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ABSTRACT

Backgrounding feeder cattle by limiting energ'y concentration intake during an

ínitial period in the finishing phase is an important management system alternative for

Manitoba cattle producers. The objective of this study was to examine the effects on

performance and carcass attributes by limiting energy concentration intakes on two

breeds of beef cattle. Two trials were conducted over two years with Angus steers and

Simmental-cross steers fed two levels of energy concentration (High Energy - FIE; Low

Energy - LE) for 84d during the growth period. LE steers were adjusted to an ad libitum

feeding regime equivalent to the energy concentration intakes of the FIE steers to the

end of the trial period. Feed intake and animal weight data were collected to determine

if the LE steers would exhibit compensatory growth during the final finishing phase.

tlltrasound measurements of the live animal bacKat thickness were monitored to

determine the market readiness of all steers. Ca¡cass data was collected and analyzed

to determine if the compensatory growth exhibited by the LE steers had an effect on

carcass traits when compared to FIE steers at a common backfat measurement. The LE

steers in both years of the trial exhibited growth performance improvement. Digestible

energy (DE) intake and feed efficienry, measured by DE intake/gain was enhanced after

feed intake adjustments for the LE steers to an ad tibitum feeding regime. There were

no significant detrimental effects on the carcass traits of LE steers compared to FIE steers

slaughtered at a conunon backfat measurement. The ultrasound measurements of the

Iive animals were accurate in predicting the ma¡ket readiness of these feedlot steers.

The use of limit feeding for backpounding and ultrasound technology in a beef

production system may have practical and economic implications for beef producers.
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INTRODUCTION

Today's competitivebeef industry requires producers to continually assess

alternative production systems which wilt be resource efficient and sustainable,

provide economic return and produce the products demanded by the market,

domestic and global. Manitoba's beef cattle industry, in particular, relies on a

number of production systems and markets, which are mainly at a significant

distance from the farm. Backgrounding feeders, where cattle are growrr from

weaning (250 - 280 kg) to a weight of 340 - 385 kg and then finished or

transported to another site is recognized as a feasible alternative system to the

traditional systems of selling weaned calves or placing cattle on full feed at 250

kg. Backgrounding is primarily accomplished with forage-based rations, but may

include gtain if the economics are viable. Backgrounding limits or controls the

potential genetic expression for growth of cattle, and the effect this restricted

growth may have on the animals performance during the final growth phase

and in producing an acceptable market product requires further study.

Backgrounding or limit-feeding cattle will often create the potential for

compensatory growth during the finishing phase of production. Compensatory

$ou¡th is the phenomenon manifested in animals, previously timited in feed or

nutrient intake, to realize enhanced growth rates when given free access to good



2

quality feed. There is little current information in the literatu¡e on the effect

limit-feeding followed by compensatory growth has on the ultimate product of

the production system, the carcass. While a significant number of studies have

been undertaken on the matter, results vâr/, as do the conclusions identifying

the precise mechanisms which contribute to compensatory growth (O'Donovan,

1e84).

Moran and Holmes (1978) stated that compensatory gain can be defined

as having occurred if: 1) followi.g a period of undernutrition when the animal's

growth rate has been retarded; 2) it is realimentated on an ad tibitum ration and

3) it grows at a rate which is faster than that for a continuously fed animal of

comparable chronological age.

In more recent studies, the debate on the cause and effect of

comPensatory growth has continued. Limiting total feed intake during a specific

period in the growth phase has been examined by many workers, but their

results have led to inconsistent conclusions as to the mechanisms of

compensatory growth (Park et al., 1987, Wright and Russel, 1987, Hicks et a1.,

1990, Yamabayamba and Price, 7991). Many workers have concentrated on the

study of specific nutrient components of the diet to explain the cause and effect

of compensatory $owth. Energy intake ¿nd sfilization has been the focus of

other studies (Meyer et al., 1965, Drori et al., 1974, Byers, 1982, Thomson et al.,

7982, Merchan et a1., 1987, Old and Garrett, 1987, Keane et a1., 1990, Carsten et

aI., 199'1., McKinnon et al., 1993). Other research has examined the role of
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Protein intake during a feed restriction phase and the subsequent effect on

compensatory growth (Bohman and Torell, rgs6, Fox et al., 1922, Byers, 1gg2,

Abdalla et al., 1988, Anderson et a1., 1988, Madar et al., tggg, Drouillard et al.,

199'l', Sindt et al., 7993). Some workers have differentiated the cause and. effect

of compensatory growth on the basis of breed type (Smith et al., 1977, Jones et

al., 1994) and feeder frame size (oltjen, 1986, Tatum et al., 1996, ottjen and

Garrett, 1988), relative to the ability to fatten at specific weight and finish

endpoints.

Numerous studies have examined the effect of compensatory growth on

the ultimate product of commercial beef cattle production, the carcass. Carcass

composition (Tatum et al., 1988; Oltjen and Garrett, 19BB; Wright and Russel,

7991.; Coleman et al., 1993, Murphy and Loerch, rgg4) has been stud,ied to

quantitate the effect of compensatory growth on the constituents of the carcass.

Other researchers have examined the effect on the more practical basis of carcass

yield and quality to demonstrate the commercial apptication of compensatory

growth manipulation in the feedlot (Hicks et a1., 1990; Keane et al., 1990; Bruce

et al., 1991.; Yambayamba and Price, 1991; Kabbali et al., 1gg2).

A technology which may provide assistance to producers in monitoring

the growth performance of cattle is the use of ultrasound to predict the level of

subcutaneous backfat in live feeder cattle and determine the endpoint of feeding

for a feeder or slaughter market. Houghton and Tu¡linglon (1992) reviewed the

literature describing and evaluating the application of ultrasound for feeding and
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finishing animals. Specific studies have been conducted to evaluate the

technology for accuracy and use in commercial production (Houghton, 19BB;

Perkins et a1., 1992; Robinson et al., 1992; Smith et al., 1992; Herring et al.,

1ee4).

The objective of the present study was to determine the effect of a low

level of feed intake during the initial feedlot finishing phase on growth patterns

and feed efficiencies of two breeds of beef cattle representing two frame sizes,

and the subsequent effect of any evident compensatory growth on the carcass

trait components of yield and quality when the steers are slaughtered at a

constant level of subcutaneous bacKat.

A secondary objective was to determine the accuacy of ultrasound

measurement of the live animal subcutaneous backfat in predicting the graded

backfat measruement of the carcass.

Both objectives may have practical implications for commercial feedlot

production for determining feeding system management for some types of

feeder cattle and predicting market readiness with the desired finish for

slaughter.
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TITERATURE REVIEW

COMPENSATORY GROWTH

Bohman (1955) reported that consistently each summer, animals in a hay

maturity study that had been restricted (in feed intake) during the winter gained

more rapidly than the control animals. This was thought to have been

influenced by age, severity of winter growth restriction, and quantity of feed

available during the summer.

Wilson and Osbourne (L960) in a comprehensive review of the subject to

that date, identified six major factors which contribute to compensatory growth

in animals. They were: increase in body tissue, increase in gut fill, lower

maintenance requirements, more efficient food utilization, altered energy value

and increase in appetite.

Effect by Limiting Feed Intake

The normal growth pattern of animals allowed unrestricted access to feed

follows an often cited sigmoidal curve (Park, 1982). This has been studied

extensively in many species, including beef cattle. This typical pattern of growth

is far from a constant, however, and the natural environment as well the

management practices in cattle production systems can create a variety of
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alternative growth patterns. Restricting feed or nutrient intake is one such

system.

Degrees of restriction of feed may range from inanition (a partial or total

lack of all nutrients) to only minor reductions from ad libitum (unrestricted

access) feeding (o'Donovan, 1984). In his review of previous studies,

O'Donovan (1984) distinguished between two causes of reduced growth which

lead to the same end result. These are (a) the intake of sub-optimum amounts

of good quality feed and þ) free access to feed limiting in one or more essential

nutrients. The result in both cases, during realimentation, is well documented.

as comPensatory growth. Park et aL. (1987) noted that different opinions are

expressed in the literature with regard to compensatory and growth responses

because of the differences in the duration, timing, level, and combination of

dietary nutrients imposed in the various experiments.

