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ABSTRACT 

Recent technological advances have increased the 

interest in using ultrasonic imaging technology for 

estimation of carcass composition in the livestock 

industry. The objectives of this research were: (1) to 

determine the accuracy of 12th rib ultrasonic measures 

of subcutaneous fat thickness, longissimus muscle area 

and intermuscular fat as indicators of carcass 

composition in beef cattle; (2) to determine the effect 

of technician on the capture and interpretation of 12th 

rib ultrasonic images of external fat thickness, 

longissimus muscle area and intermuscular fat as 

indicators of carcass composition in beef cattle; and 

(3) to develop alternative sites of ultrasonic measure 

which serve as indicators of yield and quality 

differences in beef cattle. 

Crossbred feedlot cattle (n = 646) were 

ultrasonically measured with an Aloka 210Dx, split 

screen ultrasound unit at the 12th rib interface to 

evaluate the accuracy of ultrasonic measurements of fat 

thickness and longissimus muscle area for prediction of 

actual carcass measures. Average actual differences 

between ultrasonic and carcass measures of fat thickness 
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and longissimus muscle area indicated that 

underprediction occurred more often than overprediction 

for both measures. Correlation coefficients between 

ultrasonic and carcass measures were .75 (P < .01) for 

fat thickness and .60 (P < .01) for longissimus muscle. 

Feedlot steers (n = 36) representing four breed-

types (Brown Swiss, Average Mexican, Rough Mexican and 

typical British crossbred) were isonified to estimate 

accuracy and repeatability of fat thickness and 

longissimus muscle area. Repeated measures of fat 

thickness and longissimus muscle area were taken by two 

technicians on 2 consecutive days with an Aloka 500V 

non-split screen ultrasound unit equipped with a new 

prototype transducer. Pooled simple correlation 

coefficients (P < .01) were .87 and .86 for fat 

thickness and .76 and .82 for longissimus muscle area 

for technician 1 and 2, respectively. Repeatabilities 

estimated by intraclass correlation methods were .91 and 

.81 for images repeated over days and .95 and .83 for 

images repeated over technicians for fat thickness and 

longissimus muscle area, respectively. Repeatability 

estimates of longissimus muscle area interpretation from 

videotape were .86 within technician -and .76 between 
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technicians. Ultrasonic measurements of 12th rib 

intermuscular fatness and body wall thickness were not 

satisfactory predictors of yield and quality grade. 

Hereford feedlot steers (n = 276) were isonified to 

evaluate the ability of ultrasonic ellipse measurements 

of the longissimus muscle area at the 12th rib and fat 

depth on the rump to predict yield and quality grade. 

Ultrasonic rump fat was a moderate estimator and ellipse 

a low estimator of yield grade. However, neither 

measure was an adequate predictor of quality grade. 

This research indicates that ultrasonic measures of 

fat thickness and longissimus muscle area are accurate 

predictors of carcass composition but further refinement 

of alternative sites are needed for optimum estimation 

of yield and quality grade factors in beef cattle. 
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CHAPTER I 

INTRODUCTION 

Fat has received a great amount of scrutiny with 

respect to its role in diet and health-related problems 

the last several years. In 1986, the National Consumer 

Retail Beef Study showed clearly that consumers wanted a 

beef product with less trimmable fat. This shift in 

consumer preferences toward a leaner meat product has 

caused the United States meat animal industries to 

undergo some changes. 

The beef industry responded through the National 

Retail Beef Market Basket Study indicating that retail 

beef had been reduced from having no more than .64 cm of 

external fat remaining on the trimmed beef cut in 1985 

to having no more than .31 cm of external fat remaining 

on the trimmed beef cut in 1988. Although this study 

shows a reduction in the amount of fat on beef products, 

it is a result of trimming of fat by retailers and not 

through the production of leaner cattle. 

Excess trimmable fat represents a major 

inefficiency in the production of consumable protein 

from beef products. Benyshek et al. (1988) estimated 

that at least 227.3 million kg of waste fat were 

produced annually from carcasses above a 2.0 U.S.D.A. 



yield grade. To combat the problem of excess fat 

production in the beef industry, a resolution was 

adopted by the 1989 National Cattleman^s Association 

(NCA) convention calling for the development of a 

national research and implementation program along with 

a task force. The task force formulated a goal "to 

improve production efficiency by reducing excess 

trimmable fat by 20% and increasing lean production by 

6%, both by 1995, while maintaining the eating qualities 

of beef." 

Producers have no incentive to produce a leaner 

product because of selling on-the-average and not on 

individual carcass grade and yield. Therefore, task 

force members called for the development of a value-

based marketing system to encourage the production of as 

much lean tissue with as little fat as possible. The 

value would be based upon the ability of an animal to 

yield a high percentage of retail cuts and produce 

minimal amounts of intermuscular fat while still 

producing sufficient amounts of intramuscular fat 

(marbling) to meet minimum eating quality standards. 

The development of a value-based marketing system would 

encourage the cow-calf producer to produce a "leaner" 

type of animal to supply the feedlot, retail and packing 

segments of the beef industry. The move toward a leaner 



product has prompted much interest in the development of 

new feeding and management practices for short-term 

solutions. The use of repartitioning agents, growth 

hormone and other growth promoting agents has resulted 

in less fat and more lean in the final beef product. 

However, these have been closely examined by food safety 

and animal welfare enthusiasts in recent years. 

A more desirable approach would be the development 

of technology which would allow producers, at the 

seedstock level, to identify genetically superior live 

animals. Development of technology could afford a 

system that would allow the identification and selection 

of breeding and feeding animals that would yield leaner, 

yet palatable carcasses. The Beef Improvement 

Federation (BIF) in 1989 reported the method providing 

the most promise for incorporation of carcass merit 

expected progeny differences (EPD's) into breed 

improvement programs was the use of real-time linear 

array ultrasound imaging for prediction of carcass 

attributes. Ultrasound technology, which was adopted 

from refinement of SONAR (sound navigation and ranging) 

technology used in World War II, offers a non

destructive means of elucidating compositional 

differences in the live animal. Recent technological 

advancements in ultrasonics have led to new interest in 



its use in estimating body composition in meat producing 

animals. 

Ultrasound technology has been studied extensively 

as an objective method of estimating carcass composition 

in livestock. Research has shown that accuracy of 

ultrasound in producing reliable measures of carcass 

traits is somewhat dependent on technician skills and 

tends to improve with technician experience. 

Little work has been done to evaluate alternative 

sites of live animal measurement to better quantify 

carcass merit. Although results are available that 

define the possibilities for ultrasonic prediction of 

marbling, the accuracies have been too low to be of 

practical value of the beef industry. Additionally, no 

research has been conducted to evaluate the accuracy of 

ultrasonic measures of intermuscular fatness at the 12th 

rib interface. 

The objectives of this research were: 

(1) To determine the accuracy of ultrasonic 

measurements of subcutaneous fat thickness over the 12th 

rib, area of the longissimus dorsi muscle, intramuscular 

fat and intermuscular fat as indicators of carcass 

composition in beef cattle; 

(2) To determine the effect of technician on 

the capture and interpretation of ultrasonic images of 



subcutaneous fat thickness over the 12th rib, area of 

the longissimus muscle, intramuscular fat and 

intermuscular fat as indicators of carcass composition 

in beef cattle; and 

(3) To study alternative sites of ultrasonic 

measurements that would serve as indicators of both 

yield and palatability differences in beef cattle. 



CHAPTER II 

Review of Literature 

Studies of the development of meat animals as 

affected by breeding and feeding have primarily been 

concerned with changes in fat deposits and muscular and 

skeletal structure because they greatly affect the 

chemical and morphological composition of the animal 

body. The proportions of fat, lean and bone at any 

given stage of development are of interest to the 

producer, packer, retailer and consumer. Fatness 

affects the acceptability of meat to the consumer, and 

it is well known that the fattening period is one of the 

most costly phases of feeding an animal. Therefore, it 

is important that a rapid, economical method be found 

for estimating the composition of carcasses in the live 

animal. 

Carcass Evaluation 

Research efforts dealing with the determination of 

carcass compositional endpoints have been variable and 

extensive. Differences in genetic background, age and 

weight of animals in early work compared to animals 

currently utilized may account for this variability in 

determining compositional endpoints in beef cattle. 

Questions have been raised pertaining to the methods 



and/or factors that are presently given major emphasis 

in grading beef carcasses. 

Hankins and Ellis (1939) studied the relationship 

of fat to quality and investigated other quality factors 

of meat animal carcasses. Data on 142 steers showed 

that fatness was a major factor affecting the proportion 

of meat in carcasses. Berg and Butterfield (1976) 

suggested that fat is the most variable tissue in the 

body and Scott (1939) concluded that an ample amount of 

fat is necessary to maintain tenderness and flavor in 

beef. Tallis et al. (1959) further noted that the 

percent edible portion in beef carcasses is highly 

influenced by the amount of fat trim in the carcass. 

Cutability 

Ramsey et al. (1962) reported no advantage in 

averaging three fat thickness measurements over the use 

of a single fat thickness measurement to predict 

percentage separable carcass lean. With fat thickness 

held constant. Cole et al. (1962) reported that fat 

thickness at the 12th rib was associated with more of 

the variation in weight of separable lean than was 

ribeye area. Researchers (Grouse et al., 1975; Crouse 

and Dikeman, 1976) have reported that 12th rib fat 

thickness over the longissimus muscle, measured 



perpendicularly to the outside surface at a point three-

fourths of the length of the longissimus muscle from its 

chine bone end, was the most useful carcass measure for 

predicting carcass composition. 

Murphey et al. (1960) and Abraham et al. (1980) 

reported that longissimus muscle area was an adequate 

muscle measurement for determining carcass composition. 

However, Cole et al. (1960) found that ribeye was 

associated with only 18% of the variation in separable 

lean of the more valuable cuts of beef. Also, Ramsey et 

al. (1962) found yield grades to be more closely related 

to percent separable lean when ribeye area was omitted 

from the U.S.D.A. yield grade equation. They further 

stated their results agree in general with those of 

workers who have found a low correlation between ribeye 

area and percent lean of the 9-10-11 rib cut (Woodward 

et al., 1959), pounds of carcass lean (Cole et al., 

1960) and percent of primal cuts (Orme et al., 1959). 

Although ribeye area is related to 9-10-11 rib sections, 

fat has a larger influence on percent separable lean in 

the beef carcass. 

Palatability 

Fox and Black (1984) concluded that intramuscular 

fat deposition apparently occurs at a slower rate than 
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does deposition of internal and external fat. Rogers et 

al. (1966) stated that the ability of intramuscular fat 

to predict palatability of meat was not particularly 

high, but it was positive. Tatum et al. (1982) found 

that fat thickness was ineffective as a predictor of 

cooked beef palatability and would not be a suitable 

substitute for marbling. They further stated that 

minimum subcutaneous fat thickness of 7.6 mm for 

carcasses, in combination with marbling, gave a better 

indication of expected palatability than either trait 

individually. 

Fat thickness, ribeye area and marbling all are 

moderately to highly heritable on a within-breed basis 

(Koch et al., 1982; Benyshek et al., 1988; Lamb et al., 

1990), indicating high potential for favorable response 

to selection. Busch and Dinkel (1967) and Koch et al. 

(1982) have shown favorable genetic relationships to 

exist among ribeye area, fat thickness and percentage 

retail product. Cundiff et al. (1989) found an 

antagonistic genetic relationship between marbling and 

percentage retail product, indicating that genetic 

progress for simultaneous selection of cutability and 

palatability in beef cattle will be slow. The selection 

for more marbling to improve quality grade may lead to a 



lower percentage of retail product to sell to the 

packer, retailer and ultimately the consumer. 

Kauffman et al. (1975) reported an important factor 

of overall variation in final carcass composition is the 

proportion of fat deposits (subcutaneous, intermuscular, 

cavity and intramuscular). They further stated that 

intermuscular fat cannot be accurately assessed when 

evaluating conventionally-processed carcasses because 

they are not sectioned in anatomical locations that 

expose this fat (i.e., rib-chuck junction). 

Christensen et al. (1991) suggested that closer 

trimming of subcutaneous fat from beef cuts has 

accentuated intermuscular fat deposits. Retail cuts, 

sampled from beef retail cases in supermarkets in 12 

cities across the U.S., had more than twice as much 

separable seam fat as separable external fat (Savell et 

al., 1991). They indicated a large proportion of the 

surveyed retail cuts had all the external fat removed, 

so it was not surprising that the percentage of 

separable fat from seam fat was much greater than the 

percentage of separable fat from external fat. Also, 

retail cuts from the chuck and rib primals had 77 and 

88%, respectively, of separable fat as seam fat in 

comparison with retail cuts from the short loin, sirloin 
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and round having only 68, 39 and 45%, respectively, of 

separable fat as seam fat. 

Furthermore, the change in proportions of 

subcutaneous and intermuscular fats with change in 

carcass fatness is not consistent among breeds (Charles 

and Johnson, 1976). Lunt et al. (1985) reported that 

Angus steer carcasses had a higher percentage of 

intermuscular fat than Brahman steer carcasses after 0, 

56, 112, 168 and 224 d on feed. Also, Huffman et al. 

(1989) reported a greater proportion of intermuscular 

fat in Angus steers than Brahman-British crossbreds. 

Federal Meat Grading System 

The U.S.D.A. meat grading service places grades on 

carcasses of red meat animals based on criteria related 

to palatability of meat when cooked and on estimations 

of relative cutability. This service was instituted as 

a system for setting and reporting prices of commodities 

in the wholesale meat trade. It has become the basis 

for the trading of live animals and merchandising of 

retail cuts. 

Yield Grade 

The method of estimating carcass composition most 

widely used in industry is the determination of saleable 

and edible product. Murphey et al. (1960) developed a 
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system for estimating the yield of closely trimmed, 

boneless retail cuts that was established in 1965. The 

yield grading system for beef carcasses Is based on 

evaluations of hot carcass weight, area of the 

longissimus muscle at the 12th and 13th rib interface, 

12th and 13th rib interface subcutaneous fat thickness 

and the estimated percentage kidney, pelvic and heart 

fat. U.S.D.A. yield grade 1 would have the highest 

yield of closely trimmed wholesale or retail cuts as a 

percentage of carcass weight and a yield grade 5 would 

have the lowest relative cutability. 

Hedrick (1983) suggested that the prediction 

equations be revised because of changes in production 

and management practices that alter animal and carcass 

characteristics. However, Cross et al. (1973), Crouse 

et al. (1975) and Abraham et al. (1980) found little 

advantage to revising the present U.S.D.A. yield grade 

standards for the purpose of improving the cutability 

predictions by the present standards. 

Quality Grade 

U.S.D.A. quality grades for beef carcasses are 

based on estimation of physiological age of the animal 

at the time of slaughter (maturity), color and texture 

of exposed longissimus muscle area at the 12th and 13th 
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rib interface, ossification of cartilage in the skeletal 

system and by the estimated amount and distribution of 

intramuscular fat (marbling) in the exposed longissimus 

muscle. Initially, quality grades were Prime, Choice, 

Good, Standard, Commercial, Utility, Cutter and Canner 

with the more youthful the carcass and the more heavily 

marbled the longissimus muscle, the higher (Prime) the 

U.S.D.A. quality grade. 

Beef quality grades were first formulated in 1916, 

published in 1923 and then were revised or amended in 

1924, 1939, 1941, 1949, 1950, 1956, 1965, 1973, 1975 and 

1987 (Romans et al., 1985). Only slight changes were 

made in 1924. The official standards were amended in 

July, 1939, to have a single standard for grading and 

labeling of steer, heifer and cow beef according to 

similar inherent quality characteristics. The amendment 

changed steer, heifer and cow beef from Medium, Common 

and Low Cutter to Commercial, Utility and Canner, 

respectively. In November, 1941, an amendment 

established the following grade terminology for all 

beef: Prime, Choice, Good, Commercial, Utility, Cutter 

and Canner. The October, 1949, amendment eliminated all 

references to fat color. 

In December, 1950, the official standards for 

grades of steer, heifer and cow beef were amended by 
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combining the Prime and Choice grades and designating 

them as Prime, renaming the Good grade as Choice and 

splitting the Commercial grade into two grades by 

designating the beef produced from young animals 

included in the top one-half of the grade as Good, while 

keeping the Commercial grade designation for the 

remainder of the beef in that grade. Grades of steer, 

heifer and cow beef were amended in June, 1956, by 

dividing the Commercial grade into two classes based on 

maturity, with beef from young animals being named 

Standard, while Commercial was kept as the grade name 

for beef from mature animals. In June 1965, grades of 

steer, heifer and cow beef were changed to place 

emphasis on changes in maturity in the Prime, Choice, 

Good and Standard grades. The requirement was 

established that all carcasses be ribbed prior to 

grading. 

In July, 1973, standards were changed to separate 

quality grades for beef from young (A maturity) bulls in 

a class designated as bullock. Stag beef was 

redesignated as bullock or Bull (based on maturity). 

Quality grade standards for bullock were the same as 

those of steer, heifer and young cow beef. Conformation 

was eliminated in April, 1975, as a quality grade 

factor. Minimum marbling requirements were increased 
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for the youngest Good but reduced at the A/B maturity 

for Good, Prime, Choice and Standard. All graded 

carcasses were required to be given both yield and 

quality grades. In October, 1980, changes included 

removal of stamps for yield grade if carcasses had less 

than .75 inches of fat thickness. Grading could not 

take place if the definition of the ribeye had been 

altered prior to grading. Grading should only occur 

when the beef is in carcass form, is in the plant in 

which slaughter occurred, and is not before at least 10 

min had elapsed following ribbing. 

On March 4, 1987, the U.S.D.A. issued a formal 

proposal in the Federal Register to rename the U.S. Good 

grade as U.S. Select as suggested by Cross et al. (1986) 

in the 1985 National Consumer Retail Beef Study. The 

proposal to rename U.S. Good grade to U.S. Select was 

accepted in November of 1987. 

Although the U.S.D.A. quality and yield grade 

systems contradict one another in most cattle-quality 

grade encourages fatness and yield grade penalizes 

fatness, one must understand the manner in which animals 

deposit fat. Kempster et al. (1976) reported that the 

contributions of different fat deposits to total fat 

content change as cattle mature but current knowledge of 

fat distribution patterns is limited. Swatland (1984) 
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stated that fat is deposited in the following order: 

mesenteric regions, thoracic-abdominal-pelvic cavities, 

subcutaneous regions, intermuscular seam areas and 

finally in intramuscular sites. Deposition of marbling, 

in most red meat animals, occurs later in an animal's 

life than other fat depots. Generally, by the time an 

animal has deposited enough intramuscular fat to qualify 

for the highest U.S.D.A. grade, it has deposited too 

much fat elsewhere and its yield grade suffers because 

of excess trimmable fat. Thus, the U.S.D.A. quality 

grading system may be antagonistic to increasing 

leanness of beef cattle and their carcasses because it 

encourages overfattening. 

Accuracy of Yield and Quality Grading 

As reported previously, subjective estimates of 

carcass composition are involved in the yield and 

quality grading of carcasses. Berg and Butterfield 

(1976) found that certain individuals can perhaps 

develop excellent aptitude for judgement but differences 

between individual graders will be a continuing problem. 

There is no way to completely standardize these 

subjective estimates. 

Yield grade, determined somewhat objectively (Cross 

et al., 1983), has been used extensively to determine 
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closely trimmed, boneless retail cuts since 1965 in beef 

cattle. Fox and Black (1984) stated that yield grade 

estimates are probably more accurate than those for 

quality grade because yield grades are directly related 

to percentage fat in the carcass. However, quality 

grade is a function of marbling score, which is subject 

to variation in distribution of fat within the carcass. 

However, a higher degree of error (Cross et al., 1980) 

has been reported in grading carcasses for yield than 

for quality. Currently some 250 people are employed by 

the U.S.D.A. to grade over 5.7 billion kg of beef 

annually. Chen and McDonald (1990) reported that 

inconsistencies in U.S.D.A. grading by these graders may 

be due to requirements that they call grades on 200 to 

400 carcasses per hour. The method used to quality 

grade meat is subjective and, because of this 

subjectivity, Chen and McDonald (1990) reported it is 

difficult to achieve consistency and accuracy. In a 

report to Congress in 1978, the Comptroller General 

indicated that 21% of the carcasses evaluated in 29 

slaughter plants in 12 states were misgraded (Government 

Accounting Office, 1978). In a follow-up national study 

by the U.S.D.A., Cross et al. (1980) reported that the 

percentage error by a selected three-member grading 

panel, evaluating 5,582 beef carcasses from 56 plants 
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and 11 mainstations, was 7.3% for quality grades and 

11.6% for yield grades. These inaccuracies have lead 

researchers (Chen, 1989; Cross et al., 1983)' to 

recommend the development of instruments to assist the 

human grader in evaluating grade factors. 

The use of mechanized hide-pullers, which tends to 

disfigure the subcutaneous fat layers of the carcass, in 

recent years by slaughter plants also has led 

researchers to question the validity of current yield 

grade procedures. Johnson and Vidyadaran (1981) 

recommended alternative fat measurement sites on the 

rump of beef cattle. Johnson (1987) reported that rump 

fat measurements generally had slightly lower standard 

errors of estimate than the 12th rib fat measurements in 

predicting the weights and percentages of saleable beef 

yield and fat trim. Additionally, intermuscular fat 

comprises nearly 63% of all separable fat in trimmed 

retail beef cuts (Savell et al., 1988), and it is 

difficult to remove without destroying the typical shape 

and integrity of the cuts. Kempster et al. (1982) 

stated that over 50% of total carcass fatness in the 

average steer is in the form of intermuscular fat, 

indicating the need for an appropriate carcass measure 

of this fat depot. 
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Methods of Determining Carcass 
Compositional Differences 

Visual appraisal of livestock is an evaluation of 

conformation, quality and yield, and is influenced by 

the apparent distribution of bone, muscle and fatness. 

