
 

  

INTERACTION OF OPTAFLEXX® AND TERMINAL IMPLANT WINDOW ON 
GROWTH PERFORMANCE AND CARCASS CHARACTERISTICS IN HEIFERS 

FED TO HARVEST 
 

By 
 

Michael A. Jennings, B.S. 
 

A Thesis 
 

In 
 

ANIMAL SCIENCE 
 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 
 

MASTER OF SCIENCE 
 
 

Bradley J. Johnson, Ph.D. 
Chairperson of the Committee 

 
 

Markus F. Miller, Ph.D. 
 

 
Gary J. Vogel, Ph.D. 

 
 

 
Peggy Gordon Miller 

Interim Dean of the Graduate School 
 
 

August, 2012 
 
 
 
 
 
 
 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright 2012, Michael A. Jennings 
 

  



Texas Tech University, Michael Aaron Jennings, August, 2012 

ii 
 

ACKNOWLEDGEMENTS  

 

 The last two years at Texas Tech have been a wonderful opportunity to grow and 

learn.  I am certainly blessed by God to have this chance to pursue a graduate degree.  I 

know the lessons learned here will prove invaluable in future endeavors.  The challenges 

academically and research oriented have pushed me to broaden my scope of thought, and 

for that I am grateful. 

A large amount of thanks go to my wife, Jessica for her support and patience 

through research and writing.  She has been a blessing in my life, and will be a lifetime 

companion.  I would also like to thank my family for their support and encouragement.  

They have been a guiding factor to this point and will continue to offer advice that I may 

follow.  

Thank you to my major professor Dr. Bradley Johnson for  the opportunity to 

pursue a Masters degree under his leadership.  Having a chance to work with a respected 

individual within the industry on a high quality project is also a blessing.  He has offered 

knowledge, guidance, and life lessons to listen to and put into practice.  He has also 

allowed me the privilege of working with the Wool Judging program and been 

understanding of those commitments.  A thanks to Dr. Mark Miller and Dr. Gary Vogel is 

also certainly due.  Without their support on my committee this project would not have 

been possible.   

The support of Dr. Galyean and the feedlot crew at the Burnett Center is greatly 

appreciated, as they ensured no questions were left undone with my trial.  I am forever 

indebted to the graduate students that helped on the long data collection days.  Also, I 



Texas Tech University, Michael Aaron Jennings, August, 2012 

iii 
 

would like to thank the members of my wool judging teams.  They lightened the moments, 

and made my time here more enjoyable.  I could never have achieved this task without 

everyone’s support.  I realize the opportunity to share in this support will be presented in 

the future, and I look forward to assisting others.   

  



Texas Tech University, Michael Aaron Jennings, August, 2012 

iv 
 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ..................................................................................................... ii 

ABSTRACT.............................................................................................................................. v 

LIST OF TABLES .................................................................................................................. vii 

LIST OF FIGURES ................................................................................................................ vii 

LIST OF ABBREVIATIONS……………………………………………………………ix 

I.  INTRODUCTION .............................................................................................................. 1 

II.  LITERATURE REVIEW ................................................................................................... 3 

III.  OPTAFLEXX® AND ESTRADIAL/TRENBOLONE ACETATE IMPLANTS 
ALTER LIVE PERFORMANCE, CARCASS COMPONENTS, AND SERUM 
METABOLITES OF HEIFERS DURING THE FINISHING PHASE…………………….29 

IV.  CONCLUSION…………………………………………...………………………….56 

 

  



Texas Tech University, Michael Aaron Jennings, August, 2012 

v 
 

ABSTRACT 

Objectives were to evaluate the interaction of ractopamine hydrochloride (OPT) 

and timing of terminal implant administration on growth performance, carcass 

characteristics, meat quality, serum metabolites and steroid hormones of finishing beef 

heifers.  A 3x2 factorial randomized complete block design was used with 2 levels of 

OPT and 3 different durations of terminal implant windows for a total of 6 treatment 

groups with 9 replications.  British x Continental heifers (n=216; 341.6 kg) were blocked 

by BW and randomly allotted to 54 pens (9 pens/treatment; 6 pens/block; 4 heifers/pen).  

The main effects of treatment were implant [TE-200 w/ Tylan (200 mg TBA + 24 mg E2) 

administered 140 d from slaughter (TI140); 100 d (TI100); and 60 d (TI60)] and OPT (0 

or 200 mg/hd/d).  Individual BW was collected at 0, 40, 80, 112, and 140 d and DMI 

recorded.  No implant x OPT interactions were detected, so only main effects are 

reported.  Average daily gain (0.14 kg/d difference), predicted carcass ADG (0.24 kg/d 

difference), HCW (5.6-kg difference) was increased (P<0.05) by OPT, but DMI was not 

affected.  Heifers fed OPT tended (P≤0.09) to have a larger LMA (0.96 cm2 difference) 

and reduced marbling score.  OPT supplementation decreased (P<0.05) Prime and Choice 

carcasses 16.5%.  No affect of OPT was found on 12th-rib fat and KPH (P>0.10).  

Progesterone and blood urea nitrogen (BUN) were decreased (P<0.05) by OPT.  No 

differences (P>0.10) in Warner Bratzler Shear Force (WBSF) were detected at d 3, 7, and 

21 although at 14 d postmortem WBSF values of the OPT steaks were higher (0.45 kg; 

P<0.05).  During the first 40 d on trial, ADG of the TI140 and TI100 groups was 

increased (P<0.05) compared to the TI60 (0.34 kg/d; 0.18 kg/d difference, respectively). 
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From d 40-80, the TI100 had a higher ADG (P<0.05) than all other implant treatment 

groups.  TI60 had a higher ADG (P<0.05) than TI100 and TI140 from d 80-112.  

Predicted carcass ADG mirrored live ADG advantages (P<0.05).  No differences 

(P>0.10) in DMI, final BW, carcass parameters, or WBSF were observed among the 

three implant strategies.  Administering terminal implant decreased (P<0.05) BUN levels.  

Results from this study demonstrated that OPT, when fed to heifers, increased ADG, 

calculated carcass ADG, and HCW with minimal impact on carcass quality.  

Furthermore, this study indicated the duration of the terminal implant window did not 

affect overall performance, final BW, or carcass quality.  
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CHAPTER I 

INTRODUCTION 

 The continual decline of cattle numbers in the U.S. has led to a unique dilemma of 

producing more pounds of beef with fewer animals.  This has spurred the usage of growth 

promotant technologies such as steroidal implants and β-adrenergic agonists.  Implants 

have been utilized since 1956 with the approval of DES.  Since then many different 

implants have been developed that offer various active ingredients and payout durations 

for both steers and heifers.  Research continues to be conducted on the most effective 

implanting protocols to maximize productivity, yet minimize negative consequences to 

meat quality.  Many producers utilize an initial implant followed by a terminal implant, 

generally 70 to 120 days from slaughter (Nichols et al., 2005).  Therefore, an objective to 

determine the efficacy of a single terminal implant compared to a reimplant program was 

established.     

 In 2003, a new growth technology, ractopamine hydrochloride (OPT) (Elanco 

Animal Health, Greenfield, IN) was approved for use in cattle fed to slaughter in the U.S.  

Three years later, zilpaterol hydrochloride (Merck Animal Health, Summit, NJ) was also 

approved for use in cattle fed to slaughter in the U.S.  Both are effective in promoting 

lean tissue accretion and limiting adipogenic activity, an effect known as repartitioning.  

The use of OPT in heifers have been successful in increasing ADG, G:F, HCW, and LM 

in heifers with minimal effect on meat quality (Laudert et al., 2007; Schreoder et al., 

2005a,b; Quinn et al., 2008; Woerner et al., 2011).  However, other research released by 

Elanco Animal Health has indicated a potential effect of sex, causing a reduction in the 



Texas Tech University, Michael Aaron Jennings, August, 2012 

2 
 

effectiveness of OPT in heifers.  The continued research of heifers fed OPT is necessary 

to determine the role sex might play in supplementation. 

 Both growth promotants, specifically steroidal implants and OPT, have been 

found to have an additive effect (Bass et al., 2009), suggesting separate modes of action 

are utilized to promote performance.  However, at the cellular level Sissom et al., (2007) 

indicated an interaction could occur in heifers between OPT and steroidal implants 

(Revalor-200 or Revalor-IH followed by Finaplix-H). This allows for the supposition of a 

potential interaction to occur between OPT and steroidal implants.  The primary objective 

of this research was to determine the combined effect of time of terminal implants and 

OPT supplementation on finishing beef heifer performance, carcass parameters, meat 

quality, and serum metabolites and steroid hormones.  
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CHAPTER II 

LITERATURE REVIEW 

Composition 

 Steroidal implants belong to three distinct classes dependent upon the active 

ingredients present.  These three classes are estrogenic, androgenic, and progestins.  The 

use of anabolic steroids began in 1954 with the approval of DES, a synthetic estrogenic 

implant, for cattle.  Implants have since been utilized as a consistent tool to increase 

ADG, improve feed efficiency, and increase lean tissue deposition.   

Estrogenic implants increase ADG 10-17% and enhance feed efficiency 10-12% 

and can be classified as naturally occurring, modified, or estrogen-like.  The only 

synthetic estrogenic compound, DES, was removed from the market.  Naturally occurring 

estrogen, E2, is found in the modified form EB.  EB contains 72.34% E2 and has a 

benzene ring attached to the third carbon.  This structure results in an increased half life 

but dilution of estrogenic potency (Botts, 1997).  The third class, PR, is mixed with EB to 

create some of the implants currently available.  Zeranol, the estrogen-like compound, is 

a synthetic β-resorcylic acid lactone that has limited estrogenic activity in cattle.  It 

possesses a lower binding affinity resulting in 15-30% reduction in potency compared to 

E2 (B. Johnson, personal communication, Texas Tech University, Lubbock, TX).  Any 

combination of the above hormones is classified as estrogenic. 

