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ABSTRACT

Two experiments were undertaken to assess the potential

application of real-time ultrasound (RTUS) to evaluate live

animal carcass traits in yearling bulls. In experiment 1, RTUS

was used to examine breed variation for subcutaneous fat depth

(USFAT) and longissimus dorsi et lumborum area (USREA); study

USFAT and U8REA growth during a 112 day performance test;

determine if end of test (EOT) RTUS traits could be predicted

from measurements taken earlier in the test; and to determine

the effect of age (YFAT, YREA) and weight adjustments (WREA)

on RTUS measurements. Angus (AA), Charolais (CH) , Hereford

(HH) , Shorthorn (88) and Simmental (8M) bulls (n = 886) were

studied over two years at two stations. Bulls were weighed and

scanned at the 12/13th rib site using an Aloka SOOV RTUS

machine (3.SMHz, 17cm transducer) at 28 day intervals. The CH

and 8M breeds had less (P < 0.05) USFAT and YFAT than all

other breeds, but did not differ from each other. Breed

differences were also noted for EOT USREA (CH = SM > SS = AA

> HH, P < 0.05), YREA (CH SM > SS = AA > HH, P < 0.05) and

WREA (CH > SM > 8S = AA = HH, P < 0.05). Coefficients of

variation ranged from 29.8% to 48.4% for USFAT and from 9.0%

to 10.8% for USREA. Low correlations were noted between EOT

RTUS measurements and measurements taken prior to the end of

test. The associations were too low to be of predictive value.

Regression of RTUS parameters on days on test indicated that

U8FAT and U8REA growth were predominantly linear (p < 0.05).
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Breed differences were noted in USFAT (SS > AA > HH > SM = CHI

P > 0.05) and USREA (CH = SM > SS = AA = HHI P < 0.05) growth

rates. However I the low R2 (0.28 to 0.49 for USFAT and 0.47 to

0.55 for USREA) and high RSD (1.02 mm to 1.25 mm for USFAT and

6.37 to 8.15 cm2 for USREA) values confirm that it is

difficult to predict EOT RTUS measurements from measurements

taken earlier in the test. Across breeds I the correlation

between USFAT and YFAT at EOT was 0.92 (P < 0.05) I and

correlations between USREA with YREA and WREA were 0.88 and

0.501 respectively (P < 0.05) at EOT. The low association

between USREA and WREA indicates that body weight should be

taken into consideration when USREA is compared among animals

that differ in body weight.

Experiment 2 assessed the repeatability and accuracy of

preslaughter USFAT and USREA measurements I and the value of

these measurements as predictors of carcass lean meat yield

(CARLEAN) in yearling AA (n = 41) and CH (n = 41) bulls (Group

1). Carcass lean yield (BTLEAN) was predicted from carcass

measurements using the cutability equation developed for the

Agriculture Canada Blue Tag program. Actual carcass lean yield

(CARLEAN) was estimated by physical dissection of a seven-bone

rib section from each carcass. Stepwise regression was used to

develop equations to predict CARLEAN from both live (USFAT and

USREA; USLEAN) and carcass measurements (GFAT and GREA;

GLEAN). Three additional data sets were used in this study.

Group 2 (n=135) was used to determine if the growth and
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ultrasound traits of the 82 dissected bulls were

representative of purebred ROP bulls of the same breeds. Group

3 (n = 52) consisted of slaughtered ROP bulls for which both

RTUS and carcass data were available. Group 4 consisted of AA

(n = 25), CH (n = 22), HH (n = 23), SM (n = 19) and Limousin

(n = 22) bulls that were ultrasonically scanned, slaughtered

and dissected (7 - bone rib). No significant differences in

growth or RTUS characteristics were detected between the Group

1 and 2 bulls (P > 0.05). The standard error of repeated

measures (SER) was 0.65 mm and 4.00 cm2 for repeated USFAT and

USREA measurements, respectively (Group 1) . The standard error

of prediction (SEP) between RTUS and carcass measurements was

1.07 mm and 5.64 cnf for fat depth and 1. dorsi area,

respectively (Group 1). The live animal lean yield prediction

equation (USLEAN) had higher R2 (0.73) and lower RSD (1.79 g

100g-1) than the prediction equation based on the corresponding

carcass measurements (GLEAN; R2 = 0.69, RSD = 1.94 g 100g-1).

Results indicated that the USLEAN equation predicted CARLEAN

better (SEP = 1.80 g 100g-1) than BTLEAN (SEP = 2.26 g 100g-1)

or GLEAN (SEP = 1.91 g 100g-1) in the Group 1 bulls. The

correlation between USLEAN and BTLEAN was 0.81 (P < 0.05) for

Group 2 bulls used to test the prediction equation. Results

from the Group 4 bulls used to test the USLEAN equation

verified that live measurements can predict CARLEAN as

effectively as carcass measurements (SEP = 2.28 g 100g-1, 2.26

g 100g-1 and 2.57 g 100g-1 for USLEAN , BTLEAN and GLEAN)
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These results confirm that variation exists both within

and between breeds for RTUS traits and their development

rates. Based on the results of this study, the prediction of

yearling RTUS traits from measurements taken prior to EOT is

difficult. Adjustment of EOT RTUS traits for age differences

does not appear to be necessary when animals are similar in

age, but USREA should be adjusted for differences in weight.

RTUS measurements taken on yearling bulls can be highly

repeatable and accurate. Live animal USFAT and USREA

measurements can predict carcass lean content as accurately as

the corresponding carcass measurements in yearling bulls.
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CHAPTER 1

1.0 INTRODUCTION

The beef carcass is the primary end product of the beef

industry. The ultimate value of a beef animal depends on the

value the consumer places on its carcass. Forward contracting

among the various segments of the beef industry is on the rise

to meet consumer demands for lean beef of consistent quality.

This phenomenon is called value based marketing (May et al.

1993b). As a result of this trend, the economic value of

carcass traits is increasing in all sectors of the industry.

Over the last 25 years, beef carcasses have become leaner

in response to consumer demands. This increase in carcass

leanness has resulted from the importation of later maturing

European breeds rather than from the genetic improvement of

existing breeding stock (Jones et al. 1986). Ultimately,

economic signals will force changes in carcass composition

that will necessitate the genetic improvement of the breeding

stock that produce the commercial slaughter cattle.

Carcass traits, like other growth traits, are moderately

to highly heritable (Arnold et al. 1991; Robinson et al.

1993). Until recently, these traits could only be assessed

after slaughter. As a result, the genetic evaluation of

carcass traits required progeny testing of breeding stock.

This procedure is both time consuming and expensive. In
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response, a variety of measurements have been used to evaluate

carcass composition in breeding stock and commercial cattle.

These include frame size (Gilbert et ale 1993a), live weight

(Owens et ale 1993) and visual assessment (Dolezal et ale

1993). However, these techniques are indirect or subjective.

Ultrasound technology has been used to objectively measure

carcass fatness in beef cattle since the 1950' S. Recent

developments in real-time ultrasound (RTUS) technology has

allowed the measurement of muscle areas in addition to fat

depth (Perkins et ale 1992a,b). This would allow the

assessment of the relative proportions of carcass fat and· lean

in live cattle. Carcass traits measured using RTUS are

moderately heritable (Arnold et ale 1991; Robinson et ale

1993). As a result, RTUS should be able to play an important

role in the genetic improvement of carcass composition in beef

cattle.

Genetic improvement programs in the North American beef

industry have historically relied on central record of

performance tests. These tests evaluate young bulls from

different herds under a common management environment to allow

genetic potential to be expressed (Koots et ale 1988). These

tests would provide a convenient point to assess live animal

carcass traits using RTUS.

However, several issues must be addressed before RTUS is

incorporated into breeding and selection programs. The

objectives of this study were to determine whether sufficient
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phenotypic variation exists in the Canadian beef cattle

population to utilize live animal ultrasound fat depth and M.

longissimus dorsi (1. dorsi) area measurements in a carcass

trait genetic improvement program, determine the appropriate

time to measure these traits in breeding stock, assess the

influence of age and weight adjustment factors on the

interpretation of RTUS data, determine the repeatability and

accuracy of RTUS fat depth and 1. dorsi area measurements, and

determine the ability of RTUS fat depth and 1. dorsi area

measurements to predict carcass composition in young beef

bulls.
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CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Introduction

Cattle are a relatively new agricultural species. Cattle

were domesticated after 6000 B.C., hundreds of years after

sheep (9000 B.C.) and pigs (7000 B.C.) (Crawford 1990).

Originally, cattle were used primarily for draft power, milk,

and cultural purposes (Zeuner 1963). Only crippled, old, or

nonproductive animals were eaten (Porter 1991). However, the

urban population explosion caused by Britain's industrial

revolution increased the demand for both meat and milk (Porter

1991). In response, Robert Bakeman initiated the first

effective carcass trait selection program in the l700's

(Epstein and Mason 1984). Ironically, the economically

valuable product at that time was tallow for candle-making,

rather than edible beef (Epstein and Mason 1984; Porter 1991) .

Intensive selection for excessive fatness reduced the milk

production of the British Longhorn breed, reduced its value as

a triple purpose animal, and nearly caused its extinction in

the 1800's (Porter 1991).

Dual and triple-purpose cattle have become a thing of the

past in industrialized nations. Machines have replaced oxen as
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a source of draft power, specialized dairy cattle have been

developed to produce milk, and petroleum products have

replaced tallow. Since edible meat is now the primary product

of beef cattle, carcass composition can receive more attention

in genetic improvement programs.

The ultimate objective of beef production (i.e. to

produce a commercially valuable carcass) has been clear for

many years. "A superior carcass is characterized by a high

proportion of muscle, a low proportion of bone and an optimal

level of fatness" (Berg and Butterfield 1966). However, the

"optimal level of fatness" has changed over the years. Modern

lifestyles have become more sedentary due to increased

mechanization. As a result, consumers prefer leaner, healthier

meat products (Jones 1986; Neel et al. 1993). It is more

efficient to raise lean beef cattle than to trim waste fat

from carcasses (Solomon and Elasser 1991). This implies that

seedstock selection programs can once again play an important

role in the production of valuable beef carcasses.

However, the importation of the Continental breeds to

North America in the late 1960's and early 1970's delayed the

need to improve beef carcass composition by genetic selection.

The addition of these exotic breeds allowed the production of

larger, leaner carcasses from faster growing cattle. In recent

years, the introduction of these new breeds has all but

ceased, and the demands of commercial beef production have

identified the breeds that make a valuable contribution to the
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beef industry. Since there are few "new" breeds to import,

genetic improvement programs of the future will rely on the

selection and propagation of desirable alleles rather than the

introgression of new ones.

Consumer preferences for leaner beef will be communicated

to seedstock breeders through changes in the beef marketplace.

Consistent demands for improved leanness and uniformity are

forcing the beef industry to recognize that "the intrinsic

value of a feeder animal is a function of its genetic

potential to grow and develop rapidly and to produce a carcass

composed of optimal proportions of muscle, bone and fat at a

preferred market weight" (Tatum et al. 1986b).

The concept of value based marketing has evolved in

response to these ongoing changes in the beef industry. Value

based marketing is a pricing system in which producer payments

are determined by individual carcass merit (i.e. railgrade

sales) rather than an average price (i. e. live fat cattle

sales) (May et al. 1992b). This system discriminates against

carcasses of inferior composition or quality (May et al.

1992b) or pays a premium for superior carcasses. Under a value

based marketing system, feedlot operators will benefit from

prior knowledge of the performance capabilities and carcass

characteristics of the feeder cattle they purchase. This will

encourage forward contracting and should provide an economic

incentive for information flow from the packer to the feeder,

cow-calf producer and seedstock breeder.
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Carcass traits will become more important to cow-calf and

seedstock producers with a shift towards value based

marketing. Their priority will be to produce a calf with a

high potential for lean meat growth, rather than simply a calf

bound for the auction mart. These sectors of the beef industry

will benefit from an objective method of accurately assessing

carcass value in potential breeding stock. The successful

identification and adoption of this technology would save the

time and expense of progeny testing (Herring et al. 1994ai

Porter et al. 1990) and increase the rate and efficiency of

genetic improvement. This will be the key to improving the

yield and uniformity of carcass composition in the future.

The objectives of this review are:

1. to describe the principles of carcass tissue growth

and development

2. to assess methods of determining the composition of

live beef cattle and beef carcasses, including the

principles and applications of ultrasound technology, and

3. to discuss both the heritability of carcass traits and

beef cattle genetic evaluation programs.
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2.2 Bovine Tissue Growth and Development

2.2.1 Principles and Patterns of Bovine Tissue Growth

Growth, in its broadest definition, is simply an increase

in body mass. When body mass is plotted against age, the

resulting sigmoidal growth curve is characterized by

accelerating prepubertal growth and decelerating postpubertal

growth (Mukhoty and Berg 1971; Owens et al. 1993). While a

simple increase in overall body mass is easy to measure, it

tells us little about relative changes in body composition.

Bovine carcass composition can be influenced by age, sex,

breed-type and diet.

2.2.2 Influence of Age

Studies of bovine development have demonstrated that

tissue growth is strictly prioritized. Neural tissue develops

first, followed by bone, lean tissue and finally fat (Swatland

1982). Tissue growth rates change in a predictable and

consistent manner as cattle grow. Prenatally, bone growth

makes the greatest contribution to increases in overall

carcass mass, whereas muscle growth is minimal. As a result,

calves are born with a high proportion of bone, less muscle

and little fat (Berg and Butterfield 1976) .

2.2.2.1 Influence of Age on Bovine Tissue Growth and

Development

To say that tissue growth and carcass composition are

determined by age is misleading. More precisely, it is the
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relative physiological maturity of an animal at a given age

that determines the relative proportions of fat, lean and bone

in the carcass. Physiological maturity can be defined in

several ways. The mature weight of an animal is defined as the

point at which muscle mass reaches a maximum (Owens et al.

1993). Animals with a larger mature weight are older at

physiological maturity than animals which mature at lighter

weights. Frame size, derived from linear body measurements

such as height and length, has also been used extensively as

an indicator of mature skeletal size (Tatum et al. 1986abci

Dolezal 1993i Owens et al. 1993). At a constant age, small

frame cattle are more mature than large frame cattle (Tatum

1986a). Alternatively, chemical maturity is defined as the

stage at which the fat-free moisture content of the body (i.e.

lean tissue) becomes essentially constant (Moulton in Forrest

1967) .

Regardless of the definition of maturity chosen, changes

in body composition are well established. In young cattle,

carcass lean tissue content is high. In mature animals, lean

tissue percentage declines while carcass fat percentage

increases (Forrest 1968). This is a function of declining

protein and increasing fat deposition rates (Owens et al.

1993) .

Changes in the growth rates of carcass tissues are

illustrated in Figure 2. l. Throughout postnatal life, the

growth rate of muscle (water and protein) exceeds the growth
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rate of bone (ash). Therefore, the contribution of bone to

increases in carcass mass progressively declines, and the

muscle:bone ratio increases (Berg and Walters 1983). The rate

of fat growth is also lower than the rate of muscle growth

early in life (Figure 2.1).

The rate of muscle growth slows after the animal has

passed through puberty, at which point the rate of fat

deposition begins to rise. After puberty, the rate of fat

deposition increases and surpasses the rate of muscle growth

(Figure 2.1).

2.2.2.2 Influence of Age on Bovine Carcass Composition

The relative changes in the rates of bone, muscle and fat

growth have important consequences for carcass composition. As

a proportion of carcass weight, bone (ash) decreases steadily,

muscle (protein and water) rises initially and then gradually

decreases, while fat increases steadily (Robelin 1986). These

changes are illustrated in Figure 2.2.

Muscle distribution also varies with degree of maturity.

More of the muscle mass is concentrated in the forequarter,

and less in the hindquarter and along the spinal column as

maturity advances (Berg and Butterfield 1976) .

Although the major carcass fat depots develop

concurrently, their relative growth rates depend on age and

follow a well-characterized pattern. Internal (body cavity)

fat is deposited first, followed by intermuscular fat.

Subcutaneous and intramuscular fat are the fat depots to
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develop (Berg and Walters 1983; Robelin 1986; Owens et al.

1993) . Although these general principles are well established,

the growth process may be altered to varying degrees by sex,

breed and nutrition.

2.2.3 Influence of Sex

2.2.3.1 Influence of Sex on Tissue Growth and Development

It is well known that steers grow more slowly than bulls

and faster than heifers. However, the influence of sex on

carcass composition is mainly restricted to fat content. If

muscle weight or bone weight is plotted against total muscle

plus bone weight, no sex differences in these tissue growth

rates are apparent (Berg and Butterfield 1976) .

In contrast to lean and bone growth, plotting fat weight

against total muscle plus bone weight reveals marked

differences between the sexes (Berg and Butterfield 1976). As

seen in Figure 2.3, heifers fatten at lighter weights than

steers, and steers fatten at lighter weights than bulls (Berg

and Butterfield 1968). Heifers also fatten at greater rates

than steers, and steers faster than bulls (Berg and

Butterfield 1976) (Figure 2.3) .

2.2.3.2 Influence of Sex on Carcass Composition

These sex-associated changes in tissue growth and

development are reflected in carcass composition at slaughter.

If killed at a constant age, heifers will have lighter and

fatter carcasses than steers, and bull carcasses will be the
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heaviest and leanest. If killed at a constant weight, bulls

will be the youngest and leanest and heifers will be the

oldest and fattest. If killed at a constant level of fatness,

heifer carcasses will be lighter than steers, but carcass

composition will be similar (Berg and Butterfield 1976) . Bulls

will be heavier, have more carcass weight concentrated in the

forequarter, and have a higher lean:bone ratio (Jones et al.

1984). Differences in carcass composition between bulls and

steers increase with age (Arthaud et al. 1977).

Muscle weight distribution is affected by sex. Intact

males show marked development of the M. trapezius, M. splenius

and M. rhomboideus muscles of the neck and shoulder (Pieterson

et al. 1992). As a result, bulls have a higher proportion of

lean concentrated in the forequarter and less in the

hindquarter than steers or heifers (Berg and Butterfield 1976;

Pieterson et al. 1992).

2.2.4 Influence of Breed Type

2.2.4.1 Influence of Breed Type on Tissue Growth and

Development

Different breed types of cattle vary in their age and

size at physiological maturity. Large frame (LF) cattle mature

later than small (SF) or medium frame (MF) cattle (Tatum et

al. 1986b). Frame size will identify relative differences in

age at maturity. Differences in frame size generally follow

classical breed-type differences. In other words, LF cattle

tend to be Continental cattle, whereas SF and MF cattle are
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more likely to be British cattle. As discussed earlier, these

differences in age at maturity influence the rates of carcass

tissue development. Large frame breeds deposit muscle at

greater rates and for a longer period of time than SF breeds.

In addition, protein makes up a greater percentage of total

gain in LF breeds at a given age or weight (Byers 1982; Jones

et al. 1984). Small frame animals deposit fat at an earlier

age and at lighter weights than LF animals. These concepts are

illustrated in Figures 2. 4a and 2. 4b using data from Simmental

(LF) and Hereford (SF) heifers (Buckley et al. 1990). These

figures show changes in fat and water with increases in live

weight and age. Since muscle tissue contains a great deal of

water and fat tissue contains very little, carcass moisture

content is a good indicator of carcass muscle content (Berg

and Butterfield 1976) .