Methods of evaluation of composition based on personal 

judgement have been used in the marketing of livestock 

but researchers continue to develop alternative means of 

determining body composition in livestock. 

Many techniques exist today for estimating body 

composition, but they vary considerably in cost, 

portability, practicality, rapidity and accuracy. 

Equipment ranges from a small metal ruler for measuring 

backfat in swine to a large whole body scintillation 

counter for measuring naturally occurring radioactive 

potassium (̂ K̂) in estimating muscle mass in cattle. 

Hedrick (1983) determined that no single method of 

determining composition of animals and their carcasses 

is applicable to all situations. 

Determining Carcass Composition 

Chemical Analysis 

Certain authorities (Garrett and Hinmann, 1969) 

have argued in favor of carcass evaluation based on 

chemical analysis. This approach may be biologically 

significant but it is not very meaningful or practical 
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in a commercial environment. Cross (1982) reported that 

if cost, time, labor and facilities were not factors, 

the most comprehensive endpoint would be to apply tissue 

dissection followed by chemical analysis of the 

resulting tissues. 

Physical Dissection 

Physical carcass dissection into separable fat, 

lean and bone has been used by researchers (Seebeck and 

Tulloh, 1968; Cianzio et al, 1982) as a means of 

understanding composition and distribution of various 

tissues in the carcass. Although biologically 

important, one must question its commercial 

meaningfulness. Berg and Butterfield (1968) offered 

criticism for complete carcass dissection based on the 

cost and magnitude of errors due to dissection 

techniques. 

Linear Measurement 

Linear measurement of carcasses has been used with 

success in determining composition. Kneebone et al. 

(1950) and Yeates (1952) found linear measurements on 

the carcass, including length, width and depth, useful 

predictors of carcass composition. In contrast, Orme et 

al. (1959) were unable to account for more than 25% of 

the variation in the percentage of untrimmed bone-in 
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cuts due by any carcass measurements. Busch et al. 

(1969) reported that, although ratios of carcass length, 

depth and width measurements may describe shape, they 

have little value for predicting composition. 

Specific Gravity 

Specific gravity (SG) often is used in research 

studies as an indirect method of assessing carcass 

composition. Garrett and Hinman (1969) reported a .92 

correlation between SG for fat and chemical analysis for 

fat. Preston et al. (1974) reported that SG of the 

carcass was highly correlated with carcass water, 

protein and fat composition. Kraybill et al. (1951) 

calculated a high correlation (.98) between SG of beef 

carcasses and the empty body. Empty body specific 

gravity was negatively correlated (-.95) with the 

percentage of carcass fat. Conversely, Miller et al. 

(1988) reported that SG was not useful for predicting 

percentage carcass fat within a given age class of beef 

cattle (yearling, R^ = .17, fed cattle, R^ = .51). The 

use of mechanical hide pullers during the slaughter 

procedure and the narrow range of fatness in the latter 

study may account for the difference in predictability. 

Specific gravity is simply and easily determined with no 

loss of value to the carcass but is not useful in 
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predicting carcass composition in the live animal and 

thus has seen limited use. 

Creatinine 

As early as 1905, Folin proposed that two types of 

protein metabolism existed: one a constant or endogenous 

metabolism and the other a variable or exogenous 

metabolism. According to this theory, the endogenous 

metabolism is represented by the excretion of creatinine 

at a relatively constant rate independent of protein 

intake. Evidence has been accumulated by Brody (1945) 

showing that, in general, urinary creatinine reflects 

the mass of supporting muscle in the body. In a study 

by Lofgreen and Garrett (1954) involving 18 steers, a 

significant correlation (r = .67) was found between 

urinary creatinine excretion and percent separable lean 

in soft tissues of the 9-10-llth rib cut. They 

concluded that urinary creatinine excretion was an 

acceptable predictor of total protein in a steer. 

Core Sampling 

Aunan and Winters (1952) found a close relationship 

between the lean and fat content of a core of tissue for 

the 5-6th rib area and the total lean and fat content of 

the carcass. Kennick and England (1960) used core-

samples to determine protein and fat content of beef 
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carcasses by sampling the 9-10-llth rib section. They 

reported multiple correlation coefficients of .78 

between weight of fat and hot carcass weight and 

correlation coefficients of .74 between percent protein 

and percent fat. 

Tissue Sawdust Technique 

Composition of meat sawdust obtained by sawing 

through frozen carcasses (called tissue sawdust 

techniques) is highly correlated with chemical 

composition of the carcass. Williams et al. (1974) 

reported correlations of .82, .94, .64 and .68 for 

moisture, fat, protein and ash, respectively, between 

tissue sawdust and chemical composition of the carcass. 

The procedure is more adequate on frozen carcasses than 

on chilled carcasses. Williams also noted that the 

method has value as a research tool but is not feasible 

for commercial application. The procedure is simple but 

time consuming and causes a loss in carcass value 

because of multiple separations of the carcass for 

collecting tissue sawdust. 

Instrument Grading 

Instrument grading of carcasses has been utilized 

with only limited success. Chen and Robinson (1990a,b) 

developed a voice-input, knowledge-based expert system 
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that reads carcass characteristics entered vocally by a 

meat grader and determines the quality and yield grades 

of beef carcasses. The system required over 10 seconds 

to reach the conclusions and print out the grades, in 

addition to the 20 s required for the meat grader to 

vocally enter the characteristics of the carcass. 

Cross et al. (1983) used video image analysis (VIA) 

to predict the composition of a 3-rib section from 44 

bullock and steer carcasses and found the equations 

developed using instrument-measured traits predicted the 

rib composition more accurately than noninstrument-

measured traits. Wassenberg et al. (1986) reported that 

the same VIA was as reliable as an expert three-member 

team using U.S.D.A. traits to evaluate the percentage of 

beef carcass yield of primal lean. None of these 

systems have been sufficiently developed to be used 

commercially. 

Determining Live Animal Composition 

T.inear Measurement 

Linear measurement of live animals has been 

utilized by researchers (Good et al., 1961; Cundiff et 

al. 1967) to determine compositional endpoints. Bass 

et al. (1962) took 19 linear measurements on the live 

animal and found weight to be most highly correlated to 
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yield of boneless retail cuts (-.44). Burghardt and 

Volki (1964) suggested that round mass measurements of 

cattle could be a useful measure of composition because 

the round weight accounts for about 28% of total carcass 

weight. A negative correlation between frame size and 

percentage of carcass fat and grade was reported by 

Williams and Bailey (1984). However, a positive 

relationship was found between frame size and edible 

product yield. 

Live Animal Visual Appraisal 

The futility of livestock judging as a means of 

assessing the true attributes of carcass composition has 

been demonstrated by a number of workers (Gregory et 

al., 1962; Moylan et al., 1990). Gottsch et al. (1961) 

observed 38 steers and reported that visual estimates of 

percentage of fat, bone and lean were the best (r = .75) 

measure of total carcass fat. Lewis et al. (1969) 

concluded that trained live animal appraisers accounted 

for more than one-half of the variation in carcass 

traits and 75% of the variation in fat thickness (r = 

.86). May et al. (1991) reported that live animal 

evaluators predicted the percent of .64 cm trimmed, 

boneless subprimals with moderate to high accuracy. 

However, Wilson et al. (1964) reported attempts of six 
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judges to independently assess fat thickness, ribeye 

area, percentage of kidney fat, dressing percentage and 

carcass grade of 135 steers fed in the same drylot. 

They found the correlations between carcass and live 

measures were too low to be of any practical use. There 

is really no way to standardize live animal visual 

appraisal estimates because of the subjective human 

error involved in securing the measure. 

Potassium 40 Counting 

Potassium 40 counting offers a nondestructive 

method for predicting the amount of muscle mass in the 

live animal. Zobrisky et al. (1959) indicated that the 

radioactive isotope ^^K of the scalding water after hogs 

have been submerged is an accurate nondestructive index 

of determining the protein to fat ratio in pork 

carcasses. Lohman and Norton (1968) found the potassium 

distribution in cattle to be 53.4% in trimmed lean, 

12.4% in the skeleton and 16.4% in the gastrointestinal 

tract. However, Breidenstein et al. (1968) found that 

whole body ^^K counting resulted in the lowest 

coefficient of variation of any regression model 

calculated in the study, except the model including 

standard trimmed lean. Live animal estimates of carcass 

composition by means of ^^K are too variable, expensive 
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and time-consuming (Kirton and Pearson, 1963). The use 

of ^^K counting is limited because of subject matter 

background counts of K found in the gastrointestinal 

tract and the high cost to build and operate the system. 

Dilution Procedures 

Dilution techniques involve the measurement of a 

known amount of tracer (antipyrine, N-acetyl-1,4 

aminoantipyrine, urea, tritiated water (TOH) or 

deuterium oxide (D2O)) in an animal's body after it has 

reached equilibrium to estimate chemical composition of 

the body. Bennett et al. (1982) found that urea space 

was highly correlated to percentage of cutability and 

percentage of ether extract within breed groups of 

cattle. Bartle and Preston (1986) indicated that the 

urea dilution method overestimates empty body water by 

the urine volume produced in a 12-min collection period. 

However, Gad and Preston (1990) later proposed a 

procedure for the in vivo estimation of empty body water 

(urea dilution), extracellular water (thiocyanate 

dilution) and, by difference, intracellular water in 

cattle and sheep. The method required only three blood 

samples-an initial sample and two samples taken 12 and 

28 min after intravenous infusion of a urea-thiocyanate 

solution. Coleman (1991) infused .2 g/kg body weight 
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D2O in saline. Deuterium content of the whole body was 

more closely related to carcass measures than was 

deuterium content of the empty body when analyzed using 

infrared spectroscopy. Dilution techniques are time 

consuming and sometimes costly because meat from animals 

containing radioactive tracers is unfit for human 

consumption. This method tends to be more easily 

managed in experimental environments than in field 

conditions. 

Video Image Analysis 

The use of VIA, in conjunction with ultrasound 

technology, has been utilized to some extent in 

determining carcass composition from the live animal. 

VIA involves the capture of recorded ultrasonic images 

to characterize the numerical array of gray shade values 

(pixel counts) to predict carcass composition. Green et 

al. (1991) indicated that VIA of 12th rib longissimus 

muscle cross sections predicted or classified quality 

grades with a high degree of accuracy (100% and 97%, 

respectively for two technicians). VIA is less subject 

to human error, but high costs and limited applicability 

may prevent its immediate use in the beef industry. VIA 

research is in its infancy but current positive results 
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suggest some potential for the method to be adopted by 

the livestock industry. 

Nuclear Magnetic Resonance 

Nuclear magnetic resonance imaging (NMR) methods 

use strong static magnetic fields and pulsed radio waves 

to induce resonance of protons in the animal. An X-ray 

tube rotates around the animal to determine proton spin 

densities and molecular structures. NMR offers a very 

accurate and precise estimator of body composition, but 

the equipment is very expensive and has no portability. 

Ultrasound for Determining Live 
Animal Composition 

In 1989, the Beef Improvement Federation (BIF) 

reported the method providing the most promise for 

incorporation of carcass merit expected progeny 

differences (EPD's) into breed improvement programs is 

the use of real-time, linear array ultrasonic imaging 

for prediction of carcass attributes. The discovery of 

piezoelectric properties has allowed the refinement of 

ultrasonography for -live animal compositional 

determination. 

The use of ultrasonics was first reported by Wild 

(1950), who stated that the ultrasonic technique is non

destructive, humane and provides a means of quantitative 
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identification of muscle and fatty tissue of the live 

animal. Gillis et al. (1973) concluded that ultrasound 

application would have great potential when the 

necessity of slaughter was eliminated. Recio et al. 

(1986) reported that recent developments in ultrasonics 

have led to new interest in the use of ultrasonic 

techniques for estimating body composition in meat 

producing animals. 

Ultrasound Properties 

Ultrasound is sound that has a frequency higher 

than the human hearing range. Ultrasound imaging is 

accomplished by producing short pulses of ultrasound 

that are reflected and scattered by tissues and tissue 

interfaces (Nyborg and Ziskin, 1985). The echoes that 

return to the sound source are detected and displayed in 

a cross-sectional anatomy format. 

Ultrasound transducers utilize the piezoelectric 

effect to convert electrical energy to ultrasound 

(Kossoff, 1978). The transducer material, usually 

crystalline quartz, is cut in the shape of a disc whose 

thickness determines the operating thickness and whose 

diameter determines the characteristics of the 

ultrasound beam. Most of the ultrasound scanners used 

for live animal evaluation use linear-array systems. 
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Linear array refers to the side-by-side arrangement of 

the piezoelectric crystals along the length of the 

transducer (Ginther, 1986). Ultrasound pulses are 

produced by applying a very short electrical voltage 

impulse to the transducer. The sound field resulting 

from ultrasound pulses is called a beam. The beam is 

divided into two regions called the near field and the 

far field which are important in beam focusing. The 

sound beams that pass through the tissues are displayed 

as an echo on the ultrasound screen. The echo is 

represented on the ultrasound image by shades of gray, 

extending from black to white. 

The characteristics of various soft tissue and soft 

tissue interfaces ultimately determine what proportion 

of the sound waves will be reflected and received by the 

transducer. The more dense tissues (such as bone) 

reflect more of the sound waves. The differences in 

reflection by soft tissue is due to the speed or 

velocity required for a soundwave to pass to a given 

point. Sample and Erickson (1980) stated that the 

velocity of soundwaves is dependent upon the density and 

elasticity of the medium through which they travel. In 

soft biological tissue, speed averages approximately 

1540 m/s (Christensen, 1988) or approximately 1.5 mm in 

one millionth of a second. Stouffer (1988) reported 
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average velocities of 1500, 1700, 1430 and 1620 m/s for 

water, skin, fat and muscle tissues in beef, 

respectively. 

When sound waves cross an interface, a portion is 

returned to the transducer as an echo and the remainder 

interact with other interfaces deeper in the tissue 

mass. Attenuation, the progressive weakening of the 

ultrasound waves as they travel through tissue, limits 

the depth of penetration of the soundwaves. Frequency 

refers to the number of vibrations of ultrasound 

crystals per second and it is measured in hertz (Hz) 

units. One hertz is one cycle per second and a 

megahertz (MHz) is one million cycles per second. The 

depth of penetration of ultrasound is frequency-

dependent and is based on an attenuation rate of 

approximately 1 dB/cm/MHz. For example, a 3.0-MHz 

ultrasound beam would be attenuated at a rate of 3.0 

dB/cm. Higher frequency crystals (e.g., 5.0 MHz) have 

the same number of waves per pulse as lower frequency 

crystals-(e.g., 3.5 MHz). However, lower frequencies 

have a shorter pulse, better resolution and lower depth 

of penetration in contrast to higher frequencies which 

have a longer pulse, poorer resolution and greater depth 

of penetration. 
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Early researchers utilized amplitude (A-mode), one-

dimensional display ultrasonic imaging (Temple et al., 

1956; Sumption et al., 1964; Watkins et al., 1967). 

Later, A-mode equipment was modified, which led to the 

development of brightness modulation (B-mode), two-

dimensional display of dot imaging. Currently, most 

ultrasound studies are conducted using B-mode, real-time 

imaging equipment. Real-time scanning instruments are 

most effective for animal scanning (Thrall, 1986). 

Real-time units produce live, instantaneous moving 

images by rapid electric switching from element to 

element in the beam. 

Factors Affecting Ultrasound Accuracy 

Some of the factors that have been identified, 

which affect accuracy and precision of ultrasonic 

estimates, include technological limitations, technician 

technique, level of fatness and muscling, sex of animal, 

age of animal, changes in tissue character postmortem, 

removal of hide and effects of a hanging carcass versus 

standing animals. Many of these factors have been 

evaluated in designed research. Temple et al. (1965) 

indicated that errors in ultrasonic evaluation of live 

cattle resulting in decreased accuracy in predicting 

lean and fat were found to be due to: (1) animal 

33 



variation, (2) tissue changes during slaughter, (3) 

interpretation and (4) machine manipulation. 

The length of the transducers utilized in 

ultrasonic imaging has limited imaging capabilities in 

livestock (specifically in beef cattle), because it 

requires the operator to overlap two ultrasonic images 

to produce one complete image of the longissimus muscle 

(Moore et al., 1985). However, this limitation has been 

removed with the recent release of a prototype, longer 

(17.7 cm vs. 12.5 cm) transducer that has eliminated the 

need for split screen imaging. Intensive work is being 

done to evaluate the precision and accuracy of this new 

technological advancement in estimating carcass 

composition in livestock. 

Errors between ultrasonic and carcass measurements 

may be attributed to placement of the transducer, 

pressure applied to the transducer, cleaning of the area 

isonified, setting of near and far gains for image 

resolution and interpretation of the image produced by 

the technician (Stouffer et al., 1961). Hechmatt et al. 

(1988) reported that the amount of pressure applied with 

the transducer during the scanning procedure can cause 

tissue distortion and affect the accuracy of fat 

thickness measurements because subcutaneous tissue is 

easily compressed. These authors further noted that the 
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apparent tissue depth is affected by the angle of 

transducer placement relative to the tissue structure 

being scanned. Sample and Erickson (1980) stated that 

one common cause of poor results is inadequate 

acoustical contact between the transducer and the skin 

surface to eliminate air gaps. This tissue-gas 

interface may result in reflection of more than 99% of 

the soundwaves, which cannot be interpreted from the 

ultrasonic image. 

Research has shown that accuracy is highly 

dependent on technician and improves with experience 

(Henderson-Perry et al., 1989). Watkins et al. (1967) 

reported that, as the ultrasound operators gained 

experience, they became more accurate in estimating both 

muscle size and fat thickness. No significant 

differences were found (Wallace and Stouffer, 1974) 

between ultrasonic measures of fat thickness and 

longissimus muscle area in four different operators of 

ultrasound equipment, but was a difference in 

interpretation of the captured image. McLaren et al. 

(1991) reported variability among operators for 

operator-interpreted B-mode scanned fat thickness and 

ribeye area in beef cattle. Waldner et al. (1991) 

reported that increased level of operator skill did not 

improve the accuracy of ultrasonic fat thickness and 
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ribeye area estimates, whereas, increased level of skill 

of the interpreter of scans did improve the accuracy of 

ribeye area estimates. Determining tissue dimensions 

from ultrasonic imagery is not entirely objective in 

nature, and in its present form, the accuracy associated 

with this technology is dependent upon subjective 

interpretational error of the ultrasonically generated 

images (Miles et al., 1972). Hedrick et al. (1962) 

noted that subjective determination of the medial and 

lateral ends of the longissimus muscle often was 

necessary. 

Repeatability studies (Wallace et al., 1977); 

Bailey et al., 1988; McLaren et al., 1991) have shown 

that image interpretation is a larger source of 

variation than image acquisition. These results suggest 

that improvements in accuracy may be achieved by 

automating image analysis (McLaren et al., 1989), 

effectively removing subjective human interpretation. 

Stouffer and Wellington (1960) suggested that 

misinterpretation of the lateral boundary of the 

longissimus muscle accounts; in part, for the low 

correlations between ultrasonic and carcass measures of 

fat thickness. Discerning boundaries of the longissimus 

dorsi muscle is a problem with real-time ultrasound and 

can be explained by refraction of the sound waves at the 
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curved ends of the longissimus muscle as well as 

increased attenuation of sound in deep tissue (Cross, 

1989). 

Additionally, slaughter techniques (hide pullers 

vs. air knives vs. hand knives), changes in 

configuration of the various tissues during the onset of 

rigor mortis, and ribbing of the carcass at the 12-13th 

rib interface also could affect levels of predictability 

and accuracy of ultrasonic measurements in beef cattle. 

Temple et al. (1965) reported that locations scanned on 

the live animal shifted in relation to the skeleton as 

much as 5 cm when the carcass was hung on a rail. The 

position of soft tissue relative to the skeleton moves 

cranially in the extreme thoracic regions and in a 

caudal manner in the lumbar region (Miles et al., 1972). 

The authors further noted that, besides movement of 

surface tissue due to gravitational forces, the 

vertebral column was also distorted, thereby 

complicating the interpretation of images procurred from 

the live animal. 

Researchers have suggested changes that tissues 

undergo during the chilling process (Mersmann, 1982) and 

the effects of carcass chilling position on subcutaneous 

fat thickness may account for discrepancies in the 

accuracy of ultrasound to predict carcass trait 
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measurements in live animals. Turlington (1990, as 

reported by Houghton, 1990) concluded that carcass 

position influenced carcass measurements, thereby 

influencing the perceived accuracy of ultrasound. In 

the study, one-half of each pig carcass was either hung 

on the rail in the traditional manner or placed in a 

standing position by a specially made rack. The data 

indicated no significant differences for backfat 

measurements between the live animal and standing 

carcass but indicated significant differences between 

the live animal and hanging carcass. Significant 

differences also existed for loineye area between the 

live animal, standing carcass and hanging carcass. 

Stouffer et al. (1961), in a study to assess the 

variation in ultrasonically measured longissimus muscle 

area between the 12-13th rib section, found ultrasonic 

muscle area more closely associated with the area 

directly in the middle of the ribs than to those on or 

next to either the 12th or 13th rib. These results 

suggests additional error between ultrasonic and carcass 

measures of fat thickness and ribeye area may be 

attributed to the manner in which carcasses are ribbed 

between the 12th and 13th ribs in the meat processing 

facility. 
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Possible reasons for the reduced accuracy of 

ultrasound measures of carcass longissimus muscle area 

are dirt, hide thickness, hair and fat thickness at the 

12th rib (Stouffer, 1988). Watkins et al. (1967) 

reported that subcutaneous fat thickness appeared to 

have no effect on the accuracy with which ultrasonics 

can be used to estimate the area of the longissimus 

dorsi muscle but it may have affected the accuracy in 

predicting fat thickness. Smith et al. (1990) reported 

that ultrasound was more accurate in assessing adjusted 

carcass fat thickness on thinner steers with less than 

1.27 cm actual fat thickness. They further noted that 

ultrasound accurately estimated ribeye area in steers 

having carcass ribeye areas less than 90.3 cm^. 