Animals expressing compensatory growth have been shown to exhibit

greater feed intake and a significantly higher daily gain than conventionally-fed

(ad libitum) animals of a similar age during a similar period (Koch, I9B2; park

et al., 1987). Lofgreen and Kiesling (1985), in an experiment with receiving

rations and stressed feeder calves, concluded that the increased feed intake

during the finishing period accounted for the compensatory gains achieved

during the growing-finishing period. Coleman and Evans (1986) showed similar

results with steers of varying ages, but concluded that restricted animals rarely

comPensate totally and usually require more time for the total production
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scheme, thus increasing maintenance costs, and questionable practical

applications. The question also remains if the animals ate more because they

grew more/ or grew more because they ate more.

Common to a number of studies is the concept that the results in live

weight are the same for beef cattle of the same age fed different planes of

nutrition (Lopez Saubidet and Verde,1976; Lofgreen and Kiesling,lgBS; Wright

and Russel,1987). On the other hand, in studies where feed intake was limited,

animals undergoing the resulting compensatory growth exhibited a trend (p >

.05) towards improved gains and live weight (Lofgreen et al., 1982). This had

been demonstrated earlier by Fox et al.(1976) who showed that the relative

increases in gains by steers undergoing compensatory growth over control steers

varied with ration and length of feeding period. Steers undergoing

comPensatory growth were shown by Fox et al. (1976) to gain significantly (P <

.0L) faster and to require significantly (P < .01) less feed per kilogram of gain

during the full feeding period than did the controls. Saubidet and Lopez (7976)

offered the theory that limited feed intake prior to compensatory growth

provided for lower maintenance requirements in the feed restricted animals at

the beginning of realimentation period.

Hicks et al. (L990) offered a number of possible explanations for the cause

and effect of restricted feeding resulting in improved feed efficiency. These

include: reduced maintenance requirements, altered behaviour or energ'y

expenditures, increased diet digestibility, and reduced feed wastage from
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sPillage and spoilage. Hicks et al. (1990) showed that the efficiency of feed use,

on a live weight basis, tended to be improved (P : .11) with limit feeding.

Yambayamba and Price (1997) demonstrated that heifers initially restricterd in

feed for 4 months had a gteater gïowth rate (P < .05) than heifers restricted in

feed for only 2 months.

Numerous studies have examined the relationship of timited feed intake,

the subsequent increase in feed intake and efficiency and whether protein and

energy utilization are factors responsible for the results (O'Donovan, 1gB4).

Restricted protein in the post-weaning growth phase has been shown to result

in the requirement of more days on feed to reach a final body fat endpoint

despite the compensatory growth effect (Abdalla et al., 19Sg).

Bohman and Torell (1956) illustrated that animals fed a supplemental

protein source gained significantly more during the winter than unsupplemented

animals. The unsupplemented animals, however, which displayed a comparative

retarded growth, compensated during the following srunmer and were as heavy

at the end of trial as the supplemented group.

Fox et al. (1972) showed that weight gains made by compensating steers

were higher in the body protein constituents and lower in fat (energy) body

constituents than controls during the first part of the full feeding period, but

higher in fat and lower in protein than controls during the last part of the full
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feeding period. The conclusion made by Fox et al. (1976) was that an increase

in efficiency of protein utilization was evident in compensating steers so that by

the time.a weight endpoint, similar to controls was reached, both groups were

similar in efficiency. Byers (1982) reported that the rate of protein growth

decreased with increasing body weight, which indicated effects of age and

relative maturity on protein deposition. Also, rates of protein growth increase

very little at rates of gain in excess of L.0 kg d-t, which documents the existence

of a biological limit for daily protein growth.

Turgeon et al. (1986) concurred with these results in their study with

sheep, when they found that compensatory growth in lambs can occur in either

of the two stages of growth and finishing; a greater proportion of protein gain

was made early in the finishing phase.

In a study on the effect of dietary crude protein level on the growth rate

of beef bulls, Anderson et al. (1988) found that limiting crude protein intake

below NRC (1984) recoÍunended levels for a sustained period resulted in

decreased finish on the animals. Abdalla et al. (1988) showed that the degree of

protein restriction altered the amount of compensatory gain; those animals that

gained less during low-protein feeding gained faster during recovery and that

efficiency of gain (gain/feed) always was higher for the compensating groups,

than for the ad libitum fed animals.

Drouillard et at. (199L) compared the effects of metabolizable protein and

energy restrictions on subsequent compensatory growth. Their findings, in slight
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suPPort of the aforementioned, were that compensatory gïowth was influenced

by differences in duration and severity of nutrient deprivation, but to a lesser

extent for protein-restricted steers than for energy-restricted steers. Mader et al.

(1989) showed that steers placed on high-energy finishing diets immediately

after an extended period of nutritional restriction will respond to levels of

protein higher than recommended, supporting the theory of energy-protein

utilization interaction found by other workers (Fox et al., 1972; Abdalta et al.,

1988).

In an evaluation of beef production systems, Sindt et al. (1ggg) reported

that a higher level of metabolizable protein in the finishing diet may be required

to maximize the feed efficiency if the calves are expressing compensatory

growth. From these studies, we can generally agree that during the period of

comPensation, protein content of the diet is an important constituent. However,

in creating the disposition of animals for compensatory growth, limited protein

intake may not be as significant a factor as restricted energy intake.

Energy Intake and Utilization During Compensatory Growth

Various growth rates resulting from the consumption of different types

and quantities of feed are important for the economical production of beef cattle

(O'Donovan, 7984), since it results in the development of different production

systems, based on sustainable resources. A number of studies on the correlation

of energy intake, energy utilization and compensatory .growth have been

undertaken (Meyer et a1., 1965; Fox et al., 7972; Drori et al., 7974; Rompala et
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a1.., 1985; Turgeon et a1., 1986; Old and Garret, 1gg7).

The majority of studies have reported that energy intake and utilization

are increased du¡ing compensatory growth. Meyer et al. (L965) showed that the

efficiency of energy utilization (daily gain divided by daily digestible energy

intake) was Sreater for the steers previously fed a low energy intake and

subsequently fattened and exhibiting compensatory growth. Fox et al. (1gT2)

found similar results in that compensatory steers in their experiment had higher

daily gains and feed efficiency than controls during the full feeding period and

went further to conclude that the increased efficiency of energ-y and protein

utilization during the full feeding period was evident during the compensatory

growth resPonse. Fox et al. (1972) also found a trend for net energy used for

maintenance, gain and efficiency of metabolizable energy utilization to be higher

for steers exhibiting compensatory growth, which were supported by later

studies (Byers, 1982; Thomson et a1., 1982; Carsten et al., 199L; Drouillard et al.

leel).

Thomson et al. (1982) reported that in an experiment with lambs and

steers which were *ildly restricted in nutrition, during the recovery phase,

realimented steers gained significantly more than control animals from a similar

metabolizable energy intake and required less ME kg1 daily live weight gain.

This led Thomson et al. (1982) to conclude that indirect evidence suggests an

improved utilization of metabolizable energy for protein deposition, at least at

the beginning of realimentation for animals which have undergone feed
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restriction.

The majority of studies indicate that increases in energy intake do occur

during compensatory growth and that this is accompanied by increased

efficiencies of utilization. This may be due to the reduced maintenance

requirements at the beginning of realimentation, and into the compensatory

growth period.

Effect on Animal Genotype

The genetic differences in the capacity to exhibit compensatory growth

under the same feeding regimes has been well documented (O'Donovan, L984).

Genetic differences among individual animals and breeds which differ in age

and liveweight at maturity are likely, in part, responsible for the variable

responses between experiments in both performance and carcass yields and

composition (O'Donovan/ 1984).

Some studies have examined the genetic differences by studying cattle of

different frame size (Smith et al., 1977; Tatum et al., 1986; Oltjen and Garrett,

1988). Although not distinctly different in approach, other workers have

examined comPensatory growth with animals varying in maturity at specific

liveweight endpoints (Rompala et al., 1985; old and Garrett, 19BT; Keane et al.,

1990; McKinnon et al., 1993). Rompala et al. (1985) reported that cattle of a large

frame genotype fed lower energy diets may not finish at a reasonable liveweight

or within an economical length of time. They concluded that the dietary energy

intake would be primarity used for maintenance and lean growth, particularly
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during a compensatory growth phase. This is supported by the work of Tatum

et al. (1986) who reported that larger genotypes tend to be younger at a given

weight þecause of their faster growth rate), less mature (because of their slower

maturing rates and younger ages) and leaner þecause of their tendency to fatten

at relatively higher weights).