2.2.4.2 Influence of Breed Type on Carcass Composition

Carcass composition of different breeds or strains can be

compared at a constant weight, age or fat cover basis. At a

constant age, smaller, early maturing breeds will have greater

subcutaneous fat depths, smaller M. longissimus dorsi (1.

dorsi) areas, lighter carcasses and lower lean meat yields

than larger, later maturing breeds (Koch et al. 1976).

When animals of different mature sizes are compared at a

constant subcutaneous fat depth, LF cattle will have a higher

proportion of muscle and less bone (Jones et al. 1984) and

greater 1. dorsi area and carcass weight than SF cattle (Baker
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and Lunt 1990). In addition, LF breeds require more days on

feed than smaller breeds to reach a given level of fatness

(Baker and Lunt 1990).

Practical implications of these breed differences in age

and size at maturity are profound. The Canadian beef grading

system is based on a lean yield estimate determined from

subcutaneous fat depth and 1. dorsi area size at the 12th/13th

rib interface. Carcasses with less than 4mm of subcutaneous

fat at the 12/13th rib, and carcasses with a lean yield below

58%' are discounted. Jones et al. (1994) observed that SF

British steers fall into a lower yield grade (A2) at a lower

fat level (8mm) than LF Continental steers (10mm), due to

differences in 1. dorsi size between the breed types. In other

words, SF cattle remain in the highest yield grade for fewer

days than LF cattle. However, LF cattle require more days on

feed to reach the minimum required fat cover.

Muscle distribution in the carcass is generally stable

(Berg and Walters 1983). Breed differences in muscle weight

distribution are attributable to differences in stage of

development (Berg and Butterfield 1968). If killed at a

constant weight, LF breeds will have a higher percentage of

the carcass weight concentrated in the hindquarter (Berg and

Butterfield 1976). Muscle distribution patterns are very

similar in cattle of different mature sizes once they reach

the same stage of maturity (Jones et al. 1984). In other

words, the same muscle makes up the same proportion of carcass
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weight in cattle that are at the same stage of maturity.

Statistically significant breed differences in muscle

distribution exist, but these differences are small and

commercially nonsignificant (Berg and Walters 1983).

Cattle exhibiting muscular hypertrophy (double muscled)

are an exception to this principle. Double muscled cattle have

more muscle, less fat and a higher muscle: bone ratio than

normal cattle (Arthur et al. 1989b). There is evidence that

double muscled cattle deposit fat at a slower rate and at an

older age because they mature later than normal cattle

(Novakofski and Kauffman 1981). However, muscle hypertrophy

also affects certain muscles more than others. Shahin and Berg

(1987) noted that hypertrophy was most pronounced in the

proximal hindlimb and forelimb, neck and abdominal wall.

2.2.5 Influence of Diet on Tissue Growth and Development

Differences in the plane of nutrition will alter tissue

development. If killed at the same carcass fat depth, cattle

raised on a low energy (i.e. high roughage) diet will have

heavier carcasses than those raised on a high energy (i.e.

high concentrate) diet (Byers 1982; Bennett 1988). When

compared at the same carcass weight, cattle raised on high

roughage diets had five to ten percent more retail product

than steers fattened on a high energy ration immediately after

weaning (Bennett 1988). Dietary energy content affects fat

deposition to a greater extent than muscle or bone growth

(Bennett 1988; Berge 1991; Shahin et al. 1986). If the level
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of energy consumed exceeds the energy requirements for lean

deposition, excess energy will be stored as fat tissue (Byers

1982). Similarly, if dietary protein quality or quantity is

insufficient to meet the animals potential for lean tissue

growth, excess energy or amino acids will be diverted into fat

tissue (Byers 1982). There appears to be a daily limit to the

amount of protein that can be stored as lean tissue. If this

rate is met, excess dietary amino acids will be deaminated and

diverted into fat deposition (Byers 1982). If growth is

restricted by limiting energy intake, lean tissue makes up a

high percentage of the weight gain. Conversely, if growth rate

is unrestricted, fat accounts for a greater percentage of

weight gain than lean tissue (Byers 1982) . The rate of protein

deposition declines as body weight increases, due to the

effects of age and physiological maturity (Byers 1982).

Under conditions of weight loss, these trends are

reversed. Fat tissue, which serves as an energy store, is

mobilized first during semi-starvation, and is followed by

lean tissue under more extreme conditions of energy deficit

(Berg and Butterfield 1966; Robelin 1986) .

Limiting energy intake has long been used as a means of

delaying maturity in beef animals (Figures 2. Sa to 2. Sd)

(Yambayamba and Price 1991). The goal of this strategy is to

retard fat deposition in the young animal (Figure 2.Sa) but

allow the skeleton to continue growing (Figure 2.Sb). Solomon

and Elasser (1991) found that low energy diets produced leaner
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carcasses than high energy diets. When energy content of the

diet is increased, body mass increases very rapidly (Figure

2.5c). As a result, lean tissue growth is sustained for a

longer period of time in restricted animals (Figure 2. 5d) . The

same results have also been obtained by other researchers

(Wright and Russel 1991). This process is known as

compensatory growth (Berge 1991), and it serves to restore the

animal to its original growth curve (Yambayamba and Price

1991). This phenomenon alters body composition during the

growth process, but does not greatly alter mature body

composition (Berge 1991i Owens et al. 1993i Wright and Russel

1991i Yambayamba and Price 1991) .

2.3 Methods of Determining Carcass Composition

A great deal of research effort has been invested in

identifying rapid, accurate and simple methods to determine

the commercial value of a beef carcass. As mentioned earlier,

the value of a' carcass is primarily determined by its fat and

muscle content. Muscle is saleable meat and contributes to the

value of the carcass, whereas excess fat must be trimmed and

detracts from carcass value. Thus, the goal is to assess the

relative muscle and fat content of the carcass.

Carcass composition may be expressed in absolute (i.e.

weight) or relative (i.e. percentage) terms. Equations

predicting muscle weight have higher R2 (R2 = 0.94 to 0.98)

than equations predicting muscle percentage (R2 = 0.67 to

0.71) (Table 2.1). The consistently higher R2 values for
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weight-based equations compared to percentage-based equations

are a result of the inherent part-to-whole relationship

(Wassenberg et al. 1986). This is also demonstrated in Table

2.1. Equations predicting muscle weight show a dramatic

increase in R2 and reduction in residual standard deviation

(RSD) when carcass weight is included in the equation.

The higher R2 of weight-based equations does not,

however, translate into lower RSD. When the residual standard

deviations of weight-based and percentage-based equations are

converted to coefficients of variation, they are numerically

lower for percentage based equations (C.V. = 2.32 to 3.56%)

than weight based equations (C. V. = 2.47 to 4.60%) (Table

2.1) . Thus, weight-based prediction equations are not superior

to percentage-based prediction equations.

The weight of any carcass component will depend heavily

on total carcass weight. Since lean mass is largely a function

of carcass or live weight, using lean weight to identify

superior carcass composition would favor larger carcasses.

Furthermore, the regression coefficient for carcass weight is

large and positive for carcass weight in both fat weight and

muscle weight prediction equations (Johnson and Ball 1989i

Johnson and Davis 1983i Herring et al. 1994a). Since these

equations would always favor larger carcasses, it would be

necessary to establish a "window of acceptability" for carcass

weight (Herring et al. 1994a). In contrast, the regression



Table 2.1: A comparison of the precision and accuracy of weight-based and percentage-based predictions ofbeef carcass lean content.

C.V.X
(% )

Dependent
Variable

Independent Variables
StudyR2v RSDW

side muscle weight 12th rib fat
Johnson and Davis 1983

side muscle
proportion

12th rib fat + hot side weight
12th rib fat

12th rib fat + hot side weight

0.25

0.94

0.67

0.71

9.75

2.90

2.24

2.12

15.46

4.60

37.6

35.6
side muscle weight 10th rib fat

Taylor et al. 1992
10th rib fat + hot side weight
+ 1. dorsi area

side muscle
proportion

10th rib fat

10th rib fat + hot side weight
+ 1. dorsi area

0.51

0.98

0.57

0.67

15.76

2.85

2.26

2.02

22.36

4.04

35.8

32.0

saleable beef
weight

12th rib fat
13.2 Ball and Johnson 1989

saleable beef
p ropo rt.Lon"

12th rib fat + hot side weight
12th rib fat

NRY

NR

NR

12.4

3.21

2.14

3.42

30.8

saleable beef
weight

12th rib fat
6.30 Johnson and Ball 1989

saleable beef
proportion

12th rib fat + hot side weight
12th rib fat

12th rib fat + hot side weight

NR

NR

NR

NR

7.60

2.98

1.81

1. 62

2.47

25.9

23.2

Vcoefficient of determination
wresidual standard deviation; kg for weight-based predictions and g 100g-1 for percentage-based predictionsxcoefficient of variation
Ynot reported
Zthe inclusion of hot side weight did not significantly improve the accuracy of prediction

N
�
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coefficients for carcass weight were much smaller in all

equations designed to predict carcass proportions

(Johnson and Davis 1983; Herring et al. 1994a). This indicates

that carcass weight does not greatly influence carcass

composition. The regression coefficient for carcass weight was

positive in fat percentage predictions, and negative for

carcass lean percentage predictions (Johnson and Davis 1983;

Herring et al. 1994a). As a result, although larger carcasses

may have more kilograms of saleable meat than smaller

carcasses, it does not follow that the larger carcass has a

higher saleable meat percentage.

It can be concluded that carcass composition should be

evaluated on a tissue proportion rather than on a tissue

weight basis. Muscle percentage reflects actual differences in

carcass composition, whereas muscle weight reflects

differences in carcass size with less regard to carcass

composition. In commercial practice, it is the percentage of

lean in the carcass that is important (Fan et al. 1992b).

2.3.1 Deter.mining Carcass Composition

A wide variety of techniques have been developed and

numerous technologies have been adapted to determine carcass

composition for research and commercial purposes. These

include chemical analysis (Forrest 1967; Patience and

Farnsworth 1989), specific gravity (Forrest 1968; Garrett and

Hinman 1969; Waldman et al. 1969; Miller et al. 1988), the

Hennessy grading probe (Jones et al. 1988; Phillips et al.
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1987), total body electrical conductivity (TOBECi Ferguson et

al. 1992), magnetic resonance imaging (MRI i Kallweit and

Baulain in Jones 1994), video image analysis (VIA; Sorensen et

al. 1988) and computed tomography (CT) scanning (Sehested and

Vangen in Jones 1994) . As seen in Table 2.2, these techniques

vary in RSD and R2 in addition to expense, speed and

practicality. With the exception of VIA, these techniques have

not found wide commercial acceptance for evaluating beef

carcass composition. Scientific studies of carcass composition

continue to rely heavily on the physical separation of the

carcass, while commercial evaluation of carcass value is based

on simple linear measurements.

2.3.1.1 Carcass Dissection Techniques

Complete physical separation of the carcass into fat,

lean and bone has been the basis for classical tissue growth

and development studies (Berg and Butterfield 1976) . However,

this procedure is very costly in terms of facilities, labor

and time (Johnson and Charles 1981) .

As a result, many researchers have relied upon part-to

whole dissection to estimate carcass composition. Ideally,

whole carcass dissection should be performed on a subset of

the experimental group to determine a part-to-whole adjustment

factor for the primal cut that will be dissected on all of the

animals. This technique is known as the cascade system (Byers

et al. 1990) or double regression (Engel and Walstra 1991).

Hankins and Howe (1946) found that the fat content of the



Table 2.2: Accuracy and precision of modern technologies to predict carcass lean

proportion.

Technique Predictors R2 RSD Reference
(g 100g-1)

Hennessy
Grading Probe

Visual
Evaluation

Linear
Measurements

Video Image
Analysis

TOBECZ

12th rib fat depth
12th rib 1. dorsi depth

3.15 Jones et al. 19890.29

subjective fat cover

subjective muscle
thickness

0.51 2.70 Jones et al. 1989

12th rib fat depth
12th rib 1. dorsi area

carcass length
carcass area

curvature of hip
fat distribution

phase deflection after
10% of carcass enters
TOBEC chamber (HI)
carcass weight

0.51 2.71 Jones et al. 1989

0.53 1.50 Sorensen et al. 1988

0.79 1.21 Ferguson et al. 1992

ZTOBEC = total body electrical conductivity

(\)
.....J
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9-10-11th rib cut had a correlation of 0.93 with the chemical

fat content of the entire carcass. The validity of the 9-10-

11th rib cut as a predictor of overall carcass composition has

been confirmed by Cole et al. (1962), Miller et al. (1988) and

Nour and Thonney (1991). Other primal cuts of the beef carcass

that have been shown to be useful predictors of overall

carcass composition include the flank (r = 0.95), brisket (r

= 0.95), chuck (r = 0.94), standing (prime) rib (r = 0.91),

navel end (r = 0.89) and round with shank (r 0.87) (Hankins

and Howe 1946) . Johnson and Charles (1981) also identified the

hind, rump, loin and rib as potentially useful predictors of

carcass muscle and fat content. The brisket, chuck and blade

primals were difficult to dissect because of the size and

arrangement of the muscles and fat depots in these cuts

(Johnson and Charles 1981) .

In general, primal cuts

proportion of the side make

which represent a larger

more accurate predictors of

overall carcass composition (Johnson and Charles 1981).

Johnson and Charles (1981) stated that a six bone rib cut

estimated whole side composition more accurately than the 9-

10-11th rib used by Hankins and Howe (1946).

Since most retail beef is still sold with some external

fat, some researchers have questioned the validity of complete

carcass dissection to determine commercial carcass value.

Several studies have attempted to relate carcass composition

to retail carcass value. In general, as the degree of trimming
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increases (i.e. less fat left on the retail cut), the value of

leaner carcasses increases (Knapp et al. 1989; Mies et al.

1991). However, retail trimming is a great deal more

subjective than complete physical dissection, and the degree

of trimming varies between different studies. Therefore,

complete physical separation is more commonly used in

scientific studies.

2.3.1.2 Linear Carcass Measurements

Commercial estimation of carcass value must be precise,

rapid and inexpensive. Jones et al. (1988) found that carcass

lean percentage was predicted more accurately from the

subjective evaluation of fat cover and muscle thickness than

from Hennessy grading probe measurements or fat depth and 1.

dorsi length and width measurements.

system is difficult to standardize

However, a subjective

(Jones et al. 1988).

Weights of the carcass or primal cuts are poor predictors of

carcass composition, since they do not provide any information

regarding the percentage of muscle tissue, only the

distribution of carcass mass (Berg and Butterfield 1966).

Linear carcass measurements form the basis of the Canadian

beef carcass grading system.

2.3.1.2.1 Prediction of Carcass Fat Content

The majority of carcass fat is partitioned into three

primary depots (body cavity, intermuscular and subcutaneous) ,

each of which can provide accurate estimates of overall fat
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content (Butterfield 1965, Johnson and Vidyadaran 1981; Kent

et al. 1991). Subcutaneous fat depth over the 10th and 12th

rib are both valuable indicators of carcass fat content

(Butterfield 1965, Hopkins 1989; Johnson and Davis 1983;

Johnson and Vidyadaran 1981; Johnson 1987; Jones et al. 1988;

Kent et al. 1991). However, several studies have indicated

that fat depth over the ribs is more susceptible to damage by

mechanical hide pullers than fat at other locations (Hopkins

1989; Johnson and Vidyadaran 1981). This would lead to

incorrect prediction of carcass fat content in some cases. As

a result, some researchers have sought alternative sites to

measure carcass fat content. Sites in the rump and sacral

crest have been shown to be accurate predictors of carcass

composition (Johnson 1987; Hopkins 1989). However, it is not

clear that the rump site is any less susceptible to damage by

hide pullers (Hopkins 1987). Furthermore, rump sites may be

more difficult to identify (Johnson and Ball 1989) and measure

consistently in a commercial packing facility.

In summary, there are numerous sites on the beef carcass

at which fat depth can be measured to predict carcass

composition. The most appropriate site will depend on

susceptibility to dressing damage, ease of location, and

convenience (Taylor et al. 1992).

2.3.1.2.2 Prediction of Lean Tissue Content

In contrast to carcass fat content, which is partitioned

into three primary depots, the muscle mass of the carcass is
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composed of a large number of relatively small muscles. It is

difficult to find a simple muscle measurement that is highly

associated with carcass muscle content. The 15 largest muscles

in the beef carcass account for only 37% of lean tissue

content (Brackesbusch et al. 1991). The M. longissimus dorsi

et 1umborum (1. dorsi) is one of the largest muscles in the

body, accounting for 6.55% of total carcass muscle weight

(second only to the M. biceps femoris at 7.29%) (Butterfield

and May in Berg and Butterfield 1976) or 3.35% of total

carcass weight (3.30% for the b. femoris) (Brackesbusch et al.

1991) . As a result, it should be a better predictor of overall

lean content than smaller muscles. Furthermore, the 1. dorsi

is exposed at the site of carcass quartering and is easy to

measure.

The value of 1. dorsi area as a predictor of carcass

muscle content has been the subj ect of a great deal of

controversy. Forrest (1968) noted that within weight groups,

1. dorsi area was directly related (r = 0.48) to percentage

lean in the 9-10-11th rib cut. Across weight groups however,

1. dorsi area was inversely related to 9-10-11th rib lean (r

= -0.55) and he concluded that ribeye area was of little value

in predicting carcass lean (Forrest 1968). Cole et al. (1960)

found that 1. dorsi area was associated with only 18% of the

variation in separable carcass lean weight. Wallace et al.

(1977) stated that 12th rib 1. dorsi area did not

significantly contribute to retail yield either on a
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percentage or weight basis. Taylor et al. (1992) found that

lOth or 12th rib fat alone explained over 50% of the variation

in side muscle percentage, and the inclusion of hot side

weight and lOth rib 1. dorsi area explained an additional 10%.

Priyanto et al. (1993) found that neither hot side weight nor

lOth rib 1. dorsi area improved the prediction of carcass lean

percentage in grain finished steers over rump fat depth alone.

However, these workers found that the inclusion of side weight

and lOth rib 1. dorsi area did improve the prediction of lean

percentage for grass finished steers (Priyanto et al. 1993).

Since 1. dorsi area is of limited value as a predictor of

carcass lean content, some researchers have searched for

al ternative muscles that are more informative. Fan et al.

(1992a) investigated the potential of using cross-sectional

areas of the semimembranosus, semitendinosus and biceps

femoris muscles, and noted that they were less informative

than 1. dorsi area in explaining lean yield (kg). It is clear

that individual muscle measurements, on their own, are

relatively poor predictors of carcass lean content.

In contrast, fat depth measurements are valuable

predictors of carcass lean content. Subcutaneous fat depth

measurements over the lOth through 12th ribs are good

predictors of saleable beef yield (Butterfield 1965; Hopkins

1989; Johnson and Vidyadaran 1981; Johnson 1987) . Butterfield

(1965) found that average carcass fat depth over the lOth rib

was negatively correlated (r = -0.83) with percentage muscle.
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A single fat measurement over the 1. dorsi has been shown to

be equally effective (Ramsay et ale 1962). Johnson and Ball

(1989) found that subcutaneous fat thickness measurements were

the most useful predictors of saleable beef yield. It can be

concluded that prediction of carcass lean content can be

accurately estimated by simple measurements of carcass fat

depth and, to a lesser extent, 1. dorsi area.

