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 The 2021 Plains Nutrition Council Spring Conference  
 

Thursday, April 8    
8:00 Welcome and Introductions - Dr. Jenny Jennings, President, Plains 

Nutrition Council, Five Rivers Cattle Feeding, Amarillo, TX 

8:15 Things Nutritionists get Blamed for at the Packer Level – Dr. Ty 
Lawrence, West Texas A&M University Beef Carcass Research Center, 
Canyon, TX 

9:45  Break 

10:00 Open Forum Discussion – Dr. Spencer Swingle, Moderator 

11:00 Legends of Feedlot Nutrition 2020 Recognition – Dr. Wade Nichols, 
Past President,  
Plains Nutrition Council, Merck Animal Health, Lubbock, TX 

11:30 Lunch 

 Graduate Student Luncheon  

1:00 PM A Metagenomics Perspective on the Ecology of Antimicrobial 
Resistance in the Beef Production Chain – Dr. Paul Morley, West Texas 
A&M University Veterinary Extension Research and Outreach (VERO), 
Canyon, TX  

1:50 Effect of Selection for Growth and Performance on the Immune 
Response of Livestock – Dr. Ramesh Selvaraj, University of Georgia, 
Athens, GA 

2:40 Break and Graduate Research Poster Presentations 

3:10 2020 Graduate Student Poster Competition Winner – Cereal Rye in 
Beef Feeding Diets from a Systems Perspective – Warren Rusche, 
South Dakota State University, Brookings, SD   

4:00 Research Update – Dr. John Wagner, Colorado State University, Fort 
Collins, CO 

4:30 Legends of Feedlot Nutrition 2021 Recognition – Dr. Wade Nichols, Past 
President,  
Plains Nutrition Council, Merck Animal Health, Lubbock, TX  

 

5:00 Research Poster Presentations and visit with presenters 

 
5:30-7:30 Evening Reception Sponsored by RAMP– Sweet Bran Cargill 

 



 

Friday, April 9 
 

7-11:00 AM Research Poster Presentations and visit with presenters  

 
8:00 PNC Business Meeting 

 

8:15  Research Update – Dr. Luis Tedeschi, Texas A&M University, College 
Station, TX  

8:45  390 Day Growth and Composition of Gain of Serial Harvested Steers – 
Dr. Ty Lawrence, West Texas A&M University Beef Carcass Research 
Center, Canyon, TX 

9:45 Cargill Animal Nutrition Graduate Student Recognition -  
Casey Maxwell, 2nd VP, Plains Nutrition Council, Cactus Feeders, Amarillo, 
TX 

10:00 Break and Graduate Research Poster Presentations 

10:10 The Connected Cow: How UAVs and Sensors Enable “Smart” IoT Beef 
Cattle Research – Dr. John Church, BC Regional Innovation Chair in Cattle 
Industry Sustainability, Thompson Rivers University, Kamloops, BC Canada 

11:00 Using Epidemiological or Meta-Analysis Approaches to Understand 
Small Differences Between Control and Treated Groups in a Feedlot 
Setting – Dr. Annette O’Connor, Michigan State University, East Lansing, 
MI 

 

12:00PM Adjourn 
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Effect of Selection for Growth and 

Performance on the Immune 

Response of Livestock

Department of Poultry Science, 

University of Georgia 

Selvaraj@uga.edu
#

Ramesh Selvaraj
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Nutrition-Immunity-Genetics

NutritionGenetics

Immunity
Reproduction

Health

Production
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Slide 4 

4Department of Poultry Science

Cost of the immune response

Fever

Muscle breakdown products in urine

Decreased feed consumption/activity

Malabsorption

Net result: Loss in body weight gain/production 

performances
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Resources are limited

Total required = Maintenance +Production + 
Reproduction +Activity + Other + Buffer

Resources consumed by one process are no 
longer available for other processes

Resources used to resist disease is traded off 
against other components of fitness (growth, 
reproduction)
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Crash Course in Immunology
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Two lines of defense
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First line of defense

Non-specific defenses designed to prevent 
infections (Intact skin, Fluids and mucus, Cilia, 
Gut  ic obiot …….)

Vaccination

Biosecurity

Flock health (Antibody titer records) 

Stocking density

Humidity management

Feed management (mycotoxin)
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Second line of defense

Innate immunity Adaptive immunity Tolerance

Macrophages

Basophills

Neutrophills

Mast cells

Antibodies

Cytotoxic T 

Cells

T regulatory cell
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Selection for growth and Immune 

responses

A “G n    iz d”  t t   nt

Adaptive immunity: Downregulated

Innate immunity: Compensatory upregulation

Tolerance: Upregulated
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Downregulation of adaptive 

immunity 

Poultry Science; Volume 73, Issue 12, 1 December 1994, Pages 1805-1812
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Downregulation of adaptive 

immunity 

https://doi.org/10.1111/brv.12355

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 



6 
 

Slide 13 

13Department of Poultry Science

Downregulation of adaptive 

immunity = Chronic infection 

Vet World. 2017 Apr; 10(4): 398–402
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Selection for growth and Immune 

responses

A “G n    iz d”  t t   nt

Adaptive immunity: Downregulated

Innate immunity: Compensatory upregulation

Tolerance: Upregulated
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Consequence of innate 

immunity upregulation
Inn t  i  unity “co t ”  o  ”
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Innate immunity causes 

behavioral changes

Photo courtesy: Kirk Klasing
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Journal of Dairy Science; 86:11: 3447-3459

Effect of infection on feed intake
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Journal of Dairy Science; 86:11: 3447-3459

Effect of infection on milk 

production
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19Department of Poultry Science

Decreased feed intake

Is the most important nutritional consequence of 
acute phase response

Inappetence

Anorexia

Cachexia – Body wasting due to the combined 
effects of hypermetabolism and anorexia
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Decreased feed intake
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Journal of Dairy Science; 86:11: 3447-3459

Effect of infection on 

inflammatory cytokine amounts
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1996 Poultry Science 75:1161-1163 

Effect of selection on mortality in 

birds
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Consequence of innate immunity 

upregulation 

Decreased feed intake

Malabsorption

Fever

Altered protein, glucose, fat, minerals and vitamin 

metabolism

Damage to DNA 
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Selection for growth and Immune 

responses

A “G n    iz d”  t t   nt

Adaptive immunity: Downregulated

Innate immunity: Compensatory upregulation

Tolerance: Upregulated
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Tolerance upregulation: T regulatory 
cells

Tregs suppress other immune cells

Activated 
Immune cells 

Suppress
T regs
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Activated immune cells are not all 
rainbows and sunshine!!!!

Immune cells
Activated

Ammunition Suppress

Tregs

Damage host 
tissue!!!!!!!!

Prevent
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Among all the organs in the body, which 
organ would be expected to have the 

highest proportion of Tregs

1. Brain

2. Gut mucosa

3. Thymus

4. Bone marrow
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Chicken Tregs are concentrated in the 
mucosa, particularly in the gut

Organ Percentage 
Thymus 3.0
Blood 6.9
Spleen 11.6
Cecal tonsils 15.5
Lung/air sacs 13.4

Treg % are expressed as a percentage of CD4+ cells. n=3.  
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Pathogen eliminated
Host damage 
minimized

Pathogen persist
Host damage 
minimized

Pathogen eliminated
Host damage 
maximized

Some pathogens are smart enough to take advantage of 
Tregs suppressing the host immune responses !!!!!!!!

Immune response is a balance between T 
regulatory and other immune cells 
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https://www.jstor.org/stable/5124?seq=1#metadata_info_tab_contents

Tolerance in pregnant Ewes
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Consequence of Tolerance

Food borne pathogens infection

Animals act as carriers of infection

Salmonella

Listeria monocytogenes

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

Slide 32 

32Department of Poultry Science

https://www.sciencedirect.com/science/article/pii/S030162269800147X

Effect of selection in dairy cattle 
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Genetic selection for growth 

        …..

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4368196/
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Summary of the problem
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                          “g     ” 

on immune response 

Increased in innate immune responses leading to 

Increased energy demand

Decreased feed consumption 

Malabsorption 

… w ic     d  to b   king down reserves

Breaking the reserves is not energetically favorable

Have to feed more energy while the animal is 
refusing to eat  
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Extra resources for fighting 

pathogens

Short term: Reserves (Bank)

Long term: Nutrition 
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Drawbacks of using up the 

“        ”
No reserves (Eg. Cachexia)

Reserve is the desirable characteristics of that 

species

“ to ing” t           fo  ow d by “ p nding” t   

         nd “   to ing” t               not 

energetically favorable 

Reserve not ideal for current needs
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Drawbacks of using up the 

“        ”
No reserves (Eg. Cachexia)

Reserve is the desirable characteristics of that 

species

“ to ing” t           fo  ow d by “ p nding” t   

         nd “   to ing” t               not 

energetically favorable 

Reserve not ideal for current needs
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Energy inefficiency in catabolism 

and anabolism, combined
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What can you do?

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

Slide 41 

41Department of Poultry Science

What can you do?

 t  ngt  n t   “Fi  t  in  of d f n  ”

Reverse the decrease in feed intake

Talk to Nutritional immunologists

Precision feeding of nutrients

Antibiotic growth promoters? 

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

Slide 42 Acknowledgements

Graduate students (Thavamathi Annamalai, Antrison Morris, 
Matthew Walston, Ashley Markazi, Amanda Luoma, Theros 
Ng, Yi Han, Kailyn Krueger, Muhamamd Mortada, Gabriel 
Akerele, Keila Acevedo, Bailey Lester)

Gita Cherian (MS mentor)
Kirk Klasing (PhD mentor)
Terry Geiger (Postdoc mentor)
Mamduh Sifri

Questions?

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

 

  



16 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



17 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



18 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



19 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



20 
 

Cereal Rye in Beef Feeding Diets from a Systems Perspective 

Warren C. Rusche and Zachary K. Smith 

South Dakota State University 

Brookings 

 

Why Cereal Rye? 

Corn is the undisputed king in terms of productivity and popularity for feed grain 
production. Genetic advancements have resulted in a crop widely adapted to a broad 
range of environments that produces greater Mcal NE per acre than any other feed 
grain. It is no wonder that corn is the mostly widely planted crop in the US, often in 
rotation with soybeans in the Midwest. 

However, popularity should not be mistaken with perfection. Lack of cropping diversity 
increases the risk of pest pressure from weeds, insects, or disease. Soybeans provide 
few benefits in this area, as both crops are warm-season and therefore vulnerable to 
similar environmental conditions. Intensive row-crop systems are associated with 
declines in soil health and concentrate labor requirements into a few weeks in the spring 
and fall.  

Data from the South Dakota Agricultural Experiment Station - Southeast Research Farm 
(SERF) near Beresford show that adding a small grain to a corn-soybean rotation 
increases yield for both crops with 18 to 22 additional bushels corn yield response in 
recent growing seasons (Sexton et al., 2020). The challenge is finding a small grain that 
fits into current production systems. Ideally that crop could be harvested at multiple 
endpoints (forage or grain) for additional flexibility, have different planting and 
harvesting dates to spread out labor needs, and have competitive profit margins 
compared to other crops. 

Winter rye checks those boxes well. It is planted in the fall and can either be harvested 
for forage in the spring or harvested for grain in mid-summer, depending on an 
operations needs and objectives. Winter growth, especially in soybean or corn silage 
fields would improve soil health and reduce erosion potential. Traditional rye varieties, 
while requiring fewer inputs, had failed to keep pace in yield potential with other crops. 
However, hybrid rye germplasm has shown increased yield potential and ergot 
resistance. Hybrid rye outyielded open-pollinated rye varieties by 72% in test plots at 
the Southeast Research Farm (Sexton et al., 2020), with considerably fewer inputs 
compared to corn.  

The highest value markets for hybrid rye have been the milling and distillery industries. 
However, if those markets are saturated or if portions of a crop fail to meet 
specifications, additional uses need to be identified or crop adoption will be limited. In 
the Midwest that additional market is livestock feed. Unfortunately, there has been very 
limited information on the feeding value of rye in beef cattle diets. What data do exist 
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from North America used rye with greater concentrations of ergot alkaloids compared to 
hybrid rye today and were fed in diets that did not contain corn processing co-products.  

Given the potential agronomic benefits of a winter planted small grain crop to a 
traditional two-crop South Dakota farming operation and the very real possibility that a 
portion of this crop will be used as livestock feed, we conducted an experiment in the 
fall of 2019 at the SERF to determine the effect of increasing inclusions of hybrid rye as 
a replacement for dry-rolled corn (DRC) on growth performance, carcass traits, and 
comparative net energy value in finishing diets to feedlot steers.  

Evaluation of Hybrid Rye in Beef Finishing Diets 

Materials and Methods 

A detailed description of the experimental procedures for this project can be found in the 
published manuscript (Rusche et al., 2020); an abbreviated version will be presented 
here. A total of 240 predominately Angus steers (initial shrunk BW 891 ± 40.7 lbs.) from 
one consignment at a South Dakota auction facility were purchased in September 2019. 
Steers were weighed and individually identified upon arrival and vaccinated against 
respiratory diseases (Bovi-Shield Gold 5, Zoetis, Parsippany, NJ), clostridial species 
(Ultrabac 7/Somubac, Zoetis) and poured with moxidectin. Steers were administered a 
steroidal implant (200 mg trenbolone acetate and 28 mg estradiol benzoate, Synovex 
Plus, Zoetis) on d 19 of the study.  

A single hybrid of rye grain (KWS Bono, KWS Cereals USA, LLC; Champaign, IL) 
grown at one farm in MN was used in the study. Ergot alkaloid concentration was 392 
ppb on a DM basis (NSDU Diagnostic Laboratory), less than the recommended 
maximum ergot alkaloid concentration of 2000 ppb for cattle diets (Coufal-Majewski et 
al., 2016). We formulated a basal diet with 60% DRC (DRC:rye, 60:0) and three 
additional diets with increasing proportions of rye (40:20, 20:40, and 0:60). Steers were 
adapted to their final diet over a 19-d period with rye included at 40% of the ultimate 
inclusion rate (0, 8, 16, and 24%, respectively) from d 8 to d 14 with the final proportions 
fed from d 15 to d 19. The final diets are presented in Table 1. Steers were fed once 
daily at 0800 h with bunks managed to be slick most mornings. Rye was processed 
through a roller mill to a processing index (PI) of 78.8 ± 2.29 with PI defined as volume 
weight (lb./bu as-is) after processing expressed as a percentage of the volume weight 
before processing (Yang et al., 2014).  

The study was terminated on d 117 and steers shipped to Tyson Fresh Meats, Dakota 

City, NE on d 119 when they were visually estimated to have 0.5 in backfat. Carcass 

camera data and liver abscess prevalence and severity were obtained at the harvest 

facility. Performance data were carcass-adjusted to a common dressing percentage of 

62.5%. Empty body fat (EBF) percentage and final BW at 28% (AFBW) were calculated 

from observed carcass traits (Guiroy et al., 2002). Observed dietary NE was calculated 

using DMI from d 19 to d 117 and AFBW using previously described equations (Zinn 

and Shen, 1998; Zinn et al., 2008; Owens and Hicks, 2019). Comparative NEm and 

NEg values were estimated using the replacement technique assuming that net energy 
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for maintenance and net energy of gain values of dry-rolled corn are 98.43 and 67.59 

Mcal/cwt, respectively (NASEM, 2016). Associative effects of feeding combinations of 

DRC and rye on ADG and G:F were determined by subtracting the observed 

performance from the expected values (Huck et al., 1998). Expected ADG for steers fed 

20% rye was calculated as (0.667 × ADG for steers fed 60:0) + (0.333 × ADG for steers 

fed 0:60). The same formula was used to calculate ADG for the two-thirds rye 

combination. Similar formulas were used to calculate the associative effect of gain to 

feed. 

Results and discussion 

Performance during the 19-d adaptation period is shown in Figure 1. Contrary to our 
expectations, steers fed increasing amounts of rye grain gained faster and more 
efficiently compared to those on the 60:0 treatment with no difference in DMI. Whether 
the increased gain during the initial portion of the experiment is a true growth response 
or caused by differences in fill cannot be determined, nonetheless steers fed increasing 
amounts of rye grain readily consumed their ration and DMI was not limited by dietary 
treatment. 

Dry matter intake over the entire experimental period is shown in Figure 2. Dry matter 
intake was similar between treatments through approximately d 49, but then began to 
diverge. Treatments with greater inclusions of rye (20:40 and 0:60) reached a plateau 
earlier and at a reduced intake compared to either the corn control or 20% rye inclusion. 
Rye inclusion also appeared to affect feeding behavior, as pens with increased 
inclusions of rye took longer to consume their daily ration (S. Bird, personal 
communication). 

Increased inclusions of rye linearly decreased carcass-adjusted final BW, ADG, and 
feed efficiency (Table 2). Performance adjusted NE values followed the same pattern 
with linear decreases with increased inclusions of rye but did not affect 
observed/expected NE values, meaning the tabular standards for rye grain are 
appropriate for hybrid rye when dry-rolled to a similar PI. Comparative NEm and NEg 
values for hybrid rye at 20, 40, and 60% inclusion levels were 94.33 and 63.96, 87.55 
and 58.06, and 86.19 and 56.70 Mcal/cwt for maintenance and gain, respectively. The 
calculated positive associative effect for substituting one-third of the DRC with rye for 
ADG and G:F was 3.8 and 3.1 percent, respectively, with lesser effects for two-thirds 
rye (Figure 3). 

Treatment effects on carcass characteristics and liver abscess severity and prevalence 
are shown in Table 3. Replacement of DRC with rye decreased HCW, REA, and final 
BW adjusted to 28% EBF. Replacement of DRC with rye decreased dressing 
percentage with responses maximal at the 20:40 and 0:60 level. There were no 
treatment effects on distribution of USDA Yield or Quality Grade, or liver abscess 
prevalence or severity. 

What Are the Limiting Factors to Feeding Increased Amounts of Rye? 
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Based on the results of this experiment we concluded that rye could be a suitable 
replacement for DRC and that a blend of two-thirds corn to one-third rye resulted in 
performance and feed efficiency nearly equivalent to diets where corn was the only feed 
grain fed. Our next question was if there were ways to efficiently utilize rye at greater 
inclusion rates. 

It is possible that degree of processing negatively affected DMI at the 40 or 60% 
inclusion levels. Excessive fines created by grain processing can depress DMI in barley 
(Zinn, 1993). Starch from rye is rapidly degradable in the rumen (Krieg et al., 2017; 
Rajtar et al., 2020), so it is possible that we processed the rye too aggressively 
considering the DMI of the steers on this experiment during the last half of the feeding 
period. 

To test this hypothesis, we fed yearling heifers one of two diets in an experiment 
conducted at the Ruminant Nutrition Center in Brookings during the fall of 2020. The 
control treatment was fed a 60% DRC based diet while heifers assigned to the second 
treatment were fed 60% unprocessed rye (Buckhaus et al., 2021). Feeding whole rye in 
that experiment tended to increase DMI but reduced ADG and feed efficiency. Not 
surprisingly, fecal starch percentage was greater with unprocessed rye at d 42 and 
tended to be increased at d 77 (Z. Smith, unpublished data). Estimated NE value of 
unprocessed rye was 9% less than that observed in the first experiment using dry-rolled 
rye grain. These observations support the conclusion that degree of processing and 
amount of fines influence DMI and performance at increased inclusion rates. 

Another possibility is that ergot alkaloid concentrations negatively affected DMI. The rye 
fed in these experiments contained 392 ppb ergot alkaloids resulting in dietary 
concentrations of 0, 78, 157, and 235 ppb for 60:0, 40:20, 20:40, and 0:60, respectively. 
Decreased DMI has been reported when endophyte-infested fescue with ergot alkaloid 
concentration of 120 ppb was fed (Matthews et al., 2005). It is possible that as days on 
feed and DMI increased, increased intake of ergot alkaloids associated with greater 
inclusions of rye depressed DMI and performance. Testing rye or any susceptible small 
grain for ergot and/or mycotoxins is a prudent step to determine safe inclusion rates. 

In both studies, cattle fed increased inclusions of rye grain had lesser body weight 
adjusted to 28% empty body fat. That plus reduced intake and performance led us to 
consider if metabolizable protein was limiting. Using the NASEM model, estimated MP 
supply in the first experiment was greater than requirements (Table 2.) However, rye is 
quite low in RUP, particularly compared to corn (Rajtar et al., 2020). It is possible that 
the RUP estimates for rye used in the model are incorrect and we did not meet MP 
requirements in our experiment when feeding 40% or more of the diet as rye grain. 

Future Questions 

One of the areas that we and our crop-production colleagues are interested in exploring 
is how incorporating cereal rye into an integrated crop livestock system affects overall 
productivity. Harvesting rye for forage in late-spring or early-summer allows for planting 
a short-season cash crop or another forage species. We think there are some intriguing 
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possibilities using alternative cropping systems to improve overall system resiliency. We 
have not yet examined how rye could be used in growing cattle diets and to what extent 
it could replace corn or corn silage. We also plan to further examine how rye grain 
processing and inclusion rates interact to help optimize utilization of this feedstuff. 

Again, Why Rye? 

In our opinion, decisions to incorporate alternative crops or feedstuffs should be viewed 
as part of a system. To illustrate what adding rye to a rotation for an integrated crops-
livestock farm that finishes cattle to add value to home-raised feed, we created two 
hypothetical 1200-acre Midwestern farms. The first uses a typical 50:50 corn-soybean 
rotation while the second farm plants corn, soybeans, and winter rye. 

Table 4 shows estimated production of each crop for the two farms. We assumed that 
corn and soybean yields were 180 and 50 bushels per acre, respectively, in the two-
crop rotation. Adding a small grain crop at SERF has increased corn yields by 20 
bushels per acre, so in the three-crop system we assumed corn and rye yields to be 
200 and 115 bushels per acre, respectively, with soybean yields held constant. Total 
feed grain production under the three-crop system increased by 18,000 bushels or 
16.7%. That increase would support an additional 360 yearling finishing cattle. 
Interestingly, the corn to rye ratio in that scenario is 1.74:1, which nearly matches the 
2:1 inclusion ratio in our first experiment. 

One could argue that if the objective were to increase feed grain production these farms 
could reduce soybean acres and plant more corn. That is true (assuming favorable 
weather), but this approach does not consider peak labor requirements. Figure 4 shows 
that in a corn-soybean rotation there are two peaks of activity: spring planting and fall 
harvest. Manure application and harvesting bedding (if needed) must be squeezed in 
the same period critical for successful crop production. Early arrival of winter or 
weather-related harvest delays can seriously interfere with the best laid plans under this 
system. 

Adding a winter annual, on the other hand, creates additional options and increases 
f  xibi ity,      own in Figu   5. On y on  “ u t do” op   tion i   dd d to t    c  du  ; 
rye seeding would occur in September or possibly early October. However, winter rye 
could be harvested anytime between May and early August as either forage or grain. 
That opens windows for manure application, and if the rye is harvested for grain, allows 
for some or all of the bedding needs to be harvested in summer rather than relying on 
favorable weather in the fall. Retaining reliable, skilled labor willing to work in agriculture 
is challenging today and will likely be even more so in the future. Identifying systems 
such as the one described here that reduce peak labor requirements will be a critical 
need to maintain productivity with limited labor availability. 
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Table 1. Composition of finishing diets fed from d 19 to d 117 (DM basis). 

 DRC1:rye grain inclusion (DM basis)   

Item 60:0 40:20 20:40 0:60 

Ingredient composition, %    

DRC1 60.34 40.33 20.22 0.00 

Hybrid rye 0.00 19.91 39.93 60.04 

MDGS2 18.90 18.95 19.00 19.05 

Corn silage 16.84 16.89 16.93 16.97 

Liquid 

supplement3 

3.91 3.92 3.93 3.94 

Nutrient composition4 

NEm, Mcal/cwt 94.20 91.40 88.59 85.75 

NEg, Mcal/cwt 63.82 61.42 59.01 56.59 

CP, % 12.78 13.62 14.47 15.32 

NDF, % 18.90 20.91 22.94 24.98 

ADF, % 9.88 11.10 12.32 13.54 

Ash, % 4.83 4.92 5.01 5.09 

EE, % 4.69 4.35 4.01 3.67 

1DRC, dry rolled corn. 

2MDGS, modified distillers grains plus solubles. 

3Provided 30 g/ton of monensin as well as vitamins and minerals to exceed requirements 

(NASEM, 2016). 

4Tabular NE from (Preston, 2016) and actual nutrient compositions from weekly assays of 

the ingredients. 
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Table 2. Effect of replacing dry-rolled corn (DRC) with hybrid rye grain on carcass-adjusted growth 

performance of feedlot steers and dietary energy. 

 DRC:rye grain inclusion, % DM basis  P – value1 

Item 60:0 40:20 20:40 0:60 SEM2 Rye L Q 

Initial BW, lb3 885 890 892 896 - - - - 

Final BW, lb4 1432 1429 1393 1367 10.8 0.01 0.01 0.32 

ADG, lb 4.68 4.60 4.28 4.03 0.094 0.01 0.01 0.36 

DMI, lb 28.01 27.71 27.29 26.74 0.148 0.01 0.01 0.42 

G:F 0.167 0.166 0.157 0.150 0.0030 0.02 0.01 0.38 

F:G 6.01 6.03 6.38 6.63 0.110 0.01 0.01 0.32 

Energetics assessment period (d 20 to 117) 

d 19 BW, lb3 941 952 963 972 5.0 0.01 0.01 0.84 

Final BW, lb4 1432 1429 1393 1367 4.9 0.01 0.01 0.32 

ADG, lb 5.01 4.86 4.38 4.03 0.117 0.01 0.01 0.40 

DMI, lb 29.40 29.02 28.51 27.86 0.176 0.01 0.01 0.43 

G:F 0.170 0.167 0.154 0.145 0.0034 0.01 0.01 0.39 

F:G 5.89 5.99 6.51 6.92 0.128 0.01 0.01 0.25 

MP balance5, 

g/d 

590 544 454 363 - - - - 

paNE, Mcal/cwt6      

NEm 93.98 93.20 89.71 86.54 1.225 0.01 0.01 0.34 

NEg 63.82 63.14 60.08 57.30 1.075 0.01 0.01 0.34 

Observed/Expected dietary NE7      

NEm 0.99 1.02 1.01 1.01 0.014 0.31 0.65 0.36 

NEg 1.00 1.03 1.02 1.01 0.018 0.35 0.73 0.35 

Estimated NE value of rye, Mcal/cwt      

NEm  94.33 87.55 86.19 - - - - 

NEg - 63.96 58.06 56.70 - - - - 

1Rye = 60:0 v 40:20, 20:40, 0:60; L = Linear; Q = Quadratic. 
2Pooled SEM. 
3Body weight (BW) was shrunk 4% to account for digestive tract fill. 
4Carcass-adjusted using hot carcass weight (HCW)/0.625. 
5Daily metabolizable protein balance determined using the NASEM Beef Cattle Nutrient Requirements Model (2016). 
6paNE = performance adjusted Net Energy (Owens and Hicks, 2019). 
7paNE/tabular trial NE. 
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Table 3. Influence of replacing dry-rolled corn (DRC) with rye grain on carcass traits and liver abscess 

prevalence in feedlot steers. 

