. They 

found that 64 to 92% of the total separable lean in mature cattle was 

associated with the weight of certain muscles. In general, the 

smaller muscles were less precise indicators of weight of carcass 

lean but high interrelations were found among the weights of all 

muscles studied. Simple correlations between total carcass lean and 

the weights of certain muscles and muscle groups were: Biceps 

femoris, .96; sirloin tip muscle group, .93; Longissimus dorsi, .92; 

and inside round muscle group, .92. Among several combinations, only 

the combined weight of all six muscles and both muscle groups gave a 

higher correlation with total carcass lean than the Biceps femoris 

alone. 

Another method used to estimate carcass composition is carcass 

density. Specific gravity of a carcass is the ratio of carcass weight 

to the weight of an equal volume of water. Since the densities of the 

various carcass components are known to be different, specific 

gravity enables estimation of carcass composition with reasonable 

accuracy (Preston, 1971). If the concentration of any major chemical 

component of the body can be determined, eg., the percentage of 

water, fat or protein, the concentrations of the remaining 
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constituents can be determined using the concept of chemical maturity 

as proposed by Moulton (1923). 

Garrett and Hinman (1969) found that carcass density was highly 

correlated with percentages of fat (-.95), water (.91), nitrogen 

(.93) and energy (-.94) in the carcass. Similar correlations were 

found between carcass density and chemical composition of the empty 

body. Relatively low standard errors of estimation indicated that 

carcass density was a reliable index of composition of steers. The 

relationship between carcass density and cutability was not examined 

in this experiment. 

The literature concerning growth and development of beef cattle 

is generally confounded by the assumption that differences in breed 

dictate uniform differences in anatomical and physiological 

characteristics. Further confusion results from the invalid 

assumption that cattle slaughtered at either time, weight or fat 

thickness constants are at the same physiological endpoint. More work 

needs to be done with cattle of the same age and nutritional 

background which have been accurately stratified by specific 

measurements of skeletal and muscular anatomy, the carcasses of which 

are evaluated at the same physiological age. 



CHAPTER III 

VISUAL SCORES AND LINEAR MEASUREMENTS 

OF FEEDER STEERS AS PREDICTORS OF 

SUBSEQUENT PERFORMANCE AND 

CARCASS CHARACTERISTICS 

Summary 

Forty-one Charolais crossbred feeder steers were used in a 3x3 

factorial arrangement with main effects being frame size (small, 

medium and large) and days on feed (112, 140 and 196). At the 

initiation of the experiment the steers were visually scored for 

trimness, muscling and frame size and were assigned to one of three 

frame size groups based on their visual frame scores. Six linear 

measurements of skeletal size also were taken initially. Frame score 

was highly correlated with skeletal measurements (r=.60 to .87, 

P<.05) and differences were found among frame size groups for all 

measurements. Average daily gain decreased (P<.05) as days on feed 

increased and was negatively related to feed/gain (r=-.79, P<.05). 

Small framed cattle gained faster and were more efficient (P<.05) 

than large framed steers. Quality grade was not affected (P>.05)by 

frame size or days on feed. Yield grade increased linearly (P<.05) 

with days on feed and was more desirable for small than for large 

framed steers. Frame size did not affect (P>.05) other measures of 

carcass cutability. Initial muscling and trimness scores were 

positively correlated (P<.05) with measures of cutability in small 

and medium framed steers but neither muscling nor trimness scores 

were related to subsequent measures of composition in large framed 

steers. 

Introduction 

A major concern of the feedlot industry is the sorting of feeder 

cattle into uniform groups based on the length of feeding period 

required to reach compositional endpoints of quality and cutability. 

Several methods of sorting feeder cattle have been used which do not 

consider large differences in age, degree of muscling, stage ot 

maturity or expected mature size. Many of these sorting methods 

result in diverse groups of cattle being fed together, and after a 

21 
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given feeding period, result in carcasses which do not conform to 

desired beef marketing specifications for quality and(or) cutability. 

Cattle of larger mature size require longer lengths of time on 

feed to reach similar levels of intramuscular fat (Koch et al., 1976; 

Barber et al., 1981; Cundiff et al., 1981). Differences in time 

required to reach desirable quality grades are reflected by 

differences in initial frame size and condition (Butts et al., 

1980a,b; Daley et al., 1983b). Frame size alone has been used as a 

single criterion for sorting cattle into endpoint groups (Schlegel, 

1979). 

The purpose of this study was to determine the effects of frame 

size of feeder cattle on subsequent performance and carcass 

composition in steers fed different lengths of time. The usefulness 

of visual scores for sorting feeder cattle also was examined. 

Experimental Procedure 

Forty-one yearling steers (305 kg average initial weight) of 

predominately Charolais breeding were used in a 3x3 factorial 

arrangement with main effects being frame size (small, medium and 

large) and days on feed (112, 140 and 196). Examination of the 

steers' dentition indicated that the cattle were about the same age. 

Ultrasonic measurements of fat thickness were taken over the 

longissimus muscle at the 12th rib. 

The steers were visually scored for trimness, degree of muscling 

and frame size by five experienced live animal evaluators using the 

method of Long (1971). This method uses a scale of 1 to 10 for each 

trait with a higher score denoting trimmer, more muscular or larger 

framed steers. Higher scores for trimness were given those steers 

with tighter hides and less loose skin in the dewlap, brisket, flank, 

twist and along the underline. Steers exhibiting a wider stance, more 

bulging forearms, thicker stifles and greater muscle expression 

during movement received higher muscling scores. Higher frame scores 

were given to taller, longer-bodied steers with longer cannon bones. 

The steers then were assigned to one of three frame size groups on 

the basis of their average frame scores. 

^Branson Model 12 Sonoray. Branson Instruments, Inc. Bethel, CT. 
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Skeletal measurements were taken twice by the same person at the 

beginning of the test and the averages of the two measurements were 

used as on-test measurements. A caliper was used to measure height at 

the withers and hips, length from hooks to pins (rump length) and 

length from the point of the shoulder to the pins (body length). A 

metal tape was used to measure length and circumference of the right 

fore-cannon. Circumference of the cannon bone and overlying tissues 

was taken at the smallest point while length was measured from the 

lateral edge of the proximal end to the lateral point of the distal 

synarthrosis of the fourth metacarpal. Measurements were taken to the 

nearest millimeter. 

