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ABSTRACT

Two trials were conducted to determine the effects of

breed-type, backgrounding program, and endpoint on the feedlot

and carcass performance of beef steers, and to evaluate the 1996

National Research Council (NRC) Beef Model. Trial 1 utilized

144 large frame, Charolais-cross (304.6 ± 16.3 kg) and 144

medium frame, Hereford-cross (294.8 ± 20.9 kg) steers while

Trial 2 utilized 88 medium frame, Angus-cross (289.5 ± 15.0 kg),

88 large frame, Charolais-cross (299.8 ± 17.7 kg), and 88 medium

frame, Hereford-cross (291.1 ± 20.9kg) steers. Within breed

type, short (70 d) or long (126 d) backgrounding programs (Trial

1) and 6 or 12-mm ultrasound backfat endpoints (Trials 1 and 2)

were assigned. Backgrounding ADG was restricted in both trials

by limiting feed intake. Large frame steers were allowed

greater (P � 0.05) backgrounding ADG but had poorer (P � 0.05)

finishing ADG. In both trials, carcass size was increased (P �

0.05) by the large frame size, longer backgrounding, and the

fatter endpoint. Lean meat yield was greater (P � 0.05) for

Charolais than for Hereford steers (Trial 1) and the leaner

endpoint (Trials 1 and 2). Marbling was greater (P � 0.05) for

Angus (Trial 2) and Charolais (Trials 1 and 2) than for Hereford

steers (Trials 1 and 2), and for the fatter endpoint (Trials 1

and 2). The DMI that was predicted by the 1996 NRC Beef Model

was higher (P � 0.05) than that which was observed during

backgrounding (Trials 1 and 2). No difference (P > 0.05)

existed between predicted and observed DMI during the finishing

period (Trials 1 and 2). Regression analysis indicated accurate

prediction of DMI (P > 0.05 biases = 0%) during finishing period

in Trial 1 and the combined finishing periods of Trials 1 and 2.

Predicted ADG was lower (P � 0.05) than observed in all feeding

periods. Breed-type, backgrounding program, and ultrasound
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backfat endpoints were effective in altering growth and

targeting production goals for value-based marketing.
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1. INTRODUCTION

Archaeological evidence suggests that cattle had been

domesticated by 6000 BC (Porter 1991). Zeuner (1963) presents

substantial examples of early use of domestic cattle, initially
for draught power, then for milk' and religion, but little

evidence for use as meat animals. Historically, the value of

cattle as a source of draught power limited their use as meat

animals (Epstein and Mason 1984). Until recently, beef

production was largely restricted to animals no longer valuable

for labor or production of milk (Rouse 1970).

Introduction of European animals and agricultural practices

accompanied the settlement of North America. Cattle were

introduced to the St. Lawrence River of Canada by Jacques

Cartier in 1541 (Rouse 1973) and moved west with settlers to

arrive in western Canada between 1700 and 1710.

Virtual elimination of bison from the Great Plains of North

America made large areas of grassland available for agricultural

production. Production of beef cattle was encouraged through

granting of grazing leases and contracting beef supplies by the

government in 1879 (Mathison 1993). This date also marked the

drive of 1000 head of range breeding stock from the United

States to western Canada (Rouse 1973). The heavy musculature

evolved in draught breeds is naturally suited for current beef

production (Porter 1991). British breeds of cattle (Angus,

Hereford, and Shorthorn) were predominant in Canada despite

inclusion of some Longhorn breeding with cattle from the United

States (Mathison 1993).

Mechanization and agricultural improvements increased crop

production and efficiency. Availability of ample winter feed

resources (Porter 1991) allowed cattle to be finished on higher

nutritional planes (Epstein and Mason 1984). The breeding herd
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remained on the range, but cattle destined for beef production

began to be fattened in feedlots where improved production could

be realized. The first feedlots were established in the corn

producing areas of southern Ontario but expanded west with

surpluses of grain in the 1960's (Rouse 1973). The feeding of

cattle in lots also offered the opportunity to exercise more

control over production to meet consumer demands.

Currently, consumers demand a leaner beef product than has

historically been considered ideal (Epstein and Mason 1984).

Industry response has involved changes in production practices

and selection for leaner cattle. Introduction of continental

European breeds has allowed more rapid selection for

increasingly important carcass traits (Epstein and Mason 1984).

Importation of Charolais in 1953 began the introduction of

continental European breeds (Charolais, Limousin, Maine-Anjou,

etc.) to the Canadian beef industry (Rouse 1973). Currently,

the top five beef breeds as determined by registration of

purebred stock in Canada are Angus, Hereford, Simmental,

Charolais and Limousin (Agriculture and Agri-Food Canada 1997).

Continental and British-Continental crosses increased the

ability of the beef indus�ry to adapt to market changes.

However, distinct management strategies were needed to produce

carcasses of desired composition within optimal weight ranges.

When grown on high energy feed, Briti�h beef breeds would be

overly fat before reaching desirable market weight (Epstein and

Mason 1984). In contrast, an energy dense feed is required if

Continental cattle are to achieve sufficient fat content before

becoming excessively large. Producers began to adopt a variety

of backgrounding and finishing strategies to optimize the profit

potential of the diverse cattle population available.

Marketing began to reflect carcass quality in addition to

quantity. Carcass grades created to define standards of quality
and yield (Rouse 1973) are evidence of increasing desire and

ability to control lean beef production. In contrast, the

American grading system reflects consumer preference for fat,

2



particularly marbling, historically found unacceptable in

Canadian markets. The diverse Canadian cattle herd and

resulting feeding practices allows the Canadian beef industry to

produce carcasses that can supply several distinct markets.

Increased knowledge of cattle nutrition has accompanied the

developments occurring in beef production and marketing. In

North America, the most widely accepted source of nutritional

recommendations has been the nutritional requirement

publications of the National Research Council (NRC). In 1996

the NRC released its 7th revised edition of the Nutrient

Requirements for Beef Cattle. This edition attempts to account

for variation in animals, environments, feeds, and production

practices through use of a computer model. The model is based

on publications regarding the Cornell Net Carbohydrate and

Protein System (CNCPS) developed by researchers at Cornell

University (Fox et al. 1992; O'Connor et al. 1993; Russell et

al. 1992; Sniffen et al. 1992). The CNCPS model contains

equations to simulate rumen fermentation of feed and

availability of carbohydrate, protein, and amino acids for use

in estimation of ·cattle performance. However, limited data were

available for developing specific portions of the model and much

of the data was obtained from research conducted in the United

States. Animals, environment, feeds, and production practices

in Canada are different from those of the United States. These

differences are expected to influence the ability of the model

to predict cattle performance under Canadian conditions.

The objectives of this review were:

1. To review growth patterns of beef cattle related to carcass

composition and targeting beef carcass quality.

2. To review methods for measurement of carcass composition in

relation to value-based marketing.

3. To review the sub-models of the CNCPS and adaptations made

in developing the 1996 NRC Beef Model.
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2. Literature Review

2.1 Cattle Growth

2.1.1 Growth

Growth is an increase in height, length, girth, and weight

that occurs when a healthy young animal is given adequate food,

water, and shelter (Swatland 1994). With cattle the best single

measure of size is body weight (Robelin and Tulloh 1992).

Measures of weight are complicated by the contribution of

digestive tract contents to overall mass. The variation

resulting from changes in digestive tract fill can be reduced

through use of shrunk weight, empty body weight, or repeated

weights (Berg and Butterfield 1976; Robelin and Tulloh 1992).

When body mass is plotted against increasing animal age

under ideal conditions, the resulting sigmoidal curve (Figure

2.1) is referred to as a growth curve (Berg and Butterfield

1976; Pomeroy 1955; Robelin and Tulloh 1992; Swat land 1994). It

is characterized by initially accelerating growth followed by

decelerating growth. Swatland (1994) indicated that the maximum

growth velocity occurs within the commercial growing period.
Growth ceases at mature weight (Hammond Jr. et al. 1983).

Measuring growth through changes in the body weight of beef

cattle is a simple process and has a strong relationship with

carcass weight. A problem does exist in that measurements of

body mass do not reveal the composition of growth and the

resulting changes in carcass composition (Berg and Butterfield

1976). Fortunately, patterns of growth with increasing age tend

to be similar with different types of cattle (Figures 2.2 and

2.3) .

2.1.2 Maturation

Age is not the sole determinant of cattle growth patterns
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and resulting changes in composition. Animal genetics and

environment, particularly nutrition, can affect the rate and

size at which cattle achieve maturity. It is thus useful to

define maturity and compare cattle at similar stages of

maturity.

Numerous definitions of maturity exist. Achievement of

maximum body weight (Kempster et al. 1982), skeletal size

(Dolezal et al. 1993; Owens et al. 1993; Tatum et al. 1986a;

Tatum et al. 1986b; Tatum et al. 1986c), body protein mass

(Owens et al. 1995), and fat content (National Research Council

(NRC) 1996; Owens et al. 1995) have been used as measures of

physiological maturity. Chemical maturity has been defined as

constant fat free moisture content (Moulton 1923 in Berg and

Butterfield 1976).

Use of relative maturity standardizes the time component

involved with growth patterns. Comparing cattle at similar

maturity reveals genetic effects on carcass composition

(Kempster et al. 1982). Body and carcass composition changes

with increasing maturity are the result of different rates of

development for the various tissues of the body.

2.1.3 Tissue Maturation

The development of individual tissues within the body is

prioritized. Tissues may be classified as early or late

maturing. Palsson (1955) assigned body portions, tissue types,

limb portions, and adipose depots to curves (Figure 2.4) on the

basis of their relative development. The difference in

maturation rates of different body parts results in changes in

body shape and composition over time. Reducing the level of

nutrition will delay development of tissues, with late maturing

tissues being the most strongly affected (Pomeroy 1977).

2.1.4 Shape and Composition

The relationship of shape to developmental changes has

caused shape to be used to estimate body and carcass composition
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early to late maturing is left to right.
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(Berg and Butterfield 1976; Robelin and Tulloh 1992). This is

an improvement over using only live weight to describe cattle,

but such estimations are subjective and often over-emphasized.

The concept of different portions of the body growing at

different rates remains important to understanding the growth

and development of beef and is referred to as allometric growth.

2.1.5 Allometric Growth

Allometric growth was first described mathematically by

Huxley in 1932 (as cited by Huxley 1972) by the following

equation:

Y=b� (2.1)

This equation can be rearranged into a linear form:

log Y = log b + k log X (2.2)

When used to describe the relative growth of a part (Y) to

the whole body (X), the slope of log Y versus log X is the

allometric coefficient, k. If the body part in question grows

at the same speed as the whole, k will equal one. For

relatively faster or slower rates of growth, k will have values

greater or less than one, respectively.

Problems exist in that the allometric growth curve of

Huxley does not fit with the overall sigmoidal growth curve

discussed earlier. Robelin and Tulloh (1992) noted that the

linear form of the equation (log Y = log b x k log X) does not

fit fatty tissues and muscle when considering the entire

postnatal period. These authors suggest including a quadratic

term in log X to account for this fact. Taylor St. (1977)

indicates use of the log-log relations to straighten allometric

equations will under-emphasize the importance of non-linear

patterns at latter stages of growth.

10



2.1.6 Growth Impetus

Berg and Butterfield (1976) accounted for changing k values

using a dual classification system. Muscles were ranked as

having low, average, or high growth impetus for k values of less

than, equal to, or greater than one, respectively, if they

remained constant over the growing period. If there was a

change during the growing period, dual classification, based on

initial and final k values, was used. This system is

particularly useful in that it reflects changing contributions

of individual parts to the whole yet is simple enough to allow

ready comparison across parts. In terms of beef production, the

growth of bone, muscle, and fat are the most important as they

are the major components of the end product, the beef carcass.

2.2 Carcass Components

2.2.1 Bone

In the living animal, the skeletal system functions as a

mineral reserve, a structure for support and protection of the

body, and as frame for locomotion (Wasserman et al. 1993).

Osteocytes are a specialized form of connective tissue

responsible for formation and stabilization of the hard mineral

matrix of bone. Strength comes from embedded collagen fibers

(Swatland 1994). Bone compo'sition changes from birth to

maturity through increasing ash and decreasing water content

(Berg and Butterfield 1976; Robelin and Tulloh 1992).

The pattern of bone growth in different regions of the body

was illustrated in Figure 2.4. Early development of the head,

neck, and limbs followed by later development of body length and

depth causes the changes in shape observed in comparing a young

calf to a mature bull.

While carcass bone composes 70 to 80% of total bone

(Robelin and Tulloh 1992), it is of little value as it is

inedible and with the exception of specific cuts, largely

undesirable. The early maturation and low growth impetus of

skeletal tissue results in a gradual decrease of the percentage
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of bone in the carcass over time (Berg and Butterfield 1976;

Robelin and Tulloh 1992). However, little difference is

observed in the carcass content or distribution of bone over

normal carcass weights (Berg and Butterfield 1976; Kempster et

al. 1982).

2.2.2 Muscle

Muscle comprises the.greatest component of the carcass

(Berg and Butterfield 1976; Kempster et al. 1982; Robelin and

Tulloh 1992). Although cardiac, smooth and skeletal muscles

exist within the body, only skeletal muscle contributes

significantly to the carcass. Protein and water are the major

constituents of muscle in the carcass. Deposition of

approximately four parts water to one part protein (Robelin and

Tulloh 1992) makes muscle an energetically efficient growth

process.

Early postnatal growth of muscle is almost entirely by

hypertrophy as hyperplasia and fusion of muscle cells to form

muscle fibers is essentially complete by birth (Swatland 1994;

Valin et al. 1992). Muscle grows at a more rapid rate and

matures later than bone (Berg and Butterfield 1976; Robelin and

Tulloh 1992). This results in a continual increase in muscle to

bone ratio in the carcass from the 2:1 values. observed at birth

until maturity when values of 4:1 may be observed (Kempster et

al. 1982; Robelin and Tulloh 1992).

The interaction of muscle and bone for locomotion results

in a relationship in their respective growth. In order to

remain functional, changes in the length and position of bones

must be matched by corresponding changes in muscle length.

Increases in muscle to bone ratio therefore result from

increasing muscle circumference. This would indicate use of

muscle cross-sectional area as a measure of leanness. However,

Preston and Willis (1974) cite numerous sources finding low

correlation between the area of M. longissimus dorsi (rib eye or

loin eye) and carcass leanness. Correlation was reduced further
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when carcass weight and fatness were taken into account. This

would be due to the contribution of muscle and fat to carcass

weight. Berg and Butterfield (1976) also mention the low

predictability arising from 1. dorsi area but support its use as

a simple measure accounting for some variation in muscling.
This is particularly useful in evaluating carcasses of double

muscled animals (Dumont 1982).

The functional relationship of muscle to bone also allows

comparison of the relative growth rates of muscle and bone in

different regions of the carcass from birth until maturity

(Figure 2.5). While the muscle content of the carcass can be

significantly affected by genotype (Figure 2.6), Berg and

Butterfield (1976) showed little difference in relative growth

and distribution of muscle with differences in breed or sex.

Exceptions to constant muscle distribution arise with British,

Continental, and double muscled breeds of cattle and with the

different sexes. The following discussion illustrates these

exceptions.

2.2.2.1 Double Muscling

Double muscling res�lts from an increase in the number of

muscle fibers present in the body caused by a single pleiotropic

gene (Menissier 1982), apparently at the expense of adipose and

fibroblast cells (Swatland 1994). Th� phenotypic result is an

extreme in animal muscular development. Cattle expressing this

gene have higher lean meat yields and greater enlargement of

superficial muscles in the proximal limbs than distal or deep

muscles of the carcass (Johnson 1981 as cited by Swatland 1994).

Numerous production problems arise with expression of the gene

including low fertility, late sexual maturity, high maintenance,

difficult calving, and high death losses at birth (Kauffman

1977). However, the gene has been maintained in certain

populations for its effect on meat yield (Renand et al. 1992).

Menissier (1982) reviews numerous studies on double muscling in
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various breeds of cattle. Belgian Blue and Piedmontese breeds

are regarded as more extreme examples of �he condition although

double muscling is often observed in other Continental breeds

such as Blonde D'Aquitaine, Charolais, Limousin, and Maine-Anjou

Menissier (1982). Selection was practiced against double

muscling in dairy breeds in favor of milk production and

resulted in very low frequency of the gene in "dairyU breeds

(Menissier 1982). Low frequency in typical British breeds is

likely a result of selection related to reproduction concerns.

2.2.2.2 Effects of Sex

Distribution and amount of muscle is affected by sex in

cattle. Males have greater proportions of muscle than females

(Berg and Butterfield 1976; Hammond Jr. et al. 1983; Preston and

Willis 1974). Additionally, mature bulls will develop a greater

portion of muscle in the neck and shoulder region, presumably as

an evolutionary adaptation for competition with other males

(Berg and Butterfield 1976). Gender differences in muscle

distribution develop with maturity. Little or no difference is

noticeable for young animals. Castration reduces the

development of the neck �nd shoulder region of steers placing

them intermediate to females and intact males (Preston and

Willis 1974). Muscle distribution through the remainder of the

body is unaffected when the contribution of advanced neck and

shoulder development in bulls is removed (Berg and Butterfield

1976)

Pronounced development of the neck and shoulder region is

undesirable in the carcass. Cuts from this region of the body

have lower retail value and pronounced development results in

carcass discounts. Additionally, there are palatability

concerns associated with carcasses from mature males (United

States Department of Agriculture (USDA) 1997).
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2.2.3 Fat

Fat or adipose tissue is a specialized form of connective

tissue responsible for energy storage within the body (Beitz

1993). Deposition of lipid in adipose cells increases the

caloric content of gain (Robelin and Tulloh 1992). Growth of

adipose tissue is less energetically efficient than growth of

muscle. This makes deposition of excess fat energetically

undesirable.

As a late maturing tissue, fat is more easily affected by

limited nutrition than other tissues (Pomeroy 1977). Partial

restriction of feed intake in growing animals will have little

effect on the rate at which lean tissue grows while deposition

of fat will be reduced (Berg and Butterfield 1976). However,

inadequate protein availability will increase proportions of fat

deposited without allowing maximal muscle growth (Kauffman

1977). With nearly constant composition of fat free mass after

approximately 5 months of age (Murray 1919 as cited by Hankins

and Howe 1946), the variability in growth of fat makes it an

ideal tissue to target if one wants to manage or alter growth

patterns.

Sex differences exist in fat deposition. Heifers deposit

fat at earlier weights and ages than steers and steers earlier

than bulls (Berg and Butterfield 1976). The effect of sex on

fat deposition can be related to growth rate. Owens et al.

(1995) presented evidence for a plateau in fat deposition for

cattle on ad libitum feed and indicated that differences in

protein deposition are responsible for differences in growth

rate. The lower rate of gain for steers relative to bulls, and

for heifers relative to steers indicates that in each case,

protein deposition is reduced and fat forms a greater proportion

of gain.

Body fat can be divided into physically separable depots,

namely body cavity, subcutaneous, and inter-muscular fat

(Kempster 1992). Intra-muscular fat is found within the muscle

and is not physically separable. Each of these depots matures
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at a different rate with separate implications in evaluation of

carcass quality.