                         DRC:rye grain inclusion, % DM basis P –value1 

Item 60:0 40:20 20:40 0:60 SEM Rye L Q 

HCW, lbs. 895 892 871 855 6.7 0.01 0.01 0.33 

DP, %2 60.10 59.12 58.42 58.56 0.221 0.01 0.01 0.02 

RF, in 0.51 0.51 0.51 0.49 0.014 0.78 0.46 0.55 

REA, in2 12.91 13.12 12.72 12.53 0.155 0.52 0.04 0.22 

Marbling 474 478 485 445 11.3 0.74 0.14 0.07 

KPH, % 1.79 1.80 1.81 1.79 0.014 0.59 0.71 0.48 

YG 3.40 3.32 3.37 3.32 0.063 0.43 0.54 0.85 

RY3, % 49.67 49.83 49.72 49.82 0.136 0.46 0.60 0.82 

EBF4, % 30.29 30.19 30.43 29.78 0.253 0.59 0.27 0.29 

AFBW5, lb. 1321 1320 1281 1279 9.9 0.02 0.01 0.99 

YG dist.      P - value 

1, % 1.67 0.00 0.00 0.00 0.833  0.41  

2, % 13.70 23.89 11.67 21.67 5.261  0.31  

3, % 64.26 64.26 78.33 70.00 8.218  0.59  

4, % 20.37 11.85 10.00 8.33 5.453  0.43  

QG dist.         

Select, % 20.56 15.00 13.33 30.00 4.966  0.11  

Choice, % 50.37 50.93 53.34 48.33 7.590  0.97  

Prem. Ch.,% 29.07 34.07 30.00 21.67 6.517  0.60  

Prime, % 0.00 0.00 3.33 0.00 1.054  0.09  

Liver Scores        

Normal, % 69.44 74.63 65.00 70.00 4.909  0.60  

A-, % 13.52 5.00 13.33 13.33 4.419  0.46  

A, % 8.52 10.00 6.67 6.67 3.360  0.87  

A+, % 8.52 10.37 15.00 10.00 4.365  0.75  

1Rye = 60:0 v 40:20, 20:40, 0:60; L = Linear; Q = Quadratic. 
2 Calculated as: [(HCW/Final BW) × 100]. 
3 Retail yield. 
4 Empty body fat, %. 
5 Adjusted final body weight. 
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Table 4. Effect on feed grain supply by switching crop rotations from corn-soybean to 

corn-soybean-rye on a hypothetical 1200-acre Midwestern farm. 

 Two-crop Three-crop 

Corn production, bu 108,000 80,000 

Soybean production, bu 30,000 20,000 

Rye production, bu - 46,000 

Total bushels feed grain 108,000 126,000 

Percentage increase - 16.7% 

Corn:rye production ratio - 1.74 

 

 

 

 

Figure 1. Adaptation period ADG and F:G (d 1 to d 18). 
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Figure 2. Treatment and days on feed effects on DMI (lb/hd/d). 

 

 

 

 

Figure 3. Associative effects of combinations of DRC and rye on ADG and G:F. 
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Figure 4. Field operations timeline: Corn-Soybeans. 

 

 

Figure 5. Field operations timeline: Corn-Soybeans-Rye. 
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Background 

 
The Department of Animal Science's mission at Texas A&M University (ANSC@TAMU) is to 
improve lives by discovering, integrating, disseminating, and applying science-based knowledge 
of animals and animal products. Through this mission, the Department has developed five 
Areas of Excellence. This research update will summarize published and on-going research 
endeavors in the Quantifiable Animal Performance (QAP) and Cattle Adapted to Tropical and 
Subtropical Environments (CATSE) Area of Excellence (https://animalscience.tamu.edu/areas-
of-excellence/). The QAP aims to allow Texas A&M University to serve as a world leader in 
quantifiable animal performance and create and utilize novel models and critical metrics to 
evaluate and assess animal performance across species and disciplines (Tedeschi et al., 2021). 
Similarly, the CATSE's goal is to identify the biological requirements and develop management 
practices tailored to cattle reared in subtropical and tropical climates (Cooke et al., 2020). These 
efforts will optimize beef production efficiency in these regions and contribute toward global 
agricultural sustainability and food security. These Areas of Excellence will enhance livestock 
and equine industries by developing and distributing information and strategies to optimize 
animal performance to students, producers, industry professionals, and the public in Texas and 
across the US and the globe. 
 
The beef cattle nutrition program at Texas A&M University is focused on creating a more 
sustainable beef industry for the future. Within this program, various feed additives, such as 
isoacids, yeasts, bacteriophages, condensed tannins, antimicrobials, and ɷ-6 fatty acids, are 
examined within various ruminant diets in order to optimize fermentative efficacy and animal 
efficiency while diminishing ruminant greenhouse gas emissions. To advance antibiotic 
stewardship in the beef cattle industry, ANSC@TAMU has begun to isolate and identify 
bacteriophages against Fusobacterium necrophorum and utilize metagenomics to understand 
microbial evolution related to prolonged and intermittent antimicrobial exposure. To link pen 
behavior and feedlot performance, ANSC@TAMU has studied animal temperament and 
changes in phenotypic residual feed intake on animal growth, efficiency, and feeding behavior. 
Taking a step off the research farm and into the computer lab, ANSC@TAMU has also worked 
on putting together dynamic mathematical models and artificial intelligence to understand the 
beef industry's fate. This paper aims to briefly highlight the preliminary findings of these 
research programs and discuss their application in the field. 
 
 

Isoacids 
 
A major dietary factor that influences animal performance in the grazing scenario is the 
available crude protein content. Limited CP in the diet negatively impacts fiber digestion and 
microbial growth in the rumen. Ruminal cellulolytic bacteria require branched-chain volatile fatty 
acids (BCVFA)--isobutyrate, isovalerate, and 2-methylbutyrate--for growth (Tedeschi and Fox, 
2020a, b). The presence of BCVFA in the rumen results from protein degradation and recycling 
of bacterial protein recycling by the deamination and decarboxylation of branched-chain amino 
acids (Tedeschi and Fox, 2020a, b). Previous studies have shown that the supplementation of 

https://animalscience.tamu.edu/areas-of-excellence/
https://animalscience.tamu.edu/areas-of-excellence/
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BCVFA increases cellulolytic bacteria growth, feed intake, average daily gain, and total ruminal 
volatile fatty acids concentrations in growing animals consuming high-fiber diets. Considering 
the importance of BCVFA on bacteria growth and branched-chain amino acid balance in the 
rumen, the development of supplemental BCVFA products could be a way to provide favorable 
ruminal conditions that can alleviate the effects of lower efficiency in animals grazing forages 
with lower protein content. Seven BCVFA salts were tested for their ability to improve in vitro 
gas production of Brachiaria brizantha. The salts consisted of different encapsulation processes 
and materials, and differed depending on the combinations and proportions of dioxides and 
maltodextrins (S1, S2, S4, S6, and S7) and celluloses (S3, S4, S5, and S6) and their inclusion 
with or without casein and cysteine (CC). The inclusion of CC increased total gas production 
(mL, P = 0.08) and the rate of fermentation (1/h, P = 0.002). When CC was included, S1 
(40.1mL) and S3 (40.6 mL) produced more gas. When CC was not included, L3 (36.1 mL) 
produced more gas. These results suggest that the addition of BCVFA to low-quality, high-
roughage diets may change ruminal fermentation dynamics and total gas production, and the 
intensity of CH4 (Dias Batista et al., 2020). 
 

Yeast 
 
Feedlot Performance 
 
The objective of this study was to determine the effect of active dried yeast supplementation 
(ADY) on the diets of feedlot steers using an automated intake system on animal intake and 
feeding behavior traits, animal growth performance and biometrics, carcass characteristics via 
ultrasound measurements, carcass traits, 9th to 11th rib section composition, rumen pH, and liver 
health. One hundred and twenty steers (BW = 254 ± 40 kg and age = 246 ± 32 d) from single-
origin were randomly selected 30 d after weaning and blocked by weight into four blocks. Steers 
were outfitted with RFID tags, and, after an adaptation period to the automated feeding system, 
steers were fed four diets in two phases: growing (days 0 to 70) and finishing (days 71 to 164). 
The grower diet was fed to yield a mean BW of 365 kg at the time of transition. The first and 
second transition diets were fed for seven days each, and the finishing diet was fed to yield a 
mean BW of 500 kg at slaughter. Pen, within a weight block, was randomly assigned to receive 
either control (CON) or diets supplemented daily with approximately 1.5 g/hd (3 x 1010 CFU/d) of 
ADY, Saccharomyces cerevisiae. On day 70, fifteen steers from each pen were randomly 
exchanged within their block to the opposite pen to proceed through the dietary transition with or 
without ADY. This created four treatments (TRT): steers fed CON before and after transition 
(CC), steers fed ADY before the transition and CON after (YC), steers fed CON before the 
transition and ADY after (CY), and steers fed ADY before and after the transition (YY). On day 
56, steers (n = 64) within each block and TRT were randomly selected to receive a wireless, 
indwelling rumen pH, temperature, and activity bolus (smaXtec Animal Care GmbH, Graz 
Austria). A random coefficients model was used to evaluate feeding performance and growth 
traits, including biometric measurements and carcass ultrasound measurements, and carcass 
characteristics. Ruminal parameters were analyzed as a randomized complete block design 
with repeated measures of day, diet, and TRT as fixed effects and block as a random effect. 
Treatment did not affect feeding performance or behavior, nor did it change biometrics 
t  oug out t   t i   (P ≥ 0.14),  xc pt fo  t    ib gi t  ci cumference. Animals fed ADY through 
the duration of the trial experienced the greatest rib girth circumference and larger final 
biometrics (P < 0.01). Backfat, LM area, intramuscular fat, and rump fat were not different 
  ong t   t  nt  (P ≥ 0.15). A t ough the final SBW did not differ among treatments (P = 
0.61), the shrink percentage was greater for the control than the YY treatment (P = 0.05). The 
nutritional composition of the 9th to 11th  ib   ction w   not diff   nt   ong t   t  nt  (P ≥ 
0.45). The CY steers experienced rumen pH below 6.0 longer than control steers resulting in 
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 o   indic   of  cido i  fo   o    xt nd d p  iod  (P ≤ 0.05). ADG w   n g ti   y  ff ct d by 
liver abscess severity (P = 0.04), but indices of acidosis were not affected by liver abscess 
severity (P = 0.90). This supplement increased the rate of rib girth circumference development. 
This supplement did not affect feeding behavior, feeding performance, or carcass 
characteristics and composition. This study did not link acidosis bouts to liver abscess 
prevalence or severity. Additional information was provided by Crossland et al. (2019a,b). 
 
Inclusion Levels 
 
Two trials were recently completed in order to evaluate optimal inclusion levels of a live yeast 
supplement (LY) on ruminal parameters, in situ digestibilities of dry matter, and neutral 
detergent fiber in growing and finishing beef cattle. 
 
Trial 1. Eight ruminally cannulated cattle (4 steers and 4 heifers; BW of 550 ± 75 kg, 36 mo and 
24 mo, respectively) were blocked by sex into two pens containing an individualized feeding 
system. Animals were fed three diets in three consecutive phases: grower (27 d), transition (14 
d), and finisher (14 d). Animals were randomly assigned to four treatments: no LY (CON), 2.5 g 
LY/d (LY2.5), 5 g LY/d (LY5), and 10 g LY/d (LY10) for the duration of the trial. In situ dry matter 
digestibility and NDFD was assessed over 9 period using nylon bags containing 5 g of each 
period's own diet incubated for 48 h. The rumen fluid was analyzed for in situ pH and collected 
for VFA concentration analysis, in vitro gas production, and protozoa population estimation. 
Data were analyzed as repeated measures within a randomized complete block design, 
assuming a random effect of the pen. The LY10 treatment produced the least amount of in vitro 
gas during the transition diet (P = 0.002), while overall increasing A:P ratios and NDFD. TRT did 
not  ff ct in  it o   t  n  p oduction o   u in     ct t  p oduction (P ≥ 0.168). Ruminal pH 
tended to be higher with LY2.5 than CON (P = 0.0104). VFA concentration in the finisher phase 
and DMD in the grower and transition phases increased with LY5 (P <0.05). Although this trial 
did not lead to a certain inclusion level of LY in the diet, the LY affected rumen parameters and 
digestibility, but the dose-response pattern varied depending on the type of diet (Cagle et al., 
2020). 
 
Trial 2. Twenty British-crossbred ruminally cannulated steers (183 kg ± 44 kg, 6 mo) were 
blocked by weight into six pens containing an individualized feeding system. Animals were fed 
three diets in three consecutive phases: grower (17 d), transition (15 d), and finisher (13 d). 
Animals were randomly assigned to 4 treatments (TRT) such that each treatment had five 
animals: no LY (CON), 5 g LY/d (LY5), 10 g LY/d (LY10), and 15 g LY/d (LY15). DMD and 
NDFD were assessed over seven periods using in situ nylon bags containing 5 g of each 
period's corresponding diet incubated for 48 h. Rumen fluid was analyzed for in situ pH and 
collected for VFA concentration analysis, in vitro gas production, and protozoa population 
estimation. Data were analyzed with orthogonal contrast and a repeated measure within a 
randomized complete block design, assuming a random effect of the pen. Throughout the diets, 
LY increased in vitro total gas produced. LY10 provided the fasted kd throughout the grower 
and finisher phases. There were no TRT effects on in vitro methane production, but LY2 
decreased protozoan populations, leading to a possible decreased risk of acidosis (P = 0.063). 
During the transition phase, LY10 maintained a higher ruminal pH (P = 0.041). LY increased 
VFA concentration in the finisher phase (P = 0.047), while A:P ratio (P < 0.27) tended to 
decrease over across all yeast treatments and diets. LY5 and LY10 increased DMD and NDFD 
through all phases. No specific dose-response pattern was observed, but the inclusion level of 
10 g LY/d provided the most beneficial result for all diets (Cagle et al., 2019). 
 
Heat Stress 
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Two trials were conducted to determine the effects of two different yeast supplements in the 
diets of growing and finishing steers on energy and nitrogen metabolism as well as ruminal 
characteristics under thermoneutral (TN) or heat-stressed (HS) conditions. 
 
Trial 1. Eight British cross steers (389 ± 30 kg, 14 mo of age) were housed individually in 
metabolism stalls in a climate-controlled barn. Steers followed a 4 x 8 Latin rectangle design in 
which each steer underwent 1 of 2 temperature conditions TEMP: thermoneutral [TN; 18 ± 0.55 
°C and 20 ± 1.2% RH] or heat-stressed [HS; 35 ± 0.55 °C and 42 ± 6.1% RH] for 48 hours 
within 1 of 2 side-by-side, open-circuit indirect calorimetry respiration chambers. Steers received 
1 of 2 treatments (TRT): a control finishing diet (CON) or supplemented with 3 g/d of active 
dried yeast (ADY; 6 x 1010 CFU/d). Steers were limit fed 1.5% SBW and were orally 
administered an indwelling rumen pH and temperature recording bolus. Data were analyzed as 
a 4 × 8 Latin rectangle design with fixed effects of TRT and TEMP and random effects of steer 
and period. There were no TRT × TEMP interactions for metabolism or calorimetric 
    u    nt  (P ≥ 0.1510). T     w    no  ff ct  of TEMP o  T T on nit og n   t ntion (P ≥ 
0.1833). Steers supplemented with ADY experience greater DE and ME (Mcal/kg) as well as 
inc     d DMD (P ≤ 0.0377). Con i t nt wit  t    it   tu  ,  t     in H   xp  i nc    
decreased DMI but an elevated in vivo methane per unit of DM (P = 0.0145). Although DE was 
higher for HS than TN (= 0.0123), heat production energy (HE) tended to be higher for HS than 
TN (P = 0.0743), resulting in a less retained energy (P = 0.0147). Under TN conditions, ADY-fed 
steers tended to have an increased ruminal pH (P = 0.1279), but this is not reflective in HS 
conditions. Supplementing ADY in the diets of finishing steers improved DMD, DE, ME, and 
mean ruminal pH under TN conditions, but not in HS conditions, likely due to reduced DMI and 
greater HE requirements (Crossland et al., 2018). 
 
Trial 2. Eight Angus crossbred steers (365 ± 32 kg, 41 mo of age) were housed in 4 pens with 
an individualized feeding system. Animals were randomly assigned into pairs and underwent 
two temperature conditions (TEMP) for 48 hours [thermoneutral (TN; 18.4 ± 1.1°C, 57.6 ± 2.8 
%RH) or heat stress (HS; 33.8 ± 0.6°C, 55.7 ± 2.7 %RH)] in two, side-by-side, single-stall open-
circuit, indirect respiration calorimetry chambers. Animals were fed a grower diet (DIET) with no 
live yeast supplementation (NOY) or a grower diet top-dressed with 10 g LY/d for 14 days (LY; 
1.2 x 1012 CFU/d). Steers were limit fed 1.2% BW. Steers were orally administered a 
temperature recording bolus. After 48 h of data recording, rumen fluid was extracted via 
oroesophageal tubing for in vitro gas production, VFA analysis, protozoan population estimation, 
and enumeration of Fusobacterium necrophorum. Data is currently being analyzed using a 2 x 2 
complete crossover design balanced for the variance. Because eight steers were used, the 2 x 
2 block was replicated. TRT and TEMP are treated as fixed effects as well as their interaction 
and the carryover effects of TEMP (TCARRY), TRT (YCARRY), and TCARRY x YCARRY. 
Animal and period are random effects in the model, and possible covariates of DMI and GEI are 
being evaluated (D'Souza et al.; 2020). 
 

Condensed Tannins 
 

Incubation Protocol 
 
The objective of the study was to evaluate the effect of in situ bag type (BT), sample size (SS), 
and incubation length (IL) on the indigestible DM and iNDF of feces from cattle fed 3% 
condensed tannins (CT) in a previous trial. Using a 2 x 2 x 2 factorial design, two BT of different 
po o ity (25  nd 10 μ ) w    fi   d wit  two diff   nt    d n iti   (20 o  40  g DM/c 2) and 
incubated for either 288 or 576 h in the rumens of 4 ruminally cannulated English-cross steers 
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(603 ± 15 kg). Steers were housed in a dry lot with ad libitum access to Bermudagrass hay and 
supplemented every other day with 250 g of dried distillers grains. Previous feed, fecal, and ort 
samples for each animal were replicated 16 times for each incubation length and placed within 
four polyester bags before insertion into the rumen. After incubation, bags were removed from 
the rumen, quenched with ice water, and rinsed in a commercial washing machine on the 
delicate wash cycle. Bags were dried at 55°C for 72 h and then weighed for iDM. The iNDF was 
determined using the Van Soest method of NDF washing in an ANKOM 200 fiber analyzer. Data 
were analyzed using a mixed coefficients model with incubation-animal as a random effect. 
There is no interaction of BT x SS x IL (P ≥ 0.05) on iDM o  iNDF. F  d    p    wit out CT 
demonstrated greater iDM residue, regardless of BT. The least residue for CT feed was seen in 
t   20  g x 576   t   t  nt. 10 μ  incub tion b g    d g   t   iDM fo  f c   f o   ni     not 
fed CT, while SS of 40 mg left a greater iDM residue for CT feces. Greater residues for the iNDF 
w    ob     d wit  t   40  g    w i   10 μ  BT x 576   IL     t    ow  t iNDF    idu . Mo   
p  ci   iDM  nd iNDF   ti  tion  c n b  obt in d wit  10 μ  po o ity b g  cont ining 20 mg 
DM/cm2 sample incubated for 576 h. Additional research is needed to understand the interaction 
of SS x IL before the development of a standardized protocol (Norris et al., 2019). 

 
Inclusion Levels 
 
Two trials were completed to understand the effect of inclusion level of condensed tannins, from 
quebracho extract, in high roughage ruminant diets to optimize animal performance and lower 
enteric greenhouse gas emissions. 
 
Trial 1. The objective of this trial was to identify an inclusion level of condensed tannins, 
extracted from Schinopsis balansae, in high-roughage diets to optimize the apparent digestibility 
of dry matter and fiber, nitrogen balance, and fecal gas flux. Eight English crossbred steers (435 
± 17 kg BW) were housed in a climate-controlled room with individual feeding stalls and 
randomly assigned to one of four inclusion levels of condensed tannins (CT) in a high-roughage 
based TMR to meet maintenance requirements fed at 1.65% SBW: 0% (CT0), 1.5% (CT1.5), 
3% (CT3), and 4.5% (CT4.5) DMI. Animals were entered into metabolism crates for 4 d for a 
total collection of feces and urine. Samples of feed, orts, feces, and urine were retained for 
nitrogen analysis. On the last day in the metabolism stalls, blood was collected from the jugular 
vein of each animal and analyzed for glucose, albumin, blood urea nitrogen (BUN), creatinine, 
and total protein. After removal from the metabolism stalls, animals were intubated via the 
esophagus for rumen fluid extraction for VFA and ammonia concentration analysis and protozoa 
population estimation. After cessation of the metabolism trial, animals were relocated to 4 
outdoor pens outfitted with an individualized feeding system. Feces were collected immediately 
after a defecation event for 2 d. Animal feces were then homogenized, and 900 g were placed 
into respiration chamber collars for estimation of gas flux in the soil. Eighteen collars were 
placed in two rows of nine. Feces from animals were replicated across rows, and treatments 
were replicated twice per row. Gas was sampled from each collar 0, 12, 24, and 36 min after 
chamber cap placement on days 0, 1, 2, 4, 6, 10, 12, 14, 17, 21, 24, 28, 31, and 35. Gas was 
analyzed for CO2, CH4, and N2O using a gas chromatography machine. Metabolism data were 
analyzed using a 4 x 8 Latin rectangle design within a mixed coefficients model with animals 
and periods selected as random effects. Gas flux data were analyzed using a mixed coefficients 
model with the animal within treatment selected as the random coefficient. The addition of CT to 
the diet did not increase DMI (P > 0.145), but CT3 allowed for a greater intake of NDF and ADF 
(P ≤ 0.011). F c   DM, OM, NDF,  nd ADF inc     d wit  CT inc u ion       (P ≤ 0.001) w i   
dig  tion d c     d (P ≤ 0.001). CT  upp    nt tion inc     d f c   N w i   d c    ing 
urinary N (P = 0.005). CT supplementation did not affect VFA concentration, ammonia 
concentration, protozoa population numbers, nor blood parameters (P > 0.05), except for BUN, 
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which decreased while CT inclusion level increased (P = 0.007). Cumulative CO2 and N2O 
  i  ion  f o  f c   d c     d    CT inc u ion       inc     d (P ≤ 0.017). M t  n  
emissions were the least for CT3 (P = 0.032). Condensed tannin supplementation alters 
ruminant metabolism but may decrease fecal greenhouse gas emissions. The largest amount of 
fecal emissions was the resultant of CO2. We recommended that larger sample sizes are 
required to reduce the amount of variability among animals (Norris et al., 2020). 
 
Trial 2. A secondary inclusion level trial was completed to evaluate the optimal inclusion level of 
quebracho extract (Schinopsis balansae) in a high roughage diet mimicking a wintering diet. 
Twenty ruminally cannulated British crossbred steers (227 ± 19 kg) were blocked by weight into 
5 pens containing an individualized feeding system. Steers were randomly assigned to one of 
four inclusion rates of condensed tannins in a high roughage diet: 0%, 1%, 2%, and 3% DMI. 
Saliva was collected for analysis for the production of salivary enzymes to negate the effects of 
condensed tannins in the diet. Rumen fluid was analyzed for in situ pH and redox and extracted 
for VFA and ammonia concentration analysis, protozoan population estimation, and in vitro gas 
production. Urine was collected for evaluation of purine derivatives and microbial protein 
synthesis evaluation. Feces were collected for 28 d iNDF analysis. Animals were entered into 
one of two, side-by-side, single-stall open-circuit, indirect respiration calorimetry chambers for in 
vivo methane emission estimation. Data are currently being analyzed using a complete 
randomized block design with orthogonal contrast (Dias Batista et al., 2021). 
 
Yeast Combination 
 
The objective of this trial was to discover an additive reduction of in vitro methane and optimized 
animal performance when steers are fed a grower-type diet supplemented with quebracho 
extract condensed tannins and live yeast. Twenty-seven ruminally cannulated British crossbred 
steers were blocked by weight into seven pens containing an individualized feeding system. 
Steers were randomly assigned to one of four treatments, such that there were six animals per 
treatment. Steers were fed a grower diet with no supplementation (CON), a grower diet 
supplemented with 1% DMI condensed tannins (CT), a grower diet top-dressed with 10 g LY/d 
(LY; 1.2 x 1012 CFU/d)., or a grower diet with 1% DMI CT and 10 g LY/d (CT+LY). Larger steers 
were used for the iNDF analysis of feces. Rumen fluid from smaller steers was analyzed for in 
situ pH and redox and extracted for in vitro gas production, protozoan population estimation, 
and VFA concentration analysis. Saliva was collected from 23 animals over 6 periods to see the 
evolution of salivary enzymes to counteract the effects of condensed tannins in the diet. Urine 
was collected to analyze purine derivatives (Rivera et al.; in progress). 

 
Virginiamycin 

 
Prolonged and Intermittent Exposure 
 
Virginiamycin (VM), a macrolide antibiotic, is labeled to be fed to growing beef cattle for the 
prevention of liver abscesses. With no known incidence to human health, VM does not have a 
withdrawal period before slaughter. In order to ensure antimicrobial stewardship in the beef 
industry, the duration and efficacy of VM exposure should be evaluated. A study was performed 
to understand the effects of prolonged and intermittent exposure to VM on animal performance 
and carcass characteristics. One hundred and twenty weaned steers from a single origin were 
co-mingled, processed, and blocked by weight at TAMU@ANSC. Steers were randomly 
assigned one of six treatments (no VM for 150 d, no VM for 100 d, no VM for 50 d, VM for 50 d, 
VM for 100 d, VM for 150 d). Virginiamycin was fed at an inclusion rate of 240 mg/d with a DDG 
carrier. Animals not fed VM received DDG top-dressed to their diet to ensure all animals 
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received the same energy density. Animals were fed a grower-type diet for 50 d, transitioned to 
a finisher-type diet for 14 d, and finished for 86 d before slaughter. Biometrics, plasma, manure, 
and body weight were recorded every 28 days to track tissue growth. Ultrasonography 
technology was utilized to track liver abscess formation and carcass composition throughout the 
trial. Refused feed was collected every seven days and will be utilized, with manure, to calculate 
iNDF. Hot carcass weight, marbling and yield score, and liver abscess score with purulent 
material were collected at slaughter. The right 9th through11th rib section were analyzed for 
protein, fat, and ash composition to describe protein and fat deposition related to VM exposure 
(Rivera et al.; Dias Batista et al.; in progress). 
 
