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CHAPTER I 

INTRODUCTION 

The beef cattle industry is one of the most important agricultural 

enterprises in Texas. It contributes about 40% of the total agricul

tural income in the state. For it to continue to play this role, effi

ciency in production of beef must be emphasized in the commercial feed-

lots and in research programs. 

Most of the beef cattle marketed in the state are fed in commercial 

feedlots. These feedlots are advanced in terms of disease prevention 

facilities, feed handling and nutrition. However, they have a problem 

acquiring uniform groups of desirable feeder cattle. Currently, feeder 

cattle differing in age, frame size, genetic constitution and background 

management are fed for equal days in the same pens, which inevitably 

produces slaughter cattle that may be either overfinished or under-

finished, Overfinished cattle are expensive to the feedlot business in 

terms of extra feed consumed and extra fat trimmed from the carcasses. 

Further, consumers are more health and fitness oriented resulting in 

increased demand for lean beef and resistance to fatter cuts. 

It has been shown that frame size affects the length of time cattle 

are fed to reach desirable quality grades (Schlegel 1979; Butts, 

1980a,b). Similarly, Weatherbee (1981) reported feeder cattle similar 

in frame size fed an equal number of days resulted in carcasses similar 

in USDA quality grade. Busch et al. (1969) used grade Hereford steers 

from 84 sires and found that body measurements were of little value in 

predicting carcass composition. Buttram (1984), using 41 Charolais 



crossbred feeder steers, concluded that frame size does not affect 

carcass composition when cattle are fed to similar physiological end 

points. Muscling differences in cattle do affect muscle to bone ratio 

and the yield of fat-free muscle of carcasses when evaluated at constant 

weight and degree of fatness (Kauffman et al., 1973). 

Frame and muscling scores are the basis for the USDA feeder grades. 

Therefore, will the application of these two factors be useful in sort

ing cattle similar in age, sex and breed with differences in frame size? 

Thus, a need exists to determine the effects of skeletal size and 

muscling of feeder cattle that are similar in age, sex and breed upon 

subsequent feedlot performance and carcass characteristics. 



CHAPTER II 

LITERATURE REVIEW 

EFFECTS OF FRAME SIZE ON SUBSEQUENT FEEDER CATTLE PERFORMANCE 

Effects on Feedlot Performance 

The literature concerned with the effects of skeletal size of 

feeder cattle upon subsequent feedlot performance has resulted from 

comparison of carcass and performance data taken at either a time or 

weight constant endpoint. Such a comparison is invalid, since on a 

constant time or weight basis, cattle of different skeletal sizes are at 

different physiological ages and at different points on the growth 

curve. More so, some articles have described cattle as being "low set," 

having "depth of chest" or "narrow at the loins," yet these are not 

skeletal measurements. Several workers in this area used different 

breeds to represent different skeletal sizes and did not use covariance 

analysis to eliminate breed differences. Such results have falsely and 

consistently given credit to the larger framed cattle in feedlot perfor

mance traits. 

In feedlot performance studies, little is ever achieved by taking 

skeletal and feed consumption data on slaughter cattle and relating it 

to feeder cattle performance. Such "after the fact" reports are not 

uncommon in literature. 

Hultz and Wheeler (1927) visually sorted 2-year-old Hereford steers 

into low-set, intermediate and rangy types, and fed them to a time 

constant endpoint (156 d). "Low-setness" referred to "a steer whose 

proportions of the chest-depth, heartgirth and paunch to its height at 



the withers was great." The results ranked the low-set steers most 

economically profitable, the intermediates second, and the rangy types 

least profitable. It was also found that neither the average total 

gains nor the correlations between initial body measurements and total 

gain were significant. The authors concluded that, initial body mea

surements could not be used to predict the ability of feeder steers to 

gain weight in the feedlot, even though they used purebred Hereford 

steers similar in initial body condition and weight. 

Lush (1932) reported correlations between initial feeder steer body 

measurements, subsequent gains and dressing percentages as being low but 

statistically significant. Maximum feedlot gains were associated with 

steers with long bodies, tall at the withers, large paunch girths, small 

flank girths and narrow at the loins. This description could fit large 

skeletal size cattle. The experimental animals used had previously been 

exposed to diverse environmental and feeding (diets) conditions in 

addition to being variable in age, breed and body sizes. 

Correlation of body measurements in slaughter steers with rate and 

efficiency of gain, and with certain carcass characteristics. Black et 

al. (1938), indicated wither height, body length, and shoulder width 

were correlated with feed efficiency (r=-.36, .43, and .45, respec

tively). The same measurements were correlated with average daily gain 

(ADG) (r=-.19, .32 and .42, respectively). No probability levels were 

shown on any of these coefficients. The results also showed that, at 

409 kg slaughter weight, the taller and rangier type steers were less 

efficient in feed utilization. The information obtained from analyzing 

data obtained only on slaughter cattle "after the fact treatments" 



cannot be useful in predicting subsequent feedlot performance of feeder 

cattle. Zeller and Hetzer (1944) fed three types of Poland China 

barrows (small, medium, and large) to an equal live weight endpoint. 

The smaller pigs were less feed efficient compared to the larger pigs. 

However, when fed to an equal degree of fatness, no significant differ

ence in feed efficiency among the three groups was found. These results 

are in agreement with those of Woodward et al. (1942) who used large and 

small type Hereford cattle in a feeding trial. The larger cattle were 

heavier at the onset of the test and made relatively higher ADG (.95 vs 

.86 kg); however, the latter difference was not significant. 

Guilbert and Gregory (1944) conducted a feed utilization test using 

steers that were variable in age and body size in each pen and among 

pens. Steers were slaughtered when they attained a constant degree of 

fatness. It was concluded that body size was not a major factor in 

efficiency of gain among these steers. Rate of gain could be used to 

compare feed efficiency only in animals similar in size, breed, genetic 

makeup and age and only at a specified equal composition of gain as 

visually determined by degree of fatness. The usefulness of this 

criterion depends on how different evaluators can visually ascertain the 

degree of fatness of cattle and how close the determined level is to the 

true one. 

Knapp and Baker (1944) suggested feeding cattle to a weight con

stant endpoint to minimize errors introduced by a time constant basis in 

cattle of different skeletal sizes. Carcasses obtained in the former 

case would inevitably vary in quality grade. In contrast, Guilbert and 



Gregory (1944) suggested minimizing bias in feed efficiency values by 

feeding cattle of different mature sizes to an equal degree of fatness. 

Knox and Koger (1946) obtained results that agreed with those of 

Woodward et al. (1942) and Zeller and Hetzer (1944), when gains and 

carcasses produced by three types of feeder steers were compared after 

168 d on feed. Rangy steers (taller and larger) were heavier going on 

to the feed, gained faster and yielded higher dressing percentages than 

the compact (smaller and shorter) steers. The "mediums" were always 

intermediate to the compact and the rangy types. After correcting for 

differences in initial weights (covariance), the differences in gain 

across the three types was not significant. 

It should be noted that the above are results of several trials 

over a 9-year period and, therefore, some true differences between 

treatment means could have been masked by environmental variations over 

that period. Washburn et al. (1948) and Willey et al. (1951) both fed 

different sizes of steers and found significant differences in feed 

efficiency. However, the larger steers (conventional types) required 70 

extra days on feed to grade the same as the compact types. 

Knox (1957) defined the terms "type," "compact," "early maturity," 

and "efficiency of gain" as they related to feeder cattle. Three groups 

of Hereford steers (rangy, medium and compact) were fed to three end-

points, i.e., equal days on feed, equal degree of fatness and equal 

weight. Efficiency of energy conversion in these cattle was not depen

dent on the type of cattle, where "type" referred to differences in 

height and length of steers. Compact cattle fattened at lighter weights 



compared to the rangy types. "Compact" referred to animals that were 

short and low set. 

Stonaker et al. (1952) fed 87 steer calves over a 3-year period to 

an equal degree of fatness (12 mm fat over ribs). The conventional 

steer had longer (P<,01) cannon bones than the "comprest" type (19.9 vs 

17.1 cm). The ADG was greater (P<.01) in favor of the conventional 

steer (,97 vs ,81 kg). Withers height was not significant across the 

steer types and ages. Differences in rate of gain and slaughter weights 

were highly significant (P<.01), but slaughter ages and days on feed 

were not significant. 