 Androgenic implants are more commonly utilized for heifers and will increase 

ADG over 20%.  Two forms, testosterone and TBA are utilized.  The synthetic form of 

Overview of Implants
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TBA possesses 3-5 times greater androgenic activity and a 8-10 times greater relative 

anabolic activity compared to testosterone (Bouffault and Willemart, 1983).  Currently, 

there are implants available containing a combination of E2 or EB and TBA, and 2 

implants are approved for heifer implants containing EB and testosterone.  These are all 

classified as androgenic containing either TBA or testosterone. 

 The method of steroidal delivery is dependent on type of implant.  Two distinct 

payout methods are utilized, compressed pellets and silastic rubber.  Compressed pellets 

are the most common type and are typically a mixture of the carrier matrix and active 

ingredient.  Several different matrices are used including cholesterol, lactose, and PEG.  

A benefit of the compressed pellet is the ability to dissolve completely overtime.  The 

pellets are cylindrical in shape ranging from 3-6 mm in length and a diameter of 2-4 mm.  

Some pellets may have a beveled edge (Cady et al., 2002). Timing of the initial and 

secondary release of hormones is critical.  To accomplish a delayed release, a 

biodegradable polymer can be added to coat a pre-determined amount of active 

ingredient.  The greater the molecular weight of the biodegradable polymer, the greater 

the delay of release (Cady et al., 2002).  Additionally, with the acquisition of a generic 

model of Component implants by Elanco Animal Health, Greenfield, IN, a compressed 

pellet containing 29.0 mg of tylosin tartrate was inserted as the leading pellet.  This 

allowed for the antibiotic to be washed back over the implant and prevent local infection 

(R. Botts, personal communication, Elanco Animal Health, Greenfield, IN).   

 The second delivery method, silastic rubber, is a less common but effective means 

of steroidal delivery.  An outer-coating of crystalline E2 and nonpolymerized silicone 
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rubber is overlaid onto a solid inner core of silicone rubber (Utley et al., 1980).  The 

surface area on the implant plays a key role in active ingredient dissipation (Utley et al., 

1980).  The solid inner core will remain in the animal until physically removed, posing a 

potential issue with by-products.  Similarly to the compressed pellet, the silastic rubber 

implant utilizes 0.5mg of oxytetracycline to reduce local infection.  

Release Rates & Influential Factors 

 A key to steroidal implant effectiveness is the release rate of the steroid hormone.  

This can be dictated by many factors including the carrier matrix.  As previous mentioned 

the carrier matrix can be made of lactose, cholesterol, or PEG.  Istasse et al. (1988) cites 

lactose is the most easily utilized carrier due to excellent absorption and ease of 

manufacturing compressed pellets.  Yet, quick absorption is not always desirable when a 

longer payout is needed.  Therefore, the industry capitalizes on the slower absorption rate 

of cholesterol.  However, some see no difference between the two matrices (Bartle et al., 

1992). The third matrix, PEG, is more water soluble offering greater absorption.  Katz 

and Kent (1978) believe a 5:1 PEG and cholesterol ratio to be most desirable for an 

effective payout.   

 The pressure utilized to form the compressed pellet can be critical to implant 

payout, but most levels of force are confidential (Preston, 1999).  The force utilized for 

compression is measured in kiloponds (kp).  Cady et al. (2002) states that Revalor pellets 

are compresses at 7.14 kp.  The Synovex implants and their generic version, Component, 

are compressed with the same force (M. Hammond, personal communication, Elanco 

Animal Health, Greenfield, IN).  The more force utilized in compressing the pellets, the 
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more slowly the implant will degrade and the more slowly the active ingredient will be 

exposed to the blood stream.   

 The surface area of the implant will also dictate absorption rate.  The amount of 

the implant exposed to body fluid will indicate hormone uptake.  The implant will 

dissolve from the inside out, and with time, the carrier matrix of a compressed pellet 

implant will liquefy.  Additionally, the physical properties of the specific hormone will 

cause fluctuation in uptake.  According to Harrison et al. (1983) TBA absorption is more 

rapid that E2 the initial 1 to 3 days following implantation.  By itself the E2 hormone is 

also absorbed at a fairly rapid pace (Riis and Suresh, 1976).  In wethers a combination of 

E2 with PR, testosterone, or TBA resulted in a much slower release time than when the 

hormones were present individually (Harrison et al., 1983).  The absorption rates have 

not been researched thoroughly, but measuring hormone concentrations levels in the 

blood may be the most accurate due to the variability in hormone release.  

Hormonal and Plasma Metabolite Responses to Anabolic Implants 

Concentration of Steroids after Implanting 

 The release of the steroid hormone is quite rapid, with E2 and trenbolone (TBOH; 

deacylated metabolite of TBA) reaching their apex 1 to 3 d post implantation then 

decreasing in the first-order of kinetics (Brandt, 1997).  The biphasic model is followed 

by E2 and TBA implants used separately or together; however, when used in combination 

the depletion rate is much slower and will be discussed later.  Hayden et al. (1992) 

supported the biphasic release of E2 alone.  Johnson et al. (1996b) stated that E2 

combined with either PR or TBA in pellet form still had a biphasic release but possessed 
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a much slower depletion curve while blood plasma levels remained higher.  To support 

this claim Riis and Suresh (1976) reported tritiated E2 was no longer present 31 d post-

implant; however, a combination E2 and TBA implant offered active ingredient until d 

107. Harrison et al. (1983) believed the increase E2 present was a result of the physical 

properties of a combination implant, but the increase in E2 was not due to added TBOH 

estrogenic activity (Riis and Suresh, 1976). The combination implant did not affect the 

release patterns of the TBOH (Johnson et al., 1996a).   

 Many producers will administer a second implant during the feeding phase.  This 

will change the hormonal levels, but additional research is needed to determine the exact 

effects a second implant has on blood steroid levels.  In theory, there should be some 

overlap of the two implants, resulting in greater E2 and TBOH concentrations and release 

rates should follow the same biphasic pattern.   

Protein Hormones 

 The mode of action of implants in ruminant animals is controlled by the two keys 

GH and somatotrophic axis.  Early research by Stuempler and Burroughs (1959) 

indicated that oral DES stimulated GH production in the anterior pituitary.  Trenkle 

(1970) supported that work by showing an increase in plasma GH when DES was 

administered to steers.  However, the utilization of TBA or TBA and E2 combination 

implants does not result in an increase in GH levels (Heitzmann et al., 1981).  This 

presented a challenge in the different mechanism supported by TBA, but Gailbraith and 

Watson (1978) suggested the effects of TBA on muscle and liver are not mediated 

through GH.  A unique aspect of TBA is the inhibitory effect on GH stimulation by E2 
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when used in conjunction with TBA (Hayden et al., 1992).  This blockage of GH by TBA 

poses a challenge to determine the mechanism through which TBA enhances growth.   

 With IGF-I production stimulated by GH, a direct correlation should exist 

between E2 administration and IGF-I levels.  This is supported by Breier et al. (1988) 

who found that implanting with E2 increased IGF-I levels independent of the plane of 

nutrition.  A more surprising find was the increase in IGF-I when TBA or TBA and E2 

separately were administered regardless of GH blockage (Lee et al., 1990).  Johnson et al. 

(1996b) further supported this claim finding that a combined TBA and E2 implant 

increased IGF-I and IGF-I binding proteins 3.   

 It appears the somatatrophic axis and GH play a major role in implant mode of 

action, but the full concept is still somewhat vague and other factors may be in play.  

Preston et al. (1995) measured concentrations of plasma urea-N to assess anabolic action, 

and results indicated GH and E2 were additive, allowing E2 to operate through another 

mechanism.  Additionally, catechol estrogens may be involved in anabolic responses 

(Hancock, 1989).  The full mode of action needs further research to be better understood.  

Plasma Urea-N 

  Increased muscularity is typically observed with implanting.  Therefore, an 

increase in N retention is to be expected with implanting.  This increase should lead 

directly to a decrease in plasma or serum urea-N concentration.  The decrease in urea-N 

is correlated to an increase in AA requirements for protein deposition and a decrease in 

free AA from protein turnover (Lobely et al., 1985).  According to Heitzman and Chan 

(1974) heifers administered 300 mg TBA had decreased plasma UN 14 d post 
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implantation and exhibited lower levels than non-implanted heifers until d 49.  Heitzman 

et al. (1977) also indicated that when steers were administered a combined 140 mg 

TBA/20 mg E2 or a 300 mg TBA implant in plasma urea-N concentrations decreased 

from d 7 to 49 while total protein plasma was not affected.  Plasma albumin 

concentration decreased d 28 to 56 in heifers and on d 35, 56, and 63 in steers (Hetzman 

and Chan, 1974; Heitzman, 1977). 

Non-Esterified Free Fatty Acid Concentrations 

 Results from research conducted by Heitzman and Chan (1974) in heifers (n = 

6/treatment; initial BW = 335 kg) showed that implanting with 300 mg of TBA did not 

alter NEFA levels.  Similarly, Galbraith et al. (1978) reported that implanting steers (n = 

5/treatment) with hexoestrol, TBA, or a combination had no effect on NEFA 

concentration.  This data may be questionable due to the small sample size.   