2.2.3.1 Body Cavity Fat

Perinephric and retro-peritoneal adipose tissue in the body

is referred to as internal, body cavity or visceral fat

(Kempster 1992). This is the earliest maturing of the fat

depots (Williams 1977). Much of the visceral fat is removed

during slaughter, reducing dresiing percentage (Swatland 1994).

This makes deposition of body cavity fat wasteful, although

there may be value in tallow production (Berg and Butterfield

1976). Desire for the presence of fat in other depots will

require acceptance of some internal fat.

The potential for reduction of internal fat as a portion of

the total exists. Breed differences exist in the amount of fat

deposited internally relative to that deposited as subcutaneous

fat at various endpoints. Beef-type cattle deposit more fat

subcutaneously than dairy breeds of cattle, which tend to

deposit more fat in the body cavity (Williams 1977).

2.2.3.2 Inter-muscular Fat

Inter-muscular fat is later maturing than body cavity fat

(Berg and Butterfield 1976; Pomeroy 1977). This depot is

located between the muscles and contributes to increased

dressing percentage (Swatland 1994). With carcasses possessing

excess fat, it is more desirable for the fat to be deposited in

locations other than inter-muscularly, as it is difficult to

trim fat from this location (Kempster et al. 1982). The close

proximity of inter-muscular fat to muscle may result in some

meat quality benefits similar to those observed from intra

muscular fat.

2.2.3.3 Subcutaneous Fat

Lying between the muscle and skin of the body is

subcutaneous fat. This depot is later maturing than inter-
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muscular fat at low rates of fattening and earlier maturing with

rapid fattening (Swatland 1994). Subcutaneous fat insulates the

carcass and slows the rate of chilling when placed in the

packer's cooler (Swatland 1994). Slower cooling of the carcass

allows increased post-rigor meat tenderness (Swatland 1994) .

Subcutaneous fat thickness over the 1. dorsi has become a

common method of estimating carcass fat content. Support for

use of this measurement arose from the work of Hammond who

identified this as a late maturing fat depot (Kempster et al.

1982). Use of subcutaneous or back fat thickness over the 1.

dorsi remains a part of both Canadian and USDA yield grades.

2.2.3.4 Intra-muscular Fat

Intra-muscular or marbling fat consists of the fat

deposited within the muscles (Swatland 1994). Despite

comprising low amounts of total carcass fat (Berg and

Butterfield 1976) and being the latest maturing depot (Pomeroy

1977), intra-muscular fat is considered the most valuable. The

value of marbling fat is related to actual and perceived

relationships to eating quality.

Increased tenderness, juiciness, and flavor have been

attributed to increased marbling (Preston and Willis 1974). The

physically close association between intra-muscular fat and

muscle provides some explanation for flavor and juiciness.

Cooking results in the release of volatile compounds related to

meat flavor from fat although the increase in flavor declines

with increasing fatness (Valin et al. 1992). No improvement is

seen beyond 3.0-3.5% intra-muscular lipid (Smith et al. 1983 as

cited by Valin et al. 1992). Various sources cited by Preston

and Willis (1974) found correlation between marbling and flavour

to range from 0.18 to 0.57. Increased juiciness would result

from the melting of fat during the cooking process. Preston and

Willis (1974) cite Blumer (1963) as finding a low but consistent

correlation between marbling and juiciness. Preston and willis

19



also cited several sources as having found correlations between

marbling and juiciness ranging from 0.26 to 0.32.

The issue of tenderness is more complex. Wheeler et al.

(1994) and numerous researchers cited by Preston and Willis

(1974) found marbling explained only 5 to 11% of the variation

in tenderness. The main determinants of tenderness are post

rigor shortening and aging of myofibrillar protein and the

collagen content of meat (Valin et al. 1992). Differences in

collagen content of individual muscles results in differences in

tenderness (Kopp 1976 as cited by Valin et al. 1992).

Additionally, collagen content and cross-linking increases with

age resulting in loss of tenderness (Swatland 1994). Wan et al.

(1954) as cited by Preston and Willis (1974) noted more

hydrolyzing of collagen occurred in the fattier areas of meat,

which would increase tenderness. Blumer (1963) as cited by

Preston and Willis (1974) suggests greater heat capacity of fat

as an explanation.

Regardless of scientific validation of marbling on meat

quality, persistence of consumer association of intra-muscular

fat with eating quality and desirability of meat makes delivery
of marbled carcasses economically rewarding.

2.3 Measurement of Carcass Composition

Berg and Butterfield (1976) define a superior carcass for

any market as having a maximum amount of muscle, a minimum

amount of bone, and an optimum amount of fat. Extensive

research conducted to describe the amounts of these tissues in

carcasses or live animals has resulted in numerous methods for

estimation and measurement. Of particular interest are the

methods of ultrasound, dissection, and physical carcass measures

used in commercial beef grading systems. This section will

review these methods in detail.
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2.3.1 Commercial Carcass Grading

The objective of commercial carcass grading is to provide

uniform standards to describe beef for marketing. Carcass

components related to yield and eating quality perceptions are

assessed. The grading of beef in Canada and the United Sates is

carried out using standards intended to reflect consumer

preferences. In both cases, increased understanding regarding

beef quality and changes in consumer preferences have resulted

in evolution of the grading standards.

2.3.1.1 Canadian Beef Grading Standards

The Canadian beef grading standards were introduced in 1929

(Anonymous 1976). In 1972, the system was redesigned to reduce

excess carcass fat but consumer response indicated increasing

concern with meat tenderness by 1987 (Swatland 1994). A measure

of marbling was introduced in 1992, in response to consumer

perceptions regarding marbling and tenderness (McDonell 1991 as

cited by Swatland 1994; Canada Gazette 1992 as cited by Swatland

1994), and to be consistent with USDA grading standards.

Currently, grading services are provided by the Canadian Beef

Grading Agency, a private nonprofit corporation accredited by

the Canadian Food Inspection Agency (Anonymous 1998a).

Canadian beef quality grades and standards are presented in

Table 2.1. Prime, AAA, AA, and A quality grades are assigned

for slightly abundant, small, slight, and trace degrees of

marbling, respectively (Figure 2.7). Yield grades are

determined only for carcasses receiving the Prime, AAA, AA, or A

grade and are estimated from look-up tables after use of a

specialized yield ruler (Anonymous 1998a).

The previous Agriculture and Agri-Food Canada Blue Tag

program used carcass weight, 1. dorsi area, and fat thickness to

estimate cutability (cited by Bergen 1995):

% Cutability = 57.96 - 0.027 HCW + 0.202 REA - 0.703 FAT (2.3)

R2 = 0.50, residual standard deviation = 2.72%
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Table 2.1: Canadian quality grades and requirements.
Grade Maturity Muscling Rib Eye Marbling Fat Texture Fat

and Color Thickness

Prime Youthful Good to Firm, bright Slightly Firm, white � 4 rom

excellent red Abundant or amber

AAA, AA, A Youthful Good to Firm, bright AAA - small Firm, white � 4 rom

excellent red AA - slight or amber
A - trace

B1 Youthful Good to Firm, bright Devoid Firm, white < 4 rom

excellent red or amber

B2 Youthful Deficient to Bright red - Yellow

excellent

B3 Youthful Deficient to Bright red - White or

good amber

B4 Youthful Deficient to Dark red

N excellent
N

D1 Mature Excellent Firm, white < 15 rom- -

or amber

D2 Mature Medium to - - White to < 15 rom

excellent yellow
D3 Mature Deficient - - - < 15 rom

D4 Mature Deficient to - - � 15 rom

excellent

E Youthful or Pronounced

mature masculinity
(Adapted from Anonymous 1998b).
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Figure 2.7: Degree of marbling (in black). Fat as percent of
area and Canadian quality grades are indicated (adapted from

Swatland 1994). Letters in brackets represent Canadian quality
grades.
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Where HCW hot carcass weight (kg),

REA 12th to 13th rib 1. dorsi area (cm2), and

FAT 12th to 13th rib average fat depth (rnrn)

Although carcass inspection for food safety is mandatory in

Canada (Anonymous 1998b), grading is not (Anonymous 1998a). The

carcasses that are graded corne mostly from younger cattle

expected to achieve top grades. Consequently, 91% of graded

carcasses received Prime, AAA, AA, or A grades in 1997

(Agriculture and Agri-Food Canada 1997).

2.3.1.2 USDA Beef Grading Standards

The USDA beef grading standards were devised in 1916 and

inaugurated in 1917 (USDA 1997). As in Canada, the grades were

designed to allow uniform grouping of carcasses to meet consumer

preferences and have evolved with changing demands. The most

recent revision of the USDA beef grading standards occurred in

1997 (USDA 1997) .

Quality grades are determined by a combination of maturity

and marbling class (Table 2.2). Carcasses from bulls are not

graded for quality although they may be graded for yield (USDA

1997). Yield grade is determined for all carcass groups using

the following equation (USDA 1997) :

Yie1d = 2.5 + 2.5 FAT + 0.20 KPH + 0.0038 HCW - 0.32 REA (2.4)

Where FAT adjusted fat thickness (inches),

KPH kidney, pelvic, and heart fat (%),

HCW hot carcass weight (pounds), and

REA 1. dorsi area (square inches)

L. dorsi area may be subjectively estimated or measured

(Swatland 1994). The yield grade is expressed as a whole number

with decimal values being dropped (USDA 1997). Higher expected

retail cuts as a percentage of the carcass are indicated by

lower yield grade (Swatland 1994).
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Table 2.2: USDA quality grades.
Marbling Maturi tyZ

A B C D E

Slightly Prime
Abundant

Moderate Commercial

Modest Choice

Small

Slight Select Traces

Traces

Practically Standard
Devoid
Z Maturity increases from left to right (A to E) .

(USDA 1997) .
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2.3.2 Dissection

Hankins and Howe (1946) indicated that chemical analysis of

the entire carcass is the most accurate method for assessing

carcass composition. However, the expense and labor

requirements make this method impractical for large-scale

studies. The most feasible alternative is to use representative

portions of the carcass in conjunction with identified part to

whole relationships. Hopper (1944) found strong correlations

between the 9 to 11 bone rib section and the carcass for

physical dissection (r=0.88 to 0.98) and chemical analysis

(r=0.93 to 0.99), particularly for separable fat. A strong

relationship was also noted between the separable lean and fat

to protein and lipid within the rib section, especially for fat

(r=0.99). A poor relationship was reported for bone to ash

(r=0.68 to 0.71). Dressing percentage was found to be a poor

indicator of chemical or separable fat (Hopper 1944).

Several researchers (Nour and Thonney 1994; Dalke et al.

1992; Crouse and Dikeman 1974; Powell and Huffman 1968; Cole et

al. 1962) have used equations developed by Hankins and Howe

(1946) to predict carcass composition from rib dissection

results. Others have simply reported the composition of the 9

to'11 bone rib section (Schaake et al. 1993; Hunt et al. 1991;

Nour et al. 1981), or developed their own equations to predict

carcass composition from rib dissection results (Miller et al.

1988). Predictions of carcass composition from rib dissection

results were found to be accurate (Nour and Thonney 1994; Crouse

and Dikeman 1974; Powell and Huffman 1968; Cole et al. 1962).

However, breed was found to affect the accuracy of prediction

(Nour and Thonney 1994; Crouse and Dikeman 1974).

Using a 5 to 10 bone rib section, Johnson and Charles

(1981) reduced the variation reported by Hankins and Howe (1946)

to the point where carcass composition predicted from rib

dissection approached the left to right side carcass variation.

They also found that the hindquarters were more accurate than

the rib section. However, the improvement in prediction did not
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justify the extra labor and expense involved. The inclusion of

carcass measures with rib dissection was found to increase

accuracy with little extra effort (Johnson and Charles 1981).

Several equations were cited by McKinnon et al. (1993)

describing carcass physically separable lean, fat, and bone from

5 to 12 bone rib sections:

% carcass bone = 100 - (% carcass lean) - (% carcass fat) (2.5)

% carcass lean = 17.223 + 0.797 (% rib lean) (2.6)

% carcass fat = 3.00 + 0.76 (% rib fat) (2.7)

These equations explain much of the variation between rib

section and carcass separable lean (R2=O.80) and fat (R2=O.84)
with low residual standard deviations of 1.73 and 1.71%,

respectively.

2.3.3 Ultrasound Measurement of Fat Thickness and L. dorsi Area

Real-time scanning is currently the most commonly used mode

of ultrasound (Cartee 1995). This mode is an adaptation of B

mode scanning with rapid update of the display replacing earlier

sequential static displays (Cartee 1995). Ultrasound-technology

enables imaging of body �tructures in living cattle and has

found acceptance for measurement of some of the characterist�cs

assessed in physical carcass measurements. Real-time ultrasound

scan systems often include on screen measurement and caliper

systems for area and depth measurements (Goddard 1995).

Ultrasound measures of subcutaneous fat thickness can be used to

identify appropriate slaughter points for cattle, while

measuring 1. dorsi area can assess muscling.

Much of the work in validating ultrasound measures has been

based on comparison of ultrasound measures to carcass measures

at the same anatomical sites. Of particular interest have been

measurements of subcutaneous fat thickness and 1. dorsi area

taken between the 12th and 13� ribs. This is the site for

grading according to the standards of the Canadian Beef Grading
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Agency and the USDA (USDA 1997; Anonymous 1998a; Anonymous

1998b) .

Wallace et al. (1977) investigated the ability of

ultrasound and carcass measures of shoulder, rib, lumbar, and

rump fat along with 1. dorsi area in predicting retail yield.
Percent yield was predicted best by carcass measures of shoulder

fat. However, large variability in ultrasound measures of

shoulder fat resulted in rib fat being the best ultrasound

predictor. Use of the 12th to 13th rib site for ultrasound

measures is likely to persist owing to its accessibility and

relationship to carcass measures.

Comparisons of ultrasound to carcass measures of

subcutaneous fat thickness and 1. dorsi area from various

reports are presented (Table 2.3). Residual standard deviation

would appear larger for 1. dorsi area measurement than for

subcutaneous fat thickness. However, when Perkins et al.

(1992a; 1992b) expressed absolute difference between ultrasound

and carcass values as a percent of the carcass value, errors

were 20.6% to 20.7% and 6.1% to 9.4% for subcutaneous fat

thickness and 1. dorsi area, respectively.

In addition to measurement error, discrepancies between

ultrasound and carcass measures have been attributed to numerous

causes. Hide removal allows expansion of subcutaneous fat

(Brethour 1992), but mechanical hide pulling can result in fat

adhering to the hide (Herring et al. 1994; Brethour 1992;

Robinson et al. 1992). Use of adjusted (Herring et al. 1994;

Smith et al. 1992), maximum, or average fat (Robinson et al.

1992) accounted for some losses resulting from hide pulling and

increased correlation with ultrasound measures. Changes in body

position with hanging and rigor may affect both fat thickness

and 1. dorsi area measures (Houghton and Turlington 1992;

Robinson et al. 1992). Discrepancies have also been attributed

to off-center ribbing and carcass shrouding (Brethour 1992;

Perkins et al. 1992a).
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Table2.3: Comparison of ultrasound to carcass measures of subcutaneous fat thickness and rib eye
areabetween 12th and 13th ribs.

Source Rib eye Notes

r RSD (em")
Subcutaneous Fat

r RSD

(mm)

Bergen et ale 1996

Brethour 1992

Herring et ale 1994

Houghton and

Turlington 1992
Perkins et ale 1992a

Perkins et ale 1992b

Robinson et ale 1992
N
\.0
Smithet ale 1992

Waldner et ale 1992

Wallace et ale 1977

0.79-0.90
0.90

0.58-0.65

1.1-1.8

2.6-2.8

0.72-0.92 5.6-9.6

0.61-0.72 5.95-7.18 Certified technician results only,
adjusted fat thickness to account

for hide pUlling.
0.20-0.91 - Review article.

0.75 2.5 0.60 8.7

0.86-0.87 1.4 0.76-0.82 3.1-4.2

0.87-0.95 0.7-1.3 0.80-0.90 4.94-5.16

0.81-0.96 - 0.43-0.63

Technicians had limited experience.

Used correction factor of 1.17 on

ultrasound rib eye area.

Adjusting fat thickness for hide

pulling increased correlation. Used
manual grid for estimating rib eye
area.

0.73
0.58-0.77 5.52-4.32 Used acetate tracings of rib eye

area.

0.45-0.96

0.86
0.77 2.9



Determination of carcass 1. dorsi area as maximum length by

maximum width and ultrasound 1. dorsi area by computer imaging

of traced polygons would result in obvious differences.

Stouffer and Pelton (1988 as cited by Robinson et al. 1992)

recommend mUltiplying ultrasound 1. dorsi area by 1.17 to

correct to carcass measures.

Error trends have been noted for fat thickness and 1. dorsi

area between ultrasound and carcass fat. Fat thickness has been

overestimated with lean cattle and underestimated with fat

cattle (Herring et al. 1994; Robinson et al. 1992; Smith et al.

1992; Waldner et al. 1992). L. dorsi area follows a similar

pattern with overestimation of small 1. dorsi area and

underestimation of large 1. dorsi area (Herring et al. 1994;

Smith et al. 1992). A point of balance appears to occur with

fat thickness of 10 to 12 mm and 1. dorsi area of 75 to 80 cm2•

Disagreement with this trend exists (Perkins et al. 1992a;

Perkins et al. 1992b; Waldner et al. 1992), but may be related

to the range over which observations were made.

It is important to note that the lack of agreement between

ultrasound and carcass measurements does not indicate·that

ultrasound is unsuitable. Brethour (1992) suggests that

ultrasound may be an improvement over carcass measurement of fat

thickness and 1. dorsi area owing to variation introduced during

slaughter and dressing. Determination. of 1. dorsi area by

computer analysis for area of traced polygons should improve

accuracy over simple length by width calculations, regardless of

imaging method. However, simple carcass measures of fat

thickness and 1. dorsi area continue to dominate despite the

greater potential accuracy of ultrasound and its distinct

advantage in allowing live animal measurement.

2.4. Importance of Grading in Value-based Marketing

Pricing grids are used to assign premiums or discounts to

carcasses according to their merit. Carcass weight, quality,

and yield are the three parameters used in forming the price
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grid for Western Feedlots Ltd. of High River, Alberta (Thomas

1997). Optimal c�cass weight is 295 to 340 kg (Miller 1998)

for production of portions sized to consumer preferences. Lean

carcasses with AA to AAA quality grades are the most marketable

(Miller 1998) and would receive the highest premiums.

The importance of grading and pricing grids is increased

with value-based marketing. Individual animal size, yield, and

quality determine the pricing premiums or discounts applied in

value-based marketing (Anonymous 1996). Opportunity exists for

the Canadian beef industry to increase profitability with

pricing grids and value-based marketing through identifying

feeding strategies that can target optimal combinations of

carcass size, yield, and quality.

2.5 Feeding Strategies to Target Beef Carcass Quality

2.5.1 Breed Selection

Breed of animal is not directly recognized in beef grading
or value-based marketing. However, the need to produce

carcasses within a relatively narrow range of size, yield, and

quality grades for grid pricing (see section 2.4) has

implications regarding the breed-type of cattle fed. Breed

differences in mature or frame size will affect animal growth

and the size, composition and quality of carcasses produced.

