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ABSTRACT 

A total of 160 predominantly Angus, medium-framed 

steers (389 kg) were fed a finishing diet for 42 to 49 d. 

When the steers weighed an average of 452 kg, an 

ultrasound measurement of fat thickness at the 12th rib 

indicated they were 46 d from slaughter condition. They 

were allotted by weight and fat thickness to five blocks 

of four pens of eight steers. The steers were fed 

ractopamine hydrochloride, a beta-adrenergic agonist, at 

0, 10, 20 or 30 ppm of diet for 46 d before slaughter. 

Steers were commercially slaughtered and carcasses were 

graded 24 h postmortem for all USDA yield and quality 

grade factors. Forty sides (10 per treatment) were 

randomly selected for carcass fabrication, dissection and 

chemical analyses. The most notable effect of feeding 

ractopamine to these steers was on feedlot performance. 

Feeding the steers ractopamine at 20 or 30 ppm in the 

diet increased average daily gain, feed efficiency, final 

live weight and hot carcass weight (P < .05) over the 

controls. Other carcass traits and chemical composition 

of the carcasses were not influenced by ractopamine 

feeding (P > .05), which could be a result of a somewhat 

low average daily gain (1.05 kg'd"-'-) of the steers. 



Thus, increased level of ractopamine did not decrease 

USDA quality grade, but the feeding of ractopamine at 2 0 

or 30 ppm levels enhanced feedlot performance and may 

allow cattle to be fed to heavier weights without 

increased carcass fatness or a decline in USDA quality 

grade. 
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CHAPTER I 

INTRODUCTION 

Increased demand at the consumer level for leaner 

meats has led the livestock industry to search for ways 

of producing lean meat more efficiently. This demand 

prompted research to develop a class of compounds called 

beta-adrenergic agonists, which have a repartitioning 

effect on nutrients in livestock. Presumably, beta-

adrenergic agonists exert at least part of their 

partitioning effect in livestock species by directly 

increasing the rate of lipolysis and decreasing the rate 

of lipogenesis in adipose tissue (Miller et al. 1989; 

Peterla and Scanes, 1990). Thus a decrease in carcass 

fatness often results. Beta-adrenergic agonists such as 

cimaterol, clenbuterol, L-644,969 and ractopamine have 

been evaluated in several species of livestock. These 

compounds have been successful in decreasing carcass fat 

deposition and increasing muscle accretion in poultry 

(Asato et al., 1984; Dalrymple et al., 1984), swine 

(Anderson et al., 1987; Crenshaw et al., 1987; Hancock et 

al., 1987; Prince et al., 1987), sheep (Baker et al., 

1984; Beermann et al., 1986), and cattle (Ricks et al., 

1984b; Miller et al., 1988; Moloney et al. , 1990).. 



Although ractopamine has been successful in reducing 

adipose tissue deposition and increasing muscle accretion 

in swine (Anderson et al., 1987; Merkel et al., 1987; 

Kephart and Yates, 1990), it has not been formally 

evaluated in beef cattle. Therefore, the objectives of 

this study were to determine the effects of ractopamine 

on feedlot performance, USDA beef yield and quality grade 

factors and the chemical composition of predominantly 

Angus steers. 



CHAPTER II 

LITERATURE REVIEW 

Livestock efficiency. Constraints on land and 

energy use (Ward, 1980) in association with competition 

by man himself for the world feed grain supply (Barr, 

1981) have necessitated that production efficiency of 

livestock continue to improve if it is to remain 

competitive with other sectors of agriculture engaged in 

supplying man's food requirements (Ricks et al., 1984a). 

One method that livestock producers have used over the 

years in an attempt to improve livestock efficiency has 

been the use of genetics in selection for animals with 

more rapid growth rates. Although genetic selection has 

benefited the livestock industry, it has not solved the 

problem of excess fat in cattle, sheep and swine (Allen 

et al., 1976). For example, a typical beef carcass in 

the industry consists of 33% fat (Wheeler et al., 1989). 