Another factor to consider is stage of diet.  In the previous two trials the cattle 

were already adapted to the finishing diet prior to NEFA sampling.  With a lower energy 

diet there should be an increase in triglyceride metabolism to meet energy needs.  This 

need would be enhanced by implanting while cattle are fed lower energy diets.  However, 

implanting steers 2 d after arrival with either 8 mg E2 + 40 mg TBA, 16 mg E2 + 80 mg 

TBA, or 24 mg E2 + 120 mg TBA did not yield a detectable change in NEFA levels (Parr 

et al., 2007).  However, changes in NEFA concentrations may be too small to observe. 
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β  

Diet Inclusion and Dose 

 The demand for additional beef with fewer animals is a challenge that the two β-

adrenergic agonists currently approved for use in the U.S. seek to address.  Both are 

approved for use in steers and heifers at the end of the finishing phase.  Ractopamine 

hydrochloride marketed at Optaflexx45® (Elanco Animal Health, Greenfield, IN) was the 

first approved by the FDA for use in cattle June on 13, 2003.  It was soon followed by 

zilpaterol hydrochloride marketed as Zilmax® (Merck Animal Health, Summit, NJ), 

which was approved by the FDA for use in cattle on August 10, 2006.  Both products are 

orally active and have been approved by the FDA to be fed in combination with 

monensin, tylosin, and melengestrol acetate.  ZH may be fed at the dietary level of 8.33 

mg/kg of DM to provide 60 to 90 mg/animal/d for the last 20 to 40 d of the finishing 

phase, followed by a 3 d withdrawal period.  The approved level of RH is at a dietary 

concentration of 10 to 30 mg/kg of DM to provide 70 to 430 mg/animal/d for the final 28 

to 42 d of the finishing phase.  RH is also approved to be utilized in a topdress Type C 

medicated form up to 400 mg/animal/d.   

 Smith (1998) performed extensive research to determine the absorption 

mechanism of β-agonists and discovered it is dependent upon the structural properties of 

the phenethanolamine compound.  The absorption of the phenethanolamine compound 

across the intestinal mucosa is favored by a more neutral pH of the small intestine (Smith, 

1998).  When the abomasum has a low pH, cation formation of the phenethanolamine N 

may occur, decreasing absorption potential (Smith, 1998).  Ruminal fermentation could 

Overview of    -Adrenergic Agonists 
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also affect absorption.  Walker et al. (2010) discovered that RH can change microbial 

formation within the rumen.  This could offer either positive or negative impacts for 

animal performance and food safety, as well as dictate the level of β-agonist absorption.   

β-

Circulating Hormones 

 NRC (1994) states the mode of action of β-agonists follows a more direct path 

through β-adrenergic receptors instead of acting through circulating hormones.  

Conflicting research has been conducted concerning IGF-I and RH.  Walker et al. (2010) 

saw an interaction for circulating IGF-I between heifers (n = 16) and steers (n = 16) fed 

RH with a decreased serum concentration of IGF-I in heifers but increased IGF-I level in 

steers.  However, there was no effect on circulating IGF-I concentration in yearling steers 

fed RH (200 mg/hd/d) (Winterholler et al., 2008).  On a similar note, feeding ZH did not 

affect IGF-I mRNA expression in the semimembranosis (Rathmann et al., 2009).  The 

increase in lean tissue accretion due to β-agonist supplementation may be independent of 

circulating IGF-I.  

Nitrogen and NEFA 

 Similar to implants, β-agonists increase protein deposition, increasing N retention 

and reducing urea-N concentrations.  NRC (1994) observed a decrease in urea-N in lambs 

and cattle supplemented with β-agonists, which was supported by Walker et al. (2010) 

who observed a tendency (P = 0.06) for RH to decrease the plasma urea-N concentrations 

of both steers and heifers.  However, previous work by Walker et al. (2007) did not 

indicate that RH effected plasma urea-N concentrations in Holstein steers.  Results from 

Hormonal Plasma Metabolite Responses to     -agonists
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recent research in steers fed ZH demonstrated a decrease in urea-N on d 11 and a 

continued lower level of urea-N throughout the ZH feeding period (Parr et al., 2010). 

 β-agonists serve as a repartitioning agent from adipose tissue to muscle.  This 

results in increased lipolysis and decreased lipogensis (NRC, 1994).  The result should be 

an increase in triglyceride metabolism and subsequently an increase in NEFA 

concentrations.  Eisemann et al. (1988) indicated an increase in serum NEFA in steers fed 

clenbuterol.  Parr et al. (2010) observed a ZH x day interaction of NEFA concentrations 

with steers fed ZH having higher concentrations until d 19 at which point the 

concentrations returned to the control level (Parr et al., 2010). 

Anabolic Implant affect on Skeletal Muscle 

 The use of estrogenic or anabolic implants in a feedlot setting will increase HCW 

3 or 5%, respectively (Duckett et al., 1996).  Duckett et al. (1996) further stated LM 

could be increased 4% by a single implant and by 4 to 8% with a second implant.  The 

advantage in lean tissue accretion was originally attributed to a decrease in the rate of 

both protein synthesis and degredation (Vernon & Buttery, 1978b).  However, Hayden et 

al. (1992) observed a greater rate of protein synthesis in steers implanted with either E2 or 

separate E2 + TBA implants and attributed this to the increase in overall muscle protein 

accretion.  This was further validated by Johnson et al. (1996a) showing an increase in 

carcass protein accretion from d 0 to 115, with the most significant increase during the 

initial 40 d post implantation.  

Specific Tissue Response to Growth Promotants



Texas Tech University, Michael Aaron Jennings, August, 2012 

13 
 

 The increase in muscle protein accretion is regulated through the DNA to protein 

ratio.  The DNA must maintain an appropriate level of protein to chaperone or protein 

synthesis will cease.  Therefore, an increase in protein synthesis must be accompanied by 

an increase in DNA to maintain growth rates.  Nuclei in a muscle fiber are post-mitotic.  

Therefore, an increase in DNA must come from another source.  Allen et al. (1979) 

discovered satellite cells could be recruited into the muscle fiber to increase DNA and 

maintain a more stable DNA to protein ratio.  This recruitment occurs primarily in young 

animals and will attribute approximately 60-90% of the DNA in a mature muscle fiber 

(Allen et al., 1979).  Johnson et al. (1998) stated that an increase in satellite cell 

proliferation and a shorter lag phase was observed in steers implanted with TBA + E2 

(Revalor-S).  This effect on bovine satellite cells could be a result of direct or growth 

factor stimulation, with TBA and E2 increasing IGF-I mRNA expression (Johnson et al., 

1998).  

Effects of β-agonists on Skeletal Muscle Deposition 

 β-agonists increase skeletal muscle through muscle hypertrophy (NRC, 1994).  

Mersmann (1998) attributed the overall increase in skeletal muscle to an increase in 

protein synthesis, a decrease in protein degradation, or both.  Heifers fed RH (200 

mg/hd/d) showed increased muscularity, as evidenced by a larger LM (Laudert et al., 

2007).  The opportunity for continued protein accretion is limited by a lack of additional 

DNA incorporation into the muscle fiber.  Therefore, the benefits of muscle hypertrophy 

can be short-term and should be utilized in the final finishing phase of feeding (Mills, 

2002).  The mechanism through which the muscle hypertrophy is enabled is anecdotal.  
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Walker et al. (2007) showed an increase in IGF-I mRNA, but later work did not show the 

same effect (Walker et al., 2010).  Parr et al. (2010) saw no alteration of IGF-I mRNA in 

steers administered ZH.  The increase in hypertrophy could be due to increased blood 

flow to muscles when β-agonists are fed allowing for increased nutrient flow and muscle 

growth efficiency (Mersmann, 1998). 

 Within skeletal muscles β-agonists have variable effects on different muscle fibers 

and types (NRC, 1994). NRC (1994) stated β-agonists caused an increase in hypertrophy 

of muscles containing type-II fibers compared to those muscles containing type-I fibers.  

Each β-agonist has specific effects on muscle fibers.  Gonzales et al. (2007) found RH in 

cull beef cows increased type-I fiber cross sections and diameter but had no effect on 

type-II fibers.  Steers fed ZH had increased type-II mRNA but no effect on type-I mRNA 

(Baxa et al., 2010).  In Holstein steers fed ZH, the changes in fiber types seemed to be 

mitigated as there was no difference in mRNA expression; however, type-I fibers 

decreased (Luque et al., 2009).   

Anabolic Implants Effects on Marbling and Tenderness 

 In an extensive review of implanting techniques and methods, Duckett et al. 

(1999) reported a single implant could reduce marbling score 4% and a secondary 

implant could reduce marbling score 6 to 11%.  Chung et al. (2012) found that implanting 

decreased adipogenic gene expression.  However, Duckett et al. (1999) determined a 

relationship between marbling score and LM known as the dilution effects and attributed 

the reduction in marbling score to the increase in LM opposed to a reduction in lipid 

content.  The dilution effect could have a direct effect on quality grade, as heifers 
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implanted twice had a lower percentage of choice and prime carcasses (Schneider et al., 

2007).  The development of marbling occurs consistently throughout the animal’s life 

(Bruns et al., 2004).  Additionally, marbling is influenced by energy availability.  Thus, 

matching available energy and time of implanting could ensure excess energy is supplied 

to adipose tissue development instead of only meeting lean tissue accretion needs (Bruns 

et al., 2005). 