Frame size is a genetic characteristic of cattle that is

related to mature size with the implication that large frame

cattle will reach a specified level of fatness at heavier

weights than will small frame cattle (USDA 1979). Data from

Allen (1973) indicates that while absolute growth rate is

greater for large frame cattle, relative growth rate is lower

requiring more time to achieve mature size. Berg and

Butterfield (1976) frequently equated increased frame size with

more rapid gain credited an undated publication by Brundgardt

with concluding that Hereford and Charolais cattle were 11 and

43% later maturing than Angus cattle.
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There are breed differences in feedlot and carcass

performance that are not related to differences in mature size.

As mentioned previously, Kempster et al. (1982) recommended

comparing cattle at similar stages of maturity to reveal genetic

differences not related to mature size. Table 2.4 presents sire

breed effects on beef production traits under various production

systems and indicates the relationship between mature size and

production traits. Lean to bone, feed intake and feed

efficiency have a poor relationship with mature size indicating

independence from frame size effects. Final weight, carcass

yield, lean to fat, and lean growth rate are related to mature

size and would require comparison at a similar stage of maturity

to identify carcass and performance traits that are independent

of frame size.

Berg and Butterfield (1976) indicated genetic differences

in fat distribution with Hereford cattle having a higher

subcutaneous to inter-muscular fat ratio than Friesian cattle.

However, their comparison at constant subcutaneous plus inter

muscular fat weights indicated that Friesian cattle were less

mature as they would be expected to have higher fat weight at

similar composition owing to greater mature weight. This

difference may be explained in part by differences in maturation

rates for the two fat depots as discussed earlier (see section

2.1.3) .

Numerous studies have investigated breed differences for

marbling at various endpoints (Table 2.5). In many cases, the

failure to correct to or evaluate at a constant composition

endpoint will confuse the effects of breed on marbling with

stage of maturity. Data from Damon et al. (1960) shows a strong

relationship between fat thickness score and marbling score

(Figure 2.8) suggesting that much of the difference in marbling

attributed to cattle breed is actually related to overall

fatness.

Breed differences in performance potential allow the

selection of cattle breeds capable of achieving various
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Table2.4: Sire breed effects on beef production and mature size relative to Charolais.

Sire Growth Rate" Slaughter Trai t.s" Fattening Trai tsY'x

Breed MatureZ Final weight Carcass Lean fat Lean bone Lean Feed Feed

weight per day of Yield ratio ratio growth intake efficiency
(kg) age (g/d) (g/kg) (gig) (gig) rate (g/d) (kg-o.75)

Charolais 1150 934 575 7.0 4.5 398

Jersey
Angus
Hereford

59%

70%

73%

88%
87%

91%

95%

93%

99%

97%

97%
97%

98%

97%
101%

98%
101%

Friesian 87%

Limousin 91%

Simmental 94%

Chianina 106%

59%
74%

71%

79%

96%

87%

107%

93%

98%
98%
93%

104%

98%

96%

78%
81%
84%

88%

93%

95%

98%

92%

89%
98%
88%

98%

98%

97%

101%

104%
101%
109%

99%

102%

101%

Correlation (r) with 0.89 0.75 0.53

w
w
mature weight
P-value (Ho: r=O) 0.00 0.03
ZAdapted from Renand et al. (1992).
YAdapted from Robelin and Tulloh (1992).
xCharolais means not given.

0.96

0.00

0.35 0.97 -0.13

0.39 0.00 0.75 0.17



Table2.5: Studies evaluating breed effects on marbling or intra-muscular fat at various

endpoints.
Source Comments

Bakerand Lunt 1990

Barberet al. 1981

Christensen et al. 1991

DeRouen et al. 1992

Dubeski et al. 1997abc

Gregory et al. 1994

Herring et al. 1996

Johnson et al. 1984

Leeetal. 1983

wMandell et al. 1997b
�

Miretal. 1997

Nouret al. 1994

O'Connor et al. 1997

Skelley et al. 1980

Uricket al. 1991a

Uricket al. 1991b

Wheeler et al. 1996

Breed Endpoint
rank" Weight AgeY Fatness

A=C - - Yes

A>C Yes

A=C Yes

Yes

A>H>C - Yes

A>H Yes

A=H>C - Yes

Yes

AH=H>C - Yes

H=C - Yes

Yes

Yes

Yes

Yes

Yes

AH>AC - Yes

Yes

Yes

Yes

Yes

AH>C Yes

AH>C - Yes

AH=C - - Yes

Used ultrasound to target fat thickness.

Compared at equal percent of mature cow

weight. Marbling different only at

lowest percent of mature cow weight.
Used ultrasound to target fat thickness.
Several generations evaluated.

Same experiment.
Serial slaughter.

Used ultrasound to target fat thickness.

Visually endpoint is less accuracy.
Used ultrasound to target fat thickness.

Serial slaughter with endpoint constants

determined through regression.

Serial slaughter with endpoint constants
determined through regression�

ZRanked from most to least. Breeds are: A = Angus, C

Charolais, AH = Angus x Hereford
YConstant age also equat.ed to constant time on feed.

Charolais, H = Hereford, AC = Angus x
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production targets. However, the variability present in cattle

breeds complicates beef production when several different breeds

of cattle are being used. Further control over carcass

composition at specific endpoints can be achieved with

appropriate nutritional management.

2.5.2 Backgrounding and Finishing Programs

Backgrounding programs are based on reducing energy intake

to limit deposition of fat. Energy intake reduction is achieved

through use of low energy feeds or by restricting intake of

higher energy feeds. Reducing energy intake limits fat

accretion but has little effect on protein accretion (Owens et

al. 1995). Maintenance requirements are lowered by 10 to 20%

following adaptation to intake restriction (Owens and Geay

1992)

Removal of feed restriction results in more rapid and

efficient compensatory growth (Robelin and Tulloh 1992).

Compensatory growth has been shown to result largely from

increased gut fill, efficiency of gain, and weight of non

carcass components (Carstens et al. 1991). Ad libitum feeding
of high concentrate rations is characteristic of finishing

programs. Finishing programs promote maximal growth of lean and

fat tissues.

There is no effect of moderate restriction on carcass

composition if restricted animals are allowed to recover with ad

libitum access to the same diet as unrestricted contemporaries

(Lawrence and Pearce 1964ai Lawrence and Pearce 1964b;

Winchester and Howe 1955; Winchester and Ellis 1957). However,

carcass composition can be altered if restriction was severe

enough to result in weight loss (Preston and willis 1974), or if

comparisons are made before recovery is complete. With

incomplete recovery and comparison at similar weight, restricted

cattle will be leaner than unrestricted cattle (Robelin and

Tulloh 1992). The effects of backgrounding programs on carcass

composition and animal size can be used to allow smaller frame
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cattle to achieve larger size without excessive fattening
(Coleman et al. 1993).

2.5.3 Endpoint Selection

The endpoint at which cattle are sent for slaughter can be

based on weight, age, or fatness. The effects of breed and

backgrounding program on growth will vary with the endpoints

selected (Kempster et al. 1982). with commercial production, a

relatively narrow window exists within the predefined endpoints

of carcass weight, yield, and quality grades. Breed selection

and nutritional management can be used to modify growth patterns

to simultaneously target carcass weight, yield, and quality

grade endpoints.
Numerous studies have evaluated the effects and

interactions of breed, backgrounding program, and endpoint on

cattle growth, feedlot, and carcass performance (Mandell et al.

1997a; Mandell et al. 1997b; Coleman et al. 1993; Dolezal et al.

1993; Baker and Lunt 1990; Coleman and Evans 1986; Barber et al.

1981). However, there have been relatively few studies

investigating feedlot and carcass performance with the specific

goal of identifying opportunities to manipulate cattle growth to

coritrol carcass weight, yield, and quality for value-based

marketing.

2.6 National Research Council's Nutrient Requirements Model

The Cornell Net Carbohydrate and Protein System (CNCPS,

O'Connor et al. 1993; Fox et al. 1992; Russell et al 1992;

Sniffen et al. 1992) was adapted in developing the 7th edition of

the Nutrient Requirements of Beef Cattle publication (NRC 1996).

The NRC publication includes a computer program for modeling

cattle performance with the goal of increasing responsiveness to

animal, environmental, and feed variation. The CNCPS model

consists of several sub-models for simulation of:

1. Ruminal fermentation,

2. Carbohydrate, protein, and amino acid availability, and
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3. Cattle requirements and diet adequacy.

2.6.1 Ruminal Fermentation

Russell et al. (1992) described the ruminal fermentation

sub-model of the CNCPS. The bacterial population of the rumen

is divided according to substrate use. Bacteria degrading non

structural carbohydrates are capable of using ammonia or

peptides as nitrogen sources while structural carbohydrate

degrading bacteria use only ammonia. Degradation and passage

rates determine the availability of substrates for microbial

growth. Yield is reduced to account for bacteria maintenance

requirements, protozoal predation, and the effects of low pH as

related to effective neutral detergent fiber. Peptides can

increase yield of non-structural carbohydrate fermenting

bacteria although uptake rate by bacteria is reduced with

feeding of ionophores. Ruminal outflow of bacteria, peptides

and undegraded feed carbohydrate and protein is predicted.

Constant composition is assumed for bacteria escaping the rumen.

2.6.2 Carbohydrate, Protein and Amino Acid Availability

Sniffen et al. (1992) described the prediction of

metabolizable energy and protein available to the animal from

carbohydrate and protein fractions leaving the rumen.

Determination of ruminal outflow has been mentioned (see section

2.6.1). Sniffen et al. (1992) indicated increased passage rate

with increased intake. Each of the feed fractions has a

different true digestibility. Intestinal absorption of protein,

carbohydrate, and fat is calculated by multiplying each fraction

by its true digestibility. Fecal losses are estimated from

endogenous losses and undigested material leaving the intestine.

Apparent TDN is calculated and used to determine metabolizable

and net energy values. Metabolizable protein is determined as

digested protein less bacterial nucleic acids.

O'Connor et al. (1993) developed the amino acid (AA)

portion of this sub-model. Available AA supply is estimated
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from bacterial protein fractions escaping the rumen, AA

composition of those fractions, feed protein escaping the rumen,

AA composition of the insoluble feed protein fractions and true

digestibility of amino acids. Requirements for AA were

determined from factorial requirements of protein for scurf,

urinary, and fecal losses with retention for growth, lactation,

and gestation.

2.6.3 Cattle Requirements and Diet Adequacy

Fox et al. (1992) described the CNCPS sub-model for cattle

requirements and diet adequacy. Dry matter intake for growing

cattle is predicted from shrunk body weight and diet energy

density with body fat, age, breed, feed additive, temperature

and mud adjustment factors. Protein requirements for

maintenance are determined as the sum of scurf, urinary, and

fecal protein losses. Energy requirements for maintenance

depend on weight, production and activity levels, and

environmental effects. The effect of temperature on maintenance

energy requirements in the CNCPS model differs from the classic

description by Klieber (1975) (Figure 2.9). Klieber (1975)

indicated constant maintenance energy requirements over the

thermal neutral zone and increasing maintenance energy

requirement when animals are 'subjected to heat or cold stress.

The CNCPS model indicates maintenance energy requirements change

over the thermal neutral zone and decrease when animals are

subjected to heat stress.

The protein and energy available after meeting maintenance

requirements are used in predicting average daily gain. The ADG

as predicted from the surplus depends on the amount of energy

available and body weight

2.6.4 Validation of CNCPS

The ability of the CNCPS model to predict performance in

each sub-model was validated by the respective authors (O'Connor

et al. 1993; Russell et al. 1992; Sniffen et al. 1992; Fox et
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Figure 2.9: Effect of temperature on heat production.

A. Heat production curve as described by Kleiber (1975) (adapted

from Curtis 1983).
B. 1996 NRC Beef Model heat production curve.
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al. 1992) and in an evaluation by Rayburn and Fox (1990).

Linear regression between observed and pr�dicted values and

residuals of predicted minus observed values was conducted with

forced zero and unforced non-zero intercepts. This analysis

gives a measure of accuracy and precision in addition to the

loss of fit that results from forcing a zero intercept. High

precision, low bias, and strong fit were used to indicate

accurate prediction. The CNCPS model was compared to earlier

NRC models (NRC 1989; NRC 1985; NRC 1984) with lower bias and

greater precision indicating improvement.

2.6.5 Adaptation of CNCPS to 1996 NRC Beef Model

Comparison of the CNCPS model to the 1996 NRC Beef Model

indicates modifications were made in the adaptation process.

The 1996 NRC Beef Model has two analysis levels. Level 2, uses

the rumen simulation sub-model of CNCPS while Level 1 relies on

tabular energy and protein values allowing use of the model when

knowledge of feed composition is incomplete. The use of frame

size to correct for variations in animal type by CNCPS is

replaced by mature size in the NRC model. Adjusting prediction

of DMI in the CNCPS mode� for mud depth has apparently been

dropped from the NRC model as no input exists for the parame,ter

despite it being present in the published equations.

The ability of the 1996 NRC Beef. Model to predict or

evaluate cattle performance under varying management conditions

would provide a valuable management tool to beef producers in

western Canada. Limitations in data availability for

development and evaluation of the model suggest a need for

future evaluation. The present evaluation of the 1996 NRC Beef

model has been based largely on data from the United States.

Feedlot management and environmental differences in western

Canada create a need for separate evaluation of the 1996 NRC

Beef Model.
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2.7 Thesis Objectives

The objectives of this study were to:

I.Determine the effects of breed-type, backgrounding

program, carcass endpoint, and interactions on feedlot

performance and carcass quality of cattle with respect to

identifying options for targeting beef production to

carcass size, yield, and quality grade endpoints for

value-based marketing.

2.To utilize feed and animal performance data collected

during feeding trials to evaluate the 1996 NRC Beef

Models' ability to predict DMI and ADG for feedlot

management.
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3. MANIPULATION OF CATTLE GROWTH TO TARGET CARCASS QUALITY

3.1 Introduction

The use of grid pricing and value based marketing in beef

production involves payment of premiums to feedlot operators

capable of supplying individual 'animals that meet market

requirements for carcass size, yield, and quality (marbling)

(Thomas 1997). As market requirements change, management tools

capable of manipulating cattle growth to target carcass quality

need to be identified. Such tools include selection of animal

type, nutritional management, and specification of

marketing/slaughter endpoints (Berg and Butterfield 1976;

Kempster et al. 1982; Coleman et al. 1993; Dolezal et al. 1993).

United States Department of Agriculture (USDA) feeder

cattle grade standards (1979) separate cattle according to frame

size and muscle development. Frame size is a genetic

characteristic of cattle that is related to mature size with the

implication that large frame cattle will reach a specified level

of fatness at heavier weights than small frame cattle.

Researchers (Dolezal et al. 1993; Butts et al. 1980a; Butts et

al. 1980b; Tatum et al. 1986a; Tatum et al. 1986b; Tatum et al.

1986c) have related frame size to feedlot performance and

carcass grading. Additionally, genetic differences amongst

cattle breeds have been related to differences in fat

distribution (Berg and Walters 1983; Fortin et al. 1981; Jones

1980; Charles and Johnson 1976; Kempster et al. 1976).

One form of nutritional management commonly used in feedlot

management is adjustment of the time that cattle spend in

backgrounding and finishing programs. Backgrounding consists of

feeding for moderate growth allowing maturation of muscle and

bone while restricting the deposition of fat. This is achieved

by feeding low energy rations, or restricting feed intake
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(Coleman et al. 1993). Finishing typically involves ad libitum

feeding of high concentrate rations to ma�imize growth and allow

deposition of fat prior to slaughter (Coleman et al. 1993).

Influence of nutrition on feedlot performance and carcass

composition has been investigated (Dubeski et al. 1997a; Dubeski

et al. 1997b; Dubeski et al. 1997c; Mandell et al. 1997a; Fortin

et al. 1981; Berg and Butterfield 1976) .

In a discussion of endpoint selection for carcass

evaluation, Kempster et al. (1982) indicated that comparison at

equal fatness had several advantages. Commercial slaughter of

cattle tends to occur at a similar level of carcass fatness.

This approximates equal maturity for breeds differing widely in

mature size. Selection of animals for slaughter at the same

fatness is difficult, but precision can be improved with live

animal evaluation techniques (Kempster et al. 1982). Use of

ultrasound for measurement of carcass traits in live animals has

been evaluated (Bergen et al. 1996; Herring et al. 1994;

Brethour 1992; Perkins et al. 1992a; Perkins et al. 1992b; Smith

et al. 1992; Waldner et al. 1992). Real-time ultrasound can be

used to identify endpoints for slaughter, and to track carcass

changes over time. Litt�e data exists on how frame size/breed

type, backgrounding program length, and carcass endpoints can

work together to achieve specific carcass quality goals.

In regard to value-based marketipg and the targeting of

specific carcass yield and quality grades, the objectives of

this study were to evaluate the effects and interactions of

breed-type, backgrounding program length, and ultrasound backfat

endpoint on feedlot performance and carcass quality of beef

steers.

3.2 Materials and Methods

3.2.1 Feedlot Trials

Two feedlot trials were conducted to determine the effects

of breed-type, length of backgrounding program, and ultrasound

backfat endpoint on feedlot performance of cattle, for use in

44



target finishing. Both trials were conducted at the University
of Saskatchewan Beef Research Centre in Saskatoon, Saskatchewan.

The first trial (Trial 1) ran from December 11, 1996 to

October 14, 1997. The treatment structure consisted of a 2x2x2

factorial within a completely randomized experimental design.

Factors of interest included:

1. Breed-type: One hundred and forty four large frame Charolais

cross (white to light tan, 304.6 ± 16.3 kg) and 144 medium

frame Hereford-cross (red white-faced, 295.1 ± 20.8 kg)

steers.

2. Length of backgrounding program: Short (70 days) versus long

(126 days) duration.

3. Backfat thickness: Six or 12-mm of backfat between the 12th

and 13th ribs as measured by ultrasound.

The second trial (Trial 2) ran from November 26, 1997 to

September 29, 1998. This trial was designed as a completely

randomized design with a 3x2 factorial treatment structure.

Factors of interest included:

1. Breed-type: Eighty eight medium frame Angus-cross (black or

black white-faced, 289.7 ± 15.0 kg), 88 large frame

Charolais-cross (white to light tan, 299.8 ± 17.9 kg) and 88

medium frame Hereford-cross (red white-faced, 291.1 ± 20.9

kg) steers. Use of two medium frame breed-types allows some

separation of frame size and breed-type effects.

2. Backfat thickness: Six or 12-mm of backfat between the 12th

and 13th ribs as measured by ultrasound.

Trial 2 was conducted to determine if results observed in

Trial 1 should be attributed to the differences in frame size,

or to the differences in breed-type. If the medium frame Angus

cross steers in Trial 2 performed similarly to the medium framed

Hereford cross steers, the difference between Charolais-cross

and Angus or Hereford-cross steers could be attribute to frame

size differences. If Angus and Hereford-cross steers performed

differently, the difference could be attributed to breed-type
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differences. In assigning breed-type the steers were visually

assessed and grouped according to the predominant phenotype.