Oltjen et al. (1986) utilized a computer model to study beef cattle growth

and composition under the same production system. Their research, while

supporting previous findings, also concluded that at a given body weight for

animals fed different quantities of diets of high energ'y concentration, the fat

composition of steers increases as total energy intake increases across cattle

genotypes. Further, Oltjen et al. (1986) found that fatter animal genotypes fed

a high energy diet, ad libitum, remain fatter throughout subsequent growth. Old

and Garrett (1987) compared two breeds of different maturity size and found

that large, late-matuting animals used feed energy less efficiently for gain than

the smaller, early-maturing animals. As well, ad libitum fed steers used feed

energy less efficiently for gain than steers at lower intakes for both types.

In would apPear that although beef cattle differing in specific genetic

makeup will perform at varying rates during compensatory growth, the resulting

effects of the compensatory growth on the growth characteristics are similar

enough to allow for the same production system to be utilized, regardless of

genetic differences.
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The effect on the ultimate product of beef cattle production, the carcass,

is of utmost importance in evaluating the benefits compensatory growth may

have. In his review of the subject, O'Donovan (198a) found that, in general, one

or moÍe periods of (feed) restriction during post-natal life has no, or only minor,

effects on meat quality. Tudor et al. (1980) concluded that restrictions (feed)

early in post-natal life may result in slight changes in carcass and body

composition in intensively-finished cattle, but make no difference in pasture-fed

cattle at the same weight constant. The effect of a severe restriction in growth

in earþ post-natal life on the development of individual muscle and bones

disappears by slaughter (380-a00 kg). Others have also demonstrated little or no

effect on carcass composition subsequent to a compensatory growth phase

(Hancock et al., 1987; old and Garrett, 1987; Keane et al., 1990; Carsten et al.,

199'1.; wright and Russel, 7997; Yambayamba and price, 1g9r\. However, there

is not complete agreement on this issue. Numerous studies have shown an

increase in carcass yields (lean meat) following compensatory growth (Morgan,

1972; Hironaka and Kozub, 1973; Srlly and Morgan, I9B2). Kabbali et al (1992)

demonstrated that lambs undergoing compensatory growth had improved feed

efficienry and resulted in leaner carcasses than controls at the same weight. This

is supported by cattle studies which achieved similar results, ie. leaner carcasses

for compensatory animals (Smith et al., 7977; Madar et al., 1989; Coleman et al.,
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1e93).

In a study that concluded that improvement of partial efficiency of feed

utilization and feeding capacity were responsible for compensatory growth,

Meyer et al. (7965) reported that fat content, backfat thickness, marbling score

and rib-eye area were enhanced due to compensatory growth when animals

were slaughtered at a coûunon weight. Hancock et al. (L987) reported that steers

Srown on a forage system with low palatabitity forages and then finished in a

feedlot comPensated in rib-eye area, marbling and quality grade as days in the

feedlot increased, when compared to conventional feedlot steers. Old and

Garrett (1987) achieved similar results and reported that although steers

consuming the lowest level of feed made gains containing a lower level of

percentage of fat and a higher percentage of protein than steers at higher

intakes, body composition within a breed was not altered by the level of energy

intake when animals, within breeds, were slaughtered at similar weight

endpoints. This is further supported by Bartle et al. (1994).

In comparing breed types differing in maturity crossed with a coûunon

control breed, Keane et al. (1990) found that there was no significant interactions

between breed type and dietary metabolizable energy concentration for carcass

composition traits on a weight constant basis. Th.y concluded that the effects

of diet on carcass composition were similar for the three breed types.

Carsten et al. (1991) suggested that the change in composition of empty-

body tissue during compensatory growth was dependent on the stage of
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maturity at which growth is restricted and(or) the severity of the growth

restriction. The experiment by Carsten et al. (1991) showed no significant

difference in the economically-important carcass components between normal

growth and compensatory-growth steers, but did show differences in non-

carcass components þone, gut-fitl) when the data was adjusted to coûunon

weights. In support of this, Wright and Russel (1991) demonstrated a two-phase

growth Process/ whereby during the first phase of growth, feed-restricted cattle

initially showed enhanced proportions of protein and water in the empty body-

weight gain and a reduced proportion of fat. A second phase of growth resulted

when fat deposition increased and protein and water deposition decreased. The

net result of the findings of Wright and Russel (1991) were that the body

composition of feed-restricted cattle eventually reached that of unrestricted

cattle.

Although some carcass traits may be enhanced by the effect of

comPensatory growth during the finishing stages, there appears to be significant

evidence that at a constant live-weight endpoint for cattle with similar genetic

potential for growth and development, the economically important carcass traits,

such as lean percentage and subcutaneous fat, are not adversely affected by

compensatory growth.
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PREDICTING GROWTH ENDPOINT FOR SLAUGHTER

The evaluation of alternative production systems in the beef cattle

industry is ultimately at the time of slaughter. A fair assessment of the success

or short-coming of the system is made usually on the basis of weight, aget or

time on feed, as determined by experienced operators. We have seen that with

the potential variation of carcass trait results, even within a breed or genotype,

a method that could provide a more accurate assessment of market readiness at

a single predetermined endpoint would be invaluable to the industry.

Ultrasound technology is an unobtrusive method which may have practical

applications in a conunercial production system.

Principles of Ultrasonics

Llltrasonics are simply defined by the root words ultra, meaning high, and

sonic, meaning sound (Ruel, 1989). Sound is measu¡ed in terms of frequency,

therefore, ultrasonics is high frequency sound.

Sound frequencies will travel through materials differing in densities at

different rates. These materials differing in densities will also absorb or attenuate

sound waves differently. It is this combination of acoustic velocity (rate of speed)
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and acoustic impedance (attenuation) which gives materials their main

characteristics relative to the transmission of sound.

It is the fact that ultrasound travels through different live tissues at varied

rates which provides us with the use of the technology for predicting the depth

and size of those tissues. For example, ultrasound will travel through fat at a

rate of 'l',480 m sec-l and through muscle at'1.,620 m sec-t. It is this difference that

can be measured and analyzed to predict the backfat thickness of live animals.

Use of Ultrasound Measurements of Live Animal

All sectors in the beef cattle industry are recognizing the significance of

value-based marketing and primary producers, in particular, are becoming more

aware and concerned about carcass traits. The dilemma faced by cattle producers

is the lack of accurate methods for measuring carcass value prior to slaughter

(Houghton and Turlington, 1992). Ultrasound technology has offered a means

of determining fat thickness and muscle development in live animals.

In a review of the application of ultrasound for feeding and finishing

animals, Houghton and Turlington (1992) cite a 1950 article by I.l. Witd who

statedthat the ultrasound technique is nondestructive and humane and provides

a means of quantifying muscle and fatty tissues in live animals. From this, we

recognize that the concept and technology has been accessible for close to fifty

years.
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One of the first display formats or modes of ultrasonic imaging was the

amplitude mode (A-mode) which is a one-dimensional display of returning echo

amplitude and distance. This mode consists of vertical peaks along the

horizontal axis. The height of the peak conesponds to the amplitude of the echo

(Rantanen and Ewing, 1981).

The more current equipment used is the real-time linear array ultrasound

units. Actual images of the internal body structures are scanned by a transducer

which transmits the display to a monitor. A video recording is taken of the

images which is then measured and analyzed.

A number of recent studies have been undertaken to evaluate the

accuracy of prediction using ultrasound, based on the backfat and rib-eye aïea

(Perkins et al., 1992; Smith et al., 1:gg2), the personnel apptying the technique

(Robinson et a7., 1992) and combinations of equipment, personnel and

interpretation of the findings (Herring et al, 1994). All have demonstrated a

significant degtee of variation due to these factors among the results (Houghton

and Turlington, 1992).