The steers were weighed and placed on a diet (table 1) which 

furnished about 1.62 mcal/kg NE^ and .90 mcal/kg NE (NRC, 1982). 

Steers were introduced gradually to the diet over a 10-d period and 

remained on the same diet throughout the test. All steers consumed 
2 

the diet ad libitum from electronically activated feeders which 

monitored individual feed consumption on a daily basis. Salt was 

offered free choice. Initial weights were the average of three 

weights taken on consecutive days at about 1400 h. A single weight 

was taken at 1400 h eyery 28 d thereafter to monitor progress. 

Individual average daily gain (ADG), feed consumption and feed 

efficiency (FE) were calculated for each 28-d period. Final weight 

was derived by the same procedure as initial weight, and overall ADG 

and FE were determined for each steer. 

After the designated time on feed, visual scores and linear 

measurements were repeated. The following carcass data were collected 

after 48 h of chilling: carcass weight, fat thickness, ribeye area 

(REA), kidney, pelvic and heart fat percentage (KPH), marbling score, 

yield grade and quality grade (Gd- = 9; Ch- = 12). Carcass specific 

gravity was determined by hydrostatic weighing. Muscle to bone (M:B) 

ratio was obtained from the right round of each carcass, and 

percentages of bone, muscle and fat in the round were established by 

Pinpointer Model 4000. UIS Corp. Cookeville, TN. 
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TABLE 1. COMPOSITION OF DIET 

Ingredient 

Ground yellow corn 

Rolled oats 

Pelleted alfalfa 

Cane molasses 

Soybean meal 

Cottonseed meal 

Cottonseed hulls 

Ground limestone 

Total^ 

^Dry basis. 

International ref. no. 

4-26-023 

4-03-309 

1-00-023 

4-04-696 

5-20-637 

5-07-872 

1-01-599 

6-02-632 

Composition^, % 

32.5 

15.0 

10.5 

4.0 

7.5 

5.0 

25.0 

.5 

100.0 

'includes Vitamin A (2200 lU/kg). 
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complete dissection of the three tissues. The biceps femoris and 

femur were taken from the same round, weighed and used in calculating 

biceps femoris to femur (BF:F) ratio. The right side of each carcass 

was fabricated into boneless, closely trimmed (<.6 cm) retail cuts, 

fat trim, lean trim (about 20% fat) and bone. 

One-way analysis of variance and Tukey's procedure were used to 

determine significant differences between frame size groups for 

initial scores and measurements. Multiway analysis of variance and 

orthogonal contrasts (General Linear Models procedure; SAS, 1982) 

were used to compare frame size groups for differences in performance 

traits and carcass characteristics. Contrasts among frame size groups 

were: small vs large and small + large vs medium (Steel and Torrie, 

1980). Data for days on feed were analyzed for linear and quadratic 

effects using orthogonal polynomials. All appropriate interactions 

were observed. Simple correlation coefficients were computed among 

initial scores and measurements and between initial scores and 

feedlot performance and carcass traits. The predetermined acceptable 

level of probability was .05 and is used throughout this discussion. 

Results and Discussion 

Initial scores and measurements. Means for initial scores and 

measurements by frame size group are shown in table 2. Initial fat 

thickness measurement revealed that the steers were all lean and 

similar in fat thickness (0 to .2 cm) at the initiation of the 

experiment. Trimness and muscling scores were not different among 

frame size groups, but simple correlation coefficients showed that 

trimness score was related to both muscling and frame scores (r=.47 

and .48, respectively). These results indicate that larger framed 

and(or) heavier muscled steers tended to have higher trimness scores. 

Visual scores for muscling and frame size were not related. Further 

comparisons among frame size groups established that the large framed 

steers were largest according to ewery skeletal measurement and that 

small framed cattle were shorter in height at the hips and withers 

than medium framed steers. The remaining measures of frame size were 

not different between small and medium framed steers. Correlations 

between initial frame score and measurements of skeletal size were 
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TABLE 2. INITIAL SCORES AND 
MEASUREMENTS OF FEEDER STEERS 

Trait 

Trinmess score 

Muscling score 

Frame score 

Hip height, cm 

Withers height, an 

Body length, cm 

Rump length, cm • 

Cannon length, cm 

Cannon circ, cm 

Fat thickness, cm 

Weight, kg 

Small 

6.2 

6.1 

5.1* 

105.8* 

100.6* 

117.9* 

38.8* 

14.0* 

16.5* 

.08 

280* 

Frame size qrouD_ 
Medium 

6.0 

5.4 

6.0** 

109.3*^ 

104.7*^ 

121.2*^ 

39.7^ 

14.5* 

16.7* 

.09 

294* 

Large 
6.2 

5.5 

7.1^ 

114.2^ 

108.8*^ 

126.1*^ 

42.4^ 

15.3^ 

17.3^ 
.06 

334** 

-

SE 
.16 

.19 

.10 

.83 

.67 

1.42 

.39 

.17 

.13 

.013 

16.5 

^»*^*%ans in the same row with different superscripts are 
different (P<.05). 
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highly significant for all linear measurements (r=.59 to .87). These 

data indicate that visual frame score is accurate for sorting feeder 

cattle into uniform frame size groups based on actual skeletal 

measurements. 

Differences in initial weight were reflections of differences in 

initial frame size (table 2). This observation agrees with Schlegel 

(1979) who found that, among steers similar in muscling and fatness, 

larger framed cattle had heavier live weights. 

Performance. ADG showed a linear decrease for days on feed (112 

d, 1.20; 140 d, 1.16; 196 d, .99 kg/d). Feed/gain did not show a 

response to days on feed, but was negatively related (r=-.79) to ADG. 

Orthogonal contrasts revealed that small framed cattle gained faster 

and required less feed/kg of gain than large framed cattle (table 3). 

