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The 2014 Plains Nutrition Council Spring Conference  
 

Thursday, April 10 
8:30 AM - 11:30 AM    Preconference Symposium - presented and sponsored by Zoetis 

11:00 AM - 1:00 PM    Graduate research poster presentations 

 

2014 Plains Nutrition Council Spring Conference 

Thursday, April 10 
1:00 PM Welcome and Introduction - Dr. Britt Hicks, Oklahoma State University, 

Goodwell 

1:15 Animal welfare in the beef cattle industry: Current topics and research 
development - Dr. Michelle Calvo-Lorenzo, Oklahoma State University, 
Stillwater  

2:10  External influences on North American beef production:  How will cattle 
feeding evolve? - Dr. Pete Anderson, Midwest PMS, LLC, Leawood, KS 

3:05 Break and Graduate Research Poster Presentations 

3:35 Research Update – University of Nebraska, Lincoln, Dr. Galen Erickson 

4:05 “Alternative Feed Additives” - What options are available for feedlot 
production?- Dr. Jenny Jennings, Texas A&M AgriLife Research, Amarillo, Dr. 
John Wagner, Colorado State University, Ft. Collins  

5:00 View Research Poster Presentations and visit with presenters 

6:00-7:30 Evening Reception Sponsored by RAMP– Sweet Bran Cargill 

 

Friday, April 11 
8:00 AM PNC Business Meeting 

8:15  Research Update - New Mexico State University, Clayton Livestock Research 
Center, Dr. Clint Loest  

8:45 Management Considerations of Dairy Beef from Conception to Consumption 
- Dr. Tom Peters, S.A.L.T., Oregon, IL 

9:30 Dr. Kenneth and Caroline Eng Foundation Graduate Student Recognition - 
Dr. Kenneth Eng, San Antonio, TX,  and Dr. Allen McDonald, Nutrition 
Physiology, Bushland, TX  

9:45 Break and Graduate Research Poster Presentations 

10:15 Liver abscesses in the feedlot: past, present, and future - Dr. Chris Reinhardt, 
Kansas State University, Manhattan  

11:00 Short and Long Term Changes in The Use of Antibiotics in Feeds – Dr. Mike 
Apley, Kansas State University, Manhattan 

12:00PM Adjourn 
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Animal Welfare in the Beef Cattle Industry:  
Current Topics and Research Development 

 
M. S. Calvo-Lorenzo 

Oklahoma State University 
Stillwater 

 
Animal welfare, a term commonly used in today’s society, is typically associated with the ethical 
treatment and use of animals. With regards to domesticated species in food production, the term 
is commonly used among many different people (from the general public to animal care experts 
to policy makers) to identify concerns about the way livestock and poultry are raised, handled, 
and treated. As animal welfare continues to be an important issue to consumers and non-
consumers of animal products in the societies of developed countries, the multidisciplinary 
approach of animal welfare science (which includes measures of animal behavior, physiology, 
anatomy, health, immunity and performance; Gonyou, 1994; McGlone, 2001) will not only 
provide the basis for advancement in the science of animal welfare, but also the application and 
transfer of that knowledge into farming operations and educational programs for students, 
producers, consumers, scientists, clinicians, and policy makers. 
 

Defining Welfare 
 

Several schools of thought exist regarding welfare, and its definition will vary according to an 
individual’s philosophies (how one characterizes what is ‘good’), experiences (societal, cultural, 
and religious influences on animal roles and/or relationships), and involvement in the livestock 
industry (knowledge on how livestock operations work and why). Many welfare experts 
consisting of veterinarians, scientists, auditors, educators, and producers typically discuss three 
‘schools’ of welfare when attempting to define what welfare is and how to measure it. Generally 
speaking, the three schools include the 1) feeling-based, 2) function-based, and 3) nature-based 
aspects of animals (Fraser et al., 1997; Fraser, 2003). Based on these traditional schools of 
thought, in addition to personal experiences and training, welfare experts will also formulate 
their evaluation methods of animals and standardization of acceptable practices. Therefore, the 
definition and application of welfare will vary from person to person because (1) what is 
considered ‘good’ or ‘ethical’ will differ across people and (2) priorities according to 
philosophies, experience, education, training, and societal influences will also differ from person 
to person. One should also consider how social media and advanced forms of communication 
have further amplified the numerous ways welfare can be defined. It is for these reasons that 
‘welfare’ can be considered as a term that has been ‘hijacked’, with different meanings to 
different people. Hence, there is no universal consensus as to how welfare is precisely defined; 
but the mission of continuously improving the conditions in which animals live to maximize 
productivity and optimize welfare is widely accepted. Nevertheless, growing societal interests in 
enhancing how milk, meat, and eggs are produced have created recent efforts in establishing 
state and federal regulatory standards for livestock and poultry welfare in the US, which can be 
difficult to justify when welfare definitions and industry standards vary so greatly.   
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Welfare & Societal Impact 
 

Awareness and knowledge of animal welfare is not a new concept to society. As recent as the 
1960-70’s, moral concerns about animal welfare were questioned by society, which led to efforts 
in promoting the application of science to such welfare-related concerns (Fraser, 2008). In the 
US, two popular magazines published revealing articles regarding the procurement process of 
finding and/or taking pet dogs for biomedical research experimentation (Sports Illustrated- “The 
lost pets that stray to the labs” (SI, 1965); Life magazine- “Concentration camp for dogs” (LM; 
1966)). The intense public outcry & lobby for federal law instituting animal protection, housing 
& care standards led to the first national law to protect animals in the US- the Animal Welfare 
Act (AWA) signed into law by President Lyndon Johnson in 1966 (AWA, 1966; USDA, 2014). 
In the UK, similar societal interests in animal welfare, particularly for farm animals, was also 
taking place in the 1960’s. The release of Ruth Harrison’s book (Animal Machines, 1964) also 
led to intense public reactions in response to her views and observations about confinement 
systems and treatment of farmed animals. Ultimately, the public’s outcry in the UK created one 
of the first investigations for farm animal welfare and ethics that resulted in a final report (called 
the ‘Brambell Report’), which led to an Act of Parliament governing farm animal welfare, the 
creation of the Farm Animal Welfare Council, and the development of universal guidelines 
known today as the ‘Five Freedoms’ (FAWC, 2009). So in the past few decades, interest in 
animal welfare changed as people’s attitudes towards animals changed, and such adjustments in 
perception appeared to have stemmed from influential articles and writers. Today, food animal 
welfare has intensified in a similar manner where influential materials (graphic images, videos, 
protests, and interviews) are used through forms of communication that enable instant 
accessibility, quick outreach, and apparent exposure of such topics. Altogether, these 
technological tools set the stage for what is sometimes considered useful dialogue, whereas other 
times discussions turn into extreme and emotional debates. Today’s advanced form of 
communication may also further elucidate and/or complicate such discussions depending on the 
agenda of those that stand for or against animal use in food production.   

In society, two general stances concerning the use of animals for human purposes exist and they 
are either considered advocates of animal welfare or of animal rights (Sumner, 1988). Animal 
welfare advocates stand behind the theory that it is morally acceptable to use non-human animals 
for human purposes, as long as the animals are treated humanely and humans do not impose 
unnecessary suffering on them. Thus to achieve such a goals, these advocates require the 
oversight of animal use. Several different organizations that support this stance include the 
American Veterinary Medical Association (AVMA), Animal Agriculture Alliance, Animal 
Welfare Information Center (AWIC), Animal and Plant Health Inspection Service (APHIS), and 
many more. On the contrary, animal rights advocates maintain that humans have no moral 
justification for using non-human animals for human purposes however humanely animals may 
be treated. Standing behind the notion that animals do not belong to humans to use for food, 
clothing, companionship, entertainment, education, or experimentation, the goal of these 
advocates is to abolish the use of animals by humans. Examples of organizations that support this 
stance include the People for the Ethical Treatment of Animals (PETA), Humane Society of the 
United States (HSUS), Mercy for Animals, Farm Sanctuary, and many more. As both these sides 
of society attempt to persuade the general public of their beliefs and preferences about ethical 
animal use, public perception becomes more important everyday in driving the debate on animal 
welfare. The plethora of information and resources available to the public via technology and 
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social media enables society to seek answers to their every question about animal agriculture and 
empower them to form their opinions; however, the abundant sources of information available 
(many that are credible and many that are not) in addition to the multiple definitions of welfare 
can also leave the layperson confused, misinformed, frustrated, or in a surrendered state to 
randomly pick one side of the argument or abandon the debate on welfare altogether. 
 

The Beef Cattle Industry and Animal Welfare 
 

Practical developments in animal welfare must follow the idea that you can only manage what 
you can measure (Grandin, 2013). Specifically for the beef industry, many practical 
developments have emerged and continue to progress based on the ability of producers to 
monitor or measure the effectiveness of their animal management strategies, whether they are 
business traditions or scientifically proven. An example of such progress includes the numerous 
efforts seen in mitigating heat and cold stress in cattle from extreme temperatures (Hahn, 1999; 
Mader, 2003; Mader et al., 2006). A variety of strategies to reduce such impacts (shade, 
sprinklers, bedding, wind barriers, dietary alternatives, etc.), as well as the development of 
effective monitoring of cattle responses to weather challenges (respiration rates, panting scores, 
body temperature, performance, feed intake, etc.) have been tested, implemented, and highly 
recommended by experts. Although progress has been made in many areas pertaining to beef 
cattle welfare, there are still many welfare-related topics that challenge the beef industry today. 
Currently, societal and consumer concerns span a wide variety of management strategies that 
range from traditional husbandry practices to advanced technological tools. As efforts to improve 
beef cattle care and management include a focus on practical strategies, scientific investigations, 
and development of educational tools, producers will likely be faced with public perceptions that 
are geared towards animal care and housing that is considered natural, enables normal and basic 
behaviors, and humane. The following two sections describe the challenges of two common 
welfare-related societal concerns and how practical developments can play a vital role in the 
advancement of knowledge and perception of those concerns.  
 
Painful Husbandry Practices 
  
Typical husbandry practices associated with pain, discomfort, and distress in the beef industry 
includes castration, dehorning, & branding. Approximately 15 million castration procedures are 
performed per year (Coetzee et al., 2010) in order to facilitate handling and prevent undesired 
breeding (Stafford and Mellor, 2005a). A large proportion of bull calves are reportedly castrated 
at cow-calf operations (~59% cow-calf operations castrated bull calves in 2007; USDA, 2008), 
however roughly 15% of feedlots were still placing bulls on feed with a large proportion of those 
operations castrating bulls (~91% of these feedlots castrated bulls in 2011; USDA, 2013). 
Typical forms of castration includes either band castration or surgical castration (USDA 2008, 
2013), with very minimal to no use of routine analgesic drug administration by veterinarians 
performing these procedures (Coetzee et al., 2010). Regarding dehorning, it is also common 
practice to disbud, tip horns, or dehorn cattle without pain relief in the US (Stafford and Mellor, 
2005b, 2011; AVMA 2012a). Cattle are dehorned to reduce the risk of injury to people and other 
animals. Approximately 49% of calves were dehorned on cow-calf operations in 2007 (USDA, 
2008), whereas about 77% of horned cattle in feedlots had their horns tipped or amputated in 
2011 (USDA, 2013). However, of all feedlots receiving steers and heifers (< 700lbs), 
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approximately 86% of feedlots followed pre-arrival practices to reduce sickness and death of 
animals, which included castration and dehorning of cattle four weeks prior to shipment (USDA, 
2013). Animal identification is also necessary for proving animal ownership, maintaining 
accurate health record keeping, reducing animal theft, and facilitating effective responses to 
potential disease outbreaks. Of all animal identification types, hot-iron branding and plastic ear 
tags were the most common forms used (USDA 2008, 2013), both which do not typically include 
the use of pain relief.  
 
The traditional practices of castration, dehorning, and branding are procedures known to cause 
physiological and behavioral changes in cattle. Previous studies have demonstrated that these 
practices are indicative of pain and distress, and are associated with increased concentrations of 
stress and pain indicators in the blood (cortisol, acute phase proteins, Substance-P 
concentrations), increased abnormal or pain-related behaviors, altered immune responses, and 
reduced performance (Robertson et al., 1994; Schwartzkopf-Genswein et al., 1997, 1998; Earley 
and Crowe, 2002; Coetzee et al., 2008; Gonzalez et al., 2010; Ballou et al., 2012). However, 
there are many proven advantages to performing these practices, such as decreased 
aggressiveness and sexual activity (reduced injury from mounts), improved quality of meat 
(increased tenderness and marbling) from castration, decreased rates of bruising and injury when 
animals do not have horns, and improved record keeping and response to disease outbreaks with 
proper animal ID (AVMA, 2012a,b). Thus, improved knowledge and novel strategies on 
achieving the goals of these practices without causing pain, discomfort, and distress will be 
critical for the beef industry. Increased societal concerns of painful husbandry practices by the 
layperson are typically related to the common surgical procedures in which many pet owners 
impose on their pets (e.g. spay or neutering, declawing, tail docking, and ear cropping). These 
surgical procedures commonly include many forms of pain relief. Hence, painful husbandry 
practices that are carried out on live farm animals without pain relief may be associated with 
unnecessary animal suffering by pet owners and the general public alike.  
 
Practical developments in the arena of pain mitigation in cattle currently involve scientific 
investigations that examine many novel forms of these practices. Examples include assessing 
when and how various forms of these practices are applied in a manner that is least stressful and 
painful to the animal. These approaches attempt to answer the following questions: Is there a 
particular age when these practices cause the least trauma? Which practices (physical vs. 
chemical vs. hormonal) are least stressful and painful? Should castration, dehorning, and/or 
branding be done in combination or separately? Are there genetic tools that can be used to 
prevent the development of the features that these practices eliminate? Furthermore, pain 
mitigation research also evaluates the effectiveness of medication (i.e. anesthesia or analgesia) 
that can be administered to animals prior to and/or after these procedures. Factors such as cost 
effectiveness, ease and practicality of administration, worker and animal safety, and proven pain 
relief are key features that such medication must deliver to be feasibly introduced into 
commercial operations today. Ultimately, the goal of these ongoing efforts and new 
developments in the field of pain mitigation are to reduce or eliminate pain, discomfort, and 
distress through new or improved procedures and medication. Producer and consumer outreach 
on what and why such practices are carried out, in addition to the efforts and new findings from 
pain mitigation research, may provide necessary insight to improve current husbandry practices 
and more accurately align consumer perception. 
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Cattle Handling 
 
Another challenge facing the beef industry is the manner in which cattle handled, which may not 
only be a concern for animal welfare, but for worker welfare as well. Improper handling of 
cattle, also known as ‘rough handling’ or ‘willful acts of abuse’, includes the dragging of 
conscious and non-ambulatory animals, inappropriate use of driving aids (sticks, flags, electric 
prods, etc.) to sensitive regions of the animal, deliberate slamming of facility structures or 
equipment on cattle, and malicious, aggressive driving of cattle on top of one another (AMI, 
2013). Such acts are a welfare concern and considered as abusive treatment to livestock. 
Furthermore, improper handling is also known to (1) put animals and handlers in risk of danger, 
injury, and death, (2) cause costly damage to facilities and equipment, (3) create learned bad 
habits and facilitate dangerous behavior by cattle, (4) increase stress of both animals and 
workers, (5) increase the difficulty in handling, time spent, and labor needed, and (6) cause 
carcass bruising, damage, and trim loss.  
 
Recent knowledge and development about the gregarious and prey-like behaviors of cattle has 
provided practical insight into moving and handling cattle in efficient and low-stress ways. 
Handlers can take advantage of the natural gregarious behaviors of cattle and move them with 
ease while minimizing unnecessary handler assistance. Principles such as understanding the 
‘flight zone’ of these species has made the process of moving animals safer and easier, with 
significant reductions in animal stress, injury, pain, and discomfort (Grandin, 1998; Grandin, 
2011a). The use of driving aids and persuaders (plastic paddles, boards or panels, flags, plastic 
sticks, and electric goads) by handlers have improved the handling process and can help animals 
move efficiently and easily in the direction of desired movement when used appropriately in the 
correct manner (Grandin and Deesing, 2008; Grandin, 2011b). Improvement of facility structures 
and the physical details/distractions present in facilities has brought another component of 
knowledge in encouraging the movement of cattle and reducing balking or stressful handling 
(Grandin and Deesing, 2008). Advancements in the development of restraining devices that 
protect both animals and handlers have profoundly impacted the handling welfare of animals 
over the past 30 years. Typical restraining devices used with cattle are ‘squeeze chutes’ 
(equipment used to individually restrain animals for necessary husbandry practices or health 
treatment) or double rail restrainer conveyor systems (conveyor restraining system used to 
support cattle with minimal stress prior and during stunning at slaughter). The modification and 
evolution of these systems have had positive behavioral and physiological effects for cattle 
during restraint and are known to be a humane, low stress manner in which animals can be held 
for procedures (Grandin, 1988; Grandin, 1995; Grandin, 1998; Grandin, 2006).  
 
In addition to the scientific evidence supporting low stress restraining devices and handling 
methods, many programs have been developed to educate, train, and update producers on calm, 
gentle ways to restrain and handle their livestock. An example of such educational programs are 
the numerous livestock handling demonstrations and workshops held across the US to illustrate 
and teach low-stress handling techniques of beef cattle, which is led by and widely accepted by 
industry leaders (Temple Grandin, Bud Williams, Curt Pate, Steve Cote, and many others). 
These clinics teach the concept of moving cattle on pasture or in large pens using calm, slow 
methods that stimulate a little anxiety in cattle, rather than the fear and flight response typical of 
threatened cattle (Grandin and Deesing, 2008). Low stress handling enables animal caretakers to 
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learn how to better ‘read’ their cattle to get the job done quickly, and refrain cattle from 
perceiving their handlers as a predators in order to move effectively with the least amount of 
stress.  
 
Altogether, the goal of these cattle behavioral advancements and educational tools is to create a 
positive handling experience every time for both cattle and handler welfare. Continued 
educational programs on cattle handling strategies for consumers and the public may shed light 
on the reality of handling large and potentially dangerous species by farmers and ranchers, which 
can improve public perception in the way beef cattle are treated. Moreover, producer outreach 
and training will provide the technical expertise needed for producers to improve their handling 
practices and reduce the safety risks and stress of handling cattle. 
 
The Future of the Beef Industry 
 
The beef industry will continue to be challenged by welfare concerns that question a large range 
of practices, from traditional husbandry practices to technological advancements. In order to 
optimize cattle welfare, efforts to improve beef cattle care and management must (1) refer to 
scientific investigations that fill/identify gaps of knowledge, (2) focus on practical strategies, and 
(3) develop educational tools that advance knowledge in both consumer and producer outreach. 
Furthermore, the future of cattle welfare must also align with the concept of ‘sustainability’ in 
beef production. Sustainable agriculture is often referenced as an efficient system that achieves 
long-term viability in a way that protects and improves natural resources, profitability, food 
safety, nutritional quality, and social acceptance of all agricultural products (Brown et al., 1987; 
Allen et al., 1991; USDA, 2009). Welfare and sustainability may appear to be two unrelated 
areas, but if minimizing inputs and maximizing outputs in an animal production system is at the 
heart of sustainability, then the animals present in such systems must be efficient in converting 
nutrients to muscle mass. If animals are efficient and expected to remain so, they must be raised 
in a manner in which they experience positive states of health, mental soundness, and behavior. 
Therefore, welfare and sustainability are related areas of beef production and the nexus of these 
areas should be a priority for research, extension, and education efforts (Place and Mitloehner, 
2014; Tucker et al., 2013). Together, these areas have the potential to improve the viability of 
livestock production.  
 
Production agriculture must find sustainable ways to feed over 9 billion people by 2050 (FAO, 
2012) and the increased demand for animal protein will be met when the 3 major pillars of 
sustainability are met: natural resources, economic viability, and social acceptance. Thus, 
welfare concerns must align with the definition of sustainable beef production, and one should 
approach and define the nexus of all these areas as: ‘Producing safe, quality beef with long-term 
economic viability, stewardship of natural resources, and responsibility to communities, family, 
and animals’ (Sara Place, personal communication).  
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External Influences on North American Beef Production:   
How will the Cattle Feeding Industry Adapt? 

 
Peter T. Anderson, Ph.D. 

Director of Research, Midwest PMS, LLC 
 
After decades of slow change, the North American cattle and beef industries are undergoing 
rapid transition.  Farming and food production are no longer local industries serving local 
markets but are part of a global marketplace with scaled opportunities and risks.  Individual 
cattle producers are subject to external influences to a greater degree than ever before and the 
collective responses to these forces will shape the industry and determine its future. 
 
External influences on cattle feeding can be grouped by starting with a simple question: What 
does a feedyard need to operate?  Answers include: 
 

 Feeder cattle supply 
 Market for fed cattle 
 Feed 
 Water 
 Energy 
 Labor 
 Capital 
 Waste disposal 
 Knowledge and technology 
 Freedom to operate 

 
Feeder cattle supply 

 
US cattle numbers have been declining for 50 years.  While we may think of short feeder cattle 
numbers as a recent trend, the long-term trend is obvious.  All US cattle numbers have declined 
35 million head in 39 years, an annual rate of 897,000 head.  Calf crop and slaughter numbers 
declined 15 million head in 38 years, or 395,000 head per year.  Cow numbers have shrunk in 
Canada and Mexico, too, so importing more feeder cattle is unlikely. 
 
Pressures that have reduced cattle numbers include alternative uses for land and an extended 
period of limited profitability for cow-calf producers.  Over much of the past few decades, a cow 
simply could not bid as much for an acre of land as a corn farmer, city developer, white tail deer 
hunter or reclusive billionaire so land that had cows on it was repurposed and the cows became 
quarter pounders.  That has accelerated with significant drought in major cow states in the past 
four years.   
 
This trend is likely to continue.  While some cattle cycles have produced modest increases in 
cattle numbers, a typical cattle cycle is flat for a while, then down.  The next few years will bring 
modest expansion in the cow herd (reducing on-feed numbers even more) but significant long 
term growth is unlikely.  The recent USDA projection of 16% increase in the US cow herd by 
2023 seems more like the upper limit of possibility than a realistic forecast.   
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Feeding capacity has been reduced.  Cattle-Fax estimated that 350,000 head of bunk space was 
idled or repurposed in 2013, continuing a trend, but overcapacity remains and competition for 
feeder cattle is strong.  That is one reason that it has been impossible to buy breakevens during 
most of the past 48 months.  Competition will continue and many feedyards have increased 
efforts to manage inventory or control cattle further in advance.  Use of ranches, wheat pasture 
and dedicated growing or starting yards are among the strategies.  Some feeding companies are 
affiliated with alliances or calf marketing groups.  Few have attempted to manage inventory by 
buying cows and producing calves themselves (although they might wish they had) because the 
capital requirements to own or lease enough ground and cows to fill a feedyard are immense.  
Feedyards will increase efforts to control inventory well in advance of placement.  Other yards 
will become part of the feeder cattle supply chain, rather than feeders. 
 
Despite a shrinking cattle herd, beef production (tons) has increased since 1950 and is similar to 
1975 when cattle numbers were at their peak.  While cattle numbers dropped, productivity 
increased dramatically so that we now get more beef (and more milk) from 90 million cattle than 
we used to get from nearly 140 million cattle.  This is a great success story that is only now 
beginning to be promoted. 
 
What happens when cattle numbers go down?  Prices increase and weights go up.  Both have 
happened in record fashion.  Increased carcass weights have been driven by at least six factors: 
 

1. Increased use of more aggressive implant programs 
2. Increased use of beta-adrenergic agonists 
3. Industry transition from selling live weight to carcass weight 
4. Economics that favored feeding the one you already have another day instead of selling 

or replacing it 
5. Improved genetic capability of cattle 
6. Drought induced culling of poor cattle 

 
Can the increase in carcass weights continue?  It is hard to bet against a straight line for 40 years 
but there are reasons to expect the increase to at least pause for a while after adjustment to 
current costs and prices.  Reason #1 has probably maxed out and we are backing up on #2 with 
the removal of Zilmax from the market.  In the future, growth-stimulating technologies will 
likely not add any more carcass weight than they added in the first half of 2013, perhaps much 
less.  Improved moisture and grass conditions in much of the country have stopped drought-
induced culling except in California.   
 
The shift to selling carcass weight has had a big impact.  The economic signals of carcass weight 
marketing are dramatically different than for selling live weight, especially at the end of the 
feeding period. We now pay attention to marginal revenue compared to marginal cost and 
incremental dressing percentage, terms that were not widely used a decade ago.  Carcass weight 
gain is typically 80%+ of live weight gain at the end of the feeding period.  While live weight 
gain slows, rate of carcass gain remains steady, creating the increase in dressing percentage that 
occurs as cattle progress through a normal feeding period.   
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Consider the example of a steer that will close out with average daily gain of 4.0 lb/d.  Assume 
that at the end of that feeding period he is gaining 3.2 lb/d, that the live market is $135, the 
carcass market is $212.50 and his marginal (daily) cost is $4.50, all in.  He is creating $4.32 of 
marginal live value per day so every additional day is an $0.18 loser if he will be sold live.  At an 
incremental dressing percentage of 80%, his carcass gain is 2.56 lb/d, creating $5.44 of marginal 
revenue, resulting in marginal profit of $0.94/d if sold as carcass weight.  This simple math 
explains one of the key reasons that carcass sellers feed cattle to heavier weights.  In the case of 
company-owned cattle, the higher cost of gain (live basis) caused by an extended feeding period 
can be accepted because profitability is higher whereas custom yards sometimes have a hard time 
explaining why a higher cost of gain can be related to improved profitability. 
 
Reason #4 is stronger than ever now with fed prices 1.5X cost of gain, so expect that to continue.  
Whether the fed cattle price over the next decade averages $135, $145 or $155/cwt, feeding 
cattle to high weights is gong to make sense if corn stays around $5.  
 
If the trend of increasing carcass weights is to continue, genetics will play a key role.  Genetic 
progress is slow and has little influence on the population from one year to the next but over time 
changes can be dramatic.  We are now seeing the results of decades of effective selection for 
growth.  In the 1980’s, geneticists developed predictive statistics that were far more effective 
than those used previously.  Expected Progeny Differences (EPD’s) for traits like birth weight, 
weaning weight and yearling weight, published with meaningful accuracy values, allowed 
purebred producers to make faster progress and commercial producers to maker better choices at 
bull sales but it took a long time for genetic improvement to make a noticeable impact on the 
population as a whole.   
 
Genetic trends for growth in purebred cattle have continued steadily upward and concentration of 
these genetics in commercial cattle following years of selection, have created a large population 
of cattle that can perform exceptionally well when current best management practices are aplied.  
For example, in our Midwest PMS database, the average lot of steers closed in 4Q13 weighed 
1427 lb with feed conversion of 6:1 and ADG of just under 4 lb.  Nearly one-fourth of the steers 
(and plenty of heifers) gained over 4 lb/d and converted under 6.0 and the average out weight of 
those steers was 1469 lb.  Only 4% of steers (and 27% of heifers) were marketed lighter than 
1250 lb.  Other databases likely contain similar results. 
 
More recently, genetic progress for growth has continued without concomitant increases in birth 
weight, allowing more widespread use of high growth bulls.  In the past it was possible to find 
hundreds of such cattle and fill a few pens or a small feedyard with them, but they are now 
available by the tens of thousands and a large yard can now be filled year-around with nothing 
else.  The proliferation of big, high performing cattle changes the economics of cattle feeding 
and creates new opportunities but will require management and marketing adjustments.   
 
One simple way to increase the genetic capability of the population and create more beef and 
more revenue from the same number of cattle would be to get more out of dairy cattle by using 
beef breed bulls for some matings.  Improved efficacy and reduced cost of sex-specific semen 
allows dairy breeders to produce dairy-breed heifers from better cows and beef-sired bull calves 
from heifers or poorer cows.  This is happening in scale within a few large operations but for the 
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most part has been ignored by dairy producers.  Lim-Flex, a Limousin-Angus composite breed 
has been used successfully on Jersey cows and heifers to create cattle that perform well and have 
exception carcasses.  With current economics, a purebred Jersey bull calf is essentially worthless 
at birth while a Lim-Flex sired bull calf from a Jersey cow is worth about $400 as a day old.  
Signals like that should change behavior in the dairy industry and partnerships with dairies could 
help feedyards with their feeder cattle supply problem.  An even greater potential opportunity 
would be direct ovum transfer and using the dairy cows as surrogate mothers for beef breed 
cattle.  Remarkably, cheaper technology and higher value cattle may make that type of 
technology economically feasible. 
 
The other significant genetic change is in marbling.  Premium carcasses, like CAB or Prime, 
used to be a happy accident that occurred at the outer end of the population distribution, just 
because there were millions of cattle fed.  Packers “creamed the cooler”, sorting outliers to fill 
orders for the really good stuff and nobody really changed management practices with the 
intention of producing more of them.  Now there are known sets of cattle that can produce 40%+ 
CAB carcasses with 10%+ Prime in large numbers, with feed conversion at the average of the 
industry, or better, despite exceptionally high weights.  Economic signals are telling us that we 
need to do more of that because percentage Choice and occurrence of premium grade cattle have 
both increased while premiums have remained high or increased and the Choice:Select spread 
has generally been wide over the past few years.   
 
High weights and high prices mean that individual animals are more valuable than ever before.  
This is a trend that must continue.  In any manufacturing system, if the number of units (in this 
case head of cattle) is reduced, the revenue per unit must increase.  The cattle industry must 
focus on maximizing revenue from each animal produced. While in the past, cost of production 
was the primary focus, emphasis will shift toward growing revenue.  Cost will still be a key 
consideration but the balance has already shifted.   
 
This will impact beef production practices because we will not manage $2000 cattle the same 
way that we used to manage $900 cattle.  Differences in value between animals are greater than 
ever.  Cattle feeders must react to the new economic signals.  Targeted outcome groups and a 
move toward individual endpoint management must be considered.  Key steps that must be 
mastered include: 
 

1. Determination of measurable traits that will affect outcomes 
2. Characterization of groups or individual animals 
3. Individual identification; creation and management of individual records 
4. Sorting into groups to be managed alike 
5. Projection of biological and economic performance 
6. Application of specific management systems 
7. Marketing to capture value 

 
Now our ability to maximize value is limited by lack of knowledge on capabilities of individual 
animals.  Current characterizations are based on identifiable traits such as weight, age, sex, hide 
color, condition, frame size or density (weight/height), etc.  These are pretty blunt instruments.  
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For the most part, use of these measures is based on correlation, rather than causation and they 
are used because they are relatively cheap and easy to obtain.   
 
With high prices, large differences in growth and carcass value allow for greater investment in 
characterization, so diagnostic tests of health or genetic capability of individual animals could be 
considered.  Inclusion of known health status could improve performance, reduce the need to 
handle cattle and save on the cost of prevention or treatment.  This is an area of huge investment 
in product development and research.   
 
Multi-gene panel tests are becoming widely used to describe breeding cattle but are impractical 
for feeder cattle due to cost.  Single nucleotide polymorphism (SNP) tests are recently available 
for genes like leptin that are known to affect performance and carcass value.  The lower cost and 
rapid turnaround of these SNP tests could make them a routine part of sorting systems.  
Including genetic information as a component of sorting systems requires sophisticated modeling 
and prediction methodology but would improve precision of targeted animal production.  
Economic incentives will be great enough to develop and implement such systems and facilities 
may need to be re-designed to accommodate them.  This creates an additional challenge for 
custom feeders if cattle must be commingled to use sorting systems without reducing occupancy 
rate. 
 
Whether health or genetic capability, feeder cattle value will be enhanced by knowledge that 
creates predictability.  Value for “known” feeder cattle will shift from simply reputation and 
feeding experience to include measurable diagnostics that improve predictability.  Measures that 
made no economic sense when there were 30 million feeder cattle worth $700 each will be 
practical for 24 million cattle at $1300 each. 
 
One challenge of these high genetic capability cattle is that spring calves are poorly matched to 
the calendar for summer grazing.  They are too valuable and too big to grow at low rates prior to 
grass.  Fall calves or those with less genetic capability are a better fit for summer grazing.  Plus, 
economics favor the feeder over a grazer.  Some stocker operations could return to cows due to 
these signals meaning that some cow herd expansion will not require taking out crop ground and 
putting fences back in. 
 

Market for fed cattle 
 

The decline in cattle numbers has caused the expected impact on packing plants with Tyson 
closing its Emporia, Kansas plant in 2008, Cargill idling its Plainview plant in 2013 and 
National’s Brawley Beef shutting down in 2014.  Collectively, these three decisions reduced US 
slaughter capacity by approximately 10,000 head per day or about 2.5 million head per year.  US 
slaughter capacity still exceeds expected fed cattle numbers so continued rationalization should 
be expected. Cow kill plants are almost certain to close in 2014. 
 
With declining cattle numbers, packers will lessen their risk by entering into more captive 
arrangements to tie up supply. This will be preferable to owning the cattle themselves because of 
the risk and capital required.  In the near term, cattle feeders have the leverage and do not need to 
change business practices but at some point in the future, plant closings will give surviving 
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packers the upper hand and they will dictate terms.  At that point, a cattle feeder will need a chair 
to sit in when the music stops or will have a huge problem.  While feeders are in control, 
premiums will increase but eventually packers will force larger discounts for cattle or carcasses 
that do not meet their specifications.  The back and forth will result in committed relationships 
that eventually become exclusive and closed.  The cash market will diminish and price discovery 
may come from elsewhere. 
 
Packers need for cattle has changed the way they discount heavy carcasses.  Over the past 30 
years, the weight at which heavy carcasses were penalized increased from 850 to 1050.  In the 
past 18 months, penalties at 1000 lb disappeared and many cattle are now sold with no heavy 
penalty at all, just a promise not to let weights “get out of hand.”  This has mostly benefitted 
small and medium-size yards that can make short term or handshake agreements, compared to 
corporate accounts, which are more likely to have detailed long-term written agreements.  
Moving heavy limits from 1000 to 1050 increases value by $30 per head in a set of cattle with 
900 lb mean HCW and an HCW standard deviation of 90 lb.  Packers made that change without 
significant pressure from feeders, a telling move.  With declining numbers, packers must also 
take steps to maximize revenue per unit.  Renovation of some packing facilities is now underway 
to allow bigger carcasses without increasing food safety concerns. 
 
A market for the product does not just mean a way to get cattle slaughtered and processed.  
Someone must buy and consume the beef as well.  Here there is excellent news for cattle 
producers and a very positive long-term outlook.  While US per capita consumption has declined 
with supply, increasing prices are a sign of solid demand and a growing population will continue 
to consume beef.   
 
Foreign opportunities are greater.  Exports contributed $240 per head in 2013 (USMEF data), up 
from $40 in 2003, following the BSE incident.  A large part of that is in hide and offal but total 
exported value is growing $10-20 per year and the growth is in meat, not by-products. 
 
Growth is likely to accelerate.  Global population growth, combined with upward mobility and a 
growing middle class, is already producing dramatic increases in global meat production and 
consumption.  Beef has not yet shared equally in that growth but will trend upward.  For 
example, China’s middle class will double in the next decade, adding as many new middle class 
consumers as the US has now.  While low, beef consumption in China is growing at twice the 
rate of pork consumption.  Most of that beef is imported, but not from the US.   
 
By 2030, Asia Pacific will have 63% of the global middle class while North America and Europe 
combined will have 18%.  Opening and expanding Asian markets is critical to the long term 
success of the North American beef industry.  The next two decades will be tremendous for beef 
production and consumption but it remains to be seen whether North America will participate in 
that growth.  You could win a few bar bets with the knowledge that India is currently the world’s 
leading exporter of beef.  The fact that India’s beef comes from water buffalo makes it clear that 
the good stuff from the US should remain in high demand as global affluence rises. 
 
A key external influence is increasing consumer preference for ground beef.  In January, 2014, 
Rabobank published an interesting edition of its AgFocus called Ground Beef Nation: The Effect 
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of Changing Consumer Tastes and Preferences on the U.S. Cattle Industry.  Author Don Close, 
an astute industry observer, lists increasing beef prices as the primary cause of declining beef 
consumption.  The paper cites the increased proportion of beef consumed as ground product, 
along with a diminishing price gap between steak and ground beef, and increased grinding of 
whole muscle cuts as indicators that the US beef production is out of sync with consumers who 
want more ground beef and less steak.  He concludes that the industry emphasis on making all 
cattle grade Choice is lessening our cost competitiveness compared to other proteins and that the 
industry must restructure our production systems to avoid continued loss of share to cheaper 
protein sources like chicken or pork.  He recommends that “the end-use of cattle should be 
determined as early as possible and the animals managed directly toward the end goal.  Between 
one-third and one-half of the animals should be raised primarily for ground beef.” (emphasis 
added) 
 
The paper is thoughtful, provocative, convincing and I think, wrong.  Everyone should read it 
and make up their own minds but here is an alternative view.  North America should get in, stay 
in and dominate the premium beef market.  Our resources are best utilized creating big, high 
quality cattle that produce an enjoyable eating experience and maximize revenue per animal.  We 
should actively seek to expand exports so that production can be increased if cow numbers and 
production practices allow.  Rabobank is correct that this type of production system will not 
create enough 90% lean trim to satisfy our demand for ground beef.  Currently lean trimmings 
originate from cow and bull carcasses, ground steer and heifer whole muscle cuts, and imports, 
mostly from Australia and New Zealand.  With declining cow slaughter for the next few years, 
90% lean trim will be in short supply.   
 
Rather than altering US production systems to produce more lean beef, a more practical solution 
is increased lean beef imports and in fact, Mexico and South America are gearing up to fill that 
void.  There are serious issues with increased imports, both political and scientific.  Currently, 
FDA is accepting comments on a rule that would open a portion of Brazil to fresh beef export to 
the US.  Nearly all comments thus far are opposed because of the risk of introducing foot and 
mouth disease (FMD), which could be disastrous for the US cattle industry. 
 
No other country can produce the good stuff in volume like the US and no other country would 
be willing to pay as much for imported lean beef.  While there are issues with relying on exports 
for revenue and imports for food, as part of a global market we must embrace both.  Both have 
increased substantially in the past several years and that appears likely to continue.  We can learn 
from the example of the Australian industry, which exports ultra-high quality beef to Japan and 
lean trim to markets that want that.  Domestic consumption in Australia is mostly the stuff in the 
middle.  Our system will be different from that but we can learn from the excellent public:private 
partnership that they have.  We must continue to open and grow export markets and identify 
markets from which we can safely import lean beef.  FMD is a serious risk so it may not be 
Brazil but someone will sell lean beef cheaper than we can produce it, especially with foreign 
government subsidies for production. 
 
As for devoting one-third to one-half of our cattle population exclusively to ground beef 
production, that is not going to happen.  We have technology to identify cattle that can’t produce 
a satisfactory eating experience and should remove them from the population or use post-mortem 

35



means to make the beef palatable.  Plus, if a pen of steers was offered for sale at 1250 lb and 
10% Choice for grinding purposes, somebody would just buy them, put them back on feed and 
sell them at 1525 lb, and make money in the process. 
 

Feed 
 

The US will continue to be a major producer and consumer of feed grains and will export grain 
when stocks:use ratios are high but it is usually more profitable to export grain through meat, 
rather than directly.  Row crop acreage has increased and corn yield trends continue upward.  
Human consumption of corn for food has plateaued, as has ethanol use for energy.  Barring 
exceptional drought or reduced irrigation, corn will be available and priced in a trading range 
comparable to current prices.  
 
Corn co-products will continue to be available in amounts similar to current levels.  Oil will be 
spun off and any other components that have greater value for non-feed uses will be extracted.  
Regional corn basis will move back toward what we all grew up with but not all the way back.  
Cattle will continue to be fed nearer the feed supply, it is cheaper to transport feeder cattle and 
even fed cattle than the feed required to feed them an equal number of miles.  Wet by-products 
will continue to enjoy a price:value advantage over dried by-products. 
 
Current levels of water use for irrigation will come under pressure from market and 
governmental forces.  This will affect feed by increasing dry land crops, replacing corn with 
sorghum in some areas and affecting price basis.  The cattle business will be helped immensely if 
seed companies invest in sorghum, like they currently do with corn, but that is not likely.  More 
roughage will come from corn fields in the Upper Midwest, in the form of corn silage or earlage, 
not stalks. 
 

Energy 
 

Increased oil and gas production in North America due to advancements in hydraulic fracturing 
(fracking) have moved the US close to energy independence.  That does not mean that energy 
will get substantially cheaper because fracking is a relatively expensive way to produce oil but it 
does suggest that energy in the US will not become substantially more expensive than it is now.  
The largest potential threat to US energy independence is governmental action designed to 
discourage oil and gas production by imposing higher taxes, fees or penalties or a system of 
carbon credits that must be purchased to use oil.  Energy will be abundant and affordable and 
some oil and gas revenues will stimulate rural economies.  The negative impact of the energy 
industry on cattle production will be in water and labor. 
 

Water 
 

First, a few numbers for perspective.  The US uses 408 billion gallons of water per day (US 
Geological Survey estimate).  Water use increased steadily from 1950-1980 and has been flat 
since.  Approximately 80% of water use is fresh water, the balance saline.  The biggest user of 
water is thermoelectric power, using 52% of the fresh water and 96% of the saline.  Most water 
used by power plants is returned (slightly warmer) and not consumed. 
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Agriculture is a water-intensive industry.  Irrigation consumes about 1/3 of all fresh water used 
in the US.  While irrigation methods are becoming more efficient, irrigated acreage and water 
use are growing.  Water used for irrigation is not really consumed.  Through the hydrologic 
cycle, irrigation water is returned for reuse but not right away and not always in the same place.   
 
Water will become more expensive.  Energy companies will bid against agriculture for water, 
and this represents a significant threat in some areas.   
 

"Hydraulic fracturing is largely taking place in regions already experiencing high 
competition for water," according to Ceres, an influential non-profit organisation 
focused on climate, water and sustainability issues that advises major institutional 
investors.   
 
Between January 2011 and May 2013, almost 100 billion gallons of water were used to 
fracture 39,000 oil and gas wells, according to an analysis by Ceres of well records 
submitted to the industry's FracFocus registry.  On average, each well used 2.5 million 
gallons of fresh water. The total consumption was equivalent to the annual water needs 
of 55 small cities with an average population of 50,000.  The problem with using fresh 
water for fracking is that it becomes contaminated with oil, salt and chemicals and must 
then be injected into disposal wells so deep that it never returns to the fresh water supply. 
 
In Colorado's Weld County, for example, the 1.3 billion gallons of water used for 
fracking in 2012 was equivalent to 15 percent of the amount used in the county for 
residential consumption. 
 
After power plants, the biggest single use of water is for irrigation, which includes crops 
as well as golf courses. In 2005, irrigation used 144 billion gallons of fresh water every 
day, of which 75 billion came from surface sources and 54 billion were pumped from 
underground aquifers. 

 
In other words, frackers used the same amount of water in two years (2011-2013) that 
U.S. farmers typically withdraw from underground aquifers every two days.  The real 
competition is not between frackers and households, but between oil and gas producers 
and farmers.  In comparison, the daily consumption of fresh water by industry (17 billion 
gallons), mining (2.3 billion gallons) and homes and offices (48 billion gallons) is 
modest. 
 
The number one target has to be cutting wasteful water use by farmers. "Although the oil 
and agricultural industries have coexisted for many years in Kern County, elevated water 
use for hydraulic fracturing in the context of massive drought could alter this course," it 
warned. "There are growing concerns that the agriculture sector will find it more 
lucrative to sell their water for oil exploration than growing crops." 

 
If there is good news in the water discussion, it is that combined use by livestock, aquaculture 
and mining represents only 3% of all water use in the US.  Water costs for feedyards and packing 
plants will increase and additional investments for improved water quality may be required.  We 
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will not likely be asked to provide less water for livestock because that would be inhumane and 
have almost no impact.  However, irrigated crop production will almost certainly be affected, 
resulting in changing feed resources and basis costs.  Already, farmers that draw on the Ogallala 
aquifer have collectively agreed to voluntarily reduce water use, rather than risk legislative 
action that they would have less control over. 
 

Employees 
 

A common concern among feedyard mangers is that quality employees are getting more difficult 
to find and harder to keep.  Working in a feedyard can be physically demanding, sometimes 
dangerous and every job requires some weekend or evening hours.  Other available jobs are 
simply easier and softer, often better paying as well.  A declining rural/ag population means that 
those who prefer to work in ag are available in ever-decreasing numbers. 
 
The growing energy industry in cattle producing areas has made the labor shortage worse by 
paying much higher rates for skilled and unskilled employees than feedyards and ranches are 
used to.  It is difficult to bid against Exxon when they want something. 
 