Ultrasonic Measurements 

Live animal ultrasonic estimates of fat thickness 

and longissimus muscle area have been evaluated 

extensively in all species of livestock (Edwards-et al., 

1989; McLaren et al., 1989; Duello et al., 1990). Most 

researchers have used ultrasound measurements consisting 

of estimates of fat thickness and area of the 

longissimus muscle at the 12-13th rib juncture. These 

measurements have been emphasized because of their 

importance in the U.S.D.A. yield grade equation and ease 
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of location by physical palpation of the ribs. They 

correspond to most commercial slaughter procedures. In 

a recent review of literature, Houghton and Turlington 

(1990) summarized correlations between ultrasonic 

measures of fat thickness, ribeye area and marbling in 

beef cattle as .79, .65 and .43, respectively. The 

correlations were weighted averages of results from 

studies with different population sizes and levels of 

variation in the dependent variable studied using older 

generation ultrasound equipment with split-screen 

imaging. 

Split-screen Ultrasound 

Researchers have reported moderate to high 

correlations for ultrasonic measures of fat thickness 

and ribeye area in beef cattle (Stouffer, 1985; Smith et 

al., 1990). High correlations (.85 and .81) were 

reported by Marlowe and Lambuth (1974) between 

ultrasonic and carcass measures of 12-13th rib fat 

thickness in two experiments. Miller et al. (1988) 

indicated that real time ultrasound measurements 

obtained by experienced technicians can accurately 

predict carcass composition traits. May et al. (1991) 

reported simple correlations of .75 and .69 for fat 
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thickness and ribeye area, respectively, in slaughter 

cattle. 

Smith et al. (1991) reported estimates using 

ultrasound were within .25 cm of the carcass fat 

thickness measurement 75% of the time and ultrasonic 

ribeye area measurements were within 6.45 cm^ of carcass 

ribeye area measurements 35% of the time. Hough et al. 

(1991) reported similar percentages for fat thickness 

(64%) within .25 cm and ribeye area (77%) within 6.45 

cm^. The studies above utilized split-screen ultrasonic 

imaging units. 

Full Screen Ultrasound 

Few studies have been reported using the newer 

prototype (Aloka 500V, marketed by Corometrics, Inc., 

North Wallingford, CT), longer (17.7 cm) transducer 

ultrasound unit. This unit improves image registration 

(resolution) and eliminates error of matching top and 

bottom halves of the ribeye muscle, which is associated 

with the older, split-screen units. Moylan (1990), 

using the newer prototype equipment, reported 

correlations of .87 and .76 for fat thickness and ribeye 

area, respectively. Duello et al. (1990) reported that 

carcass ribeye area differed from ultrasound ribeye area 

by less than 6.45 cm^ 70.5% of the time and was between 
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6.45 cm2 and 12.9 cm^ an additional 22.0% of the time 

across all sexes and frame sizes using this newer 

prototype ultrasound unit in Iowa State University work. 

McDonald ,(1991), in a comparison of the older, split-

screen ultrasound unit (Aloka 210DX) and the newer, non-

split screen ultrasound unit (Aloka 500V), reported that 

the accuracy of measurement of ribeye area was slightly 

improved (r = .90 vs. r = .87) when using the Aloka 500V 

unit. However, the accuracy of measurement of fat depth 

was slightly decreased (r = .87 vs. r = .84) when using 

the Aloka 500V unit. The author noted that the slight 

decrease in accuracy of fat measurement may have been 

due to a lack of experience with the Aloka 500V scanner. 

The improvement in accuracy and precision is magnified 

when comparing reductions in the standard error between 

repeat measurements between the Aloka 210DX (SE = 5.21 

cm^) and the Aloka 500V (SE = 2.73 cm^). 

Ultrasonic Intramuscular Fat Measures 

Limited, but mostly subjective research has been 

conducted to estimate intramuscular fatness using 

ultrasound in beef cattle. The accuracy of prediction 

of marbling in most of these studies has been too low to 

be of practical value. Brethour (1990) reported 

correlations between subjective ultrasonic "speckle 
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scores" and subjective carcass marbling scores ranged 

from .22 to .77 (avg. .50). Recorded ultrasound images 

were visually analyzed and subjectively scored for 

amount of "speckle" present in the gray-scale image. 

Moylan (1990) used a similar procedure and reported a 

correlation of .46 for marbling called subjectively from 

the ultrasonic ribeye area image captured on video tape. 

The above marbling estimates are too lowly related to 

carcass marbling scores for practical purposes. The 

subjectivety of the ultrasonic marbling estimate may 

also prevent its use in collection of breed data bases 

for national cattle evaluation programs. 

Mountford and Wells (1972) described a technique 

that evaluates the reduction in intensity of transmitted 

ultrasound and echoes when passing through soft tissue. 

In this procedure, attenuation of ultrasound is 

quantified, with increased values being associated with 

corresponding increases in intramuscular fat. Perry et 

al. (1989), using the above procedure on 186 head of 

cattle, were 80% accurate in distinguishing between 

U.S.D.A. Select and Choice carcass quality grades using 

attenuation values obtained with a sector scanner. 

Although ultrasonic attenuation procedures are objective 

measures of marbling, more research must be conducted to 
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better define the effects of more or less marbling on 

attenuation rates in live cattle. 

Green et al. (1991) reported a 97% and 100% 

accuracy for two technicians, respectively, in 

separating carcass quality grades of Choice and Select 

using computer-enhanced video image analysis. 

Distribution of pixel counts of shades of gray in the 

ultrasound image of the ribeye area coupled with 

discriminant analysis techniques were used as an 

objective means of predicting marbling and U.S.D.A. 

quality grades. The procedure holds promise for 

objective measurement of marbling in the live animal. 

Ultrasonic Alternative Site Measures 

Little work has been done to evaluate alternative 

sites of live animal measurements. Limited results are 

available that define the possibilities of alternative 

sites of measure for ultrasonic prediction of yield and 

quality grade factors in beef cattle. Miller et al. 

(1988), in a study utilizing 50 beef animals varying 

widely in age, weight and composition, reported that 

ultrasonic measurements taken at the 12th rib, shoulder 

and rump were useful in accounting for variation in 

percentage carcass fat across age classes. However, R^ 

was influenced by the large variation in fatness which 
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occurred across age and was generally less accurate when 

the analysis was conducted within age class. Ultrasonic 

fat thickness measurements at the 12th rib and rump, 

coupled with an ultrasonic 12th rib longissimus dorsi 

muscle area accounted for 71% of the variation in 

percentage carcass fat among fed steers with a 2.9% 

standard error of the estimate (SEE). 

Bullock et al. (1991) reported correlation 

coefficients of .88 and .76 between ultrasonic rump fat 

and shoulder fat measures, respectively, to total 

carcass fat in 39 mature cows. Ultrasonic shoulder fat 

measures were more accurate in thin cows; whereas, 

ultrasonic rump fat measurements were low for thin cows 

and high for all others. The two ultrasonic measures of 

fat had higher correlations (.88 and .76 vs .85 and .74, 

respectively) for total carcass fat than did the same 

measures on the carcass. Johns and Brackelsberg (1991) 

reported that ultrasonic measurements from the rump were 

useful in equations for predicting weights and 

percentages of carcass lean and fat in market lambs. 

Their results indicated that it is possible to predict 

total carcass lean and fat from live ultrasonic 

measurements from the rump, 12th rib and scapula 

regions. 
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Ultrasonic Prediction of Retail Product 

Koch et al. (1982) reported a -.74 correlation 

between carcass fat thickness and percent retail 

product. Other researchers have tried to estimate 

product yield of carcass using live animal ultrasonic 

measurements of fat thickness and ribeye. Wallace et 

al. (1977) indicated a -.72 correlation between 

ultrasonic fat thickness and percent retail product. 

This research suggests that ultrasonic estimates of fat 

thickness may be equal to carcass fat thickness in 

predicting percent retail product yield. 

Anderson et al. (1983) found a low correlation (r = 

.26) between carcass ribeye area and percent lean in 

beef carcasses. In contrast, Recio et al. (1986) 

reported moderate correlations between ultrasound 

measures and cutability estimates of boneless, closely 

trimmed retail cuts from the round, rib, loin and chuck. 

These correlatations were -.44 for major boneless 

subprimals (trimmed to 1.3 cm) from the round, rib, loin 

and chuck , -.47 for percentage total lean, .54 for 

percentage total fat and .44 for percentage total 

subcutaneous fat. Live weight and ultrasonic estimates 

of fat thickness and ribeye area accounted for 70, 65, 

64 and 57% of the variation in the weight of steak and 

roast meat from primal cuts, percentage of steak and 
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roast meat from primal cuts, weight of total retail cuts 

and percentage of total retail cuts, respectively, 

(Wallace and Stouffer, 1974). The use of comparable 

carcass measurements accounted for 74, 64, 74 and 60% of 

the variation, respectively. These results suggest that 

ultrasonic measurements may be better indicators of 

total lean weight in a carcass than in predicting 

percentage lean yield in a carcass. May et al. 

(1991a,b) reported R^ values for the percentage of 

trimmed (no more than a .64 cm external fat remaining), 

boneless subprimals and the percentage fat trim 

predicted from carcass traits in the U.S.D.A. yield 

grade equation were .72 and .82, respectively. A three-

variable prediction equation, determined using 12th rib 

ultrasonic measures of fat thickness and ribeye area and 

an appropriate weight measure, predicted the .64 cm 

trimmed, boneless subprimals quite accurately (R̂  = 

.57). 

Ultrasonic Bull Measures 

Most agree that ultrasound can estimate fat 

thickness and ribeye area in steers and heifers with 

reasonable precision and accuracy. However, little 

research has been conducted using bulls. Ritter et al. 

(1963) used an ultrasound apparatus to record 
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measurements of the longissimus dorsi muscle between the 

11th and 12th rib of 41 bulls belonging to four breeds 

at an average slaughter weight of 450 kg. Longissimus 

muscle area measures by ultrasonics on the live animal 

and by the carcass measurement were not significantly 

different (86.4 cm^ vs. 85.3 cm^, respectively) and had 

a correlation of .80. McReynolds and Arthaud (1970), 

using serial slaughter procedures, found correlations 

between ultrasonic live and carcass fat thickness tended 

to improve (.33 to .61) as bulls increased in age and 

average fat thickness. Lamb et al. (1990) reported a 

correlation of .39 between ultrasonic live animal and 

carcass fat thickness in yearling Hereford bulls. These 

results suggest that the correlations between ultrasonic 

and carcass measures of 12-13th rib fat thickness tend 

to be lower in bulls than in steers and/or heifers. The 

lower relationships between ultrasonic and carcass fat 

measures could be attributed to less variability and 

lower levels of fatness in the bulls. 

As pointed out by Cundiff (1991), in a review of 

the literature for the National Cattleman's Association, 

there is little existing data that relates steer or 

heifer to bull ultrasonic measures. Bertrand et al. 

(1989) based upon an analysis of Hereford field data, 

suggested a difference in the genetic relationship 

48 



between composition traits when measured in bulls versus 

steers or heifers. These findings indicate the need for 

research that identifies the relationships between 

ultrasonic measures taken on bulls and those taken in 

steer or heifer progeny. 

Breed Effects on Ultrasound 

Researchers have raised some questions regarding 

the accuracy of ultrasonic measures as affected by breed 

or biological type of cattle. Oltjen et al. (1989) 

reported that ultrasonic fat thickness measure was 

fairly accurate across various breed types while ribeye 

area was not. Their results revealed that the 

ultrasonic measure overpredicted ribeye area to a 

significantly higher degree in British x Exotic crosses 

than in crosses having greater than 3/8 Zebu breeding. 

Likewise, Faulkner et al. (1990) reported that breed, 

weight and sex did not significantly influence accuracy 

of ultrasound estimation of fat thickness. Herring et 

al. (1991) reported similar correlations between carcass 

ribeye area and ultrasonic ribeye area measures taken at 

weaning, yearling and 30 days before slaughter for Angus 

(.34, .49 and .83, respectively) and Charolais (.33, .45 

and .89, respectively) beef cattle. These results 

suggest that there may be a need to refine the 
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application of ultrasonic measurements to various breed-

types of cattle used in the industry. 

Heritability of Ultrasonic Measures 

It has been suggested that ultrasound be used to 

collect field data for development of carcass merit 

E.P.D.'s in beef cattle. However, only limited studies 

evaluating genetic parameter estimates of ultrasonic 

live animal measures of carcass merit in breeding cattle 

exist. Turner et al. (1990) reported heritabilities for 

ultrasonic measures of .04 for fat thickness and .12 for 

ribeye area in yearling Hereford bulls. Heritability 

estimates of .24 were reported for ultrasonic fat 

thickness measurements by Lamb et al. (1990) from 824 

Hereford bulls represented by 95 sires. 

Arnold et al. (1991) reported heritability 

estimates for weight constant ultrasound fat thickness 

and ribeye area to be .26 and .25, respectively. These 

results were obtained from measurements of 2,411 

Hereford steers slaughtered at a constant weight from a 

designed reference sire program involving 137 sires. 

Johnson et al. (1991) reported paternal half-sib 

estimates of heritability were .27, .43 and .72 for 

ultrasonic measurements of weaning ribeye area, yearling 

ribeye area and yearling fat thickness, respectively. 
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They also reported the genetic correlation of ultrasonic 

measurements of weaning ribeye area and yearling ribeye 

area was .87. These moderate heritability levels, along 

with high levels of accuracy and repeatability for 

ultrasonic fat thickness and ribeye area measurements, 

indicate a potential for favorable response to 

selection. 

However/ further research is needed to assess 

effects of selection for ultrasonic measures of fat 

thickness and muscle area in order to develop selection 

tools such as carcass merit EPD's for cattle producers. 

Conclusions 

Results from literature cited in this review 

indicate that ultrasound technology shows promise for 

estimating carcass composition in the live animal. 

However, questions still must be addressed before 

ultrasonic techniques can and will be adopted for 

performance data collected by breeders in national 

cattle evaluation programs. 
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CHAPTER III 

EVALUATION OF ULTRASONIC ESTIMATES 

OF CARCASS FAT THICKNESS AND 

LONGISSIMUS MUSCLE AREA IN BEEF CATTLE^'^ 

Abstract 

Yearling crossbred feedlot steers (N = 495) and 

heifers (N = 151) were ultrasonically measured at the 12-

13th rib interface 24 h before slaughter to evaluate the 

accuracy of ultrasonic measurements of fat thickness 

(FTU) and longissimus muscle area (LMAU) for prediction 

of carcass measures. Isonification was with an Aloka 

210DX ultrasound unit equipped with a 12.5-cm, 3.0-MHz, 

linear array transducer by two technicians. Carcass fat 

thickness (FTC) and longissimus muscle area (LMAC) were 

measured 48 h postmortem. Differences between ultrasonic 

and actual carcass measures were expressed in actual 

(FTDIFF and LMADIFF) and in absolute (|FTDIFF| and 

|LMADIFF|) terms for fat thickness and longissimus muscle 

area, respectively. When expressed as percentages of the 

^Appreciation is extended to Bill and Minnie Lou 
Bradley of Bradley 3 Ranch and Country Meats, Memphis and 
Childress, TX, for use of cattle and facilities; to 
Clarendon College, Clarendon, TX, for use of facilities 
and equipment funded by the Texas Dept. of Agric. 

^This work was supported, in part, by funding from 
the Texas State line-item for Efficient Production of 
Beef. 
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actual carcass measures, the average absolute differences 

indicated error rates of 20.6% for FT and 9,4% for LMA. 

Average actual differences (FTDIFF and LMADIFF) indicated 

that underprediction occurred more often than 

overprediction for both measures. The SFU was within .25 

cm of FTC 70% of the time and LMAU was within 6.5 cm^ of 

LMAC 53% of the time. Ultrasonic measurements FTU and 

LMAU more accurately predicted FTC and LMAC in thinner 

and lighter muscled cattle, respectively. Simple 

correlation coefficients between ultrasonic and carcass 

measures were .75 (P < .01) for BF and .60 (P < .01) for 

LMA. Analyses of variance of absolute differences 

between ultrasonic and carcass measures indicated no 

significant differences to exist between technicians. 

Predictive accuracy of ultrasonic measures did not change 

as level of experience of technicians increased during 

the study. This research indicates that ultrasonic 

measurements of FT and LMA area using these techniques 

before slaughter may be relatively accurate predictors of 

FT and LMA in beef cattle. 

Introduction 

Ultrasound technology has been used to estimate 

carcass composition in domestic livestock for many years 

(Temple et al., 1956). Recently, the beef industry has 

placed high priority on the development of an objective 
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instrument grading system for assessment of live animal 

carcass composition. The ability of ultrasound to 

estimate accurately final carcass composition could be 

important in the development of a value-based marketing 

system. A value-based marketing system would encourage 

production of carcasses that yield as much lean tissue 

with as little external and seamfat as possible and would 

respond to increased consumer demands for a leaner 

product. 

Ultrasound, a complex array of electronics that 

produces soundwaves with frequencies too high for human 

detection, has been used extensively in medicine and 

radiology. Ultrasonic imaging technology offers an 

impartial, nondestructive and humane means of estimating 

12th rib fat thickness and longissimus muscle area in 

live beef animals (Stouffer et al., 1961). Researchers 

have reported discrepancies in the accuracy with which 

ultrasound predicts carcass traits in live animals 

(Houghton, 1988). Previous studies (Gresham et al., 

1986; Henderson-Perry et al., 1989; Oltjen et al., 1989) 

suggest that ultrasonic measurements of fat thickness are 

accurate in determining carcass fat thickness, but 

longissimus muscle area estimates are inconsistent and 

warrant further investigation. Research has also shown 

that accuracy is highly dependent on technician and level 

of experience (McLaren et al., 1991). The advent of real-
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time (projection of a live image onto a video screen) 

ultrasonography has enabled the technology to become more 

accurate. Most previous research, however, has evaluated 

the use of ultrasound with experienced technicians on 

relatively low numbers of highly variable animals. Few 

studies have been reported where technicians have been 

evaluated over time of experience on large numbers of 

animals. 

The objectives of this study were: (1) to evaluate 

realrtime ultrasonic estimates of fat thickness and 

longissimus muscle area taken before slaughter at the 12-

13th rib interface in selected feedlot cattle and (2) to 

evaluate accuracy of ultrasonic estimates of fat 

thickness and longissimus muscle area taken before 

slaughter at the 12-13th rib interface in beef cattle by 

two initially inexperienced ultrasound technicians. 

Materials and Methods 

This research consisted of isonification of 646 

feedlot animals, including both steers (N = 495) and 

heifers (N = 151), for 12th rib fat thickness (FTU) and 

longissimus muscle area (LMAU) as predictors of carcass 

merit in cooperation with the Bradley 3 Ranch Custom 

Feedlot and Bradley 3 Ranch Country Meats of Memphis and 

Childress, TX and Clarendon College, Clarendon, TX. The 

animals included in these data (mainly procured from the 
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midwestern United States) were a mixture of British, 

European, and Zebu crosses and were representative of 

cattle fed in the commercial feedlot industry. 

Animals were confined to an all steel pipe fence 

with concrete feed bunk and an automated watering system. 

Animals were allowed 11.6 m^ of pen space and 30.5 cm of 

bunk space. The cattle were fed a 47% whole corn starter 

ration and finished on an 87% whole corn ration and were 

sold under a Natural Beef Market label, "̂  which did not 

allow the ration to contain feed additives, antibiotics, 

growth promotants, repartitioning agents, and/or any 

other synthetic products. Animals were visually selected 

on an individual basis by the feedlot owner based on her 

estimation of readiness for slaughter as influenced by 

U.S.D.A. yield and quality grade factors (yield grade 1 

or 2 carcasses with a Choice or better quality grade). 

This process tended to narrow the range of variation for 

the live animal and carcass compositional endpoints. 

Approximately 44 cattle were measured weekly 

beginning in mid-May 1990. Animals were ultrasonically 

measured by two technicians on alternating days (n = 22 

animals per day) approximately 24 h before slaughter 

using a real-time (B-mode), diagnostic ultrasound unit 

(Aloka 210DX)(Corometrics Medical Systems, Wallingford, 

-̂ From the U.S. Dept. of Agric. 
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CT.) equipped with a 12.5-cm, 3-MHz, UST-5021 general 

purpose linear array transducer. The technicians had 

equal but limited experience using ultrasound technology 

at the onset and were in a learning process in the early 

stages of the project. Technicians attempted to improve 

over time by analyzing data weekly and using such aids as 

acetate tracings, videotaping and photographing of 

carcass rib sections. 

Isonification site was determined by physical 

palpation between the 12th and 13th ribs on the right 

side of each animal. Animals were measured only after 

they were standing as level as possible. The ultrasound 

probe was placed toward the midline and parallel to the 

12-13th rib bones and moved laterally until the 

longissimus muscle came into view on the screen. Corn 

oil(Mazola, CPC Foodservice, Englewood Cliffs, NJ) was 

used as a couplant to obtain adequate acoustic contact on 

the undipped animals. The isonification site was 

located, oiled, curried until free of dirt and debris and 

then oiled again for optimum image registration. 

The FTU estimates were determined on location using 

the internal electronic calipers of the ultrasonic unit. 

Captured ultrasonic images were recorded on a standard 

VHS video cassette recorder and later viewed to determine 

LMAU using computer software (PLUSMORPH, Woods Hole 

Educational Associates, Woods Hole, MA). Technicians 
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traced the periphery of the muscle (from video recorded 

images) to allow calculation of longissimus muscle area 

by counting pixels and converting them to square 

centimeters. A super flab stand-off pad fashioned as a 

guide was used to ensure proper matching of both the 

medial and lateral halves (because of split-screen 

imaging) of the longissimus muscle as well as to aid in 

the proper contact between the rigid ultrasound 

transducer and the curvature of the animal's back. 