Antimicrobial Resistance 
 
Prophylactic and metaphylactic use of antibiotics in the beef industry has contributed to an 
increase of antimicrobial-resistant genes (ARG) in bacteria. Prolonged, intermittent, and acute 
antimicrobial exposures in the rumen select for bacterial species with ARG, conferring a survival 
benefit. Additionally, ARG genes are highly mobile genetic elements, capable of excising 
themselves and transferring to another bacteria if its host is enduring stress or facing death. An 
increase of ARG has been associated with prolonged exposure to medically-relevant 
antimicrobials, like chlortetracycline and oxytetracycline. Virginiamycin (VM), when fed to beef 
cattle to prevent liver abscesses, is not a medically-relevant antimicrobial and, therefore, is not 
restricted to a length of exposure nor a withdrawal period before slaughter. As an intake 
antimicrobial, VM has the ability to force bacterial evolution in the rumen, increasing the 
survivability of resistant inhabitants and the spontaneous transfer of ARG. Manure samples 
were collected from the steers mentioned in the above study every 28 days. The microbiome 
and resistome will be described as well as evolutionary dynamics related to prolonged and 
intermittent exposure to VM utilizing next-generation sequencing techniques. This study isolates 
itself from other ARG projects in the design of the treatments and manure collection as well as 
the magnitude; this project will provide a generalized depiction of the effects of VM on ARG due 
to the high number of samples being analyzed (D’ ouz   t   .; in p og    ). 
 

Mathematical Modeling and Artificial Intelligence 
 
Determination of Body Composition using Biometrics 
 
Computer mechanistic models have been used to predict individual growth rate and body 
composition of feedlot cattle based on environmental conditions, animal characteristics, and diet 
composition (Tedeschi et al., 2004). However, the determination of empty body fat (EBF) has 
been a consistent bottleneck in the advancements of the predictability of the USDA quality 
grade. Two critical elements in these mechanistic models are the (1) determination of the (BW) 
of an animal at 28% EBF, which is referred to as the adjusted final BW (AFBW), and (2) 
determination of initial EBF. Improvements in the prediction of partial efficiency of use of ME for 
growth (kg) were obtained by looking at the composition of the gain perspective (Tedeschi et al., 
2006), more specifically retained protein, and later confirmed by other researchers, rather than 
the traditional method of computing kg from dietary ME that was adopted by the National 
Research Council. Tedeschi (2017) discussed the calculation logic of body biometrics to predict 
initial body composition that can be used with mathematical nutrition and growth models to 
improve the forecast carcass and body composition, and consequently, the time necessary to 
reach a target endpoint, either as carcass composition or as maximum profit return. 
 
Beef Cattle Water Footprint Model 
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The objective of this project was to model the impact of water use in the beef industry as well as 
provide insight into high-leverage options that can be implemented to reduce the water footprint 
of the beef industry. Utilizing a dynamic-mechanistic-deterministic modeling framework, the 
Texas Beef Water Footprint Model (TXWFB) model was constructed. This model provides a 
producer-friendly interface for understanding the consequences of management decisions, 
through nutrition and reproductive physiology, on water use. The TXWFB model incorporates 
recently developed ruminant nutrition equations to precisely estimate water consumption. This 
model was developed using the system dynamics methodology. The TXWFB model is robust in 
the sense that it captures seven unique components: 1) state and regional population dynamics, 
2) cattle growth, 3) cattle nutrition, 4) forage production and evapotranspiration, 5) a daily water 
footprint, 6) a production supply chain water footprint, and 7) regional water scarcity. Currently, 
model development, evaluation, and policy results are being published (Menendez III and 
Tedeschi, 2020; Menendez III et al., 2020). 
 
Big Data, Smart-Farms, and Artificial Intelligence in Animal Agriculture 
 
Bio-informatics, big data, and artificial intelligence are disruptive technologies that are being 
adapted into commercial agriculture operations at every size level. These rapidly advancing 
technologies have caused researchers to ask how best to leverage big data for management 
decisions to improve animal agriculture production. Our research includes reviewing how 
models and computing have advanced animal agriculture thus far. We applied cutting-edge 
artificial neural network (ANN) algorithms using Anaconda and Statistical Program R, and IBM's 
Keras-Tensor Flow packages to assess the reliability and practicality for the prediction of cattle 
finishing body weight (kg) and carcass value ($). First, an ANN model was built without 
removing any covariates. Three models were run: 1) One hidden-layer with 5 nodes; 2) two-
hidden layers with 10 and 5 nodes respectively; 3) 3 hidden layers with 100, 50, and 20 nodes, 
respectively, including a drop-out function to minimize training errors. The second model 
outperformed the other two with a mean square error of 4.99 and mean absolute error of 0.59. 
The number of covariates was reduced in the model to eight after accounting for multicollinearity 
and using a stepwise-regression for covariate selection. The three ANN models were then re-
run with the selected covariates. The use of fewer variables in the new ANN models did not 
outperform the original model outputs. Results indicate that ANN models using Keras-Tensor 
flow are powerful and robust for our variable of interest. However, considerations of 
computational efficiency and ANN model layers should be further refined to handle larger and 
more complex datasets. Our research is continuing to explore the use of big data, ANN models, 
and deep learning for improving animal agriculture production (Tedeschi, 2019a,b). 
 

Phenotypic Expression on Performance and the Onset of Diseases 
 

Divergent RFI on Feeding-Behavior Patterns 
 
This study sought to determine if feedlot steers with divergent phenotypes for residual feed 
intake (RFI) have different feeding-behavior patterns. Three trials were conducted with 508 
Angus-based crossbred steers (BW = 309 ± 57 kg) fed high-concentrate diets in pens with 
electronic feed bunks (GrowSafe® System). Individual dry matter intake (DMI) and feeding-
behavior traits were collected for 70 d, and RFI was calculated as the residual from a regression 
of DMI on ADG and mid-test BW0.75. Steers were ranked by RFI and classified as low, medium, 
or high RFI (± 0.5 SD from mean RFI). Feeding-behavior traits evaluated included frequency 
and duration of bunk visit (BV) and meal events, head-down (HD) duration, mean meal length, 
and time-to-bunk interval. Additionally, the day-to-day variation of these traits (RMSE from linear 
regression of traits on day of trial), and the ratios of BV events per meal and HD duration per BV 
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event were evaluated. Feed-efficient low-RFI steers consumed 16% less DMI while BW and 
ADG did not differ from high-RFI steers. Low-RFI steers had 18% fewer and 21% shorter BV 
events and 11% fewer and 13% shorter meal events per day than high-RFI steers. High-RFI 
steers had a greater HD per BV duration, more bunk visits per meal, and approached the feed 
bunk 5 min sooner after feed delivery than low-RFI steers, which would suggest that high-RFI 
steers exhibited more intense feeding behavior patterns. Further, low-RFI steers exhibited less 
day-to-day variance in DMI, as well as in frequency and duration of BV and meal events and HD 
duration compared to high-RFI steers. These differences in feeding behavior traits due to RFI 
were minimally affected by covariate adjustment for DMI, indicating that steers with divergent 
RFI have distinct feeding behavior patterns that are largely independent of differences in DMI. 
These favorable feeding behavior patterns of low-RFI steers may enhance ruminal fermentation 
and improve the efficiency of feed utilization. These results also indicate that sensor-based 
technologies that measure feeding behavior traits may be predictive of feed-efficient beef cattle 
phenotypes (Parsons et al., 2020). 
 
Cattle Temperament on Feedlot and Carcass Performance 
 
This study's objectives were to determine if temperament classification on feedlot arrival impacts 
performance, feed efficiency, feeding behavior patterns and carcass-quality traits in feedlot 
cattle, and to determine if temperament effects on these traits differed between Angus and Bos 
indicus influence cattle. Three trials involving Angus, Braford, Brangus, and Simbrah heifers (N 
= 415) were used in this study. Temperament phenotype was assessed as the average of exit 
velocity (EV) measured at feedlot arrival and 28 d later prior to the start of the trials, which were 
conducted in pens with electronic feed bunks to measure DMI and feeding behavior traits while 
fed high-grain diets. Yield and quality data were collected at harvest, and Warner-Braztler shear 
force (WBS) measured on steaks after 14-d post-mortem aging. The effects of temperament on 
response variables were assessed using initial EV as a linear covariate, with comparisons made 
at average EV minus 1 SD to represent calm heifers, and average EV plus 1 SD to represent 
heifers with excitable temperaments. Interactions between initial EV and breed were tested to 
determine if responses due to temperament differed between breeds. No differences in initial 
EV were found between Angus and the 3 American breeds, and the proportion of heifers with 
calm, moderate and excitable temperaments was equally distributed across the four breed 
types. Heifers with calm temperaments were heavier (661 vs 589 lb) than excitable heifers, 
even though they were similar in age at the start of the study. Likewise, during the study, calm 
heifers had 12% greater ADG, consumed 8% more feed, and had more favorable F:G ratios 
(5.8 vs 6.1) than excitable heifers. Feeding behavior patterns were also influenced by 
temperament. Calm heifers had 9% greater meal duration and consumed meals that were 22% 
longer and 17% larger than excitable heifers. Moreover, calm heifers tended to approach the 
feed bunk 12 min sooner following feed delivery than excitable heifers. Angus heifers had 
greater ADG and more favorable F:G then Braford, Brangus, and Simbrah heifers. However, 
lack of significant temperament x breed interactions suggests that breed did not influence the 
effects of temperament on growth efficiency. Thus, the detrimental effects of excitable 
temperaments on performance and feed efficiency occurred irrespective of breed. Carcasses 
from calm heifers were 24 lb heavier, had greater backfat depth, and tended to have greater YG 
and proportion of carcasses grading Choice or higher than excitable heifers. Additionally, steaks 
from calm heifers were more tender (4.9 vs. 5.3 lb WBS) than those from excitable heifers after 
14 d post-mortem aging. Using a 3-year average marketing grid for YG, QG, and carcass weight 
specifications, calm heifers generated $56 more carcass value per head than excitable heifers. 
Given that temperament is moderately heritable, results from this study provide additional 
evidence that selection to improve genetic merit for temperament will increase profitability of 
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beef cattle operations by minimizing the detrimental effects of temperament on production 
efficiency and carcass-quality traits (Olson et al., 2019). 
 
Monitoring Feeding Behavior Patterns to Detect the Onset of BRD in Beef Cattle 
 
Trial 1. Sensor technologies enable real-time behavioral traits measurements to provide 
opportunities to develop animal-health monitoring systems for more accurate preclinical 
detection of bovine respiratory disease (BRD). Two studies were conducted to evaluate the 
accuracy of using statistical process control (SPC) procedures to monitoring feeding-behavior 
patterns to predict the onset of BRD (Kayser et al., 2019a). In the first study, 231 growing bulls 
from a feed efficiency trial (GrowSafe pens) were used. Between days 28 and 38 of the study, 
30 bulls were treated for BRD (> 103 F), with the remaining bulls were considered healthy 
cohorts. Clinically-ill and healthy bulls were used to evaluate sensitivity, specificity and accuracy 
(mean of sensitivity and specificity) of CUSUM models (Type of SPC chart). Eight univariate 
CUSUM models were evaluated: DMI, bunk visit (BV) frequency, BV duration, head down (HD) 
duration, eating rate, maximal nonfeeding interval (NFI Max), the daily variance of nonfeeding 
interval (NFI SD), and time to bunk (TTB). Accuracies for detection of BRD were 80, 69, 72, 79, 
64, 65, 73, and 49%, respectively, with the average day of detection prior to observed BRD 
clinical signs being 1.0, 3.2, 3.2, 4.8, 10.2, 2.7, 1.5, and 0.6 d, respectively. Principal-component 
analysis of all 8 univariate traits was used to construct multivariate factors that were similarly 
monitored with CUSUM. The best performing feeding behavior traits in these multivariate 
models were BV duration, HD duration and NFI SD. A multivariate model that used these 3 
feeding behavior traits was more accurate (84%) then either of the 8 univariate models, and 
predicted the onset of BRD 2.0 d prior to clinical signs. These results demonstrate the value of 
using SPC procedures to monitor feeding behavior patterns to detect BRD more accurately. 
 
Trial 2. In the second study (Kayser et al., 2020), data previously collected to evaluate the 
effects of live yeast supplementation on behavioral, physiological, and immunological responses 
to an experimental challenge with Mannheimia haemolytica (MH) were used (Kayser et al., 
2019b). Steers were assigned to 1 of 4 treatments (n = 9) in 2 x 2 factorial arrangement; Live-
yeast vs controls and MH vs PBS (controls). Continuous collection of feeding behaviors, 
accelerometer-based behaviors and rumen temperature data were obtained before and 
following MH vs. PBS inoculation. As live-yeast supplementation minimally affected these 
response variables, a retrospective analysis was conducted to evaluate the accuracy of SPC 
procedures to differentiate between MH- vs PBS-challenged steers. Shewhart models (Type of 
SPC chart) were used to evaluate deviations in the response variables following the MH 
challenge to assess sensitivity and PBS challenge to assess specificity, with the accuracies for 
each response variable defined as the average. DMI and BV duration had the greatest accuracy 
(89%), with accuracies for HD duration, BV frequency, TTB, and eating rate being less (83%, 
69%, 53%, and 61%, respectively). The accuracy of rumen temperature was 78%. In general, 
the accelerometer-based behavior traits were highly specific, ranging from 82% for ingestion to 
100% for rest, rumination, and standing. However, these traits' sensitivities were low (0% to 
50%), such that the accuracy was moderate compared with feeding behavior and rumen 
temperature responses. These results indicate that Shewhart charts can effectively identify 
deviations in feeding behavior and rumen temperature patterns to enable BRD subclinical 
detection in beef cattle. 
 

ɷ-6 Fatty Acids 
 

Offspring Productivity 
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Nutritional management of beef cows during late gestation directly impacts the postnatal 
performance of the in utero offspring (Cooke, 2019). Cook ’  group reported that supplementing 
Ca salts of ɷ-3 and ɷ-6 FA to beef cows during late-gestation improved offspring performance 
(Marques et al., 2017). More specifically, feedlot growth rate and carcass marbling were greater 
in calves born from cows supplemented with ɷ-3 + ɷ-6 FA. These results were indicative of 
programming effects from essential FA supplementation by improving hyperplastic muscle 
development and intramuscular adipose cells of calves during gestation. Recent studies with 
beef cattle, linoleic acid and its ɷ-6 derivatives were the specific FA linked with fetal cell 
differentiation and development (Schubach et al., 2019). Hence, supplementing a FA source 
based on ɷ-6 such as Ca salts of soybean oil (CSSO) might be more advantageous to 
gestational programming compared with the ɷ-3 + ɷ-6 FA mix used by Marques et al. (2017), 
and also elucidate the specific programming roles of ɷ-6 FA. Therefore, Brandão et al. (2020) 
experiment compared performance and physiological responses of the offspring from cows 
supplemented with CSSO or prilled saturated fat (CON) during late-gestation. Non-lactating, 
pregnant, multiparous Angus × Hereford cows (n = 104) that conceived during the same fixed-
time artificial insemination protocol were assigned to this experiment. Cows were ranked by 
pregnancy sire (1 of 2 sires), body weight (BW), and body condition score (BCS) on d -15 of the 
experiment (d 180 of gestation). Cows were then assigned to receive (dry matter basis) 415 g of 
soybean meal per cow daily in addition to: 1) 195 g/cow daily of CSSO (n = 52) or 2) 170 g/cow 
daily of CON (n = 52). Cows were maintained in 2 pastures (26 cows/treatment per pasture), 
and received daily 12.7 kg/cow (dry matter basis) of grass-alfalfa hay from d -15 to calving. 
Cows were segregated into 1 of 24 feeding pens three times weekly and received treatments 
individually from d 0 to calving. Calves were weaned on d 290 of the experiment, preconditioned 
for 35 d (d 291 to 325), and transferred to a feedyard where they remained until slaughter (d 
514). Cows receiving CSSO and their calves had greater (P < 0.01) plasma concentrations of 
 ino  ic  cid  nd tot   ω-6 PUFA compared with CON after calving. Colostrum IgG and calf 
plasma IgG concentrations 24 h after bi t  w    g   t   (P ≤ 0.02) in C  O   . CON c tt  . 
C      f o  C  O cow    d g   t   (P ≤ 0.05)  xp    ion of adipogenic (adipocyte fatty acid-
binding protein and stearoyl-CoA desaturase) and myogenic (myogenic differentiation 1 and 
myogenin) genes in the longissimus muscle (LM) compared with CON. No treatment differences 
in birth BW, weaning BW, and final preconditioning BW was not d (P ≥ 0.36). A    g  d i y 
g in  nd fin   BW in t   f  dy  d w    g   t   (P ≤ 0.05) in  t     f o  C  O cow  than CON. 
The incidence of calves diagnosed with BRD that required a second antimicrobial treatment was 
less (P = 0.03) in calves from CSSO cows, resulting in a reduced (P = 0.05) need for treatments 
to regain health compared with CON. Upon slaughter, the LM area was greater (P = 0.03) in 
calves from CSSO cows compared with CON. Collectively, these results are indicative of 
programming effects on postnatal offspring growth and health resultant from CSSO 
supplementation to late-gestating cows. Hence, supplementing CSSO to beef cows during 
pregnancy might be a feasible alternative to optimize offspring productivity and welfare. 
 

Bovine Appeasing Substance 
 

Calves at Weaning 
 
Weaning is a stressor inherent to beef cattle management, the process of which stimulates 
adrenocortical and acute-phase protein responses that have immediate and long-term impacts 
on calf growth and immunity (Cooke, 2017). The weaning process also includes other stressful 
procedures such as vaccination, transport, and exposure to new environments (Carroll and 
Forsberg, 2007). Hence, strategies to alleviate the stress elicited by the weaning process are 
warranted to promote calf performance and welfare in cow-calf and subsequent feeding 
operations. One strategy to consider is the use of appeasing pheromones, initially discovered in 
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swine and shown to reduce the agonistic behavior of piglets (McGlone and Anderson, 2002). In 
cattle, the synthetic analog of the appeasing pheromone is based on a mixture of fatty acids, 
reproducing the composition of the natural substance (Cooke et al., 2020). This synthetic analog 
(bovine appeasing substance; BAS) is expected to have calming effects, improving cattle 
welfare and productivity upon stressful procedures. Our group recently demonstrated that BAS 
administration to beef calves upon weaning alleviated the resultant acute-phase protein 
response and improved average daily gain (ADG) during a 45-d postweaning period 
(Cappellozza et al., 2020; Cooke et al., 2020). These studies were novel and supported the use 
of BAS to improve calf welfare and growth during a preconditioning program. Research 
investigating the effects of BAS use in beef cattle, however, is still limited and warranted to 
understand its biological and behavioral effects further. Therefore, Schubach et al. (2020) 
evaluated the impacts of administering BAS to beef calves at weaning on their performance, 
physiological responses, and behavior during a 42-d preconditioning program. Eighty calves (40 
heifers and 40 steers; 90% British × 10% Nellore) were weaned at 233 ± 2 d of age (d 0), 
ranked by sex, weaning age and body weight (BW), and assigned to receive BAS (IRSEA 
Group, Quartier Salignan, France; n = 40) or placebo (diethylene glycol monoethyl ether; CON; 
n = 40). Treatments (5 mL) were topically applied to the nuchal skin area of each animal 
following dam separation. Within treatment, calves were allocated to 1 of 8 drylot pens (4 
pens/treatment; pen being the experimental unit) and received a free-choice total mixed ration 
(TMR) from d 0 to 42, intake of which was assessed daily. Live behavior observations were 
conducted on d 1, 2, 4, 8, 16, and 32. Temperament was assessed and blood samples were 
collected via jugular venipuncture on d -21, 0, 3, 7, 14, 28, and 42. Hair samples were collected 
from the tail switch on d 0, 14, 28, and 42. Calves were vaccinated against bovine respiratory 
disease viruses on d -21 and 0. Average daily gain from d 0 to 42 did not differ between 
treatments (P = 0.57), but was greater (P = 0.05) in BAS vs. CON calves from d 0 to 28. Intake 
of TMR was greater (P = 0.05) during the first week for BAS vs. CON calves (treatment × week; 
P = 0.08). The mean proportion of calves feeding simultaneously and performance of social and 
p  y b    io   w    g   t   (P ≤ 0.05) fo  BA    . CON c  ves. Escape attempts were greater 
(P < 0.01) for BAS vs. CON calves on d 1 (treatment × day; P = 0.03). Exit velocity was greater 
(P = 0.04) for CON vs. BAS calves on d 14 and tended (P = 0.10) to be greater for CON vs. 
BAS calves on d 7 (treatment × day; P = 0.03). Mean plasma concentrations of haptoglobin 
were greater (P = 0.02) in CON vs. BAS calves. Hair cortisol concentrations were greater (P = 
0.05) in CON vs. BAS calves on d 14 (treatment × day; P = 0.03). Mean serum concentrations 
of antibodies against bovine viral diarrhea virus were greater (P = 0.02) in BAS vs. CON calves. 
Collectively, BAS administration to beef calves at weaning alleviated stress-induced 
physiological reactions, improved temperament evaluated via chute exit velocity, enhanced 
humoral immunity acquired from vaccination, and appear to have accelerated adaptation to 
novel management scheme and environment. 
 
Feedlot Cattle at Receiving 
 
Based on the results from Schubach et al. (2020), Colombo et al. (2020) evaluated the impacts 
of administering BAS at feedlot entry to receiving cattle. Angus-influenced steers (n = 342) from 
16 sources were purchased from an auction yard on d -1, and transported (12 h; 4 trucks) to the 
feedlot. Upon arrival on d 0, shrunk body weight (BW; 240 ± 1 kg) was recorded, and steers 
were ranked by the load, shrunk BW and source, and assigned to receive BAS (IRSEA Group, 
Quartier Salignan, France; n = 171) or placebo (diethylene glycol monoethyl ether; CON; n = 
171). The BAS is a mixture of fatty acids that replicate the composition of the bovine-appeasing 
pheromone. Treatments (5 mL) were topically applied to each individual steer on their nuchal 
skin area. Steers were allocated to 1 of 24 drylot pens (12 pens/treatment) and received a free-
choice diet until d 46. Steers were assessed daily for bovine respiratory disease (BRD) signs, 
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and feed intake was recorded from each pen daily. Steer unshrunk BW was recorded on d 7, 17, 
31, 45, and 46. Shrunk BW on d 0 was added an 8% shrink to represent initial BW, and final BW 
was calculated by averaging BW from d 45 and 46. Blood samples were collected from 5 
steers/pen on d 0, 7, 11, 31, and 45. Pen was considered the experimental unit. Steer BW gain 
was greater (P = 0.04) in BAS vs. CON (1.01 vs. 0.86 kg/d, SEM = 0.05). Feed intake did not 
differ (P = 0.95) between treatments, resulting in greater (P = 0.05) feed efficiency in BAS vs. 
CON (171 vs. 142 g/kg, SEM = 10). Plasma cortisol concentration was greater (P = 0.05) and 
plasma glucose concentration was less in CON vs. BAS on d 7 (treatment × day; P = 0.07 and < 
0.01,    p cti   y). M  n p      β-hydroxybutyrate concentration was greater (P < 0.01) in 
BAS vs. CON (3.23 and 2.75 mg/mL; SEM = 0.12). Incidence of BRD was greater (P ≤ 0.05) in 
BAS vs. CON from d 6 to 10 and d 19 to 23 (treatment × day; P < 0.01), although overall BRD 
incidence did not differ (P = 0.20) between treatments (82.4 vs. 76.6%, respectively; SEM = 
3.2). A greater proportion (P = 0.04) of BAS steers diagnosed with BRD required one 
antimicrobial treatment to regain health compared with CON (59.3 vs. 47.6%, SEM = 4.2). 
Hence, BAS administration to steers upon feedlot arrival improved BW gain during a 45-d 
receiving period by enhancing feed efficiency. Moreover, results suggest that BAS improved 
steer performance by facilitating early detection of BRD signs, lessening the disease recurrence 
upon first antimicrobial treatment. 
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THE EFFECT OF GROWTH-PROMOTING IMPLANTS AND FEEDING DURATION 
ON LIVE GROWTH PERFORMANCE, BIOMETRIC MEASUREMENTS, CARCASS 

GRADING PERFORMANCE, RED MEAT YIELD AND EMPTY BODY COMPOSITION 
OF BEEF STEERS 

Tylo J. Kirkpatrick*, Kaitlyn R. Wesley*, Sierra L. Pillmore*, Kimberly B. Cooper*, Forest 
L. Francis*, Travis C. Tennant*, Wade T. Nichols†, John P. Hutcheson†, Ty E. 

Lawrence*2 

*Beef Carcass Research Center, West Texas A&M University, Canyon, TX 79016; and 
†Merck Animal Health, Madison, NJ 07940 

Charolais x Angus steers {n = 80; start of trial body weight (BW) 598 ± 218 lb} 
were randomly allocated to implant treatment and harvest date in a 2 x 10 factorial 
experiment. Steers were paired within genetic group according to initial BW, frame 
score, and adjusted final body weight (AFBW).  Within each pair, a steer was randomly 
allocated to one of two treatments; implanted with Revalor-XS (REV; 200 mg TBA + 40 
mg E2

 containing 4 uncoated pellets and 6 pellets with a proprietary time release coating 
technology) on d 0 and d 190 or non-implanted control (CON).  Eight steers comprised 
of 4 pairs were randomly assigned to 1 of 10 harvest dates at d 0, 42, 84, 126, 168, 
210, 252, 294, 336, and 378 DOF.  Steers were fed in open lot dirt surface pens (20 
animals/pen) equipped with 4 GrowSafeTM nodes per pen; individual consumption data 
were recorded continuously.  Steers consumed 3 rations throughout the study: starter 
(38.5% roughage), intermediate (23% roughage), and finishing (8.5% roughage).  
Activity and rumination were objectively monitored via accelerometers attached to the 
left ear (SCR tags; Merck/Allflex).  Twenty-four hours prior to each of the 10 harvest 
dates steers were individually weighed.  During harvest, non-carcass components were 
removed and weighed; gastrointestinal tracts (GIT) were disassembled, weighed, 
cleaned, and re-weighed.  Carcasses were chilled for 48 h and graded according to 
USDA quality and yield grade standards.  During harvest and fabrication, samples were 
collected to determine empty body composition via proximate analysis of blood, hide, 
internal cavity components, bone, and carcass soft tissue.  Proximate analysis of each 
tissue was multiplied by mass to assimilate empty body percentages of moisture (EBM), 
crude protein (EBP), ether extractable fat (EBF), and ash (EBA).  All variables were 
analyzed using mixed models with implant treatment and DOF as fixed effects and pair 
as random.   