There are two potential solutions to this for cattle feeders and both will have to be employed.  
First, feeding companies will have to develop their own labor pools, starting with unqualified 
workers and providing substantial training before they ever work a minute.  The same will be 
true of management positions.  Feedyards will provide management training to current or 
prospective employees, requiring substantial investment with risk of no payoff for the employer 
if the employee leaves or does not succeed.  A related industry that provides these services to 
feedyards and dairies for fees or as value-adds is beginning to form. 
 
Second, cattle feeding must continue to evolve to require less labor.  Scarcity of labor will 
increase the price and technology can replace some of it.  Some of that has already happened 
with more technology in feed mills, extended duration implants, more health treatments in feed, 
remote control gates and chutes and antibiotics that don’t require hospital stays.  Starter yards 
and backgrounders are accepting high-risk cattle and turning them into something that can be fed 
without much labor (most of the time).  Design of modern working facilities reduces labor 
required.  These trends will continue and other ways to reduce labor must be incorporated, too.  
Yards that lag in this transition will become non-competitive.  Technology may provide space-
age stuff like driverless feed trucks or sensors that identify and report sick animals without the 
need for a pen rider.  Bar codes or RFID technology could negate the need for human recording 
of every incoming truck weight. 
 
Feeding cattle with fewer people could be contrary to the trend of individualized animal 
production discussed previously.  In the long run, capital allocation to the best use will win.  
Other manufacturing industries have replaced people with technology to some extent.  Cattle 
feeding will need to do the same. 
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Waste disposal 
 

The industry view of manure has changed from waste that must be disposed of to a resource that 
has market value.  Demand and increased energy prices have driven up the price of fertilizer, 
increasing the value of manure with comparable nutrients.  Coincident with that, as manure is 
applied more precisely, nutrients go farther and its water content can make a positive difference 
in arid climates.  Soil scientists have shown that microbes in manure can inoculate soil and 
improve productivity.  In arid areas, moisture can be extended by precisely applying manure with 
new equipment designs. 
 
Manure value could also influence facility design, especially in Northern climates.  Ability to 
capture and market all nutrients in row crop growing areas must be considered when designing 
facilities. 
 

Capital 
 

While high fed cattle prices are initially great for feedyards, they almost immediately result in 
higher feeder cattle prices.  In the end, feedyards, as margin operators, bid cattle back to 
breakeven and high prices simply mean more risk without more potential reward.  The amount of 
capital required to feed cattle has doubled since 2000.  Wagering $2000 hoping to make $25 is 
not as good a business as we had in 1980 with $68 fed cattle.  This increased risk without 
increased return explains a portion of reduced custom feeding over the past decade as investment 
dollars sought more favorable risk:reward profiles.  A real tug-of-war has developed in the 
feeder cattle market between entities that do not need the cattle to be profitable (because of other 
revenue streams) and those trying to feed for profitability.  Capital will find its way to the highest 
returns. 
 
In a high price environment, custom feeding suffers as per head capital requirements become 
onerous.  Financers will avoid added risk.  Either way, somebody is out of position.  Credit may 
be harder to come by as bankers are more conservative due both to restrictive new regulations 
and having been burned in the past. 
 
Eventually, rising interest rates will rearrange a great deal of production agriculture.  Alternative 
passive investments like, bonds, will become more attractive and land prices will decline (or 
cease to rise) accordingly.  If corn stays around $4-5 and feeder cattle remain worth $1000 as 
calves or $1300 as 8 weights, a few corn fields might turn back to grass but it seems like fence 
post removal is usually a terminal process so not much of this will happen.  Current economics 
allow serious consideration of dry-lotting beef cows, which has never been practical in the past. 
 

Freedom to operate 
 

A great risk to production agriculture, especially livestock, is reduced freedom to operate.  
Freedom can be curtailed through governmental action or the influence of consumers or activists.  
Governmental restrictions are most likely in the areas of water use and local air or water quality 
laws.  Some states will determine that they do not want a livestock industry and regulate their 
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producers into a competitive disadvantage.  Others will gladly accept and support livestock.  On 
a federal level, high estate taxes are a certainty that will disrupt individual family businesses.   
 
The influence of the federal government could be greatest in the area of food safety.  Increased 
pathogen testing by FSIS will add cost to the system without enhancing food safety.  As testing 
technology improves, packers will attempt to transfer pathogen liability to feeders, as the original 
source of the pathogens.  Feeders will invest more in pathogen reduction strategies, increasing 
use of displacement probiotics and adopting vaccines if they ever become efficacious and cost 
effective.  Other technologies will appear and feeders will redesign facilities to create pre-harvest 
“safe zones” for the last stage of the feeding period.  Feeders will demand compensation for 
“clean” cattle but probably will not get it, rewarded instead with market access. 
 
Feed will be treated more like food.  The FDA has released a major proposed rule to implement 
the Food Safety Modernization Act (FSMA): Current Good Manufacturing Practice and Hazard 
Analysis and Risk-Based Preventative Controls for Food for Animals.  This rule requires GMP 
and HACCP-type plans for feed manufacturers, making the feed business more like the human 
food business than in the past.  It remains to be seen how restrictive these measures will be but 
they will certainly add to the cost of compliance. Both feed companies and commercial feed 
mills in yards will be affected to some extent. 
 
Cattle feeders will need effective political advocacy.  As much as we all like to be independent 
and complain about government, they will become an even more critical partner.  With exports 
comprising an increasing percentage of beef production, the industry will rely on government 
more than ever to assist with access to critical foreign markets.  No individual feeder or company 
can open a market like Korea.  That type of progress requires commodity groups to lobby 
lawmakers and federal agencies to take action.  Increasingly, ag state representatives are focused 
on social issues more than ag issues.  Combined with declining rural population, this lessens ag’s 
clout in Washington and is a substantial threat to production agriculture. 
 
Restrictions from consumers are becoming reality, driven by a small, vocal minority.  The 
International Consumer Attitudes Study (ICAS) categorized 95% of consumers as “Food 
buyers”.  They choose foods based on taste, cost and nutrition (in that order) and are not 
interested in influencing production practices.  Another 4% are “Lifestyle buyers”. They are 
interested in luxury/gourmet, organic and local foods and influence production via their choices, 
but not activism.  The remaining 1% are the “Fringe” consumers who are activists, seeking to 
ban or restrict certain foods or production practices.  In countries with relatively cheap food, high 
disposable incomes and too much spare time (i.e. the US), these fringe consumers make enough 
noise and political contributions to have influence. 
 
The most likely areas of influence are animal well-being, food safety and a developing area 
broadly called sustainability.  Activist influence is not directly on producers but rather through 
demands of food companies that have been influenced by activists.  For example, McDonalds 
has specific cage size requirements for laying hens in the US, buys only cage-free eggs in Europe 
and recently stated that it will buy 12 million cage-free eggs per year in the US, despite a cost 
that is 2X conventionally produced eggs.  Burger King buys only cage-free eggs.  McDonalds 
recently announced that they are moving toward eliminating gestation crates for sows and issued 
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a joint statement with the Humane Society of the United States on the subject.  Smithfield, the 
largest pork producer in the world, and Hormel, have stated their intention to do away with 
gestation crates in company-owned facilities by 2017. 
 
An interesting partnership has been formed in the area of sustainability.  The Global Roundtable 
for Sustainable Beef (GRSB) includes constituencies that may seem to be opposed to each other.  
Founding members include NCBA, McDonald’s, Cargill, Elanco, JBS, Merck Animal Health, 
Wal-Mart and the World Wildlife Fund. GRSB takes a “triple bottom line” approach in defining 
sustainability, meaning a sustainable beef system must be environmentally sound, economically 
viable and socially responsible. 
 
For the most part, the cattle industry avoided consumer influence on production practices.  That 
changed in 2013 when Zilmax was withdrawn from the market.  Although consumer groups 
were not directly responsible for the decision, there is little doubt that Tyson Fresh Meats and 
Merck Animal Health had concern about public opinion and it contributed to the decisions that 
they made.   
 
Private standards from McDonalds or Costco, Tyson’s Farm Check program, the feedyard 
certification in Merck’s Five-Step Plan for Responsible Beef and include requirements feedyards 
must meet to remain customers or suppliers.  Programs of this type could alleviate consumer 
concern or just place another burden on management. The Beef Marketing Group’ Progressive 
Beef program is a proactive strategy to get in front of the issues and allow feedyards to 
determine the strategy, rather than having it dictated. 
 
Zilmax may return at some point and reasonable opinions may differ on whether that is a good 
thing or not.  It is clear, however, that voluntary removal of a product that FDA has determined 
is safe and effective, could be a bad precedent.   
 

Knowledge and technology 
 

Use of technology improves beef’s cost competitive position relative to other proteins.  Beef 
marketed as natural remains a relatively small portion of the industry and has not grown as many 
projected.  One reason is the high cost of producing beef with restrictions on technology.  While 
technologies must be applied legally, safely and prudently, an industry based on non-use would 
be much smaller than our current industry and would turn beef into a luxury item, not a regular 
center of the plate choice. 
 
A logical extension of the Zilmax situation is the potential for reduction in investment for new 
technology that serves production livestock.  Companies could perceive that such investments 
are more risky than investing in new drugs or technologies for companion animals or human 
medicine.  If so, the cattle industry will see a reduced flow of new pharmaceutical products and 
other technologies necessary to improve health or productivity.  
 
Combined with patent expiration and increased generic approvals, the landscape of product use 
and support will change dramatically.  Fewer new molecules and increased patent expiration will 
change the balance toward generic products.  This will result in more choice and increased price 
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competition.  It remains to be seen if research, support and value-added services will accompany 
bioequivalent products.  Companies will offer complete product lines, including pioneer and 
generic approvals, attempting to create “sole supplier” relationships.  More restrictive bundling 
programs will be used to discourage generic use but these will eventually collapse as feeders 
demand choice.   
 
Public pressure will force the industry to create solutions from non-chemical, non-
pharmaceutical means.  Biologically active organisms like bacteria or yeast, along with cell wall 
extracts, MOS compounds, essential oils, enzymes, etc. will become more common and their 
value recognized.  The feeding industry will demand pharmaceutical-quality proof sources for 
non-pharma products and only those that meet that threshold will be widely used. 
 
Trends in funding of research and subject matter are already apparent and will continue.  Pure 
research will be driven by government dollars focused on food safety and sustainability.  
Improving production efficiency will not be a priority for government research dollars.  Industry 
dollars will focus on product evaluation and comparison and become more proprietary.  The long 
standing research relationship between the feeding industry and large pharmaceutical companies 
will erode as they become fewer and focus less on production agriculture. 
 
Technical expertise will increasingly come from partner companies and less from universities, 
continuing a long-term trend toward technical services and away from university extension.  Half 
of the Departments of Animal Science will close but those remaining will thrive with high 
enrollment and adequate resources.  In key cattle-producing states, relationships with universities 
will strengthen and commodity groups will have more influence on research, as long as they 
provide some of the dollars.  In other states cattle-related programs in teaching, research and 
extension will be discontinued. 
 

Summary and implications 
 
 Food production is no longer a local industry.  Cattle feeders are part of a global economy, 

subject to external influences with greater opportunity and risk than ever before.  
 The single biggest influence is the declining US cow herd.  Heavier weights and higher 

prices are the result.  Fewer cattle means the focus must shift to maximizing revenue from 
each animal.  

 Continued genetic progress will be required to continue the trend of increasing carcass 
weights.  

 High value cattle will be managed differently.  Systems to improve predictability will be at a 
premium. 

 The most feasible strategy is for the US industry to produce high quality beef for domestic 
consumption and export and to import lean, low cost beef for grinding.   

 Supply and demand will dictate that cattle feeding use less labor and water.  Crop production 
and available feedstuffs will change due reduced water use. 

 Capital requirements and risk will continue the decline in custom feeding.   
 Pressure from consumer activists will cause food companies to dictate production practices.  

If that results in reduced use of technology, industry competitiveness will suffer. 
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 It is not difficult to recognize the external forces.  Success will find those who accurately 
predict the influence of these forces and adapt by creating and implementing the right 
strategies. 
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Figure 1. Total US cattle numbers (millions hd) by year, USDA 
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Figure 2. Federally inspected steer and heifer slaughter (millions hd) by year, USDA 
 
 

 

Figure 3. Federally inspected carcass weights (lb/carc) by year, USDA 
 

 

 

Figure 4. Annual fed steer price ($/cwt) by year, adapted from Cattle-Fax 
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 Figure 5. Annual 550 lb steer price ($/cwt) by year, adapted from Cattle-Fax 
 
 

 

Figure 6. Comparison of profit and loss ($/hd) for cattle sold live or carcass  
with added days on feed 

 

 

Figure 7: Percentage USDA Choice and Prime (left axis) and USDA Yield Grade 4+5 
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Figure 8.  Angus Yearling weight and Birth weight genetic trends 
 
 
 

Table 1.  Capital required to feed cattle 
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1975 1980 1985 1990 1995 2000 2005 2010 

Yearling 

Birth 

1980 1990 2000 2010 2014
Feeder, $/cwt 70.00 82.00 85.00 120.00 175.00
Feeder cost, $/head 525.00 615.00 637.50 900.00 1312.50
Corn, $/bu 2.50 2.40 1.90 5.25 4.75
COG, $/cwt * 63.89 68.30 57.92 86.03 111.67
Sale weight, lb 1115 1181 1263 1343 1425
Fed price, $/cwt 68.00 77.00 74.00 105.00 145.00
Revenue, $/head 758.20 909.37 934.62 1410.15 2066.25

Pct vs 1980 20% 23% 86% 173%

30 percent down 157.50 184.50 191.25 270.00 393.75
Total COP, $/head 233.20 294.37 297.12 510.15 753.75
* Forced breakeven based on feeder cost and fed revenue
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“Alternative Feed Additives” – What Options are Available for Feedlot 
Production? 

 
Jenny Jennings1 and John Wagner2 

1Texas A&M AgriLife Research, Amarillo 
2 Colorado State University, Ft. Collins 

 
 
A large variety of feed additives exist in the feedlot industry.  Some have been heavily 
researched and widely utilized by cattle producers for years; while others have not.  Ionophores 
and antibiotics for the prevention of liver abscesses are virtually a standard in US finishing diets, 
and have proven very effective.  Monensin was introduced in 1975 and by 1999, more than 500 
million head of cattle had received the product.  A large foundation of research has shown 
monensin aids in the feeding of high concentrate diets, improving production efficiencies, and 
lowering methane emissions.  The FDA approval of the monensin and tylosin combination 
enhanced performance further by the reduction of liver abscesses.  The two additives, overall, 
have had profound effects on the beef cattle industry and play a pivotal role in improving feedlot 
health and performance in the US. 
 
The use of antibiotics for nonmedical purposes in animals was banned by the European Union 
(EU) in 2005 (Wallace, 2004).  On December 11, 2013, the Food and Drug Administration 
released a plan for the voluntary phase out of “the use of medically important antimicrobials in 
food animals for food production purposes” (FDA website, News Release).  This is in 
accordance to the growing concern of antimicrobial resistance in humans and animals.  The 
announcement also included veterinary oversight for additional therapeutic uses.  While 
monensin and tylosin were included in the EU ban, they were not among the listed for the recent 
FDA proposal.  Nevertheless, these initiatives highlight the importance of exploring alternative 
feed additives that are not listed as EU banned additives, or sensitive to US consumer perception.   
 
Current alternatives are under a microscope as to their origin (i.e. natural or organic) and their 
ability to provide current efficiency goals already met.  Sustainability has also been an important 
global topic, and new feed additive alternatives are challenged to maintain current performance 
while lowering the environmental footprint of beef production.  Limited research exists on the 
growing list of alternative feed additives available.  Therefore, the authors chose two categories 
to discuss based on newly available published data.  The literature focuses primarily on 
mechanistic action in the rumen and animal performance in the feedlot. 
 

Essential oils 
 
Essential oils (EO) are defined as a group of secondary plant metabolites obtained from volatile 
fractions of plants by steam distillation process (Patra and Saxena, 2010).  Essential oils are 
complexes that give plants and spices their pigmentation and aroma.  Many EO have antifungal, 
antioxidant, and antibacterial properties that protect the plant itself.  The various properties of 
essential oils present in peppers, spices, garlic, and other plants have been known for years.  The 
recognized antimicrobial properties of various essential oils brought attention to their potential 
use, and justified research, to improve performance of beef cattle.     
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Limited research exists on EO application in beef feedlots.  Khiaosa-ard and Zebeli (2013) 
recently published a meta-analysis of in vivo results from supplementing EO in ruminants.  
While a majority of the literature cited in the meta-analysis used small ruminants or diary 
animals as a model, several beef studies were included (Beauchemin and McGinn, 2006; 
Cardozo et al., 2006; Fandino et al., 2008; Meyer et al., 2009; Yang et al., 2010a, 2010b, and 
2010c) and are discussed in this paper.  Thymol (thyme extract), eugenol (clove extract), vanillin 
(vanilla extract), limonene (lemon extract), anise oil, capsicum oil, cinnamaldehyde (cinnamon 
extract), guaiacol (guaiacum extract), linalool (scented herbs), and α-pinene (pine extract) were 
the essential oils studied and discussed below.  Of the beef information available, most 
publications address a more mechanistic approach through modulation of rumen function.  
Research with results containing feedlot performance and carcass traits are scarce, as are studies 
using steam flaked corn-based finishing diets.   
 
The current research failed to reference an available in-feed assay for EO, however quality 
assessments can be used (Turek and Stintzing, 2013).  Essential oils are vulnerable to 
temperature, light, and air.  Storage and feeding recommendations should be followed to avoid 
potential oxidation (Turek and Stintzing, 2013). 
 
Effects on Rumen Fermentation 
 
Beauchemin and McGinn (2006) compared a proprietary blend of essential oils containing 
thymol, eugenol, vanillin, and limonene, fumaric acid, and canola oil fed to spayed heifers in a 
barley silage-based diet.  The essential oil and control treatment were used for discussion.  
Rumen fermentation characteristics were measured and are presented in Table 1.  The EO blend 
was fed at a rate of 10g/d.  Growth and rumen fermentation parameters remained unchanged 
between treatments (P > 0.10).  Digestibility of all nutrients was lowered (P < 0.05) by feeding a 
blend of essential oils.  Cattle were also moved to environmental chambers to determine methane 
emissions.   Feeding essential oils had no effect on total daily methane emissions (P = 0.83), 
methane per kg of DMI (P = 0.52), or methane percentage of GE (P = 0.53).  However, methane 
emissions expressed as a percentage of DE intake tended (P = 0.10) to increase compared to 
control (Beauchemin and McGinn, 2006).   
 
Four Holstein heifers were used in two experiments to assess rumen fermentation and protein 
degradation with alfalfa extract or EO combinations in a barley and corn grain-based concentrate 
fed with barley straw (Cardozo et al., 2006).  Experiment 1 compared alfalfa extract at 30 g/d 
(10% malic acid and 1.5% saponins, DMB), a mixture of 0.18 g/d of cinnamaldehyde and 0.09 
g/d of eugenol (Blend 1), and the combination of both treatments (Blend 2).  Results are 
presented in Table 2.  Blend 1 and alfalfa extract decreased (P < 0.03) total DM, concentrate, and 
water intakes compared with control.  The addition of extracts did not affect barley straw DMI.  
There were no interactions between treatment and time after feeding for any of the ruminal 
fermentation parameters measured in experiment 1 and 2.  Alfalfa extract increased (P < 0.03) 
acetate to propionate ratio, however no differences in VFA proportion, lactic acid concentration, 
and ruminal pH were determined for the other treatments.  Similarly, there were no effects of 
alfalfa extract on ammonia N concentration.  Blend 1 affected N metabolism by increasing (P < 
0.05) small peptides plus AA (SPep+AA) and decreasing ammonia N concentration.  Cardozo et 
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al. (2006) suggested that deamination maybe inhibited from EO supplementation.  Cardozo et al. 
(2005) reported cinnamaldehyde and eugenol increased (P < 0.05) total VFA concentration.   
Cinnamaldehyde also decreased ammonia N concentration in an in vitro batch culture 
fermentation study.  The ruminal fluid was collected from heifers fed a 90:10 concentration to 
forage ratio at a pH of 5.5.  However, these effects were pH dependent, and at pH 7.0, 
cinnamaldehyde supplementation decreased (P < 0.05) total VFA concentration and increased (P 
< 0.05) acetate to propionate ratio, and eugenol had no effects.  The lack of effect of Blend 1 on 
VFA concentration and proportions in experiment 1 could have been due to higher pH 5.95 
(Cardozo et al. (2006).   
 
In experiment 2 Cardozo et al. (2006) compared anise oil at 2g/d, capsicum oil at 1g/d, or a 
mixture of cinnamaldehyde and eugenol at 0.6 and 0.3 g/d (Blend), respectively (Table 3).  The 
cinnamaldehyde and eugenol blend in experiment 2 was fed at a higher dose than experiment 1.  
Capsicum oil increased (P < 0.05) total DMI, concentrate intake, and water intake.  Anise oil 
tended (P < 0.10) to increase total DMI, and the blend decreased (P < 0.05) water intake 
compared with control.  Barley straw intake was not affected by treatments. In contrast to 
experiment 1, the blend of EO had no effects on DMI.  All EO treatments increased (P < 0.05) 
propionate and decreased (P < 0.05) acetate and ammonia concentrations in the rumen.  This can 
be a characterization of more efficient fermentation, however, animal performance was not 
reported.   
 
Fandino et al. (2008) published a similar study comparing anise oil (500 mg/d), capsicum oil 
(500 mg/d), and monensin (238 mg/d).  Capsicum increased (P < 0.05) concentrate and tended to 
increase DM (P < 0.10) and concentrate intake, while the other treatments were not different.  
Monensin increased (P < 0.05) ruminal pH, propionate molar proportion, concentration of large 
peptides (LPep) and Spep+AA.  Monensin decreased (P < 0.05) the total VFA concentration, 
molar proportion of acetate and butyrate, concentration of ammonia N, and acetate to propionate 
ratio compared to control.  Capsicum decreased (P < 0.05) molar proportion of acetate, and 
increased (P < 0.05) the molar proportion of butyrate.  Anise was the only EO to increase (P < 
0.05) propionate concentration while decreasing (P < 0.05) molar proportion of acetate and total 
VFA concentration, however butyrate was unaffected.  The expected changes occurred in rumen 
fermentation with monensin, but the results from EO were more variable (Fandino et al., 2008).  
Anise had similar effects on ruminal fermentation parameters compared with monensin except 
for changes in butyrate proportion.  Therefore, Fandino et al. (2008) suggested the mode of 
action of EO may be different than monensin.   
 
Yang et al. (2010a and 2010c) performed dose titration studies using cinnamaldehyde or eugenol 
using four ruminally and duodenally cannulated steers.  Cinnamaldehyde (Yang et al., 2010a) 
and eugenol (Yang et al., 2010c) were fed at 400, 800, and 1600 mg/d in rolled barley-based 
diets.  Total tract digestion and blood metabolites including glucose, triglycerides, urea N, NEFA 
concentration, white blood cell counts were measured.  Proportion of total lymphocytes, 
neutrophils, monocytes, eosinophils, and basophils were measured for immune status.  Acute 
phase proteins were also measured and included Haptoglobin, serum amyloid A (SAA), and 
lipopolysaccharide binding protein (LBP).   
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Yang et al. (2010a) reported that intake changed quadratically with dose of cinnamaldehyde 
supplementation and tended to increase (P < 0.09) for the low dose (400 mg/d) and decrease for 
the high dose (1,600 mg/d).  However, the low and high doses were not different from the 
control.  Duodenal flows of OM, NDF, and starch were not affected by feeding cinnamaldehyde.  
Digestibilities (% of intake) of OM and NDF were not affected, whereas the high dose lowered 
OM (P = 0.10) and NDF (P = 0.05) digestibility compared to control.  No differences were 
observed for ruminal starch digestibility and intestinal digestibilities (% of intake) of OM, NDF, 
and starch.  Ruminal pH and fermentation characteristics were not affected by treatment.  
Concentrations of blood glucose and urea N were not affected by treatment.  Cinnamaldehyde 
tended (P = 0.06) to quadratically change NEFA concentrations, where low (400 mg/d) and 
medium (800 mg/d) tended (P = 0.10) to have lower NEFA concentration than control.     
 
Dry matter intake was unaffected by eugenol supplementation (Yang et al., 2010b).  Duodenal 
flow of NDF linearly (P = 0.05) increased with increased eugenol dose, however OM, starch, 
and total N were not different.  Ruminal degradability reflected increased flow, as NDF linearly 
(P = 0.05) decreased and degradation of N in the rumen tended to (P = 0.09) linearly decrease 
with increasing supplementation.  Intestinal digestibilities of OM, NDF, starch, and N were not 
affected by treatment.  Concentrations of blood glucose, triglycerides, urea N, and NEFA were 
not affected by treatment.  Proportions of lymphocytes linearly increased (P < 0.05) and 
basophils decreased (P < 0.05) with eugenol supplementation.  Haptoglobin tended to linearly 
decrease (P = 0.07) while SAA and LBP remained similar to control. 
 
Both studies concluded that increasing doses of EO produced a linear decrease (P < 0.05) in fiber 
and protein degradation in the rumen (Yang et al., 2010a and 2010b).  Increased RUP flow to the 
small intestine has the potential to improve growth.  However, there was a linear decrease (P = 
0.02) in BW for cinnamaldehyde and no significant effects on growth from eugenol.  
Measurements were taken from four animals in a 4 x 4 Latin square which limits the ability to 
make strong inferences from changes in growth.  
 
Effects on Beef Cattle Performance 
 
Rumen fermentation measurements are important to address the mechanistic action of EO.  
However, the association between changes in rumen environment and actual animal performance 
must be consistent for a successful application in the industry.   
 
Four hundred and sixty-eight steers were used to evaluate EO in combination with or comparison 
to monensin and tylosin in the feedlot (Meyer et al., 2009).  Two proprietary EO blends were 
used, one containing thymol, eugenol, vanillin, guaiacol, and limonene (Blend 1; 1 g/d), and the 
other containing guaiacol, linalool, and α-pinene (Blend 2; 1 g/d).  Blend 1 was fed in 
combination with monensin, and then a combination of monensin and tylosin only.  High 
concentrate finishing diets were used and performance results are presented in Table 4.  The 
monensin and tylan combination resulted in superior conversions, leaner carcasses, and lower 
prevalence of liver abscess (Meyer et al., 2009).  Meyer et al. (2009) completed a digestibility 
study in conjunction with the feedlot study, no differences were observed for digestibility, intake 
pattern, ruminal pH, and ruminal VFA compared to control.  These results are similar to 
conclusions reported by Fandino et al. (2008). 
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Yang et al. (2010c) evaluated 400, 800, and 1600 mg/d of cinnamaldehyde, and monensin in 
rolled barley-based diets.  Seventy steers were used to measure performance, carcass traits, blood 
glucose, NEFA concentration, urea N, haptoglobin, SAA, and LBP.  Dry matter intake tended (P 
= 0.09) to be quadratically affected by level of cinnamaldehyde during the feeding period.  There 
were no differences reported for growth characteristics and efficiency.  Acute phase proteins 
were only measured out to day 56 of the 112 d feeding period.  Serum amyloid A increased 
linearly (P = 0.01) with cinnamaldehyde dose. 
 

Enzymes 
 
Fibrolytic and amylolytic enzymes have been commercially available for quite some time.  
While dose and activity rate are an important topic of research, the form of application is an 
additional factor that other alternatives may not have (i.e. ingredient exposure before feeding vs. 
directly fed).  The fibrolytic enzymes usually come in the form of cellulase or xylanase, usually 
in combination, while amylolytic enzymes are in the form of α-amylase.  Isolated activity can be 
measured by the rate of sugar breakdown in a specified time period. However, assay sensitivity 
can make it difficult to detect enzyme activity in a TMR.   
 
Specific bacteria and fungi are readily used in the industry to produce the appropriate exogenous 
enzymes for feeding purposes.  Bacterial examples are Bacillus subtilis, Lactobacillus 
acidophilus, Lactobacillus plantarum, and Streptococcus faecium.  Fungal examples are 
Aspergillus oryzae, Trichoderma reesei, and Saccharomyces cerevisiae.  The species from which 
the enzyme is extracted is typically noted on the product label or specification sheet.  Caution 
must be taken to maintain enzyme integrity and various application processes in the feedlot may 
hinder enzyme activity (i.e. low pH in liquid supplements and high temperatures during 
pelleting).   
 
Fibrolytic Enzymes 
 
McAllister et al. (1999) evaluated form of application with a cellulase and xylanase combination.  
Barley silage-based finishing diets were sprayed with water or an aqueous enzyme solution just 
before feeding.  Sixty-six steers were used to measure growth performance and carcass 
characteristics.  Although average daily gain was significantly improved (P = 0.01), intake and 
feed efficiency were not different between treatments (McAllister et al., 1999).  In an 
accompanying digestibility study conducted with ruminally cannulated sheep, direct introduction 
of the enzyme combination into the rumen reduced (P < 0.05) digestibility of DM and NDF 
compared with sheep consuming enzyme-treated silage (McAllister et al., 1999).  However, 
neither treatment was different from control.  Enzyme supplementation by both methods did not 
affect ruminal pH, xylanase activity, endoglucanase activity or numbers of cellulolytic bacteria 
in rumen fluid of sheep.  The digestibility results correspond with the feedlot results with little to 
no effects on rumen fermentation or growth characteristics.   
 
Barley and corn grain-based finishing diets where used to test three different enzyme treatments 
(Beauchemin et al., 1997).  An enzyme mixture with higher xylanase and lower cellulase activity 
(Enz 1) and a mixture with lower xylanase and higher cellulase activity (Enz 2) were compared 
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to control (Table 5).  Feed conversion was improved (P < 0.01) with the addition of fibrolytic 
enzymes, however growth and hot carcass weight were not different between enzyme treatment 
(Beauchemin et al., 1997).  Similar growth characteristics (BW gain and ADG) were observed 
by Eun et al. (2009) using a proprietary blend of cellulase and xylanase. 
 
Both McAllister et al. (1999) and Eun et al. (2009) performed growing studies in conjunction 
with the feedlot finishing studies.  Limited performance enhancement was observed, and results 
varied depending on form of application and dose amount.  The ability of the enzymes to bind to 
the feed ingredients made the greatest difference in enzyme effectiveness (McAllister et al., 
1999).   
 
Amylolytic Enzymes 
 
Silage was pre-treated with a commercial α-amylase before ensiling and fed to heifers an average 
of 80 days before finishing (Leahy et al., 1990).  Alpha-amylase had a significant effect (P 
=0.01) final body weight gain, ADG, and F:G compared to control.  Tricarico et al. (2007) 
directly fed a commercial α-amylase enzyme extracted from Aspergillus oryzae in a variety of 
finishing diets.  Supplementation of α-amylase did not affect ADG, DMI, or G:F in finishing 
diets containing alfafa or cottonseed hulls as the roughage source (Tricarico et al., 2007).  A dose 
titration of increased α-amylase activity with two corn processing methods (cracked vs. high-
moisture) was also compared (Tricarico et al., 2007).  Quadratic effects on ADG (P = 0.04) and 
DMI (P = 0.07) were reported as enzyme activity increased. Thus, overfeeding the enzyme could 
be detrimental.  The inconsistent response to the α-amylase enzymes suggests that effective use 
may be dependent on dietary ingredients.     
 
Wagner and Jennings (Unpublished data) supplemented steam-flaked corn based finishing diets 
that included monensin and tylosin, with a commercial α-amylase enzyme extracted from 
Aspergillus oryzae.  In year 1 of the study, 5 g/steer α-amylase (750 FAU/g) was included in the 
starter, step-up, and finishing diets 161d feeding period.  In year 2 of the study, 5 g/steer α-
amylase (750 FAU/g) was included only in the finishing diet from d 21 through slaughter on d 
153. The study involved 15 nine-head pens per treatment per year for a total of 30 pen replicates.   
 
Feedlot performance results are presented in Table 6.  Year by treatment interactions were not 
significant (P > 0.10) for feedlot performance variables.  Supplementation with α-amylase had 
no effect (P > 0.10) on average daily gain, dry matter intake, gain-to-feed ratio, final body 
weight, and net energy recovery. 
 
Carcass data are summarized in Table 7.  Year by treatment interactions were not significant (P 
> 0.10) for most carcass measurements including HCW and dressing percentage.  In year 1, hot 
carcass weight (HCW) was increased (P = 0.09) by 6.0 ± 3.44 kg for the α-amylase treatment.  
This increase in HCW was driven by a 0.5 ± 0.18 percentage unit increase (P = 0.03) in dressing 
percentage.  HCW (2.2 kg) and dressing percentage (0.4%) in year 2, were not different (P = 
0.52 and 0.12, respectively).  When data were pooled and a combined analysis was conducted, an 
increase (P = 0.10) in HCW of 4.1 ± 2.43 kg and an increase (P = 0.01) in dressing percentage of 
0.5 ± 0.18% was observed.    For the combined analysis the improvement in HCW and dressing 

54



percentage corresponds to 1.1 and 0.8% of the means observed for the control treatment, 
respectively.   
 
Supplementation with α-amylase had no effect (P > 0.10) on most carcass measurements 
including quality and yield grade distributions.  Year by treatment interactions were significant 
(P < 0.05) for kidney, pelvic, and heart fat (KPH) and the percentage of livers showing 1 or more 
liver abscesses.  In year 1, KPH was increased (P = 0.03) and the percentage of livers showing 
signs of abscesses was decreased (P = 0.10) by α-amylase supplementation; however, in year 2 
α-amylase supplementation had no effect (P = 0.52) on KPH and the liver abscess rate was 
increased (P < 0.01).    Although the interaction between year and treatment was not significant 
(P > 0.10) for 12th rib fat depth, carcasses from steers fed α-amylase in year 2 tended (P = 0.08) 
to have less rib fat than control carcasses.  Fat depth in year 1 was not affected (P = 0.99) by α-
amylase supplementation.  
 
The effect of α-amylase on total tract dry matter, starch, acid detergent fiber, and neutral 
detergent fiber digestibility as determined by acid-insoluble ash procedures for the year 2 steers 
are shown in Table 8 (Wagner and Jennings, unpublished data).  Total tract dry matter, starch, 
acid detergent fiber, and neutral detergent fiber were similar for the control and α-amylase 
treatments.  Supplementation of dairy cow diets with yeast culture (Saccharomyces cerevisiae) 
improved apparent ruminal digestion while supplementation with fungal culture (Aspergillus 
oryzae) did not change ruminal digestion (Yoon and Stern, 1996).  However, apparent total tract 
digestion did not differ between yeast culture and fungal culture supplementation suggesting that 
α-amylase from Aspergillus oryzae may shift starch digestion/absorption into the small intestine 
and away from the rumen.  This idea is consistent with the reduction in liver abscesses observed 
by Wagner and Jennings in year 1 of their study but the argument falls short when describing 
year 2 results. 
   

Conclusions 
 
Variability in the current research published exists with both essential oils and enzymes.  Also, 
limited animals were used in most of the studies, making it difficult to detect significant 
differences in key performance characteristics.  Inconsistencies can occur due to frequency of 
feeding, feeding rate, enzyme activity and application, or EO origination.  Most enzymes are diet 
dependent, and multiple combinations and doses of EO or enzymes (especially fibrolytic) exist, 
making feeding far more challenging than standard additives.  More research is warranted on the 
effects of enzymes and EO on beef sustainability.    
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Table 1.  Ruminal fermentation characteristics from cattle consuming a blend of essential 
oils in a barley silage-based diet (adapted from Beauchemin and McGinn, 2006). 
 Treatment  
Item Control Essential Oil1 P-value 
N 16 16  
Ad libitum DMI, kg/d 7.46 7.28 NS 
GE intake, Mcal/d 31.98 30.37 NS 
ADG, kg/d 0.73 0.68 NS 
Digestibility, % (total tract)    
  DM 63.2 58.6 < 0.05 
  GE 61.6 56.9 < 0.05 
  NDF 41.8 33.1 < 0.05 
  ADF 35.1 25.3 < 0.05 
Ruminal pH 7.07 7.11 NS 
Total VFA, mM 85.4 82.4 NS 
VFA, %      
  Acetate 65.7 65.3 NS 
  Propionate 19.2 20.0 NS 
  Butyrate 10.2 9.98 NS 
  Acetate:Propionate 3.49 3.32 NS 
  NH3-N, mM 4.45 5.30 NS 
1 Essential oil = thymol, eugenol, vanillin, and limonene  
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Table 2.  Ruminal fermentation characteristics from cattle consuming alfalfa extract alone or in combination with 
essential oils in a high concentrate diet (adapted from Cardozo et al., 2006). 
 Treatment1  P value 
Item2 Control Blend 1 Alfalfa Ex Blend 2 SEM B1 AE B1xAE 
N 4 4 4 4 - - - - 
Total DMI, kg/d 8.8 7.4 7.3 7.7 0.41 0.03 0.03 0.08 
Concentrate DMI, kg/d 7.9 6.6 6.5 6.9 0.43 0.02 0.02 0.11 
Barley straw DMI, kg/d 0.9 0.8 0.9 0.9 0.42 0.91 0.91 0.73 
Water intake, L/d 44.3 38.0 36.8 39.4 2.06 0.01 0.01 0.04 
Ruminal pH 5.95 5.95 5.94 5.80 0.06 0.25 0.19 0.06 
Total VFA, mM 137.8 132.5 134.2 142.5 7.44 0.58 0.29 0.02 
BCVFA, mM 3.1 2.8 2.9 3.1 0.38 0.09 0.69 0.10 
  L-Lactate, mM 0.06 0.05 0.06 0.06 0.02 0.95 0.36 0.96 
VFA, mol/100mol         
  Acetate 55.8 56.8 58.6 54.8 1.01 0.31 0.19 0.01 
  Propionate 27.5 27.4 25.0 29.9 1.99 0.22 0.62 0.01 
  Butryrate 12.1 12.0 12.7 11.3 1.05 0.12 0.60 0.13 
  Acetate:propionate 2.03 2.08 2.35 1.83 0.10 0.83 0.03 0.02 
Nitrogen Fraction, mg/100 mL         
  LPep 10.1 9.0 10.1 10.1 1.01 0.49 0.47 0.49 
  SPep+AA 13.7 16.0 14.6 14.1 1.04 0.05 0.94 0.25 
  Ammonia 16.9 14.9 16.2 15.5 0.85 0.04 0.89 0.43 
Protozoa, log10 (counts/mL)         
  Entodiniomorphs 5.74 5.57 5.48 5.74 0.06 0.27 0.31 0.01 
  Holotrichs 4.37 4.70 4.33 4.64 0.05 0.01 0.18 0.74 

1 Alfalfa Ex = alfalfa extract; Blend 1 = cinnamaldehyde and eugenol; Blend 2 = combination of both treatments 
2 Branched-chain VFA, LPep = large peptides; SPep+AA = small peptides plus AA
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Table 3.  Ruminal fermentation characteristics from cattle consuming various essential oils 
alone or as a blend in a high concentrate diet (adapted from Cardozo et al., 2006). 
 Treatment1  
Item2 Control Anise Oil Capsicum oil Blend SEM 
N 4 4 4 4  
Total DMI, kg/d 7.6 8.0 8.3a 7.8 0.13 
Concentrate DMI, kg/d 6.7 7.0 7.3a 7.0 0.23 
Barley straw DMI, kg/d 0.92 0.94 0.98 0.89 0.06 
Water intake, L/d 36.3 37.4 45.7a 34.1a 0.43 
Ruminal pH 6.10 6.07 6.14 6.05 0.07 
Total VFA, mM 155.1 155.5 154.5 152.9 3.15 
BCVFA, mM 4.5 3.8a 4.0a 4.1a 0.16 
  L-Lactate, mM 0.33 0.27 0.29 0.25a 0.04 
VFA, mol/100mol      
  Acetate 56.8 53.9a 53.9a 52.9a 0.61 
  Propionate 26.7 31.2a 29.8 30.5a 1.05 
  Butryrate 11.6 10.7 12.1 12.1 0.85 
  Acetate:propionate 2.3 1.8a 2.0 2.0 0.19 
Nitrogen Fraction, mg/100 mL      
  LPep 16.8 15.0 12.9a 13.6 1.17 
  SPep+AA 17.9 17.8 22.8a 21.0a 0.89 
  Ammonia 16.5 13.0a 15.3 13.9a 0.70 
Protozoa, log10 (counts/mL)      
  Entodiniomorphs 5.74 5.33 5.64 5.59 0.07 
  Holotrichs 4.43 4.22 4.40 4.29 0.08 

a Within row, means are different from control (P < 0.05) 
1 Blend = cinnamaldehyde and eugenol 
2 Branched-chain VFA, LPep = large peptides; SPep+AA = small peptides plus AA 
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Table 4.  Performance and carcass characteristics of steers fed proprietary combinations of 
EO, monensin, and tylosin (adapted from Meyer et al., 2009). 
 Treatment1   
Item Control Blend 1 Blend 2 Blend 1 + T M +T SEM P-value 
Initial BW, kg 408 406 407 407 407 0.72 0.46 
Final BW, kg 616 620 620 624 617 3.4 0.37 
DMI, kg/d 12.1a 12.0a 12.0a 11.9a 11.4b 0.11 <0.01 
ADG, kg 1.76 1.81 1.81 1.83 1.78 0.033 0.59 
G:F 0.145a 0.151ab 0.151ab 0.153b 0.156b 0.0024 0.05 
HCW 384 387 388 389 385 2.3 0.61 
Dress, % 62.4 62.5 62.4 62.2 62.4 0.33 0.96 
FT, cm 1.12 1.14 1.12 1.22 1.07 0.039 0.09 
Marbling2 553 533 534 554 537 7.3 0.10 
YG 2.1a 2.3a 2.3a 2.7b 2.3a 0.14 0.04 
Liver Abs, % 27.2a 16.6ab 26.6a 8.6bc 6.5 4.3 <0.01 

a,b Within a row, means without a common superscript letter differ (P < 0.05) 
1 Blend 1 = thymol, eugenol, vanillin, guaiacol, and limonene, Blend 2 = guaiacol, linalool, and α-

pinene, T=tylosin, and M=monensin 
2 400=Slight0, 500=Small0, 550=Small50 

 

Table 5.  Performance and carcass characteristics of steers fed different combinations of 
cellulase and xylanase (adapted from Beauchemin et al., 1997). 
 Treatment1   
 Barley Corn  P-value 
Item Control Enz 1 Enz 2 Control Enz 1 Enz 2 SEM Grain Enz 
N 10 9 9 10 9 9 - - - 
Initial BW, kg 407 414 406 415 403 406 7 NS NS 
Final BW, kg 579 573 576 566 553 572 8 * NS 
ADG. kg 1.43 1.52 1.40 1.33 1.19 1.33 0.07 *** NS 
DMI, kg 9.99 9.53 9.86 9.55 9.29 9.10 0.25 * NS 
F:G2 7.11b 6.33a 7.13b 7.26ab 7.83b 6.95a 0.26 * NS 
HCW, kg 320.3 323.4 314.4 316.7 306.8 315.7 6.1 NS NS 
Dress, % 60.6 60.5 59.2 60.5 60.6 60.5 0.4 NS NS 

a,b Within barley or corn diets, enzyme treatments differ (P < 0.05) 
***,*, P < 0.001, and P < 0.05, respectively,  
1 Enz 1 = higher xylanase and lower cellulase activity, Enz 2 = lower xylanase and higher 

cellulase activity 
2 F:G was the only measured variable to have a significant grain x enzyme interaction   (P < 0.01)  
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Table 6.  The effect of α-amylase on feedlot performance for steers fed steam-flaked corn 
based finishing diets (Wagner and Jennings, unpublished data).  
 Treatment1   
Item2 Control α-amylase SEM3 Prob. > F 
Year 1, dof = 160     
    Pens 15 15   
    Initial BW, kg 318.6 316.4 7.23 0.09 
    Final BW, kg 560.7 565.1 4.32 0.44 
    ADG, kg 1.51 1.53 0.027 0.54 
    DMI, kg 8.28 8.45 0.152 0.37 
    G:F 0.182 0.181 0.0030 0.85 
    CNEg, Mcal/kg4 1.51 1.50 0.024 0.67 
Year 2, dof = 152     
    Pens 15 15   
    Initial BW, kg 322.6 321.6 7.23 0.44 
    Final BW, kg 589.5 588.2 4.31 0.81 
    ADG, kg 1.77 1.76 0.027 0.83 
    DMI, kg 9.35 9.11 0.152 0.21 
    G:F 0.190 0.194 0.0030 0.29 
    CNEg, Mcal/kg4 1.49 1.53 0.024 0.21 
Pooled     
    Initial BW, kg 320.6 319.0 7.11 0.08 
    Final BW, kg 575.2 576.7 3.23 0.71 
    ADG, kg 1.64 1.65 0.021 0.78 
    DMI, kg 8.81 8.78 0.112 0.80 
    G:F 0.186 0.188 0.0022 0.54 
    CNEg, Mcal/kg4 1.50 1.52 0.017 0.55 

1 Control = 5 g/steer daily, corn meal placebo. Alpha-amylase = 5 g/steer daily, 750 Fungal 
Amylase Units per g. 

2 Least squares means adjusted for year and initial weight when P < 0.10.  Year x treatment 
interaction was not significant (P > 0.10) for all feedlot performance measurements evaluated.  