2.3.2 Methods of Deter.mining Carcass Composition in Live

Cattle

2.3.2.1 Visual Evaluation of Livestock

The genetic improvement of beef carcass composition will

ultimately require progeny evaluation or live evaluation of

breeding stock. Unfortunately, compared to carcass evaluation,

evaluation of the lean content of live cattle is much more

difficult. For many years, visual appraisal was the sole

technique available to commercial cattle breeders and feeders

to assess live animals for fat cover and muscle thickness.

These techniques are based on estimating how much fat is

present in areas of the body where very little muscle is

located (eg. brisket, tailhead and twist), and estimating how

much muscle is present at sites where little subcutaneous fat

is deposited (eg. forearm and stifle)

Lewis et ale (1969) reported that experienced livestock

evaluators could achieve high correlations between live

appraisal and carcass measurements for fat (r = 0.81 to 0.85).

Correlations between visual appraisal and carcass ribeye area
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were much lower (r = 0.64 to 0.65), particularly when adjusted

to a common body weight (r = 0.30 to 0.43) (Lewis et al.

1969) . However, evaluators with little experience in comparing

live estimates to carcass measurements obtained much lower

correlations for fat (r = 0.36 to 0.40) and ribeye area (r =

0.33 to 0.48) (Lewis et al. 1969). These findings are

significant for two reasons. Firstly, the cattle used by Lewis

et al. (1969) ranged widely in fat thickness (11.4 ± 6.9mm) .

Since the magnitude of a correlation coefficient is directly

related to the degree of variation in the data (Houghton and

Turlington 1992), it is likely that much lower correlations

would be obtained on more uniform cattle (i.e. lean yearling

bulls), even by experienced evaluators. Secondly, purebred

breeders may not have the opportunity to compare the

appearance of live animals to carcass composition on a regular

basis. This may influence their ability to accurately and

objectively identify carcass composition in live animals.

Rather than attempting to estimate 1. dorsi area, which

has a low association with carcass lean content, some

researchers have attempted to evaluate overall muscling in the

live animal. In theory, muscle thickness classes are

associated with differences in the muscle : bone ratio in cattle

of similar fat content (Tatum et al. 198'6bi Dolezal et al.

1993). However, Dolezal et al. (1993) stated that subjective

muscle thickness classes did not differ significantly (P >

0.05) in carcass muscle or fat weight or percentage. Tatum et
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al. (1986b) divided feedlot steers into muscle-thickness

categories within frame size groups. These workers found that

the muscle:bone ratio differed (P < 0.05) between extremes in

muscling (i.e. thinly vs. thickly muscled steers). However,

the muscle:bone ratio did not vary consistently (P > 0.05)

between adjacent muscle-thickness classes (i.e. thin vs.

moderate, moderate vs. thick) in all frame size groups (Tatum

et al. 1986b) . Similarly, Belk et al. (1991) observed that

although classifying feeder steers into frame size x muscle

thickness subclasses did alter carcass composition slightly,

the differences were not commercially important.

There is some evidence that sUbjective muscle scores are

better predictors of fatness than muscularity. Miglior et al.

(1994) reported that visual muscular development score, based

on top line, round width and round depth, had a genetic

correlation of 0.84 with carcass fat depth. This lends support

to the theory of Dolezal et al. (1993) who suggested that

intermuscular fat deposits may alter the positioning and

external appearance of muscles. Koch et al. (1994) mentioned

that visual appraisal of muscling may be influenced by

external fatness. Tatum et al. (1986a) noted that visual

appraisals of muscle thickness appeared to be directly

influenced by fat thickness (r = 0.43).

In summary, is well accepted that experienced evaluators

can accurately predict the degree of fat cover on an animal,

but the accuracy of muscle evaluation is less certain. Since
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the lean yield of a carcass is determined by the relative

contributions of muscle and fat, an accurate, objective method

of evaluating both of these factors in the live animal is

needed.

2.3.2.2 Measurements of the Live Animal

2.3.2.2.1 Live Weight

Live weight has been an important trait in beef cattle

production for many years. Cattle are sold by the kilogram,

with higher value placed on feeder cattle and breeding stock

that are perceived or proven to grow faster. Although live

weight changes are inexpensive and easily obtained, they are

not very informative. Live weight is a reasonable predictor of

body composition in young calves, since they have very little

fat and are composed primarily of muscle and bone (Waldman et

ale 1969). In such animals, an increase in weight largely

reflects an increase in the muscle:bone ratio.

However, "as an animal grows, changes in live weight are

accompanied by disproportionate changes in the relative

proportions of fat, lean and bone (Berg et ale 1978). Little

and McLean (1981) found no clear relationship between fasted

live weight and body fat content in older animals. This is

disturbing, since most beef cattle evaluation programs

emphasize growth traits such as average daily gain and weight

per day of age, when it is the composition of gain that is of

greatest economic value (Berg and Butterfield 1966). Body

weight changes do not give any information regarding whether
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it is fat or muscle that is being deposited (Owens et al.

1993) . On its own, live weight is not an adequate predictor of

carcass composition.

2.3.2.2.2 Frame Size Measurements

Similar to weight, frame size measurements simply give an

indication of mature skeletal size, not body composition (Berg

and Butterfield 1976). Even though body measurements are

moderately to highly heritable, they bear little relation to

carcass measurements (Gilbert et al. 1993). When killed at a

constant age, cattle of different frame sizes exhibited

significant (P < 0.05) differences in carcass muscle (LF > MF

> SF), bone (LF > MF > SF) and fat (LF < MF < SF) percentages

(Tatum et al. 1986b). Cattle of different frame sizes (LF, MF

and SF) did not differ (P > 0.05) in carcass muscle or fat

percentage when slaughtered at a constant fat thickness

(Dolezal et al. 1993).

Frame size will identify relative differences in age at

maturity, and is widely used for sorting feeder cattle.

However, these differences in frame size generally follow

classical breed-type differences. In other words, LF cattle

tend to be Continental cattle, whereas SF and MF cattle are

more likely to be British cattle. As a result, frame size may

be less valuable for identifying carcass compositional

differences within breeds.
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2.3.2.2.3 Future Possibilities

It is clear that a quick, safe, economical, objective and

accurate method of determining live animal carcass composition

is required for livestock. Several techniques have been

evaluated over the years. These include water space estimation

(Little and McLean 1981; Miller et al. 1988), 4°K (potassium)

counting (Frahm et al. 1971), MRI (Groenevald et al. 1984) and

CT scanning (Groenevald et al. 1984). Any technology for

appraising body composition of livestock must be durable,

simple to use, portable, cost effective, repeatable, reliable

and humane (Wells 1991). The techniques listed above are very

time consuming, expensive and have not been widely used in

North American beef industry.

One technology that has found wide application and

acceptance in livestock production is ultrasound. Ultrasound

has been used to measure carcass traits in livestock since the

1950's. However, continued advances in human medicine have

provided the livestock industry with a modern imaging

technology that may be of value for measuring the carcass

composition of breeding stock.

2.4 Ultrasound

2.4.1 Principles of ultrasound

Ul trasound is high frequency sound waves beyond the range

of human hearing. Ultrasonic waves are generated by the

vibration of piezoelectric crystals located in the transducer.

A piezoelectric crystal is one which is physically deformed
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when electrical voltage is applied to it (Busk 1989) . Exposing

a piezoelectric current to repeated electrical pulses will

cause the crystal to vibrate. Conversely, when a piezoelectric

crystal is deformed by pressure, it produces an electrical

voltage. The vibration of a piezoelectric crystal will produce

sound waves that will be propagated through adjacent material

(Pierson et al. 1988).

When an ultrasound wave encounters an interface between

two materials that differ in their acoustic impedance, part of

the wave will continue on through the material, and part will

be reflected back to the piezoelectric crystal in the

transducer (Busk 1989). The piezoelectric crystal will

transform the reflected pressure wave into electrical voltage,

and depth is determined (Pierson et al. 1988). The time delay

between sound pulse transmission and echo reception is

proportional to the depth of the reflecting interface. The

amplitude of the echo is proportional to the difference in

acoustic impedance between the two materials (Wells 1991).

Sound waves lose strength as they travel deeper into

tissues. These signals eventually become so weak that they are

not reflected back to the transducer. This is known as signal

attenuation. To minimize problems with signal attenuation,

ultrasound waves can be amplified (Pierson et al. 1988).

Ultrasound frequency is directly related to resolving

power and inversely related to depth penetration (Pierson et

al. 1988). High frequency probes (5.0 - 7.5 MHz) are generally
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used for imaging of structures that are close to the surface

(Pierson et al. 1988). Low frequency probes (3.0 - 3.5 MHz)

are used to image deeper tissues, such as the 1. dorsi muscle.

2.4.2 Types of Ultrasound Machines

Ultrasound technology has evolved considerably since its

introduction in the 1950' s. Early A (amplitude) mode equipment

emitted a sound pulse from a single piezoelectric crystal.

Relative tissue depths at a single point were displayed as

peaks on an oscilloscope screen and the distance between peaks

was used to estimate fat and muscle depths (Busk 1989) . A-mode

ultrasound is still commonly used for backfat determination in

both swine and beef production. Early B (brightness) mode

equipment developed in the mid 1970' s involved multiple A-mode

fat and muscle depth measurements taken over the dorsal

surface of the muscle. Adjacent measurements were registered

as dots on a screen, forming a rough outline of fat and muscle

boundaries (Stouffer 1991). This process required that the

animal remain motionless for at least 10 seconds and was very

slow and laborious. Real-time ultrasound is a refinement of

this strategy. A real-time transducer is composed of a series

of 64 to 100 individual piezoelectric crystals arranged in an

array (Stouffer 1991) . These crystals are fired 20 to 30 times

per second in a coordinated manner, and returning echoes are

reconstructed into a 2 -dimensional image. The term II real-time II

reflects the continuous and simultaneous firing and signal

reception by all of the crystals in the transducer. The image
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on the monitor is renewed between 20 and 30 times per second

(Pierson et ale 1988). This procedure is much more rapid and

simple and provides a much clearer image than the original B

mode machines. When used on live cattle, this technology can

be used to generate a cross-sectional view of the 12/13th rib

interface (Stouffer 1991). This corresponds to the site of

carcass grading after slaughter.

2.4.3 Ultrasonic Evaluation of Carcass Merit in Live Beef

Cattle

Numerous measurement sites have been compared to

determine which site on the live animal provides the most

accurate measurement of carcass fat depth and 1. dorsi area,

and which sites have the highest association with carcass

composition.

2.4.3.1 Accuracy of Live Beef Cattle Ultrasound Measurements

The accuracy of the method used to identify differences

in carcass composition in breeding stock will affect the rate

of genetic progress towards the production of lean beef

(Herring et ale 1994a) Wallace et ale (1977) stated that

correlations between ultrasonic and actual carcass

measurements of subcutaneous fat were higher for the rump (r

= 0.89) than for the shoulder (r = 0.70), 2nd lumbar vertebrae

(r = 0.74) and 13th rib (r 0.77) sites. This supports the

theory that rump fat sites may be relatively unaffected by

hide-pulling (Hopkins 1989). However, ultrasound 1. dorsi area
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measurements were more highly correlated with carcass 1. dorsi

area at the 13th rib (r = 0.58 to 0.77) than at the 2nd lumbar

vertebrae (r = 0.28 to 0.45) (Wallace 1977). Bech Anderson et

al. (1983) obtained more accurate measurements for ultrasound

fat depth and 1. dorsi area at the 1st lumbar vertebrae (r =

0.49 to 0.72 for fat depth and r = 0.53 to 0.54 for 1. dorsi

area) than at the lOth rib (r = 0.33 to 0.38 and r = 0.08 to

0.50 for fat depth and 1. dorsi area, respectively) using a

Scanogram (B-mode) machine.

However, the main purpose of ultrasound measurements is

to obtain an estimation of overall carcass composition, rather

than a specific fat depth or muscle area. Ultrasonic fat

depths measured at the 13th rib and 2nd lumbar vertebrae

explained more of the variation in retail yield (R2 = 0.51 and

0.47, respectively) than shoulder or rump fat depth (R2 = 0.25

and 0.28, respectively) (Wallace 1977). Bech Anderson et al.

(1983) found that ultrasonic fat depths measured at the 1st

lumbar vertebrae were more highly associated with carcass lean

percentage than lOth rib fat (r = -0.50 to -0.59 and r = -0.12

to -0.29, respectively), but the reverse was true for 1. dorsi

area (r = 0.17 to 0.26 and r = 0.22 to 0.25 for 1st lumbar

vertebrae and 10th rib 1. dorsi area, respectively). It

appears that beef carcass composition can be predicted from

live animal ultrasound measurements taken at several sites. No

single site is clearly superior to the others.
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The 12/13th rib site is easy to identify on the live

animal, making it an ideal site for ultrasonic probing. North

American packing plants separate the hind and forequarters

between the 12th and 13th ribs, providing a convenient site to

assess the accuracy of ultrasonic measurements. As a result,

real-time ultrasound measurements recorded at the 12/13th rib

interface have received wide acceptance in beef research and

breeding programs.

Ultrasonic measurements tend to overpredict fat (Herring

et al. 1994b, Miller et al. 1988i Perkins et al. 1992b) and

underpredict 1. dorsi area (Bullock et al. 1991i Miller et al.

1988i Perkins et al. 1992bi Smith et al. 1992). Herring et al.

(1994b) and Smith et al. (1992) reported that ultrasonic

measurements overestimated large 1. dorsi areas and

underestimated small 1. dorsi areas. Bullock et al. (1991)

noted that ultrasound tended to overestimate carcass fat in

thin cows but underestimate carcass fat in normal animals.

Similar results were obtained by Herring et al. (1994b) in

overfat feedlot steers. McLaren et al. (1991) and Perkins et

al. (1992a) found that ultrasonic estimates tended to

underpredict both carcass fat depth and 1. dorsi area. Waldner

et al. (1992), Perkins et al. (1992a) and Smith et al. (1992)

observed that the accuracy of ultrasonic estimates declined on

animals with excessive fat or a large 1. dorsi area. Waldner

et al. (1992) reported that the most ultrasonic estimates of

fat and 1. dorsi area in Brangus bulls were obtained at 12
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months of age.

Many factors can influence the accuracy of ultrasonic

measurements. Compression of the fat layers by the ultrasound

probe and incorrect interpretation of multiple subcutaneous

fat layers will increase the error rate in excessively fat

animals (Brethour 1992; Herring et al. 1994b; Perkins et al.

1992a; Robinson et al. 1992). Animal age (Miller et al. 1988),

breed type (Perkins et al. 1992b) and sex (Perkins et al.

1992a) have also been shown to affect the accuracy of

ultrasonic estimates. Transducer placement, cleanliness of the

isonification site, gain settings,' image interpretation, hide

removal techniques, carcass shrouding, rigor mortis and

quartering of the carcass will all influence the error rate

between ultrasound and carcass measurements (Brethour 1992;

Perkins et al. 1992a; Robinson et al. 1992). Ultrasound

measurements, for example, are taken midway between the 12th

and 13th ribs. Carcasses are quartered along the edge of the

12th rib, and carcass fat depth and 1. dorsi area are measured

at this site. This discrepancy in measurement site will

further complicate ultrasound-carcass comparisons (Stouffer

1991). Thus, both live animal characteristics and carcass

handling techniques can influence the accuracy of ultrasound

measurements.

2.4.3.2 Technician Effects on Ultrasound Measurements

Considerable variation has been shown to exist be,tween

technicians in terms of repeatability and accuracy of
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ultrasound measurements of fat and 1. dorsi area (Robinson et

al. 1992). Perkins et al. (1992b) observed high degrees of

repeatability for both fat and 1. dorsi area measurements with

experienced technicians. These workers stated that technician

differences were more important for 1. dorsi area than for fat

measurements due to the greater degree of subjective

interpretation involved. However, in an earlier study, they

indicated that technician differences existed only for fat

measurements (Perkins et al. 1992a). McLaren et al. (1991)

calculated that operator effects were responsible for 33% and

19% of the variation in ultrasound fat and 1. dorsi area

measurements, respectively. Operator effects are more likely

to be due to differences in image interpretation than in image

acquisition (McLaren et al. 1991).

The role that technician experience plays in obtaining

accurate measurements is also the subject of debate. Initially

inexperienced technicians showed little or no improvement in

accuracy as experience increased (Perkins et al. 1992a).

Wallace et al. (1977) stated that an experienced technician

had consistently higher correlations with carcass 1. dorsi

area than an inexperienced technician. In other studies,

technician experience did lead to increased accuracy of 1.

dorsi area interpretation but not fat measurements (Wallace et

al. 1977; Waldner et al. 1992). Robinson et al. (1992)

reported that experience reduced the standard error of

prediction of fat measurements (1.37mm vs. O.65mm) but not 1.
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dorsi area measurements (4.64cm2 vs. 4.68cm2). Herring et ale

(1994b) reported that the repeatability and accuracy of

ultrasonic fat and 1. dorsi area measurements were higher in

more experienced technicians. Miles et ale (1983) recommended

that all ultrasound scans be collected and interpreted by the

same technician using the same machine. This advice seems

appropriate in light of the above findings.

Ultimately, real-time ultrasound fat depth and 1. dorsi

area measurements will only be useful if they are more

accurate than visual estimates of these traits. Data presented

in Table 2.3 indicates that ultrasound represents a

significant improvement over sUbjective evaluation of live

cattle.

2.4.4 Use of Ultrasound to Predict Carcass Composition

Although it is important that real-time ultrasound fat

depth and 1. dorsi area measurements compare reasonably well

with their corresponding carcass measurements, the purpose of

collecting live animal carcass measurements is to predict

overall carcass composition. The predictor variables (i.e.

backfat depth and 1. dorsi area) are of relatively little

interest. Lean meat yield is the commercially important

dependent variable that one wishes to predict (McLaren et ale

1991) .

Several published studies have used a variety of live

animal measurements, including real-time ultrasound, to

generate carcass composition prediction equations. The results



Table 2.3: A comparison of real-time ultrasound and visual evaluation as methods of

appraising carcass traits in live cattle (adapted from Smith et al. 1992).

Trait Live S.D. W Carcass S.D. W Pearson LCDIFFP LCDIFF2z

EstimateV MeasurementV rX

Visual Fat Depth
(mm) 13.2 3.8 14.4 4.5 0.56 55 82

Ultrasound Fat

Depth (mm) 13.0 3.8 14.4 4.5 0.82 62 95

Visual 1. dorsi
area (em") 91. 9 9.7 86.4 9.6 0.61 42 80

Ultrasound 1.
dorsi area (ern") 83.2 8.3 86.4 9�6 0.63 51 85

Vmean
Wstandard deviation
XPearson product-moment correlation coefficient between live and carcass measurements

YLCDIFF1 is the percentage of live estimates within 2.54mm and 6.45cm2 of the corresponding
carcass measurement for fat depth and 1. dorsi area, respectively.
ZLCDIFF2 is the percentage of live estimates within 5.08mm and 12.90cm2 of the corresponding
carcass measurement for fat depth and 1. dorsi area, respectively.

�
-....J
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of several of these studies are summarized in Table 2.4. It is

evident that there has been considerable debate regarding the

most appropriate site for ultrasonic fat measurements, and the

merit of including 1. dorsi area measurements (Table 2.4).