Recorded ultrasound images were interpreted by the same 

technician that isonified each animal. Carcass fat 

thickness (FTC) and longissimus muscle area (LMAC) were 

measured at the 12-13th rib interface 48 h postmortem by 

a qualified meat grader with no visual fat thickness 

adjustments being made. The LMAC was estimated by the 

dot grid method. 

All statistical analyses were conducted using SAS 

(1986). Data were analyzed by analysis of variance 

using least squares procedures to evaluate sources of 

variation including effects of sex of animal, date 

(grouped into four groups) and technician. Live weight 

accounted for a significant source of variation in 

variables involving longissimus muscle area and was 

included as a covariate. Pearson correlation 

coefficients were estimated between ultrasonic and actual 

carcass measures. 
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Results and Discussion 

Means and standard deviations for the descriptive 

measures of 'the animals are presented in Table 3.1. 

Based on these means, these data seem to comprise a 

representative sample of feedlot cattle. 

Differences in ultrasonic and actual carcass 

measures of fat thickness and longissimus muscle area are 

also included in Table 3.1. The terms |FTDIFF| and 

ILMADIFFI were calculated as absolute differences between 

FTC and FTU and LMAC and LMAU, respectively. Expressed 

as percentages of the carcass measures, these absolute 

difference values may be interpreted as proportional 

error rates of 20.6% for fat thickness and 9.4% for 

longissimus muscle area, respectively. Because of the 

emphasis in most research studies on correlations as 

measures of precision, the automatic conclusion has been 

reached that ultrasonic fat thickness measurements are 

more accurate and precise than those for longissimus 

muscle area. These results indicate that conclusion to 

be incorrect in terms of proportional error of 

prediction. The terms FTDIFF and LMADIFF were calculated 

as the actual differences between FTC and FTU and LMAC 

and LMAU, respectively. These provide some indication of 

the direction of mean bias of ultrasonic estimates in 

relation to the carcass measures of fat thickness and 
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longissimus muscle area. The FTDIFF and LMADIFF values 

indicate that underprediction occurred more often than 

overprediction for both carcass traits. Similar findings 

were reported by Recio et al. (1986) for cattle varying 

in a narrow range of weight, amount of fatness, and 

degree of muscling. 

Table 3.2 shows F-values and error mean squares for 

the sources of variation in ultrasonic and carcass 

measurements. Live weight was a highly significant 

source of variation for longissimus muscle area 

measurements. Analysis of variance of FTU indicated 

significant differences (P<.05) to exist between 

technicians and significant differences (P<.01) to exist 

between sexes for LMAU, LMAC, and FTDIFF, Date of 

measurement was also a significant source of variation 

for all fat thickness measures and LMAC and will be 

referred to later. 

Table 3.3 contains simple correlation coefficients 

between ultrasonic and carcass measures. Correlations 

between FTC and FTU and LMAC and LMAU were .75 (P<.01) 

and .60 (P<.01), respectively. Previous studies 

(Stouffer and Cross, 1985; Smith et al., 1990) have shown 

similar results using the same generation of ultrasonic 

equipment indicating their relatively accurate predictive 

abilities for carcass fat thickness and longissimus 

muscle area measurements. 
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Differences in ultrasonic and actual carcass 

measures of fat thickness and longissimus muscle area by 

technician are presented in Table 3.4.. The terms FTDIFF 

and LMADIFF show that fat thickness and longissimus 

muscle area were underpredicted more often than not by 

Technician 1. In contrast. Technician 2 underestimated 

longissimus muscle area and overestimated fat thickness. 

Means and standard deviations for the descriptive 

measures of the animals isonified by technician indicate 

that Technician 1 measured cattle that were less fat with 

larger longissimus muscles, whereas Technician 2 measured 

cattle that were on the average fatter with smaller 

longissimus muscles. These compositional differences may 

account for the prediction differences. 

Correlations of ultrasonic and carcass estimates by 

technician are shown in Table 3,5, Correlations for fat 

thickness were ,78 and ,72, whereas correlations for 

longissimus muscle area were ,54 and .64 for Technicians 

1 and 2, respectively. Analyses of variance of accuracy 

of ultrasonic measures indicated differences between 

technicians to exist for fat thickness only (see Table 

3.2). Again the variation in carcass fat thickness may 

account for this difference along with true technician 

accuracy effects. 

Differences in ultrasonic and actual carcass 

measures of fat thickness and longissimus muscle area by 
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sex are presented in Table 3.6. The term [FTDIFF 

indicated an error rate of 21.5 and 18.7% for steers and 

heifers, respectively. The term |LMADIFF| showed no 

differences between sexes with both having an error rate 

of 9.4%, The terms FTDIFF and LMADIFF show that fat 

thickness for steers and longissimus muscle area for both 

sexes were underestimated more often than not, whereas 

fat thickness for heifers was overestimated most often. 

Means and standard deviations for the descriptive 

measures of the animals by sex show that steers had 

higher levels of fat thickness and smaller longissimus 

muscles than did the heifers. It should also be noted 

that the heifers had more longissimus muscle area/45.5 

kg, more kidney, pelvic, and heart fat percentage (KPH) 

and were fed fewer days than were the steers. This is 

reflective of the cooperator's higher selectivity and 

management for types of heifers fed. 

Correlations of ultrasonic and carcass measures by 

sex are shown in Table 3.7. Correlations for fat 

thickness were .73 and .80, whereas correlations for 

longissimus muscle area were .61 and .51 for steers and 

heifers, respectively. The high correlation for fat 

thickness and the low correlation for longissimus muscle 

area may be because the heifers tended on the average to 

have less fat thickness and larger longissimus muscles. 
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Technicians went through a learning process 

throughout the project because of their initial limited 

experience using ultrasound technology. Differences in 

ultrasonic and actual carcass measures of fat thickness 

and longissimus muscle area by date are presented in 

Table 3.8. The first 267 animals <May and June) 

isonified for fat thickness were underestimated, whereas 

the last 379 animals (July-October) isonified were 

overestimated more often than not as indicated by FTDIFF 

values. The term LMADIFF shows that longissimus muscle 

area was underestimated throughout the entire study. 

Correlations (all P < .01) of ultrasonic and carcass 

estimates by date are shown in Figures 3.1 and 3.2. 

Although there was a gradual increase in correlations for 

backfat, magnitudes of correlation coefficients 

paralleled those of coefficients of variation of the 

actual carcass measures. In the case of longissimus 

muscle area measures, another explanation for the small 

differences observed in correlation coefficients could be 

size. If accuracy is lowered as longissimus muscle area 

increases, the decrease in longissimus muscle area 

correlations for July and August could be accounted for 

by the average increase in longissimus muscle area (Table 

3.8) over May, June, and September-October dates. 

Collectively, these results indicate little to no change 
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in the accuracy of ultrasonic measurements as level of 

technician experience increased with time. 

Most evaluations between ultrasonic and carcass 

measures have been reported in the form of correlation 

coefficients. Frequency distributions of differences 

between the actual and predicted value may offer a better 

method of reporting precision of the measurements. 

Figures 3,3 and 3,4 present the cumulative frequency 

distribution of fat thickness differences between FTC and 

FTU, Ultrasonic estimates of carcass fat thickness were 

within ,25 cm, 70% of the time and within .50 cm, 95% of 

the time. Frequency distribution data reported by Smith 

et al. (1989) indicated similar cumulative percentages of 

12-13th rib fatness. Collectively these results indicate 

that ultrasound was more precise in estimating carcass 

fat thickness on cattle with a lesser degree of 12th rib 

fatness. This is probably due in part to 

misinterpretation of fat deposits on the fatter cattle, 

the amount of pressure applied to the transducer on the 

animal by the technician or the differences in fat 

measurements known to exist between standing animals and 

hanging carcasses as suggested by Houghton and Turlington 

(1990). 

Cumulative frequency distributions of ribeye area 

differences between LMAC and LMAU are shown in Figures 

3.5 and 3.6. Ultrasonic estimates of longissimus muscle 
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area were within 6.5 cm^, 53% of the time and within 12.9 

cm , 84% of the time. These results indicate that 

ultrasound estimates were slightly more precise for 

animals with smaller longissimus muscles than those 

greater than 83.9 cm^. 

Figures 3.7 and 3.8 present the cumulative frequency 

distribution for fat thickness and longissimus muscle 

area by date. These results indicate that ultrasound 

accuracies were influenced more by degree of fatness and 

muscling on the animal than by experience of technician 

over time. 

These data and other research using the Aloka 210 

ultrasound unit (Wallace and Stouffer, 1974; Faulkner et 

al., 1990) suggest that ultrasonic measurements of fat 

thickness and longissimus muscle area may be accurate 

predictors of final carcass fat thickness and longissimus 

muscle area in beef cattle. Error between ultrasonic and 

actual carcass measurements of fat thickness and 

longissimus muscle area may be contributed by placement 

of the transducer, cleaning of the area of measurement, 

setting of near and far gains for image registration, and 

interpretation of the image produced by the technician. 

Additionally, slaughter techniques (hide pullers vs. air 

knives vs. hand knives), changes of configuration of the 

various tissues during the onset of rigor mortis, and 
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ribbing of the carcass at the 12-13th rib interface also 

could affect levels of predictability of these data. 

Recent rapid advancements of ultrasound technology 

may make real-time, linear array ultrasonic imaging a 

more accurate and practical means of measuring body 

composition traits on a live animal basis than currently 

possible with the equipment used in this study. Duello 

et al. (1990) reported that an Aloka 633 ultrasonic unit 

predicted carcass fat thickness and longissimus muscle 

area in beef cattle with high degrees of accuracy but its 

use is hampered by portability and sensitivity to the 

working environment. A recently released ultrasonic unit 

(Aloka 500V) is portable (< 5 kg), much less sensitive to 

cattle working conditions, and eliminates the need of 

split-screen imaging because of an enhanced, larger (17.2 

cm) 3.5-MHz transducer. This improvement should reduce 

some error variation in longissimus muscle area 

prediction but data have not been published on its use. 

Implications 

This research suggests that ultrasonic measurements 

of fat thickness and longissimus muscle area taken before 

slaughter can be accurate predictors of final carcass fat 

thickness and longissimus muscle area. Real-time, 

linear array ultrasound offers a means of accurately 

predicting these measures of individual carcass merit on 
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a live animal basis, which could be important in 

identifying animals with superior genetic potential to 

take advantage of incentives offered under a value-based 

marketing system. Further research is needed to evaluate 

new generation ultrasound equipment for measures of 

carcass merit. These evaluations should not be limited 

to those studied in this and other research and should 

include imaging of measures of carcass intermuscular and 

intramuscular fatness, neither of which have been 

adequately predicted in previous research. Additionally, 

research is needed that addresses the issue of 

"acceptable" levels of precision and accuracy for the 

application of this technology for estimating breeding 

values for carcass merit. 
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Table 3.1. Means and standard deviation of 
descriptive measures^ 

Variable 

Days on feed 

ADG, kg 

Final weight, kg 

Carcass weight, kg 

Dressing percentage 

KPHF, % 

YG 

N 

646 

646 

646 

646 

646 

646 

646 

Mean 

168.5 

1.1 

490.0 

298.1 

64.4 

1.5 

2.3 

SD 

37.5 

.27 

42.2 

26.8 

2.4 

.19 

.62 

QG 

FTU, cm 

FTC, cm 

IFTDIFFI, cm 

FTDIFF, cm 

LMAU, cm^ 

LMAC, cm^ 

LMA/45.4 kg, cm' 

ILMADIFFI, cm^ 

LMADIFF, cm^ 

646 

645 

11.5 

.92 

1.1 

.31 

646 

645 

645 

637 

646 

646 

637 

637 

.92 

.19 

.01 

75.4 

78.5 

12.0 

7.4 

3.1 

.38 

.16 

.25 

10.2 

9.2 

1.3 

5.5 

8.7 

^See text for definition of abbreviations. 
Additionally, USDA quality grade: 11 = Se"*", 12 = Ch' 
and 13 = Ch*̂ ; YG = USDA yield grade, ] 
pelvic and heart fat. 

KPHF = % kidney. 
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Table 3.2. Sources of variation in ultrasonic and 
carcass measurements^ 

Variable 

FTU 

FTC 

1FTDIFF1 

FTDIFF 

LMAU 

LMAC 

1LMADIFF1 

LMADIFF 

Sex 

.50 

.55 

.33 

4.25* 

16.17** 

12.22** 

.01 

.82 

F-

Tech 

4.61* 

1.92 

2.47 

.25 

.07 

4.77* 

2.15 

2.64 

•value 

Date 

11.78** 

3.41** 

2.62* 

20.30** 

1.24 

4.45** 

.71 

1.54 

Live wt 

.06 

.01 

.50 

.27 

158.19** 

131.16** 

.50 

5.07* 

Error 
Mean 

Square 

.086 

.139 

.026 

.055 

81.59 

66.76 

30.77 

74.62 

^See text for definition of abbreviations and units of 
measurement. 

*P < .05. 
**P < .01. 
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Table 3.3. Correlation coefficients between ultrasonic 
and carcass measures^ 

FTC 
LMAU 
LMAC 

. 7 5 * * 

. 1 6 * * 
- . 0 8 * 

FTU FTC LMAU 

.08 
-.17** .60** 

^See text for definition of abbreviations and units of 
measurement. 

*P < .05. 
**P < .01. 
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Table 3.4. Means and standard deviations of 
descriptive measures by technician^ 

Tec 1 fN=293^ Tec 2 fN=353) 

Variable Mean SD Mean SD 

IFTDIFFI, cm 

FTDIFF, cm 

Final weight, kg 486.4 41.8 492.9 42.5 

Carcass weight, kg 295.6 26.6 300.3 26.8 

FTC, cm .90 .38 .94 .37 

FTU, cm ,87 ,30 .96 .31 

LMAC, cm^ 79.2 8.9 77.9 9.4 

LMAU, cm^ 75.5 9.5 75.4 10.7 

KPH, % 1.5 .23 1.5 .14 

YG 2.2 .60 2.4 .63 

QG 11.6 1.1 11.5 1.1 

ADG, kg 1.1 -29 1.1 .25 

Days on feed 171.7 40.5 165.8 34.6 

LMA/45.4 kg, cm^ 12.2 1.3 11.8 1.3 

Dressing percentage 64.3 2.4 64.4 2.4 

,18 .16 .20 .17 

.03 .24 -.01 .26 

|LMADIFF|, cm^ 7.7 5.6 7.1 5.5 

LMADIFF, cm^ 3.7 8.8 2.7 8.6 

^See text for definition of abbreviations. 
Additionally, USDA quality grade: 11 = Se , 12 = Ch and 
13 = Ch°; YG = USDA yield grade, KPH = % kidney, pelvic 
and heart fat. 

88 



Table 3.5. Correlation coefficients between ultrasonic-
and carcass measures by technician^ 

Technician 1 fN = 293) 

FTU FTC LMAU 

Technician 2 (N = 353) 

FTU FTC LMAU 

FTC 
LMAU 
LMAC 

. 7 8 * * 

. 2 0 * * 
- . 0 8 

. 1 3 * 
- . 1 1 + .54** 

72** 
13* .04 
06 -.22** .64** 

^See text for definition of abbreviations and units of 
measurements. 

+P < .10. 
*P < .05. 
**P < .01. 
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Table 3.6. Means and standard deviations of descriptive 
measures by sex^ 

Variable 

Final weight, kg 

Carcass weight, kg 

FTC, 

FTU, 

LMAC, 

LMAU, 

KPH, 

YG 

cm 

cm 

cm^ 

2 
cm"' 

% 

QG 

ADG, kg 

Days on feed 

LMA/45.4 kg, cm^ 

Dressing percentage 

IFTDIFFI, cm 

FTDIFF, cm 

ILMADIFFI, cm^ 

LMADIFF, cm^ 

Steers fN=495) 
Mean SD 

491.7 43.0 

298.5 27.2 

.93 

.92 

.38 

.30 

77.7 9.3 

74,6 10.1 

1.49 

2.35 

11.6 

.18 

.62 

1.1 

1.1 .28 

172.6 36.4 

11.9 1.3 

64.2 

.20 

.01 

7.3 . 

3.1 

2.3 

.17 

.26 

5,4 

8.6 

Heifers fN==151) 
Mean SD 

484.2 39.2 

296,8 25.7 

.91 

.91 

.37 

.31 

81,2 8.1 

78.1 10.0 

1.6 

2.2 

11.4 

,21 

.59 

96 

1.0 .24 

155.0 37.9 

12.5 1.3 

64.8 

.17 

-.01 

7.6 

3,1 

2.7 

,13 

.22 

5.9 

9.1 

^See text for definition of abbreviations. 
Additionally, USDA quality grade: 11 »= Se"*", 12 = Ch" and 
13 = Ch^; YG = USDA yield grade, KPH = % kidney, pelvic 
and heart fat. 
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Table 3.7. Correlation coefficients between ultrasonic 
and carcass measures by sex^ 

STEERS fN=495> HEIFERS fN=151) 

FTU FTC LMAU FTU FTC LMAU 

FTC 
LMAU 
LMAC 

. 7 3 * * 
, 1 4 * * 

- . 0 8 + 

. 0 5 
- . 1 9 * * 

. 6 1 * * .61** 

. 8 0 * * 

. 2 4 * * 

. 0 6 
. 2 0 

- . 1 0 .51** 

^See text for definition of abbreviations and units 
of measurement. 

+P < .10. 
**P < .01. 
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Table 3.8. Least squares means and standard errors of 
descriptive measures by date^ 

Variable Mean Mean Mean 

FTC, cm 
FTU, cm 
LMAC, cm^ 
LMAU, cm^ 
IFTDIFFI,cm 
FTDIFF,cm 
ILMADIFFI 
LMADIFF,cm 

May fN=135) June fN=13 2) July (N=135) 

:m 

.96 

.82 
78.0 
75.9 

.21 

^ 6.8 
2.2 

.034?̂  + 
± .030 
+ 
+ 
+ 
+ 
+ 
± .785 

.738^ 
± .821^ 
± .015° 
± .021? 
± .504 

cd 

.85 

.86 
78.0 
76.1 

.17 
-.01 
7.1 
1.9 

± .035 
± .028 
± .777i 
± .859 
± .015 
± .022; 
± .528 

be 

cd 

.90 ± 

.92 ± 
81.5 ± 
77.2 ± 

bd 

be 
cd 

.032 

.025 

.705^ 

.782^ 
.16 ± .013^ 

-.02 ± .020^ 
7.9 ± .480^ 

± .822°^ 4.3 ± .748' 

August (N=12 3) 

FTC, cm 
FTU, cm 
LMAC, cm^ 
LMAU, cm^ 
IFTDIFFI, cm 
FTDIFF, cm 
ILMADIFFI, cm^ 
LMADIFF, cm^ 

.99 
1.00 

80 
77 

7 
3 

5 
7 
19 
05 
6 
0 

± .035' 
± .028 
± .769 
± .859' 
± .015 
± .022 
± .528 

be 

ac 
be 

be 

September fN=121) 

b .87 
.98 

78.8 
75.4 

.20 
-.11 
7.6 
3.4 

± .039 
± .030 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± .908 

± .845 
± .950 
± .017 
± .024* 
± .583 

cd 
ac 

ab 

be 

a,b, c, dĵ ĝ ĵ g in a row with different superscripts 
differ (P < .05). 

®See text for definition of abbreviations. 

= % 

Additionally, quality grade: 10 = Se", 11 = Se" 
Ch"" and 13 = Ch°; YG = USDA yield grade; KPH 
pelvic and heart fat. 

P<.05. 

12 = 
kidney, 
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CHAPTER IV 

ULTRASONIC PREDICTION OF CARCASS 

MERIT IN BEEF CATTLE: EVALUATION 

OF TECHNICIAN EFFECTS ON ULTRASONIC 

ESTIMATES OF CARCASS FAT THICKNESS 

AND LONGISSIMUS MUSCLE AREA^ 

Abstract 

The objective of this study was to determine 

technician effects in live animal ultrasonic estimates 

of fat thickness (FTU) and longissimus muscle area 

(LMAU). Steers (n = 36) representing four breed-types 

(Brown Swiss, Average Mexican, Rough Mexican and typical 

British crossbred) of commercial slaughter cattle were 

isonified to estimate accuracy and repeatability of fat 

thickness (FT) and longissimus muscle area (LMA) 

measurements by two experienced technicians. Repeated 

measures of FTU and LMAU were taken by both technicians 

on two consecutive days with an Aloka 500V ultrasound 

unit equipped with a 3.5-MHz, 17.2-cm scanning width, 

linear array transducer. 

•••This research was supported, in part, by funding 
from the Texas State line-item for Efficient Production 
of Beef. 
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Ultrasonic FT and LMA were taken at the 12th and 

13th rib interface 48 h before slaughter and carcass fat 

thickness (FTC) and longissimus muscle area (LMAC) were 

measured 48 h postmortem. Means for FTU, FTC, LMAU and 

LMAC were .91 ± .36 cm, .82 ± .40 cm, 70.7 ± 9.43 em^ 

and 72.4 ± 8.9 cm^, respectively. Ultrasound and 

carcass measures of FT and LMA were different (P < .01) 

between breed-types but were not different (P > .10) for 

technicians or for technician X breed-type interactions. 