Yao et al, (1953) found depth of chest measurements at slaughter to 

be negatively correlated (P<.05) with both efficiency of gain and daily 

gain (r=-.19 and r=-.16, respectively). Height at the withers and body 

length had very low and nonsignificant correlations with the above 

performance traits, if the cattle were slaughtered at 409 kg live 

weight. A steer with a small head, narrow body and smaller body circum

ference was found to have higher feed efficiency and daily gain than any 

other. This description fits a previously growth stressed animal that 

makes compensatory gains in an improved environment. The correlations 

reported here are lower than those by Black et al. (1938) and Lush 

(1932), Furthermore, the information in this report is less useful 

since these body measurements were taken "after the fact," The correla

tion values are therefore meaningless in terms of predicting feedlot 

performance, 

Kidwell and McCormick (1955), using Hereford steers to represent 

smaller framed cattle and Holstein steers to represent the large 
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skeletal size cattle, ascertained that unbiased performance comparisons 

between animals differing in age and mature size should be done only 

over comparable segments of the growth curve. This conclusion stemmed 

from the observation that, in any growing phase, the larger mature size 

animals will always gain faster and show higher feed efficiency values 

than animals of a smaller mature size. Essentially, the authors are 

stating that animals should be compared at the same physiological age. 

This is in contrast to the recommendations by Knapp and Baker (1944) but 

in agreement with Guilbert and Gregory (1944), 

Cartwright (1970), in his discussion of selection criteria for beef 

cattle for the future, suggests that rate of gain at any stage of growth 

is genetically correlated (positively) with mature size. He also 

mentions that age at which a given state of maturity is reached tends to 

increase proportionally with increase in mature size. For a uniform 

(breeding, age, size) group of steers, the optimum slaughter weight is 

therefore related to mature parent size. When expressed per metabolic 

body weight, maintenance requirements are similar for both early and 

later maturing feeder cattle. Since mature size is dependent on skele

tal size, it follows that larger framed cattle will always have higher 

rates of gain and feed efficiency at any given body weight (growing 

phase). 

Brown and Shrode (1971) used six body measurements in a multiple 

regression equation to predict post-weaning ADG in heifers and bulls. 

Heartgirth, back length, loin length, rump length, total body length, 

2 
and hook width had an R of .28 for heifers and .24 (P<.01) for bulls. 

Even though significance was found, the unexplained proportion (72 and 
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76%, respectively) in ADG is still large enough to warrant further 

research, 

Angus and Charolais steers were evaluated for effects of breed, 

slaughter weight and diet energy density on feedlot and carcass traits 

by Barber et al, (1981). For each group, ADG decreased (P<.01) as 

weight increased but was the same for each breed. Feed efficiency 

differences were not significant. The endpoint was expressed as 86, 100 

or 114% of the mean mature dam weight of that breed. For the many 

crossbred beef animals, this kind of endpoint would be difficult to use 

since mature dam weights would vary considerably depending on environ

ment, previous management and percent of pure breed blood in each 

animal. 

Butts et al, (1980a) reported that, among commercial calves of 

Angus, Hereford, Charolais-cross and Angus X Hereford breeding when fed 

to a constant 12 mm subcutaneous fat thickness endpoint, initial fat 

thickness (ultrasonic estimate) was negatively correlated with days on 

feed (r=-,41, P<.001) but initial weight was not (P<.10). Initial body 

length was neither related (r=.08, P<.10) to days on feed nor to carcass 

weight. Wither height, subcutaneous fat thickness, body depth, initial 

weight and breed type explained only 36% of the total variation in days 

on feed. Also, increased wither height (a measure of skeletal size) and 

low initial subcutaneous fat were both associated with increased days on 

feed and carcass weight. This work is in agreement with Brown and 

Shrode (1971) on the relationship between initial fat cover and subse

quent performance of Angus cattle. 



10 

Old and Garrett (1985), using multiple regression models on data 

from 84 British Hereford and 84 Charolais steers, pointed out that 

breeds did not differ significantly in the efficiency with which they 

used ME (metabolizable energy) for protein (lean) or fat deposition. It 

was concluded that energy gain as fat was more efficient than energy 

gain as protein (lean). This result is contrary to several findings in 

the literature in which animals putting on more lean (high ADG) than fat 

were more efficient in feed conversion than those putting on more fat 

(low ADG) than lean. 

McCarthy et al. (1985) used large (LG, 301 kg) and small (SM, 259 

kg) framed steers to study the influence of frame size on composition of 

gain in feedlot cattle. All steers were fed a high concentrate diet to 

an equal degree of fatness. The large framed group had higher (P<,05) 

ADG than the small framed steers. But the feed to gain ratios were not 

different (P<,05), The daily protein gains were greater (P<,05) for the 

large framed cattle while no difference (P>,05) in daily fat gain was 

found between the two groups. Since lean tissue is 70 to 75% water 

while fat tissue is 1 to 2% water on empty body weight basis, the 

deposition of more lean tissue/day by the large framed cattle makes them 

energetically less efficient. In this study, the smaller breeds (Angus, 

Hereford or Angus X Hereford) were used to represent the small skeletal 

size cattle while Simmental or Charolais crosses were used for the large 

skeletal size cattle. This procedure introduced some breed effects to 

the main treatments. Such results are therefore neither directly 

applicable to small framed Simmental or Charolais nor to large framed 

Angus or Hereford cattle. 
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Spivey et al. (1983) fed large framed bulls (Simmental) and small 

framed bulls (Angus) similar in age for 140 d. The results indicated no 

differences (P>.05) in ADG and FE for the whole period except in the 

last 40 d when the Simmentals had higher ADG. Two breeds that differ in 

their characteristic growth curves were used to represent two skeletal 

sizes in cattle; these results, therefore, are nonapplicable in the 

prediction of feedlot performance of either large framed Angus cattle or 

small framed Simmentals. 

Effects on Carcass Composition 

The percent fat and the distribution of this fat in the lean tissue 

is a major factor influencing carcass quality grade and the total amount 

of separable fat influences carcass cutability. Both quality and 

cutability determine the total value of the carcass. The amount of fat 

or lean an animal gains is dependent on the animal's genetic potential 

for growth, its physiological age, the diet fed and the period on that 

diet. Therefore, the endpoint to which cattle are fed will determine 

the proportion of fat to lean. If these endpoints are unknown or if 

cattle of all sizes are fed to an endpoint that does not reflect simi

larity in physiological age, then the carcasses obtained will inevitably 

vary in both quality and cutability. 

Cook et al, (1951) found that slaughter grade was closely related 

to carcass grade, (r=.69, P<.01). This finding was in agreement with 

that of Black et al. (1938), Slaughter grade was also positively 

correlated to dressing percent (r=,25, P<,01), Height at the withers 

was negatively correlated with slaughter grade (r=-,40, P<.01) and with 
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carcass grade (r=-.42, P<.01) but was positively associated with dress

ing percent (r=.20, P<.01). Height at the withers is an indicator of 

the whole skeletal size (Berg and Butterfield, 1976); therefore, skele

tal size negatively influenced the carcass grade. Carcass grade is 

mainly determined by the degree of finish in the animals which is a 

function of the physiological age of the animals and hence the skeletal 

size, 

Stonaker et al, (1952) fed "comprest" and conventional type Here

ford steers to an equal degree of fatness and found no differences in 

slaughter age, percent of major carcass cuts, or percent of separable 

bone, muscle, and fat in the 9-10-llth rib cuts between the two steer 

types. The authors also reported that conventional steers had faster 

gains and reached heavier weights at slaughter than the "comprest" 

types, an observation also made by Knox and Koger (1946). 

Yao et al. (1953) reported height and length measurements to be 

negatively correlated with slaughter grade. Height at the withers and 

at the floor of the chest was correlated (P<.01) with carcass grade 

(r=,31 and r=-.32) respectively. "Fleshy measurements," or width and 

circumference measurements, were positively correlated with slaughter 

grade, carcass grade and dressing percent. A correlation of .21 (P<.01) 

was indicated between width at the shoulder and dressing percent, while 

one of .29 (P<.01) was indicated between carcass grade and circumference 

at the rear flank. These findings indicate that those animals with 

larger skeletal sizes will always have inferior carcasses (quality 

grade) compared to smaller framed cattle when fed to a time constant 

endpoint and slaughtered before attaining mature body size. Green 
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(1954) found width of shoulders and hooks and depth of twist to be 

positively correlated with the round, the trimmed loin and the rib cut 

weights (r=,81, ,80, .66, P<.01, respectively). None of these body 

measurements are related to skeletal size; therefore, these results 

cannot be used in evaluating the influence of skeletal size on subse

quent carcass characteristics, 

Wythe et al, (1961) studied the bone-muscle relationships in beef 

carcasses. Twenty-eight yearling Hereford steers from six breeding 

lines were fed for 215 d and slaughtered at 418 kg. A strong positive 

correlation (r=,65, P<.01) was found between ribeye area (REA) and the 

metacarpus weight. Correlations were higher than ,65 for other measures 

of cutability and metacarpus or tibia weights. The conclusion was that 

larger animals have larger bones and larger muscles. The authors did 

not indicate any differences in quality grade between carcasses from 

large and small skeletal size cattle, 

Knox and Koger (1946) compared gains and carcasses from three types 

of feeder steers fed for 168 d in a feedlot. The rangier steers had a 

higher dressing percent and a higher ADG than the compact and intermedi

ate steers. However, when corrected for initial weight differences, 

there were no differences in ADG across the three steer types and 

carcass quality was the same. 