Cattle that failed to meet their designated carcass endpoints

by a live weight of 750 kg, or after 308 days on feed were

slaughtered. One steer in Trial 1 and three steers in Trial 2

were removed for reasons of illness, injury, or death. In each

case, data was removed and pen feed intakes were adjusted

accordingly, prior to statistical analysis.

3.2.2 Arrival and Randomization

The cattle used in this study were obtained from commercial

sources and transported to the University of Saskatchewan Beef

Research Centre. On arrival, they were individually tagged,

implanted with Synovex-S® (200 mg Progesterone, 20 mg Estradiol

benzoate), vaccinated against pasteurella pneumonia and

clostridial diseases, and treated for internal and external

parasites. Steers were re-implanted with Synovex-S® at the end

of the backgrounding program. Animals were adapted to the

feedlot and fed a ration similar to that used during the

backgrounding program for one month prior to the start of the

backgrounding portion of the feedlot trials.

The cattle were assigned to 24 pens, 12 head per pen in

Trial 1 and 11 head per pen in Trial 2, based on breed-type and

weight. Within breed-type, each pen of steers was randomly

assigned to a short or long backgrounding program (Trial 1) and

a 6 or 12-mm (Trials 1 and 2) ultrasound backfat endpoint. All

steers in Trial 2 were backgrounded for 70 days, which

corresponded to the short backgrounding period used in Trial 1.

3.2.3 Housing and Feeding

All steers were housed in outdoor pens with protection from

prevailing winds via 20% porosity fences and surrounding tree

windbreaks. Straw bedding was provided as necessary with regard

to cold, snow, or rain.
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Rations were formulated to be typical of Western Canadian

backgrounding and finishing rations and were based on barley

grain-based concentrates, barley silage, and cereal straw (Table

3.1). Rolled barley grain was mixed with canola meal, tallow,

mineral, and vitamin supplements to form the concentrate. The

concentrate was then mixed with barley silage and chopped cereal

straw prior to feeding. Feed was delivered as a total mixed

ration once daily.

Backgrounding feed intake was restricted to limit average

daily gain (ADG). The large frame Charolais steers (Trials 1

and 2) were targeted to 1.0 kg d-1 while medium frame Hereford

(Trials 1 and 2) and Angus (Trial 2) steers were targeted to 0.9

kg d-1• The objective was to allow for skeletal and lean body

growth while restricting fat deposition. The difference in

allowed growth rate represents a difference in anticipated lean

growth rates.

At the end of 70 or 126 day backgrounding periods, feed

intake and ration concentrate content was gradually increased

over four weeks to allow ad libitum intake of a high concentrate

finishing ration (Table 3.1). Ad libitum feeding of the

finishing ration continued until the steers were sent for

slaughter.

3.2.4 Data Collection

3.2.4.1 Weight

All steers were weighed individually with weights taken the

morning before feeding and with application of a four percent

shrink (National Research Council (NRC) 1984). An average of

each steer's weight taken on two consecutive days was recorded

for initial and final weight. Backgrounding and finishing

weight gain was divided by the appropriate days on feed to

determine ADG in each feeding period.
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Table3.1: Ration composition in each feeding period for Trials 1 and 2.

Trial 1

Backgrounding
(n=24)

Average SOZ

Finishing
(n=24)

Average SOZ

Trial 2

Backgrounding
(n=24)

Average SOZ

Finishing
(n=24)

Average SOZ
Totalmixed ration (%)Y
Barley silage
Cereal straw
Concentrate

�
co

Concentrate ingredients (%)Y
Barley grain
Canola meal
Tallow
Vitamin premixx
Calcium phosphate
Limestone
Tracemineral saltW

Chemical analysisY
Oigestible energy (Meal kg-1) V

Crudeprotein (%)
Calcium

Phosphorus

40.8

12.6
46.6

69.1

26.1

0.3

1.3
0.2

1.9

1.1

2.98

l3.5
0.69
0.45

0.3
0 .. 3
0.6

0.7
0.7
0.1
0.1
0.1
0.0
0.0

0.01
0.2
0.01

.0.00

12.3

0.8

86.8

1.1
0.8
1.0

32.7

23.5

43.8

81. 9

10.9

3.6

0.9
0.1

2.1

0.5

3.02

12.3
0.62

0.34

0.0
0.2
0.2

0.1
0.1
0.0
0.0
0.0

0.0
0.0

0.00
0.0
0.00
0.00

1l.5

0.2

88.3

87.8

6.1
3.9

0.5

1.1

0.6

3.61

12.8
0.53

0.39

0.5
0.1
0.6

84.4
9.1
3.6

0.6

0.7
0.7
0.1
0.0

0.3
0.2
0.0
0.0

0.0
0.0

0.01
0.0
0.00
0.00

1.7

0.6
0.0
0.0

ZStandard deviation.
YDrymatter basis.
x440,400 IU vitamin A and 88,000 IU vitamin D kg-1•
W4000 ppm copper, 10,000 ppm manganese, 12,000 ppm zinc, 4,050 ppm iron,
selenium, 60 ppm cobalt.
VPredicted total digestible nutrients x 4.4 Meal kg-1 (Weiss et al. 1992).

3.50 0.02
12.5 0.5
0.74 0.01
0.42 0.02

200 ppm iodine, 120 ppm



3.2.4.2 Ultrasound Data

Measurements of initial, end of backgrounding, and final

backfat thickness and M. longissimus dorsi area were made using

real-time ultrasound. Backgrounding and finishing backfat and

1. dorsi area ADG was determined in the same manner as animal

weight. Final backfat and 1. dorsi area measurements were made

in duplicate.

All live animal carcass measurements were made on the left

side of the animal between the 12th and 13th ribs. Measurements

were made using equipment and procedures described by Bergen

(1995). Backfat measurements were made periodically during the

finishing period to track accumulation of backfat and to

determine slaughter date.

3.2.4.3 Feed Intake and Feed Conversion

Restricted feeding during the backgrounding program ensured

all feed delivered was consumed. During the finishing period,

cattle were fed ad libitum. Manual feed bunk cleaning and weigh

back of refused feed during the periodic removal of steers for

slaughter accounted for refusals. Dry matter intake was

determined from feed intake, ration composition, and dry matter

content of individual feeds. Backgrounding and finishing feed

conversions were calculated from DMI and shrunk weight gains.

3.2.4.4 Carcass Grading

All steers were slaughtered at Western Canadian Beef

Packers in Moose Jaw, Saskatchewan. Grading was carried out by

the Canadian Beef Grading Agency with measurement of hot carcass

weight, grade backfat, carcass 1. dorsi area, and marbling

score. Carcass 1. dorsi area was determined using a grid.

3.2.4.5 Rib Dissection

Seven bone rib sections (ribs 6 to 12) were collected from

the left side of five randomly selected steers per pen. Each

rib section was weighed then dissected into physically separable
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bone, lean, and fat components, expressed as a proportion of

total rib section weight. Fat was further separated into

subcutaneous, body cavity, and inter-muscular depots and

expressed as a proportion of total fat.

Rib dissection results were extrapolated to carcass bone,

lean and fat values using equations cited by McKinnon (1993):

% carcass bone = 100 - (% carcass lean) - (% carcass fat) (3.1)

% carcass lean = 17.223 + 0.797 (% rib lean) (3.2)

% carcass fat = 3.00 + 0.76 (% rib fat) (3.3)

3.2.5 Statistical Analysis

Results from Trials 1 and 2 were analyzed using the General

Linear Model procedure of the SAS Institute Inc. (1989). The

models used for statistical analysis were:

Trial 1

Yijk1 = 11 + Ai + Bj + Ck + ABij + ACik + BCjk + ABCijk + eijkl

Trial 2

Yik1 11 + Ai + Ck + ACik + eikl

Where 11 is the general mean, Ai' Bj and Ck are the breed

type (Trials 1 and 2), backgrounding program (Trial 1), and

ultrasound backfat endpoint (Trials 1 and 2) main effects. ABij,

ACik and BCjk are the breed-type by backgrounding program (Trial

1), breed-type by ultrasound backfat endpoint (Trials 1 and 2),

and backgrounding program by ultrasound backfat endpoint (Trial

1) two-way interactions. ABCijk is the breed-type by

backgrounding program by ultrasound backfat endpoint three-way

interaction effect (Trial 1) and eijkl or eikl are the experimental

error effects for Trials 1 and 2, respectively. Pen average

values constituted experimental units allowing for three

replicates in Trial 1 and four replicates in Trial 2. Means

separation was carried out using the analysis of variance

results for Trial 1 and the Student-Newman-Keuls procedure

(Steel et al. 1997) for Trial 2.
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3.3 Results and Discussion

3.3.1 Initial, End of Backgrounding, and Final Weight, Backfat,

and L. dorsi area

The targeted ultrasound backfat endpoints were 6 and 12-rom

of backfat. In Trial 1, actual ultrasound backfat endpoints

were 7.6 and 11.5 rom (Table 3.2). To be consistent with Trial 1

results, ultrasound backfat endpoints in Trial 2 were similar

(8.3 and 12.4 rom; Table 3.3).

In both trials, large frame steers had heavier (P � 0.05)

initial, end of backgrounding, and final weights than medium

frame steers (Tables 3.2 and 3.3). The long backgrounding

program (Trial 1) resulted in heavier (P � 0.05) end of

backgrounding and final weights than the short backgrounding

program. Final weights were heavier (P � 0.05) for the 12 than

the 6-rom ultrasound backfat endpoint in both trials.

Implied within the USDA (1979) feeder cattle grade

standards is that larger framed cattle will be heavier than

smaller framed cattle of similar fatness. Greater weight at

equal fatness and lower fatness at equal age or weight has been

observed for larger relative to smaller framed cattle (Dolezal

et al. 1993; Tatum et al. 1986a; Tatum et al. 1986b; Tatum et

al: 1986c; Cianzio et al. 1982; Koch et al. 1982; Butts et al.

1980a) and mentioned by reviewers (Owens et al. 1995; Owens et

al. 1993; Berg and Walters 1983; Marple 1983; Trenkle 1983;

Kempster et al. 1982; Berg and Butterfield 1976). Coleman et

al. (1993) indicated that backgrounding acts to increase animal

size without excessive fattening. Several researchers (Lawrence

and Pearce 1964a; Lawrence and Pearce 1964b; Winchester and

Ellis 1957; Winchester and Howe 1955) have indicated that

restricted feeding had no effect on growth and carcass

composition, provided cattle were allowed sufficient opportunity

for recovery. Coleman and Evans (1986) found evidence for

compensatory gain from 30 to 120 days after backgrounded cattle

were switched to a finishing diet. With incomplete recovery and

comparison at similar weights, restricted cattle will be leaner
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Table 3.2: Main effects of breed-type, backgrounding program, and ultrasound backfat endpoint on

weight, backfat, and 1. dorsi area in Trial 1.

Weight (kg)Y
Initial
End of Backgrounding
Final

Backfat (mm)
x

Initial
End of Backgrounding

� Final

L. dorsi area (cm2)x
Initial
End of Backgrounding
Finalw

Breed-type

Charolais Hereford

(Large (Medium
frame) frame)

304.6a 294.8b
401.8a 379.Sb

620.1a S72. Sb

1. 4b 2.2a
2.0 2.4

9.1b 10.1a

SS.2a 48.0b

70.8a 62.Sb

94.6a 82.6b

Backgrounding
Program

Ultrasound Backfat

Endpoint
70 days 126 days SEZ6 mm 12 mm

299.6 299.7 299.4 299.9 0.8
364.0b 417.4a 389.7 391. 7 2.9

S84.4b 608.2a SS2.4b 640.3a 3.7

1.8 1.8 1.8 1.8 0.1

2.4 2.0 2.2 2.2 0.1

9.9a 9.3b 7.6b 11. Sa 0.1

S1.4 S1. 8 S1. 7 S1. S O.S

61.7b 71.Sa 66.2 67.1 0.7

88.S 88.7 83.0b 94.1a 0.6

between 12t.h and 13th ribs.

Z Standard error of the least square means.

Y Live weights less a four percent shrink.
x Backfat and 1. dorsi measured with ultrasound
W Interaction present (P � O.OS).
a,b Means within main effect in the same row with different letters are different (P � O.OS).



Table3.3: Main effects of breed-type and ultrasound backfat endpoint on weight, backfat, and 1.
dorsiarea in Trial 2.

Breed-type
SEZ

Ultrasound Backfat Endpoint
Angus
(Medium
frame)

Charolais

(Large
frame)

Hereford
(Medium
frame)

6 rom 12 rom SEz

Weight (kg)Y
Initial
Endof Backgrounding
Final

289.5b
352.5b
545.9b

Backfat (rom)
x

Initial
Endof Backgrounding
Final

2.1a
2.6a
10.8a

(J1
w
L.dorsi area (cm2)x
Initial
Endof Backgrounding
Final

54.1b
67.2b
91.5b

299.8a
368.8a
610.8a

1. 3b
2.1b
9.7b

56.8a
71.0a
99.2a

291.1b
355.6b
555.8b

0.9

1.3

5.7

293.2
358.9
533.6b

293.7
359.0
608.1a

0.8
1.0
4.6

2.3a

2.8a
10.5a

0.2
0.1

0.2

1.8
2.5
8.3b

1.9
2.5

12.4a

0.1

0.1
0.2

52.4c
64.2c

88.3b

0.5

0.8
1.1

54.5

66.9
90.3b

54.4

67.9
95.7a

0.4
0.7

0.9
ZStandard error of the least square means.
YLive weights less a four percent shrink.
xBackfat and 1. dorsi measured with ultrasound between 12th and 13th ribs.
a,b,cMeans within main effect in the same row with different letters are different (P � 0.05).



than unrestricted cattle (Robelin and Tulloh 1992). These

results provide an explanation for the fact that in this study,

long backgrounded cattle were heavier than the shorter

backgrounded cattle when compared at similar fatness. Data from

Buckley et al. (1990) indicated greater weights being required
for greater fat content.

Initial and final backfats were lower (P � 0.05) for large

than medium frame steers in both trials (Tables 3.2' and 3.3).

End of backgrounding backfat was lower (P � 0.05) for large than

medium frame steers in Trial 2, but not Trial 1 (P > 0.05).

Long backgrounding (Trial 1) and the 6-mm ultrasound backfat

endpoint (Trial 1 and 2) resulted in lower (P � 0.05) final

backfat than short backgrounding or the 12-mm ultrasound backfat

endpoint.

Restricting feed intake was effective in limiting backfat

accretion during backgrounding. Differences in fat partitioning

amongst breeds have been reviewed by Berg and Butterfield

(1976). They indicate that the portion of fat deposited

subcutaneously is greater for British than Continental breeds.

Coleman and Evans (1986) found it necessary to slaughter some of

their large frame steers at less than desired fatness due to

excess size.

Initial and end of backgrounding 1. dorsi areas were larger

(P � 0.05) for Charolais than for Hereford steers in both trials

(Tables 3.2 and 3.3). In Trial 2, Angus steers had smaller (P �

0.05) initial, end of backgrounding, and final 1. dorsi area

than Charolais steers, but larger (P � 0.05) initial and end of

backgrounding 1. dorsi area than Hereford steers. Final 1.

dorsi area was greater (P � 0.05) for large than medium frame

steers. Long backgrounding in Trial 1 increased (P � 0.05) end

of backgrounding 1. dorsi area over short backgrounding.

A backgrounding program by ultrasound backfat endpoint

interaction (P = 0.03, pooled standard error = 0.9 cm2) was noted

for final 1. dorsi area in Trial 1 (Table 3.2). Increasing the

length of the backgrounding program when steers were fed to the

54



6-mm ultrasound backfat endpoint decreased the 1. dorsi area

from 84.1 to 82.0 cm2• However, when fed �o the 12-mm ultrasound

backfat endpoint, increasing the length of the backgrounding

program increased the 1. dorsi area from 93.0 to 95.3 cm2• The

12-mm ultrasound backfat endpoint resulted in larger (P � 0.05)

final 1. dorsi area than the 6-mm ultrasound backfat endpoint in

Trial 2.

Live weight accounts for a significant amount of variation

in 1. dorsi area (Perkins et al. 1992a). The backgrounding

program by ultrasound backfat endpoint interaction for final 1.

dorsi area (Trial 1) reflects greater recovery by steers

subjected to longer backgrounding when fed to a fatter endpoint.

Several researchers (Lawrence and Pearce 1964a; Lawrence and

Pearce 1964b; Winchester and Howe 1955; Winchester and Ellis

1957) have indicated that cattle could completely recover from

periods of restricted growth when given adequate time. Diet by

endpoint interactions for 1. dorsi area were noted by Mandell et

al. (1997a).

3.3.2 Backgrounding Performance

Feed intake during packgrounding was restricted to target a

predetermined ADG (Tables 3.4 and 3.5). In both trials, large

frame steers were permitted greater (P � 0.05) feed intake to

target greater (P � 0.05) ADG than me�ium frame steers. Feed

conversion, backfat ADG, and 1. dorsi area ADG indicate similar

performance across treatments in both trials.

3.3.3 Finishing Performance

Breed-type by endpoint interactions (P � 0.05, pooled

standard error = 4 d (Trial 1) and 7 d (Trial 2)) were noted in

both trials for finishing days on feed (Tables 3.6 and 3.7).

Increasing the ultrasound backfat endpoint from 6-mm to 12-mm

increased finishing days on feed from 93 to 160 d (Trial 1) and

from 105 to 178 d (Trial 2) for Charolais steers. However,

increases in finishing days on feed were smaller for Angus (81

55



Table3.4: Main effects of breed-type, backgrounding program, and ultri�����backfat endpoint on

backgrounding performance of steers in Trial 1.

Breed-type Backgrounding
Program

u.r l l l l tnd Backfat

point

Charolais

(Large
frame)

Hereford

(Medium
frame)

70 days 126 days 12 mm SEZ

Average daily gain
Weight (kg)

1.00a 0.86b 0.92 0.93 0.93 0.02

Backfat (mm) " O.Ola O.OOb O.Ola O.OOb 0.00 0.00

L.dorsi area (em") Y 0.15 0.14 0.13 0.15 0.15 0.01

Feedintake (kg)X 6.96a 6.17b 6.46 6.67 6.57 0.11

Feedconversionx
7.02 7.22 7.06 7.18 7.10 0.11

ZStandard error of the least square means.

YBackfat and 1. dorsi measured with ultrasound between 12th and 13th Ll 1 1 1 1 1
(J1
0'\
x

Drymatter basis.

a,bMeans wi thin main effect in the same row with different letters aE cO cO cO cO erent (P ::; 0.05).



Table3.5: Main effects of breed-type and ultrasound backfat endpoint 0' ,

ofsteers in Trial 2.

, .roundinq performance

Breed-type
U 1 1 1 1 1 md Backfat Endpoint

Angus Charolais Hereford SEz 12 mm SEz

(Medium (Large (Medium

frame) frame) frame)

Average daily gain

Weight (kg)
0.90b 0.99a 0.92b 0.02 0.93 0.01

Backfat (rnm ) "
0.01 0.01 0.01 0.00 0.01 o 00

L.dorsi area (cm2)Y o 20 o 22 0.18 0.01 0.21 o 01

Feedintake (kg)X 7.00b 7.48a 6.97b 0.03 7.17 0.02

Feedconversionx
7.79 7.59 7 60 0.13 7.70° o 11

ZStandard error of the least square means.