Miller et al. (1988) reported that a regression equation

involving ultrasonic estimates of shoulder fat, rump fat, 12th

rib fat and 1. dorsi area accounted for 83% of the variation

in carcass fat percentage (RSD = 2.61 g 100g-1). Twelfth rib

fat alone accounted for 72% of the variation in carcass fat

percentage (RSD = 3.29 g 100g-1), while 1. dorsi area made a

relatively minor contribution to predictions of carcass

composition (Miller et al. 1988). Wallace et· al. (1977)

observed that ultrasonic estimates of 1. dorsi area did not

improve the precision of equations to predict percentage of

retail cuts, although ultrasound shoulder, rib, lumbar and

rump fat depth measurements were all valuable predictors.

Waldner et al. (1992) stated that the contribution of 12th rib

ultrasonic fat was much greater than that of 1. dorsi area in

the prediction of 9-10-11th rib composition. Herring et al.

(1994a) found that the yield of closely trimmed round, loin,

rib and chuck was more highly associated with 12th rib

ultrasound fat depth (r = -0.47) and visual fatness score (r

= -0.57) than 12th rib ultrasound 1. dorsi area (r = 0.13).

However, the associations of visually assessed frame score (r

= -0.08) or muscling (r = -0.03) were lower than ultrasound 1.

dorsi area, and ultrasonic 1. dorsi area was the second live



Table 2.4: Accuracy and precision of equations predicting beef carcass composition
from live animal measurements.

Dependent
Variable

Independent R2
Variables

RSD Reference
g 100g-1
2.61 Miller et al. 1988carcass

fatpercentage

9-10-11th rib
lipid percentage

9-10-11th rib
protein percentage

retail lean yield
carcass fat
percentage

carcass lean

percentage
carcass fat
percentage

carcass lean

percentage
carcass fat

percentage

shoulder fat depth 0.83
rump fat depth
12th rib fat depth
12th rib 1. dorsi area

hip height 0.76
12th rib fat depth
12th rib 1. dorsi area

live weight 0.63
hip height
12th rib fat depth
12th rib fat depth 0.51

live weight 0.85
12th rib fat depth
(12th rib fat depth'?

12th rib fat depth 0.59
(12th rib fat depth)2
age 0.78
shoulder fat depth
rump fat depth
shoulder fat depth 0.67
rump fat depth

rump fat depth 0.57

3.91 Waldner et al. 1992

1.31 Waldner et al. 1992

2.97 Wallace et al. 1977

2.57 Faulkner et al. 1990

2.70 Faulkner et al. 1990

1.93 Mitsuhashi et al. 1990

1.87 Mitsuhashi et al. 1990

Bullock et al. 1991

.p.
\.0



Table 2.4 continued.

carcass protein
percentage

carcass fat

percentage

carcass lean

percentage

carcass lean

percentage

primal retail lean
percentage

rump fat depth 0.73 - Bullock et al. 1991

3rd lumbar fat depth - 2.05 Alliston 1982
3rd lumbar fat area

10th rib fat area

13th rib fat depth
13th rib fat area

3rd lumbar fat depth - 1. 96 Alliston 1982
3rd lumbar fat area

10th rib fat area

13th rib fat depth
13th rib fat area

3rd lumbar fat depth 0.51 1. 37 Renand et al. 1992
10th rib fat depth
13th rib fat depth

subjective fat cover 0.48 Herring et al. 1994a
12th rib 1. dorsi area
live weight

52
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animal variable to enter into lean percentage prediction

equations (Herring et al. 1994a). Bullock et al. (1991) noted

that a combination of live ultrasound and visual appraisal

could predict carcass composition as effectively as the

corresponding carcass measurements.

2.4.5 Use of Ultrasound to Study Changes in Beef Carcass

Composition

An additional application of real-time ultrasound may be

to identify differences in lean tissue growth potential of

cattle. This would enable feedlot operators to sort cattle

according to projected days on feed, or to identify breeding

stock with improved rates of lean growth. Before this can be

accomplished, it is important to determine the relationship

between live carcass measurements taken periodically

throughout the phase of rapid lean tissue growth and their

predictive value.

However, little work has been undertaken to describe the

changes in ultrasonically measured carcass traits during the

growth of beef cattle. Harada et al. (1989) studied the growth

of 7/8th rib fat and 1. dorsi area of Japanese Black bulls

between 11 and 80 months of age. They reported that fat depth

increased very little after 11 months of age. However, the

average fat depth at 11 months was 14 mm. Al though no

information was provided regarding the management of these

animals, the high fat levels in these young bulls may indtcate

that subcutaneous fat was being deposited in other areas of
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the body such as the tailhead or brisket rather than over the

ribs. Longissimus dorsi area increased linearly to 30 months

of age and declined after this (Harada et al. 1989).

Correlations between 15 month measurements with 20 and 40

month measurements are shown in Table 2.5. The high

correlations between 15 month and 20 month fat depth and 1.

dorsi area measurements (r = 0.86 and 0.94, respectively)

indicate that a fat depth or 1. dorsi area measurement taken

at 15 months of age can be used to predict relative fatness or

muscularity at 20 months of age.

However, when body composition is changing more rapidly,

these workers found that correlations between early and late

measurements were lower (Table 2.6). The results of these two

studies indicate that when fat is being deposited rapidly, the

relative fatness of bulls can change between measurements.

However, as the rate of fat deposition slows in extremely fat

animals, the fat deposition curves become parallel and the

predictive value of fat depth or 1. dorsi area measurements

increases.

Few studies have attempted to develop growth curves to

describe fat and 1. dorsi development patterns. Waldner et al.

(1992) carried out a serial ultrasound and slaughter study on

Brangus bulls between four and 24 months of age. Although

actual carcass fat and 1. dorsi measurements increased as the

animals aged, the authors felt that the ultrasound estimates

of fat depth and 1. dorsi area could not be used to develop
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Table 2.5: Pearson product moment

correlations between real-time ultrasound fat

depth and 1. dorsi area measured on cattle at

15, 20 and 40 months of age.

15 month 15 month
fat 1. dorsi area

20 month
measurement 0.86 0.94

40 month
measurement 0.84 0.89

(adapted from Harada et al. 1989) .

Table 2.6: Pearson product moment
correlations between real-time fat depth and
1. dorsi area measured on cattle at 11 and 15
months of age.

15 month 15 month
fat 1. dorsi area

11 month
measurement 0.63 0.78

21 month
measurement 0.56 0.72

(adapted from Harada et al. 1985) .
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accurate growth curves (Waldner et al. 1992). Jeffrey et al.

(1993) serially measured 12/13th rib fat depth and 1. dorsi

area in 535 Angus bulls using real-time ultrasound at 28 day

intervals throughout a 112 day performance test. These workers

used regression to predict fat and 1. dorsi area using live

weight as the independent variable. They found that live

weight accounted for 65% and 76% of the variation in fat depth

and 1. dorsi area, respectively. However, no single prediction

equation would accurately estimate all contemporary groups.

2.4.6 Technological Advances in Live Beef Cattle Ultrasound

Advances in ultrasound technology have been accompanied

by equipment developments that have improved the speed,

efficiency and accuracy of ultrasound measurements.

2.4.6.1 Development of 17 cm Transducers

Early real-time measurements of live animal carcass

traits relied on the use of 12cm ultrasonic probes developed

for use in human medicine. These transducers were shorter than

the 1. dorsi muscle, and did not allow the complete muscle to

be captured in one image. This required that the medial and

lateral segments of the 1. dorsi muscle be imaged separately,

followed by subjective matching of the two images. However,

most studies involving 12cm probes reported ultrasonic

estimates of 1. dorsi area that were too imprecise to be of

value for evaluating muscling in live animals (Miller et al.

1988; Perkins et al. 1992a and Waldner et al. 1992). More
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recently, longer 17 cm transducers were specifically designed

for use in beef cattle. As seen in Table 2.7, the introduction

of the 17 cm probes did not change the accuracy of fat

measurements greatly, but the accuracy of ultrasonic

measurements of 1. dorsi area was improved considerably.

Robinson et al. (1992) state that the use of the 17 cm probe

reduced the variation between carcass and ultrasound 1. dorsi

area measurements by 25%.

Modern 17 cm real-time ultrasound transducers can be used

to obtain accurate and repeatable fat depth and 1. dorsi area

measurements in beef steers. However, the accuracy of

ultrasonic 1. dorsi area measurements still declines on

heavily muscled animals, even with these longer transducers

(Herring et al. 1994b).

The studies summarized in Table 2.4 indicated that real

time ultrasound fat depth and 1. dorsi area measurements

combined with hip height, live weight or age have potential

for the prediction of carcass composition in live cattle. The

improved accuracy of 1. dorsi area measurements with the new

real-time ultrasound machines equipped with 17 cm transducers

may allow more accurate prediction of lean meat yield, and may

eliminate the need for additional measurements of frame size,

age or weight. There have been no published reports on the

ability of ultrasonic measurements taken using this new

technology at a single anatomical site to predict carcass

composition. This information will playa major role in



Table2.7: A comparison of the accuracy of fat depth and 1. dorsi area measurements made with 12 cm and 17 cm '

real-time ultrasound probes (adapted from Perkins et al. 1992a and Perkins et al. 1992b).

Probe Trait Ultrasound S.D. U Carcass S.D. U Pearson UCDIFF1w UCDIFF2x PDIFFY ABSDIFFz
Measurement Measurement rV

12cm fat depth 0.92 0.31 0.92 0.38 0.75 70 95 20.6 1.9

17cm fat depth 0.92 0.36 0.82 0.41 0.86 72 99 20.7 1.7

12cm 1. dorsi
area 75.4 10.2 78.5 9.2 0.60 53 84 9.4 7.4

17cm 1. dorsi
area 70.7 9.4 72.4 9.0 0.79 66 98 6.1 4.4

Ustandard deviation
VPearson product-moment correlation coefficient between live and carcass measurements

WUCDIFF1 is the percentage of live estimates within 2.54mm and 6.45cm2 of the corresponding carcass measurement for
fatdepth and 1. dorsi area, respectively.'
XUCDIFF2 is the percentage of live estimates within 5.08mm and 12.90cm2 of the corresponding carcass measurement for
fatdepth and 1. dorsi area, respectively.
YAverage percent error between ultrasound and carcass measurements of fat depth and 1. dorsi area.

ZAverage absolute difference between ultrasound and carcass measurements. Units are mm for fat depth and cm2 for
1.dorsi area, respectively

U1
0'1
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determining the value of real-time ultrasound for the

improvement of carcass traits in beef cattle.

2.4.6.2 Development of Transducer Guides

Ultrasound waves will not travel through air; they can

only be transmitted through a solid medium (Pierson et al.

1988) . The curvature of an animals back makes it impossible to

maintain contact with the flat surface of 17 cm transducers.

Since the regions of the probe that do not contact the animal

will fail to transmit sound waves into the animal, the

effective length of the transducer is reduced. This problem

has been overcome by the development of transducer guides or

standoff blocks. A transducer guide is an instrument which

adapts the flat probe to the curved animal. One side of the

guide is flat, and contacts the probe surface. The other side

has a concave curve, which contacts the surface of the

animal's hide. The transducer guide is composed of a material

which transmits ultrasound without attenuating it. The use of

a transducer guide improves the accuracy of fat measurements

(Smith et al. 1992) as well as 1. dorsi area measurements.

2.4.6.3 Computer Assisted 1. dorsi Area Determination

Initially, 1. dorsi area was determined by tracing the

outline of the 1. dorsi muscle onto an acetate sheet from the

monitor of the ultrasound unit, and using a grid or planimeter

to determine the area of the 1. dorsi tracing (McLaren et al.

1991; Waldner et al. 1992). However, tracing the flat image
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from a curved screen introduced a parallax error. Computer

hardware developments have allowed ultrasound images stored on

videotape to be digitized into computer images using frame

grabber boards. Computer software has also been developed that

allows the measurement of fat depths and 1. dorsi areas from

digitized images (eg. Animorph). This has eliminated the

problem of parallax error. Robinson et al. (1992) estimated

that the use of computer software to determine ultrasonic 1.

dorsi area increased the accuracy of ultrasound measurements

by 10%.

2.4.6.4 Direct Digitization of Ultrasound Images

. Recent advances in computer technology have allowed

ultrasound images to be digitized and stored directly by the

computer. Extensive research in this field has been conducted

by the Saskatchewan Research Council. Electronic image

capturing retains more of the ultrasound signals than does

videotape. This technology has greatly enhanced the

opportunities for digital image processing and automated image

interpretation.

The combination of longer transducers and computer

assisted image analysis packages have improved the prospects

of real-time ultrasound for the evaluation of live animal

carcass traits.
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2.5 Heritability

It is clear that there is a great deal of variation

between breed types in growth traits and carcass composition

that reflect differences in mature body size (Byers et al.

1982i Jones et al. 1984i Tatum et al. 1986b). However, within

breed variation is of more interest in genetic selection

programs (Lamb et al. 1990). Heritability is defined as the

proportion of phenotypic variation which is attributable to

additive gene effects (Van Vleck et al. 1987).

2.5.1 Heritability of Economically Important Beef Cattle

Production Traits

The heritability of carcass traits is as high as that of

several growth traits which have historically been the object

of successful genetic improvement programs (Table 2.8).

Carcass traits are moderately to highly heritable, and should

respond to selection. However, selection for carcass traits

requires progeny testing, which is very time consuming and

costly. This reduces the rate of genetic progress.

Fortunately, several studies indicate that carcass traits

measured using ultrasound are also moderately to highly

heritable (Table 2.9).

On average, the heritability of ultrasonically measured

carcass traits (h2 = 0.24 for both fat depth and 1. dorsi

area) are lower than for actual carcass measurements (h2 =

0.39 and 0.31, respectively). This is partly attributed to the

increased error associated with obtaining indirect ultrasound
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Table 2.8: Heritabilities of some growth and carcass traits in
beef cattle.

Weaning Post- Carcass Carcass Reference
Weight Weaning 1. dorsi Fat

ADG Area Depth

0.12 0.04 Turner et al. 1990

0.32 0.26 Wilson et al. 1993

0.40 0.52 Robinson et al. 1993

0.52 0.40 0.52 Benyshek et al. 1981

0.57 0.56 0.41 Koch et al. 1982

0.44 de Rose et al. 1988

0.12 0.44 0.28 0.24 Lamb et al. 1990

0.48 0.31 Johnson et al. 1993

0.17 0.36 Koch et al. 1994

0.30 Gregory et al. 1994

0.17 Miglior et al. 1994

0.09 0.19 0.38 Johnston et al. 1992

0.46 0.49 Arnold et al. 1991

0.48 0.14 Gilbert et al. 1993

0.17 0.47 0.51 Veseth et al. 1993

0.29 Yamagushi et al. 1990

0.21 0.35 0.39 0.31 Average (unweighted)
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Table 2.9: Heritabilities of ultrasonically
measured fat depth and 1. dorsi area in beef
cattle.

Ultrasonic
Fat Depth

Ultrasonic
1. dorsi
Area

Reference

0.26

0.14

0.24

0.04

0.49

0.30

0.24

0.25

0.40

Arnold et al. 1991

Johnson et al. 1993

Lamb et al. 1990

Turner et al. 1990

de Rose et al. 1988

Robinson et al. 1993

Average (unweighted)

0.12

0.21

0.24
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measurements versus direct carcass measurements (Johnson et

al. 1993; Robinson et al. 1993). It is possible that the

heritability of 1. dorsi area may increase, if it is based on

measurements collected with the new 17 cm probes.

The moderate to high heritability of carcass

characteristics suggest that these traits could be rapidly

altered by direct selection using real-time ultrasound. This

would reduce or eliminate the need for progeny testing and

improve the rate and efficiency of genetic progress in beef

cattle breeding programs (Herring et al. 1994a).

2.5.2 Bull Tests and Breed Differences

If a trait has a heritability of 0.50, a large proportion

of the phenotypic variation still results from environmental

variation. Central bull performance tests provide an

opportunity to compare bulls from different herds and genetic

backgrounds under a common management environment , effectively

removing the effect of herd of origin and pre-test management

(Koots et al. 1988). Most tests range from 112 to 140 days in

duration following a pre-test warm-up period that lasts from

28 to 56 days. Most bulls are between 12 and 14 months of age

at the conclusion of these tests.

The possible existence of a genotype*diet interaction has

been the source of some concern to cattle breeders over the

years. Most bull test programs use a low energy growing ration

that will allow bulls to express their genetic potential for

growth, but will not allow maximum growth rates. The intention
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is to allow differences in growth potential to be expressed

while avoiding the negative consequences of a high energy diet

on mobility and breeding ability. The assumption is that bulls

that grow well on a low energy diet will sire calves that will

grow rapidly on a high energy finishing ration (i.e. there is

no genotype*diet interaction). However, another school of

thought suspects that different sets of genes regulate growth

on high and low energy rations (Bailey et al. 1991). If this

is the case, bulls that gain well on a low energy ration may

not sire calves that perform well in the feedlot. Agriculture

and Agri-Food Canada initiated a long-term selection

experiment in 1963 to address this issue. Results indicated

that bulls whose offspring grew well on a low energy ration

would also grow well on a high energy diet (Bailey and Lawson

1989; Bailey et al 1991). In addition, carcass composition

(carcass weight, carcass fat, 1. dorsi area, marbling,

muscle:bone ratio, or percentage carcass fat, lean or bone)

was unaffected by the diet used in selection (Bailey and

Lawson 1989). More recently, Patterson et al. (1994) found

that plane of nutrition did not affect live weight or carcass

gain per unit of energy intake in Blonde d ' Aquitaine x

Charolais bulls. These results confirm that reducing the

dietary energy level will slow growth rate but will not alter

ultimate carcass composition.

Since an individual bull contributes his genes to more

offspring than an individual cow, ultrasonic assessment of
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station-tested yearling bulls provides an ideal opportunity

for the genetic improvement of carcass traits.

2.6 Summary

The shift towards value based marketing in the beef

industry will require that carcass traits be improved in the

breeding population. The high heritability of these traits

suggest that these traits should respond to the selection of

young performance tested bulls using real-time ultrasound.

Advances in real-time ultrasound have improved the accuracy

and precision of muscle area and fat depth measurements taken

on live beef cattle. Several studies have indicated that

ultrasonic measurements of fat depth and muscling may be able

to accurately estimate carcass composition in live cattle. It

appears that this technology has the potential to make a major

contribution to the genetic improvement of beef cattle carcass

composition. However, several issues remain to be addressed.

The accuracy of ultrasonic 1. dorsi area measurements

taken on heavily muscled animals is a concern. This is

especially true in the case of yearling bulls, since these

animals form the basis of beef cattle genetic improvement

programs. The ability of the technology to detect phenotypic

variation for fat thickness in lean yearling bulls must be

confirmed. The appropriate time to measure these bulls must be

determined. Measurements taken prior to one year of age may be

valuable if they can be taken more accurately, especially in

the case of 1. dorsi area. The effect of age and weight
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adjustments on the interpretation of ultrasound data need to

be evaluated. The value of real-time ultrasound measurements

taken at one site on the animal, as predictors of carcass

composition in lean, heavily muscled young bulls must be

evaluated. If these issues can be resolved, real-time

ultrasound may make an important contribution to the genetic

improvement of beef carcass traits.
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2.7 Thesis Objectives

The objectives of this study were to:

1. Examine within- and between-breed phenotypic variation for

ultrasonically measured 12th rib fat depth and 1. dorsi area

in young beef bulls representing five common beef breeds,

2. Use serial ultrasound measurements to investigate the

nature of fat and muscle development over a 112 day

performance test and to determine whether yearling

measurements can be predicted from measurements taken prior to

one year of age.