3 Standard error of the least squares mean. 
4 Calculated from feedlot performance. 
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Table 7.  The effect of α-amylase on carcass merit for steers fed steam-flaked corn based finishing diets 
(Wagner and Jennings, unpublished data).  
 Treatment1   
Item2 Control α-amylase SEM3 Prob. > F 
Year 1, dof = 160     
    HCW, kg 353.7 359.7 2.60 0.09 
    Dressing % 63.2 63.7 0.19 0.03 
    Fat depth, cm 1.28 1.28 0.036 0.99 
    LMA, sq.cm 82.4 83.5 0.92 0.42 
    KPH, %4 1.99 2.08 0.030 0.03 
    Calc. YG 3.05 3.07 0.076 0.86 
    ≤ YG 2, %6 48.3 47.0 4.35 0.71 
    YG 3, %6 44.1 46.1 4.30 0.98 
    ≥ YG 4, %6 7.6 6.9 2.25 0.78 
    ≥ Low Choice,%6 56.6 54.2 4.38 0.65 
    Select, %6 41.0 40.0 4.28 0.73 
    ≤ Standard, %7 2.4 5.8 -- -- 
    Liver absc., %4,8 26.9 18.2 4.16 0.10 
Year 2, dof = 152     
    HCW, kg 369.2 371.4 2.60 0.52 
    Dressing % 62.6 63.0 0.19 0.12 
    Fat depth, cm 1.34 1.25 0.036 0.08 
    LMA, sq.cm 87.9 89.9 0.92 0.13 
    KPH, %4 2.03 2.00 0.030 0.52 
    Calc. YG 2.97 2.81 0.076 0.13 
    ≤ YG 2, %6 48.1 57.1 4.40 0.37 
    YG 3, %6 44.2 38.1 4.33 0.52 
    ≥ YG 4, %6 7.7 4.8 2.35 0.34 
    ≥ Low Choice,%6 67.4 59.5 4.36 0.44 
    Select, %6 31.8 40.5 4.37 0.14 
    ≤ Standard, %7 0.8 0.0 -- -- 
    Liver absc., %4,8 3.8 15.7 3.38 0.004 
Pooled     
    HCW, kg 361.5 365.6 1.95 0.10 
    Dressing % 62.9 63.4 0.13 0.01 
    Fat depth, cm 1.31 1.26 0.026 0.21 
    LMA, sq.cm 85.2 86.7 0.65 0.10 
    KPH, %4 2.01 2.04 0.021 0.28 
    Calc. YG 3.01 2.94 0.054 0.33 
    ≤ YG 2, %6 48.2 52.3 3.15 0.60 
    YG 3, %6 44.1 41.9 3.06 0.64 
    ≥ YG 4, %6 7.7 5.8 1.63 0.38 
    ≥ Low Choice,%6 62.2 57.0 3.11 0.41 
    Select, %6 36.2 40.2 3.04 0.42 
    ≤ Standard, %7 1.6 2.8 -- -- 
    Liver absc., %4,8 15.3 17.0 2.45 0.09 

1 Control = 5 g/steer daily, corn meal placebo. Alpha-amylase = 5 g/steer daily, 750 FAU/g. 
2 Least squares means adjusted for year and initial weight when P < 0.10. Year by treatment interaction not significant (P < 0.10) 

unless stated otherwise. 
3 Standard error of the least squares mean.  
4 Year by treatment interaction, P < 0.05. 
5 Percentage of individual carcasses.  SEM and P values are from percentage likelihood analysis. 
6 Percentage of individual carcasses.  There were no standard or lower cattle for the α-amylase treatment in year 2 thus preventing 

the analysis with PROC GLIMMIX. 
7 Percentage of individual livers showing one or more abscesses.  SEM and P values are from percentage likelihood analysis. 
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Table 8.  The effect of α-amylase on total tract dry matter, starch, acid detergent fiber, and 
neutral detergent fiber digestibility as determined by acid-insoluble ash procedures for 
steers fed steam-flaked corn based finishing diets (Wagner and Jennings, unpublished 
data). 
 Treatment1   
Item2 Control α-amylase SEM3 Prob. > F 
Diet, % of DM4    
    Starch 58.8   
    ADF 6.865   
    NDF 11.955   
    AIA 1.095   
Feces, % of DM4     
    Starch 2.527 2.367 0.1175 0.34 
    ADF 28.816 27.170 1.1438 0.18 
    NDF 40.672 39.867 0.8531 0.43 
    AIA 15.901 14.045 1.4931 0.34 
Daily Intake, kg5     
    DM 9.438 9.178 0.2747 0.39 
    Starch 5.550 5.397 0.1615 0.39 
    ADF 0.648 0.630 0.0189 0.39 
    NDF 1.128 1.097 0.0328 0.39 
    AIA 0.1033 0.1005 0.00301 0.39 
Fecal output, kg6     
    DM 0.751 0.843 0.0873 0.37 
    Starch 0.1999 0.0209 0.00282 0.78 
    ADF 0.2077 0.2175 0.01828 0.68 
    NDF 0.3025 0.3274 0.03156 0.52 
Digestibility, %     
    DM 92.15 90.98 0.847 0.26 
    Starch 99.65 99.62 0.047 0.68 
    ADF 68.28 65.86 2.445 0.47 
    NDF 73.50 70.59 2.513 0.37 

1 Control = 5 g/steer daily, corn meal placebo. Alpha-amylase = 5 g/steer daily, 750 Fungal 
Amylase Units per g. 

2 All results excluding the diet composition values are least squares means.  
3 Standard error of the least squares mean. 
4 All laboratory analyses were conducted by SDK Laboratories in Hutchinson Kansas using 

AOAC procedures. 
5 Dry matter intake values represent the pen average for the week of fecal sample collection. 
6 Fecal samples were collected from the pen surface 2 times daily for 3 days and composited by 

pen. 
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Dairy Beef Management Considerations: from Conception to Consumption 
 

Thomas M. Peters 
S.A.L.T., LLC 
Oregon, Illinois 

 
Dairy production continues to provide a substantial portion of the calf crop as bull calves.  
Drastic increases in the average cow number per herd in the U.S. dairy industry during the last 
two decades accommodates more “grouping and gathering” of bull calves for uniform feedlot 
pens.   However, more sexed semen technology is used in the dairy industry to produce females 
for milk production.  The dairy industry realizes 30-35% “turn-over” rates of cows in modern 
production models, making the importance of heifer retention more important compared to even 
a decade ago.  Feedlot producers still must realize that bull calves are a “by-product” of the dairy 
industry and not a primary income source.  Thus, many neonatal bull calves may not receive the 
care and management given dairy heifers.  When colostrum is limited, the heifer calf will receive 
preference.  Likewise, when calf hutches are in short supply, it is not uncommon for the bull 
calves to be pushed through the system quicker when compared to heifer calves.  Lastly, 
remember that the birth of a bull calf is 14 to 16 month prior to the steer being harvested as a 
finished beef animal and the economic climate at that particular time frame (birth) may not 
dictate an important economic reward to the dairyman for day old bull calves.  Luckily for the 
feedlot industry, there are professional calf ranches that receive neonatal calves and rear them 
into feedlot ready calves in uniform groups.  Once dairy beef are adapted into feedlots, they are 
fairly predictable in performance- with some idiosyncrasies- albeit management, intakes, 
implants, behavioral or carcasses merits! Many factors effect Holstein steer performance in the 
feedlot, discerning these factors can often be facilitated by sorting tangible inputs entered into 
closeout data.  Unfortunately, a plethora of data that is reported in closeout reports is never 
adequately analyzed. A dichotomy of data often reveals pertinent information that many lead to 
management changes yielding important economic benefits for the feedlot producer. We are all 
aware that one of the beta-agonists (Zilpaterol) was voluntarily withdrawn from the U.S. beef 
industry in 2013. The remaining beta-agonist still available (Ractopamine) should be used in all 
terminal dairy beef applications.  As nutritionists we should devote much attention, research and 
efforts into determining the cause of recently increased liver abscesses in finished cattle, 
specifically Holstein steers. Perhaps some of the answers for subtle changes in Holstein closeout 
performance compared to decades ago are management techniques or calf ranch operating 
procedures. Carcasses from Holstein steers are fairly uniform and recognized as highly tender, 
mostly due to the youthful age (<16 months) at harvest.  Recent efforts of crossbreeding Jersey 
or Holstein cows with high quality beef sires to produce dairy cross animals for feedlot access 
have revealed exciting potentials improving yield and quality grade as well as improving overall 
feedlot efficiency, especially for Jersey offspring. 
    

Introduction 
 
When asked to present a paper for the Plains Nutrition Council (PNC) about “dairy beef”, I 
suggested that a “brief” review of nutritional attributes and management practices may be 
appropriate, but I would rather address the changes that have occurred in dairy beef management 
during the last several decades. Many great reviews about energy levels, protein levels, roughage 
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levels, etc. previously have been prepared for symposiums and publication.  Recognizing the 
professional abilities of most of the attendees at this conference, I accepted to address this 
subject because I feel that during the 27 years that I have been a consulting nutritionist, the 
DAIRY BEEF INDUSTRY has changed substantially.  Most attendees at this conference are 
highly qualified nutritionists who study and attend JAS meetings and read the publications.  
Thus, I prepared this paper for PNC about current dairy beef production and challenges, speaking 
from experience as a nutrition and management consultant, a dairy owner and a fellow scientist 
who has worked in North America and other countries.  I have inserted personal observations 
gathered from working with millions of dairy beef cattle during my career and I hope that I do 
not insult any members of the Plains Nutrition Council for taking these latitudes/liberties?    
 
There are many scientists whom have devoted their careers and efforts to studying and 
researching dairy beef production.  My first task as a graduate student (1981) was to summarize 
30 plus years of Holstein feeding data generated at the University of Minnesota by Dr. Ken 
Miller.  His entire database of tireless research was summarized in two regression equations 
describing daily gain and feed efficiency for Holsteins (table 1).  Dr.  Hugh Chester-Jones has 
devoted his entire career researching dairy beef to advance scientific understanding- at the same 
location (Waseca, Minnesota).  Dr. Dan Fox- Cornell, Dr. Dan Schaefer-University of 
Wisconsin, Dr. Richard Zinn- University of California-Davis, are just a few researchers who 
have devoted talent, intellect and efforts trying to improve the scientific understanding of 
improved feeding of dairy beef steers.  Many of the attendees of this conference have consulted 
to millions of dairy beef steers.  Consultants such as Dr. Jack Algeo, Dr. Jim Elam, Dr. Ken Eng 
and  Dr. Bill Roberts are just a few of the outstanding consulting nutritionists who devoted much 
of their careers trying to better instruct their clients to feed and finish Holstein steers.  Also, 
many of the professional feeding corporations have arduously refined their management and 
feeding technologies to best suit dairy beef, particularly Holstein steers.  These feeding 
corporations have improved prediction and performance expectations from Holstein beef 
production. Lastly, I would be remiss not to recognize that there are a number of my colleagues 
whom have devoted their current careers to advance nutrition and management recommendations 
for Holstein steer feeding.  These include Dr. Steve Bachman, Dr. Johnathon Beckett and Dr. 
Tim Murphy just to name a few quality consultants.    
 
Thus, rather than this paper being devoted to “painting-by-the-numbers” and regurgitating the 
data (crude protein levels, energy levels, fat levels, roughage levels, etc.) so eloquently and 
painstakingly gathered by other scientists, I will attempt to summarize some of the changing 
issues and trends occurring in the U.S. dairy beef industry. 
 
Likewise, since most of the attendees of the Plains Nutrition Council work mostly with finishing 
feedlot production and are therefore well versed in Holstein steer nutrition protocols, I thought 
perhaps devoting more time to describing early calf nutrition and management trends and 
observations would be apropos. Might I suggest that perhaps the most comprehensive outlines 
concerning Holstein steer management, was presented in 2005 as a collaborative effort by many 
universities at Rochester, Minnesota. I suggest that these 350 pages of data should be reviewed 
by people wanting more in-depth information about Holstein steer calves. 
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The demand for dairy beef bull calves, specifically Holstein bull calf, continues to be an integral 
part of the U.S. beef industry.  Dairy bull calves comprise approximately 35% of the U.S. annual 
bull calf production and represent about 18% of the finished feedlot cattle industry (and 
growing).  Furthermore, as the U.S. beef cow herd continues to decline in number, the U.S. dairy 
herd remains fairly stable at about 9.3 million dairy cows. Holstein steers have been an important 
part of the cattle on feed for decades in many regions of the United States.  It is puzzling to this 
author that while scientific data proves that Holstein steers have profoundly differing 
maintenance requirements, growth characteristics and carcass characteristics and they represent 
almost one-fifth of the finished beef production in the United States, that many implants and 
even beta-agonists are not designed SPECIFICALLY for improving Holstein beef production.  
Rather, Holstein steers are considered “by-products” for many production improvement 
efficiencies/technologies and are often an “after thought” as companies run feedlot production 
trials.  Many companies often “suggest” that their tools are “adequate for adoption into 
production systems for Holstein beef” with few scientific trials including Holstein beef animals.    
  
A “feedlot sector” specializing in finishing dairy beef has followed the dairy industry as 
migration has occurred during the last 3 decades.  Holstein feedlot cattle prefer dry, warm 
climates and thus the Southwestern United States have been a great location for decades. Due to 
market logistics, feedstuff availability and costs, government regulation, water availability and 
other reasons- some dairy production is currently migrating back to the Midwest.  With this 
migration of dairy production, substantial critical mass is moving back to the Midwest, thus the 
need for high quality dairy beef production increases.  Recognizing that dry conditions are a 
must for successful dairy beef production and that many feedlot facilities in the Midwest are 
antiquated and worn out, a resurgence of new buildings designed for accommodation of dairy 
beef finishing is occurring.  Realize that only 3 decades ago, a great percentage of fed Holsteins 
that entered Midwest feedlots were from Southeastern U.S. back-grounding yards or even 
pasture situations. These heavy in-weight Holsteins often yielded poor feedlot efficiencies when 
fed to desired finish in Midwest feedlots.  With changing land prices and feedstuff prices, less of 
these back-grounded, heavy in-weight Holsteins are available to feedlots.  Another aberration 
from previous decades in feedlot efforts with dairy beef (specifically Holsteins) included “self-
feeders” containing whole corn mixed with supplement pellets.  Although this “management 
technique” may have been easy management for farmer-feeders and profitable for feed 
companies, since cattle were “siphoned off and marketed” in small groups and “blended in” in 
small groups….there were seldom-if ever, close-outs actuated.  However, common conclusion 
why this management practice disappeared is because a percentage of the Holsteins “burned-out” 
(foundered or ulcerated their rumens).   In other countries, Holstein bulls are fed mostly as intact 
males their entire lifetime in the feedlot.  The group sizes desired for feeding Holstein bulls 
requires much smaller pens due to behavior “challenges”.  These intact male Holsteins fed in 
Europe and other feeding areas display aggression toward humans and contemporary pen mates 
that decreases gain and efficiency compared to castrate males, they finish at lower terminal 
weights and they often yield many more dark cutting carcasses. 
 
Of the U.S. dairy herd inventory, approximately 10% are Jersey cows and the projections for 
growth of the Jersey breed are impressively high. Jersey cows started to become more popular 
due to lower feed intakes compared to large framed Holstein cow when feed prices escalated.  
The smaller framed Jersey cows also expelled less waste and thus they became more attractive to 
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producers for environmental aspects compared to Holstein cows.  Some of the recent increase in 
Jersey dairy cow numbers is due to America’s growing consumption trends of milk solids 
(yogurt, cheese, butter, etc.) similar to European consumption trends. Due to inefficiencies in 
growth characteristics for finishing Jersey steers, the “attractiveness” for feedlot finishing is low.  
High feed prices, low finished carcass weights and previously low inventory of feeder cattle has 
made feedlot placement of Jersey steer calves economically prohibitive. However, this paper will 
also briefly describe a growing trend for all dairy breeds to crossbreed selected dairy cows 
(sexed semen use) with high quality beef bulls to produce feedlot animals. 
 
Defining the dairy-beef animal and adapting to current dairy management trends to better 

accommodate feedlot production 
 

Eng (2005) has been cited in numerous papers when he outlined Holstein steer characteristics, 
management concerns and anomalies. His description of the differences when compared to 
traditional beef breeds included that: 

- Holstein steers are less aggressive and display gentle temperament. 
- Holstein steers length of stay at feedlots is lengthy (300-365 days is common) and this 

 may result in boredom, leading to: sorting of feed, more bloats, more play-thus 
more dust in dirt pens, “bulling”, pen intake swings and perhaps the reason for more 
“aberrational sudden deaths”.  

- Holsteins are heat tolerant, but cold intolerant. 
- They tend to pose a greater risk for liver abscesses and acidosis, but not founder. 
- Holstein steers have 9% (Zinn, 1993) or higher (20%, Garrett, 1971) maintenance energy 

requirements when compared to similar weight beef breeds, mostly due to frame size, gut 
mass and hide/hair ratio, Jersey steers have a 15% (NRC-1996) lower maintenance 
energy requirement when compared to Holstein steers.  

- Holstein steers consume 8-12% (Fox, 1988., Peters, 1981) more feed and water which 
 results in more manure and urine compared to traditional beef production. Higher 
dry matter intakes for Holstein steers when compared to Bos Taurus breeds would result 
in  higher fatty acid intakes which would positively improve carcass quality grade. 
Recognizing that Holsteins have greater frame size justifies that they also require 10-15% 
greater feedlot space for living environment due to excrement of waste and lay-down 
time. This “waste attribute” is a consideration that must be arduously considered when 
constructing waste management plans for environmental regulations due to increased 
inputs (bedding or pen fill).  Conversely, for feeder-farmers DESIRING the waste stream 
(manure) of beef production, due to the ever increasing commercial crop fertilizer cost, 
dairy beef production is an important economic consideration (Peters, 2013).   

 
Duff and Anderson (2007) site that Holstein steers are also popular feedlot animals because of 1) 
predictable gain and feed efficiency, 2) from a relatively “small” gene pool, 3) produce a high 
quality carcass recognizing that REA may be smaller than similar carcass sized beef breeds.  
KPH% is generally higher in Holstein steers compared to traditional beef steers and dressing 
percentage is recognized as 1-2% lower also. , 4) due to lighter in-weights stay in the feedlot for 
longer feeding periods, and 5) have fewer respiratory problems compared to their contemporary 
beef mates.   
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I would argue against the advantages of “coming from a relatively small gene pool”-especially 
for the sake of dairy beef production.  The advantages of a smaller gene pool are obviously 
uniformity of animals. However, a plethora of disparagement may arise from LACK of genetic 
diversity in the dairy industry-especially during the last several decades when a higher 
percentage of dairy cows have been artificially inseminated?   Since most dairy producers select 
sires for breeding mostly based on improved milk and solid component yield, there is probably 
little or perhaps even a NEGATIVE GENETIC CORRELATION for desired carcass 
characteristics?  An example of problematic in-breeding pressure in the dairy industry is 
identified recently in dairy cow reproductive problems.  Many dairy cow breeding problems have 
always been attributed to negative energy balance of high-producing cows during peak milk 
lactation.  Recently, the discovery of a recessive gene deletion linked to embryonic mortality and 
high milk production lends questions about direction of sire selection based solely on milk 
yields.  Data produced evidence that many of the genes and chromosome regions associated with 
milk yield are also related to a reduced fertility and late term fetus termination in U.S. Holsteins.  
If one was selecting beef breed bulls and data was present indicating genetic fertility and fetus 
termination- those bulls would be immediately terminated.  However, in the dairy industry, 
remember that the calf is simply required to “freshen” a cow for milking and in fact, miscarriage 
of a calf 2-3 weeks EARLY produces a quicker lactation cycle. 
 
Regarding Holstein inbreeding, 83% of the top TPI active and foreign Holstein sires are 
descendants of the bulls Planet, Oman, Shottle and Goldwyn.  NONE of the top 100 genomic 
young sires are free of these genetics (O’Boyle-personal communication).  Perhaps the most 
influential progenitor in the Western hemisphere is a bull named “Round Oak Rag Apple 
Elevation”?  During his 14 year lifespan he was responsible for breeding of 10.3% of the world’s 
50 million Holstein cattle.  
   
Further challenges or considerations for feedlots contemplating feeding Holstein beef or dairy 
beef include: 

1) Feedlots should have a different, high energy “starter program” designed to acclimate 
lighter in-weight calves.  Recognizing that calves received from dairy calf ranches are 
young, naïve, fool-hardy and lack forage digestion capability.  Most calves from ranches 
have not had exposure to fermented feeds or wet feedstuffs. 

2) Is the health or cowboy crew versed in care for young dairy beef?  These calves are 
young (2 to 5 months of age) and thus their immune system is not fully developed.  Also, 
beef cattle walk AWAY from pen riders, dairy beef walk TOWARD pen riders. 

 
It is imperative that health crews understand that they must readjust or eliminate 
paradigm health management protocols instituted with traditional beef health programs.  
In the Northern plains, many consulting veterinarians are “over-aggressive”   with 
vaccinations administered to baby Holstein steers and incorporate bacterium’s that may 
further stress the cattle.  Health crews quickly learn to “babysit” the calves for the first 30 
days in the feedlot and then the pen is relatively healthy. 

3) If the feedlot is not located in a warm and dry region, they would be well advised to have 
receiving shelter or provide a bedded environment for raising dairy beef. 

4) Holsteins are pattern eaters and to alleviate or reduce metabolic problems (especially in 
variable weather regions) producers often increase the forage amount in diets.  Thus, 
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forage availability and pricing is a strong consideration when formulating dairy beef 
diets.  Consider “best balanced Holstein diets” instead of solely considering “least cost 
diets”. 

5) Holsteins consume 10-20% MORE water compared to beef steers (personal 
measurements with flow meters).  Thus, water quantity AND quality, are highly 
important considerations. More tank space and different water tank placement in 
conjunction to the feed bunks may be considered? 

6) Holsteins are on feed more total days when compared to traditional beef cattle.  Thus, 
they are more likely to sustain feet and leg problems from cement exposure and 
concentrated ammonia or manure exposure.  Likewise, Digital Dermatitis (Hairy Heel 
Wart, spirochetes of Treponema spp) is a disease that is spreading within the U.S. feedlot 
industry and is highly infected in dairy beef.  Thus, feedlot health facilities will need to 
incorporate footbath technology into their morbidity regime. 

7) Holstein and dairy beef will realize more riding/bulling problems.  Expect seasonal 
bulling activity to be heightened also.   Buller pens should offer relief stations to escape 
buller activity. 

8) Not all packers accept Holsteins or dairy beef for harvest.   Try to locate your dairy beef 
placement in an area where more than 1 packer who will harvest them. 

9) Holsteins WILL experience more bloat episodes when compared to beef steers.  Albeit 
social reasons, temperament or biological reasons….bloat happens.  In the North, 
Clostridial vaccinations occur every 100 days (similar to raising lambs) to attempt to 
reduce bloats in Holstein steers. 

10)  Pen design and size might warrant investigation.  We have “found” in my practice that 
smaller pens (120 head or smaller capacity) result in better feedlot performance for dairy 
beef when compared to pens of higher head counts.  Perhaps this is due to social 
interaction or behavior of dairy beef animals?  In Europe, when feeding Holstein bulls, 
pen size of 40 head or less results in best performance measurements.  Behavior is being 
documented more regularly in dairy beef cattle, but is something we probably “took for 
granted” as an industry, that a Holstein steers environment should/could be similar to 
beef cattle. 

 
One would be remiss not to discuss the “historic wrecks” involving massive losses of Holstein 
feedlot steers realized during inclement weather occurrences. It is the estimation of this author 
that long term memories of feedlot management tends to become “forgetful” about these wrecks 
at similar frequency of the cattle cycle.  Thus, about every eight to ten years there are regional 
disasters with “fly-weight” dairy calves involving high mortality reports. I would suggest that 
shelter and bedding are necessary inputs for raising dairy beef in areas where freezing 
temperatures and substantial annual precipitation occur.  Feedlots located in colder, wetter 
climates that do not have adequate cattle housing for at least “receiving and starting” periods for 
light in-weight dairy beef (<400#) may be gambling with potential disaster?  Every nutritionist 
that has been involved in Holstein beef production in the United States during the last two 
decades can vividly remember disasters realized from winter storms in feedlots lacking adequate 
shelter.  During the last decade there have been tremendous improvements in cattle housing 
design and construction to accommodate dairy beef production.   
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Common Conditions of Pre-weaning Calf Population 
 
The “typical size” of individual dairies within any geographic area (200 miles) will have 
profound impacts on the calf ranch operating procedures.  The critical mass (number of cows per 
dairy) is increasing for a plethora of reasons- low margin per cow, labor availability, capital 
requirements and many more. From 1992-2012, commercial dairy farms have declined by 61% 
(131,500 to 51,400).  The average herd size during that same time increased 142% from 74 to 
179 cows per farm.  Regionally, the West (+248 cows) and the Midwest (+121 cows) had the 
largest percentage gains in herd size. The largest U.S. dairy farms have over 15,000 cows, 
though farms with 1,000 – 5,000 cows are more common.  Dairy farms with fewer than 30 cows 
still account for nearly 20% of all operations.  Dairy is the number one agricultural business in 
California, Idaho, Arizona, Utah, New Hampshire, Michigan, New Mexico, New York, 
Pennsylvania, Vermont and Wisconsin.  Dairy cow population is highest in California followed 
by Wisconsin, New York, Pennsylvania and Idaho.  Thus, there is a huge variation in geographic 
distribution and concentration of dairy beef calves. 
 
Geographically there are key differences in systems for starting Holstein calves.  Large 
individual hutch facilities predominate in the Southwestern United States (hereafter referred to as 
“calf ranches”) and are growing in popularity in many Northern states.  However, many large 
groups of dairy beef calves (>500 head) are raised in individual crate-type barns previously used 
for veal production in the Midwest and Northeastern states, with smaller groups being raised in 
hutches or individual pens on dairy farms.   Differences exist in these management schemes.  
  
Calf source and “freshness” are incredibly important concepts for not only successful dairy 
feeder-cattle production, but also may have profound impacts on feedlot performance and 
ultimately carcass quality!  Gathering and raising uniform and healthy calf groups is the key to 
efficient production systems.  Purchasing bull calves from sale barns is common in geographic 
areas with smaller sized dairies.  One realizes the potential “stressors” for the baby calf 
associated with gathering and shipping from multiple dairy sources- albeit that many calf raisers 
have successfully refined this hindrance. The pre-dominant calf population conditions from sale 
barns are listed below: 

1). Less than 35% of these calves have received colostrum at birth.  This percentage of 
colostrum fed calves is correlated to 1-3 day old calf prices and decreases as calf prices 
increase.  Due to lack of colostrum, many of these calves are immunologically deficient 
compared to dairy bull calves scheduled for “direct daily pick-up from large dairies” or 
compared to colored beef cattle. 

2). Calves are co-mingled and grouped prior to delivery to the individual housing systems, 
thus should be classified as high “health risk” status.  Often, calves arrive at the calf 
destination in the middle of the night with low body energy reserves and have “missed” 
several feedings (Chester-Jones, 1991).  

3). Vaccination programs are highly variable among management programs.  Often 10-15% 
of the calves perish prior to weaning. The potential for “excessive medication orally” 
prior to weaning may occur in many of these calf rearing facilities- causing emerging 
threat of drug resistance? 
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While many calf ranches that purchase neonatal calves from multiple sources realize successful 
production parameters, the risk of later health challenges is often greater when feedlots purchase 
calves from these facilities. 
 
Critics of “modern livestock production” often insinuate that large producers are “factory farms” 
and livestock suffer when compared to smaller farms that were dominant just several decades 
ago.  I greatly disagree with these assertions, as the larger the dairy, generally, the better the 
system for organizing and devoting qualified labor to gather and care for newborn calves!  
Therefore, as dairy producers increase in critical mass, the calf should benefit from more 
intensive management devotion.  Thus, calf ranches located closer to “large size dairies” 
SHOULD rear higher quality (less stress and better immune systems) which would improve 
growth parameters in feedlots.   
 
As previously stated, dairy BULL calves are generally considered “by-products” in dairy 
production.  Obviously, when milk production is profitable- dairy producers hope to produce 
more replacement heifers rather than bull calves.  Therefore, some dairy managers (especially 
from smaller dairies with less resources and labor available) may “cut corners” when rearing bull 
calves.  Examples of this would be feeding NONE or less colostrum to the bull calves or 
doubling bull calves up in calf hutches until the calf ranch pick-up occurs, reserving colostrum 
and space for the valuable heifer calf.  With the adaptation of sexed semen technology, dairy 
producers are able to increase their birthing percentage of heifer calves.  This results in several 
phenomena- more female calves produced and selective insemination for female calves into 
cows that are higher producing animals.  Many dairy producers are inseminating 60-65% of their 
herd with female semen- resulting in less bull calves.  The repercussions of sexed semen are that 
35-40% of the “low production cows” are either bred with “lower quality semen” from dairy or 
BEEF sires.  However, several dairy “groups” have explored the potential of breeding this 35-
40% of their Jersey or Holstein cows with “high quality selected BEEF semen” to produce calves 
more suited for feedlot production and preferred carcass characteristics by the meat industry. 
 
After birth, calves should be fed colostrum within 2 hours of birth.  Evidence is profound that 
feeding 4 quarts of QUALITY colostrum compared to 2 quarts will produce healthier calves and 
more productive lactating females (Faber, 2005), so logically the bull calves should also benefit.  
Dairy producers collect and freeze colostrum for calving events.  Currently, adoption of 
pasteurizing colostrum prior to feeding to improve calf sanitation/health is occurring. 
Commercial colostrum replacement products appear to be effective if supply of natural 
colostrum is not available. After first feedings, the calves’ navel are dipped in iodine and 
transferred into clean, individual hutches and scheduled for transfer to the calf ranch. 
  
Upon transfer to calf ranches (1-5 days) many facilities are using refractometers’ to individually 
test calves for IgG1 levels to determine if adequate passive transfer occurred.  Newborn calves 
are born agammaglobulinemic- without any measurable circulating IgG or IgM.  Radial 
immunodiffusion is a direct measure of IgG concentration.  If serum IgG is less than 10 mg/ml at 
24 hours of age- calves are considered “failure” of passive transfer.  Since calf purchase price is 
high and the stresses of transport deplete neonatal lipid and energy reserves, immune deficient 
calves pose a major dilemma for calf ranches.  A newborn calf can’t be “rejected and returned” 
without mortality, once it is received at the ranch.  Therefore, regardless of the IgG levels, calves 
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are aggressively vaccinated with commercial vaccines (similar to infant humans) to stimulate 
immune systems.  A qualified calf veterinarian/ immunologist consulting to calf ranches, is an 
important relationship.  Calves must consume calories immediately and often, during these early 
hours/days. 
 
Calf mortality due to scours and dehydration accounts for more than half of all calf losses 
(USDA-1993).  Since calves are expected to prosper and grow at accelerated rates in calf 
ranches, it is not uncommon for multiple doses of MLV’s to be administered within the first 4-6 
weeks of age.   It is this authors’ opinion that many “testimonials” of “health and growth 
enhancers” at successful calf ranches are applied among vaccine protocols, milk replacer and 
starter feed types, and medication regimes between other calf ranches.  This should concern the 
end user (buyer of the calves) feedlot about possible drug reside or potential harmful effects on 
some calves.  Therefore, my recommendation is for feedlots to develop long term working 
relationships based on previous data, communication about S.O.P.’s and carcass merit to 
ultimately improve calf ranch health and nutrition protocols.  Unfortunately, the market system 
often creates a “disconnect” between these segments.  In our calf ranches, we have strived to set 
up a relationship and schedule of calf deliveries to finishing feedlots similar to the “wheel” for 
segregated early weaning (SEW) pork finishing units.    
 
The reason that I have devoted more detail about dairy birthing, transfer to calf ranches and 
finally, transfer to feedlots is because I feel our industry (finishing feedlot industry) has more 
“vulnerability” with drug residue, vaccine failure and drug resistance at this production point 
than any other segment of the dairy beef chain.    
     

Refinement Considerations for Pre-weaning Feeding Programs 
 

Nutrient levels and ingredient type of milk replacers in conjunction with feeding rate of dairy 
calves impact calf growth rate and feed efficiency.  These early calf choices also largely 
determine subsequent feedlot performance and carcass composition.  Early calf nutrients may 
greatly influence rib-eye area and marbling in feedlot animals and timing of milk production and 
first conception in dairy production (Zinn, 2005). During the first 20-22 weeks of life, Holstein 
beef calves consume from 35-75 pounds of milk replacer and about 1100 pounds of grain based 
solid feed. The adage “cleanliness is godliness” surely should be applied to rearing baby calves!  
Absence of a clean dry environment for the baby calf will instigate poor performance for the 
entire lifespan of the animal!  The prevalence of salmonella is on the rise in U.S. dairies 
(Feedstuffs, 2014.), especially in hospital pens and lends growing concerns about effects on 
health and production. 
 
A fairly traditional protocol is to feed 8-12 oz. of milk replacer in 2 quarts of water- 2 times per 
day for the first 28 days. From week 5 until weaning milk is fed once daily.  Weaning occurs at 
eight weeks, depending on the calf ranch and weather. Milk replacer use rate varies depending 
on breed, weight and weather. In many heifer rearing programs, there is a trend to feed more 
solids (milk replacer) on a daily basis (up to 18 ounces of solids per day).  It is questionable if 
calf ranches rearing steers will adopt this technology. Feeding calves during the coldest time of 
day helps calves survive.  Cold stress occurs when temperatures drop below 60 degrees F for 
calves under 21 days of age and below 42 degrees F for calves older than 42 days old.  
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Obviously, body weight and wind protection significantly impact these temperature stress points.  
During cold periods, three daily feedings of milk compared to two will aid in increasing daily 
milk solid intakes form 1 pound to 1.5-2 pounds. The amount of energy the calf consumes is 
almost entirely determined by the amount of milk or milk replacer the calf consumes- not by the 
fat level of the milk replacer. Increasing supplemental fat during the first two weeks may 
improve growth rates in cold temperatures. However, fat addition may not meet the increased 
ME requirements for calves as addition of fat results in a reduction in lactose in the final product. 
When feeding milk replacers to dairy calves, final weights and feed efficiency improves with 
increasing protein contents and higher feeding levels.  However, amino acid imbalances may 
result in reduced animal performance.  For example, even a small excess of methionine causes 
reduced feed intake a large reductions in growth rates (Vermeire, 2005). Amino Acid imbalances 
may greatly impair feed intake (table 2). Emerging concepts about amino acid levels in neonatal 
calves, while generally recognized to meet growth requirements, indicate that specific amino 
acid may effect antibody production, hormone concentrations and mature body composition 
(Abe, 2000). 
 
Fresh water offered continuously helps reduce “binge eating” in calves and reduces digestive 
upset.  A minimum of 1 gallon of water per calf per day is necessary , depending on the 
temperatures for the first 30 days.  Two gallons per head per day for the second month is the 
minimum requirement. High quality texturized starter feed (18% crude protein) should be 
provided fresh daily beginning on day three.  Starter feed intake is very important for calf rumen 
development.  Many journal articles have been published in JAS and JDS that address specifics 
of starter diets for calves.  It is important for nutritionists to remember that during the first 21 
days, a calf is considered a non-ruminant.  At this time (21 days) the esophageal typically closes 
and by week 8 the digestive system can be classified as an adult rumen.  Bacteria are found in the 
rumen from a couple of days of age.  Rumen development is dependent upon fermentation of 
ingested feeds converted to VFA’s.  Concentrates stimulate papillae growth.  VFA’s are 
mitogenic to rumen epithelium with butyrate most important in that respect.  Due to low 
digestibility, forage intakes should be limited, but a small amount is required to prevent 
abnormal papillae formation and excessive keratinization of rumen tissue.  In normal 
development, at a week of age, protozoa and bacteria should be established in the rumen.  Within 
2 weeks of age, adult bacteria and protozoa concentrations should be achieved.  There are some 
potential management problems that may deter proper rumen development during early calf-
hood. Quigley, 2005 described a neonatal calf syndrome called “rumen drinker” that is resultant 
from milk or milk replacer entering the rumen instead of the abomasum.  Rumen drinkers 
(failure of the esophageal groove) may be resultant of a variety of reasons including: stress-long 
haul transport, tube feeding, cold milk, low-quality milk replacer, irregular feeding times or 
neonatal diarrhea.  The long term effects on the animal may include: 

1) Inflammation of the rumen and reticulum mucosa 
2) Parakeratosis- keratin build up on epithelial cells which will impair VFA absorption 
3) Impaired ruminal motility 
4) Atrophy of intestinal villi causing impaired digestion 
5) Lactic acidosis 
6) Immune depression 
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For proper rumen development it is imperative that care, consistency, patience, and proper 
nutrition be implemented immediately after birth.  Perhaps more long term health or performance 
problems, when dairy beef are in the feedlot, are instigated from mismanagement while in the 
neonatal phase of production? Lastly, during the individual feeding phase calves should be 
castrated, dehorned and possibly implanted.  Calves are generally kept in individual pens for two 
weeks following weaning. 
 

Post weaning management considerations 
 

Changes in any ingredient or diets fed immediately after post weaning should be conducted 
gradually. It is important to remember that whether the calves have been in individual crates or 
individual hutches while receiving milk, that they are not used to group activity.  Thus, many 
professional calf ranches, mix (group) calves post weaning into larger social groups on a weekly 
basis.  For example, at many calf ranches, animals are mixed into groups of 8 to 16 head for a 
week post weaning, then to groups of 32 or 64 head and finally into rearing groups of up to 128 
head.  This “gradual socialization” allows for more play, bunk training, water space and still 
maintains enough individual attention for health crews to recognize early health challenges.  I 
feel it is important to discuss that during this post weaning and grouping acclimation period for 
dairy beef calves, that play and exercise are highly important aspects of production that is NOT 
scientifically documented in cattle.   Growing evidence and scientific data reveals with other 
animal species the importance of play.  As a “side comment” from this nutritionist…I suggest 
that if feedlot managers or health crews observe play in pens of cattle and the person does not 
“smile” at the animals activity…then perhaps the person has chosen the “wrong line of work”?     
Emphasis on dry, clean and bedded pens is of utmost importance during this stage of production. 
It is important to remember that culling or sorting into different size groups is an essential part of 
any calf ranch management program.  Recognize that Holstein bull calves enter into calf ranches 
at weights ranging from approximately 65 pounds to 120 pounds.  Stressors such as health 
challenges, intake differences, immune system development and rumen development allow some 
calves to grow quicker than contemporary group mates.  The calf ranch has responsibility to hold 
calves back to similar weight groups to a reasonable point.  In our calf ranches, we leave the 
“birth date” ear tag in every calf throughout their entire lifespan.  Identification of age will 
quickly assist in culling “poor doing” calves before they spend too much time in the feedlot or 
the calf ranch as inefficient animals.  Calves in post weaning groups can be fed with self-feeders 
(not my recommendation) a high energy diet but they should be allowed access to high quality 
forage also.  Most calf ranches bunk feed a TMR during the group management post weaning, 
making transition into the final finishing feedlot easier for the animals.  Many high quality 
reviews have been published about roughage levels, grain processing method and protein levels 
during the post weaning management period.  I suggest that most nutritionists will formulate 
their own diets for this phase with some coordination of the feedlot nutritionist and the calf ranch 
nutritionist- if they are not the same person.  Recent use of ethanol co-products in post weaning 
diets has proved successful and is often highly cost effective.  The attractiveness of many of the 
ethanol co-products in this phase of management is that the feedstuffs contain high energy levels 
and high protein levels while reducing the starch content of the calf diet.  The post weaning 
phase of dairy beef production probably mitigates frequent intake variations in calves due to 
frequent vaccinations, group movements, sorting events, and weather challenges.  Thus, post 
weaning diets lower in starch may allow more “latitude” for intake swings without imposing 
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metabolic challenges on the calves.  Nutritionists must remember that many calf ranches feed dry 
diets that include low levels of roughage.  These low roughage inclusion diets may predispose 
the likelihood of “sorting by calves” of this important fiber feedstuffs from the diet.  Therefore, I 
believe that many dairy beef calves experience many bouts of subclinical acidosis while in the 
growing/grouping phase of the calf ranch (post weaning).  Similar lack or absence of fiber in the 
total mixed calf diet often is observed when calf ranches include “self-feeders” in their 
management techniques.  Calf ranches using “self-feeders” suggest that they offer free-choice 
roughage, but the term “free-choice” is an ambiguous term due to no actual daily measurement 
of intake (disappearance may be measured- but “wastage” is not intake)!   
 
Dairy calves are transferred to finishing feedlots when their age is 15-22 weeks, depending on 
the region the calf is reared in and finished in.  Thus, most calf ranches will realize from 2.4 to 
3.0 pounds of gain from birth of the calf.  It is not uncommon for some calf ranches to achieve 
up to 3.2 pounds of daily gain during the birth to shipment feedlot phase.       
 

Transfer to the feedlot- finishing phase production 
 

Common practice, in the Southwest and the High Plains of the U.S.,  is for Holstein steers to be 
gathered and sent to feedlots at 325 pounds (12 to 15 weeks of age).  Obviously, this regional 
preferred weight is due to schematics of the calf ranch (pen size) and similarly the preference 
weight of the purchasing finishing feedlot. Smaller purchase/transfer calf weights allow for less 
transportation costs per pound and allows the feedlot to start feeding a less costly finishing diet, 
more quickly.  In the Midwest and the Northern Plains, the shipping weight is more often 425-
475 pounds (16-20 weeks of age). Since many Midwestern states transportation systems only 
allow 50,000 pound pay weight loads on their interstate highway systems, total animal weight is 
a limiting factor.  However, during the last decade we have increased the transfer/purchase 
weight of dairy beef due to several other documented reasons besides truckload capacity.  These 
reasons for heavier in-weights in the North include: 

1) This size of dairy calf can reach the traditional bunk feeder and consume feedstuffs 
across the entire feed bunk floor.  Most Midwest or Northern Plains feedlots include 
modified distillers grains or perhaps some higher moisture forages making the diets more 
bulky (volume) per pound of dry matter. Thus the larger in-weight and physical size of 
the calf, facilitates that animal to reach all the contents in the bunk and also 
accommodates easier water consumption from traditional feedlot water tanks. 

2) 425-475 pound calves fill “typical” pen sizes in manageable group sizes.  A load of 
50,000 pound dairy beef calves dictates to about 105-120 head which is the PEN SIZE 
than many Midwest feedlots are designing in buildings.  This receiving number also 
accommodates three loads of finished Holsteins at harvest (1400-1425 pound gross 
weight of finished steers).   

3) A dairy beef animal weighing 425-475 pounds can withstand more weather event 
“challenges” when compared to 325 pound Holsteins.  Exposure to cold temperatures, 
snow storms or rain storms occurring during transportation to feedlots or upon arrival at 
the finishing feedlot, heavier in-weights result in lower overall morbidity and mortality 
rates. 
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4)  As previously stated, the behavioral differences between dairy beef and traditional 
colored cattle predicates that smaller pen sizes result in better feedlot performance 
attributes.  Thus, these smaller pen sizes yield less “bullers” and less realizers. 

5) 425-475 pound Holsteins are fed for 300 to 330 days in the feedlot and this 
accommodates 100 day intervals with available implant programs. 

6) Chute and processing facilities in many Midwest and Northern plains feedlots are 
designed to accommodate large framed yearling steers and too small of in-weight 
Holsteins become arduous to handle during initial processing. Increased injury rates 
occur in Holstein steers, when in-weights are less than 400 pounds. Many facilities have 
difficulty moving these light in-weight dairy beef animals due to calm animal 
temperament and “deep” alley design. 