Medium framed cattle did not differ from the mean of the small and 

large framed groups in feedlot performance. These results are in 

disagreement with similar studies which have indicated that larger 

framed cattle grow faster and are more efficient over time constant 

intervals (Hultz and Wheeler, 1927; Knox and Koger, 1946). Smith et 

al. (1976) and Cundiff et al. (1981) also reported that cattle of 

larger biological type generally had higher ADG and required less 

feed/kg gain over time-constant intervals, but their studies used 

breeds to represent different biological types so that the 

differences were not entirely due to frame size. Since the steers in 

the present experiment were selected from a larger group of cattle 

whose genetic background was unknown, it is likely that sizeable 

genetic differences existed. Therefore, an explanation for the 

superior performance of the small framed cattle is that frame size 

does not greatly affect ADG or FE but that differences in genetic 

potential for growth are responsible for differences in feeder cattle 

performance. 

Carcass quality. All cattle were youthful (A maturity) and 

differences in quality grade were direct reflections of differences 

in marbling. A major problem in interpreting the data concerning 

quality grade is that all carcasses had relatively low quality grades 

and variability was small. Quality grade showed no response to days 
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TABLE 3. EFFECT OF FRAME SIZE 

ON FEEDER CATTLE PERFORMANCE 

Trait 

ADG, kg 

Feed/gain 

Compari son 

Small vs large 

1.18 vs .99* 

8.51 vs 10.73* 

Small + large 
vs medium 

1.09 vs 1.17 

9.62 vs 8.77 

SE 

.069 

.629 

*P<.05. 
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on feed (112 d, 10.0; 140 d, 9.3; 196 d, 10.4); however, cold weather 

and poor performance during the final feeding period may have been a 

factor in causing unusually low levels of intramuscular fat after 196 

days. Quality grade did not differ between small and large frame size 

groups (9.3 vs 9.7, respectively) and was not significantly 

correlated with visual frame score (r=.14) or linear measurements of 

frame size (r=.04 to .25). These findings are in contrast to those of 

Schlegel (1979), Butts et al. (1980a,b) and Daley et al. (1983b) who 

reported that initial frame size of feeder cattle was closely related 

to the length of feeding period required to reach a given quality 

grade. The only comparison in this experiment which was significant 

for quality grade was that the medium framed group (10.8) had higher 

quality grades than the average of the small and large (9.5). From 

these data it can only be concluded that factors in addition to frame 

size and days on feed play an important role in determining the 

length of time required to reach marbling endpoints. 

Carcass cutability. Small framed steers yielded lighter 

carcasses with lower yield grades (table 4) than large framed steers, 

but no differences were seen in REA, KPH or fat thickness between 

small and large framed steers. No other measures of carcass 

composition were different between large and small frame size groups. 

The apparent discrepancy between yield grade and other measures of 

composition may have been due to the negative effect of carcass 

weight upon the yield grade equation. Therefore, the larger framed 

steers had higher yield grades than the smaller framed steers because 

they were heavier, but not because they were fatter. Medium framed 

steers did not differ from the average of small and large framed 

steers in any measures of carcass cutability and no interactions 

between frame size and days on feed were of any consequence. These 

results agree with others who have found that frame size does not 

affect carcass cutability when cattle are of simiar quality grade or 

level of fatness (Koch et al., 1976; Schlegel, 1979). 

Slaughter group means for carcass traits are shown in table 5. 

Carcass weight and yield grade increased linearly with increased days 

on feed. Neither linear nor quadratic effects were significant for 
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CARCASS COMPOSITION 
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Trait Small 
Frame size 
Medium Large 

Carcass weight, kg-

Yield grade* 

Ribeye area, cm 

Fat thickness, cm 

Estimated KPH, % 

Retail cuts, %^ 

Round muscle, % 

Specific gravity 

Muscle to bone ratio 

Small vs large comparison (P<.05). 

Boneless, closely trimmed steaks and roast plus ground beef. 

SE 

294.1 

1.67 

83.87 

.47 

1.83 

72.59 

76.89 

1.0545 

» 7.03 

296.0 

2.13 

79.61 

.62 

2.17 

71.76 

75.31 

1.0530 

6.73 

317.7 

2.18 

80.39 

.57 

1.98 

71.42 

74.85 

1.0514 

6.63 

10.65 

.268 

3.428 

.125 

.285 

1.087 

1.453 

.00201 

.382 

TABLE 5. EFFECT OF DAYS ON FEED 
ON CARCASS COMPOSITION 

Trait 

Carcass weight, kg* 

Yield grade* 

Ribeye area, cm 

Muscle to bone ratio 

Fat thickness, cm 

Estimated KPH, %* 

Retail cuts, %^ 

Round muscle, % 

Specific gravity 

112 

287.0 

1.79 

81.42 

6.97 

.54 

1.8 

72.8 

76.7 

1.0633 

Days on feed 
140 

296.5 

1.92 

78.58 

6.28 

.44 

1.8 

71.1 

74.8 

1.0458 

196 

324.5 

2.26 

83.87 

7.15 

.68 

2.4 

71.9 

75.6 

1.0498 

SE 

10.65 

.268 

3.428 

.382 

.125 

.285 

1.087 

1.453 

.00201 

Linear response (P<.05). 

Quadratic response (P<.05). 

Boneless closely trinined steaks and roasts plus ground beef 
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REA or fat thickness. M:B ratio responded to days on feed in a 

quadratic fashion and showed that steers in the 140-d slaughter 

group had lower muscle to bone ratios than those in either of the 

other groups. Retail cuts and round muscle percentages were not 

different between groups. Carcass specific gravity exhibited the 

same quadratic response as seen with M:B ratio. These results suggest 

that degree of muscling (M:B ratio) is related to measures of carcass 

composition and may have been partially responsible for the 

differences in cutability observed between the three slaughter 

groups. However, care must be taken in the interpretation of these 

results because, although a significant quadratic effect on carcass 

composition is attributable to days on feed, no basis was found for 

this effect, and it was more likely due to random sampling error. 

Muscling and trimness scores. Pooled correlations between 

initial visual scores and subsequent measures of carcass composition 

(table 6) show that both muscling and trimness scores were 

significantly correlated to carcass cutability in small and medium 

framed steers. Muscling score was more closely related to REA and M:B 

ratio than was trimness score. Both muscling and trimness scores were 

correlated to yield grade, percentage of retail cuts and percentage 

of muscle in the round. In general, muscling score had correlation 

coefficients of greater magnitude, indicating an advantage over 

trimness score as a predictor of cutability. Initial trimness score 

was related to KPH while muscling score was not. Neither score was 

related to subsequent quality grade. Within the large framed group, 

muscling score was positively correlated to subsequent fat thickness 

and yield grade (table 7) which is in contrast to the above results. 