3. To examine the influence of age- and weight adjustments on

RTUS measurements taken on yearling bulls.

4. To assess the repeatability and accuracy of preslaughter

ultrasonic fat depth and 1. dorsi area measurements taken in

yearling bulls.

5. To develop and test the accuracy of an equation to predict

carcass lean meat content from RTUS measurements taken in

yearling bulls.
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CHAPTER 3

3.0 MEASUREMENT OF THE GROWTH AND DEVELOPMENT OF FAT

AND MUSCLE IN YOUNG BEEF BULLS US ING REAL - TIME

ULTRASOUND.

3.1 Introduction

Consumer demands for lean beef of consistent quality have

forced the beef industry to consider pricing beef according to

individual carcass merit rather than average pricing of live

cattle (May et ale 1992b). This system is known as value based

marketing. Under a value based marketing system, feedlot

operators will benefit from access to feeder cattle with

predictable performance and carcass characteristics. Market

incentives will facilitate the flow of information regarding

carcass merit from the packer to the feeder, to the cow-calf

producer and ultimately to the seedstock breeder.

A method of objectively and accurately assessing live

animal carcass value will benefit the entire beef industry,

since it is more efficient to raise lIgenetically lean" beef

cattle than to trim waste fat from carcasses (Solomon and

Elasser 1991). Since beef carcass traits are moderately to

highly heritable, it should be possible to improve them by

selection (Robinson et ale 1993 i Wilson et ale 1993). The

advent of real-time ultrasound (RTUS) technology may allow



68

direct selection for carcass traits and reduce the need for

progeny testing (Herring et al. 1994a; Porter et al. 1990).

This will increase the potential rate of genetic progress by

decreasing the generation interval.

Centralized record of performance (RaP) test stations

play an important role in the genetic evaluation of potential

breeding stock in the Canadian beef industry. Traditionally,

these tests have emphasized growth rate and weight per day of

age. However, these traits are not highly related to the

composition of gain (Little and McLean 1981; Owens et al.

1993) . Ultrasonic fat depth is measured at some test stations,

but the assessment of muscle content generally relies on the

eye of the buyer. The accuracy of live visual muscling

assessments has been questioned (Dolezal et al. 1993). Use of

real-time ultrasound to obtain objective measurements of fat

depth and muscle areas may make a valuable contribution to

bull evaluation programs.

However, RTUS cannot be used with confidence in carcass

trait genetic improvement programs until several issues are

resolved. Real-time ultrasound technology must be sufficiently

sensitive to detect variation in live animal carcass traits.

This is a concern because most performance tests evaluate

young beef bulls on rations designed to detect differences in

growth potential while limiting the rate of fat deposition

(Bailey et al. 1991). No large scale studies have measured the

degree of within and between breed phenotypic variation in
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young bulls with minimal fat cover using the 17cm transducer

designed for use in beef cattle.

The appropriate time to measure live animal carcass

traits in young bulls must be identified. It may be

advantageous to measure live animal carcass traits at an early

age to overcome the difficulties associated with measuring 1.

dorsi area in heavily muscled animals (Herring et al. 1994b).

It may also be possible to develop regression equations that

allow one to predict end of test fat depth or 1. dorsi area

from an earlier measurement. No published reports have

evaluated the nature of live animal carcass trait development

in youthful bulls measured with 17cm RTUS transducers.

Finally, fat and muscle tissue development depend on the

relative maturity of an animal. Therefore, it may be

appropriate to adjust RTUS fat depth and 1. dorsi area

measurements for age and weight differences in bulls (Turner

et al. 1990). The importance of adjusting RTUS measurements

collected with a 17cm RTUS transducer for age and weight

differences have not been studied in young bulls representing

a variety of breeds.

The objectives of this study were to:

1. Examine within- and between-breed phenotypic variation

for ultrasonically measured 12th rib fat depth (USFAT)

and 1. dorsi area (USREA) in young bulls representing

five common beef breeds,

2. Use serial RTUS measurements to investigate the nature
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of USFAT and USREA development over a 112 day performance

test and to determine whether yearling RTUS measurements

can be predicted from measurements prior to one year of

age,

3. To examine the influence of age- and weight

adjustments on USFAT and USREA measurements taken on

yearling bulls.

3.2

3.2.1

Materials and Methods

Animals, Housing and Feeding Management

This study was carried out over two consecutive years

(1990-91 and 1991-92) at two Saskatchewan bull test stations

(University of Saskatchewan in Saskatoon (SROP) and the

Saskatchewan Livestock Center near Regina (RROP)). A total of

886 bulls representing five breeds were utilized. These

included Angus (AA, n 202), Charolais (CH, n = 305),

Hereford (HH, n = 144), Shorthorn (SS, n = 67) and Simmental

(SM, n = 168) . The bulls were contributed to the test stations

by private purebred producers. These breeds represent a range

of mature sizes and are commonly used in the Canadian beef

industry.

Upon arrival at both stations, bulls were vaccinated

against pasteurella pneumonia, infectious bovine

rhinotracheitis, paralnfluenza-3, bovine viral diarrhea,

Haemophilus somnus and clostridial diseases, treated for

internal and external parasites (ivermectin) and given

injectable supplements of vitamin A, D, E and selenium. Both
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stations allowed a pre-test adjustment (warm-up) period to

adapt the bulls to unfamiliar feed, facilities and animals.

The length of the warm-up period differed between stations. A

56-day warm-up was used at RROP, whereas a 28-day warm-up was

used at SROP.

Bulls of the same breed group were housed together in

outdoor pens. All pens were sheltered from prevailing winds

with a porosity fence.

appetite. Diets were

The cattle were fed twice daily to

formulated to similar nutrient

specifications (Table 3.1) at each station and were designed

to allow differences in growth potential to be expressed while

limiting the rate of fat deposition.

3.2.2 Data Collection

Body weight (LIVEWT) and USFAT and USREA were measured at

the start of test (SOT), day 28 (D28) , day 56 (D56) , day 84

(D84) and at the end of test (EOT). Animals were isonified

between the 12th and 13th ribs on the left side using an Aloka

500V diagnostic RTUS unit equipped with a 17cm 3.5MHz linear

array transducer (Overseas Monitor Corporation Ltd., Richmond,

B.C.). The isonification site was curried to remove loose hair

and debris. Mineral oil was applied as an acoustical couplant

and a superflab standoff block was used to provide contact

between the linear surface of the transducer and the curved

hide of the animal. All RTUS images were collected by two

technicians. One technician probed the animal while the other

operated the machine and took the USFAT measurements. Internal
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Table 3.1: Average composition of rations fed at the

University of Saskatchewan (SROP) and Saskatchewan Livestock
Center (RROP) bull test stations.

Pazametez= SROP RROP

Chemical AnalysisY
Crude Protein (%)

Digestible Energy (MCal/kg)
Calcium (%)

Phosphorus (%)

Complete Mixed Ration (%)

Barley Silage
Ground HaY'
Concentrate

Conqentrate Ingredients (%)

Barley
Canola Meal

Salt, Minerals and VitaminsW

15.2 14.8

3.0 2.9

0.6 0.8

0.6 0.4

64 39

0 18

36 42

70 76

25 17

5 6

ZDry matter basis.
Yall analyses carried out by the Saskatchewan Feed Test

Laboratory
Xgrass-alfalfa hay.
Wsalt, limestone, mineral premix and vitamin premix.
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callipers of the RTUS unit, which were calibrated to ± 1 mm,

were used to measure USFAT. RTUS images were recorded using a

video cassette recorder (Panasonic AG-5200; Matsushita

Electric of Canada, Mississauga, ON). A commercial computer

and software package (Animorph, Woods Hole Educational

Associates, Woods Hole, MA) was used by one technician to

trace all 1. dorsi areas. Images were traced in duplicate at

both start (SOTREA) and end of test (EOTREA) and duplicate

measurements that did not agree within 5% were repeated. All

images recorded on regular weigh days (D28, D56 and D84) were

traced once. Images were reanalysed if measurements decreased

by more than 5% between consecutive scans. In Year 1, severe

weather conditions prevented the collection of ultrasound

measurements at both stations on day 28.

To adjust EOTFAT and EOTREA measurements to 365 days of

age (YFAT and YREA, respectively), the following formulae were

used (Anonymous 1993) :

Equation 3.1:

YFAT = EOTFAT-[«EOTFAT-D56FAT)/56)*«EOTAGE-365»]

Equation 3.2:

YREA = EOTREA-[«EOTREA-D56REA)/56)*«EOTAGE-365»]

End of test USREA measurements were adjusted to a common

body weight (USREA 100 kg-l) basis using the formula developed

by Turner et al. (1990):

Equation 3.3: WREA = [(EOTREA/EOTWT) *100] .
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3.2.3 Analytical Procedure

The experiment was designed as a 2 x 2 x 5 factorial with

YEAR (YEAR 1 and YEAR 2), STATION (SROP and RROP) and BREED

(AA, CH, HH, SS and SM) as main effects. The data were

subj ected to analysis of variance for a factorial design using

the General Linear Model procedure of SAS (1989). Main effects

of YEAR, STATION and BREED and all two- and three-factor

interactions were included in the linear model. Several live

animal carcass parameters (USFAT, USREA, WREA and daily rates

of USFAT and USREA development) were adjusted to a common age

using analysis of covariance (Steel and Torrie 1980) . Age was

not used as a covariate in analyses of YFAT, YREA and start of

test age. YEAR was treated as a random variable in all

analyses. Where appropriate, means were separated using the

Student-Newman-Keuls procedure (Steel and Torrie 1980) . Within

breed variation was estimated by calculating coefficients of

variation for end of test LIVEWT, USFAT and USREA. Pearson

product moment correlation coefficients were computed to

determine the degree of association between EOT and earlier

RTUS measurements (Steel and Torrie 1980). To further

elucidate the nature of fat and muscle development, regression

was used to determine the linear and quadratic effects of age

on USFAT and USREA for each bull. The influence of age or

weight on RTUS measurements was determined by calculating

Pearson correlation coefficients between unadjusted EOT RTUS

and age (YFAT, YREA) and weight adjusted (WREA) measurements.
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3.3 Results and Discussion

3.3.1 YEAR and STATION Effects on Live Animal

Measurements

No YEAR I STATIONI BREED or two-way interaction effects

were noted for start of test age (P > 0.05) (Table 3.2). A

significant three-way interaction indicated that start of test

age was slightly greater in YEAR 2 than in YEAR 11 but this

was not a consistent trend for all breeds at both STATIONs

(Figure 3.1) . The exact cause of this interaction was unclear I

but likely resulted from differences in the management

practices of the bull consignors at the two STATIONs over the

two years of the study. Age is directly related to stage of

physiological maturity I which influences the degree of fatness

within breed types of cattle (Tatum et al. 1986a). To remove

any effect of the small differences in age noted in this

study I age was used as a covariate in analyses involving

LIVEWTI USFAT I USREA and WREA.

Forage accounted for a high proportion of the test ration

at each STATION (63.9% and 57.7% for SROP and RROPI

respectively) (Table 3.1) . No STATION effects were observed (P

> 0.05) for any of the live animal measurements examined in

this study (Table 3.2). This indicates that slight differences

in the nutritional management of the bulls did not affect

their growth performance. This was not unexpectedl since the

goal of both of these stations was to provide a moderate

energy diet to allow the expression of differences in growth



Table 3.2: Least-square means for age, weight, and live animal carcass traits in young

performance tested beef bulls by year and test station.

Year

Least-square Mean Cov" Year 2 SROP SEMYear 1 SEMY

Station

RROP

Age(days)

LiveWeight (kg)
SOTx

NA 258.6 274.0

** 365.4

535.4

354.1

524.8EOT

FatDepth (rom)
SOT

EOT

YFATw

**

** 1.2

3.4

3.3

0.9

3.5

3.3

**

NA

1.dorsi azea'' (em")
SOT

EOT

** 60.0

81. 6

79.8

15.4

59.3

78.7

76.8

15.1

**

YREAV

WREAu

NA

**

0.99 265.4

9.88

3.41

358.9

527.7

0.13

0.08

0.04

0.9

3.6

3.4

0.65

0.79

1. 26

0.23

59.0

81. 4

79.3

15.6

ZCov= covariate (age); NA = not used, ** = significant (P s 0.01).
YSEM= standard error of the mean.

xSOT= start of test; EOT = end of test.
wYFAT= yearling adjusted end of test fat depth
VYREA= yearling adjusted end of test 1. dorsi area
WWREA= weight adjusted end of test 1. dorsi area
a,b,c,dmeans in the same row with different subscripts differ (P < 0.05).

267.1

360.5

532.5

1.2

3.3

3.2

60.4

78.9

76.8

14.9

1.47

10.04

2.28

0.15

0.08

0.08

0.21

0.85

1. 32

0.23

-..J
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potential while restricting fat deposition. The absence of

STATION effects also indicates that the length of the warm-up

period has little effect on the subsequent growth and

development of body weight, fat and muscle. These findings are

in agreement with those of Liu and Makarechian (1993), who

indicated that a 28 day warm-up period was sufficient to

eliminate 70% of the pretest environmental effects.

Similarly, YEAR did not significantly influence (P >

0.05) SOT or EOT performance parameters (LIVEWT, USFAT and

USREA) (Table 3.2). The lack of YEAR effects on performance

parameters can be attributed to similar management practices

at each STATION in both YEAR. It has also been shown that

differences in climatic conditions do not affect the growth

performance of young beef bulls with adequate shelter, bedding

and access to feed (Christison et al. 1990).

A significant (P < 0.05) two-way interaction was noted

for SOTWT. Bulls at RROP were heavier (P < 0.05) than SROP

bulls in YEAR 1 (372 vs. 359 kg) but SROP and RROP did not

differ (p > 0.05) in YEAR 2 (359 and 349 kg for SROP and RROP,

respectively) (Figure 3.2) . This interaction may partly result

from the longer warm-up period used at RROP in combination

with pre-test management differences. No corresponding two-way

interaction was observed for EOTWT, confirming that pre-test

management effects are gradually eliminated over the course of

an ROP performance test (Liu and Makarechian 1993) .
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Year: 1 1 2 2
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Fi gure 3.2: Start of test wei ght in beef bull s at
two Saskatchewan ROP test stati ons (Si gni fi cant
Year* Stati on i nteracti on; P < 0.05).
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A significant (P < 0.05) three-way interaction was

identified for SOTREA. Start of test 1. dorsi area was greater

(p < 0.05) at RROP than at SROP for the AA and CH in both

YEAR, but this trend was not consistently observed in the

other BREED x STATION combinations (Figure 3.3). This

interaction was not evident at the end of test.

Between and Within BREED Variation for Weight and

Live Animal Carcass Traits

Significant BREED effects were detected (P < 0.05) for

LIVEWT, USFAT and USREA (Table 3.3). The CH and SM breeds were

3.3.2

heavier than all others (P < 0.05) but did not differ from

each other at SOT (390 and 376 kg, respectively) or EOT (570

and 557 kg). Angus and SS bulls were equal (P > 0.05) at SOT

(355 and 353 kg, respectively) and EOT (519 and 517 kg,

respectively), and were heavier (p < 0.05) than the HH breed

at both points.

The Continental breeds (CH and SM) were leaner (P < 0.05)

than the British bulls and did not differ (p > 0.05) from each

other (USFAT = 0.4 mm for both CH and SM) at SOT (Table 3.3).

The AA and HH bulls (1.7 mm and 1.5 mm, respectively) were

fatter (P < 0.05) than SS bulls (1.2 mm) at SOT, but at EOT AA

(4.5 mm) and SS (4.3 mm) bulls were fatter (P < 0.05) than HH

bulls (4.0 mm). The CH and SM breeds had less fat (P < 0.05)

than the British breeds and did not differ from each other

(2.2 and 2.3 mm, respectively) at EOT.
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Table 3.3: Least-square means for age, weight, and live animal carcass traits in young
performance tested beef bulls by breed.

Least-square mean Cov" Hereford Shorthorn Simmental SEMYAngus Charolais

Age

LiveWeightW (kg)
SOTx

NA

**

**EOT

FatDep t.h" (nun)
SOT

EOT

**

**

Yearling-adjusted
1.dorsi ar-ea" (em")
SOT

EOT

NA

**

**

Yearling-adjusted
Weight-adjusted

NA

**

269.1

354.8c

519.4c

1. 7a

4.5a

4.2a

57.4b

76.0b

74.5b

14.8c

262.9

376.2b

557.4b

0.4c

2.2c

2.2b

66.1a

89.2a

86.8a

16.2a

264.0 264.0 271.4 4.30

325.2d 352.8c 389.6a 6.35

485.8d 517.4c 570.5a 7.30

1. 5a 1. 2b 0 .4c 0 . 07

4.0a 4.3b 2.3c 0.09

3.9a 4.1a 2.3b 0.05

52.2c 57.4b 65.3a 0.72

71.6c 76.3b 87.6a 1.04

69.7c 74.2b 85.1a 0.82

14.8c 14.9c 15.5b 0.24

ZCov= covariate (age); NA = not used, ** = significant (P � 0.01).
YSEM= standard error of the mean.

xSOT= start of test; EOTWT = end of test.
a,b,c,dmeans in the same row with different subscripts differ (p < 0.05).
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The Continental breeds had larger (P < 0.05) SOTREA than

the British breeds but were not different (P > 0.05) from each

other (66. 1 and 65.3 em" for CH and SM, respectively) (Table

3.3). Within the British breeds, SS and AA bulls did not

differ (P > 0.05) from each other (57.4 cm2 for both breeds)

but had significantly larger (P < 0.05) SOTREA than HH bulls

(52.2 cm2). The same patterns were evident at EOT (Table 3.3).

Between-breed differences in LlVEWT and RTUS parameters

were not unexpected. The lower fat depth and larger 1. dorsi

area of the CH and SM bulls reflect the larger mature size and

later maturity of the Continental breeds compared to the

British breeds. Tatum et ale (1986b) demonstrated that large

frame (LF) cattle mature later than small (SF) or medium frame

(MF) cattle (ego British breeds) . Buckley et ale (1990) showed

that the more advanced physiological maturity of SF cattle was

reflected in higher rates of fat deposition at lighter weights

and younger ages relative to LF cattle.