Pooled simple correlation coefficients (P < .01) were 

.87 and .86 for FT and .76 and .82 for LMA for 

Technician 1 and 2, respectively. Repeatabilities 

estimated by intraclass correlation methods were .91 ± 

.03 and .81 ± .06 for images repeated over 2 d and .95 ± 

.02 and .83 ± .05 for images repeated over two 

technicians for FT and LMA, respectively. Repeatability 

estimates of LMA interpretation from videotape were .86 

± .05 within technician and .76 ± .07 between 

technicians. These results indicate equal importance of 

ultrasonic image retrieval and interpretation by 

experienced evaluators when estimating FT and LMA in 

slaughter cattle. 
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Introduction 

Consumer demands for a leaner meat product, coupled 

with a call for the development of an instrument grading 

system to assess carcass merit, could lead the beef 

industry closer to the development of an EPD for carcass 

traits. The Beef Improvement Federation (BIF) reported 

the method providing the most promise for incorporation 

of carcass merit EPD's into breed improvement programs 

is the use of real-time linear array ultrasonic imaging 

for prediction of carcass attributes. More information 

regarding the effect of technician on the accuracy of 

ultrasonic estimates of final carcass composition in the 

live animal could be important in developing breeding 

values (EPD's) for carcass traits for seedstock 

producers. The use of ultrasound has been studied 

extensively since the late 1950's to estimate carcass 

composition in livestock (Temple et al., 1956; Stouffer 

et al., 1961; Gillis et al., 1973; Houghton and 

Turlington, 1990). The reported accuracy of brightness 

(B) mode, real-time (moving image) ultrasonic units has 

created the surge in its use in the livestock industry 

in recent years (Recio et al., 1986; Smith et al., 

1990). The effect of level of training and experience 

of technician on the accuracy and precision of 

ultrasonic estimates has been researched for the widely 
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used Aloka 210 DX unit (Wallace and Stouffer, 1974; 

McClaren et al., 1991) but has not been studied on the 

new generation Aloka 500V (17.2-cm prototype transducer) 

ultrasonic unit. The objectives of this study were: (1) 

to evaluate the effect of the technician on the capture 

and interpretation of ultrasonic images of 12th rib fat 

thickness and longissimus muscle area in feedlot cattle 

and (2) to evaluate these effects between two trained 

and experienced ultrasound technicians. 

Materials and Methods 

Thirty-six feedlot steers were ultrasonically 

measured by two experienced technicians 2 d before 

slaughter for 12th rib fat thickness (FTU) and 

longissimus muscle area (LMAU) as predictors of carcass 

merit in cooperation with Cactus Feeders, Inc., of 

Amarillo, TX. The animals represented four breed-types 

(Brown Swiss, Average Mexican, Rough Mexican and typical 

British crossbred) currently fed in the commercial 

feedlot industry on the Texas High Plains. 

Levels of training and experience were equivalent 

for both technicians. Both were members of collegiate 

livestock judging teams and were experienced in live 

animal evaluation. The two technicians had isonified 

more than 3,200 slaughter and breeding animals before 
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this project. Carcass data were collected on all of the 

steers to determine the accuracy of each technician 

(Perkins et al., 1991). The technicians had previous 

experience using three different ultrasonic units (Aloka 

210DX and Aloka 500V, Corometrics Medical Systems, 

Wallingford, CT; Tokyo Keiki LSIOOO, Products Group 

International, Inc., Boulder, CO). 

Both technicians isonified each animal on each of 2 

d using an Aloka 500V real-time, diagnostic ultrasound 

unit equipped with a 17.2 cm scanning width, 3.5 MHz 

linear array transducer. Site of isonification was 

determined by physical palpation between the 12th and 

13th ribs on the left side of each animal. The 

ultrasound probe was placed parallel to the 12th and 

13th ribs and toward the midline and moved laterally 

from the dorsal midline until the longissimus dorsi 

muscle was in full view on the screen. Corn oil 

(Mazola, CPC Foodservice, Englewood Cliffs, NJ) was used 

as a couplant to obtain acoustic contact on the 

undipped animals. Copious amounts of oil were applied 

to the palpated area, curried until free of dirt and 

debris and then oiled again for optimum image 

registration. Internal electronic calipers of the 

ultrasound unit were used to determine FTU estimates in 

the field. LMAU estimates were determined from recorded 

105 



ultrasound images using computer software (PLUSMORPH, 

Woods Hole Educational Associates, Woods Hole, MA) in 

the ultrasonics laboratory. Captured images from both 

days were recorded on a high resolution VHS video 

cassette recorder (JVC Company of America, Elmwood Park, 

NJ) and interpreted by the technician which captured the 

image. A super flab guide was used to insure proper 

contact between the rigid ultrasound transducer and the 

curvature of the animal's back. Carcass fat thickness 

(FTC) and longissimus muscle area (LMAC) were measured 

at the 12th and 13th rib interface 48 h postmortem by a 

qualified meat grader. LMA was measured by the dot grid 

method. 

Repeated estimates of LMA were made from the 

recorded ultrasound images using the computer software 

package in order to evaluate image interpretation by 

technician. The second measurement was made on a 

different day than the first LMA estimate. 

Interpretation of the image was made by the same 

technician who captured the original image, which 

allowed for the measure of repeatability on image 

interpretation in conjunction with image capture. 

Data were analyzed with the Statistical Analysis 

System (SAS, 1986). The effects of day, technician, 

breed-type, all two-factor interactions and the three-
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factor interaction were included in the linear model 

used in the GLM procedures. An appropriate reduced 

model was analyzed for overall animal effects. Pearson 

correlation coefficients and rank correlation 

coefficients were estimated between ultrasonic and 

actual carcass measures. Total variance was the sum of 

technician variance, day variance, animal variance and 

residual variance. The SAS VARCOMP procedure REML 

(restricted maximum likelihood) was used to estimate 

variance components. Repeatability (R) was estimated by 

intraclass correlation with the variation between 

animals being equated to the total variation between 

(V[B]) and within (V[w]) animals (R = V[B] / V[B] + 

V[W]). Variability between animals (n = 36) was based 

on the mean of two measures. The intraclass correlation 

(t) sampling variance was calculated using the equation 

(Equ. 10.12; Falconer, 1981): 

2 ^ 2[1 + (n-l)t]^ (1-t)^ 
^^ n(n-l)(N-1) 

in which n = the number of repeated measurements made on 

each animal and N = the number of animals. 

Results 

Means and standard deviations for the descriptive 

measures of the animals are presented in Table 4.1. Fat 
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thickness over the 12th rib was overestimated but 

longissimus muscle area was underestimated by both 

technicians. 

Absolute differences (|FTDIFF| and |LMADIFF|) were 

calculated between FTC and FTU and LMAC and LMAU, 

respectively. Expressed as percentages (|FTUDIFF| and 

|LMAUDIFF|) of the carcass measures, these absolute 

difference values may be interpreted as proportional 

error rates of 20.7% for fat thickness and 6.1% for 

longissimus muscle area, respectively. These values 

provide some indication of the direction of error in 

ultrasonic estimates in relation to the actual carcass 

measures of fat thickness and longissimus muscle area. 

Actual differences (FTDIFF and LMADIFF) were calculated 

between FTC and FTU and LMAC and LMAU, respectively. 

These values indicate that overestimation occurred more 

often for fat thickness and underestimation occurred 

more often for longissimus muscle area. 

F-values and error mean squares for the sources of 

variation in ultrasonic and carcass measurements are 

shown in Table 4.2. Analysis of variance of FTC, FTU, 

LMAC and LMAU indicated differences (P < .01) existed 

between the breed-types in the study. Differences (P < 

.05) also existed between breed-type for |FTDIFF| and 
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LMADIFF!. No other significant differences were 

detected. 

Simple correlation coefficients between ultrasonic 

and carcass measures indicated accurate estimates of FT 

and LMA. Pooled simple correlations between FTC and FTU 

and LMAC and LMAU were .86 and .79 (P < .01), 

respectively. Previous studies (Moylan et al., 1990; 

Perry et al., 1989) have shown similar results using the 

same generation of ultrasonic equipment. Pooled rank 

correlations between FTC and FTU and LMAC and LMAU were 

.73 and .78, respectively. The decrease in correlation 

for FT partially reflects the higher percentage error 

rate for FT than for LMA as discussed previously. 

Pooled simple correlations of ultrasonic and 

carcass estimates by technician for FT were .87 and .86 

and correlations for LMA were .76 and .82 for 

technicians 1 and 2, respectively. McLaren et al. 

(1991) found correlation coefficients to be considerably 

lower for both carcass measures, between operators with 

varying levels of experience, using an Aloka 210 DX 

split-screen unit. Pooled rank correlations were .74 

and .72 for FT and .74 and .81 for LMA for Technicians 1 

and 2, respectively. 

Correlation coefficients between successive 

ultrasound measures on the same animal by technician for 
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FT were .90 and .97 and for LMA were .83 and .84 for 

Technician 1 and 2, respectively. Rank correlations 

were .77 and .88 for FT and .81 and .85 for LMA for 

Technician 1 and 2, respectively. 

Components of variance between and within animals 

and estimates of repeatability of ultrasonic measures 

are shown in Table 4.3. Repeatability estimates for FT 

were .88 and .93 for technicians 1 and 2, respectively, 

for images repeated over 2 d. Repeatabilities for LMA 

were .81 for both technicians for images repeated over 2 

d. Repeatability estimates for FT were .94 and .96 and 

were .85 and .81 for LMA for d 1 and 2, respectively, 

for images repeated over two technicians. 

Repeatabilities were .92 and .80 for images between 

technicians pooled over 2 d for FT and LMA, 

respectively. These results indicate that ultrasonic 

measures of carcass FT and LMA are moderately to highly 

repeatable between days of measure and technicians. 

Previous research (Tong et al., 1983; Henningsson et 

al., 1986; McLaren et al., 1991) has shown technician 

effects to have a wide range of repeatability when 

experience and training levels are variable. 

Repeatability estimates of LMA interpretation from 

videotape were .88 and .84 within technician and .81 and 

.71 between technicians. Repeatability of LMA 
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interpretation from videotape was .79 between 

technicians when pooled over images. These results show 

that interpretation of videotaped LMA images also is 

moderately to highly repeatable. 

Standard errors of differences and predictions 

offer an alternative means for assessing measures of 

accuracy and precision in addition to correlations and 

absolute mean differences. Standard errors of 

differences between repeat measures for FT were .14 em 

and .07 cm and for longissimus muscle area were 3.6 em^ 

and 3.0 cm^ for Technician 1 and 2, respectively. 

Standard errors of prediction between ultrasonic and 

carcass measures were .14 em and .14 em for FT and 4.2 

cm^ and 3.1 em^ for LMA for Technician 1 and 2, 

respectively. 

Frequency distributions of differences between 

ultrasound and carcass measures afford yet another 

method for reporting precision of ultrasonic measures. 

Figure 4.1 presents cumulative frequency distributions 

of differences between FTC and FTU. Ultrasonic 

estimates of carcass fat thickness were within .25 cm 

72% of the time for both technicians and 78% and 67% of 

the time on days 1 and 2, respectively. Ultrasonic 

estimates were within .50 cm 99% of the time for both 

technicians and 97% and 100% of the time for days 1 and 
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2, respectively. Cumulative frequency distributions of 

differences between LMAC and LMAU are shown in Figure 

4.2. Ultrasonic estimates of longissimus muscle area 

were within 6.5 em^ 60% and 74% of the time for 

technician 1 and 2, respectively and 64% and 69% of the 

time for days 1 and 2, respectively. Ultrasonic 

longissimus muscle area estimates were within 12.90 cm^ 

96% and 99% of the time for technician 1 and 2 and for 

days 1 and 2, respectively. 

Discussion 

The livestock industry has expressed much interest 

in becoming more efficient in its production of a lean, 

yet palatable product. Researchers for many years have 

searched for an accurate, cost effective and simple 

means of predicting composition from the live animal to 

aid the livestock producer in becoming more efficient. 

Recio et al. (1986) reported that recent developments in 

ultrasonics led to new interest in ultrasonic techniques 

for estimating body composition in meat producing 

animals. As well, the Beef Improvement Federation (BIF) 

reported the method providing the most promise for 

incorporation of carcass merit EPD's into breed 

improvement programs is the use of real-time, linear 
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array ultrasonic imaging for prediction of carcass 

attributes. 

Early research utilized amplitude (A) mode, one-

dimensional display ultrasonic imaging. Currently, 

brightness (B) mode, two-dimensional dot display 

imaging, which has real-time capabilities; is most often 

used. Real-time units produce live, instantaneous 

moving images by rapid electric switching from element 

to element. Simple correlation coefficients between 

ultrasonic and carcass measurements were reported to 

range from .55 to .94 for 12th rib fat thickness and 

from .20 to .94 for 12th rib loin eye muscle (Houghton 

and Turlington, 1990) using split-screen B-mode 

ultrasonic instrumentation. 

The wide variability in ribeye area correlations 

could be due in part to having to split the image to 

capture the entire LMA. Stouffer (1988) suggested that 

the ability or inability to match the medial and lateral 

halves of the loin eye muscle when using a split-screen 

technique may contribute to the lower accuracies. 

Discrepancies also could arise from improper placement 

of the transducer, improper cleaning of the area 

isonified, changes of configuration during the onset of 

rigor mortis and ribbing of the carcass at the 12th and 

13th rib interface. 
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Recent technological advances have improved the 

speed and accuracy of ultrasound equipment from units in 

early studies. The correlations between'ultrasonic and 

carcass measures of fat thickness and longissimus muscle 

area in this report (.86 and .79, respectively) are 

similar to those reported by Duello et al. (1990), 

Moylan (1990) and Robinson et al. (1991, personal 

communication) using newer generation ultrasonic 

equipment. The Aloka 500V unit used in this study as 

well as the Aloka 633 unit used by Duello and coworkers 

are equipped with the new prototype 17.2-cm scanning 

width, 3.5 MHz linear array transducer. This transducer 

eliminates the need to use split-screen procedures to 

capture images of the 12th and 13th rib longissimus 

muscle area. Thus, errors in matching the medial and 

lateral halves of the longissimus muscle are eliminated, 

improving accuracy of measurement. 

Error percentage rates (20.7%) and absolute mean 

differences (.17 cm) reported in this study (Table 4.1) 

for FT were similar to the 20.6% error percentage rates 

and .19 cm absolute mean differences reported by Perkins 

et al. (1991) using the split-screen imaging technology. 

These results indicate little to no improvement in 

accuracy in estimating FT using the longer transducer. 

However, elimination of the split-screen imaging 
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techniques (and possibly increased experience) may have 

led to improved accuracies of ultrasonic estimates of 

carcass longissimus muscle area. Evidence is the 

improvement of error percentage rates (6.1%) and 

absolute mean differences (4.42 cm^) reported for LMA in 

these results over those reported by Perkins et al. 

(1991) of 9.4% error rates and 7.4 cm^ absolute mean 

differences for LMA. 

If ultrasound measurements are to become the means 

for developing breed databanks for carcass merit, 

evaluation of technician effects and standardization are 

of high priority. Of particular importance is 

evaluation of level of variability within technicians 

because between technician variance is more easily 

addressed in analysis of field data through contemporary 

grouping. Robinson et al. (1991, personal 

communication) stated that the variability within herds, 

years, seasons and contemporary groups for measures of 

carcass merit is likely to be small, thus magnifying the 

effect of technician accuracy on proper ranking of 

animals. 

Previous research has shown that accuracy of 

ultrasound is dependent on technician and improves with 

experience (Wallace and Stouffer, 1974; McClaren et al., 

1991). Therefore, techniciem errors in capture of 
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ultrasonic images and interpretation of the captured 

image are of paramount importance. Temple et al. (1965) 

found errors in ultrasonic evaluation of live cattle 

resulting in decreased accuracy in predicting lean and 

fat to be due to: (1) animal variation, (2) tissue shape 

changes during slaughter, (3) interpretation and (4) 

machine manipulation by operator. They suggested that 

machine settings for proper soundwave penetration and 

clearing signals, among other factors, were critical for 

the proper interpretation. 

Frequency distributions from these data (Figures 

4.1 and 4.2) indicated no differences between 

technicians in estimating carcass fat thickness but 

revealed technician differences in predicting carcass 

longissimus muscle area. This difference in precision 

likely was due to interpretational errors and not animal 

variation or machine settings because the latter two 

variables were held constant for both technicians. 

Although precision differences existed between 

technicians, the frequency distributions from this study 

were higher than those reported by Smith et al. (1990) 

for FT (62% within .25 em) and for LMA (58% within 6.5 

cm^) using split-screen procedures. 

Considerable debate concerning the most appropriate 

method for assessing technician accuracy and precision 
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has occurred. Australian work (Robinson et al., 1991, 

personal communication) has suggested the criteria of 

standard errors of prediction (SE ) and differences 

(SE^). These measures, unlike correlation and 

repeatability methods, are independent of the level of 

variability in the particular sample of animals 

measured. Results from this type of evaluation in this 

study were higher for FT but were 19.5% and 27.9% lower 

for longissimus muscle area (SE^ and SE , respectively) 

than the average accredited scanners in the National 

Carcase Evaluation project in Australia. The 

observation of increased error variance over that of the 

Australian work using this technique and equipment also 

coincide with former data on these same technicians 

(Perkins et al., 1991). 

Miles et al. (1983) stated that comparisons between 

estimates of fatness levels of animals., based on the 

interpretation of ultrasonic scans by technicians, will 

inevitably suffer from subjective variability. The 

subjective variability consisted of: (1) measurement 

made by different individuals that differed in 

predictive value, (2) differences in predictive value 

occurring when the same technician used different 

ultrasonic instruments and (3) inability to remove 

differences due to variability in interpretation after 
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averaging a large number of readings from ultrasonic 

images. These results (Table 4.1) suggest error 

differences (17.4 to 23.4%) in estimating FT levels on 

varying degrees of fatness in beef cattle. 

Wallace and Stouffer (1974) found that significant 

differences existed between four different operators of 

ultrasound equipment in interpretation of captured 

images. McLaren et al. (1991) also revealed significant 

variability among operators for operator-interpreted 

scans of longissimus muscle area. Data in this study 

(Table 4.3) suggest equal importance of ultrasonic image 

retrieval and interpretation by technician when 

estimating fat thickness and longissimus muscle area 

using ultrasound. McLaren's work involved operators of 

varying degrees of experience, but the present research 

involved two technicians with equally high degrees of 

training and experience. 

Research has revealed considerable variation in the 

amount of fat and muscle deposited in different breed-

types of cattle at the carcass level using traditional 

yield and quality grade standards (Damon et al., 1960; 

Abraham et al., 1968; and Cundiff et al., 1975). 

Limited research on breed-type effects of ultrasonic 

errors have been reported in the literature. Faulkner 

et al. (1990) found that breed did not influence 
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ultrasound measurements of 12th rib thickness in 

slaughter animals. Table 4.2 of our results shows 

significant differences existed for ultrasound 

prediction errors across the breed-types represented. 

Oltjen et al. (1989) reported that ultrasonic backfat 

thickness was fairly accurate across various breed-types 

but overpredicted longissimus muscle area to a 

significantly higher degree in British X Exotic crosses 

than in crosses having greater than 3/8 Zebu breeding. 

Our results indicate (Table 4.1) the largest error 

percentage (7.7%) rate for longissimus muscle area was 

on the breed-type having the largest longissimus muscle 

area (78.7 cm^). No general trends for fat thickness 

error rates can be detected from these results. 

Additionally, significant differences for technicians 

and breed-type X technician interactions were not 

detected in this study, indicating that technicians were 

equally accurate, or in error, depending upon the 

perspective, independent of breed-type. 

A common belief of most researchers is that 

technicians are less accurate and/or precise in 

estimating carcass longissimus muscle area measures 

using ultrasound than they are in estimating carcass fat 

thickness. However, rank correlations from this study 

suggest that technicians were better able to rank 
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animals ultrasonically on longissimus muscle area 

estimates than on fat thickness estimates. Both 

technicians had equivalent simple and rank correlations 

for longissimus muscle area but had lower rank than 

simple correlations for fat thickness. 

These results suggest that the capture and 

interpretation of ultrasonic images of 12th rib fat 

thickness and longissimus muscle area in feedlot cattle 

is accurate and highly repeatable between and within 

experienced technicians. Real-time linear array 

ultrasound offers a means of accurately predicting these 

measures of individual carcass merit on a live animal 

basis which could be important in the implementation of 

carcass merit EPD's to take advantage of a future value-

based marketing system. If properly trained and 

evaluated, technicians contributing to breed performance 

databases under designed and standardized protocols 

could be treated as part of contemporary group effects 

in national cattle evaluation programs. 

Further research is needed before industry 

organizations should implement collection of ultrasound 

produced carcass databases. In order of priority, 

elucidation is needed of: (1) accurate and precise 
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methods for predicting palatability related factors, (2) 

accurate and precise methods for predicting 

intermuscular fatness, (3) understanding of 

relationships between ultrasonic predictors of carcass 

traits in breeding age bulls and heifers and slaughter 

progeny, (4) determination of appropriate criteria for 

"certifying" technicians as accurate and precise, and 

(5) determination of acceptable levels of technician 

error and accuracy. 

121 



Literature Cited 

Abraham, H.C, Z.L. Carpenter, G.T. King and O.D. 
Butler. 1968. Relationships of carcass weight, 
conformation and carcass measurements and their use 
in predicting beef carcass cutability. J. Anim. 
Sci. 27:604. 

Cundiff, L.V., K.E. Gregory and C.R. Long. 1975. 
Genetic variation among and within herds of Angus 
and Hereford cattle. J. Anim. Sci. 41:1270. 

Damon, R.A., Jr., R.M. Crown, C.B. Singletary and S.E. 
McCraine. 1960. Carcass characteristics of 
purebred and crossbred steers in the Gulf Coast 
region. J. Anim. Sci. 19:820. 

Duello, D.A., G.H. Rouse and D.E. Wilson. 1990. Real
time ultrasound as a method to measure rib eye 
area, subcutaneous fat cover and marbling in beef 
cattle. J. Anim. Sci. 68(1):240 (Abstr.). 

Falconer, D.S. 1981. Introduction to Quantitative 
Genetics. (2nd Ed.) Longman, New York. 

Faulkner, D.B., D.F. Parrett, F.K. McKeith and L.L. 
Berger. 1990. Prediction of fat cover and carcass 
composition from live and carcass measurements. J. 
Anim. Sci. 68:604. 

Gillis, W.A., T.D. Burgess, W.R. Usborne, H. Greiger and 
S. Talbot. 1973. A comparison of two ultrasonic 
techniques for the measurement of fat thickness and 
ribeye area in cattle. Can. J. Anim. Sci. 53:19. 