No other correlations were found between muscling and trimness scores 

of large framed feeder steers and subsequent carcass composition. 

These data indicate that visual scores of muscling and trimness may 

be helpful for sorting feeder cattle based on subsequent carcass 

composition but are inconsistent among frame size groups. 

Other correlations showed that initial muscling and frame scores 

were significantly related to off-test muscling and frame score 



TABLE 6. POOLED CORRELATIONS BETWEEN INITIAL 
TRIMNESS AND MUSCLING SCORES OF SMALL AND MEDIUM 

FRAMED FEEDER STEERS AND SUBSEQUENT 
CARCASS CHARACTERISTICS 
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Trait Muscling Trimness 
score score 

Fat thickness _^30 _ 28 

Ribeye area .63** .41* 

Muscle to bone ratio .54** ,41 

Estimated KPH, % _.14 .49 

Quality grade .01 -.23 

Yield grade -.54** -.51 

Retail cuts, %* .65** .49 

Round muscle, % .74** .68 

• 

•* 

•* 

Boneless, closely trimmed steaks and roasts plus ground beef. 
*P<.05. 
**P<.01. 

TABLE 7. CORRELATIONS BETWEEN INITIAL 
TRIMNESS AND MUSCLING SCORES OF 

LARGE FRAMED FEEDER STEERS AND SUBSEQUENT 
CARCASS CHARACTERISTICS 

Trait Muscling Trimness 
score score 

Fat thickness .54* -.27 

Ribeye area .03 -.27 

Muscle to bone ratio .31 -.32 

Estimated KPH, % .19 -.14 

Quality grade .13 .02 

Yield grade .55* -.10 

Retail cuts, %* -.42 .01 

Round muscle, % -.51 .04 

Boneless, closely trimmed steaks and roasts plus ground beef. 
*P<.05. 
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(r=.76 and .83, respectively), indicating that the scores were 

repeatable. On- and off-test trimness scores were less closely 

related. Initial muscling score was a better predictor of subsequent 

cutability traits than muscle score immediately before slaughter. 

This difference can be explained by the difference in degree of 

fatness which confounds visual appraisal of muscle. 

Conclusions 

Visual frame score can be used effectively for sorting feeder 

cattle into uniform groups of skeletal size. Frame size does not 

affect carcass composition when cattle are fed to similar 

physiological endpoints, and genetic potential for growth rather than 

frame size has a greater effect on feedlot performance. 

Initial trimness and muscling scores are significantly 

correlated with subsequent measures of carcass composition of feeder 

steers and may be useful as predictors of cutability. Further study 

is needed in the development of sorting methods which will group 

feeder cattle according to the specific time on feed required to 

reach a given endpoint, especially quality grade. 



CHAPTER IV 

RELATIONSHIPS OF LIVE AND CARCASS MEASUREMENTS 

TO BEEF CARCASS COMPOSITION 

Summary 

Forty-one Charolais crossbred slaughter steers were visually 

scored for trimness, degree of muscling and frame size and six 

skeletal measurements were taken immediately before slaughter. 

Subsequent carcass traits were recorded and both live and carcass 

data were used in predicting composition of the round and two 

measures of cutability. Ribeye area (REA) was more closely related 

than fat thickness to percentage of dissectible muscle in the round 

(PMR) (r=.49 vs -.45) and to percentage of boneless, closely trimmed 

retail cuts of the right side (RRTL) from which the kidney, pelvic 

and heart fat (KPH) was removed during slaughter (r=.60 vs -.49). Fat 

thickness, however, was more highly correlated to yield of bone-in 

retail cuts of the left side (LRTL) which included KPH (r=-.63 vs 

.28). The four factors used in the USDA yield grade equation 

accounted for 58 and 68% of the variation in LRTL and RRTL, 

respectively, but were less predictive of PMR. Muscle to bone ratio 

of the round was a better predictor of PMR when used with some 

measure of fatness than was REA, but the two measures were of equal 

value in predicting cutability. Actual KPH weight was related (P<.01) 

to both measures of cutability, but estimated KPH percentage was of 

more value in regression equations predicting LRTL than RRTL. Carcass 

weight was not correlated (P>.05) to RRTL or PMR and did not 

contribute (P>.10) to most regression equations. Round volume, chest 

depth, carcass length and frame score were not related (P>.05) to 

measures of composition but were related to carcass weight and weight 

of cuts. Muscling and trimness scores were related (P<.05) to 

subsequent carcass composition and a multiple regression equation 

including muscle score, trimness score and slaughter weight accounted 

for 42% of the variation in RRTL. 

34 



35 

Introduction 

A major area of concern to the beef industry is the evaluation 

of live cattle for slaughter. It is of primary importance for 

breeders, feeders and packer buyers to be able to identify those 

cattle which will yield carcasses with a high percentage of lean, 

high quality meat. Both objective and subjective methods of live 

animal evaluation have been related to various measures of carcass 

composition (Gregory et al., 1964; Kauffman et al., 1973; Dikeman et 

al., 1976; Daley et al., 1983a). Before these methods can be 

evaluated properly, it is important to know how various measures of 

carcass composition are interrelated and where they can be used most 

effectively. 

Some measures of composition are highly related to actual 

chemical composition (Garrett and Hinman, 1969; Crouse and Dikeman, 

1974). Others are related to percentages of dissectible muscle, fat 

and bone (Brackelsberg et al., 1968) or to percentage of retail cuts 

(Murphey et al., 1963; Abraham et al., 1968, 1980). Further, some 

carcass characteristics and estimates of composition are not closely 

related to actual carcass cutout and are of little value in comparing 

to live animal traits. Therefore, the objectives of this study were 

to examine the relationships among various measures of composition in 

beef carcasses and to evaluate the usefulness of some live scores and 

measurements for predicting carcass composition of slaughter cattle. 