Average daily gain (ADG) was 9.8% greater (P < 0.01) for REV steers (3.15 lb 
REV vs 2.87 lb CON) during the 378d trial (Table 1).  Dry matter intake (DMI) did not 
differ (P = 0.15) between treatments, averaged 19.2 lb during the trial and decreased (P 
< 0.01) in a quadratic manner from 3.22% of BW during the initial period to 1.03% of 
BW after 378 DOF.  Implanting with REV improved (P < 0.05) feed to gain ratio (F:G) by 
6.3% during the trial, however a TRT x DOF interaction (P < 0.05) occurred after 293 
DOF whereby REV steers became less efficient.   

Consumption visit frequency was 48.8 events/d during the initial period and 
decreased (P < 0.01) during the trial ending at 16.1 events/d (Table 2).  Daily 
consumption time began at 111 min/d during the initial period and decreased (P < 0.01) 
by 0.12 and 0.15 min/d for CON and REV, respectively.  Implanted steers spent 
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approximately 7.5 min/d less (P < 0.01) consuming feed.  Singular consumption visits 
lasted 2.64 min/event during the initial period and increased (P < 0.01) 0.1 min/event for 
each 42 d period.  Dry matter intake per consumption event began at 0.56 lb/event and 
increased (P < 0.01) 0.067 lb/event for each 42 d period.  Implanted steers consumed 
0.11 lb DM more (P < 0.01) per consumption event than CON.  Consumption rate for 
each consumption event was greater (P < 0.01) for REV (0.64 lb/min CON vs. 0.93 
lb/min REV).    

Rumination and activity varied (P < 0.01) within 24-h periods, exhibiting bimodal 
patterns; rumination peaked at 0600 and 1400 h and troughed at 1000 and 1800 h 
(Figure 1).  Activity peaked at 0800 and 1800 h and troughed at 0400, 1200-1400, and 
2200 h (Figure 2).  Steers administered REV ruminated less (364 vs 380 min/d; P = 
0.04) than CON, however, 24-h activity was similar (P = 0.29) between treatments.  
Treatment × roughage interactions (P < 0.01) occurred for rumination and activity.  
Rumination tended to differ (P = 0.06) between CON consuming 38.5% and 23% 
roughage, however, CON steers ruminated (P < 0.01) more than REV when consuming 
8.5% roughage (Figure 3).  Implanted and non-implanted steers ruminated less (P < 
0.01) as roughage inclusion decreased from 38.5% and 23% to 8.5% (457 and 439 vs 
317 min/d) in the finishing ration (Figure 4).   

Empty body weight (EBW), and hot carcass weight (HCW) were 6% greater (P < 
0.01) in REV steers vs. CON (Table 3).  No treatment effects (P ≥ 0.12) w    ob  rved 
for fill or dressed carcass yield (DY), however, EBW, HCW and DY increased (P ≤ 0.01) 
and percentage fill decreased as an effect of DOF.  Absolute fill weight did not change 
across DOF (P ≥ 0.82). 

No TRT × DOF interactions (P > 0.05) were observed in yield grade variables, 
however a TRT × DOF interaction occurred (P < 0.01) for skeletal and overall maturity.  
Implanted steers had a heavier SBW (7%; P < 0.01) and HCW (6%; P < 0.01), and 
larger (6%; P < 0.01) LM area than non-implanted counterparts.  While REV carcasses 
had 17% less (P < 0.01) KPH than CON carcasses, no treatment effects (P = 0.26) 
were observed in marbling, suggesting sustained marbling quality throughout the 378-d 
feeding period.  Marbling and 12th rib fat depth increased linearly (P < 0.01) across 
DOF; SBW, HCW, dressed yield, LM area, KPH, USDA yield grade, and lean maturity 
increased whereas LM area:HCW decreased quadratically (P < 0.06) with additional 
DOF.  These data support a shift in nutrient deposition from waste-fat accumulation to 
lean tissue development in response to slow-release TBA + E2 implants compared to 
non-implanted control.  Additionally, implanted steers exhibited advanced skeletal 
maturity, however no concurrent compromise in marbling was observed throughout the 
378-d feeding period. 

Empty body moisture decreased (P < 0.01) in a quadratic trend at approximately 
0.0373%/d beginning at 61.9% on d 0 and ending at 47.8% on d 378 (Table 5).  Empty 
body protein decreased (P < 0.01) linearly by approximately 0.0071%/d beginning at 
18.7% on d 0 and ending at 16.0% on d 378.  Empty body fat increased (P < 0.01) in a 
quadratic trend at approximately 0.0450%/d beginning at 14.0% on d 0, until d 294 and 
plateaued at approximately 32.0% through d 378.  Empty body ash remained constant 
(P = 0.29) over the feeding period (5.5% - 5.8%).  Empty body protein (16.7% CON vs 
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17.4% REV) and EBA (5.4% CON vs 5.7% REV) were greater (P < 0.01) for REV 
steers, and EBM (50.7% CON vs 51.6% REV) tended to be greater (P = 0.07) for REV 
steers.  In contrast, EBF (27.3% CON vs 25.3% REV) was greater (P < 0.01) for CON 
steers.  Ratio of EBP to EBF was less (P < 0.05) for CON steers (0.692:1) compared to 
0.752:1 for REV steers and decreased (P < 0.01) approximately 0.002/d from at 1.378 
on d 0 to 0.542 on d 378.   

In conclusion, these data indicate live growth performance and feeding behavior 
were impacted by both growth enhancement technology and duration of finishing.  
Rumination and activity are responsive to hour of day, dietary roughage and growth-
promoting implants.  Biometric measurements and carcass dimensions were impacted 
by both growth enhancement technology and duration of finishing.  Growth promoting 
implants increased body and carcass weights and altered many non-carcass 
components, while reducing excess internal fat accumulation.  Growth-promoting 
implants altered composition of gain during the finishing period in comparison to 
controls. Time on feed as well as treatment differences were observed for protein 
accretion as it increased at a decreasing rate while fat accrued at an increasing rate. 
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Table 1.  Live performance of steers (n = 72) implanted with Revalor 

XS (REV; n = 36) or non-implanted control (CON; n = 36) during a 

serial harvest study (1-377 d on feed) with 10 slaughter dates 

  Performance 

  

n 

Daily 

DMI 

 

ADG 

 

F:G 

DMI 

%BW 

  lb  

CON 36 18.92 2.87 6.71 1.71 

REV 36 19.40 3.15 6.29 1.69 

Days on 

feed 

     

1-41 72 22.31a 4.94a 4.46a 3.22a 

42-83 64 19.34b 3.84b 5.49c 2.44b 

84-125 56 19.49cd 3.75bc 4.98b 1.83c 

126-167 48 19.45c 3.55cd 5.43c 1.64d 

168-209 40 17.60c 2.18e 9.01e 1.51e 

210-251 32 16.54c 3.22d 6.06d 1.41e 

252-293 24 17.73de 1.52f 12.05f 1.19f 

294-335 16 21.23e 2.03e 8.26e 1.05f 

336-377 8 18.74cde 2.03ef 8.70e 1.03f 

SEM  0.86 0.20 0.02 0.08 

  P-values 

DOF  <0.01 <0.01 <0.01 <0.01 

TRT    0.15 <0.01 <0.05   0.98 

TRT X DOF    0.85   0.15 <0.05   0.98 

Linear  <0.01 <0.01 <0.01 <0.01 

Quadratic  <0.01 <0.01 <0.01 <0.01 

a, b, c, d, e, f Least squares means within a column lacking a common 

superscript letter differ (P < 0.05) 
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Table 2.  Eating behavior of steers (n = 72) implanted with Revalor XS (REV; n = 36) or non-implanted 

control (CON; n = 36) during a serial harvest study (1-377 d on feed) with 10 slaughter dates  

  Eating behavior 

 

 

 

 

n 

Consumption 

visit frequency 

Daily 

consumption 

duration 

Singular 

consumption 

event 

DMI per 

consumption 

event 

Consumption 

rate for 

consumption 

events 

  events/d min/d min/event lb/event lb/min 

 

CON 36 25.9 70.46 3.04 0.85 0.64 

REV 36 25.1 62.96 2.89 0.96 0.93 

Days on 

feed 

      

1-41 72 48.8a 111.2a 2.64bcd 0.56d 0.83 

42-83 64 31.2b 82.2b 2.67cb 0.73c 0.82 

84-125 56 25.5cd 63.7c 2.56cd 0.80c 0.85 

126-167 48 26.5c 62.0c 2.39d 0.78c 0.87 

168-209 40 22.2de 59.0cd 2.78bc 0.98b 0.83 

210-251 32 21.6e 59.5cd 2.93ab 1.03b 0.85 

252-293 24 20.7e 55.7cd 2.89abc 0.98b 0.76 

294-335 16 16.8e 52.8d 3.25a 1.09ab 0.57 

336-377 8 16.1e 54.3cd 3.49a 1.23a 0.50 

SEM  2.9 4.9 0.27 0.09 0.15 

  P-values 

DOF  <0.01 <0.01 <0.01 <0.01 0.21 

TRT  0.49 <0.01 0.13 <0.01 <0.01 

TRT x DOF  0.96 0.95 0.97 0.84 0.41 

Linear  <0.01 <0.01 0.01 <0.01 0.06 

Quadratic  <0.01 <0.01 <0.01 <0.01 0.03 

a, b, c, d, e,f g, h Least squares means within a column lacking a common superscript letter differ (P < 0.05) 
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Table 3.  Body and carcass weights, fill, and dressed yield of steers (n = 72) 

implanted with Revalor XS (REV; n = 36) or non-implanted control (CON; n = 

36) during a serial harvest study with 10 slaughter dates. 

  Implant Treatment1  DOF1  P-value 

Item 

CON REV SEM  0 42 84 126 168 210 252 294 336 378 SEM  
TRT 

× 
DOF 

TRT DOF 

Steers 40 40 -  8 8 8 8 8 8 8 8 8 8 -  - -  

Days of age 406 409 -  213 254 300 339 393 434 476 521 550 597 -  - -  

Empty BW, lb2 1129 1197 13.1  540h 723g 917f 1019e 1171d 1360c 1316c 1451b 1484b 1645a 29.7  0.79 <0.01 <0.01 

HCW, lb 785 836 10.6  351g 465f 642e 706e 818d 946c 924c 1034b 1052b 1171a 10.91  0.72 <0.01 <0.01 

Dressed yield, %3  65.0 65.7 0.73  59.0b 58.0b 70.4a 65.4a 66.0a 67.1a 66.8a 66.5a 68.6a 66.2a 1.90  0.24 0.43 <0.01 

Fill, lb4 58.2 62.6 2.12  62.6 60.2 53.4 62.0 62.2 58.0 56.0 64.6 64.6 60.4 5.34  0.64 0.12 0.82 

Fill, % 5.19 5.27 0.17  10.1a 7.22b 5.54bc 5.39c 4.81d 4.00e 3.79e 4.08de 3.98e 3.32e 0.41  0.87 0.71 <0.01 

 

1 Steers received no implant (CON) or a Revalor-XS (REV; Merck Animal 

Health, Summit, NJ) on d0 and d190 of the study; Feeding duration (DOF). 
2 Sum of hot carcass weight (HCW), internal fat, oxtail, carcass trim, viscera, 

empty gastrointestinal tract, spinal cord, lips, head, penis, hide and limbs. 
3 Percentage of shrunk body weight (Kirkpatrick, 2020) that is comprised of 

the dressed hot carcass. 
4 Difference between full gastrointestinal tract and empty gastrointestinal 

tract (kg). 
a,b,c,d,e,f,g,h DOF values with different superscripts differ (P < 0.05) across DOF. 
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Table 5.  Body weights, carcass yield, and chemical composition of steers (n = 72) implanted with Revalor XS 

(REV; n = 36) or non-implanted control (CON; n = 36) during a serial harvest study with 10 slaughter dates. 

   DOF2  P - value 

Item 

CON REV 

0 42 84 126 168 210 252 294 336 378 SEM DOF TRT TRT 

x 

DOF 

n 40 40 8 8 8 8 8 8 8 8 8 8 - - - - 

SBW, lb3 1191 1265 593h 807g 940f 1090e 1253d 1404c 1407c 1483c 1569b 1737a 30.2 <0.01 <0.01 0.64 

EBM, %4 50.7 51.6 61.9a 57.8b 54.4c 51.2d 49.8de 49.9de 46.4fg 45.5g 46.8fg 47.8ef 0.8 <0.01 0.07 0.17 

EBP, %5 16.7 17.4 18.7a 18.0ab 18.1ab 17.3b 17.7b 16.3c 16.2c 15.9c 16.2c 16.0c 0.3 <0.01 <0.01 0.86 

EBF, %6 27.3 25.3 14.0f 18.4e 22.2d 26.2c 26.7c 28.4bc 31.6ab 33.5a 31.5ab 30.5ab 1.0 <0.01 <0.01 0.50 

EBA, %7 5.4 5.7 5.5 5.9 5.3 5.3 5.9 5.4 5.8 5.1 5.5 5.8 0.2 0.52 0.01 0.31 

a, b, c, d, e, f g, h, Least squares means within a column lacking a common superscript letter differ (P < 0.05) 

1Revalor-XS (Merck Animal Health, Madison, NJ). 

2Days on feed. 

3Body weight after calculated 4% shrink 

4Empty body moisture 

5Empty body protein 

6Empty body fat 

7Empty body ash 
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Table 4.  USDA quality and yield grade characteristics of steers (n = 72) implanted with Revalor XS 

(REV; n = 36) or non-implanted control (CON; n = 36) during a serial harvest study with 10 slaughter 

dates. 

  Implant 
Treatment1 

 DOF2 
 

P-value 

Item 
CON REV SEM  0 42 84 126 168 210 252 294 336 378 SEM  

TRT 
× 

DOF 
TRT DOF 

Steers 40 40 -  8 8 8 8 8 8 8 8 8 8 -  - - - 

USDA yield grade                    

     LM area, in2 12.8 13.6 0.17  9.39f 9.86f 11.8e 12.6de 13.5cd 14.4bc 14.4bc 14.1c 15.4b 16.5a   2.62  0.60 <0.01 <0.01 

     LM:HCW 1.76 1.75 0.03  2.74a 2.16b 1.88c 1.79c 1.66cd 1.54de 1.56de 1.37e 1. 46de 1.44de 0.08  0.95 0.81 <0.01 

     12th rib fat depth, in  0.49 0.46 0.03  0.08e 0.18de 0.26cd 0.37bc 0.37bc 0.50b 0.70a 0.82a 0.72a 0.74a 0.16  0.26 0.46 <0.01 

     KPH, % 3.38 2.81 0.11  1.65e 2.06de 2.51cd 3.05bc 3.32ab 3.42ab 3.38ab 3.45ab 4.07a 4.05a 0.26  0.30 <0.01 <0.01 

     USDA yield grade3 3.28 3.04 0.11  1.36g 1.98fg 2.31ef 2.68e 2.87de 3.42cd 3.82bc 4.67a 4.18ab 4.30ab 0.25  0.40 0.13 <0.01 

USDA quality grade                    

     Marbling score4 40.8 39.4 0.91  24.5f 28.2ef 31.9de 34.0d 42.5c 42.6c 44.9bc 49.0ab 49.4ab 54.0a 2.26  0.42 0.21 <0.01 

     Skeletal maturity5 40.7 69.6 2.52  15.6 19.8 25.1 40.9 48.3 60.6 72.9 83.7 94.3 90.4 6.15  <0.01 <0.01 <0.01 

     Lean maturity5 57.8 61.8 1.90  15.9d 47.6c 48.7c 48.3c 67.8b 74.1ab 69.8b 71.4ab 71.1ab 83.0a 4.70  0.40 0.12 <0.01 

     Overall maturity5 47.5 66.0 1.90  13.9 32.4 33.8 44.0 56.1 66.1 70.1 81.2 81.3 88.5 4.30  <0.01 <0.01 <0.01 

1 Steers received no implant (CON) or a Revalor-XS (REV; Merck Animal Health, Summit, NJ) on d0 

and d190 of the study. 
2 Linear (LIN) and quadratic (QUAD) contrasts of the main effect of DOF. 
3 United States yield grade- YG = [2.5 (2.5 × 12th rib fat, in.) + (0.0038 × HCW, lbs) + (0.2 × KPH %) – 

(0.32 × LMA, in2)] 
4 20 = Traces; 30 = Slight; 40 = Small; 50 = Modest; 60 = Moderate; 70 = Slightly Abundant 
5 Scores: 0 to 99 = A maturity; 100 to 199 = B maturity; > 200 = C maturity 
a,b,c,d,e,f,g,h DOF values with different superscripts differ (P < 0.05) 
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Figure 1.  Main effects of hour within day on rumination of steers (n = 72) implanted 

with Revalor XS (REV; n = 36) or non-implanted control (CON; n = 36) during a serial 

harvest study with 10 slaughter dates. 
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Figure 2.  Main effects of hour within day on activity of steers (n = 72) implanted with 

Revalor XS (REV; n = 36) or non-implanted control (CON; n = 36) during a serial 

harvest study with 10 slaughter dates. 
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Figure 3.  Dietary roughage inclusion × implant treatment interaction for rumination of 

steers (n = 72) implanted with Revalor XS (REV; n = 36) or non-implanted control 

(CON; n = 36) during a serial harvest study with 10 slaughter dates.  

* Tendency (0.05 > P < 0.10). 
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Figure 4.  Main effects of DOF on daily rumination of steers (n = 72) implanted with 

Revalor XS (REV; n = 36) or non-implanted control (CON; n = 36) during a serial 

harvest study with 10 slaughter dates. 
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Dr. John Church, Associate Professor, Natural Resource Science 

BC Regional Innovation Chair, Cattle Industry Sustainability 

Thompson Rivers University, Kamloops British Columbia, Canada 

Email: jchurch@tru.ca 

 

Unlocking the potential of real-time monitoring of cattle location, behavior and physiological 

metrics while on the land base (The “Connected” Cow), while simultaneously monitoring the 

veg t tion t      ni     d p nd on t  oug     ot    n ing wou d con titut  t   wo  d’  fi  t 

“    t” bio   (p  nt   nd  ni       n g d tog t   ). In  ddition, t   conc pt of ‘P  ci ion 

  nc ing’  t i    to “  int in t    ig t  ni   ( ) in t    ig t p  c   t t    ig t ti  ” to opti    y 

balance forage use with forage recovery, and maintenance of other environmental services, 

inc uding   ng   nd     t . Coup ing “P  ci ion   nc ing” wit    “    t Bio  ” wou d p o id  

for new actionable data streams in real-time that would be truly transformative for the beef 

industry.  

 

The North American beef industry faces many challenges such as optimizing the use of feed 

resources to meet the seasonal nutritional demands of cattle, including during summer, while 

grazing on extensively managed and diverse pasture. Past research on feed efficiency has 

concentrated on animals in dry lot; however, the industry has only recently begun assessing 

how this translates into cow/calf production metrics. What remains unclear is how behavior 

(habitat and diet selection, activity levels) by cows influences cow/calf production or is involved 

in emerging grass/pasture-based finishing systems. This is particularly important as habitat and 

diet influence the quantity and quality of forage intake; and similarly, activity budgets impact 

animal bioenergetics, and therefore weight gain. Production efficiency in the grass-fed beef 

  cto , fo   x  p  , cou d b    k y focu  fo  t   indu t y’  futu   t  n fo   tion. I p o ing 

production efficiency on pasture would provide one of the most cost-effective ways to grow 

production and profitability while achieving reduced greenhouse gas emissions intensity. In the 

livestock sector, efficiency can be measured as a ratio of inputs to outputs, or as feed 

consumed to kilograms of meat produced or calves weaned, but it is notoriously difficult to 

measure in primarily grazing based systems. What is required is new technology to enable 

“Conn ct d Cow ” to b tt    onito   nd   n g  not on y t   c ttle but the land base they 

d p nd,  n b ing t   c   tion of   “    t Bio  .” 

 

A major limitation in the past to tracking and manipulating livestock use on rangelands has been 

the lack of effective means to monitor cattle location at low cost using commercially available 

platforms. However, recent technological advances make the tracking of cattle location and 

activity more feasible and offer great potential for improving livestock management. A further 

benefit of these technologies is their ability to provide detailed data on individual animal 

behavior, including their habitat preferences and activity. Historically, these data were collected 

from either direct animal observations (Arthur 1984; Stephenson et al. 2016) or used expensive 

global positioning system (GPS) technology, to monitor a very small sample of animals 

(Kaufmann et al. 2013a, 2013b; Moore 2018) which may not be representative of larger herds 

(Stephenson et al. 2016). 
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The widespread availability of new GPS technology (i.e. smart ear tags and boluses) to track 

and monitor animals via low earth orbit satellites, or through use of the Internet of Things (IoT), 

at substantially lower cost now enables the possibility of larger numbers of cattle to be tracked 

and monitored in real-time. Similarly, technology for quantifying activity budgets (time spent 

feeding, walking, grazing and lying/ruminating) can improve cattle production traits via changes 

in bioenergetics. On-farm gain by the grass-fed beef sector, for example, has been static at 

approximately 0.5 kg per annum for the past 15 years. To maintain industry competitiveness the 

grass-based sector should lift productivity gains around 2.5 kg per annum. The application of 

Smart technology offered from products like the new Ceres smart satellite ear tag from 

Australia, for example, could provide new insight/metrics (i.e. forage consumed, average daily 

gain etc.) in the future. This technology could potentially reveal how cow grazing behavior 

impacts cow/calf production in new insightful ways, providing for new opportunities to select 

cattle (by modulating behavior) that align foraging impacts while maintaining: a) efficient beef 

production, and b) environmental sustainability. Similarly, new smart boluses, such as the one 

proposed by Wandering ShepherdTM in Canada, offer not only animal tracking, but enhanced 

physiological metrics such as internal body temperature (for estrus, disease detection) or heart 

rate (metabolism, bioenergetics). 

 

The implications for the improved screening and selection/recruitment of replacement cattle 

through improved data metrics provided by this technology are obvious and enormous. The 

technology could potentially quantify activity budgets (time spent feeding, walking, grazing and 

lying/ruminating) to identify/interpret cattle production traits via changes in bioenergetics (Bailey 

et al. 2018); and when paired strategically with remote sensing drone technology, estimate the 

amount of forage biomass consumed and even allow for the remote weighing of the animals 

through specializ d    i   c      . T i   pp o c  cou d    ntu   y    d to “t  g t d  i   tock 

g  zing” in w ic  g  zing p   c iption  opti iz  t   ti ing, f  qu ncy, int n ity  nd     cti ity of 

defoliation by remotely tracked and even remotely managed animals. This would enable 

i p o  d   nd u     n g   nt, p o oting  o   unifo      ou c  u   by “Conn ct d” cows, 

at an unprecedented landscape scale through improved grazing; and would empower this often-

underutilized animal-based grazing tool to improve production outcomes through enhanced 

alignment of animal nutritional requirements with the availability and use of forage resources. In 

addition to the economic benefits, the grazing selection ability of livestock to alter forage 

composition among plant species enabled throug  t i  “    t” t c no ogy wi         u tip   

environmental benefits, both direct, such as reduce enteric methane production; as well as 

indirect, like improved wetland conservation, the maintenance of biodiversity, reduced wildfire 

risk and increased grassland and soil health. 

 

Another technological advance in livestock management on pasture, which has evolved slowly 

o    t      t 40 y     b yond  utono ou     ot  t  cking, i  t   d    op  nt of ‘ i tu   

f ncing’ (VF)  y t   . VF  y t        d fin d    boundaries or enclosures implemented 

without a physical barrier; and rely on an animal wearing an electronic device to regulate 

behavior (Umstatter 2011). Livestock distribution is manipulated by confining animals remotely 

to 'inclusion areas' using audio and electrical stimuli that deter animals from leaving the target 

occupation zone (Campbell et al. 2018; Marini et al. 2018). A combination of avoidance and 

associative learning (audio cues) lead animals to remain within inclusion areas, a behavior that 

may persist after the VF is removed (Markus et al. 2014). This provides for a flexible approach 

to manipulate where, when and for how long animals graze. Confinement of cattle to inclusion 
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areas using VF technology is comparable to an electric fence in terms of animal stress 

(Campbell et al. 2019a); and is aided by social facilitation (learning) among conspecifics, 

meaning not all cattle in the herd need to be subject to the technology to be effective 

(Keshavarzi et al. 2020). Moreover, as VF systems are mobile, they enable sophisticated 

management practices to be implemented at low cost per area (Anderson et al. 2014), 

enhancing rotational grazing, or reduce conflicts with other land uses such as forestry 

(Kaufmann et al. 2014, 2017), wildlife conservation (Jachowski et al. 2014), or riparian area 

protection (Campbell et al. 2019b). It has even recently been suggested that VF technology 

could enable cattle grazing to be used as a novel tool to improve management of fuel loads to 

reduce wildfire risk. New product off  ing  f o  co p ni    uc     No w y’  NoF nc       

solved many or the technical hurdles that have impeded the adoption of VF technology in the 

past including power (by solar) and data management using on farm towers (by using existing 

cell towers and/or low earth-orbit satellites). 

 

One of the challenges to putting all this together will be the integration of the various data 

streams which is user friendly for the end user, either a cattle researcher or even a ranch 

manager. Working with software company LLamaZoo, our research group in Canada proposes 

to develop GrazingOps, a landscape-level multi-ob  cti   “P  ci ion   nc ing”  o ution b   d 

on our high-tech company partner L    ZOO Int   cti  ’  Spatial Business Intelligence (SBI) 

platform. GrazingOps aims to enhance the abilities of researchers and ranch managers 

to monitor the status of their livestock animals in real time; and provide for precisely 

planned grazing for ranchers and natural resource managers through readily accessible remote 

sensing data, to improve animal production while enhancing the sustainability of the land base 

the animals depend on. 

 

The main objectives of GrazingOps are threefold: 1) Evaluate alternative management systems 

(virtual fencing, tracking) for controlling the spatial distribution of cattle and associated forage 

use while grazing; 2) relate cow/calf production metrics (weight gain, forage consumption) in 

summer to the selective preferences of beef cattle for individual habitat types and plant species 

while grazing; and 3) quantify differences in activity budgets (resting, grazing, ruminating) 

among cattle while grazing on pasture, and relate these differences to cow/calf production 

outcomes. Specific deliverables will include: a) a robust test (and demonstration) of virtual cattle 

fencing and different tracking technology, integrated with drone based remote sensing of the 

land base, and its application to Western Canadian rangeland environments; b) development of 

novel approaches to quantify cattle diets within cows grazing heterogeneous pastures, including 

intake rates, average daily gain and residual feed intake (RFI); and c) determine how cow/calf 

performance (weight gain, enteric methane emissions) on pasture varies with habitat selection, 

dietary composition and the abundance of different plant traits with animal activity within a new 

integrated software platform. 