In two experiments, Smith et al.(1992) measured the subcutaneous fat

thickness and longissimus muscle area between the 12th and 13th ribs of four

hundred and fifty-two yearling steers using real-time linear array ultrasound

equipment. Ultrasound predictions were compared to corresponding carcass

measurements to determine accuracy of ultrasound measures. Similar results

were achieved in both experiments. The extremes for each trait proved most
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difficult to predict; fat thickness was underestimated on fatter cattle and muscle

area was under-predicted on more heavily muscled steers. Smith et al.(1992)

concluded that ultrasound measures of fat thickness are precise and accurate in

determining carcass fat thickness, but muscle area estimates are inconsistent and

warrant further investigation.

Perkins et aI.(1992) reached similar conclusions after measuring yearling

crossbred feedlot steers (n:495) and heifers (n:151). In contrast, however,

Perkins et aI.(1992) found the accuracy of ultrasound-predicted muscle

measurements to be acceptable (within 6.5 cm2 53o/o of. the time), while Smith et

aI.(1992) found the accuracy of the predicted estimates of muscle measurements

to be unacceptable (within 6.45 cm2 S3olo of the time).

Robinson et al.(1992) concluded that ultrasound measurement was an

accurate method of predicting the two carcass traits. This research concentrated

more on the technician variance and led to the conclusion that the development

and maintenance of technique is critical to ensure meaningful and consistent

results.

Herring et al.(1994) summarized the current knowledge and

understanding of the ultrasound technology, as it applies to animal science, by

concluding that ultrasound is a valid means of measuring carcass traits in live

animals if appropriate personnel and equipment are selected.
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Application to Commercial Production

Of primary importance to cattle feedlot managers is the ability to identify

and market Sroups of cattle that will consistently produce carcasses of similar

weight with acceptable yield and quality grades (Houghton, L988). Accurate

measurements of subcutaneous fat, muscle, and marbling in the live animal

would allow more accurate marketing practices (Houghton and Turlington,

1992). Many studies have been undertaken to evaluate the practical application

of ultrasound to predict carcass traits in live animals in the feedlot setting

(Houghton, L988; smith et al., 1988; Perry et al., 1990; smith et al., 1992;

Herring et a1., 1994).

Houghton (1988) postulated that the ability to identify and market groups

of cattle that will consistently produce carcasses of similar weight with

acceptable yield and quality grades can be accomplished using one, or a

combination of the following methods: 1) improve the uniformity of pens by

sorting cattle into the feedlot based on body composition and frame size

(biological type); 2) determine a compositional endpoint at which a set of cattle

should be slaughtered and identify and market individuals or groups of cattle

as they reach that point; or 3) identify breeding cattle with the genetics to

consistently produce Progeny with acceptable yield and quality grades at a

specified weight and/or age. These methods are supported by the previously

mentioned studies.



22

Houghton (1988) presented a caveat to the use of the technology in that

the use of ultrasound in practical breeding and feedlot programs could suffer

due to inaccurate measurements and data collection. The following key

considerations were offered: 1) The continued vaüdation of ultrasonic

measurements for bacKat and loin eye area in beef cattle is necessary; 2) The

accuracy of ultrasound measurements is highly related to operator technique.

Cattlemen should be sure that trained, "certified" technicians are used if they

decide to incorporate ultrasound into their progïams; 3) Cost, durability and

practicality of the equipment needs to be considere d; a) A reliable data base

needs to be developed that monitors muscle growth and fat deposition in

various biological types of cattle under different management systems; 5)

Adjustment factors need to be developed for loin eye area and backfat so that

animals can be compared at a constant age and/or weight.
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MATERIATS AND METHODS

Obiectives:

The objective of the present study was to determine the effect of a low

level of feed intake during the initial feedlot finishing phase on growth patterns

and feed efficiencies of two breeds of beef cattle representing two frame sizes,

and the subsequent effect of any evident compensatory growth on the carcass

trait components of yield and quality when the steers are slaughtered at a

constant level of subcutaneous bacKat.

A secondary objective was to determine the accuracy of ultrasound

measurement of the live animal subcutaneous backfat in predicting the graded

backfat measurement of the carcass.

Experimental Animals

Steers from two consecutive calf crops from the University of Manitoba

beef cattle herd were fed in two trials. In year 1 (Y1), fourteen Simmental-cross

steers and ten Black Angus steers (nL : 24) were paired on the basis of breed,

birthdate, and a 200-day adjusted weaning weight using the Federal/Provincial

Records of Performance system for adjusted weaning weights. The average age

of all steers at the start of test was 236d. Average age at the end of the growth

phase was 444d. The pairs were randomly assigned to pens in a semi-enciosed

shelter at the Glenlea Research Station.
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In year 2 (Y2), eleven Simmental-cross steers (one steer was badly injured

at the mid-way point of the trial, and sent for slaughter early) and twelve Red

Angus steers (n2 : 23) were paired by breed, bfuthdate, and the 200-day

adjusted weaning weight. The average age of all steers at the start of test was

239d. Average age at the end of.Y2 growing phase was 422d,. The pairs were

randomly assigned to pens in the same semi-enclosed shelter used in y1.

Feedine Reeimeæ

In YL, breed pairs were randomly assigned to one of two gïoups, both fed

a ration based on corn silage. Feed intake was limited for half of the breed pairs

to achieve a low-energy concentration (LE) intake level, 91o/o of NRC

requirements, and a high-energy concentration (FIE) intake of 1,00o/o of NRC

requirements for large-frame steer calves and medium-frame yearling steers

respectively). In Y2, the same feed intake and energy concentration values were

randomly assigned using a mixed grain based diet. In both years, all steers in

both groups were provided with 3 - s kg d-l of medium quality hay for

roughage. The ration ingredient chemical composition for each year of the trial

is summarized in Table L.
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TABLE L. Ration ingredient chemical composition for year l_ (19g9)
and Year 2 (199q.1

Year 1 (1989) Year 2 (1990)

Feed

Component
Dry

Matter

Corn Silage

Grain Mix

Hay

36.2

89.8

92.0

12.7

10.9

77.9

2.96

3.70

Crude TDN DE2

Protein (Vo) (Mcal

(cP o/o) tg)

Dry Crude TDN DE2

Matter Protein (Mcal

kg')

89.4

93.0

65.3

83.0

59.0

1 CP and TDN are expressed as percentages on a Dry Matter analysis basis
2 DE : Digestible Energy (Mcal kgt) expressed on a Dry Matter anaþis basis

In both years of the trial, the level of feed intake was adjusted for the LE

steers at 84d to bring them up to the equivalent levels of energy concentration

as the FIE steers. Growth and feed intake were observed for 196d, in y1 and

140d in Y2. All steers in both years were finished to a common bacgat end

Point, which was beyond the growth and feed intake observation periods,

within the respective years of the trial.

Subcutaneous backfat measures were monitored by a Manitoba

Agriculture livestock technician, Certified in Ultrasound technology, from LL2d

to end of trial, as required, with the use of a Krautkramer, A-mode ultrasound

device, which measured the backfat thickness by the differentiation of sound

frequency velocity and attenuation of the fat tissue and muscle tissue. Animals

were shipped for slaughter when a backfat measurement showed. at least S mm

of backfat. All steers in both ye¿¡rs of the trial were transported to the Burns
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packing plant in Winnipeg for slaughter.

Data Collection

steers in years L and 2 were weighed every zg days, when practical

(shorter intervals were observed near completion of each year's growth trial), to

monitor the rate of gain. Feed was weighed daily for each pen and a weekly

feed-bunk weighback was made to determine feed intake by pen. Weights and

feed intake data were summarized for each pen of 2 steers.

In YL, the performance data was summarized for the period extending

from 14d to 180d, the time during which all animals were present and

contributing feed intake data. InYZ, the performance data was summarized for

the period extending from 28d to '140d, for the same reason.

The day after slaughter, all carcasses were graded by an Agriculture and

Agri-food Canada Grader, with the Blue-tag system of grade reports, which lists

warm carcass weight, an averaged backfat measure (3 points on the carcass

between the 12th - 13th rib), the grade backfat, the quality grade assigned for

each carcass, rib-eye area, percent lean (cutability) and marbling score. A sample

report is appended (Appendix Table 5).
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Statistical Analvsis

-

Significant effects for each growth period were determined for weight,

gain during each 28d period, digestible energy (DE) intake, digestible energy

intake relative to gain for each 28d period (feed efficiency), and digestible energy

intake relative to daily weight (DE\ fÐ pEWT = Digestible Energy Intake mean

/ Average Weight mean by Trial Dayl by analysis of variance using the General

Linear Modelling (GLM) procedure in the Statistical Analysis System (SAS

Institute Inc., l-988). Factors included in the model were breed, ration, pen and

trial day. Pen(Breed*Ration) was used as the error term to test breed and ration

effects. Since this was a repeated measure design, the impact of breed and

ration over time was also assessed.