Experimental Procedure 

Forty-one Charolais crossbred slaughter steers ranging in weight 

from 377 to 604 kg were visually scored for trimness, degree of 

muscling and frame size by five experienced live animal evaluators. A 

scale of 1 to 10 was used for each trait with a higher score denoting 

leaner, more muscular or larger framed steers. Six skeletal 

measurements also were taken immediately before slaughter. A caliper 

was used to measure height at the withers and hips, length from hooks 

to pins (rump length) and length from the point of the shoulder to 

the pins (body length). A metal tape was used to measure length and 

circumference of the right fore-cannon. All measurements were taken 
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twice to the nearest millimeter and the averages of the two 

measurements were used in the analysis. 

The steers were slaughtered at the Texas Tech Meats Laboratory 

after 12 h of fasting. During slaughter the mesenteric fat was 

removed and weighed along with the intestines which were cleaned of 

all feed and waste. Kidney, pelvic and heart fat (KPH) also was 

removed from the right side of each carcass and weighed. Hot carcass 

weights were taken and carcasses were chilled for 48 h at 2 C. 

After chilling, the carcasses were ribbed and actual fat 

thickness was measured at a point three fourths the length of the 

ribeye from the chine bone. A tracing was made of the ribeye which 

was used to determine ribeye area (REA). KPH percentage was estimated 

from the left side of the carcasses and marbling scores were assigned 

to each carcass. Chest depth was measured from the ventral edge of 

the spinal canal at the center of the fifth thoracic vertebra to the 

center of the ventral edge of the fifth sternebra. Carcass length was 

measured from the anterior edge of the first rib to the anterior edge 

of the aitch bone. Round volume was measured by hooking a metal tape 

over the aitch bone and passing it around the round just below the 

stifle joint and back up to the anterior edge of the ilium. Specific 

gravity was determined for both right (KPH removed) and left (KPH 

intact) sides by hydrostatic weighing. 

The left sides then were broken into standard wholesale cuts and 

fabricated into closely trimmed (<.6 cm) retail cuts (bone-in), fat 

trim, lean trim and bone. Cutability of the left side (LRTL) was 

calculated as the percentage of retail cuts in the entire side 

including KPH. The same procedure was used in fabricating the right 

sides except that all bone was removed from the retail cuts. 

Cutability of the right side (RRTL) then was determined as the 

percentage of boneless, closely trimmed retail cuts from the entire 

side with the KPH removed. Muscle to bone (M:B) ratio was obtained 

from the right round of each carcass and percentages of muscle, fat 

and bone in the round were established by complete dissection of the 

three tissues. The biceps femoris and femur were taken from the same 
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round, weighed and used in calculating biceps femoris to femur (BF:F) 
ratio. 

Simple correlation coefficients were computed between carcass 

compositional measures and other carcass characteristics (Steel and 

Torrie, 1980). Multiple regression equations using selected 

combinations of carcass measurements were used to predict LRTL, RRTL 

and the percentage of muscle in the round (PMR). Stepwise multiple 

regression procedures (SAS, 1982) were used to determine the equation 

with the maximum R value for equations containing 2, 3 and 4 

independent variables. Both linear correlation and multiple 

regression were used to evaluate the use of live animal scores and 

measurements for predicting carcass composition. 

Results and Discussion 

Overall means for measures of composition and certain other 

carcass characteristics are shown in table 8. All the steers were 

wery lean and variability among experimental units was small for most 

measures of composition. Simple correlations between the three 

primary measures of carcass composition and various carcass 

measurements showed (table 9) that neither carcass length, chest 

depth or round volume was related (P>.05) to carcass composition. Hot 

carcass weight tended to be negatively related to measures of 

cutability, accounting for less than 10% of the variation. Other 

correlations revealed that both round volume and carcass length were 

highly related (P<.01) to carcass weight (r=.82 and .73, 

respectively) and to weight of retail cuts (r=.86 and .66, 

respectively). Round volume also was correlated (P<.05) with both REA 

(r=.44) and fat thickness (r=.33). 

The amount of mesenteric fat from the animals was related 

(P<.05) to all measures of carcass composition and was more closely 

related to LRTL and RRTL than was fat thickness. Weight of mesenteric 

fat accounted for 62% of the variation in yield grade as calculated 

by the USDA formula and was the best single predictor of yield grade. 

Nonetheless, removal of mesenteric fat is difficult and too 

time-consuming to have any practical application. These data suggest 

that different fat depots are related and that fat in some depots may 
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TABLE 8. OVERALL MEANS AND STANDARD ERRORS 
OF CERTAIN LIVE AND CARCASS TRAITS OF SLAUGHTER STEERS* 

Trait 

Trimness score 

Muscling score 

Frame score 

Fat thickness, cm 
2 

Ribeye area, cm 

Estimated KPH, % 

Carcass weight, kg 

Yield grade 

Marbling score 

RRTL, %̂  

LRTL, %̂  

PMR, %® 

Mean 

6.0 

6.1 

6.2 

.55 

81.29 

2.0 

302.8 

2.0 
24.3 

49.22 

57.03 

75.75 

SE 

.12 

.12 

.13 

.041 

1.169 

.10 

4.57 

.09 

.97 

.336 

.357 

.482 

*n=41., 
^'Minimum slight = 20, minimum small = 30. 
^Boneless, closely trimned retail cuts from the right side (KPH removed). 

^Closely trimned retail cuts from the left side (KPH intact). 

^Dissectible muscle in the round. 
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TABLE 9. CORRELATIONS BETWEEN VARIOUS 
CARCASS TRAITS AND THREE MEASURES OF 

COMPOSITION IN BEEF CARCASSES 

Measure of composition 

Trait RRTL^ LRTL^ PMR^ 

Carcass length 

Chest depth 

Round volume 

Carcass weight 

Mesenteric fat, kg 

KPH fat, kg 

Estimated KPH, % 
Marbling score 

Fat thickness 

Ribeye area 

M:B ratio^ 

.16 

.18 

.00 

.30 

.54** 

.52** 

.30 

.30 

.49** 

.60** 

.38* 

-.07 
.01 

.02 

- .31* 
-.68** 

-.62** 

-.50** 

-.23 

-.63** 

.28 

.05 

-.10 
-.29 

.07 

-.22 

-.38* 

-.28 

-.12 

-.20 

-.45** 

.49** 

.43** 

^Percentage of boneless, closely trimmed retail cuts from the right 
side (KPH removed). 