Kauffman et al. (1973), in a study to measure the influence of live 

and carcass shape on composition in muscular and nonmuscular steers and 

gilts, found that the majority of the muscles and bones were in a 

constant proportion to the total muscle mass and whole skeleton, respec

tively, in pelvic limbs and carcasses evaluated. The authors concluded 
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that carcass shape plays a significant role in influencing carcass 

composition, but its effects are small when compared to fat thickness 

(FT). Furthermore, the degree of muscling loses its effect on the 

estimates of carcass composition when a technique (such as specific 

gravity) is used that leaves carcasses intact. 

Kidwell and McCormick (1955) investigated the effects of mature 

size and type on growth development, feedlot performance and carcass 

characteristics. The authors concluded that, at a constant time end-

point, the larger skeletal size cattle had a higher percent lean and 

bone than fat compared to the smaller framed cattle. Size and type in 

steers had very little effect on the estimates of carcass composition 

(percent physically separable bone, muscle and fat in the 9-10-llth rib 

cuts). These results agree with those of Willey et al, (1951) who found 

differences in feed efficiency and carcass characteristics between "com

prest" and regular type steers, 

Koch et al, (1976) evaluated the composition and quality character

istics of 1,121 carcasses, using three endpoints: (a) constant age, (b) 

constant weight, and (c) constant fat percent in the longissimus muscle. 

Differences in percent retail product, fat trim and bone were least when 

the same degree of fatness was used as the endpoint. Cattle were 

observed to differ in carcass traits at a constant weight endpoint. 

Therefore, weight cannot be used as a valid set point to compare perfor

mance and carcass characteristics of feeder cattle. 

Barber et al, (1981) used Angus steers (small framed cattle) and 

Charolais steers (large framed cattle) in a study of slaughter weight 

and diet energy effects on carcass traits. The steers were sorted into 
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light, medium and heavy categories and slaughtered at 86, 100 and 114% 

or the mean mature cow weight (476 kg for Angus and 612 kg for Charo

lais, respectively). No differences (P>.05) were observed in FE and ADG 

between breeds, but, within breeds, ADG increased (P<.01) as slaughter 

weight increased. Light Angus steers had higher quality grades than 

light Charolais (P<,01), meaning that light Angus and light Charolais 

were not at the same physiological age. The Charolais had higher 

(P<,01) cutability than the Angus at all slaughter weights. These 

observations point out that light, medium and heavy categories of breeds 

have no relation to small, medium and large frame sizes and, therefore, 

have no bearing on mature size and days on feed. 

Butts et al. (1980a) reported that, among feeder cattle on high 

energy diets fed to a 12-mm subcutaneous FT endpoint, initial wither 

height was related (r=.29, P<.002) to carcass weight. Initial fat 

thickness was negatively correlated to carcass v/eight (r=-.40, P<.001). 

Breed differences accounted for 18% of the total variation in carcass 

weight, whereas height, length and depth measurements and degree of 

fatness explained an extra 18%. The authors observed that initial fat 

thickness and initial height at the withers were associated with days on 

feed (r=-.41 and .26, respectively) and carcass weight (r=-.48 and .49, 

respectively); therefore, initial weight, initial wither height, and 

adjusted initial fat thickness can be used to estimate the genetic 

potential of feeder cattle. 

In another report. Butts et al, (1980b), using the same animals as 

above, observed that addition of frame size and fat thickness to models 

including breed classification, accounted for an additional 13 and 5% of 



16 

the total variation in carcass weight and days on feed, respectively. 

From both studies it appears that structural dimensions, initial fat 

thickness and initial weight have a consistent relationship with days on 

feed and carcass weight among feeder cattle. 

McCarthy et al. (1983) reported that large framed cattle (504 kg) 

had higher empty body protein (EBP) gains (g/d) than small framed cattle 

(414 kg) both at the beginning (131 vs 188, P<.05) and at the end (106 

vs 151, P<.01) of the feeding period. Adjusted FT (1.43 vs .72 cm) and 

yield grade (3.26 vs 2,41) were greater (P<,01) in small framed cattle. 

However, carcass quality grade was not different (P>.05) between the two 

frame sizes. Muscularity effects were not evaluated. The larger cattle 

were predominantly Simmentals while the Angus and Hereford formed the 

smaller skeletal group. 

Klosterman (1972) pointed out that the endpoint to which different 

size feeder cattle are fed is very important, since endpoints used 

influence the inferences drawn from the experiment. The use of differ

ent endpoints for feeder cattle differing in breed and size has created 

some confusion about the interpretation of data on FE, ADG and carcass 

characteristics in cattle. The author suggests the use of a constant FT 

as an appropriate endpoint to compare carcass characteristics among 

cattle diverse in age, breed and size. This suggestion is invalid since 

FT is not a good indicator of the physiological maturity in diverse 

groups of cattle because two carcasses can have the same FT and yet 

grade differently due to differences in marbling. 
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Visual Appraisal 

Visual appraisal has been and is increasingly being used by cattle

men to estimate overall FT, skeletal size and muscling of feeder and 

breeding cattle. The accuracy of this technique has been cited for 

criticism, despite the great strides in cattle genetics that have 

resulted from this technique (Kidwell et al., 1959). It is therefore 

important that visual appraisal be supported by objective data. Brown 

et al. (1956) reported that correlations between conformation scores and 

weight, chest depth, body width and fullness of round were positive but 

of limited predictive value. It was also noted that wither height and 

body length consistently were not related to these scores in the 725 

beef cattle that were used. 

Using data from 14 steers representing five breeds which averaged 

295 to 636 kg live weight and ranged from 12 to 48 mo old. Callow (1944) 

concluded that the degree of fatness in cattle contributed significantly 

to the observed differences in dressing percent. Kidwell et al. (1959) 

found no relationship between conformation scores and economy of gain, 

but a high correlation was indicated between slaughter score and carcass 

price. Carcass value (as reflected in carcass price) was closely 

associated with carcass grade, dressing percent and percent loin, rib, 

plate and fat. However, higher grading carcasses yielded less round, 

bone and muscle but higher percent loin, rib and fat. 

Good et al. (1961) observed that among show steers, those that were 

scored highly for degree of muscling also had the highest dressing 

percents and larger REA than those that received low muscling scores. 
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The ribeye area was negatively associated with the degree of fatness as 

estimated at the 12th rib. 

Gregory et al. (1962) examined relationships among certain live and 

carcass characteristics of beef cattle using three groups of yearling 

steers from diverse breeds. The steers were appraised shortly before 

slaughter for: muscling, carcass weight, fat thickness, REA, percent 

kidney fat, slaughter grade and carcass cutability. The authors found 

that quantitative (cutability) differences were more accurately estimat

ed per group of cattle than were qualitative (marbling) differences. 

Graders were able to account for 20 to 25% of the variation in carcass 

traits. However, they were unable to rank homogeneous groups of cattle 

for both qualitative and quantitative carcass traits to an appreciable 

level to be of any use in selecting breeding stock based on these 

traits. Gregory et al. (1964) confirmed the earlier finding that a team 

of graders could appraise cattle for carcass cutability more precisely 

than for carcass quality. Live estimates of cutability accounted for 20 

to 35% of the total variation in the observed cutability. Once again, 

the precision was less than desired for ranking breeding cattle for 

differences in cutability. 

Wilson et al. (1964) used six experienced graders to score 135 

grade Hereford steers for fat thickness, percent kidney fat, REA, 

dressing percent and quality grade. The same traits were objectively 

measured after slaughter. Carcass cutability was estimated from the 

equation: 52.66 - 5.53 (est. FT, in.) - .979 (est. percent kidney fat) 

+ .665 (est. REA, sq. in.) - .0065 (est. carcass wt., lb), according to 

Murphey et al. (1960). The following correlations were obtained between 
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the estimated and actual values, r=.25, .38, and .44 for quality grade, 

fat thickness, and cutability, respectively. The correlation between 

live estimated fat thickness and carcaSs cutability was .65. Also, a 

single fat thickness estimate was found to be of as much predictive 

value as any cutability equation. 

Cundiff et al. (1967) visually scored 40 steers for conformation, 

muscling and slaughter grade and found these traits to be less effective 

than live weight in predicting the weight of roast and steak meat (r=,93 

and .89 respectively). However, total weight of a cut is not a measure 

of cutability of carcasses of different sizes. 