It has been calculated that, in the beef industry alone 

in the United States, over 3 to 4 billion pounds of 

excess fat are trimmed from carcasses each year (Allen et 

al., 1976). This production of excess fat is extremely 

wasteful, inefficient and costly to the industry. Thus, 

a major issue facing the livestock industry is the 



reduction of excess levels of carcass fat while 

maximizing lean tissue production to improve the 

efficiency of the industry. 

Numerous strategies have been employed to combat the 

problem of excess fat deposition in livestock. Many of 

these have significant drawbacks that prevent them from 

being implemented by the industry on a wide-scale basis. 

For instance, genetic selection for increased carcass 

leanness in swine has been associated with undesirable 

traits such as porcine stress syndrome and structural 

problems. Strict regulations on the diets of animals 

have been used successfully to reduce carcass fatness. 

Restrictive feeding regimes, such as those practiced in 

the European swine industry, result in leaner carcasses 

but growth rates are impaired (Vanschoubroek et al., 

1967). 

Many substances, such as implants and feed 

additives, have been administered to livestock to improve 

their efficiency. Currently in the United States over 3 0 

million fed cattle are slaughtered each year. Over 80% 

of these slaughter cattle receive some type of growth 

promotant during their life span. Many of these growth 

promotants are estrogen implants or additives. Dodds et 

al. (1938) synthesized a cheap and highly effective oral 

estrogen, diethylstilbestrol (DES). Following this work, 



Lorenz (1943) showed that implanting this compound into 

cockerels resulted in a marked increase in the fat 

content of the breast, leg and liver. This compound 

could be easily implanted into animals for a prolonged 

estrogenic effect. Dinnuson et al. (1948) reported that 

implanting heifers with DES resulted in increased daily 

gain. Andrews et al. (1949) produced similar results 

with lambs. Hale et al. (1953) was the first to report 

the oral effectiveness of DES in stimulating gains in 

growing lambs. In 1954, Burroughs et al. first reported 

the oral effectiveness of DES on daily gains in growing-

finishing cattle. These studies demonstrate the 

effectiveness of DES on gains of both cattle and lambs. 

Both oral administration and implantation appear to give 

comparable results (Preston, 1975). 

Several other studies have been published regarding 

the effects of estrogenic compounds in stimulating growth 

of cattle and lambs (Byerly, 1956; Gassner et al., 1958; 

Sykes et al., 1960; Trenkle, 1969; Preston and Willis, 

1974) . These studies demonstrate the effectiveness of 

estrogen compounds in enhancing animal performance. 

However, the implants and additives available do not have 

consistent effects on carcass composition (Ricks et al., 

1984a), although they are used extensively in the 

industry. In some cases, androgenic and estrogenic 



substances such as trenbolone acetate, resorcylic acid 

lactone, estradiol or combinations thereof, have 

moderately increased protein and decreased fat of 

ruminants (Galbraith et al., 1980; Coelho et al., 1981; 

Heitzman et al., 1981; Yasin and Galbraith, 1981; 

Griffiths, 1982). On the other hand, other studies have 

shown no significant improvement in carcass composition 

associated with increased rate of gain (Thomas and 

Armitage, 1970; Wilson et al., 1972; Embry and Gates, 

1976; Wiggins et al., 1976; Prior et al., 1978; Rumsey, 

1982; Gregory and Ford, 1983; Mathison and Stobbs, 1983). 

In general, estrogenic compounds reduce performance of 

growing-finishing swine (Ricks et al., 1984a). Although 

in some instances increased carcass leanness has been 

observed, estrogenic administration in swine has been 

associated with abnormal sexual function and behavior 

(Woehling et al., 1951; Sleeth et al., 1953; Beeson et 

al., 1955; Perry et al., 1955; Noland and Burris, 1956; 

Heitman and Clegg, 1957; Thrasher et al., 1959). 

Estrogenic compounds are used in the industry to 

enhance performance of cattle and sheep but have negative 

effects on finishing swine. However, the increased 

performance of ruminants does not result in significant 

improvements in protein accretion or fat deposition. 

Therefore, based on the need to reduce the fat content 



and increase the protein of typical beef carcasses, great 

potential exists for a chemical agent that could be fed 

or implanted by livestock producers to improve carcass 

composition without negative effects on performance or 

the need to modify management practices. 