The results of this study also demonstrate that modern

RTUS technology is sufficiently sensitive to detect known

breed-type differences in the fat depth of young bulls with

minimal fat cover. This result is encouraging, since it

suggests that phenotypic differences in USFAT can be used as

a selection criterion in yearling beef bulls, even when the

expression of the trait is controlled by nutritional

management.
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Substantial within-breed variation was also detected for

live animal carcass traits. Coefficients of variation for live

animal weight and carcass traits ranged from 8.1 to 11.0% for

EOTWT, 29.8 to 48.4% for EOTFAT and 9.0 to 10.8% for EOTREA

(Table 3.4). These results agree with the results of several

other studies. Jeffrey et al. (1993) found coefficients of

variation (C.V.) of 8.6%, 22.0% and 11.2% for EOTWT, EOTFAT

and EOTREA in Angus bulls. Turner et al. (1990) reported C.V.

values of 11.4%, 26.1% and 8.1% for EOTWT, EOTFAT and EOTREA

in Hereford bulls. Similar results were reported by Waldner et

al. (1992) (C.V. = 8.9%, 30.2% and 12.3% for LlVEWT, USFAT and

USREA) in 12 month old Brangus bulls. These results indicate

that considerable phenotypic variability exists within breeds

for these commercially important traits. Since live animal

carcass traits are moderately to highly heritable (Arnold et

al. 1991; Robinson et al. 1993), the phenotypic expression of

these traits should be largely under the influence of genetic

factors. Furthermore, environmental effects should be

minimized by similar management at the two stations. Since

these cattle were raised under a common environment, it is

probable that a large proportion of these differences are

genetic in origin (Koots et al. 1988). Thus, it can be

concluded that genetic variation does exist for live animal

carcass traits, and these traits should respond to selection.
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Table 3.4: Coefficients of variation for end of test weight
(EOTWT) and ultrasonically measured fat depth (USFAT) and 1.
dorsi area (USREA) in young beef bulls.

Parameter Angus Charolais Hereford Shorthorn Simmental

EOTWT

EOTFAT

EOTREA

9.4

35.3

9.3

11. 0

48.4

9.4

10.3

32.3

10.8

8.1

29.8

9.0

10.4

46.0

9.4
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Prediction of End of Test Ultrasound Measurements

from Earlier Measurements

Associations between EOT RTUS parameters with

measurements taken at SOT, D28, D56 and D84 were low to

moderate and positive (Table 3.5). Within-breed correlations

with EOTFAT ranged from r = 0.36 to r = 0.53 for SOTFAT, and

from r = 0.11 to 0.68 for D28FAT. Correlations between EOTREA

with early USREA measurements ranged from r = 0.62 to r = 0.74

for SOTREA, and from r = 0.64 to 0.80 for D28REA (Table 3.5).

Correlations increased towards the end of test. Associations

between D84FAT and EOTFAT ranged from r = 0.54 to r = 0.81,

and correlations between D84REA and EOTREA ranged from r =

0.79 to r = 0.84.

The high across-breed correlation coefficient between

EOTREA and D84REA in this study (r = 0.89) indicated that

D84REA measurements may provide a reasonable estimate of

EOTREA. However, the across-breed correlation coefficient

between D84FAT and EOTFAT was lower (r = 0.80), suggesting

that the D84FAT measurement would not provide as precise an

estimate of EOTFAT. These results indicate that live animal

carcass traits should be evaluated at the end of a performance

test, rather than estimated from earlier measurements.

These findings agree with those of Harada et al. (1985),

who found low correlations between 11 month and 15 month USFAT

and USREA measurements (r = 0.63 and r = 0.78, respectively).



Table 3.5: Associations between end of test ultrasound fat depth and 1. dorsi area

measurements with ultrasound measurements taken prior to the end of test and age-and
weight-adjusted end of test measurements in young performance tested beef bulls.

Angus Charolais Hereford Shorthorn Simmental Overall Z

EOTFATY

SOTFATX

D28FAT

D56FAT

D84FAT

YFAT

0.53

0.68

0.74

0.73

0.89

0.36

0.11

0.57

0.63

0.86

0.50

0.58

0.67

0.71

0.91

0.42

0.48

0.66

0.81

0.86

0.42

0.55

0.60

0.54

0.83

0.62

0.56

0.76

0.80

0.92

EOTREAY

SOTREA

D28REA

D56REA

D84REA

YREA

WREA

0.62

0.76

0.69

0.81

0.82

0.52

0.74

0.80

0.76

0.80

0.74

0.31

0.68

0.64

0.76

0.79

0.83

0.45

0.58

0.77

0.60

0.84

0.84

0.56

0.73

0.78

0.81

0.79

0.77

0.33

0.81

0.86

0.86

0.89

0.88

0.50

Zacross all breeds.
YPearson correlation coefficients. All correlations are significant (P<0.05).
XFAT= ultrasound fat; REA = ultrasound 1. dorsi area; SOT = start of test; D28 = day 28;
D56FAT = day 56; D84 = day 84; EOT = end of test; YFAT or YREA = EOTFAT or EOTREA adjusted
to365 days; WREA = EOTREA per 100kg live weight.

00
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However, in a subsequent study these researchers found higher

associations between USFAT (r = 0.86) and USREA (r = 0.94)

measurements taken at 15 and 20 months of age (Harada et al.

1989). The results of the current study and those of Harada et

al. (1985) indicate that the associations between serial RTUS

measurements are low during the early rapid growth phase in

young bulls, but may increase as the growth curve plateaus

with advancing maturity.

The use of serial ultrasound measurements taken over the

course of a 112 day performance test may allow the nature of

fat and muscle development to be elucidated. This would aid in

the development of appropriate linear or quadratic equations

that would allow the prediction of end of test measurements

from SOT or intermediate measurements.

In this study, USFAT development over the course of a 112

day test was linear in 37% of bulls across breeds, quadratic

in 4%, and neither linear nor quadratic in 59% of bulls (Table

3.6). However, the degree of linearity varied considerably

within breed. Fat development was linear in 26 to 57% of bulls

within breed, quadratic in 2 to 10% and neither linear nor

quadratic in 33 to 70%. This indicates that USFAT develops in

a nonlinear fashion in a considerable proportion of young beef

bulls over the course of a 112 day performance test. These

results confirm that end of test fat depth measurements cannot

be accurately predicted from a single measurement taken

earlier in the test.



Table 3.6: Percentages of bulls displaying linear or quadratic
fatand muscle development measured using real-time ultrasound at 28 day
intervals throughout a 112 day performance test.

Parameter Breed

Angus Charolais Hereford Shorthorn Simmental Overall Z

USFATY
Linearx 51 29 37 57 26 37

QuadraticW 4 2 7 10 5 4

Ne i.ther" 45 70 56 33 69 59

USREAu
Linear 71 75 68 70 78 73

Quadratic 3 5 4 5 4 4

Neither 26 20 28 25 18 23

Zacross all breeds.
YUSFAT = ultrasound fat depth; regression models:
USFAT = intercept + gl*age (days)
USFAT = intercept + gl*age (days) + g2*age2 (days).
Xsignificant (P < 0.05) linear term (age).
Wsignificant (P < 0.05) quadratic term (age2).
vdevelopment pattern was neither linear (P > 0.05) nor quadratic (P > 0.05).
uUSREA = ultrasound 1. dorsi area; regression models:
USREA = intercept + gl*age (days)
USREA = intercept + gl*age (days) + g2*age2 (days).

OJ
1..0
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Brown et al. (1991) found that 112 day bull performance

tests evaluate growth during the linear phase of the growth

curve. Therefore, the failure of U8FAT to develop linearly in

the present study was surprising. However, there are several

explanations for the apparent nonlinearity of U8FAT growth.

The internal callipers of the Aloka 500V measure depth with an

accuracy of ± 1 mm. This has two important implications.

Firstly, an animal with actual 80TFAT, D28FAT, D56FAT, D84FAT

and EOTFAT depths of 0, 0 . 5 , 1 . 0, 1 . 5 and 2. 0 mm may be

measured as 0, 1.0, 0, 2.0 and 2.0 mm. These measurements are

all within ± 1 mm of the actual value, but the linear

regression coefficient will not be significant at 'the a = 0.05

level (P = 0.11) .

The second implication of the resolution capability of

the Aloka 500V relates to the slow impetus for fat deposition

in young bulls (Berg et al. 1979) particularly when fed a low

energy diet (Bailey et al. 1989). In this study, 229 bulls

deposited 1.0 mm fat or less over the entire feeding period.

The coefficients of daily U8FAT growth were neither linear (P

> 0.05) or quadratic (P > 0.05) in 95% of these bulls. When

these bulls are excluded from the analysis, 43-67% of the

remaining bulls were linear, 1-9% were quadratic and 24-54%

were neither linear nor quadratic at the a = 0.05 level (data

not shown). Furthermore, when all bulls are considered, a

higher proportion of bulls displayed linear fat growth in the

British breeds (51, 37 and 57% for AA, HH and 88 breeds,
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respectively) than the Continental breeds (29% and 26% for CH

and SM, respectively) (Table 3.6). This reflects the fact that

the smaller British breeds mature more rapidly and have a

higher impetus for fat deposition than the Continental breeds

(Buckley et al. 1990).

Based on these results, one can conclude that fat

deposition does not occur in a significant proportion of young

bulls, particularly in late maturing breeds, fed a moderate

energy ration for 112 days. However, when fat accretion

occurs, it follows a linear pattern in the majority of bulls.

In contrast, USREA development was linear (P < 0.05) in

over 73% of all bulls (68% to 78% within breeds) and quadratic

(P < 0.05) in less than 5% of bulls (3% to 5% within breeds)

(Table 3.6). These results indicate that muscle tissue

develops in a linear manner over the course of a 112 day

performance test in young bulls fed a moderate energy diet.

These results were expected, since the rations were formulated

to promote lean tissue growth while restricting fat deposition

(Table 3.1). Brown et al. (1991) also found that 112 day

performance tests only evaluate growth during the linear phase

of the growth curve.

It is clear that early measurements are of limited value,

particularly for the prediction of end of test fat depth.

However, the growth curves developed in this study contain

some interesting information regarding the degree of within

and between breed variation for USFAT and USREA development
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rates. Analysis of variance performed on the linear regression

models developed for individual bulls found no YEAR, STATION

or interaction effects for daily LIVEWT, USFAT and USREA

growth (data not shown). Significant (P < 0.05) BREED effects

were observed. Live weight gain (ADGAIN) was greater in the CH

(1.6 kg day:") and SM (1.6 kg day") breeds than in the AA (1.5

kg day+) , SS (1.5 kg day:") and HH (1.4 kg day") bulls (Table

3.7). Similarly, muscle growth was more rapid (P < 0.05) in CH

(0.21 cm2 day") and SM (0.20 em" day") than AA (0.17 crrr' day-

1.), HH (0.18 em" day") and SS (0.17 em" day-1.) (Figure 3. 4a) .

However, there were no differences (P > 0.05) within breed

type (i.e. CH = SM > AA = SS = HH) for either ADGAIN or ADREA.

On the other hand, USFAT growth was slower in CH and SM bulls

(0.016 mm day? for both breeds) than in the British breeds (P

< 0.05). Within the British breeds, fat deposition was more

rapid (P < 0.05) in SS (0.029 mm day-1.) than AA (0.025 mm day-

1.). HH bulls deposited fat at the slowest (P < 0.05) rate

(0.022 mm day") (Figure 3.4b). These results were expected.

The tendency of LF breeds to grow more rapidly and display

more rapid muscle growth and reduced fat growth relative to SF

and MF breeds is well established (Buckley et al. 1990; Byers

1982; Jones et al. 1984; Tatum et al. 1986b).

The existence of substantial within-breed variation for

these growth traits is confirmed by the low coefficients of

determination and high residual standard deviations of these

growth curves (Table 3.7). The R2 of the within breed growth
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curves were low to moderate for LIVEWT (R2 = 0.56 to 0.68),

USFAT (R2 = 0.28 to 0.49) and USREA (R2 = 0.47 to 0.55) (Table

3.7). Similarly, the RSD values were high (RSD = 40.4 to 57.2

kg, l.O to l.4 mm and 6.4 to 8.2 cm2 for ADGAIN, ADFAT and

ADREA, respectively). This indicates that a great deal of

variation exists in rates of weight, fat and muscle

development in young beef bulls, and explains why the

"average II daily live weight, fat or muscle deposition rate

will not accurately describe individuals within a breed.

Jeffrey et al. (l993) also reported that it was difficult

to develop prediction equations across contemporary groups for

USFAT and USREA within a single breed. Waldner et al. (l992)

were unable to develop accurate growth curves from RTUS

measurements taken with a l2cm transducer. The phenotypic

variation for fat and muscle development rates observed in the

present study also explains why low correlations were obtained

between EOT RTUS measurements and measurements taken earlier

in the test.

The findings of the present study have two important

implications for selection programs. First, since considerable

within-breed variation exists in the rates of fat and muscle

development, these traits could be modified by selection.

Secondly, since young bulls are evaluated for growth potential

at the end of a performance test, live animal carcass traits

should also be measured at this time. Based on the results of

this experiment, the usefulness of measurements taken earlier



Table 3.7: Influencez of breed on daily rates of live weight, fat depth and 1. dorsi

areagrowth in young performance tested beef bulls (n = 886).

Parameter Cov" Breed

Angus Charolais Hereford Shorthorn Simmental SEMx

LiveWeight Gain

(kg day") NS 1. 5b 1.6a l.4b 1. 5b 1. s- 0.021

R2w 0.62 0.56 0.60 0.68 0.58

RSDv (kg) 45.0 57.2 46.4 40.4 54.9

FatDeposition
(nun day-l) NS 0.025b 0.016d o . 022c 0.029a 0.016d 0.001

R2 0.36 0.28 0.32 0.49 0.28

RSD (mm) 1. 36 1. 02 1. 25 1.18 1. 06

1.dorsi Deposition
(cm2 day") * o .17b 0.21a o .18b o .17b 0.20a 0.006

R2 0.47 0.51 0.50 0.55 0.52

RSD (em") 7.2 8.2 7.2 6.4 7.8

Zleast squares means ± standard error of the
YCov= covariate (age) i NS = not significant
Xstandard error of the mean.

wR2=coefficient of determination.
VRSD= residual standard deviation.

a,b,c,d means in the same row with different

mean.

(p> 0.05), * significant (P � 0.05) .

subscripts differ (P < 0.05).

\.0
tn
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is questionable.

Effect of Age and Weight Adjustments on RTUS

Measurements

The age- and weight-adjusted end of test ultrasound

parameters (YFAT/ YREA/ WREA) were not influenced (P > 0.05)

by YEAR/ STATION or interaction effects / but BREED

significantly (P < 0.05) influenced all of these traits (Table

3.3). Adjusting USFAT to 365 days of age slightly changed the

interpretation of the results for the HH breed. On an

unadjusted basis/ HH were leaner than the AA and SS breeds (P

< 0.05) / but were fatter (P < 0.05) than the CH and SM bulls.

3.3.4

When expressed on a YFAT basis the three British breeds were

similar (4.2/ 4.1 and 3.9 mm for AA/ SS and HH / respectively) /

and were fatter (P < 0.05) than the Continental breeds (2.2

and 2.3 mm for CH and SM/ respectively). Results for YREA were

identical to the results for EOTREA (Table 3.3). BREED

rankings were the same in both analyses (CH = SM > AA = SS >

HH) .

As a result/ correlations between unadjusted (USFAT and

USREA) and age-adjusted (YFAT and YREA) measurements were high

and positive for fat (r = 0.83 to 0.91 within breeds and 0.92

across breeds) and moderate to high and positive for 1. dorsi

area (YREA) (r = 0.74 to 0.84 within breeds and 0.88 across

all breeds) (Table 3.5). This indicates that age adjustments

do not aid greatly in the interpretation of RTUS measurements

taken at the end of a 112 day test. This is due to the
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uniformity of age across BREED, STATION and YEAR. Furthermore,

the average EOT age ranged from 375 to 383 days among breeds,

and adjusting the EOTFAT and EOTREA data to 365 days of age

had a relatively minor effect. Turner et al. (1990) also found

high correlations (r = 0.95) between unadjusted and 365 day

adjusted USREA in Hereford bulls averaging 350 ± 27 days of

age.

Expressing USREA on a constant weight basis (WREA) had a

greater effect on the interpretation of USREA results.

Unadjusted USREA results indicated that CH = SM > AA = SS > HH

(Table 3.3). These rankings are quite similar to the breed

rankings for EOTWT. However, on a weight-constant (WREA)

basis, the breed rankings changed to CH > SM > SS = AA = HH

(TabIe 3. 3) .

As a result, the correlations between USREA and WREA were

low to moderate and positive (r = 0.31 to 0.56 across breed

and 0.50 across breeds) (Table 3.5). Similar results were

obtained by Turner et al. (1990), who obtained a correlation

of r = 0.27 between unadjusted and weight-adjusted USREA in

yearling Hereford bulls. Live weight is highly associated with

1. dorsi area (Jeffrey et al. 1993), and should be considered

when 1. dorsi area is to be compared between bulls. Since

heavier bulls have larger 1. dorsi area, ranking bulls

according to unadjusted USREA will be influenced by

differences in body weight, rather than differences in carcass

muscling. Adjusting bulls to a common body weight helps to
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remove this bias and identify bulls with more beef per kg of

live weight.

3.4 Conclusion

The conclusions of this study are:

1. Considerable phenotypic variation exists in live

animal carcass traits in yearling bulls, both within and

between breeds. Since these bulls were housed and managed

similarly, it is probable that a great deal of this

phenotypic variation is genetic in origin. Thus, it

appears that live animal carcass traits may be altered

using real-time ultrasound in a breeding and selection

program.

2. Fat and muscle growth, when detected, follow a linear

pattern in the majority of young bulls. However, the

rates of fat and 1. dorsi growth vary considerably within

breeds, reducing the p�edictive value of equations which

attempt to predict EOT carcass traits from measurements

taken earlier in the test.

3. Age adjustment of ultrasound data does not appear to

aid in the interpretation of live carcass data in young

ROP tested bulls. However, expressing 1. dorsi area on a

constant weight basis in bulls of a similar age will

reduce differences in 1. dorsi area that result from

differences in mature size rather than body composition.

The moderate to high heritability of RTUS traits,

combined with the high degree of within-breed phenotypic
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indicate that RTUS

technology may make a valuable addition to genetic improvement

programs for beef cattle carcass traits. However, further work

is needed to determine the association between RTUS parameters

and actual beef carcass composition.
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CHAPTER 4

4.0 PREDICTION OF LEAN MEAT YIELD IN YEARLING BEEF

BULLS USING REAL-TIME ULTRASOUND

4.1 Introduction

In Chapter 3

ultrasound (RTUS)

it was demonstrated that

technology is capable of

real-time

detecting

substantial within-breed variation for subcutaneous fat depth

(USFAT) and ribeye area (USREA) in yearling ROP tested bulls.

These traits are moderately heritable (Arnold et al. 1991;

Robinson et al. 1993), and should respond to selection. As a

resul t, RTUS may be able to replace progeny testing for

carcass traits in genetic improvement programs. Measurement of

carcass traits would be a logical addition to beef bull

performance evaluations for several reasons. Firstly, the

majority of performance tested bulls are evaluated at 12 to 14

months of age, which is the same age at which most commercial

feedlot cattle are slaughtered. Secondly, the growth traits

presently measured in these tests (i.e. average daily gain and

weight per day of age) do not reflect the relative rates of

muscle and fat development (Owens et al. 1993). Since the

Canadian grading system is based on carcass lean meat content,

the accurate assessment of body composition using RTUS would

be a valuable addition to beef cattle genetic improvement

programs.
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Several issues must be addressed before RTUS can be

effectively incorporated into a genetic improvement program.

First, the accuracy and repeatability of USFAT and USREA

measurements in yearling bulls must be determined. Research

has shown that the accuracy and repeatability of USFAT and

USREA measurements decline in cattle possessing extreme

degrees of fat or muscle (Perkins et al. 1992a, Waldner et al.