Busch et al, (1969) reported using 745 grade Hereford steers over a 

7-yr period to evaluate slaughter weight, 18 body measurements, 16 

subjective scores and five estimates of certain carcass traits in 

predicting edible portion of beef cattle carcasses. As in Cundiff et 

al, (1967), slaughter weight was found to be the best single predictor 

of total edible portion, accounting for 75 to 88% of the variation in 

these portions. Body measurements and subjective scores were of little 

use in predicting percent edible portion in their study. 

According to Kauffman et al. (1973), heavy muscled cattle possessed 

higher muscle to bone ratios when compared to lighter muscled cattle. 

"Heavy muscled" was defined as bulging and convex shaped while "thin 

muscled" referred to angular animals with concave shaped bodies. The 

heavier muscled cattle had significantly less fat (P<.01) than the thin 

muscled animals when compared at an equal degree of fatness. In a 

subsequent report, Kauffman et al. (1976) also found that, at an equal 

live weight endpoint, the heavier muscled animals had higher dressing 
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percents. This observation was in agreement with that of Wellington et 

al. (1954), 

Dikeman et al, (1976) slaughtered 484 steers after 217, 242 and 284 

d on feed and observed a consistency in heavy birth weights and large 

cannon bones at weaning and at slaughter. Their report pointed out that 

younger animals with larger bones have larger mature sizes and take more 

days on feed to reach maturity. Skeletal size in weaned calves of the 

same age and breed is a good indicator of the genetic potential for 

growth and relative mature size. They also reported that those animals 

with larger bones had lower quality grades, indicating that they may 

have been slaughtered at a younger physiological age than their contem

poraries. 

Kauffman et al. (1977) examined the relationship between degree of 

muscling and fat free muscle (FFM) using 48 steers. Seventeen steers 

were used as controls. They were slaughtered at the commencement of the 

trial to estimate initial carcass composition. Muscular animals had 

leaner carcasses at all chronological ages. Body composition varied 

within and among the five muscling shapes and some of the animals 

visually scored to belong to one of the two muscle groups had muscle to 

bone ratios that failed to correspond to that group. Fewer and more 

distinct muscling shapes would be effective in sorting muscling differ

ences among feeder cattle similar in age, size and breeding, 

Weatherbee (1981) concluded that skeletal measurements and frame 

size scores were equally accurate in sorting feeder steers into feeding 

groups that resulted in uniform quality grade carcasses per group. 
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However, visual sorting for muscling and trimness did not produce dif

ferences in cutability of any practical value. 

Butts et al. (1980b) observed that, among 349 commercial Angus 

calves, initial frame scores were positively correlated with initial 

wither height and body length (r=,98, P<,001, in both cases). Frame 

score was also correlated with muscling scores and body condition scores 

(r=-,12, P<.05 and r=-.43, P<.001, respectively). Neither REA, yield 

grade, nor quality grade was correlated to initial muscling scores; 

however, REA, yield grade, carcass weight, and days on feed were all 

related to initial frame score (r=.15 to .43, P<.01). In this study, 

initial frame score was effective in relating feeder steers to subse

quent days on feed and carcass weight. 

Daley et al. (1983a) reported that differences in evaluations among 

live animal evaluators were not significant. Absolute deviations for 

individual evaluators ranged from .20 to .29 cm for fat thickness 

estimates. Both the subjective (visual appraisal) and objective (fat 

probe) methods had the same level of accuracy. The preslaughter esti

mates for fat thickness and carcass measurements were highly correlated 

(r=.70 to r=.87, P<,01), Most accurate fat thickness evaluations were 

observed in cattle with less than 0.76 cm, while those with more than 

1.52 cm fat thickness had the least accurate values. Accuracy is not a 

major handicap since most preslaughter cattle resulting in high cutabil

ity carcasses have less than 1,52 cm fat thickness. 

In another study, Daley et al. (1983b) used 129 feeder steers of 

various breeds and breed crosses and had them subjectively scored for 

frame, muscle and condition on a nine point scale for each trait (1 = 
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small framed, thinly muscled and fat; 9 = large framed, muscular and 

lean). Cattle were sorted into four feeding groups based on days on 

feed to a constant carcass quality and yield grade. Only condition 

scores and frame size scores varied initially among the four feeding 

groups. No differences in ADG, quality grades, and yield grades among 

feeding groups were found except for two groups in each case. The 

authors noted that about 72% of the carcasses had yield grades 1 and 2 

and quality grades prime and choice, 

Williams and Bailey (1984) used frame score and fat probe to 

predict compositional characteristics in young beef bulls of diverse 

breeds and sizes. Frame score was correlated with REA, and percent 

edible cuts (r=,23, and .53, respectively, P<.01), but negatively with 

carcass grade (r=-.24, P<,01) and carcass fat (r=-.19, P<.05), Even 

though these correlations were significant, the amount of variation 

explained by frame score (5,2, 28.0, 5,7 and 3,6%, respectively) was too 

low to be of any predictive value. Thus, more research is warranted in 

this area. 

Body Measurements 

In sorting breeding, feeder or slaughter cattle, skeletal measure

ments have been given credibility over visual frame size scores. The 

former estimates are fairly accurate and do not depend on the experience 

of the evaluators. Brown et al. (1956) stated that, "due to possible 

optical illusions," the human eye (human judgment) may fail to properly 

evaluate various traits in an animal independent of size and condition 

and, therefore, "unwittingly emphasize some body proportions not usually 
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considered important," Occasionally this takes place among experienced 

judges. 

Lush (1928) states that "in the geometrical sense the animal body 

is of such a complicated shape that any one or few measurements could 

approximate a description of it in only the crudest way." Besides, the 

accuracy of any live animal skeletal measurement depends a great deal on 

the stance of the animal, A change in the scapula-humerus or humerus-

radius/ulna angles does affect the height at the withers, introducing 

errors in the skeletal dimensions obtained (Long, 1983). 

Berg and Butterfield (1976), Kauffman et al. (1973) and Ramsey et 

al, (1976) all agree that bone measurements (weights and lengths) are in 

constant proportion with the whole skeleton. Therefore, instead of 

measuring skeletal heights or lengths, one could more accurately esti

mate skeletal size by taking measurements (length and/or circumference) 

of a given bone in the animal, the metacarpus for example, and using 

this as an index of the skeletal size in cattle of similar age, sex, 

breed and nutritional background. 

Height at the hips and withers, heart girth and navel circumfer

ences have been reported (Tallis et al., 1959) as having the highest 

repeatabilities (,90 to ,96) followed by length of the body, depth of 

chest and width of the hooks (,66 to ,86). Forecannon circumference was 

reported as having the lowest repeatability (.13). The latter estimate 

should have had a higher repeatability since no joints are involved in 

its measurement; in addition, the change in the hide thickness as the 

animal matures is not great enough to give the reported low repeat

ability. 
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At a given weight or age, animals of larger mature size have been 

observed to gain more rapidly and yield carcasses of higher proportion 

of muscle than fat (Kidwell et al., 1959), while differences in percent 

of various wholesale cuts in these carcasses have been small. 

Among 157 steers, those of shorter height, both at the withers and 

at the floor of the chest including steers that were shorter in length 

of the body, all tended to have higher slaughter and carcass grades and 

higher dressing percents than the more rangy types (Cook et al., 1951), 

whereas, among 62 more uniform steers in the same study, steers with a 

larger foreflank circumference had the higher dressing percents. 

Earlier, Hankins et al. (1943), using beef and dual-purpose short

horn cattle, concluded that (M:B) ratios from the 9-10-11 rib cut were 

not significantly correlated with percent separable fat in the carcass. 

However, of the two cattle types, the Shorthorns had higher M:B ratios. 

Berg and Butterfield (1966) proposed that relative carcass composi

tion among carcasses from six breed groups differing in age and nutri

tional history, could best be assessed by use of (M:B) ratio and percent 

fat tissue in the carcass. They also showed that (M:B) ratios increased 

with carcass weight and that percent fat had no effect on (M:B) ratios 

when carcasses were compared at equal weights. 

Real differences existed in M:B ratios among six breed groups 

evaluated by Berg and Butterfield (1966) at constant muscle, fat, muscle 

plus bone, or carcass weight. Such differences pointed out that genetic 

potential played a significant role in determining the development of 

both muscle and bone characteristics in animals of similar age and 

nutritional background (Wythe et al., 1961). However, this observation 
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by no means implies that relative growth coefficients for muscle, bone 

and fat in meat species such as swine, sheep and cattle are not in close 

proximity of each other (Berg and Butterfield, 1966). Orts (1959) 

explained the relationship between bones and muscles to be chiefly due 

to age and growth and that this relationship is greatly reduced when 

cattle are compared at constant weights. 