Repartitioning agents. Dramatic shifts in nutrient 

partitioning occur during changes in physiological state, 

such as onset of lactation (Bauman and Currie, 1980) or 

rapid growth (Bauman et al., 1982). In these specific 

cases, nutrients are redirected from the gastrointestinal 

tract and adipose tissue either toward the mammary glands 

for milk synthesis or toward skeletal muscle for muscle 

hypertrophy. Therefore, it appeared possible to increase 

lean tissue growth by mimicking this repartitioning 

process using chemical or hormonal means (Ricks et al., 

1984a). A compound that will direct nutrients away from 

adipose tissue deposition and toward lean tissue 

accretion is called a repartitioning agent. A successful 

repartitioning agent also should result in the added 

bonus of an improvement in animal efficiency (Etherton 

and Meserole, 1982). The energetic input for protein 

(not muscle) and fat synthesis is about equal (van Es, 

1977). However, since muscle contains more water than 

does fat, it takes less energy to produce 1 kg of muscle 



than it takes to produce 1 kg of adipose tissue (Ricks et 

al., 1984a). 

In 1983, Baker et al. reported the discovery of a 

series of compounds which seemed to fit the 

characteristics of a repartitioning agent. These agents 

belong to a new class of compounds called beta-adrenergic 

agonists which have no hormonal effect on animals but 

redirect nutrients toward muscle accretion and away from 

adipose tissue deposition. Clenbuterol was one of the 

first repartitioning agents to be identified. It has 

been evaluated in rats (Baker et al., 1983), swine (Ricks 

et al., 1984c), poultry (Dalrymple et al., 1983, 1984), 

sheep (Baker et al., 1984; Claeys et al., 1989) and 

cattle (Ricks et al., 1984b; Williams et al., 1987; 

Miller et al., 1988, 1989), and its repartitioning 

activity appears to translate across species (Dalrymple 

et al., 1984). Cimaterol is a repartitioning agent 

similar to clenbuterol that has been shown to have a 

repartitioning effect in lambs (Beermann et al., 1986) 

and cattle (Boucque et al., 1988; Quirke et al., 1988; 

Sommer et al., 1988). Ractopamine is a phenethanolamine 

similar in structure to the catecholamines. Ractopamine 

is a relatively new repartitioning agent which has 

markedly improved weight gain, feed efficiency, muscle 

accretion and fat deposition in swine (Anderson et al. 
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1987; Crenshaw et al., 1987; Hancock et al., 1987; Prince 

et al., 1987). Although the effects of ractopamine on 

finishing swine are well documented, the effects on 

feedlot cattle have not been determined. 



CHAPTER III 

MATERIALS AND METHODS 

This study was one of six similar individual 

experiments conducted at various locations. This 

particular experiment used 160 medium-framed steers 

selected from a larger group of 2 00 predominantly Angus 

(crossed with Hereford and Brangus) steers from one 

ranch. The feeder steers, averaging 328.7 kg in weight, 

were received at the Burnett Center, Texas Tech 

University Agricultural Research Center, in New Deal. 

They were identified with ear tags, vaccinated (IBR, BVD, 

PI3, BRSV and Clostridium C and D toxoid), divided into 

pens (7.15 x 3.25 m) of eight steers each, and fed and 

managed similarly until the start of the experimental 

phase. The steers were gradually placed on a high 

concentrate diet (Table 1). No implants or ionophores 

were used, but tylosin was fed (10 g*907 kg"-'- of feed) 

until the start of the experimental phase. When the 

steers were estimated (by real time ultrasound"*-

measurement of fat thickness at the 12th rib and visual 

appraisal) to be about 46 d from slaughter condition, 

they were weighed and assigned to four treatments of five 

•̂ Tokyo Keiki, Ltd., Products Group, Inc., Dist., 
Boulder, CO 80322. 
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TABLE 1 . COMPOSITION OF DIET 

Ingredient 

Grain sorghum, steam flaked 
Corn silage 
Cottonseed hulls 
Molasses 
Cottonseed meal 
CaC03 
Fat 
Urea 
Tylosin premix 
Vitamin A premix 
Trace mineral premix 
NaCl 
KCl 

% of Ration 

69.2 
12.0 
7.6 
3.9 
3.5 
1.0 
1.0 
.6 
.4 
.3 
.3 
.1 
.1 
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pens (blocks) per treatment based on weight and estimated 

fat thickness. Then, ractopamine was fed at 0 (control), 

10, 20 or 30 ppm of diet (dry matter basis). 