Henningsson, T., G. Ral, O. Andersson, U. Karlsson and 
K. Martinsson. 1986. A study on the value of 
ultrasonic scanning as a method to estimate carcass 
traits on live cattle. Acta Agric. Scand. 36:81. 

Houghton, P.L. and L.M. Turlington. 1990. Application of 
ultrasound for feeding and finishing animals: A 
review. 82nd Annual Mtg. of the Amer. Soc. of Anim. 
Sci. Ultrasound Symposium (in press). 

122 



f 

McLaren, D.G., J. Novakofski, K.F. Parrett, L.L. Lo, 
S.D. Singh, K.R. Neumann and F.K. McKeith. 1991. A 
study of operator effects on ultrasonic measures 
of fat depth and longissimus muscle area in 
cattle, sheep and pigs. J. Anim. Sci. 69:54. 

Miles, C.A., G.A.J. Fursey and R.W. Pomeroy. 1983. 
Ultrasonic evaluation of cattle. Anim. Prod. 
36:363. 

Moylan, J.C. 1990. Ultrasound, linear measurement and 
visual evaluation of cattle. M.S. Thesis. Texas 
Tech Univ., Lubbock. 

Oltjen, J.W., M.T. Smith, H.G. Dolezal, D.R. Gill and 
B.D. Behrens. 1989. Evaluation of ultrasonic 
carcass fat thickness and muscle area prediction in 
feedlot steers. J. Anim. Sci. 67 (Suppl. 1):440 
(Abstr.). 

Perkins, T.L., R.D. Green and K.E. Hamlin. 1991. 
Evaluation of ultrasonic estimates of carcass fat 
thickness and ribeye area in beef cattle. J. Anim. 
Sci. (in press). 

Perry, T.C., J.R. Stouffer and D.G. Fox. 1989. Use of 
real-time and attenuation ultrasound measurements 
to measure fat deposition, ribeye area and carcass 
marbling. J. Anim. Sci. 67 (Suppl. 1):120 (Abstr.). 

Recio, H.A., J.W. Savell, H.R. Cross and M.J. Harris. 
1986. Use of real-time ultrasound for predicting 
beef cutability. J. Anim. Sci. 63 (Suppl. 1):246. 

Robinson, D.L. 1991. Live animal measurement of 
carcase traits by ultrasound. Personal 
communication. 

SAS. 1986. SAS User's Guide: Statistics. SAS Inst., 
Inc., Gary, NC. 

Smith, M.T., J.W. Oltjen, H.G. Dolezal, D.R. Gill and 
B.D. Behrens. 1990. Evaluation of real-time 
ultrasound for predicting carcass traits of feedlot 
steers. Ok. Agric. Exp. Sta. Anim. Sci. Res. Rpt. 
MP-129:374. 

123 



stouffer, J.R., M.V. Wallentine, G.H. Wellington and A. 
Dikemann. 1961. Development and application of 
ultrasonic methods for measuring fat thickness and 
rib eye area in cattle and hogs. J. Anim. Sci. 
20:759. 

Stouffer, J.R. 1988. Ultrasonic evaluation of cattle. 
Ad Hoc Ultrasonic Guidelines Committee. Study 
Guide. 

Temple, R.S., H.H. Stonaker, D. Howry, G. Posakony and 
M.H. Hazeleus. 1956. Ultrasonic and conductivity 
methods for estimating fat thickness in live 
cattle. Proc. West. Sec. Am. Soc. An. Prod. 7:477, 

Temple, R.S., C.B. Ramsey and T.B. Patterson. 1965. 
Errors in ultrasonic evaluation of beef cattle. J. 
Anim. Sci. 24:282 (Abstr.). 

Tong, A.K.W., J.A. Newman, A.H. Martin and H.T. Fredeen 
1983. Influences of time and combinations of 
equipment and operator on ultrasonic rib fat 
measurements for prediction of beef carcass 
composition. Can. J. Anim. Sci. 63:315. 

Wallace, M.A. and J.R. Stouffer. 1974. Predicting beef 
carcass cut out with ultrasound. J. Anim. Sci. 
39:176 (Abstr.). 

124 



> 1 

XJ 

CI 
Cd 

v
e
r
a
 

0 

CO 

0 
u 
:3 
CO 
Cd 
0 

t
i
v
e
 

e
s
c
r
i
p
 

-0 

m 
0 

CO 

.a
ti
on
 

• r l 

d
e
v
 

ar
d
 

TJ 
c 
cd 
-P 
CO 

-o 
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Table 4.3. Components of variance between and within 
animals and estimates of repeatability of ultrasonic 
measures^ 

Variance 

Variable Between Within Repeatability 

Between days for technician 1 
.128 .017 .89 

91.545 21.246 .81 
FTU 
LMAU 

FTU 
LMAU 

FTU 
LMAU 

FTU 
LMAU 

FTU 
LMAU 

LMAU 

LMAU 

LMAU 

LMAU 

LMAU 

Between days for technician 2 
.116 .008 .93 

84.192 20.136 .81 

Between technicians for day 1 
.112 .008 

92.763 16.645 

Between technicians for day 2 
.141 .006 

86.110 20.779 

Between technicians pooled over day 
.124 .010 

87.018 22.417 

Between images for technician 1 

.94 

.85 

.96 

.81 

s 
.92 
.80 

66.331 9.509 

Between images for technici an 2 
68.825 13.091 

Between technicians for image 1 
71.165 17.173 .81 

Between technicians for image 2 
Rfin 21.091 51.560 

Betv7een technicians pooled over images 
63.723 16.688 .79 

aSee text for definition of acronyms. 
**P < .01. 

.037** 

.058** 

.022** 

.059** 

.021** 

.048** 

.014** 

.059** 

.018** 

.044** 

.88 .040** 

.84 .050** 

.059** 

.71 .084** 

.044** 
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CHAPTER V 

EVALUATION OF ALTERNATIVE ULTRASOUND 

MEASUREMENT SITES AS ESTIMATORS OF 

CARCASS YIELD AND QUALITY GRADE 

FACTORS IN BEEF CATTLE-*-

Abstract 

In the first experiment, 36 feedlot steers were 

ultrasonically measured for 12-13th rib interface 

intermuscular fatness (SFU) and body wall thickness 

(BWTU) as predictors of retail product yield. A second 

experiment, utilizing 276 Hereford feedlot steers, was 

conducted to evaluate the ability of ultrasonic ellipse 

(ELIPU) measures of the 12-13th rib interface 

longissimus muscle area (LMA) and fat depth on the rump 

(RFU) as predictors of yield and quality grade. Both 

experiments used an Aloka 500V real-time, linear array 

ultrasound unit equipped with a 17.2-cm scanning width, 

3.5 MHz transducer. In experiment 1, simple correlation 

coefficients between ultrasonic and carcass measures of 

fat thickness (FT) and longissimus muscle area (LMA) 

•*-The research was supported, in part, by funding 
from the Texas State line-item for Efficient Production 
of Beef. 
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were .88 and .83 (P < .01), respectively. Ultrasonic 

intermuscular fat area and BWT estimates were made 

between the longissimus costarum, longissimus dorsi and 

latissimus dorsi muscles at the 12th rib interface. 

Correlation between ultrasonic and carcass measures of 

intermuscular fat at the 12th rib interface were .10. 

Ultrasonic body wall thickness measures were moderately 

correlated to 12th rib FT (r = .52) and lowly correlated 

to 12th rib LMA (r = .24). One side of each carcass was 

fabricated into separable fat, lean and bone for 

analyses in regression equations with ultrasonic 

measures. Single ultrasonic measures were inadequate 

predictors of all retail product traits. The addition 

of slaughter weight to FTU, LMAU and SFU increased the 

R^ value for predicting total separable fat, total 

separable lean, % separable fat, % separable lean, 

quality grade and yield grade. Live animal measures 

were adequate in the prediction of total retail product 

separable lean (R̂  = .85). In experiment 2, FTU and 

LMAU were overestimated (.12 cm and 3.8 cm , 

respectively) when compared to the carcass measures. 

However, ELIPU was underestimated (-4.4 cm ) when 

compared to carcass LMA. Expressed as percentages of 

the carcass measures, these difference values may be 

interpreted as proportional error rates of 17.9% for FT, 
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7.7% for computer traced LMA and 9.5% for ellipse 

measured LMA. Simple correlation coefficients between 

ultrasonic and carcass measures for FT, computer traced 

LMA and ellipse measured LMA were .73 (P < .01), .53 (P 

< .01) and .45 (P < .01), respectively. Frequency 

distributions between ultrasonic and carcass measures 

were within .25 cm, 68% of the time, for FT; within 6.45 

cm"̂ , 58% of the time, for computer traced LMA; and 

within 6.45 cm*̂ , 54% of the time, for ellipse measured 

LMA. This research indicates that ultrasound can be an 

accurate predictor of 12th rib FT and LMA but more 

refinement of alternative ultrasonic measuring sites are 

needed for optimum prediction of retail product yield 

and quality grade in beef cattle. 

Introduction 

Consumers have become increasingly aware and 

conscious of concerns about the consumption of fat in 

the diet. New fat trim specifications have been adopted 

in response to these concerns by retailers in recent 

years including an average maximum .3 cm (Savell et al., 

1991) of external fat remaining on retail cuts in the 

beef case. Trimming of fat indicates a reduction in the 

amount of fat on beef products but it is an inefficient 

means of reducing fat oh the beef carcass. The beef 
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industry must continue to find ways to identify leaner 

cattle for utilization in national cattle evaluation 

programs. 

In general terms, carcass composition is the 

proportions of bone, fat and muscle in a carcass. The 

accuracy with which carcass composition may be estimated 

in beef cattle is influenced by the relationship between 

carcass components and the variables used in the 

prediction. The U.S.D.A. beef yield grading system 

(Murphey et al., 1960) and beef quality grading system 

(formulated in 1916; Romans et al., 1985) have served as 

a guide in establishing compositional differences in 

beef cattle. However, scientists must continue to 

search for other applicable techniques for determining 

composition and palatability of beef carcasses. 

Measurement of subcutaneous fat level has been the 

major means of determining carcass fatness, whereas, the 

use of intermuscular fat has received little attention. 

Even though intramuscular fat is evaluated in the LMA 

when the carcass is ribbed, it is only considered as a 

quality prediction factor. Area of the longissimus 

muscle at the 12-13th rib interface has been the most 

widely used measurement for estimating total muscle 

content of the carcass. However, contrasting reports 

exist on how adequate longissimus dorsi muscle area is 
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for determining carcass composition in beef cattle 

(Ramsey et al., 1962; Abraham et al., 1980). 

Specific objectives of this study were: (1) to 

evaluate the ability of ultrasonic measuring sites of 

12-13th rib intermuscular fatness and body wall 

thickness to predict retail product yield in feedlot 

cattle, (2) to evaluate real-time linear array 

ultrasound measures of rump fatness as predictors of 

yield grade factors in feedlot cattle and (3) to compare 

the ability of ultrasonic ellipse function and 

ultrasonic computer tracing of 12-13th rib longissimus 

muscle area to predict yield and quality grade factors 

in feedlot cattle. 

Materials and Methods 

Experiment 1 Thirty-six feedlot steers were 

ultrasonically measured 2 d before slaughter by an 

experienced ultrasound technician using an Aloka 500V 

(Corometrics Medical Systems, Inc., Wallingford, CT) 

real-time, linear array ultrasound unit equipped with a 

17.2-cm scanning width, 3.5 MHz transducer. This 

research consisted of ultrasonic measurements of 12-13th 

rib interface intermuscular fatness (SFU) and body wall 

thickness (BWTU) as predictors of retail product yield 

in cooperation with Cactus Feeders, Inc., of Amarillo, 
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TX. The animals represented four breed-types (Brown 

Swiss, Average Mexican, Rough Mexican and typical 

British crossbred) currently fed in the commercial 

feedlot industry on the High Plains. 

Cattle were individually restrained in a squeeze 

chute with site of isonification being determined by 

physical palpation between the 12th and 13th ribs on the 

left side of each animal. The ultrasound probe was 

placed parallel to the 12-13th rib bones and toward the 

midline and moved laterally from the backbone until the 

LMA came into full view on the screen. Corn oil 

(Mazola; CPC Foodservice, Inc., Englewood Cliffs, NJ) 

was used as a couplant to obtain adequate acoustic 

contact on the undipped animals. A liberal amount of 

oil was placed on the palpated area, curried until free 

of dirt and debris and then oiled again for optimum 

image registration. A super flab guide (Animal 

Ultrasound Services, Inc., Ithaca, NY) was used to 

insure proper contact between the rigid ultrasound 

transducer and the curvature of the animal's back. 

Ultrasonic images of the 12-13th rib longissimus 

dorsi, longissimus costarum and latissimus dorsi muscle 

area were recorded on a high resolution VHS video 

cassette recorder (Model HR-S6600U; JVC Co. of America, 
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Elmwood Park, NJ) for later interpretation by the 

technician in the ultrasonics laboratory. 

Carcasses were split longitudinally into sides and 

chilled for 48 h. The right side of each carcass was 

ribbed at the 12-13th rib interface and yield and 

quality grade factors were estimated by a qualified meat 

grader. One side of each carcass was fabricated into 

the four primal cuts (chuck, rib, loin and round). Each 

section of primal cut was then further dissected into 

four components: (1) bone with all heavy connective 

tissue, (2) lean, (3) fat and (4) the mixed portion of 

soft tissue not easily separated into lean and fat 

components for estimation of carcass retail yield. 

Carcass longissimus muscle area (LMAC) outlines and 

carcass intermuscular fatness (SFT) outlines between the 

longissimus costarum, longissimus dorsi and latissimus 

dorsi muscles were traced on acetate paper for later 

determination of area with a compensating polar 

planimeter. Ultrasonic intermuscular fatness (SFU) and 

ultrasonic body wall thickness (BWTU) estimates between 

the longissimus costarum, longissimus dorsi and 

latissimus dorsi muscles (shown in Figures 5.1 and 5.2) 

were determined from recorded ultrasound images using 

computer software (AniMorph; Woods Hole Educational 
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Associates, Woods Hole, MA) in the ultrasonics 

laboratory. 

Data were analyzed using GLM and stepwise multiple 

regression procedures (maximum R^) of the Statistical 

Analysis System (SAS, 1986). Coefficients of variation 

(CV) and residual standard deviations (RSD) were 

calculated from regression analyses. Pearson 

correlation coefficients were estimated between 

ultrasonic and carcass measures. 

Experiment 2 Hereford feedlot steers (N = 226) were 

measured 1 d before slaughter to evaluate the ability of 

ultrasonic ellipse measurements of the longissimus 

muscle area at the 12-13th rib interface (Figure 5.2) 

and fat depth on the rump (Figure 5.3) to predict yield 

and quality grade factors. Animals were measured using 

the same ultrasound unit as described in Experiment 1. 

Cattle were individually restrained in a squeeze 

chute with isonification site being determined by 

physical palpation on the right side of each animal. 

Corn oil was used to obtain adequate acoustic contact on 

the undipped animals. Copious amounts of oil were 

placed on the palpated areas before isonification but no 

cleaning of dirt and debris was performed by the 

technician. A super flab guide was used to insure 

proper contact between the rigid ultrasound transducer 
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and the curvature of the animal's back for capture of 

the 12-13th rib longissimus muscle area ultrasonic 

image. 

The ultrasound probe was placed parallel to the 12-

13th rib bones and toward the midline and moved 

laterally from the backbone until the longissimus dorsi 

muscle came into full view on the screen for estimation 

of the area of the longissimus dorsi muscle. The probe 

was then placed between the tuber coxae (hook bone) and 

tuber ischiadicum or tuber ischii (pin bone) bones, 4 cm 

off the midline of the animal on the rump for estimation 

of rump fat depth. 

The ultrasonic ellipse measurement (ELIPU) was 

determined in the field using the internal electronic 

ellipse function and the ultrasonic rump fat measurement 

(RFU) was determined in the field using the internal 

electronic calipers of the ultrasonic unit. 

Cattle were slaughtered at Excel Corporation 

packing plant in Plainview, TX. Carcasses were ribbed 

at the 12-13th rib interface 24 h postmortem with yield 

and quality grade factors being estimated by a qualified 

meat grader from the Department of Animal Science, Texas 

Tech University. 

All statistical analyses were conducted with SAS 

(1986) using GLM and stepwise multiple regression 
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procedures (maximum R^). Data were analyzed by analysis 

of variance using least square procedures to evaluate 

sources of variation including effects of day and live 

weight. Day of measurement included effects of a 

combination of age, weight, maturity and technician 

error. Pearson correlation coefficients and rank 

correlation coefficients were estimated between 

ultrasonic and carcass measures. Coefficients of 

variation and residual standard deviations were 

calculated from regression analyses. 

Results and Discussion 

Experiment 1 Means and standard deviations of 

descriptive measures for carcass and ultrasound traits 

are shown in Table 5.1. Based on these means, these 

data seem to be a representative sample of cattle fed in 

the commercial feedlot industry. 

Table 5.2 shows the simple correlation coefficients 

of live animal ultrasound and carcass measures. The 

simple correlations between FTC and FTU and LMAC and 

LMAU were .88 and .83 (P < .01), respectively. These 

correlations indicate the high accuracy with which 

ultrasound can estimate carcass FT and LMA in beef 

cattle using the new generation (ALOKA 500V) ultrasound 
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unit. Similar results were reported by McDonald (1991) 

using the same type of ultrasound equipment. 

The simple correlation between 12-13th rib 

ultrasonic intermuscular fat (SFU) and carcass 

intermuscular fat tracing (SFT) was very low (r = .10) 

in this study. Few reports exist on the evaluation of 

12th rib intermuscular fatness as a predictor of carcass 

composition in beef cattle. Kent et al. (1991) reported 

that average subjective seamfat estimates generally were 

superior indicators of carcass composition compared to 

single estimates. However, they further noted that 

intermuscular fatness estimates at the 12th rib site 

were the best indicators of chemical (r = -.72) and 

intermuscular fat (r = -.54) percentages. Although no 

ultrasonic estimate of seamfat has been reported in the 

literature, Jones (1988) stated that certain retail cuts 

contain large quantities of seamfat that have a negative 

influence on fat conscious consumer's attitude toward 

beef. The low relationship between SFU and SFT may be 

due to the inability of ultrasound to distinguish the 

irregular shaped (nonperpendicular) seamfat area, 

longissimus costarum muscle area and other soft tissue 

at the site of isonification. More refinement of SFU 

measures are needed because of this low relationship 

between SFU and SFT, 
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Likewise, ultrasonic body wall thickness (BWTU) 

measurements have not been reported in the literature. 

These results show that BWTU is moderately correlated to 

12-13th rib carcass fat (r = .52) and lowly correlated 

to LMAC and SFT (r = .24 and r= -.05, respectively). 

Correlations between ultrasound and carcass 

measures of FT and LMA were relatively high in this 

study, but it is equally important to evaluate the 

relationship of ultrasound to actual carcass cutability. 

Simple correlation coefficients between various 

ultrasound and carcass traits are shown in Tables 5.3 

and 5.4. Simple correlation coefficients between FTU 

and YG, total separable fat weight and percent separable 

fat in the retail product were .40, .56 and .55, 

respectively. Correlations between FTC and these same 

carcass traits were .60, .53 and .54, respectively. 

Ultrasonic FT correlations were similar to FTC for all 

carcass traits measured except YG. The high correlation 

between carcass fat thickness and YG is due to the large 

contribution of FTC to the U.S.D.A. YG equation. 

Simple correlation coefficients between LMAU and 

YG, total separable fat weight and total separable lean 

weight were -.29, .36 and .51, respectively. 

Correlations between LMAC and these same carcass 

measures were -.52, .21 and .55, respectively. Carcass 
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longissimus muscle area more adequately estimated YG due 

to its contribution to the U.S.D.A. YG equation. 

Ultrasonic longissimus muscle area measurements were 

equivalent to LMAC for all other measures in this study. 

Ultrasonic intermuscular fat measures were 

correlated to YG, total separable fat weight and total 

separable lean weight (-.08, .47 and .31, respectively). 

Correlations for these same carcass measures and SFT 

were .36, .27 and .05, respectively. The higher 

correlations for SFU indicate it may be an adequate 

pr6dictor of certain carcass endpoints. However, the 

low correlation between SFU and SFT do not justify this 

finding. The correlation between SFU and FTC and SFT 

and FTC were .20 and .43, respectively. Kauffman et al. 

(1975) reported a correlation coefficient of .67 between 

adjusted carcass fat thickness and total carcass 

seamfat. This further suggests that SFU is not a true 

indicator of carcass intermuscular fatness. 

Correlation coefficients between BWTU and YG, total 

separable fat weight, total separable lean weight and 

percent separable fat in the retail product were .24, 

.45, .22 and .41, respectively. No carcass measures of 

body wall thickness were made in this study so a viable 

comparison is not possible. However, these correlations 

indicate that BWTU may be an adequate predictor of 

142 



carcass fatness in beef cattle. More refinement and 

analyses of BWTU measures are needed before predictive 

powers of the measure can truly be understood. 

Ultrasonic longissimus muscle area, expressed as a 

percentage of liveweight (RLMAU), was negatively 

correlated (r = -.47) to yield grade. Carcass 

longissimus muscle area, expressed as a percentage of 

HCW (RLMAC), was correlated (r = -.73) to yield grade. 

This would be expected because of the influence of 

weight on yield grade. 

Regression equations were developed to predict 

total separable fat weight (Table 5.5), total separable 

lean weight (Table 5.6), total separable retail product 

weight (Table 5.7), percent separable fat (Table 5.8), 

percent separable lean (Table 5.9), quality grade (Table 

5.10) and yield grade (Table 5.11) for certain 

ultrasonic and carcass measures. 