The weights, lengths, circumferences or densities of metacarpus, 

tibia, ulna and radius were not correlated with FT, REA at the 12th rib 

in 156 beef carcasses as evaluated by Skelley. et al. (1972). However, 

at a constant weight endpoint, circumference of the metacarpus was posi

tively correlated (r=.23 and .26, P<.01) with percent retail cuts of the 

carcass and live weight, respectively. The metacarpus circumference 

was, therefore, a good indicator of percent round, rump and loin in the 

carcasses. Earlier, Busch et al. (1969) had recorded similar but higher 

correlations (r=.40 to .46, P<.01), while Good et al, (1961) obtained 

similar but lower correlations. 

The percent of boneless retail cuts from the round, loin, rib and 

chuck in young bulls of similar age but of diverse breeds was not 

influenced by frame size (Williams and Bailey, 1984), On the other 

hand, the relationship between carcass measurements and carcass cutabil

ity in 835 carcasses showed that length of body, circumference of round 

and conformation were not significantly related to yield of boneless 

steak and roast meat (Abraham et al,, 1968), Circumference of round and 

conformation do not represent a skeletal or muscling estimate. Correla

tions using such estimates have been used extensively in past research 

work, yet they have no relationship with skeletal size. 
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Fat Measurements 

Fat tissue in beef cattle is the last of the three tissues (bone, 

muscle, and fat) to be deposited as the animal nears maturity. The 

physiological age of cattle has been closely associated with FT as 

estimated at the 12th rib (Ramsey et al., 1962; Hedrick et al., 1965). 

Percent fat in the carcass has been suggested by Berg and Butterfield 

(1966) to be an index of acceptability of beef. 

Brackelsberg and Willham (1968) used 51 calves weaned at 205 d of 

age and fed for 168 d to evaluate fatness (condition) in cattle. The 

results showed that a fat probe at the 12th rib over the longissimus 

muscle was the most valuable FT measurement in live cattle compared with 

the conventional FT measurement at the 12th rib in the carcass, 

Daley et al, (1983a) compared the accuracy of visual appraisal and 

subcutaneous fat probe estimates of FT using 140 steers of diverse 

biological types. They recorded correlation coefficients ranging from 

,70 to ,81 (P<,01) for estimated FT (fat probe) and ,77 to ,87 (P<.01) 

for subjective FT between the FT estimates and the actual carcass FT. 

Both methods were equally accurate in ranking live cattle according to 

differences in carcasses. 

The above correlation coefficients were higher than .24 and .85 as 

reported by Gregory et al. (1962) and .65 as by Wilson et al. (1964), 

Correlations of ,20 to ,90 were presented by Warren et al, (1959) and 

Brackelsberg et al, (1967) between estimated and actual FT on the 

carcasses. Though the range appears big, it should be pointed out that 

the Brackelsberg et al. (1967) coefficients were concentrated in the ,50 

to .80 range. These findings confirm the results in this area by Ramsey 
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et al, (1962), Murphey et al. (1963) and Hedrick et al. (1965) that a 

measurement taken at the the 12th rib is a reliable index of total 

fatness in beef cattle. As the percent fat increases in a carcass, a 

proportional decrease in percent lean is observed, implying that the 

carcass composition of a maturing beef animal is highly dependent on the 

amount and rate of fat deposition in its body. 

Davis et al. (1966) made a comparison of REA and FT estimates on 27 

cattle using the ultrasonic technique and the actual measurement of 

these traits on carcasses. Highly significant correlations (r=.57 to 

,92, P<,01) were found between the ultrasonic technique on live cattle 

and carcass REA and FT, These correlations suggest that ultrasonic 

estimates are reliable indicators of REA and FT in live cattle. Earli

er, similar results were obtained by Alexander et al, (1961), Davis et 

al, (1964) and Hedrick et al, (1961) although the correlation coeffi

cients of the latter author (0.11 to 0.63) were relatively lower than 

reported here. 

Errors in ultrasonic evaluation of live cattle result in reduced 

prediction of carcass composition. These errors are mainly due to (a) 

animal variation, (b) tissue change during slaughter, (c) interpretation 

of scale readings, and (d) equipment calibration (Temple et al,, 1965), 

The author also pointed out that very fat animals with firm fat are 

difficult to sonoray and that fat and muscle configuration differ 

between the live animal and on rail carcass. 

Much more than is alluded to here needs to be done to harmonize the 

objective and subjective methods of fat thickness evaluation in live 

cattle. 
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Carcass Quality and Cutability 

All the methods discussed above (skeletal measurements, visual 

appraisal, fat probe and ultrasonic fat estimates) are used to predict 

carcass composition in live cattle. Carcass composition is the propor

tion of the three major tissues, bone, muscle and fat. The latter is 

the most variable and also has the highest influence on quality and 

cutability. The former is least variable and has the least effect on 

carcass characteristics. 

The most important single factor affecting yield of retail cuts in 

beef carcasses is the subcutaneous fat thickness. To estimate this 

amount of fatness, a single measurement over the longissimus muscle at 

the 12th rib has been the measurement with the highest repeatability and 

also most often used, (Murphey et al,, 1960; Ramsey et al,, 1962; Grouse 

and Dikeman, 1976; and Abraham et al,, 1968, 1980), 

2 
In predicting cutability, R values of ,76, .82 and .82 were 

obtained when percent kidney, pelvic and heart fat (KPHF%) REA and car

cass weight were included, respectively, (accumulative) into a multiple 

regression equation (Murphey et al., 1960; Abraham et al., 1968, 1980). 

Evidence exists that over a wide range of overall fatness in cattle, 

factors other than the pattern of intramuscular fat deposition are 

responsible for the observed changes in muscle weight distribution as 

the animal approaches maturity (Johnson and Pryor, 1974). 

Live weight has been found to be highly correlated with percent 

edible cuts, carcass weight and REA (Orme et al,, 1960; Cundiff et al,, 

1967). However, live weight does not affect the cutability, quality 

grade or value of carcasses. Live weight accounted for 75 to 85% of the 
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variation in REA, In pork carcasses, Kline and Hazel (1955) and Price 

et al, (1957) pointed out that REA was not related to muscling in the 

whole carcass. Similarly, McMeekan (1941) obtained a more reliable 

estimate of total carcass lean when carcass length was combined with 

depth and length of longissimus area. Brannaman et al. (1984) reported 

2 
that body weight had an R of .95 as a single variable in predicting 

2 
weight of lean in pigs; R improved to .97 when shoulder width was added 

to body weight. 

In beef carcasses (Cole et al., 1960) the REA was associated with 

18% of the accountable variation in separable carcass lean. Bone weight 

of the entire carcass was related (r=,75, P<,01) to total separable 

carcass lean in the same study, while correlation coefficients of ,95, 

,93, ,81 and ,80 were observed between total separable lean and lean of 

the round, chuck, foreshank and sirloin, respectively. Percent lean in 

the round was the best indicator of muscling in the whole carcass. This 

report implies that by using the M:B ratio of the round one would 

approximate the whole carcass M:B ratio. 

In chemical separation of lean tissue, percent protein and fat had 

correlation coefficients of .83 and .64, respectively, with ultrasonic 

estimates of the same in carcasses. Alternatively, carcass specific 

gravity had a negative correlation coefficient of -.79 (P<.01) with FT, 

implying that specific gravity was another reliable indicator of FT 

(Davis et al., 1964). In addition, the authors reported M:B ratio and 

forecannon weight to have correlation coefficients of .85 and .55 with 

REA as estimated by the ultrasonic equipment. 
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The physical composition of the 9-10-llth rib cut was highly 

related to the physical composition of the whole carcass (Hankins and 

Howe, 1946). At a constant carcass weight, FT was negatively associated 

with 34% of the variation in separable lean (Cole et al., 1962). The 

most useful prediction equations (70% of variation in separable lean) 

incorporated FT and carcass weight. The prediction capacity of other 

equations derived here matched those of the previous author. 

Grouse et al. (1975) and Kauffman et al. (1975) argued that yield 

grade equations that incorporate carcass weight instead of marbling 

score penalize carcasses from heavier breeds. Since these equations 

were derived using cattle of relatively smaller mature size than the new 

introductions like Charolais, Chianina, Simmentals, etc., they tend to 

underestimate the cutability of the larger breeds relative to the 

smaller breeds. Muscling score, circumference of round and metacarpus 

weights had significant positive correlations with REA, while dressing 

percents increased as marbling, FT and REA increased (Good et al., 

1960). 

Carcass weight accounted for most of the variation in weight of 

boneless steak and roast meat (Abraham et al., 1968; Cole et al., 1962; 

Fitzhugh et al., 1965; Zimmerman et al., 1966). Carcass weight, how

ever, is not correlated to carcass composition except in populations. 