Percentage of closely trimmed retail cuts from the left side (KPH 
intact). 

^Percentage of dissectible muscle in the round. 

^Includes weight of the intestines with all fecal material removed. 

Muscle to bone ratio of the round. 
*P<.05. 
**P<.01. 
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be used to predict fat in others. Other evidence favoring the 

proportionality of fat depots is that actual KPH weight of the left 

side was highly correlated (P<.01) with RRTL (r=.52) as well as LRTL 

(r=.62). These results are in agreement with Abraham et al. (1980) 

who concluded that KPH had a greater effect on carcass cutability 

than associated with its effect on carcass weight. Estimated KPH 

percentage, however, was related (P<.01) only to LRTL, which was 

affected directly by amount of KPH. Marbling was not related (P>.05) 

to any of the measures of composition. 

BF:F ratio was not significantly correlated to any of the 

variables in this study including M:B ratio of the round (r=.28) and 

cannot be recommended as an alternate measure of M:B ratio. This is a 

lower correlation than was found by Hawkins et al. (1983) who 

reported a correlation of .63 between BF:F ratio and M:B ratio of the 

round on a fat-free basis. The latter study did have considerably 

more variation in carcass weight. M:B ratio of the round in the 

present study was related to PMR (P<.01) and RRTL (P<.05) but was not 

correlated (P>.05) to LRTL partially due to the fact that the bones 

were not removed. 

In this study REA was the best single variable predictor of PMR 

and RRTL, accounting for 24% and 36% of the variation, respectively. 

Fat thickness accounted for 20% and 24% of the variation in these 

same two traits, respectively. This is in disagreement with Murphey 

et al. (1963), Crouse and Dikeman (1974) and Abraham et al. (1980) 

who concluded that a measure of external fat thickness is the most 

important single factor affecting the yield of retail cuts. These 

results do agree, however, with Abraham et al. (1968) who reported 

that fat thickness had little effect on yield of boneless, closely 

trimmed steak and roast meat from Charolais cattle. In this 

experiment and the Abraham et al. (1968) study, carcasses from 

Charolais cattle were yery lean and variation in fat thickness was 

small. Most steers in the present study had less fat thickness at the 

12th rib than was specified for trimmed retail cuts (.6 cm). In such 

cases where fat was minimal, muscling factors were more important in 

determining composition. REA and M:B ratio were much less important 
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in predicting LRTL because the higher percentage of fat trim (KPH) 

and presence of bones negated the effect of muscling. Fat thickness, 

on the other hand, was more highly correlated to LRTL than to either 

RRTL or PMR because of its relationship to KPH. 

The four variables used in the yield grade equation along with 

marbling, M:B ratio of the round and specific gravity were used in 

various combinations in multiple regression equations to predict 

carcass composition. Listed in table 10 are some of the selected 

equations for predicting PMR. Equation 1 shows that REA and fat 

thickness accounted for 42% of the variation in PMR but substitution 

of M:B ratio of the round for REA resulted in an R value of .59. 

This was the best two-variable equation found for PMR. These data are 

supported by Berg and Butterfield (1966) who proposed that muscle to 

bone ratio along with fat percentage was the best measure of carcass 

composition. When both REA and M:B ratio were included in the model 

with fat thickness (equation 3), REA did not contribute (P>.10) to 

the equation. 
2 

Addition of KPH percentage to equation 1 did not change the R 

value (equation 4) and further addition of hot carcass weight only 
2 

slightly increased the R value (equation 5), but neither KPH 

percentage nor carcass weight contributed (P>.10) to equation 5. The 

best three- and four-variable equations for predicting PMR (equations 

7 and 8) were derived by adding specific gravity of the left side to 

equations 2 and 3, respectively. Using specific gravity of either 

side (with or without KPH) in the model resulted in essentially the 

same R value. Comparison of equations 7 and 8 reiterates the fact 

that M:B ratio was a more accurate predictor of PMR than was REA. 

Tables 11 and 12 list some of the more meaningful equations used 

to predict RRTL and LRTL, respectively. REA was the best single 

predictor of RRTL and fat thickness was the best single predictor of 

LRTL. When both REA and fat thickness were included in the model, 57% 

of the variation in RRTL and 46% of the variation in LRTL was 

explained. Other equations showed that a higher percentage of the 

variation in RRTL could be accounted for than in LRTL. Comparisons of 

equations 1 and 2 show REA and M:B ratio to be of about equal value 
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TABLE 10. REGRESSION EQUATIONS FOR PREDICTING 
PERCENTAGE OF DISSECTIBLE MUSCLE IN 

THE ROUND 

Equation 

1 

CVJ 

3 

4 

5 

6 

7 

8 

Independent variable 

Fat thickness, cm 
Ribeye area, cm̂  

Fat thickness, cm . 
Muscle to bone ratio 

Fat thickness, cm 
Ribeye area, cm2 
Muscle to bone ratio 

Fat thickness, cm 
Ribeye area, cm̂  
Estimated KPH, % 

Fat thickness, cm 
Ribeye area, cm̂  
Carcass weight, kg 
Estimated KPH, % 

2 
Ribeye area, cm 
Carcass weight, kg 
Estimated KPH, % 

Fat thickness, cm ^ 
Muscle to bone ratio 
Specific gravity" 

Fat thickness, cm 
Ribeye area, cm̂  
Muscle to bone ratio" 
Specific gravity^ 

Intercept 

62.91 

64.61 

61.53 

62.96 

66.54 

67.00 

-13.69 

-21.25 

b value 

-5.04 
.192 

-7.92 
2.28 

-7.45 
.062^ 

1.96 

-4.92 
.194 

- .14"̂  

-3.70 
.220^ 

- . 0 2 r 
-.05^ 

.251 
- .044 
- .24^ 

-7.02 
2.11 

74.97 

-6.46 . 
.070^ 

1.74 
78.85 

R2 

.42 

.59 

.61 

.42 

.45 

.39 

.64 

.65 

SE^ 

2.41 

2.02 

2.01 

2.44 

2.42 

2.52 

1.94 

1.92 

*Standard error of estimate; n=41. 