 A concern with implanting strategies is the negative impact on tenderness and 

consumer satisfaction.  Platter et al. (2003) stated that multiple implant strategies 

increased WBSF values and decreased consumer taste panel scores.  However, Barham et 

al. (2003) indicated that consumers were unable to detect a difference in various implant 

strategies.  Furthermore, aging for 21 d can potentially eliminate differences in WBSF 

and consumer acceptability (Igo et al., 2011).  Schneider et al. (2007) supported this 

claim by stating postmortem aging periods of 14 to 28 d effectively decreased the LM 

shear force of heifers receiving a moderately aggressive implant strategy.  Chung et al. 

(2012) indicated implanting did not affect myosin heavy chain type mRNA within the 

muscle, offering a basic scientific explanation for the lack of difference in tenderness.  

β-agonist Effects on Marbling and Tenderness 

 β-agonists are referred to as a repartitioning agent, indicating they will redirect 

adipocytes into lean tissue accretion.  Mills et al. (2002) indicated that feeding β-agonists 

caused lipolysis through activation of the hormone-sensitive lipase by PKA, which is 

caused by the activation of the β-AR in adipocytes.  Thus, the total fat content of the 

carcass is typically reduced by a β-agonist, but the two approved β-agonists differ in the 
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extent of reduction.  Vasconcelos et al. (2008) reported a decrease in 12th rib fat 

thickness, KPH, and marbling score in steers administered ZH.  Schroeder et al. (2003b) 

showed feeding RH to heifers did not alter the 12th rib fat thickness, KPH, or marbling 

score.  Likewise, there was no effect on marbling score or KPH in heifers fed RH (Quinn 

et al., 2008).  In a direct comparison, Scramlin et al. (2010) observed ZH decreased 

adjusted fat thickness and KPH compared to RH, but marbling scores were not different.   

 Similarly to implants, the use of β-agonist growth promotants has raised concern 

over meat tenderness and customer satisfaction.  Avendano-Reyes et al. (2006b) cited the 

improvement of efficiency and lean tissue accretion may come at the cost of decreased 

tenderness.  The use of β-agonists increased the LM shear force values for both ZH and 

RH, with ZH requiring the most force to slice (Avendano-Reyes et al., 2006b). Woerner 

et al. (2011) found similar results as RH increased LM WBSF and subsequently reduced 

customer acceptance of those steaks.  However, utilizing aging treatments mitigated the 

RH effects by d 14 of the aging period (Scramlin et al., 2010).  Scramlin et al. (2010) also 

found that the WBSF values for ZH LM steaks were consistently higher throughout the 

21 d aging period.   

 The use of implants in heifers has proven to be an advantageous growth 

enhancement technology, especially considering the earlier physiological endpoint of 

heifers.  However, continued research is necessary to determine the possible negative 

effect of various implant programs in the feedlot industry (Galyean et al., 1999). Gaylean 

et al. (1999) observed an 81 pound increase in heifers administered an implant versus 

Heifer Performance in Response to Growth Promotants 
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non-implanted heifers.  NRC (1996) stated increased BW is a typical result of E2 + TBA 

implants.  While marbling scores remained similar, quality grade was lower in heifers 

receiving a second implant compared to non-implanted and single implanted heifers 

(Galyean et al., 1999). This research was further supported by Schneider et al. (2007) 

who found a single implant increased HCW compared to non-implanted heifers, and the 

use of two implants increased HCW, LM , and yield grade but reduced the percentage of 

Choice and Prime carcasses.  The use of a combination TBA + E2 (Revalor-200; 200 mg 

TBA and 20 mg E2) implant in heifers increased HCW compared to TBA alone 

(Finaplix-H; 200 mg TBA) without affecting quality grade (Bryant et al., 2010).   

 Although the response of heifers to implants is relatively consistent, RH 

administration has a variable effect on heifers.  Elanco Animal Health has implied that 

RH response may be dictated by sex, indicating the feeding strategies for heifers may 

need to be refined.  Overall, the responses have been advantageous to RH 

supplementation.  In a composite research trial, RH improved ADG, F:G, and HCW 

when fed at 20 and 30 ppm the final 28 to 42 d of the finishing phase (Schroeder et al., 

2005a).  Schroeder et al. (2005b) supported previous data with carcass results indicating 

that inclusion of 20 and 30 ppm of RH increased HCW while LM area was increased at 

30 ppm.  Feeding RH (200 mg/hd/d) increased BW, HCW, and LM without a  negative 

impact on marbling score (Laudert et al., 2007).  However, RH data can be inconsistent, 

as RH supplementation (200 mg/hd/d) did not alter BW, HCW, or LM compared to 

controls (Quinn et al., 2008).  Quinn et al. (2008) observed an increased efficiency of 

carcass gain for heifers receiving RH.   
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 While the influence of implants on the feeding industry is largely viewed as 

positive, the active ingredient, delivery system, release rates, and implanting strategy can 

alter the efficacy and potentially cause a negative impact on meat quality and tenderness.  

The mode of action for growth promotants is still not fully understood, but a difference 

does seem to exist.  The implants seem to work through the somatotrophic axis and IGF-

I, as well as skeletal receptors.  β-agonists appear to target their specific receptor on the 

cellular membrane.  Both growth promotants increase muscle size and mass through 

different mechanisms, indicating the effects could be synergistic, but no data has 

confirmed this theory.  The use of β-agonists in heifers appears to be a useful tool, but 

additional research to determine the cause of variation is needed.    
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CHAPTER III 

OPTAFLEXX® AND ESTRADIAL/TRENBOLONE ACETATE IMPLANTS 
ALTER LIVE PERFORMANCE, CARCASS COMPONENTS, AND SERUM 

METABOLITES OF HEIFERS DURING THE FINISHING PHASE 
 

Abstract 

Objectives were to evaluate the interaction of ractopamine hydrochloride (OPT) 

and timing of terminal implant administration on growth performance, carcass 

characteristics, meat quality, serum metabolites and steroid hormones of finishing beef 

heifers.  A 3x2 factorial randomized complete block design was used with 2 levels of 

OPT and 3 different durations of terminal implant windows for a total of 6 treatment 

groups with 9 replications British x Continental heifers (n=216; 341.6 kg) were blocked 

by BW and randomly allotted to 54 pens (9 pens/treatment; 6 pens/block; 4 heifers/pen).  

The main effects of treatment were implant [TE-200 w/ Tylan (200 mg TBA + 24 mg E2) 

administered 140 d from slaughter (TI140); 100 d (TI100); and 60 d (TI60)] and OPT (0 

or 200 mg/hd/d).  Individual BW was collected at 0, 40, 80, 112, and 140 d and DMI 

recorded.  No implant x OPT interactions were detected, so only main effects are 

reported.  Average daily gain (0.14 kg/d difference), predicted carcass ADG (0.24 kg/d 

difference), HCW (5.6 kg difference) was increased (P<0.05) by OPT, but DMI was not 

affected.  Heifers fed OPT tended (P≤0.09) to have a larger LEA (2.45 cm2 difference) 

and reduced marbling score.  OPT supplementation decreased (P<0.05) Prime and Choice 

carcasses 16.5%.  No affect of OPT was found on 12th-rib fat and KPH (P>0.10).  

Progesterone and blood urea nitrogen (BUN) were decreased (P<0.05) by OPT.  No 

differences (P>0.10) in Warner Bratzler Shear Force (WBSF) were detected at d 3, 7, and 

21 although at 14 d postmortem WBSF values of the OPT steaks were higher (0.45 kg; 
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P<0.05).  During the first 40 d on trial, the ADG of the TI140 and TI100 groups was 

increased (P<0.05) compared to the TI60 (0.34-kg/d; 0.18-kg/d difference respectively). 

From d 40-80, the TI100 had a higher ADG (P<0.05) than all other implant treatment 

groups.  TI60 had a higher ADG (P<0.05) than TI100 and TI140 from d 80-112.  

Predicted carcass ADG mirrored live ADG advantages (P<0.05).  No differences 

(P>0.10) in DMI, final BW, carcass parameters, or WBSF were observed among the 

three implant strategies.  Administering terminal implant decreased (P<0.05) BUN levels.  

Results from this study demonstrated that OPT, when fed to heifers, increased ADG, 

calculated carcass ADG, and HCW with minimal impact on carcass quality.  

Furthermore, this study indicated that the duration of the terminal implant window did 

not affect overall performance, final BW, or carcass quality.  

Keywords: anabolic steroid, beef cattle, beta-agonist, carcass, performance  

 

Introduction 

Beta agonists and steroidal growth implants have both demonstrated the ability to 

increase live performance and lean tissue accretion through muscle fiber growth.  While 

the two growth promotants have a similar endpoint, the mode of action differs greatly.  

Implants utilize the recruitment of nuclei into muscle fibers through bovine satellite cells 

to increase growth.  Johnson et al. (1998) observed an increase in satellite cell 

proliferation in steers implanted with trenbolone acetate (TBA) + estradiol-17β (E2), 

known as an anabolic implant. Utilizing a combination TBA and E2 implant will increase 

ADG over 20% in heifers.  Galyean et al. (1999) observed a 36.7 kg increase in heifers 
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administered an implant compared to non-implanted heifers.  A common practice in the 

industry is the utilization of a secondary implant to again enhance muscle growth and 

lean tissue accretion.  Nichols et al. (2005) stated heifers entering the feedlot as weaned 

calves typically will receive an initial implant at processing and a terminal implant 70 to 

120 d prior to slaughter.  This has led to a concern of potential negative effects on meat 

quality.  Schneider et al. (2007) validated this concern by finding the use of two implants 

in heifers increased HCW, LM, and YG but reduced the percentage of Choice and Prime 

carcasses. 