Most variation in wholesale cuts and composition of cuts is attrib

uted to differences in total lean and fat yield among breed groups (Koch 

et al., 1982). Definite differences exist among breeds, and any one 

cutability prediction equation may not be applicable to all breeds and 

breed types (Abraham, et al., 1968). Differences in percent retail 
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product, fat trim, and bone among breed groups are largest when compared 

at a constant live weight and least when at a constant fatness as 

estimated over the longissimus muscle at the 12th rib (Koch et al,, 

1976), Overall, carcass weight is negatively related to carcass cut-

ability (Murphey et al,, 1963), and the proportion of lean to fat in any 

given carcass is a function of the physiological age of the animal. 

Differences in compositional endpoints to which diverse breeds of 

cattle differing in age, sex and pretest nutritional management have 

been fed have meant that results from different researchers are incom

parable. In addition, interpretation of these results has been confus

ing apart from being unrepresentative of any given breed of cattle. 

Compositional endpoints need to be standardized using physiological ages 

as a basis for comparisons. Linear measurements taken need to refer to 

the skeleton and not conformation. 



CHAPTER III 

THE EFFECT OF FRAME SIZE ON SUBSEQUENT FEEDER CATTLE 

PERFORMANCE AND CARCASS CHARACTERISTICS 

Summary 

Forty-five Angus steer calves similar in age (270 to 310 d), 

breeding and nutritional background were used to determine the effects 

of skeletal size and muscling upon feedlot performance and subsequent 

carcass characteristics. The cattle were visually scored by seven 

animal evaluators for frame size, degree of muscling and trimness. They 

were allocated to three frame groups (small, medium and large) based on 

their average frame scores. Five linear skeletal measurements and live 

weights were taken at the beginning and end of the trial. Live weights 

were repeated every 28 d to monitor ADG and feed efficiency. The steers 

were fed free choice a high concentrate ration for 140 d. 

The daily dry matter intake was greater (P<,05) for the medium and 

large framed cattle compared to the small framed cattle (11,2, 11,9 vs 

10.1 kg/d, respectively). The larger framed cattle were more efficient 

(P<.05) than the small framed cattle (7,63 vs, 7,01 kg feed/kg gain), 

but the average daily gain (ADG) was not different (P>.05) among the 

frame groups. Initial trimness scores were different (P<.05) between 

the large and the small frame groups only, while initial muscling scores 

were not different (P>.05) among all three groups. Frame size was 

positively associated (r=.47, P<.01) with carcass weight, but only the 

small and large framed cattle (306 vs 329 kg) were different (P<.01). 

32 
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Fat thickness, specific gravity, marbling scores and percent KPHF 

were not different (P>.05) among frame groups'indicating that these 

cattle were similar in carcass composition. Multiple correlation 

coefficients indicated that the skeletal measurements and visual scores 

2 
were ineffective in predicting yield grade and quality grade (R =,12 and 

.21, P>.05, respectively). Skeletal size is thus of no value in sorting 

feeder cattle similar in age, sex, breeding and nutritional background 

if they are to be fed alike since the variation among such cattle would 

not be great enough to affect feedlot performance or carcass character

istics. 

Introduction 

The beef cattle industry is one of the most important agricultural 

enterprizes in Texas. It contributes about 40% of the total agricul

tural income in the state. For it to continue to play this role, effi

ciency in production of beef must be emphasized in commercial feedlots 

and in research programs. 

Most of the beef cattle marketed in the state are fed in commercial 

feedlots. These feedlots are advanced in terms of disease prevention 

facilities, feed handling and nutrition. However, they have a problem 

acquiring uniform groups of desirable feeder cattle. Currently, feeder 

cattle differing in age, frame size, genetic constitution and background 

are fed for equal days in the same pens, which inevitably produces 

slaughter cattle that may be either overfinished or underfinished. 

Overfinished cattle are expensive to the feedlot business in terms of 

extra feed consumed and extra fat trimmed from the carcasses. Further, 
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consumers are more health and fitness oriented resulting in increased 

demand for lean beef and resistance to fatter cuts. It has been shown 

that frame size affects the length of time cattle are fed to reach 

desirable quality grades (Schlegel 1979; Butts, 1980a,b). Similarly, 

Weatherbee (1981) reported feeder cattle similar in frame size fed an 

equal number of days resulted in carcasses similar in USDA quality 

grade. Busch et al. (1969) used grade Hereford steers from 84 sires and 

found that body measurements were of little value in predicting carcass 

composition. Buttram (1984), using 41 Charolais crossbred feeder 

steers, concluded that frame size does not affect carcass composition 

when cattle are fed to similar physiological end points. Muscling 

differences in cattle do affect muscle to bone ratio and the yield of 

fat-free muscle of carcasses when evaluated at constant weight and 

degree of fatness (Kauffman et al., 1973). 

Frame and muscling scores are the basis for the USDA feeder grades. 

Therefore, will the application of these two factors be useful in sort

ing cattle similar in age, sex and breed with differences in frame size? 

Thus, a need exists to determine the effects of skeletal size and 

muscling of feeder cattle that are similar in age, sex and breed upon 

subsequent feedlot performance and carcass characteristics. 

Experimental Procedure 

Forty-five Angus steer calves weighing 309 to 334 kg live weight, 

aged 270 to 310 d (born of half-sib dams and three sires, two of which 

had a father/son relationship) were purchased from a ranch in South 

Dakota. All animals since their birth had been exposed to similar 
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nutritional and environmental conditions. These steers were scored for 

frame size, degree of muscling and trimness, using the Rhineland Scoring 

System of Long (1984). A scale of 1 to 9 was used by seven live animal 

judges in which high trimness scores (7 to 8) were given those steers 

displaying tight dewlaps, trim briskets, tight underlines and no loose 

skin in the flanks and twists. Steers that had a wide stance, bulging 

forearms, thick stifles and displayed greater muscle expression during 

movement were scored high (7 to 8) on muscling. 

Steers scored high (7 to 8) on frame size had long cannon bones, 

long bodies (shoulder point to the pinbone) and a greater height at the 

hips. The average of the frame scores was used to allocate steers to 

either the small (score 1 to 4), medium (score 5 to 6), or large (score 

7 to 8) frame groups. Skeletal measurements (nearest millimeter) were 

taken on 3 consecutive days, at the start and end of the trial by the 

same person. The average of the three measurements was used as the 

effective length or circumference. A metal caliper was used for length 

and height measurements. Height at the withers was measured as the 

vertical distance from the highest point over the withers to the ground. 

Height at the hips was the vertical distance from the hooks to the 

ground. Length of body was measured, using a metal caliper with two 

parallel bars at right angles to the main frame, as the distance between 

the extreme anterior surface of the shoulder point (tuberosity of 

humerus) to the extreme posterior endpoint of the pin bone, 

A metal tape was used to measure the length of the right metacarpus 

and this was the distance between the distal lateral condyle and the 

proximal synarthrosis. The same tape was used on the same leg to get 
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the circumference of the forecannon, including overlying tissues, which 

was measured at the smallest point on the bone. Initial and off test 

weights were the averages of three weights taken at about 1400 h on 3 

consecutive days at the start and end of the trial. 

The feeding period started on the second consecutive day of weigh

ing. The steers were fed for 140 d a diet that furnished 1.67 Mcal/kg 

of net energy for maintenance (NEm) and 1.05 Mcal/kg of net energy for 

gain (NEg) for the first 90 d and a diet that furnished 1.94 Mcal/kg NEm 

and 1,30 Mcal/kg NEg for the last 50 d. The diet composition is shown 

in table 1, Steers were fed ad libitum from electronically activated 

feeders which monitored each animal's daily feed consumption. Salt was 

offered free choice. Steers were weighed after every 28 d at about 1400 

h to monitor their average daily gain (ADG) and feed efficiency (FE), 

The trial ended when the steers were estimated to grade 70% choice 

(USDA), Visual scores and linear measurements were repeated as at the 

beginning of the trial. 

During the last 30 d one steer developed bloat problems and was 

eliminated, A fungicide (Captan) was sprayed on all animals when 

necessary to control a ring worm infection. Steers were slaughtered at 

Canadian Valley Packing Plant, Oklahoma City, Oklahoma, after a 24-h 

period without feed and water. Carcasses were chilled (4 C) for 48 h 

followed by data collection which included carcass weight, measurements 

of fat thickness (FT) and ribeye area (REA) by acetate paper tracing. A 

1^. Pin pointer model 4000, UIS Corp,, Cookeville, TN, 
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TABLE 1, PERCENTAGE COMPOSITION OF DIETS 

Diet^'^'^ 

Ingredient International ref no. 