Regression analyses relating total separable fat to 

live animal ultrasonic measurements (Table 5.5) show 

that ultrasound measures (eqs. 1, 2 and 4) were not 

satisfactory in accounting for variation in total 

separable retail product fat weight. However, the 

addition of slaughter weight to FTU, LMAU and SFT (eq. 

3) increased variance accountability 22% (R̂  = .39 vs. 

R2 = .61). The addition of slaughter weight to FTU, 
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LMAU and BWTU (eq. 5) raised the R^ value to .60 (25% 

increase). The increase r^ value can be explained by 

the part-wholw relationship and through results by 

Cundiff et al. (1967), which indicated that final weight 

was the best single indicator of boneless roast and 

steak meat. The ability of ultrasonic measures to 

estimate total separable fat was only slightly lower 

than the ability of FTC, LMAC, HCW and KPHF (eq. 6) to 

predict total separable fat in retail products. The 

addition of SFT measures (eq. 7) to the carcass measures 

in equation 6 provided no advantage to predicting total 

separable fat weight. Intermuscular fat estimates at 

the 12th rib along with KPHF, LMA and HCW were superior 

predictors of percent carcass seamfat but accounted for 

only 36% of the variation in intermuscular fatness (Kent 

et al., 1991). 

Table 5.6 shows regression equations predicting 

total separable lean from ultrasound and carcass 

measures. The addition of slaughter weight (eq. 3) to 

ultrasonic measures of fat thickness, longissimus muscle 

area and intermuscular fat in equations 1 and 2 

increased predictive powers of total separable lean by 

62% for these live animal measures. Ultrasound measures 

of fat thickness, longissimus muscle area and body wall 

thickness accounted for 23% (eq. 4) of the variation in 
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predicting total separable lean weight. An additional 

61% (eq. 5) of the variation was explained when live 

slaughter weight was included in the equation. When 

carcass measures of fat thickness, longissimus muscle 

area, hot carcass weight and KPHF fat were included in 

the equation, 89% of the variation (eq, 6) was accounted 

for in predicting total separable lean weight. No 

meaningful advantage (2% increase in R^ value) was 

attained in adding carcass intermuscular fat (eq. 7) 

measures to the other four carcass measures in 

estimating total separable lean. 

Table 5.7 shows multiple regression equations of 

live animal ultrasound and carcass measures for 

predicting percent separable fat in the retail product. 

All equations (1 to 7) of ultrasound and carcass 

measures were about equal in their ability to predict 

percent separable fat. This becomes evident when 

viewing closeness of the R^ and residual standard 

deviation values of each of the equations. None of the 

equations accounted for enough variability to be of 

practical use in estimating percent separable fat in 

beef retail cuts. Holloway et al. (1990) reported that 

ultrasonic shoulder fat measurements accounted for only 

13% of the variation in predicting percent rib seam fat. 

In contrast. Miller et al. (1988) reported that 
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ultrasonic measures of 12-13th fat thickness, 12-13th 

rib longissimus muscle area and rump fat accounted for 

71% of the variation in predicting percentage carcass 

fat in the 9-10-llth rib sections in fed steers. They 

further reported that carcass measures of fat thickness, 

longissimus muscle area, hot carcass weight and 

percentage of kidney, pelvic and heart fat accounted for 

85% of the variation in percentage carcass fat in the 9-

10-llth rib sections. Values in this study were 

considerably lower for these same measures in the 

various prediction equations which may be due to the 

moderate relationship between 9-10-llth rib fat and 

total carcass fat and the fact that they used soft 

tissue chemical composition to estimate percentage 

carcass fat. 

Regression equations including ultrasonic or 

carcass measures of fat thickness, longissimus muscle 

area, intermuscular fatness, weight and percentage of 

kidney, pelvic and heart fat (eqs. 1-7) were not 

adequate predictors of percent separable lean (Table 

5.8) in this study. The R^ values were not of high 

enough magnitude to be of any use as a predictor of the 

trait. Virtually no changes were evident in the 

residual standard deviations with the addition of any 

particular measure in the equations. 
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Table 5.9 lists the equations for predicting 

quality grade using live animal and carcass measures. 

Addition of ultrasonic intermuscular fat measures (SFU 

or BWTU) to 12-13th rib ultrasonic fat thickness and 

longissimus muscle area equation (eq. 1) doubled the 

amount of variation accounted for in predicting quality 

grade. Equations using ultrasonic measures of fat 

thickness, longissimus muscle area and intermuscular fat 

(eqs. 2 and 4) accounted for 20% and 22%, respectively 

of the variation in quality grade prediction. No real 

advantage was gained in R^ values when adding slaughter 

weight (eqs. 3 and 5) to the ultrasonic measures. 

Holloway et al. (1990) reported that only a small 

proportion (R̂  = .34) of the variation in quality grade 

could be explained with live animal measurements of 

ultrasonic shoulder fat and subjective frame score in 

crossbred beef cows. A lower R^ value (eq. 5) was 

generated when using carcass measures to predict quality 

grade in this study. The addition of carcass 

intermuscular fatness (eq. 7) to FTC, LMAC, HCW and KPHF 

only improved the explanation of variation 6%. Neither 

ultrasonic nor carcass measures of fat thickness, 

longissimus muscle area, intermuscular fatness, weight 

or percentage of kidney, pelvic and heart fat did a very 
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satisfactory job of predicting quality grade in this 

study. 

Multiple regression equations of ultrasound and 

carcass measures for predicting yield grade are given in 

Table 5.10. No real gain in predictability of yield 

grade was evident when adding SFU (eq. 2) or BWTU (eq. 

4) to the equation containing 12-13th rib fat thickness 

and longissimus muscle area (eq. 1). However, a 7% 

increase in R^ value (eqs. 3 and 5) was realized when 

adding slaughter weight to equations 2 and 4 which 

included three ultrasound measures. Carcass measures of 

fat thickness, longissimus muscle area, hot carcass 

weight and percentage kidney, pelvic and heart fat (eq. 

6) accounted for 83% of the variation in predicting 

yield grade, as might be expected (because yield grade 

was not calculated using the yield grade equation). The 

addition of SFT to the other carcass measures (eq. 7) 

revealed no real gain in predictability of yield grade. 

Carcass measures were more adequate predictors of yield 

grade than were ultrasonic measures because carcass 

measures utilized in equation 6 are components in 

estimating U.S.D.A. yield grades. Substitution of 12th 

rib intermuscular fatness for adjusted fat thickness 

increased the R^ from .59 to .65 and reduced the 

standard error of the estimate for 1.75 to 1.62% when 
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using and end point similar to that used in the original 

U.S.D.A. (1989) yield grade equation. 

Experiment 2 Means and standard deviations of 

descriptive measures for all cattle in the study are 

shown in Table 5.11. These data appear to be 

representative of cattle fed in the commercial feedlot 

industry on the Texas High Plains. 

Ultrasonic 12-13th rib fat thickness (FTU) and 

longissimus muscle area (LMAU) were overestimated when 

compared to the carcass measure of fat thickness (FTC) 

and longissimus muscle area (LMAC). Actual difference 

values (FTADIF and LMADIFF) between FTU and FTC and LMAU 

and LMAC indicates overestimation of fat thickness .12 

cm and longissimus muscle area 3.8 cm^. However, 12-

13th rib longissimus muscle area ultrasonic ellipse 

measure (ELIPU) was underestimated when compared to 

LMAC. The actual difference value (ELIPDIF) between 

ELIPU and LMAC indicate underestimation of 4.4 cm^. 

Absolute difference values (|FTDIF|, |LMADIF| and 

IELIPDIFI) were calculated between FTU and FTC and LMAU 

and LMAC and LMAU and LMAC, respectively. Expressed as 

percentages (FTPDIF, LMAPDIF and ELIPPDIF) of the 

carcass measures, these difference values may be 

interpreted as proportional error rates of 17.9% for fat 
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thickness, 7,7% for computer traced longissimus muscle 

area and 9.5% for ellipse measured longissimus muscle 

area, respectively. 

Table 5.12 shows means and standard deviations of 

descriptive measures according to each of the three 

different slaughter dates, FTDIF and LMADIF indicate 

that fat thickness and longissimus muscle area were 

overestimated when compared to FTC and LMAC, 

respectively. However, ultrasonic ellipse measurement 

of the 12-13th rib longissimus muscle area 

underestimated the true carcass value. 

Carcass fat thickness was an adjusted value of 

external fatness that subjectively accounted for 

excessive fat losses during hide removal. This estimate 

may be the reason ultrasonic measures overestimated 

external fat levels to a higher degree in day 3 than in 

day 1 or 2, It should be noted that only a slight 

increase in 12-13th rib external fat was realized 

between day 1 cattle and day 3 cattle that were 

slaughtered 56 d later in the feeding period. One would 

expect the cattle to be depositing more fat thickness, 

when fed longer, than FTC suggests in this study. 

However, the cattle in d 3 were lighter in weight both 

at the start and end of the experiment. 
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Actual and absolute difference values as well 

percentage error rates of longissimus muscle area 

improved on d 3 when compared to d 1 and 2. The 

technician cleaned dirt and debris from the 

isonification site on d 3, in order to capture better 

images for an alternative site study, which did not 

occur on d 1 or 2. This may explain the increase in 

precision and accuracy of the measure on d 3. 

F-values and error mean squares for the sources of 

variation in ultrasonic and carcass measurements are 

shown in Table 5.13. Analysis of variance indicated 

differences to exist between days for FTU (P < .01), 

LMAC (P < .01), FTC (P < .05) and ELIPU (P < .05). 

Differences (P < .05) also existed between days for FTC 

and ELIPU. Liveweight was a significant source of 

variation for FTC (P < .10) and ELIPU (P < .05). No 

other significant differences were detected. 

Simple correlation coefficients between ultrasonic 

and carcass measures are contained in Table 5.14. 

Correlation between FTC and FTU was .73 (P < .01). 

Previous studies have indicated slightly higher 

correlations when technicians used this same ultrasonic 

unit (Moylan (1990) and Perry et al. (1989)). The 

technician's failure to clean the dirt and debris from 

the isonification site may have accounted for the 
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reduction in accuracy. Failure to clean ultrasonic 

areas properly can lead to excessive reverberation, 

excessive artifacts and even a reduction in soundwave 

penetration if the dirt is too dense. 

Correlations between LMAU and LMAC and ELIPU and 

LMAC were .53 (P < .01) and .45 (P < .01), respectively. 

Duello et al. (1990) reported higher values for LMAU 

using a similar ultrasound unit. Similar results were 

calculated for d 1 and 2 but an unexplainable change in 

magnitude of difference (r = .70 vs. r = .19) was found 

on d 3. The lower values seen in this study may again 

be attributed to failure to clean the isonification site 

prior to image capture. McDonald (1991) reported 

correlation values of .94 between ellipse measured 

longissimus muscle area and carcass longissimus muscle 

area. Technicians minimize time in the field by 

recording ultrasonic images on video tape for later 

tracing of longissimus muscle periphery in the 

laboratory. The ellipse function would make it possible 

to obtain accurate estimates of longissimus muscle area 

in the field for beef producers. 

Simple correlation coefficients between ultrasonic 

rump fat thickness and FTC and FTU were .55 (P < ,01) 

and ,49 (P < .01), respectively. Robinson et al. (1991) 

reported high correlation values (r = .86) between RFU 
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and carcass rump fat measures (RFC). Values for RFC 

were not collected in these data. However, RFU (r = 

.47) was comparable to the FTU (r = .48) when evaluating 

correlations between the two measures and yield grade. 

The same trend was seen for all three dates. 

None of the single ultrasonic fat thickness or 

longissimus muscle area measurements were adequate 

indicators of carcass quality grade as measured by 

correlation coefficients. LMAU and ELIPU were lowly to 

moderately related to yield grade. 

Rank correlation coefficients between ultrasonic 

and carcass measures of fat thickness and longissimus 

muscle area are shown in Table 5.15. The rank 

correlations were similar to simple correlations for the 

same traits which indicates that ultrasonic measures of 

fat thickness and longissimus muscle area did not rank 

the animals very accurately. Perkins et al. (1991) 

reported rank correlations of .77 and .88 for fat 

thickness and .81 to .85 for longissimus muscle area 

between ultrasonic and carcass estimates. Preparation 

of animals before isonification again may account for 

these differences. 

Regression analysis relating quality grade to live 

animal ultrasonic and carcass measures are shown in 

Table 5.16. All combinations (eqs. 1-5) of ultrasonic 
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and carcass measures failed to do a satisfactory job of 

predicting final quality grade in this set of cattle. 

Multiple regression equations of ultrasound and 

carcass measures for predicting yield grade are given in 

Table 5.17. A slight gain in yield grade predictability 

and a small reduction in residual standard deviation 

occurred with the addition of live weight (eqs. 2 and 4) 

to the ultrasonic measures (eqs. 3 and 5). However, 

ultrasonic equations including RFU, FTU and LMAU (eq. 2) 

accounted for more variation (R̂  = .46 vs. .37) than 

those equations including ELIPU, FTU and LMAU (eq. 4). 

The regression equation (eq. 5) including carcass 

measures accounted for 99% of the variation in 

predicting yield grade as would be expected for this 

prediction. 

Frequency distributions of differences between the 

carcass and ultrasound measures for fat thickness are 

shown in Figure 5.4. Cumulative frequency distributions 

between FTU and FTC indicate that ultrasonic estimates 

of fat thickness were within .25 cm, 68%, 75%, 71% and 

51% of the time for overall data, d 1, d 2 and d 3, 

respectively. Frequency distributions ranged between 93 

and 98% of the time within .5 cm. Other than d 3 

values, these results are similar to those reported by 

Smith et al. (1992). 
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Cumulative frequency distributions of longissimus 

muscle area differences between LMAU and LMAC and ELIPU 

and LMAC are shown in Figures 5.5 and 5.6. Ultrasonic 

tracings of the longissimus muscle area offered more 

precision in estimating LMAC than did ultrasonic ellipse 

measures of longissimus muscle area. Day 3 frequency 

distributions were the most different in magnitude 

between LMAU and ELIPU. Perkins et al. (1991) reported 

values very close to frequency distributions between 

LMAU and LMAC shown in this study. No frequency 

distributions have been reported in the literature 

between ELIPU and LMAC. 

Implications 

The two experiments in this study reinforce the 

importance of animal preparation and speed of 

isonification for optimum image registration, capture 

and interpretation for high levels of accuracy and 

precision. Experiment 1 included a slow paced image 

capture following thorough cleaning of dirt and debris 

from the animal. However, experiment 2 included a 

faster-paced image capture without any cleaning of the 

isonification site. More satisfactory levels of simple 

correlations, rank correlations, frequency distributions 

and error differences found in experiment 1 indicate the 
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importance of cleaning of animals and speed of image 

capture for optimum accuracy and precision with 

ultrasonic technology. 

Trimming of external fat from beef retail cuts will 

not reduce the overall fatness in the beef industry. 

The beef industry must continue to make progress toward 

production of a leaner beef animal. Research will be 

necessary in the identification of alternative sites of 

measure and improved techniques of measure at both the 

carcass and live animal level if the beef industry is to 

succeed in its "War on Fat." 
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Table 5.1. Means and standard deviations of descriptive 
measures for carcass and ultrasound traits^ 

Measure Mean SD 

Number of animals 
Slaughter weight, kg 
Carcass weight, kg 
Dressing percentage, % 
KPHF 
Yield grade 
Quality grade 
FTU, cm 
FTC, cm 
SFU, cm^ 
SFT, cm^ 
BWTU, cn 
LMAU, cm^ -
LMAC, cm2 
Total separable fat, kg 
Total separable lean, kg 
Total separable bone, kg 
Total separable retail product, kg 
Separable rib fat, % 
Separable loin fat, % 
Separable chuck fat, % 
Separable round fat, % 
Separable flank fat, % 
Separable rib lean, % 
Separable loin lean, % 
Separable chuck lean, % 
Separable round lean, % 
Separable flank lean, % 
Fat:Retail product, % 
Lean:Retail product, % 
Bone:Retail product, % 
Fat:Carcass weight, % 
Lean:Carcass weight, % 
Fat:Live weight, % 
Lean:Live weight, % 

36 
495.7 
301.1 
60.8 
2.6 
3.1 

10.9 
.92 
.82 

11.2 
11.3 
13.8 
77.8 
72.5 
45.2 

196.4 
45.0 

:, kg 288.4 
29.7 
7.7 
4.1 
5.7 

63.8 
54.3 
63.9 
77.1 
76.9 
34.9 
15.6 
68.2 
15.6 
14.9 
65.3 
9.2 
39.9 

54.2 
34.9 
1.6 
.87 
.51 
.99 
.36 
.41 

1.7 
5.1 
1.8 
9.6 
9.7 
10.0 
22.2 
6.2 

34.6 
6.1 
3.2 
2.6 
2.0 
7.2 
5.5 
5.5 
3.2 
2.3 
7.2 
2.5 
2.5 
1.2 
2.5 
2.8 
1.6 
1.9 

^KPHF = kidney, pelvic and heart fat; yield grade =_ 
U.S.D.A. yield grade; Quality grade: 11 = Se , 12 = Ch 
and 13 = Ch°; FTU = ultrasonic fat thickness; FTC = 
carcass fat thickness; SFU = ultrasonic seam fat; SFT = 
carcass seam fat tracing; BWTU = ultrasonic body wall 
thickness; LMAU = ultrasonic longissimus muscle area; 
LMAC = carcass longissimus muscle area. 
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Table 5,2. Simple correlation coefficients between 
ultrasonic and carcass measures^ 

FTU LMAU SFU BWTU 

FTC 

LMAC 

SFT 

^See Table 5.1 for variable definitions. 
**P < .01. 

. 8 8 * * 

. 0 9 

. 2 9 

. 1 7 

. 8 3 * * 

- . 0 2 

. 2 0 

, 4 7 * * 

. 10 

. 5 2 * * 

.24 

- . 0 5 
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Table 5.3. Simple correlation coefficients between 
various ultrasound and carcass measures^ 

Measure 

KPHF 
YG 
QG 
Rib fat, kg 
Loin fat, kg 
Total fat, kg 
Total lean, kg 
Total bone, kg 
Rib fat, % 
Loin fat, % 
Chuck fat, % 
Round fat, % 
Flank fat, % 
Rib lean, % 
Loin lean, % 
Round lean, % 
Flank lean, % 
Rib bone, % 
Loin bone, % 
Chuck bone, % 
Round bone, % 
Flank bone, % 
Fat:HCW, % 
Lean:HCW, % 
Bone:HCW, % 
Fat:LWT, % 
Lean:LWT, % 
Bone:LWT, % 

FTU 

-.35* 
.40* 

-.14 
.66** 
.41* 
.56** 
.19 

-.06 
.58** 
.36* 
.18 
.47** 
.29+ 

-.46** 
.10 

-.28 
-.33 
-.39* 
-.25 
-.35* 
-.30 
-.44** 
.54** 

-.26 
-.49** 
.55** 

-.21 
-.44** 

Ultrasound 

SFU 

-.30 
-.08 
.07 
.45** 
.28 
.47** 
.31 
.20 
.31 
.17 
.05 
.28 
.29 

-.33* 
-.11 
-.19 
-.38* 
-.41* 
.01 

-.06 
-.31 
-.27 
.35* 

-.22 
-.23 
.35* 

-.21 
-.18 

BWTU 

-.17 
.24 
.10 
.49** 
.12 
.45** 
.22 
.10 
.38* 
.05 
.06 
.42* 
.51** 

-.33* 
-.05 
-.11 
-.60** 
-.17 
.02 

-.31 
-.15 
-.49** 
.41* 

-.15 
-.24 
.41* 

-.10 
-.16 

measure 

LMAU 

-.22 
-.29 
-.31 
.32 
.12 
.36* 
.51** 
.24 
.17 

-.01 
-.01 
.27 
.16 

-.10 
.04 

-.20 
-.24 
-.55** 
-.06 
-.16 
-.22 
-.39* 
.15 

-.05 
-.33* 
.15 

-.03 
-.27 

RLMAU 

-.01 
-.47** 
-.11 
-.24 
-.22 
-.23 
-.36 
-.47 
-.07 
-.11 
-.04 
.27 

-.02 
.18 
.23 
.02 

-.04 
-.31 
.00 

-.04 
-.20 
-.17 
-.02 
.12 

-.23 
-.01 
.15 

-.19 

^See Table 
*P < .05. 
**P < .01. 