YBackfat and 1. dorsi measured with ultrasound between 12th and 13th ri: r r r r r

(J1
-...J

x

Drymatter basis.

a,bMeans within main effect in the same row with different letters anaaaaa:rent (P � 0.05).



Table3.6: Main effects of breed-type, backgrounding program, and ultrasound backfat endpoint on

finishing performance of steers in Trial 1.

Breed-type Backgrounding
Program

Charolais

(Large
frame)

Hereford

(Medium
frame)

70 days 126 days

Ultrasound Backfat

Endpoint
6mm 12 mm SEz

8Sb 143a 3

1.9Sa 1.77b 0.02

0.07 0.07 0.00

0.19 0.19 0.01

11. 22 11. S2 0.11

S.87b 6.62a 0.10

Dayson feedY 127a

Average daily gain
Weight (kg)
Backfat (mm) yx

L.dorsi area (em") yx

1.78b

0.06b

0.19

(Jl
co

Feedintake (kg)W 11.S3

Feedconversionw 6.62a
ZStandard error of the least square
YInteraction present (P � O.OS).
xBackfat and 1. dorsi measured 'with

102b

1.94a

0.08a

0.20

11.20

S.88b

means.

124a 10Sb

1. 82b 1.90a

0.06b 0.07a

0.23a O.lSb

10.6Sb 12.08a

S.94b 6.S6a

ul trasound between 12th and 13th ribs.

W

Drymatter basis.

a,bMeans within main effect in the same row with different letters are different (P � O.OS).'



Table3.7: Main effects of breed-type and ultrasound backfat endpoint on finishing performance of

steers in Trial 2.

Breed-type
6 mm 12 mm SEz
Ultrasound Backfat Endpoint

Angus
(Medium
frame)

Charolais

(Large
frame)

Hereford

(Medium
frame)

SEZ

Dayson feedY 104b 4

Average daily gain
Weight (kg)
Backfat (mm)

x

L.dorsi area(cm2)x

1.90a

0.08a

0.25a

Feedintake (kg)W 10.66

Feedconversionw 5.69b

142a

1.76b
0.06b

0.21b

10.81

6.27a

107b 5 92b 144a

0.03

0.00
0.01

0.13
0.11

(J1
\.0

ZStandard error of the least square
YInteraction present (P S 0.05).
xBackfat and 1. dorsi measured with

means.

1.90a

0.07a

0.23ab

0.04

0.00

0.01

1.92a

0.07
0.26a

1.78b
0.08

0.20b

10.49

5.58b

0.16

0.14

10.58
S.54b

10.73

6.15a

ultrasound between 12th and 13th ribs.
W

Drymatter basis.

a,bMeans within main effect in the same row with different letters are different (P S 0.05).



to 126 d; Trial 2), and Hereford steers (78 to 127 d; Trial 1

and 88 to 126 d; Trial 2). Finishing days on feed were

decreased (P � 0.05) for long relative to short backgrounding in

Trial 1.

Dolezal et al. (1993) found large frame cattle required

greater days on feed to achieve a specified backfat thickness

than medium frame cattle. Data from Allen (1973) indicated

lower relative growth rates for large frame cattle and suggested

that equivalent increases in maturity would require greater time

on feed. Achievement of a greater degree of lean maturity

explains the shorter finishing days on feed for steers subjected

to the long backgrounding program.

Large frame steers had lower (P � 0.05) finishing ADG than

medium frame steers in both trials (Tables 3.6 and 3.7).

Finishing ADG was greater (P � 0.05) for long than short

backgrounding in Trial 1. The 6-mm ultrasound backfat endpoint

had greater (P � 0.05) ADG than the 12-mm ultrasound backfat

endpoint in both trials.

Observations of greater ADG for large frame cattle are more

common (Urick et al. 1991a; Solis et al 1989; Tatum et al. 1988;

Thonney 1987; Coleman and Evans 1986; McCarthy et al. 1985),

although exceptions do exist (McKinnon et al. 1993). The

reduced performance of the large frame steers was likely due to

greater allowed backgrounding gain and greater days on feed.

Coleman and Evans (1986) found rate of gain during the growing

phase to be negatively correlated to finishing period rate of

gain. Time on feed has been shown to have variable effects on

ADG (Van Koevering et al. 1995; May et al. 1992; Hicks et al.

1987; Zinn et al. 1970). However, inherent to sigmoidal growth

is the concept that ADG will initially increase and later

decrease (Berg and Butterfield 1976; Pomeroy 1955; Robelin and

Tulloh 1992; Swatland 1994). Typically, cattle have slower

rates of growth as they approach market weight and maturity

(Knoblich et al. 1997).
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A breed-type by backgrounding program interaction (P

0.03, pooled standard error = 0.002 mm d-1) was noted for

finishing backfat ADG in Trial 1 (Table 3.6). Following the

short or long backgrounding program, finishing backfat ADG for

Charolais steers was 0.06 mm. However, Hereford steers had

finishing backfat ADG of 0.07 or 0.09 mm, following the short or

long backgrounding program, respectively.

Finishing backfat ADG was greater (P � 0.05) for medium

than large frame steers in Trial 2 (Table 3.7). Coleman and

Evans (1986) found finishing backfat deposition to be faster for

smaller framed, older and less restricted steers than for

larger, younger or more restricted steers. These authors

indicated proximity to physiological maturity at initiation of

finishing as influenced rate of backfat gain.

Angus steers had greater (P � 0.05) finishing 1. dorsi area

ADG than Charolais steers in Trial 2 (Table 3.7). A

backgrounding program by ultrasound backfat endpoint interaction

(P = 0.0005, pooled standard error = 0.01 cm2 d-1) was noted for

finishing 1. dorsi area ADG in Trial 1 (Table 3.6). Increasing

the length of the backgrounding program when steers weLe fed to

the 6-mm ultrasound backfa� endpoint decreased the finishing 1.

dorsi area ADG from 0.25 to 0.13 cm2• However, when fed to the

12-mm ultrasound backfat endpoint, increasing the length of the

backgrounding program only decreased th� finishing 1. dorsi area

ADG from 0.20 to 0.18 cm2• The two-way interaction for finishing

1. dorsi area ADG is related to the two-way interaction for

final 1. dorsi area, discussed previously.

Finishing 1. dorsi area ADG was greater (P � 0.05) for the

6-mm than for the 12-mm ultrasound backfat endpoint in Trial 2.

Reduced 1. dorsi area ADG with fatter endpoints can be

attributed to declining growth rate with greater maturity.

Finishing feed intake was affected only by backgrounding

program in Trial 1, with long backgrounding resulting in greater

(P � 0.05) finishing feed intake than short backgrounding (Table

3.6). Feed intake is higher for larger cattle (Hicks et al.
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1990c) and decreases with extended time on high concentrate

diets (Hicks et al. 1990b; Hicks et al. 1990c).

Finishing feed conversion was poorer (P � 0.05) for large

frame (Trials 1 and 2), long backgrounding (Trial 1), and the

12-mm ultrasound backfat endpoint (Trials 1 and 2) than for

medium frame, short backgrounded, and the 6-mm ultrasound

backfat endpoint, respectively (Tables 3.6 and 3.7). Old and

Garrett (1987) found Charolais steers to be larger and have

lower efficiency of energy use for gain than Hereford steers

when fed for similar amounts of time. Feed conversion is poorer

with increased days on feed as cattle are fed to fatter or

heavier endpoints (Mandell et al. 1997a; Barber et al. 1981)

with efficiency of fatter cattle being affected by composition

of gain (Robelin and Tulloh 1992). Hicks et al. (1990a) and Old

and Garrett (1987) both found that efficiency of energy use for

gain was lower for ad libitum than restricted steers.

3.3.4 Carcass Characteristics

Effect of treatment on hot carcass weight in Trials 1 and 2

are consistent with treatment effects on final live weight

mentioned previously. Large frame steers (Trials 1 and 2), the

long backgrounding program (Trial 1), and the 12-mm ultrasound

backfat endpoint (Trials 1 and 2) resulted in larger carcasses

(P S 0.05) than medium frame steers, the short backgrounding

program, and the 6-mm ultrasound backfat endpoint (Tables 3.8

and 3.9). Optimal carcass weight ranges from 295 to 340 kg

according to Miller (1998) or from 270 to 360 kg (Anonymous

1996) .

Large frame steers had lower (P � 0.05) grade fat than

medium frame steers in Trial 1 (Table 3.8) but not (P > 0.05) in

Trial 2 (Table 3.9). This in part due to a greater portion of

large than medium frame steers failing to meet their designated

ultrasound backfat endpoint by a live weight of 750 kg, or after

308 days on feed.
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Table3.8: Main effects of breed-type, backgrounding program, and ultrasound backfat endpoint on

carcass grading in Trial 1.

Breed-type Backgrounding Ultrasound Backfat

Program Endpoint
Charolais Hereford 70 days 126 days 6 mm 12 mm

(Large (Medium
frame) frame)

354.7a 318.6b 377.8a

7.6 6.0a 9.5b

87.7 84.3b 89.4a

1.7 1. 4b 2.0a

SEZ

(J)
w

ZStandard error of the least square means.

YGraded by the Canadian Beef Grading Agency.
xInteraction present (P � 0.05).
wO=devoid, 1=A, 2=AA, 3=AAA, 4=Prime.

a,bMeans within main effect in the same row with different letters are different (P � 0.05).



Table3.9: Main effects of breed-type and ultrasound backfat endpoint on carcass grading in Trial

2.
Breed-type

Angus Charolais Hereford

(Medium (Large (Medium
frame) frame) frame)

315.4b 356.0a 317.4b

9.0 8.5 8.5

80.2b 90.4a 78.2b

2.0a 2.1a 1. 6b

SEZ 6 rom 12 rom SEz

Ultrasound Backfat Endpoint

Carcass characteristicsY

Hotcarcass weight (kg)
Gradefat (rom)
Carcass 1. dorsi area

(cm2)
MarblingX

3.6

0.2

1.0

305.8b

6.7b

82.0

353.4a

10.7a
83.9

3.0

0.2

0.8

0.1 1. 5b 2.3a 0.1

ZStandard error of the least square means.

YGraded by the Canadian Beef Grading Agency.
xO=devoid, l=A, 2=AA, 3=AAA, 4=Prime.

a,bMeans within main effect in the same row with different letters are different (P � 0.05).0'1
�



A backgrounding program by ultrasound backfat endpoint

interaction was noted (P = 0.03, pooled standard error = 0.2 mm)

for grade fat in Trial 1 (Table 3.8). Grade fat for the 12-mm

ultrasound backfat endpoint was 9.4 or 9.6 mm following the

short or long backgrounding program, respectively. Grade fat

for the 6-mm ultrasound backfat endpoint was 6.4 or 5.6 mm

following the short or long backgrounding program, respectively.
As this two-way interaction was not present (P > 0.05) for final

ultrasound backfat (Table 3.2), it may be attributed to changes

in fat cover with hide pulling and carcass hanging (Herring et

al. 1994; Brethour 1992; Houghton and Turlington 1992; Robinson

et al. 1992).

A three-way interaction was noted (P = 0.03, pooled

standard error = 1.5 cm2) for carcass 1. dorsi area in Trial 1

(Table 3.8). Carcass 1. dorsi area for Hereford steers was 77.7

and 82.1 cm2 for 6 and 12-mm ultrasound backfat endpoints after

the short backgrounding program, or 80.4 and 82.4 cm2 for 6 and

12-mm ultrasound backfat endpoints after the long backgrounding

program. These values were more consistent for Hereford than

Charolais steers .. Carcass 1. dorsi area for Charolais steers

were 90.5 and 93.6 cm2 for 6 and 12-mm ultrasound backfat

endpoints after the short backgrounding program, and 88.5 and

99.6 cm2 for 6 and 12-mm ultrasound backfat endpoints after the

long backgrounding program. The backgrounding program by

ultrasound backfat endpoint interaction within the Charolais

breed-type is consistent with the two-way interaction noted

earlier for final 1. dorsi area. More consistent values for the

Hereford steers reflect greater maturity and less effect of

backgrounding program on 1. dorsi area.

Trial 2 carcass 1. dorsi area was greater (P � 0.05) for

large than for medium frame steers (Table 3.9). As mentioned

previously, live weight accounts for a significant amount of

variation in 1. dorsi area (Perkins et al. 1992a).

Charolais steers had greater (P � 0.05) marbling scores

than Hereford steers in Trials 1 (Table 3.8) and 2 (Table 3.9),

65



but were not different from Angus steers in Trial 2. The

ability of smaller framed cattle to fatten at earlier ages and

weights often results in greater marbling scores than large

frame cattle when compared at similar ages or weights (Wheele-r

et al. 1996; Gregory et al. 1994; DeRouen et al. 1992; Johnson

et al. 1984; Skelley et al. 1980). Larger frame steers have

been observed to obtain a specified level of marbling at a lower

percent total separable fat relative to smaller frame steers

(Tatum et al. 1986c).

Greater (P � 0.05) marbling for Angus than Hereford steers

indicates that marbling scores were dependent on breed-type and

not frame size. Greater marbling has been reported for Angus

than Hereford cattle when compared at equal age, live weight, or

fatness (Dubeski et al. 1997a; Dubeski et al. 1997b; Dubeski et

al. 1997c; DeRouen et al. 1992) although Gregory et al. (1994)

found Angus and Hereford cattle to have similar marbling scores

when compared at equal age. Similar marbling scores have been

reported for Angus and Charolais steers when compared at equal

fatness or stage of maturity (Wheeler et al. 1996; Baker and

Lunt 1990; Barber et al. 1981).

In both trials, the 12-mm ultrasound backfat endpoint

resulted in greater (P � 0.05) marbling than the 6-mm ultrasound

backfat endpoint. Data from Damon et al. (1960) suggests a

strong relationship between marbling and overall fatness.

3.3.5 Rib Section Dissection

The effect of treatments on rib section weight in Trials 1

(Table 3.10) and 2 (Table 3.11) are consistent with treatment

effects on hot carcass and final live weight, mentioned

previously.

The proportion of bone in the rib section was lower (P �

0.05) while the proportion of lean was greater (P � 0.05) for

large than for medium frame steers in Trial 1 (Table 3.10), but

there was no difference (P > 0.05) in Trial 2 (Table 3.11). The

6-mm ultrasound backfat endpoint resulted in greater (P � 0.05)
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Table3.10: Main effects of breed-type, backgrounding program, and ultrasound backfat endpoint on

ribcomposition in Trial 1.

Breed-type Backgrounding Ultrasound Backfat

Program Endpoint
Charolais Hereford 70 days 126 days 6mm 12 mm SEz

(Large (Medium
frame) frame)

Ribweight (kg) 18.36a 16.35b 16.91b 17.80a 15.39b 19.32a 0.22

Ribcomposition ( %)
Bone 17.9b 18.7a 18.5 18.1 19.4a 17.2b 0.2

LeanY 53.0a 51.8b 52.0 52.8 54.9a 49.9b 0.4

Fat 29.1 29.5 29.5 29.1 25.7b 32.9a 0.4

Fatdistribution (%)
0')Subcutaneous 29.7b 33.4a 31. 9 31.1 31.1 32.0 0.6
.._J

Bodycavity 13.2 13.3 13.7a 12.8b 15.0a 11.5b 0.3

Inter-muscular 57.3a 53.3b 54.6b 56.1a 54.2b 56.5a 0.4

Carcass Composition (%)x
Bone 15.4b 16.0a 15.9 15.6 16.5a 15.0b 0.2

LeanY 59.4a 58.5b 58.7 59.3 61.0a 57.0b 0.3

Fat 25.1 25.4 25.4 25.1 22.5b 28.0a 0.3

ZStandard error of the least square means.

YInteraction present (P � 0.05).
xEquations cited by McKinnon et al. (1993)

a,bMeans within main effect in the same row with different letters are different (P � 0.05).



Table3.11: Main effects of breed-type.and ultrasound backfat endpoint on rib composition in Trial

2.
Breed-type

SEZ

Ultrasound Backfat Endpoint

Angus
(Medium
frame)

Charolais

(Large
frame)

Hereford

(Medium
frame)

6 rom 12 rom SEz

Ribweight (kg)
0.23

Ribcomposition (%)
Bone

Lean

Fat

Fatdistribution (%)
Subcutaneous

gjBodycavity
Inter-muscular

Carcass Composition (%)Y
Bone

Lean

Fat

16.38b

17.1
49.9

32.7

31.9ab

12.3

55.8ab

15.2

57.0
27.9

18.36a

17.0

50.4

32.7

30.6b

12.4

57.0a

14.8

57.4

27.8

16.51b

17.7

49.3

33.0

32.9a

12.3
54.8b

15.4

56.6
28.1

0.28 15.76b 18.41a

16.4b

47.5b

36.0a

32.3

11.3b

56.4

14.5b

55.1b

30.4a

0.2

0.4

0.5

0.5

0.2

0.4

0.2

0.3

0.4

0.2

0.5

0.6

18.1a

52.2a

29.5b

ZStandard error of the least square means.

YEquations cited by McKinnon et al. (1993)

a,bMeans within main effect in the same row with different letters are different (P � 0.05).

0.6

0.3

0.5

31. 3
13.4a

55.3

0.2

0.4

0.5

15.7a

58.8a

25.5b



proportion of bone in the rib section than did the 12-rnm

ultrasound backfat endpoint in both trials.

A backgrounding program by ultrasound backfat endpoint

interaction was noted (P = 0.04, pooled standard error = 0.5)

for proportion of lean in the rib section in Trial 1 (Table

3.10). The proportion of lean in the rib section following the

short backgrounding program was 55.1 and 48.9 percent for the 6

and 12-rnm ultrasound backfat endpoints, respectively. Following

the long backgrounding program, the proportion of lean in the

rib section was 54.7 and 50.9 percent for the 6 and 12-rnm

ultrasound backfat endpoints, respectively. The smaller change

in proportion of lean in the rib section when going from the 6

to 12-rnm ultrasound backfat endpoints after the long

backgrounding program reflects the greater ability of steers to

recover from longer backgrounding when fed to fatter endpoints,

as mentioned previously for final 1. dorsi area.

Proportion of fat in the rib section was lower (P � 0.05)

for the 6 than the 12-rnm ultrasound backfat endpoint in both

trials (Tables 3.10 and 3.11). Kempster et al. (1982) reviewed

lean:bone ratios for various sire breeds and found progeny from

Angus and Charolais bulls to have higer lean:bone ratios than

progeny from Hereford bulls. Double muscling is often observed

in Charolais cattle (Menissier 1982) and may explain the breed

type effect observed. Additionally, muscle grows at a more

rapid rate and matures later than bone (Berg and Butterfield

1976; Robelin and Tulloh 1992) suggesting breed differences in

maturity could be involved. As expected, feeding steers to a

fatter endpoint increased rib section fat content with

corresponding decreases in bone and lean.

Charolais steers had a lower (P � 0.05) proportion of

subcutaneous and a greater (P � 0.05) proportion of inter

muscular fat than Hereford steers in both trials (Tables 3.10

and 3.11). Angus steers were not different (P > 0.05) from

Charolais or Hereford steers in Trial 2. The short

backgrounding program resulted in a greater proportion (P �
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0.05) of body cavity and lower proportion (P S 0.05) of inter

muscular fat than did the long backgrounding program in Trial 1.