 
As previously mentioned, feeding calf fed Holsteins or dairy beef is “not for every feedlot”.  
Special management capabilities must be considered prior to placement. When receiving dairy 
beef into a feedlot, one must be cognizant that low roughage diets have previously been fed in 
the calf ranch.  For Northern or Midwest feedlots that typically receive “grass reared beef cattle”, 
receiving ranch fed dairy beef predicates a different starter diet.  In the case of the grass fed 
traditional beef cattle, the starter diet facilitates acclimation of rumen bacteria and protozoa from 
forage digestion species to starch digestion species. Thus, many beef cattle starter diets are 
higher in hay/forages and contain moderate energy levels (50-54 Mcal NE gain diets).  
Conversely, when ranch fed dairy beef calves are received, they have been fed limited amounts 
of roughage and often NO fermented feedstuffs. The starter diet should therefore be formulated 
to acclimate and transition rumen protozoa and bacteria to slightly more roughage.  This is where 
I and many nutritionists differ in our opinions. One must realize that most dairy beef calves have 
been previously fed 62-66 Mcal NE gain diets and rumen fill is completely expurgated of feed 
and water during sorting and transport.  Thus, upon receiving into the feedlot, calves should be 
started on diets of similar caloric density and physical characteristics as experienced in the calf 
ranch.  I prescribe to NOT allow more than 4 Mcal NE gain changes in diets during transitional 
periods and I beg nutritionists to “check their egos” and define the diet and feedstuffs previously 
fed at the particular calf ranch! Receiving light in-weight, dairy beef calves on similar or 
identical diets as they were fed in the calf ranch will reduce stress and metabolic problems. In 
fact, I would suggest that many dairy beef calves experience high incidence rates of subclinical 
acidosis during the starting and receiving phase in feedlots which may predispose metabolic 
problems during the entire finishing period.  While expensive, I insist that my feedlots receive 
dairy beef cattle into pens with adequate amounts of bedding!  Straw or Corn Stalks are 
commonly used for bedding in the Midwest and the Northern Plains.  Bedding costs are high 
($40 to $120 per ton), but this nutritionist believes that fresh daily bedding during the starter or 
receiving period (minimum of 2 weeks)for dairy beef is worthy.  Bedding provided to dairy beef 
provides insulation from cold surfaces and can be consumed by calves than lack rumen fill.  
During the starter/receiving phase of dairy beef cattle, animals are routinely processed two or 
three times during the first 21 days in the feedlot- causing more rumen expulsion during 
processing. Also, when calves are moved into this new environment in the finishing lot, they will 
play, run and socialize- which further confounds intake patterns.  Many feedlot managers 
physically walk all dairy calves up to the bunk and the water tanks during the first few days after 
arrival to make sure they consume feed and water.  Remember, these young calves are naïve and 
social interactions are learned responses. Obviously, many feedlots can’t spare the labor or 
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resources to bed cattle, but my clients feel bedding is a crucial part of dairy calf management in 
colder, Northern climates! 
 
During the 1970-1990’s in the Northern Plains and Midwest the use of “self-feeders” finish feed 
Holstein steers gained popularity.  Whether this trend was popular due to relatively cheap corn 
(<$2.50 average per bushel during this period) or “testimonials from feed companies”, there 
were few closeout records gathered from dairy beef cattle fed from self-feeders.  Newly arrived 
dairy steers were often brought in and “blended” with cattle that had been on feed for over one 
year!  As cattle were phenotypically evaluated as finished, they were sorted off and marketed.  
Unfortunately, many cattle “stalled out” and had to eventually be “realized” at lower finished 
weights than desired. Conservative estimates on percentage of animals that “stalled out” when 
Holsteins were fed from self-feeders were often 15% of the cattle on feed!  Researchers such as 
Drs.: Chester-Jones, Fox, Loerch, Miller, Schaefer, Trenkle, Rust, and several others- mostly 
located in Northern Universities, speculated about “rumen burn-out” or “stall out” in long fed 
dairy beef calves.  Many trials were conducted during those decades to determine if differing 
levels of forage impacted final finished weight of Holsteins.   Fox (1991) evaluated Holstein 
steers fed high energy calf ranch diets until 340 pounds, grown on differing levels of Alfalfa 
haylage (10,30 or 50%) for 98 days and then finished on 90:10 corn: haylage diets.  No 
differences in average daily gain were observed between forage levels when the entire feeding 
period was completed (table 3).    Many research trials of similar design were performed to 
determine if “growing” dairy beef for a short period (up to 600 pounds) improved overall 
complete group feedlot performance.  Forage type, forage level, corn processing method, protein 
level and type, just to name a few variables, were extensively evaluated on Holstein steers.  
Without being critical of many of these University trials, one should consider the pen size and 
animal density of the experimental designs for these Holstein trials and question if big pen 
performance would be similar?   As previously stated, we know that social behavior in dairy beef 
may have profound impacts on feedlot performance.   
 
Duff (2007), suggested that the negative associative effects of feeding high-concentrate diets to 
achieve maximum performance often observed in beef cattle may be increased in Holstein steers 
due to the extended days on feed in finishing feedlots.  These effects of prolonged feeding of 
high concentrate diets include acidosis, liver abscesses and bloating episodes. Duff suggested it 
may be in the best interest of the feeder to increase the roughage level for Holstein steers.  
Inclusion of fat and oils to finishing diets also may be a way to increase diet energy density 
without the use of carbohydrates. Fiber levels of finisher diets are important considerations and 
should be arduously evaluated from each nutritionist!   It is the belief of this nutritionist that due 
to the fluctuating intake patterns of Holsteins compared to similar size beef steers, that the fiber 
levels of the diet should be slightly higher. Likewise, the water requirements of Holsteins are 10-
15% higher when compared to Bos Taurus cattle of similar weights and logically when intakes 
vary- water intakes vary.  Experience reveals that if dairy beef are raised in colder climates that 
they likely require higher dietary fiber inclusion levels compared to colored cattle.  I also believe 
that the “best” fiber level for dairy beef is consummate with the management capabilities 
(mixing, delivery, bunk management, etc.) of EACH feedlot.  This “best fiber level” also is 
greatly influenced by grain type, processing of grain, processing of the roughage and the season 
of delivery- just to name a few more variables to consider.  In fact, determining the “best fiber 
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level” is one of the determinants defining differences between independent nutritional 
consultants!  
 
Many Holstein steer feeders subscribe to programming intake systems to more predictably 
control daily intake swings in daily intake.  Programed feeding of Holstein steers decreases 
subclinical and clinical acidosis and improved sustained dry matter intake levels over extended 
feeding periods (Bierman, 2005).  Programmed feeding limits the increases in daily dry matter 
offered dependent on the Holstein in-weights, days on feed, energy level of the diet and previous 
history of intake.  Applying programmed feeding management techniques on long term Holstein 
steer feeding (>300 DOF) reduced the impact of season, implant and total days on feed.  It is 
questionable if applying program feeding elicits these quantitative responses due to biological or 
management consistency responses (Peters, 2005)?  Dairy steers are more docile “creatures of 
habit” when compared to beef breeds and these behavior patterns may improve their “response” 
to programmed feeding systems. 
 

Growth and efficiency moderators available to dairy beef 
 

Implants have been successfully included into all U.S. cattle production systems.  Depending on 
region and the particular calf ranch, Holstein steers are likely to receive more successional 
implants than beef steers or similar age. This “stacking” of implants due to unknown earlier 
implants  prior to the feedlot MAY be one of the reasons for observed increased “bulling” 
observed in Holsteins, especially in Northern and Midwest feedlots (less consistently purchased 
from the same calf ranch)?  Implants work to increase the end terminal carcass weight 
(physiological maturity) at 28% empty body weight (U.S.D.A Choice grade).  There are lengthy 
EMOTIONAL discussions amongst management experts, feedlot managers, implant 
manufacturers and many more, discussing the best fit implant program for dairy beef animals.  
My comments on these “discussions” are that most implants are valuable agents used to improve 
efficiency of dairy beef!  Previous plane of nutrition and previous implant regime for dairy beef 
before they enter the feedlot should be exactly known.   Implants help improve efficiency....end 
of story!  Contrary to comments by E.U. producers who feed INTACT MALE Holsteins…..the 
hormone concentration is less variable from exogenous implants compared to testicles! One only 
needs to “observe” the endless riding sessions that occur from intact Holstein males on feed in 
European feedlots to realize that castration IS AN ANIMAL WELFARE improvement!  I also 
suggest that some U.S. Holstein calves are not “completely castrated” in many calf ranches and 
some implant problems simply are resultant from inquinal cryptorchidism (missed one!).  The 
manufacturers of implants have eloquently performed and analyzed many trials including 
sequential or terminal implantation with Holstein steers.  The attending members of the PNC all 
have access to this data and I recommend that each person carefully appraise this data and make 
recommendations to clients based on the conditions at particular feedlots.  Duff (2007) 
eloquently points out that there are over 25 different implants available for use in dairy beef 
production and the possible sequential use pattern would be numerous.  Common understanding 
for most Holstein feeders is to stage implants during the growth cycle from low dose estrogens 
followed by intermediate implant during the middle of the feedlot stay.  Holstein steers generally 
are implanted within 100 days of harvest with implants containing combinations of estradiol and 
trenbolone acetate (different manufacturers provide different ratios).    
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Carboxylic polyether ionophores are used in almost all U.S. feedlots. A small niche of feedlots 
produce “natural” or “organic” beef that excludes use of any scientifically proven growth 
modulators or efficiency improvement compounds, the rest of the U.S. beef industry uses 
ionophores when finishing cattle.  This author is not aware of any major U.S. retailer that secures 
and successfully sells Holstein beef harvested from natural or organic production.  I am involved 
in a Holstein production system in a different part of the world that IS considered “suitable for 
E.U. production standards” and therefore, that system can’t use Monensin (they can use 
Lasalocid for constant coccidiosis control!).  Ionophores are incredible compounds that decrease 
methane production by up to 30%, and decrease ammonia production, leading to a decrease in 
acetate production and increase in propionate production.  Monensin reduces bloat and lactic 
acidosis through the depression of gram-positive bacteria in the rumen.  Thus, ionophores are 
valuable tools to assist in beef production, especially Holstein beef production due to their 
increased intake, eating patterns and increased maintenance requirements.  Level of ionophore 
mixed into the diet is variable and should be economically evaluated on a feedlot-by-feedlot 
basis.  Ionophore type and inclusion levels in differing diets are highly important economic 
decisions/aids for improving cattle efficiency. These decisions often elicit febrile discussions 
amongst nutritionists and pharmaceutical marketing representatives!  Ionophores are excellent 
“tools” to improve beef production efficiencies.  This nutritionist would suggest that ionophores 
should be used “proactive” rather than “reactive” for beef production management.  By 
“proactive vs. reactive”, I mean I have witnessed feedlots that rely on ionophores and ionophore 
level to mask management problems (bunk reading issues).  Thus, the level of ionophore 
inclusion should never be decided upon by the feedlot “because a competitive/rival feedlot- uses 
that level of ionophore”, but rather decided upon from Holstein closeout data yielding best 
economic returns.    
 
There are several antibiotics that are extensively used in Holstein beef production.  One 
compound that is predominantly used in Holstein steer production is Tylosin, which decreases 
liver abscesses in high concentrate diets, thus improving efficiency and dressing percentage.  
Tylosin efficacy for reduction of liver abscess in high starch diets fed to Holstein steers has been 
countlessly reviewed and substantiated.  Recent (2008+) REGIONAL increases in liver abscess 
morbidity and incidence rate, especially documented in Holstein steers has spawned panic within 
the feedlot industry. Interestingly, there are some areas of the U.S. that have not experienced 
massive increases in liver abscess rates (at the time of this writing, 2014).  The Northern plains 
and the Midwest generally feed diets lower in starch levels due to inclusion of ethanol co-
products AND these regions typically feed higher roughage levels in the finishing diet.  Many 
feedlots in these regions do not include Tylosin into their finishing diets OR include Tylosin 
during winter months (periods of inclement weather incidents).  Conversely, many of these 
Northern Plains or Midwest feedlots feed pulses of DESI levels of chlortetracycline to aid in 
reduction of foot problems (specifically footrot issues) for 3 to 5 days per month, especially 
when feeding Holstein steers.  The next paper during this 2014 PNC symposium (Reinhardt) will 
comprehensively address liver abscesses. I suggest that members refer to those proceedings for 
further information on this subject.  Furthermore, Apley, during this same PNC symposium 
(2014) will address antibiotic use in feeds, which should be apropos with Holstein steer feeding 
strategies. 
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Beta-adrenergic compounds 
 
2014 has been a year filled with “drama” for the role that b-adrenergic agonists may, or may not, 
play in production of beef.  Since both compounds approved for use in U.S. feedlot cattle 
increase daily gain, feed efficiency, hot carcass weight and rib eye area – the importance of 
implementation for use in improving efficiency to compete with ALTERNATIVE PROTEIN 
sources is easy to understand.  Adoption and use of these compounds into production systems for 
raising dairy beef are profound, especially during times when cattle numbers are at record lows 
and beef cost is at record highs (3/14/14).  This nutritionist is perplexed that the U.S. beef 
industry has always rallied around the statement to “look at the scientific data” when consumers 
questioned beef production enhancement technologies.  However, when some beef producers 
find that motto “inconvenient for their paradigm”, they rally against scientific data and play on 
consumer/producer emotions.  This exact event occurred on August 16, 2013 to “instigate” 
Merck Animal Health to temporarily suspended sales of Zilpaterol from use in the U.S. and 
Canadian beef production systems.  The loss of zilpaterol, especially for dairy beef production, 
where animals are usually considered “rib eye challenged”, created economic burden for the 
owners of many Holstein steers or dairy beef cattle already on feed and promised for sale to 
“grid markets”.  These products elicit impressive carcass improvements in cattle and both 
Ractopamine and Zilpaterol are/were imbibed in “best management production practices” 
concerning U.S. fed Holsteins and dairy beef animals.  The increases in rib eye area, dressing 
percentage and carcass weights realized from implementing beta-adrenergic compounds in 
production of crossbred Jersey dairy beef cattle is highly important-economically for future 
adaptation for this feeding segment.  Beef produced from Jersey crossbred cattle contain higher 
amounts of intra-muscular fat (marbling), (Personal Communication, table 4) and the increase in 
rib eye size elicited from applying beta-adrenergic agonists (amortization of intramuscular fat 
deposits in larger rib eyes, resulting in slightly lower USDA grades) is insignificant in final 
quality grade. 
 
Data about b-adrenergic compounds effects concerning animal morbidity, mortality and animal 
welfare is currently being analyzed by scientists to determine the future for these compounds in 
U.S. beef production.  It is important to mention that Zilpaterol is included into beef production 
management practices in many other countries that compete with U.S. beef production for world 
beef sales!  Generic b-adrenergic agonist compounds are soon to enter the U.S market for 
availability to feedlot cattle.  One thing for sure- the development and investment by 
pharmaceutical companies of future growth and efficiency improvement compounds devoted to 
improving beef production, is highly dependent on outcome of current “investigations and 
discussions” about beta-adrenergic compounds! We, as scientists, should be hopeful that true 
science rules instead of anecdotal evidence and testimonials, in determining the future use of 
these compounds in the beef production system.  
 

Dairy beef finishing cattle environment 
 

Quality of the environment is of utmost importance to realize optimal growth when finishing 
Holstein steers.  Providing a high quality environment for finishing Holsteins is difficult to 
achieve (and often economically restrictive) in areas of high annual precipitation and widely 
variable temperatures. It is my opinion that few facilities have ever been constructed to house 
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and finish Holstein steers that are par with a well groomed, dry mound feedlot.  Unfortunately, 
temporary inclement weather events may sometimes create catastrophic events on Holstein 
health, performance and lifespan when these events occur in feedlots without shelter.  The 
likelihood of Midwest or Northern plains feedlot operators to consistently provide Holsteins a 
well groomed, dry mounded pen environment is not probable to occur consistently.  Therefore, 
new housing types have been developed specifically for Holstein steer finishing in the Midwest.  
Critical mass (size of the feedlot) is smaller in the Midwest compared to the Southwestern U.S. 
feedlots.  However, there appears to be different objectives between these two models that is 
worthy of economic justification for both. Southwest feedlots are larger in one-time capacity, 
designed for low economic housing inputs in the pursuit to maximize gain and efficiency of 
dairy beef. Midwest feedlots are diverse in their cattle capacity to realize the benefits of 
spreading their labor requirements for both crops and livestock.  Midwest feedlots also realize 
the benefits of locally grown corn and locally produced ethanol co-products.  Success for 
finishing Holstein steers may be realized from both models.  However, the increasing 
competitiveness of the Holstein steer industry demands that optimal performance be realized 
from either system.  In the Midwest, modern dairy beef cattle facilities are required to control 
and mange waste emissions (manure and urine) from cattle as well as the precipitation that may 
impede on cattle waste emissions.  Increasing rules and regulations for management of these 
waste emissions imposed by local, state and federal agencies further add to management 
challenges for feedlot owners.   Recent, record high land prices in the Corn Belt magnify the 
need to intensively house finishing Holstein steers.  Livestock producers are rapidly investigating 
facilities that reduce the land mass needs, are economical to build while still providing an 
environment that is comfortable and humane housing for dairy beef animals. Currently (2014) 
there is a renaissance of dairy beef finishing housing occurring in the Midwest.  Various new 
cattle designs are being constructed to include animal comfort, labor efficiency, improved air-
flow and manure removal to promote an environment suitable for Holstein steers.  Protection 
from the negative effects of wind, cold or wet conditions are important variables when 
constructing housing for dairy beef.  The most common “new design” constructed for dairy beef 
finishing is the mono-slope, bedded barn.  These barns are open to the South and thus provide 
sunshine into the pen during the winter months and shade during the summer months (Northern 
Hemisphere).  Air-flow is promoted via design and openness of the building.  The bedded design 
requires 4-6 pounds of bedding to be added per head per day to create “mounds” in the pens.  
These mounds are removed quarterly or semi-annually and spread as manure for fertilizer.  The 
difficulty with these mono-slope, bedded pens for Holstein production is that due to the urine 
production emitted from cattle during the hot summers, pads need to be cleaned of liquid 
manure/urine at least 2 times per week- causing labor inputs to remain high. Often times, 
feedlots have incorporated composting technologies into their manure management plan to help 
reduce labor inputs instigated from weekly hauling of the manure from mono-slope bedded 
barns. Another type of mono-slope building is being explored for Holstein steer production that 
includes rubber covered, deep pit, slatted barn construction (table 7).  With the improvement of 
rubber covering added over cement slats, added comfort for reduction in Holstein feet and leg 
problems from old style slat barns exists.  The value of cattle manure for crop production 
(fertilizer) is an additional driving force for new barns.  Also, dairy cattle facilities are being 
relocated in many Midwest States which make availability of Holstein steers easier to obtain.  
The economic differences comparing beef housing facilities are included in tables 5-14.  Feedlots 
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exclusively specializing in feeding Holsteins or dairy beef are becoming more common, 
especially in the Midwest. 
 
With more confined animal housing (high density) and especially of Holstein steers, comes the 
increased prevalence of Digital Dermatitis (DD) also referred to as Treponemus Spirochettes or 
Hairy Heel Wart. This disease adversely affects animals as they mature and outbreaks with 
morbidity rates as high as 15% of finishing Holsteins are not uncommon.  Since the spirochete 
bacteria must enter through dermal breaks, perhaps the increased ammonia excretion from 
Holstein steers facilitates weakened dermal barriers in wet conditions? Concerns about cattle 
breaking with DD amongst cattle producers feeding Holstein or dairy steers are justified.  
Economic treatment and losses due to high morbidity from DD in Holstein steers is alarmingly 
high. The existing treat of infection from Digital Dermititis is a huge barrier withholding more 
Midwest producers from building finishing facilities for feeding Holstein steers. 
 

Crossbreeding dairy cattle to produce offspring of higher feedlot and carcass value 
 

As previously mentioned, the economics of dairy production constantly require owners and 
managers to continue to improve efficiencies of production.  In the past several decades, the 
adaptation of artificial insemination with sexed semen has occurred rapidly in the U.S. dairy 
industry. With high feed costs, the need to reduce over production of heifers (21-24 month old at 
freshening) was economically important. Thus, many producers are using sexed semen on a 
percentage of their dairy cows (60-65%) to provide needed replacement heifers.  This allows 35-
40% of the cows to be bred to “beef semen”.  
 
During past decades it was not uncommon for dairy producers to breed “first calf heifers” to 
smaller framed beef bulls- particularly Angus with small birth weight EPD’s.  Most of us who 
grew up in on dairy farms in the Midwest or Northeast remember having a smaller framed Angus 
bull around to breed the heifers.  The “quality” of these Angus bulls was “marginal at best” as 
their main attribute was smaller birth weight, black calves.  The off-spring were not heavily 
muscled or worthy of propagation.  Semen companies sold the “throw away” Angus semen to 
dairy producers.  Often, these calves were called “dirty Holsteins” as they were mostly black in 
color.  The carcass characteristics of these “dirty Holsteins” were similar to most feedlot 
Holstein steers.  
 
During the last several years the dairy industry has financially rewarded more milk solids for 
cheese (pizza), butter, Greek yogurt, etc. Furthermore, during the past decade as feed prices 
increased and environmental regulation tightened (manure management), the lower maintenance, 
smaller Jersey cow became more attractive to milk. Thus, the adaptation of Jersey cows (high in 
milk solid components) into the U.S. dairy herd has skyrocketed.  It is estimated that 10% of the 
U.S. dairy herd is now Jersey cows and that percentage is growing quickly.  Similar to Holstein 
cows, over-production of females (replacement heifers) is costly, thus sexed semen technology 
for more accurate female supply is utilized for Jersey producers.  Due to the inefficiencies of 
growth of Jersey bulls, there is little need for them to be saved for feedlot production. Mueller et 
al (2010) reported feedlot performance and carcass traits of Jersey steer calves when finished on 
traditional feedlot finishing diets (85:15 concentrate to roughage, DM basis) as seen in table 15.  
Jersey steers are cost ineffective to finish in traditional feedlot economics, yielding low daily 
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gains and poor feed efficiencies (table 16).  Jersey steers also yielded small finished carcass 
weights, small rib eye areas and poor dressing percentages.  Thus, a dilemma was obvious that as 
the percentage of Jersey cows rises in the U.S. dairy herd, what to do with the bull calves? 
As a partial dairy owner of a Jersey dairy, the economics of producing Jersey bull calves was 
obviously negative. Recognizing that sexed semen technology presented the opportunity to 
interject HIGH QUALITY BEEF BULLS into 30-35% of our herd to produce desirable bull 
calves (or crossbred heifer calves) was appealing.  We researched the potentials with differing 
breeds and selected homozygous black and polled Gelbvieh semen for our terminal sires to breed 
to Jersey cows.  During the last 6 years we have continued to improve upon our selection of bulls 
from the Gelbvieh breed.  A brief review of these crossbred steer and heifer performance data are 
shown in table 4. Please notice from this data set the out-weights of crossbreeding with Gelbvieh 
bulls and many of the other carcass characteristics. These carcass measurements should 
impressively remind us (nutritionists) about HYBRED VIGOR!  We have taken a by-product 
(Jersey bull) that was essentially worthless for the cattle feeding industry and have produced 
animals that packers desire, due to high USDA quality grades and smaller portion sizes. Several 
other dairy groups are using different breeds for crossbreeding with Jersey cows with great 
success.  It is in the best interests of the feedlot industry to insist upon high quality beef bulls for 
this project as the potential for these animals to play a significant role in beef production exists.  
Our current selection criterion for beef bull selection to mate with Jersey or Holstein cows is 
selection from animals with high Relative Feed Indexes. 
 
The Holstein industry is also producing heifers with sexed semen, as previously discussed, and 
the potential exists to crossbreed with high quality beef bulls to produce feedlot cattle with more 
desirable carcass characteristics.  Our program for Holstein cows entered into this program 
includes high indexing Angus bulls.  Emphasis for Holstein and beef crossbreeding should 
concentrate on improving feed efficiency and carcass grade while maintaining a “static” carcass 
weight with current Holstein feeding endpoints.  We are working with Zoetis Animal Health to 
identify desirable traits to try to expedite progress with this breeding program. 
Included in this paper is a data set of the yearly and regional data provided from Elanco Animal 
Health (BENCHMARK DATA).  They have been so kind as to provide the Holstein steer data 
for 2009-2013.  This closeout data set is divided into regions and weight groups for Holsteins.  
During 2013, 18 new commercial feedlots were entered into the Holstein data base.  The 
closeouts included span from January 2009 until December of 2013 and include almost 2 million 
head of cattle in 141 feed yards.  Performance measurements of Holstein steers included in the 
Benchmark data set are included in the proceedings in tables 17-20.  It is important to notice 
from 2012 until 2013, out-weights of Holstein steers with in-weights less than 500 pounds were 
finished eleven pounds heavier and fed 4% longer (days on feed).  Thus, as one might expect 
with heavier out weight, the average daily gain and feed efficiency was reduced from 2012 to 
2013.  Interestingly enough, the veterinary medicine costs per head increased at the same time 
the mortality increased from 2012 to 2013.  All of this can be observed from their included 
Benchmark data sets (tables 17-19). 
 
Since Elanco did not include data from Midwest Holsteins for 2013, DeKalb Feeds, Inc. was 
kind enough to provide a set of data for Holsteins with average in-weights under 500 pounds 
(table 20).  As one might expect for diets fed in Midwest feedlot to Holstein steers, the average 
dry matter intakes were substantially higher- probably due in part to energy density of the diets 
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(more roughage in Midwest diets) and in-weight of cattle (125 pounds heavier).  Average daily 
gains were improved compared to other regions in the Benchmark data set, but feed efficiencies 
were poorer in the Midwest.  Death loss was substantially lower in the Midwest, again probably 
due in part to higher fiber levels in diets compared to other geographic regions of the U.S.?   
 

Summary 
 

Dairy beef, specifically Holstein steer production is a major portion of the beef industry. The 
U.S. dairy industry is retaining more Jersey cows.  Consequently, bull calves from these Jersey 
cows may be of little use to the feedlot industry unless crossbreeding with beef bulls occurs. The 
dairy industry has produced steers as by-products and it is important that feedlots coordinate calf 
ranches to produce calves that will prosper in feedlot conditions and produce desirable carcasses 
for the packer.  The behavior differences in Holstein steers and dairy beef when compared to 
traditional beef breeds creates challenges that feedlots must adapt to.   More emphasis is needed 
to understand the inequities of calf production and management of dairy beef during the neonatal 
and post weaning stage.   Transfer of calves from calf ranches to feedlots poses management and 
health challenges that may dramatically impact feedlot growth.  New dairy beef housing facilities 
are rapidly being constructed in the Midwest and the Northern Plains.  Manure produced from 
feedlot cattle has increasing value as fertilizer and Midwest Feedlots are including these 
economics into their growth models when considering housing improvements.  Growth 
technologies enhancers, especially b-agonists and anabolic implants are of extreme importance to 
improving efficiencies in dairy beef and competing with other protein sources, both domestically 
and internationally. 
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Table 1. Performance of Holstein Steers at Various Weights 

Weight, lbs Daily Gain, lbs
Daily Intake, lbs

DM
Feed/100 lb Gain 

DM Basis

400 - 500 3.16 14.2 448

500 - 600 3.14 15.1 482

600 - 700 3.08 16.5 537

700 - 800 2.99 18.4 614

800 – 900 2.87 20.5 713

900 – 1000 2.72 22.6 832

1000 – 1100 2.53 24.6 973

1100 - 1200 2.31 26.2 1136

Regression equation that described daily gain and feed efficiency were: 
Daily Gain, lbs = 2.94 + 0.00121W - 0.00000162W2 

Feed/100 lb Gain, lb = 525 – 0.6216W + 0.0010TW2 where W equals body weight

(Peters, et al., 1981 – Minnesota Cattle Feeders Report)

Table 2. Toxicity of Methionine in Neonatal Calves: 
Methionine Intake vs. Performance 

DL-Met, g/day 0 6 12 18 24

DMI, kg/d 1.55 1.59 1.55 1.24 1.21

ADG, g/d 261 400 243 -229 -129

Gain/Feed g/kg 169 251 157 -185 -107

Abe et al., 2000. J Animal Sci 78: 2722 - 2730

Alfalfa Silage, % DM Basis Implantb,c

Item 10 30 50 Yes No

Grower Period

Initial wt, lb 340 343 345 342 342

DOF 98 98 98 98 98

Final wt, lb 639 614 592 626 603

AD Gain 3.05 2.77 2.52 2.90 2.66

F/gain, DM 4.45 4.72 5.09 4.60 4.95

Finishing Period

Final wt, lb 1155 1134 1143 1126 1162

AD Gain, lb 2.62 2.95 2.89 3.05 2.58

F/gain, DM 7.77 6.47 6.83 6.40 7.24

Grower & Finishing Period

AD Gain, lb 2.80 2.79 2.75 2.98 2.57

F/gain, DM 6.02 5.87 6.22 5.70 6.37
a Fox and Ketchum, 1991
b 90% Corn diets until 20 weeks of age, grower period, 17% CP (haylage or SBM) 

implanted with Ralgro, finishing period 90:10, corn:haylage and implanted with Revalor
c Implant effect in each period

Table 3.  Performance of Holstein Steers Fed 90% Concentrate 
Starter and Finisher Diets with Different Alfalfa Silage Levels in 

the Grower Period, With or Without Implants a

Table 4. 2013 Private Feeding Company 
Performance Summary  

Item Holstein Jersey X-Steer Jersey X-Heifer

Avg In Wt. 466 468 466

Out 1366 1291 1102

DMI 18.66 18.10 16.34

ADG 2.84 2.82 2.47

F/G 6.55 6.42 6.61

DOF 317 292 253

% Death/Real 3.77 3.56 2.60

DP (%) 60.6 61.31 61.32

% Ch / P 62.3 68.22 76.82

HCW (lb) 828 791 676
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Table 5. Performance of Finishing Cattle  in the Northern 
Plains - Cold Slat Confinement vs. Conventional Bedded 

Barn with Open Lot  (Dairy Beef 300 DOF)

Cold Slat 
Confinement Difference

Conventional 
Bedded + Open 

Lot

In Weight, lbs. 450 - 450

Out Weight, lbs. 1,267 (125#)9.9% 1,392

19.10 11.9% 21.38

ADG 2.72 15.4% 3.14

F / G 7.01 -2.9% 6.81

COG/cwt $200/t DM $100.74 $0.26/day $94.84

COG/cwt $300/t DM $138.05 $0.14/day $131.07

Peters – 2013
Adapted from Windels et. al. (UM) – 4 year trial, current cattle performance

25 square feet / head in confinement barn

Table 6.  2013 Applied Economics of Finishing Cattle
in the Northern Plains Open Lot vs. Open Front Cold 

Slat Confinement (Dairy Beef 300 DOF)

Open Lot Difference
Open Front - Cold 
Slat Confinement

In Weight, lbs. 450 - 450

Out Weight, lbs. 1,267 (27#) 2.1 % 1,294

19.10 -9.7% 17.25

ADG 2.72 3.3% 2.81

F / G 7.01 -12.6% 6.13

COG/cwt $200/t DM $100.74 $0.30/day $90.67

COG/cwt $300/t DM $138.05 $0.40/day $123.27

Peters – 2013
Adapted from Farlin et. al. (Nebraska) – 3 year trial, current cattle performance

20 square feet / head in confinement barn
1.5% improvement of dressing percent in confinement cattle

Table 7.  2013 Applied Economics of Finishing Cattle 
Northern Plains - Concrete Cold Slat vs. Rubber Covered 

Slats (Dairy Beef 300 DOF)

Concrete 
Cold Slats

Difference
Rubber Covered 

Slats

In Weight 450 - 450

Out Weight 1,294 (62#) 4.8% 1,356

19.74 3.9% 20.51

ADG 2.81 7.5% 3.02

F / G 7.02 -3.3% 6.79

COG/cwt $200/t DM $99.90 $0.17/day $95.67

COG/cwt $300/t DM $137.23 $0.13/day $131.81

Peters – 2013
Adapted from Euken et. al. (ISU) 2012, Summer Trial Imposed Economics – 22.5 

square foot/head, 6.75” bunk space/head

Table 8.  Bedding Samples and Nutrient Analysis (%) 
from Bed-Pack Barns – Peters 2013

Gypsum increases sulfur level of the manure.
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Table 9.  Bedding Samples and Nutrient Analysis from Bed-
Pack Barns – Peters 2013

(Nutrients listed are pounds per ton)

*Corresponds with “poorest quality” corn stalk pack.  Gypsum increases sulfur level of the manure.

Table 10.  Bedding Samples and Nutrient Values from 
Bed-Pack Barns – Peters 2013

(Value of bedding packs in agronomic production)

N (Urea) $0.60/lb;  P2O5 $0.67/lb;  K20 $0.48/lb  S  $0.80/lb  = 9/25/12 commercial fertilizer costs  

Table 11.  Unit of Measurement and Costs for Feedlot Inputs

Unit Rate ($)

Labor Hour $12.50

Feed Wagon/Truck Hour $48.00

Skid Steer Hour $50.75

Loader Hour $58.50

Tractor/Spreader Hour $142.50

Maintenance Hour $22.50

Feeding Hour $62.65

Cleaning Hour $94.15

Bedding Hour $73.15

Health Hour $17.50

Liquid Pumping Hour $200.00

Mound Grooming Hour $37.60

Bedding $ / ton $50.00

T.M. Peters, 2013. S.A.L.T. LLC, Consulting Information

Single equipment costs derived from Farm Business

Management, University of Illinois – April 2012

Specific tasks derived from averaging Midwest feedlot production practices/depreciation schedules

Table 12.  Average Cost Per Head of Operational Items 
per Day from Various Finishing Cattle Housing Types in 

the Northern Plains –Corn Belt 
(Cost/Item Based on Time Spent /Head/Day)

Dirt 
Mound

Open 
Concrete

Conventional 
1/3 Covered

Bedded 
Monoslope

Combination
Pit & 

Bedded

Deep
Pit

Cleaning $.040 $.270 $.230 $.150 $.135 $.130

Bedding $.025 $.040 $.080 $.050 $.030 None

Feeding $.080 $.100 $.070 $.140 $.080 $.070

Health $.020 $.020 $.005 $.013 $.008 $.020

Maintenance $.025 $.010 $.010 $.010 $.010 $.005

Bedding Use $.040 $.150 $.125 $.100 $.075 None

Rubber Cost None None None None $.035 $.070

Total Cost $.230 $0.590 $0.520 $0.463 $.373 $.295

Cost/hd/yr $83.95 $215.35 $189.80 $170.00 $136.15 $107.68

T.M. Peters, 2013. S.A.L.T. LLC, Consulting Information

Dirt mound values are extremely variable from yearly practices.  Average $20 per head space for dirt fill and 16 
bedding events per mound per year.

Rubber covering costs = $6 per square foot at 25 square feet per head with a 6 year warranty on the product
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Table 13.  Estimate / Calculate Manure Credit / Value 
from Finishing Cattle Raised in Various Finishing Cattle 

Housing Types in the Northern Plains - Corn Belt

Dirt 
Mound

Open 
Concrete

Conventional 
1/3 Covered

Bedded 
Monoslope

Combination
Pit & Bedded

Deep 
Pit

N-P-K-S/hd/d $0.035 $0.143 $0.231 $0.384 $0.332 $0.281

T.M. Peters, 2013. S.A.L.T. LLC, Consulting Information

Dirt Mound, Open Concrete Lot and Conventional Covered Lot has manure that is diluted from 
rain-water and run-off. This is highly variable as it is dependent upon yearly precipitation.

Bedded barn and bedded portion of the combination barn represent higher amounts of manure 
due to the inclusion of bedding into the system at 4# per head per day.

Values based on commercial fertilizer costs as of 9/25/2012.

N (Urea) = $0.60 per pound

P2 O5 = $0.67 per pound

K2 O       = $0.48 per pound

S           = $0.80 per pound

Table 14.  Calculated Total Daily Costs for Housing Finishing 
Cattle in Various Finishing Cattle Housing Types in the 

Northern Plains - Corn Belt

Dirt 
Mound

Open 
Concrete

Conventional 
1/3 Covered

Bedded 
Monoslope

Combination
Pit & Bedded

Deep 
Pit

Land $/head $0.010 $0.004 $0.004 $0.003 $0.002 $0.002

Const.$/head $0.070 $0.108 $0.141 $0.174 $0.195 $0.217

Oper. $/head $0.230 $0.590 $0.520 $0.463 $0.373 $0.295

H2O $/head $0.020 $0.020 $0.020 $0.020 $0.020 $0.030

Mgmt $/head $0.020 $0.020 $0.020 $0.020 $0.020 $0.020

Total $/day $0.350 $0.742 $0.705 $0.680 $0.610 $0.564

Fert. $/day $0.035 $0.143 $0.231 $0.384 $0.332 $0.281

Total $/day $0.315 $0.599 $0.474 $0.296 $0.278 $0.283

T.M. Peters, 2013. S.A.L.T. LLC, Consulting Information

Total operational costs were gathered from over 50,000 head from 24 facilities in the Northern United States. Obviously, 
individual feedlots costs are highly variable according to critical mass, labor costs and other variables.

The above example magnifies the importance of manure credit/fertilizer value for a profit center in Northern Plains 
feedlots.  Agronomic practices are dependent on nutrient inputs and land base available for crop production.

Cattle feeding is a highly competitive business and the above figures should be considered against cattle performance 

obtained/realized in varied housing types. 

This data was intended for presentation during the 2013 National Finishing Cattle Housing Symposium, 4/4/2013.

Weight groupa Finishing dietb P valuec

Item LIGHT HEAVY F70 F85 SEM Group Diet

Carcass weight, lb 528.7 594.9 545.1 578.5 10.7 <0.01 0.04

Carcass dress, %d 55.9 58.2 56.9 57.1 0.4 <0.01 NS

Backfat, in. .20 0.28 0.24 0.23 0.03 0.04 NS

Ribeye area, in2 8.4 9.5 8.4 9.40 0.3 <0.01 0.02

KPH, % 2.25 2.80 2.48 2.58 0.17 0.03 NS

Marbling scoree 568.3 661.0 589.5 639.8 17.6 <0.01 0.06

Quality gradef Ch- Ch0 Ch- Ch0

Yield gradeg 2.77 2.97 2.97 2.77 0.14 NS NS

Retail yieldh 50 49.6 49.9 49.6 0.2 NS NS

Mueller, et al., 2010. 
aBased on BW of steers at start of growing period.
bF70 = 70:30 dietary ratio of concentrate-to-roughage; F85=85:15 dietary ratio of concentrate-to-roughage (DM basis).
cNS = P > 0.10
dCalculated as (Carcass weight ÷BWharvest) x 100.
e400 = slight, 500=small, 600=modest, 700=moderate.
fSe = select, Ch- = low choice, Ch0 = average choice, Ch+ = high choice, Pr- = low prime.
gCalculated as: Yield grade = 2.5 + (2.5*backfat) + (0.0038*carcass wt.) + (0.2*KPH) – (0.32*ribeye area).
hCalculated as: % Retail yield = 51.34 – (5.78*backfat) – (0.0093*carcass wt.)-(0.462*KPH) + (0.74*ribeye area).

Table 15. Carcass characteristics of purebred Jersey steers fed 
finishing diets of different caloric densities. 

Weight groupa Finishing dietb P valuec

Item LIGHT HEAVY F70 F85 SEM Group Diet

BWfinish, lbd 501.6 575.1 532.4 544.3 11.1 <0.01 NS

BMIfinish, lb/ine 11.3 12.3 11.7 11.9 0.2 <0.01 NS

BWharvest, lbf 946.3 1022.3 957.1 1011.5 16.3 <0.01 0.03

BMIharvest, lb/ine 18.8 19.9 19.0 19.7 0.3 0.02 0.09

Days on feed 240 229 235 234 0.9 <0.01 NS

ADG lb/d 1.85 1.96 1.81 2.00 0.05 NS 0.02

DM intake, lb/dg 16.0 18.0 17.1 16.9 0.7 0.07 NS

Feed:gain, lb/lb 8.70 9.23 9.51 8.42 0.35 NS NS
Mueller, et al., 2010. 
aBased on BW of steers at start of growing period.
bF70 = 70:30 dietary ratio of concentrate-to-roughage; F85=85:15 dietary ratio of concentrate-to-roughage (DM basis).
cNS = P > 0.10
dBody weight obtained at the start of finishing period (finish).
eBody mass index (BMI) at start of finishing period (finish)  and at slaughter (slaughter).   Calculated as BW (lb) divided by

hip height (inches).
fBody weight at time of slaughter, after an 18 hr fasting period.
gBased on pen consumption (feed delivered – feed refusals).

Table 16. Cumulative finishing performance of purebred Jersey 
steers fed finishing diets of different caloric densities. 
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USBBUNON00884

< 500 lbs > 500 lbs

Values 2012 2013 2012 2013

Total Head Out 344,735 168,711 132,049 57,747

In Wt 350.0 356.1 680.2 658.0

Out Wt 1,341 1,352 1,349 1,357

Intake, DM 17.12 17.16 21.57 21.11

ADG 2.77 2.67 2.98 2.81

Feed/Gain 6.21 6.46 7.32 7.58

DOF 351.8 366.3 221.5 244.7

Ration $/T DM $366 $393 $347 $379

Terminal Window 140 149 120 140

VM Charges $23.81 $25.50 $18.74 $20.41

Mortality 4.82% 5.15% 2.49% 2.96%

$/cwt Gain $1.1579 $1.2913 $1.2940 $1.4632

In Price $123 $146 $107 $120

Out Price $115.89 $118.32 $114.39 $117.60

Profit / Loss $-30.79 $-230.25 $-55.75 $-199.78

Table 17. Performance Summary
Year over year: 200-999 lb Holsteins by In Weight

USBBUNON00884

Values

Central 

Plains

High 

Plains

North 

Plains

Pacific

NW

South

West

Total Head Out 49,208 74,520 11,020 6,756 27,207

In Wt 368 357 412 333 298

Out Wt 1,346 1,354 1,362 1,414 1,353

Intake, DM 16.72 17.78 18.63 18.35 15.52

ADG 2.62 2.68 2.70 2.85 2.76

Feed/Gain 6.40 6.69 6.95 6.46 5.64

DOF 366 364 345 374 380

Ration $/T DM $399 $387 $384 $347 $406

Term Window 98 193 177 146 154

VM Charges $21.49 $29.55 $31.74 $31.91 $19.62

Mortality 5.14% 6.07% 4.23% 3.79% 2.24%

$/cwt Gain $1.299 $1.323 $1.302 $1.153 $1.163

In Price $155 $142 $145 $141 $137

Out Price $118 $118 $120 $116 $122

Profit / Loss $-257.01 $-235.32 $-182.73 $-72.94 $39.07

Table 18. 2013 Performance Summary
200-499 lb Holsteins by Region

USBBUNON00884

Values

Central 

Plains

High 

Plains

North

Plains

Pacific

Northwest

Total Head Out 20,002 10,696 17,810 8,817

In Wt 644.3 647.3 660.5 733.9

Out Wt 1,359 1,355 1,338 1,410

Intake, DM 21.12 21.02 20.88 22.30

ADG 2.96 2.75 2.67 2.68

Feed/Gain 7.16 7.71 7.85 8.44

DOF 238.2 250.8 247.7 248.8

Ration $/T DM $397 $389 $358 $335

Term Window 117 162 150 150

Vet/Med $/Head $22.12 $22.54 $17.46 $16.12

Mortality,% 2.99% 3.59% 2.73% 1.99%

$/cwt Gain $1.4557 $1.5300 $1.4302 $1.4374

In Price $115 $125 $129 $109

Out Price $118.20 $117.23 $117.15 $117.36

P & L $-142.13 $-278.66 $-239.18 $-126.59

Table 19.  2013 Performance Summary
500-999 lb Holsteins by Region

Values 2012 2013

In Wt 457 486

Out Wt 1,361 1,360

Intake, DM 19.90 21.1

ADG 2.85 2.98

Feed/Gain 6.98 7.09

DOF 317 293

Ration Price $231 $242

Term Window UK UK

Vet/Med $/Hd 26.27 $25.52

Mortality,% 1.90% 1.25%

$/cwt Gain $0.993 $1.102

In Price $115 $125

Out Price $112 $115

P & L $108.15 $12.12

Table 20.  Performance Summary
Calf Fed Holsteins

DeKalb Feeds, Inc.
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Liver Abscess Rate by Sex

0

2

4

6

8

10

12

14

16

18

20

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Pe
rc
en
t

Steers Heifers

Liver abscess rate by sex + Holsteins

0

10

20

30

40

50

60

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Pe
rc
en
t

Year

Steers Heifers Holsteins

LA Holsteins vs. Steers: CP+HP 2013

0

10

20

30

40

50

60

70

Holsteins Steers Holsteins Steers

Central Plains High Plains

Pe
rc
en
t

Total A+

Percent of cattle w/ Liver abscesses
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Percent of cattle with liver abscesses
Brink et al., JAS 1990 – NO TYLAN

566 head, 12 studies
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Liver abscesses vs. HCW
Davis et al., 2007 (Bos Tecnica); JAS Midwest mtgs

29,558 head; 26 trials; All fed Tylan
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PATHOGENESIS

Liver Abscess

Liver abscess: Pathogenesis

1. Comensal bacteria in the rumen, especially 
rumen wall‐associated bacteria

1. Fusobacterium necrophorum

2. Arcanobacterium (Actinomyces) pyogenes

3. Other?

Nature of Liver Abscess Infections
T.G. Nagaraja et al., 1999, JAS
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2. Rumen insult

– VFAs, Lactate (Nagaraja & Chengappa, 1998) 

3. Bacteria enter portal blood

– filtered by liver

– Highly defended organ

4. Fusobacterium sets up infection

– Resilient to liver defenses

– Tissue walls off infection site

Liver abscess: Pathogenesis

Liver Abscess: Pathogenesis

Rumen Liver
High‐
grain diet

Acidosis

Rumenitis

Bacteria

Portal 
blood

“Bacterial 
emboli”

Abscesses

Recreated from Nagaraja & Chengappa, 1998 J.Anim.Sci.