After the 46 d experimental feeding period, the 

steers were weighed and fat thickness at the 12th rib was 

estimated by ultrasound. The steers then were 

transported to a commercial slaughter plant. Steers were 

slaughtered under normal industry conditions at 275 

hd'h"^. Kidneys were removed during evisceration. An 

estimate was made of the weight of trim for defects that 

occurred during the slaughter and dressing process. The 

carcasses were spray chilled in a -2°C chill cooler for 1 

min at 7 min intervals during the first 4 h of the 24 h 

chill period. 

Carcass grading. Carcasses were ribbed between the 

12th and 13th ribs 24 h postmortem by packinghouse 

personnel. Three trained Texas Tech University personnel 

independently evaluated each carcass for USDA (1989) 

yield and quality grade factors, including bone maturity, 

lean maturity, marbling score, color, firmness and 

texture. Each evaluator independently measured the fat 

thickness at the 12th rib and estimated the adjustment 

for atypical fat deposits on other parts of the carcass. 

The mean of the three estimates was used as the final 

adjusted fat thickness for each carcass. If the 

12 



estimates for a carcass varied more than 3 mm among 

evaluators, the carcass was discussed and a final 

estimate was determined. 

Two independent measurements of ribeye area were 

made, using a USDA-approved dot grid. If the two 

measurements varied more than 2 cm^, a third measurement 

was made to obtain a precise measurement of ribeye area. 

Kidney, pelvic and heart fat percentage, including an 

additional .9 kg to account for the removal of kidneys 

during the dressing process, was determined to the 

nearest .5% by averaging the three independent estimates. 

Skeletal and lean maturity also were determined by the 

arithmetic average of the three independent evaluator's 

estimates. 

Marbling score was determined independently by the 

three evaluators and averaged. If the estimates among 

evaluators varied more than 30% of a score, a discussion 

was held to decide the final marbling score and 

subsequent carcass quality grade. 

Carcass selection. After being graded, 40 carcasses 

were selected for further analyses. Carcasses with 

excessive trimming during slaughter, because of bruises, 

contamination or hide puller defects, were eliminated 

from the selection group. Ten carcasses from each 

treatment, two per block, were randomly selected based on 

13 



their hot carcass weight (within ±11.3 kg of the mean of 

the block). The right sides of these selected carcasses 

were transported via refrigerated truck to the Texas Tech 

University Meat Laboratory for fabrication, dissection 

and determination of chemical composition. 

Grinding and mixing. The 40 sides were fabricated 

into primal and subprimal cuts and then separated into 

bone, fat and lean. All soft tissue from each side was 

ground through a 6-mm plate, mixed thoroughly and 

reground through a 3.3-mm plate on a dual Hollymatic 

Model GMG 18OA Mixer/Grinder^. 

Sampling. Two 2.3-kg grab samples of the ground beef 

were randomly selected per side for proximate analysis. 

Each sample was frozen with liquid nitrogen and powdered 

for 30 s in a Robot Coupe commercial homogenizer. Three 

150-g powdered samples were obtained from each ground 

beef sample and stored in Whirl-pak bags for a total of 

six samples for each carcass. The powdered samples were 

labeled A, B, C, (from ground beef sample 1) and D, E, F, 

(from ground beef sample 2). Samples A, B, D and E were 

used as primary samples for proximate analysis in 

duplicate. Samples C and F were used as back-up samples 

to be used for reruns. All powdered samples were stored 

^Hollymatic Corp., Park Forest, IL 60466. 

•̂ Robot Coupe USA, Inc., Ridgeland, MS 39157. 
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in a -40°C freezer until assayed for ether extract, 

nitrogen (Kjeldahl) and moisture (vacuum oven drying) by 

AOAC (1990) procedures. 