The 6-mm ultrasound backfat endpoint resulted in a higher (P S

0.05) proportion of body cavity fat than the 12-mm carcass

endpoint. This was accompanied by a decrease (P S 0.05) in the

proportion of inter-muscular fat in Trial 1. Lower proportions

of subcutaneous and higher proportions of internal fat have been

associated with increased frame size (Tatum et al. 1986c) and

with Continental versus British cattle breeds. With body cavity
fat depots maturing earlier than inter-muscular depots (Palsson

1955) greater inter-muscular to body cavity fat would result

from older or fatter cattle.

3.4 Conclusions

The results of this study showed that breed-type,

backgrounding program, and endpoint affected the feedlot and

carcass performance of beef cattle. While frame size

classification did group cattle according to carcass size, it

did not adequately describe the quality and yield grade

performance by different types of cattle. Feeding steers to a

fatter endpoint will increase marbling scores, but will decrease

lean yield. Additionally, feeding to a fatter endpoint will

result in a heavier carcass. The combination of lean yield and

marbling score is breed-type dependent with Angus-cross and

Charolais-cross steers having greater marbling scores than

Hereford steers at similar lean yields. The length of the

backgrounding program can be adjusted to target carcass weight.
The longer backgrounding program increased carcass weight. The

most meaningful interaction was the breed-type by endpoint noted

for finishing days on feed, which indicated that the increase in

days on feed to achieve a fatter endpoint was greater for larger

framed steers. Further research is required for comparison of

additional breed-types and refinement of backgrounding program

and carcass endpoint effects for targeting carcass size, yield,

and quality grades.

70



4. EVALUATION OF THE 1996 NRC BEEF MODEL

4.1 Introduction

The seventh revised edition of the Nutrient Requirements of

Beef Cattle (National Research Council (NRC) 1996) includes a

computer model that allows description of the dynamic state of

the animal and accounts for animal, feed, and environmental

variation. The 1996 NRC Beef Model has one level (Level 1)

based on equations similar to the sixth revised edition of the

Nutrient Requirements of Beef Cattle (NRC 1984) and a second

level (Level 2) which is more mechanistic and gives greater

interpretation of the results. pitt et al. (1996) indicated

equations for Level 2 were adapted from the Cornell Net

Carbohydrate and Protein System (CNCPS, O'Connor et al. 1993;

Fox et al. 1992; Russel et al 1992; Sniffen et al. 1992).

The ability of the 1996 NRC Beef Model to predict or

evaluate cattle performance under varying management conditions

would provide a valuable management tool to beef producers in

western Canada. Present evaluation of the 1996 NRC Beef Model

has been based on data from the United States. Feedlot

management and environmental differences in western Canada

create a need for separate evaluation of the 1996 NRC Beef

Model.

The objective of this study was to use feedlot performance

data, presented in the Chapter 3, in conjunction with

environmental and feed analysis data to evaluate the 1996 NRC

Beef Model, particularly with respect to its ability to predict

OMI and AOG under western Canadian feedlot conditions.
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4.2 Materials and Methods

4.2.1 Data and Model Inputs

Data for evaluation of the 1996 NRC Beef Model were

obtained from the two trials presented in Chapter 3. The first

trial (Trial 1) ran from December 11, 1996 to October 14, 1997

and used large frame Charolais-cross (304.6 ± 16.3 kg, n=144)

and medium frame Hereford-cross (295.1 ± 20.8 kg, n=143) steers

in 24 pens of 12 head. The second trial (Trial 2) ran from

November 26, 1997 to September 29, 1998. This trial used medium

frame Angus-cross (289.7 ± 15.0 kg, n=87), large frame

Charolais-cross (299.8 ± 17.9 kg, n=86) and medium frame

Hereford-cross (291.1 ± 20.9 kg n=88) steers in 24 pens of 11

head.

Units & levels, animal, and management input averages are

presented in Table 4.1. Both levels of 1996 NRC Beef Model were

evaluated. Energy values for use in Level 1 evaluation were

determined using Pennsylvania State University Forage Testing

Service Formulas (Bath et al. 1985) or using equations developed

by Weiss et al. (1992). Using these three different energy

prediction systems (Level 2, Levell Penn. State, and bevel 1

Weiss), the 1996 NRC Beef Model was evaluated by comparing
actual vs. predicted values for ADG and DMI in both the

backgrounding and finishing periods. The only difference

between inputs for the systems was in feed energy values.

Ultrasound backfat endpoints of 6 or 12 rom of backfat were

used to specify the grading system (marbling) values trace (1)

or small (3), respectively. Rib dissection and carcass

extrapolation results (Section 3.3.5) indicate carcass fat of

23% and 26% for the 6 rom carcass endpoint and 28% and 30% for

the 12 rom carcass endpoint in Trials 1 and 2, respectively.

Coleman et al. (1993) indicated reasonable agreement between

empty body and carcass fat suggesting use of endpoint to specify

grading for the 1996 NRC Beef Model was appropriate.

Animal ages and weights represent averages for each feeding

period. Pen average final weights were used as mature weights.
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Table4.1: units and levels, animal, and management inputs for the 1996 NRC Beef Model.

Backgrounding Finishing
Trial 1 Trial 2

SOZ SOZ
Backgrounding Finishing

Mean

Unitsand levels

GradingY 1,3
Levelx 1,2

Animal

Animal typeW 1

Age(months) 10.6

SexY 2

Weight (kg)
U 345

Condition scoret 3

Mature we i.qht.:" 596
--.JBreeding systemr 1
w
Breed? 6, 11

Management
AdditiveP 3

SOZ Mean Mean
--

1,3
1,2

1

10.2

2

326

3

571

1

1, 6, 11

3

0

SOZ Mean
--

1,3
1,2

1

13.8

2

465

5

571

1

1, 6, 11

3

0

1,3
1,2

1
14.6

2
493

5

596

1

6, 11

0.5 1.1

17 36

5454

3

Onpas ture ?" 0 - 0

6

50

0.7

28

50

ZStandard deviation.
Yl=Standard (25% Body fat), 3=Choice (28% Body fat).
xl=Tabluar system, 2=Rumen simulation.
Wl=Growing/finishing.
v2=Steer.
ULive weights less a four percent (4%) shrink.

t9point scale.
SFinal live weight.
rl=Straightbred.
ql=Angus, 6=Charolais, 11=Hereford.

P3=Implant.
°O=No, cattle are not on pasture.



A 4% shrink was used to convert live to shrunk weight (NRC

1984). Ages were approximated assuming the steers were born in

March. Mathison (1993) indicated February through Mayas the

normal calving season in western Canada. Condition scores used

were based on visual appraisal, according to the 1996 NRC Beef

Model help screen and ultrasound backfat information presented

in Chapter 3. Although the steers were crossbred, it was often

difficult to estimate breeding beyond the primary parental

breed. As breed effects for the most likely secondary parental

breeds are the same (NRC 1996), straightbred breeding based on

dominant breed-type was specified.

4.2.2 Environment Inputs

Temperature and wind speed data were obtained from the

Saskatchewan Research Council (1998) which maintains an

automated data collection system 250 m from the University of

Saskatchewan Beef Research Centre in Saskatoon, Saskatchewan.

Leeward wind speed is reduced by approximately 80% for distances

up to eight times the wind fence height (Anonymous 1978). As

such, wind speeds (Table 4.2) were reduced to 1/3 of their

original value to take into account the effects of surrounding

20% porosity ·fencing and tree windbreaks.

Pen mud depths and animal hide conditions (Table 4.2) were

noted weekly throughout both trials during collection of feed

samples. Frozen ground conditions during the winter portions of

the trials were equated to dry conditions.

Previous and current temperatures (Table 4.2) were

calculated as specified by NRC (1996). A ruler was used to

estimate hair depth (Table 4.2) on several randomly selected

steers from each pen during routine weighing and ultrasound

measurement. Hide thickness (Table 4.2) was specified according

to the 1996 NRC Beef Model help screen.
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Table4.2: Environmental inputs for the 1996 NRC Beef Model.

Trial 1 Trial 2

Backgrounding Finishing Backgrounding Finishing

Mean SOZ

5 0

-17 1

-15 2

2

3.81

2, 3

1, 2

1

Windspeed (Jan h-1)
Previous temperature (OC)
Current temperature (OC)

NightcoolingY
Hairdepth (em)
H'ide"
HaircoatW
HeatstressU

Mean SOZ Mean SOZ Mean SOZ

5 0 5 - 5 0

3 7 -5 - -4 3

8 6 -10 - 3 3

2 - 2 - 2

2.36 0.62 3.81 - 3.19 0.27

2, 3 - 2, 3 - 2, 3

1, 2 - 1, 2 - 1, 2

1 1 - 1

zStandard deviation.
Y2=Yes night cooling.
x2=Normal, 3=Thick.

�Wl=Clean & dry, 2=Some mud on lower body.
Ul=No heat stress.



4.2.3 Feed Inputs

4.2.3.1 Sample Collection

Samples of barley grain, barley silage, canola meal and

cereal straw were collected at regular weekly intervals

throughout the duration of the feedlot trials. Barley silage

samples were dried in a forced air oven at 55°C for 72 hours

for determination of initial moisture. All samples were ground

through a 1.0 mm screen of a Christie-Norris grinder.

4.2.3.2 Compositing and Analysis

Weekly barley grain, barley silage, canola meal, and cereal

straw samples were composited within periods of approximately

one month to reduce the number of samples. Feed samples were

then analyzed for moisture (Association of Official Analytical

Chemists (AOAC) 1990 method 939.15), ash (AOAC method 7.009),

crude protein (CP) by Kjedahl nitrogen (AOAC method 984.13)

using a Kjeltec 1030 auto analyzer and acid detergent fiber

(ADF) (AOAC method 973.18) (AOAC 1990). Neutral detergent

fiber (NDF) was determined according to the procedure of Van

Soest et al. (1991). Heat stable �-amylase (A3306, Sigma

Chemical Co., St. Louis, MO) was included in the NDF procedure

at 100 pL per 0.05 g sample.

Samples from the same location were further combined if

ash, CP, ADF and NDF values for consecutive samples were within

1 to 2% on a dry matter basis. Feed samples were then analyzed

for ether extract (EE) (AOAC method 920.39), calcium (Ca) (AOAC

method 968.08), phosphorus (P) (AOAC method 965.17) and acid

detergent lignin (ADL) (AOAC method 973.18) (AOAC 1990).

Soluble crude protein (SCP, Licitra et al. 1996), non-protein

nitrogen (NPN) (Licitra et al. 1996), acid (ADIN) and neutral

detergent insoluble nitrogen (NDIN) were determined by Kjedahl

nitrogen (AOAC method 984.13) using a Kjeltec 1030 auto analyzer

with residues recovered on Whatman No. 54 filter paper. Starch

was determined by the procedure of McCleary et al. (1997). Non

structural carbohydrate (NSC) for expression of starch as a
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percent of NSC was determined using the equation of Sniffen et

al. (1992).

NSC = 100 - (NDF - NDIN) + CP + EE + Ash (4.1)

4.2.3.3 Model Inputs

Results from feed analysis were combined with DMI and

ration composition values (Table 4.3) for each pen of steers

over the time period the samples were collected. This was to

determine weighted average values for feed composition for input

into the 1996 NRC Beef Model. The inputs have been summarized

for each year and period of the feedlot trials (Tables 4.4, 4.5,

4.6, and 4.7). In the case of nutrients or parameters not

measured, NRC (1996) default values for barley grain (402 Barley

Grain, Heavy), canola meal (503 Canola Meal), barley silage (301

Barley Silage), cereal straw (302 Barley Straw), tallow (705

Tallow), and mineral supplements (999 Minerals) were used.

4.2.4 Statistical Analysis

Actual and predicted values for DMI, ADG, and TDN for the

backgrounding and finishing periods of each trial were analyzed

using the General Linear Model procedure of the SAS Institute

Inc. (1989).0 Individual pens constituted experimental units

allowing 24 observations for each treatment. Actual DMI and ADG

was compared to DMI or ADG predicted by Level 2 NRC, Level 1

Penn. State, and Levell Weiss with means being separated using

the least significant difference procedure (SAS 1989).

Additionally, results were analyzed according to Mayer and

Butler (1993). This involved regression of actual DMI and ADG

for the backgrounding and finishing periods of each trial and

the combined trial (overall) values as predicted by Level 2 NRC,

Levell Penn. State, and Levell Weiss. The first equation (Non

o Intercept) included an intercept and indicated the fit

(adjusted coefficient of determination (adj. R2)) and precision

(standard error of the regression equation (Syox)) of the

prediction to actual data. If the intercept was not different
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Table4.3: Ration composition averaged over pens for feeding periods in Trials 1 and 2.

Trial 1 Trial 2

Backgrounding Finishing Backgrounding Finishing

Mean SDZ Mean SDZ Mean SDZ Mean SDZ

DMI(kg d-I)
0.45

Totalmixed ration (%)Y
Barley silage
Cereal straw

Concentrate

-..J
co

Concentrate ingredients (%)Y
Barley grain
Canola meal

Tallow

Vitamin premixx
Calcium phosphate
Limestone

Tracemineral saltW

6.57

40.8

12.6

46.6

69.1

26.1

0.3

1.3

0.2

1.9

1.1

0.55

0.3

0.3

0.6

0.7

0.7

0.1

0.1

0.1

0.0

0.0

11.37

12.3

0.8
86.8

84.4
9.1

3.6

0.6

1.7

0.6

0.84

1.1

0.8

1.0

0.7

0.7

0.1

0.0

0.0

0.0

7.15

32.7

23.5

43.8

81. 9

10.9

3.6

0.9

0.1

2.1

0.5

0.26

0.0

0.2

0.2

0.1

0.1

0.0

0.0

0.0

0.0

0.0

10.69

11.5

0.2

88.3

87.8

6.1

3.9

0.5

1.1

0.6

0.5

0.1

0.6

0.3

0.2

0.0

0.0

0.0

0.0

ZStandard deviation.
YDrymatter basis.
x440,400 IU vitamin A and 88,000 IU vitamin D kg-1•
W4000 ppm copper, 10,000 ppm manganese, 12,000 ppm zinc, 4,050 ppm iron, 200 ppm iodine, 120 ppm

selenium, 60 ppm cobalt.



Table4.4: Feed analysis averaged over pens for the backgrounding period in Trial 1.

Barley Grain Barley Silage Canol a Meal Cereal Straw

Mean SOZ Mean SOZ Mean SOZ Mean SOZ

OM(%AF) 87.59 0.06 27.23 0.16 88.81 0.06 74.38 0.40

EE(%OM) 1. 65 0.05 4.24 0.36 2.99 0.05 1. 21 0.03

Ash(% DM) 2.85 0.00 9.78 0.18 7.74 0.03 6.35 0.11

Ca(%OM) 0.04 0.00 0.50 0.00 0.80 0.00 0.13 0.00

P(%OM) 0.42 0.00 0.35 0.00 1.25 0.00 0.04 0.00

Carbohydrate Analysis
NOF(% OM) 25.20 0.09 53.68 1.15 36.04 0.73 84.42 0.14

AOF(% OM) 8.09 0.06 33.49 0.96 22.12 0.41 57.01 0.09

AOL(% NOF) 4.00 0.12 6.24 0.15 28.50 0.98 8.76 0.01

Starch (% NSC) 87.97 0.35 46.03 3.06 3.84 0.41 6.24 0.58

-..)Protein Analysis
\..D

CP(%OM) 11. 67 0.04 11. 50 0.11 38.14 0.06 2.87 0.05

SCP(% CP) 26.69 0.14 74.47 0.71 20.39 0.08 41. 55 0.10

NPN(% SCP) 41.09 0.17 97.94 0.23 85.88 0.29 82.96 1.10

NOICP (% CP) 10.75 0.18 10.69 0.49 29.13 0.30 31.41 0.20

AOICP (% CP) 4.30 0.95 6.35 0.30 6.88 0.23 31. 02 0.24

ZStandard deviation.



Table4.5: Feed analysis averaged over pens for the finishing period in Trial 1.

Barley Grain Barley Silage Canola Meal Cereal Straw

Mean SOZ Mean SDz Mean SOZ Mean SDz

OM(%AF) 88.24 0.22 27.10 0.90 88.94 0.25 77.27 3.35

EE(%OM) 2.20 0.19 3.94 0.70 3.20 0.03 1. 20 0.34

Ash(% OM) 2.71 0.08 10.25 0.14 7.85 0.09 7.56 2.55

Ca(%OM) 0.03 0.01 0.53 0.01 0.80 0.00 0.13 0.00

P(%DM) 0.38 0.02 0.35 0.00 1. 25 0.00 0.04 0.00

Carbohydrate Analysis
NDF(% OM) 23.93 0.28 59.35 1. 33 35.40 1. 44 85.00 1. 73

AOF(% OM) 7.99 0.11 38.06 1. 31 22.31 0.55 57.20 0.02

AOL(% NOF) 4.38 0.12 8.74 1.17 24.16 0.84 8.76 0.11

Starch (% NSC) 87.61 0.40 44.29 5.78 6.38 0.72 11.94 1. 77

OJProtein Analysis
0

CP(%OM) 10.88 0.34 11.65 0.06 38.28 0.05 3.07 0.06

SCP(% CP) 27.90 0.76 66.29 3.41 19.59 0.29 42.25 0.80

NPN(% SCP) 36.83 2.34 95.18 1.17 82.78 1.14 75.02 9.21

NDICP (% CP) 9.39 0.14 16.15 2.30 25.94 1.17 32.85 1. 66

AOICP (% CP) 1.18 0.11 9.41 1. 37 4.45 0.89 29.31 1. 99

ZStandard deviation.



Table4.6: Feed analysis averaged over pens for the backgrounding period in Trial 2.

Barley Grain Barley Silage Canol a Meal Cereal Straw

Mean SOZ Mean SOZ Mean SOZ Mean SOZ

OM(%AF) 88.61 0.00 27.61 0.01 89.53 0.00 93.18 0.01

EE(%OM) 2.04 0.00 3.45 0.00 3.39 0.00 1. 80 0.00

Ash(% OM) 2.52 0.00 9.36 0.00 7.52 0.00 7.02 0.01

Ca(%OM) 0.06 0.00 0.42 0.00 0.77 0.00 0.24 0.00

P(%OM) 0.37 0.00 0.37 0.00 1. 31 0.00 0.05 0.00

Carbohydrate Analysis
NOF(% OM) 21. 90 0.00 57.39 0.00 28.73 0.01 81.79 0.00

AOF(% OM) 5.93 0.00 33.05 0.01 17.59 0.01 54.66 0.00

AOL(% NOF) 3.60 0.00 6.87 0.00 24.35 0.01 8.52 0.00

Starch (% NSC) 90.73 0.02 24.13 0.01 15.25 0.01 6.23 0.01

coProtein Analysis
I-'
CP(%OM) 14.85 0.01 12.56 0.00 41.37 0.01 3.58 0.00

SCP(% CP) 24.44 0.01 72.70 0.00 24.89 0.00 35.94 0.00

NPN(% SCP) 27.41 0.04 92.10 0.00 77.26 0.00 47.27 0.00

NOICP (% CP) 7.45 0.01 9.97 0.00 15.48 0.00 32.48 0.00

AOICP (% CP) 1. 38 0.00 8.15 0.00 5.16 0.00 34.40 0.00

ZStandard deviation.