1992) . Yearling bulls represent these extremes, since they are

very lean and heavily muscled compared to feedlot cattle.

Secondly, since carcass lean yield forms the basis of the

Canadian beef grading system, the relationship of live animal

USFAT and USREA measurements to actual carcass lean meat

percentage must be determined. Therefore, the objectives of

this study were to:

l. Assess the repeatability and accuracy of preslaughter

fat depth and 1. dorsi area measurements taken in

yearling bulls using RTUS.

2. Develop and test the accuracy of an equation to

predict carcass lean meat content from RTUS measurements

taken in young bulls.

4.2

4.2.1

Materials and Methods

Animals, Housing and Feeding Management

Eighty-two bull calves representing two breeds (AngUSj

AA, n = 4l and Charolaisj CH, n = 4l) were purchased from

private purebred breeders in the fall of 1992 and raised in

the Beef Research Unit at the University of Saskatchewan
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(UofS). These bulls are referred to as Group 1 bulls. They

were used to assess the repeatability and accuracy of RTUS

measurements and to develop a live animal lean yield (USLEAN)

prediction equation based on RTUS measurements. Management of

the Group 1 bulls followed the procedure described in Chapter

3 for ROP bulls at the University of Saskatchewan. Calves were

divided into light and heavy weight groups within breed. Heavy

and light groups were put on 28 and 56-day pretest warm-ups,

respectively to ensure that these animals would be

representative of typical ROP tested bulls in terms of body

weight at the end of test. This practice also ensured that the

different groups would complete the simulated growth test at

different times to facilitate the slaughter and dissection

procedure. Bulls were randomly assigned to pens within weight

group and breed type. A moderate energy ration, similar to

those used in Chapter 3, was fed throughout the trial (Table

4.1). These bulls were slaughtered within two weeks of the

completion of the 112 day performance test.

A second group of 135 bulls representing the same two

breeds (AA, n = 69 and CH, n = 66) which were concurrently

enrolled in the Saskatchewan Livestock Center (SLC) ROP test

near Regina were used as controls to determine whether the

growth rate and live animal RTUS carcass traits of the Group

1 bulls were representative of typical ROP bulls. These

control bulls are referred to as Group 2. The management of

bulls at the SLC was described in Chapter 3.
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Table 4.1: Average composition of rations fed in experimental
and control bullsz•

UofSY
n = 82

SLC
n = 135

Chemical AnalysisX
Crude Protein (%)

Digestible Energy (MCal/kg)
Calcium (%)

Phosphorus (%)

Silage:Concentrate Ratio (%)

Barley Silage
Ground HayW
Concentrate

Concentrate Ingredients (%)

Barley
Canola Meal

Tallow

Salt, Minerals and VitaminsV

14.8

3.0

0.9

0.5

14.0

2.9

1.1

0.4

48

23

15

39

18

32

62

30

3

5

76

17

o

6

Zdry matter basis.
YUofS = Group 1 bulls at the University of Saskatchewan; Group
2 bulls at the Saskatchewan Livestock Center.
xall analyses carried out by the Saskatchewan Feed Testing
Laboratory
Wgrass-alfalfa hay.
Vsalt, limestone, mineral premix and vitamin premix.
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Two independent data sets were used to test the accuracy

of the USLEAN prediction equation developed in this study.

Performance tested bulls (n = 54) representing AA (n = 21), CH

(n = 9), Hereford (HH; n = 6), Shorthorn (SS; n = 9) ,Simmental

(SM, n = 6), Salers (SA; n = 1) and Maine Anjou (MA; n = 2)

breeds were used to compare carcass lean yield predicted from

ultrasound (USLEAN) to carcass lean content estimated from

carcass measurements using the cutability equation developed

for the Canadian Blue Tag program (BTLEAN). These animals,

referred to as Group 3 bulls, had been slaughtered after

completing the 1990-91 and 1991-92 ROP tests at the University

of Saskatchewan. Management of these bulls was ·described in

Chapter 3. The second independent data set representing AA (n

25), CH (n = 22), HH (n = 23), SM (n = 19) and Limousin (LMi

n = 22) bull calves were purchased in the fall of 1993. These

bulls are referred to as Group 4 bulls and were managed

identically to the Group 1 bulls. Table 4.2 outlines the four

groups of bulls and their roles in this study.

4.2.2 Data Collection

Animal weight (LIVEWT) and ultrasound fat depth (USFAT)

and 1. dorsi area (USREA) measurements were collected on the

Group 1 bulls at 14 day intervals throughout the 112 day test.

The isonification procedure is described in Chapter 3.

Duplicate measurements were made at start of test (SOTWT,

SOTFAT, SOTREA) and end of test (EOTWT, EOTFAT and EOTREA) .

All SOT, EOT and pre-slaughter USREA images were analyzed



Table 4.2: Numbers of bulls by group, purpose, location and year.

Set n Breedz Purpose Location Year

1 82 AA, CH repeatability of RTUS University of 1992-93
accuracy of RTUS Saskatchewan
development of USLEAN and GLEAN
from dissected CARLEAN

2 135 AA, CH comparison of growth and RTUS Saskatchewan 1992-93
traits of Set 1 bulls with Livestock
typical ROP tested bulls Center

3 54 AA, CH, HH, initial verification of USLEAN by University of 1990-91

SS, SM, SA, MA comparison to BTLEAN and GLEAN Saskatchewan 1991-92

4 110 AA, CH, HH, verification of USLEAN by University of 1993-94

SM, LM comparison to CARLEAN, GLEAN and Saskatchewan
BTLEAN

ZAA = Angus; CH = Charolais; HH = Hereford; SS
= Maine Anjou; LM = Limousin.

Shorthorn; SM Simmental; SA = Salers; MA

I-'
o
U1
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twice using a commercial computer software package (Animorph;

Woods Hole Educational Associates, Woods Hole, MA) .

Measurements that did not agree within 5% were repeated. The

Group 2 bulls were scanned once at the end of the 112 day

performance test, and each image was traced twice. Results

that did not agree within 5% were repeated. At the conclusion

of the SLC performance test, the bulls were offered for sale

to purebred breeders and commercial cow-calf producers. No

slaughter data was available as a result.

The Group 1 and Group 4 bulls were slaughtered

approximately two weeks after the 112 day test period ended.

Bulls were weighed on two consecutive days prior to slaughter

(KILLWT1, KILLWT2) . Prior to slaughter, bulls were

ultrasonically scanned (USFAT1, USREA1), allowed to mix with

pen-mates and scanned a second time (USFAT2, USREA2).

Duplicate RTUS measurements taken on Group 1 bulls were

compared to assess the repeatability of USFAT and USREA

measurements. Averaged USFAT , USREA and KILLWT measurements

from Group 1 bulls were compared to the corresponding carcass

measurements to assess the accuracy of RTUS measurements, and

for the development of the live animal lean yield (USLEAN)

prediction equation. Group 3 bulls were scanned once at the

end of test, two to four weeks prior to slaughter. All bulls

were slaughtered at a commercial beef packing plant

(Intercontinental Packers Limited, Saskatoon). Hot carcass

weight (CARWT) and 12th rib average fat depth (AFAT), grade
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fat (GFAT), ribeye area (GREA) and cutability (BTLEAN) were

measured on the chilled carcass by certified graders through

the Agriculture and Agri-Food Canada Blue Tag program. Carcass

cutability is estimated using the equation defined below

(S.D.M. Jones, pers. commun. 1995).

Equation 4.1:

BTLEAN = 57.96 - (O.027*CARWT) + (O.202*GREA) - (O.703*AFAT)
R2 = 0.50, RSD = 2.72 g 100g-1

where CARWT =

GREA
AFAT

hot carcass weight (kg)
= 12th rib 1. dorsi area (cm2)
12th rib average fat depth (mm)

A seven bone rib (6th to 12th ribs) was collected from

the left side of each carcass from the bulls in Groups 1 and

2. This primal cut was physically dissected into fat (RIBFAT),

lean (RIBLEAN) and bone. RIBFAT was further separated into

subcutaneous (SCFAT), body cavity (BCFAT) and intermuscular

(IMFAT) depots. Rib composition was extrapolated to whole

carcass side composition (CARLEAN) using the equation

developed by Jones (cited in McKinnon et al. 1993).

Equation 4.2:
carcass lean (CARLEAN) = 17.233 + (O.797 x % rib lean)

R2 = 0.80, RSD = 1.73 g 100g-1

4.2.3 Analytical Procedure

Data from Group 1 bulls were subjected to analysis of

variance (ANOVA) using the General Linear Model (GLM)

procedure of SAS (1989) to identify breed (AA vs. CH) and

weight group (heavy vs. light) differences in age, performance
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parameters or live animal carcass traits. Data from Group 1 (n

= 82) and Group 2 (n = 135) bulls were compared using the GLM

procedure of SAS (1989) to identify breed (AA vs. CH) and

station (UofS vs. SLC) differences in age, growth and RTUS

traits. Age was used as a covariate in analyses involving

growth parameters and live animal carcass traits.

Repeatability of pre-slaughter USFAT and USREA

measurements on the Group 1 bulls was determined by

calculating Pearson product moment correlation coefficients

(Steel and Torrie 1980), absolute differences, and the

standard error of repeated measures (SER). These equations are

defined below:

Equation 4.3: ABSDIFF = Absolute(RTUSl-RTUS2)

where (RTUS1-RTUS2) is the difference between repeated
measurements of USFAT or USREA.

Equation 4.4: SER (RTUSI-RTUS2)2

where RTUS1 and RTUS2 are the first and second USFAT or

USREA measurement.

and n2 is the number of animals scanned in duplicate.

Accuracy of RTUS measurements were determined by

calculating absolute differences, Pearson correlation

coefficients and standard errors of prediction (SEP) between

RTUS and corresponding carcass measurements on the Group 1

bulls. These equations are defined below:

Equation 4.5: ABSDIFF = Absolute{RTUS-CARCASS)
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Equation 4.6: SEP =V EE (RTUSij - CARCASSi - BIAS> 2

ij n-l

where RTUSij is the j th USFAT or USREA measurement on the
ith animal.

CARCASSi is the carcass fat depth or 1. dorsi area for
the ith animal.

BIAS = LL RTUSij - CARCASSi
ij n

and n is the number of live vs. carcass comparisons.

A live animal lean yield (USLEAN) formula was developed

from the Group 1 bulls using forward stepwise regression (SAS

1989) to predict CARLEAN (actual dissected carcass lean

content) from LIVEWT, USREA and USFAT. To compare the

predictive value of live and carcass measurements, a second

equation (GLEAN) was developed to predict CARLEAN using the

corresponding carcass measurements (GFAT, GREA, CARWT) from

the same data set.

Repeatability of USLEAN predictions was assessed using

absolute differences, SER and Pearson correlations between

repeated USLEAN estimates. The USLEAN equation developed from

the Group 1 bulls (n = 82) was initially tested by calculating

Pearson correlation coefficients between USLEAN and BTLEAN for

the Group 3 bulls (n = 54). The accuracy of carcass lean

content prediction equations based on live (USLEAN) and

carcass (BTLEAN and GLEAN) measurements was verified by

calculating absolute differences, SEP and Pearson correlation

coefficients between predicted (USLEAN, GLEAN or BTLEAN) and
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observed (CARLEAN) values for the dissected Group 1 (n = 82)

and Group 4 (n = 110) bulls.

4.3 Results and Discussion

4.3.1 Breed and Weight Group Effects

The Group 1 bull calves used in the development of the

USLEAN equation varied in age (RECAGE) and weight (RECWT) upon

arrival (RECWT) at the University feedlot (Table 4.3). At the

start of test (i.e. after the 28 or 56 day warm-up period),

age differences between the two groups were eliminated (P >

0.05) and weight differences were reduced substantially (368

and 387 kg for light and heavy groups, respectively; P < 0.05)

(Table 4.3). This indicates that differences in weight when

the calves arrived at the University were largely due to age

differences. At the end of test, only EOTWT differed between

the two groups of bulls (534 kg and 559 kg for Light and Heavy

groups, respectively). No differences (p > 0.05) were noted

for EOTFAT, EOTREA or ADG over the course of the 112 day

performance test (Table 4.3). These results indicate that

separating the bulls into two weight groups removed the

influence of age on growth performance and live animal carcass

traits. No significant (P > 0.05) Breed*Weight Group

interactions were noted for any of the performance parameters

studied.



Table 4.3: Least-square means for growth performance and live animal ultrasound traits

ofyoung beef bulls by breed and weight group.

Breed Weight Groupz

Parameter Angus Charolais SEMY Heavy Light SEM

(n = 41) (n = 41) (n = 42) (n = 40)

RECAGEx 241. 0 243.0 5.68 256.0a 228.0b 5.72

SOTAGEx 283.0 285.0 5.68 284.0 284.0 5.72

RECWTw 322.7 316.0 5.93 353.5a 285.2b 5.93

SOTWTw 380.1 375.3 6.78 386.9a 368.5b 6.78

EOTWTw 541. 2 552.3 9.16 559.7a 533.7b 9.26

EOTFATv 5.3a 2.6b 0.38 4.1 3.9 0.38

EOTREAv 81.5b 98.3a 2.01 91. 5 88.3 2.01

ZHeavy = 28 day pre-test warm-up; Light = 56 day pre-test warm-up.
YSEM= standard error of the mean.

xRECAGE = age (days) at arrival at the University; SOTAGE = age at start of test following
28or 56 day warm-up.
WRECWT = weight (kg) upon arrival at the University; SOTWT = weight at start of test; EOTWT
=weight at end of test.
VEOTFAT = end of test ultrasound fat depth (mm); EOTREA = end of test ultrasound 1. dorsi
area(cm2).
a,bmeans in the same row with different letters differ (P < 0.05).

I-'
I-'
I-'
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4.3.2 Breed and Station Differences

The Group 2 bulls were included in the study to ensure

that the Group 1 bulls were representative of performance

tested yearling bulls used in the Canadian beef industry. No

significant station (UofS vs. SLC) differences existed for

age, EOTWT, ADG, EOTFAT or EOTREA (Table 4.4). This can be

partly attributed to si�ilarities in the management practices

and ration composition at the two stations (Table 4.1). The

results of Chapter 3 also indicated that slight differences in

ration composition do not affect the growth and carcass traits

of young beef bulls. This lack of station effects in the

present study indicates that the performance and live animal

carcass traits of the Group 1 bulls (n = 82) is characteristic

of typical ROP tested bulls.

Breed differences followed expected patterns. All live

animal parameters except age were significantly (P < 0.05)

different between the two breeds. The CH bulls were heavier,

grew faster, were leaner and had larger 1. dorsi area than the

AA bulls. Similar breed type differences in growth rate and

compositional changes were observed by Buckley et al. (1990).

No Breed*Station interactions were noted for any of the end of

test parameters studied.



Table 4.4: Least-square means for growth performance and live animal ultrasound traits
of young beef bulls by breed and test station.

Breed StationZ

Parameter CavY Angus Charolais SEMx UofS SLC SEM

(n = 110) (n = 107) (n = 82) (n = 135)

SOTAGEw NA 277.0 280.0 3.38 284.0 273.0 3.56

EOTWTv ** 533.0b 557.0a 6.00 542.0 548.0 6.34

ADGu NS 1. 5b 1. 6a 0.03 1.5 1.6 0.03

EOTFATt NS 5.2a 2.7b 0.21 4.1 3.9 0.23

EOTREAt ** 81. Ob 96.5a 1.19 89.7 87.8 1. 24

ZUofS = University of Saskatchewan (Group 1 bulls); SLC = Saskatchewan Livestock Center

(Group 2 bulls) .

YCov = covariate (AGE); NA = not used; NS = not significant (p > 0.05);
** = significant (P s 0.01).
xSEM = standard error of the mean.

wSOTAGE = start of test age (days).
vEOTWT = end of test live weight (kg).
uADG = average daily live weight gain over 112 days (kgoday-l).
tEOTFAT = end of test ultrasound fat depth (mm); EOTREA = end of test ultrasound 1. dorsi
area (cm2).
a,bmeans in the same row and main effect with different letters differ (P < 0.05).

....

....
w



114

4.3.3 Repeatability and Accuracy of RTUS Measurements

Low absolute differences (ABSDIFF = 0.5 mm for USFAT and

3.0 cm2 for USREA) and high correlations (r = 0.96 and r =

0.95 between consecutive USFAT and USREA measurements,

respectively) were obtained between successive measurements on

the same animal (Table 4.5). These values indicate close

agreement between repeated RTUS measurements of 12th rib fat

depth and 1. dorsi area. However, several studies have

suggested that the standard error of repeated measures (SER)

is a more appropriate statistic than correlation coefficients,

since SER is not dependent upon population variation (Herring

et al. 1994b; Perkins et al. 1992b; Robinson et al. 1992). As

a result, the SER can be compared between different studies.

The SER for repeated fat measures in this study (SER = 0.6 mm)

was lower than those reported by Perkins et al. (1992b) (SER

= 0.7 mm to 1.4 mm) and Herring et al. (1994b) (SER = 1.2 to

1.8 mm). The SER of USREA measures (SER = 4.0 cm2) from this

study (Table 4.5) also compared favorably with those obtained

by Perkins et al. (1992b) (SER = 3.0 to 3.6 cm2) and Herring

et al. (1994b) (SER = 3.9 to 8.3 cnr') using the same

equipment. These results indicate that experienced technicians

can obtain highly repeatable RTUS measurements of fat depth

and 1. dorsi area on yearling beef bulls.

Ultrasound measurements overestimated carcass fat and

underestimated carcass ribeye area by 1.1 mm and 5.6 ern",

respectively (Table 4.6). Similar trends were reported by
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Table 4.5: Repeatability of live animal measurements of
ultrasonic fat depth and 1. dorsi area in Group 1 bulls.

Angus
(n = 41)

Charolais
(n = 41)

Overall Z

(n = 82)

Ultrasound fat depth (mm)Y

USFAT1

USFAT2

ABSDIFFX

Pearson rV

5.7

5.7

0.5

0.7

0.94

2.8

2.8

0.5

0.6

0.93

4.3

4.2

0.5

0.6

0.96

Ultrasound 1. dorsi area (em")

Pearson r

81. 7

81. 8

3.0

3.8

0.89

99.1

99.7

3.1

4.2

0.91

90.4

90.7

3.0

4.0

0.95

USREAl

USREA2

ABSDIFF

SER

zOverall = across breeds.
YDSFAT1, USFAT2, USREA1 or USREA2 = first or second ultrasound
fat depth (mm) or 1. dorsi area measurement (cm2).
XABSDIFF = average absolute difference between consecutive
ultrasound measurements.

.

wSER = standard error of repeated measures.

vPearson r = Pearson correlation coefficient.
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Table 4.6: Accuracy of live animal measurements of ultrasonic
fat depth and 1. dorsi area in Group 1 bulls.