Statistical analysis. Data were analyzed using GLM 

procedures of SAS (1986). Least square means were 

separated with Fisher's least significant difference test 

when significant initial F-tests were observed. 

15 



CHAPTER IV 

RESULTS 

Feedlot performance traits are presented in Table 2. 

Steers fed 20 and 30 ppm of ractopamine in their diet for 

46 d had higher average daily gains and heavier final 

live weights (P < .01) than steers fed 0 and 10 ppm. 

Expressed as a percentage of the control (0 ppm), 

ractopamine fed at 20 ppm increased average daily gain 

25%. Ractopamine at 30 ppm increased daily gain 27% 

during the time ractopamine was fed. Steers fed 2 0 or 30 

ppm ractopamine showed 21 and 26% improvements, 

respectively, in feed efficiency over control steers (P < 

.01) . 

When fed at 20 and 30 ppm of diet, ractopamine 

increased hot carcass weights (P < .01), as shown in 

Table 2. Fat thickness, adjusted fat thickness, kidney, 

pelvic and heart fat percentage, dressing percentage, 

ribeye area and USDA yield grade were unaffected (P > 

.05) by ractopamine feeding. Likewise, feeding of 

ractopamine did not affect USDA quality grade, marbling 

score, color, texture, firmness, lean maturity, skeletal 

maturity, or percentage ether extract, moisture and crude 

protein (P > .05). 

16 



TABLE 2. FEEDLOT PERFORMANCE, CARCASS TRAITS AND CHEMICAL 
COMPOSITION OF STEERS FED RACTOPAMINE 

Trait 

No. of pens 

No. of steers/pen 

Initial weight, kg 

Average daily gain, 

Feed efficiency^ 

Final weight, kg 

Hot carcass weight. 

Marbling score 

Fat thickness, mm 

Adj. fat thickness. 

2 
Ribeye area, cm^ 

KPHF % 

Dressing % 

USDA yield grade 

Ether extract, %^ 

Moisture, % 

Crude protein, %^ 

kg 

kg 

mm 

Ractopamine 

0 

5 

8 

451.7 

.92 

10.90 

492.40 

302 

Sm03 

9.3 

10.9 

78.8 

2.2 

61.3 

2.6 

24.9 

57.3 

16.2 

10 

5 

8 

454.7 

.95 

11.30 

496.50 

305 

Smll 

9.7 

11.2 

79.2 

2.3 

61.4 

2.7 

26.2 

56.4 

15.7 

level, ppm 

20 

5 

8 

451.7 

1.15^ 

13.20^ 

503.00^ 

310^ 

Sm07 

9.4 

11.8 

79.3 

2.2 

61.5 

2.8 

24.2 

57.8 

16.4 

30 

5 

8 

451.7 

1.17^ 

13.70^ 

503.50^ 

310^ 

Sm^2 

9.9 

11.9 

81.0 

2.2 

61.4 

2.7 

24.3 

57.3 

16.3 

SEM 

1.00 

.04 

.26 

2.60 

2.11 

6.48 

.47 

.51 

1.03 

.06 

.25 

.08 

.50 

.37 

.12 

^Least squares means except for number of pens. 

^Different (P < .05) from controls (0 ppm). 

^Gain/100 DM intake. 

^Two steers/pen for chemical composition traits. 

17 



CHAPTER V 

DISCUSSION 

Several beta-adrenergic agonists have affected growth 

and performance in different species of livestock. The 

repartitioning of nutrients toward muscle accretion and 

away from adipose tissue deposition improves efficiency 

of feed utilization because the amount of energy required 

to produce muscle is less than that required to produce 

fat (van Es, 1977). In the present experiment, feed 

efficiency was improved up to 26% over the control. This 

improvement is similar to results observed with cimaterol 

and L-644,969. For instance, steers fed 3.6 and 5.2 ppm 

cimaterol for 13 weeks had 24 and 31% improvements in 

feed efficiency, respectively, over controls (Quirke et 

al., 1988). L-644,969 improved feed efficiency up to 30% 

when fed at 4 ppm (Moloney et al., 1990). However, 

clenbuterol was ineffective in improving feed efficiency 

in cattle (Ricks et al., 1984b; Williams et al., 1987). 