Table4.7: Feed analysis averaged over pens for the finishing period in Trial 2.

Barley Grain Barley Silage Canola Meal Cereal Straw

Mean SOZ Mean SOZ Mean SOZ Mean SOZ

OM(%AF) 88.82 0.08 27.31 0.59 89.58 0.05 92.23 0.00

EE(%OM) 2.35 0.02 3.99 0.08 3.39 0.00 1. 80 0.00

Ash(% OM) 2.65 0.03 8.53 0.22 7.63 0.01 8.07 0.00

Ca(%OM) 0.06 0.00 0.40 0.02 0.77 0.00 0.24 0.00

P(%OM) 0.36 0.01 0.32 0.01 1. 31 0.00 0.05 0.00

Carbohydrate Analysis
NOF(% OM) 21. 97 0.18 59.04 0.51 28.97 0.17 81.60 0.00

AOF(% OM) 7.32 0.17 35.81 0.20 19.43 0.04 54.77 0.00

AOL(% NOF) 4.52 0.09 7.22 0.19 24.14 0.15 8.54 0.00

Starch (% NSC) 84.32 0.99 20.13 2.08 15.00 0.07 7.11 0.00

coProtein Analysis
I\.)

CP(%OM) 12.04 0.11 10.95 0.06 40.43 0.07 3.68 0.00

SCP(% CP) 25.60 0.19 67.88 0.76 24.89 0.00 35.94 0.00

NPN(% SCP) 20.73 0.44 92.57 0.09 77.26 0.00 47.27 0.00

NOICP (% CP) 10.22 0.15 11.95 0.33 15.48 0.00 32.48 0.00

AOICP (% CP) 2.00 0.06 9.36 0.14 5.16 0.00 34.40 0.00

ZStandard deviation.



(P � 0.05) from zero, a second equation was forced through zero

as a measure of bias (accuracy) and loss of precision (Sy'x) that

resulted from forcing the zero intercept.

4.3 Results and Discussion

4.3.1 Means Comparisons

Actual and predicted values for DMI, ADG, and TDN are

presented in Table 4.8. The DMI predicted by Level 2 NRC, Level

1 Penn. State, or Levell Weiss was greater (P � 0.05) than

actual DMI during backgrounding in both trials. This was

expected as the 1996 NRC Beef Model predicts voluntary DMI while

actual DMI had been restricted to limit ADG. Finishing DMI was

not different (P > 0.05) from DMI predicted by Level 2 NRC,

Levell Penn. State, or Levell Weiss in either trial. Accurate

prediction of feed intake was reported in the evaluation of the

1996 NRC Beef Model (NRC 1996) and the CNCPS model (Rayburn and

Fox 1990; Fox et al. 1992).

The 1996 NRC Beef Model consistently predicted that energy

was the first limiting factor for ADG. Level 2 NRC, Levell

Penn. State, or Levell Weiss all had ADG predictions that were

lower (P � 0.05) than actual ADG during backgrounding and

finishing in both trials. Averaged across Level 2 NRC, Levell

Penn. State, and Levell Weiss, the 1996 NRC Beef Model

predicted ADG was 49 and 88% of actual during backgrounding, and

84 and 86% of actual during finishing for Trials 1 and 2,

respectively. Predictions of ADG by Level 2 NRC, Levell Penn.

State, and Levell Weiss were similar (P > 0.05) during

finishing, but differed (P � 0.05) during backgrounding. The

differences in ADG as predicted by Level 2 NRC, Levell Penn.

State, or Levell Weiss during backgrounding were small relative

to differences between actual and predicted results. Under

prediction of ADG by the 1996 NRC Beef Model when feed intake

was limited has been observed (Marx 1999).

As actual ration TDN values were not determined,

predictions of TDN by Level 2 NRC, Levell Penn. State, or Level
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Table4.8: Actual dry matter intake and average daily gain and predicted dry matter intake,

average daily gain, and total digestible nutrients for Trials 1 and 2.

Drymatter intake

(kgd-1)
Backgrounding

Trial 1 Trial 2

Finishing

SEYMeanz

Finishing

Meanz SEY

Backgrounding

Meanz SEY Mean" SEY

Drymatter intake

(kgd-1)
Actual

Level2 NRC

Levell Penn. State

Level1 Weiss

Average daily gain
(kg)
�Actual
Level2 NRC

Levell Penn. State

Level1 Weiss

TotalDigestible
Nutrients (%)
Level2 NRC

Levell Penn. State

Level1 Weiss

6.57b

8.78a

8.78a

8.78a

0.93a

0.49b

0.42c

0.45bc

68.0a

66.4b
67.0c

0.06

0.06
0.06

0.06

0.02

0.02

0.02

0.02

0.0

0.0

0.0

11. 37

11.42

11. 33
11.41

1.86a

1.61b

1.67b

1. 61b

78.3b

79.5a

78.3b

0.11

0.11

0.11

0.11

0.04

0.04

0.04

0.04

0.1

0.1

0.1

7.15b

8.08a

8.09a

8.09a

0.93a

0.84b
O.72d

0.78c

69.1a

67.0c

68.1b

0.03

0.03

0.03

0.03

0.01

0.01

0.01

0.01

0.0

0.0

0.0

10.69

10.90

10.85
10.89

1.85a

1. 59b

1.62b

1.59b

81.0b

81.8a

81.1b

0.08

0.08

0.08
0.08

0.02

0.02

0.02

0.02

0.1

0.1

0.1

ZLeast square mean.

YStandard error of the least square mean.

a,b,c,d Least square means in the same column for the same parameter with different letters are

different (P � 0.05).



1 Weiss could only be compared against one another: Although

different (P � 0.05), predictions of ration TDN by Level 2 NRC,

Level 1 Penn. State, and Level 1 Weiss were numerically similar

with maximum differences of 2.1 and 1.2% during the

backgrounding and finishing periods, respectively.

4.3.2 Regression Equations for OM!

As actual backgrounding DMI was restricted and' not

comparable to Level 2 NRC, Levell Penn. State, or Levell Weiss

predictions of voluntary DMI, actual backgrounding DMI was not

regressed on predictions of voluntary DMI. Equations from

regression of Trial 1 and overall (Trials 1 and 2) finishing DMI

on Level 2 NRC, Levell Penn. State, and Levell Weiss

predictions of voluntary DMI are presented in Table 4.9.

Regressions of Trial 2 finishing DMI on Level 2 NRC, Level 1

Penn. State, and Levell Weiss predictions of voluntary DMI were

not significant (P > 0.05) due to a narrower range in data

(Appendix B). Despite this narrower range, these values were

still able to contribute to the overall (Trials 1 and 2)

analysis.

Intercepts for equations resulting from regression of Trial

1 and overall finishing actual DMI on Level 2 NRC, Levell Penn.

State, and Level 1 Weiss predicted DMI had intercepts that were

not different (P > 0.05) from zero, allowing further regression

with forced zero intercepts. Equations for forced zero

intercepts (Table 4.9) had slopes that were not different from

one (P > 0.05) (bias = 0%, P > 0.05) indicating prediction of

Trial 1 and overall finishing DMI by Level 2 NRC, Level 1 Penn.

State, or Levell Weiss was accurate.

The adj. R2 values from non-zero intercept equations

indicate that Level 2 NRC, Levell Penn. State, and Levell

Weiss predictions of finishing DMI accounted for 38, 39, and 36%

of DMI variation in Trial 1 and 39, 38, and 37% of DMI variation

overall, respectively. The low adj. R2 values from non-zero
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Table4.9: Trial 1 and overall regression analysis for finishing dry matter intake (kg d-1).

Value SEX Value SEX

Trial1 finishing
Level2 NRC

Levell Penn. State

Level1 Weiss

-2.49a
-2.24a
-2.10a

1. 21

1. 20

1.18

0.31

0.30

0.31

3.54
3.42

3.57

Overall (Trials 1 and

2)finishing
Level2 NRC 0.96 0.17 0.29a 1.93

Levell Penn. State 0.93 0.18 0.36a 1.96

Levell Weiss 0.93 0.18 0.60a 1.96

00

m

ZAdjusted coefficient of determination for the regression
YStandard error of the regression equation.
XStandard error of the slope or intercept.
aIntercept is not different from zero (P > 0.05).
bSlope is not different from one .( P > 0.05).

Value SEX

1.00b
1.00b
1.00b

0.01
0.01

0.01

0.65

0.65

0.66

0.39 0.59 0.99b 0.01 0.58

0.38 0.59 0.99b 0.01 0.58

0.37 0.60 0.99b 0.01 0.59

equation.



intercept equations indicate that the 1996 NRC Beef model had

relatively poor fit when predicting OMI.

The Sy.x values for Level 2 NRC, Level 1 Penn. State, and

Level 1 Weiss were 0.66, 0.65, and 0.67 kg of OMI for Trial 1

and 0.59, 0.59, and 0.60 kg of OMI for overall (Trials 1 and 2)

finishing non-zero intercept equations, respectively. The Sy.x

values for Level 2 NRC, Level 1 Penn. State, and Level 1 Weiss

zero intercept equations were 0.65, 0.65, and 0.66 kg of OMI for

Trial 1 and 0.58, 0.58, and 0.59 kg of OMI for overall (Trials 1

and 2) finishing. The similarity between non-zero and zero

intercept equation Sy.x values indicates little change in

precision resulted from forcing a zero intercept.

In evaluating the ability of an early version of the CNCPS

model for prediction of OMI by Holstein steers, Rayburn and Fox

(1990) found a prediction bias of 4% and a Sy.x 0.58 kg. The

database that was used resulted in a good explanation of OMI

variation (R2 = 0.93). A latter version of the model was

validated by Fox et al. (1992) who, when using steer data, found

prediction bias of 3% and a Sy.x of 0.70 kg d-1 for OMI.

variation in OMI was not as well explained, as in their earlier

evaluation (R2 = 0.63).

4.3.3 Regression Equations for ADG

Equations from regression of Trial 1, Trial 2, and overall

backgrounding AOG on Level 2 NRC, Level 1 Penn. State, and Level

1 Weiss predictions of AOG are presented in Table 4.10.

Regressions of Trial 1, Trial 2, and overall finishing AOG on

Level 2 NRC, Level 1 Penn. State, and Level 1 Weiss predictions

of AOG were not significant (P > 0.05).

Intercepts for equations resulting from regression of Trial

1, Trial 2, and overall backgrounding AOG on Level 2 NRC, Level

1 Penn. State, and Level 1 Weiss predictions of AOG had

intercepts that were different (P � 0.05) from zero, preventing

further regression with forced zero intercepts. Without being

able to regress actual AOG on Level 2 NRC, Level 1 Penn. State,
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Table4.10: Trial 1, Trial 2, and overall regression analysis for backgrounding average daily gain

(kg).
Non-Zero Intercept

Slope Intercept Adj. R2z Sy.xy (kg)
Value SEx Value SEx

Trial1 backgrounding
Level2 NRC 0.80 0.10 0.54d 0.05 0.72 0.06

Levell Penn. State 0.75 0.10 0.61d 0.05 0.69 0.06

Level1 Weiss 0.75 0.10 0.59d 0.05 0.71 0.06

Trial2 backgrounding
Level2 NRC 0.37 0.16 0.62d 0.13 0.16 0.05

Levell Penn. State 0.41 0.17 0.64d 0.12 0.18 0.05

Level 1 Weiss 0.38 0.15 0.64d 0.12 0.18 0.05

coOverall backgroundingco
Level2 NRC 0.15 0.06 0.83d 0.04 0.12 0.08

Levell Penn. State 0.20 0.06 0.82d 0.04 0.16 0.08

Level 1 Weiss 0.18 0.06 0.82d 0.04 0.15 0.08

zAdjusted coefficient of determination for the regression equation.
YStandard error of the regression equation.
xStandard error of the slope or intercept.
d
Intercept is significantly different from zero (P � 0.05).



and Levell Weiss predictions of ADG with forced zero

intercepts, accuracy of ADG predictions mu�t be assessed using

results from means comparisons, which found actual and predicted

ADG values to be different (P � 0.05).

The adj. R2 values from non-zero intercept equations

indicate that Level 2 NRC, Levell Penn. State, and Levell

Weiss predictions of backgrounding ADG accounted for 72, 69, and

71% of ADG variation in Trial 1. The variation in ADG was not

well accounted for in Trial 2 with 16, 18, and 18% or overall

(Trials 1 and 2) with 12, 16, and 15% of ADG variation being

explained by Level 2 NRC, Levell Penn. State, and Levell Weiss

predictions, respectively. The poorer explanation of variation

in Trial 2 may be attributed to a smaller range in actual ADG

(0.84 to 1.04 kg) than was present for Trial 1 (0.76 to 1.16

kg). Trial 1, Trial 2, and overall (Trials 1 and 2) Sy.x values

were the same for Level 2 NRC, Levell Penn. State, and Levell

Weiss equations. The Sy.x values were 0.06, 0.05, and 0.08 kg

for Trial 1, Trial 2, and overall (Trials 1 and 2),

respectively.
In comparison, Rayburn and Fox (1990) found a prediction

bias of 1% and a Sy.x of 0 . .17 kg for ADG. The database in their

evaluation had moderate explanation of ADG variation (R2 = 0.�4).

In their evaluation, Fox et al. (1992) found prediction bias of

1.6% and a Sy.x of 0.05 kg for ADG. Explanation of variation in

ADG was moderate (R2 = 0.57). While both evaluations (Rayburn

and Fox 1990; Fox et al. 1992) found reasonable agreement

between actual and predicted DMI and ADG, bias analysis was

incorrectly applied. Predicted values were regressed on actual

when in fact, actual values should have been regressed on

predicted.
Under estimation of efficiency of gain and over estimation

of maintenance energy requirements could provide an explanation

for the observed under-prediction of ADG by the 1996 NRC Beef

Model. Insufficient data is available from this experiment to

89



identify the exact cause of the observed under-prediction, but a

review of available literature does provide some suggestions.

Compensatory growth during finishing may have contributed

to underprediction of ADG. With DMI being restricted during'

backgrounding but not finishing, steers would exhibit

compensatory gain during the finishing period. Knoblich et al.

(1997) observed ad libitum fed steers that had previously been

limit fed had greater gains and superior efficiency of gain than

steers without previous feed restriction. Compensatory growth

following restriction has also been observed by other

researchers (Robelin and Tulloh 1992; Carstens et al. 1991).

Compensatory growth does not provide an explanation for the

failure of the 1996 NRC Beef Model to predict backgrounding ADG.

However, feed restriction has been shown to affect animal

performance. Knoblich et al. (1997) found that restricted

steers gained 10 to 38% greater than predicted by NRC (1984) net

energy equations. Owens and Geay (1992) indicated that cattle

with restricted feed intake have 10 to 20% lower maintenance

energy requirements than unrestricted contemporaries. Old and

Garrett (1987) found that fasting heat production for steers fed

ad libitum, 85% and 70% of ad libitum to be 69, 65, and 63 kcal

kg-O. 75 , respectively. Birkelo et al. (1991) found steers fed at

2.27 x maintenance had 7% higher fasting heat production and 14%

higher maintenance metabolized energy requirements than steers

fed at 1.2 x maintenance.

The effect of environment may also have been incorrectly

modeled in the 1996 NRC Beef Model. Fox et al. (1992) reported
net energy for maintenance (NEm) requirements of 73 or 91 kcal

kg-O.75 for conditions below or above 9°C, respectively, and

indicated that the NRC (1984) recommendation of 77 kcal kg-O.75
was appropriate above 9°C, but was too low for situations below

9 °C. These statements are inconsistent.

The NRC value of 77 kcal kg-O.75 is appropriate for

determining NEm requirements using empty body weight (EBW), with

effects of activity and environment implicitly incorporated into
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this system (NRC 1996). However, the 1996 NRC Beef Model uses

shrunk body weight (SBW 1.12 EBW) and increases maintenance

requirements for activity and temperature effects (NRC 1996).

At 20°C, the 1996 NRC Beef Model uses the value of 77 kcal

kg-o.75• Maintenance energy requirements are then increased by

approximately 1% for each 1 °C decrease in temperature to which

.

the animal has had previous exposure. In contrast, Kleiber

(1975) indicated constant heat production over the thermal

neutral zone. Birkelo et al. (1991) concluded season had no

effect on thermal neutral maintenance requirements and suggested

acute cold stress rather than chronically elevated metabolic

rate was responsible for poorer performance during colder

months.

Webster (1970) predicted still air lower critical

temperatures of feeder steers to range from -31 to -48°C. The

lower critical temperature for yearling steers with an ADG of

1.1 kg is estimated at -34.1 °C (NRC 1984). Steers in these

trials had ADG of 0.93 kg and could be expected to have similar

lower critical temperatures. As average temperatures were above

this and steers would have had sufficient opportunity to adapt,

the steers would have been within their thermal neutral zone and

should not have been affected much by temperature. Thus the

1996 NRC Beef Model increase in maintenance requirements of

approximately 35 or 30% during backgrounding and 12 or 17%

during finishing (1% for each 1 °C below 20°C) in Trials 1 or

2, respectively, would have contributed to under-prediction of

ADG.

4.4 Conc1usions

The 1996 NRC Beef Model accurately predicted DMI during

finishing when cattle were fed ad libitum, but was unable to

predict ADG. Prediction of ADG would have been complicated by

restricted feeding during backgrounding and by compensatory

growth during finishing. However, the difference between the

effect of temperature on maintenance requirements as described
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by Klieber (1975), and as modeled by the 1996 NRC Beef Model, in

combination with the inconsistent arguments used in developing

the model indicates an error in determining the maintenance

energy requirements. The 1996 NRC Beef Model needs to be

redesigned to account for limit feeding, subsequent compensatory

growth, and to allow accurate estimation of maintenance energy

requirements.
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5. GENERAL DISCUSSION AND CONCLUSIONS

Value-based marketing of beef involves payment of pricing

premiums or imposition of penalties on individual carcasses

according to desired standards of carcass size, yield, and

quality. Cow/calf producers and feedlot managers capable of

supplying carcasses meeting optimum size, yield, and quality

standards will benefit from value-based marketing.

In the' first feedlot trial (Trial 1) of this study, the

effects of frame size, backgrounding program length, carcass

endpoint, and interactions on the feedlot performance and

carcass quality of beef steers were determined. Large

(Charolais-cross) and medium (Hereford-cross) frame steers were

subjected to short (70 days) or long (126 days) backgrounding

programs before being finished to 6 or 12-mm of ultrasound

backfat to identify options for targeting beef production to

meet value-based marketing goals.

The results from Trial 1 indicate that frame size,

backgrounding program length, and carcass endpoint could all be

used to influence carcass size, yield, and quality for value

based marketing. The effect of frame size seemed particularly

important in increasing carcass size and quality grade. As

frame size descriptions are intended to classify different types

of cattle according to the size at which they reach similar

composition (United States Department of Agriculture 1979), the

effects on carcass size were expected. However, the superior

quality grade (marbling) of large frame steers was not

consistent with industry preconceptions. A review of available

literature indicated that marbling is greater for large frame

Charolais than medium frame Hereford steers when they are fed to

similar fatness. The difference between industry belief and the

observations of this study may be attributed to the fact that
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large frame cattle are likely to go for slaughter at a thinner

endpoint under industry practice to avoid oversize carcasses,

while the steers in this study were fed to similar endpoints.