5. Other bacteria benefit from the isolation 
from liver defenses

– A. pyogenes

Liver abscess: Pathogenesis
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Percent of Cattle w/ Rumen Lesions
HAP; 19,229 head

Harvest Audit Program. Rezac et al., 2014; JAS (submitted)
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Note: “Lost” data from condemned rumens w livers due to adhesions

Rumenitis vs Liver abscesses
Smith, 1944: 1,807 head; Jensen et al., 1,535 head
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ASSOCIATED FACTORS

Liver Abscess

Roughage Level vs. Liver Abscess
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F. necrophorum in the rumen

• 5‐10 fold greater concentration in grain‐fed vs. 
forage‐fed (Tan, et al., 1994, Appl. Environ. Microbiol.)

• Increase 3‐10 fold during transition from 
forage to grain‐base (Nagaraja et al., 1999, Am.J.Vet.Res.)

• Lactate fermenter

– Increase in response to increasing ruminal lactate 
(Nagaraja & Chengappa, 1998, J.Anim.Sci.)

Growing program (Holsteins) vs. Liver 
Abscess

112 d growing phase; 140 d finishing phase 90% SFCorn
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Roughage Level vs Liver Abscess
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Roughage type vs. Liver Abscess
DM Inclusion rate: C.Sil = 11.5%; Alf.Sil. = 9.2%
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Grain type vs. Severe Liver Abscess
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SFC Flake Density vs. Starch Availability
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Tylan vs Total Abscesses
25% DG; UNL – Total Abscesses
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Tylosin vs. Ruminal F.necrophorum
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Efficacy of antimicrobials vs. 
Fusobacterium necrophorum

T.G. Nagaraja et al., 1999, JAS
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Efficacy of antimicrobials vs. 
Arcanobacterium (Actinomyces) pyogenes

T.G. Nagaraja et al., 1999, JAS
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FDA Guidance for Industry #213

• “Medically important” antimicrobials

– Tetracyclines

• Chlortetracycline, Oxytetracycline

– Streptogramins

• Virginiamycin

– Macrolides

• Tylosin

• http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEn
forcement/GuidanceforIndustry/UCM299624.pdf

FDA Guidance for Industry #213

• “Approved Production Uses”

– “increased rate of weight gain” or “improved feed 
efficiency”

• NOT to “treat, control, or prevent disease”
• http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEn

forcement/GuidanceforIndustry/UCM299624.pdf

Tylosin label

• “For reduction of incidence of liver abscesses 
associated with Fusobacterium necrophorum
and Arcanobacterium pyogenes.

VACCINES: ALTERNATIVE TO 
PHARMACEUTICALS?
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Liver Abscesses  C. Reinhardt and M. Hubbert
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Vaccine vs Liver Abscess
n = 1,307; No monensin or tylosin
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Summary

• Mild liver abscesses cause minimal 
measurable performance or grade loss

• Severe liver abscesses (A+) cost $$$

– ~ 20 lb HCW

– ~ 1 lb DMI daily

– ~ 10% Prime/Choice

Summary

• Fusobacterium necrophorum likely causative 
agent

– A. pyogenes secondary invader

Summary

• Rumen insult

– Time

– Extent

• Roughage level and form

• Grain type and degree of processing

– Rate of starch ruminal digestion

Summary

• Control measures:

– Tylosin

– Other antimicrobials

– Vaccines

Thank You!

The Beef Cattle Institute at Kansas State University
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Short and Long Term Changes in the Use of Antibiotics in Feed 
 

Michael Apley DVM, PhD 
Kansas State University 

Manhattan 
 
The pace of change in antimicrobial regulations for food animals continues to accelerate.  There 
are 4 key areas in relation to antibiotic use in animal feeds with the potential for extremely rapid 
change within the next 5 years.  These areas are the withdrawal of growth promotion uses of 
antimicrobials, expansion of antimicrobial use reporting requirements, continued legislative 
initiatives to remove antimicrobial uses for prevention or control of disease in food animals, and 
the potential for an FDA/CVM hearing on the hazard status of the use of tetracyclines and 
penicillins in animal feed.  It is also important to understand the relationship between approvals 
for the original pioneer products and generic feed antimicrobials.  
 

Key Area 1: Guidance 209, Guidance 213, and Veterinary Feed Directive Proposed Rule 
 
Links to the 3 documents discussed herein are available on the FDA Center for Veterinary 
Medicine website at http://www.fda.gov/AnimalVeterinary/NewsEvents/ CVMUpdates/ 
ucm378166.htm  
 
Guidance 209 – April, 2012   
 
This guidance document puts forth two principles for which the FDA Center for Veterinary 
Medicine will seek voluntary compliance. 
 
Principle 1:  The use of medically important antimicrobial drugs in food-producing animals 
should be limited to those uses that are considered necessary for assuring animal health.  This 
means that any antimicrobial drug listed as medically important for human therapeutics in 
Appendix A of Guidance 152 will no longer be legal to be used for improvement in feed 
efficiency or rate of gain after implementation of this guidance.  Guidance 209 specifically 
applies to antimicrobials used in the feed or water for food animals.  The FDA states that they 
feel this principle applies to all antimicrobials used in food animals; however, Guidance 209 
does not address over-the-counter injectable antimicrobials such as procaine penicillin G and 
long-acting 200 mg/ml oxytetracycline products (e.g., Liquamycin LA-200®). 
 
Principle 2:  The use of medically important antimicrobial drugs in food-producing animals 
should be limited to those uses that include veterinary oversight or consultation.  This means that 
the remaining uses of medically important antimicrobials in the feed and water of food animals 
(prevention, control, and therapy) will require authorization by a veterinarian through a 
veterinary feed directive.  Additives for milk replacer are approved as feed additives, so they are 
included in this requirement. 
 
This list of medically important antimicrobials in Appendix A of Guidance for Industry #152 
includes these antimicrobial groups with current feed or water use labels (with examples of in-
feed or in-water approved antimicrobials).  The groups listed may have other drugs that are used 
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in humans, but the examples listed are those used in food animals.  These groups will be affected 
by Guidance documents 209 and 213. 

 Aminoglycosides: gentamicin, neomycin 
 Lincosamides: lincomycin 
 Macrolides: tylosin, tilmicosin (Pulmotil® currently requires a VFD in swine and cattle) 
 Penicillins (natural):  penicillin G included in combination products 
 Streptogramins: virginiamycin 
 Sulfonamides: Includes both potentiated (e.g., trimethoprim/sulfa) and non-potentiated 

sulfonamides.  There are no current feed or water potentiated sulfa approvals in the U.S. 
 Tetracyclines:  chlortetracycline, oxytetracycline, tetracycline  

 
The list of medically important antimicrobials does not include the following antimicrobials with 
food animal labels.  They will not require a VFD or prescription in the future based on Guidance 
209, nor will they lose growth promotion claims on the label, unless added to the list of 
medically important antimicrobials in the future. 

 Ionophores:  monensin, lasalocid 
 Flavophospholipol: bambermycins (e.g., Flavomycin®, Gainpro®) 
 Bacitracin 
 Tiamulin 

 
The list of medically important antimicrobials in Guidance 152, Appendix A, includes these 
antimicrobial groups for which there are no current food animal feed or water use labels in the 
United States.  Extralabel use in feed is prohibited in the United States.  Extralabel use in water 
is allowed when in conformance with the Animal Medicinal Drug Use Clarification Act 
(AMDUCA) regulations.  

 Penicillins – Penase resistant, antipseudomonal, and aminopenicillin groups 
o Aminopenicillin examples are amoxicillin and ampicillin 

 Cephalosporins – first, second, third, fourth generations and cephamycins 
o Ceftiofur is the third generation cephalosporin labeled for use in food animals 

with injectable and intramammary approvals 
o Cephapirin is the first generation cephalosporin approved for intramammary use 

in dairy cattle. 
o Cephalosporins are prohibited from any use in food animals which does not 

conform to the label regimens, meaning that use in water is prohibited since there 
are no labels including use in water. 

 Carbapenems – another beta-lactam group (related to penicillins and cephalosporins) with 
no veterinary labels 

 Monobactams -  another beta-lactam group (related to penicillins and cephalosporins) 
with no veterinary labels 

 Quinolones – the forerunner group to the fluoroquinolones, there are no veterinary labels 
from this group 

 Fluoroquinolones – Enrofloxacin was once labeled for water use in poultry but this label 
was removed by the FDA/CVM in 2005.  The sarafloxacin label for water use in poultry 
was withdrawn by the sponsor in 2000. 
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o Enrofloxacin is labeled for injectable treatment and control of respiratory disease 
in cattle (including dairy heifers less than 20 months of age) and in swine. 

o Danofloxacin is labeled for injectable treatment of respiratory disease in beef 
cattle. 

o Extralabel use of the fluoroquinolones is prohibited in food animals. 
 Glycopeptides – no veterinary labels and prohibited for extralabel use in food animals 
 Oxazolidones – no veterinary labels 
 Pyrazinamide – no veterinary labels 
 Isoniazid – no veterinary labels 
 Rifamycins – no veterinary labels 
 Chloramphenicol – no food animal labels and prohibited for extralabel use in food 

animals 
 Metronidazole – no veterinary labels and prohibited for extralabel use in food animals 
 Polymyxin B – veterinary labels are ophthalmic preparations 

 
A list of affected products, sponsors, and withdrawn products is available on the FDA/CVM 
website.1  There are 283 affected products, including new animal drug applications (“pioneer”), 
abbreviated new animal drug applications (“generic”), and combination new animal drug 
applications (which can be either pioneer or generic).   
 
Guidance 213 – December, 2013 
 
This guidance document puts forth nonbinding recommendations for companies to comply with 
Guidance 209.  There was a 3 month period for companies to communicate with the FDA/CVM 
regarding their intent to comply with the voluntary recommendations in Guidance 209.  After 
this 3 month period, a 3 year period began for companies to comply.  After this period, the 
FDA/CVM would likely take steps to accomplish these goals through other regulatory routes.  
On March 26, 2014, the FDA/CVM released an update indicating that 25 of the 26 affected 
sponsors have indicated they will comply with Guidance Documents 209 and 213.2  This 
participation accounts for 99.6% of the affected products. 
 
A company may remove the label indications for growth promotion and insert label requirements 
for veterinary authorization without being subjected to other requirements such as updating the 
label in other areas (e.g., microbial safety).  The guidance document also provides suggested 
pathways for companies who elect to pursue prevention, control, or therapeutic claims for the 
regimen previously labeled as a growth promotion claim.  The document also makes it clear that 
generic versions of original proprietary labels must alter their labels to reflect any changes in the 
original label. 
 
Veterinary Feed Directive (VFD) proposed regulation – December, 2013 
 
This proposed regulation has 5 key changes in the existing VFD regulation 
 

 User friendly reorganization of the VFD rule 
 Increased flexibility for licensed veterinarians issuing VFDs 
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o The current regulation requires veterinary “supervision” for a VFD to be written.  
The proposed regulation changes this to “supervision or oversight”. 

o The proposed regulation removes the explicit veterinary-client-patient 
relationship (VCPR) provision and replaces it with the requirement that 
veterinarians ordering the use of VFD drugs must be “in compliance with all 
applicable veterinary licensing and practicing requirements”.  This defers the 
VCPR standard to the veterinary profession and the individual states to determine 
the requirements of a valid VCPR. 

o The veterinarian will be required to specify duration of use, approximate number 
of animals to be fed the medicated feed, and level of VFD drug in the feed.  
However, they will not be required to specify the amount of medicated feed to be 
dispensed. 

 Continued access to Category I type A medicated feed articles by unlicensed feed mills 
o Currently, a VFD drug is automatically a Category II medicated feed, which 

means that the type A feed article for that drug would only be available to the 
limited number of licensed feed mills.  The proposed regulation would not require 
a VFD drug to automatically become a Category II medicated feed.  

 Increased flexibility for animal producers purchasing VFD feeds 
 Lower recordkeeping burden for all involved parties 

o Duration of record keeping is proposed to be dropped from 2 years to 1 year 
 

Key Area 2: Regulatory or legislative initiation of antimicrobial use reporting 
 
Current antimicrobial use reporting in the United States consists of aggregate reporting of drug 
classes based on sales figures reported to the FDA/CVM by sponsors as required under the 
Animal Drug User Fee Act (ADUFA) of 2008.  The FDA/CVM has recently asked for comment 
on a new form or reporting these sales data, but this proposal does not seem to include more 
detailed information on actual drug use by species, which to my understanding is not possible 
from the reported aggregate sales data which are reported.3     
 
Legislative pressure has been applied in an attempt to bring about more detailed reporting.  
Senator Diane Feinstein put a hold on the Animal Drug User Fee Act (ADUFA) this year in an 
attempt to force inclusion of increased reporting requirements, which was not successful.   
 
Representative Henry Waxman has introduced the “Delivering Antimicrobial Transparency in 
Animals (DART) Act of 2013” as HR 820.  As of 3/1/2013 it had been referred to the 
Subcommittee on Health.4  This bill would require increased reporting of antimicrobial sales for 
all food animal antimicrobials, and requires reporting by end users of antimicrobials in the feed. 
 
The FDA/CVM has recently asked for input on how increased antimicrobial use data might be 
collected for food animal uses.   This input has been collected and the FDA/CVM is considering 
how additional antimicrobial use information might be collected.  I have no idea where this will 
end up, but anticipate some increased reporting burden in the future. 
  

115



Key Area 3: Will we see legislative prohibition of the use of antimicrobials for prevention 
or control of infectious disease? 

 
Bills which purpose to drive the evaluation of prevention and control uses, but which in fact 
would result in their removal for at least a protracted period of time, continue to be introduced.  
Representative Louise Slaughter has again introduced the latest edition of the PAMTA act, 
“Preservation of Antibiotics for Medical Treatment Act of 2013” (HR 1150).5  This bill has 55 
cosponsors.  This bill does not outright prohibit the use of antimicrobials in food animals for 
anything but individual therapeutic use, but sets a very high bar with a very short timeline to 
retain their use, clearly with the intention of establishing unattainable benchmarks. 
 
On the senate side, Senator Dianne Feinstein has introduced the “Preventing Antibiotic 
Resistance Act of 2013” (S 1256). This bill has 5 cosponsors and is very similar to PAMTA.6 
 
These bills have typically not made it out of committee to the floor, and have been repeatedly 
introduced over the last decade.    
 

Key Area 4: Will the FDA Center for Veterinary Medicine be forced to hold hearings on 
whether the use of penicillins and tetracyclines in animal feed is a hazard to human health? 
 
In 2011, The National Resources Defense Council (NRDC), the Center for Science in the Public 
Interest, Food Animal Concerns Trust, and the Union of Concerned Scientists, filed a lawsuit 
against the FDA/CVM in the U.S. District Court for the Southern District of New York.7  This 
lawsuit sought to force the FDA/CVM to act on the 1977 Notice of Opportunity for a Hearing 
(NOOH) which sought to address the use of tetracyclines and penicillins in animal feed.  On 
March 22, 2012, the magistrate judge ruled that the U.S. Food and Drug Administration must act 
on the 1977 NOOH regarding in-feed use of tetracyclines and penicillins in animal feeds.8  The 
FDA/CVM had withdrawn this NOOH in December of 2011.  The FDA Commissioner 
(Margaret Hamburg), Secretary of Health and Human Services (Kathleen Sebelius), and Director 
of the FDA/CVM (Bernadette Dunham) appealed this decision in the United States Court of 
Appeals, Second Circuit, on May 21, 2012.9      
 
The history leading up to the NOOH and subsequent activities of the FDA/CVM on this issue 
were detailed in a presentation by two FDA/CVM representatives at a the symposium “Public 
Health Implications of the Use of Antibiotics in Animal Agriculture” held as part of the Annual 
Meeting of the American Society of Animal Science in August of 1985.10  In 1981, the 
FDA/CVM was instructed by the house appropriations committee to hold in abeyance any 
implementation of the proposed withdrawals pending the results of studies to evaluate the 
relationship of feed use of these antimicrobials to human health.   
 
The NRDC has previously filed a petition with the secretary of Health and Human Services to 
declare the subtherapeutic use of penicillin and the tetracyclines in animal feeds an imminent 
hazard to the public health (Nov 20, 1984).  The FDA/CVM held a “legislative type” hearing on 
January 25, 1985 to evaluate the evidence.  If the Secretary would have found the use of these 
antimicrobials to be an imminent hazard to public health, a formal evidentiary public hearing 
before an administrative law judge would have been required for removal of these uses.   
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Obviously, the use of these antimicrobials in feed has not been withdrawn as of the writing of 
these proceedings.  However, should the appeal be unsuccessful, then the hearing may be held 
and the drug sponsors and the industry will likely be put in the position of having to defend these 
uses.  The definitions of the terms “subtherapeutic” and “nontherapeutic” will be crucial as to 
what uses are considered in the hearing, especially in relation to uses for prevention and control 
of disease.  Also in play will be the ability, or perceived ability, of GFI #209 to achieve the goals 
of the original 1977 NOOH.  In my opinion, if this hearing occurs, it will be a telling precedent 
for the future of uses of antimicrobials for the prevention and control of diseases in food animals; 
it won’t just be about tetracyclines and penicillins.   
 

New Animal Drugs for Use in Animal Feeds 
 
In May of 2013, the American Academy of Veterinary Pharmacology and Therapeutics held a 
workshop on animal drugs in feeds in conjunction with the FDA Center for Veterinary Medicine.  
While heavily focused on the approval process, some of the presentations are informative as to 
what goes into the approval of a generic product. The meeting presentations may be watched 
(video of the presentation and the slides) on the FDA/CVM website.11  The conference included 
presentations on types and categories of new animal drugs for use in animal feeds, development 
and approval of labelling for medicated feeds, and proposed changes in the veterinary feed 
directive.   
 
In additions, the presentation by Dr. Charli Long, entitled Generic Approval Process & 
Biowaiver Requirements, details the process for approving a generic form of a reference 
“Pioneer” product.  Guidance for industry 171, entitled Waivers of In Vivo Demonstration of 
Bioequivalence of Animal Drugs in Soluble Powder Oral Dosage Form Products and Type A 
Medicated Articles, is referred to in the presentation.12  This guidance document is currently 
being revised.  Dr. Dan Benz also addressed combination new animal drugs in animal feeds and 
water. This presentation includes a discussion of the development of new combinations with 
pioneer products vs. generic approvals.      
   

Summary 
 

It is apparent that the landscape of antibiotic use in animal feeds will be drastically different a 
few years from now, with many unknowns.  Clearly, the use of medically important antibiotics 
for growth promotion will be phased out within approximately 3 years of this writing, with 
veterinary oversight of all antimicrobial uses in feed and water phased in over the same time 
period.  The availability of antimicrobials for use in feed or water for prevention, control, or 
treatment of livestock disease will depend on multiple events over the next 5 years, including 
judiciary, legislative, and regulatory tipping points.  Although not discussed above, perhaps the 
most invasive pressure may be that of large scale policies by food retailers and restaurant chains.   
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Research Update: University of Nebraska-Lincoln 
 

Galen Erickson, Jim MacDonald, Terry Klopfenstein 
 
The research update provided here will focus on feedlot research based on work conducted at the 
Agricultural Research and Development Center near Mead, NE. 
 
Corn prices have been variable the past few years and generally more expensive. Our assessment 
is that each crop year may be different and appears to impact the optimum approach for feeders. 
Having research that “applies” to these various scenarios is helpful for sound decision-making.  
 
The major research areas in our program relate to: 1). Byproduct feeding, 2). Utilization of crop 
residues, 3). Feed additive and growth promotant research, 4). Nutrition and environment 
interactions, 5). Improving starch utilization and acidosis implications, 6). Wean-to-Finish 
production systems, and 7). Food safety as impacted by nutrition. For the sake of space and time, 
I will focus on byproduct and crop residue work in the paper. A few of the current experiments 
are also presented as abstracts/posters at this meeting. For more information on our research, 
please visit our beef website (beef.unl.edu). All of these data are available in the Nebraska Beef 
Reports which can be accessed at  http://beef.unl.edu under “reports” at the top of the page. 
 

Byproduct Utilization 
 
Much of our research program has been focused on the impact of increasing inclusions of corn 
milling byproducts, particularly wet or modified distillers grains plus solubles, and distillers 
solubles. We have research focused on use of Sweet Bran, and RAMP as well. The focus 
initiated about 10 years ago was how to use more in finishing diets as large supply and low 
prices relative to corn were expected for distillers byproducts. The recent focus related to 
distillers grains has been on how the compositional changes they are making will impact 
performance. 
 
De-oiled Distillers Grains 
 
Many ethanol plants are now removing a portion of the corn oil from the solubles stream by 
centrifugation of the thin stillage. The result is that distillers solubles (syrup) that would 
normally be 15 to 25% oil or fat is now 1 to 5% fat. As a result, when the solubles are added 
back to distillers grains, the distillers grains plus solubles (DGS) are approximately 7 to 9% fat 
instead of 12 to 13% fat. Removal of fat should decrease performance of cattle fed lower fat 
distillers compared to normal fat distillers. We have conducted 4 finishing experiments, 2 
growing experiments, and 2 digestion trials evaluating this impact. One of the finishing trials was 
conducted at the Panhandle Station (PHREC) and will not be discussed here, but is presented in a 
poster. 
 
In Exp. 1, 27% solubles (CDS) or 40% modified DGS were compared by obtaining the feeds 
from an ethanol plant that either ran the fat removal process or did not to get the loads needed. 
Cattle performance was not impacted (Table 1) by whether oil was removed from either the CDS 
or the modified DGS (Jolly et al., 2013), which was surprising. The inclusions of CDS and 
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modified DGS were based on prior work showing those as optimum inclusions. In Exp. 2, 35, 
50, or 65% wet DGS from the same plant with or without the oil removal processing running 
which produced wet DGS that was either 7.9 or 12.4% fat along with a corn control diet. There 
was no inclusion of DGS by oil removal interaction for the 2x3 factorial. Overall, the main effect 
of fat removal resulted in a 2.6% numerical increase in feed conversion (P =0.19; Table 2). 
Because average inclusion was 50%, the two DGS were 5.2% different. In Exp. 3, 0, 15, 30, 45, 
or 60% deoiled modified DGS (7.2%) were fed along with 15 or 30% modified DGS that were 
full fat (12.0% fat). For comparing only the 15 and 30% inclusions, no difference was observed 
between the two at 15% inclusion, but F:G was 3.4% worse (P = 0.07) at 30% inclusion 
suggesting the products are 11.3% different (See poster by Bremer et al, 2014). 
 
While removal of a portion of the oil should decrease energy values, the results have suggested a 
relatively small impact that ranges from no difference to a 2 to 5% poorer feed conversion. If 
inclusion is 35% of the diet, then the difference between the DGS product is 2 to 5% divided by 
0.35 as all the difference in performance must be due to inclusion of the DGS as all other dietary 
components were kept constant. 
 

Utilization of Crop Residues in Feedlot Diets 
 
Alkaline Treated Stalks 
 
We have conducted a series of studies over the past 4 years focused on alkaline treatment of corn 
stalks (and wheat straw) to enhance its digestibility and then feed at greater than “normal” to 
replace a small portion of corn grain. A large amount of research data are available from the 
1970s where different alkaline treatments were evaluated to make low quality forages more 
digestible. Some chemicals are stronger than others, but the focus of our research has been on 
using calcium oxide, which is converted to calcium hydroxide in water, to alkaline treat the 
residues. Calcium oxide was most logical in our opinion as it provides needed calcium in feedlot 
diets, it is less caustic than some alternatives, and the oxide form produces some heat when 
converted to hydroxide in water which may be beneficial. We have not compared calcium oxide 
to hydroxide in these settings. 
 
We have conducted six feedlot pen studies, two growing cattle pen studies, one individually fed 
finishing experiment, and two digestion experiments. In the initial feedlot study, we compared 
treated corn stalks, wheat straw, or corn cobs with 5% calcium oxide to untreated or native 
stalks, straw, or cobs and fed these at 20% of the diet DM (Shreck et al., 2012a). All diets also 
included 40% wet distillers grains plus solubles (WDGS). We also included a control diet that 
had 10% native forage as a blend of the 3. Compared to the control with 10% roughage, gains 
and feed conversion (F:G) were the same when 20% treated forage was fed compared to 10% 
native. For straw and stalks, cattle fed 20% native residue gained less and had poorer (i.e., 
greater) F:G. Two studies were conducted with calf-feds or summer-fed yearlings and designed 
similarly whereby 20% treated, 20% native, and 5% native corn stalks were fed with 40% 
modified distillers grains plus solubles (MDGS) on a DM basis (Johnson et al., 2013). Calf-feds 
fed 20% treated stalks had similar ADG and F:G as control fed steers, and both were better than 
feeding 20% untreated stalks as you would expect (Table 3). For summer fed yearlings, steers 
fed 20% treated stalks had numerically lower (but statistically similar) ADG and poorer F:G than 
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control fed steers, but much better than feeding 20% native stalks (Table 3). A commercial study 
was conducted whereby the control diet (6% stalks along with 35% WDGS were compared to 
feeding 20% treated stalks. Steers had similar DMI between treatments (P = 0.23). On a live 
basis, steers fed TRT were 19 lb numerically lighter (P = 0.19) in shrunk live BW at the end of 
the feeding period compared to CON (Table 4). As a result, ADG was decreased by feeding TRT 
compared to CON (P = 0.06) and cattle were less efficient (P = 0.01), with a 0.20 increase in 
F:G. Carcass weights were 20 lb lighter (P = 0.04) for TRT fed steers compared to CON. 
Therefore, when performance was adjusted for 63% dress final BW, ADG was decreased (P < 
0.01) by 0.20 lb/d for TRT compared to CON. Less gain resulted in poorer F:G for TRT steers 
compared to CON (P < 0.01). There was a significant block by treatment interaction for carcass-
adjusted ADG, which was tested due to 4 replications per block. Feeding TRT decreased ADG 
by 0.32 lb/d in block 1 (northern cattle) whereas ADG only decreased by 0.06 lb/d in block 2 
(Mexican cattle) compared to CON. As a general rule, feeding TRT resulted in lighter carcasses, 
and lower dressing percentage. With no change in intake, the decrease in ADG resulted in poorer 
feed conversions and some subtle impacts on carcass quality, which reflect poorer ADG.  
 
In these studies, stalks were ground through a 3-in. screen and tub ground prior to treating. We 
wanted to evaluate feeding stalks ground through either a 1 in. or 3 in. screen to determine the 
impact of forage grind size on the treatment process and effectiveness. While cattle fed a 1 in. 
grind did slightly better (numerically) in terms of ADG and F:G compared to the control and 
statistically better than the 3 in. grind in terms of F:G, grinding through a 3 in. screen and 
treating was similar to feeding a control with only 5% stalks (Shreck et al., 2012b; Table 5). 
Regardless of grind size, treating stalks fed at 20% well outperformed native stalks for both 
ADG and F:G. We recommend a 3 in. grind, but there may be slight improvements to going even 
smaller although grinding costs and time increase. This is also dependent on moisture content of 
stalks. 
 
Another question is whether the inclusion of wet or modified distillers grains matters relative to 
performance response. Peterson et al. (2014) fed 10, 20, or 30% treated stalks in diets with either 
20% or 40% MDGS. These data suggest that as treated stalks increase above 10% in diets with 
only 20% MDGS, ADG and F:G get linearly worse (Table 6). However, in diets with 40% 
MDGS, feeding 10 to 20% treated stalks maintains performance, which gets worse at 30% 
(quadratic response). 
 
It is unclear the cause of the depression in ADG observed in this commercial study and in one of 
the 5 experiments conducted at UNL where feeding 20% treated stalks did not result in similar 
performance. Interestingly, both studies where equal performance was not observed were 
conducted with yearlings fed in the summer and resulted in a 6.7% increase in F:G (Johnson et 
al., 2013) or a 5.4% increase (Cooper et al., 2014) in F:G when steers were fed TRT compared to 
CON. It is unclear if cattle type, season, or some other variable impacts cattle performance when 
replacing corn with alkaline treated stalks. Table 7 provides an overview of the feedlot studies 
conducted where similar treatments were fed. Across studies, two showed no difference, three 
showed that treated stalks were poorer, and two studies showed numerical improvements but that 
was due to grind size in one of them. One of the studies with a poor response to treated stalks 
was due to only 20% inclusion of MDGS. 
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In studies that included 20% stalks that were not treated, performance was dramatically worse 
with 10 to 20% increases in F:G for cattle, which illustrates that you cannot just increase stalk 
inclusion and get similar performance. 
 
These data suggest when treated residue gets above 20% of the diet, performance may be 
hindered and cattle consuming all the residue is likely a challenge. Our conclusions are to only 
include up to 20% treated residue, at least 25% corn (Shreck et al., 2013a), and at least 35 to 
40% wet or modified distillers grains. All of our studies have been completed with either wet or 
modified distillers grains plus solubles, so it is not clear what the impact would be with dry 
distillers grains plus solubles. Likewise, other corn processing methods besides high-moisture 
and dry-rolled corn may impact these results too. At best, feeding treated stalks at 20% compared 
to traditional inclusions will give similar ADG and conversions. At worst, a 5 to 6% increase in 
feed conversion is possible. These risks should be taken into consideration when performing 
economics as corn price, distillers price, and residue prices will dictate application in the future.  
 
Corn Silage 
 
With increase price of corn grain, corn silage may be a more economical feed to replace a 
portion of the corn grain in beef finishing diets. Research 40 years ago focused on the impact of 
different corn silage to corn grain ratios. It was not uncommon then to finish cattle on corn 
silage-based diets.  
 
With the increased usage of distillers grains, we believed this research area needed to be 
revisited. Three feedlot experiments have focused on feeding elevated amounts of corn silage in 
diets with distillers grains. In the first experiment, we fed 15, 30, 45 or 55% corn silage with 
diets that contained 40% distillers grains and two additional diets with 45% corn silage and no 
distillers and 30% corn silage with 65% MDGS (Burken et al., 2013a). As corn silage increased 
in the diet within diets containing 40% MDGS, ADG decreased linearly and F:G increases 
linearly (Table 8). Within diets containing 45% silage, feeding 40% MDGS resulted in better 
ADG and F:G compared to feeding corn as you would expect. We concluded that feeding more 
(i.e., 30 to 45%) than traditional amounts of silage (i.e., 15%) may be economical (Burken et al., 
2013b) despite slightly lower ADG and poorer F:G. This study design does not really answer 
though whether feeding greater amounts of silage works better today (with distillers in the diet) 
compared to historical data. 
 
Two additional experiments were conducted with exactly the same treatment design. The first 
one was with fall yearlings that were large when they started and fed during some inclimate 
weather (Burken et al., 2014a). The second experiment was conducted over the summer with 
summer-fed yearlings (Burken et al., 2014b). The treatment design was five treatments designed 
as a 2×2 plus 1 factorial. We fed either 15 or 45% corn silage in diets with either 20 or 40% corn 
silage along with a control diet that contained 40% MDGS and 5% corn stalks. In the first 
experiment, cattle fed the control performed similarly to the 40% MDGS with 15% corn silage 
suggesting the roughage source (stalks or silage) did not impact performance (Table 9). Feeding 
45% silage decreased ADG and increased F:G compared to feeding 15%. However, the change 
in ADG and F:G was less when diets contained 40% MDGS as compared to 20% inclusion of 
MDGS. 
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In the second experiment with the same design, steers fed the control diet had numerically lower 
ADG and greater F:G compared to cattle fed 15% silage along with 40% MDGS suggesting that 
stalks were not as good of a roughage source as the corn silage. Steers fed 45% silage ate more 
than cattle fed 15% silage (Table 10) regardless of MDGS inclusion. Steers also gained less 
when fed 45% silage at both inclusions of MDGS as compared to 15% silage and so F:G was 
greater or poorer when silage was increased. However, no interaction was observed between 
silage inclusion and MDGS inclusion. Feeding 45% corn silage with 40% MDGS increased F:G 
by 5.4% compared to 15% silage in diets with 20% MDGS. Feeding 45% corn silage with 20% 
MDGS increased F:G by 5.9% compared to 15% silage, or about the same amount.  
 
Should feeders use more than 15% corn silage to replace expensive grain? The answer to this 
question depends on economics. Much of the previous work on feeding silage used incorrect 
economics. How silage is priced relative to corn grain is quite complex and needs to account for 
cost of harvesting grain (favors silage), cost of transporting grain to market (favors silage), cost 
of nutrient removal (favors corn unless utilizing manure on those acres), cost of packing and 
storing silage (favors corn), and then biggest challenge is yield drag when harvesting at 35% DM 
for silage (favors corn). The data suggest that if we can ensile drier silage without a yield drag 
and without increased shrink, then feeding elevated amounts of silage (i.e., greater than 15%, 
perhaps 30 to 40% inclusion) is economical when grain is above $3.50 per bushel. More work is 
needed in this area. 
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Table 1. Performance of finishing cattle fed 27% solubles (CDS) or 40% modified 
distillers grains plus solubles (MDGS) with oil removed (deoiled) or not (Normal) 

 
Control 

Deoiled 
CDS 

Normal 
CDS 

Deoiled 
MDGS 

Normal 
MDGS 

F-test CDS MDGS 

Final 1248a 1293b,c 1277a,b 1308b,c 1318c 0.01 0.43 0.61 

DMI, 20.8a 19.4b 19.4b 20.5a 20.8a 0.01 0.97 0.58 

ADG, lb 3.28a 3.53b,c 3.43a,b 3.61b,c 3.67c 0.02 0.36 0.60 

F:G 6.36a 5.49b 5.66b 5.69b 5.67b <0.01 0.29 0.80 

 
Table 2. Main effects of oil removal for finishing cattle fed 35, 50, or 65% wet distillers 
grains plus solubles with oil removed (deoiled) or not (normal) as a 2x3 factorial 
including performance for cattle fed a corn control diet 

 Control Deoiled Normal P-value1

DMI, lb/d 25.1 25.1 24.1 <0.01 

ADG, lb 3.88 4.09 4.04 0.58 

F:G 6.44 6.12 5.96 0.19 

1 P-value for main effect of Deoiled WDGS compared to Normal WDGS. 
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Table 3. Finishing performance and carcass characteristics of calf-fed or yearling 
steers fed 5% stalks (CON), or 20% stalks (NONTRT) or 20% alkaline treated 
stalks (TRT). (Johnson et al., 2013) 
Diet CON NONTRT TRT P - value 
Calf-feds  
     DMI, lb/d  22.4   22.9   22.4    0.42 
     ADG, lb1  3.67a   3.24b   3.61a <0.01 
     F:G1  6.36a   7.05b     6.22a <0.01 

     HCW, lb  860a   812b   854a <0.01 
     Dressing %  63.3a   62.0b   63.6a <0.01 
     12th Rib Fat, in  0.51   0.41   0.48    0.07 
     Marbling2  582a   532b   551a <0.01 

Yearlings     
     DMI, lb/d     26.8a        28.8b      27.6a <0.01 
     ADG, lb1     4.18a        3.77b      4.04a <0.01 
     F:G3     6.42a        7.65b      6.85c <0.01 
     HCW, lb   914a        878b     901a <0.01 
     Dressing %    62.8a        60.9b      61.3c <0.01 
     12th Rib Fat, in    0.59       0.53     0.57    0.16 
     Marbling2   574     537   556    0.09 
a, b, c  Means within a row with unlike superscripts differ (P< 0.05). 
1 ADG based on carcass-adjusted final BW = HCW/0.63. 
2 Marbling: 500 = small0, 600 = modest0. 
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Table 4. Performance and carcass characteristics of commercial feedlot steers fed either 
alkaline treated corn stover at 20% of diet DM (TRT) or a conventional control with 6% 
stover (CON) blocked by two different types of steers and arrival date (Cooper et al., 2014) 
 

  CON TRT P-value 
PERFORMANCE 
DMI, lb/d  23.36  23.58 0.53
Live 

Final BW, lb  1372  1353 0.19
ADG, lb  4.04  3.94 0.06
F:G  5.79  5.99 0.01

Carcass-adjusted 
Final BW, lb  1401  1370 0.04
ADG, lb  4.25  4.05 <0.01

block 1  4.68  4.36 
block 2  3.81  3.75 

F:G  5.53  5.83 <0.01
CARCASS CHARACTERISTICS 
Hot Carcass Weight  882.8  862.9 0.04
Fat Depth  0.51  0.49 0.07
Ribeye Area  13.3  13.1 0.11
Yield Grade  3.29  3.21 0.29
Quality Grade Distribution 

% Prime  0.45  0.30 0.53
% Choice  57.94  51.74 0.02
% Select  38.66  42.64 0.09
% < Standard  2.95  5.33 0.14

1 P-values for effect of diet (CON vs TRT). P-values for block and interaction between block and 
diet are in the original publication. 
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Table 5. Performance and carcass characteristics (Shreck et al. 2012b) 
1"Grindsize 3" Grindsize Factorial P-

Item Control Treated Untreated Treated Untreated F-test Grind1 Trt1 
Steer performance 
DMI, lb      24.01abc     23.60bc      24.50ab      23.45c      24.78a   0.04   0.87 <0.01 
ADG, lb 3.67a  3.73a  3.28b    3.58a  3.21b <0.01   0.02 <0.01 
F:G    6.54ab   6.32a        7.47c        6.55b        7.72b <0.01   0.01 <0.01 
Carcass characteristics 
HCW, lb    868a  873a  831b   858a   825b <0.01   0.26 <0.01 
Dressing % 61.39 63.63      62.06      63.10      61.89 0.26   0.08 <0.01 
Marbling3    595  568   546    590      579   0.11   0.07   0.27 
1Fixed effect of grind size (1" vs 3") and fixed effect of chemical treatment;  
2No significant grind size x chemical treatment interaction was observed (P > 0.37);  
 3500=Small, 600=Modest;   
abcWithin a row, values lacking common superscripts, differ, when F-test is significant (P<0.05) 
 
 
 
Table 7. Summary of F:G across experiments with 20% treated stalks (TRT) compared to a 5% stalks 
control (CON) or not treating (NONTRT). 

 Treatments CON vs TRT CON vs NONTRT 
 CON TRT NONTRT DIFF % DIFF % DIFF 
Johnson calf 6.36a 7.05b 6.22a -0.14 -2.2% 10.8% 
Johnson yrlgs 6.42a 7.65b 6.85c 0.43 6.7% 19.2% 
Shreck 3” 6.54 6.55 7.72 0.01 0.2% 18.0% 
Shreck 1” 6.54 6.32 7.47 -0.22 -3.4% 14.2% 
Peterson 20% 5.79 6.40 - 0.61 10.5% - 
Peterson 40% 5.79 5.88 - 0.09 1.6% - 
Cooper 5.53 5.83 - 0.30 5.4% - 
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Table 6. Performance of finishing cattle comparing the simple effects of 10, 20, or 30% alkaline treated stalks with either 20 or 
40% MDGS along with the control diet that included 5% untreated stalks and 20% MDGS (Peterson et al., 2014). 
  20 distillers   40 distillers    

Item Control 10 20 30 L1 Q2 10 20 30 L1 Q2 F-Test3

Performance             
     DMI, lb/d 23.5ab 23.5ab 23.8ab 23.1b 0.51 0.25 23.8ab 24.2a 24.3a 0.34 0.70 0.18 
     ADG, lb 4.07ab 3.90bc 3.71cd 3.32e <0.01 0.23 4.05ab 4.13a 3.63d <0.01 <0.01 <0.01 
     F:G 5.79a 6.02b 6.40c 6.98d <0.01 0.54 5.89ab 5.88ab 6.70d <0.01 <0.01 <0.01 

Carcass Characteristics         
     HCW 907ab 888bc 868cd 824e <0.01 0.24 905ab 915a 858d <0.01 <0.01 <0.01 
     Dressing, % 64.4a 63.7bc 63.1cd 61.2e <0.01 0.05 64.1ab 63.8ab 62.5d <0.01 0.11 <0.01 
     LM area, in.2 14.4a 14.0ab 14.2ab 13.8b 0.54 0.23 14.1ab 14.5a 14.0ab 0.67 0.10 0.18 
     12th Rib fat, in. 0.58a 0.53a 0.46b 0.39c <0.01 0.98 0.59a 0.53a 0.43bc <0.01 0.45 <0.01 
     Marbling4 459a 488a 488a 470a 0.30 0.53 476a 462a 463a 0.44 0.62 0.42 
abcdeFrom the F-test, means lacking common superscripts, differ P < 0.05;   
1 Linear contrast for treated stalks within MDGS inclusion 
2 Quadratic contrast for treated stalks within MDGS inclusion 
3 Overall F-test statistic comparing the Control to all other treatments 
4 Marbling score where 400=Small0   
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Table 8.  Effect of corn silage and MDGS inclusion on cattle performance and carcass characteristics (Burken et al., 2013a).  
 Treatment1 P-value2 
 15:40 30:40 45:40 55:40 30:65 45:0  L Q. 30 45 
DMI, lb/day 23.15 22.77 22.70 21.92 21.66 22.26 0.01 0.45 0.01 0.30 
ADG, lb3 4.04 3.92 3.76 3.53 3.62 3.55 <0.01 0.19 <0.01 0.02 
Feed:Gain 5.73 5.81 6.03 6.21 5.98 6.28 <0.01 0.33 0.12 0.04 
12th-rib fat, in 0.55 0.53 0.52 0.43 0.50 0.49 <0.01 0.09 0.29 0.29 
Marbling Score4 556 557 543 532 547 539 0.13 0.52 0.55 0.85 

115:40= 15% Corn Silage, 40% MDGS; 30:40= 30% Corn Silage, 40% MDGS; 45:40= 45% Corn Silage, 40% MDGS; 55:40= 55% 
Corn Silage, 40% MDGS; 30:65= 30% Corn Silage, 65% MDGS; 45:0= 45% Corn Silage, 0% MDGS. 
2L = P-value for the linear response to corn silage inclusion, Q = P-value for the quadratic response to corn silage inclusion, 30 = t-test 
comparison of treatments 30:40 and 30:65, 45 = t-test comparison of treatments 45:40 and 45:0. 
3Calculated from hot carcass weight, adjusted to a common 63% dressing percentage. 
4Marbling Score:  400=Slight00, 500=Small00.  
 

Table 9.  Effect of corn silage and MDGS inclusion on cattle performance and carcass characteristics with large 
yearlings (Burken et al., 2014a). 

 Treatment1 P-value2 
 Control 15:20 15:40 45:20 45:40  F-test Int. Silage MDGS 
DMI, lb/day 29.1 29.5 28.7 29.5 29.8 0.48 0.24 0.34 0.47 
ADG, lb3 3.70ab 3.95a 3.64b 3.44b 3.62b 0.09 0.08 0.06 0.59 
Feed:Gain3 7.87ab 7.46a 7.87ab 8.55c 8.20bc 0.01 0.08 <0.01 0.71 
HCW, lb 864 877 858 849 858 0.12 0.09 0.08 0.57 
12th-rib fat, in 0.47 0.47 0.50 0.47 0.48 0.65 0.82 0.65 0.20 
Marbling Score4 540b 583a 548b 554b 532b 0.03 0.54 0.05 0.02 

115:20 = 15% Corn Silage, 20% MDGS; 15:40 = 15% Corn Silage, 40% MDGS; 45:20 = 45% Corn Silage, 20% MDGS; 45:40 = 
45% Corn Silage, 40% MDGS 

2F-test= P-value for the overall F-test of all diets. Int. = P-value for the interaction of corn silage X MDGS. Silage = P-value for the 
main effect of corn silage inclusion. MDGS = P-value for the main effect of MDGS inclusion. 

3Calculated from hot carcass weight, adjusted to a common 62% dressing percentage. 
4Marbling Score:  400=Slight00, 500=Small00.  
abcdWithin a row, values lacking common superscripts differ (P < 0.10). 
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Table 10.  Effect of corn silage and MDGS inclusion on cattle performance and carcass characteristics with summer yearlings 
(Burken et al., 2014b).  