For the carcass data, significant effects for saleweight, ultrasound backfat

measurements and the carcass traits of graded backfat, rib-eye area, lean

percentage, marbling score, and warm carcass weight were determined by

analysis of variance using the General Linear Models (GLM) procedure in the

Statistical Analysis System (SAS Institute Inc., 1988). Factors included in the

model were breed, ration, sale weight, warm carcass weight, ultrasound backfat,

grade backfat, rib-eye area, percent lean (cutability) and marbling score.
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RESULTS AND DISCUSSION

The summary of analysis of variance (ANOVA) for treatment effects on

performance (growth, feed intake and feed efficiencies) in Year L (1989) is

illustrated in Table 2. Table 3 illustrates the ANOVA summary for Year 2 (1990).

In Yl-, the interaction of Ration*Trial Day (TDay) showed a significant effect

(P<.01) on Digestible Energy (DE) Intake, DE Intake relative to weight (DE\,\Ð,

and weight (Wt); an effect (P<.05) on gain; and no significant effect (p>0.05)

on DE Intake relative to gain (Feed Efficiency-FEM). InY2, the interaction of

Ration*Tday showed a significant effect (P<.01) on DE Intake, DE Intake

relative to gain, and DE Intake relative to weight; no significant effect (p>0.1)

on weight or gain. In Y1., ration showed a significant effect (p<.01) on DE

Intake and DEWT, with no significant effect (P>0.1) on weight, gain or FEM.

InY2, ration had an effect (P<.05) on DE Intake and weight, a trend effect

(P<0.1) on FtrM and DEWT, and no significant effect (P>0.1) on gain. Trial Day

(TDay) showed a significant effect (P<.01) on all growth characteristics in YL

and Y2. Breed only demonstrated a significant effect (P<.01) on DEWT in YL.



Source of Variation

Breed

Ration

Breed*Ration

Pen(Breed*Ration)

TDay

Breed*TDay

Ration*TDay

Breed*Ration*TDay

Er¡o¡

df

** P < .01 * P < .05 ns-notsignificant p > 0.0S

7

1

1.

l't
7

7

7

7

wt

1 DE lr,t"k" relative to Gain

2 DE lr,tuk" relative to Weight

ns

ns

ns

Gain

Characteristic

**

ns

ns

ns

ns

**

ns

65.80

Intake

Digestible Energy DE

**

ns

**

ns

*

FEM1 DEWT2

ns

**

ns

NS

ns

ns

49.69

ns

**

**

<0.1

<0.1

**

**

ns

**

<0.1

**

ns

0.0186

ns

2i28.U

ns

72.58

¡\)\o



Source of Variation

Breed

Ration

Breed*Ration

Pen(Breed*Ration)

TDay

Breed*TDay

Ration*TDay

Breed*Ration*TDay

**P < .01 * P ( .05 ns -notsignificantp > 0.0S

7

1

1,

I
4

4

4

4

3 DE lr,tuk" relative to Gain

a DE Intake ¡elative to Weight

ns

*

NS

**

ns

ns

ns

67.36

Gain

Characteristic

NS

ns

NS

**

NS

ns

NS

52.M

Intake

Digestible Energy DE

ns

*

ns

**

ns

**

ns

4254.99

FEM3

ns

<0.1

ns

**

NS

**

ns

15.t7

DEW]'4

NS

<0.1

ns

**

NS

**

ns

0.0155

(¡)
O
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Examining the treatment effects in detail, patterns of growth and energy

intake are shown in Figures 1 - a (Appendix Table 3 and 4). Figure L illustrates

the effect of the interaction of TDay and ration energy concetration levels, High

Energy (FIE) vs Low Energy (LE) for DE Intake, weight and gain in year L.

Figure 2 illustrates the TDay*Ration effects on the same characteristics in year

2,but only the DE Intake (Figure 2a) showed a significant effect (p<.01). The

interesting observation is the relationship between each growth characteristic

and the levels of energy intake. In YL, DE Intake and gain take a downward

adjustment after 84d, which is the period of realimentation for the LE steers.

I4lhile the weight differences remain relatively constant, the DE Intake for the

LE steers adjusts to a point nearing the FIE steers at the end of the trial. More

interesting is the observation that the LE steers, following realimentation, appear

to show greater gains than the FIE steers, although the significance of the

differences for the exclusive period after 84d has not been tested. This

observation, with a greater degree of significance, was reported in the reviewed

literature (O'Donovan, 1984; Rompala at al., 1985; old and Garrett, 11ggr) and

forms the basis of the hypothesis of this work. \Atrhile the TDay*Ration effect on

weight and gain were not significant (P>0.1) in y2, the patterns of growth

(gain) illustrated by Figure 2c depict the hypothesis that upon realimentation

after a period of feed intake restriction, steers that are limit-fed for even a brief

period during the finishing phase and subsequently exhibiting compensatory

growth, may perform as well as steers fed on a steady plane of intake. The DE
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Intake illustrated in Figure 2a demonstrates that after 84d, when the ration

availability for the LE steers was adjusted, the intake increased at a more

significant rate then the FIE steers (P<.01). Concurrently, the gains realized by

the LE steers, as shown in Figure 2c appear to be at an increasing rate,

eventually surpassing the gains of the I-IE steers, although again, the

significance during this specific period was not tested. This is, however,

supported by the work of Meyer et al. (1965), Fox et al. (1972), Byers (19g2) and

Drouillard et al. (1991).

Figures 3 and 4 illustrate the mean effect of the interaction of TDay and

ration energy concentration levels (FIE vs LE) on the DE Intake relative to gain

(feed efficienry) and DE Intake relative to daily weight in year '1, and. 2

respectively. In Y1 (Figure 3a) the FIE steers appear to exhibit an improvement

in feed efficiency (DE Intake/gain) between 42d and 172d, illustrated by the

downward slope of the graph , more so than the LE steers. The treatment

SrouPs demonstrated an expected difference in DEWT (DE Intake/weight) until

they intersected at 740d, after the LE steers were completely realimented. This

is supported by the work reviewed by O'Donovan (1984). The results illustrated

in Figure 4 for Y2 of the effect of the interaction of TDay and ration energy

levels (FIE vs LE) are statistically significant, and the graph illustrates the

difference between the two levels of intake. Here again, the most significant

observation is the adjustment after 84d when the LE steers were realimented

and_ begin- to exhibit a similar growth pattern to the HE steers in the first part
of the trial (pre-84d).
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Figure L. Average across breeds, Trial year 1 (1989): Effect of the interaction of trial
tI Gpuy) and ration energy level (High - IIE vs Low - LE) on a) Dgesrible Energy
(DE) inrake (Mcal period 1) (FIE - p< .01, sEM= 17.62; LE - p< .0t, s"EM= 7s.a3);l)
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, Figure 2. Average across breeds, Trial year 2(1990): Effect of the interaction of trial
tI Gp"y) and ration elgrry level (High - FIE vs Low - LE) on a) Dgestible Energy
_(DE) intake (McaI period-l) (FIE - P<.01, sEM=26.6j; LE -.p<.0j., sgtr¿=zo.og); óweight^ftÐ GD - p>.1, sEM=3.20;LE- p>.1, sEM=3.20) and c) Gain ßÐ rfo -
P>.1, SEM=2.95; LE -P>.1, SEM=2.95).
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Figure 3. Average across breeds, Trial year 1 (1989): Effect of the interaction of trial
$¡ @1f) and ¡ation glergy level (High - HE vs Low - LE) on a) Dgesribte Enerry
(!p) State M!¿ period l) relative to gain ftg) (feed efficiency) (I{E -Þ < Iot, snr¿= g.ii
LE - P<.01, SEM=3.25) and b) DE i"ttg (Mcat period'l) rélative to daily weighr ftgj(Ffi - P<.01, SEM=0.05; I-E - P<.01, SEM=0.05).
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Figure 4. Average across breeds, Trial year 2 (1990): Effect of the interaction of trial
9¡f GpÐ and ration englgy level (Fligh - FIE vs Low - LE) on a) Dgesrible Energy
pE) intake (Mcal period) relative to gain ftg) (feed efficierrcy)"Gü - p<.dí
SEM=1.58; LE - P<.01, SEM=1.58) and b) DE iniake (McaI period-ij relative to daity
weight ße) GG -P<.01, SEM=0.05;LE- P<.01., SEM=0.05)