 

The core technical innovation of GrazingOps is to provide a first-of-its-kind real-time, interactive, 

and centralized visual platform that collages all available data in one Common Operating Picture 

(COP) (Figure 2), and support herd monitoring and grazing planning with a set of intuitive tools. 

The GrazingOps R&D project will also introduce significate innovation for wearable sensor and 

drone-based field data acquisition, as the pairing technologies for the GrazingOps software 

solution.  
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In the future, emergent wearable sensor technologies will be used to collect cattle geospatial 

data on pasture and evaluate various tracking technologies. This will include technologies such 

as the Ceres Tag satellite enabled GPS smart ear tags and Wandering ShepherdTM wireless 

rumen boluses for low-cost autonomous real-time tracking of cattle. We will validate the 

accuracy of these methods using a DJI M300 RTK quadcopter drone with a 15 km flight range 

and 45 min flight time which can easily cover animal locations anywhere on the ranch including 

leased rangeland. The M300 drone will be equipped with the DJI H20T Quad-Sensor camera 

(zoom, wide, rangefinder, thermal). Using the GPS coordinates supplied from the individual 

Ceres Tag or Wander Shepherd bolus, the drone will fly autonomously to the coordinates 

supplied by the tag at an observational height of between 70-100 meters. As the drone will be 

paired to a ground station (DJI D-RTK 2 Mobile High Precision GNSS Mobile Station, which 

supports all major global satellite navigation systems and provides real-time differential 

corrections), the positional accuracy of the drone will provide centimeter-level precision 

positioning data.  By using the Laser Rangefinder (Range: 3-1200m) we will be able to record 

the precise GPS location of each individual animal (within ±0.2 m + D×0.15% accuracy). 

Individual animal identification will be readily determined from conventional dangle ear tags at 

altitude using the powerful zoom lens (23x hybrid optical, 200x max zoom). High quality video 

(4K/30fps) will be collected for behavioural analysis from focus animals (n=10, 20 min per 

animal) during morning (8am-11am), noon (1pm-4pm) and evening (5pm-8pm) behavioural 

  co ding     ion   p c d t  oug out t   g  zing     on. U ing t   “    t T  ck” function, t   

drone will identify and follow the cattle for steady tracking, viewing, and video recording and the 

 ub  ct’  dyn  ic  oc tion wi   b  continuously acquired and shared to DJI FlightHub. All drone 

video data will later be processed for detailed behavioral analysis using The Observer software 

from Noldus. A second drone with similar video zoom capability (DJI Mavic 2 Enterprise 

Advanced) will be used and tested along with the DJI M300 RTK drone so we can record two 

animals simultaneously. In addition, we believe the new Mavic line of drones represents a break 

through in affordability and functionality.  Commonwealth Scientific and Industrial Research 

Organization (CSIR0) in Australia, in collaboration with the New South Wales (NSW) 

department of Primary Industries, has developed the eGrazor, a series of algorithms designed 

to work with the 3-axis accelerometer in the Ceres ear tags which is similar to the SenseTime 

tags develop by SCR and recently acquired by AllFlex (Figure 3). The video data collected by 

the drones will be directly compared to the behavioral data collected by the Ceres ear tags for 

direct comparison and ultimately validation of the eGrazor technology. 

 

We will use a second herd of ranch cows to examine the effectiveness of NoFenceTM collars in 

2022 and 2023. Animals will be standardized for age, breed and size, and initially pre-

conditioned to collars for 3 days to ensure comfort and resumption of normal behavior, and then 

subject to training of collar stimuli (audio and electrical) in small pastures (< 10 ha) to become 

familiar with the cues associated with inclusion zones (Verdon et al. 2019). Thereafter, cattle will 

be tested during the growing season in 4 different grazing configurations for periods up to 2 

months long. The first two treatments will occur on tame (seeded) pasture (May+June), while 

the later two will be on native rangeland (August+September). Grazing on tame pasture will be 

conducted to emulate (high density) mob-grazing in the absence of fences, with one scenario 

having all cattle collared (n=25) while the other will have half the cattle collared to test the role of 

social facilitation in controlling aggregate herd distribution and forage use (Keshavarzi et al. 

2020). Virtual paddock sizes will be adjusted based on forage availability to emulate movement 

between virtual 'paddocks' every 5 days, for a total of 8 'paddocks'. Similar scenarios will be 
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conducted for native rangelands containing diverse habitat types, but will be grazed under 

extensive (low animal density) conditions instead (as an alternative to high density grazing on 

tame pasture, and continuous grazing on native). One group again will have all animals fitted 

with VF collars, while the other will have only half the animals collared.  

 

Cattle will be tracked with both visual observations of location using the drone, and also mapped 

regularly using a photogrammetic image analysis method using drone technology that 

Thompson Rivers has developed previously (Mufford et al. 2019), to quantify the spatial 

proximity of the cattle to determine their fidelity to the inclusion zone. Levels of forage utilization 

will be quantified within each virtual paddock (and adjacent 'protected' areas) after grazing to 

validate the ability of VF to influence patterns and magnitude of forage use. Similar to the 

selection of landscape and habitat features, the identification and quantification of plant species 

within individual cow diets is important to elucidate the contribution of forage species to animal 

performance, including feed efficiency. However, achieving this has been very challenging in the 

past, especially under open-range foraging conditions. As most rangelands are comprised of a 

mix of habitats (grasslands, shrublands, forests) with numerous plant species, having new 

digital based tools to rapidly identify and quantify the presence and the volumes of numerous 

p  nt  p ci   on t     nd c p  t  t   k  up t    ni   ’  di t i  c itic  . T i  i  p  ticu    y 

important given the role of diet in regulating nutrient intake, subsequent weight gain, and enteric 

CH4 (methane) emissions; as cattle on pasture consuming a high roughage diet (lower quality) 

have increased CH4 production, and cattle with greater feed efficiency have lower CH4 

production. By extension, because the forage species available in grazing lands vary 

considerably in quality at any one time, they also will differ in their contribution to enteric CH4 

production. As the cattle industry produces a significant portion of the agricultural GHGs in 

North America, reducing methane loss represents an important environmental outcome, and 

would simultaneously reduce feed costs for cattle producers while reducing the impact. 

Therefore, new robust methods that utilize emerging high-t c  “    t”  o ution   uc     d on  

based remote sensing using new multispectral, hyperspectral, thermal and even LiDAR based 

sensor payloads are urgently required for mapping and to quantify the intake of plant species in 

livestock diets, especially under the heterogeneous foraging conditions inherent in the 

rangelands that summer grazing animals often depend on. 

 

The same drones used to observe and monitor the animals will be further used to map the 

paddocks as well as quantify the forage resource the animals consume. Designed for 

photogrammetry flight missions, we will map all of the pastures using the new DJI Zenmuse P1 

photogammetry camera on the DJI M300 RTK drone, which features a full-frame sensor with 

interchangeable fixed-focus lenses on a 3-axis stabilized gimbal, offering 3 cm horizontal and 5 

cm vertical accuracy without Ground Control Points (GCPs) and covering up to 3 km2 in a single 

f ig t. Co p   d to DJI’  cu   nt p otog     t y  o ution, t   P  nto  4  TK f  tu ing   20-

megapixel sensor, the P1 delivers more precision and accuracy with its 45-megapixel sensor. 

This will provide a photorealistic orthomosaic which can be update in real-time to show cattle 

positions/pasture usage. In order to take even more precise vegetation measures, we will use 

the DJI Zenmuse L1 camera, which integrates a Livox Lidar module, a high-accuracy IMU, and 

a camera with a 1-inch CMOS on a 3-axis stabilized gimbal. the L1 captures and generates 

point clouds in real-time at 240,000 pts/s and features a detection range of 450 m (80% 

reflectivity). As an end-to- nd  o ution, DJI’  go   wit  t   L1 i  to g n   t  p  ci   3D point 

cloud models with a focus on vegetative mapping, with the ability to measure plant biomass, 
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even under treed canopies. Using either wireless fencing collars or electric fencing we will 

define an area of forage biomass to be consumed. The area will be mapped with the drone and 

an animal will then be allowed to graze the area. Subsequently, the animal will be removed, and 

the area will be remapped a second time. We believe that the difference in forage volume 

between the two maps will be readily quantifiable, enabling us to accurately measure forage 

intake on pasture. We will then be able to directly compare this metric to the forage intake 

estimate provided by the Ceres ear tag, using the eGrazor technology algorithm, which proports 

to estimates the amount of individual forage consumed. 

 

In summary, the potential benefit of new and rapidly emerging technologies to enable 

“Conn ct d Cow ” fo  t   “    t Bio  ” of t   futu       t    fo d: 1) affordable adoption by 

animal scientists and even ranchers wishing to achieve greater herd monitoring, location, and 

evaluation for improved animal management; 2) reduced costs of beef production through more 

effective control of grazing management, and 3) provide exciting new visualization tools for 

widespread adoption by cattle/calf producers seeking to expand their options to improve their 

land base base management via remote sensing. These exciting new technological tools and 

developments promise to launc    n w “P  ci ion   nc ing”     fo  c tt   p oduc    t  t i  

similar in scope to the Precision Agriculture technology currently being deployed by other 

agricultural sectors such as crop production. 

 

Table 1: Description of the proposed Spatial Business Intelligence (SBI) platform: 

GrazingOps is an integrated data acquisition, visualization and analytics solution based on 

L    Zoo’   w  d winning  p ti   Bu in    Int   ig nc  ( BI) p  tfo  .  
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Figure 1: GrazingOps showing integration with connected cattle, drone based remote 

sensing, and low-earth orbit satellites. 

 

 

 

 

 

 

 
Figure 2. L    Z  ’  SBI platform showing a 3D virtual landscape, visualizing road/points of 

interest. 
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Figure 3: Cattle behavior measured over a 10 day period using eGrazor technology from 

CSIRO, Australia. Additional features such as weather conditions including temperature and 

rainfall can be plotted alongside to assess influences on behavior 
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Slide 1 

Approaches to Understanding 
Small Differences Between 

Control and Treated Groups in a 
Feedlot Setting

                         ’             MVSc, DVSc, FANZCVSc,

Michigan State University 
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Friday , April 9 2021 at 11 am

 

 

Slide 2 
My colleagues

• Dapeng Hu - Graduate student PhD in Statistics, Iowa State University

• Fangshu Le - Graduate student PhD in Statistics, Iowa State University

• Dr. Chong Wang – Associate Professor of Statistics, Iowa State 
University

• These people did the lions share of this work 

• I am fortunate to work with them to apply their skills to problems

 

 

Slide 3 
Detecting small effects 

• The only way to detect small effects is to to bigger studies
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Slide 4 
Traditional approach to study design

• Assume that no other studies exist and that we are designing studies 
in a vacuum of knowledge

• Step to identify the size of a study include
• Determine the treatments of interest

• Determine the difference between those treatments that is of interest

• Determine how much error you are willing to accept

• Calculate your sample size

 

 

Slide 5 
Traditional approach to study design

• Limitations of this approach
• Often there is a lot of information available about one or more treatments 

• The sample size is known a prioir

• Most sample sizes assume independent observations

 

 

Slide 6 
How can we design more powerful studies

• Two approaches
• Increase the effective sample size through design

• Increase the effective sample size through meta-analysis
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Slide 7 
Approach to design

• Most sample size calculations assume independent observations

• Cattle populations however have characteristics that make them non-
independent

• Similarity of experience

• Farm of origin- similar experiences

• Same travelling experience

• Same pen 

 

 

Slide 8 
Similarity of experience

• Three cattle - #XXX, #YYY, #ZZZ

• #XXX is sick 

• #YYY & #ZZZ have with unknown health status
• #YYY is from the same farm of origin as the sick animal

• #ZZZ  is not from the farm of origin as the sick animal

•           k  w                 u  “   u    ”    u  w           
likely to get sick 

 

 

Slide 9 
Similarity of experience

• Three cattle - #XXX, #YYY, #ZZZ

• #XXX is sick 

• #YYY & #ZZZ have with unknown health status
• #YYY is from the same pen as the sick animal

• #ZZZ  is not from the pen as the sick animal

•           k  w                 u  “   u    ”    u  w           
likely to get sick 
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Slide 10 
Similarity of experience

• Three cattle - #XXX, #YYY, #ZZZ

• #XXX is sick 

• #YYY & #ZZZ have with unknown health status
• #YYY has the same ear tag color as the sick animal

• #ZZZ  does not have the same ear tag color as the sick animal

•           k  w                 u  “   u    ”    u  w           
likely to get sick 

 

 

Slide 11 
Similarity of experience

•               x                          w             ’         u 
as much information in your trial. 

• #XXX –

• #YYY – You already think might get sick because they are from the 
same farm
• Non-independent 

• Less information 

• #ZZZ – you have no idea what the outcome will be for this animals
• Independent 

• A complete animal

 

 

Slide 12 
Imagine a farm with FMD

• Highly contagious disease 

• Test the 1st animal – its positive
• Given this information what is the probability the 2nd animal you select is 

positive

• Test the 2nd animal – its positive
• Given this information what is the probability the 3rd animal you select is 

positive

• Test the 3rd animal – its positive
• Soon there is no need to test – you know the next animals result without 

testing
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Slide 13 

Similarity of 
experience

Non-
independence

Reduced 
effective 

sample size 

Reduced 
statistical 

power

 

 

Slide 14 
Design a trial to maximize the value of every 
animal in your study.
• Copyrighted images of individually randomized controlled designs

 

 

Slide 15 
Design a trial to maximize the value of every 
animal in your study.
• Copyrighted images of pen level allocated design
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Slide 16 
Impact of non-independence on power

 

 

Slide 17 
Controlling non-independence increases the 
effective  samples size
• Randomly allocate animals to pens 

• Mix treatments in pens

• Often entirely not feasible

 

 

Slide 18 
How can we design more powerful studies

• Two approaches
• Increase the effective sample size through design

• Increase the effective sample size through meta-analysis

 

 



86 
 

Slide 19 
Let talk about networks of evidence

 

 

Slide 20 

Networks of 
Evidence 
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Networks of 
Evidence 
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Slide 22 

Networks of 
Evidence 

NAC(9)

FLOR(8)

TILD(2)B(1)

C(1)

 

 

Slide 23 
Leverage information from prior studies

• The network of studies contain treatment A and B

• You are interested in a new treatment Z

•       ’           u           

• Want to know if B and Z are ~ equivalent 

• Actually, want to know if Z is at least as good as B- non inferior

 

 

Slide 24 
Leverage information from prior studies

New 
treatment

Florfenicol
Non- Active 

Control
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Slide 25 
Leverage information from prior studies

NAC(9)

FLOR(8)

TILD(2)B(1)

C(1)

New 
treatment

Florfenicol
Non- Active 

Control

 

 

Slide 26 
Leverage information from prior studies

• 9 studies provide data for the Florfenicol-Placebo (NAC) estimate

• 1 new arm provides data for Placebo (NAC)  – New treatment

• Now if I make the assumption that all the Flor-NAC are representing 
the same effect – consistency assumption

• I have a very good estimate of Florfenicol-Placebo (NAC) 

• I can use these data to obtain an estimate of Flor-New treatment

 

 

Slide 27 
Leverage information from prior studies

• If Mary is 5 cm shorter than John

• John is 10 cm shorter than Jim

• How much taller is Jim than Mary

• Work this out indirectly

• John- Mary- 5 cm

• Jim-John – 10 cm

• (Jim – John)+(John-Mary)=10+5
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Slide 28 
Leverage information from prior studies

• Work this out indirectly

• Flor-NAC 

• NAC-New treatment

• (Flor-NAC)+(NAC-New treatment)- indirect comparison

• This indirect comparison can be quite power i.e. Flor-NAC is will 
known

• Then combine the indirect with direct estimate from the trial to get a 
better estimate

 

 

Slide 29 
Leverage information from prior studies

NAC(9)

FLOR(8)

TILD(2)B(1)

C(1)

New 
treatment

Florfenicol
Non- Active 

Control

 

 

Slide 30 

• Hence, in the new three-arm trial, regardless of the hypotheses of 
interest, there are two types of tests possible,

• one for testing superiority and 

• one for testing non-inferiority. 
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Slide 31 
But wait there is more we can do

 

 

Slide 32 
Maximize power 
by changing 
allocation

• Traditionally we always 
assume that equal allocation 
is the most powerful

• However, if we borrow 
information from the indirect 
estimated

• Uneven allocation make allow 
even more powerful

• Notice the different weights 
of the bars- they indicate the 
relative number of studies

NAC(9)

FLOR(8)

TILD(2)B(1)

C(1)

 

 

Slide 33 
Leverage information from prior studies

NAC(9)

FLOR(8)

TILD(2)B(1)

C(1)

New 
treatment

Florfenicol
Non- Active 

Control
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Slide 34 
Illustrating the gain in power we obtain

• Leveraging the network

• Using the network to adjust allocation

 

 

Slide 35 
Networks of 
Evidence
Lots of NAC
non active controls
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Slide 37 

Networks of 
Evidence 

 

 

Slide 38 

 

 

Slide 39 
Leveraging from the prior studies can 
increase power and identify smaller effects
• Need to have a network of prior studies that you think are 

exchangeable

• Every animal in the network would have been eligible for each trial 
and each treatment
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Slide 40 
How can we design more powerful studies

• Two approaches
• Increase the effective sample size through design

• Increase the effective sample size through meta-analysis

 

 

Slide 41 
Leveraging from the prior studies can 
increase power and identify smaller effects
• Next steps for our group

• Determine if people think this approach is of interest

• Design tools to make it workable
• What would the data look like

• Get FDA approval for the approach

• Adjusted for the pen level effects

• Doing analyses that are already in the treatments
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My colleagues

• Dapeng Hu - Graduate student PhD 
in Statistics, Iowa State University

• FangShu Le - Graduate student PhD 
in Statistics, Iowa State University

• Dr. Chong Wang – Associate 
Professor of Statistics, Iowa State 
University

• These people did the lions share of 
this work 

• I am fortunate to work with them 
to apply their skills to problems
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2021 Graduate Student Research Presentations 
 
Flake density and starch retrogradation influence effective ruminal degradability of 
steam-flaked corn. R.J. Trotta1, K.K. Kreikemeier2, R.F. Royle3, C.T. Milton4, and D.L. 
Harmon1, 1University of Kentucky, Lexington, 2Foote Cattle Co., Hoxie, KS, 3Servi-Tech 
Inc., Dodge City, KS, 4Midwest PMS, Firestone, CO. 
 
Factors such as flake density and starch retrogradation have previously been shown to 
have large effects on starch availability of steam-flaked corn. However, it is unclear how 
large changes in starch availability caused by flake density or starch retrogradation 
influence ruminal digestion. Our objective was to create large differences in starch 
availability using two different models: 1) increasing flake density (20, 23, 26, 29, 32 lb/bu) 
and 2) exposure to 55°C temperatures to induce starch retrogradation. We hypothesized 
that flake density and starch retrogradation would influence ruminal degradability 
characteristics of steam-flaked corn. Five ruminally-cannulated steers (body weight = 390 
± 7.86 kg) were pen-fed a starter diet (containing 13.1% steam-flaked corn on a DM basis) 
for two separate experiments. In Exp. 1, sifted flakes with flake densities of 20, 23, 26, 
29, and 32 lb/bu (enzymatic starch availabilities: 87%, 76%, 66%, 43%, and 49%, 
respectively) were evaluated in a randomized complete block design experiment. In Exp. 
2, three steam-flaked corn fractions were used: flakes + fines (not sifted), sifted flakes (> 
4-mm), and sifted fines (< 4-mm). Feed types were stored for 3-d at either 23°C or 55°C 
(average starch availabilities across steam-flaked corn fractions: 53.3% and 25.5% 
respectively) and the experimental design was a randomized complete block with a 3 × 2 
factorial arrangement of treatments. Samples were ruminally-incubated for 0, 3, 6, 12, 24, 
48, 72, or 96-h. Data were analyzed using the NLIN, GLM, and CORR procedures of 
SAS. In Exp. 1, the soluble fraction responded quadratically (P = 0.01) with the soluble 
fraction decreasing as flake density increased before reaching a plateau at 29 lb/bu. The 
fractional rate of degradation linearly decreased (P < 0.001) and effective ruminal DM 
degradability linearly decreased (P < 0.001) from 80.8% to 60.3% as flake density 
increased from 20 to 32 lb/bu. In Exp. 2, storage of steam-flaked corn samples at 55ºC 
for 3-d decreased (P < 0.001) the fractional rate of degradation by 38.6% across all feed 
fractions. Storage of samples at 55ºC for 3-d decreased (P < 0.001) effective ruminal DM 
degradability of flakes + fines, sifted flakes, and sifted fines by 23.6%, 26.2%, and 15.3%, 
respectively. Using data from Exp. 1 and 2, enzymatic starch availability of sifted flakes 
was positively correlated (Pearson = 0.8435; R2 = 0.71; P < 0.001) to in situ effective 
ruminal DM degradability. The results of the current study demonstrate that decreased 
starch availability resulting from starch retrogradation or flake density is associated with 
decreased ruminal digestibility. Decreases in starch availability and effective ruminal 
degradability may indicate that increasing flake density or starch retrogradation could 
potentially alter the site of digestion in cattle, by increasing postruminal starch flows. More 
research is needed to determine how retrogradation of steam-flaked corn affects starch 
availability in the small intestine and performance of finishing cattle to determine if there 
could be benefits for feedlot producers. 
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Supplementing Ca salts of soybean oil to late-gestating beef cows: Impacts on 
performance and physiological responses of the offspring. Alice Poggi Brandão,* 
Reinaldo F. Cooke,* Kelsey M. Schubach,$ Bruna Rett,† Osvaldo A. Souza,† Ky G. 
Pohler,* David W. Bohnert,‡ and Rodrigo S. MarquesΩ, * Texas A&M University - 
Department of Animal Science, College Station, TX 77845; $Prairie Research Unit - 
Mississippi State University, Prairie, MS 39756, † São Paulo State University (UNESP), 
School of Veterinary Medicine and Animal Science, Botucatu 18168-000, Brazil; ‡ Oregon 
State University - Eastern Oregon Agricultural Research Center, Burns, OR 97720; Ω 

Montana State University - Department of Animal and Range Sciences, Bozeman, MT 
59717 
 
This experiment compared performance and physiological responses of the offspring 
from cows supplemented with Ca salts of soybean oil (CSSO) or prilled saturated fat 
(CON) during late-gestation. Non-lactating, pregnant, multiparous Angus × Hereford cows 
(n = 104) that conceived during the same fixed-time artificial insemination protocol were 
assigned to this experiment. Cows were ranked by pregnancy sire (1 of 2 sires), body 
weight (BW), and body condition score (BCS) on d -15 of the experiment (d 180 of 
gestation). Cows were then assigned to receive (dry matter basis) 415 g of soybean meal 
per cow daily in addition to: 1) 195 g/cow daily of CSSO (n = 52) or 2) 170 g/cow daily of 
CON (n = 52). Cows were maintained in 2 pastures (26 cows/treatment per pasture), and 
received daily 12.7 kg/cow (dry matter basis) of grass-alfalfa hay from d -15 to calving. 
Cows were segregated into 1 of 24 feeding pens three times weekly and received 
treatments individually from d 0 to calving. Calves were weaned on d 290 of the 
experiment, preconditioned for 35 d (d 291 to 325), and transferred to a feedyard where 
they remained until slaughter (d 514). Cows receiving CSSO and their calves had greater 
(P < 0.01) plasma concentrations of linoleic acid and total ω-6 PUFA compared with CON 
after calving. Colostrum IgG and calf plasma IgG concentrations 24 h after birth were 
greater (P ≤ 0.02) in CSSO vs. CON cattle. Calves from CSSO cows had greater (P ≤ 
0.05) expression of adipogenic (adipocyte fatty acid-binding protein and stearoyl-CoA 
desaturase) and myogenic (myogenic differentiation 1 and myogenin) genes in the 
longissimus muscle (LM) compared with CON. No treatments differences in birth BW, 
weaning BW, and final preconditioning BW were noted (P ≥ 0.36). Average daily gain and 
final BW in the feedyard were greater (P ≤ 0.05) in steers from CSSO cows compared 
with CON. The incidence of calves diagnosed with BRD that required a second 
antimicrobial treatment was less (P = 0.03) in calves from CSSO cows, resulting in 
reduced (P = 0.05) need of treatments to regain health compared with CON. Upon 
slaughter, LM area was greater (P = 0.03) in calves from CSSO cows compared with 
CON. Collectively, these results are indicative of programming effects on postnatal 
offspring growth and health resultant from CSSO supplementation to late-gestating cows. 
Hence, supplementing CSSO to beef cows during pregnancy might be a feasible 
alternative to optimize offspring productivity and welfare. 
Reference: Brandão, A.P., Cooke, R.F., Schubach, K.M., Rett, B., Souza, O.A., 
Schachtschneider, C.L., Perry, G.A., Arispe, S.A., Jump, D.B., Pohler, K.G. and Bohnert, 
D.W., 2020. Supplementing Ca salts of soybean oil to late-gestating beef cows: impacts 
on performance and physiological responses of the offspring. Journal of animal 
science, 98(8), p.skaa247. 
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Administering an appeasing substance to optimize performance and health 
responses in feedlot receiving cattle. Eduardo A. Colombo,* Reinaldo F. Cooke,* Alice 
P. Brandao,* Jacob B. Wiegand,* Kelsey M. Schubach,*† Glenn C. Duff, ‡ Vinícius N. 
Gouvêa,‡ and Bruno I. Cappellozza§, * Department of Animal Science - Texas A&M 
University, College Station, TX 77845; † Prairie Research Unit - Mississippi State 
University, Prairie, MS 39756; ‡ Clayton Livestock Research Center - New Mexico State 
University, Clayton, NM 88145; § Nutricorp, Araras, SP, Brazil, 13601-000 
 