 Treatment1 P-value2 
 Control 15:20 15:40 45:20 45:40  F-test Int. Silage MDGS 
Performance          
DMI, lb/day 27.6 26.5 26.8 27.3 27.1 0.13 0.41 0.08 0.86 
ADG, lb3 4.69 4.62 4.79 4.54 4.58 0.11 0.19 0.01 0.06 
Feed:Gain3 5.88bc 5.71ab 5.59a 6.02c 5.92c <0.01 0.63 <0.01 0.09 

Carcass Characteristics          
HCW, lb 893 887 898 879 882 0.18 0.41 0.02 0.13 
LM area, in2 13.2 13.2 13.1 13.2 12.8 0.62 0.39 0.38 0.16 
12th-rib fat, in 0.66 0.64 0.70 0.64 0.64 0.43 0.27 0.24 0.26 
Calculated YG 3.83 3.75 3.98 3.71 3.85 0.54 0.66 0.44 0.10 
Marbling Score4 450 437 459 454 431 0.74 0.12 0.72 0.98 

115:20 = 15% Corn Silage, 20% MDGS; 15:40 = 15% Corn Silage, 40% MDGS; 45:20 = 45% Corn Silage, 20% MDGS; 45:40 = 
45% Corn Silage, 40% MDGS 

2F-test= P-value for the overall F-test of all diets. Int. = P-value for the interaction of corn silage X MDGS. Silage = P-value for the 
main effect of corn silage inclusion. MDGS = P-value for the main effect of MDGS inclusion. 

3Calculated from hot carcass weight, adjusted to a common 63% dressing percentage. 
4Marbling Score:  400=Slight00, 500=Small00.  
abcdWithin a row, values lacking common superscripts differ (P < 0.10). 
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The overarching goals of the Clayton Livestock Research Center (CLRC) are to conduct 
practical science-based research on receiving and finishing cattle in an effort to improve cattle 
health and performance.  This is a complex task that requires three things to be conducted and 
accomplished in unison. Implementing proper animal husbandry practices, providing an adequate 
nutrient supply and determining what and when treatment for clinical disease is required are 
primary to this process. No single part of this trilogy will optimize animal health and 
performance; rather utilizing a holistic approach that takes each of these factors in unison 
provides the best opportunity for overall success.  Currently, projects conducted and those that 
are being developed at CLRC are designed to address not only the management of animals once 
they are received but are also being conducted to identify possible management factors at the 
ranch of origin that may have deleterious effects on cattle performance once they arrive at the 
feedlot.  These projects are designed to provide an integrated link between the cow/calf producer 
and the feedlot and work to bring novel ideas to animal management to improve the 
sustainability of the livestock industry. The following abstracts are our most recent research 
projects completed at the research center. 
 

Research Projects 
 
Arrival bovine respiratory disease titers and subsequent morbidity and performance of 
newly received cattle from New Mexico ranches and south Texas livestock auctions.  J. R. 
Graves1, M. E. Hubbert2, J. S. Schutz2, C. A. Löest1, and E. J. Scholljegerdes1, 1Department of 
Animal and Range Sciences, New Mexico State University, Las Cruces, 2Clayton Livestock 
Research Center, New Mexico State University, Clayton 
This study was designed to evaluate titer levels for three major precursors to Bovine Respiratory 
Disease (BRD), Infectious Bovine Rhinotracheitis (IBR), Bovine Virus Diarrhea (BVD), and 
Parainfluenza-3 (PI-3), over the course of a 56 d feeding period. Five hundred and thirty-three 
crossbred steer calves (Initial BW = 555 ± 3.0 lb) were used in a completely randomized design. 
Four loads of approximately 90 head of cattle per load were obtained from New Mexico ranches 
with differing calf health management protocols and two loads (n = 90/load) of cattle originating 
from Texas livestock auctions with unknown calf health management programs. On d 0, cattle 
were weighed, bled and administered metaphylaxis and vaccinated for IBR, BVD, and PI-3.  
Cattle were randomly assigned to one of six pens within load. Cattle were then bled and weighed 
on d 28 and 56. Cattle were accessed daily for symptoms of BRD and treated accordingly. At the 
conclusion of the study, a subset of animals not treated (Healthy; n = 46) were selected to serve 
as a control group for comparative analysis to treated cattle (Morbid; n = 44). Serum was 
analyzed for BRD antibody titers. Overall morbidity was 8.3%. Average daily gain for healthy 
cattle was greater (P < 0.001) than morbid between d 0 and 28 and d 0 and 56 (Table 1). 
Irrespective of health status, 87.8% and 28.5% (P < 0.01) of cattle arrived with no serum titer for 
IBR and PI-3, respectively. Arrival (d 0) antibody titers for BVD did not differ (P = 0.54) across 
morbid and healthy cattle. However, d 0 serum antibody titers for IBR and PI-3 were lower  
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(P ≤0.08) in morbid cattle and varied across sources of cattle (P < 0.01), which was likely due to 
differences in calf management at the ranch. Day 28 and 56 serum IBR antibody titers were 
greater (P ≤ 0.06) for morbid cattle than healthy with no differences being observed for BVD or 
PI-3 (P ≥ 0.32).  Serum antibody titers on arrival for IBR and PI-3 differed (P ≤ 0.08) and did 
not differ (P = 0.54) for BVD between healthy and morbid cattle.  Specifically, serum antibody 
titers were lower for PI-3 in morbid cattle than healthy.  Conversely, serum antibody titers were 
greater for IBR in morbid cattle when compared to healthy.  Serum antibody titers differed (P ≤ 
0.02) across loads of cattle.  Due to the variation in management of cattle from New Mexico it is 
difficult to identify one overarching factor that may influence arrival antibody titers.  
Nonetheless, cattle from ranch 4, which were considered well-managed by receiving mineral, 
vaccinations at branding and weaning, and preconditioned at the ranch after weaning, had the 
highest antibody titers for PI-3 only (P < 0.001) but were intermediate or lower for IBR and 
BVD compared to other loads of cattle coming from New Mexico ranches and Texas livestock 
auctions.  Interestingly, arrival serum antibody titers for BVD were greater for ranches whose 
calves were not vaccinated or preconditioned (P < 0.001).  Health and nutritional management of 
calves at the ranch may have an influence on arrival antibody titers to viruses involved in the 
BRD complex; however, due to the low number of cattle and relatively low incidence of 
morbidity in this experiment, it is difficult to identify one factor that may influence calf health in 
the feedlot.  Therefore, future work is needed to further elucidate the management factors on the 
ranch that may predispose cattle to BRD in the feedlot. This will allow for the development of 
predictive tools or management recommendations for cow/calf producers to reduce morbidity as 
it relates to BRD in the feedlot. 
 
Table 1. Differences in average daily gain, and Infectious Bovine Rhinotracheitis (IBR), 
Bovine Viral Diarrhea (BVD) and Parainfluenza-3 (PI-3) serum antibody titer levels 
between healthy and morbid beef cattle across 56-day feeding period 
 Status   
Item Healthy Morbid SE P-Value 
ADG, lb     
  day 0 to 28 2.13 1.19 0.23 <0.001 
  day 29 to 56 3.21 3.17 0.23 0.79 
  day 0 to 56 2.68 2.18 0.18 <0.001 
IBR     
  day 0 0.46 2.13 0.67 0.08 
  day 28 7.69 16.5 3.2 0.05 
  day 56 5.2 12.1 2.6 0.06 
BVD     
  day 0 54.5 63.1 10.2 0.54 
  day 28 182.1 200.9 15.4 0.38 
  day 56 182.7 201.2 14.0 0.34 
PI-3     
  day 0 85.1 51.8 12.9 0.07 
  day 28 151.4 140.6 13.8 0.57 
  day 56 151.5 131.3 14.6 0.32 
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Effects of zilpaterol hydrochloride on performance, carcass characteristics, and speed of 
movement of steers consuming rations with different concentrations of ruminally 
degradable protein  K. L. Samuelson1, M. E. Hubbert2, and C. A. Löest1, 1Department of Animal 
and Range Sciences, New Mexico State University, Las Cruces, 2Clayton Livestock Research 
Center, New Mexico State University, Clayton 
Zilpaterol hydrochloride (ZH; Zilmax, Merck Animal Health) is a commercially available beta-
adrenergic agonist that increases cattle performance when supplemented the last 20 to 40 days of 
finishing. Increased performance associated with the use of repartitioning agents may alter 
livestock nutrient requirements. Cattle receiving ZH may recycle less N as a result of increased 
protein synthesis and thus require a greater supply of ruminally degradable protein (RDP). This 
study evaluated the effects of ZH on performance, carcass characteristics, and speed of 
movement of steers consuming diets with increasing dietary RDP supplied as urea. At 
approximately 155 days on feed, 430 steers (969 ± 9.8 lb initial body weight) were sorted into 36 
soil-surfaced pens (40 ft. × 115 ft., with 36 ft. bunk line) in 3 blocks (12 pens per block; 11 to 12 
steers per pen). Before the experimental period was initiated, cattle received a finishing diet with 
0.5% urea and no ZH. The experiment was a randomized complete block design consisting of 6 
treatments (6 pens per treatment). Treatments were a 2 × 3 factorial arrangement of 0 mg or 75 
mg ZH per steer daily supplemented to finishing diets containing 0% urea (13.7% CP, 7.3% 
RDP), 0.5% urea (14.4% CP, 8.4% RDP), or 1.0% urea (15.8% CP, 9.7% RDP) of dietary DM. 
Treatments were fed for 24 days (due to beef processing plant availability) followed by a 3-day 
withdrawal period from ZH. On the day of harvest, steers were weighed and transported to a 
commercial abattoir. The time for cattle to walk from their pens to the scale platform was 
recorded. No ZH × urea interactions (P ≥ 0.11) occurred for performance or carcass traits. 
Increasing dietary urea linearly decreased (P = 0.01) DMI and ADG (Table 2). A tendency for a 
linear decrease (P = 0.10) in HCW, and a quadratic increase (P = 0.07) in marbling score was 
observed as urea increased in the diet. Cattle fed ZH had 16% greater (P < 0.01) ADG, 6% lower 
(P = 0.01) DMI, and 19% lower (P < 0.01) F:G ratio. In addition, ZH increased HCW (P < 0.01), 
dressing percentage (P < 0.01), rib-eye area (P < 0.01), and improved yield grade (P = 0.02). 
Feeding ZH did not affect (P ≥ 0.28) marbling score, 12th rib fat depth, KPH, and percentage of 
carcasses grading Choice or better. Steer speed of movement was not affected (P ≥ 0.19) by ZH 
or dietary urea. Steer morbidity and mortality were 0% during the 27-day experimental period. In 
conclusion, no interaction between ZH and dietary urea indicated cattle supplemented with ZH 
did not require additional RDP in the diet to maximize performance. Increasing dietary urea 
decreased performance of feedlot cattle during the last 27 days of the finishing period, regardless 
of ZH. 
 
Novel nasal and intestinal inoculants for feedlot receiving calves  E.R. Oosthuysen1, M.E. 
Hubbert2, M. Garcia1, M.R. Garner3, and C.A. Löest1, 1Department of Animal and Range 
Sciences, New Mexico State University, Las Cruces, 2Clayton Livestock Research Center, New 
Mexico State University, Clayton,  3MicroBios Inc., Ithaca, NY 
Use of antibiotic feed additives is common practice to optimize production efficiency in the 
cattle feeding industry. The Food and Drug Administration is implementing a voluntary plan for 
the livestock industry to phase out certain antibiotics. Therefore, use of alternative natural 
products to replace antibiotic feed additives warrants investigation. This study evaluated the 
effects of novel nasal and intestinal inoculants on performance and health of feedlot receiving 
calves. Crossbred calves (n = 659, initial BW = 416 ± 1.4 lb) were blocked by 6 truckloads (104 
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to 114 calves per truckload) arriving on different days at the Clayton Livestock Research Center. 
All calves received metaphylactic antibiotic treatment at initial processing, and were assigned to 
48 pens and 4 treatments in a randomized complete block design. Treatments were no inoculant 
(-PROB) or a novel intestinal inoculant (+PROB) in a factorial arrangement with no nasal 
inoculant (-NASAL) or a novel nasal inoculant (+NASAL). Both the nasal inoculant and the 
intestinal inoculant were bacterial mixtures of Enterococcus faecium (EF510), Lactobacillus 
acidophilus (LA210), and Pediococcus acidilacticii (PA910) to supply 2 × 107 cfu per bacterium 
for each calf daily. Pens of calves assigned to +NASAL received a 5-mL spray of a gelatinous 
solution containing the bacterial mixture in each nasal cavity upon initial processing, and pens of 
calves assigned to +PROB received a diet top-dressed with the bacterial mixture from d 0 to 56. 
Pen of calves were weighed on d 0, 28, and 56, and morbidity was recorded throughout the 
experiment. No NASAL × PROB interactions (P ≥ 0.15) occurred for calf BW, ADG from d 28 
to 56 and from d 0 to 56, DMI, and F:G. A tendency for a NASAL × PROB interaction (P = 
0.09) occurred for ADG from d 0 to 28 (Table 3). Calf ADG tended to be lower for +NASAL 
than –NASAL when receiving no intestinal inoculant (–PROB), and calf ADG tended to be 
lower for –NASAL than +NASAL when receiving the intestinal inoculant (+PROB). For 
morbidity, a tendency for a NASAL × PROB interaction (P = 0.10) occurred for percentage of 
first pulls, and a NASAL × PROB interaction (P = 0.04) occurred for percentage of total pulls. 
Percentage of calves pulled for signs of morbidity were greater for +NASAL than –NASAL 
when receiving no intestinal inoculant (–PROB), and were greater for –NASAL than +NASAL 
when receiving the intestinal inoculant (+PROB). Morbidity of calves receiving both inoculants 
+NASAL and +PROB was not different to morbidity of calves receiving no inoculants (-NASAL 
and –PROB). Overall mortality was 0.45%. In summary, lower ADG was consistent with a 
numerically lower DMI associated with morbid calves. The novel nasal and intestinal inoculants 
did not improve performance and health of feedlot receiving calves. Limited response to these 
inoculants could be due to insufficient doses of the bacterial mixture, and(or) due to 
metaphylactic antibiotic treatment and low incidences of morbidity and mortality. 
 
Mineral source and level for newly-received feedlot cattle M. E. Garcia1, E. Oosthuysen1, J. 
R. Graves1, M. E. Hubbert2, M. E. Branine3, C. A. Löest1, and E. J. Scholljegerdes1 
1Department of Animal and Range Sciences, New Mexico State University, Las Cruces, 2Clayton 
Livestock Research Center, New Mexico State University, Clayton, 3Zinpro Performance 
Minerals, Eden Prairie, MN 
The objective of this study was to investigate the effects of Zn, Mn, Cu, Co, and Se source 
(Inorganic or Organic), as well as dietary inclusion levels (100% NRC recommended levels or 
300% recommended levels) on health and performance of stressed cattle during a 56-day 
receiving study.  Five hundred and twenty-seven crossbred cattle (initial BW = 561 ± 31.9 lb) 
originating from New Mexico ranches were used in a randomized complete block design with a 
2 × 2 factorial arrangement of treatments.  On day 0, cattle were separated by load, weighed, and 
randomly assigned to pen.  Pens were randomly assigned to one of four supplemental treatments: 
1) Supplement formulated to provide 100% of the NRC recommended levels of Zn, Mn, Cu, Co, 
and Se from inorganic sources (INO1X); 2) 100% of NRC recommended levels of Zn, Mn, Cu, 
Co, and Se from a 50:50 combination of inorganic and organic sources (OR1X); 3) 300% NRC 
recommended levels of Zn, Mn, Cu, Co, and Se from all inorganic sources (INO3X); 4) 300% 
NRC levels of Zn, Mn, Cu, Co, and Se from a 50:50 combination of inorganic and organic 
sources (OR3X).  Cattle were again weighed on days 28 and 56.  Cattle were accessed daily for 
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symptoms of bovine respiratory disease (BRD) and treated accordingly.  No interaction of 
mineral source by level was detected (P > 0.16) for BW, ADG, or F:G (Table 4).  Body weight 
did not differ (P > 0.22) by mineral source or level at d 0, 28 or 56.  Average daily gain was not 
different (P > 0.21) for mineral source or level from d 0 to 28.  No mineral level effect (P > 
0.53) was observed for ADG from d 29 to 56 or d 0 to 56.  However cattle fed inorganic mineral 
tended (P = 0.06) to have greater ADG than cattle fed organic mineral for d 29 to 56 as well as d 
0 to 56.  Mineral source, level or source by level had no effect (P > 0.20) on DMI for day 0 to 
28. Mineral source by level interactions (P < 0.05) occurred for DMI for day 29 to 56 and day 0 
to 56 in those cattle on the OR1X and INO3X treatments had higher (P < 0.05) DMI than cattle 
fed OR3X and INO1X. Feed-to-gain ratio was not different (P > 0.12) across treatment for d 0 to 
28, d 29 to 56 or d 0 to 56.  No difference (P > 0.28) in morbidity was observed across treatment.  
In conclusion, mineral source or an increased level of minerals did not change BW, ADG, or 
morbidity.  From these results we can conclude that the NRC recommended levels for inclusion 
of trace minerals are adequate to support immune function and performance. 
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Table 2. Effects of zilpaterol hydrochloride (ZH) and urea concentrations in finishing 
rations on performance, carcass characteristics, and speed of movement of crossbred steers 
 Treatments1   
 No ZH  ZH   
 
Item 

0% 
Urea 

0.5% 
Urea 

1.0% 
Urea 

 0% 
Urea 

0.5% 
Urea 

1.0% 
Urea 

 
SEM 

P- 
value2 

Pens3 6 6 6  6 6 6   
Performance          
  Initial BW, lb4 1197 1185 1201  1196 1199 1177 40.8 NS 
  Final BW, lb 1252 1239 1250  1262 1263 1231 41.0 NS 
  ADG, lb/day 2.03 2.00 1.83  2.44 2.40 1.98 0.13 L,Z 
  DMI, lb/day 19.7 19.5 18.5  18.6 18.6 16.7 0.86 L,Z 
  F:G ratio 9.74 10.07 10.14  7.70 7.88 8.56 0.74 Z 
Carcass          
  HCW, lb 812 803. 798  839 841 831 29.0 Z 
  Dressing % 64.8 64.8 63.8  66.4 66.5 67.7 0.60 Z 
  Marbling 
score 

42.1 45.1 44.2  44.0 45.3 43.3 1.78 NS 

  12th rib fat, in. 0.45 0.53 0.49  0.50 0.48 0.48 0.04 NS 
  Ribeye area, 
in2 

13.9 13.6 13.6  14.8 14.6 14.8 0.84 Z 

  KPH fat, % 1.86 1.81 1.82  1.82 1.87 1.77 0.03 NS 
  Yield grade 2.64 2.86 2.78  2.56 2.61 2.49 0.17 NS 
  ≥Choice, % 56.0 66.0 58.0  63.4 59.2 57.2 9.07 NS 
  Liver abscess, 
% 

20.4 17.3 13.0  10.4 9.92 19.6 5.41 NS 

Steer 
movement 

         

  Distance, ft5 469 467 469  466 463 459 94.4 NS 
  Total time, 
min5 

2.28 2.26 2.30  3.70 2.58 2.73 0.64 NS 

  Ft per sec 3.46 3.43 3.53  3.15 2.97 3.00 0.49 NS 
1 Treatments (2 × 3 factorial arrangement) were 2 levels of ZH (0 and 75 mg ZH per steer daily) 
and 3 concentrations of urea (0, 0.5, or 1.0% urea) in finishing rations. Treatments were fed for 
24 days followed by a 3-day withdrawal period. 

2NS = no significant effects of treatment (P > 0.05); L = linear effect of urea (P < 0.05); Q = 
quadratic effect of urea (P < 0.05); Z = main effect of ZH (P < 0.05); There were no ZH by 
dietary urea interactions (P ≥ 0.11). 

3Pen = 11 to 12 steers. A pen of cattle receiving ZH and 0% urea included a blind steer. 
4Initial BW = body weight at the initiation of treatments (27 days before harvest). 
5Distance = total distance between cattle pens and scale platform; Total time = total length of 
time for cattle to walk from their pens to the scale before shipping to a commercial abattoir. 
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Table 3. The effects of nasal and intestinal inoculants on performance and health of feedlot 
receiving calves 
 Treatments1   
 -NASAL  +NASAL   
Item -PROB +PROB  -PROB +PROB SEM P-value2

Pens3 12 12  12 12   
BW, lb        
  day 0 417.1 416.7  419.6 414.5 3.14 NS 
  day 28 457.6 451.5  455.5 454.5 4.12 NS 
  day 56 548.4 544.0  543.2 544.2 4.78 NS 
DMI, lb/day        
  day 0 to 28 8.9 8.7  8.6 8.8 0.17 NS 
  day 29 to 56 14.8 14.4  14.1 14.3 0.29 NS 
  day 0 to 56 11.8 11.5  11.3 11.6 0.20 NS 
ADG, lb/day        
  day 0 to 28 1.45 1.24  1.28 1.43 0.17 N×P 
  day 29 to 56 3.24 3.31  3.13 3.21 0.17 NS 
  day 0 to 56 2.35 2.27  2.21 2.32 0.07 NS 
F:G        
  day 0 to 28 6.72 8.82  7.33 6.95 1.17 NS 
  day 29 to 56 4.62 4.48  4.55 4.51 0.23 NS 
  day 0 to 56 5.07 5.10  5.17 5.02 0.10 NS 
Morbidity4, %        
  First pull 7.01 13.01  9.86 8.14 0.033 N×P 
  Total pulls 7.52 14.70  10.94 8.06 0.036 N×P 
1Treatments were a 2 × 2 factorial arrangement of a novel nasal inoculant not given (-NASAL) 
or given (+NASAL) to calves during initial processing on d 0, and a novel feed-grade intestinal 
inoculant not added (-PROB) or added (+PROB) to the diets during the 56-day study. 

2NS = no significant effects of treatment (P > 0.10); N×P = NASAL by PROB interaction (P ≤ 
0.10). 

3Soil-surface pens with 13 to 15 calves per pen. 
4First pull = percentage of cattle pulled once for medical treatment; Total pulls = percentage of 
total pulls (first and second pulls combined) for medical treatment. Mortality was not analyzed 
statistically because only 3 calves died resulting in inadequate variation in the data. 
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Table 4. Effects of mineral source and level on body weight (BW), dry matter intake (DMI), 
average daily gain (ADG), and feed conversion (F:G) of newly received feedlot calves. 
 Treatments1   

Inorganic Organic   
Item 1X 3X  1X 3X SEM1 P-value2

Pens 12 12  12 12   
BW, lb      
  day 0 to 28 561 557  577 538 27.6 NS 
  day 29 to 56 618 636  631 602 31.7 NS 
  day 0 to 56 697 712  698 665 31.5 NS 
DMI, lb/day        
  day 0 to 28 13.9 14.3  13.9 13.7 0.38 NS 
  day 29 to56 16.6 18.1  17.4 16.2 0.55 S×L 
  day 0 to 56 15.2 16.2  15.6 14.9 0.31 S×L,S 
ADG, lb/day        
  day 0 to 28 2.15 2.42  1.92 2.28 0.38 NS 
  day 29 to 56 2.86 2.73  2.41 2.23 0.33 S 
  day 0 to 56 2.51 2.57  2.15 2.25 0.20 S 
F:G        
  day 0 to 28 9.5 7.9  11.8 8.9 2.76 NS 
  day 29 to 56 6.4 11.6  8.8 9.4 2.87 NS 
  day 0 to 56 6.4 6.7  8.9 6.8 0.69 NS 
1Treatments were a 2 × 2 factorial arrangement of supplements formulated to provide Zn, Mn, 
Cu, Co, and Se from two mineral sources (inorganic mineral sources vs a 50:50 combination of 
inorganic and organic sources; Availa-4 [ZinPro Corp., Eden Prairie, MN] and 
selenomethionine) at two levels of NRC (2000) requirements (100% [1X] vs 300% [3X] of 
requirements). 

2NS = no significant effects of treatment (P > 0.10); S×L = mineral source by level interaction (P 
< 0.05); S = effect of mineral source (P ≤ 0.06). 
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Graduate Student Research Poster Presentations 
 
The effects of technology use in feedlot production systems on the performance, behavior, 
and welfare of steers finishing during late summer  B. C. Bernhard1, C. L. Maxwell1, C. F. 
O’Neill1, B. K. Wilson1, C. G. Hixon1, C. L. Haviland1, A. N. Grimes1, M. S. Calvo-Lorenzo1, C. 
J. Richards1, D. L. Step2, B. P. Holland3 and C. R. Krehbiel1;  1Department of Animal Science 
and 2Department of Veterinary Clinical Sciences, Oklahoma State University, Stillwater OK, 
3Merck Animal Health, De Soto, KS 
Crossbred steers (n = 336; initial BW = 834 ± 18 lb) were utilized in a RCBD (24 pens; 8 
pens/treatment; 14 steers/pen) to determine the effects of technology use in feedlot production 
systems on animal performance, behavior, and welfare.  Treatments consisted of an all-natural 
treatment (receiving no growth promoting technologies; NAT), a conventional treatment 
(implanted with 40 mg of estradiol and 200 mg of trenbolone acetate on d 0, and were fed 33 and 
9 mg/kg of monensin and tylosin daily, respectively; CONV), and a conventional treatment plus 
the addition of a beta-agonist (zilpaterol hydrochloride at 6.76 g/ton for the last 20 DOF with a 3-
4 d withdrawal; CONV-Z).  In addition to body weights, behavioral measurements were 
collected at the chute and in the animal’s home pen every 28 d until d 112 and then every 10 d 
during the beta-agonist feeding period.  Blood was collected during the beta-agonist feeding 
period to determine blood gasses and metabolites.  Respiration rates and panting scores were 
evaluated every other day during the final 23 DOF, and rumen temperature was continually 
measured. During shipment cattle mobility was scored prior to loading at the feedlot and while 
unloading at the abattoir.  CONV-Z steers gained 3.8% faster (3.62 vs. 3.48 lb/d; P<0.05) and 
were 5.0% more efficient (6.25 vs. 6.58; P<0.05) than CONV steers, and CONV steers gained 
32.8% faster (3.48 vs 2.62 lb/d; P<0.05) and were 26.5% more efficient (6.58 vs. 8.33; P<0.05) 
than NAT steers.  There was no difference in marbling score for CONV compared to NAT (470 
vs. 471) however, CONV-Z had a lower marbling score compared to the other treatments (432; 
P<0.05). Lactate displayed a Treatment x Time interaction (P<0.01), with CONV-Z cattle having 
reduced concentrations compared to NAT and CONV cattle at d 122 (13.5 vs. 28.9 and 27.3 
mg/dL) and 132 (12.5 vs. 25.1 and 27.2 mg/dL; P<0.01).  Conventional cattle exhibited greater 
glucose concentrations than NAT and CONV-Z (88.9 vs. 83.9 and 82.5 mg/dL; P<0.01).  A 
Treatment x Time interaction was detected for potassium concentrations (P<0.01), with CONV-
Z cattle exhibiting greater concentrations than NAT and CONV cattle at d 122 (4.40 vs. 4.16 and 
4.23 mmol/L; P<0.01).  Zilpaterol supplemented cattle displayed increased morning panting 
score compared to CONV and NAT cattle (1.23 vs. 1.00 and 1.08; P<0.03), and increased 
afternoon panting score compared to CONV cattle (1.84 vs. 1.67; P<0.01), with NAT cattle 
being intermediate (1.76).  Respiration rates were lowest for CONV cattle, intermediate for NAT 
cattle, and highest for CONV-Z cattle in the morning (99.5 vs. 105.0 vs. 112.8 breaths/min) and 
afternoon (120.1 vs. 125.8 vs. 133.8 breaths/min; P<0.01).  Morning and afternoon rumen 
temperatures were lower for NAT cattle compared to the CONV cattle (P=0.03), with the 
CONV-Z cattle being intermediate. There was a Treatment x Time interaction for chute 
temperament score (P=0.03), with NAT cattle being more temperamental than CONV cattle at d 
56 (2.24 vs. 1.98; P=0.02) and CONV-Z being intermediate (2.14).  There were no differences in 
exit velocity (P>0.37). Pen temperament was also not affected by treatment (P=0.14).  Treatment 
displayed no effect on mobility score or percent abnormal cattle prior to loading or during 
unloading (P≥0.14).  The results of this experiment demonstration that CONV and CONV-Z 
production systems results in a significant improvement in feedlot performance, compared to 
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NAT.  Performance enhancing technologies displayed no negative effects on cattle behavior or 
mobility. Although statistical differences were detected for blood metabolites, it is important to 
note that all values are within “normal” ranges for bovine.  This experiment suggests that 
zilpaterol does increase the visual signs of heat stress as indicated by the product label. 
 
 
Effect of 300 or 400 mg daily of ractopamine hydrochloride on growth performance and 
carcass characteristics of finishing steers during the last 14, 28, or 42 days 
C. J. Bittner*1, D. B. Burken1, G. E. Erickson1, N. A. Pyatt2; 1University of Nebraska, 
Lincoln,2Elanco Animal Health, Greenfield, IN. 
Crossbred yearling steers (n=576; BW = 899 ± 64 lb) were utilized in a randomized block design 
(n=4 BW blocks) with a 3 x 3 factorial treatment design to study the effects of ractopamine 
hydrochloride (RAC) dosage and duration on growth performance.  Factors included RAC 
feeding duration (14, 28, or 42 d prior to harvest) and RAC dosage (0, 300, and 400 mg/hd/d).  
During the treatment phase, RAC dose was top-dressed daily using fine-ground corn as the 
carrier.  There were no significant duration x dosage interactions (P > 0.07) for growth 
performance or carcass characteristics; however, simple effects will be presented.  Live final BW 
was not different (P > 0.44) for steers fed 0, 300, or 400 mg RAC for 14 d.  At 28 d, steers fed 
RAC at 400 mg were significantly (P < 0.01) heavier than steers receiving 0 mg.  There was a 
tendency (P = 0.07) at 28 d for increased live final BW for steers fed RAC at 300 mg compared 
to 0 mg and steers fed 400 mg of RAC compared to 300 mg (P = 0.07).  Live final BW was 
greater (P < 0.01) for steers fed RAC for 42 d at 300 and 400 mg compared to cattle receiving 0 
mg; however, live final BW was not different (P = 0.57) between 300 and 400 mg of RAC.  
Between treatments, DMI was not different (P = 0.27).  Hot carcass weight was not different (P 
= 0.33) between yearlings fed 0 and 300 mg of RAC for 14 d, but tended to be greater (P = 0.07) 
for steers fed 400 mg of RAC compared to 0 mg.  Hot carcass weight was greater (P < 0.01) for 
steers fed 300 and 400 mg of RAC compared to cattle fed 0 mg for 28 d.  Carcasses from 
yearlings fed RAC for 42 d at 300 and 400 mg were heavier (P < 0.01) compared with 0 mg fed 
steers.  Feeding 300 mg of RAC for 28 or 42 d increased live final BW by 15 or 28 lb, while 
feeding RAC at 400 mg resulted in 31 or 24 lb increases relative to 0 mg steers, respectively.  
Feeding 300 mg of RAC for 28 or 42 d would suggest 10.9 or 16.5 lb improvements in HCW, 
while feeding 400 mg of RAC would suggest 19.1 or 20.6 lb heavier carcasses compared to 
steers fed 0 mg of RAC, respectively. 
 
 
Methodology to measure void space and bulk density of feed ingredients  
C.J. Boardman, C.J. Hayes, T.A. Wickersham, and J.E. Sawyer;Texas A&M University, College 
Station 
Feeding bulky rations containing large amounts of forage to cattle in confinement creates 
logistical challenges and reduces the efficiency of feed delivery.  Describing void space and bulk 
density of feed ingredients may improve feeding logistics by allowing formulation to optimize 
the amount of feed delivered per load with efficient ingredient combinations.  Our objective was 
to develop a rapid method of determining bulk density and void space of commonly used feed 
ingredients.  Sorghum × sudangrass, alfalfa, and wheat straw were individually processed 
through a commercial tub grinder fitted with a 5 cm screen. Concentrate ingredients included 
rolled corn and dried distillers’ grains (DDG). Bulk density was measured by filling a fixed 
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volume cylinder (15 cm diameter) with each ingredient, and weighing the sample. Ingredients 
were then compressed within the cylinder using a constant mass plate; change in volume (a 
function of linear compression) was recorded to calculate void space as a percentage of initial 
volume. Bulk density was similar for wheat straw (18 kg·m-3) and sorghum × sudangrass (33 
kg·m-3; P = 0.52) and greater (P < 0.01) for alfalfa (89 kg·m-3). The void space of wheat straw 
(66.4%), hay grazer (62.9%), and alfalfa (28.1%) all differed (P < 0.04). Rolled corn and DDG 
differed in bulk density (657 kg·m-3 vs 581 kg·m-3; P < 0.05), but had a similar void space (1.8 vs 
0.4% P = 0.32). Concentrates differed from roughages (P < 0.01) in both bulk density and void 
space. In a separate evaluation, sorghum × sudangrass was chopped for 5, 10, 15, 30, and 60 min 
in a twin-auger vertical mixer to evaluate processing time effects on bulk density and void space. 
Bulk density increased between 5 min (17.2 kg·m-3) and 15 min (24.5 kg·m-3; P < 0.05) and 
again from 30 min and 60 min (27.0 kg·m-3 to 54.2 kg·m-3; P < 0.01). Void space did not change 
(P = 0.41) between 5 min and 30 min, but decreased (P < 0.01) from 60.7 to 36.1 % when chop 
time changed from 30 min to 60 min. Use of bulk density and void space data may allow 
optimization of mixing and reduce delivery costs of  high-roughage  diets to large numbers of 
cattle in confinement systems. 
 
 
Energy value of de-oiled modified and wet distillers grains plus solubles in finishing beef 
cattle diets  M.L. Bremer, C.J. Bittner, D.B. Burken, M.E. Harris, J.A. Hansen, G.E. Erickson, 
M.K. Luebbe, K.H. Jenkins; University of Nebraska-Lincoln 
Two experiments were conducted to determine the energy value of de-oiled distillers grains plus 
solubles in beef cattle finishing diets.  Experiment 1 utilized 378 calf feed steers (Initial BW = 
800 lb ± 37 kg) in a 153-d finishing trial at ARDC near Mead, Nebraska.  De-oiled MDGS (7.2% 
fat) was fed at 0, 15, 30, 45, or 60% of the diet on a DM basis. Two additional diets, containing 
either 15 or 30% normal (12.0% fat) MDGS, were fed to compare to de-oiled MDGS. The 
remainder of all diets consisted of 12% corn silage, 5% of a formulated supplement, and 
decreasing concentrations of a 1:1 blend of high moisture corn (HMC) and dry rolled corn 
(DRC).  Gain tended to increase linearly with increasing concentrations of MDGS (P = 0.09).  
Feed effeciency improved linearly with increasing concentration of MDGS (P < 0.01). Cattle 
responded quadratically to 12th-rib fat thickness and marbling score (P = 0.02 and P < 0.01, 
respectively) with each of these values being greatest when de-oiled MDGS was fed at 30% of 
the diet and then began to decline as the inclusion neared 60%.  The embedded 2 × 2 factorial 
was analyzed to compare de-oiled and normal MDGS fed at either 15 or 30% of the diet.  There 
tended to be an interaction when comparing de-oiled and normal fat MDGS.  At 30% inclusion 
in the diet, cattle consuming normal MDGS were 3.4% more efficient (P = 0.07) than those 
consuming de-oiled MDGS at 30%.  No difference was observed at 15% inclusion.  Experiment 
2 utilized 320 crossbred yearling steers (Initial BW = 875 lb ± 84) in a 128-d finishing study at 
the PHREC near Scottsbluff, NE.  A 2 × 3 factorial arrangement of treatments evaluated the 
effects of corn processing method for cattle fed either DRC or steam-flaked corn (SFC) with de-
oiled (7.5% fat) wet distillers grains plus solubles (WDGS) at 0, 17.5, or 35% (DM-basis) 
concentrations in the diet.  Two additional diets, containing normal (9.1% fat) WDGS, produced 
at a separate plant, were fed at 35% concentrations for comparison against the de-oiled WDGS as 
an embedded 2 × 2 factorial.  The 2 × 3 factorial produced no interaction (P > 0.15); cattle 
consuming SFC diets had lower DMI (P = 0.02), gained similarly (P = 0.23), and tended to be 
more efficient (P = 0.15) compared to cattle consuming DRC diets.  Additionally, ADG and G:F 
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increased linearly (P < 0.01) as concentration of WDGS increased.  The embedded 2 × 2 
factorial evaluated the effect of feeding de-oiled or normal WDGS at 35% concentration in the 
diet while feeding either DRC or SFC.  No interaction was observed for DMI (P = 0.54), ADG, 
(P = 0.62), or G: F (P = 0.43).  The main effect of CPM had no effect on DMI (P = 0.54), or 
ADG (P = 0.46), but cattle consuming SFC diets were more efficient (P = 0.05) compared to 
DRC diets.  Cattle consuming normal WDGS tended to consume less feed (P = 0.12), have 
higher ADG (P = 0.18), and improved G:F (P = 0.14) compared to their counterparts who were 
consuming de-oiled WDGS diets. De-oiled distillers grains produced via centrifugation of the 
thin stillage and included at 30-35% of the diet have 89% the feeding value of normal distillers 
grains when fed to finishing cattle.  Removing oil using other methods may decrease the feeding 
value further.   As distillers grains continue to change, their nutrient content will continue to 
change as well.   Cattle feeders need to be diligent in knowing exactly what they are paying for 
and feeding their cattle.   
 
 
Evaluation of objective and subjective mobility variables in feedlot cattle supplemented 
with zilpaterol hydrochloride  W.C. Bursona, A.J. Thompsona, M.A. Jenningsa, B.J. Raglanda, 
F.R.B. Ribeiroa , T.R. Schmidta, J.E. Hergenredera, J.O. Baggermana, E.S. Murraya, K.P. 
Sharona,  T.N.C. Burdick Sanchezb, J.A. Carrollb, , B.J. Johnsona, R.J. Rathmanna ;  aTexas Tech 
University, Lubbock, bUSDA-ARS, Livestock Issues Research Unit, Lubbock 
The objective of this study was to examine the effects of zilpaterol hydrochloride (ZH) on 
mobility in feedlot cattle.  Black-hided steers and heifers (n=96) were sourced from a 
commercial feedlot and transported to the Texas Tech University Beef Center in New Deal, TX.  
Cattle were weighed and scanned using real-time ultrasound.  Resulting data were used to predict 
empty body fat percentage (pEBF %).  Steers (n=48; BW = 520 ± 30.4 kg; pEBF % = 26.2 ± 
1.9) and heifers (n=48; BW = 466 ± 29.5 kg; pEBF % = 26.7 ± 1.7) were blocked within gender 
by pEBF % in a complete randomized block design and randomly assigned to pen (2 pens/block; 
4 hd/pen) and treatment (6 pens/treatment): 1) control heifers (HC), 2) ZH heifers (HZ), 3) 
control steers (SC), 4) ZH steers (SZ).  Movement differences were objectively assessed on day 
0, 5, 10, 15 and 20 with several measures of mobility: exit velocity from chute (EV), velocity 
traveling from the pen to chute (VT) and velocity traveling from chute to pen (VF).  Chute 
scores (CS) were assigned to all cattle based on a scale ranging from 1 to 4 (1 = no distress, 4 = 
high distress).  Prior to shipping, individual locomotion scores (LS) were recorded based on a 1 
to 4 scale (1 = no lameness, 4 = severe lameness).  No significant gender x treatment interactions 
were found for any measured variable (P ≥ 0.46).  A significant treatment x day interaction (P = 
0.03) was detected for EV, indicating that ZH cattle became progressively slower throughout the 
treatment period.  No significant effects were found for either VT or VF (P ≥ 0.31).  Fisher’s 
exact test for count data was used to analyze the frequency distributions for both subjective 
measures. By d 20, a greater proportion (P = 0.01) of ZH cattle exhibited elevated chute scores 
(CS ≥ 3) relative to control.  There was a tendency (P = 0.09) for increased locomotion score (LS 
≥ 2) in ZH fed cattle.  However, the proportion of cattle with locomotion scores indicating 
sufficiently sound movement (LS = 1/2) versus cattle that were moderate or severely lame (LS = 
3/4) was not significantly different between treatment groups (P = 0.24).  Collectively, these data 
suggest that ZH supplementation may slightly limit mobility of cattle; nonetheless, the 
magnitude of these effects is not sufficient to deduce a detriment to cattle soundness.  
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Effects of supplemental zinc, copper, and manganese concentration and source on 
performance and carcass characteristics of feedlot steers  E. Caldera1, J. J. Wagner1, K. 
Sellins1, T.E. Engle1, S. B. Laudert2, and J. W. Spears3; 1Colorado State Univ., Ft. Collins, 
2Micronutrients, Indianapolis, and 3North Carolina State Univ., Raleigh 
Four-hundred cross-bred steers (initial BW 335 ± 9.57 kg) were utilized to investigate the effects 
of supplemental Zn, Cu, and Mn concentration and source on performance and carcass 
characteristics of feedlot steers fed a high concentrate steam flaked corn- based finishing diet for 
159 d and zilpaterol hydrochloride for the last 21 d prior to slaughter  (5 day withdrawal). Steers 
were blocked by weight and randomly assigned to one of the 5 treatments (8 pens/treatment; 10 
hd/pen). Treatments consisted of: 1) 90 mg of Zn/kg DM from ZnSO4; 17.5 mg of Cu/kg DM 
from CuSO4; 48 mg of Mn/kg DM from MnSO4; 2) 30 mg of Zn/kg DM from  Zn 
Hydroxychloride; 10 mg of Cu/kg DM from basic Cu Chloride ; 20 mg of Mn/kg DM from  Mn 
Hydroxychloride; 3) 45 mg of Zn/kg DM from Zn Hydroxychloride; 12.5 mg of Cu/kg DM basic 
Cu Chloride; 29.5 mg of Mn/kg DM from Mn Hydroxychloride; 4) 60 mg of Zn/kg DM from Zn 
Hydroxychloride; 15 mg of Cu/kg DM from basic Cu Chloride; 39 mg of Mn/kg DM from Mn 
Hydroxychloride ; and 5) 90 mg of Zn/kg DM from Zn Hydroxychloride; 17.5 mg of Cu/kg DM 
from basic Cu Chloride; 48 mg of Mn/kg DM from Mn Hydroxychloride. Steers were 
individually weighed on d −1, 0, 55, 112, and pen weighed two consecutive days at the 
termination of the experiment. Steers were transported to a commercial abattoir, slaughtered, and 
individual carcass data and liver samples were collected. Initial pen BW weight was used as a 
covariate in the statistical analysis and significance was determined at P ≤ 0.05. No differences 
were observed for final body weight (P > 0.42). Overall ADG, DMI, and feed efficiency (g/f), 
were similar across treatments. Hot carcass weight, dressing percentage, yield grade, LMA, 
adjusted fat thickness, KPH, and marbling score were similar across treatments. Zinc, Cu, and 
Mn concentrations in livers, and blood samples collected on d 112 and at harvest were similar 
across treatments. These data indicate that under the conditions of this experiment, supplemental 
Zn, Cu, and Mn concentration and source had no impact on performance and carcass 
characteristics in feedlot steers.  
 
 
Agronomic evaluation of grain sorghum hybrids for cattle feeding purpose 
P.R.B. Campanili, J.O. Sarturi, S.J. Trojan, M.C. Tabke, T.R. Schmidt; Texas Tech University, 
Lubbock  
Agronomic parameters of grain sorghum hybrids were evaluated. Two hybrid cultivars were 
used from Sorghum Partners®: a) NK7829 (Traditional); b) NK8416 (Stay-green). Sorghum was 
grown in an experimental area with subsurface drip irrigation system (230 mm of rainfall plus 
100 mm of irrigation) at the Plant and Soil Science Research Station, Texas Tech University, 
located at Idalou, TX. Date of seeding and harvesting were June 24 and November 18 of 2013, 
respectively. Cultivars were randomly assigned within blocks (n = 6) to zones (n = 12; 2.63 ha 
each) in a RCBD. Whole plant samples (n = 3; 0.91m of line) were collected from zones 129 d 
after seeding, and used to estimate whole plant yield (WPY). Samples (n = 2 per zone) were 
ground for DM determination and sorting (n = 1 per zone) for the following yields: head (HY), 
stem (SY) and leaf (LY). For harvested grain yield (HGY) a commercial combine and a truck 
scale were used. Leaf/stem ratio (L:S) and head/plant ratio (H:P) were also evaluated. Data were 
analyzed using the GLIMMIX procedure of SAS, using zone as experimental unit and block as 
random. Greater WPY (13079 vs. 9363 kg DM/ha; P ˂ 0.01), HGY (1464 vs. 1155 kg DM/ha; P 
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= 0.05), SY (1497 vs. 2129 vs. kg DM/ha; P ˂ 0.02), HY (8453 vs. 5315 kg DM/ha; P = 0.01) 
were observed for Stay-green than Traditional. Greater L:S (1.83 vs. 1.27; P < 0.01) was 
observed for Traditional hybrid. No differences were observed for LY (2523 kg DM/ha; P = 
0.86) and H:P (0.60; P = 0.17). Stay-green cultivar appears to better attend agronomic 
parameters for forage production purpose compared to traditional cultivar.    
 