^Muscle to bone ratio of thb round. 

^P>.10. 

^Left side with KPH intact. 
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TABLE 11. REGRESSION EQUATIONS FOR PREDICTING 

PERCENTAGE OF BONELESS, CLOSELY TRIMMED 
RETAIL CUTS FROM THE RIGHT SIDE WITH KIDNEY 

PELVIC AND HEART FAT REMOVED 

Equation 

1 

CVJ 

3 

4 

5 

6 

7 

8 

^Standard 

^Muscle tc 

^P>.10. 

Independent variable 

Fat thickness, cm 
Ribeye area, cm^ 

Fat thickness, cm . 
Muscle to bone rat io 

2 
Ribeye area, cm 
Carcass weight, kg 

Fat thickness, cm 
Ribeye area, cm2 
Estimated KPH, % 

Fat thickness, cm 
Ribeye area, cm^ 
Estimated KPH, % 
Carcass weight, kg 

9 
Ribeye area, cm"-
Estimated KPH, % 
Carcass weight, kg 

Fat thickness, cm 
Ribeye area, cm̂  
Estimated KPH, % 
Marbling^ 

Fat thickness, cm 
Ribeye area, cm̂  . 
Muscle to bone ratio 
Specific gravity® 

error of estimate; n=41. 

1 bone ratio of the round. 

Intercept 

37.81 

42.39 

43.20 

38.16 

41.96 

42.61 

38.30 

-39.41 

b value 

-3.73 
.166 

-5.64 
1.46 

.217 

.037 

-2.94 
.178 

-- .88 

-1.64^ 
.205 

- .69 
- .024 

.219 
- .82 

.031 

-2.92 
.178 

- .86 ^ 
- .0054^ 

-3.94 
.112 
.72 

72.94 

R2 

.57 

.57 

.61 

.62 

.68 

.66 

.62 

.73 

SÊ  

1.45 

1.46 

1.38 

1.37 

1.28 

1.31 

1.39 

1.18 

Minimum slight = 20, minimum small = 30. 

^Left side with KPH intact. 



TABLE 12. REGRESSION EQUATIONS FOR PREDICTING 
PERCENTAGE OF CLOSELY TRIMMED (BONE-IN) 

RETAIL CUTS FROM THE LEFT SIDE 

Equation 

1 

CVJ 

3 

4 

5 

6 

7 

Independent variable 

Fat thickness, cm 
Ribeye area, cm^ 

Fat thickness, cm . 
Muscle to bone ratio 

Fat thickness, cm 
Estimated KPH, % 

Fat thickness, cm 
Ribeye area, cm^ 
Estimated KPH, % 

Fat thickness, cm 
Ribeye area, cm^ 
Estimated KPH, % 
Carcass weight, kg 

Fat thickness, cm 
Ribeye area, cm2 
Estimated KPH, % 
Marbling^l 

Fat thickness, cm 
Estimated KPH, % 
Ribeye area, cm2 
Muscle to bone ratio 

Intercept 

53.82 

55.49 

61.78 

54.36 

54.14 

53.07 

54.97 

b value 

-5.38 
.076 

-6.33 
.74 

-4.49 
-1.15 

-4.16 
.095 

-1.35 

-4.24 
.093 

-1.36 ^ 
.0013^ 

-4.36 
.101 

-1.53 
.049^ 

-4.85 
-1.39 

.056^ 

.58^ 

R2 

.46 

.47 

.49 

.58 

.58 

.59 

.61 

SE^ 

1.72 

1.70 

1.68 

1.54 

1.57 

1.54 

1.51 

^Standard error of estimate; n=41. 

^Muscle to bone ratio of the round. 

^P>.10. 

Minimum slight = 20, minimum small = 30. 
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in predicting carcass cutability. Addition of KPH percentage to 

equation 1 (equation 4 in tables 11 and 12) resulted in a greater 

increase in the R value for predicting LRTL than for predicting 

RRTL. This result would be expected because of the presence of KPH in 

the left side. The best two-variable model for predicting RRTL 

included REA and' hot carcass weight (equation 3, table 11). 

Interestingly, the best two-variable model for predicting LRTL 

included fat thickness and KPH percentage (equation 3, table 12) 

which are the other two variables in the yield grade equation. When 

all four variables in the USDA yield grade formula were used in the 

models (equation 5), fat thickness was not significant in predicting 

RRTL and carcass weight did not contribute (P>.10) to the equation 

predicting LRTL. These results again can best be explained by 

differences in fat trim from the two sides. When fat thickness was 

removed from equation 5 (equation 6, table 11), the best 

three-variable model for predicting RRTL was obtained. Likewise, when 

carcass weight was deleted from equation 5, table 12, the remaining 

three variables (equation 4, table 12) comprised the best 

three-variable equation for predicting LRTL with one exception. The 

exception was when M:B ratio was substituted for REA, in which case 
2 

the R value was .59. These results support the use of the four 

variables now used in calculating yield grades. 

Marbling did not significantly contribute to the prediction of 

either RRTL or LRTL when used instead of hot carcass weight (equation 

7, table 11 and equation 6, table 12). The best four-variable 

equations for predicting RRTL and LRTL (equation 8, table 11 and 

equation 7, table 12) all contained the independent variables fat 

thickness, REA and M:B ratio and either KPH percentage or specific 

gravity. However, these equations explained only 3 to 5% more 

variation in retail cuts than the four variables in the yield grade 

equation. 

Simple correlation coefficients among different measures of 

carcass composition including yield grade and specific gravity are 

shown in table 13. Specific gravity of either side of the carcass 

(KPH intact or removed) did not account for more than 25% of the 



46 

TABLE 13. CORRELATIONS AMONG DIFFERENT 
MEASURES OF CARCASS COMPOSITION IN BEEF CARCASSES 

Yield grade 

PMR 

RRTL 

LRTL 

LSG 

RSG^ 

-.34* 

.39* 

.41** 

.14 

.87** 

LSG^ 

-.46** 

.45** 

.50** 

.25 

LRTL^ 

-.71** 

.58** 

.59** 

RRTL^ 

-.79** 

.78** 

PMR^ 

-.64** 

^Specific gravity of right side with KPH removed. 