Although significant, yield grade differences between large

and medium frame steers were relatively small. Backgrounding

program length was involved in several interactions in regard to

several of the recorded performance parameters (final 1. dorsi

area, finishing backfat ADG, finishing 1. dorsi area ADG, grade

fat, carcass 1. dorsi area, and the proportion of lean in the

rib section). However, these interactions are not as meaningful
as the main effect of increased backgrounding program length on

increasing carcass size.

The 12-mm ultrasound backfat endpoint increased carcass

size and quality grade at the expense of yield grade, which

decreased with the 12-mm ultrasound backfat endpoint. A frame

size by endpoint interaction indicated that the increase in days

on feed in the finishing period to go from the 6 to the 12-mm

ultrasound backfat endpoint, was greater for large than medium

frame steers. This interaction is of importance in managing
beef production in that large frame steers will require a

greater increase in time on feed to achieve the 12-mm ultrasound

backfat endpoint and thereby the higher marbling scores

associated with the fatter endpoint.

Trial 2 continued the investigation into identifying

options for targeting beef production to meet value-based

marketing goals began in Trial 1. Because in Trial 1, the

length of the backgrounding program only had a direct effect on

carcass size, with carcass yield and quality being unaffected,

all steers in Trial 2 were subjected to short (70 days)

backgrounding, effectively removing backgrounding program as an

experimental treatment. Additionally, in order to determine if

the frame size effects observed in Trial 1 were due solely to

differences in frame size, or to differences in breed-type,

Angus-cross steers were included.
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The inclusion of Angus steers in Trial 2 demonstrated that

not all of the results from Trial 1 could be accounted for by

frame size classification. Frame size classification did prove

adequate to group the different types of cattle used accordirrg

to carcass size, but was unable to account for differences in

carcass quality. In Trial 2, Angus and Charolais steers had

similar marbling scores, and both were superior to Hereford

steers. The differences in yield observed between large and

medium frame steers in Trial 1 were not detected in Trial 2.

The effects of the 6 and 12-mm ultrasound backfat endpoints

in Trial 2 were consistent with those observed in Trial 1.

Carcass size and quality grade increased, while yield was

decreased by the 12-mm ultrasound backfat endpoint.

Additionally, the frame size by endpoint interaction that was

observed in Trial I, where large frame steers required a greater

increase in days on feed in the finishing period to go from the

6 to the 12-mm ultrasound backfat endpoint than medium frame

steers, was present in Trial 2.

The data collected during Trials 1 and 2 were then used to

evaluate the 1996 NRC Beef Model. The 1996 NRC Beef Model was

released as a computer program with the seventh revised edition

of the Nutrient Requirements of Beef Cattle (NRC 1996). To

date, much of the evaluation of the 1996 NRC Beef Model has been

with data from the United States. Feedlot management and

environmental differences in western Canada create a need for

separate evaluation of the 1996 NRC Beef Model.

As feed intakes during the backgrounding periods were

restricted and the 1996 NRC Beef Model predicts voluntary feed

intake, backgrounding feed intakes could not be used in

evaluation of the 1996 NRC Beef Model. However, steers were fed

ad libitum during the finishing periods allowing use of these

data in evaluation of the 1996 NRC Beef Model. Means

comparisons and regression analysis, when justifiable, found

that the 1996 NRC Beef Model was able to accurately predict

finishing period feed intake. However, precision did suffer
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with standard errors for non-zero regression equations ranging

from 0.59 to 0.67 kg d-1 of DMI. Fit was also poor with only 36

to 39% of the variation being explained by the non-zero

regression equations.

The 1996 NRC Beef Model was unable to accurately predict
ADG. Sufficient data were not available from this study to

identify the exact cause, but a review of available literature

did raise some possibilities. Restricted feeding during the

backgrounding periods and compensatory growth during the

finishing periods would have affected the ability of the 1996

NRC Beef Model to predict ADG. Additionally, changes in

maintenance requirements as affected by environment were

incorrectly modeled.

The conclusions of this thesis are:

1. Frame size classification was adequate to group

different types of cattle according to carcass size

performance with larger frame size resulting in greater

carcass size.

2. Yield differences between frame size/breed-type were

small in Trial 1 and not apparent in Trial 2.

3. Breed-type classification was required to group cattle

according to carcass quality (marbling) performance.

Marbling scores were similar for Angus. and Charolais

steers, and both were superior to Hereford steers.

4. Increasing the length of the backgrounding program

resulted in increased carcass size with little direct

effect on other carcass quality parameters.

5. Going from the 6 to the 12-mm ultrasound backfat

endpoint increased carcass quality (marbling) grade but

decreased carcass yield.
6. A breed-type by endpoint interaction indicated large

frame steers required a greater increase in days on feed

to go from the 6 to the 12-mm ultrasound backfat

endpoint.
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7. The 1996 NRC Beef Model was able to accurately predict

feed intake during finishing when steers were fed ad

libitum.

8. The 1996 NRC Beef Model was unable to accurately predict
ADG.

These conclusions result in the following recommendations:

1. In order to achieve greater marbling scores for value

based marketing, steers should be fed to greater

fatness. This will result in decreased lean yield and

increased carcass size.

2. Producers need to be aware that achievable combinations

of marbling scores and lean yields will differ with

breed-type. Angus-cross and Charolais-cross steers had

greater marbling scores than Hereford-cross steers at

similar lean yields.

3. Frame size classification can be used to group different

types of cattle according to the weight at which they

will achieve a specified level of backfat.

4. Length of backgrounding program can be used to adjust

the weights at which steers will achieve a specified

level of backfat. Longer backgrounding programs result

in greater carcass weights.

5. Producers need to be aware that larger frame steers

require a greater increase in days on feed to achieve a

fatter endpoint.

6. The 1996 NRC Beef Model needs to be corrected to account

for the effects of limit feeding and subsequent

compensatory growth on animal performance.

7. The 1996 NRC Beef Model estimation of maintenance energy

requirements in response to different environmental

temperatures needs to be remodeled.

Additionally, there remains a need to extend the

investigation begun with Trials 1 and 2 to comparison of

additional breed-types and further refinement of backgrounding

and endpoint effects on targeting beef production to meet value-
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based marketing goals of carcass size, yield, and quality.

While the 1996 NRC Beef Model was unable to accurately predict

ADG, it does seem to have excellent potential. Once suitable

revisions and corrections are made to the model, the ability -to

accurately predict or evaluate cattle performance under varying

management conditions would provide a valuable management tool
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TableA.l: Main effects of breed-type, backgrounding program, and ultrasound backfat endpoint on

overall performance of steers in Trial 1.

Breed-type

Charolais

(Large
frame)

Hereford

(Medium
frame)

Backgrounding
Program

Ultrasound Backfat

Endpoint
SEZ

Dayson feedY 225a 3

Average daily gain
Weight (kg)
Backfat (mm)

x

L.dorsi area(cm2)�

1. 42

0.03b

0.17

200b

1. 39

0.04a

0.17

I-'
I-'
I\)

Feedintake (kg)W 9.48a 8.70b

Feedconversionw 6.74a 6.28b

70 days 126 days 6 mm 12 mm

0.01
0.00
0.00

0.08
0.07

194a 231b 183b 241a

1.47a 1.33b 1. 39 1. 42

0.04a 0.03b 0.03b 0.04a

0.19a 0.15b 0.17 0.17

9.11 9.07 8.69b 9.49a

6.20b 6.81a 6.29b 6.73a

ZStandard error of the least square means.

YInteraction present (P � 0.05).
xBackfat and 1. dorsi measured with ultrasound between 12th and 13th ribs.
W

Drymatter basis.

a,bMeans within main effect in the same row with different letters are different (P � 0.05).



TableA.2: Main effects of breed-type and ultrasound backfat endpoint on overall performance of

steers in Trial 2.

Breed-type
6 rnrn 12 rnrn SEz

Ultrasound Backfat Endpoint

Angus
(Medium
frame)

Charolais

(Large
frame)

Hereford

(Medium
frame)

SEZ

Dayson feedY 174b 4

Average daily gain
Weight (kg)
Backfat (rnrn)

x

L.dorsi area(cm2)X

1. 47

0.05a
0.22

Feedintake (kg)W 9.16b

Feedconversion� 6.22ab

212a

1. 48
0.04b

0.21

9.68a
6.57a

177b 5 162b 214a

0.02

0.00

0.00

0.09

0.10

f--I
f--I
W

ZStandard error of the least square
YInteraction present (P � 0.05).
xBackfat and 1. dorsi measured with

means.

1. 50
0.05a

0.21

0.02

0.00

0.01

1. 48

0.04b

0.23a

1. 48
0.05a

0.20b

9.08b

6.08b

0.11

0.12

9.07b

6.11b

9.54a

6.48a

ul trasound between 12th and 13th ribs.
W

Drymatter basis.

a,bMeans within main effect in the same row with different letters are different (P � 0.05).
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APPENDIX B.

Actual and predicted DMI and ADG values for each pen used in

evaluating the 1996 NRC Beef Model.
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Table B.1: Actual, Level 2 NRC, Level 1 Penn. State, and Level
1 Weiss dry matter intake (kg) and average daily gain (kg)
values for individual pens during backgrounding in Trial 1.

Level 1

Pen Actual Level 2 NRC Penn. State Weiss

DMI ADG DMI ADG DMI ADG DMI ADG

3 7.26 1. 06 8.96 0.60 8.96 0.51 8.96 0.56

4 6.27 0.89 8.83 0.43 8.82 0.37 8.83 0.40

5 7.43 1. 07 8.96 0.62 8.96 0.54 8.96 0.59

6 7.25 1.16 9.21 0.63 9.20 0.58 9.21 0.61

7 7.14 1. 06 9.09 0.64 9.08 0.59 9.09 0.62

8 7.29 0.99 8.82 0.63 8.81 0.54 8.82 0.59

9 6.63 0.91 8.83 0.53 8.82 0.48 8.83 0.50

10 7.10 1. 00 8.99 0.62 8.98 0.58 8.99 0.61

11 6.19 0.87 8.81 0.47 8.80 0.40 8.81 0.43

12 5.98 0.80 8.43 0.35 8.43 0.26 8.44 0.30

14 5.97 0.93 8.58 0.32 8.58 0.23 8.58 0.27

15 6.44 0.90 8.71 0.50 8.70 0.45 8.70 0.47

16 5.76 0.76 8.70 0.34 8.70 0.28 8.70 0.30

17 6.25 0.87 8.53 0.40 8.52 0.31 8.53 0.35

18 6.57 0.92 8.58 0.47 8.58 0.39 8.58 0.43

19 5.38 0.80 8.72 0.25 8.72 0.18 8.73 0.2'0

20 5.94 0.76 8.64 0.38 8.64 0.32 8.64 0.35

21 7.17 1. 03 8.91 0.59 8.90 0.50· 8.91 0.55

22 6.45 0.82 8.62 0.45 8.61 0.36 8.62 0.40

23 6.63 0.98 9.09 0.52 9.08 0.46 9.09 0.49

24 6.25 0.84 8.42 0.42 8.41 0.33 8.42 0.37

25 6.78 0.96 9.01 0.54 9.00 0.48 9.01 0.51

26 6.62 0.92 8.60 0.48 8.59 0.40 8.60 0.44

27 6.84 0.94 8.78 0.50 8.78 0.42 8.78 0.46
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Table B.2: Actual, Level 2 NRC, Level 1 Penn. State, and Level
1 Weiss dry matter intake (kg) and average daily gain (kg)
values for individual pens during backgrounding in Trial 2.

Level 1

Pen Actual Level 2 NRC Penn. State Weiss

DMI ADG DMI ADG DMI ADG DMI ADG

3 6.94 0.99 8.02 0.80 8.03 0.67 8.03 0.74

4 6.94 0.84 8.02 0.81 8.03 0.68 8.03 0.74

5 7.46 0.90 8.21 0.94 8.21 0.81 8.22 0.88

6 6.95 0.89 7.93 0.8'2 7.93 0.69 7.94 0.75

7 6.99 0.91 8.00 0.80 8.01 0.67 8.01 0.74

8 7.59 0.94 8.23 1. 00 8.23 0.86 8.23 0.94

9 7.32 1. 03 8.19 0.88 8.19 0.75 8.20 0.82

10 6.95 0.94 8.04 0.80 8.04 0.67 8.05 0.73

11 6.84 0.98 7.95 0.76 7.95 0.64 7.96 0.70

12 7.66 1. 04 8.25 0.98 8.25 0.85 8.25 0.93

14 7.35 0.92 8.15 0.91 8.16 0.78 8.16 0.85

15 7.10 0.88 8.04 0.85 8.04 0.72 8.05 0.78

16 6.94 0.93 8.02 0.80 8.03 0.67 8.03 0.74

17 6.99 0.91 8.01 0.80 8.01 0.68 8.01 0.74

18 7.44 0.99 8.28 0.91 8.29 0.78 8.29 0.84

19 7.10 0.99 8.12 0.78 8.12 0.67 8.12 0.72

20 6.94 0.86 7.91 0.77 7.91 0.65 7.92 0.71

21 7.50 0.98 8.25 0.90 8.25 0.78 8.25 0.84

22 6.98 0.88 8.00 0.81 8.01 0.68 8.01 0.75

23 7.53 1. 03 8.30 0.93 8.30 0.80 8.31 0.87

24 6.93 0.87 8.02 0.77 8.03 0.65 8.03 0.71

25 7.10 0.90 7.99 0.81 7.99 0.69 7.99 0.76

26 6.95 0.88 8.01 0.80 8.01 0.68 8.01 0.74

27 7.10 0.91 8.04 0.82 8.04 0.70 8.05 0.76

119



Table B.3: Actual, Level 2 NRC, Level 1 Penn. State, and Level
1 Weiss dry matter intake (kg) and average daily gain (kg)
values for individual pens during finishing in Trial 1.

Level 1

Pen Actual Level 2 NRC Penn. State Weiss

DMI ADG DMI ADG DMI ADG DMI ADG

3 11. 77 1. 68 12.15 1. 67 12.09 1. 71 12.17 1. 66

4 11. 31 1. 81 10.67 1. 56 10.53 1. 67 10.63 1. 59

5 12.60 1. 94 11.97 1. 87 11.90 1. 92 11. 96 1. 88

6 10.95 1. 83 11.44 1. 48 11.34 1. 55 11.43 1. 48

7 11. 01 1. 74 11.83 1. 51 11.74 1. 57 11.83 1. 51

8 12.58 1. 66 12.04 1. 86 11.95 1. 92 12.03 1. 87

9 10.78 1. 79 11. 31 1. 46 11.21 1. 52 11.30 1. 47

10 10.41 1. 77 11.21 1. 41 11.11 1. 47 11. 21 1. 41

11 10.90 1. 67 11.68 1. 55 11.59 1. 60 11. 68 1. 55

12 11. 33 2.30 11.13 1. 65 11. 07 1. 68 11.13 1. 65

14 11.73 2.02 11.30 1. 70 11.24 1. 74 11. 29 1. 70

15 10.01 2.00 10.76 1. 30 10.67 1. 37 10.77 1. 30

16 10.63 1. 84 11. 08 1. 46 10.98 1. 52 11.11 1. 44

17 11.76 2.06 11.22 1. 74 11.15 1. 78 11. 21 1. 74

18 12.46 1. 88 11.47 1. 83 11. 38 1. 89 11.45 1. 84

19 10.72 1. 79 11. 37 1. 50 11. 28 1. 56 11.37 1. 50

20 9.80 1. 98 10.53 1.27 10.43 1. 34 10.53 1.27

21 12.43 1. 69 12.20 1. 82 12.13 1. 87 12.21 1. 82

22 11.98 1. 85 11.48 1. 83 11. 40 1. 88 11.47 1. 83

23 10.99 1. 74 11. 79 1. 51 11.70 1. 57 11.79 1. 51

24 11. 95 1. 93 11.23 1. 74 11.15 1. 79 11.22 1. 75

25 10.32 1. 87 11.04 1. 34 10.95 1. 41 11.04 1. 34

26 11.. 96 1. 85 11.52 1. 73 11. 45 1. 78 11. 51 1. 74

27 12.42 1. 95 11. 55 1. 84 11.48 1. 89 11.54 1. 85
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Table B.4: Actual, Level 2 NRC, Level 1 Penn. State, and Level
1 Weiss dry matter intake (kg) and average daily gain (kg)
values for individual pens during finishing in Trial 2.

Level 1

Pen Actual Level 2 NRC Penn. State Weiss

DMI ADG DMI ADG DMI ADG DMI ADG

3 10.21 1. 99 11. 06 1. 44 11.03 1. 46 11.07 1. 43

4 11. 53 1. 84 10.66 1. 84 10.57 1. 90 10.62 1. 87

5 11. 25 1. 74 11.50 1. 70 11.43 1. 74 11.49 1. 71

6 11.05 1. 80 10.81 1. 67 10.74 1. 71 10.79 1. 68

7 10.36 1. 90 10.89 1. 49 10.85 1. 50 10.90 1. 48

8 11.22 1. 52 11.78 1.72 11.72 1. 75 11.78 1. 71

9 11.10 1. 89 10.93 1. 71 10.86 1. 75 10.91 1.72

10 10.96 1. 92 11. 06 1. 62 11.00 1. 65 11.05 1. 63

11 10.54 2.13 10.35 1. 56 10.31 1. 58 10.35 1. 56

12 10.92 1. 69 11.58 1. 62 11.52 1. 66 11.58 1. 62

14 10.63 1. 89 11. 01 1. 63 10.96 1. 65 11.01 1. 62

15 10.48 1. 75 11. 03 1. 53 10.99 1. 55 11.04 1. 52

16 10.13 1. 70 10.82 1. 45 10.78 1. 47 10.83 1. 44

17 10.62 2.07 10.51 1. 60 10.46 1. 62 10.50 1. 60

18 10.61 1. 69 11. 35 1. 54 11. 30 1. 56 11.36 1. 53

19 10.06 1. 92 10.42 1. 44 10.40 1. 45 10.44 1,43

20 10.30 1. 85 10.18 1. 54 10.14 1. 56 10.18 1. 54

21 10.59 1.'79 10.90 1. 60 10.86 1. 62 10.90 1. 59

22 10.57 1. 96 10.59 1. 61 10.54 1. 64 10.58 1. 61

23 10.31 1. 89 11.16 1. 52 11.13 1. 53 11.18 1. 51

24 10.20 1. 88 10.38 1. 52 10.35 1. 53 10.39 1. 51

25 11. 38 1. 91 10.86 1. 70 10.78 1. 74 10.83 1. 72

26 10.13 1. 82 11. 04 1. 45 11. 01 1. 46 11. 06 1. 44

27 11. 30 1. 97 10.62 1. 76 10.55 1. 81 10.59 1. 78
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APPENDIX C.

computer disk with input data used in evaluating the 1996 NRC
Beef Model.
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