This research trial evaluated outcomes of administering a bovine appeasing substance 
(BAS) upon feedlot entry to receiving cattle. Three hundred and forty-two recently 
weaned angus influenced cattle were purchased from an auction yard on d -1 and road 
transported to a feedyard (12hrs; 4 trucks). Upon arrival, shrunk body weight (BW) was 
recorded, cattle were then ranked by shrunk BW, load and source and assigned to receive 
treatment (BAS; IRSEA Group, Quartier Salignan, France; n = 171) or not (placebo; 
diethylene glycol monoethyl ether; CON; n = 171). Treatment (BAS) is a bled of fatty acids 
that mimics composition of the bovine appeasing pheromone. Treatment application (5 
mL) were applied to each steer individually on their nuchal skin area. Steers were 
allocated to 1 out of 24 pens (12 pens/treatment) for 46 days and received ad libitum diet. 
Cattle were daily assessed for bovine respiratory disease (BRD), dry matter intake was 
daily recorded by pen. Full BW was recorded on d 0, 7, 11, 31, 45 and 46, alongside with 
blood samples from 5 steers/pen on d 0, 7, 11, 31 and 45. Pen was considered the 
experimental unit for all analyses. Average daily gain was greater (P = 0.04) in BAS vs. 
CON. No differences (P = 0.95) were noted for dry matter intake, resulting in greater (P = 
0.05) feed efficiency BAS vs. CON. Plasma cortisol concentration was greater (P = 0.05) 
and plasma glucose concentration was less in CON vs. BAS on d 7 (treatment × day; P 
= 0.07 and < 0.01, respectively). Plasma concentration of β-hydroxybutyrate was greater 
(P < 0.01) in BAS vs. CON. BRD incidence was greater (P ≤ 0.05) in BAS. vs. CON from 
d 6 to 10 and d 19 to 23 (treatment x day; P < 0.01). Mean incidence of BRD did not differ 
(P = 0.20) between treatments. BAS group had a greater (P = 0.04) proportion of animals 
requiring one antimicrobial treatment to regain health compared with CON animals. 
Therefore, administration of BAS to recently weaned steers, upon feedlot entry increased 
average daily gain during a 45-d receiving period by improving feed efficiency. Moreover, 
results suggest that BAS enhanced steers performance by facilitating early BRD 
detection, lessening the disease recurrence upon first antimicrobial treatment.  
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Injectable vitamin C prior to transit and transit duration effects on feedlot 
performance and muscle fatigue of beef steers. A.M. Beenken*, E.L. Deters., and S.L. 
Hansen, Iowa State University 
 
This study examined the effects of injectable vitamin C (VC) administered prior to 
transport and duration of transit on feedlot performance, inflammation, and muscle fatigue 
in beef steers. One hundred thirty-one, Angus-cross steers (901 ± 10 lb) were stratified 
by body weight (BW) to a 2 × 2 factorial: intramuscular injection (INJ; 20 mL/steer) of VC 
(250 mg sodium ascorbate/mL) or saline (SAL) and transit duration (DUR) of 18 h (18; 
1,100 mi) or 8 h (8; 452 mi). On d 0, steers were weighed and given treatment injections 
immediately prior to loading. Upon unloading (d 1), BW and blood were collected before 
steers returned to pens (6 steers/pen) equipped with GrowSafe bunks to measure 
individual feed disappearance. Steers were weighed on d 0, 1, 7, 15, 30, 31, 54, and 55. 
Data were analyzed via ProcMixed of SAS (experimental unit = steer; 32 – 34 
steers/treatment) with fixed effects of INJ, DUR, and the interaction. Blood was collected 
on d -5, 1, 2, and 3 (n = 9 steers/treatment). Blood parameters were analyzed as repeated 
measures with the repeated effect of day.  Average daily gain (ADG) and BW were greater 
on d 7 and 15 for SAL-18 compared to all other treatments (INJ × DUR, P < 0.01). Final 
BW, overall ADG and feed efficiency (gain:feed) were greater for 18 than 8 (P < 0.01). 
Injection did not affect BW (P > 0.13), but VC had lesser overall dry matter intake 
compared to SAL (P = 0.03). There was no effect of injection or INJ × DAY (P ≥ 0.17) on 
serum lactate, haptoglobin, and non-esterified fatty acid concentrations. However, these 
blood parameters were greater on d 1 for steers transported for 18 h compared to steers 
transported for 8 h and both treatments returned to near baseline concentrations by d 2 
or 3 (DUR × DAY, P < 0.01). Day 1 plasma ascorbate concentrations were greater for VC 
and returned to baseline concentrations by d 2 (INJ × DAY, P < 0.01). The area under 
the curve for a marker of antioxidant capacity from d -5 to 3 tended to be greater for VC 
compared to SAL steers (P = 0.08), suggesting the administration of a potent antioxidant 
prior to transit did positively affect antioxidant capacity. In contrast to previous work, VC 
did not improve post-transit performance. Although longer transit duration increased 
indicators of muscle fatigue and inflammation post-transit, receiving period performance 
was positively influenced.  
  



99 
 

Do high-risk cattle require a high-roughage receiving diet upon arrival to the 
feedlot? D.M. Crawford, J.T. Richeson, T.L. Perkins, K.L. Samuelson 
Department of Agricultural Sciences, West Texas A&M University, Canyon 79016 
 
High-risk beef cattle typically arrive to the feedlot in a negative energy balance 
concomitant with anorexia, thus there may be opportunity to improve health and 
performance by providing a high-energy finishing diet instead of a traditional receiving 
diet while also limiting the risk for digestive disorders. A total of 5 truck-load blocks of 
steers (n=299) and bulls (n=101; initial BW=555 ± 12lb) were stratified by sex and initial 
BW into 40 pens in a generalized complete block design and randomly assigned to 1 of 
2 dietary treatments (20 pens/treatment, 10 animals/pen). Treatments were a high-energy 
finishing diet fed for the entire feeding period (FIN) or a traditional high-roughage 
receiving diet fed for the first 56 d, followed by an 18 d transition to the finishing diet 
(REC), such that all cattle were consuming the same finishing diet on d 74. Intake 
management was similar among treatments and designed to allow for trace amounts of 
feed in the bunk before feeding each morning. In blocks 4 and 5, a random subset of 
cattle (n=48; 3 animals per pen) received a ruminal pH bolus and 3-axis accelerometer 
tag to quantify ruminal pH, temperature, activity, and rumination. Ultrasound images were 
captured on d 0, 74, and 146 to evaluate differences in body composition. A treatment × 
day interaction (P < 0.01) was observed for DMI; REC had greater DMI from d 1 to 67 
(15.2 vs. 12.8 ± 0.3 lb) but less from d 74 to 82 (17.2 vs. 18.2  ± 0.3 lb) and DMI did not 
differ from d 83 to 174 (19.2 ± 0.3 lb). However, NEg intake (treatment × day; P < 0.01) 
was greater for FIN from d 14 to 75 (10.3 vs. 8.7 ± 0.2 Mcal/d). Cattle consuming FIN had 
greater (P < 0.01) ADG (3.34 vs. 3.06 ± 0.12 lb) and BW (803 vs. 782 ± 13 lb) and 
improved (P < 0.01) F:G (4.23 vs. 5.03 ± 0.14) from day 0 to 74. There was no difference 
(P = 0.97) in ADG from d 74 to 174 (3.75 ± 0.08 lb). At d 174, BW of FIN was 1.8% greater 
(P = 0.02; 1177 vs. 1156 ± 20 lb). Feed cost of gain for FIN was lower (P < 0.01) from d 
0 to 174 (0.60 vs. 0.62 ± $0.01/lb). On d 74, FIN had greater back fat thickness (P = 0.05; 
0.193 vs. 0.178 ± 0.005 in.) and rump fat (P = 0.04; 0.250 vs. 0.232 ± 0.006 in). However, 
by d 146, fat thickness over 12th rib (0.343 ± 0.011 in) and over the rump (0.438 ± 0.012 
in) were similar (P ≥ 0.61) among treatments. There was no difference (P ≥ 0.61) in the 
percentage of cattle treated for respiratory disease once (49.3%), twice (20.0%), or thrice 
(10.3%) and no difference (P = 0.31) in mortality (2.25%). A treatment × day interaction 
occurred for ruminal pH (P < 0.01), where daily pH of FIN cattle was greater on d 2 and 
61 but was not different for any other time point. A treatment × day interaction (P < 0.01) 
was also observed for rumination minutes, which were less for FIN than REC from d 0 to 
28, but did not differ after d 29. Overall, these results suggest that providing a finishing 
diet to high-risk cattle upon arrival to the feedlot may be a viable alternative to a traditional 
receiving diet and improves growth performance, feed efficiency, and cost of gain without 
negatively impacting health, incidence of metabolic disorders, and fat deposition. 
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Effects of corn silage inclusion level and type of anabolic implant on animal growth 
performance, apparent total tract digestibility, beef production per acre, and 
carcass characteristics of finishing steers fed no corn processing co-products. 
E.M. Buckhaus, Z.K. Smith and W.C. Rusche; South Dakota State University, Brookings; 
Previously published in ANIMALS: Animals 2021, 11(2), 579; 
https://doi.org/10.3390/ani11020579.  
 
Maine-Anjou × Angus beef steers (n= 156 steers, BW = 807 ± 81.9 lbs) were used in a RCBD 
finishing study at the Ruminant Nutrition Center in Brookings. Steers were weighed on 2 
consecutive days and assigned to 5 weight blocks. A 2 × 2 factorial arrangement was used 
with 2 dietary treatments and 2 types of implants. Dietary treatments consisted of: 15% corn 
silage (CS15) or 30% corn silage (CS30) replacing a 50:50 blend of DRC:HMC (first 98 d) or 
DRC only (d 99 to harvest). Implant treatments (both from Zoetis, Parsippany, NJ) consisted 
of: Synovex PLUS (non-coated implant; 200 mg TBA, 28 mg estradiol benzoate; PLUS) and 
Synovex ONE Feedlot (coated implant; 200 mg TBA, 28 mg estradiol benzoate; ONE-F). 
Implant retention was evaluated on d 28; steers missing implants were immediately re-
implanted with their respective treatment implant. Bunks were managed using a slick bunk 
approach and all diets contained (DM basis) 30 g/ton monensin sodium. To assess apparent 
total tract digestibility, diet samples were collected 2 days prior to fecal collections that 
occurred on d 112 of the study. All samples were composited in equal proportions to create 
a pen sample for both feed and feces. Digestibility was calculated using acid insoluble ash 
as an internal marker and using the equation: 100 - 100 × [(feed marker/fecal marker) × (fecal 
variable/feed variable)]. Corn silage yield (as-is) was assumed to be 22.5 tons/acre and corn 
grain yield was estimated to be 180 bu/acre. Daily feed batching records and weekly 
ingredient DM analyses were used to determine actual acres of corn crop required to feed 
from purchase to market weight. Beef production per acre was calculated as (carcass 
adjusted final BW - initial BW)/acres. All steers were harvested after 132 d. No interaction 
was observed between diet and implant (P ≥ 0.16) for any variables. Live-basis (shrunk 4%) 
growth performance did not differ (P ≥ 0.19) due to silage inclusion level. Carcass-adjusted 
final BW (HCW/0.63), ADG, and G:F were decreased (P ≤ 0.02) by 2.2%, 6.5% and 7.2% 
respectively for CS30. Observed NE and the ratio of observed-to-expected NE were not 
influenced (P ≥ 0.15) by treatment. The ratio of observed-to-expected NE was nearly one, 
lending support to current tabular NE standards and NRC estimates for gain and 
maintenance. Dressing percentage (64.52 vs. 63.47 ± 0.250; P = 0.01) and HCW (836 vs. 
819 ± 9.2 lbs; P = 0.02) were greater for CS15. Beef production per acre was not impacted 
by corn silage level or implant type (P ≥ 0.76). Intake was similar, but fecal output was 36.9% 
greater (P = 0.01) in CS30 during the digestibility assessment. Digestibility coefficients for 
DM, OM, and CP were decreased by 11.47%, 10.83%, and 16.35%, respectively for CS30 
(P ≤ 0.03). Implant type did not influence any carcass parameters (P ≥ 0.14) except for 
marbling. Marbling was decreased for PLUS (433 vs. 466 ± 17.5; P = 0.02). An approximately 
37% increase in fecal output means manure management becomes a critical component of 
feeding elevated levels of corn silage to finishing steers. Similar beef produced per acre of 
land means integrated crop-livestock producers can feed greater inclusions of corn silage to 
finishing cattle without impacting carcass quality or beef production; implanting with a coated 
implant had no detrimental effects to growth performance but increased marbling scores. 
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Supplemental copper influences copper status and performance of steers 
receiving ractopamine hydrochloride, E. M. Messersmith*and S. L. Hansen, Iowa State 
University 
 
The effects of Cu status on performance and lipolysis in steers fed a beta agonist were 
examined over a 31-d study. Sixty-four Angus-cross steers (1330 ± 79 lb) were stratified 
to pens equipped with GrowSafe units based on initial liver Cu concentrations (ranging 
from 3 to 370 ppm) and body weight. Cattle were randomly assigned to supplemental Cu 
treatment: 0, 5, 10, or 15 ppm from bis-glycinate Cu (Plexomin® Cu; Phytobiotics; Cu0, 

Cu5, Cu10, and Cu15, respectively). All steers received 300 mg‧steer-1‧d-1 of 

ractopamine hydrochloride (Optaflexx; Elanco Animal Health) from d 0 through 31. 
Weights and blood samples were taken on d 0 and 31 with liver biopsies collected on d -
15 and 26 from all steers (n = 16 per treatment). Tailhead adipose tissue was extracted 
(n = 8 per treatment) on d 12 for in vitro lipolysis and subsequent measurement of glycerol. 
Data were analyzed via Proc Mixed and Proc Corr of SAS with the experimental unit of 
steer. Contrast statements were used to test linear and quadratic responses to Cu 
supplementation. Initial BW and liver Cu concentrations were utilized as covariates in 
performance and Cu status measurements, respectively. Final live BW and overall live 
ADG tended to (P ≤ 0.06) and overall live G:F did observe a quadratic response (P = 
0.02) with Cu 0 and Cu 15 having the greatest BW, ADG, and G:F. Within cattle receiving 
no supplemental Cu, initial liver Cu concentrations were positively correlated (r = 0.60; P 
= 0.01) with final BW for the 31-d study. These data suggest a differential growth response 
to Cu supplementation based on initial Cu status and supplemental Cu. Final liver Cu 
concentrations linearly increased with increasing Cu supplementation (P < 0.0001) with 
treatment means increasing up to 57% over initial concentrations. Within non-Cu 
supplemented steers, stimulated glycerol concentrations tended to be positively 
correlated with initial liver Cu concentrations (r = 0.67; P = 0.07) but not in Cu 
supplemented steers (P = 0.78). No further linear or quadratic responses were observed 
(P ≥ 0.14). Together, these data suggest late-stage finishing steers receiving a beta 
agonist have low Cu requirements, though supplementation of a highly available Cu 
source still improved Cu status by more than 55% regardless of treatment.  
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Evaluation of Bacillus subtilis PB6 on feedlot phase growth performance, 
efficiency of dietary net energy utilization, and fecal and subiliac lymph node 
Salmonella prevalence in spring placement yearling beef steers fed in 
southeastern South Dakota E. R. Gubbels1*, P. R. Broadway2, K. R. Underwood1, 
W. C. Rusche1, J. A. Walker1, N. C. Burdick Sanchez2, J. A. Carroll2, D. Lafleur3, 
J. E. Hergenreder3, Z. K. Smith1; 1Department of Animal Science, South Dakota State 
University, Brookings, SD, USA; 2USDA-ARS Livestock Issues Research Unit, Lubbock, 
TX, USA; 3Kemin Industries, Des Moines, IA, USA  

 
The objective of this study was to determine the influence of Bacillus subtilis PB6 
administration in yearling feedlot steers on growth performance, efficiency of dietary net 
energy (NE) utilization, carcass trait responses, and Salmonella prevalence. Yearling 
crossbred beef steers [n = 238; initial shrunk body weight (BW) = 884 ± 46.6 lb] were 
used during a 140-d finishing period at the Southeast Research Farm in Beresford, SD. 
Initial processing included vaccination for respiratory diseases, clostridia species, internal 
and external parasite control, and administration of a steroidal implant containing 200 mg 
trenbolone acetate and 28 mg estradiol benzoate. Steers were allotted to 1 of 24 pens 
(n = 9 or 10 steers/pen) and assigned to 1 of 2 dietary treatments (12 pens/ treatment): 
CON (no probiotic) or CLO (0.5 g·steer·d-1 of the B. subtilis PB6 active microbial 
(CLOSTAT® 500, Kemin Industries, Des Moines, IA). Steers were fed a common finishing 
diet that consisted of dry-rolled corn, modified distillers grains plus solubles, corn silage, 
and liquid supplement (provided vitamins and minerals to exceed nutrient requirements 
and provided [DM basis] 450 ppb chromium propionate and 30 g/ton of monensin 
sodium). This diet provided 12.5% crude protein, 93.0 Mcal/cwt NEm and 62.6 Mcal/cwt 
NEg. Bunks were managed according to a slick bunk management system. Fecal 
samples were collected from a subsample of steers from each pen (n = 5 steers/pen) on 
study days 1, 28, 56, 112, and 140 via rectal palpation and composited by pen for the 
determination of Salmonella prevalence using selective enrichment and culture media. 
Following evisceration and hide removal during harvest, subiliac lymph nodes were 
obtained from an equal number of steers from each treatment (collected from every other 
steer during the harvest procedure). Data were analyzed as a randomized complete block 
design with pen as the experimental unit; an α level of 0.05 determined significance. Final 
BW and average daily gain tended (P ≤ 0.06) to be reduced for CLO. No differences were 
detected (P ≥ 0.11) between treatments for dry matter intake or gain efficiency. Treatment 
did not affect dietary NE utilization efficiency or calculated dietary NE content based upon 
observed performance (P = 0.46). No differences were detected between treatments for 
prevalence of abscessed livers (P ≥ 0.48) or any carcass traits (P ≥ 0.15). No Salmonella 
was recovered in any fecal samples collected on study days 1, 28, or 56. On day 112, 
steers from CLO had a numerically lower (P = 0.17; 25.0 vs. 8.3%) incidence of fecal 
Salmonella compared to CON. On study day 140, fecal Salmonella incidence did not differ 
between treatments (P = 0.34; 0.0 vs. 8.3%) for CON and CLO, respectively. Collectively, 
these data suggest that B. subtilis PB6 did not influence feedlot phase growth 
performance or fecal Salmonella prevalence. Additionally, Salmonella was not observed 
in the subiliac lymph nodes of any steers upon harvest. Previously published: Smith et 
al., 2021.Translational Animal Science 5(1)doi: 10.1093/tas/txab002 
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Influence of corn substitution with corn bran plus condensed distillers solubles on 
growth performance, carcass traits, and efficiency of net energy utilization in 
finishing steers. F.L. Francis1, M.F. Wilken2, Z.K. Smith1, 1South Dakota State 
University, Brookings, 2ICM Inc., Colwich, KS 
 
The objective of this study was to explore the effect of dietary corn substitution with corn 
bran plus condensed distillers solubles (CBCDS) on finishing phase growth performance, 
efficiency of dietary net energy (NE) utilization, comparative NE value, and carcass traits 
in beef steers. In a randomized complete block design, British x Continental crossbred 
steers (n = 240; initial BW = 849 ± 91.5 lbs) were assigned to one of three dietary 
treatments: 1) diet containing no corn co-product (CON); 2) diet containing CBCDS 
replacing dietary corn; 3) diet containing wet corn gluten feed (WCGF). Test ingredients 
in treatments 2 and 3 were included in the diet at 20% (DM basis). Steers were harvested 
at commercial abattoir when visually appraised to have 0.50 in backfat; individual steer 
identity was tracked though harvest and carcass data was collected. Diet NE values were 
estimated from carcass-adjusted steer growth performance. The daily maintenance 
requirement (Mcal/d) was estimated as: 0.077 x BW0.75, where BW is the average BW 
from the feeding period (initial BW shrunk 4%; final BW = HCW/0.6433). The NEg (Mcal/d) 
required for live weight gain was computed as: 0.0557W0.75 x LWG1.097; where W is the 
mean equivalent shrunk BW from the feeding period determined using final BW estimated 
at 28% EBF as mature final BW. From estimates of energy expended for maintenance 
and energy retained, dietary NEm, and NEg values were obtained by computer iteration 
to fit the relationship: NEg = 0.877NEm - 0.41. Net energy values for co-products were 
calculated by replacement, assuming that NEm and NEg values for dry-rolled corn were 
100 and 68 Mcal/cwt, respectively. Growth performance, carcass traits, and efficiency of 
NE utilization were analyzed as a randomized complete block design utilizing pen as 
experimental unit with fixed effects of block and dietary treatment. Distribution of USDA 
Yield and Quality grade were analyzed as binomial proportions with fixed effect of block 
and dietary treatment. No differences (P ≥ 0.58) among treatments were detected for final 
BW, ADG, DMI, or feed conversion. Observed NE for both maintenance and gain were 
not impacted (P ≥ 0.28) by dietary treatment. Additionally, no appreciable differences (P 
≥ 0.40) were detected for the ratio of observed-to-expected NE for maintenance or gain. 
There was no influence (P ≥ 0.16) of dietary treatment on dressing percentage, hot 
carcass weight, ribeye area, 12th rib backfat, marbling score, percent KPH, estimated 
EBF, or final BW at 28% EBF. Additionally, distribution of USDA Quality and Yield grade 
did not differ (P ≥ 0.29) among dietary treatments. Calculated yield grade and retail yield 
tended (P ≤ 0.10) to differ between treatments, with CBCDS being intermediate and not 
differing from WCGF or CON. Based on the findings from this study, the replacement NE 
values for maintenance and gain (Mcal/cwt) of CBCDS were determined to be 93.5 and 
62.3 respectfully; approximately 91% the tabular NEg value of dry rolled corn. Thus, 
substitution of corn for CBCDS at 20% of dietary DM can occur without sacrifice to growth 
performance or carcass traits in finishing steers.  
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Comparison of monensin sodium sources for finishing beef cattle 
T. C. Husz*, W. N. Smith*, C. G. Lockard*, M. N. Homolka*, P. T. Anderson†, W. W. 
Gentry†, J. D. Sugg†, K. D. Casey*, and J. S. Jennings*, *Texas A&M AgriLife Research, 
Amarillo, TX, United States of America, 79106, †Midwest PMS, LLC, Firestone, CO, 
United States of America, 80504 
 
The objective of this study was to evaluate digestive characteristics of ruminally 
cannulated beef steers consuming a steam-flaked corn (SFC) or dry-rolled corn (DRC) 
based diet containing either Rumensin 90 (RUM; Elanco, Greenfield, IN), or Monovet 90 
(MV; Huvepharma, Peachtree City, GA). Six ruminally fistulated steers (657.7 kg ± 72.6) 
housed individually were used in a 6 × 6 Latin square design with a factorial treatment 
arrangement. Each of the 6 periods were 15 d with 14 d for diet adaptation and 1 d of 
rumen fluid collections. Dietary treatments were DRC without monensin sodium (DRC-
C), SFC without monensin sodium (SFC-C), DRC with Rumensin 90 (DRC-R), DRC with 
Monovet 90 (DRC-MV), SFC with Rumensin 90 (SFC-R), and SFC with Monovet 90 
(SFC-MV). Rumen contents and fluid were collected through the fistula of each animal at 
0, 3, 6, 12, and 24 h on d 15 of each period. Rumen fluid was collected 6 h post-feeding 
each period for in vitro analyses. Steer was the experimental unit and the model included 
fixed effects of grain processing method, monensin source, and processing × source. 
Total gas produced was composited from each in vitro bottle into a gas collection bag for 
48-h determination of methane concentration. No interaction differences were detected 
for DMI (P = 0.81). Ruminal pH did not differ for the control or additive treatments (P = 
0.33). However, ruminal pH was lower (P < 0.01) with SFC compared to DRC. Acetate to 
propionate ratio was lower with SFC (P = 0.01) and tended to be lower with Monovet (P 
= 0.06). Monensin inclusion reduced methane proportion of total gas compared to control 
treatments (P ≤ 0.01). Overall, monensin sodium reduced methane concentration though 
source had no effect on DMI or ruminal pH. 
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Optimizing sugar inclusion in high roughage diets for growing cattle 
J. Zeltwanger, A. VanDerWal, and A. DiCostanzo, University of Minnesota, Saint Paul, 
MN 
 
The objective of this study was to determine optimum sugar concentration based on daily 
gain and feed conversion in high-forage diets fed to growing cattle. Ninety-two Angus 
crossbred (Ranch 1) steers (n =  60; 747 + 24 lb BW ) and heifers (n = 32; 681 + 30 lb 
BW), and 89 Red Angus crossbred (Ranch 2) steers (745 + 35 lb BW) were randomly 
allocated (5 to 7 hd/pen) within ranch and sex to one of 15 pens in each of two (north or 
south side) locations within a deep bedded confinement feedlot. Target dietary treatments 
were designed to contain supplemental sugar inclusion of 0%, 3.5%, 7% or 10.5% (8, 7, 
8 or 7 replicate pens in each treatment, respectively) using a molasses-based supplement 
containing 56.8% sugar and 7.4% urea.  Diets were comprised (DM basis) of hay (12%), 
corn silage, dry distillers grains (14.5%), dry rolled corn and a liquid supplement (5%); 
corn grain and corn silage inclusion varied from 21% to 32% and from 29% to 36%, 
respectively, to accommodate supplemental sugar. This resulted in dietary sugar 
concentrations of 4.3%, 7.4%, 10.5% and 13.5% or 0%, 3.5%, 7.1%, and 10.6%, 
respectively, as supplemental sugar. Energy value of corn or test ingredient was derived 
from estimated dietary ME.  This study was analyzed as completely randomized block 
design.  No linear, quadratic or cubic trends were observed (P > 0.14); a trend for cattle 
fed 0% sugar to consume less feed than those fed 10.5% supplemental sugar was 
observed (P > 0.06).  Similarly, replacing from 3.5% to 10.6% of starch did not (P > 0.38) 
affect rate of gain. Substitution of up to 10.6% starch with sugar led to no differences (P 
> 0.26) in gain efficiency (analyzed as ADG at the same DMI).  Final BW was not affected 
(P > 0.10) by substituting up to 10.6% starch with sugar.  Concentration of dietary ME 
calculated by iteration tended to decrease linearly (P = 0.102) as sugar substituted starch.  
However, the only difference (P = 0.04) detected by pairwise comparison was that 
between cattle fed no sugar and those fed 10.5% supplemental sugar.  Intake of ME 
intake was similar (P > 0.10) across treatments.  Concentration of ME determined for dry 
rolled corn was similar to that reported by NRC. Substituting starch with sugar led to a 
quadratic response (P = 0.03) and a trend for a cubic response (P = 0.09).  Although 
numerically different, ME concentration of sugar, as it replaced starch, was similar to that 
of corn grain.  Concentration of ME at 3.5% sugar inclusion was greater (P < 0.01) than 
that at 10.5% and tended (P < 0.10) to be greater than that at 7% sugar inclusion.  Feeding 
up to 10.5% sugar resulted in no adverse effects on performance.  Yet, the energy value 
of sugar is similar to that of corn grain when substituting up to 7% of starch in a growing 
diet. 
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Using a direct fed microbial (Saccharomyces cerevisiae) to increase cattle feed 
utilization when undergoing distinct feeding management: an in vitro approach. 
Kaliu G. S. Silva, J. O. Sarturi, D. D. Henry, K. Karges, J. K. Hinds, K. T. Nardi, I. G. 
Fávero, C. J. Rush, and Y. F. M. Saes, Department of Animal and Food Sciences, Texas 
Tech University, Texas, United States, 79409 
 