Ground yellow corn 4-02-931 37.5 68,5 

Cottonseed hulls 1-01-599 24,5 14.3 

Rolled oats 4-03-309 15.0 

Soybean meal 5-20-637 7.5 10,1 

Cottonseed meal 5-07-872 5,0 

Dehydrated alfalfa 1-00-023 5.0 

Cane molasses 4-04-696 5,0 6,2 

Ground limestone 6-02-632 ,5 ,7 

Salt^ .2 

Total 100,0 100,0 

Air dry basis. 

Diet 1 was fed for the first 90 d and Diet 2 was fed for the last 
50 d, 

^Vitamin A was included in both diets at 2200 I,U,/kg, 

Salt was also offerred free choice in both diets. 
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USDA meats grader estimated the percent kidney, pelvic and heart fat 

(KPHF), marbling score and quality grade (Gd"̂ =ll and Ch"=12). Specific 

gravity of the carcass was determined by hydrostatic weighing of the 

left side of each carcass. A round from each carcass was shipped to the 

Texas Tech University Meats Laboratory where the biceps femoris muscle 

(BF) and the femur (F) from each round were dissected and used to 

determine the BF:F ratio. Total soft tissue from each round was ground 

once through a coarse die (18.75 mm) and twice through a fine die (6.25 

mm). Each sample taken from the ground tissue was sealed in a poly

ethylene sample bag and stored at -10 C before being chemically analyzed 

2 
for percent crude protein (Kjeldahl procedure), ether extract (Soxhlet 

apparatus) and percent moisture (A.O.A.C., 1980). 

One-way analysis of variance and Tukey's w procedure (Steel and 

Torrie, 1980) were used to determine the significant differences that 

existed among frame size groups for visual scores, skeletal measure

ments, performance and carcass characteristics. Simple correlation 

coefficients were computed within frame size groups between initial 

scores and measurements and between initial scores and feedlot perform

ance and carcass traits by using CORR (SAS, 1982). Stepwise Multiple 

Regression (MAXR) Forward Selection (SAS, 1982) was used to evaluate the 

effectiveness of live animal scores and measurements in predicting car

cass composition. 

2 
Kjeldhal 1030 auto analyzer, 
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Results and Discussion 

Live and Carcass Traits 

The relatively low standard errors associated with each overall 

mean (table 2) is a reflection of the low variability that existed among 

experimental units. The means for ribeye area (REA), carcass weight, 

yield grade and quality grade approximate the industry averages in 

similar groups of cattle. The overall mean for average daily gain (ADG) 

is relatively high (1.49 kg/d). This may have resulted from the high 

energy diets these steers received and the sires' high expected progeny 

difference (EPD) values for yearling weight (+27 to +34 kg). Ribeye 

area was negatively correlated with YG (r=-.52; degrees of freedom, 

df, = 42; P<.001) but positively (r=.31, df=42, P<.05) with percent 

muscle in round. Estimated percent KPHF was positively correlated with 

carcass weight (r=.38, df=42, P<.01) and FT (r=.33, df=42, P<.05) but 

not with quality grade. A correlation coefficient of .84 (P<.001) was 

observed between biceps femoris to femur ratio and muscle to bone ratio 

of the round, which was greater than .63 (fat free) reported by Hawkins 

et al. (1983). The close relationship between BF:F and M:B ratios 

indicates that either ratio is as effective as the other in estimating 

the degree of muscling in the carcass. 

Initial Scores and 
Measurements 

Means for frame size groups for various traits are reported in 

table 3. Trimness scores were different (P<.05) between the small and 

medium cattle and also between the small and the large framed cattle. 

The cattle in the small framed group were least trim. Muscling scores 



TABLE 2. OVERALL MEANS AND STANDARD ERRORS OF CERTAIN 
LIVE AND CARCASS TRAITS OF SLAUGHTER STEERS 
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Trait Mean' SE 

Daily dry matter intake, kg 

Average daily gain, kg 

Initial trimness score 

Initial muscling score 

Fat thickness, cm 

2 
Ribeye area, cm 

KPHF^, % 

Carcass weight, kg 

USDA yield grade 

USDA quality grade 

Specific gravity 

Percent muscle in round 

Biceps femoris to femur ratio 

11.10 

1.49 

5.33 

5.54 

1.53 

77.64 

2.45 

317.43 

3,40 

11,90 

1,0427 

78,14 

2.46 

,22 

.04 

.13 

.13 

.12 

1.66 

.13 

4.87 

.18 

.21 

.0010 

.80 

.05 

^Degrees of freedom = 43. 

Percent kidney, pelvic and heart fat. 

Ĝood"̂  (Gd"̂ ) = 11, Choice" (Ch") = 12. 

Chemical analysis. 



TABLE 3. SIGNIFICANT INITIAL SCORES AND MEASUREMENTS 
OF FEEDER STEERS BY FRAME SIZE GROUPS 
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Trait Small 

Frame size group 

Medium Large SE 

Number of steers 15 15 14 

Trimness score 

Hip height, cm 

Withers height, cm 

Body length, cm 

Weight, kg 

4.8' 

123.6' 

118.0' 

122.6' 

309.3' 

5.4' 

126.1 

121.4' 

124,2 
a,b 

320,9 
a.b 

5,6' 

129.0' 

123.0' 

127,4' 

344,2' 

,13 

,48 

,53 

,80 

5,08 

^' ''̂ Means in the same row with different superscripts are differ
ent (P<,05), 
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(5.6, 5.6 and 5.2) and the ribeye area (76.9, 78.2 and 77.7 cm^) were 

not different (P>.05) among the small, medium and large framed groups, 

respectively. Height at the hips and at the withers was different 

(P<.05) across the frame groups, the large framed steers were tallest at 

both the hips and the withers. Initial body length was different 

(P<.001) between the large and small groups, however, between the medium 

and the large or the medium and the small groups, this measurement was 

not different (P>.05). Initial weight was different (P<.01) between the 

large and small frame groups, while the medium group had weights that 

overlapped those of these two groups. 

The feedlot performance data are summarized in table 4. Daily dry 

matter intake (DDMI) was different (P<.05) between the small and medium 

and the small and large framed groups. The difference in DDMI was not 

reflected in average daily gain (ADG) which was not different among the 

three frame size groups. Similar results were obtained by Buttram 

(1984). A difference of ,62 kg feed/kg gain was found (P<,05) in feed 

efficiency (FE), between the small and the large framed cattle. This 

finding is in contrast to that by Smith et al. (1976) and Cundiff et al. 

(1981); both found larger biological type cattle to be more efficient 

and to have relatively higher ADG when fed to a time constant endpoint. 

Carcass Quality and 
Cutability 

Carcass data are shown in table 5. Frame size effects were differ

ent (P<.001) for carcass weights between the small and large frame 

groups. The rest of the carcass traits were not different (P>.05), 

Koch et al. (1976) and Schlegel (1979) both observed that frame size had 
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TABLE 4. EFFECT OF FRAME SIZE ON FEEDER CATTLE PERFORMANCE 

Trait Small 

Frame size group 

Medium Large SE 

Number of steers 

Daily dry matter 
intake, kg 

Average daily 
gain, kg/d 

Feed/gain ratio 

15 

10.r 

1.42 

7.01' 

15 

11.2' 

1.51 

7.55 
a,b 

14 

11,9 

1,55 

7.63 

,22 

,04 

,17 

^' Means in the same row with different superscripts are different 
(P<.05), 
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TABLE 5. EFFECT OF FRAME SIZE OF FEEDER 
CATTLE ON CARCASS COMPOSITION 

Trait 

Number of steers 

Carcass weight, kg 

USDA yield grade 

USDA quality grade^ 

Ribeye area , cm 

d 
Fat thickness , cm 

KPHF^, % 

Snecific gravity 

Small 

15 

306.36^ 

3.51 

11.86 

76,96 

1.70 

2.46 

1.0452 

Frame size 

Medium 

15 

317.42^'^ 

3.27 

12.00 

78.27 

1.40 

2.50 

1.0423 

Large 

14 

329.31^ 

3.42 

11.85 

77.71 

1.48 

2.39 

1.0391 

SE 

4.87 

.18 

.21 

1.66 

.12 

.13 

.001 

Muscle to bone ratio 
(round) 11.54 10.93 10.80 .24 

^' Means in the same row with different superscripts are different 
P<,05), 

^Score 11 = Good and 12 = Choice . 

Acetate paper tracing, 

^Percent kidney, pelvic and heart fat. 
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minimal effect on carcass cutability when slaughter cattle were of 

similar quality grades or level of fatness. 