 
Effects of leptin genotype on growth performance and carcass characteristics of steers fed 
zilpaterol hydrochloride M. D. Cohen1, P. Defoor2, S. Swingle2, M. Engler2, L. Marquess3, J. 
W. Oltjen1 and R. D. Sainz1;  1University of California, Davis, 2Cactus Feeders, Amarillo, TX; 
3Quantum Genetix Inc., Saskatoon, SK, Canada 
We characterized the effect of leptin genotype (CC vs. TT) on growth and carcasses of steers fed 
zilpaterol 21 d prior to harvest. 1476 CC and 1472 TT steers were allocated to five blocks and 
six harvest days (-21, -14, 0, +14, +21, and +28 d relative to projected endpoint). Steers were 
weighed and ultrasound-scanned at 36 to 58 d and 1 to 2 d prior to harvest.  Data were analyzed 
using GLM with Block and Genotype as fixed effects and Days as a covariate. Data from 
animals with dressing % more than three standard deviations from the mean were discarded, 
leaving 1409 CC and 1406 TT steers. ANCOVA coefficients were used to estimate the number 
of days required for each group to reach common yield and quality grades. CC and TT steers did 
not differ in ADG. Final BW, ultrasound rib fat depths, and intramuscular fat percentages were 
greater (P < 0.005) in TT than CC steers. Hot carcass weights, rib fat depths, marbling scores, 
and yield grades were greater (P < 0.05) in TT than CC steers. Ribeye areas were smaller (P < 
0.05), while dressing % and KPH fat % did not differ. Compared to CC steers, TT steers had 
similar ADG, but required 8.5 fewer days on feed to reach a common yield grade (2.7) and 
marbling score (Small 00).  
 
Table 1. Performance of steers of different leptin genotypes fed zilpaterol hydrochloride for 
21 days prior to harvest 

Leptin 
genotype 

ADG1, 
kg/d 

Final 
BW, 
kg 

Ultra-
sound 
rib fat2, 
cm 

Ultra-
sound 
IM 
fat3, % 

Hot 
carcass 
wt, kg 

Carcass 
rib fat, 
cm 

Carcass 
ribeye 
area, 
cm2 

Marbling 
score4 

Yield 
grade 

CC 1.58 638 1.07 3.78 400.8 1.27 100.6 39.15 2.53 

TT 1.60 644 1.12 3.86 403.8 1.32 99.8 39.70 2.64 

SEM 0.011 1.3 0.008 0.016 0.87 0.013 0.27 0.166 0.021 

P5 0.373 0.002 < 0.001 < 0.001 0.017 0.014 0.047 0.020 < 0.001 

1ADG for the last 36-58 days; 2Rib fat: subcutaneous fat over the 12th-13th ribs; 3IM fat: intramuscular fat 
percentage; 4Marbling score: 30 = Slight00, 40 = Small00; 5P: probability of a Type I error. 
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Effect of ractopamine hydrochloride and zilpaterol hydrochloride on the 
electrocardiogram and blood lactate in finishing steers  D.A. Frese, C.D. Reinhardt, S.J. 
Bartle, D.N. Rethorst, B.S. Bawa, J.D. Thomason, G.H. Loneragan, and  D.U. Thomson; Kansas 
State University, Manhattan 
Thirty Angus steers (506 kg +/-5.5kg) were used to examine the effect of ractopamine 
hydrochloride and zilpaterol hydrochloride on the cardiac physiology and blood lactate levels of 
finishing beef steers.    Cattle were randomly assigned to 1 of 3 treatment groups: control (CON), 
ractopamine hydrochloride (300 mg·animal-1·d-1; RAC), and zilpaterol hydrochloride (8.3 mg/kg 
DM basis; ZIL).  Cattle were allowed to acclimate to pens and Calan Gate feeders for 43 d prior 
to trial initiation. Steers were housed in outdoor dirt-floor pens with ad libitum access to feed and 
water.    Holter electrocardiograph (ECG) monitors were placed on cattle on days -2, 6, 13, and 
24 of the trial and recorded continuously for 72 h, 24 h, 24 h, and 96 h, respectively; d 0 was the 
first day of beta agonist feeding. Blood samples were obtained via jugular venipuncture for 
complete blood count, serum chemistry and blood lactate (BL) analysis at the time of ECG 
monitor application. Electrocardiogram recordings were evaluated for mean heart rate (MHR) in 
beats per minute (bpm), ventricular (VPB), and supraventricular arrhythmia events per day 
(SVPB).  Cattle fed ZIL (77.6 bpm +/- 1.19) and RAC (78.4 bpm +/- 1.18) had greater MHR 
than CON (74.2 bpm +/- 1.27). No differences were observed in VPB, or SVPB in the CON, 
RAC or ZIL treated cattle.  No differences were found among treatments in arrythmia rate when 
classified as single beat, paired beat, or greater than 2 beats per event.  Single beat events 
represented 84% of VPB and 90% of SVPB events.  No differences were observed in BL among 
CON (3.1 mmol/L), RAC (2.9 mmol/L) and ZIL (2.8 mmol/L).  Creatinine Kinase (CK) 
increased (P<.03) in ZIL cattle (220.3 U/L), compared to CON (111.9 U/L) and RAC cattle 
(120.2 U/L) at d 13.On d 24 CK was increased in ZIL (226.9 U/L), than  CON (132.5 U/L) and 
RAC (135.4 U/L).  In conclusion, RAC and ZIL increased MHR in feedlot cattle, but had no 
effect on arrythmia rate, arrythmia classification or blood lactate.  Also, ZIL increased CK 
compared to CON and RAC on days 13 and 24. 
 
 
Effects of ractopamine or zilpaterol on physiologic and metabolic parameters in feedlot 
steers   A. L. Fuller1,2, T. L. Covey2, R. H. Klett2, T. E. Lawrence1, and J. T. Richeson1; 

1West Texas A&M University, Canyon, 2OT Feedyard and Research Center, Hereford, TX 
The feeding of beta adrenergic agonists has recently been implicated as a potential animal 
welfare concern. The objective of this study was to determine the effects of ractopamine 
hydrochloride (RH) or zilpaterol hydrochloride (ZH) on physiologic and metabolic blood 
parameters indicative of stress. Thirty crossbred steers (BW = 573 ± 27.4 kg) were used in a 
randomized complete block design. Steers were stratified by body weight, divided into 5 weight 
classes from lightest to heaviest, and treatment was assigned randomly within each weight class. 
All procedures were repeated identically resulting in a total of 10 weight classes and 10 steers 
per treatment. A basal finishing ration was delivered to each steer twice daily. Treatments were 
applied via premix containing 20 g ground corn at each feeding and consisted of: 1) no beta 
agonist (CON), 2) 300 mg/d ractopamine hydrochloride (RH), or 3) 90 mg/d zilpaterol 
hydrochloride (ZH). Blood samples were collected via jugular venipuncture on d -7, -1, 0, 0.25, 
0.5, 1, 3, 7, 14, and 21, relative to initial delivery of treatment. Whole blood (excluding d 21) 
was analyzed for complete blood count using an automated hemocytometer (Abaxis, Union City, 
CA.) Serum was analyzed for cortisol (Arbor Assays, Ann Arbor, MI) and haptoglobin 
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(Immunology Consultants Laboratory, Inc., Portland, OR) via ELISA and an array of different 
metabolic variables using an automated analyzer (Olympus, Center Valley, PA.) Data were 
analyzed as a randomized complete block design using the MIXED or GLIMMIX procedure of 
SAS (SAS Inst., Inc., Cary, N.C.) with animal as experimental unit. On d 7, total leukocytes 
were greater (P = 0.005) for RH vs. CON. Neutrophils were greater for ZH on d 1 (P = 0.007) 
and RH on d 7 (P = 0.04) compared to CON. Lymphocyte concentration or the ratio of 
neutraphils to lymphocytes were not different (P ≥ 0.12).  Creatine kinase was increased for ZH 
on d 21 (P ≤ 0.04). Serum urea nitrogen was decreased (P < 0.03) for both RH and ZH. Serum 
total protein, albumin, globulins, and NEFA were not different (P ≥ 0.67). Similarly, haptoglobin 
and cortisol did not differ (P ≥ 0.12) between treatment groups. 
 
 
The Effect of Mineral Source and Level on Growth Performance of Newly-Received 
Feedlot Cattle   M. E. Garcia1, E. Oosthuysen1, J. R. Graves1, M. E. Hubbert2, M. E. Branine3, 
C. A. Löest1, and E. J. Scholljegerdes1  ;  1New Mexico State University, Las Cruces, 2Clayton 
Livestock and Research Center, New Mexico State University, Clayton, 3Zinpro Performance 
Minerals, Eden Prairie, MN 
The objective of this study was to investigate the effects of Zn, Mn, Cu, Co, and Se source 
(Inorganic or Organic), as well as dietary inclusion levels (1X NRC recommended levels or 3X 
recommended levels) on health and overall performance of stressed cattle during a 56 d receiving 
trial.  Five hundred and twenty-seven crossbred cattle (initial BW 561 ± 31.9 lbs.) originating 
from New Mexico ranches were used in a randomized complete block design with a 2 × 2 
factorial arrangement of treatments.  On d 0, cattle were separated by load weighed and 
randomly assigned to pen.  Pens were randomly assigned to one of four supplemental treatments: 
1) Supplement formulated to provide 100% of the NRC recommended levels of Zn, Mn, Cu, Co, 
and Se from inorganic sources (INO1X); 2) 100% of NRC recommended levels of Zn, Mn, Cu, 
Co, and Se from a 50:50 combination of inorganic and organic sources (OR1X); 3) Three times 
NRC recommended levels of Zn, Mn, Cu, Co, and Se from all inorganic sources (INO3X), 4) 3X 
NRC levels of  Zn, Mn, Cu, Co, and Se from a 50:50 combination of inorganic and organic 
sources (OR3X).  Cattle were again weighed on d 28 and 56.  Cattle were accessed daily for 
symptoms of Bovine Respiratory Disease (BRD) and treated accordingly.  No interaction of 
mineral source by level was detected (P > 0.16) for BW, ADG, or G:F.  Body Weight did not 
differ (P > 0.22) by mineral source or level at d 0, 28 or 56.  Average daily gain was not different 
(P > 0.21)  for mineral source or level from d 0 - 28.  No mineral level effect (P > 0.53) was 
observed for ADG from d 29-56 or d 0-56.  However cattle fed inorganic mineral tended (P = 
0.06) to have greater ADG than cattle fed organic mineral for d 29 - 56 as well as d 0 - 56.  Gain 
to feed ratio was not different (P > 0.12) across treatment for d 0-28, d 29-56 or d 0-56.  Mineral 
source, level or source by level had no effect (P > 0.20) on DMI for d 0-28. No difference (P > 
0.28) in morbidity was observed across treatment.  Source or an increased level did not change 
BW, ADG, or morbidity.    
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Examining the impact of Aspergillus oryzae α-amylase supplementation on rumen volatile 
fatty acid profile and relative abundance of mRNA associated with nutrient absorption in 
ruminal and duodenal tissue from beef steers  B. Gordon1, S. W. Hahm1, J. J. Wagner1, J. S. 
Jennings2, H. Han1 and T. E. Engle1 ;    1Department of Animal Sciences, Colorado State 
University, Fort Collins, and 2Alltech, Nicholasville, KY  
The objective of this study was to investigate the impact of Aspergillus oryzae α-amylase (AAM) 
supplementation on rumen VFA profile and relative abundance of mRNA associated with 
nutrient absorption in ruminal and duodenal tissue from beef steers. Nine crossbred steers 
(average BW 622 ± 50 kg), with rumen and duodenal fistulas were housed in individual stations 
and fed a high concentrate finishing diet twice daily for 8 d. Treatments included CON (corn 
meal; n= 5) and AAM (750 fungal α-amylase units/g; n= 4). Dietary treatment supplements were 
applied as a top dress (3 g of α-amylase or corn meal into 150 g of dried distiller’s grains (DDG) 
for the AM feeding and 2 g of α-amylase or corn meal into 100 g of DDG for PM feeding). On d 
5, rumen fluid samples were obtained every 4 h for 24 h and analyzed for VFA concentration. 
On d 9, rumen papillae and duodenal mucosal tissue samples were collected. Total tissue RNA 
was extracted for real-time PCR analysis. Sodium/potassium ATPase pump α1, glucose 
transporter 2 and 5, putative anion transporter, isoform1, sodium/hydrogen antiporter isoforms1, 
2 and 3, 3-hydroxy 3-methylglutaryl coenzyme A synthase isoform2, down regulated in 
adenoma, monocarboxylate co-transporter isoform1, and glyceraldehyde-3-phosphate 
dehydrogenase mRNA were tested. Relative expression (fold change) of mRNA in ruminal and 
duodenal tissues were analyzed using PROC GLM and VFA distribution was analyzed as a 
randomized block design with repeated measures using the MIXED procedure of SAS. 
Concentrations of VFA and the acetate to propionate ratio were similar across treatments. 
However, acetate:propionate ratio and butyrate molar percentage were numerically greater (P = 
0.17) in AAM steers compared to controls. Genes tested were not significantly changed by AAM 
supplementation in the rumen or duodenum. However, genes involved in nutrient absorption 
were numerically decreased in the rumen and increased in the duodenum in the AAM 
supplemented steers compared to the controls.  
 
 
Effect of NIR segregation of barley on in vitro fermentation, gas production kinetics and 
feedlot performance of yearling cattle   A. R. Harding1, C. F. O’Neill1, T. M. Greer2, G. K. 
Jim2, C. W. Booker2, E. J. Behlke2, S. L. Parr2, S. J. Hannon2, Z. D. Paddock2, C. R. Krehbiel1, 
M. L. May2, and L. O. Burciaga-Robles2 ;  1Oklahoma State University, Stillwater, 2Feedlot 
Health Management Services, Ltd., Okotoks, AB, Canada 

This study was conducted to evaluate the effect of near infrared reflectance spectroscopy (NIR) 
segregation of barley grain on in vitro fermentation, gas production kinetics and feedlot 
performance of yearling cattle. 13,000 barley samples collected from 6 feedlots in Alberta from 
October 2011 to October 2013 were scanned with commercially available NIR technology 
(InfraXact, Foss North America, Eden Prairie, Mn.) to determine barley Index value (Feedlot 
Health Management Services, Ltd.). Experimental groups were determined using the distribution 
of the overlying population: LOW (Index values ≤ 15th percentile, n = 9), MED (index values 
between the 42.5 and 57.5th percentiles, n = 15), HIGH (index values ≥ 85th percentile, n = 15). A 
control sample set (n = 15) consisted of samples with indexes occurring across the range with 
similar frequencies as the overlying population. IVDMD and gas production kinetics analyses 
were conducted according to published procedures (Galyean, 1989, May et al., 2010). A non-
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linear model was used to fit the data from the gas pressure monitor modules for the parameters 
maximum gas production (M), rate (k), and lag time (l). M, k, and l (analyzed as repeated 
measures) and IVDMD were analyzed using PROC GLIMMIX (SAS Institute Inc., Cary, NC). 
IVDMD tended to be different across treatment groups (P = 0.097) and while M was not 
different (P = 0.613), k and lag L of gas production were different across treatment groups (P = 
0.026 and 0.682, respectively). A feeding trial was conducted utilizing 480 head of crossbred 
yearling steers (BW = 1127 ± 60 lbs) and heifers (BW = 1095 ± 57 lbs), blocked by weight (6 
replicates) and randomized to one of 4 experimental groups: LOW, MED, HIGH, CTRL. Barley 
inclusion in experimental diets was determined using the same frequencies with the exception of 
LOW index barley (Index ≤ 33rd percentile) and CTRL barley (not segregated). The light 3 
replicates were shipped 15 d after the heavy 3 replicates. Performance data for steers and heifers 
were analyzed independently using PROC GLIMMIX (SAS Institute Inc., Cary, NC) with 
experimental group and shipment day included as main effects and replicate included as a 
random effect. For steers, interactions (P < 0.05) were observed between experimental group and 
shipment day for HCW, live- and carcass adjusted- ADG and F:G. Steers consuming segregated 
barley tended to have higher DMI (P = 0.081), higher ADG on live and carcass adjusted basis (P 
< 0.05), and more efficient carcass adjusted feed conversion (P = 0.044). For heifers, interactions 
(P < 0.05) were observed for experimental group and shipment day for carcass adjusted ADG 
and F:G. Heifers in shipment B tended (P = 0.071) to dress higher. These results indicate that 
NIR segregation of barley has the potential to improve animal performance possibly by 
improving rate and extent of digestion, but additional research needs to be done to more fully 
understand the performance effects of barley segregation by NIR.  
 
 
Effect of replacing dried distillers’ grains with post extraction algal residue on 
performance of growing steers   C.J. Hayes, C. J. Boardman, J.E. Sawyer, and. T.A. 
Wickersham; Texas A&M University, College Station 
Algae biomass is currently being researched as a next generation biofuel source. A portion of this 
research is directed at identifying suitable markets for post extraction algal residue (PEAR), a 
byproduct of algal biofuel production. Following lipid extraction, PEAR is concentrated in 
protein suggesting it could be used as a protein source for growing cattle.  Our goal was to 
compare differences in consumption and gain between PEAR and dried distiller’s grain (DDG) 
fed at different inclusion rates in a growing ration. Thirty steers (BW = 333 kg) were stratified by 
weight and implant status and assigned to 1 of 3 diets fed ad libitum.  The base diet (0% PEAR) 
contained 0% PEAR, 30% DDG, 31.8% cracked corn, 28.8% alfalfa hay, and 2.5% mineral 
premix.  For the other two diets DDG was replaced with PEAR such that diets contained 15% 
PEAR and 30% PEAR.  Steers were previously trained to Calan gates.  Diets were fed at 0800 
for 28 d.  Body weights were collected on days 1 and 28. Increasing PEAR from 0 to 30% 
decreased intake linearly (P < 0.01) from 12.1 to 10.9 and 9.9 kg/d for 0, 15 and 30% PEAR, 
respectively. Similarly, ADG declined linearly (P < 0.01) from 1.59 for 0% PEAR to 1.09 and 
0.16 kg/d for 15 and 30% PEAR, respectively. In accordance with gain and intake data, G:F 
decreased linearly (P < 0.01) as PEAR was added from 0.13 to 0.09 and 0.01 kg for 0, 15 and 
30% PEAR, respectively. Overall, PEAR inclusion decreased gain, consumption and efficiency. 
These observations suggest that including PEAR at 30% of a growing ration is not feasible 
regardless of the cost of PEAR.  Additionally, for PEAR to be included at 15% of the ration it 
would need to be priced at a large discount compared to other feed resources.  Additional work is 
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required to determine the impacts of PEAR when fed in growing rations at less than 15% of the 
diet. 
 
 
Interactive effects of zinc and zilpaterol hydrochloride on bovine satellite cells, and 
performance and muscle biological activity of calf-fed Holstein steers  J. E. Hergenreder1, J. 
O. Baggerman1, K. S. Spivey1, J. L. Beckett2, M. Branine3, and B. J. Johnson1  1Texas Tech 
University, Lubbock, 2Beckett Consulting Services, Fallbrook, CA, 3Zinpro Corporation, Eden 
Prairie, MN  
In vitro and in vivo studies were performed to determine the effect of Zn in combination with 
zilpaterol hydrochloride (ZH) on mRNA quantity and protein abundance in bovine satellite cells, 
and performance traits and muscle biological activity of calf-fed Holstein steers.  Cultures of 
bovine satellite cells were established and treated at 120 h with reagent grade Zn chloride: 1) 0 
µM Zn/0 µM ZH; 2) 0 µM Zn/10 µM ZH; 3) 1 µM Zn/0 µM ZH; 4) 1 µM Zn/10 µM ZH in 
differentiation media for 24 and 96 h.  Using RT-QPCR analysis, genes of interest included 
β1AR, β2AR, AMPKα, MHC-I, MHC-IIA, and MHC-IIX.  At 96 h, 10 µM ZH cells had 
increased quantity of MHC-I mRNA (P < 0.05) compared to 0 µM Zn/0 µM ZH, and a greater 
abundance of MHC-IIX mRNA (P < 0.05) compared to 0 µM Zn/0 µM ZH and 1µM Zn/10 µM 
ZH.  Protein concentration was performed via western blotting procedures to assess the 
abundance of the β1-AR and the β2-AR; however, no differences (P > 0.05) were detected.  
Steers (n = 1,296; initial BW = 468.5 ± 0.5 kg) were blocked by weight and randomly assigned 
to pens and treatment: 1) Control: ZnSO4 added to provide 90 ppm Zn, and 2) ZINPRO® (Zn 
methionine complex): control plus 720 mg Zn/hd/d provided by ZINPRO at the time of terminal 
implant.  Steers were harvested at a commercial abattoir, and 20 steers per treatment were 
randomly selected for semimembranosus muscle tissue biochemical analysis. Dry matter intake, 
ADG and G:F were not affected by treatment (P > 0.05).  There were no differences in final 
weight, HCW, dressing percentage, LMA, quality grade and yield grade (P > 0.05).   Protein and 
mRNA were isolated from the muscle tissue for RT-QPCR, western blotting, myosin gels and 
immunohistochemical analysis.  ZINPRO fed cattle had an increased quantity of MHC-I mRNA 
(P < 0.05).  Control cattle had an increased quantity of MHC-IIX and β1AR mRNA (P < 0.05).  
No differences were detected in β1AR, β2AR and β3AR protein concentrations (P > 0.05).  
Protein was also run on acrylamide gels to separate MHC-I and II; ZINPRO fed cattle had a 
greater concentration of MHC-II protein (P < 0.05).  Muscle samples were cryosectioned (10 
µm) and immunoflourescence stained.  Myosin heavy chain-IIA and IIX cross-sectional areas 
were increased in ZINPRO fed cattle (P < 0.05).  Cattle fed ZINPRO had a greater percentage of 
MHC-I fibers (P < 0.05) and tended to have a higher percentage of MHC-IIA fibers (P < 0.10).  
Control cattle had a higher percentage of MHC-IIX fibers (P < 0.05).  Control cattle had a 
greater density of nuclei and less total muscle cells (P < 0.05).   There was a greater density of 
cells expressing Pax7 (P < 0.05), and tendency for an increased density of β3AR and internalized 
β2AR in ZINPRO cattle (P < 0.10).  Control cattle had a greater density of β2AR (P < 0.05).  
These results indicate that feeding ZINPRO and ZH together increases MHC-I, decreases MHC-
IIX gene expression, increases myosin protein concentration and increase muscle hypertrophy 
more than ZH alone. 
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Comparison of Revalor XS, a New Single Dose Implant, to a Revalor IS and Revalor S 
Implant Strategy in Finishing Steers   F. H. Hilscher1, G. E. Erickson1, M. N. Streeter2, B. D. 
Dicke3, R. J. Cooper3, D. J. Jordon3, and T. L. Scott3; 1University of Nebraska, Lincoln, 2Merck 
Animal Health, De Soto, KS, and 3Cattlemen’s Nutrition Services, Lincoln, NE  
A commercial feedlot study compared the effects of three implant strategies [Revalor IS/Revalor 
200 (RevIS), Revalor 200/Revalor 200 (Rev200), and Revalor XS/Revalor 200 (RevXS)] on 
performance and carcass characteristics of feedlot cattle.  Calf-fed steers (n = 1,408; initial BW = 
673 ± 23 lb) sourced in Nebraska, Nevada, and Utah were used in a randomized block design 
trial.  Steers were allocated to pens (n = 18) based on sorting every 2 steers into 1 of 3 pens prior 
to processing.  Pens were assigned randomly to 1 of 3 implant treatments.  Cattle were 
reimplanted on d 115 with Revalor 200. Mean days on feed across blocks was 195 d. Diets were 
the same for each treatment but varied across time with 49.9% dry rolled corn (range 54.6-
41.1%), 19.2% ADM-Synergy (range 28-0%), 19.6% WDGS (range 35-12%), 5% liquid 
supplement (range 5.2-4.1%), 3.9% mixed hay (range 4.0-3.5%), and 2.4% corn silage (range 3-
0%). Due to timing the first three replications of cattle were fed Zilmax for 20 d with a 3 d 
withdrawal and the last three replications were fed Optaflexx for 28 d.  Feeding of a beta-agonist 
was equal across treatments within a replication as all cattle were fed either Zilmax or Optaflexx.  
Live performance was calculated from pen BW shrunk 4% and carcass adjusted performance 
was based on HCW divided by a common dressing percentage of 64.5%.  Data were analyzed 
using the Glimmix procedure of SAS and pen served as the experimental unit.  There were no 
differences (P = 0.69) in DMI due to treatment.  Using carcass-adjusted performance, no 
differences (P ≥ 0.30) in final BW, ADG, or G:F were observed.  Similarly, there were no 
differences (P ≥ 0.46) in performance on a live BW basis.  Marbling score, 12th rib fat, and HCW 
were unaffected (P > 0.17) by implant strategies. Steers on the RevXS/200 treatment had larger 
(P < 0.01) LM area and decreased (P = 0.01) calculated yield grade compared to RevIS/200 and 
Rev200/200.  Steers in the RevXS/200 treatment group had greatest (P = 0.03) percentage of 
yield grade 1 carcasses compared to RevIS/200 with Rev200/200 being intermediate.  
RevXS/200 had the lowest (P = 0.01) percentage of yield grade 4 carcasses compared with 
RevIS/200 and Rev200/200.  Cattle that received Rev200/200 and RevXS/200 had an increase (P 
= 0.03) in the percentage of cattle that graded USDA Select vs RevIS/200 steers.  Cattle 
implanted with Revalor IS, 200, and XS initially followed by a common Revalor 200 performed 
similarly in both feedlot performance and carcass characteristics. 
 
 
Associations between feeding behavioral patterns and intake preceding an acute 
spontaneous outbreak of BRD in growing bulls K.S. Jackson1, G.E. Carstens1, L.O. Tedeschi1, 
and W.E. Pinchak2;   1Texas A&M University, College Station and 2Texas AgriLife Research, 
Vernon 
Bovine respiratory disease (BRD) remains the most costly disease of beef cattle in the U.S. 
Numerous studies have documented poor associations between BRD cases and the prevalence of 
lung lesions at harvest, demonstrating that current BRD-detection methods based on visual 
assessment of clinical symptoms are unreliable. Alterations in behavioral patterns associated 
with consumption of feed are among the earliest indicators of the onset of disease in cattle. 
Previous research, based on the use of electronic feed bunk attendance data, has demonstrated 
that morbidity could be predicted 3 to 4 d prior to observed clinical detection. Objectives for this 
retrospective analysis were to characterize time-series changes in feeding behavior traits and DM 
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intake preceding the occurrence of an acute spontaneous BRD outbreak and to identify feeding 
behavior traits most predictive of this outbreak. The study was conducted with 236 commercial 
seedstock bulls representing 5 breeds that were housed in a facility equipped with GrowSafe™ 
feed bunks at the Genetic Development Center in Navasota, TX. All bulls were vaccinated 
against standard viral and bacterial pathogens prior to and upon arrival, and adapted to the test 
diet for 28 d prior to the start of a 70-d data-collection period to measure feed efficiency. Bulls 
were weighed at 14-d intervals and daily DM intake and feeding behavior measured daily using a 
GrowSafe system. Time to bunk (TTB) was measured for each bull as the difference in time 
(min) from delivery of feed to the 1st feeding bout (FB) event. Bulls were checked twice daily for 
clinical signs of illness throughout the trial. During a 7-d period beginning on day 30 of the trial, 
35 bulls were treated for clinical symptoms of BRD, and thereafter the average DM intake 
declined for 4 consecutive days. Metaphylaxis therapy (Tulathromycin; Draxxin®) was 
administered to all bulls on day 37 of the trial. For the retrospective analysis DM intake and 
feeding behavior traits were computed as 3-d moving averages for each bull. Feeding behavior 
and DM intake (3-d moving averages) data preceding metaphylaxis therapy were fitted to a 2-
slope broken-line regression model in SAS to quantify inflection points (breakpoints) to identify 
time-series deviations in parameters preceding the BRD outbreak. The breakpoint for DM intake 
was 34.7 d, which preceded metaphylaxis therapy by 2.3 d. The linear slope for DM intake prior 
to the breakpoint was 0.01 kg/d, and declined after the breakpoint at -1.16 kg/d. Breakpoints for 
FB frequency and time to bunk occurred at d 30.0 and 32.1 d, which were 4.7 and 2.6 d prior to 
the breakpoint for DM intake. For FB frequency, the linear slopes were -0.02 and -3.34 events/d 
prior to and following the breakpoint. The linear slopes before and after the TTB break point 
were 0.20 and 4.95 min/d. The 2-slope broken-line model did not detect breakpoints prior to the 
BRD outbreak for FB duration or meal frequency and duration. These results demonstrate that 
the deviations in FB frequency and TTB occurred prior to the BRD-induced decline in DM 
intake. Further research is warranted to characterize phenotypic variation in feeding behavior 
patterns of healthy and morbid cohorts for the development of predictive algorithms of morbidity 
events. Results from this study demonstrate the potential value of electronic behavior-monitoring 
systems based on the use of active RFID technologies for accurate preclinical detection of BRD 
in feedlot cattle. 
 
 
Effects of type and level of limiters on feeding behavior and intake of supplement and 
forage in yearling beef cattle  J.R. Johnson, G.E. Carstens, J.E. Sawyer, J.G. Moreno and K.S. 
Jackson; Texas A&M University, College Station 
Self-limiting supplements are used to reduce the labor requirements associated with providing 
supplemental nutrients and feed additives to grazing cattle in order to optimize their 
performance. The cost-effectiveness of supplement limiters is dependent upon the uniform 
consumption of targeted amounts of supplement. Therefore, an effective self-limiting supplement 
needs to control intake in a consistent and uniform manor with minimal between-animal 
variability in intake. Limited research has focused on the effects of type or level of limiters on 
intake and behavioral patterns of supplement consumption. Moreover, few studies have 
examined between-animal variation associated with supplement intake. This study was 
conducted to examine the effects of type and level of limiter inclusion on intake and feeding 
behavior patterns of supplement and forage in yearling heifers and steers. In trial 1, 45 yearling 
heifers (initial BW = 338 ± 32 kg) were randomly assigned to one of three supplement 
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treatments: 1) inclusion of 15% salt (SALT-15), 2) inclusion of 8% malic acid (MAL-8), 3) 
inclusion of 15% malic acid (MAL-15). Supplement and forage intakes and feeding behavior 
triats were measured using a GrowsafeTM system. For each treatment, sudan hay (1.94 Mcal 
ME/kg DM and 9.20% CP DM) was offered in 6 bunks per pen and supplement in 2 bunks per 
pen. The SALT-15 and MAL-15 supplements contained 36% cracked corn, 28% wheat 
middlings, 17% CSM, 4% molasses and 15% salt or malic acid, whereas, the MAL-8 supplement 
contained 8% malic acid and 8% additional corn. Daily intakes, bunk visit (BV) frequencies and 
durations, and eating rates of forage and supplement were measured for 7 d following a 7 d 
adaptation period. In trial 2, 12 yearling steers (initial BW = 318 ± 28 kg) were fed bermudagrass 
hay (1.84 Mcal ME/kg DM and 6.9% CP DM) and supplement consisting of distillers dried grain 
and salt (25%). Forage and supplement intakes and feeding behavior traits were measured for 56 
d using GrowSafeTM system as described for trial 1. During the study, supplement intake tended 
(P = 0.11) to be lower when malic acid was used as the limiter, although level of malic acid 
inclusion did not affect supplement consumption. Forage intake was 3 to 10% higher (P < 0.05) 
for heifers consuming the malic acid vs salt-based supplements, however, level of malic acid 
inclusion did not affect forage intake. Consequently, heifers consuming the salt-based 
supplement tended (P < 0.06) to consume a larger proportion of total diet as supplement 
compared to heifers fed malic acid supplements (43 vs 30%). Between-animal variance in 
supplement intake was numerically higher for malic acid compared to salt-based supplements 
(53.5 vs 30.1% CV), despite differences in supplement salt inclusion rates (15 vs 25%) between 
trials, intakes and between-animal variances of supplement. Additionally, heifers spent 21 to 29 
min longer (P < 0.01) each day consuming the malic acid vs salt-based supplements. 
Consequently, eating rate (g/min) was 68 to 73% slower (P < 0.01) during consumption of malic 
acid vs the salt-based supplements. Although type of limiter affected forage intake, the type and 
level of supplement limiter had minimal effects on feeding behavior patterns associated with 
forage consumption. In conclusion, daily intakes and between-animal variation in supplement 
consumption were affected by type of limiter, but were not affected by level of limiter inclusion. 
Type of limiter had substantial effects on feeding behavior patterns associated with supplement 
consumption, with salt-based supplements being consumed at more than two-fold faster rates 
then malic acid based supplements. The substantial between-animal variation observed in 
supplement intake, demonstrates the challenges associated with the of using self-limiting 
supplements to effectively deliver supplemental nutrients and feed additives to optimize 
performance of grazing cattle. 
 
 
Beta agonist removal from beef production: A range of outcomes  M.D. Johnson1, D.P. 
Anderson1, T.A. Wickersham1, J.W. Richardson1, and J.E. Sawyer1 ; 1Texas A&M University, 
College Station 
Beta agonists are commonly used to increase feed efficiency in cattle and swine; their use results 
in increased meat production.  However, beta agonists have come under increased scrutiny 
recently by consumers and export market countries.  Analyses have previously been conducted 
estimating the price and quantity effects on the beef and pork industries of beta agonist removal.  
Our analysis extends previous research by incorporating a stochastic equilibrium displacement 
model (EDM) that generates a range of probabilistic economic impacts.  In this analysis, both 
zilpaterol hydrolchloride (ZH) and ractopamine hydrochloride (RH) are removed from beef and 
pork production.  Changes in profitability from the removal of the beta agonist technology for a 
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feedlot and packer/processor are used as exogenous shocks to the EDM.  An enterprise budget is 
used to estimate the change in profitability.  All enterprise budget variables influenced by the use 
of beta agonists are estimated with a production growth model.  Removing beta agonist 
technologies from beef and pork production induces several changes in the beef, pork, and 
poultry markets.  Table 1 shows the average percentage changes in quantity and price for each 
market sector along with the upper and lower 95% confidence intervals.   
 
Table 1. Percent Changes in Price and Quantity for Individual Market Sectors 

 
 
On average, removal of beta agonists from beef and pork production initially results in lower 
output and higher prices.  In the long run, beef and cattle supplies are reduced and prices 
increase.  The poultry sector, on average, increases supplies and lowers prices.  Results in pork 
are mixed, with increases in slaughter and carcass supplies falling to result in increased retail 
supplies; wholesale and retail pork prices are reduced while slaughter hog prices are increased.  
For all sectors, confidence intervals are wide, suggesting that further work to refine demand 
elasticities for each sector within each livestock value chain is needed.   
 
 
Effects of corn particle size on steer performance and carcass characteristics when fed diets 
with moderate amounts of wet distillers grains plus solubles   E. L. Lundy1, B. E. Doran1, E. 
Vermeer2, D. D. Loy1, and S. L. Hansen1 ; 1Iowa State University, Ames  and 2Midwest PMS, 
Merrill, Iowa  
Decreasing the particle size of corn increases starch availability, but finely ground corn often 
results in acidosis due to rapid rumen fermentation.  Feedlot cattle are often fed co-products from 
ethanol production that are low in starch, such as wet distillers grains plus solubles (WDGS). 
Combining WDGS and finely ground corn may result in a more favorable ruminal environment 
for increased total tract starch digestion, and thus increased cattle performance. The objective of 
this study was to determine the influence of corn particle size when fed in diets with moderate 
concentrations of WDGS on steer performance, carcass characteristics, and apparent total tract 
starch digestibility. Four hundred and ninety-five commercial yearling steers (849 ± 22.9 lbs)  
were fed one of two diets that included coarsely-cracked corn (CON; 2350 microns) or finely 
ground corn (FINE; 500 microns) with 35% WDGS (DM basis). Steers were stratified by weight 

Percent Change

Retail 
Beef 
Quantity

Wholesale 
Beef 
Quantity

Slaughter 
Cattle 
Quantity

Feeder 
Cattle 
Quantity

Retail Beef 
Price

Wholesale 
Beef Price

Slaughter 
Cattle Price

Feeder 
Cattle Price

Short-Term Average 3.20% 1.80% 1.98% 1.85% -4.76% -3.43% -5.23% 11.11%
Short-Term Lower Confidence Interval 1.52% 0.65% 0.71% 0.67% -11.28% -7.66% -12.25% 4.40%
Short-Term Upper Confidence Interval 5.35% 3.59% 3.95% 3.69% -1.41% -0.88% -1.39% 18.59%
Long-Term Average -1.47% -2.53% -4.49% 0.94% 2.11% 4.63% 10.62% 9.06%
Long-Term Lower Confidence Interval -2.95% -3.69% -5.76% -0.29% 0.06% 2.95% 7.67% 3.59%
Long-Term Upper Confidence Interval 0.06% -1.90% -3.80% 1.62% 5.97% 6.67% 14.55% 18.67%

Percent Change

Retail 
Pork 
Quantity

Wholesale 
Pork 
Quantity

Slaughter 
Hog 
Quantity

Retail Pork 
Price

Wholesale 
Pork Price

Slaughter 
Hog Price

Retail 
Poultry 
Quantity

Retail 
Poultry Price

Short-Term Average 9.29% 8.86% 9.20% -14.25% -14.96% 26.37% -3.04% 2.12%
Short-Term Lower Confidence Interval 5.91% 5.29% 5.49% -25.51% -25.19% 24.34% -9.80% 0.15%
Short-Term Upper Confidence Interval 13.69% 13.44% 13.96% -5.86% -7.79% 28.50% -0.64% 14.00%
Long-Term Average -0.49% 3.58% 3.18% -1.72% -7.22% 25.32% 0.53% -0.56%
Long-Term Lower Confidence Interval -11.21% -3.71% -4.46% -5.76% -11.47% 17.50% -1.10% -5.71%
Long-Term Upper Confidence Interval 2.79% 5.98% 5.65% 3.35% -3.53% 30.70% 3.12% 1.41%
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and housed in a slotted confinement facility with rubber mats.  Treatments were each replicated 
in 4 pens (n = 4) with 60 or 64 steers/pen to maintain a similar pen density. Fecal collections 
were taken from the pen surface at two time points on d 71/72 (Fecal-1) and d 127/128 (Fecal-2).  
Steers were harvested by weight blocks on d 127 and 128. Final body weight, dry matter intake, 
and feed conversion did not differ due to treatment (P ≥ 0.16).  Average daily gain was less in 
steers fed FINE compared to CON (P < 0.01; 4.43 and 4.05 lbs/hd/d, SEM 0.06 for CON and 
FINE, respectively).  Carcass characteristics including hot carcass weight, ribeye area, marbling 
score, backfat thickness, quality grade, yield grade, and liver abscess scores did not differ due to 
treatment (P ≥ 0.27).  A treatment by time effect (P < 0.01) was observed for fecal starch 
concentration, where steers fed FINE diets had consistently lesser fecal starch concentrations 
(3.0 and 3.2%, for Fecal-1 and Fecal-2, respectively) compared to steers fed CON diets which 
increased over time (14.3 and 17.6%, for Fecal-1 and Fecal-2, respectively; SEM 0.81).  A 
treatment by time interaction (P < 0.01) was also observed for apparent total tract starch 
digestibility of steers.  While starch digestibility of steers fed FINE diets did not differ across the 
2 sampling dates (98.0 and 97.6%, for Fecal-1 and Fecal-2, respectively), apparent total tract 
starch digestibility of steers fed CON diets decreased over time (90.28 and 85.74%, for Fecal-1 
and Fecal-2).  Results of this study suggest there may not be any benefit of further processing 
corn in diets with moderate inclusions of WDGS on steer feed intake, feed efficiency, or carcass 
characteristics. 
 
 
Harvest Yields of Serially Harvested Holstein Steers N. D. May¹, T. J. McEvers¹, L. J. 
Walter¹, J. A. Reed¹, J. P. Hutcheson², and T. E. Lawrence¹;  ¹West Texas A&M University, 
Canyon, ² Merck Animal Health, Summit, NJ. 
A 2 x 11 factorial treatment structure was applied in a randomized complete block design to 
investigate differences in harvest yields amongst serially harvested Holstein steers. Steers 
(n=110) were randomly assigned to one of two dietary treatments: a ration supplemented with 
zilpaterol hydrochloride (ZH) or a control ration (CON); within treatment, steers were assigned 
to harvest groups of 254, 282, 310, 338, 366, 394, 422, 450, 478, 506 or 534 days on feed 
(DOF). Treatment and DOF served as fixed effects and individual animal served as the 
experimental unit. Upon harvest, measurements of live body weight, head, hide, front and hind 
limbs, liver, lung, heart, kidney, kidney pelvic and heart fat (KPH), and hot carcass weight 
(HCW) were weighed and recorded. Following evisceration, the gastrointestinal tract was 
separated, opened, and removed of digesta by flushing with water to attain empty stomach and 
empty intestine weights. Empty body weight (EBW) was calculated as the sum of the HCW, 
total visceral organs, and empty gastrointestinal tract. Total visceral organs (VISC) were 
calculated as the sum of heart, lung, kidney, spleen, liver, and gallbladder. Empty gastrointestinal 
tract (GIT) was calculated as the sum of the empty stomach and empty intestine weights. 
Gastrointestinal contents (FILL) was calculated as the difference between live body weight and 
empty body weight. Non-carcass weights were analyzed on an EBW basis expressed as g/kg of 
EBW. Cattle fed ZH had heavier EBW (622.9 vs. 601.8, kg; P < 0.01) and HCW (432.5 vs. 
408.7, kg; P < 0.01) than CON steers. Both EBW and HCW increased linearly (P < 0.01) 
regardless of treatment throughout the experimental period. Moreover, steers fed the ZH diet had 
greater dressing percentage (62.39 vs. 60.00 %; P < 0.01) and less FILL (15.05 vs. 13.50 %; P < 
0.01) than CON steers throughout the experimental period.  Both VISC (34.52 vs. 36.37, g/kg 
EBW) and GIT (117.03 vs. 124.88, g/kg EBW) weights were reduced (P < 0.01) by feeding ZH. 
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While VISC mass decreased linearly (P < 0.01) with increasing DOF, GIT mass increased 
linearly (P < 0.01) with increasing DOF. Moreover, inclusion of ZH led to lower (P < 0.01) hide 
(81.06 vs. 84.52, g/kg EBW), front and hind limb (19.57 vs. 20.30, g/kg EBW), liver (13.70 vs. 
14.81, g/kg EBW), empty intestine (72.07 vs. 78.04, g/kg EBW), and kidney weights (2.42 vs. 
2.68, g/kg EBW) relative to the empty body and decreased linearly (P <0.01) throughout the 
experimental period with ZH inclusion. Additionally, ZH inclusion tended to decrease head (P = 
0.08) and heart (P = 0.06) weights relative to CON steers and decrease linearly (P < 0.01) across 
DOF. No treatment effects (P > 0.10) on weights of the empty stomach, lungs, and KPH relative 
to the empty body were observed. No DOF effect was observed (P >.10) for either stomach or 
lungs throughout the experimental period. However, KPH increased linearly (P < 0.001) with 
increasing DOF. Therefore, these data suggest that the substantial increase in dressing percentage 
of ZH supplemented cattle are due to reductions in hide, gastrointestinal fill, and mass of the 
gastrointestinal tract and visceral organs concurrent with the increase in HCW. 
 