Strategies that maximize nutrient utilization are of paramount interest, especially when 
improvements in digestion induce enhancements in cattle efficiency. Live yeast has been 
used to enhance ruminal digestion by maximizing fiber utilization, although distinct 
ruminal conditions may affect its efficacy. In the current experiment, the effects of live 
yeast (Saccharomyces cerevisiae) and ruminal environment on in vitro true digestibility 
of dry matter, organic matter, and fiber components were evaluated. Ruminally-
cannulated beef steers (n = 4; BW= 520 ± 30 kg) served as donors of ruminal content in 
a cross-over design (2 steers per diet). The in vitro substrates (n = 12; diet-substrates 
collected from feedlots located at Texas Panhandle; 6 grower and 6 finisher) and 
individual ingredients (n = 3; steam-flaked corn, wet corn gluten feed, and old-world 
bluestem hay) were dehydrated (55oC; 48 h) and ground (Willey mill) to pass a 1 mm 
screen. A 2 × 2 factorial arrangement of treatments was used, with factors being a) the 
presence or not of yeast (8 × 109 CFU/animal-daily adjusted to a 70 L ruminal content 
volume), and b) two ruminal inoculums collected from donors fed a grower (50:50) or a 
finisher (92:08) diet (concentrate: forage, respectively). The ruminal incubation batches 
(experimental unit) were replicated four times, in which the initial two batches were 
performed followed by another two after animals switched diets and were adapted again 
during 21 d. A Daisy in vitro incubation system was used, in which buffer was mixed with 
ruminal content at 4:1, F57-ANKOM bags containing pre-dehydrated diet-specimens and 
ingredients (0.5 g) were incubated for 48 h (39°C). The GLIMMIX procedure of SAS was 
used for the statistical analysis. Dietary substrates did not specifically interact with live-
yeast inclusion and ruminal content (Substrate × Rumen × Yeast; P ≥ 0.71), or with 
Rumen content (Substrate × Rumen; P ≥ 0.63), or with live-yeast (Substrate × Yeast; P ≥ 
0.25). As expected, individual substrate effects (Substrate; P < 0.01) were observed, and 
in general finisher diet-substrates were more (P < 0.01) digestible than grower. Ruminal 
content × yeast interactions were observed (P ≤ 0.02) for all variables, in which the in 
vitro true digestibility of DM, OM, NDF, and hemicellulose increased when yeast was 
added to the incubator containing ruminal content from steers consuming a 50:50 diet. 
The ADF digestibility increased (P = 0.02) with yeast addition regardless of ruminal 
content type (50:50 or 92:08). The combination of live-yeast and a specific ruminal 
environment seemed to be more important than substrate type, in which live-yeast 
improved in vitro digestion within a 50:50 ruminal inoculum more evidently. Live yeast 
improved the digestibility of the “tougher” fiber fraction of substrates (ADF) regardless of 
ruminal content type (grower “50:50” or finisher “92:08”). 
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Nutritional-packet affected beef cattle nutrient utilization, growth and body-fat 
deposition. Nardi, K. T., J. O. Sarturi, D. D. Henry, F. M. Ciriaco, N. O. Huerta-Leidenz, 
A. M. Osorio, I. G. Fávero, and K. S. Silva,Texas Tech University, Lubbock, TX-79409 
 
Dietary nutrient utilization is of paramount interest in cattle operations. During the final 
days on feed in the feedlot, nutrient-dense diets may be passive to induce subacute 
digestive disorders, which may impair cattle growth performance. Nutritional technologies 
involving strategic nutrients, such as: Vitamins C and B1, electrolytes (NaCl and KCl), and 
a live yeast (Saccharomyces cerevisiae) may help to overcome such challenges due to 
positive effects either on digestion or animal metabolism. The current study evaluated the 
growth performance, apparent total tract nutrient digestibility, and carcass characteristics 
of beef cattle fed diets with or without the added nutritional-packet during the last 60-65 
days on feed prior to harvest. Two experiments were conducted, in which both used a 
randomized complete block design, and compared a finishing diet (steam-flaked corn-
based) with or without the added nutritional packet. For the first experiment, 120 
crossbred Angus steers were randomly assigned to 30 pens with 4 steers/pen (pen = 
experimental unit) and 15 pens/treatment. To calculate dry matter intake, orts were 
collected and subtracted from the total dietary DM offered. Animal body weights were 
taken before feeding on days 0, 21, 42 and 60 prior to harvest. For the second experiment, 
30 steers were assigned to two pens (15 steers/pen) equipped with individual-intake 
technology bunks (SmartFeed, C-Lock Inc.; individual steer as the experimental unit), and 
an intensive management was applied. Body weights were taken on days 0, 7, 14, 28, 
35, 50, 54 and 65 prior to harvest. Fecal collections were conducted during 5 consecutive 
days for both experiments, in which pen samples were recovered during experiment-1 
while individual samples for experiment-2. A dietary internal marker (288 h iNDF) was 
used to determine fecal output and subsequent apparent total tract nutrient digestibility. 
The Glimmix procedure of SAS was used for the statistical analysis. Animals undergoing 
normal management (experiment-1) showed no effect (P ≥ 0.57) on growth performance 
when the nutritional packet was added to the diet. However, steers fed the nutritional 
packet had increased (P ≤ 0.02) DM, OM, NDF, and ADF apparent total tract digestibility, 
which may induced the greater (P = 0.02) 12th rib fat-thickness and carcass yield grade 
(P = 0.02) also observed for the treated cattle. When steers were exposed to a more 
intensive management (experiment-2), a tendency (P = 0.06) for a greater ADG and a 
greater (P = 0.04) gain:feed were observed for cattle fed the nutritional packet. Such 
treatment improvement was also accompanied by a greater (P ≤ 0.02) DM, OM, NDF, 
and ADF dietary apparent total tract digestibility, and greater (P = 0.03) carcass yield 
grade. The nutritional packet improved cattle nutrient utilization and carcass fat deposition 
regardless of management intensity. Beef cattle growth performance improvement during 
the final 60-65 days of the finishing phase was more evident when nutritional packet was 
fed to cattle undergoing more stressful conditions (intensive management).  
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Comparing enzyme efficacy on ruminal and total tract starch digestibility in dry-
rolled corn-based finishing diets. C. G. Lockard*, C. L. Lockard*, and J. S. Jennings* 
*Texas A&M AgriLife Research and Extension Service, Amarillo, 79106 
 
Glucoamylase (GA) enzyme has the potential to improve starch digestibility and 
subsequently improve total tract starch digestibility in ruminants. Therefore, the objective 
of this experiment was to compare efficacy of GA enzymes on total tract starch digestibility 
and ruminal starch disappearance in beef cattle fed a high concentrate diet. We 
hypothesized that the addition of a GA would increase both rumen degradability and total 
tract digestibility of dietary starch. Twelve ruminally fistulated crossbred steers (initial BW 
= 384 ± 23 kg) were used in a 4 × 4 Latin square experiment with 3 replicates. The 
experiment had 4-20 d periods with 4 treatments; 1) no added enzyme (CON); 2) GA 
dosed to achieve 254 g/t of enzyme concentration (GA1); and 3) GA dosed to achieve 
381 g/t of enzyme concentration (GA2). From d 1 to 17 steers were adapted to dietary 
treatments, on d 18 steers were fitted with a jugular catheter. On d 19 whole rumen fluid 
content and venous blood were collected immediately before feeding (0 h) and 3, 6, 12, 
and 24 h post feeding. Ruminal pH was collected continuously using a bolus placed in 
the reticulum (Well Cow Limited, Roslin, UK). In situ incubations occurred on d 20, dry-
rolled corn was weighed into nylon bags to achieve a sample size to surface area ratio of 
12.5 mg/cm3. All bags were placed in laundry bags based on time points (0, 3, 6, 12, and 
24 h). Bags were pre-soaked in 39 °C water for 20 min before being inserted into the 
rumen fistula. All bags were inserted at the same time and removed at each subsequent 
timepoint, with the exception of 0 h. Butyrate concentration increased in steers receiving 
GA1 (10.0 ± 1.39 mM) compared to steers receiving CON (9.3 ± 1.39 mM; P = 0.04). 
Acetate to propionate ration was greatest in steers receiving GA2 (2.59 ± 0.240) and least 
for GA1 (1.96 ± 0.240; P < 0.01). Ruminal pH was greatest for steers receiving GA1 (6.07 
± 0.10) and least for CON (5.98 ± 0.10; P < 0.01). No differences were reported for rumen 
or blood lactate concentrations (P > 0.12). No differences were observed for fecal output 
parameters (P > 0.63). Overall, the addition of a glucoamylase enzyme seems promising 
for increasing ruminal starch digestion dry-rolled corn-based finishing diets.  
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Effects of competitive feeding behavior on performance, feed efficiency and 
feeding patterns in feedlot cattle. K.O’Reilly1, G.E. Carstens1, L.R. Wottlin1, C.L. 
Daigle1, and J.R. Johnson2, 1Department of Animal Science, Texas A&M University, 
College Station, TX, 2STgenetics, 22575 Highway 6, South, Navasota, TX 
 
Animal variation in social dominance within a herd has been shown to be associated with 
performance, feed efficiency and animal well-being in cattle. Visual observations of social 
behavior and dominance relationships have been used to examine their associations with 
productivity and well-being. However, this method is time consuming and limits the 
number of animals that can be evaluated. Using data from electronic feed bunks, an 
algorithm was developed to quantify individual-animal disruptive feedbunk replacement 
events as a proxy for competitive feedbunk behavior. The objective of this study was to 
examine the effects of divergent phenotype for competitive feeding behavior on 
performance, feed efficiency, and feeding behavior patterns in beef cattle. This study 
used data from 498 crossbred steers (3 trials) fed high-concentrate diets in pens with 
electronic feed bunks (GrowSafe Systems). Using timestamp data recorded for the start 
and end of bunk visit (BV) events, an algorithm was developed to determine those BV 
events that were deemed to be replacement events, which were defined as those that 
occur when an actor animal displaces a reactor animal from the feedbunk and replaces it 
within a specified period of time (replacement criterion). Based on visual observations of 
steers from another trial, a replacement criterion of ≤ 7 s was used in the algorithm to 
quantify replacement events for the current study. This replacement-event data was used 
to compute a replacement competition index (RCI) for each steer, as the number of actor-
initiated replacement events divided by total number of replacement events (both actor 
and reactor). Within pen for each trial, steers were classified into 1 of 3 phenotypes based 
on ± 0.5 SD from mean RCI. Steers with RCI > 0.5 SD from the mean RCI were 
hypothesized to be more aggressive at the feedbunk, as they initiated more replacement 
events as a proportion of total feedbunk replacements, whereas steers with RCI < 0.5 SD 
from the mean RCI were more submissive at the feedbunk. A mixed model with RCI class 
as fixed effect and trial and pen within trial as random effects was used for data analysis. 

The aggressive steers consumed less (P < 0.05) DM intake (9.9 kg vs 10.3 kg  0.2 kg/d) 

and had more favorable (P < 0.05) F:G (5.9 kg vs 6.0 kg  0.5 kg) compared to submissive 
steers. Steers with aggressive phenotypes had shorter (P < 0.05) BV and meal events, 
consumed feed at faster (P < 0.05) rates during both BV and meal events, and had less 
(P < 0.05) head-down duration per BV duration than submissive steers. Aggressive steers 
actually exhibited less (P < 0.05) day-to-day variance in the duration of BV and meal 
events, and head down duration compared with submissive steers. The use of electronic 
feeding systems to quantify competitive feeding behavior patterns in beef cattle provides 
opportunities to evaluate the associations between social dominance at the feedbunk and 
productivity. Further research is warranted to evaluate competitive feed bunk behavior as 
a potential indicator of performance, temperament, and feed efficiency in feedlot cattle. 
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The effect of three implant programs on performance, carcass outcomes, and 
activity of finishing steers fed different days on feed. S.L. Martinez1, A.B. Word2, B.P. 
Holland2, K. J. Karr2, J.P. Hutcheson3, L. J. Walter3, J.T. Richeson1, T.E. Lawrence1

,
 and 

K.L. Samuelson1, 1Department of Agricultural Sciences, West Texas A&M University, 
Canyon, 2Cactus Feeders, Amarillo, TX 3Merck Animal Health, Madison, NJ 
 
Slow-release growth implants promote growth, feed efficiency, and carcass quality as a single 
implant strategy or as a component of a more aggressive multiple-implant program. Extending 
days on feed (DOF) is a management strategy used to increase hot carcass weight (HCW) 
and improve quality grade. Managing an implant program with respect to total dose and re-
implant timing can aid in retaining efficiencies at longer DOF, but additional research is 
needed to understand how timing of re-implantation and marketing impacts cattle 
performance. This study evaluated the effects of a single slow-release implant compared to 
two re-implant programs administered at either 120 DOF or 80 days from harvest on 
performance, carcass characteristics, and activity of serially harvested feedlot cattle. Using a 
randomized complete block design, steers (n=4,680; initial BW=797 ± 7.36 lb) were randomly 
assigned to 72 pens (12 pens per block, 60 to 70 animals per pen) and 1 of 12 treatments in 
a 3 × 4 factorial arrangement. Treatments were Revalor®-XS only (REVXS), Revalor®-XS 
followed by Revalor®-200 at 120 DOF (REVXS+REV200-120), or Revalor®-XS followed by 
Revalor®-200 80 days from harvest (REVXS+REV200-80) in cattle serially harvested at 166, 
180, 194, or 208 DOF. In blocks 1, 2, and 3 a random subset of steers (n=1,080; 30 animals 
per pen) received a 3-axis accelerometer ear-tag to quantify rumination and activity. No 
implant × DOF interactions (P ≥ 0.09) were observed. Implant did not affect (P ≥ 0.25) final 
BW, ADG, or DMI, but re-implanted steers had a lower (P = 0.01) F:G ratio than REVXS. 
Final BW and F:G increased (P < 0.01) and ADG decreased (P < 0.01) with additional DOF. 
Re-implanted steers had greater (P ≤ 0.03) HCW, dressed yield, and ribeye area, but less (P 
< 0.01) backfat, marbling, and empty body fat (EBF) compared to REVXS. Percentage of 
Prime carcasses did not differ (P = 0.33). However, percentage of Choice carcasses was less 
(P < 0.01) and Select carcasses were greater (P < 0.01) for re-implanted cattle than REVXS. 
Re-implanted steers also had a greater (P < 0.01) percentage of yield grade 1 and 2 
carcasses and fewer (P < 0.01) yield grade 4 and 5 carcasses. As DOF increased, HCW, 
carcasses > 1,050 lb, dressed yield, backfat, and EBF increased linearly (P < 0.01), marbling 
increased quadratically (P < 0.01), and ribeye area did not differ (P = 0.33). Percentage of 
Prime and Choice carcasses linearly increased (P < 0.01) with additional DOF and the 
percentage of Select carcasses was greater (P < 0.01) for cattle fed 166 than 188, 194, and 
208 DOF. Yield grade 1 and 2 carcasses linearly decreased (P < 0.01), and yield grade 4 and 
5 increased (P < 0.01) with additional DOF. Liver abscess rate and rumination minutes did 
not differ (P ≥ 0.71). However, an implant × day interaction (P < 0.01) for weekly activity 
minutes indicated that steers receiving a second implant had greater activity than REVXS 
after re-implant. Re-implanting within the payout period of an slow-release implant improved 
feed efficiency, HCW, and dressed yield, but decreased carcass fatness and reduced quality 
grade regardless of the timing of secondary implant administration, suggesting re-
implantation can be implemented either midway through the feeding period or as a 
component of a terminal sorting program. 
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Impact of corn silage moisture and/or kernel processing at harvest on finishing 
steer growth performance, efficiency of dietary net energy utilization and carcass 
traits. T. G. Hamilton, W. C. Rusche, J. A. Walker and Z. K. Smith; South Dakota State 
University, Brookings; 
 
Predominately Red Angus steers (n = 192 steers; initial shrunk BW = 983 ± 62.3 lbs) were 
procured from an auction facility in south central South Dakota and used in a 112-d 
finishing experiment at the Southeast Research Farm (SERF) of the South Dakota 
Agricultural Experiment Station in Beresford. For this experiment treatments were 
arranged in a 2 x 2 factorial with 6 replicate pens per simple effect mean containing 8 
steers in order to evaluate corn silage moisture (1/2 to 2/3 milk line [ML] and black line 
[BL]) and kernel processing (yes [KP+] or no [KP-]) at harvest on finishing steer growth 
performance, efficiency of dietary net energy utilization and carcass traits. Steers were 
received and transitioned from a 60% concentrate diet to a 90% concentrate diet over a 
14 d period prior to the initiation of the experiment. Steers were blocked by batch fraction 
(n = 6) and allotted to their study pens on d 1. Continuous data was analyzed as a 
randomized complete block design using the GLIMMIX procedure of SAS 9.4 (SAS Inst. 
Inc., Cary, NC) with pen as the experimental unit. The model included the effects of 
harvest time, processing, and their interaction. Block was included as a random factor. 
Categorical data were analyzed using binomial proportions and the same effects in the 
model described previously were used.  No harvest time x KP interaction was detected 
(P ≥ 0.28) for any growth performance related parameters. Cumulative ADG was not 
influenced by harvest time (P = 0.60) but ADG was numerically decreased by 3.6% (P = 
0.12) for KP+ steers. Daily DMI was not influenced by harvest time (P = 0.23) but was 
numerically reduced for KP+ (P = 0.12) by 1.3%. No Harvest time × KP interaction was 
detected (P ≥ 0.26) for any parameters related to the efficiency of dietary NE utilization. 
Comparative NEm for harvest time indicates that delayed harvest enhanced corn silage 
NEm by 6% and KP decreased apparent NEm value of corn silage by 9% compared to 
current feeding standards. No harvest time × KP interaction (P ≥ 0.08) was detected for 
any carcass traits except the distribution of USDA Prime carcasses (P = 0.04). Steers 
from ML/KP- had the fewer (P = 0.05) USDA Prime carcasses compared to ML/KP+, 
BL/KP-, and BL/KP+. Harvest time (P ≥ 0.07) and KP (P ≥ 0.07) had no appreciable 
influence on any carcass trait parameters. Harvest time and kernel processing of corn 
silage have minimal effects on animal growth performance and only moderately affect 
carcass traits in finishing steers. Delayed harvest enhanced the comparative NEm value 
of corn silage by 6% above current feed standards. These data indicate that corn silage 
harvest can be delayed without detriment to growth performance and kernel processing 
does not enhance the apparent feeding value of corn silage when corn silage is fed as 
the sole roughage component of a feedlot finishing diet (i.e. 20% inclusion DM basis). 
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Influence of monensin and diflubenzuron as feed- through on control of immature 
Horn fly (Diptera: Muscidae) and chemical parameters of cattle feces. Sanchez-
Sandoval U. A. 1,2, J. J. Figueroa-Zamudio1,2, S. A. Soto-Navarro2 & B.G. Smythe1, 
Veterinary Entomology Research Laboratory1, Department of Animal and Range 
Sciences2, New Mexico State University 
 
Twelve Angus × Hereford crossbred heifers were used in a complete randomized design 
for 45 d to evaluate the influence of monensin on diflubenzuron ability to control horn flies 
(Haematobia irritans). Both diflubenzuron and monensin are common feed additives used 
in cattle husbandry. Our hypothesis was that monensin would change nutrient profile and 
chemical characteristics of feces affecting horn fly larval development. Heifers were 
randomly assigned to one of four treatment groups: 1) negative control (no diflubenzuron 
or monensin fed); 2) monensin fed at label rate, 3) diflubenzuron fed at label rate as 
positive control, and 4) monensin and diflubenzuron fed at label rates.  Heifers consuming 
alfalfa hay cubes were dosed with diflubenzuron and monensin during the first 28 d of the 
experiment. Each animal in treatment groups received approximately one pound of a 
daily grain-based supplement ration top-dressed with the test substance.  Manure 
samples were collected every fourth day throughout the 45d experiment to assess fly 
emergence, pH, microbial protein and total protein. A treatment × day interaction (P < 
0.01) was observed for fly emergence.  Fly emergence was not affected (P ≥ 0.05) 
by monensin, but at d 4,8, 12, 16, 20, 24, and 28 was dramatically reduced by 
diflubenzuron and the diflubenzuron-monensin combination when compared to control (P 
= 0.01). Fecal pH, microbial and total protein were not affected by treatments (P ≥ 0.13). 
It is concluded that monensin is not effective on controlling horn fly larval development 
and that the effect of diflubenzuron disappears as soon as it is 
withdrawn.  Diflubenzuron’s effects against flies appear to be uninfluenced by the 
presence of monensin. 
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Effects of pre-transportation feeding program on intake, body weight loss, rumen 
fermentation, and physiological responses of receiving feedlot cattle. Figueroa-
Zamudio, J.J.1, B. Birkenstock1, U.A. Sanchez-Sandoval1, B.G. Smythe1, V.N. Gouvêa2, 
C. Löest1, and S.A. Soto-Navarro1, 1Department of Animal and Range Sciences, New 
Mexico State University, 2Clayton Livestock Research Center, New Mexico State 
University 
 
This study evaluated the effects of preconditioning diet management and transportation 
on performance, rumen pH, and rectal temperature of feedlot receiving cattle.  Twenty 
rumen cannulated angus heifers (758 ± 50.7 lb) were used in a complete randomized 
design with a 2×2 factorial arrangement of treatments with repeated measures related to 
time of transportation.  One factor was the preconditioning diet management consisting 
on offering a preconditioning diet for the 30 days prior to transportation (diet), or offer the 
same diet for 27 days and the last 3 days prior to transportation received only hay (hay). 
The second factor was transportation and consisted of transporting or not transporting 
the heifers for 12 hours.  All heifers received a commercial feedlot receiving diet at arrival 
and for 14 days. Measurements were obtained at 92 and 20 h before transportation, at 0 
(right before loading for transportation), 6, 12, 78, 76, 172, 340 h after transportation. All 
the sampling points but 0, 6 and 12 h were 4 h after feeding or around peak of 
fermentation.  Performance, rectal temperature and ruminal pH were analyzed using 
MIXED procedures. Rectal temperature, rumen pH, intake presented diet×time 
interactions.  Rectal temperature was greater (P = 0.02) for hay at time 0 and no effects 
at other times (P > 0.10).  Rumen pH was greater (P = 0.01) at 20 h prior and at 76 h 
after, and lower (P = 0.05) at 340 h after transportation for hay than diet and no effects at 
the rest of the time points.  Intake was lower (P ≤ 0.05) at 20 h prior and 76 and 172 h 
after transportation for hay than for diet. In conclusion, changing the preconditioning diet 
to hay only prior transportation had detrimental effects on rumen fermentation 
characteristics and intake of the receiving diet. Such diet changed might have switched 
the rumen bacterial population to more cellulolytic bacteria. Findings of this experiment 
suggest the needs of further research that assesses the effect of switching the forage of 
the diet to a very low quality one right before transportation. 
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Effect of Complete Replacement of Dry-Rolled Corn with Unprocessed Rye on 
Growth Performance, Efficiency of Dietary Net Energy Use, and Carcass Traits of 
Finishing Heifers. A. M. Kelly, E. M. Buckhaus, W. C. Rusche, J. A. Walker, and Z. K. 
Smith; South Dakota State University, Brookings; originally published in - Animals 2021, 
11(1), 99; https://doi.org/10.3390/ani11010099 
 
Continental crossbred beef heifers were used in a randomized complete block design 
experiment to evaluate the effects of complete replacement of dry-rolled corn with 
unprocessed rye on the finishing-phase growth performance, efficiency of dietary net 
energy (NE) utilization, and carcass trait responses. Fifty-six heifers (955 ± 75.0 lbs) were 
transported 150 mi from a sale barn in North Central South Dakota to the Ruminant 
Nutrition Center in Brookings, SD. Within 24 h of arrival, heifers were individually weighed, 
tagged, and vaccinated for viral respiratory and clostridia pathogens, and treated for 
internal and external parasites. Heifers were blocked by initial body weight and allotted to 
treatment pens (n = 7 heifers/pen and 4 pens/treatment). Treatments included a finishing 
diet that contained 60% grain (DM basis) as dry-rolled corn (DRC) or unprocessed rye 
grain (RYE). Fresh feed was manufactured and provided twice daily in equal proportions. 
Diet formulation was based on weekly DM analyses and intakes were managed using a 
slick bunk management system. Monensin sodium was included at 30 g/ton (DM basis) 
and all heifers were fed 0.5 mg·heifer·d-1 of melengestrol acetate (MGA, Zoetis). On study 
d 14, all heifers were consuming the final diet and were implanted with 200 mg of 
trenbolone acetate and 28 mg of estradiol benzoate (Synovex-Plus, Zoetis, Parsippany, 
NJ, USA). Heifers were individually weighed on d -1, 1, 14, 42, and 77. Body weights from 
d 1 (cumulative) and d 14 (energetic assessment period) were both shrunk 4% to account 
for digestive tract fill. Final BW was calculated from HCW/0.625. Heifers were shipped 
the afternoon following the final BW determination on d 77 and harvested the next day at 
Tyson Fresh Meats in Dakota City, NE. The RYE heifers had decreased (P ≤ 0.01) final 
body weight and average daily gain, however, they tended (P = 0.08) to have a greater 
dry matter intake compared to DRC heifers, resulting in poorer (P = 0.01) feed efficiency. 
The energetic assessment period was from d 15 to d 77. RYE heifers had decreased (P 
≤ 0.01) observed dietary NE for maintenance and gain and decreased (P ≤ 0.01) 
observed-to-expected dietary NE ratio for maintenance and gain compared to DRC 
heifers. Dressing percentage, 12th rib fat thickness, ribeye area, and the distribution of 
yield and quality grades were not altered (P ≥ 0.12) by dietary treatment. Hot carcass 
weight, yield grade, estimated empty body fat (EBF), and body weight at 28% EBF 
decreased (P ≤ 0.02) and retail yield increased (P = 0.01) in RYE compared to DRC 
heifers. The feeding value of unprocessed rye is considerably less (21.4%) than that of 
dry-rolled corn using current standards and approximately 91% of the NE value of 
processed rye (processing index = 78.8%). Rye grain fed as processed or unprocessed 
grain has an NE value that is less than 90% of that of dry-rolled corn. These data indicate 
that unprocessed rye is a palatable feed ingredient for inclusion in finishing diets for beef 
cattle and that rye inclusion only minimally influences carcass quality grade. These data 
also suggest that gain and gain efficiency are lower when heifers are fed unprocessed 
rye as a complete replacement for dry rolled corn in feedlot finishing diets fed to cattle.  
  