Research has shown that some beta-adrenergic agonists 

increase rate of gain in cattle. Cimaterol improved rate 

of gain 18 and 30% in Friesian steers when fed at 3.6 and 

5.2 ppm of diet, respectively (Quirke et al., 1988). 

Cimaterol also increased rate of gain 31% in Friesian 

18 



bulls when fed at 2.5 ppm (Sommer et al., 1988) and in 

Belgian Blue bulls by 14% when fed at 4 ppm (Boucque et 

al., 1988). In the present study, ractopamine increased 

average daily gain 25 and 27% when fed for the last 46 d 

prior to slaughter. However, when Friesian calves 

(Williams et al., 1987) and Hereford steers (Ricks et 

al., 1984b) were fed clenbuterol, no significant effects 

on rate of gain were noted. 

Ractopamine increased carcass weight in the present 

experiment when fed at 20 and 30 ppm. These results are 

similar to those reported by Moloney et al. (1990) when 

L-644,969 was fed to Friesian steers. Clenbuterol, 

however, did not affect carcass weight of Hereford steers 

(Ricks et al., 1984b). Ractopamine did not affect 

dressing percentage in this study. Similar results were 

reported by Ricks et al. (1984b) when clenbuterol was fed 

to Hereford steers. However, dressing percentages were 

increased when cimaterol (Quirke et al., 1988) and L-

644,969 (Moloney et al., 1990) were fed to steers. Diets 

with up to 30 ppm ractopamine, in this study, did not 

alter marbling scores in predominantly Angus feedlot 

steers compared to the control. In contrast, clenbuterol 

decreased marbling score in Hereford steers (Ricks et 

al., 1984b) and in crossbred heifers (Miller et al., 

1988) . In the same studies, clenbuterol also 

19 



significantly reduced subcutaneous fat deposition and 

kidney, pelvic and heart fat percentage while increasing 

ribeye area and improving final USDA yield grade. 

Ractopamine had no effect on USDA quality grade, 

marbling, color, texture, firmness, fat thickness, 

dressing percentage, kidney, pelvic and heart fat, ribeye 

area or final USDA yield grade in this experiment. Also, 

ractopamine did not alter the chemical composition of the 

carcasses. In contrast, clenbuterol decreased percent 

fat and increased percent protein and percent moisture in 

the 9, 10, 11th rib section of steers fed at 10 and 500 

mg"hd"^-d"^ (Ricks et al., 1984b). 

Because live and carcass weights were higher for 

steers fed 20 and 30 ppm of ractopamine in the diet but 

fat thickness and USDA yield grade were not affected, 

these data suggest that feedlot cattle could be fed to a 

heavier weight without an increase in carcass fatness or 

a decline in yield grade when fed ractopamine at 2 0 or 30 

ppm of diet. However, the lack of repartitioning effect 

in our study may partially be explained by the somewhat 

low gains of the steers during the experimental period in 

the feedlot. Control steers had an average daily gain 

.32 kg lower than the mean for the control steers from 

all six locations of the overall study (Carroll et al., 

1990). Perhaps more rapid gains, an increase in the 

20 



level of ractopamine, larger framed cattle or cattle fed 

to a higher degree of fatness are necessary to cause a 

notable improvement in fat thickness, kidney, pelvic and 

heart fat, ribeye area, dressing percentage, USDA yield 

grades and chemical composition of beef cattle. 
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CHAPTER VI 

IMPLICATIONS 

Ractopamine improved feedlot performance of typical 

feedlot steers by increasing both average daily gain and 

feed efficiency. Final live weights and carcass weight 

were increased without an increase in carcass fat 

deposition or a decline in USDA yield grade. This 

suggests that feedlot cattle may be fed to heavier 

weights without increasing fat deposition if they are fed 

20 or 30 ppm of ractopamine. Also, no significant 

decrease in marbling score occurred when ractopamine was 

fed to these steers, which is often associated with 

agents of this type. Thus ractopamine, when fed up to 3 0 

ppm, enhances feedlot performance. However for 

significant improvements in carcass traits and chemical 

composition, an increase in dosage of ractopamine, 

faster-gaining cattle or larger-framed cattle may be 

necessary. 
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