DE Inta}€/WT
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Table 4. illustrates the ration effect on the grou¡th characteristics of all

steers in years L and 2 of the trial. The digestible energy intake (DE Intake) was

significantly different (P<.01) for the high energy (FIE) and low energy (LE)

levels in year L. This may be attributed to the ration composition in y1, the

silage/grain combination. The DE Intake difference between rations in y2 was

not as significant (P<.05). It should also be noted that the standard error term

in Y2 is relatively higher than in Y1-, suggesting that the data period, which was

shorter in Y2, or the population of animals used in Y2 required a higher

difference for the treatment effects to be significant. The grain-only ration in y2

could explain the difference in observations between years, consistent with

Wilson and Osbourn (1960) who reported that one of the factors contributing to

comPensatory growth following limited feed intake was the nature (composition)

of the restricted diet, but contrary to Byers (7982), who suggested that the 1evel

of nutrition effects are more related to energy intake and growth rates than to

specific feedstuffs included in the diets.

The effect of ration on weight for all steers was insignificant (P>.1) in

year L, but showed a difference (P<.05) in year 2 (Table 4). This may suggest

that once comPensatory growth is realized after realimentation, the end weight

result is equalized, over a similar period in time, as suggested by Wilson and

Osbourn (1960), Tudor et al. (1980) and Thomson et al. (1982).

Ration had no effect (P>0.1) on gain for all steers, in both years of the

trial (Table 4). The ration effect on digestible energy intake relative to gain (feed
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efficiency) was insignificant in both year 1 (p>.1) and year 2 (p>.05). This

observation agrees with the findings of Meissner et al. (1995) who postulaterd

that there is a poor relationship between feed intake and feed efficienry. The

effect of ration on digestible energy intake relative to duity weight was

significantly different (P<.01) in year 1., but not in year 2, although the higher

standard error mean in Y2 shoutd be noted as discussed earlier (Tabte 4).

There was a significant effect (P<.01) of trial day (TDay) on all growth

characteristics in both years of the trial (Appendix Table 1 and 2) The

interesting observations, as in the TDay*Ration effect, are the relationships

between each characteristic within years and compared across years. Figure 5

illustrates the average for all steers in YL and the effect of TDay on a) DE Intake,

b) weight and c) gain. \¡ltrhile weight shows the expected progession over time

(Figure 5b), the DE Intake exhibits a dramatic drop after 84d (Figure Sa).

Correspondingly, gain also drops for a period after 84d (Figure Sc). This

coincides with the realimentation of the low energy fed steers in YL. The results

illustrated in Figure 6 arc the average of all steers in Y2 for the same effect of

TDuy on the growth characteristics. These results do not show the same decline

in DE Intake, although there is a slight adjustment prior to 84d (Figure 6a).

Despite Byers (1982) contention, the difference in the two years would suggest

that the adjustment from a silage-based ration to a grain-based ration in YL may

have caused an effect on DE Intake and gain which was not observed in Y2

where the ration was grain-based throughout the trial.



Growth
Characteristic

DE Intake (Mcal)3

Weight (kg)

Gain (kg)

DE Intake/Gain
(Mcal kgl)

DEWT (Mcal kg-t)n

HEl

a' b' c' d Indicate the degree of significance in comparing
average performance of steers for the two rations within each year.

"P < .01 ; bp < .05 ; "p < 0.1 dp > 0.1

585.75"

37732d

29.23d

22.60d

1..67^

Year 1 (1989)

SEM

18.55

10.37

0.84

0.76

0.03

LE2 SEM

1 HE = High Energy concentration Intake: TDN = 100o/o NRC

2 t.E - Low Energy concentration Intake: TDN = 91olo NRC

3 DE lr,t"k" is expressed as Mcal period-l for the data analysis intervals

a DEWT : Digestible Energy Intake relative to daily weight: Mcal period'l mean / weight mean by TDay

482.43 1s.40

347.72d 10.8s

26.07d o.B8

2239d o.Bo

7.45^ o.o3

HE

855.34b n.4s

407.92b s.26

37.48d l.so

23.65" z.tl

2.21" o.2o

Year 2 (1990)

SEM LE

600.16b n.4s

379.00b s.z6

34.76d 1.so

17.49' 2.71

1.65' o.2o

SEM

(Ð
\o
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Figures 7 and 8 illustrate the effect of TDay on DE Intake relative to gain

and DE Intake relative to daily weight for all steers in year 1 and year 2

respectively. The graphic patterns are so distinctly different between years that

it is difficult to demonstrate a comparison or contrast. The results shown in y1

(Figure 7) are consistent with Ledger and Sayers (1977) who concluded that

there is a progressive increase in the efficiency of energy utilization for the

production of edible meat, although attention is drawn to the need to

differentiate between the live-weight maintenance needs of fast and slow

growing animals. The results for Y2 (Figure 8), which illustrates an average

effect of increasing energy intake requirements, are more consistent with

Meissner et al. (1995) who suggested that higher feed intake increases gain for

both fast- and slow-growing steers and it improves the feed conversion ratio for

slow-growing steers, but not for fast-growing steers. Meissner (1995) suggested

that feed efficiency and feed intake are poorly correlated.

During the growing phase of the trials, the only growth characteristic

which showed an effect (P<.01) of breed was the digestible energy intake

relative to daily weight (DE\ /T) in Y1, illustrated by Table 5.

TABLE 5. Year 1 (1989): Effect of Breed on Digestible Energy Intake relative to
Daily Weight (DE\^/T) (n < .or)

Breed DEWT"

Angus

Simmental

1,.65

7.47

0.03

0.03

" Mcal kg-l
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These results suggest that smaller framed, early-maturing steers, as

represented by the Angus breed, will utilize a higher level of digestible energy

per body weight unit than large frame, late-maturing steers, as represented by

the Simmental breed. This is consistent with the findings by Tatum et al. (1986)

and Old and Garrett (1987). This also concurs with Meissner et al. (1995) who

reported that higher feed intake increased average daily gain (ADG) for both

slow- and fast-growing steers, and that it improved the feed conversion ratio for

slow-gtowing steers but not for fast-growing steers. Trial year 2 (1990) showed

no significant difference between breeds (P>.05), which suggests that ration

composition (silage/grain-YL vs grain-Y2) has an effect on this growth

characteristic (DE\AII), which is contrary to the findings of Byers (1982) who

reported that diet composition was irrelevant.
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Figure 7. Average for all steers_, Trial year 1 (1989): Effect of trial day (TDay) on a) Digestible
Energy (DE) intake (Mcal period-l) relative to gain (kg) (feed efficienry) (P<.01, SEM=2.25);
b) Dgestible Energy intake (McaI period-l) relative to daily weight ßg) e<.01., SEM=0.04).
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Figgle 8. Average for all steers, Trial year 2 Q99Q: Effect of triat day (TDay) on a)

lsestible nnergy (DE) intake (Mcal periodl) relative to gain ße) (fãed efficienry)
(P<.01, SEM= 1,.12); b) Dgestible Energy intake (Mcal period-l) relative to daily weigiri
(kS) ß<.01, SEM=0.04).
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Tables 6 and 7 summarize the ANOVA for treatment effects on carcass

traits for YL and Y2, respectively. Ration had a significant effect (p<.01) on

marbling. (MB) and warm carcass weight (WCW) and an effect (P<.0S) on sale

weight (s\ rÐ in YL (Table 6). In Y2, ration had an effect (p<.0s) on wcw and

SWT (Table 7). Breed had a significant effect (P<.01) on all of the carcass traits,

with the exception of MB in YL (Table 6). In Y2, the breed effect was significant

(P<.01) on all carcass traits except MB and SWT, where no effect (P>.05) was

observed (Table 7). The interaction of Breed*Ration had an effect (P<.05) on

Lean Percentage (LP) in Y1, but no effect (P>.05) on the other carcass traits in

Y1 and no effect (P>.05) on any carcass traits in y2.