^Specific gravity of left side with KPH intact. 

^Percentage of closely trimmed (bone-in) retail cuts from the left side 
including KPH. 

Percentage of boneless, closely trimmed retail cuts from the right 
side with KPH removed. 

^Percentage of dissectdble muscle in the round. 
*P<.05. 
**P<.01. 
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variation in either of the measures of cutability but a high linear 

correlation (r=.87) existed between specific gravity measurements of 

the two sides. These results again favor the speculation that fat 

depots tend to develop in concert and that the extreme leanness of 

the cattle in this study negated the effect of fatness upon 

cutability. LRTL was related (P<.01) to both RRTL (r=.59) and PMR 

(r=.58), but the magnitude of the correlation coefficients was not as 

great as the coefficient of correlation between RRTL and PMR (r=.78). 

Of the three primary measures of carcass composition evaluated in 

this experiment, it is suggested that the percentage of dissectible 

muscle in the round was the most accurate measure of true composition 

because this measure accounted for all the variation due to fatness. 

However, from a practical standpoint, some fat is desirable. The 

percentage of boneless, closely trimmed retail cuts would, therefore, 

be the best measure of carcass value. Yield grade as calculated from 

the USDA formula was slightly more highly related to measures of 

cutability than to composition of the round, and was more highly 

correlated to RRTL and LRTL than was any other compositional measure. 

None of the correlations, however, were as high as those reported by 

Murphey et al. (1963) or Crouse and Dikeman (1974). The small amount 

of variability present in these cattle may have been responsible for 

the low correlations, but yield grade remains a quick, easy and 

relatively accurrate measure of carcass cutability. 

Simple correlations between live measurements and subsequent 

carcass data (table 14) show that length and height measurements of 

steers were more highly correlated to measures of weight than to 

measures of cutability, but size was positively related (P<.01) to 

yield grade. Skeletal size was not related to measures of muscling. 

Cannon bone circumference was slightly positively related to weight 

of cuts and to carcass weight but not to any measures of composition. 

Correlations between visual live animal scores and subsequent 

carcass composition (table 15) revealed that frame score was not 

related to measures of cutability (P>.05) or carcass composition but 

muscling score was positively related (P<.01) to M:B ratio and REA 

and less closely related (P<.05) to PMR. Trimness score was 
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TABLE 14. CORRELATIONS BETWEEN LIVE 
MEASUREMENTS AND SUBSEQUENT CARCASS 
CHARACTERISTICS OF SLAUGHTER STEERS 

Trait 

Fat thickness 

Ribeye area 

Muscle to bone i 

Yield grade 

Wholesale cuts. 

Retail cuts, kg 

RRTL, %^ 

LRTL, %^ 

PMR, %^ 

.. a 
ratio 

kg 

Hip 
height 

.30 

.01 

.00 

.49** 

.74** 

.61** 

-.30 

-.15 

-.29 

Body 
length 

.20 

-.16 

-.08 

.51** 

.66** 

.53** 

-.32* 

-.15 

-.25 

Cannon 
circumference 

-.08 

.02 

-.17 

.07 

.37* 

.31* 

-.14 

.13 

-.20 

Slaughter 
weight 

.53** 

.17 

.22 

.63** 

.95** 

.77** 

-.43** 

-.32* 

-.30 

^Muscle to bone ratio of the round. 

^Boneless, closely trimmed retail cuts from the right side with 

KPH removed. 

^Closely trimned retail cuts (bone-in) from the left side including KPH, 
Dissectible muscle in the round. 

*P<.05. 
**P<.01. 
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TABLE 15. CORRELATIONS BETWEEN LIVE SCORES 
AND SUBSEQUENT CARCASS CHARACTERISTICS OF SLAUGHTER STEERS 

jpg^l- Frame Muscling Trimness 
score score score 

Fat thickness 

Ribeye area 

Muscle to bone ratio^ 

Yield grade 

RRTL, %̂  

LRTL, %̂  

PMR, %^ 

^Muscle to bone ratio of the round. 

Boneless, closely trimmed retail cuts from the right side with 
KPH removed. 

^Closely trimmed retail cuts (bone-in) from the left side including KPH 

08 
22 
25 

35* 

25 

06 

23 

.09 

.54** 

.45** 

-.12 

.23 

.17 

.31* 

- .32* 
.10 
.05 

-.33* 

.42** 

.39** 

.39** 

Dissectible muscle in the round. 
*P<.05. 
**P<.01. 
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significantly related to PMR, RRTL, LRTL and fat thickness but not to 

measures of muscling. Trimness score also was negatively related 

(P<.01) to quality grade (r=.42). The following multiple regression 

equation accounted for 42% of the variation in RRTL: 52.05 + 

.798(trimness score) + .934(muscling score) - .0059(slaughter weight, 

kg), and all variables were significant to the regression (n=41, 

SE=.017). These data indicate that live animal evaluators were able 

to distinguish between muscle and fat but that the scores were not 

highly predictive of carcass cutability because of the small 

differences which existed among animals. 

Conclusions 

Fat thickness is not the most important factor in determining 

cutability among beef carcasses that are very lean and have little 

variation in fatness. In such cases, degree of muscling (REA) is more 

closely related to carcass composition. When used in regression 

equations along with some measure of fatness, M:B ratio of the round 

is superior to REA in predicting composition of the round, but the 

two variables are of equal value in predicting cutability. Fat 

thickness, REA and M:B ratio of the round were common to all 
2 

four-variable regression equations which produced maximum R values 

for measures of cutability and round composition. 

The three primary measures of composition in this study were 

interrelated to some degree, but PMR was considered the most accurate 

measure because all fat was removed. The two remaining measures (RRTL 

and LRTL) were measures of cutability and may have created 

discrepancies in estimating true composition because many carcasses 

had less fat before trimming than the amount specified for trimmed 

retail cuts. 

In general, measurements of size (including round volume, 

carcass and live skeletal measurements and frame score) were not 

related to carcass composition but were correlated to carcass weight 

and weight of cuts. Muscling and trimness scores of slaughter steers 

were related to subsequent measures of composition but correlations 

were too low to be of much predictive value in this sample of cattle. 
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