5.1 for variable definitions. 
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Table 5.4. Simple correlation coefficients between 
various ultrasound and carcass measures^ 

Measure 

KPHF 
YG 
QG 
Rib fat, kg 
Loin fat, kg 
Total fat, kg 
Total lean, kg 
Total bone, kg 
Rib fat, % 
Loin fat, % 
Chuck fat, % 
Round fat, % 
Flank fat, % 
Rib lean, % 
Loin lean, % 
Round lean, % 
Flank lean, % 
Rib bone, % 
Loin bone, % 
Chuck bone, % 
Round bone, % 
Flank bone, % 
Fat:HCW, % 
Lean:HCW, % 
Bone:HCW, % 
Fat:LWT, % 
Lean:LWT, % 
Bone:LWT, % 

FTC 

-.17 
.60** 
.08 
.55** 
.44** 
.53** 
.09 

-.02 
.51** 
.41* 
.29 
.46** 
.31 

-.48** 
-.05 
-.18 
-.31 
-.23 
-.15 
-.31* 
-.18 
-.33 
.55** 

-.29 
-.31 
.56** 

-.21 
-.26 

SFT 

.18 

.36* 

.29+ 

.27 

.24 

.27 

.05 

.20 

.19 

.17 

.15 
-.16 
.23 

-.31 
-.19 
.11 

-.19 
.05 

-.06 
.11 
.10 

-.06 
.20 

-.36 
.06 
.29 

-.04 
.25 

Carcass measure 

LMAC 

-.23 
-.52** 
-.30 
.21 

-.02 
.21 
.55** 
.32* 
.02 

-.16 
.01 
.19 

-.02 
.10 
.15 

-.22 
-.08 
-.42** 
.11 

-.11 
-.19 
-.17 
-.06 
.05 

-.20 
-.07 
.05 

-.16 

LWT 

-.27 
.11 

-.21 
.61** 
.37* 
.64** 
.91** 
.79** 
.30 
.13 
.02 
.02 
.16 

-.26 
-,20 
-.25 
-.20 
-.22 
-.03 
-.04 
-.03 
-.24 
.21 

-.14 
-.03 
.20 

-.18 
-.05 

RLMAC 

-.06 
-.73** 
-.16 
-.34* 
-.32 
-.39* 
-.28 
-.38* 
-.20 
-.20 
-.05 
.20 

-.22 
.48** 
.32* 

-.04 
.13 

-.19 
.25 
.02 

-.18 
.08 

-.23 
.28 

-.06 
-.26 
.13 

-.16 

^See Table 5.1 for variable definitions. 
*P < .05. 
**P < .01. 
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Table 5.5. Multiple regression equations of live animal 
and carcass measures for predicting total separable fat^ 

Eq. Independent b 
# Variable Intercept values RSD CV 

1 Live measures 
FTU 8.58 

+ LMAU 
6.84 
0.10 

.34 4.22 18.5 

2 Live measures 
FTU 5.31 

+ LMAU 
+ SFU 

6.27 
0.03 
0.84 

39 4.12 18.1 

3 Live measures^ 
FTU -8.49 

+ LMAU 
+ SFU 
+ LWT 

5.44 
-0.09 
0.72 
0.05 

.61 3.34 14.6 

Live measures 
FTU 

+ LMAU 
+ BWTU 

5.03 

Live measures 
FTU 

+ LMAU 
+ BWTU 
+ LWT 

-9.89 

Carcass measures 
FTC -4.47 

+ LMAC 
+ HCW 
+ KPHF 

Carcasg measures 
FTC -4.75 

+ LMAC 
+ HCW 
+ KPHF 
+ SFT 

5 . 8 7 
0 . 0 8 
0 . 4 5 

4 . 8 7 
• 0 . 0 6 
0 . 4 7 
0 . 0 5 

4 . 7 3 
• 0 . 0 4 
0 . 0 9 

• 0 . 3 9 

4 . 7 6 
• 0 . 0 3 
0 . 0 9 

• 0 . 3 8 
• 0 . 0 0 2 

. 35 

6 0 

6 0 

6 0 

4 . 2 3 1 8 . 5 

3 . 4 0 1 4 . 9 

3 . 3 8 1 4 . 8 

3 . 4 9 1 5 . 2 

^See Table 5.1 for variable definitions. 
t>R2 for LWT alone = -41; R^ for HCW alone = .43. 
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Table 5.6. Multiple regression equations of live animal 
and carcass measures for predicting total separable 
lean^ 

Eq. Independent 
# Variable Intercept 

1 Live measures 
FTU 56.52 

+ LMAU 

2 Live measures 
FTU 57.48 

+ LMAU 
+ SFU 

3 Live measures^ 
FTU 7.48 

+ LMAU 
+ SFU 
+ LWT 

4 Live measures 
FTU 57.97 

+ LMAU 
+ BWTU 

5 Live measures 
FTU 5.92 

+ LMAU 
+ BWTU 
+ LWT 

6 Carcass measures^ 
FTC 3.40 

+ LMAC 
+ HCW 
+ KPHF 

7 Carcass measures 
FTC 1.96 

+ LMAC 
+ HCW 
+ KPHF 
+ SFT 

b 
values 

0.72 
0.53 

0.89 
0.55 

-0.25 

-2.11 
-0.09 
0.72 
0.05 

1.12 
0.54 

-0.18 

-2.36 
0.07 

-0.09 
0.18 

-2.17 
0.10 
0.29 
0.23 

-1.07 
0.13 
0.29 
0.57 

-0.20 

R2 

.23 

.23 

.85 

.23 

.84 

.88 

.90 

9 

10 

4. 

10. 

4. 

3. 

RSD CV 

.95 10.1 

.10 10.2 

.54 4.6 

.11 10.2 

4.64 4.7 

.12 4.2 

.81 3.8 

^See Table 5.1 for variable definitions. 
^ 2 for LWT alone = .84; R^ for HCW alone = .86. 
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Table 5.7. Multiple regression equations of live animal 
and carcass measures for predicting percent separable 
fat^ 

Eq. Independent b 
# Variable Intercept values R^ R S D CV 

1 Live measures 
FTU 3,53 1.19 .30 .68 14.8 

+ LMAU -0.0007 

2 Live measures 
FTU 3.00 1,10 ,35 .66 14.5 

+ LMAU -0.01 
+ SFU 0.14 

3 L i v e measures^ 
FTU 2.72 1.08 .36 .67 14.7 

+ LMAU -0.01 
+ SFU 0.13 
+ LWT 0.001 

4 Live measures 
FTU 2.84 1.00 .33 .68 14.8 

+ LMAU -0.005 
+ BWTU 0.09 

• " • • • • • • I I • • I II 111 I I • ! • • • » I • » • » » - • — — I i n I • ^ • • I i i i i i • • • • • . _ 

5 Live measures 
FTU 2.46 0.98 .33 .68 14.9 

+ LMAU -0.008 
+ BWTU 0.09 
+ LWT 0.001 

"i Carcass measures" 
FTC 3.50 0.94 .34 .68 14.8 

+ LMAC -0.009 
+ HCW 0.004 
+ KPHF -0.08 

7 Carcass measureg 
FTC 3.44 0,89 .34 .70 15.2 

+ LMAC -0.006 
+ HCW 0.003 
+ KPHF -0.10 
+ SFT 0,01 

fsee Table 5.1 for variable definitions, ~ 
*^2 foj- L^^ alone = ,04; R^ for HCW alone = ,05. 
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Talple 5.8. Multiple regression equations of live animal 
and carcass measures for predicting percent separable 
lean^ 

Eq. Independent b 
# Variable Intercept values RSD CV 

Live measures 
FTU 20.22 

+ LMAU 
-0.57 
0.003 

.05 94 4.7 

2 

3 

4 

5 

6 

7 

Live measures 
FTU 20.76 

+ LMAU 
+ SFU 

Live measures^ 
FTU 21.61 

+ LMAU 
+ SFU 
+ LWT 

Live measures 
FTU 20.21 

+ LMAU 
+ BWTU 

Live measures 
FTU 21.17 

+ LMAU 
+ BWTU 
+ LWT 

Carcass measures^ 
FTC 19.81 

+ LMAC 
+ HCW 
+ KPHF 

Carcass measures 
FTC 19.52 

+ LMAC 
+ HCW 
+ KPHF 
+ SFT 

-0.48 
0.02 

-0.14 

-0.42 
0.02 

-0.13 
0.003 

-0.57 
0.004 
0.001 

-0.51 
0.01 

-0.0005 
-0.003 

-0.35 
0.01 

-0.002 
0.14 

-0.42 
0.02 

-0.005 
0.13 
0.02 

.09 

.11 

.05 

.07 

.06 

.11 

.94 

.94 

.96 

.96 

.96 

.92 

4,7 

4,7 

4.8 

4.8 

4.8 

4.6 

^ ^ for LWT alone = .03; R^ for HCW alone = .01. 
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Table 5,9. Multiple regression equations of live animal 
and carcass measures for predicting quality grade^ 

Eq. Independent b 
# Variable Intercept values R̂  RSD CV 

1 Live measures 
FTU 13,42 -0,12 

+ LMAU -0,03 

2 Live measures 
FTU 12,53 -0,28 

+ LMAU -0.05 
+ SFU 0,23 

1 Live measures^ 
FTU 

+ LMAU 
+ SFU 
+ LWT 

1 3 , 0 0 

4 L i v e m e a s u r e s 
FTU 1 1 . 5 9 

+ LMAU 
+ BWTU 

5 L i v e m e a s u r e s 
FTU 1 1 . 9 3 

+ LMAU 
+ BWTU 
+ LWT 

6 C a r c a s s m e a s u r e s " 
FTC 1 3 . 0 2 

+ LMAC 
+ HCW 
+ KPHF 

7 C a r c a s s m e a s u r e s 
FTC 1 2 . 9 7 

+ LMAC 
+ HCW 
+ KPHF 
+ SFT 

•0 ,25 
•0 ,05 
0 . 2 3 
•0 ,002 

• 0 , 6 2 
• 0 , 0 4 
0 , 2 3 

•0 .60 
0 . 0 3 
0 . 2 3 

• 0 . 0 0 1 

0 . 1 5 
• 0 , 0 2 7 
• 0 , 0 0 1 
0 , 0 5 

• 0 . 1 6 
• 0 , 0 2 
• 0 , 0 0 4 
•0 .04 
0 , 0 6 

.10 

20 

21 

.22 

,23 

.11 

.17 

,95 

,92 

,93 

,90 

,92 

,99 

,97 

9,1 

8,9 

?See Table 5,1 for variable definitions. 
^ ^ for LWT alone = .05; R^ for HCW alone = .03, 
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Table 5.10, Multiple regression equations of live 
animal and carcass measures for predicting yield grade^ 

Eq. Independent b 
# Variable Intercept values R' RSD CV 

1 Live measures 
FTU 

+ LMAU 
4,43 0.78 

-0,026 
.36 43 13,8 

2 

3 

4 

5 

6 

7 

J,ive TR^asure? 
FTU 4,47 

+ LMAU 
+ SFU 

Live measures^ 
FTU 3.70 

+ LMAU 
+ SFU 
+ LWT 

Live measures 
FTU 3.94 

+ LMAU 
+ BWTU 

Live measures 
FTU 3.15 

+ LMAU 
+ BWTU 
+ LWT 

Carcass measures'^ 
FTC 2.44 

+ LMAC 
+ HCW 
+ KPHF 

Carcass measures 
FTC 2.41 

+ LMAC 
+ HCW 
+ KPHF 
+ SFT 

0.77 
-0,03 
-0.008 

0,72 
-0.03 
-0,01 
0,003 

0.62 
-0.03 
0,06 

0,57 
-0,04 
0,06 
0.003 

0,65 
-0.03 
0.007 
0.22 

0,73 
-0,03 
0,007 
0,24 

-0,017 

,36 

.43 

.39 

.46 

,83 

,84 

,44 

.42 

.43 

,41 

,23 

.22 

14,0 

13,5 

13,7 

13.2 

7,4 

7,1 

^See Table 5,1 for variable definitions. 
^ 2 for LWT alone = ,01; R2 for HCW alone = .02 
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Table 5.11. Means and standard deviations of descriptive 
measures for Experiment 2^ 

Variable 

Liveweight, kg 
Hot carcass weight, kg 
KPHF, % 
Quality grade 
Yield grade 
RFU, cm 
FTU, cm 
FTC, cm 
1FTDIF1, cm 
FTDIF, cm 
FTPDIF, % 
LMAU, cm^ 
LMAC, cm^ 
1LMADIF1, cm^ 
LMADIF, cm^ 
LMAPDIF, % 
ELIPU, cm^ 
1ELIPDIF1, cm^ 
ELIPDIF, cm^ 
ELIPPDIF, % 

Mean 

531,6 
327.7 
1,70 
11.4 
2.6 
2.31 
1.40 
1,28 
,20 
,12 

17,9 
84,16 
80,32 
6,1 
3,8 
7.7 
75,97 
7,7 
-4.4 
9,5 

SD 

27,8 
17,4 

,38 
,97 
.45 
.54 
.31 
,32 
.16 
,23 

16.9 
6,83 
6,44 
4,5 
6.5 
5.8 
9.16 
6,4 
9.1 
7,6 

®KPHF = kidney, pelvic and heart fat; yield grade = 
U.S.D,A. yield grade; Quality grade: 11 = Se"'", 12 = Ch" 
and 13 = Ch°; RFU = rump fat thickness; FTU = ultrasonic 
fat thickness; FTC = carcass fat thickness; |FTDIF| = 
absolute difference between FTU and FTC; FTDIF = actual 
difference between FTU and FTC; FTPDIF = |FTDIF| divided 
by FTC times 100; LMAU = ultrasonic longissimus muscle 
area; LMAC = carcass longissimus muscle area; |LMADIF) = 
absolute difference between LMAU and LMAC; LMADIF == 
actual difference between LMAU and LMAC; LMAPDIF = 
ILMADIFI divided by LMAC times 100; ELIPU = ultrasonic 
ellipse of longissimus muscle area; |ELIPDIF] = absolute 
difference between ELIPU and LMAC; ELIPDIF = actual 
difference between ELIPU and LMAC; ELIPPDIF = [ELIPDIF 
divided by LMAC times 100, 
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Table 5.12. Means and standard deviations of 
descriptive measure by date^ 

Variable 

Liveweight, kg 
HCW, kg 
KPHF, % 
QG 
YG 
FTC, cm 
FTU, cm 
RFU, cm 
LMAC, cm^ 
LMAU, cm^ 
ELIPU, cm^ 
1FTDIF1, cm 
FTDIF, cm 
FTPDIF, % 
1LMADIF1, cm^ 
LMADIF, cm^ 
LMAPDIF, % 
1ELIPDIF1, cm^ 
ELIPDIF, cm^ 
ELIPPDIF, % 

Date 

Mean 

546.1 
335.8 

1.8 
11,5 
2.7 
1,22 
1,29 
2.31 

80.02 
83.54 
75.60 

.19 

.07 
17.5 
6.27 
3,47 
7,91 
7,29 

-4,30 
9,11 

1^ 

SD 

26,2 
16,2 

,32 
,88 
,47 
,33 
,29 
.52 

6.68 
7,25 
9,08 
,15 
,23 

18,0 
4,87 
7,16 
6,23 
5,83 
8.30 
7.16 

Date 2^ 

Mean 

525.9 
325.2 

1.5 
11,2 
2,6 
1,30 
1.43 
2.33 

79.68 
84.44 
77,01 

.19 

.12 
16,0 
6.62 
4.76 
8,47 
6,83 

-2,79 
8,48 

SD 

21.9 
14,3 

.39 
1.00 
.44 
,28 
,29 
.55 

5.98 
6,72 
8,83 
,15 
,21 

14,2 
4,47 
6.44 
5.91 
5.62 
8.41 
6.81 

Date 3*̂  

Mean 

513.3 
316.7 

1,8 
11,3 
2.5 
1,34 
1.54 
2,25 

82.16 
84.82 
74.64 

.26 

.21 
22.3 
4,57 
2,66 
5,64 

10.20 
-7,52 
12,2 

SD 

26.9 
18,1 

,33 
1,04 
.40 
.34 
.33 
.55 

6.67 
6.16 
9.90 
.18 
.25 

18.8 
3.26 
4,97 
4,17 
8.33 

10,85 
9,36 

^See Table 5,11 for variable definitions, 
hot carcass weight, 
^n = 111 animals, 
^n = 55 animals. 

Also, HCW 
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Table 5.13. Sources of variation in ultrasonic and 
carcass measurements^ 

Variable 

FTU 

FTC 

LMAU 

LMAC 

RFU 

ELIPU 

Day 

9.68** 

4.29* 

1.34 

5.11** 

.64 

3,82* 

F-value 

LWT 

1.16 

1.39+ 

1.00 

1.27 

,93 

1.49* 

Day*LWT 

.99 

1.17 

.62 

.70 

1.19 

1.25 

Error 
Mean 

Square 

,080 

,077 

50,14 

37,49 

,289 

62,86 

^See Table 5,11 for variable definitions, 
+P < .10. 
*P < .05, 
**P < ,01. 
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Table 5.14, Simple correlation coefficients between 
ultrasonic and carcass measures^ 

Variable 

RFU 
LMAU 
ELIPU 
FTC 
LMAC 
QG 
YG 

RFU 
LMAU 
ELIPU 
FTC 
LMAC 
QG 
YG 

RFU 
LMAU 
ELIPU 
FTC 
LMAC 
QG 
YG 

RFU 
LMAU 
ELIPU 
FTC 
LMAC 
QG 
YG 

FTU 

.49** 

.17** 
-.04 
.73** 

-.04 
.14* 
.48** 

.49** 

.14 
-.01 
.73** 

-.21* 
.12 
.64** 

.55** 

.17 
-.02 
.73** 

-.10 
,17+ 
.55** 

.56** 

.19 
-.09 
.73** 
.18 
.29* 
.45** 

RFU 

.09 
-.08 
.55** 

-.12+ 
.10 
,47** 

,13 
,02 
,52** 

-,19* 
,10 
.50** 

.03 
-.26** 
,58** 

-.17 
.08 
.46** 

.15 

.04 

.62** 

.17 

.12 

.44** 

ov^r^lj. 

pay 

Day 

P^y 

I 

? 

3 

LMAU 

.45** 

.09 

.53** 

.00 
-.26** 

.49** 

.07 

.48** 

.11 
-.24* 

.47** 

.08 

.49** 
-.14 
-.23* 

.37** 

.11 

.70** 

.12 
-.34** 

ELIPU 

-.03 
.45** 
.03 

-.24** 

.04 

.49** 

.11 
-.27** 

-.01 
.41** 

-.06 
-.23* 

-.19 
.19 
.10 

-.21 

®See Table 5.11 for variable definitions. 
*P < ,05, 
**P < ,01. 
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Table 5.15. Rank correlation coefficients between 
ultrasonic and carcass measures^ 

Variable 

LMAU 
ELIPU 
FTC 
LMAC 

LMAU 
ELIPU 
FTC 
LMAC 

LMAU 
ELIPU 
FTC 
LMAC 

LMAU 
ELIPU 
FTC 
LMAC 

FTU 

.16** 
-.06 
.70** 

-.06 

.14 
-.02 
.69** 

-.16 

.10 
-.05 
.68** 

-.12 

.21 
-.10 
.76** 
.22 

pv^r^il 
RFU 

.10 
-.06 
.50** 

-.11 

Day 
.11 

-.01 
.49** 

-.19* 

P?iy 
-.01 
-.24 
-.52** 
-.15 

Pay 
.22 
.14 
.59** 
.19 

1 

? 

3 

LMAU 

.43** 

.03 

.52** 

.47** 

.00 

.50** 

.44** 
-.02 
.47** 

.32* 

.09 

.69** 

ELIPU 

-.07 
.38** 

-.01 
.49** 

-.09 
.42** 

-.19 
.18 

^See Table 5.11 for variable definitions 
+P < .10. 
*P < .05. 
**P < .01. 
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Table 5,16. Multiple regression equations of live 
animal and carcass measures for predicting quality 
grade^ 

Eq. Independent 
# Variable Intercept 

1 i;,iye measures 
RFU 11.03 

+ FTU 
+ LMAU 

2 t̂ ive measures 
RFU 8,55 

+ FTU 
+ LMAU 
+ LWT 

3 Live measures 
RFU 10,41 

+ FTU 
+ ELIPU 

4 ^ive measures 
RFU 8,15 

+ FTU 
+ ELIPU 
+ LWT 

5 q^;fQ^ps measures 
KPHF 7.65 

+ HCW 
+ FTC 
+ LMAC 

b 
values 

0.07 
0.37 

-0.004 

0.03 
0.44 

-0.007 
0.005 

0.08 
0.30 
0.004 

0.04 
0.36 
0.002 
0.005 

0.19 
0,01 
0.41 
-0.007 

R2 

.02 

.04 

,02 

.03 

.07 

RSD 

,96 

.95 

.95 

.95 

,94 

CV 

8.5 

8.4 

8.4 

8.4 

8.3 

^See Table 5.11 for variable definitions. 
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Table 5.17. Multiple regression equations of live 
animal and carcass measures for predicting yield grade^ 

Eq. Independent 
# Variable Intercept 

1 LiYQ me^pyres 
RFU 3.20 

+ FTU 
+ LMAU 

2 Live measures 
RFU 1.77 

+ FTU 
+ LMAU 
+ LWT 

3 Live measures 
RFU 2.14 

+ FTU 
+ ELIPU 

4 LiVQ W^^§ures 
RFU 0.82 

+ FTU 
+ ELIPU 
+ LWT 

5 Carcass measures 
KPHF 2.50 

+ HCW 
+ FTC 
+ LMAC 

b 
values 

0.27 
0.54 

-0.023 

0.24 
0.58 

-0,025 
0,003 

0,26 
0,45 

-0,01 

0,24 
0.48 

-0.01 
0.003 

0.20 
0.008 
0.79 

-0.05 

R2 

.43 

.46 

.35 

.37 

.99 

RSD 

.34 

.33 

.37 

.36 

.03 

CV 

13.1 

12.7 

14,0 

13,7 

1,2 

^See Table 5,11 for variable definitions. 
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CHAPTER VI 

IMPLICATIONS AND RECOMMENDATIONS 

It will be important to identify the necessary 

technician experience needed to meet optimum precision, 

accuracy and repeatability levels for development of 

carcass merit EPD's in the beef industry. It will also 

be important to identify the optimum criteria (e.g., 

correlations, standard error of differences, etc.) 

needed for "certifying" technicians who will ultimately 

collect all data in the field. 

It will be equally important for researchers to 

continue to search for alternative sites of measure for 

assessing carcass fatness and leanness using ultrasound 

technology. This research should focus on measures that 

are easily and accurately taken in the live beef animal 

and measures that improve the predictability of final 

yield and quality grades in beef cattle. 

Finally, ultrasound research in the future should 

utilize new generation ultrasound technology, in 

conjunction with computer enhanced video image analysis 

to estimate yield and palatability differences in beef 

cattle. It will become more important to identify 

actual progeny performance in relation to ultrasonic 

measures taken on breed sires as we move toward the 
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development of carcass merit EPD's for beef cattle 

producers. 

The beef industry must strive for more efficient 

production of palatable lean beef if it wants to 

maintain a competitive edge in the world food supply. 

Whether industry uses genetic selection programs or 

products to manipulate tissue growth, all must have the 

same goal to produce lean beef that does not require 

extensive fat removal to make it lean. This can only 

be accomplished if all segments of the industry target 

on the same goal and combine available technologies to 

better or more efficiently manage growth. 
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