β-agonists increase muscle growth through hypertrophy.  They are known as 

repartitioning agents, meaning they shift nutrients to decrease lipogenesis, increase 

protein accretion, decrease protein degradation, or any combination of these processes 

(Quinn et al., 2008).  Schroeder et al. (2005a) observed an improvement in ADG, F:G, 

and HCW in heifers fed RH in the final finishing phase.  Subsequent research by Elanco 

Animal Health and university systems indicate a difference in response by sex may occur, 

spurring the need for further research in heifers.  The combined use of not only an 

implant, but also 1 of 2 FDA approved β-agonists [e.g., ractopamine hydrochloride or 

zilpaterol hydrochloride] in the final finishing phase can negatively impact quality grade 

and tenderness (Dikeman, 2007).  Both growth promotants increase muscle size and mass 

through different mechanisms, indicating the effects could be synergistic, but no data has 

confirmed this theory.  Research to develop growth promotant programs that will 

increase live and carcass performance without sacrificing beef quality characteristics are 

paramount.          
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Materials & Methods 

 
 All procedures involving live animals were approved (#10091-01) by the 

Texas Tech University Animal Care and Use Committee. 

Animals 

Four trucks with a total of 264 heifers of predominantly British and British x 

Continental crossbred heifers were received (May 6th and May 7th, 2011) at the Texas 

Tech University Beef Center at New Deal, TX.  Combined off truck weight was 309.35 

kg.  The heifers were obtained from various sources and geographical origins. Upon 

arrival they were provided access to drinking water, grass hay and a moderate-

concentrate mixed diet in dirt pens.  At initial processing (May 8th, 2011) each heifer was 

weighed individually, ear tagged with a unique individual identification, vaccinated with 

a modified live virus vaccine (Titanium® 3, Agri Laboratories, St. Joseph, MO) and a 

clostridial bacterin toxoid (Vision® 7 with SPUR, Intervet Schering-Plough Animal 

Health, Omaha, NE), treated for internal parasites with Ivomec Plus® (Merial, Duluth, 

GA), and treated metaphlactically with Micotil® (Elanco Animal Health, Greenfield, IN).  

Heifers were stepped up gradually over the three week period prior to trial initiation date.  

The last step up to the final 90% concentrate diet (Table 1) occurred the day the heifers 

were placed onto the trial and intake was stable prior to trial initiation.   
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Experimental Design, Treatment, and Pen Assignment 

Two groups of heifers (120 head on May 30th and 96 head on June 13th) were 

placed on trial.  They were arranged in a 2x3 factorial with 2 levels of OPT and 3 

different durations of terminal implant windows for a total of 6 treatment groups with 9 

replications.  OPT treatment groups included 0 mg/hd/d of Optaflexx (Control, n=27) or 

200 mg/hd/d of OPT, n=27). OPT was fed the final 28 d of the finishing period. Three 

different durations of terminal implant included heifers receiving an estradial/trenbolone 

acetate implant, Component TE-200 with Tylan (Elanco Animal Health, Greenfield, IN), 

60 d pre-slaughter (TI60, n=18), 100 d pre-slaughter (TI100, n=18), and 140 d pre-

slaughter (TI140, n=18).  The heifers receiving the final implant 60 and 100 d pre-harvest 

were initially implanted on 0 d with Component TE-IH (Elanco Animal Health, 

Greenfield, IN).  Heifers were individually weighed for stratification on May 28th and 

June 11th, 2011.  Heifers were again weighed and placed onto trial on May 30th and June 

13th.  The two individual weights were averaged together to provide the initial weight.  

Longissimus muscle biopsy samples (from 1 heifer/pen alternating blocks; results not 

presented in the present manuscript) and serum samples (from 2 heifers/pen) were 

collected on 0, 40, 80, 112, 140 d.  Because of the logistics of muscle sample collection 

and the requirement that collections be similar relative to the time of implanting, it was 

necessary to split the blocks into 2 groups.  Heifers in the heavy group (30 pens; 5 

blocks) were assigned to their treatment and started on experiment 14 d before the light 

group (24 pens; 4 blocks). 
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 Management 

Diets, formulated to meet or exceed National Research Council (1996) 

requirements for growing - finishing beef cattle were prepared in the Texas Tech Burnett 

Center Feedmill, which is equipped with a computerized batching system and horizontal 

paddle mixer. Finisher diets were manufactured daily.  All cattle were fed their respective 

basal diets one time daily at approximately 0900 h.  For cattle in treatment O200 an OPT 

premix was included in the finishing ration to deliver 200 mg/hd/d during the final 28 d 

of the study.  The OPT supplement was formulated to deliver 19.2 g/ton DM of OPT. 

Rumensin and Tylan were added to the diet at 30.0 and 10.0 g/ton DM, respectively.  

Diet samples were obtained directly from the feed bunks during the morning feeding.  A 

weekly composite was oven-dried at 100° C to monitor diet DM.  Another portion of 

each sample was retained and stored in a freezer for a monthly composite that was 

submitted for nutrient analysis (Servi-Tech Laboratories, Amarillo, TX).  Retained 

samples were also composited and submitted to a commercial laboratory for analysis of 

Rumensin and OPT levels.  At approximately 0600 h at 40, 80, 112 d cattle were weighed 

individually within a pen with a certified squeeze chute, which was zeroed between each 

animal (scale readability ± 0.45 kg).  At this time feed refusals were collected and 

weighed, and a sample of the feed was dried as described above to determine the DM 

content.  Following weighing, pens of cattle were returned to their respective home pens. 

Upon return to their home pen, the respective treatment ration was delivered.  Final 

individual weights were taken at 140 and 141 d for the first and second groups 

respectively (October 17th or November 1st) prior to heifers being trucked to a 
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commercial meat packing facility in Plainview, TX for harvest.  On shipping days, pens 

were weighed off-test beginning at 0530 h.  One heifer was removed from study due to 

pregnancy.  This animal was returned to the herd.  One heifer died during the conduct of 

the study.  The animal was necropsied and then subsequently composted at the research 

trial site.   

Carcass Evaluation 

Heifers were transported approximately 112.7 km to a commercial harvest facility 

(Cargill, Plainview, TX) following the final weighing on d 140 and 141 for groups 1 and 

2, respectively.  Cattle were harvested using standard U.S. beef industry practices and 

USDA/FSIS inspection criteria.  During the harvest process, extra carcass trim, and fat 

and hide pulls of soft tissue, greater than or equal to 6.8 kg, were noted.  Individual 

carcass measurements (n = 215) included HCW, 12th rib fat depth, LM area, KPH %, 

liver abscesses, marbling score, color score, and quality grade.  Yield grade was 

calculated by using the USDA regression equation (USDA, 1997).  A 4% pencil shrink 

was applied to the treatment final scale weights for calculation of DP.  A predicted 

carcass weight equation {interim HCW = Body weight shrunk by 4% the multiplied by a 

common DP of 51.46522 + 0.02468 x DOF+ 0.43775 x DMI} was utilized to predict 

interim HCW (Rathmann et al., 2012).     

Tenderness 

Strip loins were obtained from (n = 192) carcasses at fabrication and transported 

to Texas Tech University.  Upon arrival the strip loins were squared on the anterior end 
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and the square up steak collected for proximate analysis.  A 14, 14, 3, 7, and 21 day steak 

was then sliced in order and vacuum sealed.  The proper aging treatment was applied and 

steaks were frozen.  After all aging treatments had been concluded samples were 

randomly selected for WBSF analysis.  A pre-cook temperature and post-cook 

temperature was recorded.  Steaks were cook to a medium-well degree of doneness (68-

71° C) on a Magi Grill Belt Grill.  The steaks were allowed to cool to room temperature 

then cored a minimum of five times for WBSF analysis.  The core force was averaged for 

each steak.  Slice shear force was aged 14 days then frozen and transported to Cargill in 

Wichita, KS for analysis.          

Statistical Analysis 

Data were analyzed as a random block design using the MIXED procedure of SAS (SAS 

Int. Inc., Cary, NC).  Pen was the experimental unit for all analyses.  USDA quality grade 

and USDA yield grade distributions were evaluated using the GLIMMIX procedure.  

Blood data was analyzed using repeated measures within the MIXED procedure.  An α 

level of 0.05 was used to determine significance, with tendencies associated with P-

values between 0.05 and 0.10.    

Results 

No interactions (P>0.21) were observed between OPT feeding and the terminal 

implant window.  The main effects of OPT and terminal implant on live performance are 

shown in Table 2.  Heifers fed OPT had an increased rate of gain during the final 28 d of 

the study (P=0.04).  Daily gain during the final 28 days of the study averaged 1.32 kg/day 
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in control group and 1.46 kg/day for heifers fed OPT, an increase of 0.13 kg/day.  No 

differences in final BW existed among heifers receiving OPT.  Further, no differences in 

DM intake was observed among treatments (P=0.75).  Consequently, feed conversion 

tended to improve (P=0.09) with OPT.  

The OPT and terminal implant effecst on carcass parameters are shown on Table 

3.  Carcass weight was increased (P=0.02) with OPT feeding.  Hot carcass weight was 

5.58 kg heavier for heifers on OPT (327.7 vs. 333.3 kg).  Ribeye muscle area tended to be 

greater (P=0.09) in heifers fed OPT vs. control.  LM of OPT heifers tended to be 2.45 

cm2 larger than control LM.  A trend to decrease marbling score (P=0.10) was found in 

heifers fed OPT (425.2 vs. 407.2).  When marbling score was converted to USDA 

Quality grade, the percentage of prime & choice was significantly decreased by 16.5% in 

heifers receiving OPT (P=0.01; Table 4).  Calculated yield grade for the heifers in this 

study averaged 2.95.  No differences (P=0.14) in yield grade distribution were noted.  