https://doi.org/10.3390/ani11010099
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Effects of feedlot bunk management and bulk density of steam-flaked corn on 
growth performance, carcass characteristics, and liver score of finishing beef 
cattle fed diets without tylosin phosphate. T.M. Smock, D.R. Woerner, J.L. Manahan, 
C.L. Helmuth, C.M. Coppin, and K.E. Hales, Department of Animal & Food Sciences, 
Texas Tech University, Lubbock 79409 
 
The objective of this experiment was to determine effects of feedlot bunk management 
and bulk density of steam-flaked corn on growth performance, carcass characteristics, 
and liver abscesses of finishing beef cattle fed diets without tylosin phosphate. The 
randomized complete block design consisted of 12 BW blocks and 12 pen replications 
per treatment (24 replications per main effect). Pen was the experimental unit for all 
dependent variables. A 2 × 2 factorial arrangement of treatments was used: 1) slick bunk 
management + 26 lb/bu steam-flaked corn (SFC)-based diet, 2) slick bunk management 
+ 33 lb/bu SFC-based diet, 3) modified ad libitum bunk management + 26 lb/bu SFC-
based diet, 4) modified ad libitum bunk management + 33 lb/bu SFC-based diet. For slick 
bunk management, daily feed delivery was managed to minimize or eliminate daily 
residual feed. Modified ad libitum bunk management targeted up to 5% daily feed 
carryover. The statistical model included bunk management method, bulk density of SFC, 
and their interaction as fixed effects and block as a random effect. Growth performance 
and continuous carcass variables were analyzed using PROC MIXED, and categorical 
carcass variables were analyzed as a binomial proportion using PROC GLIMMIX. No 
significant interaction of bunk management × bulk density of SFC was observed (P ≥ 
0.09), thus, main effect comparisons are reported throughout. Bunk management strategy 
did not affect growth performance, carcass characteristics, or liver abscess score (P ≥ 
0.15). No difference in final BW among differing bulk densities was observed (P ≥ 0.57). 
The ADG of steers fed 33 lb/bu SFC was 5.8% greater (P = 0.05) from days 35 to 105 
than those fed 26 lb/bu SFC; however, no difference of overall ADG was observed (P = 
0.36). The DMI of steers fed 33 lb/bu SFC was greater at each interim period (P ≤ 0.05) 
and was 4% greater overall (P < 0.01) than those fed 26 lb/bu SFC. Gain:feed of steers 
fed 33 lb/bu SFC tended (P = 0.10) to be less from days 0 to 35, but was not different at 
remaining interim periods (P ≥ 0.17) or overall (P = 0.12). On a carcass-adjusted basis, 
no differences were observed in ADG or G:F (P ≥ 0.22). No differences in HCW (P = 0.38) 
or dressing percent (P = 0.15) was observed among differing bulk densities. Steers fed 
33 lb/bu SFC tended to have 9% greater 12th rib fat thickness (P = 0.07), 3% greater 
calculated EBF% (P = 0.06), and 7% higher calculated YG (P = 0.05) than those fed 26 
lb/bu SFC. The adjusted final shrunk weight at 28% empty body fat of steers fed 33 lb/bu 
SFC tended to be 3% lesser (P = 0.09). Incidence of abscessed livers decreased 43.51% 
(P = 0.04) in steers fed 33 lb/bu SFC than those fed 26 lb/bu SFC; however, there was 
no difference of liver abscess severity (P ≥ 0.12). Steers fed SFC processed to 33 lb/bu 
had increased carcass adiposity, because of greater DMI. Additionally, less extensive 
grain processing resulted in a decreased proportion of liver abscesses. Therefore, a 
lesser degree of processing of SFC may be a viable management option, but additional 
research is needed.  
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Evaluation of hempseed cake on cattle performance, carcass characteristics and 
feeding behavior in finishing diets. T.M. Winders1, E.M. Serum2, D.J. Smith2, B.W. 
Neville3, M.G.K. Mia1, S. Amat1, C.R. Dahlen1, K.C. Swanson1, 1North Dakota State 
University, 2USDA – Fargo, ND, 3Carrington Research Extension Center, ND 
 
As cannabinoid production continues to increase, there is increasing interest in feeding 
byproducts of industrial hemp production to livestock.  One main byproduct of hempseed 
oil production is hempseed cake, which is high in protein (33% CP) and fiber (50% NDF).  
While it is not currently an approved feedstuff in the US, exploring its effects on cattle 
production is of interest if it were to be approved.  An experiment using crossbred heifers 
(n = 31; initial BW= 1,091 lb, SEM = 23) was conducted to determine the effects of feeding 
hempseed cake in a corn-based finishing diet (10% forage) formulated to meet or exceed 
ruminally degradable and metabolizable protein requirements on growth, performance, 
carcass characteristics, and feeding behavior.  Heifers were assigned randomly to one of 
two treatments, either a diet containing 20% dried distillers grains plus solubles (CON, 
n=16) or 20% hempseed cake (HEMP, n=15) on a dry-matter basis.  Cattle were housed 
in two pens, had ad-libitum access to feed and water, and individual intakes and feeding 
behavior were captured using the Insentec BV feeding system. Body weights were 
collected every two weeks over the 111-d feeding period, and cattle were slaughtered on 
5 days across a 9-day period (d112 – 120) to determine withdrawal effects of hempseed 
cake (data will be reported elsewhere).  Final BW was not different (P = 0.28) between 
CON (1,534 lb, SE = 27) and HEMP (1,504 lb, SE = 27) heifers. Dry matter intake was 
not different between treatments (P = 0.99), while CON cattle had greater ADG and feed 
conversion (F:G; P ≤ 0.04) compared to HEMP cattle.  Carcass characteristics were not 
different (P ≥ 0.20) between treatments for all of the parameters measured (HCW, LM 
area, backfat, dress, marbling, yield grade).  Control and HEMP cattle were not different 
(P ≥ 0.34) for number of meals, time spent eating, number of visits to the bunk per day, 
meal size, or eating rate.  In this experiment, feeding hempseed cake reduced ADG and 
F:G while having no effect on other performance measures, carcass characteristics, or 
feeding behavior. Overall, these data suggest hempseed cake could be a viable 
alternative feed source for ruminants depending on availability and cost. Further 
understanding of hempseed cake’s impact on performance is critical to determining this 
products viability as a feedstuff for cattle. In vivo digestibility of the hempseed cake needs 
to be evaluated to determine why certain performance parameters were reduced while 
others were not impacted.   
  



117 
 

Effects of roughage source on growth performance, carcass characteristics, and 
rumination time of beef steers fed a steam-flaked corn finishing diets. W. N. Smith*, 
C. L. Lockard*, C. G. Lockard*, M. N. Homolka, K. J. Karr‡, B. P. Holland‡, A. B. Word‡, 
and J. S. Jennings*, *Texas A&M AgriLife Research and Extension Center, Amarillo, TX, 
79106; and ‡Cactus Feeders, Amarillo, TX, 79106 
 
Research is limited on how physically effective fiber from various roughage sources affect 
rumination time, growth performance, and carcass characteristics of finishing beef cattle. 
We hypothesized that roughage source would not impact rumination time, growth 
performance, and carcass characteristics if the different sources provided a similar 
concentration of dietary neutral detergent fiber (NDF). The objective of this experiment 
was to evaluate rumination time, growth performance, and carcass characteristics of beef 
steers consuming finishing diets with differing roughage sources (corn stalks, cotton 
burrs, or wheat silage). Beef steers (n = 49; BW = 698 + 12.3 lbs) were used in a 
completely randomized design with 3 dietary treatments. Steers consumed a steam-
flaked corn-based finishing diet containing corn stalks (CS), cotton burrs (CB), or wheat 
silage (WS) included at 7% (DM basis) of the diet. Dietary NDF was similar (P = 0.36) 
across treatments. Each steer was fitted with a sensory collar to record daily rumination. 
Weekly ingredient and dietary samples were estimated for physically effective NDF 
(epeNDF) using the Penn State Particle Separator (PSPS) equation. For the actual 
physically effective NDF (apeNDF) rumination time was used to calculate peNDF. The 
apeNDF equation used was: Actual peNDF = 0.0017x – 0.313; x = rumination, (min/d; 
Jennings et al., 2019). Neither initial nor final body weight (BW) differed between 
treatments (P > 0.52); nor did average daily gain (ADG), dry matter intake or carcass 
adjusted variables of FBW, ADG, empty BW, or empty body fat (P > 0.31). However, feed 
to gain (F:G) differed (P = 0.05) between treatments. The CS diet had the greatest F:G 
with no difference (P = 0.75) between CB and WS. Dietary NDF and epeNDF were similar 
(P > 0.35) among roughage sources; however, CB had the least apeNDF, consistent with 
lower rumination time (P < 0.01). When energy values were calculated from animal 
performance, the CS diet had the greatest observed energy values, followed by WS and 
CB having the least. These results indicate roughage source impacted rumination time 
and despite feeding steers a steam-flaked corn-based finishing diet with similar dietary 
roughage and NDF inclusions. With no differences in epeNDF but differing rumination 
times among roughages in the current trial, using rumination time (min/d) to determine 
peNDF may be a better indicator of true peNDF of feedstuffs compared to particle size 
measured via the PSPS in low roughage finishing diets.  
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Plains Nutrition Council Legends of Feedlot Nutrition 
 

Purpose of award 
Honor, recognize, and memorialize those who have significantly contributed to and who 
have had a profound and lasting impact on the feedlot industry as it relates to 
innovation, leadership, advancement, service, and education in the area of feedlot 
nutrition.  

Categories 
Honorees are selected from three categories for their contributions to the feedlot 
industry- 

Consultant   Academia/Extension   Allied Industry 
 

WELCOME THE CLASS OF 2020 and 2021 
Plains Nutrition Council Legends of Feedlot Nutrition Past Honorees  

 

CONSULTANTS ACADEMIA/EXTENSION ALLIED INDUSTRY 

Bob Lake 
Bill Dicke 

Mike Galyean 
Allen Trenkle 

Andy Cole 

Mark Branine 

 

PAST HONOREES 
 

2016 Consulting 2016 Academia/Extension 

John (Jack) William Algeo Edward Wise Burroughs 
James Davis (J. D.) Aughtry Richard Douglas Goodrich 

Jerrold Ross Cooley William Harris Hale 
C. J. (Jim) Elam Glen Pher Lofgreen 
Kenneth S. Eng John K. Matsushima 

Eugene Stanley (E.S.; Gene) Erwin  
James (Jim) Curran Nofziger  
William (Bill) Kenneth Roberts  

2017 Consulting 2017 
Academia/Research 

2017 Allied Industry 

Richard "Dale" Furr Irwin Dyer Dean Hodge 
Mel Karr Marion Ensminger Arthur (Art) P. Raun 

Hollis Klett William (Bill) N. Garrett Leo F. Richardson 
Jack E. Martin Fredric N. Owens  

 Rodney L. Preston  

2018 Consulting 2018 Academia/Extension 

Alva D. (Bub) Burson Donald R. Gill  
Terry J Klopfenstein 

2019 Consulting 2019 Academia/Extension 

Stephen L. Armbruster 

R. Spencer Swingle 

Danny G. Fox 



121 
 

2020 PNC Legends of Feedlot Nutrition 
 

Bob Lake 
 
Bob was raised on a cattle ranch and wheat farm in northwestern Colorado, where he 
graduated from Meeker High School and soon thereafter married Nareen Philp.  He 
graduated from Colorado State University with B.S. (1968) and M.S (1970) Degrees in 
Animal Nutrition.  Dr. John Matsushima, his undergraduate advisor and graduate 
professor, was honored in the 2016 inaugural class of LOFN.  Bob continued his graduate 
studies at the University of Nebraska under the guidance of Dr. Don Clanton, earning a 
Ph.D. (1972) in Animal Nutrition. 
 
After concluding his graduate studies, Dr. Lake served as Research Associate at the 
University of Nebraska North Platt Research Station, conducting an early dose-titration 
field study on monensin.  In 1973 Bob joined Hitch Enterprises, Guymon, Oklahoma, as 
Staff Nutritionist, a role in which he made immeasurable contributions over the next 42 
years.  In a myriad of responsibilities while tending to 3 feedlots, 2 farms and a ranch, all 
the while serving 3 generations of the Hitch family, he developed remarkable expertise in 
numerous realms –  
 
• Identifying and adopting technologies to enhance performance 
 
• Formulating feedlot rations and supplements  
 
• Leading feed departments on bunk management and feed delivery 
 
• Advising feed mills on grain processing and quality control 
 
• Managing all aspects of high-moisture corn (300 million bushels) and corn silage 
 
• Limit feeding of high-energy rations for growing cattle 
 
• Purchasing ingredients for rations and supplements 
 
• Manufacturing pelleted supplements 
 
Defined by his hands-on style and meticulous approach, Dr. Lake is a recognized 
authority on high-moisture corn, grain processing, bunk management and limit feeding, 
having authored scientific articles and lectured at U. S. and international symposia on 
these topics.  One nutritionist respectfully describes Bob as the “godfather” of feeding 
high-moisture corn, given his unparalleled knowledge of managing this feedstuff from 
farm to feed bunk. 
 
Because his counsel is highly regarded on an array of subjects, and thus sought after by 
colleagues, he is appropriately described as a “consultant to consultants.”  He has had a 
profound impact as a catalyst and facilitator for many collaborative university research 
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trials.  Bob is also greatly respected by technical and marketing teams throughout the 
cattle feeding industry, with whom he generously shares his wisdom.  Soft spoken, witty 
and unpretentious, his answers are always direct, honest and deliberate.  Integrity and 
loyalty are the abiding hallmarks of his career.  Anyone well acquainted with Bob will 
attest he is the consummate professional and a true gentleman. 
 
Following Bob’s retirement in 2015, he and Nareen moved from Guymon to Fruita, 
Colorado, where he remains active as ever, keeping in close contact with daughter 
Heather and son Kirk, piloting his Cessna 182, gardening, working on family ranches, 
remodeling a ranch house, elk hunting and fly fishing.  
 

Mike Galyean 
 
Michael Galyean is currently the Provost and Senior Vice President for Academic Affairs 
at Texas Tech University.  Mike received his B.S. in Agriculture from New Mexico State 
University and M.S. and Ph.D. degrees in Animal Nutrition from Oklahoma State 
University.  He worked on the NMSU main campus in Las Cruces and at the Clayton 
Livestock Research Center from 1977 to 1996 and two years at West Texas A&M 
University before moving to Texas Tech as the Thornton Distinguished Chair in the 
Department of Animal and Food Sciences in 1998. During his career he developed an 
internationally recognized research program that focused on digestive physiology of 
grazing cattle, nutrition and management effects on the health of feeder calves, prediction 
of feed intake by cattle, and nutrition and management of feedlot cattle.  Mike has 
authored or coauthored over 250 referred journal articles and hundreds of other technical 
publications.  In 2011 he became Dean of the College of Agricultural Sciences and Natural 
Resources at Texas Tech and in 2016 was promoted to Provost.   He has served as 
Editor-in-Chief of the Journal of Animal Science (2002-05), President of ASAS (2007-08), 
and President of ARPAS (2013-14). Mike served on the committee that wrote the 1996 
NRC Nutrient Requirements of Beef Cattle and chaired the subcommittee that wrote the 
2016 Nutrient Requirements of Beef Cattle.  He received the ASAS-AFIA Ruminant 
Nutrition Research Award in 1999, the ASAS Animal Management Award in 2006, the 
ASAS Fellow Award in 2010, the ASAS Morrison Award in 2012, the AFIA New Frontiers 
in Animal Nutrition Award in 2013, Diplomate of  the American College of Animal Science 
in 2014, the Western Section of ASAS Distinguished Service Award in 2016, and was 
named an Advanced Degree Graduate of Distinction at OSU in 2002.  Mike and his wife 
Charlotte live in Lubbock and are proud parents of 3 sons and grandparents of 3 
grandchildren.  
 

Allen Trenkle 
 
Allen Trenkle earned his bachelor’s degree at the University of Nebraska in 1956 and his 
master’s and doctorate degrees (in 1958 and 1960) from Iowa State (ISU).  After a 
postdoctoral fellowship at the University of California, Berkeley, he joined ISU faculty in 
1962 where he taught advanced classes in ruminant physiology and metabolism, protein 
requirements of finishing cattle, and ruminant nutrition both on campus and through the 
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ISU distance education program.  He served as an astute advisor for many graduate 
students and published more than 200 refereed papers and research reports.  
 
His pioneering research forms the basis for much of our knowledge about the mechanism 
of action of estrogenic implants.  He also conducted corn co-product research with wet 
corn gluten feed.  His scientific curiosity and publications helped him become 
internationally recognized as an expert in factors regulating growth of ruminants, 
improving the composition of beef, efficiency of production of ruminants, and utilization of 
by-products of ethanol production.  His literature compilations and extensive discussions 
with graduate students and faculty established and validated many of the basic 
relationships behind the development of the widely used equations from ISU that describe 
ruminal nitrogen metabolism.  He served as a coauthor of the NRC publication concerning 
Nitrogen Metabolism of Ruminants in 1985.   Allen also played a pivotal role in the NRC 
Feedlot Committee as a steady, thoughtful, classical scientist that helped to guide that 
committee and its members for nearly 30 years. 
 
Allen served as the ruminant nutrition section coordinator for the animal science 
department and was a member of the advisory board of the Leopold Center for 
Sustainable Agriculture starting in 1989, serving as the Center’s director in 2000.  Allen 
officially retired in 2007 but has continued to work with faculty and students at ISU.   
 
Allen has a unique ability to apply basic aspects of tissue growth and developmental 
biology to the practical aspects of growth and nutrition of feedlot cattle.  His 
recommendations regarding feedlot nutrition and cattle management helped support and 
grow the feedlot industry of the upper Midwest.  His quiet-spoken demeanor, his vast but 
diverse knowledge, and his quest for sustainable and environmentally friendly production 
and processing methods earned him the title of Charles F. Curtiss Distinguished 
Professor of Agriculture at ISU in 1984, and he became a member of the ISU Animal 
Science Hall of Fame in 1994.  The deep respect of students, colleagues, livestock 
producers, lawmakers, and the beef industry worldwide truly make Allen Trenkle a 
Legend of Feedlot Nutrition.  
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2021 PNC Legends of Feedlot Nutrition 

 
Bill D. Dicke 

 
Bill grew up near Wauneta in southwestern Nebraska, on a farm that has remained in the 
family for over a century.  He graduated from the University of Nebraska, Lincoln, with a 
B. S. Degree in Animal Science and Agricultural Economics in 1972, and an M. S. Degree 
in Ruminant Nutrition in 1974.  After honing his skills in three industry positions, Bill 
embarked on a career as an independent consultant, founding Cattlemen’s Nutrition 
Services in 1981 and Dicke Consulting LLC in 2015.  He has provided nutrition and 
management services to cattle feeders for 40 years and remains active in that role.   
 
His impact in Nebraska, the surrounding Plains and the Pacific Northwest has been 
immeasurable.  The firm grew to be among the largest feedlot consulting practices, 
influencing more than one million cattle on feed.  Many of Bill’s clients are family owned 
and operated lots that have been feeding cattle since the 1950’s.  He was an early 
advocate of feeding corn milling byproducts, resulting in win-win outcomes for the ethanol 
and feedlot industries.  Guided by science and seasoned by experience, Bill became an 
expert to whom feedlots and consultants often turn for counsel they trust.   
He cultivated a special relationship with faculty and students at his alma matter, lecturing 
graduate students and inspiring them to pursue careers in the beef industry including 
consulting.  His team directed numerous large-pen studies in client feedlots, involving 
UNL graduate students and providing them onsite experience.  These collaborative efforts 
generated over a dozen beef reports and 5 peer-reviewed journal articles.   
 
Bill contributed to the success of the UNL Feedlot Management Internship Program, 
connecting faculty with cattle feeders willing to provide students with meaningful 
experiences.  He was responsible for organizing the Timmerman Fund, given in the 
family’s honor to support the Internship Program.  And he was instrumental in garnering 
funds for UNL from the Kenneth and Caroline Eng Foundation, for confined-cow research. 
 
Well regarded by clients and colleagues for his genuine, humble and friendly manner, Bill 
is also forthright and open-minded.  Always the optimist, he seeks the higher road when 
viewpoints differ.  Bill Dicke is defined by his “gentleman values” said a fellow consultant.  
His integrity and civility are hallmark qualities, setting by example a standard for the next 
generation of consultants.   
 
Noteworthy is his longevity with clients, some connections spanning decades.  One long-
term client praised Bill’s coaching and teaching skills, his capacity for building 
relationships, and the time he dedicates to people on operational details.  Another client 
summed his experience saying Bill knows his stuff and tells it like it is.  Both called him 
friend.  Both mentioned (wife) Laurie’s positive influence, one concluding “Bill is a more 
complete nutritionist with Laurie in the office.” 
Apart from work, Bill’s priorities include family time with Laurie, daughters Nan and Sarah, 
and six grandchildren.  Another passion is TeamMates, an organization facilitating adult 
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mentoring of youth.  Also important are respites on the family farm, fishing, hunting, 
golfing and Husker football, not necessarily in that order. 
 

N. Andy Cole 
 
Dr. Andy Cole grew up on a grain and livestock farm near Pampa, TX.  He received a 
B.S. degree in Animal Science from West Texas State University in 1971, a M.S. in Animal 
Science, and Ph.D. in Animal Nutrition from Oklahoma State University in 1973 and 1975, 
respectively.  Andy was a recipient of a National Science Foundation Fellowship in 1973 
and was named the Oklahoma Feed Manufacturer’s Outstanding Graduate Student in 
Animal Nutrition in 1974. 
 
Andy began his career with the USDA-ARS Conservation and Production Laboratory in 
Bushland, TX in 1976.  He provided leadership in two major research areas during his 
career.  First, he developed a renowned program in stressed feeder calf research.  His 
applied nutrition and management studies with beef calves subjected to the stressors of 
weaning and transportation were pioneering in this area.  The knowledge gained from his 
efforts is applied extensively today in management of feeder calves in the U.S. and 
Canada.  In addition, this research played a major role in establishing the nutrient 
requirements associated with stress in the 1996 and 2016 NRC Nutrient Requirements 
of Beef Cattle publications.  His research was recognized by Feedstuffs magazine as one 
of the top-10 contributions to beef cattle production in the 1980s. 
 
Programmatic changes within the USDA-ARS resulted in a transformation of Andy’s 
research efforts in 1996.  He embraced this challenge and led a team of scientists 
studying nutrient excretion and gaseous emissions from beef cattle feedlots.  His research 
focused on the development of management and nutritional practices to decrease the 
adverse effects of cattle feeding operations on the environment without unfavorably 
affecting production efficiency.  Much of Andy’s research is being implemented in the 
nation’s feedlots today.  For the final three years of his career, Andy served as Laboratory 
Director of the Bushland facility, while continuing to conduct research. 
 
Andy has authored 136 journal articles and hundreds of book chapters, proceedings, and 
popular press publications.  He has made over 200 presentations to scientists and 
producers around the world, and he has been principal or co-investigator on grants 
totaling over $10,000,000.  As an adjunct faculty member at four universities, he has been 
involved in training 39 M.S. and Ph.D. students.  He has served in all officer positions of 
the Plains Nutrition Council and as Secretary and President of ARPAS.  He also has 
served on the editorial boards for both the Journal of Animal Science and the Professional 
Animal Scientist and as Section Editor for the Journal of Animal Science. 
 
Andy received the ASAS Animal Management Award in 2005, was named a Fellow of 
ASAS in 2009, received the AFIA-ASAS Ruminant Nutrition Research Award in 2012, 
and was recognized with the Western Section Distinguished Service Award in 2019.  He 
was named an Advanced Degree Graduate of Distinction by the Animal Science 
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Department at Oklahoma State University in 2008.  Andy continues to live in Amarillo and 
stays active in research and golf. 
 

Mark Branine 
 
Dr. Mark Branine is a native Coloradan, born into a family that homesteaded there 100 
years ago and that taught him the value of hard work and education and treating people 
right. Mark earned his B.S. and M.S. degrees in Animal Science from Colorado State 
University, and the University of Wyoming, respectively, and his doctorate in Ruminant 
Nutrition from New Mexico State University. 
 
Mark’s early interest was in forage-based ruminant animal production, which was the 
focus of his master’s and Ph.D. research. While still completing his Ph.D. dissertation 
Mark was hired as a Research Specialist at the NMSU Clayton Livestock Research 
Center where he worked closely with Dr. Glen Lofgreen, with whom he collaborated on 
over 50 projects related to nutritional and health management of feedlot and wheat 
pasture beef cattle, with a particular emphasis on newly received, stressed feeder calves. 
 
The bulk of Mark’s now nearly forty-year career has been with allied industries working in 
clinical development, applied research and technical services in support of beef cattle 
nutrition, health, and management products. He worked for many of the major animal 
health companies, and currently is a Research Nutritionist with Zinpro Corporation. At 
each stop Mark has been a valuable and respected member of the technical services 
team. His forte has been working, often behind the scenes, in the research and technical 
information arenas, contributing to every aspect of the process including experimental 
design, protocol development, study site identification and selection, trial conduct and 
monitoring, data collection, quality assurance, summarization and statistical analysis, and 
preparation of final reports and technical bulletins. 
 
Mark also spent six years as Associate Director of Research and Operations Manager for 
Cactus Research supervising the 12,000 head large-pen research section at Cactus 
Feedyard, as well as conducting industry-sponsored and in-house research projects. 
Mark’s time with Cactus Research was special to him not only because of the involvement 
with large scale projects on contemporary feedlot products and management practices 
but also because it immersed him in the feedlot culture and enabled him to interact with 
feedlot personnel and work directly with cattle every day.  
 
An excerpt from his nomination form illustrates Mark’s impact on people beyond just his 
research contributions to the beef cattle industry. “If there is such a thing as an unsung 
hero among those who are worthy of recognition as a Legend of Feedlot Nutrition, it is 
Dr. Mark Branine. During his entire career as a beef cattle nutritionist, he has 
demonstrated his passion for cattle and the people who are responsible for their nutrition 
and well-being.  Mark treats everyone with respect, kindness and recognition for their 
contributions whether it is the person responsible for the daily feeding and care of the 
livestock, the nutritionist, the veterinarian, the manager or the owner.” 
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Mark and his wife Laura reside in south-central Colorado with their three daughters and 
a host of dogs, cats, goats, and horses. Whenever he can, Mark enjoys getting away to 
the mountains to hike, ski, or fly fish.  
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