Angus
(n = 41)

Charolais
(n = 41)

over-al L"
(n = 82)

Fat depth (mm) Y

USFAT 5.7 2.8 4.2

GFAT 4.8 2.0 3.4

ABSDIFFx 1.1 1.1 1.1

SEpw 1.0 1.1 1.1

Pearson rV 0.86 0.76 0.90

1 . dorsi area (em")

USREA 81. 7 99.4 90.6

GREA 86.0 104.8 95.4

ABSDIFF 5.2 6.0 5.6

SEP 5.6 5.7 5.6

Pearson r 0.81 0.90 0.93

zOverall = across breeds.
YDSFAT, USREA = live ultrasound fat depth or 1. dorsi area;
GFAT, GREA = carcass fat depth or 1. dorsi area.
XABSDIFF = average absolute difference between live and
carcass measurements.
WSEP = standard error of prediction.
vPearson r = Pearson correlation coefficient.
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Perkins (l992b) (ABSDIFF = l.7 mm and 4.4 cm2) and Herring et

al. (l994b) (ABSDIFF = 2.0 to 2.2 mm for fat depth and 4.94 to

6.76 cm2 for 1. dorsi area). Simple correlations between RTUS

and carcass measurements for both USFAT (r = 0.90) and USREA

(r = 0.93) from this study are equal to or higher than those

reported by Perkins et al. (l992b) (r = 0.86 to 0.87 for USFAT

and r = 0.76 to 0.82 for USREA) and Herring et al (l994b) (r

= 0.58 to 0.65 and 0.52 to 0.72 for USFAT and USREA). However,

as with repeatability, the standard error of prediction (SEP)

is a more appropriate statistic for evaluating the accuracy of

RTUS measurements, because it is independent of the level of

variation in the data set and corrects for bias (Herring et

al. 1994b; Perkins et al. 1992b; Robinson et al. 1992).

Correcting for bias removes the effect of small, consistent

over- or underestimation of carcass fat depth or 1. dorsi area

and emphasizes large errors. The SEP of USFAT measurements in

this study (SEP = l.l mm) was lower than those of Perkins et

al. (l992b) (SEP = l.4 mm) and Herring et al. (l994b) (SEP =

2.5 to 2.8 mm). The SEP for USREA in this study (SEP = 5.6

cm2) was intermediate to those obtained with the same

technology by Perkins et al. (1992b) (SEP = 3.l to 4.2 ern")

and Herring et al (l994b) (SEP = 6.0 to 7.4 cm2). The results

of the current study indicate that 68% of USFAT measurements

will be within ± l.l mm of carcass fat depth, and 95% will be

within ± 2.2 mm of the carcass value. SimilarlY, 68% of USREA
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measurements will be within ± 5.6 crrr' of carcass 1. dorsi

area, and 95% will be within ± 11.2 cm2 of the carcass.

Discrepancies between ultrasound and carcass estimates of

fat depth and ribeye area have been attributed to removal of

fat by hide pulling machines, changes in body position due to

hanging and rigor mortis, scribing of the chine bone, off-

center ribbing and carcass shrouding (Brethour 1992; Perkins

et ale 1992aj Robinson et ale 1992; Stouffer 1991). Since the

carcasses used in this study were subjected to all of the

above procedures, they likely account for some of the

discrepancies observed between live and carcass measurements.

The results of this study demonstrate that accurate RTUS

measurements can be taken on yearling bulls, in spite of their

extreme underfatness and overmuscling relative to steers.

4.3.4 Prediction of carcass lean yield from live RTUS

measurements

The equations developed from stepwise regression to

predict actual dissected CARLEAN using live (USLEAN)

measurements are shown below:

Equation 4.7: USLEAN = 59.921 - (O.952*USFAT) + (O.112*USREA)
R2 = 0.73, RSD = 1.79 g 100g-1

where USLEAN
USFAT
USREA

= live animal lean meat yield (g 100g-1)
= 12th rib ultrasound fat depth (mm)
12th rib ultrasound ribeye area (cm2).

Live predictions of lean meat yield are highly repeatable

(Table 4.7) . Low ABSDIFF and SER statistics were observed for
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Table 4.7: Repeatability of lean meat yield predicted from

preslaughter ultrasound measurements in yearling beef
bulls.

Angus Charolais overaL'l "

(n = 41) (n = 41) (n = 82)

USLEAN1Y 63.61 68.33 66.08

USLEAN2 63.68 68.45 66.04

ABSDIFFx 0.63 0.56 0.61

SERw 0.77 0.48 0.54

Pearson rV 0.90 0.93 0.97

zOverall = across breeds.
YDSLEAN1 or USLEAN2 = first or second lean yield estimate

predicted from live ultrasound fat depth (mm) or 1. dorsi area
measurement (g 100g-1) •

xABSDIFF = average absolute difference between consecutive
ultrasound measurements (g 100g-1) •

wSER = standard error of repeated measures (g 100g-1) •

vPearson r = Pearson correlation coefficient.
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both AA (ABSDIFF = 0.63 9 100g-1 and SER = 0.77 9 100g-1) and

CH bulls (ABSDIFF = 0.56 9 100g-1 and SER = 0.48 9 100g-1).

These results indicate that USLEAN predictions are as

repeatable as the predictor variables they were developed from

(Table 4.5).

The USLEAN prediction from this study has a higher R2

and/or lower RSD than many other values reported in the

literature. A number of these studies are summarized in Table

2.4. Furthermore, this is the only study to date to predict

carcass composition based solely on RTUS measurements taken at

the 12th rib. Other studies have included live weight (Herring

et al. 1994b; Waldner et al. 1992), hip height (Waldner et al.

1992), subjective evaluation (Herring et al. 1994b) or

multiple probe sites (Alliston 1982, Mitsuhashi et al. 1990;

Renand et al. 1992) in their prediction equations. The results

of this study indicate that 12th rib USFAT and USREA

measurements can make a valuable contribution to the

estimation of carcass lean content in the live animal. The

magnitudes of the various regression coefficients illustrate

the relative importance of USFAT , USREA and LlVEWT in

determining carcass composition. As the sole predictor of

CARLEAN, USFAT had an R2 = 0.59 and RSD = 2.21 g 100g-1• The

smaller coefficient for USREA indicates that it is less

important than USFAT , and should not be used as the sole

predictor of carcass lean content. However, it did make a

valuable improvement in the R2 (R2increased from 0.59 to 0.73)
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and RSD (RSD dropped from 2.21 to 1. 79 g 100g-l) of the

equation. Since LIVEWT did not enter the equation, animal

weight is of limited value as an indicator of carcass

composition in young bulls. The results of this study

regarding the relative importance of weight, fat depth and 1.

dorsi area as predictors of carcass composition are in

agreement with several earlier reports (Priyanto et al. 1993i

Taylor et al. 1992).

Several carcass lean yield prediction equations based on

carcass weight and 12th rib fat depth and 1. dorsi area

measurements have been published.' The equation used in the

Canadian Blue Tag Program has an R2 = 0.50 and RSD 2.72 g

100g-1. It is interesting that the lean yield equation

developed from live animal ultrasound measurements in the

present study had a lower RSD (RSD = 1.79 g 100g-1) and higher

R2 (R2 = 0.73) . However, since the Blue Tag cutability equation

was based on a different data set consisting of steer and

heifer carcasses, it was of value to predict a lean yield

equation based on carcass data from the 82 bulls used in the

current study. The lean yield prediction equation developed

from the carcass measurements of the dissected animals (GLEAN)

is shown below:

Equation 4.8: GLEAN = 62.487 - (1.033*GFAT) + (O.073*GREA)
R2 = 0.69, RSD = 1. 94 g 100g-l.

where GLEAN
GFAT
GREA

percentage lean meat yield
carcass 12th rib grade fat depth (mm)
carcass 12th rib ribeye area (cm2).

'
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The higher RSD and lower R2 of this equation compared to

the USLEAN equation suggest that live RTUS measurements

predict carcass composition as effectively as the equivalent

carcass measurements. Faulkner et al. (1990) also found that

equations to predict carcass composition developed from RTUS

measurements had similar R2 (R2 = 0.42 to 0.90) to equations

developed from carcass measurements (R2 = 0.43 to 0.92).

Lower ABSDIFF (1.45 g 100g-1) and SEP (1.80 g 100g-1)

statistics and higher correlations between CARLEAN and USLEAN

(0.86) than for BTLEAN (ABSDIFF = 1.82 g 100g-1, SEP = 2.26 g

100g-1, r = 0.79) or GLEAN (ABSDIFF = 1.58 g 100g-1, SEP = 1.91

g 100g-1, r = 0.83) equations (Table 4.8) in the Group 1 bulls

confirm that live RTUS measurements can predict CARLEAN as

well as the corresponding carcass measurements. The

correlation between USLEAN with BTLEAN was r = 0.81 for the

initial verification data set derived from the Group 3 bulls

(n= 54). This result is encouraging because these animals were

not scanned in duplicate, the lapse between ultrasound and

slaughter dates was up to one month in some and because it

indicates that the usefulness of the USLEAN equation is not

restricted to the two breeds from which it was developed.

The results from the Group 4 bulls verified the USLEAN

equation developed from the Group 1 bulls. Lower ABSDIFF (1.83

g 100g-1) and SEP (2.28 g 100g-1) statistics and higher

correlations (0.86) were obtained between CARLEAN and USLEAN
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Table 4.8: Comparison of actual carcass lean meat yield
(CARLEAN) with predicted lean meat yield estimated from
live (USLEAN) or carcass (BTLEAN, GLEAN) measurements.

Group 1z Group 4Y

OveralF
. (n = 110)

(n = 82)
Angus
(n = 41)

Charolais
(n = 41)

CARLEANW

BTLEAN

ABSDIFFv

ssr

Pearson rt

GLEAN

ABSDIFF

SEP

Pearson r

USLEAN

ABSDIFF

SEP

Pearson r

63.43

63.26

1.54

1. 96

0.64

63.81

1. 64

1. 89

0.67

63.64

1. 68

2.05

0.61

68.56

68.67

2.09

2.52

0.38

68.07

1. 53

1. 83

0.50

68.39

1.22

1.49

0.68

65.99

65.97

1. 82

2.26

0.79

65.94

1. 58

1. 91

0.83

66.02

1.45

1. 80

0.86

65.82

64.75

2.50

2.26

0.83

65.03

2.16

2.57

0.81

66.17

1. 83

2.28

0.86

ZGroup 1: bulls dissected to develop USLEAN prediction
equation.
YGroup 2: bulls dissected to test USLEAN prediction equation.
xOverall = across breeds.
wCARLEAN = carcass lean content determined by dissection (g
100g-1); BTLEAN = carcass lean content (g 100g-1) estimated
from the Canadian Blue Tag program cutability equation; GLEAN
= carcass lean content (g 100g-1) estimated from carcass

measurements of Group 1 bulls; USLEAN = carcass lean content

(g 100g-1) estimated from ultrasound measurements of Group 1

bulls.
VABSDIFF = average absolute difference between actual
(CARLEAN) and predicted carcass lean content (g 100g-1) •

USEP = standard error of prediction (g 100g-1) •

tpearson r = Pearson correlation coefficient.
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than for CARLEAN with BTLEAN (ABSDIFF = 2.50 9 100g-1, SEP =

2.26 9 100g-1, r = 0.83) or CARLEAN with GLEAN (ABSDIFF = 2.16

9 100g-1, SEP 2.57 9 100g-1, r = 0.81) (Table 4.8). This

confirms that live measurements of USFAT and USREA can predict

beef carcass composition as precisely as the equivalent

carcass measurements.

Kent et al. (1987) indicated that since intermuscular fat

is protected by the musculature it is less affected by hide

removal practices and may provide a better indication of

overall carcass fat content. If there is a reasonably stable

relationship between intermuscular fat and subcutaneous fat

content at a given stage of physiological development (Robelin

1986; Owens et al. 1993), then removal of subcutaneous fat

during hide removal will result in underestimation of overall

fat content and overestimation of lean yield. This is avoided

when using RTUS, since the subcutaneous fat layer is intact in

the live animal and may therefore provide a better estimation

of overall carcass fatness. Further work at the University of

Saskatchewan will incorporate the dissection and RTUS data

from the Group 4 bulls into the Group 1 data set to develop a

more robust USLEAN equation that will represent the majority

of the mainstream breed-types used in the Canadian beef

industry.

4.4 Conclusions

Experienced ultrasound technicians can obtain repeatable

and accurate measurements of USFAT and USREA in yearling ROP
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bulLs , in spite of their reduced fat depth and heavier

muscling relative to steers. Lean meat yield can be predicted

from RTUS measurements as accurately as it can be predicted

from carcass variables. Given the moderate heritability of

live animal carcass traits (Arnold et al. 1991; Robinson et

al. 1993) I the results of this study indicate that RTUS fat

depth and 1. dorsi area measurements may make a valuable

contribution to the genetic improvement of beef carcass

composition. The importance of carcass traits is expected to

increase in the North American beef industry as forward

contracting and value based marketing become more widespread

in an attempt to meet rising consumer demands for leanl

consistent I high quality beef.
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CHAPTER 5

5.0 GENERAL DISCUSSION AND CONCLUSIONS

The rise in value based marketing and forward contracting

to meet consumer demands for lean, consistent beef is

increasing the importance of carcass traits to all sectors of

the beef industry. Ultimately, changes in carcass composition

will depend on the genetic improvement of breeding stock. The

moderate to high heritability of carcass traits (Robinson et

al. 1993i Wilson et al. 1993) indicates that carcass

composition may be altered rapidly if it can be accurately

appraised in breeding stock. Unfortunately, the three most

commonly accepted methods of predicting live animal carcass

value (visual appraisal, live weight, and frame size), in

addition to being subjective or indirect, are not strong

predictors of carcass composition. This has stimulated

interest in using real-time ultrasound to evaluate carcass

composition in breeding stock. Ultrasonically measured carcass

traits are moderately heritable (Arnold et al. 1991; Wilson et

al. 1993). This indicates that RTUS technology has a potential

role in carcass trait breeding and selection programs for beef

cattle.

The results of this study described in chapter 2 confirm

that RTUS technology has considerable potential for the

genetic improvement of beef carcass traits. RTUS is capable of
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detecting within-breed phenotypic variation for 12th rib fat

depth (C.V. values ranged from 29.8 to 48.4%) and 1. dorsi

area (C.V. values ranged from 9.0 to 10.8%) in young

performance tested beef bulls. Since these bulls were raised

under very similar management regimes, it can be concluded

that much of this variation is genetic in origin. As a result,

RTUS can be used to identify genetic variation for live animal

carcass traits in young beef bulls, even when the degree of

fat deposition is limited by nutritional management.

The results in chapter 2 indicate that ultrasonic

assessment of carcass traits should be carried out as close to

one year of age as possible

commercial progeny of these

slaughter at 12 months of age.

for two reasons. First, the

bulls will begin to go to

Second, it is difficult to

predict yearling (end of test) measurements based on a single

measurement taken earlier in the test. The slow impetus for

fat deposition in young bulls, combined with dietary factors

and variation in the rates of fat and muscle development both

across and within breeds, made it impossible to develop a

single linear adjustment factor that would allow the accurate

prediction of individual end of test values from measurements

taken earlier in the test.

Age adjustment of end of test RTUS measurements was not

found to be necessary in this study. However, age variation

was minimal in this data set. Adjustment to a common age may

have been necessary if the range in age was greater.
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Conversely, adjustment of 1. dorsi area measurements for

differences in body weight altered the relative rankings of

breeds. Weight-adjusted 1. dorsi area was not strongly

associated with unadjusted 1. dorsi area (r = 0.50 across

breeds). This result indicates that 1. dorsi area is heavily

influenced by body weight, and should not be used as an

independent indicator of carcass muscling.

The results of chapter 3 indicated that experienced

technicians can obtain highly repeatable (SER = 0.65 mm for

USFAT and 4.00 cm2 for USREA) and accurate (SEP = 1.36 mm for

USFAT and 7.41 cm2 for USREA) RTUS measurements in yearling

beef bulls. This is in spite of the concerns expressed by

other authors regarding the influence of the underfatness and

over-muscling of bulls relative to steers on the accuracy of

RTUS measurements (Perkins et ale 1992a; Smith et ale 1992;

Waldner et. ale 1992). The accurate measurement of fat depth

and 1. dorsi area in yearling beef bulls using RTUS will allow

more rapid genetic improvement.

Live animal fat depth and 1. dorsi area measurements

obtained using RTUS were found to be valuable predictors of

carcass lean content in chapter 3. RTUS measurements can

predict carcass composition as effectively (RSD = 1.79 g 100g-

1) as the corresponding carcass measurements (RSD 1.95 g

100g-1). This result indicates that RTUS may be an effective

tool for the genetic improvement of beef carcass composition

in breeding stock. The ability to produce commercial feeder
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cattle with predictable growth performance and carcass traits

will become increasingly important as forward contracting and

value based marketing becomes more widespread. This will shift

more of the responsibility for carcass traits from feeders and

packers to seedstock and commercial producers. The value of

breeding stock will be linked to their ability to produce

commercial feeder cattle that will produce a desirable carcass

as quickly and efficiently as possible. Real-time ultrasound

can play an important role in identifying breeding stock with

superior carcass characteristics.

However, caution must be exercised when incorporating

real-time ultrasound into a beef cattle breeding and selection

program. Numerous reports

fertility

have documented negative

associations between traits and carcass traits

(Arthur et al. 1989a; Brown et al. 1991; DeRouen et al. 1994;

MacNeil et al. 1984; Osoro and Wright 1992). Selection for

lower carcass fat content is expected to produce females that

are older and heavier at puberty, heavier and less fertile at

maturity and have a longer gestation length, heavier calves,

and more calving difficulty (MacNeil et al. 1984) . Drastically

altering body composition may adversely affect reproductive

traits such as pregnancy rate (DeRouen et al. 1994, Selk et

al. 1988), calving-rebreeding interval (DeRouen et al. 1994,

Osoro and Wright 1992) and age at puberty (Brown et al. 1991),

and increase the risk of dystocia and perinatal mortality

(Arthur et al. 1989a). As a result, one should be concerned
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that an intensive selection program aimed at maximizing lean

yield may cause a decline in reproductive performance. The low

heritability of fertility traits makes it difficult to improve

them by selection (Buddenberg et al. 1989). Further research

is needed to determine the optimum carcass composition that

will maintain reproductive traits while producing a desirable

carcass.

Terminal cross breeding would enhance carcass traits in

commercial progeny while maintaining fertility in the cow herd

(Hohenboken 1988) . Additional research is needed to determine

the relationship of the growth traits in young bulls (growth

rate, weight and live animal lean yield) to the feedlot

performance of their commercial progeny (days on feed,

cutability, carcass weight). This will facilitate the

development of recommendations for breeders and commercial

producers as the use of RTUS becomes more widespread.

The main value of real-time ultrasound may be to improve

the uniformity of beef carcass size and composition rather

than to maximize lean meat yield. If used with discretion,

RTUS can improve the ability of beef cattle breeders to

evaluate and improve the carcass traits of breeding stock and

their commercial progeny.

The conclusions of this study are that real-time

ul trasound measurements of fat depth and 1. dorsi area in

yearling ROP bulls are both highly repeatable and accurate,

and are valuable predictors of carcass lean content. Lean meat
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yield can be predicted from real-time ultrasound variables as

accurately as it can be predicted from carcass variables. The

moderate heritability of RTUS carcass traits, combined with

the high degree of within breed variation for these traits in

the breeding population, indicate that RTUS may play an

important role in the improvement of beef carcass traits. If

used with discretion, real-time ultrasound has the potential

to improve the ability of beef cattle breeders to evaluate and

improve the carcass traits of breeding stock and their

commercial progeny.
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