Heifers supplemented with OPT had an increase in carcass ADG of 0.24 kg (P=0.01).  

Heifers implanted with Component TE-200 with Tylan (200 mg TBA + 24 mg 

E2) 140 and 100 d from harvest had an increased rate of gain from 1-40 and 1-80 d 

(P<0.01) than cattle implanted 60 d from harvest.  Cattle implanted 60 d from harvest had 

a higher rate of gain during the 80-112 d period (P=0.02) than cattle implanted 140 and 

100 d from harvest. No differences occurred in DMI, thus the increases in rate of gain 

were mirrored by improved feed conversion during the respective periods.  No difference 

in BW occurred between the three implant treatments at time of OPT initiation (112 d).  

No differences among carcass parameters were found in heifers receiving differing 
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implant protocols.  The carcass ADG of differing implant protocols mirrored the live 

ADG for 1-40, 1-80, and 80-112 d feeding periods (P<0.03).  

A difference in tenderness was observed for the 14 d aging period with control 

requiring 0.45 kg less force (P=0.02) than heifers fed Optaflexx (Table 5).  No other 

differences were noted for OPT or terminal implant windows at 3, 7, 21 and 3, 7, 14, 21 d 

aging treatments respectively. No differences (P>0.13) were detected for either OPT or 

terminal implant windows at the 14 d slice shear force. 

Receiving a terminal implant decreased BUN levels after implant (P=0.03; Figure 

1).  Figure 2 and 3 show supplementation with OPT decreased BUN and progesterone 

concentrations (P=0.02; 0.01, respectively).  No differences were observed with NEFA 

values among implant or OPT treatments.   

Discussion 

 The goal of the present study was to determine the potential interaction of two 

frequently utilized growth promotants in the feedlot industry.  However, no significant 

interaction between the terminal implant window and Optaflexx feeding on either animal 

performance or carcass characteristics was observed.  This suggests that the observed 

response to feeding OPT is independent of the levels of estradial and trenbolone acetate 

remaining in the implant at the time of OPT initiation.  With the lack of a significant 

interaction between terminal implant window and OPT only main effects were evaluated.  

A unique aspect of the data was the increase in HCW and ADG, but not final BW 

when heifers are administered OPT.  The advantage in HCW is consistent with other 
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reports that have shown an increase in HCW (Laudert et al., 2007; Schroeder et al. 

2005b).  However, the lack of a significant difference between final BW was not 

consistent with previous research and prompted further investigation. As shown in Table 

1, heifers receiving OPT did have a higher ADG and outgained their contemporaries by 

3.7 kg during the final 28 d.  This indicates OPT did have an effect on gain and final 

body weight even though the final weights were not statistically different.  The additional 

HCW of heifers who received OPT was also puzzling since final BW were not different.  

Rathmann et al. (2012) developed a prediction equation to estimate interim HCW.  

Utilizing this equation to estimate HCW at 112d it is predicted that heifers fed OPT had a 

0.24 kg advantage in average daily carcass gain.  Thus in a 28 d period, heifers receiving 

OPT held a 6.9 kg advantage in lean tissue accretion.  Feeding heifers OPT the final 28 

days prior to harvest led to significant improvements in live and carcass daily gain.   

 Feeding OPT to heifers did not alter DMI, which agrees with the results of Quinn 

et al. (2008) and Schroeder et al. (2005a).  In contrast, Laudert et al. (2007) demonstrated 

a decrease in DMI in heifers administered OPT.  Despite the lack of a difference in DMI, 

administering OPT improved G:F, which is supported by the findings of Quinn et al. 

(2008), Schroeder et al. (2005a), and Laudert et al. (2007).    

A concern with β-agonists has been meat quality and tenderness, while OPT has 

appeared to have less of an effect on tenderness that other available β-agonists 

(Avendano-Reyes et al., 2006b). Marbling score was affected by RH administration, 

contrary to previous research (Schroeder et al. 2003b; Quinn et al. 2008).  This could be 

due to the dilution effect as LM area increased 0.97 cm2 in heifers receiving OPT.  The 
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reduction in marbling score led to an 16.5% decrease in Prime & Choice carcasses.  

However, it is important to note that care must be exercised in interpreting differences in 

quality grade distributions in small pen studies due to the potential impacts of individual 

animals on pen quality grade distributions.  The lack of a difference in KPH, FT, YG, and 

DP agree with results of Quinn et al. (2008).   

A higher WBSF, which could cause consumers to perceive steaks as tougher, was 

found on the LM steaks of heifers receiving OPT and aged 14 d.  However, the WBSF 

required for OPT heifers was equal to control heifers on 3, 7, and 21 d aging intervals.  

The effect of RH increasing WBSF for 14 d LM steaks and then returning to control 

WBSF levels by 21 d was similar to previous research (Scramlin et al., 2010.)    No 

explanation is available to describe why WBSF force is not different at the 3 and 7 d 

aging period.   Overall it appears OPT in heifers can offer additional lean tissue accretion 

with some risk of meat quality grade, and minimal risk in tenderness of a full aging 

curve. 

Novel data indicated progesterone decreased during OPT administration.  As 

progesterone is an anti-anabolic hormone (Sissom et al., 2006) the decrease in 

progesterone levels by OPT may allow for more sustained muscle hypertrophy.  

Additionally, BUN concentrations were decreased when feeding OPT, research supported 

by Walker et al. (2010) and Parr et al. (2010).  This indicates an increase in protein 

deposition causing a decrease in circulating BUN levels.  The advantage held in HCW 

could account for the significant decrease in BUN.  However, OPT supplementation did 
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not affect NEFA concentrations contrary to the day x zilpaterol hydrochloride interaction 

observed by Parr et al. (2010).  

The second main effect evaluated was the changes wrought by different terminal 

implant windows.  Timing of administration of the terminal implant affected animal 

performance during the intermittent periods but had no overall effect on ADG or final 

BW.  Ideal terminal window is 90 to 100 days before slaughter (Robert Botts, personal 

comminucation, Elanco Animal Health, Greenfield, IN).  This trial was designed to offer 

implant protocols on extremities and in line with ideal industry practices.  For the present 

study, ADG was increased at each administration of the terminal implant, data supported 

by Galyean et al. (1999).  However, the advantage in ADG appeared to be mitigated 

within 32 d following a terminal implant as the BW of all heifers were similar at time of 

OPT inclusion in the diet (112 d).  Even though DMI was not affected by implant 

administration, the delivery of a terminal implant offered a G:F advantage.  Utilizing the 

carcass prediction equation published by Rathmann et al. (2012) it was determined the 

predicted carcass ADG was increased by each terminal implant treatment.  This coincides 

with a decrease in BUN concentration, indicating the increase in lean tissue accretion 

similar to findings by Heitzman and Chan (1974).  Heitzmann and Chan (1974) also 

determined implant had no effect on NEFA levels, a finding concurrent with this trial.  

No apparent benefit of a second implant administered to TI60 and TI100 treatment 

groups exists from either a live performance or carcass parameter.  This contradicts 

articles indicating a second implant would prove advantageous to carcass parameters 

(Duckett et al., 1996; Woerner et al., 2011).   
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Results of the present experiment indicate anabolic steroidal implants and OPT 

act additively to improve growth and carcass performance.  Utilizing a two implant 

protocol in heifers has been shown to offer carcass parameter advantages (Schneider et 

al., 2007).  However, in this trial there was no difference between any of the implant 

treatment groups among carcass parameters.  Therefore, the terminal implant may be 

administered at the time heifers are placed onto feed without negative consequences in 

both feedlot performance or carcass quality in heifers fed for approximately 140 d.  The 

improved response could prove a benefit to the feedlot industry, as removal from the 

home pen can result in decrease DMI and ADG, as well as increased labor costs.  Results 

from this study suggested that including OPT in a finishing ration at 200mg/hd/d was an 

effective method to increase live performance and HCW, both economically 

advantageous to the industry.  No interaction appears to be present between time of 

terminal implant and OPT inclusion.        
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Table 1.  Ingredient composition and analyzed nutrient content of the final diet (DM basis)  
 Diets 
Item Pre-OPT OPT Control 
Ingredient    
  Steam-flaked corn 74.99 74.49 74.49 
  Alfalfa hay 4.80 4.80 4.80 
  Cottonseed hulls 4.94 4.94 4.94 
  Cottonseed meal 4.28 4.28 4.28 
  Urea  0.80 0.80 0.80 
  Cane molasses 4.64 4.64 4.64 
  Fat (yellow grease) 2.47 2.47 2.47 
  Supplement1 2.08 2.08 2.08 
  Limestone 1.00 1.00 1.00 
  Control premix2 -- -- 0.50 
  OPT premix2 -- 0.50 -- 
Analyzed composition, %    
  DM 83.8 83.2 83.8 
  CP 12.0 12.2 12.0 
  CF 10.3 8.3 10.3 
  Fat 3.7 2.9 3.7 
 