Scores, Measurements and 
Carcass Traits 

Initial frame score was positively related to DDMI (r=,61, df=42, 

P<,01) and ADG (r=,30, df=42, P<,05) but not to FE (r=,28, df=42, 

P>,05), Initial muscling scores were not related to any of these 

performance traits, while initial trimness was correlated with only DDMI 

(r=.42, df=42, P<,05), These coefficients only accounted for a small 

proportion of the variation (9%) in ADG and none in FE and therefore are 

of limited use in relating visual scores of these feeder cattle to their 

feedlot performance. 

Pooled correlation coefficients (procedure CANDISC; SAS, 1982) 

between visual scores and live skeletal measurements were different for 

initial frame score with initial height at the hips, the withers, and 

initial body length (r=,55, ,54 and ,38, df=41, P<,05), Also, initial 

frame score accounted for 43 and 31% of the variation in off-test height 

at the hips and the withers. These results indicate that initial frame 

score was a useful indicator of off-test frame size in these steers. 

There was no relationship (P>.05) between initial visual scores and 

carcass traits. However, off-test frame scores (table 6) were nega

tively correlated with percent KPHF, while off-test muscling scores were 

related to yield grade and REA, Off-test trimness scores were nega

tively correlated with yield grade, FT, percent KPHF, carcass weight and 

positively with specific gravity. These results show that off-test 
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Trait 

TABLE 6. POOLED CORRELATION COEFFICIENTS BETWEEN 
CARCASS TRAITS AND OFF-TEST VISUAL SCORES 

USDA yield grade 

Fat thickness 

Ribeye area 

KPHF^, % 

Carcass weight 

Specific gravity 

Muscle to bone ratio 
(round) 

Off-

Frame size 

-.21 

-.17 

.00 

-.35 

-.18 

.27 

-test visual a score 

Muscling 

-.30* 

-.27 

.40* 

-.04 

.21 

.11 

Trimness 

-.42*** 

.07 

-.59*** 

.23 -.01 -.25 

Degrees of freedom = 42. 

Acetate paper tracing. 

Percent kidney, pelvic and heart fat, 

*P<.05. 

**P<.01. 

***P<.001 
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visual scores were more closely related to carcass traits than were 

initial scores, and that off-test trimness score was the most associated 

with carcass composition. 

Among the large framed animals, initial .frame score was related to 

off-test height at the hips (r=.66, df=12, P<.01), whereas in the medium 

group initial frame score was related to both initial and off-test 

height at the hips, (r=.62 and .56, df=13, P<.05, respectively). Among 

the skeletal measurements, initial trimness scores were positively 

correlated (r=.59, df=13, P<.05) with off-test metacarpal circumference 

in the large framed group, whereas in the medium group, these scores 

were negatively correlated with FT (r=-.51, df=13, P<.05). In the small 

framed group initial trimness scores were negatively correlated with 

initial metacarpal circumference, M:B ratio, and initial weight, 

(r=-.59, -.62, -.67, df=13, P<.05, respectively). In this same group, 

initial muscling scores were related to quality grade (r=-.56, df=13, 

P<.05), whereas in the medium group they were correlated to off-test 

metacarpal length (r=-.70, df=13, P<.01). In addition, quality grade 

and yield grade were positively associated with ADG, (r=.73, .51, df=13, 

P<.05, respectively). Average daily gain was correlated with yield 

grade (r=.76, df=13, P<.001) in the small framed group. 

Carcass traits such as REA, specific gravity, percent crude pro

tein, quality and yield grades were not related to skeletal measure

ments. Similar results have been reported by Hultz and Wheeler (1927) 

and Skelley et al. (1972). 
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Initial and Off-Test Scores 
and Measurements 

Correlations between initial and off-test scores (table 7) indicate 

that there was little change in frame scores animals had at the start 

and end of the test period. Initial frame scores accounted for 86.4% of 

the total variation in off-test frame scores, initial muscling and trim

ness scores could only account for 19.3 and 9.6% of the variation in 

off-test muscling and trimness scores, respectively. Initial and off-

test skeletal measurements that were correlated were fore-cannon circum

ference, body length, height at the hips and the withers (table 7). 

Initial measurements in the above traits accounted for 15, 26, 67, and 

75 percent of the variation in their respective off-test measurements. 

The preceeding results indicate that initial height at the hips and the 

withers in feeder steers is a fair estimate of skeletal size in 

slaughter steers in a group of animals similar to those used in this 

study. 

The correlations between initial frame score and height at the 

withers, for individual scorers, were as follows: .70, .71, .74, .77, 

.79, .80, and .83 (df=42, P<.001). The mean initial frame score was as 

effective as any of the individual scores in its relationship (r=.84, 

df=42, P<.001) with height at the withers. Only one scorer had a 

positive correlation coefficient (r=.30, df=42, P<.05) between initial 

muscling score and M:B ratio of the round. There was no relationship 

between individual initial muscling scores, their average, and BF:F 

ratio. One scorer had a positive correlation (r=.38, df=42, P<,05) 

between FT and initial trimness score. Among the off-test visual 
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TABLE 7. SIMPLE CORRELATION COEFFICIENTS BETWEEN 
INITIAL AND OFF-TEST SCORES AND MEASUREMENTS 

Trait Correlation 

Frame score ,93*** 

Muscling score ,44** 

Trimness score ,31* 

Weight .72*** 

Forecannon circumference ,39** 

Forecannon length .29 

Body length .Sl̂ -î H* 

Height at hips .82*** 

Height at withers .87*** 

^Degrees of freedom = 42. 

*P<.05. 

**P<.01. 

***P<.001. 
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scores, neither the mean score for off-test muscling score nor the 

individual scores were related to BF:F ratio or M:B ratio of the round. 

Individual scorers had a range of -.13 (P>.05) to -.42 (P<.01) for 

off-test trimness score with FT. The average trimness score was also 

related to FT (r=-.38, df=42, P<.05) and was similar to coefficients as 

obtained by two evaluators. The range in off-test frame score with 

off-test height at the withers was .54 to .78 (P<.001) for individual 

scorers. The average score was correlated with off-test height at the 

withers (r=.80, P<.001); thus, the average score was as good as any of 

the individual scores in relating frame score to frame size. These 

results indicate that any individual score for frame size was as good as 

the average score and that there was low variabilitiy in muscling and 

trimness traits among these cattle. 

Multiple correlation coefficients indicated that the best 4-

variable model to predict yield grade and quality grade had the follow

ing variables: initial frame and trimness scores, initial forecannon 

2 
circumference and length, (R =.09 and .18, df=42, P>.05, respectively). 

When initial muscling scores, height at the hips, and withers and body 

2 
length were added to form an 8-variable model, the R improved only to 

.12 for yield grade and .21 for quality grade. The observation is that, 

in this group of animals, skeletal measurements and visual scores were 

ineffective in predicting yield grade and quality grade. 

Sire Effects 

Table 8 shows sire effects data on live and carcass traits. Sire 

identity on four steers was lost. Initial muscling scores and initial 
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TABLE 8. SIRE EFFECTS ON LIVE AND CARCASS TRAITS 

Trait Super X 

Sire 

Moose Eldorado SE 

Number of steers 

Initial muscle score 

Initial frame score 

Initial hip height, cm 

Initial withers 
height, cm 

Initial body length, cm 

USDA yield grade 

Fat thickness 

Initial weight, kg 

8 25 

5.1'^ 

6 .3^ 

128.4^ 

124.1^ 

127.3^ 

2.8^ 

1.28^ 

331.8^ 

5^301, u 

5 .1^ 

125.8^ 

120.4^ 

124.3^*^ 

3.7^ 

1.73^ 

317.7^ 

6.0' ' 

5.0^ 

124.6^ 

119.3^ 

122.7^ 

3.4^ 

1.48^ 

318.9^ 

.13 

.25 

.70 

.73 

.89 

.14 

.11 

5.09 

P<.05. 

c 

^' Means in the same row with different letters are different 

Acetate paper tracing. 
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frame scores were different (P<.05) between the Super X and Eldorado 

groups. Initial muscling score for the Moose group overlapped that of 

the other two sire groups. Initial height at the hips and the withers 

was greater (P<.05) for the Super X group compared to the other two sire 

groups. Initial body length was different between the Super X and the 

Eldorado groups. 

Super X sired-steers had trimmer carcasses and more desirable yield 

grades (P<.05) than the other two steer groups. Carcass weight, off-

test weight and total gain did not differ among the three sire groups. 

These results may not be typical of these sires because of the unequal 

numbers of progeny per sire and possible differences in maternal effects 

on these steers. 

Conclusion 

In feeder cattle of similar age, sex, breeding and nutritional 

background fed alike to a time-constant endpoint, the variation in 

skeletal measurements is not great enough to affect feedlot performance 

or carcass characteristics, sufficiently to justify sorting such cattle 

in a commercial production operation. 
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