Table 8 summarizes the effect of ration on carcass traits for all steers in

both years L and 2 of the trial. The ration effect on ultrasound predicted

measurements of backfat was not significant (P>0.1) in either year. Similarly,

the gtaded backfat measurement (actual) difference was insignificant (P>0.1) in

yeat 1., although there was a significant difference (P<.01) observed in year Z,

where the FIE steers had a graded backfat measurement of 5.65 mm vs 4.42 mm

for the LE steers. This is in keeping with Coleman et al. (1993) who observed

that there should be no significant effect on carcass characteristics at the same

age. The difference between the observations for YL and Y2 may be attributed

to the sample population of animals comprising each year's trial, although each

breed represented came from similar genetic backgrounds in both years. Effects

of the environment (weather) on feed intake depression and realimentation may
also explain some of the differences.



TABLE 6. Year 1 (1989): Summary of analysis of variance (ANOVA) for treatment effects on carcass
attributes for all steers from 14d to 180d dudng the growing/finishing phase.

Source of Variance

Breed

Ration

Breed * Ration

Terms: **P<.0L *P

SWT - Sale Weight
UBF - Ultrasound Backfat
GBF - Graded Backfat
REA - Rib-eye Area

df

1

1

1

SWT

**

*

ns

3996.5s

UBF

<.05 nsP >.05

LP - Lean Percentage
MB - Marbling Score
WCW - Warm Carcass Weight
AAFC - Agriculture & AgriFood Canada

**

ns

ns

0.9564

Characteristic

GBF

**

ns

ns

1.5n7

REA

AAFC Graded

**

ns

ns

88.5396

LP MB

**

ns

*

NS

**

NS

0.38965.0217

WCW

**

**

ns

1188.62

È\1



TABLE 7. Year 2 (1990): Summary of analysis of variance (ANOVA) for treatment effects on carcass
attributes for all steers from 28d to 140d during the growing/finishing phase.

Source of Variance

Breed

Ration

Breed * Ration

Terms: **P<.01. *P

SWT - Sale Weight
UBF - Ultrasound Backfat
GBF - Graded Backfat
REA - Rib-eye Area

7

7

L

SWT

NS

*

ns

5295.70

<.05 nsP>.05

LP - Lean Percentage
MB - Marbling Score
WCW - Warm Carcass Weight
AAFC - Agriculture & AgriFood Canada

**

ns

NS

o.7567

Characteristic

GBF

**

<.1

NS

2.4W7

AAFC Graded

**

<.1

ns

&.5871

**

ns

ns

4.8047

MB

ns

ns

ns

3.7357

WCW

**

*

NS

1510.02

Èæ



TABLE 8. Years 1 and 2 (1959 & 1990): Effect of ration intake level on carcass attributes as reported by the
Agriculture and Agri-Food Canada Blue-Tag grading system, all steers.

Carcass Trait

Age at Sale (days)

Ult. Backfat (mm)

Grd. Backfat (mm)

Rib-eye Area (cm2)

Lean Percentage (o/o)

Warm Car. Wt. (lb)

Marbling Score

Sale Weight (lb)

Year 1 (1989)

High Energyr Low Energf

Mean

472

5.14"

5.43"

72.94"

59.02'

618.73

7.94"

1110.63b

SEM

"'b'"'d Indicate the degree of significance in comparing average
performance of steers for the two rations within each year.

" P < .01 ; b p < .05 ; cp > o.o5

0.26

0.38

2.88

0.69

9.83

Mean

473

4.67" 0.28

5.50" o.s6

67.25" z.zz

59.52 0.65

560.67^ s.es

8.75 0.18

1049.13b zo.4o

I High Energy : High Energy concentration Intake: TDN

2 Low Energy : Low Energy concentration Intake: TDN

SEM

Year 2 (1990)

High Energy Low Energy

0.19

19.74

Mean SEM

500

4.22" 0.26

5.65' o.4B

76.92" z.4J

61.18' 0.66

606.85b 7t.zz

7.60" 0.59

1124.23b 22.0J

Mean SEM

511

3.83" o.2s

4.4T o.4s

70.67" 2.s2

61.11' 0.63

572.58b 7t.27

7.25" o.s6

1060.42b z7.w

: 78.5% (100% NRC)

: 93.0% (91% NRC)

È\o
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The ration effect on rib-eye area was not significantly different (p>0.05)

in either YL or Y2, which is supported by the observations of Hironka and

Kozub (1993).

The difference in ration effect on lean percentage or meat yield was

insignificant (P>0.05) for both years of the trial. This is somewhat contrary to

the observations of Hironaka and Kozub (1973) who reported that restricted

steers had a lower dressing percentage (yield) and tended to have less backfat

per unit of carcass weight than the futl fed steers, but all had the same area of

rib-eye.

The FIE steers in Y1 had a significantly (P<.01) higher warm carcass

weight than the LE steers, with a less significant (P<0.05) difference observed

lr.Y2. This correlates to the sale weight differences and may be more a function

of the animal types in each year than a ration effect.

The marbling score was significantly different (P<.01) in YL, but not in

Y2 (P>0.L). More interesting was the observation that the LE steers in YL had

a higher marbling score than those of FIE steers, which may indicate that steers

undergoing comPensatory gain and then realimented may overcompensate with

fat deposition if the energy intake exceeds requirements. This is supported by

the work of Byers (1982).In Y1, the sale weight was slightly but significantly

(P<.05) higher for the FIE steers compared to the LE steers (1110.63 kg vs

1049.13 kg). The difference in Y2 was similar (P<0.1). This supports the

observation that after realimentation, endpoint weights for steers undergoing
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oncompensatory growth should not be greatly different than futl fed animals

the same ration (Old and Garrett, 7987).

Table 9 summarizes the effect of breed on carcass traits for YL and Y2.

There were significant differences (P<.01) between breeds for all carcass traits,

with the exception of sale weight inY2, which demonstrated an effect (P<.0S),

and the marbling score which was not significant (P>0.1) for breed in either

year. This is consistent with the observations of Old and Garrett (7987), Oltjen

and Garrett (1988) and McKinnon et al. (1993) who reported significant

differences on carcass traits for cattle differing in body size and maturity despite

compensatory growth effects.

The only difference (P<.05) observed for the interaction of breed and

ration effect on carcass traits was on lean percentage (yield) ilt Yl,, as illustrated

by Table 10. The Angus steers which were initially limited in energy intake (LE)

and exhibited compensatory growth after realimentation, exhibited a higher lean

percentage carcass than the FIE Angus steers. This is contrary to Byers (1982)

and suggests that upon realimentation, smaller late-maturing steers undergoing

comPensatory growth may utilize energy intake for protein deposition to a

greater extent than non-compensating steers of the same breed. This is sustained

by the observations of Foot and Tulloh (1977) and old and Garrett (1987).



TABLE 9' Years l.utdi (1g8g.& 1990): Effect of breed on carcass attributes as reported by Agriculture and Agri-Food Canada Blue-Tag grading system, all steers.

Carcass Trait

Age at Sale (days)

Ult. Backfat (mm)

Grd. Backfat (mm)

Rib-eye Area (cmz)

Lean Percentage (o/o)

Warm Car. Wt. (lb)

Marbling Score

Sale Weight (lb)

Year L (1989)

Angus Simmental

Mean

471.

5.75

6.42

62.04

56.79

562.93

8.21"

1031.33"

SEM

"P<.01 bp<o.o5"p>

0.28

o.47

3.03

0.72

70.M

0.20

78.25

Mean sEM

481,

4.06

4.52

79.15

6'1..74'

616.46

9.49"

7128.43

0.26

0.34

2.54

0.67

9.37

0.77

27.20

Mean sEM

Angus

s08

4.67'

6.00"

65.83"

59.09

562.17^

7.17"

1076.92

Year 2 (1990)

Simmental

o.25

0.45

2.32

0.63

77.22

0.56

27.00

Mean sEM

504

3.38" 0.26

4.07^ 0.48

8'1".75' 2.43

63.21 0.66

617.27^ 71..17

7.68" o.se

1107.73 22.03

(Jl
N)
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TABLE 10. Year L (1989): Effect of the Breed * Ration interaction on carcass
lean percentage for steers initially provided two levels of feed intakel.