 
Estimation of Empty Body Composition and Retained Energy of Calf-fed Holstein Steers 
Supplemented with Zilpaterol Hydrochloride T. J. McEvers1, N. D. May1, L. J. Walter1, J. A. 
Reed1, J. P. Hutcheson2, and T. E. Lawrence1 ; 1West Texas A&M University, Canyon, TX; 
2Merck Animal Health, Summit, NJ. 
A serial harvest was conducted every 28 d from 254 to 534 days on feed (DOF) to quantify 
changes in growth and composition of calf-fed Holstein steers (n = 110, initial BW = 449.2 ± 
19.9 kg).  One-half were supplemented with the β-2 adrenergic agonist zilpaterol hydrochloride 
(ZH; 8.33 mg/kg 100% DM basis) with the remainder fed a control (CON) ration during the final 
20 d followed by a 3 d withdrawal prior to harvest.  A group of 5 steers were randomly selected 
out of the contemporary group and harvested at 226 DOF, which served as a reference point for 
modeling purposes.  Cattle were randomly allocated to dietary treatment and harvest endpoint 
(254, 282, 310, 338, 366, 394, 422, 450, 478, 506, and 534 DOF) in a 2 x 11 factorial treatment 
structure and a randomized complete block experimental design conducted in the years 2012 and 
2013.  Cattle fed ZH had increased (P ≤ 0.02) hot carcass weight gain (HCWG; 66 g/d), HCWG 
to empty body weight gain ratio (HCWG:EBWG, 6.5%), empty body moisture (EBM; 1.5 %), 
and protein accretion (PA; 48 g/d) compared to CON steers, regardless of DOF.  Concomitantly, 
cattle fed ZH had less (P ≤ 0.03) empty body fat (EBF; 1.7 %) and fat accretion (FA; 92 g/d) 
compared to CON steers.  Utilizing readily available feed performance data (Days on feed 
(DOF), Dry matter intake (DMI), net energy for gain, Mcal/kg diet DM (NEg), and ZH 
supplementation, 0 = no, 1 = yes) equations were developed to determine body composition 
{EBF and empty body protein (EBP)} and retained energy (RE, Mcal).  For EBF, a four variable 
equation was developed with an R2 of 0.6207 and RMSE of 0.0293 [EBF, % = 0.7769 + 
(0.0003*DOF) + (0.0046*DMI, kg) – (0.4346*NEg) – (0.0167*ZH)].  For prediction of EBP, a 
single variable equation was developed with an R2 of 0.4062 and RMSE of 0.1471 [EBP, % = 
0.2234 – (0.0001*DOF)].  For prediction of RE, a three variable equation was developed with an 
R2 of 0.8784 and RMSE of 226.54 [RE, Mcal = -6835.79 + (6.17248*DOF) + (92.5533*DMI, 
kg) + (3129.34*NEg)].  Utilizing carcass performance measures (hot carcass weight, kg (HCW), 
subcutaneous fat thickness, cm (FT), estimated marbling score (IMF), and ZH supplementation, 
a four variable equation with an R2 of 0.6980 and RMSE of 0.2612 was developed for predicting 
EBF [EBF, % =12.663 + (0.0002*HCW, kg) + (0.0270*FT, cm) + (0.0022*IMF) – 
(0.0191*ZH)].  For prediction of EBP, a three variable equation with an R2 of 0.4668 and RMSE 
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of 0.0139 was developed [EBP, % =0.2365 - (0.0001*HCW, kg) - (0.0010*IMF) + 
(0.0045*ZH)].  For estimation of RE, a four variable equation was calculated with an R2 of 
0.9128 and RMSE of 191.79 [RE, Mcal = -1744.43 + (5.52305*HCW) + (222.775*FT, cm) + 
(10.9138*IMF) – (122.211*ZH).  This investigation proposes that shifts in accretion of fat and 
protein may explain the effects of β-agonists such as ZH on carcass gain and yield.  Furthermore, 
utilizing the equations developed with these serial harvest data, producers may be able to better 
predict endpoint composition and utilization of energy retained from the diet. 
 
 
Novel nasal and intestinal inoculants for feedlot receiving calves  E.R. Oosthuysen1, M.E. 
Hubbert2, M. Garcia1, M.R. Garner3, and C.A. Löest1; 1 New Mexico State University, Las 
Cruces, 2Clayton Livestock Research Center, New Mexico State University, Clayton, 3MicroBios 
Inc., Ithaca, NY 
Use of antibiotic feed additives is common practice to optimize production efficiency in the 
cattle feeding industry. The Food and Drug Administration is implementing a voluntary plan for 
the livestock industry to phase out certain antibiotics (FDA, 2013). Therefore, use of alternative 
natural products to replace antibiotic feed additives warrants investigation. This study evaluated 
the effects of novel nasal and intestinal inoculants on performance and health of feedlot receiving 
calves. Crossbred calves (n = 659, initial BW = 416 ± 1.4 lb) were blocked by 6 truckloads (104 
to 114 calves per truckload) arriving on different days at the Clayton Livestock Research Center. 
All calves received metaphylactic antibiotic treatment at initial processing, and were assigned to 
48 pens and 4 treatments in a randomized complete block design. Treatments were no inoculant 
(-PROB) or a novel intestinal inoculant (+PROB) in a factorial arrangement with no nasal 
inoculant (-NASAL) or a novel nasal inoculant (+NASAL). Both the nasal inoculant and the 
intestinal inoculant were bacterial mixtures of Enterococcus faecium (EF510), Lactobacillus 
acidophilus (LA210), and Pediococcus acidilacticii (PA910) to supply 2 × 107 cfu per bacterium 
for each calf daily. Pens of calves assigned to +NASAL received a 5-mL spray of a gelatinous 
solution containing the bacterial mixture in each nasal cavity upon initial processing, and pens of 
calves assigned to +PROB received a diet top-dressed with the bacterial mixture from d 0 to 56. 
Pen of calves were weighed on d 0, 28, and 56, and morbidity was recorded throughout the 
experiment. No NASAL × PROB interactions (P ≥ 0.15) occurred for calf BW, ADG from d 28 
to 56 and from d 0 to 56, DMI, and F:G. A tendency for a NASAL × PROB interaction (P = 
0.09) occurred for ADG from d 0 to 28. Calf ADG tended to be lower for +NASAL than –
NASAL (1.28 vs. 1.44 ± 0.17 lb/day) when receiving no intestinal inoculant (–PROB), and calf 
ADG tended to be lower for –NASAL than +NASAL (1.24 vs. 1.43 ± 0.17 lb/day) when 
receiving the intestinal inoculant (+PROB). For morbidity, a tendency for a NASAL × PROB 
interaction (P = 0.10) occurred for percentage of first pulls, and a NASAL × PROB interaction 
(P = 0.04) occurred for percentage of total pulls. Percentage of calves pulled for signs of 
morbidity were greater for +NASAL than –NASAL (10.9 vs. 7.5 ± 0.04%) when receiving no 
intestinal inoculant (–PROB), and were greater for –NASAL than +NASAL (14.7 vs. 8.1 ± 
0.04%) when receiving the intestinal inoculant (+PROB). Morbidity of calves receiving both 
inoculants +NASAL and +PROB was not different to morbidity of calves receiving no 
inoculants -NASAL and –PROB. Overall mortality was 0.45%. In summary, lower ADG was 
consistent with a numerically lower DMI associated with morbid calves. The novel nasal and 
intestinal inoculants did not improve performance and health of feedlot receiving calves. Limited 

159



response to these inoculants could be due to insufficient doses of the bacterial mixture, and(or) 
due to metaphylactic antibiotic treatment and low incidences of morbidity and mortality. 
 
 
Performance of steers fed alkaline treated corn residue in growing and finishing rations 
S. J. Peterson, B. L. Nuttelman, C. J. Schneider, D. B. Burken, J. C. MacDonald, and G. E. 
Erickson; University of Nebraska, Lincoln 
Two studies were conducted to quantify performance and carcass characteristics of cattle fed 
growing and finishing diets containing alkaline treated corn residue and distillers grains. In Exp. 
1, 480 yearling steers (BW = 313 ± 8 kg) were used in a 2 x 2 factorial arrangement of 
treatments to evaluate alkaline treatment of corn residue and pelleting in growing diets. Factors 
were corn residue with (TR) and without alkaline treatment (UNT), and diets that were either 
mixed (UNP) or pelleted (PEL). UNP contained modified distillers grains plus solubles (MDGS) 
and alkaline treatment of forage consisted of 5% CaO and hydration to 50% DM. PEL contained 
dry distillers grains plus solubles and 50% of the residue was treated with 6.6% Ca(OH)2 after 
hydration to 65% DM. Corn residue used in all diets originated from the same source, and all 
diets contained 60% baled corn residue, 36% distillers grains, and 4% supplement, which was 
formulated to provide 200 mg/steer daily of monensin. There was no pellet x treatment 
interaction (P > 0.18) observed for this trial. Ending BW, DMI, and ADG were increased due to 
pelleting (P < 0.01), although PEL resulted in poorer G:F (P < 0.01). Alkaline treatment 
increased ending BW, DMI, and ADG (P < 0.01). TR improved G:F in PEL and UNP (6% and 
1%, respectively; P < 0.05) compared to UNT. In Exp. 2, 378 steer calves (BW = 320 ± 7 kg) 
were used in a 2 x 3 + 1 factorial arrangement of treatments, including a dry rolled corn, MDGS, 
and 5% untreated stalks control diet. The 2 x 3 factorial diets contained MDGS (20 or 40%) with 
alkaline stalks (10, 20, or 30%) treated at 50% DM with 5% CaO. All diets contained 4% 
supplement formulated to provide 330 mg/steer daily monensin and 90 mg/steer daily of tylosin. 
An interaction was observed for G:F on a carcass (P < 0.10) and live BW basis (P < 0.05). G:F 
increased linearly (P < 0.01) when TR was increased within 20% MDGS but increased 
quadratically when TR increased in diets with 40% MDGS. Intakes were not affected by 
treatment (P > 0.18). Both final BW and ADG decreased linearly (P < 0.01) as TR increased 
within 20% MDGS. However, quadratic decreases were observed (P < 0.01) within the 40% 
MDGS diets. Dressing percentage decreased linearly (P < 0.01) when TR were included with 
40% MDGS and decreased quadratically (P = 0.05) when fed with 20% MDGS. A linear 
decrease in fat depth was observed as TR increased for both 20 and 40% MDGS (P < 0.01). Exp. 
1 concluded that TR and PEL create desirable DMI and ADG, however G:F only improved with 
TR. Exp. 2 determined that TR can be included up to 20 % in a 40% MDGS diet, however 10% 
TR should not be exceeded in a 20% MDGS diet. Collectively, the studies demonstrate that 
acceptable results can be achieved with TR inclusion, however economics should be the deciding 
factor on its use. 
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Objective Biometric Measurements of Calf-fed Holstein Steers Fed in Confinement  
 J.A. Reed1, N.D. May1, T.J. McEvers1, L.J. Walter1, M. Garrison2, J.P. Hutcheson3, T.E. 
Lawrence1;1West Texas A&M University, Canyon, 2Performance Cattle Company LLC, 
Amarillo, TX, 3Merck Animal Health, Summit, NJ 
Understanding the optimal slaughter point for calf-fed Holsteins based on hip height has recently 
become a contemporary issue in the industry.  Carcass size increases in terms of both weight and 
length has outpaced the ability of the some abattoirs to handle the larger animals.  Moreover, 
some abattoirs have begun rejecting animals that exceed 147.32 cm (58 inches) at the hip; this 
has created a challenge for many Holstein feeders.  The objective of this study was to quantify 
the growth rate of calf-fed Holstein steers fed in confinement.  Hip-height of calf-fed Holstein 
steers (n ≤ 135) was measured (Performance Cattle Company, LLC, Amarillo, TX) every 28 d 
from 226 to 422 days on feed.  For consistency, the same researcher performed the 
measurements each time the cattle were evaluated.  Hip-height as a dependent variable was 
modeled using the REG procedure of SAS (SAS Institute, Cary, NC) using days of age and live 
weight as independent variables.  Additionally, the GLIMMIX procedure was used to estimate 
the probability of a steer exceeding a hip-height of 147.32 cm (58 inches) from independent 
variables of days of age and live weight.  The linear relationship of live weight to hip height had 
an R2 value of 0.7116, and on average the calf-fed Holstein steers grew 1.0 cm per 16.9 kg of live 
weight gain.  The 10, 50, and 90% probability of a steer exceeding 147.32 cm (58 inches) of hip 
height was achieved at 563, 653, and 743 kg of live weight, respectively.  The linear relationship 
of days of age to hip height had an R2 value of 0.6691; calf-fed Holstein steers grew 1.0 cm for 
each 10.7 days of age.  The 10, 50, and 90% probability of a steer exceeding 147.32 cm (58 
inches) of hip height was achieved at 408, 459, and 510 days of age, respectively.  Knowledge of 
Holstein steer growth rate in relation to live weight and age may allow for sorting to prevent 
oversized cattle arriving at the abattoir.  
 

Effect of surgical castration with or without oral meloxicam on the acute inflammatory 
response in yearling beef bulls  S. L. Roberts1, H. D. Hughes1, N. C. Burdick Sanchez2, J. A. 
Carroll2, J. G. Powell3, D. S. Hubbell4, and J. T. Richeson1 ;  1 West Texas A&M University, 
Canyon, 2Livestock Issues Research Unit, USDA-ARS, Lubbock, TX, 3University of Arkansas, 
Fayetteville,  4Livestock and Forestry Research Station, University of Arkansas, Batesville 
Pain management and welfare are increasingly prevalent concerns within animal agriculture and 
oral analgesics may alleviate the pain associated with castration. This study was conducted to 
elucidate the effects of surgical castration on the acute inflammatory response and 
immunomodulation and whether concurrent oral administration of meloxicam (1 mg/kg BW) 
ameliorates these responses. On d -1, crossbred bull calves (n=31; initial BW = 227.4 ± 10.3 kg) 
were fitted with indwelling jugular cannulas and rectal temperature probes, placed into 
individual stanchions, and assigned randomly to 1 of 3 treatments. Treatment application 
occurred at h 0 and consisted of: 1) intact bulls with sham castration (CON), 2) surgical 
castration (CAS), and 3) surgical castration with oral meloxicam (MEL). Blood samples were 
collected at 0.5-h intervals from h -2 to 4 h, 1.0-h intervals from h 4 to 8 h, and 12-h intervals 
from h 12 to 72 h. Serum was analyzed for cortisol and haptoglobin (Hp) concentrations using 
ELISA. Whole blood was analyzed for complete blood cell counts at -2, 0, 2, 4, 6, 8, 12, 24, 36, 
48, 60, and 72 h. Post-castration rectal temperature was greatest for MEL, intermediate for CAS, 
and least for CON (P=0.01). Serum cortisol was increased (P<0.001) for CAS and MEL 
compared to CON during the post-castration period. At 0.5 and 1.5 h, cortisol was greater in 
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CAS and MEL than CON; whereas, at 2 and 2.5 h CAS was greatest, MEL was intermediate and 
CON was least (trt x time; P<0.001). Total white blood cell (P≤0.04), lymphocyte (P≤0.02) and 
monocyte (P≤0.002) counts were greatest for CAS, intermediate for MEL and least for CON. 
The change in serum Hp, relative to baseline concentrations, was reduced for MEL at 36 
(P<0.01) and 60 h (P≤0.03) and the overall Hp concentration was least for MEL (P<0.001). Oral 
administration of meloxicam altered the acute inflammatory response in castrates, as evidenced 
by a reduction in Hp and certain leukocyte concentrations. Nevertheless, further research is 
needed to determine if these alterations might impede convalescence from the castration 
procedure. 
 
 
Supplemental trace minerals (Zn, Cu, and Mn) as sulfates, organic amino acid complexes, 
or hydroxy trace mineral sources for shipping-stressed calves  A.W. Ryan1, E. B. Kegley1, J. 
Hawley1, J. A. Hornsby1, J. L. Reynolds1, and S.B. Laudert2 ;   1University of Arkansas, 
Fayetteville,  2Micronutrients, Indianapolis, IN 
The objective of this study was to evaluate the effect of trace mineral supplementation from 
sulfate, organic amino acid complexes, or hydroxy sources on growth performance, morbidity 
and immune response to bovine viral diarrhea (BVD) vaccination in newly-received stocker 
cattle. Crossbreed calves (n = 350; average BW = 528 ± 2.3 lb) were obtained from regional 
livestock auctions. Within each arrival set (block, n = 4), calves were stratified by BW and sex, 
and allocated into 1 of 8 pens (10 to 12 calves/pen). Pens were assigned randomly to 1 of 3 
treatments consisting of supplemental Zn (360 mg/d), Cu (125 mg/d), and Mn (200 mg/d) from 
sulfate (n = 2 pens/block), organic complexes (Availa®4, Zinpro Corp., Eden Prairie, MN; n = 3 
pens/block), or hydroxy (IntelliBond®, Micronutrients, Indianapolis, IN; n = 3 pens/block) trace 
mineral sources fed over a 42 (block 4) to 45-d (blocks 1, 2, 3) backgrounding period. Cattle 
were observed daily for signs of morbidity from bovine respiratory disease (BRD) and treated 
according to a preplanned protocol if rectal temperature exceeded 104o F. Serum samples for 
BVD antibody titer analysis were obtained on d -1, 14, 28, and final day from the calves in 2 
blocks (n = 175). Data were analyzed using the MIXED procedure of SAS with treatment as a 
fixed effect, block as a random effect, and pen as the experimental unit. When dead (n = 1) and 
chronic (n = 6) calves were removed from the dataset, final BW did not differ among treatments 
(617 ± 9.3 vs. 623 ± 7.6 vs. 616 ± 7.6 lb for sulfate, organic complexes, and hydroxy, 
respectively; P = 0.86) or ADG (2.07 ± 0.10 vs. 2.17 ± 0.08 vs. 2.04 ± 0.08 lb for sulfate, organic 
complexes and hydroxy, respectively; P = 0.49). For all calves, dietary treatments had no effect 
on the number treated once (P = 0.95), twice (P = 0.71), or 3 times (P = 0.55) for BRD, or on the 
number of calves classified as chronic (P = 0.81). Trace mineral source had no effect (P = 0.81) 
on average medical cost per calf. Antibody titer response to BVD vaccination was not affected 
by trace mineral source (treatment × day, P = 0.95). Based on results from this experiment, 
source of trace mineral supplementation did not affect total weight gain, ADG, morbidity, 
medical costs, or antibody titer response to BVD vaccination during the receiving phase in 
shipping stressed calves. 
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Effects of zilpaterol hydrochloride on performance, carcass characteristics, and speed of 
movement of steers consuming rations with different concentrations of ruminally 
degradable protein   K. L. Samuelson, M. E. Hubbert, and C. A. Löest; Clayton Livestock 
Research Center, New Mexico State University, Clayton 
Zilpaterol hydrochloride (ZH; Zilmax, Merck Animal Health) is a commercially available beta-
adrenergic agonist that increases cattle performance when supplemented the last 20 to 40 days of 
finishing. Increased performance associated with the use of repartitioning agents may alter 
livestock requirements. Cattle receiving ZH may recycle less N as a result of increased protein 
synthesis and thus require a greater supply of ruminally degradable protein (RDP). This study 
evaluated the effects of ZH on performance, carcass characteristics, and speed of movement of 
steers consuming diets with increasing dietary RDP supplied as urea. At approximately 155 days 
on feed, 430 steers (969 ± 9.8 lb initial body weight) were sorted into 36 soil-surfaced pens (40 
ft. × 115 ft., with 36 ft. bunk line) in 3 blocks (12 pens per block; 11 to 12 steers per pen). Before 
the experimental period was initiated, cattle received a finishing diet with 0.5% urea and no ZH. 
The experiment was a randomized complete block design consisting of 6 treatments (6 pens per 
treatment). Treatments were a 2 × 3 factorial arrangement of 0 mg or 75 mg ZH per steer daily 
supplemented to finishing diets containing 0% urea (13.7% CP, 7.3% RDP), 0.5% urea (14.4% 
CP, 8.4% RDP), or 1.0% urea (15.8% CP, 9.7% RDP) of dietary DM. Treatments were fed for 
24 days (due to beef processing plant availability) followed by a 3-day withdrawal period from 
ZH. On the day of harvest, steers were weighed and transported to a commercial abattoir. The 
time for cattle to walk from their pens to the scale platform was recorded. No ZH × urea 
interactions (P ≥ 0.11) occurred for performance or carcass traits. Increasing dietary urea linearly 
decreased (P = 0.01) DMI (19.1, 19.0, and 17.6 ± 0.77 for 0, 0.5, and 1.0% urea) and ADG (2.2, 
2.2, and 1.9 ± 0.10 for 0, 0.5, and 1.0% urea). A tendency for a linear decrease (P = 0.10) in 
HCW (825, 822, and 815 ± 29 for 0, 0.5, and 1.0% urea), and a quadratic increase (P = 0.07) in 
marbling score (43, 45, and 44 ± 1.58 for 0, 0.5, and 1.0% urea) was observed as urea increased 
in the diet. Cattle fed ZH had 16% greater (P < 0.01) ADG (1.95 and 2.28 ± 0.09 for 0 and 75 
mg ZH), 6% lower (P = 0.01) DMI (19.2 and 18.0 ± 0.74 for 0 and 75 mg ZH), and 19% lower 
(P < 0.01) F:G ( 10.0 and 8.0 ± 0.65 for 0 and 75 mg ZH). In addition, ZH increased HCW (P < 
0.01; 804 and 837 ± 28.6 for 0 and 75 mg ZH), dressing percentage (P < 0.01; 64.5 and 66.9 ± 
0.35 for 0 and 75 mg ZH), LM area (P < 0.01; 13.7 and 14.7 ± 0.83 for 0 and 75 mg ZH), and 
improved yield grade (P = 0.02; 2.8 and 2.6 ± 0.15 for 0 and 75 mg ZH). Feeding ZH did not 
affect (P ≥ 0.28) marbling score (43.8 and 44.2 ± 1.5 for 0 and 75 mg ZH), 12th rib fat depth 
(0.49 ± 0.04 for 0 and 75 mg ZH), KPH (1.8 ± 0.02 for 0 and 75 mg ZH), percentage of 
carcasses grading Choice or better (60.0 ± 0.07 for 0 and 75 mg ZH). Steer speed of movement 
was not affected (P ≥ 0.19) by ZH or dietary urea. Steer morbidity and mortality were 0% during 
the 27-day experimental period. In conclusion, no interaction between ZH and dietary urea 
indicated cattle supplemented with ZH did not require additional RDP in the diet to maximize 
performance. Increasing dietary urea decreased performance of feedlot cattle during the last 27 
days of the finishing period, regardless of ZH. 
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Evaluation of Ammoniated Wheat Straw in Receiving and Growing Diets   E.R. Schlegel, 
S.P. Montgomery, J. Waggoner, C.I. Vahl, B.E. Oleen, W.R. Hollenbeck, and D.A. Blasi; Kansas 
State University, Manhattan 
Drought conditions in the past have created a shortage of prairie hay and other grass hays that are 
used as roughage source for growing beef diets. Historically, wheat straw can be purchased and 
ammoniated at a cost lower than that of prairie hay. While there are studies that show the 
efficacy of utilizing ammoniated wheat straw in finishing cattle or beef cow production, little 
information is available on the use and outcome of including this feedstuff in beef cattle 
receiving and growing diets. The objective of this study was to compare the performance 
outcomes of receiving and growing calves fed total mixed rations containing either wheat straw 
(WS), ammoniated wheat straw (AWS), or prairie hay and alfalfa (CON) at 30% inclusion in 
conjunction with 40% wet corn gluten feed and 30% concentrate on a dry matter basis. Three 
semi loads representing 288 steers (598 lb initial body weight) were purchased from 3 single 
sources (Boliver, MO; Lindsborg, KS; and Seymour, TX) and transported to the Kansas State 
Beef Stocker Unit over a 3-day period (June 4 through 6, 2013). Upon arrival, all calves were 
weighed, tagged, and moved to pens with ad libitum access to long-stemmed prairie hay and 
water. The following day calves were vaccinated with Bovi-Shield Gold 5 (Zoetis, Exton, PA), 
Nuplura (Novartis Animal Health, Larchwood, IA), and Bar-Vac 7 (Boehringer Ingelheim, St. 
Joseph, MO); mass-medicated with Zuprevo (Merck Animal Health, Summit, NJ); and 
dewormed using Safe-Guard (Intervet, Millsboro, DE) oral drench. Each load (three total) was 
blocked by arrival and randomly assigned to one of three treatments for a total of 24 pens. Feed 
bunks were checked daily at approximately 7:00 a.m. and feed was delivered at approximately 
9:00 a.m. each day in amounts sufficient to allow for approximately 0.25-lb/animal daily of feed 
refusal. Each pen of calves was fed its respective diet for 56 days, calves were then fed a 
common diet for an additional 14 days to equalize gut fill. Calves were weighed on days 0, 28, 
56, and 70. Dry matter intakes, average daily gains, and feed efficiencies were calculated for 
each period for each pen of calves. Body weights taken after Day 0 were analyzed separately in a 
mixed model using the MIXED procedure in SAS (SAS Institute, Cary, NC) with treatment as a 
fixed effects factor, Day 0 bodyweight as a fixed covariate and source of cattle as a random 
effect. Resulting least squares treatment means for these ANCOVA models were computed at the 
mean of the Day 0 bodyweights. All other response variables were analyzed in a mixed model 
with treatment as a fixed effect and source of cattle as a random effect. No effects of straw 
ammoniation were observed when compared to the wheat straw diet. Final body weight and 
average daily gain were not different between ammoniated wheat straw and wheat straw (P > 
0.60). Our results suggest that in diets containing 40% wet corn gluten feed, feeding 30% of diet 
dry matter as wheat straw yields performance similar to that obtained by feeding ammoniated 
wheat straw.  
 
 
Effects of Feeding Distillers Grains in a Yearling Beef System on Animal Performance and 
Meat Quality  K. M. Sudbeck, K. L. Gillespie, J. C. MacDonald, C. R. Calkins, T. J. 
Klopfenstein, G. E. Erickson, T. P. Carr; University of Nebraska- Lincoln 
Distillers grains fed in a yearling beef production system were evaluated to determine the effects 
of lifetime exposure to distillers grains on meat quality characteristics. Crossbred heifers (n = 
229; initial BW = 496 lb ± 4.4) were used in a randomized block design in a 2 x 2 x 2 factorial 
arrangement of treatments. Factors included winter supplementation while grazing corn stalks 
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with modified distillers grains at 2 lb (Lo-W) or 5 lb (Hi-W) on DM basis; summer grazing 
supplementation with dry DGS at 0.6% BW (DG-S) on DM basis daily or no supplementation 
(No-S); and finishing diet containing 40% Sweet Bran (SB-F) or 40% modified DGS (DG-F) on 
DM basis. Sweet Bran was only used in the finishing period as a control for comparison of meat 
quality attributes with distillers grains. Heifers were limit fed 5 d and then weighed 2 consecutive 
d prior to the start and end of each production phase. Choice grade strip loins (n = 11-13) were 
collected and fabricated into 1 in steaks after 7 and 21d postmortem. Discoloration scores were 
determined during 7-d retail display by a trained panel.  Fatty acid analysis was performed by 
chloroform-methanol lipid extraction and production of fatty acid methyl esters. The Hi-W 
supplementation increased winter ADG 0.40 lb (P < 0.01), creating a 73 lb BW advantage that 
increased HCW 33 lb (P = 0.03). The DG-S increased summer ADG 0.44 lb (P < 0.01) leading 
to a HCW increase of 22 lb (P = 0.10), but No-S improved F:G from 9.05  to 8.63 (P = 0.07). 
The Hi-W supplementation increased discoloration 15% compared to Lo-W supplementation (P 
< 0.01). Summer supplementation interacted with finishing diet (P = 0.01), with DG-S increasing 
discoloration by 30% within SB-F (P = 0.01); but no differences in steaks from DG-F cattle (P = 
0.95). Finishing diet had no effect (P > 0.10) on discoloration scores the first 5 d or first 3 d for 
steaks aged 7 and 21 d, respectively; however, scores increased for the DG-F (P < 0.01) 
compared to SB-F the remaining days of retail display. Winter supplementation interacted with 
finishing diet  within SB-F, with Hi-W causing fatty acid 18:2 and total polyunsaturated fatty 
acids concentrations on a weight percentage of muscle tissue basis to increase 21% and to 
increase 19% (P = 0.02 and 0.01, respectively), but no differences in DG-F steaks (P = 0.43 and 
0.33, respectively).  Supplementing with DGS prior to finishing increased HCW and was not 
additive in impacting the color stability and overall shelf-life of retail beef when finished using 
DGS, however, distillers grains fed during the backgrounding phase can affect beef quality when 
DGS are not included in the finisher.  
J. Anim. Sci. 2013. 91 (Suppl. 2):53. (Abstr). J. Anim. Sci. 2014. 92 (Suppl. 2):49. (Abstr). 
 
 
Interaction of various inclusion levels of dietary vitamin D2 enriched yeast cell wall with 
zilpaterol hydrochloride on dry matter intake and post mortem tenderness in feedlot steers 
A. J. Thompson1, F. R. B. Ribeiro1, J. E. Hergenreder1, W. C. Burson1, B. J. Ragland1, A. D. 
Hosford1, J. R. Corley2, and B. J. Johnson1 ;   1Texas Tech University, Lubbock,  2Lesaffre Feed 
Additives, Milwaukee, WI  
The objectives of this study were to examine the impact of various inclusion rates of vitamin D2 
enriched yeast cell wall (YCW) on performance and carcass characteristics of cattle finished 
with zilpaterol hydrochloride (ZH). Crossbred steers (n = 192; BW = 546 ± 11 kg) were blocked 
by BW in a randomized block design and randomly assigned to pen (6 pens/block; 4 hd/pen). 
Pens within block were assigned to one of six treatments (8 pens/treatment): 1) negative control 
(-CON; no ZH, no YCW), 2) positive control (+CON; ZH, no YCW), 3) vitamin D2 YCW 
containing 100,000 IU vitamin D2/gram (2.5 g/hd/d), 4) vitamin D2 YCW (5.0 g/hd/d), 5) 
vitamin D2 YCW (10.0 g/hd/d), 6) YCW C-wall product (2.5 g/hd/d). Steers were supplemented 
with respective treatments for the 51 d duration of the trial, of which ZH was supplemented d 28-
47. Daily DMI was recorded and BW was collected at d 0, 28, and 51. Carcass data was 
collected upon harvest and ten choice strip loins were randomly collected from each treatment 
for further analysis. Strips were cut into steaks and assigned to one of four aging periods (7, 14, 
21, 28 d). Tenderness was estimated using Warner-Bratzler shear force (WBSF). Data were 
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analyzed using a randomized block design with the fixed effect of treatment and the random 
effect of block. Warner-Bratzler shear force values were analyzed using the same model, 
including aging period as an additional factor. Dry-matter intake showed a significant quadratic 
relationship (P = 0.01) for increasing levels of D2 YCW for the entire feeding period, with the 
greatest intake in the 10.0 g treatment (10.30, 10.27, and 10.66 kg/d respectively). All ZH fed 
treatments had numerically greater WBSF values than negative control, but values among ZH 
treatments were insignificant across all aging periods. There was a tendency for lower WBSF 
values in the 10.0 g D2 YCW treatment when compared to positive control (P = 0.10, 0.06, 0.10, 
and 0.09), and WBSF values of steaks from the 10.0 g YCW treatment ranged from 0.44 (d 21) 
to 0.69 (d 7) kg lower than positive control for all aging periods. Results indicate that yeast cell 
wall supplementation could increase performance of finishing steers during ZH supplementation, 
while vitamin D2 supplementation may have positive effects on tenderness. 
 
 
The effects of dietary energy density and intake restriction on apparent maintenance 
energy requirements of beef cows  L. A. Trubenbach, T. A. Wickersham, and J. E. Sawyer;  
Texas A&M University, College Station 
Intensification of cow calf systems may offer a mechanism to increase the land use efficiency of 
beef production if intensification generates efficiency gains. To determine effects of dietary 
energy density and intake restriction on energy requirements of beef cows, 32 crossbred cows 
were individually fed using Calan gates. Cows were fed either a high energy density (H; 0.70 
Mcal NEm/kg) or low energy density (L; 0.49 Mcal NEm/kg) diet at two levels of intake to 
achieve 80 or 120 % of maintenance energy requirements as predicted by the NRC model. Cows 
were blocked by BW and treatments were applied in a 2 × 2 factorial to yield four treatment 
combinations (H80, H120, L80 and L120). After initial treatment application [d (-7)], cows were 
weighed daily for seven days to detect a measurable fill change. To adjust for fill differences, 
total weight gain was measured from d (-4) to d 42. On both days (-7) and 42, 12th rib and hip 
fat thickness were measured via ultrasound. Equations from the NRC model were utilized to 
calculate heat energy (HE) for individual animals. All responses were analyzed as a randomized 
block design with a factorial treatment arrangement. No energy density by intake level 
interactions were observed for any response (P > 0.05). While there was a difference (P < 0.01) 
in initial body weight between energy density groups due to differential fill loss prior to d 0, 
neither diet energy density (P = 0.09) nor intake restriction (P = 0.13) significantly affected 
change in BW over the 46 d observation period. Similarly, neither diet energy density nor intake 
restriction affected change in rib fat or hip fat (P > 0.05). Cows fed H had 11.6 % lower  (P < 
0.01) HE�d-1 and 9.9 % lower maintenance requirements (daily HE/kg BW0.75; P < 0.01) than 
cows consuming the low energy density diet. Cows fed 80 had 28.7 % lower (P<0.01) HE d-1 
and 29.1 % lower maintenance requirements (P<0.01) compared to cows fed 120. Based on the 
equation estimating NEm requirements to be equal to: 0.77BW0.75, residual maintenance energy 
requirements were less in both high energy fed (P < 0.01) and limit fed (P < 0.01) cows. These 
results suggest that increasing diet energy density and restricting intake reduce apparent 
maintenance requirements of beef cows, and that these effects are additive. Substantial gains in 
efficiency of maintaining beef cows in intensive systems can be achieved by limit feeding an 
energy dense ration. 
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The Effect of Days on Feed and Zilpaterol Hydrochloride Supplementation on Feeding 
Behavior and Live Growth Performance of Holstein Steers   L. J. Walter1, T. J. McEvers1, N. 
D. May1, J. A. Reed1, J. P. Hutcheson2, T. E. Lawrence1 ;  1West Texas A&M University, Canyon,  
2Merck Animal Health, Summit, NJ 
This experiment was designed to study the effect of days on feed (d 225-533) and zilpaterol 
hydrochloride (ZH) supplementation on calf-fed Holstein steer performance and meal 
consumption as part of a serial slaughter trial. Steers were randomly assigned to one of eleven 
harvest dates with ten steers (n=5 control and n=5 ZH, ZH at 8.33 mg/kg diet) harvested at 
conclusion of each 28 d feeding period. Steers were weighed every 28 d (d 225, 253, 281, 309, 
337, 365, 393, 421, 449, 477, 505 and 533) and individual daily meal consumption data for each 
steer was recorded using GrowSafe™ technology. In the pre-ZH period, dry matter intake 
expressed a negative quadratic relationship with DOF {DMI = -5.7120 + (0.08370 * DOF) – 
(0.00011*DOF2); Adj. R2 = 0.2574; RMSE = 0.8235; P <0.01}.  A linear increase in BW (P < 
0.01) occurred during the 308 d pre-ZH study period from 466 to 844 kgs, {BW = 80.745 + 
(1.5233*DOF); Adj. R2 = 0.9085; RMSE = 33.178; P < 0.01} whereas ADG and G:F decreased 
linearly. Dry matter intake per meal exhibited a quadratic relationship over DOF and peaked (P < 
0.01) during days 365 to 392 at 1.065 kg coinciding with the highest numerical daily DMI 
(11.189 kg).  Daily meal duration expressed a linear relationship, increasing from 78.27 to 87.32 
min/d over the 308 day study period while single meal duration expressed a quadratic 
relationship in the pre-ZH period.  During the ZH supplementation period, a DOFxZH 
interaction (P = 0.06) tended to occur for DMI with days 337-364 and 365-392 having 
uncharacteristic similar DMI between ZH and control cattle. The overall difference in DMI 
between control and ZH across all 11 periods averaged 0.575 kg. Gain to feed tended to improve 
(P = 0.07) with ZH treatment by 0.017 kg gain per kg feed relative to the control cattle. 
Zilpaterol hydrochloride treatment resulted in a decreased DMI per meal of 0.093 kg (P < 0.01) 
over the 20 day treatment period. Daily duration at the bunk was influenced by ZH during the 20 
day treatment period and during the 3 day withdrawal period (P < 0.01 and P = 0.05, 
respectively); the average difference between control and ZH supplemented cattle over the 308 
day trial was 11.31 and 6.41 minutes per day, respectively.  The data collected in this trial 
indicates a relationship of both days on feed and ZH to live growth performance and feeding 
behavior characteristics.  
 
 
Phosphorus and Calcium Retention in Serially Harvested Cattle 
A.K. Watson3, T.J. McEvers1, M.P. McCurdy2, M.J. Hersom2, L.J. Walter1, N.D. May1, J.A. 
Reed1, N.A. Cole4, K.E. Hales5, G.W. Horn2, J.P. Hutcheson6, C.R. Krehbiel2, T.E. Lawrence1, 
J.C. MacDonald3, G.E. Erickson3; 1West Texas A&M University, Canyon, 2Oklahoma State 
University, Stillwater, 3University of Nebraska, Lincoln, 4USDA-ARS-CPRL, Bushland, TX; 5US 
Meat Animal Research Center, Clay Center, NE; 6Merck Animal Health, De Soto, KS 
Data from 3 serial harvest trials were utilized to calculate phosphorus and calcium retention in 
cattle.  Trial 1 evaluated three rates of gain during a growing period followed by a common 
finishing diet utilizing British crossbred steers.  Four steers were harvested from each treatment 
following the growing period (120 d) and an additional six steers per treatment were harvested 
following the finishing period (89-163 d).  Mineral retention was determined for the finishing 
period.  Trial 2 evaluated four feeding programs utilizing British crossbred steers.  Four steers 
were harvested prior to the growing phase at d 0, six steers were harvested from each of 3 
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growing treatments at d 112, and 6 steers were harvested from all 4 treatments at the end of the 
finishing period (104-196 d).  Mineral retention was determined for the growing and finishing 
periods.  Trial 3 evaluated Zilmax inclusion in a finishing cattle diet utilizing calf-fed Holstein 
steers.  Five steers were harvested after 226 d on feed (average 371 d of age); this was prior to 
treatments being imposed and was considered d 0.   After d 0, five steers per treatment were 
harvested every 28 d through 308 d for 11 additional harvest points.  At harvest carcasses were 
broken down into lean, bone, internal cavity, hide, and fat tissues. In all trials mineral retention 
within the body was calculated as the difference between mineral composition at slaughter and 
predicted mineral composition at d 0.  Mineral composition at d 0 was predicted from body 
composition of steers harvested at d 0 multiplied by live weight of individual animals at d 0.  
Due to the short interval between harvest points in Trial 3 (28 d) and no differences in P and Ca 
composition of the bone portion of the body over time (P > 0.89), initial P and Ca composition 
of the bone fraction was predicted using individual steer mineral composition instead of d 0 
harvested cattle.  Mineral retention was then expressed as grams per d, grams per kg of EBW 
gain, and grams per 100 g of protein gain.  There were no differences due to treatment for P 
retention in Trial 1 (P > 0.15).  There were no differences due to treatment and no differences 
between the growing and finishing periods for P retention (P > 0.36) in Trial 2.  Total EBW P 
retention did not differ by treatment (P > 0.12) and decreased linearly over time (P < 0.01) in 
Trial 3.  Averaged over all treatments, total EBW P retention was 4.14, 4.27, and 7.45 g P/100 g 
protein gain in Trials 1, 2, and 3, respectively.  There were no differences due to treatment for Ca 
retention in Trial 1 (P > 0.09).  There were no differences due to treatment and no differences 
between the growing and finishing periods for Ca retention (P > 0.23) in Trial 2.  Total EBW Ca 
retention did not differ by treatment (P > 0.11) and decreased linearly over time (P < 0.01) in 
Trial 3.  Averaged over all treatments, total EBW Ca retention was 13.41, 8.24, and 14.44 g 
Ca/100 g protein gain in Trials 1, 2, and 3, respectively. 
 
 
Impact of bovine respiratory disease incidence and ancillary therapy utilization during the 
receiving period on steer finishing performance, efficiency, carcass characteristics, and 
lung scores   B. K. Wilson, C. L. Maxwell, D. L. Step, C. J. Richards, and C. R. Krehbiel; 
Oklahoma State University, Stillwater 
This experiment evaluated the impact of bovine respiratory disease (BRD) incidence and 
ancillary therapy (ANC) administration during the receiving period on subsequent finishing 
performance, efficiency, carcass characteristics, and lung scores of steers. Crossbred calves (n = 
516; BW = 217 ± 20 kg) were purchased from local livestock markets over the course of one 
week and immediately delivered to the Willard Sparks Beef Research Center. Calves were 
monitored daily by trained personnel for clinical signs of BRD and animals that met BRD 
treatment criteria during the receiving period were randomly assigned to 1 of 4 experimental 
ANC groups: flunixin meglumine injection (NSAID), viral vaccination (VACC), vitamin C 
injection (VITC), or no ANC (NOAC). During the receiving period, overall morbidity and 
mortality attributed to BRD were 66.5% and 13.2% respectively. After the receiving period, 
calves were grouped by previous ANC treatment and the number of times treated for BRD 
(BRDX) for allocation to finishing pens. The BRDX experimental groups included: never treated 
for BRD (0X), treated 1 time (1X), 2 times (2X), or 3 or 4 times (3/4X). Body weight (BW) upon 
arrival did not differ among ANC or BRDX, (P = 0.70) and (P = 0.17) respectively. However, 
BRDX during receiving decreased (P < 0.01) calf performance, resulting in BW of 324, 316, 
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285, and 260 kg for 0X, 1X, 2X, and 3/4X, respectively at the start of the finishing phase. 
Ultrasound estimates on d 91 and 138, BW, and visual appraisal were used to target a common 
physiological end point (average DOF = 182) for each pen of cattle. Data were analyzed using 
the MIXED procedure of SAS with pen (n = 32; 6 per ANC group; 8 per BRDX group) serving 
as the experimental unit. An ANC by BRDX interaction was only observed for marbling score. 
There were no differences (P ≥ 0.59) in 12th rib fat thickness or USDA yield grade among the 
experimental treatments. No differences were detected among ANC treatments for any variables 
(P ≥ 0.26). With increasing BRDX, days on feed and lung consolidation scores increased linearly 
(P ≤ 0.01), while HCW, dressing percentage, and REA, decreased linearly (P ≤ 0.05) and the 
percentage of USDA Prime and Choice carcasses tended (P ≤ 0.06) to decrease linearly. When 
compared to 0X, carcass values were reduced by $31.13, $52.24, and $93.56, and overall net 
returns were reduced by $38.65, $146.73, and $202.49 for 1X, 2X, and 3/4X respectively. These 
diminished returns resulted in a 2.4%, 8.9%, and 12.3% reduction in value for 1X, 2X, and 3/4X. 
These results suggest that with additional days on feed, calves treated multiple times for BRD 
can reach similar physiological end points as their untreated cohorts. However it may not be 
possible for calves treated multiple times for BRD to reach the same quality and yield potential, 
resulting in reduced carcass values. Additional antimicrobial treatment costs, labor, yardage, and 
feed consumption must also be considered when determining the true cost of BRD in the feedlot. 
 
 
Effect of metaphylaxis on production responses and antimicrobial usage in high-risk steers 
A.B. Word, T.A. Wickersham, G. Mays, L.A. Trubenbach, J.E. Sawyer; Texas A&M University, 
College Station 
A trial was conducted to determine the efficacy of tilmicosin phosphate or ceftiofur crystalline 
free acid given to beef cattle on-arrival for controlling bovine respiratory disease (BRD) and 
determining subsequent effects on health and performance. Male calves (n=198, arrival weight= 
231 kg ± 2.43) received either 3.3 ml/100 kg ceftiofur crystalline free acid (EXC), 4.4 ml/100 kg 
tilmicosin phosphate (MIC), or were not treated (CON). Cattle receiving metaphylaxis had 
25.2% lower morbidity rates than CON (P = 0.01; 51.5 versus 76.7%). Significant differences 
were not observed in morbidity rates (P = 0.14) between cattle on the MIC (46.4 ± 4.32%) or 
EXC treatments (56.5 ± 4.32%). Of cattle requiring BRD therapy, the CON group displayed 
symptoms approximately 5 days earlier than cattle in the metaphylaxis group (P = 0.01). Cattle 
displaying BRD symptoms in the MIC group required treatment 3 days earlier than those in the 
EXC group (P = 0.02, 8 versus 11 days, respectively). Metaphylaxis improved average daily gain 
(1.63 versus 1.28 kg/d; P = 0.06) and G:F (0.29 versus 0.22, P = 0.01) during the first 14 d 
compared to CON, but differences between EXC and MIC were not significant (P > 0.40) during 
the first 14 d. Despite differences at 14 d, no differences were observed in ADG (P = 0.20) or 
G:F (P = 0.18) between CON and treatment groups across the 42 d trial. Total antimicrobial 
usage was 6.03 vs. 6.16 of g active ingredient per animal for CON vs. metaphylaxis (P = 0.88), 
and 5.99 vs 6.33 for MIC vs EXC (P = 0.74). These results suggest that both tilmicosin 
phosphate and ceftiofur crystalline free acid effectively reduce overall morbidity and delay onset 
of clinical illness in newly received beef cattle. Furthermore, this reduction in overall morbidity 
was achieved with minimal increase in total antimicrobial usage. While overall performance 
outcomes were not different, animal health was improved with metaphylaxis.  
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