1Supplement supplied (DM basis) 33 mg/kg Rumensin (Elanco Animal Health Indianapolis, IN); 
11 mg/kg Tylan (Elanco Animal Health); 2,200 IU/kg vitamin A; and17.5 IU/kg vitamin E.  
2The control premix contained (DM basis) 100.0% ground corn.  The ractopamine hydrochloride 
(RH) premix contained 3.5% RH (Elanco Animal Health, Greenfield, IN) Type A medicated 
article, 96.5% ground corn, and and supplied RH at 200.0 mg/hd/d. 
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zOptaflexx fed at 0 or 200 mg/hd/d during the final 28 days of the experimental period; Cattle implanted with Component TE200 with Tylan to achieve a terminal implant window (TI) of 140, 100, or  
60 d  
ySEM - Standard error of the mean.   
ab Means differ (P<0.05) 
  

 
Table 2. Effects of Optaflexx and terminal implant window on feedlot performance of beef heifersz 

 
Optaflexx,   mg/hd/d 

 
Terminal Implant Window,  d 

 
P-value 

Item 0 200 SEMy 140 100 60 SEMy Optaflexx TI Opt X TI 
Initial Wgt, kg 341.4 341.3 1.12 340.4 340.3 343.3 1.38 0.93 0.23 0.63 
40-d Wgt, kg 409.0 405.8 2.01 413.1a 406.7ab 402.5b 2.46 0.27 0.01 0.32 
80-d Wgt, kg 466.7 461.4 2.46 465.6ab 468.7a 457.8b 3.02 0.15 0.04 0.59 
112-d Wgt, kg 510.6 506.0 3.14 507.7 511.6 505.7 3.84 0.31 0.55 0.98 
140-d Wgt, kg 548.2 547.3 3.68 547.4 550.2 545.7 4.51 0.88 0.77 0.77 
1 to 140 d 

            ADG, kg 1.48 1.49 0.02 1.47 1.50 1.49 0.03 0.63 0.83 0.82 
  DMI, kg/d 8.15a 8.41b 0.10 8.27 8.35 8.23 0.11 0.05 0.74 0.71 
  G:F 0.18 0.18 0.003 0.18 0.18 0.18 0.003 0.24 0.91 0.68 
  F:G 5.55 5.66 0.08 5.66 5.60 5.55 0.10 0.35 0.76 0.82 
1 to 40 d 

            ADG, kg 1.69 1.61 0.05 1.82a 1.66a 1.48b 0.06 0.30 <0.01 0.61 
  DMI, kg/d 7.97a 8.31b 0.10 8.18 8.21 8.02 0.13 0.03 0.56 0.84 
  G:F 0.21a 0.19b 0.01 0.22a 0.20ab 0.18b 0.01 0.05 <0.01 0.64 
  F:G 4.86a 5.30b 0.15 4.66a 5.07ab 5.51b 0.19 0.05 0.01 0.52 
1 to 80 d 

            ADG, kg 1.56 1.50 0.03 1.56a 1.60a 1.43b 0.04 0.14 <0.01 0.73 
  DMI, kg/d 7.94a 8.25b 0.10 8.09 8.12 8.06 0.12 0.03 0.95 0.88 
  G:F 0.20a 0.18b 0.004 0.19a 0.20a 0.18b 0.004 <0.01 <0.01 0.87 
  F:G 5.12a 5.54b 0.09 5.23a 5.09a 5.66b 0.11 <0.01 <0.01 0.78 
1 to 112 d 

            ADG, kg 1.51 1.47 0.03 1.49 1.53 1.45 0.04 0.33 0.27 0.99 
  DMI, kg/d 7.99a 8.30b 0.12 8.14 8.17 8.12 0.12 0.03 0.95 0.90 
  G:F 0.19a 0.18b 0.003 0.18 0.19 0.18 0.004 0.01 0.33 0.94 
  F:G 5.34a 5.66b 0.09 5.51 5.36 5.62 0.11 0.02 0.30 0.92 
40 to 80 d 

            ADG, kg 1.44 1.39 0.03 1.32a 1.55b 1.38a 0.04 0.28 <0.01 0.48 
  DMI, kg/d 7.91a 8.26 0.12 7.98 8.11 8.17 0.15 0.05 0.65 0.58 
  G:F 0.18a 0.17 0.004 0.17a 0.19b 0.17ab 0.01 <0.01 <0.01 0.72 
  F:G 5.54a 6.02 0.13 6.11a 5.29b 5.94a 0.15 0.01 <0.01 0.68 
80 to 112 d 

            ADG, kg 1.37a 1.39b 0.04 1.32a 1.34a 1.50b 0.05 0.71 0.02 0.23 
  DMI, kg/d 8.12 8.41 0.12 8.25 8.31 8.25 0.15 0.09 0.95 0.92 
  G:F 0.17 0.17 0.004 0.16a 0.16a 0.18b 0.01 0.52 <0.01 0.14 
  F:G 6.17 6.14 0.19 6.47a 6.41a 5.58b 0.23 0.90 0.02 0.12 
112 to 140 d 

            ADG, kg 1.32a 1.46b 0.05 1.40 1.36 1.41 0.05 0.04 0.78 0.29 
  DMI, kg/d 8.70 8.75 0.12 8.70 8.91 8.55 0.15 0.75 0.24 0.33 
  G:F 0.15 0.17 0.01 0.16 0.15 0.16 0.01 0.09 0.46 0.12 
  F:G 7.05 6.27 0.30 6.58 6.80 6.59 0.37 0.08 0.89 0.14 
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zOptaflexx fed at 0 or 200 mg/hd/d during the final 28 days of the experimental period; Cattle implanted with Component TE200 with Tylan to achieve a terminal implant window (TI) of 140, 100, or  
60 d  
ySEM - Standard error of the mean.   
xInterim HCW = Body weight shrunk by  4% the multiplied by a common DP of 51.46522 + 0.02468 x DOF+ 0.43775 x DMI  
wCarcass ADG = Total gain (average final weight – average initial weight) / days on feed. 
vCarcass ADG:Live ADG = Carcass ADG / Live ADG 
abMeans differ (P<.05).  

Table 3.  Effects of Optaflexx and terminal implant window on predicted carcass weights of beef heifersz 

 
Optaflexx, mg/hd/d Terminal Implant Window, d P-value 

Item 0 200 SEMy 140 100 60 SEMy Optaflexx TI Opt X TI 
Initial HCWx 190.1 190.0 0.63 189.5 189.5 191.1 0.77 0.93 0.23 0.63 
40-d HCWx 236.3 235.6 1.31 239.4 235.8 232.7 1.60 0.73 0.02 0.35 
80-d HCWx 273.9 272.1 1.66 273.9 275.8 269.2 2.03 0.45 0.07 0.61 
112-d HCWx 303.8 302.4 2.11 302.6 305.2 301.4 2.59 0.66 0.59 0.98 
140-d HCW 327.7a 333.3b 1.63 328.7 332.2 330.6 2.00 0.02 0.46 0.62 
1 to 140 d 

            Carcass ADGw, kg 0.98a 1.02b 0.01 0.99 1.02 0.99 0.01 0.03 0.43 0.56 
  Carcass ADG:Live ADG, % 66.60 68.69 0.01 67.70 68.07 67.09 0.01 0.15 0.86 0.45 
  Carcass Gain, kg 137.6a 143.3b 1.78 139.1 142.7 139.4 2.18 0.03 0.44 0.54 
  Carcass F:G 8.38 8.31 0.10 8.38 8.29 8.37 0.12 0.65 0.82 0.76 
1 to 40 d 

            Carcass ADG, kg 1.16 1.14 0.03 1.25a 1.16a 1.04b 0.04 0.76 <0.01 0.59 
  Carcass ADG:Live ADG, % 68.39a 70.78b 0.01 68.89 69.96 69.91 0.01 0.01 0.56 0.98 
  Carcass Gain, kg 46.2 45.6 1.30 49.9a 46.3a 41.5b 1.59 0.76 <0.01 0.58 
  Carcass F:G 7.11 7.47 0.18 6.74a 7.22a 7.91b 0.22 0.16 <0.01 0.42 
1 to 80 d 

            Carcass ADG, kg 1.05 1.03 0.02 1.05a 1.08a 0.98b 0.02 0.46 0.01 0.71 
  Carcass ADG:Live ADG, % 66.85a 68.21b 0.00 67.4 67.2 68.0 0.004 <0.01 0.29 0.98 
  Carcass Gain, kg 83.8 82.1 1.63 84.4a 86.3a 78.1b 2.00 0.46 0.01 0.71 
  Carcass F:G 7.64a 8.12b 0.12 7.74a 7.57a 8.33b 0.15 0.01 <0.01 0.76 
1 to 112 d 

            Carcass ADG, kg 1.02 1.00 0.02 1.01 1.03 0.98 0.02 0.68 0.34 0.98 
  Carcass ADG:Live ADG, % 67.20a 68.17b 0.002 67.69 67.54 67.84 0.003 <0.01 0.79 0.86 
  Carcass Gain, kg 113.7 112.4 2.11 113.1 115.7 110.3 2.59 0.67 0.35 0.98 
  Carcass F:G 7.93a 8.30b 0.12 8.12 7.94 8.28 0.15 0.03 0.28 0.94 
40 to 80 d 

            Carcass ADG, kg 0.94 0.91 0.02 0.86b 1.00b 0.91a 0.03 0.34 <0.01 0.48 
  Carcass ADG:Live ADG, % 65.22 65.52 0.003 65.63 64.56 65.94 0.004 0.54 0.07 0.95 
  Carcass Gain, kg 37.6 36.4 0.84 34.5a 40.1b 36.5a 1.03 0.34 <0.01 0.47 
  Carcass F:G 8.50a 9.18b 0.18 9.32a 8.19b 9.01a 0.22 0.01 <0.01 0.63 
80 to 112 d 