Angus

High Low

Simmental

High Low

Lean
Percentage

SE

s6.35

't.7204

58.24

0.9L48

62.69

0.79?2

60.79

0.9148

1P<.05

There was no significant (P>.05) effect of the interaction of breed

ration for the other carcass traits in either year.
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CONCLUSIONS

Growth and performance improvements were exhibited by steers of both

breeds in both years of these trials. Steers fed the low intake ration for the initial

period of 84d and then realimented to an ad libitum feeding regime equivalent

in energy concentration intake to the high intake steers compensated in

performance during the finishing phase of the growth trial, ending with a total

feedlot performance similar to the steers receiving feed ad libitum throughout

the trials. However, the significance of the performance improvement during the

specific period following the ration adjustment was not tested exclusively.

Therefore, whether or not we can conclude that true compensatory growth took

place after ration intake adjustments is difficult.

The economically important carcass traits of backfat thickness, lean

percentage and rib-eye area, which contritute to the quality and yield grade of

the carcass, were not adversely affected by the initial limit-fed regime, or the

subsequent improvement in performance exhibited by the steers when fed to a

corrunon subcutaneous backfat endpoint. In addition, it was observed that the

marbling score, which is a singular factor in the quality grade for carcasses, was

enhanced by the presumed compensatory phenomena in year 1 of the trial.

The use of ultrasound technology for predicting the measurements of live

animal backfat thickness was demonstrated to be an accurate, practical tool in
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evaluating the market readiness of finished feedlot steers. Of cou¡se, the

equipment used in this study is somewhat antiquated to that which is available

and used in today's industry, both in finishing cattle and in selecting breeding

animals with the desired genetic potential for backfat and rib-eye area

development.

We observe the results of the practice of limit feeding and subsequent

compensatory growth when feeder cattle are backgrounded on a forage-based

ration to achieve a weight gain of approximately 200 to 250 kg. In effect, these

animals have been limited in their genetic potential for growth by limiting

energy concentration intake. When these animals are shipped to a feedlot for

finishing, where a high level of energy concentration intake is provided,

compensatory growth is exhibited, resulting in an economic benefit for the

feedlot operator. Given the proper economic and market conditions,

backgrounding beef cattle could offer the producer a valuable choice of

alternative production systems within their own operation. Caution must be

observed, however, always considering input costs relative to the market costs

of both feeder cattle and feed inputs.
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Appendix TABLE 1. Year 1 (1989): Effect of Trial Day (TDaI) on Weight, Gain, Digestible Energy (DE) Inrake,DE Intake relative to Gain (Feed Efficiency) and'Of Intáie relativË to Weight tbfWn tp <ïófi. -'

TDuy

14

42

70

98

774

140

1,62

180

Weightl

267.17

285.55

313.8L

3M.35

366.69

390.58

435.54

472.49

2.743

Gain2

tkg

2 kg perioda

3 Mcal

a Mcal kg-l

s Mcal kg-l

L1.88

18.38

28.25

30.54

22.34

23.89

44.96

36.94

7.862SE

Intake3

236.49

539.59

676.87

739.68

340.92

589.77

636.35

573.67

12.749

Digestible Energy (DE)

DE/Gaina

24.81,

37.76

22.31,

25.39

17.04

27.90

1,4.60

76.06

2.250

DEWT

0.908

1.954

2.053

2.237

0.956

1.5s8

7.542

1,.263

0.036

ch(tl



App-e1{ix TABLE 2. Year 2 (1990): Effect of Trial Day (Tda1l)-on Weight, Gain; Digestible Energy (DE) Intake,
DE Intake relative to Gain (Feed Efficiency, DE Intake ielative to"Weight Óffb (p<.01) ""

Tday

28

56

84

772

140

Weightl

379.63

355.s8

386.05

424.34

466.69

2.2612

tkg

2 kg period-l

3 Mcal

a Mcal kg{

s Mcal kg-t

SE

Gain2

33.55

35.95

30.47

38.29

42.35

2.0824

Intake3

539.56

606.76

717.51

805.95

968.98

18.8304

Digestible Energy

DE/Gaina

76.38

77.95

23.65

21,.09

23.77

7.1206

DEWTs

1,.78

L.79

1.93

1.98

2.18

0.0360

CIr
CD\



Tday DE Intakel Weightz Gainú

74 249.00 272.00

42 606.69 292.80

70 736.84 328.02

98 872.25 357.92

774 389.22 379.62

140 604.04 405.80

762 655.66 448.94

180 572.37 485.48

SE 17.6273 2.9627

High Energy

72.40

20.80

35.27

29.90

27.70

26.77

43.74

36.54

2.5742

P < 0.01, except a P< .05 b P< 0.1

23.07

29.39

21.08

31.16

79.94

24.55

15.6,0

16.04

3.1109

rMcal

,kg

3 kg period-l

o Mcal kg-r

5 Mcal kg't

0.939

2.754

2.382

2.546

1.054

1.538

1.533

't.224

0.0498

Tday DE Intake

74

42

70

98

l't4

140

762

180

SE

223.97

472.48

496.90

607.12

292.63

574.30

617.05

575.02

18.4288

Weight

Low Energy

262.34

278.30

299.59

330.77

353.75

375.37

422.14

459.49

3.0978

Gain"

77.37

75.96

27.29

31.18

22.98

27.67

46.77

37.36

2.6921

FEMb

26.67

34.76

23.65

19.63

14.75

31.26

73.61,

76.09

3.2535

0.878

1.754

't..724

't.929

0.857

7.579

1.550

1,.302

0.0521

ch\



TDay DE
Intakel

28 572.86

56 707.56

84 929.65

112 977.27

140 1089.37

SE 26.6302

Weightú Gaind

High

328.1,4

365.37

398.94

438.93

478.20

3.7978

P <.0L, except, " P >0.1

37.35

37.23

33.57

39.99

39.27

2.9450

rMcal

tkg

3 kg period-l

a Mcal kg''

5 Mcal kg't

15.52

21.08

28.67

24.71.

28.31,

1.5848

DEWT5

1".86

2.05

2.44

2.34

2.39

0.0509

Tday DE Intake Weight" Gainu

28

56

84

712

140

SE

506.26

505.96

505.36

634.64

848.59

26.6302

311.13 29.75

345.79 34.66

373.'1,4 27.37

409.75 36.59

455.18 45.M

3.7978 2.9450

17.23

14.82

18.69

17.48

19.23

1.5848

1.7'1.

7.54

1.4L

1,.62

1,.96

0.0509

c'\
oo
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Appendix TABLE 5. Example of Agricultu¡e and AgriFood canada
Blue-Tag Beef Carcass Appraisal Report for L0 steers
slaughtered at Bu¡ns Meats in Winnipeg June 1^g, 1991.

l*I å:i:åy"
3E:r- CÁRCASS AppRÁiSAL e:ptt:

Fcod Produûm
¿no InsÞacuon

0rrgç¡¡6¡ generãto.
Proouc¡:on et Inspecùon ctes atrmêñts

lt lsl lç 4t

ftl

.Øt4 tñ.aæa

5765.,?et;'..
¿.,1 ¿/

CUT.
A8 IL ITY

q

(r LEAil)

PRoflilcFR. /) ,rc .n^

S|-ÄUGHIER OAîE: ^ ø n¡ € ' 3, Iî1 /

xUf'188R CF CÄRCASSES: ./ /)

PLANT:

iSLUT TAG

NUMB ER

t.i,,r.Rt'l

L¡iILA)5
íiEIbñ|

iltì
e;l , r
v nlÄn
s ïf e r

t-
(trmf t,m)

I{AR8L IIIG
LEVTL

k9 I lbs

I

("

76a.+€

t!a

7

I
ð

60.o7

-,,,nri5 +33

'4"!6y

s\5

6fl

tqÍ ls

-¡ y')
rlX

)Yl

?1
tfrt rq 51.3 6

ç9.'12 i

06,.,t

/l-t l/)\24 e4't I

,

l' 4iv)

GRADE & I RIB.EYT
sYr'rBoLs I AREA

I t âr| (cm¿,|

qlaill lçl ûl

Il-tI
t1 |

t,
Ib

lzt< ./l(l¿l

s.t 
! û t lut

,?t

Practical ìy 0evoid
I races
Sl ight
\¡.Tìå | |

n

8.

jtPttl

-ì 'Ê\¡.;ì