            Carcass ADG, kg 0.93 0.95 0.02 0.90a 0.92a 1.01b 0.03 0.70 0.03 0.29 
  Carcass ADG:Live ADG, % 68.2 68.12 0.002 68.51a 68.60a 67.36b 0.003 0.81 <0.01 0.08 
  Carcass Gain, kg 29.9 30.3 0.78 28.8a 29.3a 32.2b 0.97 0.69 0.03 0.30 
  Carcass F:G 9.01 8.99 0.25 9.43a 9.31a 8.27b 0.30 0.96 0.02 0.15 
112 to 140 d 

            Carcass ADG, kg 0.86a 1.10b 0.03 0.93 0.97 1.04 0.08 0.01 0.58 0.66 
  Carcass ADG:Live ADG, % 68.61 80.67 0.06 71.46 72.00 80.47 0.08 0.19 0.67 0.21 
  Carcass Gain, kg 23.9 30.8 1.75 25.99 27.08 29.17 2.13 <0.01 0.58 0.66 
  Carcass F:G 14.65 10.84 2.09 11.94 14.31 12.00 2.54 0.21 0.76 0.38 
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zOptaflexx fed at 0 or 200 mg/hd/d during the final 28 days of the experimental period; Cattle implanted with Component TE200 with Tylan to achieve a 
terminal implant window (TI) of 140, 100, or  60 d  
ySEM - Standard error of the mean.   
xDressing percentage = HCW / Final weight shrunk an industry standard 4% 
wCalculated utilizing USDA yield grade formula. 
vSlight0 = 300, Small0 = 400. 
abMeans differ (P < 0.05). 
 
 
  

 
 
Table 4.  Effects of Optaflexx and terminal implant window on carcass attributes of beef heifersz  

 
Optaflexx,   mg/hd/d 

 
Terminal Implant Window,  d 

 
P-value 

Item 0 200 SEMy 140 100 60 SEMy Optaflexx TI Opt X TI 
Carcass Wgt, kg 327.7a 333.3b 1.63 328.7 332.3 330.6 2.00 0.02 0.46 0.61 
Dressing Percentagex 62.39 62.69 0.002 62.19 62.73 62.69 0.002 0.35 0.32 0.71 
Ribeye area, cm2  85.87 88.32 0.38 33.7 35.0 34.2 0.48 0.09 0.20 0.99 
Fat Thickness, cm  1.45 1.35 0.05 1.37 1.45 1.40 0.05 0.19 0.59 0.64 
Calculated Yield Gradew 3.04 2.86 0.08 2.97 2.92 2.95 0.10 0.14 0.95 0.82 
Marbling scorev  425.2 407.2 7.75 424.6 415.3 408.7 9.49 0.10 0.50 0.47 
Color Score 5.47 5.55 0.09 5.38 5.69 5.45 0.11 0.51 0.13 0.72 
KPH,  %  3.17 3.05 0.08 3.09 3.13 3.07 0.10 0.27 0.94 0.37 
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zOptaflexx fed at 0 or 200 mg/hd/d during the final 28 days of the experimental period; Cattle implanted with Component TE200 with Tylan to achieve a 
terminal implant window (TI) of 140, 100, or  60 d  
ySEM - Standard error of the mean.   
xBased on marbling score call by Cargill camera system. 
wNo-roll carcasses included standard and below 
vCalculated utilizing USDA Yield Grade formula. 
abMeans differ (P<.05). 
 
 
 
 
 
 
 
 
 
  

 
Table 5.  Effects of Optaflexx and terminal implant window on carcass quality and yield grade distribution of beef heifersz  

 
Optaflexx,   mg/hd/d 

 
Terminal Implant Window,  d 

 
P-value 

Item 0 200 SEMy 140 100 60 SEMy Optaflexx TI Opt X TI 
Quality Gradex 

              Prime & Choice  67.0a 50.5b 5.2 60.0 52.1 63.9 6.5 0.01 0.29 0.15 
    Select, % 26.4 31.8 4.7 30.0 29.6 27.8 5.7 0.37 0.91 0.02 
    Dark Cutters, % 1.9 7.5 4.0 2.9 8.5 2.8 3.3 0.98 0.62 0.62 
    No Roll Hard bonew, % 4.7 8.4 2.6 5.7 8.5 5.6 1.6 0.98 0.76 0.42 
    No Rollsw, % 0.0 1.9 1.3 1.4 1.4 0.0 0.8 0.98 0.53 0.53 
Calculated Yield Gradev 

            Yield Grade 1, % 9.4 14.4 3.5 11.4 10.0 14.3 2.2 0.24 0.63 0.66 
  Yield Grade 2, % 39.6 44.2 3.3 37.1 48.6 40.0 5.9 0.47 0.33 0.51 
  Yield Grade 3, % 40.6 27.9 9.0 34.3 35.7 32.9 1.4 0.06 0.94 0.34 
  Yield Grade 4, % 10.4 13.5 2.2 17.1 5.7 12.9 5.8 0.58 0.13 0.96 
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  zOptaflexx fed at 0 or 200 mg/hd/d during the final 28 days of the experimental period; Cattle implanted with Component TE200 with Tylan to achieve a 
terminal implant window (TI) of 140, 100, or  60 d  
ySEM - Standard error of the mean. 
xMeasured in kilograms. 
abMeans differ (P<.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6.  Effects of Optaflexx and terminal implant window on tenderness of beef heifersz 

Item 
Optaflexx, mg/hd/d Terminal implant window, d P-value 

0 200 SEMy 140 100 I60 SEMy Optaflexx TI Opt x TI 
Warner Bratzler Shear Forcex           
3 d 5.65 5.62 0.20 5.58 5.80 5.53 0.24 0.94 0.72 0.40 
7 d  4.79 4.92 0.14 4.77 4.92 4.88 0.17 0.52 0.81 0.79 
14 d 3.67a 4.12b 0.12 3.77 4.16 3.76 0.15 0.02 0.11 0.45 
21 d 3.63 3.62 0.10 3.55 3.73 3.60 0.12 0.96 0.52 0.78 
Slice Shear Forcex           
14 d 16.18 16.75 0.55 16.08 17.58 15.72 0.68 0.47 0.13 0.89 
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Figure 1.  Effect of terminal implant window on BUN levels 
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Figure 2.  Effect of Optaflexx on BUN levels 
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Figure 3.  Effect of Optaflexx on progesterone 
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CHAPTER IV 

CONCLUSION 
 

Growth promotant technologies continue to evolve since first implementation in 

1956.  Implants and β-agonists have both proven effective to meet the continual demand 

for increased beef production with fewer animals.  While both have been found to work 

through different mechanisms, the methods seem to coincide and a synergistic effect 

could be expected.  The opportunity for an increase in nuclei within the muscle fiber 

caused by implanting may allow for sustained hypertrophy induced by β-agonist 

supplementation.   The primary objective of this study was to determine the interactive 

response to time of terminal implant and OPT supplementation. However, in this study 

no interaction was seen to exist between the time of terminal implant and OPT 

administration.  With the lack of an interaction, main effects were evaluated.   

Heifers have been found variable in their response to OPT supplementation.  In 

this trial OPT supplemented at 200g/hd/d was able to increase HCW (5.6 kg), ADG (0.14 

kg/d), and predicted carcass ADG (0.24 kg/d).  There was a trend to increase LM (1.0 

cm2) and decrease marbling score.  This trend of a reduced marbling score, which 

resulted in an 16.5% reduction in Prime and Choice carcasses in the OPT treatment group 

could be contributed to the dilution effect caused by an increase in LM.  Additionally in 

the tenderness analysis, LM steaks aged 3, 7, and 21 d had no difference in WBSF values.  

However, OPT LM steaks aged 14 d did required additional WBSF to slice than control 

LM steaks.  This could result in perceived increase in toughness by the consumer.  With 

the difference in WBSF diminishing by 21 d aging, the consumer would not be able to 
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detect noticeable differences if LM steaks follow a normal aging curve.  These results 

indicate OPT supplementation in heifers will effectively increase performance while 

having minimal effects on meat quality. 

A source of continued debate in the cattle feeding industry has been the utilization 

of single or reimplant programs to maximize efficiency and minimize negative meat 

quality aspects.  The initial trial design to evaluate time of terminal implant interaction 

with OPT also allowed for the determination of the most efficacious method to implant 

heifers fed 140 d with a terminal implant.  The use of a terminal implant program on 

either side of the ideal terminal implant window and an ideal protocol showed the timing 

of the terminal implant was not significant.  The ADG and G:F for each terminal implant 

group was improved with the administration of the terminal implant for the given period.  

However, at the time of OPT supplementation, 32 d following the final terminal implant 

treatment group, the BW was not different.  This indicates the terminal implant will 

improve gain and efficiency, but implanting 140 d from slaughter can be as effective as a 

reimplant program.  Furthermore, there was no difference in carcass parameters of meat 

quality between any of the implant treatment groups.   

The lack of an interaction reinforces previous research indicating the two growth 

promotants are additive in nature.  Due to the significant decrease in hormonal levels, an 

interaction may still exist offering the opportunity for further research.  With the current 

high prices and demand for cattle to fill feedyards, heifers will continue to be placed on 

feed.  The success of OPT supplementation for increasing live and carcass performance 

offers the industry an opportunity to maximize heifer performance during the final stage 
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of feeding.  Furthermore, with the reimplant program being no more effective than a 

single terminal implant received 140 d from slaughter the industry would only need a 

single implant to maximize efficiency.  This would reduce input costs, allowing for 

maximum profitability. 

 
 
 




